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FOREWORD

The many benefits of our modern developing, industrial society are
sccompanied by certain hazards. Careful agseesment of the relative risk of
existing and new man-made environmental hazards is necessary for the estab-
lishment of sound regulatory policy.,. These regulations serve to enhahce
the quality of our environment in order to promote the public health snd
welfare and the productive capacity of our Nation's papulation.

The Health Effects Research Laboratory, Research Triangle Park, con-
ducts & coordinated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects. These
studies address problems in air pellution, non~ionizing radiation, environ-
mental carcinogenesis and the toxicology of pesticides as well as other
chemical pollutants. The Laboratory participates in the development and
revision of air quality critaria documents on pollutants for which naticnal
attbient air quality standards exiat or are propesed, provides the data for
rdgistracion of new pesticides or proposed suspemsion of those already in
use, conducts research on hazardous and toxic materials, and is primarily
responsible for providing the health basis for non-ionizing radiation
gtandards. Direct support to the regulatory function of the Agency iz pro-
vided in the form of expert testimony and preparation of affldavits as well
as expert advice to the Administrator to assure the adequacy of health care
snd surveillance of persons having suffered imminent and substantizl en-
dangerment of their health.

This manual provides the pesticide chemist with a systematic protocol
for the quality control of analytieal procedures and che problems that
arise in the analysis of human or environmental media.

F.G. Huetar, Ph.D,
Director
Health Effects Research Laboratory
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ABSTRACT

This manusl provides the pesticide chemist with a systematic protocol
for the quality control of analytical procedures and the problems that arise
in the analysis of human or environmental media. It also serves as a guide
to the latest and most reliable methodology available for the analysis of
pesticide residues in these and other sample matrices. The sections.desling
with inter~ and intra-laboratory quality contrel, the evaluation and stand-
ardization of materials used, and the operation of the gas chromatograph are
intended to highlight and provide advice in dealing with many problems which
constantly plague the pesticide amalytical chemist. Many aspects of the
problem areas inveolved in extraction and isolation techniques for pesticides
in various types of samples are discussed., Techniques for confirming the
presence or absence of pesticides "in sample materials are treated at some
Length., This highly important area provides validation of data cbtained by
the more routine analytical procedures, The gas chromatograph, being the
rrincipal instrument currently used in pesticide analysis, often requires
gsimple servicing or troubleshooting, A section addressing some of these
problems is included. Last, but by no means least in impertance, is a short
.disgertation of the value and need for systematic training programs for
‘pesticide chemists.
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Section 1

GENERAL DESCRIPTION OF PESTICIDE
RESIDUE ANALYTICAL METHODS

':A.pesticide residue analysis usually consists of five.steps:
(1) Sampling. o
(2) BExtraction of the residue from the sample matrix.
(3) FHRemoval of interfering co-extractives (“"cleanup”).

(4) TIdentificarion and estimation of the quantity of residues in the
cleaned-up extract, usually at very low levels (e.g., 1072 to 10'12 g
for gas chromatography). To obtain this sensitivity, selective
determinative methods guch as chromatography are usually required,

(3) Confirmation of the presence and identity of the residues.

The exact nature of esgch of thése stages ig dictated by the gpecific
pesticide(s) and sample substrate involved. A brief discussion of general
aspects of these steps follows: :

'
5]

la SAMPLING

The aim of sampling is to provide a reproduction of a portion of the
environment, on a scale that enables the sample to be handled in the
laboratory. Analytical results are meaningful only if collected samples
are truly representative and meet the goals of the monitoring study or
program. The gites, techniques, and frequency of sampling and the size
snd number of samples must allow the analytical zesults to be statistically
evaluated and replicated at a later time for confirmation. If storage of
samples before analysis 1s nacegsary, it must be proven that alteration
in the pature or amount of pesticide residues does not cccur. Samplas
uay be compesited or subsampled prior to analysis. , The steps in the
analytical procedure are influenced significantly by the manner in which
the gsample 13 collected, preserved, stored, shipped, and otherwise
processed prior to extractionm,

~l=



Section 1B
1B EXTRACTION PROCEDURES

Enviroennental and blological samples generally cannot be analyzed
“directly for pesticide residues because the level of the desired residue
i too low, and the levels of interfering comstituents are too high. In
.wirtuelly every modern method of pesticide residue analysis, the com-
pounds of interest are separated from the bulk of the sample matrix by
gome form of extraction. In most cases, extraction is followed by a
cleenup proceduare to eliminate, or at least minimize, Interfering scvbetances.
In both extraction and purificaticn procedures, the fractionsl recoveries
of the compounds must be known, and it must be possible to relste the
apounts found in the subsequent aseay to the concentrations originally
in the sample matrix.

A gsolvent or mlzture of solvents should be used for extraction that is
at least 80X efficlent, ‘selective enough to require & minimum of cleapup,
_and does pot interfere with the final determination. Simple washing of
the whole szmple may be adequate for surface rTesidues of foliage or
vagetables and frults, but Soxhlet emtractors, blenders, and tumbling or
) shahing devices are used for most samples. Hexane or hexane—acetone
‘mixtures zre typlcal solvents for nompolar, fat-soluble orgznochlorine
pesticides; and benzeme, chloroform, dichloromethane, or agetonitrile
are commenly veed for the more:polar compounds such as organophosphates
and carbamates. Acetonitrile is an excellent general solvent for preliminazry
extraction of vaoknown residues of a wide polarity range. The meore polar
-golvents, however, remove greater amounts of co-extractives and may complicate
. subsequent cleznup steps. Sodlum sulfate is gometimes added to help extract
the more water-soluble compounds. Exhaustive Soxhlet extraction with an
appropriate solvent or mizture of golvents is the most efficient metlod
for many pesticides and sample types and can be used to compare with othar
proposed procedures.

A given extraction procedure should bg'validated for each type of sample

o matrix end for each class of compounds to which it 4s applied. An extraction
procedure suitsble for one class of compounds in a given sample may not be
gultzble for the extraction of a different but closely related class of
compounds from the game sample. The nature of the sample matrix influences
the effectiveness of the extraction procedure through the toughness, water
content, and lipid content. The toughnees determines the ease of fimely
dividicg the sample, the water content affects the solubility of pesticdides
iz the extraction solvent, and the lipid content of the sample influences
both the amount ¢f sclvent and the proportion of nonpolar component required.
It lg usually degirable to gqueatitatively extract lipids with the pollutants
from ecvironmental semples for ease in reporting analytical reeults. Optimum
extraction conditions in terms of solvent polarity and in the time and
menner of ¢ontaect between sample and extraction solvent should, therefore,
be found by recovery studies for each analysis at severazl comcentration
levels. Recovery from spiked or fortified sempies may not provide valid



Section 1C

information about the recovery of endogenous material. Extraction
aefficiency can be checked most accurately if the laboratory is equipped

to biologically incorporate radicactive-labeled parent compounds and/or
metabolites in the sample aybstrate. When pelar compounda are involved,
hydrolysis to fres conjugated residues must be considered before extractionm.
Howevar, the conditioms must be such that the compounds of interest

survive the treatment.

1C . CLEANUP PROCEDURES

The amount of extract purification (cleanup) required prior to the final
determination depends on the selactivity of both the extraction procedure
and the determinative method. It is an unususl gituation, e.g., with

some water semples, when extracta can be directly determined without
further treatment. Injection ¢f uncleaned samples into a gas chromatograph
can cause extraneous peaks, damage to the peak resolution and efficiency

of the column, and losas of detector sensitivity. Impure samples spotted
for thin layer chromatography may result in streaked zones or decreased
senaitivity of visualizing reagents, while those injected into a liquid
chromztograph can greatly shorten the lifetime of an expensive prepacked
column. Extracts containing fatty material are especially troublesome.
Depending ‘on the extent and nature of the cow-extractives and the pesticide
ragidue, partition between fmniscible solvents; adsorpticn chromatography
(column or TLC); gel permeation chromatography; chemical destruction of
interfering substances with acid, alkali, or oxidizing agents; distillation;
sweep co~distillation; and selective photodegradation ave meost often used
for cleanup, either individuslly or in various combinations.

Plant or crop materirl is usually extracted with a water-migscible solvent
auch as acetone or scetonitrile. After dilution with water, the residueg
are generally partiticned into a golvent such as methylene chloride that
can be readily evaporated to dryness. Polar pesticides are only poorly
recovared from a surplus of water in thias way, and the trend is to keep the
residues in orgesmic golution and remove the water co-extracted from the
sample. Evaporation of the organic solvant yilelds good recoveries of

even highly polar compounds, which can be analyzed directly by GC with a
salective datector or cleaned up further by a multiresidue method such as
liquid adsorption chromategraphy, gel permeation, or sweep co-distillationm.
For purification of fat extracts, samples are usually partitioned between
hexane and acetonitrile, dimathyl formamide, or dimethyl sulfoxide. The
latter solvent ia uged in the widely applicable Wood procedure to elute
chlorinated pesticides from a column prapared from a fatty sample mixed
with Celite. The lipid content of a particular sample has a significant
effect on the recovery of pesticides in solvent pertitioning procedurea,
For example, DDT is recovered more efficiently by acetonitrile partitioning
from pure hexane than from a hexasne solution coentaiping dissolved fat., This
factor can contribute to the variability of recovery in e¢leanup procedures
lavolving solvent partitiening.
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FPor adeorption cliromatography, direct extracts or extracts purified by
partitioning are concentrated to 2 small volume, applied to the top of

a Florisil, charcoal, slumina, silica gel, or mixed-adsorbent column, and
the pesticides are aluted in fractions by passage of cne or more solvente
while the co-extractives remain on the column or are eluted in different
fractions. Elution of a resgidue in a certain fraction (selective adsorp~
tion) is uyseful evidence for confirmation of identity. The capacity of &
column for co-extractives and the uniformity of activity (elution pattern)
from bateh to bateh are Important characteristics of adsorbents used for
cleanup., Methods are aveilable for activation and desctivation of different
adsorbents and for checking the activity level achieved.

Florisil Is still the most widely used adsorbent, and it is involved in
cleanup schemes for many fatty and nonfatty samples. However, Florisil
is not available in all couvntries in sufficiently comstant quality, and
many analysts are becoming incressingly aware that silica gel and alumine
are less expensive, are at least &8 eesy {0 standardize, and provide
similarly good resultg, Another trend is minfaturization of adsorbent

. eleanup columms. These micro columns, containing, e.g., Florigil or 30%
water-deactivated silica gel, are very promising for routine analyses
because they offer ecenomy in solvents and materisls and reduce health
and £ire hazerds. Sepsitivity obtainable 1s, of course, 1ower compa:ed
to corresponding large sample cleanup procedures.

Chemical destruction methoda ere extremely useful, but caution must be

used in applying them to compounds other than those for which they have
specifically been validated. For example, 2,3,7,8-tetrschlorodibenzo-p-
dioxin is commonly determined following alkaline bydrolysis of tissue or
extracted lipids, but this treatment completely destroys octachlorodibenzo-p~
dioxin,

0f the procedures listed above, liquid-liquid partition followed by
adgorption chromatography is most often applied for organochlorine pesticides
and related compounds (e.g., PCBs) before GC with the relatively umspecific
electron capture detector., An automated instrument based on gel permeation
chromatography has been shown to efficiently separate chlorinated pesticides
and PCBs from the bulk of the lipids extramcted from fatty eamples, and to
be advantageous in terms of convenience and speed of procesaing large
numbers of samples. When gpecific GC detectors are employed, cleanup of
extracts becomes less important. Thus, a auitable extraction procedure
combined with a partitioning atep iz often sufficient for determining
erganophosphorus and organonitrogen compounds in many samples. HPLC and
TLC generally require more effective cleanup steps.

Cleanup procedures should be chosen in terms of practicality, cost, time,
and reagent and equipment availasbillty. The methods chosen should be tested
to be sute they allow detection and determination of the pesticides of
interest at the desired sensitivity level, with recovery of preferably
80-85% or better, and with removal or separation of adequate levels eof
background interferenceg. Procedures giving the highest mean recovery

of a residue may not necessarily be the best to use 1f there 1s & high

b
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variation in recovery from szmple to sample, A cleanup method giving a

woderate but highly reproducible recovery may be a better cholea than cae

giving a high but variable recovery. The nature of the lipids in z sample
. extract c¢an be important in determining the choice of an adsorbent for

liquid column chromatographic cleanup. For example, acidic alumina has

a greater capacity for lipids than dees basic or neutral alumina.

Concentration of solutions is oftem required prior te, during, and after
cleanup procedures. Graat care is necessary when evaporating to low
volumes to avoid losses of the pesticide residue, and evaporation to
complete dryness is usually inadvisable. FKuderna-Danish evaperators aud

- mlcro Snyder columms, apecinl block heaters, and rotary-vacuum evaporators

. are recommended for concentrating solutions ¢ontaining pesticide residues,
and kesper solutions may be added to reatard the loes of volatile compounds.
All steps in the analytical procedure should be checked for residues loss due
to volatilization or degradation by carrying out recovery studies on a
spiked control (uncontaminated) sample at different fortification levela,
Sinca concentration factors are often 1000:1 or more, the poaaibility of
interference from the solvent itself must be considered, .

Most of the extraction and c¢leanup procedures available today will yield
reliable and reproducible results when practiced by a trained and competent
analyst. An important precondition is that a laboratory gain abundant
experience with any method that is to be used. The most important analytical
methods are those allowing the determination of multiresidues of pesticides
and related compounds. Mosgt methods available today, howaver, are of wvalue
only for the parent pesticidal compounds and do not include their significant
metabolites. A:primary target for future resesrch i1s the inclusion of the
metabolites of toxicological impertance in the exfsting and new multiresidue
schemes. In addition, many of the existing multiresidue schemes do not
include the many new pesticides, mainly water-soluble and systemic insecticides
and fungicides, that have been introduced in the past few years. There is
little doubt that a number of analyses for regulatory purposes are routinely
performed today for pesticides that have been superseded by other compounds
which are ot detectable by the procedures in current usage.

1p FINAL DETERMINATION METHODS

Chromatographic methods are by far the most widely used for determination

.of pesticide residues, followed by spectrophotometric and biological methods.
The latter include bioassay and enzymatic techniques that are simple, since
they require no c¢leanup, but are non-gpecific. Enzyme iphibiticn, when used
as a detection procedure after thin layer chromatography is a sensitive

(low ng detection limits) and selective method for certain organophosphorus
and carbamate pesticides,

Spectrophotometric methods are generally lees gensitive and leas selective
than gas or thin layer chromatography and are useful mainly as aneillary
techniqueg to gas chromatography for confirmetion of residue fidentity or

for quantitation of individual pesticides. If selectivity and sensitivity
are adequate, colorimetric methods can advantageously be adapted to automated

-5-



Section 1D

processes. Fluorascent pesticides and metabolites may be determined by

. fluorometry, which ia more sensitive than visible, UV, or IR methods.

Since relatively few pesticides are neturally fluorescent, fluorometry

is selective; however, removal of fluorescent impurities is often necessary,
and this can be difficult.

Paper chromatography provided the gnalyst in the late 1950'e with the first
multiresidue method for separation and identification of pesticides. It

has been largely superseded by gas chromatography as the primery determinative
precedure and thin layer chromatography (TLC) for screening, semiquantitation,
and confirmation. Compared te paper chromatography, TLC offers generally
increaged resclution, shorter development times, and increased sensitivity.
Host pesticide analyses have been performed on 0.25 mm layers of alumina or
ailice gel, but polyamide Bnd celluloee are also used. Organochlorine com-
pounds are detected at 5~500 ng levels by spraying with ethanolic AgNO5 or
incorporation of AgNO, into the layer followed by irradiaticn with ultraviolet
light. Many organcphosphorus and carbemate pesticides are detectable at low .
ng levels by enzyme dphibition techniques er at higher levels by numerous
chromegenic reagents. Fungicides are detectable by blosutography. FPelar
hérbicides and heat-lebile, poorly detecteble carbamates, which require
formation of derivatives priar to gag chramatography, gre particulerly zmenable
to analysis by TLC.

Gas chromatography of pesticides is normelly carried out on 90 to 200 cm glass
columns packed with single and mixed organosilicone and polyester stationary
phases ranging from low to high polarity. Among the mogt used phases are
SE-30, QF-1, DC~200, OV-210, OV-17, DEGS, Carbowax 20M, and OV-17/0V-210,
SE=30/0V~210, and DC-200/QF-1 mixtures. The chemicslly stable, low bleed
OV gerles of phagses have become quite popular, Samples should be examined
on two or three columns of markedly different polarity before results are
congidered conclusive. A useful geries of columns with increasing polarity
from which to selest an optimm geparatien is: OV~101 (methyl silicone);
0vV=17 (methyl/phenyl silicone); QV~210.(methyl/trifluoropropyl silicone);
0V-2°5)(cyanopropyl/phenyl/methyl gilicone); and Carbowax 20M (polyethylene
glycol

Glaps columng are preferred because they wminimize decomposition end are
eagier to pack for optimum efficiency. After being packed, columns are
conditioned at an elevated temperature to minimwize liquid phase bleeding
and to obtein reproducible chromatograms. In some cases, larpge quantities
of the pesticides being determined are injected initially to impreve the
response of these compounds. The formation of derivatives in GC residue
analysis is a necessity when the znalyte ig labile or otherwise troublaesome
or 1s pocrly detected by selective detectors.

Colupms lomaded with relatively low percentages of liquid phase generally
give superior resclution and sensitivity but become contaminated more easily
and are more prone to iInteractions between solutes and the solid eupport
than more heavily coated colurmsa, Certain peasticides, such as DDT and

6=
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ehdrin, are subject to degradation in columms under certain conditions,
and ‘these conditions should be avoided, REighly inert columns have been
prepared by chemically bonding Carbowax 20M to a GC support. These
packings are used for GC directly, or after further coating with a liquid
phase. Glass capillary columms, with their outatanding separation ability
for difficult sawmplas, are being reperted much more frequently in regidue
apalysis, even though they are not as tolerant of the injection of "dirty”
extracts.

Organochloxine pesticides are usually analyzed with a tritium or 63Ni electzron
capture detector with DC or pulsed applied voltages. Though this detector

is leass specific than the other common pesticide detectors, it can detect

as low as 10713 g amounts of many halogenated compounds. 63N1 detectors are
operable at high temperatures (over 3009C), thus reducing possible problems
from contaminants condensing in the detector. Tritium detectors are less
expensive, and contaminated foila can be easily changed or removed for
cleaning, Commercial devices are svailable for lineavizing EC regponse

over a 103-103 range of concentration, and the pulsed wide~range ©3Ni detactor
has became especially popular because it can bhe uged with automatic injection
gyatems. Organophoasphorus peasticides are datected gelectively at

ca, 10-10.3p-11 g levels by the flame photometric datector (FFD) in the
phosphorus mode (526 nm), and the FPD has overtaken the thermiomic detector

a8 the primary detector for the determination of these compounds, Sulfur-
sontaining pesticides may be selectively detected by the FFD (394 mm) with
about one order of magnitude less sensitivity, or at the low ng level with .
the S-mode of the Hell alectrolytic conductivity detector. Nitrogen-con-
taining Besticides are detected selectivaly with the N-mode of the Hall detactor
(ca. 1077 g sensitivity) or with the N/P moda of the flameless N-P thermionic
detector (ca. 10~1Z g sensitivity). The N-P thermdonic detector also has a
‘mode of operation that ig selective for pg levels of only phosphorus-containing
compounds, and the Hall detector can be operated selactively for orgamochlorine
compounds at low ng levels. Labile, polar carbamate pesticides or their
hydrolysis products are often derivatized with a halogen-containing reagent

and the resulting derivative can be sensitively detected with the electron
-capture detector. Selective detectors have the advantages of simplifying
‘cleanup procedures and aiding residue identification. The mass spectrometer

is a unique GC detector in that it is capable of almost specific detection-

and identificaticn of pesticide regidues. It s, however, expensive for
routine work.

Samples and standards must be injected into the gaa chromatograph using

& counelstent and raproducible technique., It is advisable that injected
volumes of standards and samples be nearly equal and reprasent 20-807 of

the total volume of the syringe used. Syringes must be well clesaned between
injections, and injection port septa and liners must be changed regularly.
Standards ghould be injected before and periodically during the analygis

of a series of samples. Cleaner samples require fewer gtandard iniectiouns.
A pesticide mixture that indicactes the overall performance of the GC system
gshould bhe injectad at. least onca dally.
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Modern high performance liquid chromstography (HPLC) is being used
increasingly for the final, room temperature determination of polar,
involatile, or heat-labile pesticide residues without derivative formation.
Analytical columms are 10-50 cm in length and 2-6 mm in internel diameter.
For pesticides, they are commonly packed with 35-10 um particles of a
totally porcus adsorbent silice gel to which a Cjg hydrocarbon phase has
been chemically bonded (reversed phase chromatography). The mobile phase -
is pumped through the colum at flow rates of 1-2 ml/minute (100-200 atm.
pressure). Moat residue analyses have been carried out with detection by
UV absorption, and to a lesser extent by fluorescemce or photoconductivity
detection. The electrochemical detector is just beginming to find use in
residue analysis, Refractive index detection has been reported infrequently,
if st all. UV detection with & mercury lamp at its mejor emission wavelength
of 254 om is most often.used, but use of the variable wavelength detector
is growing because 254 mm or other wavelengths available from & mercury
larp are not optimal for many pesticides. Fluorescence detectors have been
~usged in determining nonfluorescent pesticides by fluorogenic labeling
employing derivarizetion methods gimilar to those applied earlier to
facilitate thin~layer flucredensitometry. The maaor dissdvantags of HPLC
at present is the poor semsitivity (ca. 10-7-10~1Ug) and selectivicy of
commercially available detectors. In order to improve semsitivity,
interface devices have been developed to directly couple & ligquid chromato-
grarh with a mass spectrometer. A grester number of peparations of greater
complexity c¢an be accomplished by EPLC than by GC since the mobile phase
playe an active role in achieving resolution, and there is a wide range of
staticnary phases aveilable for use in combination with a grest variety

of solvent mixtures and gradient elutions.

Quantitation of residues by scenning of thin leyer chromatograms with
commercial densitometers is widely applied for analvsis of nonvolatile

or unetable pesticides or where GC oz EPLC equipment is not aveilable.
Precigion, accuracy, and selectivity are often comparable to those techniques,
and sensitivity is in the high pg-to-ng range for usny analyses in which
detection is made with fluorescence, chromogenic, or enzyme-inhibition
reagenta. TFor best quantitative results, sample applications are manually
or autematically made to small zreas on preccated, hard surface, high
performence silice gel or reversed phase plates; detection reagents are
uniforuly applied by dipping rather than spraying; and samples and standards
are developed together on each plate.

Other final determinative methods that have been applied to pesticide residues
include polarography for compounds containipg an oxidizable or reducible
group, either naturally or zfter derivetization, atomic absorptien, activation
enalysis, snd radicchemical techiniques. The latter are most often used in
metabolism studies, for example thin layer chrowatography of pesticides
containing a radicsctive isotope combined with autoradiography or radic-
scanning ¢f the layers.

-
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CONFIRMATORY TECHNIQUES

Three truly independent results are considered necessary for positive
confirmation of the identity of a residue. Altercative methods that

can be combined are TLC and/or papar chromatography with sorbent-solvent
gystems of diffaremt polarity or different visualizatlon reagents, gas
chromatography with columms of differsnt polarity and selective detectors,
preparation of derivatives to alter structure and velatility and thereby
chrematographic properties, extraction p-values, ultraviolet photolysis,
and mass spectrometyy. Unlike conventional NMRE, IR, UV, etec., mass .
spectrometry has sufficient sensitivity for general spplication to residue
identification as well as for confirmatior of pesticides in the presence

of PCBa. Thus, the directly coupled gas chromatograph-maes spectrometer

is a powerful tocl for positive identification of mixture components at
residue levels. The ability of the high resolution mass spectrometaer to
peasure precise ionic masses has allowed individual pesticides with different
elemental compoaitions to be identified in complex mixtures without pxilor
geparation in ascme cases.

The reliable detection and estimation of pesticide residues i3 cne of the
most difficult and demanding tasks an analytical chemist csn be called
upon to perform. Important commerclal pesticides inciude insecticides,
fungicides, herbicides, acaricides, and rodenticides. There are msny

‘hundreds of these compounds with greatly differing chemical atructures

and properties (e.g,, organchalides, organmophosphates, carbamates, anilines,
ureas, phenols, triazines, quinones, ete.). Their determination may involve
traces of any of these materials alone or in combination in a great variety

‘of matrices, each with its own peculiar problems.

Further complications arise because metabolic degradation of certain
pesticides produces compounds that may be more toxie sand of different
polarity than the parent pesticide. Exawples include metabolically

derived heptachlotr epoxide and dieldrin, from heptachlor and aldrin,
respectively, and oxygen analog metabolites of sulfur-containing organo-
rhosphorus pegticides. The analyst should be able to determina the identity
and quantity of these metabolites and degradation products as well as the
rasidue of the original pesticide, and extraction and cleenup procsdures

and chromatographic determinative conditions may have to be wodified to
accommodate these cowpounds. Multi-component pesticides such aa chlordane,
toxaphene, and strobane and their metsbolites pose difficult ennfirmation
and quantitation problems. Closely related, non-peaticidal ecompounds with
similar analytical behavior such as PCBs or chlorinated nephthalenes may also
be present in extracts, and the analyst must be able to faolate, identify,
and measure pesticides of iInterest while gsimultenecusly separating, isolating,
and identifying these related compounds, if necessary. Trace contaminants
contained in solvents or reageants, or egtracted from plastic apparatus, can
give rime to GC paaks or TLC spots that may be confused with pesticides.
Positive confirmation of seme pesticides iz espeelally difficnlr because

of very similar chromatographic properties of compounds, e.g., dieldrin and
"photo-dieidrin.”
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The amount of effort expended and the choice of confirmatory tests are
datermined by the fmportance of the gample, resources avellable, and the
amount of residue present. A possible alternative to tegting of every
regidue is confirmation of selected gamples at Intervals, when the seme
resldues are apparently present in all samples of a group. If sufficlent
residue 1s not available in individuzl members of a group of samples to
permit use of a certain test, purified extracts are often pooled for
confirmation,

AUTCMATION AND COMPUTER PROCESSING

Automation of pesticide analyses is presently in its early stages. Totally
avtomated proceduree have been developed for analyses not requiring column
adsorption cleanup and those in which the final determination is colorimetry
or UV absorption. Several microprocecsor-controlled systems for autometic
trapgfer of manually prepaved samples onto & gas or liguid chromatography

" eolumn are being merketed. Laboratories with high sample throughput can

find such eystems save time and cost in determingtive steps. A system
for automatie cleanup of samples by gel permeation chromatography has been
degigned, although automstion of prepsrative and cleanup steps is not yet
far advanced. Data-gystems allow storage of larpge amounts of data with
computerized printouts that increase the speed and efficiency of analyses
and improve both quantitetion and identi{fication of residues.

Although advances Iin autometion are being reported at an ever-increasing
rate, available systems are generally useful only for well-defined szmples
containing known pesticides. A skilled analyst using conventional, pon-
automated procedures is still required to carry out successfully multiresidue
anzlyses of complex samples containing an unknown variety of pesticides and

" interferences. A proven, completely automated procedure for multiresidue

anzlysis as it is usually performed (i.e., extraction, partition and adsorptiecn
chromatographic cleenup, and gas or liquid chromatography) 1s not yet available.

Since this introductory gsection is intended as a bdbroad overview of modern
regidue analytical methods and their quality control, ne detatls have teen
given. Much of the foregoing material will be discuseed more completely
in later sections, and specific refersnces to relevant sections of the EPA

- . Pegticide Analytical Manpyal or other sources will be given. A general bibli-
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Segtion 2

INTERLABORATORY QUALTTY ASSURANCE

2A QUALITY ASSURANCE PROGRAM OF THE EPA ENVIRONMENTAL TOXICOLOGY DIVISION
(ETD) LAZORATORY

Qualiry control in the context of this Manual comnotes procedures taken
to assure the accuracy and precisiom of enalytical results. Qualitative
and quantitative determinations by residue analysts are utilized for such
important tasks as surveillance or monitoring of pesticide levels in human
tisgues, some segment of the environment, or the food supply; 1f con~
clusione and subsequent actions are to be valid, it is vital that the
apalytical data be relisble. The complex nature and pitfalls of the
anzlytical procedures as ocutlined in Section 1 require a set of built~-in
contrels to prevent or detect incorrect results. This Manusl is dedicated
to & progran of quality contrel that will significantly minimize the out~
put of unreliable and invalid analytical data. In a legal action, it is

- not unusual that the testimony of the analyst is evaluated on the stremgth
or weazkness of the operating quality control program in his laboratory.

The Quality Assurance Section of the Analytical Chemistry Branch, EPA-EID
Lzboratory in Research Triangle Park, N.C., functiens as the coordinating
unit for & quality control program invelving various laborateries in the
EPA regilons, This progrem was inesugurated in 1966 by the Technical
‘Services Section of the Perrine Primate Laboratory, Perrine, ¥L., before
the Laboratory was moved to Nerth Carolina. OQrigiwally, the program was
limited to Community Pesticide Studies, Nationzl Monitoring, and State
Services Laboratories operating under contract with the U,S. Department

~ of Health, Bducation, and Welfare, and more recently with the EPA to con~
duet chemical monitoring for pesticide residuee in man and enviromment.
Parts, such ag the interlaboratory check sample program have now been
expanded to include other state and private laboratories cooperating with
the EPA, A

The quality control program can be broadly divided into twe classifications,
both of which will be discusged in detaill in this and the followilng Sections.
The Interlaboratorvy control program, which was the first one formalized,
involves analysis of uniform sampleg* by a number of participating laboratories

*the terms "check sample” and "blind sample" are used interchangeably for the
gamplag prepered and distributed by the coerdinsting lzboratory. The former
tern phould not be confused with the other widely used meaning of "check
ssuple” (or control sample), that is a sample substrate known to initially
contain no pesticides, and then spilked to evaluate recovery by a certain
procedure.
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in order to assess the continuing capabllity and relastive performence of
each, In addition, this program indicates, on a mathematical basis, the
degree of confidence that can be placed in the results of sample analyses,
and identifies analytical areas needing furtheyx attention. The coordinating
laboratory receives data from the participating laborateories on a special
report form, processes the data, ranks the laboratories In order of

relative performance, and distributes the final results. Details cf thege
procedures and typical sample data are given in Subsecticns 2D thyough 2J.

The Intralaboratory control program, which will be trested in detail in
Section 3, assists a singla laboratory in improving the accuracy and pre-
cision of data produced by its personnel by providing systematic guidelines
for tep quality analytical methodology and techniques. One feature of this
program is the continual, periodic analysis of standsard reference materials
(SPEM's) by each analyst and recording of tha results on a graphical quality
control chart. This chart, which i3 a plot of the analytical results. vs.
their time or gequence, evaluates periodic performance Iin terms of both
precision and accuracy and iacludes upper and lower control limits to serve
as eriteris for remedial action or for judging tha significance of varia-
tions between duplicate samples,

A "Statistical Terms and Caleulations” subsection at the end of Saction 2
will explain some basic terme, equations, and operations used in the quality
control-programs for data handling and caleulation and sctatistical evalua-~
tion of anslytical results.

PROGRAM OBJECTIVES
The objectives of the interlaboratory program are:

a. To provide a meagura of the precision and accuracy potantial of
analytical methods run routinely by different laboratories.

b. To measure the precision and accuracy of rasulta between laboratories,
* ¢. To identify weak methodology.
d. To detect training needs.

2. To upgrade the overall quality of laboratory performance.

PROGRAM ACTIVITIES
The interlaboratory program includes the following activities:
a. Analy;is of interlaboratory check semples by all participants.
“b. Operation of a repcsitory to provide any non-profit laboratory

with analytical grade pasticide referencs standards, over 700 of which are
now. available. These are listed in ar index available freom the ETD labora-

tory,
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¢. Providing uniform, standard analytical metheds in the form of
an analyticel manusl aleo available from the ETD laboratory.

d. Quality control of materials of uniform standard quality such as
preccated GC column packings, ¢leanup adsorbent, ete. These materials
are purchased from commercizl suppliers under stringent apecificatiocns
fn bulk lots, and distributed in individual units to EPA laboratories and
other facilities under formal contract with EPA to conduct pesticide "
studies.

e. Providing abbreviated, informal, on~the-job training for specific
requirements.

£, Assisting with problems relating to analytical methodology by
phone, meil, or oo-site consultations.

g. Operation of an electranic facllity for repair, overhaul, design
and calibration of laboratory instruments.

TYPES AND FREPARATION OF SAMPLE MEDIA

The check sample program iz probably the most important interlaboratory
setivity because all allied sctivities closely depend on it. Samples used
in the program are mixtures of pesticides in a substrate ranging from pure
eolvent, in the simplest case, to those media routinely analyzed by the
participating laboratories, such as fat, blood serum, gounad, brain, and
liyer tigsue, water, scil, and simulated gir samples.

Ag an example, a descyiption is given of the prepsration and handling of
a blood interlaboratory check sample by the coordinating laberatory:
General population sernm samples are obtained from a local blood bank,
typically in 300 ml bottles. The frozen samples are thawed in a re-
frigerator (2=-39C), poured together into a stainless steel container
{previously ringed with acetone), and mized well. Approximately & liters
of serum have been sufficient for the program for one year. Experienced
chemiste analyze the pooled serum to establish the base level profile and
to be sure no gross contamination is prédsent. Part of the sample is then

‘divided inte small storage bottles with Teflon-lined caps and stored in

4'_a.£reezer (-18 to =-23°C). The remainder is stored in bulk in the freezer

for leter spiking.

Sub-gamples are mailed to participating laboratories to serve 85 their
interlaboratory check sample and to provide sufficient intralsboratory
standard pesticide reference material (SPRM) for six months. Each labora-

* tory supervisor requests in advance the zmount of sample required for the

latter purpese based on his estimated routine sample load (see Subsection
D). A careful study has indicated there is no need to mall the samples
frozen because neither pesticide nor sample degradation hac been observed
in & 3-to 4~day period. After removing the amount required for the inter-
laboratory check sample, personnel at easch laboratory sub-divide the re-
mainder into small vials that are stored continuously in a freezer,

Individual vials are removed as needed to provide 2.0 ml intralaboratory
SPEM szanmples.

16~
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The next time an interlaboratory blood sample is required, the same

pooled base sampla is gpiked with pesticides common to blood, This sample
will allow the participating laboratories to test their recoveries at high
pesticide levels, thereby simulating analysis of routine samples from
individuals occupaticnally exposed to high pesticide lavels. Again,
enough sample will be provided each laboratory to serve both as inter-
laboratory gample and intralaboratory SPRM's for six months.

The same bagic procedure is used for other check sample substrates.
Rendared chicken fat fyom a poultry plant has been uased for fat samples,
while animal brain, gonad, and other tissue check samples have also been
prepared. It is anticipated that urine, milk, and soil samples for testing
certain procedures will be supplied in the future.

With the check sample, each participant receives a covering letter providing
the protocol for handling the sample. The time allowed for analyzing and
raporting results corresponds to the normal time fer processing a similar
routine sampla.

Although it ia presumably a blind sample to be znalyzed along with the daily
work load, the interlaboratory check sample will most often be recognized

as such by the chemist at the time of analysis. The chemist is likely to
give special care and attention to this sample, and, in additiom the best
chemist in the laboratory may be assigned the sample in the first place.
Therefora, poor results on an interlaboratory check sample must be con~
gidered a serious matter since they will often represent the very best work
the laberatory produces,

The importance of the interlaboratory check sample program is indicated

by a number of actions that were initiated toward standardization based on
information obtained over the years, These include distribution of pre-
tested Florisil cleanup adsorbent and GC column packings and frequently up- .
dated standard analytical methods, and a centralized calibration and
electronic repalr facility.

2E  REPORTING FORMS

Laboratories are requested to report their results on special forms. Thae
forms ars designed to provide supplemental operating data in additien to
numerical results of the analysis. The standard reporting form, with de-
tailed instructions for completion cn the reverse side, ia shown as Table
2-1. The data and Information aupplied by each lsboratory include the
gample size, extent of concentratiom of the sample extract, injectiom
volumes, elution cuts I{f columm cleanup is required, all instrumental
operating parameters, ldentity of the GC columm, and the numerical dara and
original chromatograms upor which all calculations are based, The chromato-
grams must be clearly identified so that they may be rslated to the data

on the reporting forms for easy checking of the quantitative results by the
coordinating laboratory.



Section 2F

2F  EVALUATION OF REPORYED DATA

When the completed reporxting forms f£rom the participating laboratories
are received in the coordinating laboratery, the quantitative results are
entered on a Summary of Results sheet illustrated in the next subsectiom.
If any results appear obviously and grossly erronecus, the laboratory is
contacted at once and given a chance to review its work and change the
report 1f 2 simple computational or transcription error is found. After
all results are recorded, a statistical analysis of the results is made
and recorded on the Summary of Results sheet., A relative performance or
ranking table is alse prepared, establishing a2 numerical ranking value for
each laboratory {(Subsectiom 2H).

After the data evaluations and calculations sre made, the completed report
forms aud chromatograms frem the laboratories with the poorer rankings are
subjected to detailed examination to determine, if possible, the reasons
for the inferfor performance, Availability of the actual recorder traces
of the chromateograms for study is vital because they allew the coordinating
laboratory to check guch factors as column efficlency, sensitivity of de-
tection, instrumental problems such as baselide neise and improperly adjusted
recorder gain, proper operating parameters to produce well-resolved peaks,
inaccurate reference standards, and faulty quantitation procedures. A de-
tailed critique is then written, and in cases of extremely poor performance,
the laboratory is immediately contacted by phohe to apprise it of the poor
ranking and to make suggestiona to improve its performance.

~f



Table 2-1

REPORT _OF INTERLABORATORY CHECK SAMPLE
(Cirels Whare Approprlate) Datw
Lah. Cade Ba. Sempls Wo, Ocigin. Sasple $lze '
GE COLUMH AND IHSTRIMERTAL DATA
COLINH TEHPERRTURES, *C DETECTOR
Tdankity: 2 ! % Inside Dlam, tnlst_______ , Col. Oven Electy. Capt.s S%Wi  Other  Dirsct IX  Pulsed Linearized
tangth____ Carrler Gaw_____ , Plow Rare_______ al/win. Transt. ‘Line Datect. Flama Phokomet.s P or B, Gas Flow, 8i/min. Hy 179 Atr
CC RESPORSE ) % ».5.0, for p4 Mdria or ag X. Pavathlon  at Attsaostion of BECORDER1  Chart Spesd ia./ain.
Sample Extract Rata Reference Standard Daka Results
tms In Vi-| ®1 {o Fl- Bl [ ) Peak Ht. »i ng Peak Ht. RRT Relative Lo | Residue heomat .
Compound nal vol. wal ¥ol. | Inject. | Injece.| or Area {Attenuat Inject. Injoct, | or Area [Attemmat. Sample [Stand. piw b Ho.
~ }. Bource of Mathod iCite jourasl, wolums, pags, yaarh Modd fications LE any:
o '
3. Estzact Concentration (civcle)  Adr Blouwdown Wy Biowd Kud Dankah
1. Sispls Boilipy  Roto-¥ac  Other {describel .
) .
4. Beafar to back for Inutcuctiond for completion of this report

Sigoature of Chrmlst Daing Work



INSTRUCTIONS FOR COMPLETION OF REPORT

I1f we are to provide you with a eritique on the analytical performance the
data requesgted on the report form must be complete. 4ll of it is meaningful
for a full performance evaluation whether it makes sense t0 You or mnot.

Use one report form for each GLC column and show under RESIDUE only those
values you want to appear in the final summary of results. For example,

if a given compound is quantitared on two colummns, report only the value

in which you have most confidence. Do not leave the choice to us.

.. Under the column headed Ml in Final Vol., the numerical value to be placed

here should be the final volume after concentration (or dilution). TFor
example, in handling a blood sample, an extract concentration down ¢to 1.0 ml
might prove necessary for the quantitation of dieldrin, In this case, the
figure 1.0 would appear in the column opposite dieldrin. However, for the
determination of p,p'~DDE, a dilution of the concentrated extract up to 10 ml
may be indicared. Im this case, the figure 10 would appear opposite p,p’'-DDE,

Each ¢hromatogram of .sample and standard shall be sequentially numbered.
These numbers are then to be written on the appropriate.lines in the column
headed CHROMATOGRAM NIMBER. Two numbers should then appear opposite each
pesticide reported, ong representing the standard chromatogrem, the other

. representing the sample.

Include with the chromatograms a standing current profile for each E.C.
detector being used in D.C. mede. Label each step with the polarizing
voltags for that step.

Mail only original chromatograms with your report, not photocopies. All
chromarograms will be returned. Fold chromatograms for each celumn in
accordion fashion from one continuous roll. Do not slice up. If your
Tecorder runs a considerable distance beyond ‘the last peal peak, don't slice it
off right after ‘the peak. Let us have the whole pen run.

With your repert, include all chromatograms related to the sample work whether
used for quantitation or confirmation, However, for those G.C. columns used
for confirmation only, include all data on the report form except a final

quantitative value.

On submittaed chromatograms, identify each peak resulting from a standard
injection and show the amount of compound represented by the peak in pg
Or Tig.

20



2G

Section 2G

The reports from all other laboratories are then scapned to locate any
irregularities that may lead to future problems. A general letter iz
drafted, and a copy is mailed to all participating laboratories. The letter
discusses common analytical difficuities encountered by several labora~-
tories and offers suggestions that appear to have genaral applicability for
improving compound identification and quantitation. Each laboratory alse
recelves a copy of the Summary of Results, with each laboratory identifiad
by a code number, and a copy of the Relative Performance Table. Finally,

a private critique of performance is sent to each laboratory exhibiting
special need for help (Subsection 21).

SUMMARY CF RESULTS TABLES AND RESULIS OF CHECK SAMPLE ANALYSES
Typical summary tables are illustrated as Tables 2-2 through 2-13.

Definitions and means of calculating the items Included in the statistical
Teport at the bottom of each table are given in Subsection ZK.

-2]-



Section 2CG

TABLE 2.2
INTERLABDRATORY CHECK SAMPLE NO. 26, MIXTURE oF SPANDARDS IN SOLVENT
SUMMARY OF RESULTS .
LAB CODE PESTICIDES REFORTED IN PICOGRAMS PER MIGROLITER
TOMBER % indane| Alarin{Epowide| B2’ " |pierarin|Enrin| gi2"-|B12* <1207 lacnyon| 1w~ {Rant=|M- dncpals zic
10 10 10 75 20 30 20 too | @ 0 o 6 o fol o
&5, 12 hEw 5> J79% | Lbse a7 » 578+
47, 10 1 11 88 | e | uw | aee ] l9s*
B, %7 9.2 8.7 n n 29 24 113
52, 18¢ 1t 14 29 16 15 = | === | 379
53 14 14 14 47 18 azs - | 9
- 54, 29¢ 3,09 6000 | eme ] wem deme Jemm | 220 4 u.o129 5.9
&6, 9.l 8.0 9.2 &6 I 30 13 115
&8. 0.1 } 10 8.5 7% 2146 | ==- s - 99
85, 0.6 | 9 -~ ers ] 928 fae= |28 | --
1. 16 -3 5.0 |10 -ew ] loo% [ S0* | -e- | 150¢
72 13.8 | 8.8 [ 5.8 1 %1 15.5 | &2 20 98
73 12 12 10 &4 3% 27 » 94
83, 1.8 [ 1,1 138 59 29 39 Ja2.5| @&
oh, 8.5 #.6 8.4 7 10 15 1 sk
B85, 8.5 8,3 8,1 75 18 27 o | 9o
87, 9.5 | 10.6 | 9.8 63 22,8 |32 2 99
88, boov | 14 12 78 22 12 20 9%
a9, 5.0 | 8.0 |10 70 10 14 23 |20
S50, §.8% 6-9 501' “5 11'5 —— L3 73
92, 9.0 | 10 9.0 90 20 [wee 1 H6 | 118
93 10 12 ye 22v | 32, |33 3N 128 . |18
95, 11 8.9 | a8 80 21 -— ~— 1 B7
6. 12.% § 12,4 { 10,9 1t5e 21.7 | 35.5 | 27,6 1508 i
97. 9.4 |1 9.B By 234 | 336 | b1 110 134 - 2.5
113, %.0 8 8.6 é9 16,4 | 29 20,4 S4
1134, 9.2 7.8 ] 9.4 72 16,8 | 28 20,4 98
130, 12,2 | 11,0 | 11.0 85 23.8 | 29 26,5 | 112
135. 9.8 1 9.5 5.2 " 14 25 2t>f | 108
137, 11 10 10 73 23 29 27 {193
160, 11 %.0 | 10 102 | we- | 97 é8
161, 9.7 9.6 | 10,4 70 16,9 | 28 1B.5| 95
162, 10,1 | 12.2 | 10 bid 2.3 | 26 22,6 § 101
163. 1t 11 10 76 19 een | 26 96 1z
164, L,5%| 4.8 B, O% 16+ 13,4 | 25,9 | 16.2] s6e 20
Mean 0.5 | 9.9 | 10.% Th.q  19.6 | 2.7 | 26.2( 100
Sta.Dev.] 1,58} z2.91) (.41 12.4 5,841 7.82 3-5ﬂ 13,4
Rel.S%d,
Dav. % 4.9 | 23.4 | 15.9 17.4 28,8 | 28.2 | 32.6] 11.d
Total
Breor, K | 36 4.7 | 33 36 58 éo 116 2 sltaidetod as
outllers

=22



TABLE 2-3

INTERLABORATORY CHECK SAMPLE NO. 26, WIXTURE OF STANDARDS IN SOLVENT
SUMMARY OF RESULTS

LABORATORY PESTICIDES REPORTED IN PICOGRAMS PER MICROLITER
CODE NO. Hept. Repte _ . o,p'-§ p,p'- P -
: : Lindane { Aldrin Epoxide DDE Dieldrin | Endrin DoT DT DDD
10 10 10 75 20 15 20 100
i. 9.7 10.3 9.3 71 19.7 14.2 23.7 9%
2, 10 9.9 9.7 75. 18.9 13.2 24,7 99
3. 9.9 10 10 75 18 13 21 83+ 12
, 8.5 11,3 -5~ 10,4 | 102+ 22,6 15.9 30.4 99
5. 10.1 9.7 10.4% 81 15.3 10,0%. 24,2 99
6. 10,7 9.9 10,2 77 20,2 14,8 27.6 } 102
7 9.5 9.7 9.9 75 21 15.2 21.8 100
8. 9,8 9.9 8.9 . 75.5 15.7 15. | 23.8 | 99
9. 10 9.0 9.5 72 19.3 17 23 100
10, 10.2 9.5 9,8 | ™ 20,2 18 264 | 11
11, 10.3 10,1 10.3 83 18 13 25 100
12, § 10 10.3 10.6 84 20 11.7 23 99
13, 9.3 8.9 9,2 8z 19 i | 22 91
14,1/ 6.8% 7.2% 7.0% S6* 17.6 13,2 | -19.5 B3x
1/ Lab recently
joined progtam,
Mean 9.9 9.9 9.9 | 7 19 15 | 24 99.4 | Redected
Std. Deviation 0.54 0.60 0.52 %.37 1.96 1.78 2.79 4,70]outliers
Rel. Std. Dev, % 5.5 6.1 5.3 5.7 10,3 12.3 1t1.6 ko7
Total Error % 12 13 11 14 25 27 48 10

57 VOTIDES
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TABLE 2-4
INTERLABORATORY CHECK SAMPLE NO. 25, SERUM
SUMMARY OF RESULTS

°
&

Rel. Std. Dev. %
Total Error %

11.2 19.7 - 12.5

™

LR
F
@
L)
-3

LABORATORY H PESTICIDES REPORTED IN PARTS PER BILLION
CODE NO, “ Dieldrin | o,p*-DDT | p,p*-DDE | p,p’-DOT | @-Bluc{ HCB
i #.0 6.0 45 8.0 0 0
1, 2.2% 5.0 | -ué 8.7
2, 5.0 5.1 52 . 9.8
3. 4.0 5.0 41 " 10 <1
b, 6,0% 7.9 Gos Ly 1.9
5. 3.7 6.0 39 9.6
6, b2 6.5 53 9.3
7. 3.5 6.5 50 9.8
8. 3.9 5.0 hé 9.2
9. 3.8 5.6 4 10
10. 50 h.o 35 8 1.0
11, 4.1 5.0 44 8.3
12, 3.9 5.8 39 9.3 1.3
13. 3.4 4.6 52 7.3
i, .5 5.2 | wu 8.7
15. b1 4.9 38 9.8
16. 3.6 5.5 3% 9.6 !
17. h,9 5.1 39 8.7
18, bk . 8.h 38 10.8
Mean k.1 5.6 e 9.2 *Rejected
Std. Deviation 0.45 S 5.12 0.86 eatliers.

n7 WOTIONS
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Table 2-5

BLOOD SERUM, INTERLABORATORY CHECK SAMPLE NO. 33 (1975) .

PESTICIDES REPORTED IN PARTS PER BILLION
Lab, Code No. Dieldrin | o,p'-DDT | p,p'-DDE | p,p'DDT Epoxide R-BHC
6.00" 3.8° 300 13.7° — -—
1 5.70 -— 26 9.8
10 No sample issued
8 5.60 2,78 28 1.1 p,p'-DDD
12 5.20 2.50 22 10.8 1.4 1.3
7 5.90 3.30 28 11.6 Tr. Tr.
14 6.10 3.80 23 11.0
15 5.40 2,90 30 14.0
25 6.00 3.00 26 9.0 .
5 6.75 3,65 28 13.0 ’
26 6.40 4.50 31 4.7 1.00 -
4 No blood analyt. work |
24 5.50 13.50 29 11.9
11 No report rec'd.
6 (First run) 6.00 4.00 21 . 12,0
29 5.46 3.06 23 4.3%
Overall Mean 5.83 3.36 26.3 11.7
Std Dev 0.45 0.59 3.30 1.69
Rel Std Dev, Z 7.67 17.6 12.6 14.5
Total Ervor, % 17.7 42.7 34,5 39,2

a. Parts per billion present. Values approximate,
* Rejected as an outlier.

Section 26
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Table 2-6 INTERLABORATORY CHECK SAMPLE NO, 40, SERUM - SUMMARY OF RESULTS (1976)
TESTICIDES REPORTED 1N PARTS PFR BILLION
Trans—
Lab. Code No. Dieldrin o,p'-DDT L?_,jz'-DIJE p,p'-DDT  jHouachlor

. 4,07 3,0° 28,07 5,0%

1 3.8 3.3 24.5 5.4

4 4.2 4.5 ° | 26.7 4.3

5 4.2 3.9 26.8 5.0

7 3.8 2.5 | 271 a6

8 3.2 3.3 24,1 3.9

10 3.9 4.5 25.9 5.0

it 2.8 W 24 5.0

12 _ 4.3 3.4 22.9 5.6

13 4.6 5.5 24.0 5.2

14 5.0 T 5.1 22 6.4

15 6.0 3.8 29 4.8

16 3.9 2.8 23.8 6.2

24 Results jnot received in time tof include

25 4.1 22 ) 34 4.4 1.0

26 4.2 4.8 28.5 5.7
Qverall Mean 4.1 3.9 26.0 5.1
Std Dev % 0.7583 0.8922) 3.112- 0.7098
Rel Std Dev % 18.5 22.9 12.0 13.9

dparts per billion present. Values approximate.
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Section 2G

Table 2-7 INTERLABORATORY CHECK SAMPLE NO. 54, BLOOD SERUM - SUMMARY OF RESULTS (1978)
PESTICIDES REPORTEP IN PARTS PER BILLIOK
Trans- Hept.
Lab. p,p'-PDE | p,p'-DDT HCB |. Nonachlor| PCP o,p"~DDT B-BHC Epoxide Pieldrin p,p'-DDD
Code No. 0? o8 104 54 502
4 19.3 2.85 10.2 5.8 190
5 i 15.6 7.1% 8.8 5.7
7 22.8 - 16. 6% 4.4 102
8 18.0 2.40 10.0 4.4
10 19.9 1.40 9.5 5.1
1 16,2 2.49 8.8 4.5 1.48
12 15.8 2.4 9.7 6.5
14 19.0 4.5 11.0 5.2 1.2
15 17.0 2.2 13.9 - : 4.1
24 18.3 2.5 9.5 5.6 _
25 18.2 . 2.5 11.8 5.6 1.20
26 18.3 2,23 8.4 5.9 142 i
1 20.0 3.7 9.4 | " B.2%
9 11.9 - 10.5 5.4
13 17.5 2.3 9.9 5.7
16 28, 5% 1,78 7.6 6.9 1.3 0.5 1.3
Overail Mean 17.9 2.56 9,93 5.48
std Dev, ¥ 2.47 0.79 1.51 0.733
Rel Std Dev, % 13.8 31 15.2 13.4

%hese values represent only spike added.

*
Rejeccted as outliers.




Table 2-8

INTERLABORATORY CHECK SAMPLE NO. 59, SERUM - SUMMARY OF RESULTS (1978)

Section 2G

.PESTICIDES REPORTED IN PARTS PER BILLION

Hept. Trans- _ _
l.ab. Code No, g~BHC Epoxide Nonachler Dieldrin ,?LP'“DDE BtP‘"DDT
73 53 82 g2 - 42
4 7.49 4,32 8.61 7.59 24.6 5.43 1.00-p,p'-DDD
5 7.36 5.22 6.72 8.55 13.2 3.48
7 " 5.98 5,31 5,09 6.79 13.14 4.33
8 7.39 5.87 8,05 8.52 5 17.45 5.87
11 | 7.96 5.06 7.24 8.83 12.84 6.07
12 8.85 8.40 10.11 9,68 18.87 6.21
14 7.2 5.6 6.9 10.0 18.0 6.8
15 7.2 5.1 < 6.9 8.9 18.9 5.1
25 6.86 3.78 7.42 8,39 18.11 5.61
26 5.81 4,84 8.18 7.74 . 15.13 4.91
1 6 4.1 7.0 6.6 14.1 5.0
4,8 4,5 8.2 5.3 14 4.1
9 - 5.15 11.44 8.87 20.02 6.54 0,62-Lindane
13 5.92 4,47 5.6 7.57 10.60 6.45
16 B.44 5.98 9.91 9.25 26.42 5.30
32 | 6.49 3.50 6.22 5.29 11.0 7.69
34 1.67 2.13 1. 44 1.80 2,13 -—
Mean 6.92 4.68 7.72 7.99 16.65 5.56
Std Dev 1.09 0.98 1.68 1.41 4.53 1.08
Rel Std Dev, X || 15.8 21.0 21.8 17.6 27.2 - 19.5
Total Error, % || 32.3 45.6 45.5 35.4 56.6 39.0

fparts pexr billion present.
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Table 2-9

INTERLABORATORY CHECK SAMPLE NO. 66, SERUM - SUMMARY OF RESULTS (1979)

Section 2G

PESTICIDES REPORTED iIN PARTS PER BILLION

Oxy- Hept. Trans-
L.ab, Code Ho. chlordane Epoxide Nonachlor p,p'-DDE p,p'-PDT Mirex
7.5° 9.4° 9,57 .- 7.0% 10.0%
4 7.61 7.90 8.70 14,1 6.00 -
7.36 10.3 1.88 10.0 3.48% -
7 7.8 11.0, 11.1 14.0 3.5 -
8 6.90 7.95 1.96 14,33 6.76 £10
11 5,99 8.23 6.64 9.96 — -
12 6.94 9.60 9.71 15,10 7.84 -
14 5.6 8.5 7.3 12,6 6.8 -
24 6.52 8.22 8.43 12,55 7.55 2.1
25 7.54 9.04 9,68 13,69 5.56 ~—
26 7.35 7.56 8,29 12,50 6.0 -
1 8.7 10.4 9.0 16.6 3.0 -
6 5.8 7,6 6.8 11,0 5,2 "
13 1.47 10.44 6.42 9.65 6.17 —
16 6.16 6.74 6.18 10,28 5.95 ——
38 6,58 8.22 8.34 14.03 5.68 —
52 7.4 9.4 9.5 14,5 7.4 2.1
Mean 6.98 8,81 8,25 12,77 6.24
S1d Dev 0.83 1.25 1.35 2.10 0.89
Rel 5td Dev, X 11.91 14,13 16.65 16.48 14,29
Total Error, % 29.1 32.7 42.1 39.7 36.3

%parts per billion present.
*Rejected as an outller
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Section 26

Table 2-10 COLLABORATIVE SAMPLE NO. 21, SPIKED FAT
SUMMARY OF RESULTS
PESTICIDES REPORTED TN PARIS PER MILLION
Hept,
Lab. Code No, Aldrin Epoxide Dieldrin o,p*-bbT P,p'-DDD p.p'-DDE p.p"+DDT 8-BHC
0.10 0.30 0.70 0.80 0.40 9.0 3.0 )
1 - 0.33 0.45 0.76 0.37 8.70 3.11
4 0.090 0.27 0.58 0.63 < 0.44 8,66 2.63
5 0.13 0.34 0.60 1.02 0.47 7.52 2.09
6 - 0.26 0.67 0.64 0.42 9.32 2.86
7 0.090 0.30 0.75 0.74 0.48 7.5 2.60
3 0.090 0.31 0.71 0.75 0.48 3.80 3.08
9 0.070 .060% 0.54 0.67 0. 44 7.10 2.36
11 0,060 0.27° 0.050% 0.70 0.29 7.23 2.90
14 - 0.32 0.52 0.80 0.53 8.51 2.67
15 0.10 0.30 0.80 0.68 0.37 8.90 3.10
16 0.080 0.31 0.70 0.73 0.40 8.29 3.03
24 0.060 0.020% 0.39 0.43% 0.32 6.70 1.60% 0.020
25 0.090 0.31 0.69 0.72 0.48 9.32 2.70
26 0.080 0.22 0.63 0.53 0.33 6.59 3.12
k1] 6. 050 0.25 0.33 0.50 0.24 6.30 2.20
33 0.060 { 0.25 1.12% 0.67 0.32 7.56 2.71
3% 0. 060 0.19 1,12% 0.52 0.39 3.07 3.53
Mean 0.080 0.28 . 0,60 0.68 0.40 8.03 2.73
Std Dev 0.022 | - 0.042 0.14 0.12 0.080 1.0 0.38
Rel Std Dev, % | 28 15 23 18 20 12 - 14
Total Error, % 65 35 54 46 40 33 34

parts per million present.

*
Rejected as outliers,




Table 2*113‘ Sectibu'2c"'””“

INTERLABRORATORY CHECK'SAHTLE HO. 56, FAT--SUMMARY OF RESULTS (1978)
PESTICIDES REPORTED IN PARTS PER MILLION
Oxychlor- { Hept. Trans-
Lab, Code Wo.]l HCB Aldrin | dane Epoxide Nonachlor p,p'-DDE p,p’-DDT
0.050a 0,208 0,258 0.208 0.15a 1,502 0.502
4 0.027 0.15 0.222 0.193 0.135 1.48 Q.39 dieldrin~-0.01
0.0392] 0.204 0.200 0.309 0.112 1.81 0.586
0.030 0.1%6 0.24 0.16 g,11 1.35 0.49 dieldrin--0.01,
g~BHC-—<0.02
11 0.058 0.223 0.316 0.261 0.183 . 1.54 0.506 dieldrin—0.006,
' Thiodane I--0.004%
12 0.031 | 0.157 0.23 0.226 0.174 1.33 0.421
14 0.028 0.143 0.251 0.166 0.109 1:40 0.434 dieldrin--0.005
15 0.04 | 0.18 0.26 0.20 0.15 1746 0.52
25 0.036 0.154 0.239 0.175 0.146 1.26 0.490 ) dieldrin--0.009
26 0.022 0.098% 0.185 0.184 0.133 1.17 0.492
1 0.04 0.20 0.25 0.19 0.16 1,20 0.40
6 0.052 0.19 0.055*% 0.18 0.14 1.70 0.51
13 0.021{ 0.135 0.205 | 0.157 0.118 1.13 0.49
16 0.027 | 0.189 0,209 0.024% 0,106 * 2,81k 0.474
31 0.25% 0.176 0.297 0,252 0.128 1.05 0.675%
34 0.068 0.167 0.283 0.22. ‘ _0.13 1.01 0.439
38 0.050 0.18 0.224 0.2311 0.158 1.44 0.443
Overall Mean '
Std Dev
Rel Std Dev, %
Total Error, %

2parts per million present.
*Rejected as outliers,
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Section 2G

Table 2-12
INTERLABORATORY CHECK SAMPLE HO. 7, FAT--SUMMARY OF RESULTS (1979)
FESTICIDES REPORTED IN PARTS I'ER HILLION
Oxychiot~| Trans- Hept 1, ' . Aroclor
Lab. Code Ho. HCB B-BHC dane Honachlor Ep““ide p.p’' ~DBE Pp -DUTE Dieldrin 1254 Hon-Spike
0,061° 0.25" g.10% 9.15° 0.81% 3.50° 060" 0.13° .1.00%
4 0,038 0.278 0,114 0,156 0,092 . 3.39 0,675 0.162 1.99%
7 0,035 0.269 0.079 6.175 9,091 3.209 0.705 0.149 + o,p'-DOT = 0.057
_ A I 0.0 0.22 (111 0.16 0,105 331 . 0.59 0.133 1,40
_ 0,p -DDE  Aldrin
10 0.041 0. 24k 0.094 0,154 0.095 2,212 0.581 0.081 2tez 0.014
11 ,032 0.23 0.675 0.12 0. 096 3.3 0.68 0,13 -
12 0,042 0.278 0,117 0. 148 .09 2,148 0. 741 0.132 — Aldrin 0.018
14 0.032 0.23% 0.057 0,151 0.062 2,097 0.481 0.082 —
24 0,009 | o.180 0.074 4.330 0,980 2.40 0.570 - 0,505 | 0,p*-DOT 6.052
o,p'-DDT p,p'-UDD
25 0.042 0.258 0.105, 0.152 0.080 3.964 0.559 0.152 1328 | 2B s
26 0,022 0.237 0.105 Q.13 0.059 2.96 0,588 0.148 0,943
51 0.04 0.25 0,09 0.15 0.10 1.10 0.60 0.13 9.96
1 0.06 - 0.16 0.11 0.03 3.36 0.80 6.13 -~ gk 3?‘;5 Lindane
3 0.048 _— - 0.12 . 064 3,40 0.58 0.12 1.00
Q.042 0.264 0,182% 0.208* 0.086 2.577 0.819 0.1062 —
13 0.024 0,262 0.083 0.143 0,094 2.061 0.575 0.029 -
16 0.045 0.212 0.122 0,165 0.073 3,98 1.05% 0.124
e 0,043 0.223 0.058 0.116 0.053 2,992 . 0.503 0.118 1.00
52 0. 014 0.119% 0.036 0.115 0, D154 2,168 . 403 0,019+ 0.519
Overall Hean 0.049 0.24 0.082 0.14 0,080 2.93 0.61 0,12 ©.96
Std Dev 0.009 0.03 0.030 0.02 0.02 0.56 0.12 0.03 .32
Rel 5td Dev, X Y230 11.0 2.6 14.0 25.1 19,0 18.9 21.7 33.8
Total Error, X 165.0 24.8 68,0 32.4 51.1 48,1 39,9 58,8 69,1
Av 1 Recovery [|66.7 96,0 92.0 91,1 98.8 83.7 101.7 92,3 96,0

Brarte per sillion present

*Rejected a9 an outlier



Section 2G

Table 2-13
INTERLABORATORY CHECK SAMPLE NO, 49, WATER-~SUMMARY OF RESULTS
PESTICIDES REPORTED IN MICROGRAMS PER LITER (OR PARTS PER BILLION)
Lab. Code Wo. HCB - gg:hl"r' . psp'-DDE | p,p'-DDT A;;g}}“
0.30° 0. 40° 0,60 1.60° 10
8 0.20 0.30 0.40 1.30 9.1
166 - 45.* 81.0% 151.% 627.%
15 0.18 0.33 0.53 1.50 10.9
6 — - — - 7.9
7 0.20 - - 2.12 13.4
11 0.13 0.31 0.43 1.20 5.6
34 0.14 0.17 0.23% 0.97 5.1
9 0.18 0.40 0.50 1.18 ~ p,p"~0DD---0.47, trans-Nonachlor---0.28
Kepone---3.3, o,p'-DDT--0.23
36 0.18 0.65% 0.53 1.60 7.5 9,p"=DDT--0.15
26 0.20 0.30 - — 8.6
13 0.26 0.36 - — 3.9
3 0.25 0.36 0.47 1.51 8.4 _
23 - | - | o3 Ioe0.65, Dielirino-0.56
1 0.25 - T-- - 10 '
24 6.16 -~ — -- 16. 7%
25 0.22 0.44 0.56 1.41 7.3
5 0.24 0,36 0.56. 1.50 6.8
12 — - 0.45 1.20 - Aldrin—0.04
10 e — 0.135 1.00 8.8 Aroclor 1248--13.4
Overall Mean | g,20 0,33 0.51 1.37 8.09
Std Dev 0.04 0.07 0,13 0.31 2,43
Rel Std Dev, ZYg : 22 % 23 10
Total Error, %50 53 58 53 68
a. Partg per billTon present,

% Re

b. Regorting unitalguestioned and verified.

ected as out

ers.
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&. Check Samples Composed of Standards Dissolved in Solvent

Table 2-2 shows data from a group of 34 laboratories participating in
an interlaboratory control program for the first time es & group emtity. :
The distributed sample consisted of a precise formulation of eight chlorins-
ted pesticide and metsbolite standards dissolved in pure solvent in & sealed
smpoule; no cleanup steps were required. The mean and standard deviation
values were calculated efter rejection of the outlying values designated by
agterisks. (See Subsection ZRf for description of fitness tegt). The pre-
cigion (relastive srandard deviation) was considered "good" for thig type
sample only for the compounds lindene, heptachlor epoxide, and p,p'-DDT,
“fair" for p,p'-DDE, and "poor" for the other four. The overall sverage
RSD (relative standard deviation; Section 2Ke) for all compounds was 21.6%,
nearly double the value expected from & grour of laboratories with top
qualiry analytical output, such as illustrated by Table 2-3. Total error
values considered "good" include lindane, heptachlor epoxide, end p,p'-DDT,
aldrin iz "fair", and the others “poor." The average totzl error was 52Z,
just outside the "acceptable” level of <50Z.

Table 2-3 shows, for comparison, results on the same sample (except for a
more difficult, lower endrin content) by a group of laboratories that (except
for one) had been 4n the quelity contrel program for several years. The
caleulated average RSD value is 7.77 and the average total exrror is 207,
both "excellent" performance walues., The average totel time spent im each
laboratory on the sample by this group was 1.5 days. During the earlier
years of participation, the data output of tliese laboratories was gimiiar
to that shown in Table 2-2, but continuing participation in both Inter- and
Intralaboratory Programe resulted in gradual improvement in performance to
the levels showm 4in Tgble 2-3, As en example of a factor responeible for .
the poor resulta iIn Table 2~2, the 34 lsboratories used 33 different GC
columng, while the experienced group represented in Table 2-3 used only

the optimum GC columns and the operating parameters recommended in the EPA
Festlicide Analytical Mznual and in Section 5 ¢f this Manual.

b. Blood Serum Check Samples

Table 2~4 ghows results for a blodd serum check sample reported by 18
laboratories with experience in the quality control program. The average
RSD of 13% and total error of 33% are quite acceptable for this type of

sample. o

Table 2-5 shows results for a second serum check sample reported by 12
participating laboratories. This sample was prepared from the same base

lot of serum used for a previous sample (Ko. 31) issued earlier, It was

held in a deep freeze for the intervening six months. The formulation

values on the summary sheet were regarded as approximate. The formulation

was based on the data profile on the sample as 1t was originally received,
plus data from the lsboratories smalyzing the earlier check sample. The values
were believed to be walid within ¢a + 15X, Precisfon on this sample is very

T
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good for dieldrin, p,p’'-DDE, and p,p'-DDT and is fair for o,p'-DDT., The
total error, embracing both precision and accuracy, iz highly satisfactory
for dieldrin and satisfactory for the other three spiking compounds. Two
laboratories reported traces of heptachlor epoxide and B-BHC, both of which
compounds were probably actually pressnt in trace quantities.

Results of a third serum check sampla are given in Table 2-6. The mean

values reported are very close for dialdrin and p,p'-DDT (102% recovery in
each case), high for o,p'~-DDT (130% recovary), and slightly low for 2,p'-DDE
{93% recovery). No reported values were rejected, but the laboratories with
DDE values below 23 ppb and the one laboratory reporting 34 ppb were cautioned
to scrutinize their recoveries to bring them into a range closer to the

mean. Interlaboratory precision for DDE and p,p'-DDT was excellent, and,
considering the low concentrations present, the RSD values for dieldrin and

0,p~DDT ware acceptazble. The sample was prepared by spiking serum used to

prepare an eaclier check sample (No. 35). Although the formulation values
are reported as apptoxinate, in-houge analysis of the final formulatior indi-
cated that the corract values were as shown.

Table 2-7 shows the results reported by 16 laboratories for a fourth bleod
sexum blind sample. The sample contained three actual residues and three
spiked residues, one of which (PCP) was added only to enrich an alrsady-
present residus., Residue identity and quantitation were straight-forward

" because all peaks were resolved on the recommended GC columns. A formal

laboratory performance ranking (Section 2H) was not prepared for this sample
since only HCB and trans-nonachlor were gpiked in knmown amounts to blank
serum. Calculations were made, however, for review purposes based om the
known values for HCB and trans-ponachlor and the average recovary as the true
values for p,p'-DDE and p,p -DDT. On this basis, good lsboratory performance
wag demonstrated by participating laboratories with few exceptions. Of the
16 reporting laboratories, 9 would have scored above 190, 3 above 170, and

4 in the 116~147 range. The mean recovery for HCB was 997 and for trang~
nonachlor 110%. The relative standard deviation (RSD) figures as shown in
the accompanying table demenstrate good precision with the possibla exception
of p,p'-DUT. The 31% RSD for p,p’'-DDT appears excesaive at first glance but
is certainly understandable conslidering that the low residue level of 2.6 ppb
ig close to the method sensitivity limit.

A 50 ppb spike was added to pooled serum containing PCP in an unknown amount.
Three values were reported of 102, 142, and 190 ppb. A fourth value obtained
by one laboratory was 180 ppb. The true value obtained by ome laboratory was
180 ppb. The true value was probably in the 180-190 range, since anclysis of
the unspiked serum in the coordinating laboratory yielded 126 ppb., Compared
to 180 ppb in the fortified sample, this gives a difference of 54 ppb, which
is in excellent agreement with the sctual gpike of 50 ppb. The higher
results obtained by the coordinating laboratory and laboratory Ho. 4 can be
explaipned by the fact that a revised PCP method including a hydrolysis step
te free conjugated xesidues was used by these laboratories but net by
laboratories No. 7 and 25.

Although performance on sample 54 was generally good, significant quantita-
tion error was observed in a few ingtances. The integrity of standard
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solutions was suspect in some results, but poor chrometography techniques
vere undoubtedly also major factors. Some specific examples based on careful
analysis of results azre: wmeasuring small rvesponses like 5~6 mm peak helghts;
injecting less than 3 ul; large differences in injection volumes of sample
and standard; and lavge differences In peak heipghts of sample snd standard.
Careless mistakes were also evident. One laboratery spoiled an excellent

get of data by ident’fying trans-nonachlor as heptachlor epoxide on the
OV-17/0V-210 coluzn, A re-injection on an OV-210 column was made, but
identity was evidentlv not checked against heptachlor epoxide standard also
on the same chart. ‘%inls would have clearly signalled an idemtification
problem. TIwo laborateries missed p,p'-DDT. The GC system did not appear
sensizive enough in cre case. BHowever, fron chromatograms submitted by the
other laboratory, it appears that the gample chromatogram was not allowed to
run sufficlertly long to elute DDT. These kinds of problems are discussed
in detail elsewhere in this Manual, especielly ia Sectdion 5.

The resulta cf 17 laboratories with a fifth serium hlind sample are showm in
Table 2-8, Although this sample represented a rather simple resldue mixzture,
the necesslry Ifor a judicious choice of GC columng is well illustrated.
Beptachler epoxide and trans-ponachlor are well separated on the two mixed
phases 0V-17/0V-210 and SE-30/0V-210, but not on the single phase 0V-210,
bieldrin and p,p'~DPE sepatrate on SE-30/0V-210 or OV-210 columns, but an
ex:eptional’y efflcient 09-17/0V-210 column would be necegsary for accurate
quantitaticern, A1l Qffice of Pegticide Programe projeet laboratories involved
in the study correctly identified the six serum rezidues, Two non-project
laboratories missed one compound each, Fifteen of the 17 participan*s had
performance ratings in excess of 190 points (Table 2-18).

Table 2-9 giveg results for a serum blind sample containing mirex, A1l
participants except one correctly identified five pesticide residues, while
only 3 laboratories identified mirex. The p,p'-DDE was not apiked but repre-
gsented the actuazl regidue in the pooled blood seruvm matrix, Mirex was not
included in the scoring but was foxtified at the 10 ppb level. Low recovery
of mirex demcnstrates the poor extraction efficiency of thie compound in
hexane. The results of laboratories ss 24 and 52 zad the coordinating
laberatory indicate an extraction efficiency of ca 252. This low level
placed the mirex concentration below the GC sensitivity limit for seversl

of the lsboratories. k!

c. Fat Check Samples

Tables 2-10 through 2-12 show results for fat check samples. For sample
56 {(Table 2~11), all reporting laboratories correctly identified the seven
added pesticides. Dieldrin was npot added as a spike, but was identified by
6 laboratories in umounts of 5-10 ppb.

Sample 70 (Table 2-12) was designed to measure the proficiemncy of a labora-
tory in recognizing and quantitating PCB contamination in an adipose sample
containirg common organochlorine pesticide residues. The pesticides and
fortification levels were chosen based on data from national surveys o a8

to repregent a rezlistic analytical problem. In the summary of results tahle,

36~
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laboratories listed above the doubla line are Epidemiology/Human Monitoring
Contract laboratories. This sample proved to be a very difficult chalienge
for the majority of the laboratories. The percentage total error (TE)
figures demonstrate & generaily unacceptable level of performance for this
analysis. Five of the nine TE figures were greater than 507 and, there-
fore, "unacceptable.” TE figures for only the EPA contract laboratories
ware: ECB, 51.3%7; B-BHC, 16,.4%; oxychlordane, 45.7%; trams-nonachlor,

22.3%; heptachlor epoxide, 43.5%; p,p'-DDE, 46.7%; p,p -DDT, 30.1%; dieldrim,
42.7%; and PCB 1254, 120%.

d, Watar Check Sample

Table 2-13 showe the results of an interlaboratery water round robin
semple reported by 19 laboratories in 1977. fThe sample contained spikas
of four parent orgenochlorine pesticides plus Aroelor 1254, but no partially
altered compounds as would undeubtedly be present in routine monitoring

- campleg, The results shown in Table 2-13 are acceptable considering the

2B

relative difficulty of the sample. Interlaboratory precision, as measured
by the relative atandard deviation values, are reascnable, and total error
values, although above the 50% level considered satisfactory for less
complex formulations, are not too far off on this particular sample,

Mean recovery valuas for all laboratories, after rajecting outliers, were
HCB, 67%, oxychlordane, 83%3 p,p'~DDE, 85%; p,p'-DDT, 86%; and Aroclor 1254,
81%. The valua for BCB 12 not as bad as indica:ed because the best re-
covery possible for HCB was 85Z (0.25 ppb).

RELATIVE PERFORMANCE RANKING
a. Original Performance Ranking Scheme

A scheme has been used from the start of the QC program until 1980 for
tha relative ranking of laboratory results in the analysis of multiresidue
cheek samples. This scheme, described in this section, waa usged to caleuy-
late the rankings shown in Tablesz 2-135 to 2-22, A new scoring procedurs
that has been adopted for future interlaboratory samples is described iIn
Subsection 2Hb,.

There are three essential criteria for a high acore in the performance
ranking, namely, corryect ildentification of all pesticides present, correct
quantitative agsay of the pesticides, and non-rveporting of pesticides not
pregsant. The ranking scheme incorporates ali three criteria and provides
a numerfcal score for each.

The maximum possible score is 200 points, 100 for correct identificaticm
and 100 for quantitation. A detatilad explanationm of the calculatiorn pro-
cadure follows-

(1) Idantification

The 100 possible total points divided by the numbar of compounds
actually present yilelds the point value per compound. Correct idemtification
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of 8ll compounds present and reporting of no extra compounds results in a
total gecore of 100 pointes. A penalty equal to the point wvalue per compound
ic assessed for each compound reported that is not actuslly present. For
example, 1f five compounds are present in the check sample, each is worth
20 points. If one is missed and one axtra is reportad, a pemalty of
2x20=40 points will be assessed againgt identification performance. The
score in thisz part would then be 100-40=60 peints. ’ '

(2) Quantitation

.The point walue per compound ia agein the total possible points (100)@37
divided by the number of compounds present. Should all reported values . &
coincide exactly with the formulation walues (an unlikely situation), tﬁ%”w
full 100 points are awarded. When 2 reported value differs from the formula-
tien value, the difference between the two (the sbsolute error) divided by
the standard deviation (previoualy calculated for each conpound) gives 2
“weighted deviation.” This value is subtracted from the point value of the

compognd to glve the quantitative scdre for that compound:

Compound Quantitative _ Compound Point _ Absolute Frror
Score - Value Standard Deviation

The total score for this part is the sum of the individual compound quantita-
tive scores.

An 1mportant aspect of the quantitative portion of ranking ig the role |
played by the standard deviation for each compound. If the precision of
the group for the analysis of a particular pesticide is poor, the standard
deviation for that compound will be relatively high, If a laboratory has
a large absolute error for this one compound but an otherwise excellent
performance, division of the error by the large standard deviation will

lower the peint lose eo that an unduly heavy scoring penalty is not received.

(3) Total Score and Sample Results

The total score for laboratory performance is the sum of the identifica-

tion and quantitation point totals, Table 2~14 illugtrates in detail the
method of celculation for a hypothetical anelysis in which one compound is
missed and one extra is reportad, resulting in an inferior total score of 125.

-38=
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Table 2-14

CALCULATION OF TOTAL SCORE FOR RELATIVE PERFORMANCE RANKING

Formulation Faported Analytical Standard
po/ul Values pg/ul Deviation®
g-BHC 30 27 2,10
p,p'=0DE 40 40 o 1.75
Pleldrin 20 50 2.50 .
9,p' ~DDT .10 " Not Reported 0.860
Pep'-IDT 8¢ 47 1.4
u~BHC None 10 am——

*Of all data from participating laboratories

Point value for each compound iz 100 5 = 20

Identification
B~BHC - 20
2,p'~DDE - 20
Dieldrin - 20
psp'~DOT - 20
sum = 80
=20 Penalty Zox false identification of &-BHC
60 Total identification points
Quantitation
30 - 27
p/p'-bDE - 20 - —‘-‘-9-1—‘-5-‘5‘—0- = 20
20 - S50 '
Dieldrin - 20 - —~s5 " a
©,p~DDT - -—- = 0
2sp'-DDT - 20 - --5-9-5-4%2— = 18

Total quantitation pbi.nts = 85

Total laboratory scére 60 + 65 = 125 (of a possible 200 points)

-39-
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Tables 2-15 through 2~22 ghow Relative Performsnce Renkings for groups of
laboratories on check samples of different types. Table 2-15 shows rankings
for the laborsctories reporting the data in Table 2-3, Llaboratories with
scores over 190 are considered to have demonstrated generally acceptable
performance with some possible minor problems. Scores between 150 and 150
indicate definite preblems that should be quickly resolved. Those with
scores below 150 should esuspend all routine pesticide analytical work
pending the resclution of very serious problems in both identificationm and
quantitation, the effects of which place in doubt all routine analytical
data output of the laboratories. The laboratories are to initiate corrective
action immediately besed on the general and individual eritiques received
and personel consultations with the coordinating laboratory. The remaining
portions of the origimal check geample can be used as a reference standard
materizl to internally evaluate improvement before receipt of a new check
sample to again test laboratory performance.

Each ser of performance ranking data must be carefully appraised by highly
skilled, experienced residue analysts ir the coowvdinating laboratory before
deciding upon what, 1f any, action should be taken based on the results.

For example, Teble 2-16 shows ranking data for 17 laboratories amalyzing

a fat sample (results reported -in Table 2-10) and Table 2-17 & blood analvsis
performed by 16 laboratorias.: Exemination of the scores for the fat gample
indicates z significant bresking peint between laboratories with 185 or more
points and those with 168 or lower. Reference to Table 2-16 ghows that those
below the break point had readily apparent problems, and these four labora-
tories received corrective critiques. To¢ the contrary, all rankings for the
blood analysia were 192 or greater, snd all laboratories wers considered to
have turned in acceptable performances, even thoge with the poorest relative
scores,

Performanee rankings for laboratories participating in the analysis of some
later blind sarples are shown in Tableg 2-18 to 2-22, Rankings for blood
serum sample No, 59 shown in Table 2-18 indicate that only two laboratories
scored below 190; one lzboratory scored below the 150 level indicating very
gerious problems requiring immediate resolution., Performance on serum sample
No. 66 (Table 2-1%) was sleo genezrally exceileat, with all but one laboratary
ascoring above 190 points. Performsnce on fat gample No., 56 (Table 2-20) was
also excellent, with 12 of the 16 laboratories scoring over 190 points and a
low score as high as 175.9, Sinece thers were no missed compounds, the georing
spread reflects entirely the ability of the laboratories to accurately
quantitate residues. The lowest scoring lsboratory did not usé preper
gtandards for some quantitations, so accuracy was understandably-poor. The
12% recovery for heptachlor epoxide by laboratory 16 was alse wumderstandable
because the analyst attempted to gquantitate a pesk height of only 8§ mm against
a 62,5 mm standerd (see Section 50h). Tat sample No. 70 was an exceptionally
difficult sample contzining both common ergancchloride pesticildes snd PCBe.
Only 5 laboratories achieved a score of 190 or above (Table 2-21). Perfor-
mance on water sample No, 39 is showm in Table 2-22, Laboratories with
scores above 170 had only minor problems, if any. Below this, there was
gharp drop~off to a score of 115.9. The score of zero for the lowest labora-
tory, which wae & new participant in the EPA AQC program, resulted because
the sur of -the penalty points exceeded the pogitive points.
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Table 2-15
RELATIVE FERFORMANCE RANRINGS
CHECK SAMFLE NO, 26, MIXTURE IN SOLVENT
Lab. Code Compounds  False No., of Total
Numbex Migsed Identifications Rejects 1/ Score 2/
181, 4] Q Q 198
137. 0 s} Fs -0 1928
135, 0 0 0 197
182, 9 0 0 197
- 87, 0 O 0 197
113a, 0 0 0 197
113, 0 0 o 196
8s5. 0 0 0 196
48, o ¢ 0 195
130. 0 0 0 195
66. 0 0 0 198
73. 0 0 o 194
72. 0 0 0 134
84, 0 0 0 192
89. g 0 a 192
=1- 0 0 1 189
83, 0 v} 0 189
36, 0 0 2 187
97. o] 1 0 181
184. ] 1 4 169
68. 1 0 1 168
a2, 1l 4} ) 168
93, 0 i 2 184
20, 1 0 2 159
s3. 1 0 1 158
163, 1 1 0 157
95, 2 0 0 146
160 2 1 0 133
45. 0 ¢] 6 128
71, 3 o] 3 127
52. 2 1 2 123
47, 3 0 1 115
69, 4 0 2 84
54. 4 4 4 25

1/ Values ocutside confidence limits
2/ Total possible score 200 points

41~
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Table 2-16

RELATIVE PERFORMANCE RANKINGS ~ CHECK SAMPLE NO. 21, FAT

Lab, Code Compounds False No. of . Total
Hurber Missed Identifications Rejects 1/ Score 2/
15. 0 0 0 198
16. 0 0 0 1s8
8. 0 0 0 198
25, 0 0 0 197
7. 0 0 0 195
a. .0 0 0 1g3
26, S 0 0 191
. 33. 0 o 1 191
5. 0 0 0 191
34, 0 0 1 189
11. 0 0 1 188
9. 0 o 1 187
. . 0 0 0 185
6. i 0 0 168
1. 1 o 0 168
14, 1 v 0 0 167
24, 0 1 3 165

1/ Values outside confidence limitg
2/ Total possible score 200

4=
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Tabla 2-17

REL&?IVE PERFORMANCE RANKINGS ~ .CHECK . SAMPLE NC, 23, SERUM

Lab. Code = Compounds False ‘ No. of Total

Numbaex Misged - Identifications Rejects 1/ . Scora 2/
1, o 0 0 198
2. ) o ) 198
3. 0 0 0 197
4. Q 2! o 197
5. 0 o 0 197
6., 0 0 Q 197
7. 0 0, 0 196
8. 0 0 0 196
2. 0 0 0 196
10. 0 0 0 _ 196
11. 0 0 o 196
12. 0 0 0 135
13. Q 0 0 124
14, o} 0 0 193
1s, 0 0 ) 132
16. 0 o 1

192

1/ valuas cutside confidance limits
2/ Teotal possible acore 200

~43-
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Table 2-18
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 59, BLOOD SERUM
. Compounds Talse No. of 1/ Total /

Lab Code No. Missed Identifications Rejecty = Score =

8 0 0 . 0 198,04
15 : 0 0 0 197.72
26 0 0 0 197.31
25 0. 0 0 197.08
4 L0 0 0 196.54
11 0 0. 0. 196,51
14 0 0 0 195,90

5 0 0 0 195.41

H 0 0 0 195,30
13 0 0 0 194.37

7 0 0 0 154,05
16 0 0 0 193.49

6 0 0 0 193,30
a2 0 0 0 191.60
12 0 0 1 191.52

9 1 "o 0 162,41
34 1 0 4 147.15

1/ Rejected as outliers
2/ Total possible secore - 200 points

bilym
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Table 2-19
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 66, BLOOD SERUM
Compounds False No. of 1/ Total 2/
Lab, Code No. Missed Identifications Rsjects =~ Score =
52 0. 0 0 199.3
25 0 0 0 197.7.
12 0 0 0 167.6
¢ 0 0 196.9
0 Q 0 196.7
24 0 Q 0 195.7
38 0 0 0 195.5
26 o] 0 0 195.5
7 0 0 v 195.4
14 0 ] Q 194,1
1 0 0 0 194.0
13 Q 4] -0 193.8
0 0 1 192.0
0 0 ] 191.0
16 0 0 0 190,38
11 1 0 0 153.1

1/ Rejected as outliers
2/ Total possible score - 200 points

45
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Table 2=-20
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 56, FAT
Compounds False No. of 1/ Total 2/
Lab. Code No. Missed Identifications Rejects Score =

1 0 0 0 197.60
38 0 0 0 196,29
1- 0 0 0 195.42
25 o 0 0 194.87
n "o 0 o 193.67
_8 0 0 ] 193,17
12 0 0 0 192.59
b 0 0 0 192.57

é 8] 0 1 192.19
14 0 0 0 191.89
34 0 0 ] 191,63
7 0 0 0 190.54
13 0 0 0 190,29
26 0 0 1 189.09
16 0 0 2 184,69

" 31 0 0 2 175.87

1/ Rejected as outliers .
2/ Total possible score - 200 points

—4f=
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Table 2-21
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE NO. 70, FAT

Lab. Compounds False Identification Quantitation Total
Code No. Missed Identifications  Score _ Scora Score
51% 0 0 100 . - 95,57 195,57
. 8+ 0 0 100 . 92.89 192.89
‘ 26% 0 0 ‘ 100 91.17 91,17
38 0 0 " 100 : 90,37 150,37
4% 0 0 100 _ 90.24 190.24
- 52 0 0 100 ' 73.80 173.80
254 0 2 77.78 94.03 171.81
11% 1 0 88.89 ‘ - 81.30 170.19
7* 0 1 88.89 80.99 = 169.88
16 1 0 88,89 79.14 168.03
14% 1 0 88,89 77.68 166.57
13 1 0 88.89 77.12 166.01
9 1 0 88.89 " 75.95 164.84
12# 1 1 77.78" . 80.62 158,40
24% 1 1 77.7&|" 78.38 156.16

6 2 0 77.78" 73.33 151,11 °
10% 1 2 66.67 83.21 149,88
1 2 3 b4 .54 69,10 113.54

* Epidemiology/Human Monitoring Contract Laboratory

Yy



Section 2H

Table 2-22
RELATIVE PERFORMANCE RANKINGS
CHECK SAMPLE KO, ‘49, WATER
Compounds False No. of 1/ Total 9
Lab. Coda Ho. Missed Identifications Rejecta = Score =
-— - - 195,72
- - - ' 195,37
25 - -— - 195.14
15 - N - - 194,31
8 — - - 191,87
11 - — - 188,93
34 - - 1 183.37
36 - 1 1 171,40
13 2 - - 115,92
26 2% -_— - 115,49
7 2 - - 114,42
10 2 1 ~— 94.0
16 1 - 4 80.0
3 — s 78,75
1 4 1 74,22
24 3 - 1 73.74
12 3 1 ‘ - 56,57
6 4 - - 39.14
23 3 4 1 0.00

*# Later razported the presence of the two compounds
1/ Rejected as outliers
2f Total possible score - 200 points

48~
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b. Current Performance Ranking Scheme

The new acheme adopted by the cocrdinating laboratory for ranking
W o laboratory performance on interlaboratory check samples diffars from the
s T original only ia the scoring of the quantitative results. The purpose of
Sl T the change is to cause a grester point loss for laboratories with signifi-
cant quantitation errors. This, im turn, will improve the relative per-
formance of laboratories with more accurate results,

A The new procedure involves dividing the absolute error by the standard

R - deviation (8D) to obtain the "weighted deviaticn" as before (Subsecticn
2Ha). The score for each compound 1g obtained by squaring the weighted
deviation and subtracting from the compound point value,

Weighted deviation  Point loss
0-1 standard deviations ‘0=l
1-2 1-4
2-3 . 4-9
3-4 9-16
4-5 16-25

The scoring penalty cannot exceed the point vslue per compound. It is
felt that this approach more fairly penalizes large errorz but ig not overly
harsh for vesults with small errors.

As a specific example, the quantitative scoring-shown in Table 2~14, would -
change in the following manner under the new scoring system.

"Weighted Points
Compound deviation” Subtracted . Score
B-3me A2 v 14 5 1.96 20-1.96 = 18,0
p,p'-DDE EU_'75“ - 0 0 20-0 = 20
30 :
Dieldrin 3.5y = 12 20 2020 =
2.’2' -Dm not - — Lol [}
reported ’ 20-20 0
,p'~DOT T%‘ - 2.1 4,42 20-4.41 = 15,6

Total quanti-~
tation points = 93.6

" The major difference is the loss of all quantitation points for dieldrin,

which certainly seemg falr censidering the deviacion of 12 units, As
before, all points ares lcat for compounds not correctly idemtifled (p,p'-DDT).
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Experience will have to be accumulated using the new scoring merthod fn owvder
to asgess how the numericzl values for satisfactory performance will vary
compared to the scorss calculated with the old formula.

PRIVATE CRITICUES

As already mentiponed, lsboratories with significant analytical problems recelve
asdded agsiscance in the form of e private, individual critique of thelr results
reported for a check sample. The content of this critique depends upon the
problems that are obvious from & careful analysis of the submitted xesults and
might include comments on incorrect standsrds, instrumentsl factoys, calculation
errors, poor cheige of materdals or parameters, etc.

PROGRESSION OF PERFORMANCE,

During the early yeers ¢f the Interliaboratory Quality Control Program, results
wvere expectedly peor, Methodology, equipment, and vresgents were a matter of
individual laboratory preference, and the first prierity was development of
uniform methodology and standardizarion among all laboratoeries,

As an exanple of the improvement attzinzble from such a program, the recovery

. and precision results on interléboratory fat check samples for a group of

human monitoring laboratories over a period of years are showm in Tzble 2-23.
The method used In the {irst year was based on gas chromatography of a concen-
trated tissue extract without eleanup (1). Although the method was failrly rapid
and simple, it was discovered that the GC column and detector becane rapidly
contaminated by repeated injection of uncleaned samples, and the cheek sample
results proved the method was unsultable for routine use by a laboratory net-
wortk., Not only was precision poor as measured by the RSD, but the spread from
nindmum ¢o meximum recoveries for geveral compounds was extremely wide, and mean
Tecoveries were gemerally far from correct.

Conversion was made to 2 precedure Including cleanup of the extract by ace-
tonitrile/petroletm ether partition and Florisil column chromatography (2),
regulting in significent {mprovement in not only precision (sample 9, Table
2-23) but in accuracy as well. After several months' experience with the method,
results on another check sample (sample 11, Tahle 2-23) were even better, and
with conrzinuved partielpation in the program, the laboratories made still further
progress in thelr performance throuph 1974 as the figures in the Table show.

The 1978 fat check sample results indiecate an apparent revarsion to 1972
precision levels, Since methodology has not changed, the results apparently
reflect need for reestablishment of z treining program for pesticlde residue
chemists such as was once conducted by the EPA Perrine Primste Laboratory in
Florida. The 1979 resuits are also indicative of training needs plus the
significant complicsations of analyzing organcchlorine pesticide residues in

the presence of PCBs.

Thé regsulte in Table 2-24 show progression of laboratory performance on inter—
laboratery bleod check semples between 1968 and 1979, In the beginning the
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Table 2-23
PROGRESSION OF RESULTS
FAT CHECK SAMPLE
Interlaboratory No. of No. of Average Average
Sample Number Yoar Labs Compounds Recoveries, RSD,
- z %
1967 15 7 -2 50
1968 21 7 Y 38
11 1969 19 7 108 - 24
nd - 1972 ‘16~ 7 89 19
2 1973 14 7 95 14
28 1974 10 7 96 C 12
56 1978 16 7 92 19
70 1979 18 g 3/ ‘91 23

1/ Complete data given in Table 2-10
2/ Unspiked samples for which exact pesticide lesvels were unknown
3/ Sample contained eight single component compound plus Aroclor 1234
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Table 2-24
PROGRESSION QF RESULTIS
BLOOD CHECKE SAMPLE
Interlaboratory No. of No. of Average Average
Sgmple Rumber Year Labs Compounds Recov;ries, R§D,

6 1968 22 6 * 36
10 1969 20 "5 29
16 1970 22 4 21
17 1971 20 4 17
22 1972 17 & 96 14
23 1972 .17 4 91 . 12
25 1973 . 18 4 100 13
27 1974 15 3 * 18
3 1975 17 4 % 20
33 1973 13 4 * 13
40 1976 14 & * 17
46 1976 14 4 * 18
54 1977 16 & * 18
59 1579 17 6 * 20
66 1979 16 5 * 15

* Unspiked samples for which the acrual pesticide lavels wers not known
~f
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dirvect hexane extractiom method of Dale et al. (3) was adopted but was found
to yiald poor interlaboratory precision, Sample 10 was analyzed by a triple
extraction modification of this procedure, which also proved insdequate.

The later samples were done with the currently recommended Thompson and Walker
(4) extraction method, which utilizes a constant speed mixer {Subsection 9D),
The results of the blood check samples illustrate again the duval value of the
Interlaboratory Control Program in upgrading leboratory performance and in
identifying weak analytical methodology.

2K STATISTICAL TERMS AND CALCULATIONS
a. Accuracy and Precision

Precisicn refers to the agreement or reproducibility of a set of replicate
results zmong thempelves without assumption of any prior information as te the
true result, Precision is usually expressed in terme of the deviation, variance,
or range. Accuracy 1s the neammess of a result or the mean of a set of resulta
to the true value. Accuracy is usually expressed in terms of error, blas, or

percantage recovery.

Good precision often is an indication of good sceuracy, but one can obtain
good precigion with poor accuracy if a systematic (determinate) error is pragent
in the method used. Systematic errors are either positive or negative in sign.

The other general classification of errors in analysis is Indeterminate (random)
arrors. These are errors inherent in the analytical methods because of m-
certainties in messurements. An example 1z the measurement of the height and
width of a gas chromatographic peak with a ruler, which raquires estimstion
between the am division lines, Indeterminate arvors are random, that is, they
are just as likely to be positive as negstive. For thisz reason, the average

of several replicate measurements is always more reliasble than ary of the
individual measursments. Although random errors are unavoidable, detarminate
arrore can be correctaed once their cause iz located.

Standards of accuracy snd precision are not the same for a residue analysis

as for a macro smalytical method such ag a titrstionm, for which a precision and
accuracy of 1-5 parts per thousand is usually expected of ap exparienced analyst.
The analysis of technical pesticide products is also a macro method for which
accuracy and precision are fundamental factors, and the measurement step
(usually internal standard GC or LC) must be carried out with thias in mind.

In contrast with macro methodology, residue analysis invelves the aseay of
Ranogram or lower amounts of pesticides, and with the extensive cleanup and
great amount of experimental manipulation required, procedures are considered
adequately quantitative when values * 15-20Z or better are obtained on re-
covery sawples fortified at ppm levels, ¥ 307 at ppb lavels. One authority

has suggested that a relative standard deviation or coefficlent of variatiecn
{Section 2Ka) of less than 40% is acceptable for precision between laboratories
for a trace analytical method. A model has been presanted (5) to analyze the
reproducibility of results of determinations of unknown amounts of pesticides
in relatively few samples. The reliability of the analytical procedure, the
influence of sampling techniques, and the pumber of samples that should be
analyzed can bhe detsrmined with the model.



Section 2K

Absolute error {a the difference between the experimental resulr and the true
value. Relative error is absaiute error divided by the true value and multi-
plied x 100 to yield percent relative error or X 1000 to vield parts per
thougand relative error. As an example, an absolute 0.2 U1 error inm injection

q
of a sawple for GC corresponds to 8.2 % 100 207 for 2 1.0 ul sample but only

100
Q;ZEEELQQ = 47 for a 5.0 ul sample, It ie explained later in Sectionm 5 that
low gample injection volumes ave to be avoided because of high potential errvors.
Bias is definad as the mean of the differences (having regard for signs) of the
regults from the true wvalue.

b. Significant Figures

The uncertsinty of a pilece of data is assumed to lie in the last dipit re-
corded, and unless qualifying informstion is given this last digit is assumed
uncertain by £ 1, If the height of a GC pezk is reported as 10,0 cm, the
absolute wncertainty is * 0.1 em, and the relative uncertainty is
001 x 100 = 17, Likewigze, one should zlways be sure to record all certain
figures plus one uncertain figure in & messurement, these figures being desig-
nated 28 gignificant figures,

Only sigaificant fioures should be used in recording and calculating enalytical
results., If the value 12.3 mg/g 18 reported for a pesticide analysiz, the 12
should be certain wiile the 3 is more or lese umcertain. Good judgment on the
part of the analyst is required to decide on the proper number of figures so
that significant digits are not lost or non-significant ones retained. All
numbers written after the first resl number are considered significant. The
numbers 1.23, 12,3, and 123 all have three significant figures, Zeroces can
cause some problems and should be paid special attention, Zeroes written
before the first real number are not significant but merely serve to locate

the decimal place, Therefore, the numbers 0.123, 0.0123, and 0.00123 all have
three significant figures; the number 0.1012 has four significant figures since
the second zero follows the first resl mumber {in this cmse 1) and is, there-
fore, significant. All terminal zerces following a decimal point are significant,
For exemple, 9.800 g indicates a weight of 9.8 prams accurate to the nearest

1l mg. All four figures are significaent., The number 10,100 should irndicate
five gignificant figures, but terminal zerces in a whole number must be con~
sidered with suspicicn becsuse the proper rule is not carefully followed. If
the value 10,100 mn Iindicates that measuyrement wes made to the pearest 1 mm,
the absolute uncertainly is ¥ 1 mn and the relative uncertainty

Tﬁ:%aa_ x 100 = 0.01%. If the measurement was actually made to the pesarest

0.1 meter gnd the £inal zerses only indicate the magnitude of the number in mm,
the number would better be written in exgonential form, 1.01 x 104 m, to indi-
cate an absolute uncertainty of * 1 x 104 mm and a relative uncerta.dry of

1 x 102

W x 100 = 17,
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Significant figures should be properly retained when performing mathematical
operations. Simplifiad rules that gserve in moeat cases are ag follows, In
addition or subtrsction, the answer has as many decimal places as the number
with the fewest decimal places. For exampla:

90.7 90.7
8.8] —emweomww— 8.8
# 0.55Lmmm—mmes——e 0.6

100.1

Ingpection of the three nmimbers to be zddad indicates the answer can have only
"one decimal place. REach number is initially rounded off to one:decimal place
and then the gum is taken. Nota that the correct answer has four significant
 figures (even though each number added had only three) but only one decimal
place. Rounding off 1s done by rounding the last retained digit up if the
discarded digit is greater than or equal to 5; the last digit is retained
unchanged if the discarded digit is leas than 5. Por multipliczaetion and
divigion, the answar can have no meore gignificant figures tﬁan the mumber with
the fewest significant figures. PFor example, in calculating the ng of pesti-
cide represented by an unknown GC peak by compariason with the area of a standard

r .
peak, the formula hsu = og, ;EEEE i3 used 1f response is linear over the

range in question. If 1.0 ng standard gives a peak of 9.0 em height (measured
to the nesrest 1 mm) and the unknown peak height is 12.0 em, the ng of unknown is
l.00 X 1:'3 = 1.3 ng with only twe significant figures reportabile. If an
analysis is based on peak areas calculated by the usual formula height x width
at one-half height, a width of less than 10 cm measured only to the nearest

one mn limits the aresa and the calculated amount of pestieide to two significant
figures. ' ’

¢. Average
The average or mean (X) of a set of u values is calculated by summing the
individual values and dividing by n:

Lxe
n

X =

d. Range

The difference between the highest anq lowest values in a& group.

=53



Sectfion 2K

e, Standard Deviation and Variation

Standard'deviatggg(a) of a sample of n results is calculated by use of the
equations 1/2

2
v xq2 - EED

1]

n-1

Varience 18 equal :o.az. Relative standard deviation (RSD} oy coefficient

gi variation (CV) is the standard deviation divided by the mean and mulsiplied
by 100 (per-entage) or 1000 (parts per thousand). ¢ is the standard deviation
for a very larpe set of data, calculated by the above equation with n rather
than n~1 in the denominator. Precigion is inereased {velue of 8 reduced) by
increagine the number of replicate apalyses, enabling one to determirie with
greater suatistical confidence that the trus mean lles within certain limits
about the experimental mean or to reduce the interval at a certain cenfidence
level. (Confidence limit or interval is defined as:

e

ts

L 3

where § is the true mean, X is the experimental mean, and t 1s a value obtain-
able in tebles for different percentages of confidence and numbers of trials
(n). Values of t increase as percentage confidence desired increases and
decreases 2& the number "of replicates increases. .

f. TFitness Test

EPA Quality Assurance personnel have applied the following test for re-
jection of "outlier" values in check sample data, which, if left in, would
exert a significant effect on the overall data:

(1) Compute the mean snd the standard deviation of the entire data sget,

(2) Compute the absolute value of the arithmetic deviation from the
mean of all values in the data set.

(3) Establish the correct factor to be used in the calculation (Step 4)
from the following table.
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Number of data points (n)

in the data set Factor
5 1.65
6 1.73
7 1.81.
8 1.86
9 , 1,91
10 1.96
12 2.04
14 ' 2.10
. 16 2,15
18 i 2.20
20 ’ 2,24
25 2.33
30 2.39
40 2.49

(4) 1f the absolute value of the arithmetic deviatfon from the mean for
any number in the data set i1a greater than the factor from step (3) times the
standard deviation of the entire data set, the number is rejected as lying
outslde a reasonable data set.

(5) The percent confidence Interval for the retained valuas would be
given by:

v/’.

-

1 .
(1-—2;—) 100 = 2

This ¥itness Tegt has proven to be practical and reasonable over many years
with round robin interlaboratory blind sample exercises wherein proven
methodology 1s used. It 13 based in part on Chauvenat's critarion as des-
cribed by Hugh D. Young (6). Individual statisticians disagree on the best
test for rejection of questionable results, and no claim i3 made for the
.rigoroua srtatistical walidity of the methoed described in this subsection.
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g+ Total Error

Torel error is a method proposed by MeFarren et al. (7) for combining pre-
cisicr and accuracy in one reporting expression: :

Absolute Value of 28
= the Mesm Error x 100
True Value

Total Exror

where s = gtandard deviation. In generzl, total error values < 25% are con~
sidered excellent, € 50% acceptable, and > 502 unacceptable,

Specificelly, in the interlaboratory control program, total erver is calculated
from the following equation:

+ 28
¥

Total Brror =

where x = the arithmetic deviation of the overall mean obtained for a given
pesticide from its known formulation value (the abeolute value of the mean
error), v = the formulation (true) value, and 8 = the standard deviation. A
discusgion of this equation has recently been published (8), indicating it
may unnecessarily downgrade a considerable portion of results. Alternative
equations are recommended which yigorously meet the McFarren et al. 25 or 50%
eritericn with at least 957 confidence. These equations dre!

7w Et i.7. 8 x 100
e
to be used when x/s > 0.3 and up to 44 results are available,

ﬁ +1.8 s

100
¥ x

T =

vwhen x/s = 0.3 -.0.15 and number of vesults ave 45-170, end

x 100

- a2 ®
T ¥

when % is not significantly different from zero with 95% confidence.

h. Numerical Conversions

1000 mg -3
1000 yg = 107~ E
1000 ng = 10~6 g
1000 pg = 10~9

10-12 g

1000 Hl = 10~3 liter
10~% 1iver

tnc-:mu%m

B

T et e et e b s
gHT

=
=
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Section 3

INTRALABORATORY GUALITY OONTROL

PURPOSE AND GBJECTIVES
The intralaboratory control program is a continuing, systematic, in-
‘house regimen intendad to ensure the production of analytical data of
" continuing high validity. Several §f the program cbjectives are
parallel to those given in Section 2 for the i(nterlaboratory program:
a, To provide a measure of the precision of amalytical methods.

b. To maintain a continuing assessment of the accuracy and precision
of analysts within the laboratory group.

¢. To identify weak mﬁthodology and provide a continuing source of
rvesearch problems aimed at overcoming deficiencies.

d. To detect training needs within the analytieal group.

a. To provide a permanent record of instrument performance as a basis
for validating data and projecting repair or replacement needs.

f. To upgrade the overall quality of laboratory perfarmance.

.The following subsections will trveat several integral parts of a high

3B

quality intralazboratory quality control program, embracing such areas
as the periodic analysis and interpretation of results of spiked
refarence materials (SPRM's), instrumental maintenance and calibratiom,

and monitoring of the quality of various materials used in the analyti-
cal scheme.

PURPOSE, AND OBJECTIVES OF SPRM'S

In contrast to the interlaboratory check sample program ia which one
enalyst 'in 2 laboratory will analyze a sample occasionally sent by the

.coordinater, the intralaboratory SPRM program provides a continuing
-measurenent of the performance capability of each snalyst. Each person

can be constantly aware of his strengths and weaknesses, and corrective
steps can be undertszken when necessary, before serf{ous problems occur

~and erroneous data are reported out of the laboratory.
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The program involves continual, systematic recovery studies on prepared
test samples of each type of substrate routinely analyzed by a laboratory.
Each staff chemist conducting routine analyses should participate, and
all recovery results are recorded on 2 table available for examination

by the chemist's supervisors.

NATTRE OF SPRM'S

One poseible approach is for a laboratory-to prepare ite own SPRM's., 1If
the laboratory routinely amnalyzes animal fat gamples, an appropriate check
eample msy be prepared as follows: Obtain a local bulk sample of 2 1b.

or more of fatty tissue, place in 2 large beaker, and warm carefully on

a hot water bath to a temperature not above 50°C with intermittent
stirring, After & sufficlent quantity of liguid fat has been expressed,
filter inte 2 second besker through glass wool (pre-extracted with

hexane) held in a glass or porcelain fumnel, Heat the filtered fat to

ca 459C, transfer about one~half to a previously tared flask with standard
taper stopper, and rewelgh to the nearest 0,1 p. This portion is stored
in the stoppered flask in & freezer at -18° to ~23°C for later spiking, _
The temaining half is divided into individual snalyeis units in small -~
vials or bottlies that are alsc stored in the freezer, The weight e¢f each .
unit is slightly larger thamn the intended sample weight, These sgerve as '~
unspiked SPRM's,

Sufficient analyses are made on the unspiked subsamples so as to be satis-
fied with the reproducibility of results from the same analyst and among
2ll participating analysts. Por verification, the sample may be sent to
an cutside laboratory with experience in performing the analysis in
question., When repreoducibility is sufficient to establish a reliable
pesticide profile in the unspiked sample, the other half is spiked to
produce residue levels approximating or slightly exceeding the levels
obtained in routine media. The spiked fat is thoroughly mixed, trans-
ferred to small bottles, snd stored In a freezer. These spiked gamples’
gerve to test the capabiliry of the snalyst for recovery of higher pesti-
eide levels,

>
Por both the unspiked and spifked SPRM's, at least & dozen replications of
the analysis on the game sample should be conducted by chemigts with
recognized competence., From these data, the percentage relavive standard
deviation 1s calculated and used in congtruction of control eurves as
described later in Subsection 3F.

The same basic program outlined for fatty tissue can be followed for

other sample materials. If the compound(s) and media are known to be
fully stable at room or refrigerator temperature, freezer storage is

not required.

The EPA-ETD Interlaboratory Program provides participating laboratories

with a2 sufficient supply of each interlaboratory check sample to sexve
alge as an intralaboratory SPRM for e six month period (Subsection 2D).

—-§2-
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Laboratories should store the excess material in sawple-size portions in
a freezer to be withdrawn periodically for analysis along with routine
samples. The correct formulation value will be known to the laboratory
supervisor when he receives the interlaporatory Summary of Results Tabkle
(Subgection 2G) from the coordinator, so that he can compare the results
of his perscnnel with the "correct"” values. The advantage of this
second approach is that a participating laboratory will have intermal
SPRM's with reliable resuits available to them without having to prepare
their own samples and establish residue levels and RSD values before
they can be routinely used.

Because of their nature, it has not been the practice to treat intra-
laboratory SPRM's as blinds in the EPA program. A homogeneous, frozen
fat check sample in a vial, which is simply dissolved in hexane as the
first analytical step, would be difficult to camouflage as 2 routine
fat sample, normally encountered by the chemist 28 a chunk of adipose
tigaue requiring initial grinding (EPA Pesticide Analytical Manual,
Section 5,4,(1),(2),I111,3). Likewise, routine blood samples are re-
ceived as a whole blood rather than aa the serum form of the check
sample. It would be undoubtedly advantageous to devise SPRM's that could
be offered to the chemist as a true blind along with hiz normal sample
load, but this has proven a difficult task with fat and blood when it
18 necessary to prepare & homogeneous semple guaranteed to give a con-
sistent analysis regardless of the portionm taken. It might well be
feagible for some other sample substrate, such as urine or water.

FREQUENCY OF SPRM ANALYSIS
The frequency of SPRM analysis is related to the volume of routine samples
run. Laboratories msking less than one routine analysis per week of a
given substrate should analyze a corresponding SPRM sample with each
Toutine sample, and not less than one SPRM analysiz per month even if

- o routine gamples ave encountered, Laboratories analyzing ome or more

samples per week ghould analyze at least 10 percent as many SPRM samplas
as routine gamples, with a minimm of one per week, For example, if
one to fourteen samples 2re run per week, at least one standard sample
should be analyzed each week. If thirty samples ave rum, one corres-
ponding SPEM sample should ba analyzed for each nine samplea, or a
total of three standard samples. The SPRM 1ie carried through tha
analysis in parallel with a group of routine samples, giving 1t no
special care or treatment.

In laborateries where more than one chemist performs an entire routine
analysis of a given substrate, each individual should run separats

SFRM samples, However, if protocol is that routine analyses are handled
by a team, e.g., with one chemist preparing extracta and another doing
the determination, SPRM samples should be handled in this same normal
faghion,

-f3=
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RECCRD KEEPING

Immediately upon completion of each analysis of an SPRM sample, results
are recorded on an Internal Check Sample Form. A4n example for blood
gerum iz shown ae Table 3-1. Data are entered in legible handwriting.

.Each participating chemist should have access to this record., If

significant deviations from the furnished corraect (mesn) values occur,
an investigation {5 begun at once to determine the reason or reasons.

The chief chemigt of each laboratory completes a quarterly.report for
forwarding to the coordinator and includes in the confidential in-house
section (Table 3-2) one cepy of each Internal SPEM Report. The coordi-

* nater compiles the data from all laboratories and fumishes to each

statistical summaries for comparison of results,

The following two publications by the National Enforcement Investiga-
tions Center (Denver Federal Center, Bldg. 53, Box 25227, Denver, CO
80225 of the EPA contain informetion on record keeping and reporting of
analytical results:’ .

(a) NEIC Policies and Procedures Menmual, May, 1978.
(b} Pesticlide Product Laboratory Procedures Manual, August, 1979.

Reference (2) outlines legally oriented standard operating procedures for
EPA chemistry and biology laboratories, Pages I1-19 to If-29 focus on
document comtrol, with information on serislized documents, project log~
books, field data records, sample identification documents, chain-of-
custody records, analyst and instrument logbooks, photographs, document
corrections, document censistency, document mumbering and inventory, and
files,

The information in Reference (b) is specifically for laboratories per-
forming analytical testing on pesticlde formulations and products to
determine 1if labeling is correct, The results of these analyses can lead
to a number of legal actions, ineluding criminal action. Although it

may be more important that records be kept carefully and completely in
this situation compared teo a monitoring laboratory, the same principles
can be applied to all analyticazl laboratories. Analyste are gpecifically
referred to Section IV of Reference (b) above for recommended procedures
on two aspects of sample custody: documentation end physical sample
security. These procedures are designed to ensure that collected samples
are vot tampered with in the event of any subsequent legal action,

Section VI of Reference (b) describes proper record keeping. Altheupgh
thiz meterisl is not uniquely applicable to SPRM samples, the points of
importence to all pesticlde analysts will be summarized here, The reader
is alsc referred to Section 304 of this Manual for further information
on reporting of results and record keeping,

Y-
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TABLE 3-1
FECORD OF AMALYSIS OFf STANDARD REFERENCE MATERIAL
Laboratory
Madia
Analyst or Team
Sample ) Hept. | Diel-
No. Data| Aldein| 8~EHC | Epox. | drin | o,p'-DDT] p,p'-DDD | p.p'~DDE |p,p'-DOT

Analyst or Team

Reporting units should be in ppb or ppm.
alnimee zeporting levels.

Chsarve standing instructicns for
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TABLZ 3-2 : T5ate)

SUBSECT: Quarterly Report, Quarter Ending

¢ Chief, Quality Assurance Section, Analytical Chem, Branch, Health Effects
Regaaxch Laboratory, (MD=-69}, Research Triangle Park, NC -27721

FROMi Chie? Chemigt {Leboratory}

Puring the puﬁ quarter we have analyzed the following numbers of
routine® samples for peaticide residuest

Blood (multiresidue)
Bleood (PCP)

Blood (Other) (specify)
:ﬁd:lpos_a Missues
Othéé'.ﬁmm Tissues
Alxr

Soils

Stream Sediment

Water (multirzesidue)

T

Water (Othex) ' (specify}

Urine (alkyl phcaphate)
Urine (Other) {apecisy)
Hougedust

wf
Fish or shellfish

il

Wilglife

Othapt

Are any spiked SPRM's prepared in-house? Yas No If Yes, 'list the
substrataes on the reverse side of this sheet giving the spiking level
range of each compound spike,

Thief Chemist

*The term "routine® jis intended to mean samples of local origin such as
doniors, autopsies, etc.

*ropecily substrates iF 10 or more ramples were analyzed during guarter,

™
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Detailed and specific notes should be made regarding all sample analyses,
nanipulations, and obsexrvations, Sufficient detail ghould be provided

to enable the analyst or others to reconstruct the analysis step-by-step
at a later date. All analytical work (graphs, charts, notes, etc.) should
be retained in a general laboratory locked file cabinet and identified

by sample mumber. Thia {s in additioen to the individual analyst's note~
book or logbook and will assure that all primary information regarding

a gample is in one location so that thare is leas chance of loss., Labora-~
tory notebooks should be the "two-page” ¢arbon or pressure-sengitive

paper type, The originals are then removed from the notebook and re~
tained with the laberatory records.

Careful notaes should be made comcerning the sample as received (see
Subsection 8D), the preparation of the sample for analysis, and the actual
deternination. If a specified precedure 1s being followed, this should

be referenced, and sny variations fromw the procedure must he recorded.

If the method is not specified, details of every step are recorded.

Each laboratory operation should be accurately documented as to date
performed, particularly when an analysis or several analyses of a sample
or samples extend beyond owne day, Time of atarting and stopping ghould

be recorded for all operations when duration is a factor, e.g., extrac-
tions, separations, centrifugations, color formations, etc.

Photographs can be made when they might be useful, e.g., to record the
results of a thin layer chromatographic separation, All photocopies
should be mounted on heavy paper and ldentified as to gample number,
date, snalyst, and subject matter,

Custody information and storage location should be documented if samples
are stoved overnight,

Reference standard information, including source, purity, and age should
be recorded along with appropriate weighing and dilution data, If a
refarence standard is used that was prepared at an earlier date, then
the original weighing and dilution data should be referenced.

All ipstrumental conditions should be recorded efther on the worksheet
or on an appropriate chart, graph, or printout, All graphs, charts,
and printouts should ba identified by sample mumber, date, amnalyst,
and determination number,

Gas chromatography data gshould be reccrded for each analysiz at lesst
to the following extent:

1. Gas chromatograph - Make, wodel, and detector.
Include designation {f more
than orne of same model is
available,

2, Colum - Source and/or date prepared
-~ Length, id, od, and compo-
sition )
= Packing (X, type, and source)

- 7=
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HPLC data to be retalned for each analysls

following:

I

10

2,

3.

Conditions

Injection

Response

Internal standard (if used)

Any conditieoning or calibratlon

Recorder

Sengitivity

Liquid chromatograph
Detector o

Colurm

Mcbile phase

Injector

-fBe-

Saection 3E

Temperature of oven,
injection port, detector,
transfer lines, etec.

Flow rates, composition

and purity of carrier,
detector, and purge gases
Electrometer conditions such
as range, attemuation,
woltage, amperage, etc.

Amount injected and size of
syringe

Digital integratien (inel.
make, model, slope sensi~ .
tivity, and other pertinent
parameters), planimeter,
peak height, cut and weigh,
ate,

Identification, source, and
concentration

Make, model, range, and speed

% regponse to pg, ng of a
gtandard material

should include at least the

M: ke, model, type, and lab
designation

Meke, model, type, and wave-
length

Source and/or date prepared
Length, id, od, and compo-
sition

Packing {(type, source, and
particle size)

Pre~column, if applicable

Igsocratic or gradient?
Name and % of each solvent
Degagsed? TFiltered?

Type, make, znd model
Amount injected
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6, Temperature = Type of control and tempera-
ture

7. Sample handling - Filtration? Pore-size of
filter

8. Response measurement ' = Digital integration (inel.

make, model, and settings),
planimeter, peak height, etc.

9. Recorder - Make, modal, range, and speed
10. Internal standard - Tdentificazion, source, and
concentration

£

Spectrophotometric data should be retained to the extent called for
on the specific charts, along with any additiomal information as may
be relevant to the measurement, .

QUALITY CONTRQL CHARTS

In additicn to recording numerical results of each analysis of an internal
SPRM, it may be desirable for each analyst or team to construct a Quality
Control Chart. This depends to a great extent on the mumber of SPRM
analyses of a given substrate par week or menth., The purpose of this
chart 1s to provide graphic assessment of accuracy and precision for

the analysis of each substrate and instant detection of erroneous data,
The charts allow quick and easy observation of recovery tyends for a2
particular analysis and have long term value for the self evaluation

of analytical output by staff personnel, Another significant value of
the charts 1s that of providing a laboratory asdministrator with a rapid
assegsment of the continuing analytical capability of the staff chemists
as velated to the output of valid analytical data.

The first and very important step in the development of a control chart
is the determination of an appropriate value of the relative standard
deviation (RSD) (Subsection 2Ka) for the particular analysis, The RSD
value used in preparation of contrel curves gshould be determined as
suggested below, and should be a fixed value that represents the best
precision possible for this particular method and substrate. This value,
when once establiched, should then remain fixed for an indefinite period
of time or until a method revision ¢r improvement iz made that would
permit the determination of a lower RSD. A geparate RSD value could

be calculated and used for each pesticide residue in each method-substrate
combination, However, this is unnecesaarily complicated for a multi-
residue method. A preferred practice is to determine an ESD value for
several pesticides analyzed by a given method, and tha average RSD value
which will remain fixed as previcusly mentiomed, An example would be the
10X RSD figure that i3 commenly accepted for all organochlorine residues
determined by the EPA PAM procedures for blood serum ¢or adipose tissue,

-H59=
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An in-house RSD value should be determined as euggested in Seetiom 3C

of this Manual: "at least a dozen replications of the amalysis on the
same gample should be conducted by chemists with recognized competence,
From these data, the percentage relatlve standard deviation is calculated
and used in construction of control curves.” 4As a satisfactory slterna-
tive, two or more competent chem.sts of the staff analyze six replics~
tions of the same sample, from which & reasonable value for percentage
RSD ig obtained,

In summary, the RSD value is & measure of the beat possible precision
obtainable with a methed. The accuracy of rhe method is, of course,
not reflected In this flgure. The guality control charts, however,
provide a rapid assesement of both aceuracy and precisionm.

The preparation of QC charts is illustrated by the following Figurea
3~-A end 3-B 1n which results for sefum intralaboratory SPRM analyzed
over z period of three months for p,p'-DDE and p,p*-DDT by chemists in
two different laboratorles are shown. {(Several additional pesticides
were also found, but only two are illustrated)., Consecutive results
are plotted on every second space along the X-axls. The Y-axise contaims
zero (0), plus (+), and mipus.(~) lines, The (+} line represents two
standard error units (comparable to standapd deviations) on the high
side from the "correct” answer (the spiking level, or the level found
by an experienced anslyst in the coordinating laboratory), while the
(~)} line respregents two standard error units (SEU) on the low side.

In the case of this sample, it had been previously determined that an
appropriate RSD value was 10% of the spiking level for esach pesticide.

The known formulaeion or spiking value iz subtracted from the experi-
mental value {(cbtaipned for an apalysis of the in-house standard sawple
to provide a (+) or (~) arithmetiec deviation (difference). This .
difference is then divided by the calculated standard erzor unit to
give the number of standard error units f£rom the correct value, This
is the number plotted on the apprepriate horizental line,

Aspume, for example, the first serum SPRM analysis 1s run during a
gquarter, and a value of 105 ppb is obtained for the content of DDT.

The spiking level, however, was 150 ppb. One standard error umit (SEU)
is calculated by mulriplication of the formulation value by the percent
RSD to give a standard error unit that should be valid throughout the

life of the specific SPRM: 150 x 0.10 = 15 ppb = one SED. The difference
205 -~ 150 = &5 ig then divided by 15 to give the number of standard

errer units to be plotted, in thim case =3.0. If the second result is

125 ppb, the second point plotted along the horizontal axis would be
caleulated as:

i25 - 150 =25

ooe SB0 or =33 " -1.7 SEU

~70-
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Figure 3-A. Laboratory A contrel curves for blood SPRM,
three-month pariod,

Figure 3-B, Laboratory B control curves for blood SPRM,
three-month pericd.
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When comstructed in this way, quality control charts readily show levels
vf accuracy and precision for repetitive analyses by a2 given analyst.
Figure 3-A demonstrates excellent precision since the results all fzll
aleng an essentially horizontal line, Accurscy is good hecause this
line iz well within the control ares of 42 SEU, all recovery values
being glightly low, probably due to an inherent negative determinative
error in the procedurs being used, igure 3-B, on the other hand,
demonstrates very poor analytical performance in both accuracy and
precigion, Nine of the repetitive values for TDE and elaven for DDT
are out of the acceptable control range of +2 SEU,

Control charta alsc highlight cases where errors are present exerting
similer effecte on the analyses of severzl pesticides, The following
Figure 3-C, for example, demonstrat:s rather poor precision and also

a distinct correlation in the configuration or shape of the curves for
both compounds. This signels some common ervor proportionately affecting
beth compounds, most likely the extraction step in this blood amalysis.

Figure 3-C. Laboratory C contrel curves for blood §FRM,
. three-month period.

From time to time, the following question is asked:; "What is to prevent
an analyst from 'fudging' the contrel chart points so that his curves
will appear significantly better thar they should"? This can and has
occtizred in very rare instances. The alert laboratery administrator,
however, should have little difficulty detecting the doctoring of curves.
When 2 chart is submitted that ig virtuvally a straight line such as that

iy B 28
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for E,BJ-DDE in Figure 3-A, his suspicion should be aroused to the extent
of personally checking the raw data to either confirm or refute his
appreshansions. TFurthermore, such an apparently cutstanding performance
will catch the attention of other analyats in the peer group whose data
may look relatively poor by comparisen.

In the first aentence of this subsection it was stated that "it may

be desirable” to prepare control charts. One nain value of the charts

13 to detect trends, Thevefore, 1f a given SPRM gample ig analyzed on

an infrequent basis, a chart would serve littlie purpose as trends would
aot be evidenced. On the other hand, if a laboratory is monitoring a -
waterway, for example, for certain pesticides or other organic pellutants,
the number of routine samples per month may be 100 samples or more. If
the controlling SPEM is analyzed at the recommended minfwum rate of

one SPRM par 10 samples, this would amount to at least 10 SPRM analyses
per menth, a aumber gufficient to justify preparation of the charet,

3G BENEFITS OF THE IN-HOUSE SPRM PROGRAM

Analyzing in~house SPEM's will require a certain amount of man hours
during which laboratory persommel cannot accomplish routine, productive
analytical work. The time, effort, and expense spent on such 2 program
has proven an invaluable investment, however, in the quality of analytical
output in those laboratories involved., For example, chemists from regu-
latory laboratories are sometimes called upon to testify in a court case
baged upon their analytical results. If a chemist iz armed with high
gquality analytical assurance data, the validity of his results on the
sample(a) in question will be much more difficult to disprﬁve, and the
cage will be that much stronger.

If 2 laboratory has a corre:tly functiouing intralaboratory cantrol pro-
gram in effect, the morale of personmel i3 high, everyone has confidence
in the routine data cutput, and interlaboratory check samples can be
taken in stride and handled with little disruption of the normal work
gchedule, Since a higher volume of uncontrolled analytical data is
obviougly of much less value than a lower cutput of reliable results,
tine and effort must be allowed for each pesticide amalyticzl laboratory
that cares about valid results to conduct a proper quality eontrol
program.

-Certain minimum requirements are necessary for the physical plant In which
snalyses are to be performed. Minimum considerations gshould include such-
factors as safety of personnel, reasonable temperature and bumidity
control, an adequate ventilation system, refrigerated storage areas for
samples, facilitles for an assembly line layout if large numbers of
samples are processed, and an efficient glassware wash area, In additionm,
all necegsary equipment for safety, sample preparation, apalysis, and
sample and data processing must be available,
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The £olliowing subsections are intended to highlight a2 number of in-
house factors that can lead to inaccurate amalytical dats in any labora-
tory and to present guidelines for avoiding these pitfalis. .Further
details of many of the areas mentioned will be given in appropriate
later sections of this Manual or eare covered in the cited sections of
the EPA PAM,

ANATYTICAL BALANCES

Mogt laboratories contsain balsnces of two types., Rough triple beam or
Dial-0~Granm balances are used for weighing approximate amounts of

meterials to the nearest 0.01 or 0.00l p. Tor example, to prepare one

liter of 2 2 percent solution of NaCl for use in the ligquid-liquid
partitioning step of the modified Mills, Onley, Gaither Procedure
[EPA PAM, Section 5,A,(1), (2)] the required 20 g of salt could be
weighed out on one of these rough balances since the concentrztion
of the solution ig specified to only one significant figure,

An anelytical balance i1s required, however, for the critieal weighing

of primery analytical pesticide standards in prepering standard reference
golutions. The usual analyticel balance has a capacity of 160 ¢ and &
capability of weighing to the nearest +0.0001 g (ervor and uncertainty),
the fourth decimal place being obtained by estimation and, therefore,

the £inal significant figure recordable (Subsection 2Kb)., This leads

to & total sccuracy and precisien of

0.0002 ¢

0.0500 g * 00 " 1%

in weighing 20,0 mg of pesticide standard by difference {two weighings),
as in usually done in preparing primary standard solutione (Subsection
30). This value is quite acceptabls congidering the other errors in~-
herent in the total amslytical scheme.

The accuracy, precleion, and sensitivity of the analytical balance should
be checited at least once & year by a quslified balance specialist, and
the balance should be used properly by all personnel to insure its
maintenance in good conditien at all times. Since the analytical balance
is used to weigh standard pesticides for preparation of solutions upon
which all analytical resulte ares based, ite importance, and the need

for its care and protection, should be obvious, The single pan, direct
reading analytical balange that weighs by the principle of gubatitution
is by far the type in widest use today. Aa compared with the classie,
double pan, equal arm balance, the single pan balance is more automatic,
convenient, and much faster (although no more accurate or precise), but
it ig still a very fragile insttument requiring certain precautions in
its uge. These include the following:

Pl
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a. The balance should be placed on a heavy, shock proof table or
cement block slab built up to convenient height from the floor.

b. The balance is preferably locatad away from laboratory traffic and
protected from drafta and humidity changes.

c. The balance temperature, room temperature, and temperature of the
object being weighed should be equilibrated.

d. When not in use the balance beam should be locked, objects removed
from ingide, and all weights released from the baam.

e. The inside and outside of the balance must be kept scrupulouslf elean,
Never place chemicals directly on the balance pan. Remove spilled
chemicals immediately with a brush.

Before using an analytical balance for the first time, the manufacturer's
literature should be consulted or instructions cbtained from somecne
expevienced in its proper use.

PURITY OF SOLVENTS

The purity of reagents, solvents, adsorbents, distilled water, ete. ig

of extreme importsnce when analyzing samples for residues In the low ppm
or ppb range. The alectrom capture detector senses any electron capturing
matarials in the injected sawple, whether they be pesticides or other
impurities. Quite oftem, extraneous contaminants will give rise to GC
peaks that wmay pracisely match the retention characteristics of certain
pesticides, even.on two or three diffarent atationary phases. A commom
contaminant of silvents and reagents ig di-i-butyl phthalate plasticizer,
which can be easily confused with BHC and aldrin in GC with electron
capture detectlon., Construction materials have bean suggested az the
source of phthalic aecid esters and PCBs present in laboratory zir and the
cause of solvent, reagent, and glassware contaminatien (1), Sulfur and
sulfur-containing compounds can be present in solvents and columm materials,
as well as ip certain subgtrates (onion, cabbage, turnips), and can give
riae to peaks easily confused with pesticides (2). Thae use of plastic
gloves, Tygon tubing, plastic tubing, Nalgene containera, and plastcic
screw caps without Teflon liners should be strictly avoided whenever
contact with organic solvents is possible,

Commercial solvents designated "pesticide grade” or "distilled in glasa"
can uaually be used without further treatment, but care must be exercised
in thelr storage. For example, it was reported that photo-chemical
reactions can produce compounds from pesticide-grade hexane that are
detected by an elactron capture detector and intarfere with pesticide
regidue determinations (3). Storage in the dark was recommended to
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prevent this., Reagent~ or technical-grade solvents almost always Tequire
distillazion by the user in an all-glass still, In any case, each
solvent should be checked before use for interference in the analytical
procedure by evaporating a portion to provide as great a concentration
factor 2 will ever be employed in any method for which the solvent

will be used.

A typical procedure is to concentrate 100 ml of solvent to I ml and to
inject 3 p) into the gas chromatograph equipped with the detector of
chofce. Detector response 1s recorded for at least 20 te 30 minutes,

No cloudiness or discoloration should be cobserved when the volume is
reduced, and no GC peaks that would interfere with smmple anslysis should
be produced, Detalls of the rest for electron capture 6C are given in
Se¢tion 3,C of the EPA PAM,

Tests for interfering eubstances not detected by this procedure but
cauvsing pesticide degradation and loss are mede by cerrying known amounts
of standards through the analytical method in the absence of zny sample
substrate (2 complete reagent blank check). Solvents containing oxidants
are especially troublesome in causing losses of organophosphorus pesti-
cides, most notably carbophenothion. Acetonitrile and ethyl ether are
two common solvents that may vequire gpecial attention, Impure acetonitrile,
the vepors of which will turn moistened red litmus paper blue when held
over the mouth of the bottle, should be redistilled. Recoveries eof some
phosphate pesticides from Florisil columns are low if peroxides are
pregsent In ethyl ether eluants, Ethyl ether ig tested for the presence
of peroxides by adding 1 ml of fresh 10X KI solution to 10 nl of solvent
in a clean glass-stoppered flask or cylinder previously rinsed with ether,
Shake and let stand for 10 minutes. No yvellow color should be observed
in either layer. 1f present, peroxides are removed by extraction with
water, after which the 2% ethanol normally present iIn ether and also
removed by the partitioning is replaced [EPA PAM, Section 5,4,{1),(a)].

Reagent grade solvents purchased in large cans with plastic pour-spouts
can be & significant source of contamimation, If these solvents are
used in the laboratory glasssware clesning routine, the glassware should
be rinsed with pesticide grade solvent immediately affer rinsing with the
reagent grade selvent from the can, The solvent from these cans should
never be used for extraction of samples or dilution of samples or standaxds,
Metal safety cans commonly used for solvent storage can also contribute
contamination, Plastic snap caps that seal cans of diethyl ether c¢an be
a large source of sample backgrowmd. These impurities begin to elute
early in the chromatogram and continue until well after the p,p'-DDT
peak {(relative retention of 4.6 on a 1,5% OV-17/1,95% 0V-210 columm).

Sclvent purity for HPLC (4, 5) 1s at least as critical as for GC, and it
is frequently necessary to repurify even the highest quality commercilal
solvents., Impure solvents can lead to baselins inetability, spurious
peaks, variable retention volumes, impure recovered fractioms, and ather
problems., Solvent purity is mere important in gradient than in isocratic

i o=
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elution. This is especially true of the weaker sclvent since more of it
passes through the column, and its impurities can be concentrated on the
colum head. Intentional impuritfes such as the ethanol stgbilizer in
chloroform and the antioxidant (UV abserbing) in tetrahydrofuran (THEF),
as well as ACl or oxidation products in chlorinated hydrocarbons, benzene
in hexane, and the aforementionad peroxides in ethars, may have to be
removed if they interfere. Water content of solvents has an important
effect on separations and must be controlled. Tests for solvent purity
include recording the UV spectrum in a 5 or 10 cm cell versus sir over
the dynamic range of the UV detector, spotting residue from evaporation
of & large volume for TLC with Iz vapor visualization, and Karl Fisher
titration for water. Antioxidants are easily removed from THF by
distillation, but the THF then rapidly oxidizes and must be tested for
peroxides with KI as described earlier. HCl is removed from chlorinated
solvents and alcohel from chloroform by extraction with water., Water
and some other polar impurities sre removed from low to moderately polar
solvents by columm chromatography on activated silica (heated to 175°C),
alumina (heated to 300°C), or a molecular sieve. About 2-6 bed voliumes
should be passed through the adsorbent before replacing it; low cost,
larger particle adsorbents that can be dry packed may be used, Water
content of solvents is best controlled by preparing dry solvent and
blending with water-saturated solvents. Impurities in water are removed
by filtration, reverse osmosis, deionization, distillation (neat or from
glkaline permangaunate), electrolysis, passage through a reverse~phase
column (for reverse-phase separations), or combinations of these.

Reagent grade water, especially purified for HPLC use, is commercially
availsble from several sources. Particulates gre removed from solvents
(especlally those cleaned up on an adsorbent column)-prior to use in

HPLC by passage through a solvent-resistant 0.5 ) membrane filter, and
diggelved grses are removed by heating, stirring under a vacuwm, or ultra-
sonic agitation. The composition of solvent mixtures c¢an be altered by
prolonged heating or exposure to vacuum., Table 3-3 summarizes some
aspects of solvent purity in HPLC as outlined by one instrment manu-
facturer,
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Sontanirant
Particulate
natTer {durcated

Water

Licchel

Hydrosarbons
{in water}

Peroxides
{in ethers}

+

HEl., HBr
{halogena*ed
solventa}

BT &

Dissclved oxygen

~

Unknown
CY¥-abworbing

High poliling
coaprunds

Algna I water-

BOLVENT FURITY IN 13 [5)

Foualibls Bourow

Effant

During tranafer,
Wholean vessals.

Glasmwmras, solvent
Frspsration or
nBaratacturs
Stabliixer in

eXloroform, impur.ty
in Rydrecarbona

Crgenic mattar

Degradation

Degradation

Antloxident in THP

Solvent praparation

From sclvent
maufacturs

Growth during
Prolonged storage

* Suikvyl hvdroxrsoluens

Eay blook in=line filterp,
lodge ln pump sexlis, or.ac-
cieciats nt column head,

Yariable ooluwn wetivity,
' variation, stabllity'of”
silicets ester bonded phasas.

Sinilnr to watar,

Baseline instabllitvy

during gradient siutlown

Oxidation of bonded phase

{o.k,, =N, to «NO,,
rencticn with sample,

column deactivation or
dagradation {palystyTans-

baged).

Column degradation esp.
bvanded Phases, UV absorbance
{bromide), stainiess stusl

nttaok.

uy amé'alng.

Degrades polfdétyTene-taped
paoking, exidizes 8,8%-oxy-
ddpropionitells, may rsact

with ssmple.

Basslins instabllityor arlft
during gradient elution, high

dutectar baskgrvand,

Contaminstes collected
sarple in Freparative 1G.

Cen plug in-llns Iilters..
otlumn sntranos frite.
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Remaval

PLtraxion through aeabrans
rilter.

Irying over moleouler eisve ar
anhydcous socdlos mlfsss.

Frop hydrecerbors, pass through
activitad silisa: from CHOL
extrast with ¥ 0, dry with

leso 2

Passnge through poreus
palynar column oF C,q bonded
phaas.

Dimtillsticn or passage
through motivated siliocs
gol or alunina.

Passage through sctivated
silice or calcium oarbonats
chips.

Dietillation.

Degas solvent with vacuus
or heat.

Zry actlvated silica ox
alugine distliletion fox
organice mml reerystalli-
sation or passsgs over lom-~
agchangs esclumn for inorgapics.

Distiliistion.

Pirtillazion from alkaline
jaroanganats or disoard,
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Seetions 3J, 3K
DISTILLATICN OF SOLVENTS (6, 7)

Distill reagent grade acetonitrile over resgent grade AgNOsy (3 g/1) with
an all-glass fractionating column equipped with a water cooled condenser,

. Discard about the firat 10% of the distillate and leave the last 207
of the solvent in the flask. Rinse the flask and use fresh AgNO4 and

k)<

boilirg chips for each distillation, Teat the distillate for in:erference.
Alternatively, to 4 liters of acetonitrile add 1 ml of 852 HaP0;, 30 g
P305, and boiling chips. Allow to stand overnight and them distill from
all-glass apparatus at 81-82°C (do not exceed 852°C), discarding the first
and last 102 of distillate. Distill acetone, hexane, benzene, carhon
tetrachloride, chloroform, ethyl ether, lsopropanol, methanol, methylene
chloride, isooctane, petroleum ether, and ethyl acetate frem all-glass
apparatus. A tachnlque for recovery of reusable solvent from RKuderna-
Danish avaporators has been described (8),

CONTAMINATION FROM REAGENTS AND MATERTALS

Any other reagents used in the extraction or cleanup ateps are slso
potential sources of contamination, These reagents, such as sodium
sulfate (NapS0;), glass beads, sodium chloride, and glags wool, should
be pre~extracted with the solvent to be used in the anmalytical method

or another solvent known to remove the poteatial iInterferences. TFor
exaxple, Na3S04 ia extracted in a reserved Soxhlet apparatus, the
thimble of which is pre~extracted before the first uyse. Mathanol
followad by hexane or petroleum ether are cycled for several hours aach,
after which the NajS0; is dried and stored in a glass container with a
glass cap at 130%C ia the oven used to dry Florisil and othar adsorbents,
Plastic fiber pack liners have been found to contribute PCBs and phthalates
to Nag50, that must be removed by this procedure, FPhthalate esters are
alag removed from sodium sulfate by heating at 600°C for 4 hours im a
wuffle furnace (FDA PAM, Sectiom 121). Impurities in batches of silicic
acii that interfare with separations of pesticides from PCBs were ra-~
duead by extraction of the adsorbent with solvent (9). Adsorbents

that are activated and stored in an oven that is not cleaned at least .
yearly will absorb vapors from the oven. These ifmpurities may be eluted
along with pesticides in cleanup procedures and could interfere in . .the
later determinative step. :

Filvter paper and other reagents and apparatus should be checked by -
washing through the sglvant to be used and injecting a sample, after
concentration, into the gas chrematograch. No peaks should appear.
Impurities from filtey papsr were the cause of interfering signals in
the GC-alkali flame lonization detactor datermination of pesticide

regidues in plants; Soxhlet pre-extraction of the paper with acetone

was recommended {10). Teflon and aluminum foil should be rinsed with
an appropriate solvent., Selvents in polyethylene wash bottles can
become contaminated with electron capturing and UV absorbing species
and should be testad for impurities. Better atill, aveid the use of
plastic wash bottles and use Teflon or all-glass ones., Glass wool was
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shown to contain hydrocarbons, phthalate esters, and unesterified acids,
among other compounda detected by GC. The most efficient way of elimina-
ting these impurities was to treat the wool for a few minutes with
hydrogen chloride vapors, followed by continuous Soxhlet extraction

for 24 hours with methylene chloride (11)., Losses of 2,4-D cgused

by a glass wool plug have been reported (12).

Distilled water can be troublesome, particularly in a procedure where

a2 large volume ig used. Such a procedure is the Mille, Onley, Gaither
cleanup merhod for adipose tissue [EPA PAM, Section 5,4,(1),(a)] where
700 m1 of water is partitioned with acetonityile, the latrer being finally
concentrated to § ml (2 potential contaminant concentraticn factor of
700/5 = 140). Since the source of contamination in laboratery water

is organic in nature, distillation will not be sufficient cleanup if

the organic material co~distills with the wster. An activated charcoal
fileracion prior to the distillation procedure hes been found to signifi-
cantly improve water quality, If delomization through a colum of ion
exchange resin ie carried out, an activated charceal £ilter should be
ingtallied between the colum and the distillation equipment to trap

any organic impurities eluted from the resin before the water enters

the still, For anslyses at ppb and ppt levels, distilled and deionized
water should be further purified by a double extraction with an approp-
riate immiscible solvent, e.g., benzene or lscoctans, followed by boiling,
if necesgsary, to remove the residual solvent. Aqueocus salt sclutions
such ae 2% KaCl or saturated Nall used in some isolatlom procedures are
prepared from properly purified salt and water and then sclvent extracted
as & further precaution, Contamination can result from Teflon or Tygon
lines and/er plastic resin or charcoal cartridges. Water samples frem
systems containing these elements musat be znalyzed at the level of sensi-
tivity neceseary for the analysis prior to use of the water, :

Materizls in which the initisl sample is stored must be given considera~
tion. Polyethylene bags are totally unsultable for samples to be
exawined by electron capture GC or TLC because of trace contamirants
that may be present. As an example,’it has been reported (2) that poly- .
ethylene contains a contaminant that reacts with AgNO3 chromogenie ‘
‘reagent, giving 2 TLC spot close to that of Eﬁgf-DDE.and having similar
GC retention times to o,p'~DDE and p,p'~-DDE, Figure 3-D shows a gas
chrometograrm of a hexane extract of the cardboard liner from a common
type screw-cap bottle, The peaks were found by GC-MS to be due to
vericus phthalates., Although these plasticizers would not interfere
with 6C if a halogen—selective detector was used, they are a potential
interference for electron capture~GC and GC-MS analysis (13), Glass
containers with solvent-rimsed alumipum foil or Teflon-lined caps are
generally acceptable as sample containers and for storing purified
reagents.,
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Figure 3-D, Gas chromatog-
raphy of hexane extract of
cardboard bottle cap liner
on 108 OV-3 column with a
hydregen flame iconization
detector at 16 x 10-11
anp/mV sensitivity. Amount
injected represents 1/100 of
the extract from one 3/4 imch
diameter liner.

L

Other examples of problems with reagent comtaminants have appearsd in
the literature. Bevenue gt al. (14) reported on the contribution of
contaminants by organic solvents, glassware, plastic ware, cellulose
extractlion thimbles, filter paper, and silica gels to water samples
causing interference with subsequent GC analysis in the ppb range.
Prior to their use, heat treatment of glassware and the silica gels
wag recommended to eliminate contaminants, while plastic ware and
filter paper were excluded from the procedure. Levi and Nowicki (15}
found that cloth bags contained residues that were absorbed by cereal
grains stored in these bags and gave spurioua GC peaks with electron
capture detection. The same workers (16) found that WapS04, filter
papers, solventsa from wash bottles, Teflon gaskets, and glass wool
produced interfaring EC-CGC peaks and gave methods for their elimination,
Bevenue and Ogata (17) reported on the contribution of extraneous
components by high purity, apalytical grade basic reagents used for
adjustment of pH during isolation steps in the analysis of chlorophenoxy
acid eaters and sthyl or methyl derivatives of hexachlorophene snd PCP
in plant and animal tissue and water samples. Baker et al. (18)

found contamination of acetone with an impurity corresponding to CCl,
and interfering in the analysis of the latter pesticide (fumigant) by
EC-GC. It was shown that this contamination could be caused by CCl,
in the laboratory atmosphers, posaibly arising from the use of aercsol
propellant cans for spraying thin layer chromatograms. Trotter and
Young (19) found that impurities in SbCl. reagent caused erratic re-
coveries of PCBs in perchlorination procédures,
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Section 3L

The chromatogram i{n Figure 3-E is of matarial extracted from disposable
vinyl laboratory gloves. A chemist wearing these gloves had touched
the 1ip of a concentrator tube with the fingertip of his gloved hand.
COne of the extraneous pesks produced coincided exactly with the com-
pound (ICDD) that was being determined,

In view of these problems, it is mandatory that reagent blanks be Tun
constantly for each analyrical procedure, with final extracts being
reduced to the same concentration level normally used for the sample
materigl. A reagent blenk involves repetition of the entlre procedure
without inceluding the sample itself,

Figure 3~E., Electron capture gas chromatograr of material
extracted with n-hexane from outeide surfaces
of disposable vinyl plastic laboratery gloves.

\ \ 1 f ! !
0] 2 4 6 g 10

TIME/min,

GC RETENTION DATA FOR COMMON INTERFERENCES

Table 3-4 containe relative retention data for common contaminsnts on
several GC liquid phases used in EPA and FDA laboratories (Section 5L).
These compounds will be eluted at the same positions as certain pestl-~
cides (TPA PAM, Section 4) and will, therefore, interfere in the
analygis of the pesticides or be mistaken for them.
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Section 3L

GC RETENTION DATA FOR COMPOUNDS COMMONLY INTERFERING WITH PESTICIDE ANALYSIS

Relative Retention Time

EPA Columns FDA Columns
Liquid Phase [15% OV-17/ [4% SE-30/ 4 OV-210 10% DC-200 5% DC-200/
L95% 0V-210 | 6% 0V-210 : 7.5% QF-1
Oven Temperature 200°¢ 200°¢C 180°¢ ‘20000 200°¢
Column Dimensions 1B mx bmm {18 mx 4 mm [tBmx 4nm [18mm x 4 mm | 1B mx 4 mm
Flow Rate 60 m1 /min 70 m1/min | 50 ml/min | 120 ml/min | 120 ml/min
Compounds )
Phihalates &
Dimethyl phthalate 0.30 0.30 0.52 0.14 0.26
Diethyl phthalate 0.51 o.k2 0.72
Dibutyl phthalate 1.22 1.18 2.06 0.8 1.20
Di-iso-butyl phthalate 0.86 0.91 1.50 0.6 0.88
Diamyl phthalate 2.19 2.11 3.43
Butylbenzyl phthalate 5.49 &,00 7.2 3,00 4.00
Di-(2-ethylhexyl) phthalate 7.3 6.6 11. 4 6.4 6.6
Dioetyl phthalate 14,6 12.2 18.6 11.8 11.9
Diphenyl phthalate 12,7 7.7 17.8
Other dicarboxylic acid esters 2,0/ Y
Di-lsc-butyl adipate <1
Di-(2-ethylhexyl) adipate 3.66
Pi-(2- ethylhexyl) azelate 11.0
Dibutyl sebacate 5.14%
Di-{2-ethylhexyl) sebacate 15.6
Chlorinated compounds (from Nalgene)
Hexachlorobenzene o.48 0.h5 0.46 .43 0.42
Phosphatesg/
Tributoxyethyl phosphate 3.82 3.07 2.50

a/ Retention relative to aldrin

b/ Flame ionization detectorused because of lack of sensitivity with electron capture detector

¢/ Elutes with the solvent peak

Q/ Retention relative to ethyl parathion
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Sections 3M, 3N

CLEANING OF GLASSWARE

The residue analytical chemist must be sure his glassware iz entirely
free from contamination., The cleqning'operatian generally includes:

a. Soaking and washing in a high temperature (50°C) bath of synthetic
detergent (e.g., Alconox) in watar.

b. Rinsing with tap water.
¢. Rinsing with distilled water.

d, Rinsing with acetone.

Cleaning of glassware used to concentrate samples (e.g., K-D flasks or
evaporative concentrater tubes) should include a soak for at least 15
minutes in hot (40-30°C) chromic acid cleaning selution (observe rigid
safety precauticons) after the tap water rinse to remove all traces of
organic materizl.,  This soak is followed by thorough rimsing with tap

and distilled water and then with sceténe and hexzane. Pipets are washed
in the same way, preferably using a commercial automatic or semizutomatic
self-gontained washing wnit,

Large glass items such as beskers and flasks are inverted and suspended
to dry in metal racks. Small items such as glasse stoppers and botile
caps are wrapped in aluminum feoil, dried in an oven, and stored in foll,
Pipets are wrapped in bundles in aluminum foll and oven dried.

Clean, dry glassware is stored in a dust-free cabinet. (Stainless steel
storage tubes arve avallable for pipets). As an extra precautlon, each
plece should be rinsed with the solvent to be employed in the analysis
immediately before use, As soon as possible after a plece of glassware
has come in contact with a sample containing pesticides, it should be
rinsed with acetohe to remove surface residues., If this is net done,
the subsequent sozk bath of detergent will pick up the pesticide and
wmay then serve to contaminate all other glassware placed therein,
Detalls for cleaning glassware are given in the EPA PAM, Section 3,4,

BOUSEXEEPING

Good general hougekeeping procedures are ipportant fn the zanalytical
laperatory. Benches should be nest, labels legible, and files orderly.
Certain contaminants such as cleaning agents and dust are impossible to
exclade, but others should not be delfberately introduced, such as by
eating or smoking in the lazboratory, To reduce possibilities of errors
and crosg contamination, food, beverages, or snacks should not be stored
in 2 refyigerator used to store samples.
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30  ANALYTICAL PESTICIDE REFERENCE STANDARDS

It has often been noted when evalvating chromstograms from interlabora-
tory check samples that reference standards used in certainm laboratories
T reporting rejected resuwlts were undoubtedly inaccurate, (This can be
P determinad by the coordinator by comparing the peak haight ratios in
LT the chromatograms frem the check sample of precisely kuown composition
against the same ratios from the laboratories' inrernal standards).
The proper preparation and storage of analycical standard solutions is
of utmost importance. Since the working, diluted standards may be in
use for up to six months, any mistakes In preparation of the concentrated
stock solutions or in their dilutfon would be reflected in the accuracy
of analytical results for this entire period. Incorrect standards will
" result in correspondingly incorrect analytical data even though first
clags technique 1s thereafter employved and all laboratory instruments
are in perfect operating condition, Even lncluding improperly operated
equipment, the greatest gingle source of quantitative error in GC
analysis is undoubtedly inseccurate standard solutions.

Identification and record keeping of reference standard solutions are
activities that often receive too little attention in some laboratories.
Its importance cannot be cveremphasized, particularly in a2 laboratory
concerned with law enforcement. Therefore, the protocel shoyld be
formalized and standardized for all stsff chemists within the laboratery
group. By so doing, it ghould be possible for any other staff chemist
or a supervisor to consult a glven chemigt's reference atandands log-
book years after an snalysls was conducted and readily determine the
precise identify and concentration o¢f any standard used iz an anaglysis..

The logbook should reflect & complete record of each preparad reference
standard solution, starting with the pure primary standard and ending
with the final working standard solution. Data that should be docu~
mented include weight of primary standard, concentration of all subse-
quent serial dilutioms, and the dates of preparation of all dilutions.

In muleiresidue analysis, it is common practice to prepare final working
standards as a mixture of pesticides of interest to the laboratory, this
subject to be treated in scome detail later fin this section, Such a
mixture ahould be assigned an identification numbar and so documented
T in the logbook, The same number should be printed on the bottle label
et : of the mixture and should also be used to identify g1l reference standard
B chromatograms during the life of the mixture,

In one possible coding aystem, each standard is assigned a number pre—
caded by the letter C for "concentrated”, I for "intermediate”, and
- R W for "working®. Referring to Fligure 3-I, the concentrated stock solu-
o : : tions could be given the numbers ¢l (lindane), C2 (aldrin), €3 (dieldrin),
' ¢4 (o,p'-DDT),and C5 (p,p'-DDT), The number would represent the compound,
.and the prefix the stage of councentration., After dilution, the intermediate

=8B
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stock soluticns would be designated Il, I2, I3, I4, and IS5, respectively,
The f£insl working standard mixture prepared from these solutions could be
designated Wl-5, or it can be given a2 totally new number such as W6. The
lstter is probably less awkwsard in certzin situstions, e.g., if the f£inal
working standard mixture is vemade using solutiong I1-I4 gnd a later-
prepared standard of p,p'-DDT (perhaps designated I10). The new working
standard would be designated Wl-4,10 with the former system, but could
be numbered more simply as 7 If & unique sequential system number is
given to each solution, Tt is likely that each laboratory can devise a
nuxbering gystem to sult its needs. The important poeint is to use some
clear and consistent system to desipnate standazrds and to have racords
fully degeribing the preparation of each numbered solution. Sample
sheets for maintenance of the reference standards logbook zre shown in
Pigures 3-F, 3-G, and 3-H. These forms are in routine use at the EPA
laboratery in Research Triangle Park, NC.

Organic compounds are subject to a wide variety of oxidation, hydrolysis,
isemerization, end polymerization reactions. Instabllity of organic
standards is, therefore, often a problem, Storage and use conditicns
should be those that retard degradative processes, and purity should be
periodically rechecked.

Detaile for the preparation, storage, and use of pesticide analyticzl
standards are given in Section 3,B of the EPA PAM. Some important
congideratione as they pertaln to quality control and identification
- of potentinl trouble spets are cutlined below,

a. Primery Standards

There are no officially recognized pesticide "primery" standards,
although in the parlance of the pesticide chemist, analytical grade
standards of 99X or higher purity are referred to as primary standards.
Purities of standards sre commonly greater than 997 and seldom less than
952 but may be lower in some cases, For example, chlordane and toxaphene
are avzilable in technical grade with 60-70Z puritry. The percentage of
purity must be known in order to apply a correction factor in weighing
out the standard for subsequent dilution,

There are several sources of pesticide standards. Most manufacturing
companies will supply the analyst with technical grade pesticides and
in some cases a small amount of a more highly purified grade. The
technical material may be purified by repeated recrystallization and
checked for purity by at leasgt two analyerical eriteria such as elemental
composition; IR, NMR, or mass spectrum; melting point; GC trace; or TLC
gspot pattexn. The EPA Quality Assurance Program maintains a pesticide
calibration and reference msterials repository at its Pesticide Labora-
tory at Research Triangle Park, NC, This laboratory supplies 100 =g or
less of standards of certain pesticides, metabolites, and derivatives,
on a discreticnary basis as time and resources permit, to nonprofit,
government, and university laboratories, EPA publication EPA-600/9-78-012
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Figura 3-H
PRETARATION OF FINAL WORNING STANDARD SOLUTIONS
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lists available standards and supplemental data. Purifled standavds

can be purchased from a number of U,8, companies handling chromatographic
equipment and supplies and from the National Physical Leboratory,
Minisrry of Techmology, Chemical Standards, Teddington, Middlesex,
England, Purities of these standards are not always what they are
advertised to be, so the chemist should always verify the purity and
repurify if necessary and practical,

Concentrated stock standard solutions are conveniently made up at a

200 ng/ul comcentration by weighing 20.0 mg of pure standard and diluting
to 160 wl. TIf the primary standard is given as 99,0 percent pure, weigh
20,0  or 20,2 mg; 4f the purity is given ae 90.0%, the weight will be
0.990

20.0
5900 " 22.2 mg,

-

Toxicity levels and relative stabilities are important factors that
dictate the methods of hendling snd storing various pesticide standards.
Highly toxie pesticides (low LDgj values) require special precautions
such as wearing disposable rubber or plastic gloves snd aveiding inhala-
tion of vapors. The stable organochlorine compounds may be atored at
roon temperature in tightly sealed contalners, while organophosphates,
which are subject to a wide wariety of oxidations, rearrsngements and
hydrolytic reactions, should be desiceated in & refrigerator and allowed
to coms to room temperature In the desiccator before use, If standards
gre stored Iin a freezer, containers are rot opened until warmed to room
température, or condensed water vapor will be introduced.

b. Concentrsted Stock Standards

Secondary standards are liquid solutions of the primary standards,
The final concentration ¢f working standard will depend upon its use,
e.g., pg range for electron capture GC, ng range for TLC and ather GC
detectors, and pg range for IR spectroscopy.

For electron capture GC, usually three dilutione of the primery standard
are made to arrive at the working standard., An analytical balance
capable of weighing to at least 0,000l g and scrupulously cleasn glass~
ware are employed. Stable, low toxicity pesticides way be weighed into
a small beaker or cupped aluminum foil, transferring solid compounds to
the balance with & stainless steel micro spatula and liquids with a pipet
or dropper. Crystalline standards weighed on aluminum £fo0ll are transferred
dry through a smell glass funnel into a volumetrie flask, the foil and
funnel being carefully rinsed with solvent, Standarde weighed into
beakers are completely dissolved (observe carefully) in a smell volume

of solvent and transferred quantitatively by ringing with the rest of

the solvent through the funnel inte the volumetric flask, Liquid primary
standards can alternatively be transferred to a dropping bottle with
ground-in stopper; the bottle containing the standard is weighed, an
estimated amount of standard transferred directly inte a volumetric f£lask,

Q0=
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and the bottle reweighed, the loas in weight representing the net sample
welght., This closed dropping bottle technique ia mandatory for high
toxicity liquid pesticides. Solid primary standards may be weighed
(10.0 mg) directly into 50 ml volumetric flasks, which will fit onto

the pan of most one pan analytical balances. A procedure for storage
and transfer of degradable pesticides under inert atmosphere is given

in the FDA Pesticide Analytical Manual, Volume I, Sectiom 132,

It 18 difficult with any of these techniquee to weigh exactly the pre-
determined amount to obtain all solutions of 200 ng/ul. It ig seldom
necessary to take the trouble to attempt this, in any case, since the
important thing is to obtain a formuylation near to that which i1z desired
end to know ite exact value. This iz calculated by dividing the knowm
.weight by the flask capacity. A poasible procedure for preparing

. standards of exactly a certain concentration is to weigh the solid and

~ then add only enough solvent (e.g§., the golvent 1s measured from a pipet,
or the solid ia weighed into a gradiated centrifuge tube 2nd solvent
added to tle appropriate line) to give the desired concentration.

¢, Intermadiate Concentration Standarqs

It is usually necessary to prepare standards of intermediste concentra-
tion by dilution of the concentrated standards and then to prepare working
standards by dilution of the intermediate standards, It is impraceical
-and hazardous to prepare the final asolutiom from the concentrated stan-
dard in one dilution or to prepare an original gsecondary standard at a
concentration low enough to allow only one subsequant dilution, Some
analysts have attempted to maks this enormous dilution by aligquoting
sicroliter volumes with a syringe into a volumetric flask, This is
extremely poor technique, however, since an error of as little as 0,2 ul
in a 5.0 ul trausfer will be grossly magnified when a § to 10 {1 injection
of the resulting solution is chromatographed. e

Separate solutions of each compountd or a standard. mixture can be prepared
at this point. The concentration level depends on the response of the
detection mode of the agnalytical procedure in which the standard will

be used,

All =olutions should be equilibrated to room temperature before any
pipeting or diluting is carried out, Volumetric transfer pipets should
be used where available, or a Mohr-type measuring pipet in other casas,
Be sure to note whether the pipet is calibrated "to deliver” (ID) or

"to contain" (TC) and use accordingly. The accuracy of well cared for,
vroperly clesned commercial Clsss A pipets and volumetric flasks 1z such
that calibration iz not required in order for potential srrors from this
gource to be insignific&nt.

Pipets calibrated to deliver their stated volume should be used 1if
possible, Measuring pipets are calibrated, like a buret, but do not
deliver a volume of liquid as accurately or reproducibly as volumetrie
pipets. The latter ars recommended whenever possible for analytical
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work. Pipets are £illied by use of a2 rubber suction bulb rather than '
the mouth. After filling and dropping the meniscus to the etched line, ' : ¢
no air bubbles should be evident anywhere in the pipet. The outside o

of the pipet tip is wiped free of liquid end the tip then placed. against.

the inside well of the vessel to which the solution ie to be transferred.

The liquid is discharged, kpeping the tip agasinet the inside for 20

seconds after the pipet has emptied. The pipet ig removed from the Lt
gilde of the container with a rotating motlon to completely discharge

any drop on the tip. The small quantity of liquid inside the tip is

not to be blown out; the pipet has been calibrated to sccount for this,

Only properly cleaned and dried pipets can be inserted Into the solutien

container without fear of contamination or dilutiom.

d. Working Standards

Working standards are generally made up as mixtures, the zetual
corbinaticns being dependent upon the compounds of interest and the
ability of the analytical method to resolve them. Care must be exercised
that these mixtures do not contain compounds that may react with each
other. Each working standard mixture should be made up at two or even
three concentration levels, depending on variations in pesticide concen-
trations In routine samples. No compound should be present in such
concentration that when injected into the gas chromatograph the linear
range of the detector will be vielated, If p,p'-DDT is present in a

" gtandard mixture, neither_g,p'-DDD nor p,p'~DDE should be present since
these compounds are breakdown products of DDT and their presence or

absence is useful for momitoring this degradation. All compounds present
in each mizture should be resslved by the working GC celumns used in the
laboratory. Suggested mixtures znd concentration levels of common chlorin-
ated pesticides for laboratories analyzing tissue samples by EC-GC with

the recommended colimms (Subsection 5L) are given in the EPA PAM, Section
3,B. A typical wmizture, diagrasmed in Figure 3-I, may be prepared as
follows: weigh 20.0 mg each of primery standard lindane, sldrin, dieldrin,
©,p'-DDT, end p,p'~-DDT inte separate 100 ml volumetric flasks to prepare
concentrated stock solutions of 200 ng/ul each. Transfer, respectively,
0.5, 0.5, 1.0, 2,0 and 2.0 l of each of these by separate pipets to
individual 100 ml volumetric flasks to prepare intermediate stock standards.
Transfer 2.0 ml of lindane, aldrin, and dieldrin and 1.5 =l each of
0,p'-DRT and p,p'~DDT to the same 100 ml flask to prepare a final working
standard mixture containing, respectively, 20, 20, 40, 60, and 60 pg/Hl,

For other than EC-GC, stock standards of 0.5 mg/ml and working standards .
from 50-100 to 0,.5-1 ng/ul are typical. The procedure cutlined in Figure - A
3-1 18 but one option for prepering the required solutiom: other approsches s '
requiring less glassware are possible.

00w
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Figure 3-I., Seria] dflutions of pesticide standard mixture

PREPARATION OF WORKING STANDARD A,

Lindawe  Abldrin Disldrin  0,#=D3T  p,pDDT
[f (] | o "B primory Swondarch
{ | } {

A O A Sl

pe P T P R
A,{\ﬂg\ c&;jﬂ:} Lfare i
| A Final Working Stondard Mizture

e. Cholce of Solvents and Storage of Standard Solutions
The EPA ETD laboratory has evaluated storage conditions for analytical
refarence standard solutions to minimize the decomposition ¢f the

reference standard in the solution and the evaporation of the solvent
from the s=olutiom.

(1) Solvent Evaporation Control P '

The evaporation of the solvent containing the standard is easy .to
avaluate and observe, Under almost all conditions, some solvent evaipora~
tion can be measured. This sclvent evaporation must be minimized to
maintain the concentration of the standard soleution for a reasonable
length of time. The gtudy of seclvent evaporation centered arcund the
following factors:

choice of sclvent
solution velume
cholce of containmer
_storage temperatura

(a) Choice of solvent

The chosen golvent ghould easily dissclve the reference standazd,
not chemically alter the reference standard, be compatible with tha

P X P
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method of analysis, and not evaporate very rapidly., Sclvents that

evaporate rapidly inmclude diethyl ether, petroleum ether, pentane, and : .
acetone, These solvents are very poor choices for the long-term storage ) ¢
of reference standards. Desirable solvents from the standpoiu: of

evsporation gye isooctane, isopropancl, and toluene.

The use of hexane ig very populzar in residue laboratories. However,
hexane evaperates 2.6 times more rapidly then iscoctane at ambient
laboratory temperatures from closed volumatric flasks with glass
stoppers. The evaporation rates of different test solvents under these
conditions and the predicted placement of other commonly used solvents
that were not tested are listed in Table 3- 5 4in order of decreasing
evaporation rate,

R

Table 3=5

EVAPORATION RATES OF ORGANIC SOLVENTS TROM
GLASS STOPPERED VOLUMETRIC FLASKS

. | Evaporation Rate

Solvent , (nl /wk)

Pentane - _ ' -

Diethyl ether 0.634 -

Methylene chloride 0.254

Acetone 0.221

Hexane g 0,158

Chloroform ' ——

Benzene 0.096

Methanol ! 0.086

Ethyl acetate -

Acetonitrile f —

Erhanol - -—

Isooctane 0,061

Heptane —-—

Isopropeanol - .
Toluene | 0.043 )

Degane ——

Qlj
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(b} Solution volume

Volumetric f£lasks of four different sizes were evaluated as to the
effect of soclution volume on the solvent evaporation rate. The absolute
evaporation rates of hexane from the flasks (5 ml, 10 ml, 50 ml, and
100 ml) were 0.167, 0.155, 0.113, and 0,100 ml/week, respectively. The
decreasing evaporation rates with increasing solution volume in ftself
makes the larger volume flaska more desirable, The relative evaporation
vatea (percentage of the solution volume evaporatad per week) of the
four flasks were 3.34, 1,55, 0.226, and 0.10% of the contziner volume
evaporated per week, reapectively. As GC measurements are sensitive to
3% volume changes, the use of the 5-and 10 nl volumetric flasks for
. more than one week is not recommended. The use of the larger solutionm
volume increases the usefyl lifetiwe of the reference standards.

(¢} Cholce of container

Several different types of glassware were evaluated at ambient
temperature in an attempt to £ind s container that is easy to use and
will retard solvent evaporation. The containers tested included:

Volumetric flasks with glass 3 stoppers

Screw~cap prescription bottles with cardboard linmed plastic caps
(Brockway Glass Co., Inc., Brockway, PA)-with added Teflon dise
cap liners (A. H. Thomas, §2390H)

Myltivials (Supelco, Inc., #3-4579), 10 nl size

Serum bottles (Wheaton Scilentifie #223719), with Taflon faced se
(Wheaten Sclentific #224167) and metal seal (Wheaton Scientific #224182).

Small volume Flat bottom and conical vials from various sources
with appropriate capi: (Supeleo, Ine., #3-3291, 3-3273, and
3-3300; Wheaton Scientific #225170 and 224882), 0.3, 0.6, and
1.0 nl sizes

Figufes 3=J and 3-K illuscrate these containers. Both hexane and isocctane
ware used as solvents in this evaluation, the results of which are summar-~
ized in Figure 3-L.

The evaporation rate of hexane from the volumetric flasks was the fastest
found in this study. The use of volumetric £lasks to store hexane solu~
tions is discouraged. Iscoctane alsoc evaporated quite rapidly from volu-
metric flasks. The evaporation rates of hexane and isococtane are sig~
nificantly reduced in screw-cap prescription bottles when compared to

the volumetric flasks. The evaporstion rates of the solvents from the
prescription bottlea was approximately 0,025 ml solvent evsporated per
week. This rate 1g low enough to allow use of these containers.
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Figure 3~J. Serum vial with Teflen~lined septum

Figure 3~K. Other containers used in evaporation study. Back row (left to
right): prescription bottle, velumetric flask, meltivial.
Front row. iIlat bottom vial. cemnical vial, conical vial.

+




Section 30
Figure 3}-L. Evaporation rates of golvents in different containers
VOLUMETRIC FLASKS I I | I I 1T 1 1 7 7 vV T " 1T 1T 1
HEXANE i t 4
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The use of the multiviele, septum bottles, and emall vials are sll die- "
couraged due to problems of handling or large relative evaperation rates.

In the case of multivials, the evaporation rate of solvent from the con-

tainer when used a8 a2 screw cap vial was high (0.071 ml/week) unless the

extra glass below the snap-off score lipe of the ampule seal was removed. .
The multivials aleo contaminate the solution in the vial with torn up ot
pieces of septum cap eseal 1f the smpule glassware in the vial neck ia o
not removed. In the case of the serum bottles, the evaporation rate of
the solvent was 0.094 ml/week after the bottle seal had been punctured
with the beveled needle of a standard 10 Ul Hamilton syringe. The rela-
tive evaporation rates of the small vials were all greater than 5% of
the solution per week, making them useless for long-term storage of
etandards.

{(d) Storape temperature

The evaporation rates of hexane from 10 ml volumetric flagks at
amblent temperature, +3°C, and -15°C were 0,155, 0.0575, and 0.0226 ml
per week, respectively. This represents 2 reduction in evaporation by
a factor of 2,6 when the solution is stored in the refrigerator (+3°C)
and 6.8 if the solution is stored in the freezer (-15°C), compared to
roon temperature. Storage uvnder refrigeration er in the freezer when

"not in use elignificantly iuncreases the usaful life of stzndard solutioms,

Standard Chemical Stability Control

The chemical stability of organcchlerine, organophosphate, carbamate,
and triszine veference standards in solution was evsluated for one yvear
wnder four different storage conditions: at ambient temperature (23-24°C)
out on the bench tep in natural and fluorescent light;' at ambient tempers- s
ture in the dark; in the refrigerator at +30C; and in, the freezer at - Ve
-15°%C., The results were as follows: -

(a) Organochlorines “f

All of the 28 organochlorine ecompounds tested (Table 3-6) were stable
in isooctane solution under the four test conditions.

(b) Organcphosphates v

A1l of the 20 organophosphate compounds tested (Table 3-6) except : s
disulfeton were stable in isooctane solution under all of the four test s
conditions., Disulfoton was not stsble ynder any of the test conditioms. : '
Solutions of disulfoton should be replaced monthly 1f not stored in the
refrigerator or freezer when not 4in vse. Solutions of disulfoton that
are properly stored in the refrigerator or freezer should be monitored _
for decomposition bimonthly. s

—-g 8-
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 PABLE .3-6
STABILITY OF PESTICIDE STANDARDS
Test Compounds
Grganochlorines Organophosphates Carbamates Triazines
{(in iso-octane) {in iso-octane) (in toluene) (in ethyl acetate)
Aldrin Azinphos methyl Aminocarb Ametryn
Arocior lﬂlﬁ,gtech Carbophenothion Bufencarb Atraton
Aroclor 1254 (tech Chlorpyriphos Butylate Atrazine
g-BHC DEF Carbaryl Cyanazine
v-BHC {Lindane) Bichlofenthion Carbofuran Cyprazine
Chlordane {tech) Dimethoate CDEC Prometon
Chlordene (Kepone) * Dioxathion Mecarbam Prometryn
Chlordene Disulfaton Methiocarb Propazine
DCPA Ethion Pirimicarb Simazine
o,p'-DDT Ethoprop Propoxur " Terbutryn
B.p'-DDD Fenthior Thiobencarb
D.,p' -DDE Leptophos
B,p'-00T Malathion
ieldrin Methyl Parathion

Endosulfan [ ) Mevinphos
Endosulfan 11 ' \ Parathion
Endrin ' Phencapton
Heptachlor Phorate
Heptachlor epoxide Phosmet
Hexachlorobenzene Rannel
1-Hydroxychlordene
Methoxychlor
Mirex
t-Nonachlor
Oxychlordane

Pentachloronitorbenzene
Toxaphene (tech)

*Dissolved in benzene-methanol (99:1 v/v)
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(¢} Carhamates -

Eight of the 13 tested carbamates (Table 3-5) were stable in toluene
solution under all four test conditions. Standards of CDEC and butylate
decorposed under all four storage conditions. Butylate decomposed :
approximately 504 per vear under all four storage conditicus, CDEC LAY
decomposed between 50 and 981 per vear depending on the storage conditions,
Carbaryl, methiecarb, and carbofuran decomposed 38, 48, and 17%, re~
spectively, when stored at ambient temperature with exposure to natural
and flucrescent light.

Solutions of CDEC and butylate should be gtored in the freezer when not
in use and replaced menthly., Solutiong of carbaryl, methiccarb, and
carbofuran should be stored away from light and replaced after six
months.

(d) Triszines

Half of the 10 triazines tested (Table 3~6) were stable to decomposi-
tion of the reference standard material in ethyl meetate-solution under
all four test conditions, Prometryn, prometon, atrazine, and ametryn
decomposed between 12 and 177 at zubient temperature with light exposure,
Atrazine and atraton degraded approximately 15 at gxmbient temperature
when sterad in the dark.

Recormendations for Storage of Pesticide Analvtical Reference Standerds

The folliowing recoumendations are made concerning the factors that
affect analytical reference gtandard solution Integrity:

Select a solvent, such as iscoctane or toluene, that will dissolve
the standard material and eveporate as slowly as possible,

Store the standards in relatively large volume solutions (50-100 ml)
to reduce the percentage volume losses to acceptable levels. Monitor
the solvent loss by placing an indelible mark on the side of the
solution container when the container ig filled and then discard

the solution when 3-5% of the solvent has evaporated, '

Select a container, such ag a screw-cap prescription bottle or a o
large volume volumetric flask, that will not allow rapid soclvent 7
evaporation, ' :

Store the standards away from light im a refriperator when not in
use to reduce evaporetion and reference material decompositionm.

Replace the easily decomposed reference standard solutions at the N
recommended intervals (e.g., monthly for CDEC, butylate, and
disulfoton),

=100~
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Periodically check standard solutions by comparison against fresh
dilutions of the stock solution.to prove that the solutioms are
still valid for gqualitative and quantitative use.

Do not store any standard solutions for longer than one year,

CALIBRATION AND MAINTENANCE OF THE GAS CHROMATOGRAPH AND ACCESSORIES

It 13 essential that the entire gas chromatograph be maintained in top
oparatipng condition if high quality analytical data are to be produced.
In aporaising rasults of interlaboratory check samples, it is clear
from data and chromatograms that this is not the case in some labora-
tories. Section 5 will present detalls of proper oparation of a gas
chromatograph. Thisg section will offer guidelines for making routine,
periodic checks of equipment to insure continued good operation and
minimal dowm time. Correct proigdures for the operaticns mentioned
(e.g., silylation and conditioning of colummns, obtaining background
profile) will be described in Sections 4, 5, and 6 of this Manusl,

Certain checks should be made daily, others on a weekly or monthly basis,
Tasble 3~7 cutlines the suggested frequency of such instrumental checks
for a chromatograph equipped with an electron capture detector.

It is suggested that g writted log be maintained for each instrument,
recording the following data:

2. Date of installation and serial number of each detector installed
(tkis will also serve as a record for Atomic Pnergy Commission
inspection).

b. Background current (BGC) profile furnished with the datector under

the EPA Interlsbeoratory Quality Assurance Program or from the
commercial manufacturer.

/.

c. Your own BGC profiles cbtained at time of installation of each
detector and gsubsequent profiles (column identity notations should
be made).

d. Date of change of pyrometer batteries, if used.

A record should also be kept of each GC column packed and installed in
an instrument, logging such information as:

a. Assignment of a2 columm number.

b. Date of packing column,

¢. Liquid phase ideatity and lot numbar of precoa:e& column packing.
4, Cepditioning temperature, flow rate, sad anumber of hours.

e, Length and shape of columm.

=101~
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Table 3-7

PERIDOTC OIECK LIST FOR GAS CHROMATOGRAPH {EC CETECTOR)

BRILY WEETLY HONTHLY

1. Check response with standard t. Change glasy wool plug ot 1. Llean recorder slide wire
wintueve and velate 0 provious colimn inlet. with Freon MS-i64,
day.

2. Chaage glass Insert sleeva in 2. Change septums, 3/ 2. Change pyrometer patteries and
tajection port {end of day). tlean battery contacts with

’ Freon MS-180,

3. Check pecorder electromater 3. Run backgroumd current profile -, 3 theck recorder speed at setiirgs
zere and nuise level) at and polarizing voltage response in normal use.
cperating attenuation. curve. 4/ .

4. Check carrter gas flow rate 4. IF endrin is a compound of interest 4. Check glass flow System for
“through each colum with bubble chromatograph pure standard at 2 leaks using “SHOOP™. 6/
oeter (early morming and cangentration and attenvation that wild
afuruom)._ produce & peak oF S0 Lo &0 percent fsd. §f

5. Check tesperature of detector, 5. Check for any shifting of coluon §. Evaluate performance of eath
fnlet, transfer amd colom oven. Y - packing resulting in forward move- tolumy with special standard

e fent bayord the bottom of the colum mlxture,
exit mit wndior settl!ni in excess of
1/2° froa the glass wool inlet plug.

6. Chmtogrfrh standard p.p*-pOT - 6. Check entire instrument for
va each working column used at 2 : Joose connections sud frayed
concentration and attemtlm that wire insulation.
will produce a pesk of 50 to
percent full scale deflectlnn (fsd}. F .

1. Check alt rotameters and flow
controllers for proper float
- action.
: .

1/ Ouven tesperziyre should be 3 This frequency assumes the use §/ The formation of gne or two
wonitored by an ouitboard of ieproved siticone rubber. 01d additional peaks Indicates
thersometer. type requires more frequent changing. on-colizn byeakdown.

2/ The tformation of p,o'-D00 and/or &/ Daily check may be {ndicated if : B Checks should be made whenever &
Pop'-DOE indicates on-column breskdowm. Targe mmbers of zample citracts N new datector or new tank of gas

are injected. is tnstalled. or whenever erratic

basaliaes are observed.
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£. Background current obtained om newly installed column and subsequent
background current profiles during the life of the columm.

g. Date of each silylation of columm,

h. Compound conversion data, with dates monitored, and percentage of
compound breakdowm.

i. Monthly, chromatograph the following specisl column evaluation
nixture, recording abgolute and relative retention data and
efficiency based on the p,p'~DDT peak.

-

i

Chiorinated Pesticide Mixture for GC
) Coluyn -Evaluation

Compound Concentration, ag/ul
0~BRC 0.010
8-2HC .040

Lindane .010

 Heptachlor .00

Aldrin .020

Bept. Epoxide .030

2,p'~DDE 040

Dieldrin 050 .~

Endrin 080

o,p'-DDD .080

p,p'~DDD .080

o,p"'-DDT 090

B,p’-DDT .100

—— s—riy —
— L i

3¢  ADHERENCE TO OFFICIAL OR STANDARDIZED METHODOLOGY

If reproducible and corrssponding data are to be produced on both routirpe
sanples znd interlaboratory check samplea by 2 group of differemt labora-
tories, it is easential that uniform standard analytical methodology be

. used by all, In the EPA program, this methodology is developed, testad,

. and collected in the Analytical Manual by the coordipating lsboratory
of the quality assurance program, in close cooperation with the FPA
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Section 3R

me<hods development section. Individual laboratories in the multi- -
laboTatory system are encouraged to suggest improvements in existing
procedures, but at no time should any indfvidual summarily introduce
method revisions, changes in GC columns, alterstions in instrumental
parameters, etc., without consultation with the coordinater or authors

¢f methods., Past experience clearly indicates that the vast majority

of poor analytical performances on interlaboratory check samples were
verformed by laboratories deviating in some way from the standard
procedures. Tt is iwportant, therefore, that laboratories adhere to
standard analyticsl methods, but also that they report any problems

with them to the coordinator so that these methods can be further re-
searched and improved as experience dictates the necessity. 4 gtandard
procedure 1s penerally not circulated until such time that reproducibility
and precision have been well estsblished. Chemists having troubles with
some phase of & standard procedure sheuld search internally for the cause
of the difficulty rather than msaking revisions in the method that cannot
be fully studied and statistically evaluated by the individual,

3R IMPLICATIONS OF AN INTRALABORATORY QUALITY CONTROL PROGRAM

An intralaboratory quality control program such &s described in the
preceding pages requires a good deal of time and effort and does not

come cheaply., It is a conservative estimate that around 15% of the
typical analytical laboratory's resources should ideally be channelled
into quality control, The questions often arise, particularly im a
smaller laboratory, "Is such a program worth all this effort aand expense?
What 1s the return on the investment?”

Each lsboratory administration officer must resolve the answers to these
questions in light of the {mpact of his ultimate analytical data. If
his laboratory is regulatery in nature, would he feel comfortable going
to court to defend the walidity of his analytical data? Would his
control program hold up under a barrage of cross-examination questions?
If the laboratory’s work is primarily of a2 monitoring nature, would he,
for example, feel fully confident in advising his superior officisls that
a given waterway 1g carrying a pollution load of x micrograms per liter
of PCBs? :

Prom observations in the EPA intexrlaberatery quality assurance program - -
(Section 1), it can be stated without reservatiecn that laboratories
lacking & systemstic intermal contyol program more than likely will do
very poorly in the analysis of a blind sample. 1In numerous instances,
laboratories joining the program and analyzing a blind for the first

time have performad vather badly in contrast to the peer laborateries
that have been practicing rigid internal quality contrel, The practical
implication of thig, of course, is that analytical data from such loosely
controlled lsborstories are simply unrelizble.

To cite a specific instance, one laboratory joining our program and rve-

porting the results of their first analysis of a spiked water sample
reported the presence of p,p'~DDE, v,p'-DDT, o,p'-DDT, heptachlor
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epoxide, o,p'-DDE, and dieldrin, The actual spiking composition was
HCB, oxychlordane, p,p'-DDE, p,p'-DDT, and Aroclor 1234 (PCB). In other
words, the analyst found two of the compounds that were actually present,
four that were not present, and missed three that were present,

It takes no.great stretch of the imagination to aasess the reliability
of routine analytical data from this laboratory. Such data would do
far more harm that good.

Unfortunately, laboratory administrators are sometimes inciined to regatrd
analyticsl data as a production commodity, expecting x numbers of analyses
to be completed in v length of time with little thought to such ancillary
factors as quality control or specific analytical problams related ro-
certain samples. We have no great quarrel with output norms, provided
that quality control sctivities are built i{nto the norms. When they are
not, analytical data such as those described ‘above should not be regarded
&8 uvnusual,
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EVALUATION, STAXDARDIZATION, AND USE OF MATERIALS FOR
e PESTICITE RESIDUE AMALYSIS

A ADSORBENTS

Cleanup and preliminary fractionation of sazple extracts are moast often
T accomplished by chromatographic elution through a column of an active
SR ST adsorbent. Florisil, a synthetic magnesium ailicate, i3 most widely used
A for this purpose; but the latest trends indicate that partially deactivated
gilica gel and alumina, charcoal, and adsorbent mixtures, as well as gel
permeation chromatography (1), are becoming increasingly popular.

The activity (adsorptive strength) ofadsorbents can be checked by elution
of standard dye materials (2), lauric acid, or standard pesticide mixtures
through a prepared columm, Most materials may be activated by strong
heating, and some may be activated for a particular purpose by pretreat~
nent with an acid or base {e.g., alumina) or an organic solvent (e.g.,
chareoal). Deactivation of a polar adsorbent to s desired level has been
achieved by addition of a certain percentage of water.’

R Florisil has proven to be nonuniform in elution charvacteristics (3,4) and,

i therefore, each batch requires careful pretesting of the adsorptive
proparties prior to use. One activity of the EPA Health Effects Research
Laboratory, Envirommental Toxicology Division, Analytical Chemistxry Branch
Interlaboratory Quality Control Program {Section 2) ia the furmishing of
vnlform, standard quality Florisil to other EPA laboratories and to labora-
tories with direct contracts te conduct envirommental memitoring. Pro-
cedures specified by the program ccordinator and other available standardiza-

. tion methods will be described in the following subsections.

a., EPA Procedures for Handling and Evaluation of Floriszil

Details are given inr Section 3D of the EPA Pesticide Analytical Manual.
Especially high quality lots of Florisil (calcined at 1250°C) are
purchased from the manufacturer in 200-400 1b quantities after favorable
evaluation of an advance sample by the coordinator of the interlaboratory
program. VWhen the antire lot is received, anothar evaluation i3 made

v o on plugs taken from each pelyethylene-~lined fiber ehipping drm by

e LT neans of a grain trier. If satisfactory, adsorbent is transferred

s D - from the drums to aspecially cleaned wide mouth glass jars with foil-

SR lined metal screw caps and a capacity for 2 1b of Florisil.

E . Evaluation of Florisil for use in a modified MIllz, Onley, Gaither pro-
. cedura is made by heating Florisil in an Erlenmeyer flask overnight or
ST longer at 130°C in a clean oven that is preferably dedicated to this
Sl ' gole purpose, Heated Florisil is stored at 1309C in the oven with the
s - © ' flask covered by aluminum foil or glass stoppered. Three columms
{(Fontes 420530, size 241, 25 om od x 300 mm length) are packed with
4 inch beds of activated adsorbent topped with Na»230; immediately prior
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to use, £& described on page 6 of the EPA PAM, Section 5,A,(1),(a).
Alternatively, the columms may be prepacked, activated, and stored with
alupinum foll covers in the oven, and withdrawn a few minutes prior to -
use.

Two standard mixtures containing a total of 17 organochlorine and
organophosphate insecticides are prepared at levels of 20-250 pg/ul;

5 ml of each is added to geparate columng and 5 ml of hexane 1s added
te the third as a comtrol. Elution is carried out with 200 ml of 62
diethyl ether in petroleum ether in two 100 ml portions, and similarly
with 15% aud £inaily 30% ether-petroleum ether. The six eluates are
concentrated and injected for analysis by gas chromatography with an
Ov-17/QF~-1 columm capable of resolving the wixtures of peaticides in
the fractione.

The percentage recovery for each compound is caleulated from the chroma-
tograms of the eluate increments and the original standard mixture.
Results are recorded on the standard form shown as Table 4~1. The
Flerisil is evaluated on the baszis of the elution pattern &nd recovery
of the pestlcides of interest. All chlorinated Insecticides should

be recovered in the range 90-105% with the possible exception of
aldrin, for which recoveries mzy be low. Some organophosphates, such
as carbophenothion, may also yleld low recoveries., Ethyl ether should
contain 25 v/v ethanol as commercially supplied, or if absolute ether
is used, exactly 2% v/v ethanol should be added to obtaim the correct
polzrity which results fn the compound elution pattern shown in Table
4-l. The effects of the ethanol constituent may be observed in the
following Figure 4-A, wherein three identical miztures of seven come
pounds were eluted through three geparate but identical Florisil '
columns. Petroleum ether with no ethanol was used in one column,
petroleum erher with the correct 27 ethanol in the second coluen, and
petroleun ether with 4% ethanol in the third column.

A copy of the elution pattern is enclosed with each shipment of Florisil
to gqualified field laberatories, which should attempt te verlify the
results. Changes in local conditibns, such as packing procedures,
temperature, and humidity, can affect the amount of adsorbent or the
nature (polarity) of the solvent required for proper elution. Although
the methed outlined evaluates Plorisil for use with certain peaticldes
in a specific procedure, similar methods can be used to pretest different
adsorbents for any reaidue analysis.
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Table 4-1

 ELUTION PATTERNS AND RECOVERY DATA FOR FLORISIL, LOT #473 , Section 4A
BY METHOD SECTION 5,A,(1) (MANDAL OF ANALYTICAL METHODS)
FLORISTL COLUMS PREPACKED AND HELD IN 130°C OVEN AT LEAST 24 UOURS BEFORE USE
RELATIVE HUMIDITY IN LABORATORY _54 X%
ELUTION INCREMENTS (ul)
6% Fractiom 15% Fraction 502 Fraction
{_compound 0_- 100 100 - 200 200 - 300 300 - 400 400 -~ 500 500 - 600 Recovery, X

HCB 100 87.8
Mirex 100 103
Lindane 100 97 &
Heptachlox 100 ! ' 95.8
Aldrin 100 " b 98.9

. Epox, 57.8 42.2 ' 107
| Dieldrin 12.0 88.0 ) 110
Endrin 69.8 30.2 118
p,p'-DDD 100 103
0,p"'~DDT 100 102
P,p'-DDT 100 R I} 104
Methyl
Parathion 100 102
Malathion 75.5 24.5 106
Ethyl
Parathion 100 95.6
Diaziron 75.5 24,5 110
Trithion | 100 7.7

"6 Numerical valuesa represent the percentage of each compound eluting in the given cut.
£
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Section %A

Figure 4-A, The effects of polariry variation of eluting solvent in
Florisil partitioning of 7 pesticides. Absolute ethyl
echer mixed with 0, 2, and 4% absolute athanel.
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Florisil Standardization by Laurie Acid Adsorption

For details, see Section 121.3 of the FDA Pesticide Anzlytical Manuzl.
Flovdsll is activated and stored as described In Subsection 4Aa., As
&n alternative, stoppered containers of activated Florisil may be stored

in a degicecateor at room temperature god the adaarbent uay be reheated
at 130°C (unstoppered) after two days.

Standardization by weight adjustment based on adsorption of lauric acid

was origipally described by Mills (5)., An excess of scid molution

(400 mg in 20 ml in hexane) is added to 2,00 g of Florisil in a flask, and the
amount not adsorbed after ghaking for 15 minutes is measured by alkall
titration of an aliquot removed from the flask. The weight sdsorbed is

uged to calculate by proportiom equivalent quantitles of Florisil batches
having different adsorptive capacities:

Equivalent quantity 110
of Florisil batch - x20 g
required per column Lauric Acid Value of

batch

lauric Acid Value = mg lauric acid/g Florisil
= 200 ~ {ml required for titratiom
z mg lauric acid/ml 0.05K NaGCH)

This gross method gives nho real indication of the elution pattern to be
obtained from a column containing the standardized Floxisil.
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To verify the value obtaimed by the lauric acid mathod and to test for
proper elution of organochlorine and phoaphata insecticides, ) nl of a
standard mixture containing 1-15 |g of eight compoymds 1a applied to a
22 mm id column containing 4 inches of Florisil (or the weight deter-
unined by the lauric acid method) and eluted with 200 ml portions of 6,
15, and 50 diecthyl ether in petroleum ather. The three fractilons ara
concentrated prior to gas chromatography on an appropriate columm.
Heptachlor, heptachlor epoxide, athiom, and carbophenothion should
elute with good recoveries in the 6% fraction; parathion, dieldzin, and
endrin in the 152 fraction; and malathion In the 502 fraction. This .
mixture is recommended for routine testing since it contains pesticides
that give indication of jmproper elution, poor Florisil, and impure
reagents.

Deactivatad Florisil

Watar-deactivated Florisil 1s requiiad for the Osadchuck et al. multi-
residue screening procedure for foods (Subsection 9M). Preparation
and standardization is carried out as follows for this method (6):

(1) Deactivation

Heat 1-2 kg of Florisil in a onme gallom jar at 300°C for 8 hours and
cool overnight. Add 22 (w/w) distilled water and place 2 screw cap
lined with aluminum foil on the bottle. Place the jar in a rotary
mixer, tumble for 1 hour, and allow Florisil to stand for 24 hours
after mix;ng.

(2) Standardization

A mixture of dieldrin, malathion, and azinphosmethyl is added to a
2.5 em 14 tube filled with 15 cm of desctivated-adsorbent. The
column i8 eluted succesaively with 300 ml portions of 307 methylene
chloride in hexane, 10% ethyl acetate in hexane, and 30Z ethyl
acetate in hezane. Dieldrin should elute in the first fractioum,
malathion in the second, and azinphosmethyl in the third, with all
recoveries pgreater than 90X. Late elution, especially of malathiom,

which just barely elutes with 107 ethyl acetate, indicates insufficient

deactivation and the need for mers polar solvents. Early elution
indicates over-deactivation, requiring less polar solvents for

chromatography (i.e., lower percentage of methylene chloride or
athyl acetate).

Comparable standardization is carried ocut for other methods employing
deactivated Florisil.

Deactivated Silica Gal and Alumina
Silica gel deactivated with various percentages of water has been
successfully used for cleanvp and fracticnation in many residue deter.

ninations. Preparation of 20Z deactivsted adsorbent on a small scale
has been conveniently and successfully carried out ae followe (7):

=111~



-

Section 44
(1) Activate Woelm silica gel 48 hours at 170-175%.

{2) Add 2 ml of water to 10 g of adsorbent in a tightly capped Teflon~
lined secrew top vial,

(3) Mix on a rvotary mixer (Roto-Back;M) for 2 hours at setting 8.

8ilica gel prepared in this menner can be stored 4in the capped vial
for at least one week with no chenge in adsorptivity. Standardiza-
tion is carried out, as above, by packing the required column,
adding an aliquot of standardization solution containing the pesti-
cldes of interest at & level providing adequate detecter respense,
eluting with appropriate solvents, and examining fractions of
eluate by gas chromatography.

Alumina deactivated with water is used in conjumetion with silica
gel in the Holden and Marsden cleanup procedure (Subsection 90)
and its various modifications (8). This may be prepared in a
similar manner by addition of the required percentage of water to
alumina previocusly activated at 800°C for 4 hours.

Celite 545 o

Electron capturing impuritiep are removed from Celite 545 as follows:
Slurry with 6M BCl while hezting on a steam bath, wash with water until
neutral, wesh with several solvents ranging from high to low polarity,
énd dry, Impuritiee interfering with phosphorus-selective detectors

are removed by heating Celite at 600°C in a muffle furnace for 2 wminimum
of 4 hours (FDA PAM, Section 121).

Charcoal

Charcoal adsorbent is purified ag follows: Slurry 200 g with 500 ml of
concentrated HCl, and stir magnetically while boiling for 1 hour., Add
500 wl of water, stir, and boil another 30 minutes. Recover the char-
coal by filtering through a Buchner fumnel, wash with water umtil
washings are neutral, and dry at 130°C. (FDA PAM, Section 121). 4s an
alternative procedure {(9), add 225 gJof charcoal to 1.2 literg of
ethatol-cone. HCl-water (50:10:40) and reflux for 1 hour. Collect the
charcosl on &8 Buchner funnel and wash with digtilled water until pH test
paper shows only a trace of acid to be present. Further wash the char-
coal with acetone and agpirste until nearly dry. Alr dry until odorless
(2~3 days) and finally dry in a porcelain dish at 130°C for 48 hours.
Stere ip a tightly stoppered bottle.

Magnesium Oxide (Sea Sorb 43)

Slurzy 500 g with epough digtilled water to cover it in a 1 liter
Erlenmeyer flask, heat with occcasionzl shaking for 30 minutes on a
steam bath, and filter with suction. Dry for 12-24 hours at 105-130°¢
gnd pulverize to pass a No. 60 gieve. About 102 water 1z adsorbed in
this procedure., Stere in a closed jar (¥FDA PAM, Section 121; 9).
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Section 4B
h. Packing and Elution of Adgorbent Columns

Pack the adsorbent in glass chromstographic columns containing a loose
plug of glass wool {(ccarse porosity fritted glass discs as support are
not recommended because of the difficulty of keaping them clean}.

Colymns 300 mm x 22 mm id with or without a Teflon atopcock {(e.g.,

Kontes 420530, size 241, or equivalent) have been widely used for larger
geale cleanup, and 7 mm id columns (e.g., Kontes size 22 Chromaflex
columns, or equivalent) for small scala chromatography. A4Add the re~
quired amount of dry column packing in increments and gently tap to
settle after each addition; then add a layer of granular sodium gulfate
(ca. 0.5 inches) on top of the adsorbent. Prewash the column with
hexane or petroleum ether, bring the level of liquid to the top of the
bed, add the sample, and wash it into the bed with several small portions
of the first eluant. Collect the various fractions in separate containers.

Carry out the elution with a series.of solvents and gsolvent mixtures of
increasing polarity. Select the pelarity of the solvent series con-
sistent with the activity (polarity} of the adsorbent and the polarity
of the sample. Use the least polar solvent that will elute the pesti-
cides from the adsorbent to minimize co-slution of polar impurities.

The ordar of poiarity for several common solvents is.es follows:

hexave (petroleum ether) ~ least polar
benzene

ethyl ether

methylene chloride

ethyl acetatas

acatonitrile X

methanol ~ meat polar

.-/‘

GAS CHROMATOGRAPHY PACKINGS. -
4B INTRODUCTION AND COLUMN TECHNOLOGY

It is appropriate to reiterate that the column is the "heart of the gas
chromatograph.” Ever though 2ll other modular components of the ingtrument
nay be functioning perfectly, 2 bad colum will cauge the entire gas chro~
matographic output to be correspondingly bad. In this subsection, a number
of practical operational problems will be discussad; many of these problems
have come to light in the interlaboratory quality control program described

- earlier in Section 2. Some of the operational inetructions, fully covered
in Sections 4,A- 4,D of the EPA PAM, will be briefly reviewed in this sub-
section, but only as thay relate strongly to tha success or fallure of the
gas chromatographic performance.

A column for gas liquid chromatography consists of a tube £illed with a

powdered support on which is uniformly coated a liquid, stationary phase.
“When ‘a mixture of. compounds is injected into the gas chromatogrsph, each

compound is swept through the columm at a rate that is determined by the
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Section 4B

interaction of the compound with the stationary phase under the given
operating parameters such as temperature and flow rate of carrier gas. If
the phase and the parameters are properly cheosen, the different compounds
will migzate through the columm at different rates, and separation will be..
achieved as diagremmed im Figure 4~B (10).

Figure 4=-B. Schematic diagram for elution gualysis.

SAMPLE (4+8 ) COLUMN oerecton: T TOMATOGRAM
L O
Y AT 10
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Most applicatiome of residue analysis are carried out with packed columng
of this type rather than wall coated ox support coated capillary {open
tubular) eolumns, although the latter are being used mow with greater

frequency (see Subsection 4M). GC tubes are usually made of boroeilicate
glass. Copper and stainless gteel are best avoided because both can

cause decomposition of compounds unless specizl precautions are taken.

Commerciel solid support materials are usually composed of flux-calcined
diatomacecus earth that may be treated by acid- or base~-washing or silaniza-
tion. TFirebrick, glass beads, and Teflon are other suwpport possibilities.

A good support material should be available in narrow and uniform ranges of
particle {mesh) eize and have 2 minimum of active adsorption sites for Inter-
action with injected compounds passing through the column, high surface ares -
per unit volume, good thermal stability, and mechanical strength. Although
greatly improved in recent years, various gupports and different leots of the
game support are not necessarily equal in surface area or ipertness. Ad-
sorption or degradation of a pesticide om the support can affect the relative
retestion time and response of the compound. It is important to select the
most inert solid support pogsible for pesticide snalysis, with additional
special treatment being desirable for colums uged to determine certain
sensitive compounds (Sections 4F and 4I). Chromosorb W is among the least
asctive distomaceous earth supports commercially available. 4s a general
rule, column efficiency increases as the particle size of the support de-
creases, but a greater carriler gas pressure iz required to maintain & glven
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f£low throughk columms with smaller mesh sizes. For moat pesticide work,
supports with mesh sizas of 80-100 or 100-120 will be satisfactory. The
prasence of very fine particles, those above tha upper limit of each
individual mesh rauge, may cause column inefficlency. If it is likely that
particles have been broken during shipment or use, thus increasing active
gites and exposing untreated surfaces, check to determine whether the

mesh size of the solid support is complately within the expected range.

There are a great number and types of liquid phases commercially available.
The choica of liquid phase is ugually made on the basis of the polarity of
the compounds to be saparated. Phases recommended for genexal use in peati-
cide analysis are described in Section 5L. Recently, liquid phases have
been marketed that are purportedly "equivalent” to previously available
phases but with greater thermal stability. It is important to determine
wvhether they provide the samae relative reteation times.

Inportant column considerations include efficiency snd resolution capa-
bility, sensitivity (in relation to the detector), reteation, compound
elution pattern, stability to heat and injection loading, and freedom from
on-coluxn compound decomposition. These will be digcussed in light of thedr
effect on day~to-day operation of the columm. .

COLUMN EFFICIENCY AND PEAK RESOLUTION

Figure 4~C shows the equations used for calculating columa efficienmcy (in
theoretical plates) and the resolution (R), or degree of separation betfween
peaks, from & chromatogram, A numerical value for efficilency, in itself,
is of little practical import. However, efficiency is generally synonymous
with peak resolution, and this is of considerable importance to the chroma-
tographer, Figure 4-D, for example, ghows superimposed chromatograms of -
standard chlorinated pesticide mixturea om two geparate 6-foot columng of
2% OV-1/3%QF-1, one (A) with very poor efficiency (740 tofal plates) and the
other (B) with high efficiency (4,530 plates). It will be observed that on
column B, all seven peaks give baseline separation, whereas on the low .
efficiency column i, poor separation ia evident for four of the pesaks.

4 colum efficiency value of 500 theoretical plates per foot for p,p'-~DDT
i3 considered to be of minifwmal acceptability in terma of the genarally
expected peak resclution. A &~foot column of 3,000 plates will ususlly
provide acceptable resolution of mixtures encounterad in residue analyses.
Since the absolute rstention time of the peak used for measurement has an
effect on the calculated N, it is necessary to choose a standaxd peak such
as. p,p'~DDT for comparison of column efficiency. Column efficiency as
measured by this equation is affected by noncolumn factora such as dead-
volume in the instrument conatructlon or by any gas leaks.



Saction 4C

Calculation of coliumn efficiency and resclution

Figure 4-C.

Resolurion: R= %

Efficiency: N=16(5]"

Effect of column efficiency on pesticide resolution

Figure 4-D.
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Column factors that influence efficiency are the particle size of the
support (small particles lead to higher efficiency), uniform coating, care
in handling =nd packing the coated asupport, columm diameter and length
{longer colummns provide more total plates), and operating parameters such

ag temperature and flow rate, particularly the latter. These parameters
migt be optimized in relation to the liquid phase loading amd the analysis
time. In general, lower temperatures and flow rates apd low liquid phase
loading beneficially affect efficlency. ¥Figure 4~E illustrates the advantage
of low loading (eolump A) by comparison of resolution and elution time for
two colums of nearly aqual polarity operated at similar temperatures. A
pitfall of low-loaded columns, however, is easier degradation and/or adsorp-
tion of certain susceptible pesticides, affecting both the retenticn time
and the apparent response of these compounds. The minimum c¢oating that can
be used is limited to the amount for complete coverage of the support,
usually. 1-3%, and also by the reduced. capacity fer sample components. .

Figure 4-E. Effect of stationary phase loading on column efficiercy.
A: Temp. 1d7°c, 70 ml/minute, effic. 4550 theor. plates.

B: Temp. 190°C, 100 ml/minute, effic. 2600 theor. plates.

o DG~ G e}

A & i
. !

o, ié%’ i 3 1
1R 1;%-:5,5 ¢

-117-



Section 4D
32 SENSITIVITY AND RETENTION

The same principal factors influence the sensitivity and retention of the
colum: type and loading of the liquid phase, carrier gas f£low rtate,

column temperature, coluwn length, end particle size of the support..

These column parameters influence the semsitivity in that amy change in-
creasing the peak height for injection of a given amount of pesticide will
thereby increase detector response. The colimns recommended in this Manual
{Subsection 5L} are designed for adequate resolution consistert with
practical elution times, and an absclute retention of 16-20 minutas for
gpgf-DDT has been found to approximate these characteristics for a column.
This retention range can be obtained by operation of lower load columms =~
(3~6%) umder such conditions that will produce maximum effieiency, BHigher
lead colunms must be operated at elevated temperature and flow rate, and .
therefore decreased efficiency, to obtaidn this elution time. Relatlve
retention times are affected only by the nature of the liquid phase and the
golurn temperature. That is, at a constant temperuture, the percentage
loading of a particular liquid phase czn be varied without changing the
relative retention of two or more pesticides.

The following bar graph, Flgure 4-T, provides comparative sensitivity data

on eight GC columms ueing the 37 OV-1 column as unity for reference purposes.
Each column included in the study was operated at its optimunm parameters in
terms of the achlievemwent of maximuwm response, efficiency, and a practical
retention time. . B

" Y
o~ T Pitmry 4=F, Mﬁtlnmmod,;'———
pripr " 80 eelomms as Feleved ot Optimmm Pubesbtere
o Carrbar Flew
:zm e the Telareoes SR T W Lesingd Tesps, 't
. z - I Dval, wiem s e 7t '
=T solmm spwreted 81 it H— 7 p ™ pre
priewn pasaantory IO an et -
s E) E1 S
el ) 10 E L. W ]
10 & Lid 200 LR
m—m——" 1 LM w
| _. AT o0 1%
. o .
H t

Response Rotie Relative to 3% OV-1 Column
I |

~118-



Secrions 4E, 4F

45 COLUMN STABILITY

It is desirable to use columns that are heat-stable or "bleed" resigtant
and that continue to function properly under injection loading with dirty
extract. Liquid phase bleed is evident from a persisteatly drifting base~-
line and the inability to obtain a normal level of standing current (Sub-
saction 5C) from an elactron capturs datactor, Minimum baseline noige
and drift are achieved with a relatively lightly loaded column containing
a stable liquid phase of low volatility.

¥When a succession of "dirty" extracts are passed through the system, the
column performance is ususlly affected. The most prevalent gymptoms of
injectior overloading are dapressed pesk heipght response, lowered efficiency
. and regolution, on-column breakdewn of pesticlides, erratic recoveries, and
_ ungymmetrical peaks (see Figure 4-~J). Columns with low liquid phase load-
* ing are more susceptible te injection overloading.
. I

4F RESISTANCE TO CON-COLUMN COMPOUND DECOMPOSITION

Unless a column is properly prepared, conditicned, and maintained, it can
cauge such conpounds as endrin and/or p,p'-DDT to undergo some degree of
decompogition. The main symptom of endrin decomposition-is a greatly re-
duced endrin peak with the formation of one or two additional peska arising
from decomposition products. p,p'-DDT decomposes to p,p'-DDD and, in extreme
cases, to p,p’-DDE.

Newly packed columns should be specially treated with a silanizing agent such
ag 8ilyl 3 to reduce the mumber of active adsorption sites that can cause
decomposition of endrin. The beneficial effect in improving response and
winimizing conversion of endrin to breakdown products s flluvstrated in
Figure 4-G. Chromatogram A was obtained for an aldrin-endrin mixture
immediately after heat conditioning and equilibrating a- delumn of 1.57%
OV-17/1.95% QF-1. It exhibits a small endrin peak and two breskdown peaks.
(In principle, endrin could be quantitated using 'the sum of these three peaks;
however, the final breakdewn peak elutes very slowly and would cause the
analyst to wasta coasjiderable time.) After treatment witrh Silyl 8, the same
amount of the same mixture was injected, and Chromatogram B shows significant
improvement in the endrin regponse and completa disappearance of the two
breakdown peaks.



Flgure 4-G,

Section 4F

Reduction in breakdown of endyin resulting from
column silanizacion
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Silanization does not always provide such dramatic results, Cases have
been noted when no endrin response whatever, either in the form of a main
peak or breskdown peaks, was obtained, and silanization did not improve

the situation. On the average, however, silanization clearly improves the
gas chromatographic behavior of endrin.

DDT breakdown is manifested by the appearance of p,p'-DDD and/or p,p’'~DDE
on the chromatogram resulting from the fnjection of pure analytiecal grade
Ps2'-DDT that is known to be fres of these metabolites as impurities.

This problem is asaociated with overloading of the columm packing adjacent
to the front glass wool plug, the plug itself, or the glass insert if off-~
column injection 1s used, with contaminants from dirty extractsz. Figure
48 illuatrates the DDT breskdown phenomenon., Chromatogram A is an aldrin-
DDT mixture -on an SE~-30/QF~1 column with ne decomposition, while B shows
ancther column containing the same phase (operated with somewhat different
parameters) that caused a total of 258 decomposition of the DDT peak to its
two matabolites. 'Thig chromatogram was obtained in a laboratory where the
injection insert had not been changed for three weeks,

Figure 4-H. Breakdown of p,p'-DDT on 4% SE-30/6X QF~l column

A = No Conversion B -~ Maximum Conversion

ppDDT

Aldrin

2

-Filgure 4~I is a similar 1llugtration of deterioratiom of column performamce
with age or with heavy use for dirty samples. The older column (B) is pro-~
moting degradation of DDT to DDD (peak 5 to peak 4), and retention times
:‘have lengthened.  These chromatograms point ocut the importance of frequent

..analysis of GC atandarda that ale raepresentative of those compounds that are
most frequently analyzed.
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Figuzre 4-I. Electron capture gas chromatograms of DDT and metabolites on
g 4% SE-30/6% QF-1 column, 180 cm x 4 mm id, at 180°C., (A) New
column, (B) column after 2 menths use for "dirty" samples.
Compounds: (1) p,p'-DDE; (2) o,p'~DDD; (3) o,p'~DDT; (4)
2,p'~DDD; and (3) p,p'-DDT.
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FPigure 4-J illustrates zn extreme case of overloading of a column of 2%
0V-1/3Z QF-1. Chromatogram A is from a standard mixture of seven pesti-
c¢ides on a freshly prepared column. The column was then disconnected from
the detector so the exit end vented inside the oven. Eighteen consecutive
injections were then made of fatty tissue extract after elution with 152
diethyl ether-petroleum ether through a Florisil columm, each imjection
containing the equivalent of 25 mg of fat. After 30 minutes the column was
reconnected to the detector, the system was equilibrated, end an identicsl
volume of the same standard mixture was injected. Chromatogram % shows .
the results of column overloading: depressed peak heights, pesk tailing,
peak broadening, and conversiom of p,p’-DDT to p,p'-DDD (in actuality, the
ratio of these changed from 8:10 to 4:10). A clean Vycor glass insert was
then installed in the injection port, the system was re-equilibrated for
30 mimutes, and another equal volime of standard mixture was injected.
Chromatogram C ghows the dramatic recovery of the system after this single
step. Finally, Chromatogram D indicates a complete rejuvenation of the
eystem when the same mixture was injected after overnight purging at normal
opexatinz temperature and carrier flow parameters.

Tris series of chromatograms is striking evidence that demaged columns can
often be salvaged by changing the injection insert, forward glass wool plug,
and perhaps the first one~-half or one inch of column packing. More import-
ancly, praperly maintained and monitored columms should provide top perfornm-
anca wlthout problems for many thousands of Injections.
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Figure 4~J, Chromatograms illustrating column overloading
and gubsequent rejuvenation
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Section 4G
4G EOMEMADE V3. PRECOATED PACKINGS

The decision whether to make column packings or to buy them preccated con~
fronts every laboratory conducting GC analyses. Prior to 19462 the anawey
to this question was easy. The precoated supports available from commercial
suppliers were 80 poor in quality that it was secessary to hand-coat packings
_ to obtain satiefactory materials, Sinece that time, however, several commercial .
firmg have developed the capability to produce high quality packings. Not-
withstanding, anyone purchasing this material sheuld do so on specification.
As broad guldelines, the followinrg quality criteria are presented:

a. Must meet a column efficiency of 2 minimum of 3,000 theoretical plates
for a column of 183 cm (6 £t) x & mm (5/32 in.), compuration being mede
on the basis of a peek for p,p'-DDT. N

B. A sgpecific pattern of compound elution and peak separation.

¢, An absolute vetention time range for the elution of E,Ef-DDT uising
specified parameters of coluun temperature and carrier gas velocity.

d. HNe apprecisble de&omposition peaks to result from the injection of pure
standard endrin or p,p'-DDT '

e. Final acceptance of each lot purchased to be based on buyer's evaluatien
at time of delivery.

The final decision on whether to purchase or prepare column packing may de-
pend on the situatlon in a given laboratory. The succeseful formulation of
column packing in small batches requires a degree of expertise somewhat
beyond the purely scientific. The procedure hes been described as 30X
science apd 50% art. If some particular individual on & laboratory staff
has develeped the expertise to produce good colum paecking in small lots, it
may prove advisable to prepare the paterial on an in-house basis, This is -
gomevhat cheaper and far more conveaient in terms of lmmedlate availability. .
On the other hand, if no individual on the staff has this "knack" and the
laboratory has no appropriate equipment for the task, it may prove advisable
to xely on & commercial supplier.

There are a number of methods availabie for the preparation of column
packing. The simplest probably is the "beaker technique" wherein the liquid
phase or phase mixture is dissolved in an mppropriate solvent in a beaker,
the gupport is added, and the mixture 1s stirred while evaporaring the
solvent under a stream of air or nitrogen. The strong disadvantage 1s that
the consctant hand stirring tends to fracture the support particles.

An extension of the beaker technique is known as the "filtration technique.”
The slurry in the beaker comprised of liquid phase, support, and solvent is
removed by drawing air through the layer of packing on the filter paper by
meensg o¢f a gide arm flask conrmected to a vacuum source.
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The “fluidization technique” is a more sophisticated extemsion of the beaker
tachnique. The slurry in the besker ia transferred to a fluldlzer cylinder
(Applied Science Laboratories, Catalog Number 13994} so constructad that 2
high volume of aitrogen can be blown up through the packing from the bottom
of the eylinder, while heat is applied by an element at the base of the
cylinder, ' :

In the "rotary vacuum technique" the liquid phasge or mixture is dissolved
in an appropriate solvent in a small beaker and transferred to a Morten
flask (Fontes No. K-295900) with indented sides. The support is added and
the flaek is placed in & variable heat water bath and connected to a rotary
evaporator (Rinco). Mixing and solvent evaporation are carried out by
rotating the flask under vacuum with applied heat.

Because ne preparation technique is presented in the EPA PAM, one mathod ia
offered below for the benefit of laboratories that may like to prepare their
own packing. While other methods may be equally satisfactory, the rotary
vacuum method as detailed here has proved very satisfactory for the pro-
duction of small batches of GC columm packing. The batch size described
will provide enough packing to £ill three 183 cm x 4 mm columns.

a, Dasged on a 21 g total batch size, compute the amount of 1iquid phase(s)
- to weligh in 30 ml beaker(s) on an amalytica) balance,

b. Weigh out liquid phase to two-place accuracy. If making mixed-phase
packing, weigh each liquid_phaaa in a separate beaker.

e, With a 25 nl graduated eylinder, tyansfar 15 ml of the appropriate
solvent into each beakar. Stir with 2 3 inch glass rod until the liquid
phase is completely dissclved.

-

d. Through a glass fuanel, transfer each liquid phase solution into one
300 mi Morton flasx. MNote: From this point on, all solvent used for
ringing beaker(s) and funnel(s) will be measured so that the final
solvent volume in the flask will be just sufficient to produce a slurry
of about heavy cream consistency when the support is added. This is a
gomewhat critlical poiat bacause too little solvent doas not permit
adequate mixing for uniform support cocating, and toc much solvent
involves an excesasive evaporation time for the solvent. A 10 ml Mohr

. pipet works nicely for adding snd measuring the applied solvent. The
beaker(s) should be rinsed with four consecutive applications of 7-9 ml

of solvent, the exact amount depending on the appropriate solvent/support
ratio.

e. After the liquid phase transfer into the flask, place a powdar funnel in
.the flask and add the support. Note: The amount of support to weigh
-out for a 21 g batch is the difference, in grams, between the total

amount of liquid phase weighed and 21 g. For example, with a 21 g batch
of packing of 4% SE~-30/6% QF-1:
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SE=30 Q0,060 x 21.0 = 0,84 4
Qr=1 0.060 ¢ 21.0=1,3 g
Total liquid phase: 2.1 g

21.0 - 2.1 = 18,9 g of support

Attach the flask to a rotary (Rinco) evaporator.

Mix glowly for 10 minutes at room tempersture with just enough vecuum
applied to hold the flask on the evaporator.

Advance the hot plate control sufficiently to increase the temperature
of water in the begker to 459C in ca. 20 minutes. Increase the vacuum .
slightly at the start of hesting and continue increasing, a little at
a time. Notes: (&) By the time the temperature reasches 45°9C, the
vacuun should be such that the slurry is at a near-boil. This con~-
dition should be maintained throughour, until all visible salvent is
removed. (b) After the 10 minute initizl mixing period, the flask is
rotated verv slowly. This is a very eritical point. It 1s generally
not possible to slow the power stat or Variac sufficiently to com-
pletely aceomplisgh this, end it is necessery to b:akelfurther by hand.
This requires continuous artantien by the operator throughout, really
& small time investment In light of the importance of goed columm
packing and the length of time good columns should give service.

Advance heat gradeally to 55°C, applying as much vacuum a8 pozsible
just short of flushing liquid solvent out of the flask. Remove all
visible golvent at this temperature.

Advance heat to produce 65°C, applying all vacuum available and rotéting
very elowly and intermittentiv.

When all evident solvent is removed, release the vecuum carefully and
shut down the aseemwbly. Transfer the flagk of packing to an oven end
hold at 130°C at lsast 2 hours, or overnight.

;
Alternative pan coating and filtration coating procedures are desc:ibed in
the FDA PaM, Section 3IDL.5.

Once a column is prepared, the actual weight percent loading can be de-
termined, 1f regquired, by exhaustive Soxhlet extractien in glass thimbles
or standard low temperature or thermal ashing procedures.

PACXING THE COLUME

Columps foT pesticide analysis zre generally 4-7 feet (120-210 cm) in length
and 1/8 or 1/4 inch (0.32 or 0.64 em) od metal or glaes. Aluminum columns
have been found sultable for chlorinsted pesticides, but glass is usually
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preferred to prevent degradation often associated with metal columme, U=

shaped, 6~foct, glass columms are uged in the Tracor MI-200 gas chromatoe-

graph that 1s standard throughout the EPA network of laboratories (Section
5}. These are clesned before packing by scrubbing with soap and water and
a pipe cleaner, rinsing with water and acetone or anhydrous methanol, and

drawing vacuum to dry. Glass columng should be silanized prior to packing
for chromatography of especially labile compounds. See alze Subsection

5J for information on silane treatment of glass injection inlets.

There are several methods for pscking a eolumn, e.g., hand vibratiom,
mechanical vibration, and wacuum. The method of choice may be dictated

by the configuration of the columm. Thus, vacuum is about the.only method
- for packing a coiled column. A U-shaped column may be packed by any of the
three methoda. In general, the aim i{a to pack thea coated support tightly
to increase efficiency, with the least amount of particle breskage possible
to decrease adsorption/degradation problems. The recommended method is
hand vibrating, which hag produced columns of congigtently high qualirvy.

a. The operator ghould be sure that the column, 1f intended as a 6-foot
column, is really 6 feet {n total length, and not scme lesser length.
Efficiency and retention time are both reduced in a shorter colim,
-For off-column injectien in some chromatographs such as the MI-220,
the inlet end of the column should be 1 inch shorter than for on-

- columm injection.

b. On each column leg place a mark at a point on the glass that will be
just visible at the Swagelok nut when the column is installed in the
ovean,

¢. Through a glasa funnel attached te the column, pour ca.. 6 inches of
packing inte each leg. s

d. Repeatedly tap the U-bend of the column on the floor for ca. 30 seconds.
Note: The glass is fragile and it is, therefors, advisabls to place
‘some type of padding such 22 a magazine on the floer.

@. Repeat this operation, adding ca. 6 inches at a time to each column
leg. It is advisable to wibhrate additionally with a wooden pencil,
running it up and down the length of the packing.

£. Continue adding packing and vibrating until the peneil marks are reached
and the packing will not vibrate below the marks. Thie should be dome
with great cavxe, tapping the columm a sufficient length of time to be
certain that no further settling ia possible by msnual vibration. The
use¢ of mechanical vibratico is not advised as the packing may be packed
too densely, thus introducing the posaibilizy of excessive pressure
drop when carrier gas iz applied.

g+ Place plugs of ca. 1 inch length of silanized glass wool in each end,

just tightly enough to prevent dislodging when cayrier gas ia appliasd
but not eo tight as to impede gas sweep through the columm., If glass
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wool s packed by hand, the hands should be carefully washed with soap
or detergeéent, zinsed, and dried to minimize skin oi. contamination of
the glass wool. Glass wool can be silanized by treating with 10%
dimethyldichlorosilane in tolueme for 10 minutes followed by ziusing
with toluene and treating for an additional 10 minutes with anhydrous
methanol and air drying, or the prepared material can be purchased
compercially (e.g., from Applied Science Laboratories). The column

is now ready for conditioning.

One excellent measure of 2 well packed column is the net weight of
packing per foot compared to a previous efficlent.colum. Experienced
chromatographers can repeatedly prepare columns within ca 2 rg/foot
uping the seme bateh of packing.

COLUMN CONDITIONING

The column is conditioned, or made ready for routine use, by heat curing,
gellanizaetion, or Carbowax treztment, and injection of a concentrated pesti-
eide solution.

The purpose of heat curing GC columns is to remove dmpurities in the
partition phase, impurities from the eolvent in which the phase was
diggolved, sud the solvent itgelf, If a column is put into use immediately.
after coating with these conteminants present, a background signal such as

" that showvn in Figure 4-K caused by the elutiocn of these compounds will re-

sult. Proper conditioning will allow the column to operate on the plateau
{region C) where a small, constant background sigpal vresults from the low
vapor pressure of the partitioning liquid at the particular temperature

of operation. This low-bleed operation of the column improves day-to-day
stability of sensitivity and baselines, quantitation, and the quality of
chromatograms; it also lowers the amount of detector cleaning needed.

~f
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Figure 4-K. Columm conditioming (11).

The following schedule of heat conditioning is recommended for some EPA
(Subsection 5L) and FDA prescribed GC columms:

Phasge Oven Temp., OC'éf Minimuym Time, hour
4% SE-30/62 OV-210 245 ' 72
1.5% 0V=17/1.95% QF-1 - 245 48
3z pees 2/ 235 - 20 &/
10Z ov-210 245 48
10% pc-200 &/ 2506 16
10% DC-200/15% QF-1 (1:1) 250 72-120
15% QF-1/5% DC-710 (2:1) 240 - 120
y Carrier gas flow 60 to 70 ml/minute.
2/ Showm for information only. Columm not recommended for routine use.
fi Do not exceed this time period.

DC-200 columns are significantly improved if conditioning is carried
out without carrier gas (12).
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Iz general, it is desirable to heat cure the column at a %fempersture

ta. 20° below its meximum useable temperature with a normal Zlow of oxvgen-
free carzier gas in a leak-tight GC system. An alternative, more gradusl
approach considered preferable by some laboratories is to use a temperature
program starting at 50°C for 30 minutes and increasing at ebout 5°C/minute
up to the desired maxdmuwm. Details for the counection of the inlet column
leg (which is 1 inch shorter for off-column injectiom) to the inlet port of
a MI-22) chroma:ogiaph through a special Swagelok attachment are given in
the EPA PAM Section 4,A,{2),IV,1. The columm exit is vented inside the
oven ard net connected to the detector. The ocutlet porrs leading to the
trapsfer line are sesied off with Swagelok nuts to prevent traces of
colunn effluent From seeping through o the detector. Particular caution
is needed when preparing mixed columns with d2%ferent, but supposedly
cequivalent, liquid phases. Use of one or more of the newer, stabilized
liquids (e.g., OV silizones, SP products, silars, ete.) may give a column
with an altered phase ratio after conditioning because of Increased
temperature stabZlity. These more stable columme still require condition-
ing before use, but shorter times will be necessary. To determine the

- proper time, the column should be cooled and comnected to the detector after

a ressonzble conditioning period (e.g., 2-3 hours) and the baseline ghould
be checked 2t the sensitivity to be used for the amalysis, or slightly
higher. 1If necessary, conditioning 1s repeated wntil stability is satis-
factory. Capillary celumme, which are alse made by evaporation of a
sclution of a partiticn liquid, should be conditioned the same way as a
packed partition column, The maximum temperature may be lower than for
the game liguid 4in a2 packed column, however, due to the weaker attraction
of the liquid to the column wall.

As mentioned previously, column effieiency and response, especially the
response of endvin, would glowly improve as new colums become "sezsoned"
with use, but sgilanizaticn is a means of rapidly conditioning the column
toe £ull endrin response, After heat curing and with the colump still
isolated from the detector, the oven tempervature and carrier gas flow rate
are adjusted to the approximate recommended operzting conditicns for the
eolumn of interegt (Subsection 5L). Four consecutive injections of 25 ul
each of Silyl 8 (Pierce Chemfcal Co.) are made, spaced 30 minutes apart.
Following the final injection, about 3 hours 1is allowed for sll traces of
the sllazizing material to elute from the column. The gyringe used for
these injections should be used for no other purpose and should be rinsed
imedistely after use to avoeld damage. The effects of silarization do met
persist indefinitely, and repear rreatment about once a month ls vecommended.
Silanization is particularly useful wher low loads of liquid phases are
used. Columns to be used with flame photometric or thermionic detectors
for detection of organophosphorus pesticides should not be silanized but
rather Carbowax-treated.

Generzally, Carbowax-treated colummg are wuch wmore responsive and capable of
higher peak resclutions for crgancophosphate pesticides than columns that
are untresteu. Jepending or the specific compound and cslumn, Increases

in response have ranged from 10 to 200%, with a2 100% incerease, or doubled
regponse, being most likely. S8ilyl 8 conditioning has no beneficial effect
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on orgaunophosphate regsponse, and silylated columme should definitely oot

be used with tha flame photometric daetector since bleed will cause excessive
fogging of the heat shield. Details of the treatment and a special Swagelok
assembly used in the MT-220 chromatograph sre given in Section 4,B,(2),IV of
the EPA PAM, Thia is a modification of the method reported by Ives and
Giuffrida to bleed Carbowax from a 2 inch 10% precolumm heated in the
chromatograph oven at 230-235°C for 17 hours with a carrier gas flow of

20 nl/minute. (See also Section 47 eoncerning a different type of Carbowax
column treatment,)

The response characteristics of the column should be monitored with a
gtandard mixture of organophosphorus pesticides immediately after treatment
to serve as a reference point for later checks on the longevity of the
benaficial effects. Rasponse will sometimes drop rapidly for several days
after treatment and them atabilizae, usually at & level well above that for
the untreated column. Carbowaz-treated glass wool may also be lesa
adsorptive than the ailanized wool u%gally usad.

Following the silanization or Carbowax treatment and with the oven tempera-
ture and carrier gas flow rate adjusted to the approximate operating levels
for the particulay column, several successive injections of a pesticide
priming mixture in the microgram range are made onto the columm with enmough
time between injections for all compounds to elute. Injection of priming
standards each morning will help assure consistent pezk response for
working standards throughout the day. With some eagily degraded compounds
such as underivatized monccrotophog, the column is primed before every
analysis. Other difficult pesticides that may not chromatograph well
unless the colum 1s aged and primed include perthane, methoxychlor,
dicofol, tetradifon, chlorobenzilate, Prolan, captgn, esters of 2,4-D,
malathion, azinphosmethyl, coumaphos, and PCP.

SUPFORT BONDED CARBOWAX 20M COLUMNS ol

Section 4,A,(7) of the EPA PAM describes the preparation of highly inert
GC columns by chemically bonding Carbowax 20M to diatomaceous esrth GC
support. The Carbowax is coated (using a 5% solutiom) on acid washed
Chromosord W, 80-100 mesh, and after heat conditioning at 270-280°C, the
nonbonded phage i1s removed by sclvaent extraction. A thin layer of liquid
phase remains unextracted, bonded to the support surface. Columms packed
with support prepared in this way, or purchased commercially prepacked
under trade nswes such g¢ Ultrabond (Supeleo) or Permabond (Dow), have
been used without further treatment or after being comnventionally coated
with asnother liquid phase for the separation ¢f chlorinsted, phosphata,
carbamate, and triazine pesticides and chlorinated phenols.

Support bonded columns have been used with electron capture, Hall electro-
lytic conductivity, and N~P thermionic detectors (see Sections 4,A,7; 4,0:
4,D; and 12,A of the EFA PAM). The great advantage of these highly de-
activated columns sppears to be the ability to directly chromatograph

" polar and unstable compounds without deri{vatization and to achieva sharp,
symmetrical pesks. Support bonded columns allow lowver operating tempera-
tures and provide minimal column bleed, longer columm stability, and high
efficiency and sengicivity (13-16}.
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Apide from Carbowax 20M, polyester phases have been evaluated for the
prepa=ation of support bonded column packings (17). In some cases, double
support bonding wae advantageous. This involves coating the original hest
treated and extracted support with an additional 52 of the sawme liquid phase
and repeating the heat treatment process. .

EVALUATION OF THE COLIMN

Unfertunately, many chromatographers, after packing and conditioning the
column, proceed immediately to use it without making the effort to system-
atically determine whether it 1s good or bad. Comsidering the fact that
the column, if properly prepared and maintained, may be in constant use for
& year or more £8 the moet vital component of the gas chromatograph, the

2 or 3 bours spent conducting a systematic evaluation is time well invested.

In fact, lezmning ismediately whéther the quality characteristics are
gufficiently good to juetify placing the column on~line &5 & working tool
could result in a considerable overall time saving.

Full details of the evalu;tion procedure are Included in Section 4,A of the
EPA PA¥. The following material provides highlights of the procedure.

After completion of conditioning steps, the oven and carrier flow are shut
down, and the column is connected to the detector. A clean glass injection
ingert and septum are algso installed. The oven temperaturs and carrier
fiow are then increased to their operating values, When the proper oven
temperature is reached, the carrier flow rate is carefully tested with &
gosp bubble device and adjucted., (Subsections 54 and 5B discuss the proper
performance of temperature and flow rate measurements.) At least 1 hour,
or preferably overnight, is allowed for the chrometopraph to equilibrate.
The temperature and flow rate are rechecked after equilibration, Before -
making any injections, a background (standing) current profile is run at
the normal operating parameters for the specific column beinpg tested if an
electropn capture detector is used. The polarizing wveoltape is set at its
proper value, These operations ere further discussed in Subsectien 5C of
this Menual, o

A complex chlorinated pesticide mixture is now chromstographed to evaluate
efficiency, resolution, compound stability, and response characteristies.
The mixture described in Section III, C,5 of the EPA PAM is useful for

this purpese since it contains compounds thet give a number of very closely
eluting peaks on the recommended pesticide GC columns. If the mixture 1s
prepared in iscoctane and stored tightly stoppered in the deep freeze, it
iz useable for a year or more for column evaluation (but not quantitation).

From the chromatogram of this mixture, one can caleulete the column
efficiency based on the peak Irom p,p'-DDT. For successful pesticide
analyses, this should be at least 300 plates per foot, or 3,000 plates for
a 183 em (6 foot) coiumm, as calculated from the equation shown in Figure
4-C. The relative retention time for p,p'-DDT will indicate the actual
column temperature (Subsection 5A of this Manual and Section &4.A of the
EPA PAY) and serve as a check on the instrument pyrometer readout.
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The absoluts retention time of the p,p'-DDT peak should be 15 to 18 minutes,
or the operating parameters are imcorrect, the column is not the correct
length, or it is not properly packed, Too low an absolute retention indi~
cates too high an oven tempersture or carrier gas flow, too short a columnm,
packing which is too loose, or a combination of two or more of these. A
high retention time would indicate the possibility of oppesite causes.

If columm effilciency and resolution are favorable, compound breskdown is
evaluvated by injection of p,p'-DDT and endrin. Colummns indicating poor
resolution, efficiency, and/or retention characteristics that cannot be
corrected by slight parsmeter adjustuments should not be further used. On
the other hand, satisfactory columns will often improve or "season" with
use, especially as cleaned-up sample extracts are injected onto the column,
The percentage composition of the liquid phase undoubtedly changes with age
for most columns as well.,

) "

Pure ‘analytical standard p,p'-DDT and endrin are injected in turm in
sufficlent concentration to result in a total peak height of 50-607 full
gcale recorder deflection. Breakdown, as iIndicated by appearance of peaks
in addition to the main pesticide peaks, should net exceed 3% for DDT and
6% for endrin of the amounts injected. The breakdown percentage is the
value of all peaks on each chromatogram divided into the total peak area
value for the breakdown peaks x 100. Similar procedures are used for
other pesticide classes with appropriate standard mixtures.

Reproducibility of the size of peaks when a compound is injected re-
petitivaely should be 3T2-3%, Poor reproducibility can be due to breakdowm -
or adscrption of the compound on the column or to extra-column causes such

as faulty ayringe or syringe technique (Section 5J), a leasky septum (Section
5J), or detector malfunction. Reproducibility should be-thecked with those
compounds that ave pogsgible to chromatograph succesafully but that can

break down or be adsorbed (e.g., endrin). Priming injections of large amounts
of a difficult compound, as mentioned earlier, may allow maintensnce of re-
producibility for an adequate period of time for ap snalysis. Difficult com=
pounds should also be checked for linearity of response (Section 50d) since
one cauge of non-linearity may be on-column breakdowm or adsorptiom.

MAINTENANCE AND CUSE OF GC COLUMNS

Table 3-3 of Section 3 outlines a recommended maintemance program for & gas
chromatograph with an electron capture detector in monitoring laboratories
in which biological media are predominant samples. A properly cared-for
columm should provide service for many montha. Qff-column injection of
biological samples will enhance columm life (Subsection 3J); frequent (daily)
changing of the {njection insert and geptum helps emsure continuing goed
performance. Weekly, bi-weekly, or monthly, depending on the number and
types of samples injected, the gilanized glasse wool plug at the columm inlet
should be replaced. This is mandatory when injecting bicloglcal ssmples
directly on-column. If the glass wool plug becomes contaminated by extraneoua
waterial, chrosatograms showing excessive DDT breakdown, pesk tailing, and
depressed peak height response will result. Changing the glass wool
rvegularly will usually restore proper performance.
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The column packing near the inlet must also be replaced with fresh, con-
diticned packing If it becomes contaminated. Contaminated packing can be
removed without removing the coelummn from the instrument by applying gentle
sucticn through & long-tipped disposable pipet inserted into the column.
The columm interior should be swabbed where the packing was removed to
eliminate fztty deposits on the glass wall. ZElimination of the.glass wool
at the column inlet has been recommended (FDA PAM, Section 30].9) for
minimizing fatty extract bulldup at the top of the columm by permitting the
extract to spread over the top portion of adsorbent, This adsorbent, which

will trep or degrade pesticides lees readily than contaminated glass wool,
is regularly replaced. Dsily monitoring of DDT breskdown is impertant
for egrly indication of contamination of the injection port and/or columm.
Improved giesnup o0f dirty extracts prior to gas chromatography iz an
obvious zid in maintaining good column performance.

The elfects of gilanizing conditioning do not last indefiritely, and
breskdown of endrin should be monmitored weekly to determinme if and when
the treatment must be repeated. The effects of (arbowax treatment appear
to persist for at lesst three months under nermsl use. The operator should
watch For = slow decrease in the response of ergsnophosphorus pesticides
a5 compared to that produced by the column Immediately after the initial
-¢onditioning. A repeat Carbowax treatment of the same column appesrs to
rejuvenzte the response, but may cause a shift in some retention values
relative to parathionm. Repeat treatments 2re, therefore, mot recommended
since ccnsigstent reletive retention wvalues are important for tentative
peal: identification (Subgsectisn 5H).

VWhen the coluzm 1is idle overnight eor weekends, a low carrier flow of

ca, 25/rl minure is maintaired through the column and & simultaneous purge
flow of 25~30 ml through the detector. When an instrument has multiple
coelurms ccanected to a single EC detector, a carrier flew just high

enough to provide poeitive pressure is maintained through the wupused
columm(s}., In a series of obgervations with & pair of nearly identical
lowload columms haeving the same 70 nl/minute fiow through each, the peak
height response for sldrin was reduced ca. 25X compared to when the off-~
colum had a very low carrier flow. If the column not in use is of 2
highlv stable liquid phase such as OV-1l, 0V-17, etc., the carrier flow on
this "off" columm may be reduced to zers with no 111 effects, thus ellowing
for full response from the colum in use.

Colurme removed from an inmstrument are tightly capped and are reconditioned
1f oput of the instrment for more than a few days. A flow of 60 ml/minute

carrler gas for several hours at a temperature ca. 259C above the prescribed
operating temperature (veoting into the oven) is used fer thie operation.

Erratic and noisy baselines fregquently Indicate leaks in the column
connections or scme other peiat In the flow system betwaen the injection
pors and the detector inlek, If the chromatograph oven can accommodate
two or more columms but only onme is ingtalled, the unused transfer line to
the detector must, of course, be plugged to prevent a massive leak,
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Further details of instrument maintenance, troubleshooting, and calibration
are given in Sectiom 6.

a.

‘b.

Carrier Gas

Impure carrier gas can often virtually and irreversibly destxoy a
column. The main manifestations of this ave evident ir the inability

to obtain an adequate background current profile, and low or zero re-
sponse upon injecti¢n of standard solutions. Every effort should be

.. made te avoid installing & new colum for evaluation at the same time

a new cank of gas is placed on-line., With this situation, the chroma-~
tographer cannot be sure whether hﬁ_uimply hae a bad column oxr a bad
tank of gas. If the problem is traced to a bad tavk of gas, the

- molecular sieve filter at the inlet of the flow system ahould also be
. replaced as experience has indicated that the contamination of the
.molecular sleve will perpetuate the problem even after a fresh column

and good tank of gas are inatalled (Subsection 5C).
Eryatic Baselines

This phencmencn may be cauged by a number of instrumental factors, and
these will be treated in detall in Subsection SK. The contribution

of the colum to this problem is largely one of locse joint connections,
allowing air to seep into the carrier system. Special care should he
taken to emsure that both column joint nuts are tight. One common
occurrence is this: The chromatographer connects the freshly con-
ditioned columm to the detector and makes certain that the Swagelok

nuts are tight. After about two days of cparation, the oven deor sghould
be opened and the nuts should be tested with 2 wreach. In almost all
cages, it will be found that the nuts are no longer tight, sometimes
requiring as much as a half turn for retightening.

Accuracy of COven Temperature and Carrier Gas Flow Velocity
Information gleaned from the interlaboratory check samwple program de-

scribed in Section 2 has clearly indicated that in many laboratories
the chromatographer does not really know his true column temperatura

-or carrier gas flow velocity, In most such cases, full raliance is

baing placed in the accuracy of the instrumental pyrometey and ball
rotameter, both of which may be grossly inaccurate. These subjects
will be discussed in Subsections 5A and 5B but are highlighted here
because of the profound effects on the day~to-day operatiom of GC
columns., Figure 4-1 is presentsd as an {llustratiom. A temperature

of 200°C is recommended as optimum for the 1.5% OV-17/1.95%7 QF-1 column.
At this temperature, the geparation between p,p'-DPE and dieldrin is
normally as shown in Chromatogram A. One laboratory reported operation
at 2009C, but their chromatogram was that shown in B. Subsequent
investigation revealed that the actual oven temperature was 185°C, or
15°C at variaace with the value given by the instrument pyrometer.
Resolution or quantitation of either p,p'-DDE or dieldrin would not

be poasible in Chromatogram B.
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Figure 4-L, Effect of temperature on resclution, 1.57 OV-17/1,95%
QF-1 column,

p2DDT

d. Sources of Supply of Blank Glass Columms

This subject is mentioned here only by reason of a very significant
variation in prices between various suppliers for the same commodity.
Price markups Iin excess of 700% are not uncommon, s¢ it behooves the
laborztory purchasing group to do a little shopping to achleve the
appreclable savings possible on quantity lots.

The cited subsections of Section 5 trest these problems in greater
detail ag they relate to overall operation of the gas chromstograph.

CAPILLARY GC COLUMNS (see also Subsection 5L in Sectien 5)

The bulk of the material in this chapter concerns traditional packed GC
columne, which are predominantly used today in residue analysies. However,
applications of capillary GC have increased greatly in recent years.

Coating
film of
10~60 m
columns
dynamie
taining
through
coating

s capillary column requires the deposition of s uniform 0.1-1.5 um
liquid phase onte the walls of the glass tubing, genmerally

xz 0.25~0.50 mm id. Coating techniques for wall coated copen tubular
can usually be fitted inte one of two general methods, termed

and gtatic. The dynamic method consists of forecing a solution con-
approximately 10Z liquid phase in a suitable lew boiling solvent
the column under closely controlled flow conditions. Usually the
solution 1a applied ac a single, coherent slug occupying from 2 to

15 coils of the column. The slug is forced through the column at a velocity
of ca. 1-2 cm/second with nitrogen pressure. Some workers utilize a single
application while others prefer two or three consecutive coating treatments.

Several

formulas have been proposed for calculating the final thickness cof

film depoaited by the dynamic technigue.
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In the static technique, the column is completely filled with a dilute

solution (3-10 mg/ml) of liquid phase in a low boiling sclvent, and one
end is carefully sealed. The filled column is placed under vacuum, and
solvent lg evaporated under quiescent conditions leaving a thin £film of
liquid phase.

A discusgion of these techuiques, as well as methods for preparing support
coated open tubular (SCOT) and porous layer open tubular (PLOT) ecolumms

is contained in the book by Jemnings (18). SCOT colummg have the ligquid
phase deposited on a surface covered with 2 porous layer support material
such as diatomacecus earth. PLOT colums have the liquid phase deposited
on a surface extended by substances such as fused silica or elongated
crystal deposits.

The methods of Grob et al. are probably the most followed by amalyats
attempting to prepare their own capillary columna. The procedure involves
treatment of the glags aurface with barium carbonate, deactivation with
Carbowax 20M and Emulphor ON 870, and static coating of nonpolar phases
and dynamic coating of polar phases (19). The same workers have described
a standardized quality test for capillary colums (20}.

Onuska and Comba have described the preparation of surface modified wall
coated open tubular columns for specific application in pesticide analysis
{21). A bornsilicate glass column (20 m x 0.24 mm id) wae treated with
NH;HFy to form filamentary crystals on the inner wall. After heating, the
column was washed with 10Z HCl, methanol, acetone, and ether, followed by
deactivation with a 1% (w/v) solution of Carbowsx. The columm was then
heated to 290°C and dynamically coated using a mercury plug method with a
42 (w/v) solution of OV-101 in n~hexane.

Because of the difficulties in achieving reproducible surface preparation,
deactivation, and coating, moat worksrs purchase capillary columms pre-
coated from commercial sources (e.g., Supeleco, Applied Salence Laboratories).
8ingle phases with a raange of polarities are currently supplied. Test
chromatograms are usually supplied with the columns, and efficiency is
gusranteed at a certain level, A typical value is 2500 plates per meter

for & 0.25 mm analytical columm,

The stability of capillary columns depends on the liquid phase, the technique
of the coating, and the temperatura of cperation and time of use at that

. temperature, Some workers have cbserved that columns last longer if they .
are maintained at the operating temperature than if they are frequently
cooled and heated. The use of dry carrier gas is important, especially when
‘flowing through a coel colum, Coated columms store best If they are fillled
with dry, ipert gas and flame sealed. The size and composition of injected
samples affect colump life. Larpge injections may have a scrubbing effect
that displaces some liquid phase. Some sclvents, e.g., (S22, are especizliy
efficient at displacing liquid phases.
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If capillary columns are not used above 26000, excellent, low dead=-volume

connections can be made with 30 gauge heat shrinkable Teflon tubing. The

glass capillary is csrefully butted against the conmecting line, and a

butane micro torch Is used to shrink the covering Teflon tubing and aeal _

the junction. o
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INSTRWENTATION AND PROCEDURES FOR
GAS CHROMATOGRAPHY

Durding the extended period of operatien of the interlaboratory check
sample program described in Sectionm 2, 2 significant number of analytical
"bloopers" have been attributable to improper operation of the gas
chromatograph. In many such cases the operator had no idea that any-
thing was wrong, primarily because no systematic guidelines were fellowed
for monitoring che instrumental performance. This section will present
such guidelines for the proper operation of the gas chromatograph in
pesticide residue analysis. Some of the material repeats the instructions
oputlined in the EPA Pesticide Analytical Manual, but because of 1its
importance in analytiecal quality control, it is worthy of reemphasis.
Section 4 should be consulted for material om evaluation, standardization,
and mzintenance of GC columne and Section 6 for details of instrumental
troubleshooting and calibration.

Since the gas chromatograph is the instrument in mest widespread use in
the pesticide residue laboratory, its proper maintenance and use isg of
primary importance., Failure of any of the components, such as the oven,
gas flow system, detector, electromerer, or recordei, to function at
cptimal potential can markedly distort the overall jnstrument performance
and the resulting qualitative snd quantitative data., Table 3-7 in Section
3 outlines a series of periodic checks recommended for insuring a con~
tiruing high level of chromatograph performance. Figure 5-A, appearing

on the next page shows the MT-220 (Tracor, Inc.) gas chromatograph, which
is in widespread use throughout EPA laboratories., This iz a floor model
chromatograph that features four vertical U-columne, on- or off-column
injection, and simultaneous installation of up to four different detectors.

TEMPERATURE SELECTION AND CONTIROL

Proper adiustment of the column oven temperature and the carriler gas flow
rate (Subsection 5B} will have a great influence on the caliber of per-
formance of the entire chromatographic system. Improper selection and
control of these parameters may result In poor column efficiency with
concurrently poor resolutien of peaks, inaccurate relative retention
values, depressed peak height respounse (poor sensitivity), elution times
that are either too fast to yield adequate peak resclutlon and rellable
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peak identification or too slow to bhe practical, or rising or erratic
baselines., Impaired resolution may preclude accurate quantitation of
two important pesticides that are not adequately separated, while

inaccurate retention values will make proper residue identificacion
difficule,

Figure 5=-A. Gas Chrowatograph, Tracor MT-220

The temperature regulatidn and readout systems of the column aven,
detector, and injection port of the gas chromatograph are critical for
obtaining reliable analytical results, Accuracy of the pyrometer read- -
outg muat bhe egtablished and maintained to prevent oceurrences such as
electron capture detector tritium foil vaporization due to excessive

~ temperatura or an injection port or columm significantly higher or lower
"~ in temperature than desired. '

A& properly operating temperature programmer will meintain the columm oven
" tasmperature without appreciable deviation (20.1°C), provided that room
temperature fluctuations are minimal. Excessive temperature fluctuation
will lead to erratic baselines and retention measurements. Pyrometer
batteries (if your instrument is sc equipped) should be checked momthly
to determine if they are delivering full voltage undar load. A hint of
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inacecurste pyrometer operation is obtained by switching to an unused
senscr and observing the readout. A value more than 5°C fzom room
tezperature suggests faulty operation., In addition, the oven temperature
must be monitored by means other than the built-in instrument pyrometer.
A precalibrated pyrometer with leads ingserted through the oven deor or

a mercury thermometey placed down through an unused injection por: is
recommended, The instrument pyrometer must not be relled upon as the
only means of monitoring column temperature.

Injector temperature is determined by the nature of the sample, the
ldentizy of the pesticlde, and the volume injected. An excessive n-
Jection port temperature may lead to decompositilon of heat-labile pesti-
cidag, stripping of the partition liquid from the front end of the
column resulting in peak tailing, and ipcreases septum bleed (leading

to spurious pesks) and reduced septum life. A temperature lower than
the optimum may cause slow cr incomplete sample volatization. The
detector temperature should be 30-509C above that of the column {(50°C
above the final temperature when programming ls used) to prevent the
possibility of condensation of sample components or liquid bleed from
the cciumn., An excessively high detector temperature can result in
reduced sensitivity and/or increasad noise level, Inaccurate column
temparature can afect peak retention tirwes and resolution and may alter
the elucion pattern of certain pesticidal coupounds that may be present
in a sample, someiimes to the extent that two cowpounds that completely
separate at 2 glven temperature may completely overlap at some other
temperature.

Column tempersture may be checked by computing the relative retention
ratio for p,p'-DDT (or znother convenient pesticlde) coxpared to aldrin
2s follows: divide the distance in mm on the recorder chart between the
injection point and the peak maximum for DDT by the distance between the
injection point and the aldrir maximum on the same chromatogram. There
is a linear relationship between column temperature and relative retention
values for organochleorine compounds (nof organophosphates) so that com=
parison of this computed value with those available for over 50 pesti-~
cides on the recommended pesticida columns between 170°C and 204°C [EPA
PAM, Subsection 4,4,(8), Tahles 2(a) « 2(c)] should provide 2 check of
the actual column temperature. Selected values for p,p'-DDT are shown
in Taeble 5~1 a2s an example. A corputed velative retentlon value much
below the given value in the table at the selected oven temperature
indicates a temperature that is actually higher while a2 value much
higher than the char: denctes a low oven temperature. Relative retention
ratios are elso a function of the type and propertion of the component
liquid phases iu the columm packing, so praparation of the column and
packing should alse be carefully checked if retention values are discrepant.

Surveys of the data and chromatograms submitted by laboratories newly
participating in the EPA Interlaboratery Control Program (Secrionm 2)
indicazed that a high proportion of gas chromatographs were operating
with column oven temperatures deviating significantly from= the supposed
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TABLE 5-1
RETENTION TIMES FOR p,p'-DOT RELATIVE TO ALDRIN

Liquid Phase Tewperstures, ¢
110 174 178 182 136 190 194 198 202

1.5% 0¥=17/1.95% Q¥F-1 5.57 5.3 5.20 5.001 ».83 by b4 5,46 4,27 4.00
4,03 SE~30/6,0% qF=1  4.04 .92 .80 ™ 367 3.3 L3.43 3.30 3.18 3.05
5% V=210 447 4,31 4,135 1.98 3.8 3.66 3.49 3.2 3.17

values., These erronecus temperatures resulted from inaccurate instru-
ment pyrometers and a lack of altermate temperaturs monitoring devices

, and procedures. As an example, one laboratory using a column of 1.5%

5B

OV=17/1.95% QF-1 indicated an absolute retention time of 24 minutes and
a relative retention ratio of 4,87 for p,p'~DDT at a temperature of 200°C
and flow rate of 65 ml/minute. Under these stated conditioms the re=-
tention time for DDT should have been 18-20 minutes, and refersnce to
Table 5~1 shows the true oven temperature was ca 185°9C, fifteen degrees
less than the pyrometer indicated. See Figure 4~L in Section 4§ for .
illustration of the effects of inaccurate column temperature on peak
resoluticn.

-

L
4 discussion of the importance of the GC oven ta-ch&omatosraphic per-

formance and suggestions for simple evaluatiom tachniques for thermal
variables have been published (1).

SELECTION AND CONTROL OF CARRIER GAS FLOW RATE

The axact carrier flow system depends on the chromatograph in use. A
common arrangement i3 for the gas to flow from the ¢ylinder through a
two stage ragulator to a filter-drier element, branching thereafter to:
(a) a purge line running through the purge rotamatar, Flow controller,
and detector, and (b) the carrier gas flow line running through the
rotameters, the flow controllers, the colum, and finally through the
transfer line into the detector. If temperature programming is used,
differential flow controllars should be installed in the carrier gas
line to prevent a decresse Iin flow as the pressure drop inereases across
the column due to increasing temperature.

The choice of carrier gas is dictated mainly by the requirements of the
detector being employed. WNitrogen is required for the usual pesticide
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detectors, except that the pulsed mode of the electryen capture detector
nzy employ ergon with 5% methane. Flame detectors require gases such
as hydrogen, oxygen, and alr for combustion. N/P detectors require
heliuvm.

Gases should be obtained in the highest possible purity and gas cylinders
equipped with dual stage regulators. "Prepurified" nitrogen is required -
for the DC mode and, in some cases, the constant current pulsed mode of
electron capture detection. A gas that is 99.998% pure has an impurity
level of 20 ppm, and at least this purity should be employed for the
carrier and auxiliary gases in trace analyses. Each gas supply is
filtered through a filter~drier cartridge connected at the regulator
output of the cylinder. A filter containing Linde 13X (1/16 imch)
molecular sleve pellets will remove water, most hydrocarbons, and C0s.
Bafore the filter-drier is charged with the f£resh molecular sieve, the
interior of the cartridge is acetone rinsed and heated at 130°C in an
oven for at least ome hour, The bronze frit is acetone rinsed and flamed.
After £illing, the unit is heated at-350°9C for four hours with a nitrogen
flow of ca 90 ml/minpte passing through the unit. If activated units are
to be stored for a pericd of time, the ends must be tightly capped. The
filter unit should be replaced with a fresh one in the rare event one
discovers that a contaminated tank of gas has been used. Oxygen removal
requires a speclal scrubber or a molecular sieve filter lmmersed in liquid
nitrogen. Gas cylinders should always be replaced before they are com=
pletely empty.

It is essentlial that no leaks exist anywhere in the flow system. Even a
minute leak will result in erratie baselines with the JH or 63Ni electron
capture detectors. If the baseline has been stable but becomes erratic
upon installation of a new columm, a loose column connection is indicated.
Leaks are detected by aspplication of "Snoop" or some similar product at
all comnectiong in the flow system'from the injection port to the .de-
tector, provided the connections g-<e at room temperature. Do not'attempt
to use “"Snoop" on a hot column. Commercial high temperature liquid lesk
detectors are alsc available for high temperature comnections such as
arvound injection ports. These bubblé-type leak detectors should be used
with caution since the solutions can be drewn into the GC system at the
leak source or at a checked source once it 1s broken. ’

Another means of detecting leaks when using an electron capture detector
is by spraying connections with Freon MS-180 with the instriment operating
and observinpg any recorder response. Short eprays are applied close to
the comnection, but not around the Egjeccion port or the detector.

The carrier gas f£iow velocities are checked using & soap bubble flow-
meter, which can be purchased commercially or easily constructed by
atzaching a sidearm near the bottom of a 50 ml buret [Subsecticn 4,4,
{6), Figure 4(a), EPA PAM]. Since rotameters are instalied ahead of the
columms, they cannot be relied upon when adjusting the carzrier flow as
they m2y be in error. It iz necessary to check the flow rate at a point
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after the column because the pressure drop across columns will vary
somewhat from one column to another. An equilibration period of only
a few minutes with normal operating parameters 1s required before the
flow rate check is madae.

If two or more columns ars connected to the same detactoF via a commen
transfer line, the carrier flow to the column(s} not in use is shut off
while the flow rate through the column in use is being measured. Like-
wise, the purge gas is shut off. If flow in all colummns is shut off,
the purge gas flow through tha detactor can be measured. The £low
through unused columns is also shut off whila determining the background
current of an alectron capture detector. The head pressurs gauge on
some commarcial instruments allows continuous monitoring for problems
upstream of the colummn, such as a leak in the carrier gas lines, as well
as determination of minimum regulator prassure, changes in column head
pressure during temperature programming, and long term columm changes.
If available, head pressure monitoring can accomplish some of the same
results a3 checking of the flew rate.

Carrier flow rates in excess of recommended values lead to lowered
absolute retention times snd compressed chromatograms while ratas that
are too low will have the opposite effect. Relative retentlon values
reflect only the cperating temperature of the columm (Subsection 54),
while absolute retentlons indicate either or both carrxier gas flow rate
and temperatura. Other effects of excessive flow rate may include
depresgion in peak height response and poor column afficlency. Figure
5=-B illustratas chromatograms of identical pesticide mixtures from the
sama OV-17/QF-1 GC column operated with approximately the recommended
conditions (B) and then with too rapid a flow rate (A).

Figure 5-B. Effect of flow rate on GC resolution
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GC Detectors

GC detectors for residue analysis must be sensitive to minute amounts

of the pesticides sought, but selective enough not to detect reasonable:
emounts of co=-extracted substrate material. Despite this selectivity,

it is necessary to protect the total gas chromatographic system,
including the detector, by purifying the extracts. This will reduce

the amount of co-extracted material in the final eolution to s level

that will not be detrimental to the chromatograph or to the quality of
the sepiration, identification, and measurement. Nonselective detectors,
such as the flame ionization detector, produce very complex chromatograms
with peaks from pesticides as well as frum co-extracted compounds; these
detectors are not selective emough to be practical for the quantitative
analysis of residues of only a limited number of pesticides of certain
classes. With detectors that are less selective (or less specific) for
pasticide(s) of interest, more effort is required in sample preparzationm,
in avoiding reagent contamination, and in residue identification.

Tor pesticlde snalysls, sensitivity of a GC detector has been traditionally
designated as the amount of pesticide that will provide a peak whose

height corresponds- to some percentage ¢f the full scale recorder de~
fliection (usually 10 or 50%). Minimum detectable amount has been that
quantity of pesticide giving & signal at least four times the background
noise (random fluctuations) at baseline. Detector sensitivity and minimum
detectable level are now generally not differentizted and are reported

by instrument manufacturers and many chromatographers in units of weight
(ug, nz, pg) per ml for concentration-sensitive detectors (e.g., electron
capture GC detector, UV HPLC detector) and in weipght per second for mass
sensitive detectors (FPD, N~P GC detectors). These numbers designate

the concentration or flow rate that will produce 2 signal level that is
some multiple of the noise {usually 2X). If the sensicivity of a compound
is stated as 16 ng/ml, the flow rate 1.5 ml/minute, and the pesk width

20 seconds, the absolute amount detectable is calculated as 1.5 mi/minute
X 20/60 minutes x 16 ng/ml = 8 ng. 1L, for a mass sensitive detactor, the
minimum detectable level is 12 pg/second and the peak width is 5 seconds,
12 x 5 = 60 pg can be detected, Both systems of stating detector sensi-
tivity are used in this chapter.

The reader is directed to references (2-5) for general revieys of the
element gelective pesticide detectors. A quality control program for GC
detectors has been initiated by Agriculture Canada. Twenty-seven labora=-
tories were supplied with chlorpyriphos standard solutions (chosen because
this pesticide coptains C1, 8, P, and N atoms) for the determinetion of
linear range and minimum detectable amounts. Results have been reported
{8) for 23 FPbe in the P-mode, 18 FPDs in the S-mode, 28 electiron capture
detectors, and 20 linearized electrom capture detectors. This information
will be of interest to any laboratory wanting to combare its detector
operating conditions and performance with the experience of others, or
those wishing to set up a program of continuous detector monitoring.
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ELECTRON CAPTURE DETECTOR
a. Principles and Operation

The electron capture {EC or electron affinity) datector is widely used
for sensitive detection of halogenated pesticides or other classes of
pesticides, often after derivatizatiom with halogen~containing reagents.
The datector consists of a radioactive source which emits low energy
B-particles (electrons) capable of lonizing the carrier gas to produce
secondary electrons, A voltage is applled, causing a steady stream of
these secondary electrons to flow from the source (cathoda) to a collsctor
(anode) where the amount of generated current is fed to an electrometer
and recorded on a recorder.. Thus, a standing current or background
signal is produced.

When an electronegative speclies is introduced into tha detactor, a
quantity of electrona will be captured and the current raduced., The
negative signgl is in contrast to the positive current produced in
detectors such as the f£iame lonization detector., The magnitude of

standing current reduction, which depends upon both the number of electrom '

capturing species present and on their electronegativity, is measured on
the recorder and indicates the amount of waterial capturing electrons,
After the component passes through the detector, the standing current
raeturns to the original value, and a characteristic GC peak is shown on

the recarder, provided that the radicactive foil is not overly contaminatad.
The. exact theory of operation of the EC detector ig still unresolved (7-9).

The EC detector is selective jin principle for highly electronegativa com=-
pounds, but in practice it is the least selective of the widely used pesti-
cide detectors, Rigorous cleanup of pesticide extracts is required te
eliminata extraneous pesks due to compounds containing halogen, phosphorus,
sulfur, nitrogen dioxide, lead, and some hydrocarboms. Its sensitivity,
however, is the highest of any contamporaii detector, with many halogenated
compounds bheing detactable in low pg (107*4g) amounts. Advantage 1s taken
of thisz sensitivity by preparing halogenated derivatives of compounds
{e.g., carbamate insecticides) normally not detectad well by EC. The
rasponge of EC detectors hag been studied and guidelines presented for
pradicting which derivatives might best increase sensitivity (10}.

Scurces of E-~radiation have usually been either tritiated titanium om
copper or a 63Ni foil. The latter is more expensive but can ba used

at temperatures above 250°C, which would damage the tritiated detector
(maximum temperature ca 225°C), The nickel detector can be used safely
to 400°C without appreciable loss of radioactive material, The higher
operating tewpaerature reduces the possibility of contaminating the de-
tactor with extract impurities or the blsed from GC 1iquid phases. It
also extends the number of compounds that can be detected and grearly
reduces detector maintenance., The tritium source is more sensitive than
nickel for a short periced of time, reaching maximum sensipivity after a
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few days of operation., Then there is typically a constant loss in sensi-
tivity, requiring frequent recalibratiom and eventual foil replacement,
The gensitivity of the 6381 cell is reputedly less than that of & tritium
cell, but it remaine relatively constant and may equal or surpass the
sensitivity of a tritium cell after a period of use. Some compounds

show increased sensitivity at the higher temperatures possible with the
Ni ¢ell than with a new tyritium cell (11).

The EC detector is used with either a constant negative DC voltage or :
an intewmittently pulsed DC voltage {constant frequency or "plain pulsed" -
mode) imposed across the anode—cathode. The former mode requires nitro-
gen carrtier gas, while argon plus 5-10% methane 1s used with puleed
voltage. The arpgon-methane can be added to the chromatographic system

as g make-~up gas or as the carrier gas. When added as a mske-up gas,
introduced after the colupm but prior te the lonization portion of the
detector cell, nitrogen or helium can be used as the carrier gas, and
simultanecus duzl detector operation 1s possible, The pulsed and DC

modes provide approximately equal sensitivity and linearity, but advantages
have been clalmel for the former in terms ¢f freedom from anomalous re-
sponzes (11}, reproducibility of response, independence of response to
voltage, end operation with somewhat dirty samples. However, DC operation
hasg proven entirely adequate for routine analyses In the EPA Laboratories
when properly cleaned-up samples and low-bleed columns are employed.

Constant current (pulse-~ or frequency-modulated or variable frequency
mode) operation is a third mede of EC detection. A standing current £
again achieved by applyilng voltage pulses, but in this case the pulse
sampling frequency 1s varied by a servo-mechanism closed loop control
¢drcuit that maintains the standing current constant even when an electron
abacrbing compounid enters the detector. Pulse frequency is converted to

a DC signal that is monitored in the usual way to provide a chromatogram.
The basis of gquantitative measurement is the relationship between the
change of pulse frequency and the comcentration of electron capturing
substance., This mnode of operation provides an increased linear response
range without loss of detectability and a high degree of baseline stability
(12-14).

Linearized 63Ni constant current EC deéectors are avallable from several
commereial sources., They allow detection of low pg amounts of chlorinated .
insecticides with isothermal or temperature programmed operation and )
have a linear dynamic range of 10%-10°, 1In one study (15), 27 laboratories
reported an average of 1.5 pg of chlorpyriphos required to produce =a
readily discernable peak. The compound-independent, extended linearity
is of great benefit for automated analyses where a wide concentration
range of samples can be analyzed without dilutions or reruns. Those
detectors with small cell volumes (ca 0.3 ml) are well suited to capillary
column GC. Most commerceial linearized constant current EC cells can be
oparated with either argon-methene or nitrogen carrier gas; the linear
. range may bg one decade higher with the former (15). Detector sources

are either 95Ni or tritlsted scandium. The latter has been found to have
a significantly greater linear range and similar sensitivity (16).
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Figure 5-C illustrates the linearity of the Tracor 63“1 electron capture
detector equipped with an electronic linearizer {(frequency modulated mode)
{EPA PAM, Section 4,4,(3),IV]. This detector offers a linearity range

of 10 with either nitrogen or argon-methane carrier gas. By cgmpagisun,
the linearity of the Tracor detector in the DC-pulse mede is 10<-10° (17).

Figure 5-C. Response of the Tracor linearized EC
detector from 5 x 10712 ¢tq 5 x 1078 grams
using argon-57 methana carrier gas.
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The EPA snalytical laboratories originally used parallel-plate 3H EC
detectors because cleaning can be dome in-house under an NRC pernit.
Details are given in the FDA Pesticide Analytical Manual, Vol. I, Section
311.12, for cleaning a tritium EC detector. Foils may be removed only
by persons with an NRC license for this purpese. A cleaning solutiom
of 5% ROH in absolute ethanol is recommended for cleaning radioactive
foils. Tritium foils should not be exposaed for more than ome hour, and
aqueous solutions or traces of water should be avoided. Mildly abrasive
cleaning compoundg and ultrasonlc cleaning spparatus may aiso be used.
High temperature 31 datectors are probably in grestest present usa, .
" with and without electronic linmeasrizers, and concentric-design tritium
: gg;ectoré are also still widely used. Figure 5-D shows a Tracoer, Inc.

4 detector. The column effluent entrance {s shown on the left and
the purge gas line, polarizing voltage connector, elactrometer inmput
connector, and gas effluent outlet (top to bottom) on the right. The
heater-limit switch fits into the nearest large hols sgen on the top,
front. The 63Ni foil is a sealed source and is usually sent back to
the manufacturer for clesning. It is frequently possible, however, to
clean a nickel foil in the chromatograph by injecting 100 ul of water a
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few times into a 300°C system- employing an empty celumn. Purging the de-
tector at 4009C overnight may alse be helpful. It has been reported (7)
that the major contamination of the EC detector occurs by deposizion of
materizl on the anode surface, causing a significant reduection in
efficiency of collection of electrical charge, and that performance can
be restored by cleaming only the anode without disturbing the other parts
of the cell.

Figure 5-D. Tracor, Inec. 63“1 EC Detector
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Response of EC detectors depends upon temperature (18); type, flow rate,
and pressure (19) of the carrier gas; cell and electrode configuration

and dimensions; electrode positions; amount of radicactivity;.contact
potentials caused by adsorption of sample components on electrede surfaces;
space charges of slow moving ions surrounding the electrodes; and applied
potential. The adverse effects of even slight scoring on the EC collector
probe have been deseribed (20), The ympredictable nature of these
parameters causeés anomalous responses, drifting baselines, variable
sensitivity, snd a limited, wvarlable dynamic range in the DC mode.
Operating parameters muset be optimized for each manufacturer's detector.

b. Background Current Profile.

Measurement of the background current profile (recorder respomse vs.
voltage) should be made regularly teo evaluate the performance of the
detector as influenced by the condition of the foil or other factors
such as column bleed or contaminated carrier gas. At maximum voltage
and an attenuation setting of 12.8 x 10~ A.F.S. when using a 1 mv re~-
corder, a good detector should produce a response of 60-80% full scale
deflection. With aging this will approach 30Z, when the foll should be
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replaced. A profile that drops drastically in a period of one or a few
days indicates problems with the detector itsaelf or an adversa influence
by the column., Detailed instructions are given in Section 4,4, (3) of the
EFA PAM for obtaining a BGC profila with a Tracor MT-220 chromatograph,
and typical profiles are illustrated in Figure 5-E, Operaticnal details
for. obtaining backgrownd current vary somewhat from one i{nstrument to
another, and each particular instrument masnual should be consulted for
recompended column parametars for making this test. Sowe commercial
detectors regrattably do not provide for easy variation and readout of
the potential., TIn general, more significant informatiom is obtained by
determining the background current at the normal cparating parameters
for the column being used.

o

Figure 5~E. Typical electyon capture detector
background current profiles.

From the background currvent profile, the optimum polarizing voltage for
operation may be estimatad. If the detector foil 1s new and the background
current is high, it is ususlly acceptable practice to simply set the
polarizing voltage at such a value to gilve 83% of the tetal profile with

the H detector or at 92% with the 53Ni detector. If oparation above

‘this range is attemprted, anomalous results can occur. Figure 5+~F shows

an obvious case in which anomalous resulrs were produced by operating

above 997 of the maximum current with a DC mode tritium detector,
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Tigure 5~C shows a less obvious situmtion. The upper chromatogram in
this fipure shows optimum response; the lower one shows abnormal response
due to operation at over~voltage. Expansion of the upper portions of the
peaks and contraction of the peak bases result, so that, in effect, only
the tops of the peaks are seen, as 1f the broken line in chromatogram A
were the baseline., Detector over-current can result from cleansing of
the detector foil by heatlng or injection solvents, and the analys:

way be unaware that 1t has cccurred. The problem may also exist when

the detector is operated in the AC ot linearized modes, as the standing
current must be correct to provide a working limear range (see below).

A more reliable method, especially for older, partially dirty detectors,
is to run a polarizing voltage/response curve as described in Saction
4,4,(3) of the EPA PAM. Selection of the proper polarizing voltage is
very important so as to (a) produce maximum peak height (response) with

-—

Figure 3-F. Normal electron capture respomse {A) to N\\\\\\
chlorinated pesticide mixture and response
(B) resulrting from operating at an
excessively high applied voltage.
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Figure 5~G. Chromatogram of standard chlorinated pesticide

’ mixture. Columm: 1.8 m x 4 mwm i£d glass packed

i with 107 DC-200 on a silane~treated support.

. Column temperature; 200°C. Detector: electron
capture at 1 x 10~8 AFS. (A) detector voltage
10V, (B) datactor voltage 30V. Broken line on
chromatogram A indicates apparent baseline for

chromatogram B. (Courtesy of Applied Sciences
Laboratories, Inc.) '

A
g :
2 ]
- -
-
el ¢ :
=
2 § 2,5 Z =z & a
< _gd: =) z 9 a
2§48 £ - g = "
S| 2h<q2 a8 & 2z a
28 rii?ye 5 E g 5
affallpst 2ls 2 S
- . - - - e d - n----gﬂ.‘-
-
B -
-
o z
= =
8 2
% u
-]
T g g
- = =
ﬂ - -
I 2 ET & :
2 z :
HEE I E 3
a a Iy
2| gl=lz z 2
=y MEi e 2 B
- R T I~ ~
o Bad | hat} I - -
I\
Lt
! { ! ] ! 1. N
q 3 [ L ) t2 15 " Ea)

TIME (Minl

~-153-



Section 5C

wminimum electrical overshoot on the backside of the peak (Figure 5~A,H),

and (b) ensure maximum possible efficiency and peak resolution. The

polarizing voltage must be adjusted to accommodate a slowly deterioraring

background current, so frequent profiles must be run to keep a cheek on

. this, &n azrticle published in Gas-Chrom & Newsletrer, March/April 1973
" treated this subject so well that a reprint is presented on the following

two pages, courtesy of Applied Science Laboratories, State College, PA.

As showm in Figure 5-E, DC mode detector profiles are plots of detector
current along the Y-axis versus polarizing level in 5 volt steps. In

the pulsed wode, profiles are plots of response current versus the
frequency of the polarizing pulse at baseline, i.e., with no electron
capturing material present other than that over which there is no controel,
such as column or septum bleed, Puise profiles are normally penerated
using variable frequency steps of 1, 2, 5, 10, 20, 50, 100, and 200 thousand
cycles per second (kilohertz), TFigure 5-H shows a comparison of profiles
made with argon-methane carrier gas and pulse polarization and profiles
made on the same detector with DC polarizing voltage and unitrogen cserrier.
The left hand pair show a typical clean detector installed on a gas
chromatograph. Nota that ISA$ {argon-methene) 1s 6.4 x 10~9 amps versus
an Igo {nitrogen) of 4.75 x 10~° amps. The ratio is 1,35, which will
usually hold for clean detectors. The second set of profiles of a very
dirty detecror shows that this ratio fails if the detector is really dirty,
ag this one obviously is. The third set of profiles iIndicates a clearly
dirty detector that would not operate well in DC mode with nitrogenm. With
the pulsed argon-methane mode, however, a completely normel profile is
produced. The advantage of the pulsed operating mode is obvious. The
ratio is quite different from 1.3. This detector was tested after these
profiles were made and produced a satisfactory linear curve of response

in the pulsed mode using argon-methane.

A simple way to evaluate the progressive contamination of a detector in
pulsed-mode oparation is to monitor the decrease in the peak response

level for a2 given amount of a standard pesticide at a certain pulse

voltage. This is compared to that obtained when the detector was first
installed. The exact method for obtaining performance curves for different
pulsed mode detector models should be cbtained frowm the individual coperzation
manuad-s .

¢. Detector Contamination

Contaminetion of the detector by depcsition of a coating of low vapor
pressure materials on the electrodes seriously affects detector periormance
by consuming a portion of the detector capability, leading to loss of
sensitivity, trailing pesks, or erratic chromatographic baselines.
Contaminant sources may be a bleeding colummn, contaminated carrier gas,
bleeding septum, dirty sample inlet, unclean samples, dirty carrier gas
flow econtrollier, or dirty tubing. Many of these factors are treated in
detail elsevhere in this Manual, but a review 1s presented below.
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Chromatographer, Beware of Thy Detector!

Wa all know thet (e parformunce of the same Tvoes of GC
THUMDE can vy with The quavty of the packings awi the
colymns emaeves Figuren | and 2 are examoier of axtrems
ditferarcos in column performancs when usid [OF pesticios
walysis, Both columps wre § fr w4 mm 10 glama Ustubwe
pagied with 10 we % 0C-200 on'3'silene treeted mopart, Bamn
funt were miade at the samae goersting conditions. Aasoltion
in Figure 1 is good, Sut the resolution in Rigure 2 is far
sgerior becauss of the undelisvadle 13,000 theorstical pistes
cisined, Yer, the wosnation factors ars INe s in Doth
coues {9, 1.12 for andrin/dieideint.
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weterm a1 18 109 ARE,

You wy that you would like 5 § v columne wich the
officiency thawn in Figure 27 Wall, »a can make such columny
andt wa can obtain reeyits like thoss in Flgurs 2 anvtime wer
want 10 = groviding we use w1 EC detector, 10 fact, we make
these columme 3l the ume, but ¢O nat obesin the Pigure 2
ity = Butause we do AOt Want 1. You ask wity? A very
9o0d quastion,

Lat's compare Figures 1 and 2 more closaly, There is 8
noticasdle differsnce in ssolute detecttr resDOMS DAtWN
UW WO resdils and M0 in relative reIpOnAe among the Deaks.
In Figurs 1, the andrin/disidrin pesk amght ratio s good

110.81), with signs of shgft endrin decompasition, whicn is
normal. However, in Figues 2 e endrin/distdrin ratio is only
0.31, indieating sppretizbly Jreater endrin decompasition, snd
yat there are no sigme of it in (e chramatogram. Something
SOpetrs 1o be cadically weong with the resuits in Figure 2.

Weil, somathing is wrong. The eolumn used in Figurs 2 does
not produce 13.000 theersucal piates, Actually, it is the exact
same calumn which gave the Figure | results. SveryThng was
Hw tamw for the two runs sxcept for one thing - tne EC
detector voltiges wers Oiffsrent. A volisge of 10 veuss
oraduced Figure 1, while a voitage of 30 volts produced Figure
2. The datector is an old Baroer-Colman tnoum EC cetector
with varisdle DC voltage: in., any voitage can be w00k, A
ot of background current (Detaline} vs. derscior vaitage is
thown in Figure 3. The oroblem is nondinesr detseror
responsa. EC detector resgonse is linaar or aporaachas linsarity
anky over a small range of voutages. Thix voitage rangs usaily
ligs Beiow (M knee laading (Q e cratesy o the current vy,
voltags curve (see Figure 3). In ocur exampies, this vaitage
range is appreximstaly 10 1o 18 voits, '
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AR Mgner vaItagey, the rstionse teccmet non-inesr 3nd the
FHIRONSE-tO-CONCINIrILion HOope NGradses with incraising con-
canteabion. This Aon-lineanty becomes sxireme on e oiatsau
of the current vs. wQitage CurvE. e, (he resDOnw (O
concantrancn slood s very snall 3t law concentranony ard
INCrear HIQNOEy 3t Mgh concantrationt. This femiles i ant
wxtreme ontacrion of (Ne lower dart of 3 OC Gezk and an
sxienuon of the uoper part of the peak. When this acturs, e
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eeomatoqsm like thr ong i Figurs 2 11 prodyced. Frgure 3
i B converind tO o JBOFONIMaLION af Figire 2, & shown i
Figure 4, A swoer(ic.ol Baveune Nas been drawn whish cuis out
the Dottom part 0f the peant, The umdanty Detween Figuoes 7
and 4 13 0tvious 1! we exterciad the upper part ot tha peaks n
Frguty 4, the chromatogram would resembie that in Figure 2
stil more closely. This may sppear sxireme, but ROLICE that In
Figure 2 we have 105t 0oL oniy 1 enUfn GeCOMDOSILION
:foouct. but #iso Ak the small impurity peaks that are seen in
pure 1.
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Section 5C

AT vollages Deiow the columum sange, Lhe feverse OScuUrs.
The resDonse 10 CONCeNtralion slope is Righ st low concentry-
Jang and gecreast with ifer SHON. In thy cam,
‘tha Lower part of » peak wil be utmn and the ypper part
contractad, Thy 1 cburved as 4 wder Deak, gwing 3 low
theoretical glate esicutation, and ihe pedk maximum will lend
1o De rounded. Aisa, small peaks will be ovarsmohanzed,

The graphs in Figures 5 to B wmmarize te sffect ol £C
detector vollage on GC rewlts. These hgures whow the athect
of voltage on various peak hesght ranos and on the theoretical
plste cHculation,

Angther complication is that e current vi, voltage cufve
and the optimum voltsge e nOC dhways the same, but vary
with factors such as detector cltaniiness and g phase
blsed. A dirty devector or a high liquid phase Dised will cauw
e platesy in e Surrent ve. voltage curve 10 slt 10 (Qwer
Currents and voltages, & shown by 1he broken hine curve in
Figura 3.

This problem of variable non-inear response with EC
detactors comphicates quantitative anarysis and is the resson
why {requant and caretul use of caibratson standards is so
important in pesuicide dnalytes. However, when one it
interestad in determining column gfticency, the sftect of
nondinesr detactor responsa on the thearetcdl plate rasponse
hay Aot baen 30 obvious. This affect can also be obssrved witn
#gon ionization datectors, whare apphed voltige also attects
linearity. Years 3go we found we were consistently ablaining
abaut 180 mora theowstical plates per faot trom  srgon

© ioniZation detectars at voltages sbove the optimum than teom

tlara iONiZEGGN detectors, which have good Linwad résponse
charactaristies,

To be fair to EC datectors, th-eu TR NDW ONA OF MOrs 0N
the market which operate st & fixed voltage and are clavmed to
have good Hinear chardctenstics over o wide dynamic range,

Let it suffice 10 y: “"Chromatographer, bewsrs of thy
detector| Alsp, know thy detector!™
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Section 5C

Figure 5-H. Pulsed and DC mode electron capture detector profile comparison.
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Oxygen 1s a frequent contamlnant in nitrogen carrier gas, and the EC
detector responds exceptionally well to traces of oxygen. A background
prefile should be made after changing the tank of carrier gas and allow-
ing &t least one hour for the system to equilibrate. A4 sultable oxygen
scavenger and a clean chromatographic system are most important for good
performance (13, 21).

Certain liquid phases tend .to bleed in varying degrees at normal operating
conditions, even after conditioning for extended periods of time., DC=200,
DC~-550, DEGS, and (F~1 are such phases and should be avoided where possible.
The high tempezatuyre OV silicomes with low (1-5%) phase loadings produce
very favorable columns. The background current determination is par-
ticularly impertant with a new columm in the insttument because background
current that cannot be brought up to the expected level indicates the
probabiliry of a bleeding column requiring additional heat treatment to
vaporize off the wolatile impurities,

Solvents and monomers can bleed from the septum and be swept through the
column into the detector. Glass inlet liners used for off-column injection
should be changed fréquently. Proper handling of septums and maintenance
of the injection port are discussed in Subsection 5J.

Contamination from dirty tubing or other system compoueuts prior to the
inlet can be caused by a bad tank of carrier gas containing grease, oils,
or water vapor. Use of a molecular sieve filter-drier will ususily pre-
venit this problem. These adsorbent trape must be regenerated regularly.
If moisture has accumulated in the tubing and £low controllers frowm &

bad tank of gas, simply changing the tank may not solve the problem.

The entire system would have to ba flushed out with a lew boilling solvent.

A good rule is to Introduce only one variable at a time inte the GC-EC
system and to run a background profile just before and just after changing
the varisble. For example, a column and a tank of gas should not both

be changed at the same time. This rule makes the lsolation and correction
of problems a much easier task, "
A review of the operation and principles of the electron capture detector’
for pesticide analysis (22) and a review of its theory and characteristics
(11, 23) have been published.

MICROCOULOMETRIC DETECTOR

The original detector for the specific detection of organochlorine paesti-
cides was the microcoulometric (MC) detector. The detector operates on .
the following principle: column effluent is mixed with oxygen, the organic
compounds are combusted In a furmace, and the formed HCl is titrated in an
automatic cell with intermally gemerated silver ioms. The MC detector has
now baen largely replaced by the electrolytic conductivity detactor
because ¢f its greater sensitivity and easiler operation and maintenance,
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The MC datector can also be operated to be specific for pasticides con-
taining S, P, or N, but the FPD, N-P, and electrolytic conductivity de-
tectors are preferred for the detection of these compounds. One advantage
of the detector for some applications 1is that the amount of ions used in
the call reaction ¢an be related theoretically by Coulomb's law to the
absolute amounts of pesticides passing through the GC columm. Although
the detector can still be purchased from Dohrmann~Envirotech and is
occasionally reported in the literatuve (24), the abgence of wide use

in EPA laboratories and peaticide analytical laboratories in general has
dictated that detailed material on this detector be daleted. Interssted
readers are referred té earlier revisions of this Manval and the FDA
PAM (25). :

. I
THERMIONIC DETECTORS B .

The original =2lkali flame ifonization daetector was described by Karmen

and Giuffrida in the early 1960's. They found that 1f a crystal of an
alkali salt 1is placed over a flame and a collector electrode above the
alkali source, a very anhanced response to phosphorus-containing species
could be obtained. A variety of designs of the alkaii flame iomizaticn
detector (AFID) were reported, the mechanism of operation was widely
studied, and further modifications made the detector sensitive to nitrogen
as well as phosphorus compounds. The AFID ia described in detail in the
FDA PAM, Section 313 and in Section 5E of earlier ravisions of this QC
Manual and is reviewed in references (26) and (27). The alkall flame,
Coulscn, and flame photometric detsctors have been compared and evaluated
(28). -

New deavelopments in the 1970's, ploneered mostly by-xﬁib at al. (29), have
lad to & thermionic detector invelving an electrically heated bead, re-
suleing in more velisbility and an aextended linear range. This detector,
termed the nifrogan-phosphorus or N-P detector, is described in Section
4,D of the EPA PAM and Section 316 of the FDA PAM and will be #iscussed
in the rest of this section. N-P detectors are supplied by diffarent
manufacrurers (see below)., A schematic diagram of the Perkin-Elmer
datector incorporating a rubidium silicate bead 1s shown in Figure 1

of Sactifon 4,0 of the EPA PAM., In the usual mode of this detestor, shown
in the center of this Figure 1, the source is electrically heated, and
the detector is sensitive to bdoth nitrogen- and phoaphorus—centaining
aubstances, but more sensitive to P than to N. The linear range is over
five orders of magnitude, and sensitivity is in the pg range, In the
P=-mode, shown on the right of Figure 1, the source i{s heated by a high
enargy flame and the jet i3 grounded. The response to phesphorus 13 the
game as in the N~-P mode, whereas the N response i3 suppressed ca 30 fold
and the linear range 1s reduced to 104,

Compared to the KC) AFID, the N-P detactor operates with reduced flow of

hydrogen gas and temperatuyre. This causes an increased response to -
nitrogen while maintaining high sensitivity to phosphorus.
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The principle of operation of the N-P detector is as follows: GC column
effiuent is ionized er or near the electrically heated alkall source in

the presence of a relatively low temperature plasma around the bead.

P~ and N-containing specles are praferentially jonized and drawvm to the

collector eleetrode, where the resulting change in current is amplified

and recorded. .

For detection of N-containing pesticides, the N~P detector is less se-
lective than the N-mode of the Hall electrelytic conductivity derector.
However, the former is wore stable, sensitive, and easier to operate.
Sample extracts can often be examined after z minimum of cleanup using
the N~P detector (see the FDA PAM, Sections 232.4 snd 242). Extracts
containing'traces of acetonitrile cause a large detector response that
obscures early-eluting pesticide peaks. Sinece the ugsual mode of the
K-P detector detects phosphorus and nitrogen compounds simultameously,
a single extract can be couveniently examined for both types of compounds.
For exzuination of P compounds only, the P-mode of the FFD is the usual
best choice, Some models of the detector do not tolerate injection of
halogenated solvents without deterioration of the alkali source. -%ails
should be determined prior te use.

N-P detectors are available from Perkin~Elmer, Hewlatt-Packard, Varian,
and Tracor. Although eech is bagicglly a flame ionization detector to
which 2n electrically heated source has been added between the jet and
ion ¢ollector, they differ in design and operation and in the exact
nature of the alkali source (see the EPA PAM, Section 4,D,II), Installa-
tion, operation, and maintenance imstructions should be carefully followed
for each of the detectors. The detectors include a power supply for
heating the source and for maintaining source blas voltage. 4n electro-
meter as used for an FID is required. High purity hydrogen and zir
should be used for the detector, and nitrogen or hellum for the carrier
gas.

The following are general characteristics of the various N-P detectors:
selectivity to nitrogen against both hydrocarbon and phosphorus incresses
with decreasing hydrogen flow, but selectivity te P wvs hydrocarbon is not
greatly influenced by flow rate. The eslectrical potential difference
between the jet and collector can also affect selectivity, but this effect
varies with individual detector designs., Selectivity factors range from
10,000-100,000:1 for N vs C and 75,000-200,000:1 for P vs C. Under de-
tector conditions providing a 1/2 fsd response for 2 ng of parathion, ug
amounts of hydrocarbons or 5~ and halogen-containing compounds should cause
no response. The N/P response ratie is 10-20:1,

Sensitivity is dependent upon the temperature of the source, which is a
funetion of the sourse heating current and the flows of air and carrier
gas, and to the flow of hydrogen gas. Manufacturer's optimal specifica-
tions are ca 1013 grams N/second and 10~14 grams P/second. Greenmhalgh
and Cochrane (17) reported a minimum detection level of 0,12 or 0.13 pg
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chlorpyriphos for three different N-P detectors, which represented a ten
fold bettar sensitivity than the FPD (P-mode). The FDA PAM reports
practical detection limits of 1 ng for most OF pesticidas and 5-30 ng

of most nitregen pasticides. Sensitivity for nitrogen pesticides varies
with the number of N atoms in the molecule and its structure. Compounds
containing a P=0 group are about twice as well detected ag the analog
with a P=5 group (17). Detector linearity is at least three orders of
magnitude and as high as five orders.

1t has been noted by analysts that differences among alkali sources are
common, even as supplied by ome manufacturer. Recommended gas flows

are: air - 30-200 mi/minute, with 100 ml/minute being usual; less than

10 mi/minute is required if He rather tham Ny is the carrier gas; hydrogen -
1-5 ml/minute, usually ca 3 ml/minute; carrder gas - 15~30 ml/minute.

" Bensitivity is lower at carrier flows above 40 ml/minute. To accommodate
this lower flow rate, 2 mm id packed columns rather than 4 mm id columns

can be used. Similar chromatograms are produced in a 2 mm id column

with a 15 ml/minute £low and in a 4 wm id column at 60 ml/minute, with a
constant operating temperatura.

The body of the detector is normally at 250°C and the source at 700-900°C,
The temperature is chosen by adjusting the potentiometer to produce a
baseline current as recommended by the manufacturer, usually 1.5 x 10-11
amps or 4 x 1012 amps, Or, the temperature can be set to produce a
specific response for a standard amount of pesticide, e.g., 1/2 fsd for

2 ng of parathion.

To reduce contamination of the detesctor, low bleed septa should be employed,
colums should be properly conditiomed, and injection of "dirty" samples
should be avoided.

Figure 5-I shows a photograph of the Tracor N-P detector, and Figure 5-J
is a schematic of the mounting detail for connection to a gas chromato-
graph. Figure 5-K showe a typical chromatogram using this detector,

The selectivity for the N- and P-containing pesticides compared to
afcosane (020) iz obvious.
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Figure 5~I. Tracor Model 702 N-P detector and control module

Figure 5-J, N-P detector mounting detail for Tracor Model 560
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Figure 5-K. Typical chromatogram of pesticides with the
N-P detector. -
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Section 5F

FLAME PHOTOMETRIC DETECIOR (FPD)

This detector operates by monitoring HPO and S, emissicn bands, which
result from burning the columm effluent in a cool, hydrogen-rich flame,
at 526 rw (P-mode) or 394 nm (S-mode) using a combination of a narrow
band-pass interference filter and a2 suitable photomultiplier tube.
Samples require relatively little cleanup because of the sgelectivity
of the detector for pesticides containing P or S. Applications to the
detection of certain other elements (e.§., Ti, &s, Zr, B, Cr) have also
been made with limits of ca 10-7 - 10-1

Figure 5>-L shows the external appearance of the FPD. The carrier gas
exit line is seen on top and the Oz/air inlet connection and hole for
the heater on the bottom side. The mirror lies behind the circular
bulkhead seen covering the burner chamber on the front, and the filter

-lies behind the screw seen on top of the photomultiplier housing. The

hydrogen gas inlet is on the opposite side, and column effluent enters
underneath the burner chamber. Signal and polarizing cables are
attached at the back ‘end of the PM tube. A cross section. view of the
TPD is showm es Figure 5-M. Figure 5-N pletures the dual FEFD which

in principle allows simuyltaneous mouitoring of sulfur and phosphorus
output from a single injection, as well as normal flasme lonization out-
put if it is of interest. In practice, differences in sensitivity of the
P and S modes make dual operation impractical for analysis of low amounts
of residuas where maximum sensitivity is sought. That is, if the P-mode
is optimized, the S-mode will not be sensitive encugh to be of use.
Figure 5-A shows a Tracor FPD mounted to the MT-220 gas chromatograph.

At least three other companies produce ¥PDs that differ in a number

of comstruction aspects and performance.

Figure 5-L. Tracor flime photometric detector
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Figure 5~M, Cross section of a flame photometric detector
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In the original operzting configuration of the FPD, oxygen (& giz) is
mixed with the nitrogen carrier gas 2nd pesticide at the entrance to
the detector; hydrogen is brought directly to the burner. Componants
are burmed in a hollow tip that shields the flame from view by the
photomuleipitier (FM) tube. Emission occurs above the Fflame tip, and
the light is transmitted to the FM tube through a filter that transmits
a specific wavelength of the element to be monlitored. A potential is
applied to the PM tube, and 1ts output is amplified by the electrometer
and read-out on a recorder.

When the TPD 1s coperated in this manner, as little as 3 pl of solvent
in the fnjecred sampla will extinguish the flame unless modification is
made Eo vent the solvent. A Valeo 4=-part switching valve (No. CV-BHT),
silylated before installation, was recommended for this purpose. Re-
versal of the hydrogen“and ailr/07 gas supply lines at the detsetor
inlets has been shown to give 2 "hyperventilated" flame (30) that allows
injection of up to 25 ul of solvent with no flame blowout and similar
or better sensitivity, baseline etability, and linearity, but an
approximately 20~fold loss in selectivity for most detectors. In this
"raverse configuration", effluent is premixed with hydrogen..

The minimum detectable quantities of the elements 8 and P reported in
different sourzes are about 40 pg-1 ng and 10-100 pg, respectively. In
routine cperation, 2.5 ng of ethyl parathlon should yleld a peak height
equal to 1/2 fed, although sensitivity can usually be improved well

beyond this in most analyses by careful adjustment of operating parameters.
In a eomparative study (15), the limit of detection for chlorpyriphos was
115 pg and 174 pg in the P-mode for normal (flame-oput) and reverse gas
flow configurations, respectively, and 167 and 87 ng in the S-mode with
the two flow configurations.,

The degree of sensitivity of the FPD relates to at least four factors:
condition of the PM tube; voltage applied to the PM tube; flow rates

of Hy, 0y, and air; and the condition of the viewing system (optical
window and filter); Each of these factors should be checked and opti-
mized for each installation. A drastid’ reduction in the peak height of
malathion can be an indfcation of a poor colum, provided the rest of
the system 1s known to be operating properly. Equal amounts of malathion
and ethyl parathion normally give a pesk height vesponge ratio of about
0.70 on a good columm.

To obrain optimum flow rates, set hydrogen flow at 150-200 ml/minute,
obtain mamimum response for an injected, early eluting phosphate pesti-
cide (e.g., ronnel or dizzinon) by varying oxygen flow with zero air

flow, then msxicize response by varying the air flow with oxygen set at
its optimum value, Some detectors may show best response with no alr
flow. Maximum response is indicated by a large signal to noilse ratio;

an increase in flow rates may increase peak height while also causing

an increazse in haseline uolse. Generzally, a high flame temperature
resulting from too much oxidizer and too litsle fuel will give the poorest
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sensitivity. Typical operating parameters for the FPD in the P-mode

are in Table 5-2. These values ara for the Tracor FPD, based on recommenda-
tions in the manufacturar's detector manual and experience in EFA Igbora-
tories. Table 5-3 lists FPD parameters used in analytical laboratories
participating in the Canadian Check Sample Program on Pesticide Regidue
Analysgis (6)., These valuas were chosen to produce in the S-mode an
axponential response factor of 1.9, and to give maximum response in

the P-mode. The Tracor company (Parscnal Communication, 1980) recommends
the introduction of 60-100 ml/minute of hydrogen through the air/02 inlat
and 80-150 ml air into the port marked foy oxygen. The use of oxygen is
not considered necessary by Tracor with this reversed plumbing arrange-
ment,

The temperature gradient betwsen the columm and detector is kept as low
as posaible, and the detector is alwgys heated before tha columm when
starting up a cold gsystem. The detector base is maintained at about
2109C. The nitrogen to oxygen ratio should be ca 4:1, the carrier and
purge flow rates should be equal, and the total flow of air, oxygen,

and carrier should not exceed 200 ml/minute, A lower total (100-150 ml/
minute) usuvally produces the most favorable signal te noise ratio,

Although the FPD i3 not as sensitive £o gas leaks as the electron capture
detector, the flow system of the chromatograph should be tight. Leaks

in the hydrogen, oxygen, or air supply can be hazardous from an explosion
standpoint. A common cause of sensitivity logs In the FPD is air leaking
into the burner chamber causing a change in flame characteristics. This
i3 remedied by replacing the gaskets (probably discolored amd brittle)
with new, bright, and flexible ones. Stability of the FPD is promotad

by having a very stable flame. This is best accomplished by using high
quality flow controllers for the detector gases.

-
Optimum response voltage for the PM tube is determined using a variable
power supply that allows the voltage to be incraassed with little increase
in electronic noise., Raising the voltage from the electromater will
increase electronic noise inordinmately. With optimm flow rates, the
power supply 13 set at 750 V, and a sample of diazinon is injected to
give 30-607% f£sd. The injection i3 repeated at 850 V and at voltage
increments betwaen and around these values until the point of maximum
signal to noise ratio is determined. It may be nacessary to attenuate
to keep on scale during this determination, 3o the linearity of the
electrometer must be kmown, Different PM tubes raquire different voltages
for best performance, a value of about 850 V being typical. A siuapect FM
tube may be checked with one of knowm sensitivity to give {indication of
its condition. Satisfactory operation of the FFD over its full dynamic
range requires both a highly stabilized 730 V power suggly plus an :
electrometer with a bucking capability at least 1 x 10°? amps. PM tubes
are heat sensitive and should be well insulated from sources of heat in
order to keep sensitivity from being lost. The tube can be kept cool by
blowing air over it or circulating cooling water through a copper tubas
.wrapped around it..  In a modified FPD dasign that protects the FM tybe
from heat radiation, emitted light is carried to the phototube by a light-
pipe,
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Tabla 5-2

QPERATING PARAMETERS FOR THE P-MODE OF THE TRACOR FPD

Temperatures Co Flow Rates (ml/min.)
Column 200 Purge* 70-80
Injection Block 210-225 Carrier 70-80
Datector¥* 165-250 Hydrogen 50-200
Transfer Line 235 " Oxygen 10-30%%k*
Switching Valve* 235-240 Alr 0-100

% With Valco switching valve
#*%* High temperature model 13 never heaced above 250° ¢, low
temperature model never above 170°C
%% To ignite the flame, an oxygen flow of 50 ml/minute or
more may be required, depending on the detector

Table 3-3

GAS FLOW PARAMETERS SUGGESTED FOR QPTIMUM RESPONSE
WITH THE MELPAR (TRACOR) FLAME PHOTOMETRIC DETECTOR (6)

1,

T

01d configuration New Reverse Configuration
P~mode S-mdde P-mode S-mode
H, (ul/min) 200 70 200 50
Alx( " ) 80 30 30 50
0, ( " ) 10 10 - 15 10
0,/8, ratio 0.13 . 0.22 0.11 C.4
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Interference filters may be changed at any time, i.e., it is not necessary
to shut down the instrument to do this. The power to the PM tube must be
turned off when removing it from the flame base. Excess light will damage
or destroy the sensing element when the tube is connected to the power
supply. Light lesking into the FM tube during operation of the chromato-
graph will increase the noisa level and decrease sensitivity. One remedy
is to tighten all connections having gaskets between the burnper and the
mounting of the MM tybe. A second remedy 1s to comstruct an opaque fiber
or plastic tube to sllp over the comnection of the PM tube and the metallic
link with the cooling fins, or a light-tight box to completely house the
burner snd FM tube., Ignition of the flame may be detacted by observation
of recorder pen deflection up or down scale, hearing the "pop" of the
hydrogen gas, or deposition of moisture on a cold, flat metal surface

held near the exhaust tube. After several months of operation, the quartz
window in the FPD burner becomes pitted and "fogged" or opaque. This loss-
of transparency can cause a decrease in sensitivity that can usually be
testored by polishing the window with carborundum or jeweler's rouge and

& polishing mat commonly used by infrared spectroscopists for salt windows,
If the pitting or fog ia too deep and cannot be polished out, the window
should be discarded and replaced.

The FPD response to P iz linear over a concentration range of about 3~5
decades, e.g., 0.4-400 ng for parathion and 3.14-400 ng for chiorpyriphos
{15) in the P-mode. Nonlinear response of the FPD (526 nm filter) to
oxygen anslogs of OF peaticides is often noted and is theught to be caused
by degradation of these P = 0 compounds. GC columms should be optimized
for separation of these compounds without breakdown, and metal transfer
lines betwaeen the column and detector should be as short z2s possible and
prefarably made from Teflon or glass-lined metal tubing. The S-mode is
inhkerently less sensitive than the P-mode, and response for compounds
containing a4 single $ atom is nonlinear starting in the 1-10 ng range.
The rasponse increases very roughly ad the square of the concentration
of sulfur, so standard curves are plotted on semi~log paper for S-mode
quantitation. Quantitative evaluation of chromatographic dats from the
nonlinear S~mode FPD has been theoratically and experimentally studied
(31). A linearizing amplifier option is available for commercial detactors
that electronically transmits the square root of the detector response to
the racorder so that plots of peak height or area vs concentration are
linear within £ 52, This linear respounse facilitates easy interpretation
and allows electronic integration and data acquisition not possible with-
out the square root fumnction, The potential errors involved in the use
of these commercial linearizers, if response is not agtually proportional
to the aquare of 8 concentration, have been evaluated and recommendations
made to minimize the error (32).

The unique square-law sulfur response of the FPD can be used to help
distinguish sulfur pesticide peaks from interfering peaks due to largs
concentrations of nonsulfur compounds, such as hydrocarbens, that cam also
be datected. Because the peak height of sulfur compounds varies as the
square of the sulfur atom flow into the FPD, peaks due to zulfur compounds
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tend to be narrower than those of nonsulfur compounds with comparable :
retention times. Therefore, visual inspection can often identify these . '
ugusually narrow pezks, A more definite identification will be achieved
if the volume of sample injected is increased. Peak hedghts of sulfur
compounds will increase &s the square of the injected volume while peak
heilghts of nensulfur compounds will increase linearly. As a result, the
sulfur compounds effectively rise up out ef the background., If the
hydrocarbon peaks are not well resolved from the sulfur compounds, hydro~
carbon quenching of sulfur light emission msy diminish the advantage of
this square~law Tesponse,.

In order to operate in the dual mode, it is necessary to optimize com—
bustion gas flows for the S-mode and %o have sufficlent sulfur to detect
in this mode. This cowmbustion mixture is not necessarily the optimum

for best phosphorus response. Optimum condiziens will vary from de-
tector to detestor. If enough residue is present to daetect in the S-mode,
attenuation must be used to keep the P response on scale with the § re-
EpOnSE. .

The proper attenustion for a given sample will depend upon the sensitivity
- achieved, but, in general, it is best to operate near the maximum

and to dilufte the samnle as necessary. Selectivities for P and S are
sbout 10,000-25,000 or more:l compared to nitrogen, carbon, nydrogen,

and ouwygen. Large amounts of sulfur impurities give a response in the
P-mode (P:S response ratio 4-25:1 at 526 nm) whereas phosphorus impurities
cause negligible response in the S-mode (S:P resmonse ratio 100-1,000:1

at 394 nm). As the degree of sulfur oxidation in the molecule increases,
there is usually a decrease In sulfur response, Factors affecting se-
lectivity of the FPD have been studied (33). '

Maximum utility of the FPD is afforded by the dual photomiltiplier arrange-
ment (Figure 5-H} whereby P and § are simultaneously monicored om a dual-
pen recorder. This arrangement informs the anglyst whether a compound
contains only P or 5, or both, and the P/S ratio (the P-response divided
by the square root of the S-response); iz ipportant infnrmation for con-
firmation of residue identity. The response ratio (x103) ranges from
5.0-3.8 for PS compounds, 2.5-3.4 for PS; cowpounds, and 1.6-2.4 for

PS5 compounds (34). As mentioned earlier, dual operation will not be
practical for snalysis of low amounts of residue barely detectable by

the P-wode of zn FPD optimized for this mode because of the much lower
sensitivity of the S~mode under these conditions.

Errors have been noted (35) in quantitaticns with the FPD in the P-mode
when automatic integration is zpplied. The detector response passed
through a minimm after the solvent peak and then gradually rose to the
baseline without passing through 2 maxinum to stop the integration before
the first pesticide peak. This was overcome by adding a low boiling
organophosphate {e.g., tributyl phosphate) that eluted after the solvent ~
but before the pesticide peak (malathion was studied). The FPD has been

coupled with a capillary GC column for anelysis of OF pesticides (36).
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The FPD has proven to be a versatile, sensitive, selective, and reliable
neang of analyzing not only pesticides and metabolites containing P and
S atoms, but also for compounds such as carbamate insecticides in the
form of derivatives containing these elements. The FPD has advantages
over the normal flame thermionic datactor for routine analysis in terms
of ease of operation, better stability, less maintenance time, inde-
pendence of responsa to gas flow rates, and need for less frequent
injection of standards. Sensitivity of the FPD 1z about one order of
magnitude less for P compounds thau with a fully optimized flame or
flameless thermionic detector. Applications and limitationa of the FPD
in atmospheric analysis have baen reviewed (5).

Varian has developed a new FPD with dual flame design that is reportedly
{37) superior, but it has not yet been carefully evaluated for routine
ragidue analysis., Two hydrogen-air flames are used to separate the
vegions of sample decomposition and emission, so that the upper emission
flame 1s more efficilent, and sensitivity {s improvad comparad to the
single-flame FPD. The major claimed advantage of this construction is

the reduction of the effact of hydrocarbon background quenching of the
light emission from S- or P-compounds, because much of the C-H emission
takes place in the lower oxygen-rich flame, while only the upper hydrogen-
vich flame is viewed by the photomultiplier. Reported selectivities are
10° grams C/gram P and 103 grams - 100 grams C/gram S, and regponse is less
affected by the compound structure because of more complete breakdown into
S9 and HPO species. Up to 200 ¥l of solvent can be injected without
extinguishing the flame, and a pushbutton linearizer for the exact
quadratic response of the S-mode is included.

ELECIROLYTIC CONDUCTIVITY DETECIOR

This detector operates by mixing of the column efflusnt with oxygen or
hydrogen reactant gas, followed by oxidation or reduction in a furmace
containing certain caialysts. In the original Coulsrn detector, ionizable.
spacies emanating from the combustion zone are contacted with deionized
water, and the carriar gas 1s separated from the liquid in a separator.
The conductivity of the water is changed due to the prasence of the
ionized gpacies, and the change 13 measured and displayed on a recorder
in the form of usual GC peaks. Tablae 5~4 shows the various modas of
operation of the Coulson conductivity datector as described by Cochrane,
The conditions and selectivity would be zgimilar for tha Hall datector,
Selectivity and sensitivity in these mpdes ars governed by the furnace
temperaturs, nature and flow rates of the reactant snd carrier gases,
flow rate of water through the cell, and proper choice of catalysts and
scrubbers. Each analyst must optimize his condiricns for the compound
in which he is interested. As a result, the minimum sensitiviry values
reported by different workers for compound classes have variad quite
widely. A general review of the elactrolytic conductivity datecter has
been published (38),

- G;s chromatography with the Hall electrolytic conductivity detector (HECD)
i3 described in Sections 4,C,{1)~(5) of the EPA PAM. Included are discussions
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TABLE 5-4

CONDUCTIVITY DETECTION MODES OF OPERATION - FOULSON CONDUCTIVITY DETECTOR

Mode

Conditions

Selectivity

Sensitivity

cl

Pyrolytie

Hy reduction gas - 856°C -
Ni wire catalyst - Mily formed
and detected as Wi+ ~ He or
Ar carrier gas

empty tube reduction using
¥ gas - HC]1 produced - 600
or 8509C - Ny carrier gas

$~-compounds oxidized to 50;
and 503 io O3 stream in
etipty tube «~ Cl converted to
HCl -~ N, carrier gas — Pt
gauze catalyst may be used -
Furpace temperature

850°¢C

eppty tube pyrolysis
400-600° or 850°C

Sr{OH)s scrubber
removes acldie
products - respondsg
only to N compounds.

responds to Ci and
N-contg. OF insect.
such as diazinon

responds to §; Cl,
and N -~ Ag wire
serubber increases
selectivity with
respect to Cl, bur

at expense of sensi-
tivity and reproduci-
bility —~ Ca0 scrubber
for Sv, has also been
used

responds to H, Cl, S

100 pg N; 100-200 ng subst. ureas,
7-15 ng trlazines; 50-80 ng car-
bamates, 35-50 ng thiol-carbamates;
150 ng paratbion, 25 ng diazinon.

500 pg C1: 6-40 ng Cl insecticides.

1 ng S; 30-2200 ng N compbunds gave
1/2 £sd, depending on Oy fiow,

506 pr S andfor €1, 1 ng N; linear
range 2-1G00 ng S; 6-100 ng S and
Cl pesticides.

From:

Cochrane, W. P., presented at May, 1973 Symposium on Pollutant Analysis, Athens, Ga,: See also

J, Chromatogr., 75, 207 (1973); Int. J. Environ. Anal. Chem., 3, 19% (1974}; and (28).
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of the GC Iinstrument, choice of columns, methods of quantitation and
interpretation, GC data and chromatograms, and a complete descriptiocn
of the principles and details of operation of the various meodas of the
Tracor Model 700 detector. The FDA PAM also contains material on the
Hall detector, in Section 315.

The current commercial versiocn of the Hall detector is shown in Figures
5-0 and 5~P. Figure 3-0 displays the basic components of the 700A de-
tector and conductivity cell, while Figure 5-P shows the appearance

of the commercigl detector. The Model 700A is available only with the
Tracor Model 560 gas chromptograph. /The Model 700 i3 ’similar to the
700A and can be connected to other gas chromatographs. The Model 700A
features precise electrolyte flow regulation, a mleroreactor furnacs,
extremely low dead velume, improved scrubbers, and automatic solveant
vanting. A new differential conductivity cell design combined with a
bipolar pulse cell excitation system provides increasad sensitivity
compared to older models.

A comparison of the Hall and Coulson detectors has been carried out, A4An
approximate 7-fold increased sensitivity was found for the Hall detector
relative to the Coulson detector for niltrogen=-containing pesticides.

Values obtained om 2 4% OV-101/6% OV-210 column -at 205°C were as follows .
(40):

ng for 1/2 fsd

Coulson Hall ~
Atrazine 7 1.1
Bladex 15 1,1
Chloropropham 75 6.0
Diazinon . 25 4.5
Ramrod 50 6.5
Parathion 130 20

The Tracer company reports sensitivities of 40 ng of atrazine (¥N-mode)
and 40 ng atrazine and 20 ng aldrin (Cl-mode) for 30-60% fsd peaks with
<1% £sd background level for the 700/700A detectors under the following
typical operating couditions: 1.8 m x 6.4 mm 3% OV-1 columm, 200°C,
helium carrier 50 ml/minute, hydrogen reaction gas 30 al/minute, 50%
n-propanol in deionized water electrolyte flowing at 0.8 ml/minute,
850°C furnace temperature (41). The improved sensitivity of the Hall,
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Figure 5~0., Cross section of HECD microreactor
and conductivity cell (3%)

Figure 5-P. Tracor Model 700A Hall electrolytic
conductivity detector
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detector is gean by comparisoﬁ of these values with Table 5~4, As
seen in Figure 5-R, experimental detaction levels are often well below
these reported amounts.

Figure 5~R. Chromatogram obtained with the Hall electrolytic
conductivity detector in the Cl-mode (2)
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Uelectivity values are C1/C > 1Q6, N/ >ﬂ105, and S/C'3-105, and

linearity for C1 is 10°-10%, for N 10%, and for S > 104. Figure 5-5
demonstrates the sensitivity and selectivity of the N-mode, while
Figure 5-T ghows the chromatogram of spiked soil extracts (20 grams
5011/40 m! methanol) injected without cleanup. Figure 5-U showa the
sensitivity and selectivity for sulfur detection with the catalytic/
oxidative mode; the pyzolytic/oxidative mode can alsc be used for
S=detection with about one order of magnitude asuperior selactivity.
Figure 5-V shows the S-mode analysis of lettuce extract (acetone)
without cleanup. '
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Figure 5-8,
HECD 7004 selectivity
in the N-mode (39)
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Figure 5-T.
Soil extract (A and B)

with atrazine added, and

{(C) control (39)
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Figure 5-U, HECD response to hydrocarbon and sulfur compounds (39).
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Figure 5=V. Léttuce extract with malathion added (A) and control (B) (39)
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Section 5H

EPA experience has been that detection sensitivity of the Hall detestor
458 lost in some laboratories iIn the snalysis of sample extracts com=
pared to results with standards. Good results have been obtained when
gel permeation chromatographic eleanup of sample exiracts is combined
with the Hall detector. QF=1 or OV-210 fluorinated GC ligquid phases
may not be used with the detector in the ¥ or halogen-modes (52).

The following are some operating characterisiics and mzintenance
imstructions for the Hall detector as outlined by Bayer (43): Cleaning
requirements ave minimized by disconnecting the furnace to cell transfer
line, leaving the furnace on, and turning the pump off at the end of

the day's analyses. Build=-up of carbonaceous residues in the quarts
tupe is alleviated by rumning the furnace at high temperature in the
oxidative mode. BSiliceous deposits resulting from silicon columm

bleed or silyl darivatives can be removed with 10X HF, Alternazively,
the quartz tube can be replaced. Sumall variations in the conductivity
solvent flow raie will change the detector responsae, so the flow rate
should be set tao a constant value each day. The recommended 1-5 ce/minute
hydrogen flow rate through the standard 2 =m id quartz tube 1s very
difficqult to achileve In the reductive mode with the supplied needle
valve, but variations have only minor effects on detecror sensitivity.
The maintenance and cleaning required depend on the type of sawmplies
analyzed. Weekly or more frequent cleaning mey be required if dirty
asamples are commonly analyzed., The procedure, requiring less than one
day, involves disassembling the unit and replacing the quartz tube,
Teflon transfer line, lon-exchange resin, and solvent. The needle valve,
its filter, angd the conductivity cell are cleaned in 2z ultrasenic bach.
Baseline ncise can be caused by alr bubbles or residue trapped in the
conductivity cell end lonic species Iin the solvent. Bubbles are removed

. by rapidly turning the solvent pump off and on. Residues are removed by

3H

disassenbling and cleaning the cell in an ultrasonle bath, and donie
species are minimized by using hiph puriry solvents and water and routinely
changing the ion—-exchange resin, :

OTHER DITECTORS AND DETECTOR COMEIN/TIONS

The sulfur-phosphorus emission detector (SPED) is similer to the FPD
except that fiber optic bundles are used to transmit lighrt from the
flame to the PM tube and that the chemiluminescence of the HPU and

S+ species are monitored at different heights above the flame (the
viewing port for P is 6 mm above the port for 8). This detector has
been evalusted for pesticide analysis with the following results (28):
response was sinilar to the normal FPD (linear in the P-mode, squared
in the S-mede, and quadratic for compounds containing both P and S);
linearity for three standards (Ro-neet, DEPPT, and DEPP) in the P-mode
was 102-103, and the minimum decectable amounts were 5 x 10~ to

2.3 x 1013 g/second.

The photoicnization detector (PID) iz in principle a flame ionization
detector in which the lons are created by UV photons instead of a flame,
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Sensitivity 4is 10 to 50 times greater and the linear dynamic range is
10-100 fold greater than the FID. The PID is gensitive to inorganic
compounds such as NH,;, PH3, and AsHq to which the FID does not respond.
The detector {(44) has a sealed UV source focused directly into the
ionization chamber. The UV energy photoionizes the various compounds
alyting from the GC column but neot the helium carrier gas. Orgatic
compounds with ionization potentials greater than the 10.2 ev energy

of the source, such as C1-C; hydrocarbons including many common pesti-
cide solvents (methanol, methylene chloride, carbon tetrachloride,
acetonitrile), do not respond. The inecressed sensitivity is apparently
due to the increased ionization efficilency of photons compared to a flame
and operation of the PID in an oxygen-free enviromment, thereby aliminating
free—radﬁcal quenching. The linear dynamic radge has been reported as

107 - 10°, and the minimm detection level was <2 pg for benzena. The PID
response to carbon is proportiona;“:o the carbon number as is the FID.
Because it responds to the sample concentration, maximum sensitivity is
obtained at low flow rates (1-10 to 10-100 ml/minute). The maximwm
operating temperature iz 315°C, The nondestructive detection of ng levels
of organophosphorus pesticides has been demonstrated (45).

Principles of the ude and details of the arrangement of multiple detectors
for efficient GC determination and confirmation of pesticides of different
chemical types in g single sample are discussed in Section 320 of the TDA
PAM, and a specific description of the combination of electron capture
and thermionic detectors for simultanecus determination of OCl and OF
presticida residues 13 given in Section 321 of the same manval, When a
combindtion of detectors 1g used, the chosen cleanup procedure wust be
suitable for the least selective of the detectors, enough residue must be
injected to meat the minimum sensitivity of both datectors, and tha nature
- and amount of injected solvent must be compatible with both., Figute F~W
{llustrates the application of dual detectors to facilitate identification
and quantitation of pesticides. The left chromatogram shows the electron
capture response to a mixturs of six N- and/or P-containing pesticides to
which PCBs were added. The six pesticides, the positions of which are
indicated, are obviously overlapped by the PCBs to s degree that makes
analysis very difficult. The right chromatogram shows the selective
respoase of tha N-P detector to the same mixture, with no detection of the
PC3 pesks. 1If the H-P detector were used alone, the presence of the PCRBs
would not be ascertained. Without the N-P detector, the pesticides could
not be properly detarmined. Tharefore, both detectors are useful for this
sample (2).

A GC system with one columm, a three-way effluent splitter, and five
different detectors [electrolytic conductivity (N-mode), FPD (¥ID, 8-, and
P-podes), and electron capture] operating simultanecusly was described
{(46). A computer program for evaluating data from this gystem was later
published. The program calculates retention times relative to two Iatermal
standards as references and peak areas corrected for baseline drift (47).

The mass spectrometer (Section 10L) can be used either as a universal
detector or the ultimate specific detector for gas chromategraphy. For
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the latter purpose, specific ion monitoring at a single mass nmumber or
simultaneous monitoring of several selected characteristic fragment ions
is carried out (48). Limearity of responge generally extends over
several orders of magnitude. Picogram semsitivity has been achieved,
even at high resclution (49). '

Figure 5-W. Analysis of a pesticide mixture in Iscoctane selution to
which a small amount of polychlorinated biphenyl mixture
was added, by gas chromatography with two different de~
tectors, Column: 1.8 m x 2 mm id glass, packed with
3% OV-101 on Gas Chrom Q, 80-100 mesh. Column temperature:
190°C, Sample volume: 1 ul containing each of the six
pesticides In the amount of 5 ng. Peaks: Il~di-syston,
2-methyl parathion, 3-malathion, 4-parathion, S-methyl
trithion, 6-ethion (2). '
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ELECTROMETER AND RECORDER

The electrometer is primarily a device for amplifying the electrical sigmal
from the detector prior to its introduction to the recorder, Units may be
single chamnel, designed to operate with ome detector and recorder, or dual
channel. Customary controls on the electrometer include input and output
attenuators, output polarity, and controls for the recorder zero and
bucking current. Servicing of electrometers is generally a function of

a trained electronic technician or representative of the company manu-
facturing the chromatograph.
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To check elactromaters oun the Tracor MT-220 chromatograph, set attenuators
to the off position and zero the recorder. Set the output attenuator at
x1 and record the baseline, A steady baseline with less than 13 noige
should be obtained.

Recorders may be of single or dual channel design, the latter being
capabls of receiving twe separate voltage signals supplied from the
electrometer to two pans that trace separate chromatograms om opposite
gides of tha same chart paper. Elactronic controla on a recorder
usually consist of a pen zero and a signal gein adjustment. Most
¢hromatographs require a recorder with a full scale sensitivity of 1 nv
and a full scala response of one sacond or less.

Proper adjustment of the recorder gain control is extremely importaut,
Some analysts, upon observing excessive baseline noise, erronecusly
conclude that this should be eliminated by lowering the gain. When the
gain is sat too low, however, the resulting chromatograms appear
"terraced”" with a stepping-stone effect in the baselines. In extreme
cases, peagks have jagged and flat rather than pointed tops., When this
is evident, correction can usually be achieved by advancing the gain
control to a point Just short of pen chatter.

SAMPLE INJECTION AND THE INJECTION PORT
a. On=Colum and Off-Column Injection

Some gas chromatographs have injection ports designed to accommodate
aither on—column or off-columm injection. The former entails insertion
of the syringe needle directly into the glass wool inlet plug of the *
column. For off-column injection, some type of glass or metal insert
is installed in the injection port, emnd injection is made into thia
insert where the sample 1s flash vaporized and swapt iato the column
by carrier gad. In practical operation In a pesticide laboratory
that is injacting 2 heavy volume of biologlcal extracts, off=~cclumm
injection through a glass insert is preferable. A significant amount
of extraneous material that would otherwise be injected directly into the
column is trapped by the insert. If your chromatograph doas not provide
the option of aoff-column injection, it is mandatory to frequantly change
the glass wool inlet plug, The frequency of change is detarmined by
daily monitoring of the extent of p,p'-DDT conversion (see 4F of Sectionm 4),
The plug is changed when the combined areas of the breakdown peaks (DDE
and/or DDD) exceeds 3 or 4% of the sum of the areas of the p,p'-DDT
and the breakdowm peaks.

At earlier discussion of some problems asscciated with injection of
unclean samples and maintenance of the injection sleeve was presented in
Subsection 4F. Glazs injection sleeves are cleaned in chromic acid
cleaning solution, rinsed with water and acetone, and dried. A final
silanization treatment of the clean injaction slaeve with Supelceo's
Sylon~CT has also provided a dramatic solution to p,p'~DDT and endrim
breakdown problems. The label instructions were followed.
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There are known ilnstances where changing the insert, glass wool plug, and
even the firast 1/2 inch of packing have not diminished conversion of DDT
resulting from massive injections of unclesned samples without proper
on~going maintenance. TFinal correction required disassembly of the entire
injection port and wire brush cleacing of sll metal parts to remove
encrusted f£ilth. Following this, each part was further cleaned in an
ulirasonic cleaner in alcohol KOH and finally acetone rinsed. Some
analysts recommend the use of a smell plug of quartz wool in the exit

end of the injection insert to act as a further trap for extraneous
contaminants,

b. Septa

A large number of different types of septa are avallable commercizlly
including inexpensive silicone rubber desigped for low tempersture,
routine GC; high temperatune silicone rubber; and expensive, layered or
sandwich types. Catalogs of the different suppliers should be consulted
for the specifications of the available products,

The septum chosen for resgidue analysis should not produce significant
bleed (ghost peaks) -that can affect identification of guantitation of
residues under the conditions used for gas chromatography. Bleed
generally Iingreases gs the inlet temperature increases and dimlnishes
with the length of time the septum has been installed. A leaking septum
: " may cause a number of problems, including baseline drift, loss of sensi-
tivity or erratic sensitiviey, increase in peak retentlon times because
of loss of carrier gag, or colum deterioration due to entering air.

Septum leaks can be caused by loss of elasticlty as a function of tempera-
ture and time of use, injection with a large diameter or damaged (bent

or burred) syringe needle, or iucerrect teusion of the geptum nut., It is
preferable to change the septum before a leak develops to pravent the
production of incorrect analytical results. Change might be made on at
least a daily basis if the instrument receives heavy use.

Replacement at the end of the working dey is convenient since this will
aliow the septum to condition during the night and be ready for use the
next morning. A needle guide onvthe syringe or an injection port with a
small diameter hole can prolong the life of the septum by causing the needle
- to penetrate the septum at the same point, thereby minimizing coring and
tearing of the septum. A& needle guide alsc helps %o maintaln the - .
integrity of the needle itself. Overtightening of the septum nut will
tend to extrude rhe septum and increase the amount of septum bleed.
Undertightening can reduce the ability of the septum to seal.

The septs in widest use for residue analyses are the high temperature
gilicone rubber septe such as blue BT (Applied Scienmce), white HT (Alltech
+Associates), Thermogreen LB-1 (Supelco); perflucrcelastomer type (Pyrosep,
Supelco); and layered septa with Teflon or polyimide faces that are
placed against the injection port (LC Company). In one comparative

study (50), the blue ET tested best for high temperature use and long
life, After baking at 300°C in an unused injection port overnight
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(15 hours), this septum gave good service for 50 injections using a
26-gauge needle, without leaking or producing ghost peaks., The Teflom
faced septum did not produce ghost peaks initially but did blaeed after
a few injections had ruptured the face and expesed the silicone rubber.
giter puncturing, the Teflon septum performed more poorly than the blue

Ia another comparative study (51), the rubbery Teflon perfluoroelastomer
septum gave the least bleed of all septa tested, including silicone
rubber and Teflon-faced septa. Reports from another laboratory indicate
thaet polyimide-faced septa ave superior to those that are Teflon coated
in terms of blead at high temperature, but that the unlayered high
temperature rubber type is still pt?garehla.

The method of septum preconditioning depends upon the temperature to be
employed. For use below 250°C, rinmsing with acetone, wiping with a
Rimwipe tissue, and air drying may be sufficient for HT silicone rubber
septa. For higher temperature use, overnight baking at 300°C (50) will
probably be required. Each laboratory should evaluate its septa (see
belew), and precondition and replace them as required for ita applications.
Septa should never be handled with the fingers, but rather with a2 tissue
or clean forceps.

Although different laboratories have individual methods for changing a
septun, the following considerations are appropriate. It is undesirable
to expose a GC column to air while it is heot. This can cause oxidation
of the stationary phase and column deterioration. Also, quick removal

of the septum nut while the carrier gasz is flowing (column under prassurs)
can cause the column packing to shift or be blowm from the c¢olumm. To
avoid these problems while changing the septum, reduce the coluzm tempera-
ture and shut off the carrier gas flow when the column is cocl. When the
gas flow has ceased, remove the nut and insert the new septum. Resume

the carrier gas flow, allow the column to £lush for a few minutes, and
reheat the column.

The folliowing procedura allows evaluatiom of septa for high temperature
applications: place a clean metal disc in the injection-port nut and
install a short (e.g., 46 cm) nonpolar columm such as Dexsil 300 on

80-100 mesh Chrowosorb W-HP in the gas chromatograph. Hsat the injection
port to 300°C (or the temperature of intereat), set the attenuator to -

a sensitive setting, and program the oven at 209C/minute from 50°9C to

the maximum temperature of the column. WNo peaks should be detected. If
the instrument has a septum purge, turn this off. Cool the oven to 50°C
and replace the dise with the septum to be tasted. Wait 10 minutes and
then temperature program the columm as sbove. If peaks are produced, a
preconditioning step such as baking must be used to eliminate volatiles
from the septum. Perform this preconditioning on the septum and reevaluate
it.
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c. Tnjection Techniques
(1) Handling the Syringe

When a sample is injected into the chromatograph, it is essential
© that it be entirely vaporized without loss, Injections are usually pade
using a 10 ul syringe for the electron capture, thermionic, and FPD de~-
tectors or a larger capaclty if required for other less sensitive de-
tectors {a.g., microcoulometric), Automatiec injection devices are
available for use with some chromatographs and detectors. (See Sectiom
50k).

Samples are injected from a microliter syringe by inserting the needle
through the geptum as far as possible, depressing the plunger with the
thumb er finger, then immediately withdrawing the needle (keepding the
plunger depresged) as rapldly and smoothly as possible. Some analysts
prefer a delay of 1-2 or up to 5=-10 seconds before withdrawal of the
needle. When initially filling the syringe, air is expelled by repeatedly
drawing liquid in end rapidly expelling it with the needle rip still
under the liquid surface. The volume of sample to be injected is exactly
edjusted by drawing up a couple of pl more than necessary into the barvrel.
Hold the syringe vertically with the needle pointing up, put the needle
through a tissue to absorb expelled liquid, and push the plunger until ic
reads the degired value. The excess ailr should now have been ewpelled.

There should be no delay between filling and injection of the sample,
After injection, the syringe is rinsed clean by filling with and expelling
5 portions of ethyl acetate or acetone, and the syringe is pre-rinsed with
the next sample to be Injected in the same manner. Be sure to follow
carefully all manufacturer's suggestions for proper use of each particular
syringe.

When a sapple 1s injected in this normal manner from & 10 pl syringe, the
needle will retain ca 0.2-0.3 ul of sample. It is usuelly safe to ignore
this volume since standards are injected for comparison,” and the errors
due to retalned volumes will cancel out if equal volumes are used and
concentration differences are negligible, Alternatiwvely, the syringe may .
be filled by drawing the entire sample into the barrel, noting the final
volume by reading each end of the columm of liquid. After inleetion,

the plunger is pulled back and the small volume of retained solvent now

in the gvringe barrel is read and applied ag a ecorrvection. This will
correct for nonreproducible injection technique but not, however, for

the error encountered if the retained volume has a composition different
from the original gawple, as would happen 1f nonuniform distillation had
occurred in the needle, Then the remsining liquid would be richer in high
boiling sample components.

This can be overcome by using the solvent flugh injection technique, the

most reliable and reproducible method asvailsble. About 2 ul of solvent
is fivst drawn inte the syringe followad by a 1-2 pl air pocket and then

~184~



Saction 5J

the required volume of sample. The sample is brought completely into the
barrel so its volume can be read. On injection, the £fIlush solvent behind
the sample ensures injection of the entire sample without loss due to
hang-up. Whatever method the analyst chooses to employ, he must be as
consistent as possible in his injections of standards and sample. It is
critical that the solvent chosen for injection of the sample completely
dissolves the residues of intsrest, and the same suitable solvent should
be drawn first into the syringe for tha flush technique. The suitabilficy
of the solvent should ba verified by obtaining reproducible peaks from
repeasted Injections of a sample dissolved in the solvent [see Subsection
5Je(3)].

It is good practice to reserve one 'syringe cnly for alectrom capture work.
If a series of concentration lavels is to be injected, the more highly
concentrated solutions should be injected last. If the complete freedom
of a presumably clean syringe from pesticide traces is suspect, puxe
solvent should be injected and any peaks would indicate contamination

- and need for further cleaning, Dirty syringes plungers and needles should
be wiped with lint-free wipers dipped in an appropriate solvent {e.g.,
ethyl acetate), and the barrel should be cleaned by drawing solvent
through the neadle and ¢ut the top with a vacuum.

(2) Preferred Volume Range

Injection of 1-3 yl samples from a 10 ul syringe is not
-recommended because of the large increase in error probability Tesulting
from these swall volumes. For example, & typical absolute injection erroer
of 0,2 1l in a 1.0 ul injection would produce a %f%yx 100 = 20% relative
error, while the same 0.2 ul error in a 5 ul injection volume reduces the
relative error to a tolerabla 4Z level., The analyst is strongly urged to
inject volumes between 3 and § ul (5-8 1l optimum) from a 10 ul syringe
for analyses with aelectron capture detectors. A syringe filled close to
capacity is more difficult to mamipulate, Proper dilution of standards
and samples will provide on-scale peaks upcon injection of optimum volumes.
Standard and sample sclutions are prepared so that peaks of approximately
the same area are produced (Subsection 50). With use of proper tachniques,
a capable analyst should be able to raproduce a series of 3~8 ul injections
to within 1-52 of average peak area or height when response is ca 1/2 fad.

The praceding paragraph deacribes the conventional wisdom concerning normal
use of a commen 10 ul GC syringe. Data have been prasented, however,
leading to recommended wvolumes between 2-4 yl, Below 2 ul, the ervor of
injection increased above the *4-5% range. Reproducibility decreased for
samples greater than 4 pl, supposedly due to the difficulty in quantita-
tively transferring the total velume from the syringe because the pisten
sealed poorly and allowed the liquid to be forced back or leak through

the back of the syringe (52). '
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{3) Injection Sclvent

The choice of injection solvent hag been shown to affect quantita-
tion eof polar organophosphorus pesticides. Hexane solution aligquots con-
taining 4 ng of dimethoate and 8 ng of f-phosphamidon gave GC peak heights
ouly 647 and A3%, respectively, of those from corresponding aliquots of
acetone solutions. The low values with hexane apparently were caused by
adsorption of the compounds in the syringe needle (53). This error was
overcome by using acetone as the flushing solvent in the solvent flush
injection technique [Subsection (1) aboval or, prefarably, using acetone
to prepare all standard and sample GC solutions. Since this selvent
effect is probably a general occurrence in the analysis of polar pesti~
cides and metabolites, careful consideration should always be given to the
choice of an appropriate GC solvent. Othar workers have also recognized
that the injection solvent can affect the precision and sccuracy of GC
analyses (54). ' :

d. Capillary Colums

An inlet system_for.nse with'glass capillary columns in trace analysis

"has been described by Spencer (55). The system has 2 combination splitter

and splitless design, the latter beilng most useful for trace pesticide
snalysis. In the splitless mode, microliter samples can be directly in-~
jected and the inlet backflushed to purge residual solvent from the
vapoerilization chamber after the sample has entered the column. Relatively
lar e samples can be injected without overloading the system and causing

" band spreading.

5K

ERRATIC BASELINES

If all modules of the GC system ars functloning properly, baseline noipe
should be below 17 f£sd. When noise exceeds this level with the electron
capture detector, a2ll analytical work should be suspended until the

cause is isolated and corrections made. A poorly regulated current supply
or column liguid phase bleed can cause an erratic baseline. The slightest
leak anywhere in the flow system may permit the entry of alr and can be
another czuse of & noisy beseline., The most common points of leakage

are probably septa thet are not changed cften enough or loose eolumm
connections.

Currently, three tvpes of ferrules are most highly recommended for glass
culumn pesticide work, and the choice appears to be mostly a matter of
personal preference. Teflon, graphite, and Vespel polyimide-graphite-
combination ferrules are all available in one piece design for use with-
out a metal back ferrule or O-rings. Reducing ferrules for use without
metzl reducing unious and capillary ferrules are also available.
Temperature limits are 250°C for Teflon, 450°C for graphite, and 350°C
for Vespel. The three types of ferrules are reusezble at least several
times if carefully removed from old columns.
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Overtightening of farrules causes deformation and limits the possibility
of reuse. Expensiva and valuable glass columns can also be broken. Under-
tightaning of ferrules causes leaking and possibly allows tha column to

be .pushed out and broken when it is subjected to increased back pressure,
Most analysts eventually develop a feel for the correct farrule torque,

A typical procedure is to tighten the Swagelok fitting until finger

tight and then a 1/4 te 1/2 turn with 2 wrench until leak tight. More
precisze tightening without column breakage is facilitated by use of a
commercial torque wrench (available froem, e.g., Supeleo) that allows only
the correct amount of force to be applied to each type of ferrule before
slipping. The need for further tightening of comnections should be
chacked by opening the oven afrer the initial overnight heating period of .
the colusm. . :

The column should be pushed into the fitting and them pulled Back 1/16 inch
before the ferrule is tightened. Betause of different construction
materiasls, the instructions supplied with each type of ferrule should be
consulted bafore applying torque to obtain a leak-free comnection. The
threads on the Iinstrument must be in good condition to allow the nut to be
properly tightened, so a rethread davice should be periodically used to
clean the injector and detector fitting threads. Leaking ferrules are
located by use of a ligquid leak detector arcund the top of the conmecting
nuts or by monitoring pressure readings of the head pressure gauge. .

When temperature programming is employed to facilitate complex separatioms,
dual column GC operation will compensate for the baseline of the apalytical
column. The dual columne contain the same liquid phase but need not be

the same lemgth. To set up the desired baseline, the recorder and de-’
tactor are first zeroed. The columms are then heated to the upper -
tamperature limit of the program where the bleed from the columns will be
greatest. The resultant baseline is adjusted to the desired baseline by
varying the flow rate of the balancing columu. Another approach for "high
bleed" analytical columns is to place a short, "low bleed" serubber columm
(e.g., a low loaded silicone) at the analytical -olumn exit.

RECOMMENDED GC COLUMNS FOR PESTICIDE AMALYSIS
a. Column Selection

A number of important factors must be considered fn the cholcee of a
column or combination of columns most suitable for a particular laboratory. .
Some of thaese factors are the following:

(1) The salected columns should be capable of separating the largest
number of pesticides of interest with 2 minimum mmber of overlapping
peaks. TFor .example, 10% DC-200 or 3% OV-1l non-polar methyl silicone
colums zre of limited value to the analyst determining the mors common
chtorinated insecticides in envirommental or animal samples. Partially
or completely overlapping peaks are obtained for several pesticides
generally detected in these sample substrates, e.g., p,p'-DDE and dieldrin
0,p"'-DDT and p,p'-DDD, and the isomers of BHC (Figure 5-X, part 4).
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(2) A high efficiency columm is desirable if injected extracts
contzin extraneous materials and detection of low pesticide concentrations
is required. This will provide sharper separation between the peaks of
Interest and extraneous peaks of biological origin. .

(3) Retention time or elution speed may be 2 primary consideration
i1f the analyst is concermed only with quantitation of certain, specific
pesticides, TFor example, in a project where the sele interest is to
routinely determine residues of a late~eluting pesticide such as
methoxychlor, the column selection and operating parameters would be
tailered to elute methoxychlor in a2 minimal time period consistent with
its separation from any extraneous peaks.

(4) Pairs of working columns should be selected to be of dissimilar
polarity and therefore provide different elution patterns ("fingerprints')
{(Subsection SN).

(5) Shorter columms may be adequate for chromstography of certain,
late~eluting pesticides, but for pultiresidue analysis of unknown samples,
a 6~foot colum fg recommended to obtain optimum efficiency and peak
resolution. . : '

b, Phases Used in the EPA Laboratory Network

After & careful comparative study of many GC columpns with the above
factors in mind, the four liquid phases listed in Table 5-5 were chosen
as working and confirmatory columns for the youtine analysis of. organo-
chlorine insecticides in human tissues. These c¢olumns will efficiently
separate the principal compounds of interest (DDT, DDD, DDE, BHC igomers,
heptachlor epoxide, and dieldrin) in a reasonable time, have low bleed,
and give long service when properly prepared, used, and maintained, as
dezcribed in Sedtion 4 of this Manual., They have also proven to be
excellent columns for gemeral use in the determination of many pesticide
classes in various substrates., The SE-30/0V-210 and OV-210 columns are
especially recommended for separation of organophosphorus pesticides to
be detected with the FPD.

Each of these phases has its own peak elution pattern for the compounds

of a given mixture. An efficient column of the mixed phase OV-17 (phenyl
methyl silicome) with QF-1 or OV-210 (trifluoro propyl methyl silicone}
geparates all usual tissue peaks completely except for a ca 75% separation
between p,p'-DDE and dieldrin, Higher load mixtures must be aperated at
very high temperature and carrier gas flow velocity to avoild slow elution
and are not recommended. The SE-30 methyl silicone/0V-~210 column gives

no separatiocn between lindane and B-BHC but good separation between
dieldzin and p,p'-DDE on an efficient column. ’

.The single phase OV-210 gives a full separation of the common BEC isomers,
but only fzir separation between the compound pairs of heptachlor,
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Table 5-5

RECOMMENDED LIOUID PHASES FOR PESTICIDE ANALYSIS

Phase

1.5% ov-17/ 3/
1.95% 0v-210

4% SE-30/ */
* 6% OV-210

5% OV-210

3X BEGS

hd}

Solid Support

Approx, Operating
T, °C

Approx. Flow Rate,
ml/min,

Chromosorh W, H.P.
or Gas--Chrom Q,
100/120 mesh

200

50-70

4

N

Chromosorb W, H,P,
or Gas—-Chrom 0,
80/100 mesh

200

70-90

Chromosorb W, H.P.
or Gas-Chrom Q,
IOOfLZG“mesh

-

180

45-60

Individwal liquid phases premixed prior to coating on silanizéd support

Gas~Chrom P
80/100 mesh

195 .

70-50
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Section 5L

epoxide/p,p'=DDE and p,p'~DDD/p,p’'-DDT. The single polyester phase DEGS
glves excellent separations of BHC isomers, complete peal separations of
all compounds usually in tissues, and an unusual pesk .sequence (R-BHC
after o,p'-DDT and p,p'-DDT before p,p'~DDD) that makes it useful for
confirmation of peak identities. The DEGS colurm, however, bleesds and
degrades easily and has a zelatively short colummn life., It is, there-
fore, not recommended as 2 routine working column, but only as a special
putpose identification tool. An excellent palring of columns for
analysis and confirmation of residues in samples containing OCl pesticides
and PCBs 13 either of the mixed phasee in Table 5-5 and the OV-210 colummn.
Unfortunately, pairing these columms entails GC rumsg at 200 aad 180°9¢C

and necessitates either two gas chromatographs or ome instrument with

a change of column temperature and a2 rerun of sample extracts and
standards. TFor example, 1,57 OV-17/1.953% OV=-210 separates oxychlordane
from Aroclor 1254, while OV-210 resclves Arcclor 1254 frem p,p '-DDT,
heptachlor epoxide and trans-nonachlor. This pair is, therefore, an
excelisnt cholce for analysis of samples containing oxychlordane and
p,p'-DDT, among other OCl insecticides, plus PCBs.

Chromatograms of standard chlorinated pesticide mixtures on these columns
and a single phase monpolar DC-200 ¢olumn are chown in Figure 5-X.
Relative retention times of over 60 chlorinated and phosphate pesticides
on OV-l?/QF—l*, SE-30/0V-210, and OV-210 columns between 170 and 204°C
are listed in Subsection 4,A,(6) of the EPA PAM. Use of temperatures
other than those listed in the tables in the EPA PAM (preferably the
temperatures indicated with an arrow) ls not recommended because of the
greater difficulty in comparing experimental RRT values to the tables,

Carbowax 20M modified supports (Seetien 4J) have been used successfully
for pesticide separations, either directly or after coating with a2
liquid phase, Tha columne have been uysed with electron ¢apture, Hall,
and ¥-P detectors. Retention data and chromatograms are presented for
a variety of pesticide clagses in Sections 4,4,(7): &4,C,(5); 4,D; and
12,4 of the EPA PAM, i

¢. Other Pesticide Columms

Many other phases besides those recommended in Subsection b are
available commercially. Some of these may be entirely sarisfactory
for residue analysis while others are outdated or unsatisfactory for
the task. As suggestad in Subsection =, s wide range of factors must
be considered in making the column selection, and a ‘tolym or columns
wholly suitable for cne laboratory may be complataly unguited to the
typical work of another.

In the early years of GC analysis, only single, nonpolar phases were
utilized for the separstion of the nonpolar pesticides then lmportant,

- .
equivalent o OV-210
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Section 5L

and a survey of the literature indicates that these are still widely

used today. However, mixed phase columns that combine peclar and nonpolar.
liquids in varying degrees and newer single phases with varying polarities
{the OV series) have become increasingly important as the range of pesti-
cide types has drastically grown. Some of the more widely used additional
phases include nonpolar S52-30, DC-200, DC~ll, and Apiezon L; intermediate
polarity QF-1, OV-17, XE~60, Reoplex 400, and DC-550; and polar Carbowax
20M, Versamid 900, NPGS, butanediol succinare, and NPGA. Common suppor:s
besides Caromosorb W or Gas-Chrom P include Gas Chrom Q, Anzkrom Q or

ABS, Supelcoport, and Diatoport S. In a particular amalytical situation,
any one of these or some other column might possibly be equal or even
superior to one of those recommended previously.

The U.S. FDA continues to recommend 107 DC-200 and 15% QF-1/10% DC-200
" golumns at 200°C with a carrier flow of 12¢ ml/minute in their multi~
residuz determinative methods for foods (FDA Pesticide Analytical
Manual, Chapter 3), even though other lower-bleed liquid phases used
with lower loading and slower flow rates provide greater response and
resolution., Relative reteuntion data for over 300 compounds are listed
in an appendix of the FDA PAM, arranged according to both FDA standard
number and to retention on DC-200. Also listed are sensitiviry data for
the electron capture and thermionic detectors, eluates for Fleorisil
cleanup columns, and recovery through FDA fatty and nonfatty food methods
(see Section 9Ab of this Manual).

FDA's primary mission is that of testing for compliance with established
tolerznce, generally expressed In terms of parts per million {ppm}. In
view of these relatively high concentration levels, the use of highly
responsive and afficient columms is not as critical as in the case of
laboratories testinr in the ppb and ppt range. Chapter 3 of the FDA
PAM zlso contains extensive data on columms containing 2% DEGS {200°C,

60 m!/minute), 15% QF-1/5%7 DC~710 (2:1) (200°C, 100-200 ml/minute),

15% ov-210 (190°C, 80 ml/minute), and 10% OV-101 (200°C, 120 ml{minute).
Other recommended liquid phases include SP-2100 (silicone), SF-2401

(50% triflucropropyl substituted silicone, similar to QF-1 and 0V-210),
HI-EFF-13P (similar to DEGS), and OV-Ll (357 phenyl substituted silicone,
similar to 50% phenyl substituted silicona DC-710).

The Canadian Department of National Health and Welfare (56) specifies
1.8 m % 6.4 mm columns of the following single phases coated at a 37
level on Chromosorb W, AW, or HP for their multiresidue monitoring pro-
cedures: OV-l (nonpelar), OV-17 (slightly polar), OV~-225 (medium polar),
ethylene glycol adipate (polar), and DEGS (very polar). The relative
polarities were calculated from McReynelds constants (57)., The 4%
SE-30/6% QF-1 mixed phase is also recommended. A particular phase is
chosen accerding to the polarity of the pesticide(s) of interest,
Relative retention times are listed (58) for over 100 pesticides on
QV-1, OV-210 (intermediate polarity), DEGS, and mixed phase columns.

The nixed phases OV~1/0V-17, OV-210/0V-17, OV~225/0V-17, OV-1/0V-25,
OV=-210/0V~25, and 0V-225/0V-25 have been recommended for separation of

+
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Saction 5L

organochlorine insecticides, and tables of relative retentions were given
for 14 compounds (59}, A columm packed with three silicone stationary
phases, namely 2,5% OV~1il + 17 QF~1 + 0.5% XE-60 (phases premixed and
pan coatad on Chromosorb W HP), was shown to resolve a l4-component

OCl ingecticide mixture in less than 19 minutes; retention data were
comparad to other common pesticide columms (60). Other extensive
compilations of pesticide relative retentlon data appear in References
(61-63),

Comparison of the separating characteristics of different GC phases and
. salection of new, higher purity, and more stable phases to replace older
ones are facilitated by tabulationd of McReymolds Constants., These data
rate liquid phases according to polarity and selectivity and allow pre-
diction of similarities and differences in the ability of different
columns to produce a given separation (64).

d. Capillary Columns (see Section 4M)

In additlon to the packed GC columns already discussed in this subsection
5L, the use of capillary columns is growing rapidly In analytical situa-
tions whers high resolving power is required. The advantage of capillary
column GG in separating components of complex mixtures such as toxaphene
and PCBs is obvious if the chromatograms i{n Figure 5-Y are compared,
However, a mass spectrometer (Section 10L) is necessary 1if this improved
resolution is to be fully exploited for "real-world" samples,

.
The more common glass capillary columm is the wall“coated open tubular
type (WCOT), where the liquid phase is distributed as a thin film on the
inside wall surface without employing any support. Columns are generally
25, 50, or 100 meters in length x 0.25~0,75 mm id. The smallest diameter
glves the beat efficiemcy but lower sample capacitiaes (typically 1-50 ng
Per component). Becausa of the low sample capacity, injection is often
accomplished by an injector-splitter where typically 1 ul is injected,
0.01 yl enters the capiliary column, and 0,99 pul is vented. Sample
gplitting is not genetrally employed in trace analyses. Carvier gas flow
through such columns is ¢a 1 ml/minute, and a make—up gas system i3 ra-
quired to sweep any void volumes and optimize detector flows. The major
advantage of capillary columms is the high total number of theoretical
plates obtainable (platas per meter length sre comparable with packed
columns) with these long, high permeabilicy (low back pressure), open
tubesd, leading to tremendous separation efficiency for complex environ=-
mental samples. The thin liquid £ilm thicknesa providesa fast analysis
times, often at relatively low temperatures, and sharp peaks. To maintain
efficiency, it is of utmost importance to have a cleaan-cut, blunt colwm
end and a butt~to-butt comnection to the inlet splitter tip assembly.
Heat shrinkabla Taflon can provide an assentially zero dead volume sgal
at this point and at the datactor connection.
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Figure 5-Y

Comparison of capillary column and packed columm gas chromatographic separation of toxaphene
and Aroclor 1254. (A) Toxapheme on a glass SCOT column, 60 m x 0.5 mm 1d; {B) Toxaphene on a
37 0vV-1 packed column, 1.8 m x 4-mm id; (C) Aroclor 1254 on same SCOT columm as A; (D) Aroclor 1234
on a 1,5% 0V-17/1.95% OV-210 packed column, 1.8 m % 4-vea 4d, (A) and (C) are total ion current

chromatograms,
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Section 5L

Alse used are support-coatad open tubular (SCOT) columms, whare a layer
of support (e.g., Celite) 13 adsorbed on the tubing wall and a liquid
phase is adsorbed on the support., $SCOT columms have inereasaed capacity,
wider tubing {(ca 0.02 inches), and faster flow rates (4-10 ml/minute),
and dead-volume connections are legs eritical than in a2 WCOT column.
Sample spliting i3 often used but not raquired (sample normally

<0.5 ul). Capillary columns are expensive and require good technique
and instrumentation, but thay are inmvaluable for separations requiring
2 large number of theoretical plates, Figure S-Z shows a separation

of 30 pg levels of chlorinated insecticide standards on a commercizlly
coated glass capillary column {Supelco).

See Reference (63) for a review of capil;gry GC. Capillary columms

have been mostly used in pesticide anmalydis for the GC-MS identification
of PCBs and chlorinated pesticides (Section 10L). Retention data were
reported for 60 organophosphorus pesticides and for 27 chlore-, bromo-,
and nitrophencls on SE-30 capillary columms (36). The combination of

. an OV-=101 capillary colum with a pulsed mode EC detector was evaluated
for quantitation of lindane, and a minimm detectable amount of 1 pg

and lipear response to 2.4 ng were found (66).

Figure 5~Z. Capillary c¢columm chromatogram of OCl pesticides. Colum:
SE-54, 30 m, Column temperature: 2 minutes inirial
hold, 200°C to 270°C @ 8°C/minute, final hold @ 270°C.
Linear velocity: 42 cm/second, hydrogen. Detecgtor:
elactron capture, Attenuation: 128. Range: 1.

Sample size: 0.1 ul., Split ratio: 67:1. Sample
weight: 30 pg each. ‘ -
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Sixty meter wall coated SE-3Q columms have been used for the routine
analysis of low= and sub-picogram levels of orzanochlorine pesticides
in river and drinking water. The high resolution allowed analysis of
extracts without prior colummn liquid chromatography cleanup. Over a
three month period, 60 mixed standards and 220 sample extracts were
injected into one column without a loss in column efficieney (67).
Organophosphorus pesticide and metabolite residues in spinach extracts
were Separated on a 25 m % 0.3 mm colum with diethylene glycoladipate
(68). - s-Triazine residue mixtures in environmental samples were separa=-
rated and determined more successfully on a Carbowex 20M capillary
column than on packed columms. The detection limit wag 50-70 pg with
an alkalt flame ionization detector (69).

SENSITIVITY OF THE GC SYSTEM

For anzlysis of pesticides in envirommental media, concentration of
regidues is commonly in the ppb or ppt range., High sensitivity of

GC detection is, therefore, an obvious requirement. This is not usually
so important a factor in a laboratory primarlly oriented ro enforcement
of statutery tolerance levels in agricultural commodities or foodstuffs,
since tolerance levels are usually set in the ppm range. For analyses.
of environmental media, the varilous electrical, gas flow, and tempera-
ture parameters must be optimized to produce & peak st least 20-50%

full scale deflection (fsd) (with minimal baseline noise) from injection
of 50 pg aldrin on one of the four recommended colums (Subsection 51)
connectad to an alectron capture detector. Other sensitivities

(1/2 £sd) should be approximately as follows: 0,5-1.0 ng ethyl parathion
for the FPD (P Model), 25 ng diazinon and 35 ng parathion for the Coulson
conductivity detactor (N Mode).

. The foregoing subsections survey sensitivities reported for the other

pesticide GC detectors. When adjusting parameters to achieve optimum
response, it should be recalled that signal to noise ratio is a more
weaningful definition of sensitivity chian is peak height alone. It
has been found in many instances that a2 significant improvement in
sensitivicy (and concurrently in column efficlency) can be achieved
by simply lowering the carrier gas flow rate.

A sample extract volume of 10 ml from a 5 gram sample contains the tissue
equivaient of 0.5 mg/ul, A 5 ul injection of this extract (2.5 mg of
gsample) into an electron capture detector should easily produce guanti-
fiable peaks at pasticide concentrations of at least 0.1 ppm provided
sensitivity is adequate and attenuation is appropriately adjusted. The
high sensitivity capability of the chromatograph should be utilized by
optimization of parameters to permit operation at low output attenuation.
It is pvor practice to operate the electrometer at high attenuarions

(10 % 32 or 10 % 64 on the Tracor MI-220) while adjusting standard and
sample concentrations to fit this attenuation range. With a new detector
foll, high attenuation may be necessary, but in general this practilce,
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although giving chromatograms with a stable baseline, requires injections
of relatively high sample concentrations te produce quantifiable peaks.
This leads to more rapid contaminstion of the column and detector than
would result from injection of less sample material, a2 consideration

that is particularly important when injecting the 15X ether-petrolewm
ather Florisil columm eluate from a fat sample (Subsection 94). 1If the
instrument is functioning properly, it should be possible to have a

nolse level not exceeding 27 full scale at a low signal attenuation

(10 x 8§ or 10 x 16).

It is important to distinguish between the terms sensitivity and limit

of detection. Sensitivity is the amount of compound necessary to obtain

a certain response from an instrument under a given set of instrument
parapeters. At maximum useable eensitivity, the response {e.g., paak
height) for the compound should be dt least twice the response value
of the noige (70). Sensitivity can be expressad as the absolute amount
of compound providing the defined response or in relative terms, such

as peak height or area for a given waight of compound. Limit of de~

tection iz the concentration of pesticide above which a given sample of
material can be said, with & high degree of confidence, to contain the
chemical being analyzed by a definite, complete analytical procedura

(71}, The value depends upon the pesticide and the substrate and is

axpressed in relative units such as ppm or ppb (see also Section 5B).

QUALITATIVE ANALYSIS

In analyzing a sample extract, the first step, after appropriate cleanup

. and concentration, is toc run a preliminary chromatogram. Assuming the
- . chromatography system 13 operating under the type of control already

discuased {e.g., the actual column temperature is known from the RRT,
p,2'-DRT), relative retention data can be related-to tables [EPA PAM,
Subsection 4,4,(6)] for the particular columm and temperature to make
tentative peak identifications. If data indjicate one or more probable
pesticide peaks, proper standard mixtures are selected and quantitation
is carried out as described in Subsection 50. Confirmation of peak
identity is obtained by chromatography on alternate columms and/or an
alternate gelective detector, or by another chromatographic (e.g,, TLC)
or non~chromatographic procedure (Section 10). In order that some com—
pounds are not missed, it is obviously important to allow the chromatogram
to run for a sufficlent-time for all possible pesticide peaks to elute
and be datected. .

Both absoluts and relative retentions have been used for qualitative
analysis of pesticides. Abaolute retention is the actual time between
the injection of the sample and the elution of the peak. On a chromato-
gram, the measurement 1s usually made in millimeters between the
injection point or the front of the solvent peak to the maximum of the
peak of interast {distance x, Figure 4=C, Section 4). Conversion of
retention to minutes is easily made 1if the chart speed is known., With
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detectors such as the microcoulometer that do not respond to the solvent,
the injection point must be manuzlly or electrically marked to serve as
a reference point, and this mist be done with accuracy.

Ralative retention ratio is the ratio of the absolute retention of the
compounid of interest to that of a reference compound, most commoenly
aldrin or athyl parsthion. For peaks that elute before the rveference,
the relative retention time will be less than 1.0; for those that elute
after the reference, the relative retention time will be greater than
1.0. VWhen reporting vrelative retention data, the absolute vetention time
and relevant instrumental parameters should be given,

The relative retention ratio is far more repzroducible than the absolute
retention vglue since only the column temperature will influence the

former. Absolute retentions can vary slightly from day to day or even

from hour to hour, The reference pesticide may be chromatographed just
before or just after the sample, or it can be added to the sample so

. that 1ts pezk will appear on the same chromatogram. This latter appreach -
is preferred if the sample 12 known to contain ne compounds producing a
peak with the same retention time as the added reference compound, In
addition to relative retention, peak geometry (shape) is often an additiomal
ugseful aid in comparison of sample and standard chromatograms.

Although confirmation will be treated in detail in Section 10, some
comments pertaining to compound identification will be mrde here. The
. most commen single factor in failure to properly identify a pesticide
48 the use of only ona GC column., It 1s impossible to be sure a given
column has separated -all pesticides praesent in an unknown mixture, and
if this does occur it is the result of an extreme case of good luck.
Reliance on a single column is totally unseceptable and will usually
lead to worthless analytical data, both qualitative and quantitative.
If two columns are to ba used, they should be judiciously chosen to be
" entirely different in their elution patterns. Complementary pairs of
columms include OV-17/QF~1 with QV-210, and SE-30 with DEGS.

Elgar (72) ingeniously illustrated :hi; point by demonstrating that when

. two similar columns are used gnd the relative retention ratios for a
nutber of pesticidsl compounds are plotted on respective axes, the

points fell on s relatively straight line with little scatter in evidence.
Convarsely, when two dissimilar columns are used, the plotted points

show a wide scatter, enhancing the probability of relisble identification.
Figure 5-A,A shows the plots of three columm pairs for 17 pestieidal
compounds detected by electron capture. A is the plot of 10X DC-200 vs.
5% DC-200/7.5% QF=-1, B is 10% DC~200 against 3% DEGS, and C is 5% OV-210
ageinst 1.3% OV-17/1.95% QF-1. It will be observed that the RRT points
plotted in A cluster to an extent that a fairly straight line is repre~
gented by the plot. Plots B and C, on the other hand, show a very wide
scatter, indicating that either of these two pairs is an excellent choice
for complementary columns.
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Figure 5-A,A.
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Section 50

High columm efficiency is a distinct advantage for compound identifica-
tion in that pesticides will be well resolved from each other and from
non~pesticide artifacts coextracted from the sampla subsrrate. In
addition, operating parameters must be adjusted te produce the most
decipherable chromatograms., For the columms recommended in Subsection
3L, the oven temperature should be set so that p,p'-DDT elutes in 16

to 18 minutes with a carrier gas flow of 50-80 ml/minute. The recorder
chart speed is set to permit adequate peak spacing and a total retention
distance such that an absolute measurement error of 1.0 mm will corres-
pond to an insignificant relative error. These precautions will help
assure good peak resolution and precise retention measurements.

A covputer-plotting program has been described that can sarve as an

gid in qualitative analysis of pesticide residues (73). Chromatograms
are reproduced with corrected baseline drift and solvent peak elimination,
and two or more chromatograms can be presented in a three~dimensional
view to facilitate rapid visual comparison to determine whether there

are differences in the characteristics of iIndividual peaks (sample or
standards) betwaen chromatograms {(see Sectiom 50k).

QUANTITATIVE ANALYSIS
a. Introduction:

Quantitation of pesticide residues known to be present in the sample
from relative retention data and various confirmatory procedures is
carried out by comparison between the size (height or area) of the peak
for each pesticide in the sample and the size of a peak from g similar,
known amount of each compound injected under the same GC conditions
Just before and/or after the unknown sample. Only one standard con-
centration 1s required for each unknowm 1f Iinjections are made at concen—’
tration levels providing linear detector response. This procedure is
knovn as the extermnal standardization method,

The expleoratory chromatogram of Ehe sample extract used to obtain
relative retention data will provide a tentative Indication to the

. analyst of the proper standard mixture to be used. This mixture should

contain the pesticides of ismterest at proper concentration levels to

£2ll within the linearity rangs of the detector and also to produce
peaks compareble in size to those obtained from the sample chromatogram,
Injection of the standazrd mixture may show that additional dilution of
the sample extract is required to produce peaks of the higher concentra-
tion pesticides comparable to those from the standard mixture. If
several standard mixtures are available at differemt concentration levels,
selection of one closely approximating the unknowm will faecflifate the
analysis (Subsection 50g). It should be emphasized again that accurate
quantitation is not possidle unless standards asre prepared and maintained
properly and replaced on scheadule.

~-200-
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Saction 50

The quantitation of complex commercial mixtures guch as the pesticides
chlordane and toxaphena is a difficult problem because of the ipability
to obtain a match between the chromatograms of real samples and
standards. This problem is discussed for PCB quantitation im Section 94,Ge.
In tachnical chlordane, over 45 components hava been identified in the
electyon captura gas chromatogram (Figure 5-A,B) (74). Toxaphene,

vwhich is one of the most widely used peaticides in tha USA, iz even

move of a nightmare since it contains over 175 components (Figure 5-4,C),.
Both of these pesticides are mora complicated than PCBs in that they
contain compounds with different skeletal structures and are more
susceptible to environmental and big}ogical alteration.

Figure 5~A,B. Raconstructed total fon chromatogram of
technical chlordane.
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Figure 5~A,C. Electron capture gas chromatogram of toxaphene.

—H

b. Comparisoen of External and Intemnal Standardization

Internal standardization is a widely used, genmeral analytical and gas
chromatographic techmique which, howéver, is not recommended for multi-
. residue pesticide dererminations., Since multiresidue methods can detect
and measure a large number of different compoundas, choice of a sulrable
standard with appropriate structural and chromatographic properties in
terms of all cowpounds to be quantitated would be an impossible, or at
least a very difffcult task. Response galibration for all compounds
of interest vg. the internal standard would be a lengthy process and
would require frequent checking. To determine the amount of internal
standard teo add, a preliminary analysis of samples with unknewn histories
and compeositions would be necessary. Many samples require gas chroma-
tography at several dilutions to quantitate all residues, so different
quantities of intermal standard would be required. Detector response to
sample ccextractives further complicates the choice of an intermal
gtandard. These and other disadvantages dictate against the use of
internal standardization except in special cases, such as in the determina-
tion of residues of one or a small, definite group of pesticides.

\
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External standardization has the advantage that calculations are based
on a comparison of the same compound in the standard solution and in

the unknown, and no response or correction factor is required. Accuracy
and precision depend upon the ability to inject exact amounts of samples
and standards reproducibly, having all instrumental parameters under
tight control so that data are comparable from run to run and determina-
tions are conducted within the linear concemtration range.

A recent study (52) conecluded that gensrally unrscognized systematic
errors were inherent in the accepted procedures of both external (diract)
and internal standardization GC. For example, it waa found necessary to
consider both the volume Injected and the concentration of the standards
in the direct method; plotting peak area vs. quantity (gram, mole) is
not gufficient unless the concentration is stated and the volume 1z kept
constant., The internal standard mathod was found to be not necessarily
independent of the volume injected, concentration of standazd, or the
effects of temperature and gas flow on instrumental semsitivity. The
relevance of these conclusions to pesticide analysis has not been studled,
and the procedures rescommended in this saction are based on the best
current practice of experienced residue analysts.

¢, Calculation Procedure

The calculation method for any GC analysis where an unknown peak is
compared to a paak resulting from injection of a standard of knewn cou~
centration is given below. This method i3 aqually applicable to external
standardization procedures based on comparison of.-standard and unknown
liquid chromatography peaks or thin layer chromatography spot sizes.

The equations used are:

{eq. 1)

ng or pg of residue
reprasented by
sample peak

la pesk size

Standard peak size x ng or pg standard in;ected

(eq. 2)

ng in sample peak
reaidu:p::?cent‘-’a“"“ " g sample Injected

or

in sample peak

residue concentration = mg sample injected

(ppb)
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The following 1s a specific example of a calculation hased on typical
data on 2 Report of Interlaboratory Check Sample (Table 2-1):

DATA:
Sgmple Extract Data
gms in Final Vol, 3.0
ol in Final Vol. 25
¥l Injected 3.0
Bg Injected 0.60
Peak Ht or Area (mm) 145
Attenuation 102 x 32

Reference Standard Data

1l Injected - 5.0

ng Injected 0,060

Peak Ht or Area (mm) 120 _

Attenuation 102 % 32
CALCULATIONS:

wt standard injected = 6.0 ul x 0.010 ng _  4¢0 ng
ul '

from (eq. 1)}

145 mm

356 o x 0,060 ng = 0.072 ng in sag?le peak

sample extract concentration = %ggﬁf = 0.12 g/ml or mg/ul

waight of sample injected = 0.12 mg x 5.0 ul = 0.60 mg
: pl

(The aetual chromatogram should be labeled:

3 g/25 ml x 5 pl = 0,60 mg injected)

‘from (eq. 2)

0.072 n

0.60 mg 0.12 ppm residuve (result)
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Note that the analytical data indicate a constant attenuation so that
sample and standard peak alzes do not have to be corrected. When
¢aleulating the gample extract concentrationm, careful consideration
must be given to whether the final solution contains the entire
original sawple or whether one or more aliquots that were taken during
the sample preparation procedure have to be accounted for by a dilution
factor.

The results of most actual resfidue analyses are not corrected for the
percantage recoveries determined from spiked samples analyzed along
with samples, although this can be done.

Some ‘general comments on calculations are in order in a quality

control manual, All mathematical operations should be checked at least
twice, whether they are done with or without an electronic calculator.
It 13 very eagy to occasionally preas the wrong caleulator key or not
to prass a3 key hard enough to register, If somathing appears wrong with
the results of an analysis, the first thing the analyst should do 1s to
check calculations, and then ask an independent person to go over them.
It i3 not uncommon for a perszon to make the same gimple calculation
error twice., If the calculations are correct, the next most proflitable
action is to prepare new standgrd solutions and a new atandard calibra-
tion curve for the determiration in question.

d. Reporting of Results (see also Saction 3E)

The method for reporting analytical reaults will often differ from
laberatory to laboratory, but in gemeral, the follow;gs‘should be stated:

(1) The compounds or classes of compounds beiﬁg sought.

(2) Other related or important compounds of interest that were
detected or found absent.

{3) The limit of detection for each pesticide, as well as its
degradation products and metabolites.

(4) Recovery values and whether results were corrected for
TRCOVery.

R (5) The basis for selection of the analytical procedure and any
: modifications of an accepted procedure.

(6) Confirmatory methods.

Resylts should be reported in appropriate ppm, ppd, or ppt units, and
the basis for reporting should be clear, i.e., dry weight, wet weight,
or fat- or extractable~lipid basis. Any drying methods should be
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described. If replicates are rum, the individual results, the ﬁean, and
a2 statistical tréatment of praecision {(Section 2X) should be presented.

Pesticide residue analytical data are generally reported as ppm (parts
per million}, pob (parts per billiem), and ppt (parts per trillion),
Converting these terms to welght expressions, we have

ppm = micrograms per gram or nanograms per milligram

ppb = nanpograms-per gram or picograms per milligram

pPpt = picogréms Per gram

Residues in water are quite commonly expressed as micrograms per liter,
which is equivalent to ppb. On rare cccasions, a laboratory may choose
to express a water residue result in grams per liter, but the value
becomes quite cumbersome, f.e., 5 x .10"7 grams per liter gs opposed to
the more convenient 0.5 micrograms per liter.

The following is a summary of units frequently used in pesticide analyses:

pg = 207° grems sl = 1072 ltrers
ng = 107 grams Wl = 207° 1irers
=12

pg = 10 grams
ppm = parts per million = ug/g, ug/ml, ng/mg, or pg/ug
ppb = parts per billion = pg/l,.ng/g, ng/ul, or pg/mg

ppt = pg/g, pe/ml (ppt is used frequently in other books to mean
"parts per thousand"). C

e. Derector Linearity

Linearity wmay be defined as the range of concentratlion over which a
detector maintains a constant sengitivity., If a detector has a
linezrity of 10% and the detector sensitivity for a certain pegticide
is 1 pg, the upper limit of analysis is 1 ng. If the detector gensi~
tivity 45 0.1 pg, the pesticide can be determined only up to 100 pg.
Sensitivity is affected by the molecular structure and retention time
for a particular pesticide under given GC conditions.
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Quantitation must be parformed within the linear respcnse range of the
GC detector, Each detector has its own characteristic linear range under
the prevalent conditions of operation. For a given detector, the linear
range varies somewhat between pesticides. ' For example, the isomers of
BHC exhibit a more restricted EC linear range than p,p'-DDT. The nickel
EC datector operated in the DC mode exhibits a far more restrictad
linear range than the tritium detector. Lindame concentrations above
600 pg may result in nonlinearity with the tritium detector, whereas
the linear cut-off for this compound may oceur at approximately 250 pg
for the nickel detector. Section 4,A,(3),IIT of the EPA PAM compares
typical linearity curves for various pesticldas with these two de-
tectors.

fas
Before any attempt is made to try quantitation with i new or newly
ranovated detector, linearity ceurves should be constructed for the
pesticides of interest under the prevalent operating conditions.
Frequent checks should be made to insure continued operation within
acceptable concentration ranges. ¥nowledge of the linear cut off
point will praclude such error as injecting 1 ng of aldrin and expecting
it to fall within the linear range of the Tracor EC detector in the DC
rode,

Calibration curves are constructed by injection of serial amounts of
a pesticide and calculation of the peak height of each peak. Pesk
height is tha perpendicular distance from the peak maximum to the
baseline {Figure 5-A,D, distance CD). Tha linear rabge is observed
by plotting height vs. amount of pesticide injected.

Figure 5-A,D. Quantitation by Peak Height Method

[of
———

Pouk Height 1CD
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f. Sensitivicy Contrel

When analyses are performed in the ppb or even ppt (parts per triliion)
range, electrometer attenuvation is required to attain maximum sensitivity
consistent with an acceptable baseline nolse level. Electrometar operationm
at high semsgitiviry levels is pgood practice even when substrates contein
high concentrations of pesticides. By serially diluting the final extract
and operating at high sengitivity, the possibility of exceeding the
linear range of the detector is greatly reduced and, therefore, the
quantitative error possibility is reduced. Occasional instances have
been observed in the EPA Quality Control Program where operators have
set attenuation controls at low sensitivity and fnjected media containing
massive concentrations of pesticides. This was readily discernable by
maliormed chromatographic peaks. Had attenuation been set for high
sensitivity, chromatographic peaks would have gone off-gcale, requiring
serial dilutions of-final extract to a pesticide concentration within
linear boundaries,

Electron capture electrometer attenuation should be adjusted to obtain "
a minimum sensitivity level equivalent to a 50% fsd peak from the
injection of 50 pg or less of aldrin,

There is no objection to using different instrumental attenuation
settings for standards and samples provided that concentrations are
within the linear ‘detection range and checks are made to insure that
the attenuator is truly linear. A sample should produce the same peak
whent diluted by 10 as if the original sample were run at an attenuation
increaged by 10. An output attenuation setting of x16 on the Tracor
‘MT-220 chromatograph electrometer is convenient to assure operation
within the range of the detector, '

g Injection Volumes and Standagﬁs

Ag described in Subsection 53, injection of small volumes such as
'1-3 yul can lead to large relative errors and should be avolded, A
common reason for low injection volumes 1s to previde on-acale peaks of
sample for reference against peaks from a particular single standard

r standard mixture. To clrcumvent this preblem, standards should be
made up at several concentrations, each succeeding level being twice
the previous concentration. For example, a typical set of three
standard mixtures in pg/ul for electron capture GC might be:
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Mixture Al Mixture Az Mixture AS
Lindane 5 10 20
Aldrin 5 10 20
Dieldrin 10 20 40
9,p'-DDT 10 20 40
psp'-DDT 20 40 80

Injection volumes should be controlled within 3-8 ul, and sample and
standard injection volumes should agree within £25% (i.e., within

2-3 ul from a 10 ul syringe). "

Working standards must, of course, include all compounds of interest to
a particuylar laboyratory. It may be necessary to run several sample
extract chromatograms of various concentrations and/er injection volumes
to achieve reasonable concurrence of peak size with those of the
standard mixture(s) if pesticides are present in the sample at widely
different levels. Peaks of atandards should never be distorted. 1If
this occurs, the injection must be repeated and the cause of distortionm,
if it persists, must be determined and corrected.

It should be unnecessary to reiterate that accuracy of analysis is
limited by the accuracy of the standard quantitating soluctions, Con-
sistently high recovery values on an interlaboratory check sample
strongly indicate that weak standard solutions are being used by the
laboratory in questicn, while counsistently low values indicate the

probability of overconcentrated standards. -

h., Optimum Peak Heights

The ideal range of peak height response is 20-60% fad, with a minimum
acceptable height of 104 fad. Peak heights of the sample and standard
should vary by no more than 10% for highest accuracy and at most by
25Z. If all GC modules are operating properly and parameters are
optimally set, the 10 or 207 f£sd minimum peak requirement will cause
no problem in terms of attainable sensitivity when standard procadures
and concentration steps as given in the EPA PAM are followed. If
sample peaks are too low (<107 fsd), the solution should be further
concentrated or a larger amount injected. Injection of samples that
are too large can cause loss of compounds in the solvent peak in some
cages, e.g., HCB on an OV-17/0Y-210 columm.

The requirement of referencing samples against standards differing by

- no more than 257 in peak height causes ne inconvenience when the concept

of different standard concentrations {(Subsection S50g) 1s followed. This
point is important, even though one is working within the linear range
of the detector, because of minor variationsg in GC response, primarily
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arising from instrumental sources and/er from small injection errors.
Figure 5-A,E illustrates the potential error that is possible from a
peak height variation of as little as 3 mm, when attempting to quantitate
a 13 mm sample peak against a 130 mm standard peak. This is shown in

(A} on the left., The total deviation results iIn a relative error of

23%. On the other hand, when the extract is further concentrated dowm

to an assumed final volume of 400 ul, the height of the sample peak

is incressed by a factor of 10 to 130 mm a2s. shown in (B) on the right.
The same 3 mm response variation at this level will resul® in a final
relative errer of only 2.2%, a very acceptable value.

Figure 5-A,E. Illustration of potential hazard of quantitating by
comparison of small sample peak against large standard
peak. A4 3 mm peak helght shift 1s assumed. Initial
sample size 1,67 grams; injection volume 5 ul.
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1. Standard Curves

GC calibration curves prepared by injection of standards are of little
direct use in residue quantitation. Such curves are not wvalid for
extended periods of time, as is the case for other amalytical methods
such as spectropheotometry, and so their preparation is an unnecessary,
time consuming chore. A GC standard curve constructed for an EC
detector on a given day at 9 a.m. may well be worthless by the afterncon
of the same day, or even the same morning, if high lipid extracts
causing a rapid depression in peak response are repeatedly injected.

If such peaks are referenced against a standard curve prepared when
response was normal, erroneously low results will be obtained.
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The proper procedure for quantitation is to intersparse standard mixture
injections throughout the workday with sufficient frequency to signal

the ongat of response fluctuvations, and quantitative referencing is

nade against the interspersed standards. For maximum aceuracy, injection
of an unknown sample would be bracketed between standard injecticns

made immediately before and after the sample.

j. Methods of Peak Measurements

Both peak heights and peak areas are extensively used for calculations
of residue amounts. The preferred method of caleuylation depends on the
shape of the chromatographic peak. Peak helght is recommended for measure-
ument of very small peaks or tall, symeetrical, falrly narrow peaks (<10 mm
at the base) that have no obscuring overlaps, These are characteristic
features of most pesticide peaks from an efficlent GC ¢column, especially
those that elute early., Accurate calculation of the area of such peaks
would be diffieylt because the slightest measurement errors in the narrow
width would be magnified in the subsequent area caleculation. Peak area
as estimated from peak héight x width at Half height is recommended for
separated, symmetrical, and fairly wide peaks. Triangulation is used for
separated, unsymmetrical peaks or pesks on 2 sloping bageline. Triangulaw
tion should never be used on very narrow peaks. Extreme care must be
taken in the construction of inflectional tangents in all measurements,
Measurements with a mm ruler containing fipe division warkings can be
made to the nearest 0.1-0,.2 mm if care and patlence are exercised.

When peak heights are used, the assumption is necessarily made that
operating parameters are closely controlled and retention times are very
reproducible, Two censecutive injections of the same amount of compound
should ideally rasylt in two peaks with exactly the same retention time,
width, and height. If chromatographic parameters. {(particularly column

. temperature) are not under strict control, the second peak may instead
elute later or earlier than the first, resulting in a wider or narrower
peak. However, the peak areas should be the same in both cases. For
this reason, peak area or pesk height x retention time is considered by
many operators to be more reliable than peak height alone since slightly
shifting peak pogitions will not be so important.

Figures 5-A,D, 5-A,F, and 5-4,G illustrate the pesk height, peak height x°
width at half height, and triangulation measurcment methods, respectively.
The two right-hand peaks in Figure 5-A,D are measurable by the peak height
nethod because their overlap does not obscure the height of either

peak. Peaks on a sloping baseline but too narrow to be triangulated can
be measured by the peak'height method. The distance KI would be used as
geen in Figure 5-4,G. Peaks can be widened by using a faster recorder
chart speed. Use of the planimeter 1s an alternate methed for measuring
unsymnetrical peaks, peaks on a sloping baseline, or total area of a
series of incompletely resolved peaks, Precision will be improved by
tracing the peak at least twice and taking an average value,
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Figure 5-A,F, Quantitation by Peak Area Method Figura 5-A,G. Quantitation by
’ Triangulation Method

FIGURE 5-Q QUANTITATION 8Y PEAK AREA METHCD .
FIGURE 5:R  QUANRTATION OV TRIAMGULATION
METHOD

Peck Areos CDXAB

Li s
ur?wucllml

Quantitation of peaks indicating heavy electrical overshoot (Figure 5-A,H
part A) or nonlinear response (part B) will lead to unreliable quantitation.
Peak overshoot is influenced by foll contamination and by improper EC detector

polarizing voltage (Subsection 5Cb).

Figure 5~A,H., Examples of Gas Chromatographic Peaks

FIGURE 5-5 EXAMPLES OF GAS CHROMATOQGRAPHIC
PEAKS

™

A, 8. C.

ﬁ A

_ JJ

Distortad Non-linear Linear
Peaks Indication Indication
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Automatic (dise) integration is a convenient, accurate procedure that
can be used in place of manual procedures whenever baselineg are steady,
but it iz less reliable and simple when sloping baselines or pesks with
gshoulders cccur. This method has been mostly used for caleulation of
late eluting peaks and multicomponent chemicals that elute over a long -
pariod of time (Strobane, PCBs, toxaphene}. Iz the absence of an inte~
grator, chromatograms, especilally of thegse complex mixtures, have been
quantitated by cutting out the peaks on the recorder chart and weighing
the paper. This method, although time consuming, can yield excellent
regults if care in cutting is taken and if the paper is uniform. Since
Xerox paper is especially uniform, recorder charts can be copied and the
copy cut and weighed.

Gaul (75) compared five methods for quantitation of-aldrinm, heptachlor
epoxide, and dieldrin with a tritium elsctron capture gas chromatograph.
The methods were disc integration, triangulation, peak height timesg width
at half height, retention time multiplied by peak height, and peak height.
¥o significant differsnces were found among the five methods in this
atudy. The same author described methods for properly placing baselines
for typical overlapping and unsymmetrical gas chromatographic peaks,

and suggested procedures for quantitating multipeak chromatograms of
pesticides that are mixtures of isomers, e.g., DDT, BHC, chlordane,

and toxaphene. Poorly resolved peaks and sloping baselines present the
greatest challenge in terms of accurate quantitation, and an experienced

‘analyst must exercise judgment to quantitate the peaks properly, If

necesgsary, improved resolution of peaks and flatter baselines may be
sought through the use of other eleanup proceduras, GC columns, cr changes
in operacting conditions.

k. Integration and Autcmation e

Acquisition and interpretation of data are the final steps in gualira-
tive and quantitative analyses, How this i3 done ¢can in large measure
affect accuracy. The trend today 1s more and more towards automatics
or computaer assisted data acquisition and treatment. Computar acguisition
i3 almost a necessity in maas spectrometric analyses, but it is only
beginning %o maka in-roads into the areas of gas and liquid chromatography.

Digital computer and integration systams are available today that perform
baseline detection, baseline correction, arez integraticm, arsa allocation
of fuged peaks, and postrun caleulationa, They can store and retrieve

GC deta and visually dizplay the chromatograms. Expansion or contraction
of aither the attenuation or time axis is sometims possible after the
chromatogram is taken. This i3 very useful with a wide-raznge linearity
detector, as it can replace multiple iInjections of different sample con-
centrations. These systems range ia price frem approximacely $10,000 to
over $100,000 per unit., When properly cperated they provide very fast

and accurate quantitation of chrematograms, but resuylts may nor be ralifable
with complex chromatograms having narrow peaks, merged peaks, variable
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retention times, unidentified compounds, and/or noisy and variable base-
lines. Despite the publication of computer methods tolerating these
problems (76), the good judgment of an experienced analyst may be better
in such instances. The increased use of computer systems in the futuze
iz expected as technology is improved and prices are decreased.

All systems use logic to interpret the chromatograms. The unique logic
incorporated by each manufacturer in its system must be understood if
the cperator is to properly imstruet the system how to treat the data
and then properly understand the data obtained. The system can only
fellow the Ingtructions by the operator, and if those instructions are
incorrect, the data returned to the operator will be useless.

The capabilities of these system$ and the means of handling the data
differ widely, but, in general, the systems perform the same fHimctions.
The systems with bullt-in-printer-ploetters plot the chromatogram using
the digiral data generated for the integration system. Generally, these
digital chromatograms include peak absolute retention times and system
notations to help understand the system's interpretation of the data.

Al)l systems interpret the digital data, evaluating when the chromatograme
are in the baseline or on a peak and resolving fused peaks. Once the
peak is confirmed, the raw area counts and/or peak height and peak re-
tention time are stored for later processing. Other logiec and instructions
from the operator are used to "draw” the baseline under these peaks and
discard the area or height below the chromatographic peak. Usually these
proceased data are the only data stored by the system for use in later
calculations. The system calibrates the peak aveas and/or peak heights
using the values assigned as the standard by the operator. Then all
quantitation calculations are performed using the specified calculation
method (area, area percent,;internal standard, or external -atandard).

The report formats of the different systems are just as different as

their logic. In general, however, the elution time, peak area and/or pesk
hetght, and the concentration of the compound are reported along with its
name, if knovn. Naming of peaks is generally performed using the relative
retention time system specified by the operator (e.g., aldrin = 1.00, -
p»p'~DDE = 1.00, or ethyl parathion = 1,00),

The microprocessor and minicomputer systems usually also have the capa-
bility of handling a programming language such as BASIC. The added
capabllities of these systems are numerous. Postrun calculations can
be tallored to the needs of the data user. Some examples of the use of
programming languages include: (&) doing statistical caleculations on
the results of several runs; (b) modificattons of report format; (¢)
analysis of data for a particular cxiterion (i.e., is the p,p'-DDT level
greater than tolerance?); and (d) the handling of standards calibrationm,
and othar tagks, on automated runs. The limita of the aystems with
language programming are set by the capabilities of the programmer
using the system.
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The pitfalls of these systems ara established by the experience and under-
standing of the operator. Accurate analyses of simple chromatograms are
not difficult to obtain. Aceuratae analyses of complex chromatograms are
quite often very difficult to obtain., One of the best ways to test the
gystem and evaluate the usefulness of the analytical data is to closely
examine the chromatograms and reports from the gystam. The analyst

should establish 1f the system drew the baseline in the proper location.
If not, modifications of the system's instructions are required. The
same is trus for the examinarion of the performance of all parameters

in the imstructions. If the instructions are not getting the desired
regulta, the analyses must bBe run again after the appropriate instructions
are modified. It is important to double check the gystem's analyses to

be sure they are what is desired’by the analyst.

The various approaches for automation of sample introduction in gas
chromatography have been reviewed and a typical autosempler described
in detail (77). Besides the advantages of automation and unatteanded
operation for large numbers of samples, automated injection systems will
normally give more precise injection volumes than most operators can
achieve manually. Losses of up to 50% of aldrin and dieldrin in 2
commercially automataed dry capsule injector were reduced by silanization
of the capsules (78).

Although a reliasble, automated system applicable to entire pesticide
analytical procedures at common residue levels has not yet been perfected,
some progress hag been made on automation of residue analysas. The usa
of Technicon auto~analyzer modulas for the aytomation of extraction and
cleanup, followed by GC or HPLC determination, has been deseribed and
tasted using alfslfa and string bean samples fortiFfied with organophosphorus
and carbamate insecticides (79). A mechanlized system for 4-nitrophensl
and some other phenolic pasticide metabolites in urine was reported (80).
This gystem performs acid hydrolysis, steam distillation, and liquid
chromatography separation combined with UV absorption determination,
analyzing one sample every 24 minutes at 1-6 ppm laevels,
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Section 6

MAINTENANCE, TROUBLESHOOTING, AND CALIBRATION OF
THE GAS CHROMATOGRAPH AND DETECTOR SYSTEMS

The EPA Pesticide Anglytical Manual, Appendixz I, contminas comments on
the maiatenance and repalr of instruments primarily intended for labera-
tories that are part of the EPA or have contractural arrangemente with
EPA pllowing them to make use of the electronic repalr facility located
at Research Triamgle Perk, NC, The Instrument Shop in RIF is equipped
to handle repairs, modifications, aud calibratiomns on various gas-
chromatographs, recorders, and GC deteectors,

A detziled treatment'bf instrumental servicing and calibratien is beyond

the scope of this Mapual. Some general comments and a few selected
toplces of special Interest will ke covered, however.

DATLY OPERATIONAL CONSIDERATIONS FOR GAS CﬁROMATOGRAPHIC-INSTRBHERTAIION
(a) 1Is the proper carrier gas comnected into the system?

(1) 1Is the tank cepable of maintaining the desfred flow for an eight
hour work period without going below 500 psi tank pressure?

{2} It the tank output pressure norxmal (40-50 pai recommeﬁded)?

1.

(b) Vhat is the detector condition, temperature, flow, background current
and voltage profile? Is detector set gt optimum operating voliage?

{c)} 1Ic the electrometer operating properly, and is it zerced properly?
Is bucking ability adequate? What 1z the nodise level?

{(d) Has the programmer temperature remained constant? Is the temperature
limit switch in 8 safe position to avoid accidental overheat?

{(e) Does the purge system operate smoothiy? Will 1t be used on this day's
operation? When was 1t last checked for leaks?

(£} 1Is the oven damper closad? Does {t function?

(g) Are gll temperature set controllers functioning properly and is the
voltage to the load (heaters) stzble? ¥s the oven at proper temperature?
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(R} Has the recorder been checked for proper speed, zero, gain level,
dead band, ink supply, and sufficient paper? How long has it been sinca
calibration?

(1) Are the septums, O-rings, and glass injection insérts in good
condition? When were they last replaced?

(3) 1Is the pyrometer reading correct and are the compensator mercury
batteries gcod? When were they replaced laat?

CHECK LIST WHEN INSTRUMENT REFAIR IS5 INDICATED

A systemacic check-out routine is recommended to determine whether instru~
mental service or repairs can be comﬁietad in~house during normal ingtrument
off-time, or 1f outside help 1s required. Results should be written dowm
as the check-out ia completed so that full information can be trangmitted
for service, Serial numbers and EPA numbers of the equipment involved
should be recorded as part of this information. Although the check-out
presented is specifically for a Tracor MI-220 gas chromatograph, the steps
are illustrative of the kind of routine that can be egtablished for any
analytical instrument.

Erratic aperation of the instrument in day-to-day uge i3 often an indica-
tion that serious trouble is fmminent. Kesep in mind the type of detector,
column, carrier gas, and temperature range being used. Recall, ox pref-
erably, congult the inatyument log to determine when the instrument was
last serviced im-house {e.g., detector or column change) and if the
difficulties arose‘directly or shortly after such service,

L

T

Check List . e

{(a) 1Is there profer ingulatien packing in the detector compartment?
Improper packing can lead to variation in signal due to zmbilent tempera-
ture changes,

(b) Are any wires exposed, shorted, or loose?

(¢) Check preper location and readings of thermocouples and resistance
thermometars; are they fully seated?

{d) Plumbing leeks should be checked for at full operating pressuré before

heat is applied, and again at operational temperatures,

(e) 1Is carrier gas pressure correct? Tank pressure should be greater than

. 500 pai and ocutput pressure 40-50 pai.

(f) Are flow indicators functioning emoothly? Are they steady? Does the
float go smoothly threugh its entire range?
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(g) Are panel indicator lamps cortect? Temperature programmer indlcatora
in particular should be obgerved for smooth transition from heat to cool
cycle.

(h) Are switches set properly, i.,e., oven damper in closed position for
heating modes?

(1) Does the recorder respond correctly to attenuation or fnput changes,
bucking, zero, heat rise or cycling?

(1) Has signal to noise level Increased? Rafer to previocus chromato-
grams obtained at like settings.

(k) Bas the EC background profile decreased appreciably?
{1) Is the oven door”;ecure? Also check rear access door.

(m} Are all units, such as the EC power supply, recorder, electrometer,
ete., plugged into the proper power source?l

(n) Check that thermometers and thermocouples in the detector compartment
agre attached to the proper temperature set controllers and pyrometer points
if the detector has been recently serviced.

(0} 1Is the coluwm propexrly conditioned and is it the best one to be used
in rerms of stationary phase selection, afficiency, and freedom £rom bleed?

{p) Cheek color coding of cirecuits for accuracy. The correct color codes
should always be maintained to facilitate servieing, Further tests may be
recommended by service personmel to confine the problem to a particular
section of the instrument. The various;modules are interconnected by cables
and wires, snd these should be diaconnected in progression from the de~
tector toward the recorder. A volt-ohm-milliammeter with 5 loading factor
of 20 K ohms per volt i{g & necesssry item to have on hand when checking

and servicing electronic and electrical components.

GENERATL, APPRCACH TO TROUBLESHOOTING

The fellowing pyramid approach represents & logical, general method for
instrumental troubleshooting:
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Fix/replace

/ Use
£ alternative tasts

e Pause and;.think \

‘/ Isolate problem area \

c YOM=-Meter chacks

b / Front panel checks \
a / Define the probleuns \

(a) Write down the symptoms or difficulties obsetved. ~Diagnosis should
include observations of ingtrument settings. :

Order of petforme

{bh) Exz.}ninc the problem by using the controls, meters, and lights on the
ingtrument.

{e) Use a VOM to check voltages or resistancea,

(d) Bracket the system path - electrical, mechanical, flow, and chemical.
The overall system and local systems must be conaidered.

Igolation principles:

Before starting: Read the instrument manual - understand the instrument,

know how to use test equipment, and understand test results,

| Mt to do first: Use logical approach, bracket the problem to a syste;n,

bracket the area in the system, use checks to isolate fauity area,

Signal paths: Use a block diagram, such as the follewing, and locate
vhere in the signel path normal and abnormal output occurs.
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:]Abnormal

Normal Qutput normal

Linear pzth - make yéﬁr check in the middle of a bracketed linea» path -
"Half Split" Rule.

Normal Abnormal

Observe and measure for
normal/abnormal readings

Normal

Rotametes

Flow Meter ]—-IFil terl Injection ~E:ill.j'm_m_r:_l
f vaint

LRetector|

Aanrmal

Bracket Placement
e.g., no flow: Rotameter indicates flow
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(e) Pause and think - {s there only one mzlfunction? What was changed
or done recently that could cause the prublll? Check with other personnel
uging the instrment.

(£) Verify by alternative tasts.

(g} Speed, avallabilicy, and complexity determine replacement or repair
procedura,

. i
GAS CHROMATOGRAPE SERVICE BLOCK DIAGRAM

Gas Flow Injectionf—adef Column Cven|uim De:ectorsl _{ Detector
""'F- control |yl Ports » - P Electronics
a b e d e

‘i\\\\\ T _4,;”;::;! K
Support Electronics corder
g l £

(a) Cas flow control: Purifies and dries the carrier gas, splits
carrier gases to the columng and detectors. Coutrols and regulates
the gas flow. T

(b) Injection block: Vaporizes the sample, introduces the sample into
the carrier gas stresm.

{¢) Column oven: Houses columns, provides a dynamic constant or
programmable temperature environment.,

(d) Datectors: Fqualize gas temperature, detection of gas stream com-
ponents, exhausat gases,

. (@) Electrometer: Conditions the detectsr signal and attenuates the

output for transmission to the recorder.
{£) BRecorder: Displays an analog signal (chromatogram).

(g) Support glectromics: Controls the temperature of the injection

- parts, columm oven, detectors; indicates temperatures, indicates control

voltage.
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GAS INLET SYSTEM OF THE GAS CEROMATOGRAPH
Components:
{a)  Carvier gas cylinder
(b) Twc stage gas regulatoy
(c) Molecular sifeve drying trap
(d) Coppﬁr tubing to the fnstrument and rotameters
(e) TRotameters
(f) Differential pressure flow contrqllers
{g) Tubing to the inlet
(k) 1Inlet/tranmsfer block
xy Thermocoupie
(%) Resistance thermometer

(3) Injection port: sgeptum nut, septum, gseptum washer, imsert
retalner, glass demigter trap.

- Comments:

(a) The carrier gas cylinder used in gas chromatography is generally size
A" dry pumped nitrogen. When the EC detector is operated in the pulsed
mode, the cerrier gae 48 then 5 or 10 percent methane ir argon. The
carrier gas must be dry and contain less than 5 ppm 0. Contamination of
the carrier will severely affect performance,

>
(b) A two stage gas regulator should be used to reduce and regulate the
carrier gas presgurs. The first stage gaupe indicates the cylinder
pressure while the second stage indicates the reduced pressure to the
chromatograph. A diaphragm valve on the regulator allows control of the
output pressure, which should be 40~50 psi.

(c) Moleculgr sieve drying traps should be Installed between the regulator
and the chromatograph to prevent watar and hydrocarbon contaminstion from
entering the gas chromatographic flow system. Molecular sieve 13X (1/16 inch)
pellets have been found satisfactory for the filter load and should bte baked-
out at 350°C 4in a nitrogen stream for four hours prior to use and capped

off for storsge, It is advisable to do this with every cylinder change.
Occasionally the dryer body should be ¢leaned with hexane-acetene before
reloading. It may also be necegsary to flame the dryer frit to expel all
contaminatien,
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(d} Copper tubing, 1/8 inch, instrument grade is used between the filter
dzyer and the instrument. This tubing should be ringed with methylene
chloride and then acetome before installation. If the old tubing i3 used,
oo it should be also flamed. It i3 also advisable to clean all Swagelok
Tl fittings before installation. Swagaelok nuts should be placed om the
R tubing for use before being placed om the instrument. This Insures
proper Swage connection and reduces the poesibility of damege during
installation.

(e) The rotameters generally used in the carrier stream are the Brooks
Sho Rate 150, They are calibrated for the pressures encountered in GC
work. Charts of the calibration curves are readily available. Contamina-
tion of the rotameters may cause tha float to stick. Moisture in the

tube will appear as a ring avound the float, The tube must he removed

by loosening the hex screw at the top of the rotametey bedy. Do not
attempt to clean the tube in the rotameter body since golvents will attack
the O-rings or seals causing them to swell, It is also possible that the
O-rings will absorb the selvent and bleed vapor into the system, The tube
should be cleaned with hexsne, acetone, and Freon MS-180. A flow meter
should not be placed dowmnstream of the flow controller but rather between
the carrier gas Inlet and the flow controller.

{f) The differential flow comtrollers (Brooks) are composed of a needle
valve/seat assembly and a diaphragm, preferably Teflon, to maintain a
constant f£low of carrier threugh the ecolumm, even though the pressure

drop across the column changes. The controller requires at least 25 psi

for proper operation and may flutter under lower pressures. It is
recomended that 40-50 psi be used to operate them properly. In programming,
it is recommended that 60 psi be used to insure proper response of the
system, T

The needle valve/seat assembly may occasionally astick., This occurs when
the needle becomes lodged in the seat. The valve must be taken apart
and the needle and seat claesned. Experience has indicated thit when this
occurs, a new needle valve/seat assembly is advised. The wain cause of
damage to the agsembly is through improper operation: never close down
forcibly, never open wide past the point that the float resta in the
upper part of the flow tube. Since these are differential controllers,

- there will still be slight gas flow when the rotameter float is at zero.
This is not uncomnon as a flow controller is not a3 shut-off valve!

I It is advisable to install a small frit apring-loaded filter on the cutlet

S of the flow controller., This is a Brooks type 8501/8502 unit that will
protect the controller from flashback and trap sclid contaminants from
the carrier gas, or filter.

' "~'*f__fn ~ {g) Copper tubing 1/8 fnch od 1is used from the flow controller and is
S " joined to the 1/B inch od stainless steel tubing of the inlet assembly.
with 1/8 Swage to 1/8 Swage unions. It is advisable to replace these
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vnions with a Swagelok slide walve, 1/8 inech., This will aid in checking
the system for lezks up to this poinr and may enable operation of one
column while repairs are being carried out. By closing off the slide
vazlve, the floatr should drop to zero; 4if it does mot, there is a leak
up to that point, The 1/8 inch stainless steel line is welded into

the inlet, which is secured by screws into the inlet heater block,

(h) The inlet block is an aluminum block with faeility for inserting
the inlet thermocouple and a heater csartridge. There 4s also an
orifice for ingerting a resistance thermometer. With the addition of
other detectors in the head compartment, this resistance thermometer
may not be used in many cases and the inlet is heated (225-230°C) by
controliing veltage through a Varilac voltage regulatoy, This inlet
tube assembly*has & septum retaining nut which holds the septum in
place and hes a small orifice for Imsertion of the syringe neadle into
the port. The septum washer (stainless steel) is placed under the
geptun and above the ifnsert retainer to allow for & flat surface above
and below the septum. The glass insert retaziner should be turned down
until it comes in contact with the glass insert and then backed off
1/8 turn. The Vykor glass insert should be removed daifly -gad replaced
with a clezn ope while the used insert is cleaned in the prescribed
manner (Subsection 5J in Section 3).

' Care should be taken to insure :hat the thermocouple and heater leads

6F

do not become frayed. A small amount of insulating materlal or glaes
tape should be used between metal surfaces and these wires, Avoid
sharp bends close to the element,

PROCEDURE FOR ISQLATING PROBELEMS IN FLOW SYSTEMS OF ELECTRON CAPTURE
EQUIPPED GAS CHROMATOCRAPHS

(a) Allow the column oven to cool to ambient temperature, set all
rotameters to zero, and close off all oven exit ports with 1/4 imch
Swagelok plugs. y

(1) 1If the EC detector is suspect because of poor total response
regardless of the amount of polerizing voltage applied to the detector,
install an EC detector with a new foil.

(2) Prepare a line filter filled with 13X (1/16 inch) molecular
sieva pellets and activate as previously described., Plece it at the
dual-gtage regulator output ¢f the carrier pes tenk. The dual-gtage
rvegulater should be set to deliver 40 psi to the system.

(3) Insure that & cylinder of carrier gas which is known to be
free of contaminants is being used in the system,

(4) Attach the detector purge line to the proper purge comnection
and set the rotameter for a flow of approximately 90 ml/minute,
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R (5) Adjust the detector temp-set controller to maintain a de-
e tector temperature of spproximately 200°C, If a faulty temp-set is
PR encountered subgtitute a Superior type B Variae.

(6) Obtain a profile for the backgrownd current signal (BGS) by
. o : increaging the polarizing voltaga in five (5) volt increments, noting
el on the chart the step characteristics and the maximum deflection voltage.

(7) The resulting profile should approximate the profile pro-
vided with the detector in characteristics and maximumm deflecticn
voltage although slight variations may occur. Particular attention
ghould be paid to the atep increase from 0-5 volts and from 5-10 volta.
A laak or contaminant in the flow system are common cauzes of a poor
profile (Figure 5~E in Section_ 35). )

(b} - Corrective messures for locating faults in the purge loop.

(1)} Check for leaks at all fittings in the purge loop with "Snmoop”,
beginning at the cylinder. At this peint, alsc use "Snoop" to check for
leaks on the valve control stems,

g,¢5Jf ;' (2) Change the detector purge line to another rotameter on the
R purge module,

(3} Clean all lines in the purge loop or raplaca with new ones
that have been cleaned and flamed, All tubing that is changed should
.be replaced with instrument grade tubing, and it is recommended that
this tubing also be cleaned prior to ingtailation.

(4) 1f the condition of the carrier gas was not”kmown at the time
the above tests were made, a new cylinder of carrier gas should be
tested. All new cylindexrs should be checked for leaks at their welds
and outlet valves.

(e) After obtaining a satisfactory profile with purge, place 1/4 inch
Swagelok plugs on all four columm inlet fittings inside the oven.

(1) TReplace or remove the glass demisters in the inlets.
(2) FReplace the inlet septums with new and preconditioned septums.

e (3) Adjust the columm #1 flowmetexr to deliver approximately 90
TN ml/win of carrier gas. The rotameter f£loat should rise and very shortly
should drop to zero if there are no lesks in the column #1 flow system,
Repeat this on the other carrier systems. If none of the floats fall

te zera, the leak 1s usually common to all ports. The moat lilkely area
for this type of leak 1s at the pigtail fitting on the instrument rear,
although thare have been Iinatances of such leaks occurring due to a .
eracked inlet block.

‘r
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(d) Corrective measures for locating leaks in the carriler flow system.

(1) Open the 1/8 to 1/8 Swagelock unions on the rear of the
chromatograph where the copper lines meet the gtainless steel lines and
cap off the copper line at this point. Upon applying carrier £low as
stated In (¢) (3), the flost should drop to zero. 1f the float does
not fall, the leak is in the flow controller or rotameter, It is
possible to tighten slightly the flow tube in the rotameter by the hex
edjustment loceted on the top of the rotameter housing.

(2) Check all lines with "Snoop" from the "pigteil" to the Swagelok
plug and observe for leakage.

{3) Observe the rotameter float for "bounce" or rapid but slight
fluctuations; this will usually indicate a faulty diaphragm. Do not
attempt to repeir the diszphragm but replace the total unit with a new
flow controller,

(e) 1Install in all ports empty glags columne that have been thoroughly
cleaned, taking care that they are properly seated.

(1} Allow the gystem to remain under carrier flow for at least 30

minutes to evacuate air introduced into the loop during installation of
the columns.

(2) TFollow the procedures outlined in (a) (6) and (8) (7) for each
port,

(3) If an acceptable BGS profile is obtained, the flow system is
free of lezks or contaminetion under ambient temperatures,

(4) Slowly increase the temperature of the inlet, oven, and transfer
liges to their operating levels and obtain a BGS profile for all ports.

{f} Corrective meagsures for locating fiults in the carrier flow loop.

(1) Test for septum leaks, if new septums wers not used, by rapidly.

cooling down the geptum nut with water and allowing a smsll quantity to
remain in the septum put depreseion. Observe this water-filled depression
for bubbles that would indicate & leak.

{2) Ineure that the columns are geated and sealed properly, 1t is
usually advissble to tighten the columns an additiomsl 1/4 turn after
heat hae been appliaed to the oven,

{3) Tighten the transfer line fittings, but take care not to strip
the f£irtipg threads,

{4} Inspect for a c¢racked block, By turning up the carrier flow to
z high level, it is sometimes possible to hear the escaping gas,
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(5) 1f the steps taken do not correct the problem, it may be
agsumed that there is contamination in the carrisr loop.

i. Remove all firtings in the flow loop and clean or
replace them,

ii, Clean the inlet and outlet ports while heated 2nd uadar
carrier flow with Pre-Post 1001 cleaner, Use a pistol cleaning brush.

11y, Flame all lines under carrier fﬁ&w where poseible.

iv, Remove and clean the f}cw concrollers and dry thoroughly
with carrier gas. Be sura to Temove all moisture from the controller
diaphragms. ‘

v. A4dd an in-line filter loaded with 13X molecular sieve at
the juncticn of the copper and stainless steel tubing until an accept-
able BGS is obtained. If, after the addition of the in-line filters,
a proper BGS is obtained, it may be asgumed that the problem is in the
rotanetar or flow controller area, Do not operate with these filters
permanently, Install a new carrier module and replace all tubing from
the bulkhead fittings to the in-line filters.

vi. Install well conditioned columus and allow the system to
equilibrate. If in-lipe filters remain in the carrier loop, allow
additional equilibration time because of the greater volume in the lcop.
Flow contrel changes will tzke approximately 30 minutes to equilibrate
with these filters in the system. Obtain a BGS profile from all ports.
Insure that the colimns are not filled to the point where the packing
will come in contact with the metal inlet and cutlet fittings, The :
higher temperature at these points may cause the column packing to bleed.
Slowly raise the oven temperature to 100°C and obtain a BGS profile.

If it is satigfactory, raise the oven temperature to full eperating
temperature and obtain a BGS profile. If it 1s again satigfactery, the
instrument should now be in full operating condition,

It has been the experience of the RTP Laboratory that in-line filters
Joaded with 13X molecular sieve are suparior in performance to those
loaded with type 5A. It ia, therefore, recommended that all filtars
used be charged with 13X and conditiocned as prescribed, The addition
of in-line filters at the rear of the inatrument between rotamaters and
columm inlets is not meant to bhe a permanent change. The installazien
of these filters allows operation of the instrument until it is comvenient
to obtain materials to make repairs. As an additional means of rapildly
checking the system for leaks, it is suggeeted that the unicns ou the.
ingtrument rear where the copper tubing meets the stainless steel tubing
be replaced with Swagelok slide valves (#200-1/8 SV-6). These valves
will enable the chromatographer to totally shut off any individual
carrier loop 8o that the float in the rotametar, flow controller, and
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Iines can be checked for leaks. These valves may also be used if re-
palrs end operation of the instmment are to be carried on simultanecusly.

GENEPAL INFORMATION ~ FLOW SYSTEM

Faulty flow controllers will cause the flow to change from time to time.
The controller may also exhibit ghort term fluctuatione and mey compietely
open or close. Care must be taken in operating flow controllers;

they are never opened past the full geale indication of the rotameter

or closed down in an attempt to completely shut off gas flow., .lways
maintain a cylinder pressure in the 40-50 psi range. Always change the
carrier gas cylinder when it depletes to 500 psi eylinder pressure, Cheek
flow through.the system at the detector effluent line weekly with a
bubble meter. This will indicate the proper function of the instrument
and condition of the columm packing to some degree. As the instrument
vibrates, the colunme may tend to pack down tighter causing a decrease

in flow 2nd may also affect the retention time. To-check for & worn

or bad flow controller disphragm, operate the unit at 40 pei, noting a
setting on the rotameter. Increase the pressure to 50 psi and note the
rotameter setting. If it shows an increase of 4 or more divisions, the
controller ig faulty, A Brooks filter, #8501, mey be used at the outlet
of the flow controller te protect the sgystem from particulate coutamina-
tion and to some extent from f£lashback.

When installing columneg in the imstrument, they can be set-up as ghown

in the diagran following. The lower O-xing 1s not ¢ritical and is used
aimply to support the Swagelok mut., A clearance of at least 1/8 inch is
recommendad between the columm packing end the fittinpgs after installation
is completed.

5__ Teflon, Graphite, or
Vespel Ferrule L
1/4" Swagelok Nut e Glass Wool Plug

~

— 0=Ring (nut -
retainer) -

Column Packiﬁg

=232~

»



R _j'"-' .o y - .

Section 6H

6H TEMPERATURE CONTROL AND INDICATION IN THE GAS CHROMATOGRAPH

The inlet and transfer system may be controlled by a feedback bridge
type SCR controller, This controller uses z resistance thermometery
and a potentiometar for control. It has been found advantageous to
utilize variac control of the inlet and transfer where possible (cost-
and trouble-free operation)., Variac contxol is possible when ambient
conditions are atable. '

The electron capture detector temperature should always be controlled
by the feedback bridge type SCR cotitroller, as minute changes hkere may
cavse cycling or shift due te small changes in ambient temperature or
impropex insulztion in the detector cage, There should be no detector
body area exposed, as slight air currents may cause cycling or diifting
bagelines.

A pyrometer (0-500°¢C) 1s generally ubed to indicate the temperature of
various thermocouples in the instrument. A switch located adjacent to
the pyrometer ia used to connect varicus thermocouples into the circuit
te be monitored., The thermocouples used in the chromatograph are usually
terminated in a compensator, which ig a cold junction reference bridge
eircuit that compensates for ambient room temperature., This ¢ircuit is
dependent upon thermigtors in the bridge cirvcuit and mercury (RM=-12)
batteries that should be checked monthly with a battery checker or.when-
ever temperature jndications appear faulty. (Usually one thermocouple
is placed in the open air to rough~check the pyrometar against ambient
temperature). Always be sure that battery contacts are clean,

Oven heating and control are obtained by:

(a) Two resistance wire heaters in the oven walls secured to plates
attached to the walls and wired in geries with a Ilimit-gwitch.

(b) Two thermocouples (metal sheathad). T/C is“;sed with older type
programmer units. Ribbon Registance Thermometers (50 ohms) will be usged
in newer types for temperature sensing..

(¢) ¥an motor and squirrel éage blower assembly.
{d} Damper system,

The oven is generally a stainless steel umit insulated with micro fiber
insulation covar. The design permits rapid heating and cooling dymamically
to desired temperature eguilibration,

The top sheathed thermocouple is used as the temperature indicating unit,
and the bottom. sheathed thermccouple i1is used for programmer control.
This placement is non~critical,

The programmer contains an Initial control circuit which 1s used mainly
in iszothermal control of the oven and a final control circuit activated
for programming, The programmer circuliry may be used to raise the
temperature at a specific rate and qutomatically return to s set
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temperature by proper use of the sdjustments on the front panel. The
oven tempersture controller will not be activated until the fan/bleower
switeh 1s turned on. :

The onset of pyrometer problems is often insidious, and problems may be
prevelent for scme time before the operator becomes aware of them. One
gimple and inexpensive means of monitoring this, if the oven design will
pernit, is to drill & 1/8 inch hole in the oven door st a point opposite
the center of the columms; ingert through the hole the 8§ inch stem of

a d1al face bimetallic thermometer (Weston model 4200, 0-250°C). While
these thermometers are not highly precise, they are sufficiently accurate
to provide the operator with an Indication of trouble im the pyrometer
network, If the dial face thermometer ir reading 185°C and the pyrometer
readout is 200°C, a problem 1s indicated nmot only in the column oven
temperature but in the other heating modules in the instrument, i.e.,
injection port, detector, transfer line, ete.

DETECTOR AND ELECTROMETER

The detector and electrometer are integral parts of the gas chromatograph.
They are connected tdgether by BNC to BNC Teflon coaxisl cables, ome for
the polarizing voltege and the other for the detector signal. The
electrometer supplies & negative DC woltage to the detector &t & regulated
constant rate. The radiosctive detector source 1s encased in & Teflen
(3H) or ceramic (93NW1) cylinder, This eylinder, in turn, is encased ia

a stalinless steel block which serves ag a heat sink heated by a 50 or 100
watt heat cartridge. When a JH (tritium) detector is used, an adjustable
limit switeh an series with the heat cartridge prevents the detector from
being heated above 225°C. 1If the temperature is allowed to exceed 225°C,
excesgsive losses of tritium from the foil or damape to the Teflon parts
will result. Such temperatures create no problems with the 53N1 detector,
thus a lioit switch is oot needed. '

The electrometer input attenuator is gomprised of high resistance glass
resistoras forming a decade stepping switch. These resistors are affected
by dust, tempersture, gnd light. They must be maintained extremely clean
and never hand touched. The highest attenuation available is 5 x 10-13
amps. This {g obtained at the 0,1 setting, A minimum attenuation of

5 x 10-8 awps is obtained at the 10% position,

The ocutput attenuator is a binary resistance switch that enables further
attenuation in 2 1 to 256 range. A potentiometer im the output section
of the unit adjusts zeroc balance of the electrometer amplifier te permit
adjustment of the output voltage for zeroing the sfrip charter recorder,

A buciking control utilizing two glass resistors for mormal or high bucking
ig located on the electrometer rear apron, This bucking control is the
coarse bucking allowing either 10~8 Ffor electrom capture operation or
10~10 for flame. A 10 turn potentiometer is located on the fromt panel
for fine bucking contrel. :
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Internally, the electrometer contains two plug-in printed eircuii boards,
one for power conditioning and the other for amplification, zerc, and
balance. This is in addition to the input and output attepuators. It
is important, due to the axtreme sengitivity, to operate the electro-
metar with ity cover correctly in place, otherwvise noise will be
excesgive due to stray field pick up.

Electrometer Problems:

(a) Cannot zero and/or cannot buck out - possible cure:
(1) Check zero and bucking potj;n front panel for continuity,
(2) Check 1 percent resistors on amplifier board for comtinuity.
(3) Check 2MN699 traneistor on amplifier board for leakage.
(4) Check 4 mfd @ 50V non-polarity capacitor on Qmplifier board,

(5) Check all zeper dicdes on power aupply board.

(b} To adjust trim pots on amplifier board:
With output attenuationm on 1, turn input attenuator to off and turn zZero

pot on front panel five turns from either extreme, Then adjust zero

balance trim pot until recorder reaches zero, -

Electrometer Drift Check:

{(a) Set master switch to off and completely disconnect the elactrometer
from all test equipment.

(b) Cennect recorder signal cable to the electrometer,

_ “(c) Set input attenuator to 0.1 and outpﬁt attenuator to l.

{(d) Adjust bucking potentiometer for recorder indicatiom of 50 divisionsa,
(e) Set recorder to slow speed.

() Allew units to run in this condition until recorder does not
.. deviate more than 5 divisions per hour.

{g) BSet output attenuator from position 1 to position 256 slowly, unoting
pen deflection. This should not exceed .25 chart division through the
total range,
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So0lid State Linearizer:

A recent innovation introduced for usge with electron capture detector
systems in the conatant current pulsed mode is a solid state linesrizer.
The linearizer enables the chromatographer to operate the electrom
capture detector over a dynamic range of at least 20,000:1,

The 1linearizer requires a warm-up period of at least 12 hours after
installation or after any flow interyuption. Argon-5% methane is
the preferred carrier gas; however, a 10,000:1 dynamic range may be
obtained using high purity nitrogen.

Malfunctioning of the solid state linearizers has been observed where

the recorder will suddenly go off scale and remain so until the unit

iz shut down for a period of time, TUpen reactivetion of the system,

the unit asppears to funetion normally, If this ocours, refer to the

operations manual schematics and:

(1) Change B2 and B3 to 1KMW

(2) Change VR to 7.5 or 8.2V

{3) Add 330 mfd at 10 VNP across Rl4

(4) Add 1 nfd at 50V in series with a 10 ohm %W across CRS.

Thege changes will improve the operation of the linearizer and reduce

noise to an acceptable level. It may be necessary to re-zerc the unit
after these changes. The Tracor service manual procedure "2" srates

" "Remove clip lead." This is incorrect. The clip lead should be ze~

tained. In procedure "3",-do not clip a shumt lead from E, to ground
and do not adjust to zero but to 30 MY.

Printed circuit boerd 1700 -~ 3504400H cannot be repaired or aligngd in

" the f£ield and must be returned to the factory for replacement,

6J

All printed circuit boards in a linearizer should be remoﬁed'énnually '
and spray cleaned with Freon MS-180,

OBSERVATION OF PROBLEMS ON CHROMATOGRAMS

{a) Peaks return below baseline: dirty or partially depleted detector
foll - clean or replace foil.

(b} Peaks have flat tops: check for proper oven and detector temperature

and recorder gain contrel.

(c) Insufficient peak height: c¢heck for proper attenuation settings,
proper amount of injection, recorder response.

(d) Tailing peak: check for proper cperating temperature and gas flow.
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(e) Stepping baseline (may be observed on peaks): check for dirty
recorder slide wire, line veltage changes, recorder drive, recorday
gain control.

{f) WNoise level: check for approximately 1 division of naise @
10 = 8 attenuation.

(g} Spikes: check external polarizing voltage unit, line noise, noisy
temperature set controller, dirty system, regulation diaphragm.

{h) Rapid cycling: check oven temperature programmer, oven control
thermocouple, compensation circuit, temperature set controllers, limit
switches,

(1) Excessive noise in baseline: cﬁhck for module noise by elimination
or substitution, ground loops, recorder gain ‘(properly set?), cable
connections (coaxial), leaks in flow system.

(i) Noise with erratiec spikes: check for proper carrier, clean carrier,
leaks, ground loops, celumn bleed.

(k) Slow cyeling bageline: check oven limit switch, damper operation,
control thermocouple, thermoccouple compensator,

DETECTOR BACEGROUND SIGNAL (BGS) RESPONSE
(a) Normal detector respons¢ ~ has good maximum signal (BGS).

(b) Abnormal datector response - has poor stepping, doea not gaturate
at approximately 25 volts (Figure 5-E, Section 5). T

Posaible Problems:
(1) Modarately contaminated carrier gas.
(2) Bleeding or unconditioned column (abaorbs BGS).
(3} Poaitive voltage on detector,
(4} Leak in system.
{5) Detector in heating cycle (wait until pyrometer stabilizes).
(6) Reversed coaxial leads from slectrometar to detector.
(7) Contaminated radicactive source in detector.
(8) Contaminant flowing from previous injectioﬁs (residue bleead),.

(9} Dirty, bleeding, torz saptum.
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Troubleshooting:
{1) leave colum cold. Eliminates problems (2} and (8).
{2) Check system from tank to detector fitti;gs. Eliminates (4).
(3) Observe voltage with VOM. Eliminates (3).
{4) Check cosxial comnectors. Eliminates (6).
(5) Check detector temperature for stability. Eliminates (5).
{(6) Observe standard solutifon injection - if peaks are not below base.
Elimirutes (7).
(7) Replace septums with conditioned omes, Eliminates (9).
(8) Change carrier gas tamk. Eliminates (1).
TROUBLESEOOTING COULSON ELECTROLYTIC CONDUCTIVITY SYSTEM
{a) High backgroupd. -

Symptet: Unable to sero system with bridge, Bridge attenuator x8 or
below,

Probable ceuse:

{1} Recorder zerc inaccurste. .
(2 Vater contaminated,

{3) Ion exchange capacity exhausted.

{4) Geas contaminated,
(5) Bleeding columm.

h¥ 4
{6) leak in pas system.

Troubleshooting procedure:

(1) Attenuator at short, zero recorder.
(2} Change water.
{(3) Change 1on exchange bed.

(4) Check background with the cell disconnected from furnace,

change gas.

{5} Replace column with glass jumper.

() Test system for lesks.
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(b) Low sensitivity.
Symptom: tnoticeable loss from previous responsa.

Probable cause:

{1) leak in flow systen.

';;ﬂmegrfﬁ (2) Contaminated pyrolysis tube.
(3) Contaminated- Teflon transfer line,
Troubleshooting procedurae:

- (1) Test system for leaks.

(2) Replace or re-cure pyrolysis’tube,

{3) Replace Teflon tramsfer line,

{¢) MNolsy baseline,

Symptom: baseline noisy, 3 percent or more at x2 on attemuator,

Probabla cause:
(1) Recorder gain too high.
(2) Bridge not properly groumded.

(3) Ion exchange capacity exhausted.

PR (4) Bfidge defective.
!:ia'; f : (5) Dirty cell.
S (6) Improperly cured column.
“Troubleshooting procedure:

(1) Set bridge attenuator to x2. Adjust recorder gain.

{(2) Connect a jumper from bridge white terminal to rscorder ground.

. (3) Change fon exchange bed,
(4) Substitute bridge.

(5) Clesn cell with 10 percent selution of BF, rinee with distilled
watar. .

(6) Recondition columm.
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/// {d} Loss of gas flow.
Symptom: bubbles not present in cell.
Probahle cause:
(1) Gas tank empty.

(2) Broken pyrolysis tube.

(3) Broken columm,
(4) Valve blocked.

{5) DBroken flow control.

Troubleshooting procedure:
(1) Check tank pressure,
{2) Remove and inspect pyrolysis tube,
{3) Remeve and inspect columm.
{(4) Check flﬁw through valve and cleaun, 1f necessary,
(3) Check output from flow control.
{e) 1Loss of furnace heat,
Symptom: pyrometer does not read 820°C or the set temperature,
Probable cause:
(1) Heat comtrol off,
(2). Thermocougle open, )
{3} Furnace heater o¢pen,

(4} Heat control defective.

Troubleshooting procedure:

-

(1) Pusﬁ heat control kmob to turn heat on.

(2) visvally check furnace. Insure it is red on inside, check
thermecouple with ohm meter,

{3) Check resistance of furnace heater with an ohm meter,

/ (4) Check variable 1-110 VAC output of heater control with volt
metar,

v

Caution: use only a volt—chmeter. Do not use a vacuum tube volt meter.
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(£) Loas of inlet block heat.

Probable cause:

- 2 (1) Heat control off.
(2} Thermocouple opan,
(3) Block heater open.
(4) YHeat control defective,
Troubleshooting procedure: [
(1) Push heat control knob to turnm heat onm.
(2) Check thermocouple with an obm meter,
(3) Check resistence of block heater with en ‘ohm meter.
t-y(ls) Check variable 0-110 VAC output of heater comtrol with volt
meter.

6M TROUBLESHOOTING THE FLAMR PHOTOMETRIC DETECTOR (¥FPD)

(a) Noisy baseline <~

(1)
(2)
(3)
(4)
()

Probable cause:

2/

Detector temperature teo high. o
750 wolt power supply noisy.

Noisy electrometer, _

Damaged photomultiplier tube.

GC colum bleeding,

B .. Troubleshecoting procedure:

{1} Lower temperature to 160-170°c,

1/

2/

IR _I =" See footnote on page 21.

— In any cage of noisy baseline, make certain the recorder gain is
preperly adjusted and the slidwire is clean,
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'{2) Disconnect cable from end of PM tube and observe base-
line, If noige continyes, 750 volt power supply may be the csuse,
Repair or replace,

{3) Continuing noise if cable from back of electrometer is
disconnected indicates bad electrometer.

(4) Continuing noise with extingnighed flame indicates damnged
PM tube if electrometer and power supply have checked good. Replace tube.

(5) Recondition or replace column.

{b) Low sensitivity
Probable cause;
(1) Dirty filter.
(2) Dpircy wingow:r”

(3) Danmaged photomultiﬁlier; low sensitivity will probably
be accompanied by excesgive noise.

(4) Improper polarizing voltage.
(3) Light leaks.
(8) Improper flow rates,

(7Y Loose cables.:

. Troubleshooting procedure:

_ {1) BRemove filter and clean with lens tigsue, Be sure to tumm
off polarizing veltage before removing PM tube.

(2) Remove PM tube and filter and look into back of detector.
Replace window i1f coated with gray deposit.

(3) Replace PM tube.
(4) Perfiorm voltage/injection profile,

(5) A shift in baseline will oeccur by shading the detector burner
housing.

(6) Insure all flow rates are correctly set,

{(7) Cheek that gll caebles are tight,
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EPILOG

The reader is cautioned against immediately assuming that the scurce of
an operating problem is ap instrumentzl melfunctiom when in fact it

may be scmething else entirely, Tor example, if the operator makes

a series of injections of a relatively "dirry” extract for electron
czpture detection, such as the 15 percent ethyl ether-petroleum ether
cleanup fraction of fat, certain symptoms may appear ¢n the chromato-
gram which could suggest electronic problems, Peak height response

may be greatly depressed, and significant peak tailing may ceccuxr. How-
ever, these manifestations are aimplx electroni¢ symptoms and not causes.

" The cause of the problem in this case would be overloading and contamina-

tion of the GC column (see Figure 4~J in Section 4). Because of the
vigible similarities om the chromatograms of electronic vs. other problem
sources, the operator should not proceed posthaste to disassemble the
ingtrument without first checking ocut the possibility of other problem
sources, In general, if the instrument has been performing satisfactorily
up to the time of starting chromatography on a new series of samples,

it would geem probable that the problem may reside in the sample extract
rather than in the gas chromatograph.
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OTHER CHROMATOGRAPHIC DETERMIKATIVE TECHNIQUES
EIGH PERFORMANCE LIQUID COLUMN CHROMATOGRAPHY (HPLC)

74  INTRODUCTION TO HFLC

High performance liquid chromatography is becoming increasingly important
&s a powerful technique for the geparation and analysis of pesticide resi-
dues. HPLC is a very gentle technique that commonly operates at amblent
temperature. It has advantages over gas chromatography where compounds
are pot naturally volatile and derivatization is difficult or unsatis-
factory, and for pelar or thermally labile compounds. Pesticldes that
may not gae chromastopraph well unless derivatized (e.g., phenoxy acid
herbicides, which require methylation prior to GC) often give excellent
liquid chromatograms (1), The most widely used detector in LC, the
vltraviolet (UV) photometer, is nondestructive to the sample, making
fraetion collection a routine matter. The separated compounds emerge
from the chromatograph dissclved in solvent that can easily be collected
apd the solvent removad to reccver the compound. A greater variety of
separations of more complexity can be achieved by LC because of the active
role played by the mobile phase as contrasted to carrier pas in GC. EHFLC
has been used for cleanup of pesticide extracts prior to GC determinations
{2=-4) as well as for the final determination itself.

Disadvantages of LC are that detector sensitivity is not comparable to

that obtainable with GC detectors, especially electron capture, and a wide
range of element selective detectors is not yet available., In general,
present commercial LC detectors have sensitivities in the 10~3 to 109 g
range. In one comparative study (1), detection limits by electron capture
GC were 100~1000 times better for DDT and 2,4,-D than with an LC photemetric
detector, S ng of each pesticide being detected with the latter at 210 and
278 nm, respectively., However, the poorer sepgitivity could be overcome by
injection of lirge semple volumes (e.g., 50-100 Ul)} without loss of
linearity or peak symmetry. The ability to introduce large volumes in LC
can sometimes make gensitivity between the two methods comparable. Deriva-
tization methods ean increase the sengitivity of detection, e.g., by forma-
tion of UV-absorbing or fluorescent derivatives, but only at the cost of
more complicated mample preparation. HEPLC is still relatively new, and

a8 improved equipment is developed and analysts obtain a better knowledge
of HPLC, this technique will be taking its place beside GC and TLC as an
important tool for pesticide residue determingtion.

Two terms that have evolved from the early traditions of ligquid chroma-
tography should be defined. In "mormal phase" LC, the stationary phase
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(an adsorbent or partition medium) is more polar than the mobile phase,
and the least polar sample components will elute first. In "reversed
(or reverse) phase" LC, the stationary phase is less polar than the
mobile phese, and the most polar sample components will elute first.

TEEORY AND PRINCIPLES OF HPLC

The principles and theery governing GC and LC are very similar, but
the presence of a moving liquid instead of a gas gives far different
separation characteristics to LC. The cholce of the carrier gas in GC
is primarily dictated by the type of detector used and has little
influence on the separatiocn achieved in a given colusm. In LC, the

conpesition of the mobile phase is of prime importance iIn the thermoe—

dynamic distribution ptocess. The other significant differences
between GC and LC are that, in the latter, solute diffusion in the
mobile phase is extremely low and temperature effects are of only
secondary importance. Low diffusion in the mobile phage (a2 factor of
10% lees than in GC) is the key reason why BPLC is possible to perform.
Inatead of plate.height becoming increasingly larger as the -carrier
liquid flow increases as in GC, it becomes asymptotic to a limiting
value. In prectical terms, this means that the mobile liquid phase
velocity can be increased without the same great loss in efficiency
(increase in plate height) and loss of resolution that occur in GC.
Temperature changes can differentially alter the relative retention of
two similarly retained solutes by the effact on solubility, mobile phase
vigcosity, mass transfer effects, etc., but these are enly indirect
effacts, and most LC separationa are carried out at ambient temperature.

The concepts of retention time and resolution are the same in LC as in
GC. Good resolution requires that peaks be narrow and the distance
between peak maxima be great enough to allew the trace to return as
nearly as possible to the baseline, Peak width is a function of the
column efficiency (number of theoreticel plates), whils peak separatiom
is a measure of column selectivity (the ability of the packing to
differentiate between two solutes).

‘The basic equations for HPLC are the following:

Vi - VB

Yo

Retention: k' =

where Vi is the retention volume for the peak of interest from the point
of injectiom, and V, is the retention volume of a non-retained peak
measured at the peak apex, Times or distances measured alonmg the re-

~ corder chart can be used more convenlently than volumes If the flow rate

is constant,
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k) v, . ¢
Selectivity for ‘ 5 =V
compounds 1 and 2: = k{' -
Vi~ ¥,
vy 2
Ro. of Plates: N = 16 N
1

vhere W, is the width of the peak for compoment 1 (see Figure 4~C)
in termf of V. :

o -1 k' '
Resolueion: B = 3(—z—) ( W ) (—3_—;-;"")

selectivity efficiency capacity

-

The k' term or capacity factor measures retention in column volumes;

it is affected by the streagth (e.g. polarity) of the solvent and
strength (e.g. retentivity) of the column packing, The optimum value
of k' 18 ca, 2-6. & is the geparation or gelectivity term, which is
affected by the chemistry of the entire system, including the fumetion—-
ality of the sample components, Values of 1.1-2 are typical in EBPLC,

N is a measure of band broadening; typically, a highly efficient small-
particle, porous 25 cm silica gel column will show ca. 15,000 plates

for various compounds. The resclution equation combines terms assoclated
with selectivity, efficlency, and capacity.

If the resolution of two components with k' = 2 or less is unsatisfactory,
there are three different ways to try to improve the separation, The -
solvent can be changed (solvent stfength decreased) to give k' values between
2 and 6, the column can be chanped to inecrease N and give narrower

peak widtha, or the solvent can be changed to give increased selec~

tivity (a). As a specific example, an inferior reversed phase separation

on a 37-75 um bonded phase Cig column with methanol/water solvent might

be improved by changing to a lower percentage methznol (inerease k'),
changing to a.10 pum column (increase N), or changing to acetoritrile/

water solvent (increase a).

In general, the best order for developing a separation is the following:
try to digsolve the compound(sg) of interest in a series of solvents
ranging from hexene to water., If the only solublility is in the hexane
end of the series, choose a gilics gel columnj if the only molubility
is in the water end, use & Cjg bonded column. If there is Intermediate
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solubility, one has a choice of either column type. If the compounds to
be separated are relatively polar and have functional group differences,
silica gel is recommended. If the compounda are relatively non~polar
and differ mainly in the hydrocarbon skaleton, a Cig column 1z -
recommended. Use the best avallable column to incT¥ease N, choose a
solvent mixture and vary its proportioms to alter k', and, finally,
ckange the solvent composition while keeping the same stremgth to
increase .

Doubliing columm length doubles the number of theoretical platea, but
the separstion time will alsc double 1if flow rate is kept constant.
Increasing pressure with 2 constant colum length will increase the

" -gpeed of separation but reduce resoiution. A simple means of in-

creaging the plate number is to reduce the solvent flow rate with a

~ congtant column length, but again we pay for this by increased separa-

7€

tion time. Msny operators seek maximum resolution by using the longest
colum and higheat flow rate feagible at the pregsure limit of the
available instrument. Decreasing the eluting stremgth (e.g., polarity)
of the solvent will usually increase resolution but will also increzse
the analysias time. Column efficiency is only marginally affected by
column diameter: there is 2 small increase with increasing diameter,
but diametar is principally important to sample loading capacity (sample
size is proportional to the grams of active gtationary phase available
in the column). Doubling column diameter will approximately fncrease
capacity by four, but four times as much solvent must flow through the
column in a given time to maintain efficiency and velocity. A guide

to gelecting the best experimental conditions for high resolution in
HPLC with large— and amall-particle columms has been published (5).

HPLC INSTRUMENTS : &

The basic elements of a complete, automated HPFLC instrument include a
solvent ragservoir and gradient forming device, high pressure pump,
injection system, colummn, detector, and recorder (Figure 7-A). The
instrument components must be joined by tubing that iz as ghort and as
nacrow in bore as possible with low dead-volume fittings and valves so
as to minimlize extra-column peak spreading. The gradient device mixes
variocug solvents to produce a continuous or stepwise change in chemical
composition (e.g., polarity or pH) of the mobile phase during the
elution, Gradient elution is analogous to temperature programming in
GC since both are used to speed and optimize complex separations. In
adsorption and partition LC, the gradient usually involves an incresse
in solvent polarity; in reversed phase partition LC, solvent polarity
is progressively decreased.
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Figure 7-A Eigh Performance Liquid Chromatograph Including
Two Model 6000 Pumps, A Model 660 Solvent Programmer,
and Model 440 UV Absorbance and R401 Differential
Refractometer Detectors. Waters Assoclates.

The pumping system must provide the pressure required to achieve the
correct flow rate through the columm. Although most instruments per-
mit pressures up to at least 5000 psi, the vast majerity of analytical
peparations can be done at pressures renging from a few hundred psi

to about 1200 psi, HPLC pumps fall Into two categories, namely,
centinucus displacement (e.g., gas digplacement, gas amplifier, end
syringe types) and intermittent displacement {e.g., peristaltic,
diaphragm, and reciprocating piston). Most users and manufacturers.
today are emphasizing variations on the reciprocating pump, while other
pump designe are fading into the background. The newest models

feature highly precise flow, no eignificant pulgation of the final flow
to the detector, and automatic correction to provide sccurate flow
under different operating conditions. The increzeing use of micro-
processors, which 1s a definite trend in RPLC equipment, allows
improved operaticn of pumps and additional coptions such as low pressure
gradient systems that use a proportioning valve in fronmt of a single
pump. Micro-processors also allow increasing automatien of the entire
LC system, including sample injection and data handling.

Injection is carried out in ome of three ways in different commercial
I1C instruments. Stop~flow injection involves shutting off the flow of
solvent in the column (either by stopping the pump or by ueing & shut-
off valve), removing a cap from the head of the column, and injecting
the sample direetly on top of the columm. Because diffusiecn in the
liquid mobile phase 1s negligible compared to gaseous diffusion in GC,
the cap can be regealed and chromatography can be regumed without
significant loss of efficiency. Twe different injector systems allow
sample introduction from a syringe without stopping solvent flow. With
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a septum injector, the sample 1s injected direetly into the flowing solvent
with a technique similar to that used in GC. These Injectors are most
suitable for work at lower pressures. Septum deterioration from solvent
attack and coring of septa during injection against high pressure are
common problems with this type of system. With the septumless injector,
the sample is introduced at atmospheric pressure inte a loading loop that
is being bypassed by the pump-to-columzt stream; by switching to the
"inject position", the loop becomes part of the main solvent stresm and
the sample is lmmediately swept onto the column. The third type of
injection system is a rotary injection valve in which an external loop
is completely f£illed with sample, and the loop is then Inserted into the
flowing stream. It differs from the septumless syringe injector because
the precise loop volume determines the amount of sample introduced rather
thap a syringe. A mumber of automatic devices for sequential introduction
of nmultiple samples is also cormercially available (see, for example,
reference 6}, _
2 *
HPLC modules are connected together almost universally using 316 stainless
steel. Although very hard and durable, these fittings can be damaged by
too much tightening or many openings and closings of the liquid seal.
With a new ferrule and nut, & leak-free seal is readily achieved Lecause
of the clean, polished, and level wetal surfaces, After use, more torque
is required for sealing, and ferrules and fittings become distorted.
When a fitting is replaced, the ferrule conmected to the tubing should
also be changed. The ferrule is best removed by (a) secoring the 1/16 inch
tube behind the ferrule with a sharp triangular file; (b) gripping each
side of the scored tubing, 2 sm from the score, with pinch~nose plilers;
and {(c) bending the pliers toward and away from the score, through small
arcs, until the tubing breaks at the score. This procedure assuzres the
capillary bore of the tubing is still completely open. Any burrs should
be removed with a file from the outer tubing edges before placing the new
ferrule and nut on the tubing.

e

COLTMNS FOR EPLC

Column efficiency is increased by using columns that are densely packed
with uniform, small particles, Partieles with an average size down to

30-40 um can be successfully dry packed in the laboratory while mieroparticulates

(5«10 ym) must be slurry packed., Becauae of the di1fficulty of this
operation, commexvcial, pre~packed columms are usually used.

Pellicular packings have a thin layer or shell of stationary phase

bonded to a soclid glass core. The active layer can be ailica, alumina,

an ion exchange resin, or silica gel to which a "liquid" phase has been
bonded (bonded phase partition packings)., The thin layer of statienary
phase provides good mass transfer (efficiency) with a particle diameter
that allows dry packing and low inlet pressure operation. A disadvantage
of the thin active surface 13 reduvced sample capacity. Tetally percus
microparticulates have very high efficiemcy because of their small average
diameter (5-10 ym) and alsoc have higher capacity than pellicular packings.
However, they require high inlat pressure for accaptable flow rates.
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For ligulid-solid adscrption chromstegraphy, microparticulate silica gel

of gphericzl shape is recommended, Alumina or other packings are used
occasionally. Bonded phase packings are used for normal and reversed )
phase liguid-liguid partition separations. Reversed phase chromatography
on a monomeric or pelymeric phase consisting of C1g linesr hydrocarbon
covalently bonded to silanel groups of silica gel particles iz by far the
mogt widely used LC mode. PFully aqueous or aquecus-organic solvent
mixtures are used as the mobile phase. Other reversed phase bonded
packings have phenyl and ¢yclohexyl groups, while normal phase bonded
packings contain polar fimctionalities (e.g., nitrile, amine). Anions

are separated on sillca-baged or resimous anion exchange columns and
cations are separated on cation exchange colummg, Instead of ion exchange,
ionic compounds may be better separated by lon palr ¢hromatography. In this
technique, ionized samples interact with an oppositely charged coumter

ion in the mobile phage to produce 'a meutral ion pair, which is select~
ively retained by a C1g reversed phase column, Gel permeation or ex~
clusion chromatography is used mostly for the cleanup of pesticide
extracts. High molecular weight lipid impurities are eluted as a group
before the smaller pesticide molecules,

Reversed phase HPLC on’ bonded C1g packings owes its great popularity to
its ebility to separate nonionic, ionie, and ionizable substances in
partiticon, ion suppreselon, or lon pvairing (7) modes; the gtability of
the bonded phase columns (if properly used); and the simple, inexpensive
solvent systems utilized such as methanol/water or acetonitrile/water
mixtures. Digadvantages of reversed phase LC on bonded packing include
unreacted silanol (Si-0H) groups that can lead to peak tailing of polar,
and particularly basic, substances. This is overcome by adding & com~
peting base te the mobille phage or employing ilen pair chromatography.
Another limitation ie the lack of clear understanding of the retention
of polar and nonpolar solutes on these colwmes. A detailed discuasion
of HPLC columne and column technology has been published (8).

Microparticulates of 5 pm and 10 Ym average particle diameter are the °
currently preferred packing for HPLC. The 10 Um particles provide
adequate regolution for mauy separatdions, while 5 um particles are
recommended for the most demanding separations., In general, 5 pym particles
give 2-3 times more theoretical plates than 10 ym particles packed in the
same length column, but backpresaure is 3~4 times higher. Therefore,
lower flow rates are recommended for smaller particles. For example,

2 ml/minute 18 a typical flow rate for a 4 mm id column packed with 10 ym
particles, while 0.5-1 ml/minute would be used for the same column packed
with 5 Um particlea. Pellicular packings are modtly useful for guard
tolumns to protect the analytical column from contamination {see Sub-
section 7G below). For this purpose, pelliculayr packings can be easily
dry packed.

Prepacked columns are avallable with inner diameters ranging from 2 mm to

8 mm., Tor most analytical and snall-gcale preparative work, a 4 mm id
column is recommended, For 5 pm particle diameter packings, 15 em, 25 cm,
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and 30 cm column lengtha are available. The 15 ¢m coluxm is recommended
for simpler separations requiring only a few thousand theoretical plateas.
It usea lass solvent, gives twice the separation spesd, gives slightly
higher prassure drop, has half the capacity, but gives abour the same
numpbey of plates as a 30 cm colupm packed with 10 um particles. Compared
to 30 cm, 5 ym particle columms, 15 cm, 5 ym columns give half the number
of plates, pressure drop, gseparation time, sample capacity, and solvent
usage. A good 15 em, 5 ym particle column ghould produce ca 9,000 plates,
a 25 em ¢olum 15,000 plates, and a 30 cm column 18,000 plates.

An important consideration for trace amalysis is that much larger sample
volumeg can he injected for HPLC compared to GC. Injection volumes of
50~100 uil are not uncommon for an LC column:; This may eliminata the
sample comcentration atep often required prior to GC, and can help to
offset the lower sensitivity of LC detectors. Wider bore columms are
better for the injection of larger samples since the allowable sample
volume is proportional to the gquare of the tube diameter. In general,
" tha sample should be injected in the mobile phase or in a solvent that
iz significantly weaker than the mobile phage so that preconcentration
of the solute occurs at the top of tha ¢column. For gradient elutien,
injection of larger volumesg of g dilute solution in the initial (weaker)
solvent c¢an be made, or a very low volume of sample dissolved in the
final solvent of the gradient.

MOBILE PRASES (SOLVENTS) FOR HPLC (gee alao Subsection 3n

Solvents chogen for adsoyption HPLC should have a low visecosity (for high
efficiency and low backpressurae}, low boiling point (to facilitate sample
recovery), adequate purity, low toxdcity and odor, reasomable cost, and
detector compatibility (low UV cutoff for the popular UV abserption de-
tactor). A widely versatile set of gsolvents with a.ringe of chromato-
graphic properties is hexane, mechylene chloride,~diethyl ether, ace-
tonitrile and methanol (most polar ~~ strongest eluant for normal phase
adesorption chromatography). These solvents are usually cveed in mixtures
~with a solvent composition and grreagth that optimize capacity and se-—
‘lectivity (Section 7B). Sclvent wixtures for adsorption HPLC of polar
samples often contain at least a small concentration (0.01-1%) of a polar
medifier (e.g., water, alcohol, acetonitrile) (9). Dissolved oxypen in
solvents can have a variety of undesirable affects on UV and fluorescence
detectors. Helium gparging of golvents is an effective way to remove
oxygen and eliminate artifacts it can cause (10).

Many of the same conslderaticns apply to the salaction of solvents for
the most impertant HPLC mode, reversed phase chromatography on chemically
bonded packinga, Because the phases are reverged, water, the most pelar
solvent, is.the weakest eluant, while neat methanol and acetonitrile are
the strongest elusnts used in most applications. The moat polar solutes
are the least retained on the columm. Eluvants of intermediate polarity
are usually cbtaiped by mixing methanol or acetonitrile with water or an
aqueons acid, base, or buffer solution (11}. Ternary solvent mlixtures
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of varying composition, e.g., water, methanol, snd acetonitrile or
tetrahydrofuran (12), allow control of selectivity of solutes with
different functional groups and provide the usual discrimination of the
nonpolar portions of the molecules typical of reversed phase LC, 1In
general, silica gel bonded reversed phase packings are stable only with
solvents in the pH range of 2-7.5. At low pH, attack of the S5i-C bond
is possible, whereas at high pH, the sflica metrix may be attacked,
particularly in salt solutiome. Ian both adsorption and reversed phase
partition HPLC, gradient eluticn can optimize both resolution and speed
for complex samples with components that cover a broad ranpe of polarity
{but regolution of any given cowpound pair is actually reduced compared
to isocratic (comstant solvent composition) elutiom (13)].

Snlvents for separation of ionic compounds (e.g., pesticides with acidic
or basic groups) by ilon exchange chromatogrephy include aqueous acids,
bases, or buffers that allow the sclutes to pogsese full er’partizl
electronic charge and to be more or less attracted to the ionic groups

of the stationary phase. As an alternative, the pH of the mobile phase
can be adjueted with acids, bases, or buffers to reduce or ellminate the
degree of lonization of acidiec or basic groups and allow separations by

a2 pavtition mechanist on a C1g bonded phase column. This method is
termed ilon suppression, A third mode for the geparation of electrolytes
is iom pairing. The mobile phase is at a pH where the solute ig charged,
and 1t alsc 'contains a pairing agent that conjugates with the gcolute to
form a hydrophobic, uncharged species that is seleetively retained by a
Cis bonded phase., Typical pairing agents are a quaterpary smine for weak
acids end an alkyl sulfate or sulfonate for weak bases. The chain length
of the counter ion controls the hydrophobicity of the final ion pair and,
therefore, the extent of retention by the colwm.

Solvent selection for a particular separation is aided by two fundamental
parameters, namely solvent strength (for control of k') and solvent
cherlstry (for control of &), Selvents have been tabulated according teo

- their strength (polarity index) and chemistry {solvent group) for easy

iF

comparison (14). A rational approach to the selection of mobile phases
for all forms of HPLC has been presenfed (15).

When changing from one eolvent to another, time must be z2llowed for the
column to become fully equilibrated with the new solvent. For bonded
phases this will require only about 5 column volumes, hut for adsorbents
and some jon exchange resing, the equilibration volume can be large

{ca 30-50 column volumes).

DETECTORS FOR EHPLC
The most common datector for HPLC is the ultraviolet (UV) absorbance

detector. The original UV detector used a low pressure mercury latp
with a filter and emitted light of very high intensity predominantly at
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a wavelength of 254 om. Many arometic compounds absorb atrongly at or
near this wavelength and so can be detected with good sensitivity

(ca 10~10 g/ml) with this detector. It is advantageous, however, to have
a variable wavelength spectrophotometer-type detector s¢ that the analyst
is able to work at the wavelength of maximum sensitivity for each coem-
pound, increase selectivity of detection of the analyte over interfarences,
and use absorbance ratios at several wavelengths to improve identification
of peaks. Sources for variasble wavelength detactors include a phosphor-
coated low pressutre mercury are, a medium- or high-pressure mercury lamp,
or a xenon~arc lamp, each combinad with interference filters or a mono-
chromater for fsclating the desired wavelength. Since the intensity out-
put of the variable wavelength detector iz lower then the mercury axc,
sensitivity of detection i3 somewhat lower for those compounds with a
gtyong absorptivity at 254 nm. ;

Refractive index detectorys are either the optieal deflection or the prism
(Fresnel) type. These are universal, relatively insensitive (10"6-10=7 g/ml)
detectors that require close temperature control (X 0.5°C) and cannot be
used with solvent programming. They have had little oxr no use in pesticide
residue analysis. -

Fluorescence detectors are highly sensitive (10-10 g/ml) and selective
because of the choice of excitation and emission wavelengths. An
especially promising approach for tiace analysis iz the use of high
intengity laser sources, with which 750 fg of aflatoxinsg have been de-
tectad (16). Derivatization (pre- or posteolumn) of the pesticide of
interest is often requlred for increzsed selectivity or sensitivity of
detection.

The first electrochemical detector for HPLC utilized pelarography, but
recent models have employed ampercmetry, coulemetry;’ or conductivity.
Reference (17) reviews the theory, applications, advantages, and dis-
advantages of these deteetor types. The amperometric detector as
developed by Rissinger and co-workers seems especially promiaing for
pesticide analysis, having picomole.gsensitivity and selective response
(18). Seven halogenated aniline metsbolites of carbamate, urea, and
enilide pesticides have been geparated without darivatization on a Ci1g
bondad phase column and detected at levels of 0,23-0.38 pg (to give a
response that i{s twice the noise lavel) using a commercially available
alectrochemical detector (model LC-24, Biloapnalyticsl Systems, Inc., West
Lafayette, IN) operated with a + 1.1 volt oxidation potentfal (19). This
detector csonot be used with flow or solvent programming, and waiting
periods of 10 minutes fo several hours are required for any changes in
conditions (flow rate, applied voltage, different solvents) or for initial
start-up each day. The sensitlivity of the detector varies drastically with
applied voltage, and voltage can be varied to obtain selectivity for
analytes over interferences. Both increased flow rate and an increase in
tha volume of sample Injected decrease deteaction sensitivity. Detector
regponse was lineasr from the detection limiz up to ca 50 ng injected.
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The traveling wire flame ionization detector gives promise of universaliry
and sensitivity like its GC counterpact, but it is at present mechanically
complex and cumbersome. The electron capture detector has been adapted
for HPLC using mobile phases that do not give responses. The column
effluent "8 vaporized directly Into the detector, in an atomized form,

by means of a heated transfer tube located in an oven, Nitrogen is used
as the purge gas to sweep the vapors out of the detector (20). LC-E
svgtems are commerclially gvailable with sensitivities listed as 10-1 g/ml -
for common chlorinated pesticides. The FPD (22) 1s similay to the de-
tector used in GC but utilizes a special hurmer assembly to handle the
total liquid effluent of the column, which is nebulized and directed

into the cool hydrogen-nitrogen flame. Emission 1s measured by a simple
bandpass photomultiplier system using the usual 5- and P~ wavelengths.
Sengitirity is limited by the quenching effect of the organiec solvents
used as the moblle phase. Practical analyses of pesticide reslidues have
not been reported with any of these detecters.

PRACTICAL ASPECTS OF SUCCESSFUL HPLC OPERATION

All new columns should be tested with a standard mixture at standerd
chromatographic conditions to compare with the masufacturer's guarantee
or previcusly used columms, and as a reference point for monitoring
column changes with use. New columne must be fully equilibrated with

the solvent, and the column connections must have zeyxo dead volume 1f
constant retention times and high efficiency are to be achieved. The
test mixture should contain pure compounds, one of which is nonrvetained
plug at least two others that have k' <10 and are well resgolved so that
as the column slowly degrades they will not overlap, The test mixture
can contain pesticides £o be analyzed in rezl samples with the same solvent
system that is to be employed, or it can be a mixture specified by the
column manufacturer so the performance data supplied with the (pre-pecked)
column can be verified. The concentration levels should be comparable to
thogse to be used in the actual amalysis.

Parameters monitored include absolute (k') 2nd relative (a) retention,
plate number (N), asymmetry (tailing), void volume, and pressure drop.
Small differences in & and k' usually reflect normel differences in -
solvent composition, but large decreases in these parameters or an ingrease
in asymmetry are indications of column degradation or deactivation. Both
channeling snd compression of the packing can also increase. If the wvoid
volume decreases, channeling may be occurring or the packing pores may
contain gas bubbles or immiscible liquid. Changes in pressure drop
indicate channaling, plugging, or leaking. Buildup of impurities frem

the solvent or gamples will eventually cauge losg of column efficiency,
which can usually be restored by regenerating the column with & series cof
solvents of increaging eluting strength (adjacent solvents must be miscible),
The solvent sequence is then reversed, and each golvent is followed by a
weaker one, A possible solvent seguence for regenerating adsorptiom’
(normal pheage) colums 1is methylene chloride-methanol-weter-methanol-dry
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methylene chloride~dry hexsne (20 columm volumes each). Acatonitrile
containing 17 DMSO or DMF (20 column volumasg) is an effactive solvent
for regenerating reversed phase bonded packings. A column volume or
dead volume is 50-60 ml for a typical 4 mm id x 23 ¢m HPLC columm, The
pump and commecting tubing are prewashed with each new solvent that is
put through the columm, a flow rate of ca 2 ml/minute is used, and the
datector is left commected, if pessible, to also clean it, Regeneration
of HPLC columms has been described in datail (23).

The inevitable, permanent column degradation that occurs with prolonged
use can be reétarded if proper pracautions are taken for sample cleanup,
solvent preparation, periodic column regeneration, and storage, The
manufacturer's litervature should al jays be carefully atudied and recommenda-
tions should be faithfully followed. Pravention of plugging is probably
the one most lmportant precaution that must be exercised to prolong columm
permeability and efficiency. Removal of particles from solvents ia dis-
cussed along with other aspects of solvent purity in Section 3I. Sample
extracts or sclutions should also be free of insoluble particles (24) and
should be filtered, 1f necessary, with a hypodermic syringe fitted with a
Swinny-type filter (0.5~1 um)., Irreversibly sorbed compounds can irrepair-
ebly damage the column and, if .present, can be removed on a short (5~10 cm)
guard cclumm located between the injector and the amalytical columm. In
order not to sacrifice sepavation efficiency, the guard columm should be

-of the same dfameter and packing as the main columm. Less expensive,

ensdly dry-packed guard colums can be prepared from 40 pm pellicular
sorbents, but some efficiency may be lost 1f the analytical colum contains
microparticulates., In addition to the guard colum, a sflica precolumn
{25) should be placad between the pump and the injector to presaturate the
nobile phase with silica gel and retard the dissolving of HPLC columms.
Solubility of siliea gel leada to sunken beds with-skewed esurfaces, re—
gulting in distorted peak shapes or increasad backpressure. The extent

of dissolving is s fumetion of the type of column packing and the exact
nature {pE, concentration) of the mobile phase. When placed before the
injector, voids do not centribute to band broadening and loss of efficiency,
so that large particla silica gel is perfactly adequate.

Columns damaged by plugging, bed compression, or irreversibly sorbed
material can scmetimes be returned to original efficlency by remcving the
column inlet fitting and frit and replacing the discolered packing and
deposited material with fresh packing. The same packing matarisl should
be added by the appropriate dry or alurry packing procedure, or, alter-
natively, a methanol slurry of the packing can be added dropwise and
allowed o settle into place. The end frit is cleaned before replacement
by immersion in an ultrasonic bath for a few minutes.

A properly packed and cared-for column should be stable for 3-6& months or
more with continual use., A poorly packed column can asettle with use,
creating a void at the top that leads to broad peaks with poor symmetry.
Purchase of a good commercial columm or properly performed slurry packing
followed by columm compaction via pressurs pulsing (26) shesld virtually
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eliminate thig problem. HPLC colummg should never be bumped, drepped,
}arred, bent, tapped, or vibrated. All) connection fittings must he
clean (use an ulzrasonic bath). Fittings are never over~tightened or
they will become disteorted and eventually leak., Columns should be stored
tightly capped in a compatible solvent. Silica~based bonded reversed
phese packings are used between pH 2 and 7.5 and are never stored in
aqueous solution but are flushed and stored in methanol or acetonitxile,
If the colunm has been used with a buffer, it is flushed with water and
then with the organic selvent. Aqueous solutionma can be left flowing
slowly overnight (5 ml/hour) for uge the next day, but the column should
not remain static in aqueous solution.

Some common problems in adsorption LC and possible means for thelr
correction (9) follow. Baseline drift can be caused by strongly ad-
sorbed peaks eluting from an earlier run., Such drift is remedied by
pumping through the column at the end of each run sevaral column volumes
of strong solvent (isocratic elution) or solvent of higher finel strength
(gradient elution). Baselipe drift cen also be cauvsed by incomplete
system equilibration In ewitching from one solvent to znother, This
problen is most acute with the RI detector, Spurious peaks can be caused
by bubbles in the detector or impurities in water or other solvents.
Bubble formation is avoided by prior sclvent degassing or imstallation of
an in~line backpressure valve generating 50 psi to keep all gases in
golution. Peak tailing is more common in adserption HPLC and is often
caused by insufficient adsorbent deactivation. Use of 2 modifier in the
solvent can correct this problem, Partial ionizatien of the sample can
cause tailing that cap be suppressed by changing the solvent pH or ionic
strength. Injection of the sample in a solvent stronger than the eluant
can also cause tailing; & solvent wezker than the eluant, or more pre-—
ferably the eluant itself, should always be used, if possible, or the
sauple may be injected fn a very low volume of a stronger solvent. In
revergsed phase systems, peaks c¢an also be broadened or even split when
the sample is injected into a mobile phase that fs either more or lessc
"polar than the solvent in which the sample is dissolved {27). Drifting -
retention times can be caused by differences among solvent batches, changes
in composition of a batch of solvent on standing, chenges in temperature,
or inconsistent adsozbent activity. “Adsorbent activity is maintained
constant by using clean samples, pure solvents with an adequate level of
medifiey, and frequent column regeneration. Poor reproducibility of re-
- tention times and peak aveas in gradient elution may arize from inadequate
column regeneration between runs or poor mixing in the mixing chamber.
Other causes of nonreproducible retention times can be & nonconstant re-
corder drive or slipping chart paper; & nonconstant flow rate of mobile
phase caused by nonreproducible pump delivery or e leak at any fitting
throughout the sygtem or in the injector or pump; or 2 contaminated or
"coated” colunm that iz frreversibly retesining a portion of the sample
and theraby changing the partition coefficients of some of the components.

Dirty detector flow cells may be cleaned by using 2 10 wl syringe to rinse
the cell successfully with methylene chloride, methanol, and water. The
cell is them filled with 50% nitric acid and allowed to stand fer 30
minutes, followad by flushing with filteved, distilled water (28), If
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this operation does not reduce the background to an accsptable level,
either other problems are involved (e.g., cell misaligoment or an impure
or inappropriate gsolvent) or the detector myst be dizassembled and
cleaned further in accordance with the manufacturer's inatructions.

, Quantitatior in HPLC with UV detection is best carried out using peak

7R
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heights if solvent composition c¢am be maintained precisely but flow
control is poor. Pesk areas are used when flow rate is stable but the
composition of the mobile phase might vary (as would be common in
adsorption chromatography where traces of water and polar contaminants
are difficult to contrel) (29).

Readers using HPLC for analysis of pesticide residues are strongly urged
to study the excellent discussion of many practical aspects of the field
given in raefarence (9), from which much of the materisl in this subsection
was taken, i

HPLC DATA

HPLC data of 166 pesticides in the form of elution velume or capacity
factor (k') have been tabulated (30). Information has been Included on
the column packing and dimengiong, mebile phase composition, detector,
and sample substrate. Data for 26 urea herbicides on silica gal 60 with
hexzane-methylene chloride-ethanol (20:79:1 v/v) were also reported (31),

APPLICATIONS OF HPLC TO PESTICIDE ANALYSIS

The material presented on HPLC has been expanded in the prasent revision
of this manual because of the increasing importance of the technique in
residue analysis. Even greater coverage Is anticipated in future re-
visions as HPLC becomes more sensitive, practical, and reliable in the
multiresidue analysis of fileld samples. For furthér information on HPLC,
readers are referred to reviews describing LC detectors (32-34), column
packings (8), end general principles and equipment (35,36), and to books
covering theory, principles, and practice (37,38). A acheme has been
published for isolating and troubleshcoting instrument and ¢olumm problems
in HPLC utilizing a glass~bead columm and two simple electronic checking
devices (39).

A novel method with great promisze for the simplified monitoring of residuas
in water samples down to ppt levels has been termed “trace enrichment”,

The procedure combines concentration, separatiocn, detection, and quantite-
tion of nonpelar to moderately polar impurities. The watar to be analyzed
is pumped through a C3g reversed phase columm until a sufficient guantity
of impurities has been deposited at the top of the ¢column, {(In a raversad
phase aystem, water is the weakest pogsible eluent, so the organic ccm-
pounds will be concentrated in & tight band at the head of the column.)

A gradient elution from 100X water to 1007 methanol or acetomitrils is

then performed, during which the organic impurities are eluted sequentially
in order of their polarity (most polar 1s first eluted) and detected with

a UV absorption datector (40).
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Table 7~1 contains some other recent applications of HPLL to pesticide
anaiyeis, selected to {llustrate the range of pesticide types and samples
that have been studied., Moot analyses to dete have been developed for
one or a few gpecific residues in food or crop samples, and many analyses
of formulations and technical materizal now involve HPLC as the determina-
tive step. Review of applications of HPLC to pesticide analysis are cited
in References (1, 41-&44).

an investigation was carried cut to assess the usefulness of reversed
phase HPLC with UV detection and gradient elution for the determination

of residuee of pesticides inmcluded in the European Economic Community
directive on fruilts and vegetables. It wae shown that most of the 42
compounds, comprising pesticides of many different chemical claesses, could
be separated. and detected, but that sensitivity was not sufficient to .
detect some compounds at or near the EEC limit (45). The best application
of HPLC was considered as an adjunct to established GC procedures for -
multiresidue screening. Applications of HPLC in the environmental analysis
of water were reviewed (46). Preconcentration and clesnup of residues on
small, disposable Sep~Pak cartridges (Waters) allowed the determimation

of 20 pesticides at 20.ppb levels in surface water.

Attempts have been made to combine EPLC and mass spectrometry for the
direct analysis of column effluents. Approaches to thisg direat coupling
have included (a) use of atmospheric presgsure fonization; (b) enrichment
of yeversed phase effluentg using a dimethyl gilicone membrane Interface;
(c) chemical lonization using a small fraction of the carrier golvent as
reagent gas; (d) tramsport of solute through differential vacuum locks on
a wire or a metal or plastic ribbon; (e) reduction of gelute to hydro-
carbon and sebsequent FID and MS analysis; and (f) formation of a molecular
beam by laser vaporization of solvent. At present, (c) and (d) are the
most popular methods, but pone is free from major disadvantages and none
has yet been tested for routinme pesticide analysis. The various methods
for on-line and off-line coupling and some applications of HPLC~MS have
been reviewed In detail (47-49),

5

THIN LAYER CEROMATOGRAPHY
INTRODUCTION TO TLC

The £irst multiresidue method available to the pesticide analyst for
{dentification and estimation was. based on paper chromatopraphy (94-96).
Paper chromatography has now been largely replaced by thin laver chrome-
tography (TLC) since the latter will generally give faster and mere
efficient separations with better spot definition and greater sensitivity.
The use of paper chromatography in pesticide residue analysis has been
reviewed (96-99), .

TLC 18 used mainly for confirmation of residues following initial

screening and quantitation by GC. Confirmation by TLC, which 1s based
on comparison of migration distauces of the pesticide of iInterest with
authentic standards run on ths same layer, is covered in Section 10E of
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Carbawate insecticides (wee OCL, OF, carbemate”lnsecticides)

Carbamata pesticides

(see Phenylurea, carbanate, thlocarbamate pesticides)

_ = v
]
Section 71
TABEE 7-1 SELECTED SEPARATIONS AND DETERMINATIONS OF PESTICIDES BY NFPLC
Compound Sawple Colupn Solvent Detector Cleanup Recovery Regidue Reference
deternined . wmatyic type syatem level
Abate water diphenylsilane water-acetonitrile uv, 254 nm none 98-1022  5-150 pg/L {90)
reversed phase gradiemt
Azinphoa follage, Corasil- Acetonitrile- OV or on~line none 96% 1-16 ppm (58}
methyl oxom soil uC)g, reversed water gradient colorimetyic (soila)
phana reactor
Beaomyl and plant 20-23 ym 0.1Z acetic fluorescence benomyl 90-103% ca 0.01- (66)
THZ tissuea silica gel, acid {in hydeolyzed to 0.2 ppm
adeorption methanol 2-AB
Corbamate standards Wbondapack €)p ~ methanol-water fluorescence, - (3.51 ng levels {(74)
tngecricides reveraed phase gradient after post— c.v.
colwm labeling
with o-phthalal-
dehyde -
Carbawate vegetablea Cja reversed v fluorescence, partition 69-901 ¢.01-1 ppm (51)
ingecticldes and phase after dynamie .
wetabolites hydrolysia and
labeling
Carbamate peaci- foods 5 ym wilica 5% Iscpropancl uv, 254 om particton and »T02 0.1-0.3 ppu (63)
cidea (Swep, gel, in isooctane Florisil celwmn . .
Landrin, carbofursn, adsorption
sminocarh, s
Banol, carbaryl,
Zectran, wethiocarh, \
propoxur, Mobaa) :
17 Carbamate and standards Partasil-10 diffecent uv, 254 po -— —_— e {53)
ures pesticides only 005 reversed polaricy .
phase solventg
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TABLE T-L
Carbaryl honay bees Permaphase Cyg,
reversed phase
Carbaryl potato, gllica gel &0
corn
Carbofuran and cropa silica gel GO
wetabolites
Carbofuran and crops 5 U silica’
3100 and 3-keto gel,
metnbolites adsarption
Chicrtoluron sodl 10 ¥m eflica
gel,
adeorption
Difenacoum and ldver, Corasil I}
Hacferin plasma, pellicular,
urine adsorption
DLEAlubenzuron environ- HCIB. reveraed
nenkal rhase oxr
sanplos HPorasil
ellica gel

DCFMU {gea Methazole, DO, and DCfU)
DCPY {see Hethazole, DCPHU, and DCPU)
Diquat (see Peraqust or diguat)

we thapal-pll 7
phosphate bulfer
(4:1)

isoectane-
isoproponol (96:4)
or-dloxane (95:5)

{scoctane-
igopropancl (97:1)

3-B% lacpro-
pancl in
feooctoane

15T {goproponcl
in hexane

1soproparol-
C“Cl;-isooctane
(1:21397)

welhanol-vater
{75:25) or iso-
octane-1sopropanol

(93:7}

fluorescence

¥, 254 pm or
fluoregcence
after
dansylstiog

fluorestence
after
dansylatlon

UV, 254 or
28D mm

Uy, 240 nm

Y, 254 nm

Florlall column

partition and 5%
water~deactivated
Floriell column

partition and 2%
water-deactivated
Florisdl coluem

partition end
Florisil column

gilica pel
column

GPC or
partition

partition and
column adsorption
chromatography

78-90%

50-65%

68-110%

11-95%

62-~90X

70-128%

Section 7]

0.01 yg/Lee

10-100 ppd

0.01 ppm

0.1 and 1 ppm

0.25-2.5 pmm

0.025-5 ppm

0.01~-0.05 ppm

on

(19)

(83)

(52)

(70}

{55)

(78)
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TABLE 2-1

Dioatns

Ethoxyquin

Ethylanethicurea

5 Fungicides
{benomyl, phenyl-
phenol, biphenyl,
thisbendazole,
carbendazin)
Hydroxy-8-
triszines

¥arbutilate
and metabolites

Bethazolie, DCPMU,
aad LCPU

Methomyl and
oxamyl

Methyl
parathion

FCP

apple
extracte

foods

fruies

plant
matarial

water,
soll, graas

plant and
animal
sanples

vegetabla
crope

runoff water

Fermaphase~ 142 Ha0 im
0DS, reversed methanol
phase

Spherieorb 10 water-mnethanol

4DS, reveraed (20:80)

phage

Micropak 51-10 1gnpropancl-

silica gel wethylene chlaride
3:97)

adsorption, varlous,

reversed compatible

phase, ion with colomn

exchange

chloraform~
methanol-water-B7%
NP0y (700:300:60:1)

ailica gel 60

WPorasil, 3-7% ethanol in

adscrption ethylene
dichloride

Zorbax SIL, 0,05X mechanol in

adeoxption  ~diehloromethane ov

-, CiCly-petroleum

“ether-cethanal
(§:3:0.5)

WCig. re- acetonitrile~

versed phase phoaphate buffer
{11:89)

Partasil OIS, acetondtrile~

reversed water (50:50)

phase

flubrescence

uw, 254 om,
for the penta-
fluorobenzamide
derivetive

UV, 254 or
288 pm

oY, 240 m

uv, 254 nm

W, 254 nm

bV, 240 am

UY, 270 mm

extraction,
fon exchange
column

alvmina
celumn

alkylarion and
glumina end eilficic
acld columma

steam distillation,
partizion,
chemical reaction

1oa;exchange or
gel columm

Florisil
columa {for
grass extracta)

partition and
siliea gel
column

.

partition

XAn-2 forx
preconcentration

93-1042

987

>80%

64~102%

70-1132

80-203%

75~-105X

61-81%

gox

Section 71

0.4-41 ppm

0.05 ppm

0.1-5 ppm

0.8-100 prm

0.03 ppm

6,1-0,.2 ppm

0.1-0,2 ppm

2 ppm

2-3 ppn

(68)

(73

(81)

{54)

(92)

(60}

an

(17}

(56)




~79¢-

Section 71

TABLE 7-1
Waphthalepegcetde oranges, $CH and ETIH pi7 phosphate Fluorescence poriicion €4-997 0.00R-1 ppm (81}
acid tangerinen, bonded reversed buffer and pit &
processed phase clerate buffer
products
Haphthaleneacetic npples HCyg or acetonitrile~- ny, 220 nm ox ncld-bage partitiom  B6-982 0. 01 ppm {85)
acid yLiChrogorh Wiy water (20:80) fluoreBcence
4-Hitrophenol sod  urine ¥Cpg, xeversed wethannl uv N acid hydrolysie, not 1-2 ppm (84)
other phenolic phaze eteam dietillation, given
metaholites aukomsted B
oCLk, OF, carba- prape Cyg, reversed water-pcetonitrile uv, 221 om Hone not 0.002-0.2 ppo {12)
wvate ingecticides extracts phese {1:1) plue 10X glven
) phosphate buffer
Paraquat or urine o-hndno- pit 2.45 phosphate UvY, 258 nm none ea 1007 650 Ng/L (67)
diquat propyltri- buffer-methanol
ethoxyeilane (11:14)
. bonded to 20
Po alumina
PCHs conmercial ¥m silica dry hexsne uv - - - (64)
mixtures gzl adsorption ,
Yaxiove pesti- atandards BioBeads 5K-4, ethanol, v -— -— 0.5-5 pg (80)
cide clneses Merckopel OR- prepancl, THP
. 5000, Sephadex
Ln-20
Phenylurea, carba— eurface aflten gel- 60 . hexane~chloroform Uv, 254 na eitrsctien, don not
rate, thiocarbamate water {4:1} exchange, and re— glven 10-20 ppb (89)
pesticides versed phass
colummsg
& insecticides (see OCY, OF, carbamste insectides)
Oxawyl {sce Methomyl and oxamyl)
. * ¢
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TACLE 7-1

Fhenylures
bherbicides

Pirimiphos methyl
and metabolites

Fyraton

Rotenocids

Rotepone and da-
gradscfon
products

TO-6040 fpeect
growth ragulator

Terbutiyns

Trizzice, uraa,
uracil herbicides

soil,
river water

plasms
and urine

WRLaT

plank
extracts

anfwsl chow
sad tissue

bovine manure

witer

standarids

Sphexisorb
OPS, reversed
phase

mixed, shore~
alkyl-chain
boaded reversed

phage

Cyg, Teversed
phase

Cips Tavarsed
phase

[ g° revergsed
pﬁnlc

C,. reaversed
B8
pﬁase

Permaphase-
ETH, aliphatic
ether, chemi-
cally bended
pelliculsr

PE Cjg 511-%-11,

reversed phase

methapol-
water-ily

methanol-pié
prhoaphate
bubfer

methanel-acetic
acid gradient

acetonityrile-
water (35%:65) to
100X acetontirile
gradient

methanol-water
{75:25)

scetenicrile-vater
{57:43)

*. 202 methanol fa

water
R

L

2.5-25T methansl
in water

W, variable
wavelangth

uw, 270 om
w, 254 and
294 wm

W, 295 um

¥, 25 o

oy,
200-300 nm

Thiocarbapate pesticides (see Phenylurea, carbamate, fhiocerbamate pesticidas)
TBZ {see Banowyl and TBZ)

BOns

deproteintzation

partition and
silics gel column

-

P

partition and
#ilics gel column

Florisi}
colum

none

90-100%

>50%

not

glven
51.92%

97z

89-100%

Section 71

0.5 ppm

Z ppo

200 /L

not glven

0.5 pp=

8.5 and 2 ppm

0.001-0.1 ppm

Senslcivicy

0.05 ppw in eoil
and 0.001 ppm in

waker staced

(59)

{66)

{B8)

(15)

(82)

(50}

(69)

61}
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1ABLE 7-1

Urea herblcides

Urea herbicides
{1iouren,
chlorbromuron,
chlroxuron,
fenuron, etc.}

Varfarin

VWarfarin

Harfario and
netabolites

safl,
fooda

vepetables
and wvheat

bioloepical
fluids

plasma

klood, plasma,
and liver
nlcrosomes

Vydac ODS 10 g,
reverged phase

5 ym eflica gel,
gdsorption

Hicropak
CR-10

10 ym ailica
gel <

utyg,
reverced phase

nethanol-water
{1:1)

5-20% feopropancl
in dsovctane

et hanol—
0.5% acetic
acid (1:1)

dloxane-water
(2:3), pH 4.2

1.5% scetic scid-
ascetonitrile
{69:31)

VUrea herbicides (mee Triazipe, urea, uracil herbicides)

Urea peaticides (eee Carbamate and urea pesticides)

Warfarin {(see Difenacoum and Warfarin)

oy,

L

w,

254 om

254 um

308 nm

05 ne

313 nm

none

purtition and
Florfeil
colunn

freezing of
aqueoue phase

nope

on-colunn
concentration

»802

2-51
(c.v.

82%

=100%

Section 71

“3-20 ng

0.41-1 ppm

0.1-4 pg/ml

0.5 vg/ml

0.04-0.08 yg/pl

(o)

(465)

(57}

(76)

(62)
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this Manual. In addition, TLC may be used as a screening procedure
followed by confirmatiom and quantitation using GC, or the quantitation
can be carried out by TLC if a gas chromatograph is not available or if
the pesticida of interest is unstable during GC. Extraction, c¢leanup,
and concentration steps nermally precede TLC determination. Often more
stringent clesnup is required for TLC than for GC if streaked zones are
to be avoided. For example, the 152 diethyl ether fraction fyom the
Florisil column c¢leanup of a fat sample contains a large amount of lipids.
Although adequate for GC, further cleanup prior to TLC 1z required {(EPA
PAM, Section 12,B,V). TLC has also been oecasionally used for cleanup
of extracts prior to determination by GC (100).

Major advantages of TLC are simplicity, rapidity, and low cost. Sensi-
tivity ranges from about 5-500 ng for most pesticide detection petheds.

- Rapid semi~quantitrative estimation can be achieved by visual comparison

7K

.of sample and standard spot sizes and/or intensities, and more accurate

quantitation ¢an be carried out by in situ scanning of spots with a
apectrodensitomete;.

This section will briefly survey inportant aspects of TLC ‘for screening
and quantitation of pesticide residues. GCeneral technigues of TLC were
degeribed in detail in an extensive treatise (101), while specific
procedures for pesticide TLC were covered in geveral papers (97, 102).
Applications of TLC to pesticide analysis have been reviewed (103, 104).

PRACTICAL CONSIDERATIONS IN TLC

Spots are appliad to the thin layey using simple disposable capillaries,
GC syringes, or automatic multiple spotting devices, All initial zones
should be of small, uniform size, and only enough pesticide 13 spotted

te allow for detasetion after the run. Care should be taken that the
spotting pipet does not penetrate the surface layer, Standard solutiona
must be apotted on the same plate as the sampla, preferably on both sides
cf the sample apot.

Layers are hand-cocated with a commercial adjustable spreading device
(Figure 7-8) or purchased pre~coated on glass, plastic, or aliminum
backing, Analytical layers are usually 250 um thick., Pre-ccated layers
are of high purity and uniformity and are used almost exclusively in

most laboratories, especially for in situ quantitation by densitometry.
Substitution of one brand of adasorbent for another or pre-coated for hand-
geated plates often cannot be directly made. PFor example, silica gels with
differing polarities or surface hardness (binders) may require medified
golvent systems or detaction reagents 1f similar results are to be
obtained. Fre-coated silica gel plates, especially those prepared with

an organic binder, are genarally used as received frem the manufacturaer
without activation.

S1lfca gel end alumina layers usually give the best results, but polyamide,
microcrystalline cellulose, kieselguhr, zine carbonate (105), and magnesium
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Section 7K

.oxide, among other adsorbents, have alsc been used., For reversed phase
TLC, hydrophobic C chemically bonded gilica gel plates are commercially
avallable. 18

igure 7-B Desaga/Brinkmann Adjustable Applicator Fer Cbating
Regular or Gradient Layer Plates, Brinkeann Ipetru-
ments, Inc. e

Chromatography 1s carried out In a development chamber, most often a
rectangular, glass, paper-lined tank saturated with solvent vapors
(Figure 7-C), low volume "sandwich" chambers are also used, Both
saturated and unsaturated atmospheres have been used to advantage and
ghould be tested for optimum results in any particular application.
Ascending developmént for a diatance of 10~20 cm 1a typical. It 4s
important to follow exactly all stated conditions when attempting to
reproduce a separation. The temperature, development chanber design
and equilibration, and water content of the adsorbent are probably
the most frequent sources of variation among laboratories.

The technique termed "high performarce thin layer chromatography”
(HPTLC) has become increasingly important for meparations and in sitd
quantitarive analysis In the recent past. HPTLC 1s carried out on
0x1l0em 7.5 7.5cm or 5 x 5 cm pre-coated layers of sllica gel
with & smaller particle size and a navrrower particle size distribution
than in conventional TLC plates, thereby giving improved resolution and
gencirivity of detection. Volumes no larper than 1 M1 mugt be spotted
for these advantages to be fully realized. For manual application,
epotting is usually done with a Pt-Ir tipped Nanopipet (or equivalent),
or this type of pipet 1g used with an automatic spotting device that
controls both the pressure of the pipet tip on the layer and the duration
of contact. Solvent development is carried out in 2 mimiature glass
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rectangular chamber or in a commercial, automatic U-chamber device pro-

ducing radial. zones (106) (a special radial scanner is needed to quanti-
tate these separationa). High resolution is achisved rapidly with shert
development distances (i.e., 5 cm or less).

In 2 typical reaidue analysis, it ias virtually impoassible to apply the
whole cleaned-up sample extract or an appreopriate, accurate aliquot as
a spot of 1 ul or less, so HPTLC has not yet been widely used for actual
gamples, New approaches ave appearing that may solve this problem by
alloewing a larger sample to be applied without sacrificing the benefits
of the HP layer. One proposed solution utilizes a two-sectiom plate

with a high performance analytical layer abova a . spotting region; initial
development concentrates the diffusely applied sample into a narrow

zone at the interface of these layers (107). Another poasibility is

the usa ¢f programmed multipls development (apperatus from Regis Chemical
" Co.), which causes large initial spots to be narrcwed during migration

on the HP layer (108), HPTLC plates gre available from Merck and What-
man, and HPTLC equipment from Camag, Ine. and Fotodyne Corp.

Figure 7-C. Desaga Rectangular TLC Tanks, Brinkmann Instruments, Inc.

L4

The following solvent systems have proved te- be.generally useful for
separation of a wide range of pesticicdes on silica gel thin layers:
benzene mixed with varying amountsa of athamol for poelar compounds or
with hexane for thoee which are less polar; snd a mixture of hydro~-
carbon plus acetone plus chloreferm, with the addition of methanol for
more polar pesticides. Examples include pentana-acetome-chloroform
(65:30:5 v/v) or pentane~acetone-methanol-chloroform (70:15:10:5 v/v).
The purpose of the chloroform ia to countrol the evaperation of acetona
in the atmosphere of an unsaturated tank. Proportions of the com-
ponents are changed to guit the requirements of specific separations.

After development and air drying of the layer, spot detection may be
achiaved in a pumber of ways. Few peaticides are naturally colored, but
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colored derivatives may be made prior to spotting, e.g., dyes formed
from arcmatic amine moieties of urea herbicides by coupling with
N~ethyl-l-paphthylamine (FDA PAM, Vol. II, Sec, 120,216). Colorless
spots can be detected by applying a chromogenic reagent, either by . S “a
spraying or dipping., A commercial aerosol spray device is shown in : '
Figure 7-D., Dipping is the preferred method of avplication, if feamsible,

because of the uniformity achieved and the hazards involved in careless

spraying of corresive, toxic, or carcinogenic reagents, A Thomas- ' .
Mitchell dipping tank is recommended. Sometimes the reagent can be : : - Re
incorporated in the layer prior to development or included in the : :
developing solvent., Naturally fluorescent spots can be detected under .

" ghort (256 mm) or long (366 nm) wave UV light, or fluorescence may be

induced by application of fluorogenic reagents after development or

preparation of fluorescent derivatives (e.g., dansyl compounds) prior

to spotting (109). Spots that absorb UV light are detected as quenched

(daxrk) spots on layers containing phosphor activated by UV light (usudlly

254 nmm). Radiocactive (labeled) pesticides are detected by autoradicgraphy

and scwe fungicides are detected by direct bicautography.

Figure 7-D. TLC Aercsol Sprever, Brinkmann Instruments, Inc.

~f

7L QUANTITATIVE TLC

Quantitation of separated spots may be achieved by "eyeball” comparison
bitween sample and gtandard gpots rum on the same plate or by some inde-
pendent enalytical method (e.g., spectrophotometry or GC) after scraping
the spot, collecting, and eluting the pesticide from the adsorbent,
Manual elution is simply carried out by scraping the area containing the
pesticide spot, collecting the scrapings in a vial or tube, adding
solvent and agitating {vortexing), filtering the adsorbent, and concen-
trating the filtrate containing the pesticide. An automated elution .
system is available from Camag, Inc. (110). Radioactive spets can be N
quantitated by scintillatior counting after scraping or by automatic
scanning of radicactivity om the layer,
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Colored, fluorescent, or quenched spots may be scanned on the layer when
a gpectrodensitemeter is available. (Quantitation is achieved by scasnning
sanple and standard spote in the optimum instrumental mode and treating
the resultant pesks, represeanting the amount of light absorbed or
emitted, in the same manner as GC peaks for calculations. A versatile
densitometer is capable of scanning in aingle or double beam and re-
flectance or transmission modes, and has monochrometars or filters

for selection of the best wavelengths of incident and emitted (for
fluorescence) emerpy. Important consfderations for densitometry are
adequate extract cleanup (111), precise and accurate spetting, uniform
layers, Ry values between 0.3 and 0.7, uniform application of detection
reageats, and optimum' use of a good densitometer.

Fluoraescence densitometyy has proven to be the most advantageous mode
for pesticide enalysis in terms of sensitivity and aelectivity. If

the compound is naturally fluorescent (e.g., benomyl, Maretin, quino=-
methionate), the procedura is usually straightforward and measurements
can be made immediataly after separation. Sensitivity and reproduci-
bility are ususlly very high because no reagents are added or aprayed

on the chromatogram to produce background fluorescence.. TFor the majority
of pegticides that are not fluorescent, however, some kind of treatment
is raquired., Posgsibiliries for producing fluorescence include treatment
of the plate with heat, acid, base, inorganic saltsg, or a combination of
these; praparing s derivative in sclution before spotting: or applying

a fluorogenic reagent to the layer after separatiom. All of these
options are included in the papers cited in Table 7-2.

Manuzl spotting ia best performed with 1 or 2 ul Microcap dispozable
pipets, using repeated spotting with drying in between for larger volumes.
It has been shown that sample delivery errors below 1Z.are feasible with
Microcaps (112)., Llarger volumes of sample extracts are convenlently and
reproducibly spotted with a device such as the FKontes autematic spotter
that applies milliliter volumes of one to six samples or standards in
small, uniform 2oneg with little operator attention. Solutions are
loaded into 5 ml capacity glass tubes and are delivered onto the layer
through Teflon coated needles, the rate of flow and spot size being
controlled by a stream of nitrogem or air focused onto the spotting
locgtion., The Kontes spotter is pictured in Figure 7-I1 and described

in referemce (113)., Manuasl spotting of larger volumes onto commercial
plates with an inert preadsorbent spotting area ig quickly and re-
producibly done with a Drummond digital microdispenser. Samples and
standards, including total extracts, so applied are narrowed to a common,
small Inirial zone siza at the silica gel interface (114),

Pre-coated layers are recommended for quantitative TLC since it is very
difficult to hand-coat layers with adequate uniformity. They are
generally purified before use by a predevelopment with chleroform-
methanol (1:1 v/v) followed by evaporation of the solvent in a dust
free atmosphere. TUniform application of chromogenic or fluorogenie
reagents isg better achieved by dipping than by spraying. EHowever,
dipping is not always poesible; its use depends on the reagent solvent,
adsorbent, and type of compounds on the layer.
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Figure 7-E. TFiber Optics Thin Layer Scanner and Automatic Spot Applicator,
Kontes Glass Company, Inc.

Vhen & new densitometric method 1s developed, the spots of interest should
be pcanted in all possible modes and directions and at a variety of wave-
lengths in order to obtain the best signal to noise ratios and selec~
tivities. The optimum conditions are then used te obtain the calibra-
tion curve (linear range) and perform the analysis. Semples and
bracketing standards should always be chromatographed on the same plate.

Thin layer densitometry 1s capable of!precision of 1-27 on a routine

basls and can rival GC and EPLC for determination of certain pesticide
residuer in the hands of an experienced operator. A book covering the
principles and experimentzl details of thin layer densitometry, including
a chapter on pesticide znalysis, has been published (115). Table 7-2
contzins some recent, selected applications of thin layer densitometry.

A fiber optics scauner specifically designed for pesticide analysis (116)
is availeble from Kontes (Figure 7-E),
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TABLE 7-2

dg
Acidic harbicides

Bayrusil
Henomyl

Bevomyl, carben-
dazim, and 2-AB

Captan, captafol
Carbaryl

Carbaryl
Chloramben

Chlorophenoxy
acid harbicides

Coumaphoa
Covmaphos

Coumaphos and
O~analog

DOT
poT
Penitrothion

Panitrothion,
breakdowm
productn, and
related compounda

Gibbaralline

A,

Section 7L

PESTICIDES QUANTITATED BY TIIN LAYER DENSI'IOIETR‘I.

Sample matrix
atandards only

foods
cucember
fuuits, vegetables

appla, potato
petato

applas, water,
lectuce

bean, tomaty
water +

water
watey
[11:0]

water
water
water
standards

apple pulp

Scanning mode

fluorsscenca

fluocrescence
fluorascance
quench

fluorescence
visible

wingible
visibie
visibla

#lnorescauca
fluorescencas
fluorescance

visgible
visible
fluorescence
fluorescence

fluorescence
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§~bromoathyl=7- (128
pethoxycouaarin
heating (134)

- . {144}
fluszescant layers {118)
HaCl0, (117}
p-nitrobenzenedi- (135)
azoniym fluoborata :
p-nitzobenzenediazo~ (L4323
nium fluohorate
Bratton«Marshall (133}
Tasgent
AgNO4y (122)
heating 127
heating -7 (141}
heating {131)
Agho, {135)
Aghlq (137)
Suclzfnm““m“ (121}
fluorescamine (145)
nzso“ {140)



TABLE 7-2 {Continued}

Compounds Sample macriy

Glyphosate {via
KB-nitrese
daTivative)

Herbicides contain-
ing Nﬁz or O# groups

Marvetin

HWCFA and
Terbicil

CC1 pesticides
CP insecticides

0P pesticides

OP peaticides
Quinopethionate
Thiabendazole
Thiourea
s-Triazines
Triazines

*E-rlier analyees are veviewed by J. D. MacNeil and R. W. Fref fn J. Chromatepr, 5e¢i.,

shoots and
roots

waLer, sdii

rilk, egge
epples

human autepsy ssﬁples
standards only

wvater

tigsuen

crope

frulte

citrus fruite
stendards only
water

Section 7L

Seepnine mode Detecticn method Reference
flucrescence fluorescamine {138)
fluorescence daneyl chloride {11%)
fluorescence - {129)
UV absorbance - (143)
visible Agha, {123)
vigible AgR04 or enzyme {126}
inhibition
fluorescense hydrelyzis/danayl (128)
chleride
vinible palledium chloride {12&)
Fluorescance — ’ {130}
fluorescence - {132)
UV absorbance - (136}
quenzh flyoyeszent laycrs {120)
visih%& 1odine {13%)
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Sectioﬁ ™

7M  THIN LAYER SYSTEMS
a., Chlorinated Pesticides

e Extracts of fatty and nonfatty foods clesmed-up on a Florisil
B column are chromatographed on prewashed alumina layers developed with
heptane (for the 67 diethyl ether-petroleum ether Florisil eluate) or-
2% acetone ia heptane (15% diethyl ether fractiom). Detection is pro-
vided by spraying with AghO3-2-phenoxyethanol resgent in ethanol or
acetone and expeaing to high Intensity short-wave UV light to produce
brown to purplish~black spots. Tha comgtruction of a UV light .
apparatus containing four 15 watt lamps for rapid coclor development
and allowing a variable distance betwéen the TLC plate acd the light
source is described in the Canadian PAM, Section 14,10. Thin layer
media must be very low in chlorine content, and otherv precautions and
care must be taken to prevent large areas of the plate from turning
brown or gray, thereby reducing the contrast of the spots with back~
ground. A gensitivity in the 5-500 ng range is possible with AgNO3
reagent, with & light steaming before spraying often aiding the detection.
Conventional 20 em x 20 cm glass plates, commereial pre-coated TLC sheets,
or 3-1/4 inch by 4 inch microslides may be employed. Complate details of
these methods plus Rp values for numarous compounds in the aforementioned
two solvent gystems, 28 well as for an alternative system consisting of
immobila dimethylformamide on alumina and isooctane as the developing
‘golvent, are given in Sectioms 410, 411, and 413 of the FDA PAM, Silver
nitrate has been incorporated into acid-washed alumina before the plates
are coated so that only exposure to UV light i3 required for spot visualiza-
tion (FDA PAM, Saction 412). The AgNOy detection method has recently been
studied in detail for the determination of chlorinatad—inaecticides and
herbicidas (;46)

Similar TLC procadures are described in detail in the EPA PAM, Section
12,8 for the determination ¢f chloxrinated pasticide residues in serum

and adipose tissue. An extract from 50 g of serum, cleaned-up on Florisil
and concentrated to 100 yl before spotting, will produce a visible spot

at 2 ppb, assuming that 10 ng of pesticide is detectzbla. An adiposa
tissue extract from & 5 g sample, concentratad to 500 ul, will give a
readabla spot at 10 ppb. The methed involves TLLC of the 6% and 157%
Florisil column eluates as above, with additional prior cleanup of the

157 fraction on an alumina micro-plate developed with acetonitrile,

Silica gel layera developed with hexane, 17 acetone-hexane, 10-50%
benzene~hexane, or 12 ethanol-hexane are recommended for screening
chlorinataed pesticides in foods at 0.1 ppm levels (Canadian PAM, Pro-
cedures 9.1 and 12.4), Complete details of plate preparation, extract
concentration, and visualization with silver nitrate reagent ars given
in this source, along with figures of spot locations for eleven common
pesticides in four mobile solvents.

.
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For complex pesticide mixtures, two dimensional or multiple development

techniques may be helpful. The former was used to {dentify organechlorine
pesticides in blood and tissues (147) and the latter (148) for the separa-
tion of 13 common pesticides. '

Extensive listings of additional sclvent systems, corresponding Ry values,
and detection weagents for chlorinated pesticides will be found in
references (103, 123, 149, and 150). In reference (123), 26 solvent
systems and 14 chromogenic reagents are evaluated for the determinatlion
of 12 organcchlorine pesticides in biocod, urine, and tissue samples.

b. Organophosphorus (0P} Pegticides

Cleaned-up extracts may be developed with methylcyclobexane on DMF-
cecated alumina layers and detection made by spraying with tetrabromo-
phenolphthaleir ethyl ester, AgNOj, and citric acid. This reagent reacts
only with thiophosphoryl compounds to give blue or magenta spots (FDA
PAYM, Section 431; EPA PAM, Section 12,B). Thic and nonthio organophos~
phates are developed on silica gel layers with iscoctane-acetone-chloxe-
form (70:25:5 v/v) and detected as blue or megenta spots by treatment
with p~nitrobenzyl pyridine and tetraethylpentamine spray (FDA PAM,
Section 432), ‘

A tvo dimensionsl procedure (FDA PAM, Section 614.11; 151) haa the
sipgnificent advantege of specificity, obtained by bromine vapor ozidation
of the OP pesticides before development in the second direction, Silica
gel layers with toluene, 25 percent heptane in ethyl acetate, or ethyl
acetate ag developing solvents were used along with the Storherr charceal
colunm clesnup procedure and enzymatic deteétion with commercizl horse
serum cholinesterase snd indoxyl acetate to identify 18 pesticides in
crops at 0,01 ppm levels. A sandwich type chamber is specified for
development to obtain the requisite resclution and sensitivity, The same
procedure should be well suited to OP pesticideg in human and environ-
mental samples after appropriate cleanup. '

Enzyme inhibition techniques are important for the selective and sensitive
- {pg-ng awounts) detection of enzyme inhibitors asuch as OP and carbamate
insecticides and metabolites. These compounds inhibit esterases end
thereby prevent hydrolysis of a chromogenic substrate. Procedures include
separation by TLC (on silica gel layers sometimes as thick =g 450 ym), -
optionel treatment with bromine wapor or UV light, and apraying of the
layer with enzyme and aubstrate solutione, Areas correspending to
inkibitors are vigible as white spots on an intensely colered background:
i.e., inhibited enzyme is surrounded by enzyme free to hydrolyze the sub-
strate and thus produce coler. While many OF pesticides are fnhibitors
per se, bromine or UV trestment is required to convert others to active
inhibirora, For carbamates, UV or bromine treatment may produce no change
or increesed or decressed inhibiticen, depending on the compound. CSample
extracts often require minimal cleanup prior to TLC aralysis with enzymatic
detection; for example, hexane extracts of many foods can be directly
chrometographed., Section 9.2 of the Canadian PAM provides procedural
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detalls, tables of sensitivities and effects of bromine and UV treat-
ment for OP and carbamate pesticides, and diagrams of mobilities with
L hexane-acetone {8:2 v/v), a generally useful development solvent for
CWt _ TLC on 450 Jm silica gel layers. The preparation of these layers is
: Co detailed in Section 12.4 of the Canadian PAM. Several different
esterages have been compared for the detection of 65 OP and carbamate
pesticides in vegetables and fruits (152).

e TLC enzyme inhibition methods and applications to peaticides have been

b reviewed (153-153) as have the merits of TLC for analysis of residues
(156). Tha separation and detectiom of 42 phosphate compounds using
five termary solvent systems on three adsorbents and three selective
chromogenic sprays have been reported (157). Twenty five solveat
aystems and several visualization reagents were evaluated for detection
of 12 OP insecticides in tiasues (124),

s .

¢. Chilorophenoxy Acid Herbicides

Extracts containing methylated chlorophenoxy aclds are cleaned-up on
a Florizil column and chromatographed on alumina layers using hezane
saturated with acetonitrile 28 the developing solvent. Cleaned-up
extracts countaining free acids are developed for a distaace of 3.5 cm
on a pre-coated silica gel sheet with cyclohexane-acetic acid (10:1 v/v),
then the sheet is dried and developed for 15 em in the same direction
with benzene-petroleuw ether (3:1 v/v). Spraying with silver nitrate
. chromogenic reagent produces black spots with a sensitivity of c¢a 50 ng
for the esters and 100-500 ng for the free acids., Details of both
methods and Rp values are given in Sections 421 and 422 of the FDA PAM.
Other detection reagents for these pesticides include Rhodamine B and
Bromocresol green indicators (158).

d. Other Pesticide Classes e

The TLC of other clagses of pesticides ineluding carbamatesg, ureas,
phenols, dithiocarbamates, triazines, and organomercurials was reviewed
in references (103) and (104). Applications, sclvent systems, detectiom,
and quantitation are covered in these references. TLC is particularly
applicable to herbicides, many of which are polar and not susceptiible

e to gaa chromatographic avalysis without derivative formatlon. Studles
o have been reported for the TLC of triazine herbicides on silica gel
e (120, 139) and polyamide (160); detarmination of 11 urea herbicides in
water (161); detection of dithioccarbemate fungiclides with congo red (162);
Ce T separation of carbamate and phenylurea pesticides on polyamide (143);
UL A comparisca of six reagants for detection of carbamate and phenylurea
L pesticides on HPTLC plates (164); and separation and identificatrfon of
carbamate pesticides in post mortem material (165).

L The TLC of five dithiocarbamate residues in chloroform extracts of leaves
13'33l-f'ﬁ ig detailed in Section 9.3 of the Canadifan PAM. Silica gel layers developed
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with benzene for dimethyldithiocarbamatees or acetic aclid-methanol-benzene
{1:2:12 v/v) for ethylenebilsdithfocarbamates are used, with detection zs
yellow, brown, or green spots after a cupric chloride-hydroxylamine
hydrochloride spray. _
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Section 8

SAMPLING, EXTRACTION, AND CONCENTRATION
PROCEDURES IN PESTICIDE ANALYSIS

This section treats a number of miscellaneous topics important in residue
analysis. These include general considerations for collection and ex—~
traction of extracts. Specific procedures for extraction and cleanup of
peaticide and metabolite residues are discussed in Section 9.

SAMPLE COLLECTION, PREPARATION, AND STORAGE

GENERAL CONSIDERATIONS IN SAMPLING

Special considerations must be given te the procurement, storage, and trans-
portation of gamples to be znalyzed for pesticide residues. Procedures
should ensure, as well as possible, that the pesticides originally present
have not undergone degradation or concentrztion and that potemtially inter-
fering impurities have not been added, Plastics must be rigidly avoided

ag containers for samples to be examined by electrom capture GC because
minute traces of materials such as polysthylere may produce spurious re~
sponses, Similarly, metal containers may contain trace impurities such as
oll films, lacquers, or rosin from scldered joints that will cause inter-
ference in GC analysis. In general, glass jars or bottlesa with aliminum
foil or Teflon-lined lids are the most suitable mample contaigmers, although
it is sometimes possible for pesticides in stored extracts to be adsorbed
onto the glass surfaces., Glass containers should be carefully precleaned
as outlined in Subsection 3L in Section 3. Aluminum foil can be cleaned

by agitating it in enalytical reagent grade acetone followed by several
rinsings with pesticide grade ethyl acetate and hexane. Plastic contalners
way be uged, if tecessary, only when non-interference with the subsequent
analysis has been proved at its limit of detectiom. Important variables

in the sampling and storage processes include the size of the sample,
source, stability, contamination, intendéd use, behavior of the pesticides,
and the temperature and time of storage.

Readers interested in a more exhaustive discussion of sampling and storage
proceduraes thaa provided in the following sections of this chapter are
referred to the publication "Guidelines on Sampling and Statistical
Mathodologles for Ambient Pesticide Monltoring" (Monitoring Panel, Federal
Working Group on Pesticide Management, Washingtom, DC, 1974), This 60~-page
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sanual contains chapters on gstatistice and study design, air, soil, the
hydrolegic enviromment, egtuaries, fresh water fish, wildlife, foods and
feeds, and human tigsues, The 20-page booklet entitled "Guidelines for
Sampling and Transporting Samples for Pesticide Residue Analysis" (Federal =
Interdepartmenta]l Committee on Pesticides Check Sample Program, London,
Cntaric, Canada, April, 1979) contains detailed information on dry feeds,
plants and soils, food products, wildlife, tissues, forest substrates,
water, and f£ish. The influence of sampling methods on residue analytiecal
results, sampling criteria and statistics of sampling data have been de-
scribed (1).

REPRESENTATIVE VS. BIASED SAMPLING

Samples collected for the purpose of memessing tolerancge 1nfringements, guch
as with agricultural and food products, should be random and- representative,
Teo the contrary, most emvironmental samples are deliberately chosen to be
biased in nature. For example, a sample of water to be snalyzed for the
highest possible pollution in a stream or lake would best be ‘taken as a grab
sample from the point of maximum pollution introduction (such as an effluent
pipe from a factory) rather than from the center of the river where it might
be most representative, If, on the other hand, the objective iz an average
residue profile of the entire body of water, the final sample would preferably
be a composite of & number of subsamples taken at varicus locations and water
depthe, Analyeis of a gick bird or fish in the piddle of A metabolic cycle
would usually be more useful for determiring any pesticide contamination than
a dead specimen that is likely to contain only metabolites, Simflarly, human
stomach washings (lavage) taken a* an early stage are more likely to contzin .
parent pesticideg and to be useful for indicetion of pesticide poisoning.

It ig important that the anzlyst be awere of these consideratiouns and that

.he be censulted when the geample te be collected i1s deeided so that it is

valid for the purpose of the snalysis and waluable time is not wasted om a
worthless sample.

~f

SAMPLE CONTAINERS
Section 2 of the EPA Pesticide Analytical Manual specifies suitable ssmple
containers for various sample types. These Include wide mouth glass bottles
with Teflon or aluminum foil lined screw caps for autopsy tissue samples of
less than 25 g, glass vials of at least 7 ml caspacity for blood (avoid rubber
or cork caps), empty pesticide-grade solvent bottles for water samples, and
pint or gquart c¢apacity mason jars for larger envirommental or agricultural
samples. Sample collection glassware should be scrupulously cleamed as out~
lined in Section 3 of this Manual. Special precautions must be taken in
preparing glass contsiners and caps and taking samples for PCP anelyses
because of the ubiquity of the chemical. These are cutlined in Sectien
5,A,(4),(2),IV of the EPA PAM. Specimens intended for orgavochlorine com-
pound analysis are never wrapped direetly in paper, cardboard, or plastie.
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It 48 common practice Iin some laboratories to wrap tisaue or cther samples
in aluminum foil prior to analysis, Figure 8-A, part a, shows a gas chro-
metogram of a pentane rinse of the shiny side of commerclally availabls
alumipum foil, The amount of rinse injected corresponded to 2 sq. cm of
foil. The GC conditions included the use of a 107 QV-210 on Gas~Chrom Q
column and a 3N EC detector, typical of those used for analysis of pesti~
cideés and PCBs. Part b shows the corresponding rinse of the dull aide of
the same foil. In general, the amount of interfering material was found

to vary with the brand and lot of folil, However, the risk of contamination
from this source dictateas that aluminum foil not be used for packaging
samples witheut a thorough acetonme prerinse (2).

Figure 8-A. Gas chromatogram of pentane rinse of aluminum
foil on 0V-210 cdlumn with 63Ni electrom capture
detector. Amount injected corresponds to 2 sq. cm
of foil. a = shiny side of foil; b = dull side of

foil (2).

a
_J

b .
1T o
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It is good procedure to clearly label collected samples with all pertinent

information such &s & code number, date and time of collsctlon, type of

sample, place and method of collection, deseription of collection site, size . Cta
of sample, etg. All gamples that are perishabie are shipped to the laboratory e
in styrofoam containers with dry 1lce. A deteiled description of systematic

procedures used for receiving, numbering, and storing environmental samples

at the Natilonel Monitering and Residue Analysis Laboratory, Gulfport, MS, _
has been publiszhed (3). A strategy for documenting the chain of custody : S
of samples that hae the potential for being used as evidence In a legal

proceeding or agency enforcement action is detailed in Section IV of the

EPA Kational Enforcement Investigations Center Pesticlde Product Laboratory

Procedures Manual (see Section 3E of this Manual),

SAMPLE COMPOSITING

After collection of a2 valid gross sample, compositing or reduction te an
analytical size sample may be required, especizlly for agricultural and food
szwples. The general requirement i{s that the small analytical sample nust
be fully representative of the gross sample collected. The exact steps In
the composising procedure will depend on the particular sample involved.
Figure 8-3 ghows tyvpical steps in reducticn of a gross sample of en agri-
culturel product collected in the field, during processing, or at the market,

Figure 8-~B, Tyvpical steps in reduction of a gross sample
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STORAGE OF SAMPLES

As a general rule, samples should be analyzed as soon as posgible after

their collection., If storage 1s necessary, it should be under prescribed
conditions that preserve the integrity of the original sample. Samples other
than water are ordinarily stored in a freezer below (0°C, but, even then,
physical and chemical changes may ccecur in either the sample or in the
residues sought. Because many peaticides are photodegradable, it is
advisable to protect samples and any solutions or extracts from needless
exposure to light,

Tissue samples that are to be extracted within 24 hours may be held at normal
refrigerator temperature (+2 to +4°C). If extraction is not to be carried

“out within this time, the samples should be deep frozen at ~12 to ~18°9C. If
-, tiasues are stored in a "self-defrosting" freezer in unsealed containers,

the weight can markedly decrease due to desiccation. If the tissues vere
not weighed prior to freezing, or if they are to be subdivided at a later
time, this desiceation may make it impogsible to relate the amount of sub-~
stance determined enalytically to its original concenmtration in the tissue
(2). A related problem occurs when samples experience repeated freezing
and thawing. Adipoge tissue in particular has a tendency to "leak" lipid
when the cell membranes are disrupted by a freeze-~thaw cycla. In a seriles

~of experiments in which such cycles were deliberately applied to a collection

of samples of adipose tissue from a rat, the apparemnt lipid content of the
tissue (mg per gram of tissue) decreased by an average of 10% after three
freezings. Thie loss was only apparent, and was not observed if the tissue
was extracted ir the original storage container (2).

Blood samples that are to be separated for subsequent analysis of the serum
should be centrifuged as soon as possible after drawing., If the serum is
to.be analyzed within a 3-day period, storage at +2 to +49C 1s suitable, If
storage i3 to be for longer perieds, it is preferable to deep freeze at

-12 to -18°C., Otherwise, DDT may degrade in contact with broken red klocd
cells (hemoglobin).

Agricultural or environmental samples that are to be analyzed for organo~
phosphates should be placed in tight contalners and stored in deep freezes as
soon ag possible after sampling unlesa sample preparation s to be conductad
within a very few hours. HNo difference was found in measured residue lavels
for & series of OP pesticides when food samplees were extracted immediately or
after storage at -17°C for several months (4).

Water samples should be extracted at once,if all all pogsible, or stored in
the dark ar 49C to avold rupture of the container as 2 result of fraezing,
Pegticides can be adsorbed on the glass coantainer during atorage, szo the
container should be rinsad with solvent iIf the extraction is not made in the
container itsgelf., PFor carbamates, the sample ls acidified immedlately after
collection with sulfuric acid and 10 g of sodium hydroxide are added for
each lirer of sample. Maximum storage is 24 hours for all compounds except
chlorinated hydrocarbons, vhich can be hald for wp to 30 days.
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Whole fish can be stored for up to six months £f an even temperature of at
least -26°C 1is maintained with a good glaze on the sample and vapid initial
freezing., Homogenized samples reguire less storage space, but these samples " "
should be monitored for stability of the compounds of interest £f held

longer than one month,

If lengthy storage is required prior to amalysls, a2 good altermative to _
storage of sample 1s to extract the sample at once, remove most or all of S ¢
the solvent, and store the extract at 8 low temperature. Decomposition in

gamples that nmust be stored can be evaluated by storing spiked controls

along with the samples. Organophosphorus pesticides fleld-extracted with

chloroferm from water were guccessfully preserved for three weeks upon re=-

frigeration, Of the 16 compounds tested, only EPN and malathion were not

stable (5).

If freezing 1s not possible, wildlife and fish samples may be preserved in
formalin or alcohol, Because analytical results are usually in terms of

wet weight, the wet or "fresh” weight of the sample before it was preserved
should be recorded, as well ag the volume of preservative used in each 3ar,
Specimens preserved in formalin or alcohol must be accompanied by a "eontrol"
jar. This jer must contain the game mixture used In preserving the specimens,
and muat be prepaered (i.e., rinsed and sealed) in the same manner as the jars
containing specimens. This may not be equivalent to freezing for storage

of samples, however, For example, Abate was purtially converted to Abate
sulfoxide in fresh semples stored in formalin or frrmalin plus 57 acetic
acid, but not io frozen samples (6). Tormeldehyde should be checked for the
presence of PCE contamination prior to use as & sanple preservative (7).

Comments pertinent to collecting samples of diffeyent types will he pre-
sented in the Subsections 8F to 8X. Methods for the analysis of the various
sample types are surveyed in Section 9 of this Manual,

SAMPLIRG OF AGRICULTURAL AND FOOD PRQDUCTé

Procedures for sampling, semple prepzration, sample compositing, and sample
reporting, aec required by Federal law, for all commodity types are outlined
in detail in Sectioms 140-143 of the FDA Pesticide Analytieal Manual, Volume
I. Section 3 of the Canadian Department of Nationsl Health and Welfare
Analytical Manuel for Pesticide Reslduee in Foods gives guldelines for
systematiczlly obtaining representative samples of processed and packaped
foode, bulk foods, and fleld e¢rops and for handling, shipping, and storing
gamples. Lhecommended minimum sizes are tabulated for different samples, with
a8 generasl gample reguirement of n preduect unitg, where n equals the square . .
root of the total but need not exceed 10-l5 separate units.

Section & of the same Canadien PAM covers lsboratoery preparation of analytical

samples from grose samples of fresh, frozer, and canmed vegetables, fruits, -
and jufces; dry cereal grains, flakes, dehydrated fruits and vepgetables; : *
animal tisgues; eggrs; butter and margarine; milk and cream; cheese and nuts;
fats and oil; and figh end fish products.
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It i3 suggested that readers Interested in analysis of sample substrates

of this type for legal compliance to tolerance lavela should refer to thesme
two excellent sources of information. Sampling methods for trace organie
analysis of foods have also been described by Horwitz and Howard (8). If
the purpose of an analysis is to obtain information on maximum residue
levels in a particular situation, biased sampling would be used, e.g., the
lower perimeter of fruit would be sampled from certain trees most likely

to have received a higher dose of pesticide spray.

SAMPLING OF BIOLOGLCAL MATERYALS

Adipcose tissue, blood, and urine samples from live and autopsy animal and
human subjects are commonly analyzed for pesticide residues. The amounta

of gample required, the time of collec@lon, and the compound to be detected °
are determined by the nature of the pesticide(s) of interest. Pesticldes
that degrade or are metabolized readily may be absent in a particular
sample, but their original presence can be deduced by determination of
metabolireg such as alkyl phosphates from OP pesticides, phenols from
chlorophenoxy acid herbicides or carbamate ingecticides, oxr DDA from DDT.

1f body tiasues or fluids ara analyzed quickly in cages of high exposure,
the chance of finding the parent pesticide is greatly enhanced, If exposure
is low or a long time has elapsed after exposure, the analyst must be
familiar with pesticide metabolism in order to choose appropriate samples
and metabolites to determine., For example, the highest concentration of
organcphosphorus pesticide urinary metabolites will be found from four to
eight hours after the donor's exposure (EPA PAM, Section 6,A,2,{(2),V). When
concentrations of pestiecides or metabolltas are expected to be small, samples
nuat be larger, e,g., morning yrine samples or 24~hour pooclaed specimens.

e
The majority of human adipose tissue samples are taken during autepsy by an
attending physician., Samples should be placed in a clean glass container
with a foil~lined (never rubber- or cardboard-lined) screw cap. The aluminum
foll should be prerinsed with acetone. Plaatic bags or bottlees muest be

‘aveided since they can contribute traces of impurities such as phthalates to

‘the sample, causing spuriocus GC peaks when the final concentrate iz examined

by EC-GC or GC-MS (EPA PAM, Section 5,4,(1),(a),V). Up to 2% of radioclabeled
DDT was found to be lost by "extraction" into the plastic when liver samples
were stored in polyethyleme bottles at 4°C overnight., This radicactivity was,
not removed when the bottles were washed, so that the loss for one sample could
constitute & contamination for the next sample stored in the same bottle (2),

Whole blood samples axe transfarred to glasa vials with Teflon or foll lined
screw caps, and the required serum aliquot is removed after a period of
gettling in a refrigerator and subsequent centrifugation. Serum is stored
in a refrigerator at 2~5°C if the analysis is to be performed within 24 hours
or in & deep freeze (-15 to -25°C) for longer storage periocds. The analysis
of chloripated pesticides is net adversely affected by such storsge for
periode up to six months (EPA PAM, Section 5,A,(2),(a),IV).
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AIR SAMPLING

The EFA has in the past operated s nationwide ailr momitoring program in “a
order to gather Information on the extent of human exposure to airborme :

pesticides., This program utilized Greenburgh-Smith Impingers containing

ethylene glycol for trapping organcphosphorus and halogenated hydrocarbon

insecticides both in the vapor phase and as dusts. The zir was drawn _ _ -
through the impingers by means of a vacuum pump, the smount sampled (cu. m) ..
being, contrelled by means of a f£low meter and timer. The ethylene glyeol :
sampling procedure did not prove acceptable in terms of convenience or

reliability, and the EPA national air samplipng program was discontinued.

However, the ethylene glycol impinger continues to be used by some labora-

tories in local monitering programs (3, 9, 10).

Robert G. Lewls of the U.S., EPA Health Regearch Effects Laboratory has ,
written an exteneive review of sampling methods for airborne pesticides (11).
Included are discussions of many types of accumulative samplers (e.g., im-
pactors, bubblers, liquids supported on solid asubstrates, polymer foams,
etc.}, reactive samplers, continuous and sequential samplers, and grab
samplers, Recent reports of pesticide recovery from air have included the
use of tubes containing XAD-2 resin for trapping 2,4-D acid and its ester
and amide devivative with 86-96% efficiency (12); hexylene glycol contained
in glaes serubbers for recovery of dieldrin and heptachlor at 0.1 ng/eu. m
(13); and XAD-2 resin for organothiophosphates (14). ’

One of the mest promiszing appreoaches to the sampling of air involves use of
polyurethane foam. The updated review of air sampling methods in Sectienm

8,4 of the EPA PAM contains a discussion of this method in addition to other
approaches and apparatus recommended by the EPA for high volume ambient air
sampling, indocor air sampling, c¢rop re-entry monitoring, and workplace and
personnel monitoring. Polyurethane foam vapor traps following a particle
filter have been evaluated (15) for sampling of pesticides, PCBz, and poly-
chlorinated naphthalenes., Collection rates up to 360 cu. m of air per 24
hours and sensirzivities as low as 1 ¢u. m for some compounds can be achieved.
The filters and plugs were Soxhlet extracted with hexane-ethyl ether (85:5 v/v)
at 4 cycles per hour for 16-~24 hours, and OCl pesticides were determined by
EC-GC after alumina column cleanup and OF pesticides by FPD-GC without clean-
up. Collection was generally satisfactory but was poor for the more-volatile
OCl compounds. Recovery was ca 75% for OP pesticides, It was shown that a
secend trap in series with the first did not necessarily improve recovery
values. The collection of dieldrin, lindane, trifluralin, dacthal, chlordane,
and heptachlor on polyurethane foam was studied and cptimum plug size and
shape for any chosen sampling rate were given. Trapping efficiency depended
on pesticide vapor pressure and the flow rate of zir. The quantitation

limit was ca 0.1 ng/cu. m in a 5 cu. m air sample. It was crucial that the
plugs were carafully protected from laboratory contamination and Soxhlet ex-
tracted with pesticide-grade acetone and hexane prior to use if clean blanks
and highest sensitivity were to be aschieved (16). Other collection effielency . L
data for pesticides and PCBs are included in Section 8,3 of the EPA PAM. : -

k]

Because of possible pesticide degradation, air sampling apparatus should
be shielded £rom light during sample collection. .
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Section 8I
WATER SAMPLING

The design of a comprehengive pesticlde sampling program for environmental
waters is a specialized topiec that is covered in publications available
from the Water Quality Control Divisiom of the USEPA, National Environ~
mentsl Research Center, Cincinnati, Ohio. Important considerations include
the objective of the study, frequency of sampling, location of sampling
stations as related to hydrologic conditions, and the selection of sampling
mathods. The following is a brief review of some important selected
factors in a sampling program.

4. Grab Sempies

Water cam be collected by taking one instantaneous {"grab") sample from
a given location, directly filling the sample c¢ontainer. The uaual techanique
is to submerge the contziner a few inches below the water surface during
£1lling to avoid skirming off any floating film that would be leagt repre~
sentative of the vertical water column. Several ccllectiong should be taken
at various depths and locations to propide a more representative sample.
Care should be exercised to avoid disturbing bottom sediment. Discrete
gamples from variocus depths can be obtained with standayd samplers comnsisting
of a metal outer container with a glass sample collection bottle inside
(2.g., Precigion and Esmarch sawplers, EPA PAM, Section 10,A,II). Grab
sampling ig often sufficient for lakes, reservoiras, ete., that are not subject

- to rapid transitiomal changes.

Grab samples less than 2 liters are collected in wide mouth glasgs bottles,
and samples of one gallon or more in the glass bottles in which pesticide
quality solvents are supplied. All bottle capes should be Teflon lined. The
sample size is dictated primarily by the expected residus levels, the sensi-
tivity of the analysia, and thae need tc run duplicate, spiked, and background
analyses. A 500-1000 ml sample may suffice from watex where pesticide lavels
are expectedly high, while 2 liters or more may be needed for a surveillance
progran where no high levels are anticipated. Ralnwater 1s collected in
¢lean glass containers rather than metal or plastic. Samples should include
information that will help the analyst choose a proper analytical method and
interpret the results. This includes the location of sampling, depth, sus-
pected contamimants, type of sample {surface water, waste discharge, ete.},
and agricultural sctivity or spills in the immediate area or upstream.

Many pesticides are unstable in watexr, so samples should be analyzed as soon
as possible after collection, ideally withinm a few hours, If this is im-
practical because of distance from the sampling site to the laboratory and/orx
the laboratory work load, store the sample in a refrigerator or freezer.
Samples being examined solely for organcchlorine residues may be held up to

a week under refrigeration at 2 to 49C with no adverse effect, Those samples
to be analyzed for organophesphorus or carbamate pestieides should be frozen
jrmediately after drawing the sample because of rapid degradation in aqueous
media (Table 1, Section 10,A of the EPA PAM shows data for the degradation
rate of 29 pesticides in water at ambient temperature in sesled containers
(17)). pE adjustment is required for some samples immediately after collectien
(a.g., adjustment to pH 2 with sulfuric acid for phenoxy acid herbicides).
Holding time and storage conditions must be reported aloug with the analytical
results and corrections made if rates of pesticide degradation are knowm.
Exposure of samples to sunlight should be avoided.
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Every effort should be made to perform the solvent extractionm step at the
earliect possible time after sempling, irrespective of the classes of
pesticides suspected of being present. Especlally unstable pesticides can
be exztracted irmediately im the field. The resulting extracts cen be safely
stored for periods up to three or four weeks at -15 to -20°C before pro-
ceeding wirh subsequent cleanup and determinative steps, One disadvantage

of glass sample bottles ig possible breakage in shipment, and care should

be exercised in proper packaging to avoid thie. Another disadvantage is

the already-mentioned possibility of pesticide adsorption on glass surfaces. : -
Reduced recovery (902 to 46-68%) of DDT in water analysis upon storage has I
also been noted due to adsorption on suspended marter in the sample (18).

The asgumption made is that a grab sample is st least representative of the
immedizte water mass from which it was taken and somevhat representative of
the water that will pass the sampling point during some limited future time
interval. The grab sawple is emenable to use in both random and nonrandom
sampling programs. The number, frequency, and distribution of samples
collected will depend on the study objectives and the variabiliry within the
"population" being sampled.

After sampling, pesticides“hre extyacted from water, clesned up and concen-

trated as necessary, and determined by GC or an alternative method. Pesti~

cides in clean water {e.g., drinking water) can be detected at 5-500 ppt

. levels by electron eapture GC without the need for extensive extract clean-
- up. Impurities in "dirty" samples will require additional sleanup eteps,

and background problems will cauge difficulty in analyzing these low levels

accurately.

b. Continucus Samplers

Continucus and automatic devices are often usad for sampling flowing
bodies of water such as rivers and streems. Activated carbon filters have
been widely used for adsorption of pesticides and other kinds of organies
in natural waters since they were developad and introduced by the ¥.S, Publie
Health Service in 1951 (1%). The technique invelves passage of a centinuous,
conatantly controlled volume of water through 2 columm of activated carbon
followed by desorptien by means of elution or by Sexhlet extractien with a
suitable solvent or combination of solvents. The varisble efficiency and
consistency of pesticide adsorptior ard desorption from the adsorbent prier
to determinarion, ease of contamingtion with extraneous organie substances,
and bacterial and oxidizing attack on the sorbed pesticides have caused
problems with carbon columms (20, 21).

Filter materials which have been recommended as alternatives to carbon for R :
cellection of pesticides {ususlly chlorinated insecticides) from natural o
waters include reversed liquid-liquid partition systems (a8 hydrophobic phase e
coated on a support) and other adsorbents. Carbowax 4000 (5 g) and n-undecane
(22), eilicones chemically bonded to diatomaceous earth support (23),
covalently bonded aromatic and alkyl chlorosilanes on Celite (24), porous
polyurethane foam columms (for pesticides and PCBa) (25, 26), polyethylene
film (20-25 um thickness) (27}, and polyurethsne foam coated with selective
adgorbents (28) have all been used with varying success.
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The XAD macrorxeticular adsorbent resins (XAD-1, -2, -4, and ~7) have been
used to collect orgasics from both potable (29, 30} and sea (31) water.
Optimm conditions for use with XAD~4 resin were found to be 2 g of adsor-
bent, a flow rate through the resin of 3 ml/minute, and 100 ml hexane-
diethyl ather (10:1 v/v) as eluting solvent. Among 10 chlorinated
insecticides studied, only aldrin and ,g'-DDE vere not quantitatively re-
covered, and recovery of PCBs was 76% %3 ). Details for use of XAD-2 and
=4 vesing for many classes of trace organic water contaminants heve been
published (33} and racoveries between 81 and 967 were raported for 20 ppt
levels of atrazine, lindane, dieldrin, DDT, and DDE (477 for aldrin). An
- .ZPA report (34) racommends XAD-2 regin for routine monitoring of sea water
for chlorinated insecticides and PCBs. Average recovery for XAD-2 ex-
traction of fortified natural waters collected acrosg Canada was 85% for
the 10-100 ng/liter levels of ten 0C1 pesticides (recovery of mirex was
unacceptably low) aund 82% for 250 ng/liter levels of PCBa; blanks from the
resin were a low 4 ng PCBs/liter (35). Concentrations 2s low as 0.1 ppt of
PCBs and organochlorinated pesticides wera detectad by recoevary from water
on small XAD=-2 columms (36), and ng levels of carbamatas were recovered
(86=-108% at 0.01~1 ppm levels) with the same adsorbent (37). Amberlite
ZAD-4, porous polyurethane feam, and undecane plus Carbowax 4000 on Chromo-
sorb wera comparable for extracting ten OCl insecticides from envirommental
water samples (22).

Continuous liquid-liquid extractors are an aiternative to the filter-adsor-
bent .procesges preferred by some analysts, A multi-chamber extractoer with
internal golvent renewal replenishing (38) allowed extraction of 135 liters
of water at rates of 0.5-1.0 liter/hour and recovered greater than 977 of
ppb levels of pesticides. Subsequently, a similar modified apparatus per-
mittad uge of both heavier- and lighter-than-water sclvents (39). A simple
and rugged fiaeld version of the Kahn and Wayman apperatus (38) excluded
golvent recycling and was based on mixed gettling (40). - This apparatus,
which consisted of an extraction umit, magnetic stirrer, and pump, provided
qusatitative racovery of pesticides and PCBs at levels of 0.1-1.0 ng/liter
of river watser. '

Mora recently, & similar in gitu apparatus designed to solvent-extrzet large
amounts of sea and river water continuously while situated at a desired depth
at the sampling site has been described (41). A Teflom helix, continuoua
liquid-1iquid extractor, plus a continuoug evaporative concentrator re-—
covered lig to ng per liter amounts of OP peasticides from river and sea water
or from gecondary sewage effluent with >80% efficiemcy (42). A comparative
study of racoveries from river water by continuous extraction and activated
carbon filters showed that the recoveries were similar but the former was
less costly (43).

The theory for extracting chlorinated pesticides continucusly from water
with a stationary immigeible solvent is discussed in reference (40).

See Section 10,A,IIT-V of the EPA PAM for updated material om water sampliing,
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SAMPLING OF BQUSE DUST, SOIL, AND STREAM BOTTOM SEDIMENT

House dust is collected with a vacuum cleaner, air dried, and sieved prior
to analysis. Soil is sampled by collecting cores or borings of a known
diameter cut to a depth of ca. 3-4 inches or more from the centers of plots
1l sq. n in size., Ten to twenty cores representing a surface area of at
least 200 sq. m are recommended. The first 2 inches of core, containing
the grass or crep cover and rootg, are separated from the underlying soil,
Corings representing each layer of soll are combined, quartered, and
divided into 2 lb samples for amalysis. Soils are analyzed in an air~-dry
state after sieving to remove foreign material., Another reported procedure
for scoil gsampling (3) involves collection of cores 1-3 inches deep and

3 inches in diameter with a hand~operated auger; on & 1/4 acre site

(105 feet x 105 feet), sampling begins 7.5 feet from the border of the site,
and a core is collected every 15 feet until 7 coras are obtained, The
Process is repeated along parallel lines separated by 15 feet from the
origiral sampling line, until a total of 49 cores are collected, The cores
are gleved through a hardwara cloth gereen into a 3 gallon galvanmized pail
and thoroughly mixed., The sample is transfexrred to twe one~half gallon cans
with lids for shipment to the laboratory. There is no way to collect a
truly representative soil sample, and reproducibility of results on different
samples taken from the same area is often expectedly poor.

Sediment from the bottom of a body of water provides information concerning
the degree of polilutior resulting from pesticides, particularly those that
are not readily degradable. This information combined with residve dstes on
the water and resident blological life gives an oversll pesticide contamina-
tion prefile of the body of water. Bottom sediment varies with respect to
both particle size composition (surface adsorptive power) and organic centent.
Therefore, sample sites should be selected at random in an effort to collect
samples representing a range of variation. In some casee consultation with
an oceanographer can indicate where one would be likely to find the maximum
amounts of pollution from conglderations such as currents and industrial
effluent discharges.

About a quart of gediment is a typical sample size. Actual colleetion is
accomplished with one of a variety of core gamplers or dredges. A diagram
of a dredge-type device for collecting sediment samples has been published
(3). The dredge is thrown into the wate¥ at least 10 times to collect
samples, which are transferred each time to a galvanized pail. The total
sample is wixed and transferred to one-half gallon eans (with & hole in each
1id to release gny gas buildup from organic matter in the gample} for ship~
ment to the laboratory. A simple bottom sediment ecolleector composed of a
steel can attached to the end of an aluminum pole hes also been described
(44). Samples mey be preserved with formalin or a variety of other steri-
lants provided they do not affect the anslyses to be run. Samples are air
dried and ground prior to anslysis., They are stored, if necessary, in a
freezer if volatile compounds such gs 2,4~D ester may be present.

MARINE BICLOGICAL AND WILDLIFE SAMPLES

A problem sometimes encountered when colleeting plankton and bottom
organigms is obtaining the minimum welght necessary for successful analysis.
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Ag a general rule, a minimm of about 10 g will be required. Collected
organisms can bs frozen at once or preserved with 5-102 formalin ox 702
ethanol, prepared with distilled water rather than the water from which the
collection was made. This eliminates the possibility of pesticides in the
water concentrating in the organisms over a period of time. Any added pre-~
servative must be extracted and analyzed to determine if exchange of pesti-
cides from the organisms to the preservative has occurred,

Sufficient masses of plankton are collected by use of a tow net behind a
boat or by pumping water through a net, Bottom faune are collected with
dredges or dip nets. Semples are washed through a screen and organisms
are hand picked from the remaining debris.

Fish are collected utilizing seines, gill nets, traps, electrocuticn de-
vices, otter trawls, or angling. Hraﬁping the £ish in aluminum f£oil and.
preservation by quick freezing in dry ice i1s moat desirable. When this s
not possible, liquid preservatives are used. Larger fish should be injected
with pregervative from a seyringe to prevent decomposition of internal organs.
Pigh stored in formalin plus 5% Nas5703 showed no loss of Abate (temephos)
residues {>1 ppb) for up to three weeks (45).

Fish can be analyzed whole to yield data on grosa contamination, or the fish
can be sectioned to obtain information on edible and non-edible parts.
Analyses of individual organz and tisgues yleld information on distribution
of pesticides in the figh., Analysis of blood from a dying fish may be
valusble for determining probable cause of death where pesticide exposure is
suspected. The Blood is obtained by cutting the tail at the caudal peduncle
and collecting and freezing the hlood in & small vial.

Invertebrate gampleg are collected in pitfell traps, as deacribed by Woiick
et al., (46). Bird samples are collacted using Japanese mist nets placed
near a water source or in a cove where the net is not visible. Traps baited
with peanut butter or some other foodatuff are employed for sampling mammals,
These traps, which are available in a variety of eizes, have a trap door that
closes when the animsl enters to take the food. WNon-crop vegetation samples
are obtained with shears, sickles, pockat knives, etec., usually from the

same sampling area as soil samplssg, All of these samples ave sortaed, wrapped
in aluminum foll with the shiny side out, tagged, and placed in a plastic

bag for shipping (3).

" Some of the material irn the sections on sampling was adapted from an EPA

gL

training course manual (47). A review that ifancludes some of the above
sampling procedures and additional methods for collection of environmental
semples has been published (3). -

CONTROL OF PROCEDURES FOR EXTRACTION OF RESIDUES

Specific procedures for the extraction and cleanup of pesticide multi-

residues in many sample types are surveyed in Section 9 of this Manual,
This subsection discusses general consideratlions of pesticide extraction
from collected samples.
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Many solventa are employed for extracting residues, depending om the
polarity of the pesticlde and the amount of co-extractivea expected from
the particular gubstrate. Solvents range from hexane or petroleum ether

for nonpolar organochlorine and organophosphorue compounds to methylene
chloride (dichloromethane) for polar carbamstes. Chloroform, diethyl ether,
ethyl acetate, benzene, acetonitrile, methanol, acetone, and various two-
and three-component mixtures of these have sll been widely used. Additilon
of acid to the organic selvents may ald extrection of acidic pesticides such
as 2,4=D herbicide. Avetonitrile is an excellent general purpose extraction
solvent for low fat-content samples (acetonitrile plus ca 35% water for low
moisture samples), and hexane/acetonitrile systems are widely recommended
for partition cleanup.

Although it has been ghown in some cageg that recovery of pesticides from
tissues during extracticm does not necessarily correlate with recovery of
liyids, it ie usually desirvable to use an extraction solvent that will
quantitatively extract lipids with the pollutants for reporting purposes
(2). A study (48) has compared the recovery of lipid by nine solvent
mixtures from human adipose tissue for pesticide determination., Extraction
procedures should always be validated for each class of compounds in each
type of sample matrix td which it is applied. In addition to the nature of
the apalyre, the toughness, water content, and lipld content of the sampls
matrixz will influence the effectiveness of a given extraction procedure (2).

Different techrniques are employed for bringing the extractionm solvent and
sample into contact., The best extraction is obtalnmed, in general, by
achieving the most intimate contact between the two, although the type of
regidue {s 2n important digtinction. When emulsicns result from vigorous
shaking or mixing during extraction procedures, centrifugation will usually
be effective in separating solvent layers. A surface residue can usuzlly
‘be extracted by a simple washing procedure, while the more common internal
regldues can be extracted only after fine maceratiom of the gample, Some
soil samples tenaciously bind pesticidey and requive long periods (e.g.,

8 houra} of Soxhlet extraction rather than shorter periods of blending as

is common with plant materials. Blending of the sample plus sclvent in a
Waring tlender (Figure 8-C), Omni-Mixer, Wiley mill, or Hobart food chopper
ig probably the most ugual extraction procedure in use today, especially

for bliological, plant, and food samples. Some additional szample subdivision,
such as cutting, chopping, or grinding ugually precedes the blending operatlon.
A 5 minute period of blending at & moderate speed is typical for meny samples,
A gpecia] device for aiding formation of s homogenoue sample hag been des-
cribed (49). The device, consisting of a handle and shaped aluminum sheet,
fits inside a blender jar and serves to gently push bulky samples into the
cutting blades during the blending operation. A liquid-nitrogen coeled
freeze grinder for bilological materials containing labile pesticides has
also been devised (50).

Blending with a solvent followed by filtering or centrifuging is parsiculazl
efficient for most vegetable samples. The water in the sample may give
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Figure 8~C. Waring Aseptic Dispersall Model AS-1 (Shown on 702-CR Base)

rige to emulsions with nonpolar solvents, and this can eoften be aveided by
use of a drying agent such as anhydrous Naj804 or 2-propanol teogether with,
or before, the solvent. Meat samples containing too muech comnaective tissue
for a blender to deal with effectively should be first comminuted by a
grinder. Simple heating of minced sample in a beaker on a stesm bath with
solvent can be effective, possibly after grinding the sample with NaSO4
and sharp sand to help break dowm gsome comnective tissue, More volatile
pesticides (e.g., lindane) might be lost in this way.

A comparative study of the afficiencies in the extraction of ecarbofuran
from radishes was made using three blenders, a Polytrom ultrasunic homo-

. genizer, s Lourdes blender, and a Waring blender. The least efficient
blender extracted 907 as much ag the most efficient, and all three were con-

sidered useful for accurate pegticide analysis (51).

In some cases, more exhaustive extraction of residues from difficult samples
can be obtained by Soxhlet extraction for perieds up to 12 hours or longer
with & solvent such as methanol-chloroform (1:1 v/¥) (52). Soxhlet thimbles
may require exhaustive axtraction prior to use so they do not contribute
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interferences to the analysis (53}. Preliminary steps such as drying,
grinding, or chopping normelly precede Soxhlet extraction, but care must
be exercised since gome pegticides have been ghowvn to be unstable in the
presence of homogenized samples (54). Even Soxhlet extraction may not give
complete extraction in all cases, and only studies with samples to which
radicactive tracers have been aspplied e¢an indicate the absolute extraction
efficiency in any particular case. The usual evaluation procedure of
spiking a sample with pesticide and looking for quantitative extraction

is less reliable than the radiotracer methed because the spiked chemical
will pet be naturally incerporated in the same matrix as would the tracer.
Radiotracers are not always available or feasible to use, however, The
moat important f£actor in preparation of a velid spiked sample to accurately
indicate recovery of endogenous compound may be the solvent in which the
gspike is dissclved. In one study of the extraction of mirex from fish
muscle, recovery varied from 41 to 897 with a common extraction procedure
but different spiking solvents (2).

Water samples (100-500 ml) are generally extracted by shaking with ap
appropriate solvent (3 x 100 ml) in & separatory funnel (55), Soils are
extracted by a variety of methoeds such as shaking, seaking, blending,
'Soxhlet  or Goldfisch extractlon, or refluxing. -Two 15 minute extractions
in an ultrassnic generator were found comparable to a 24 hour Soxhlet
extraction for removal of s~triszine herbicides from fortified soils (56),
and & 30 gecond extraction technique using a Brinkmann Pelytron ultrasonic
generator gave better recoveries of several chlorinated insecticides from
sall than did 8 hours of Soxhlet extraction (57).

An gpparatus that simultaneously Soxhlet extracts pesticides and eoncen~
trateg the resulting extract has been designed (58). Advantages of this
cyclic extraction-evaporation syustém are that distillation of solvents prior
to extraction can often be omitted, and excess solvent is re~utilized for
extraction. o -

The post efficient solvent and parameters for extraction of pesticides from
wate? can be determined using the p-values originally suggested by Beroza
and co-workers for use in resgidue confirmation {Subsection 10F in Section
10). The p-value iz the fraction of total pesticide that is distributed
inte the nonmpolar phase of an equivolume fmmiscible palr of solvents, This
approach was used to study the extraction of P pesticides from water (59),
and the bast solvents were benzene, ethyl acetate, or diethyl ether for
diazinon and diazoxon at pH 7.4, ethyl aceteate for malathion at pH 6, and
diethyl ether or ethyl acetate for fenthion (Baytex) at pE 3.4. p-Values
can also be used to theoretically select water-to-solvent ratlos and the
optimum nusbey of extractioans for maximum recovery of a pesticide in water
(60). As a practical example (61), diethyl ether or ethyl acetate was
found best for extraction of 2,4-D acid and esters and benzene for 2,4,5-T

=300~



Section SM

. ’f acid and esters. A 99% recovery of 2,4-D from one liter of aquecus solution
R was obtained by a two stage gerial axtraction with 200 ml and 50 ml of ethyl
acetate under conditions predicted by p-values.

84  CONTROL OF METHODOLOGY FOR CONCENTRATION OF SAMPLE SOLUTIONS AND
FRACTIONAL COLUMN ELUATES

The concentration of cleaned-up sample in the injection or spotting solution
is one important factor that determines if sufficient residue is avallable
for detection by GC, LC, or TLC, The analyst must determine this and con=-
centrate final sclutions according to the least sensitive pesticide in the
method's scope. b

Purified extracts or eluate solutions containing even somevhat velatile com~
pounds are concentrated with minimum losses to a volume of ca 5-10 ml using
a8 Kuderna-Danish evaperative concentrator flask fitted on top with a 3-ball

Snyder reflux column and a collection tube on the bottom (Figure 8-D).

-
-

Figure 8<D. Kuderna-Danish .
Evaporative Concentrator, Rontes

The tube is heated in steam water bath in a hood. The apparatus should be
_ ' mounted or held so the lower rounded flask surface is bathed in steam. Flasks,
P which range in gize from 125-1000 ml, sheuld be initially charged with
P 40-60% of their nominal volume, and the column should be pre-wet with ca 1 mi
o of solvent before beginning concentration to prevent pessible initial small
loss of pesticides. Refluxing is continued until the final coucentrate is
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‘eollected in the lower tube., Boiling chips are required for smeoth operation
"of the K-D evaporator, and carborundum, checked for absemce of contamination,
‘i recommended in preferemce to porcelain, vanadium, or glass chips. A
_Snyder column modified by putting a distillation trap below the Vigreaux
“bubble condensing system increased the degree and consistemey of recovery
"of panogram amounts of BCE isomers upon Kuderna-Danish evaporation (62).

For concentration from S5 ml to smaller volumes {as low as 50-100 pl), the
concentrate is cooled, the collection tube is removed from the F-D £lask,
and a fresh chip is added. A micro~Snyder reflux column (Figure 8-E) is
fitted directly to top of the tube, and evaporation ie begun by holding the
bottom of the tube in a stesm or hot water bath, Evaporstion is continued,
with care to avoid bumping, to slightly below the desired volume. The tube
is withdrawn from the water .when boiling agitation becomes toc vigorous;
immersion and withdrawal are alternmated based on obeervation of boll agita-
tion. The apparatus is cooled 3=5 minutes, and condensate is allowed to
drain down into the tube before the column is removed. The sides of the
tube and column joint are rinsed with solvent to aveld hang-up of pesticides
on upper glase surfaces. A 1-2 ml syringe is useful for performing this
rinse, Finally, further fresh solvent 1s &dded to dilute up to the desired
voelume, 1f necassary. :

A speeial rack that éimultageously agitates and evaporates golutions in six
concentrator tubes fitted with micro-Snyder columms in a time equal to a
aingle tube is described in the EPA PAM, Section 5,A,3,a.

“f Pigure 8-E. Semi-Micro Kuderna
Danish Appavatus, Fontes Glass
CO., NO. K“Sﬁgzso.
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Extracts containing fats, ¢ils, or plant extractives, or purified extracts
to which "keeper soluticon" has been added, can be evaporated on a rotating
vacuum type evaporator with the water Bath at, or just slightly above,
room temperature (Figure 8-F), A double~reservoir rotoevaporation vessel
facilitating collection, concentration, and final volume calibration of

column eluates and eliminating a number of manual transfer steps has been
designed (63).

f .

Figure 8-F. Rotary Evaporater,
Rontes Glase Co.; No. E-570160

r"..

Extracts contained in a beaker or a centrifuge tube immersed in a water
bath at 409C can be evaporated under g stream of nitrogen adjusted to cause
gentle depression on the surface of tha solution. The nitrogen should be
passed through well maintained acrubber tubes to remove conteminants that
could cause pesticide degradation. Warming a tube by holding it In the
hand iz a ugeful, gentle evaporation aid during nitrogen dlow-dowm.

Figure 8-C shows the Organomation Associates, Inc., N~Evap apparatus

that is widely used for evaporation by nitrogen blow-downm.

-An eveporation assembly combining an evaporative cnneené:aeo: tube, a

Fuderna~Danish flask, and a rotary vacumm evaporator (Figure 8-F) is shown
in Section 10,4 of the EPA PAM, Figure 1. The concentrator tube iz not

. immersed in a high temperature water bath as usual, but rather im a 35°C

water bath to minimfze degradation of heat labile pesticides. This apparatus
confines the concentratad extract to one container, thereby eliminating the
peed for tranefer. One hundrad el of methylene chloride can be reduced to

5 ul in ca 20 minutes with 2 vacuum of 125 mm of mercury.

=303~



Section 8M

Figure 8-G. Model 111 l2Z2-position
N-Evap® spperatus, Organomation
Apsoclates, iInc., Northborouga, MA.

Another multitube apparatus for nitrogen evaporation is available from
Rontes Glass Co. (64). Concentration is repid until the solution reaches
0.5-1.0 ml, at which point evaporation slows markedly becauge this last
volume is below the heating zone of the evaporator bleck. Thus, losses
of pesticides from inadvertent evaporation to dryness (65) are avoided,
and & minimum of amalyst attention is required (Fig. 8-H).

~

Figure 8-H, Ebullatoer,
Fontee Glass Co.

~304~

e



ar

Section &M

A distillation column is fixed on top of the tube holding the sample, and
small bora stainless steel needlestock tubing f{s fitted through the column
down Into the tip of the tube to direct a stream of micro bubbles of nitro-
gen through the solution to initiate and maintaip ebullation. Recoveries
of seven chlorinated pesticides after concemtration for 2 hours in this
apparatus were greater than 94X with both hexane and benzene solvents.

It is important to aveid pesticide loss or decompogition during evaporation
steps. Numerous reports have been made (e.g., 65, 66) of severe pesticide
loss during concentration steps, even in the presence of sample cocextrac-
tives. There was no correlation between the amount of coextractives and
evaporative losses, but spparently the nature of the coextractives may be
important. In most situations, organochlorine and organophosphorus pesti-
cides can be concentrated to small volymes without loss by the K-D evapo-
rative procedures described at the beginning of this subgection. Some
recoveries from 100- and 1000-fold concentrations c¢arried out in R-D
asgemblies are showm in the following table. The recovexies are quite
acceptable when concentrating to 1 ml, but when concentrating to 100 11
without a keeper, recoveries become marginal, Using a keeper, such as a
paraffin oil, helps retain the compounds and greatly reduces lesses. How-
ever, the keeper may interfere with some analysis, especially by flame
lonization detection or mass spectrometry.

TABLE 8-1 _
Logses of pesticides ou evaporation in Kuderna-Danish concentratoxs (67)

% Recovery on concentrationm to *

Original .

Pesticide amount in s 0.1 ml with

100 ml hexane 10 ml lml 70.1ml "keeper"

(ug) N

Diazinon 40 102 (2.4) 85 (4.4) 71 (1.8) 83 (1.9)
Aldrin 1.0 103 (2.8) 85 (4.0) 69 (1.2) 81 (0.6)
Malathion 40 85 (2.4) 91 (5.2) 77 (3.0} 88 (0.6)
Parathion 10 93 (4.4) 84 (4.0) 70 (1.2) 82 (2.4)
Dieldrin 2,3 103 (5.6) 92 (4.0) 78 (0.6) 20 (1.2)
p,p'-DDT 3.0 96 (9.2) 91 (5.6) 78 (3.0) 20 (2.4}

*

Averages of gix determinations for e¢ach pesticlde. Standard deviations
given in paventheses. Gentle stream of nltrogen usad t¢ assist concentra-
tion below 10 mi.
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Evaporation to dryness should never occur. If the complete removal of a

particular solvent is required, solvent exchange can be carried oui go_that
the sample never gets to dryness. TFor example, hexane can be completely

removed by boiling-down to a low volume and adding emall volumes of acetone LT
as evaporatlon continues until all hexane is eliminated. _ S T

The use of 8ir for concentration of an extract ghould best be aveided,

Satisfsctory recoveries are obtainable when the residue laevels are rela-

tively high, but significant losses have been documented of even the more :
stable pesticides at low concentration levels (65). . e

A commercisl tyube heater that avoids evaporation to dryness with micro K-D
apparatus was originaily described by Beroza and Bowman {68) (Figure 8-I).
Six extended-tip X-D concentrator tubes are accommodeted, and simultaneous
evaporétion to less than 1 ml can be cerried out without attention,

Figure 8-1. Tube Heater,
Fontes Glass Co., K-720000

™

Other reports of pesticide loss include dieldrin and DDT when an exztract
wag evaporated in the presence of light (69), mirex upon evaporation of
aqueous solutions (70), and carbamate pesticides when evaporated in a E-D
apparatus (71), In the latter case, rotary vacuum evaporation (Figure 8-F) )
at 50-55°C with addition of a keeper solution was recommended. Meny - y
carbamates cat be successfully evaporated under a pitrogen stream without '

logs after adding a keeper. A satisfactory general purpose keeper iz 5

dropg of 1% paraffin ofl in hexane. Solutione containing the herbicide

Balan (benefin) canmot be evaporated in a current of air without loas of :
pesticide, whereas rotary evaporation at a temperature of 50°C or less is o
successful., All evaporation and concentration steps should be checked with '
spiked samples 1f any question of pesticide lose should arise,
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The importance of clean glgssware in all parts of a pesticide analysis has
been stressed several times earlier in this Manual. The special impertance
of clean glassware to be uged for concentration of solutions to small
voelumes cannot be overemphasgized.

The final solution to be used for the determinative step muat be composed
of a golvent appropriate for the particular analytical procedure. Cheice
of a velatile sclvent for partition and celumn cleanup procedures is
advantageous because evaporation to an appropriate volume can be carried
cut quickly enough to be practical. 1If a different eclvent is required

for the final sample solution, solvent exchange can bhe carried out by

taking up the nearly dry residus in the new solvent after evaporation.
Selvents for GC and LC are restricted by the selectivity of the dateector,
while for TLC almost any volatile solvent is useful for the solution to be
spetted. Chlorinated solvents cannot be present im the injected solution
when an EC or the C1 modes of the MC or electrolytic detectors are to be
used, Acetonitrile has an adverse efféct on the response of the EC
detector, while aromatic and halogenated cempounds and acetonitrile increase
the response of the thermionic detector. The most volatile solvent possible
should be used to shorten the venting period and minimize loss of early
eluting pesticides for thogse detectoras that require solvent venting (e.g.,
FPD and CCD). A solvent free of UV absoxption is required for the detection
by the ultraviolet LC monitor.
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Section 9

HJLTIRESIDLE EXTRACTION AND ISOLATION PROCEDURES FOR
PESTICIDES AND METAROLITES AND RELATER COVPOINDS

This section presents briif descriptions 'and quality contrel aspects
of widely used multiresidue analytical procedures for different sample
substrates. A few methods for important individual residues are also
included. Many of the problem areas are treated in a general manner
elsewhere 1n this Manual, but they are high-lighted apain here in re-
lation to the specific methods., References are given in each case

to sources of detailed methodelogy. Control of procedures for
collection of gamples 1s covered in Subsectiona 84-8K in Section 8
and for sample extractlion and extract concentration in Subsections &I,
and 8M in Section B.

CHLORINATED PESTICIDES

3

TISSUE, FAT, AND FOOD ANALYSIS BY THE MILLS, ONLEY, GAITHER PROCEDURE
a. Analysis of Tissue and Fat

The modified Mills, Onley, Gajlther method described in Section
5,4,(1),(a) of the EPA Pesticide Analytical Manual has been determined
by a number of intevlsboratory coll&borative studies to yield very
acceptable precision and accuracy fot the analyeis of a number of
chlerinsted pesticides and metabolites in human or animal fatty tissues,
However, many polar OF and carbamate pesticides are not recovered.
{This method involves dry maceration of a 5 gram sample with sand and
anhydrous NapS504, isolation of fat by repeated extraction with petroleum
ether, extraction of residues into acetonitrile, and them partitioning
back inte petroleum ether after .adding 2% NaCl, drying by elution through
a column of NapB504, concentration of the eluate, cleanup on a Florisil
column, and EC-GC after reconcentration of column eluates.) If necessary,
further cleanup of the 15% ether-petroleum ether Florisil eluate is carried
out on a MgO=-Celite c¢olumn. Pooled blood serum can be analyzed by the MOG
Florisil procedure after extraction with a hexane-acetonitrile solvent
system [EPA PAM, Section 5,4,(3),(a),VIII].
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Section 9A

Some analysts, with hope of saving time, have combined 6% and 152
athyl ether-petroleum ether Florisil columm fractioms and have then
attempted gas chromatography on the mixture. With some luck this
approach might prove successful, but there is 2 good chance that it
could laad to erroneous conclusions. For example, in one documented
instance, an analyst reported the presence of aldrin in a human fat
sample. Other collaborators ou the sample snalysis found the same
peak in the 15% eluate, making its identification as aldrin impossible
since this compound elutes wholly in the 6% fraction. By combining
the fractions, the analyst inadvertently neglected the use of se-
lective adsorption as a valuable identification tool.

The polarity of the ethyl ether-petroleum ether eluting solutiomns
exerts a profound effect on the elution pattern of several pesti~
cidal compounda. The amount of ethancl, a relatively polar solvent,
in the ethyl ether 1s a critical factor as illustrated in Figure
4=A in Section 4, As indfcated’dn this figure, with nd ethanol,
dieldrin would be expected to yield only 87 recovery in Fraction
II with the balance being retained on the column. IFf twice the
proper amount of ethanol is present, approximately 7% should elute
in Fraction I, giving a 93% recovery in Fraction II. If 2% ethanol
i3 present and all the dieldrin still does not elute in Fraction II,
the presence of moisture in the system may be the cause, An excess

of moisture may result in all or most of the dleldrin eluting im the
6% fracticm.

The activity characteristics of Florisil may vary somewhat from lot
to lot. Each lot, when received at a laboratory, should be care-
fully evaluated to be certain the compound elution characteristics
ara satisfactory. .

Storage and holding temperature of Florisil are critiecal. The oven
used for holding this (and other adsorbents) sheild be confined
exclusively to this usage and not used as an all-purpose drying

oven, Florisil will readily pick up air-borne contaminants that

may result in spuricus chromatographic peaka. If the oven tempera-
ture variea more than 4+ 1°C, considerable influence may be observed
in the retention characteristics. The recommended activation tempera-
ture is 130°C.

Anhydrous NasS0; used to top the Florisil colummn, even AR grade,
frequently contains gufficlent impurities to result in spuricus
pesks in the blank eluates. Because of the prevalence of this
gituation, it 1is good practice to Sexhlet axtract all lots of
this salt before use.

The presence of peroxides in ethyl ether can result in extremely
low recoveries of organophosphorus compounds and also poses a
sericus safety hazard. Methods have been set forth for the re-
moval of peroxides from ether but have not prover wholly satis-
factory. The purity of petroleum ether 1g also critical and may
exert a profound affect on the recovery of certain of the organo~
phosphorus compounds.
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(7) Glassware must be meticulously cleaned to remove electron capturing
contaminants, Reagent blanks must be run with each set of samples.

(8) Most chlorinated pesticides should be recovered in the range cof . w
85-100%. HCB ies an exception because of gn ynfavorable psrtition '
tatio in the acetonitrile-petroleum ether solvent system. An
gldrin spike can be added to the minced fat at the start of the
procedure 1f this pesticide is known to be absent. Reécovery of . -
this spike shouléd not be less than 707, . -

If improper Florisil fracticnation oecurs during an analysis, the
following points should be considered: Tlorisil that is too retentive
ecould result from (a) improper activation temperature, (b) improper
percentage of ethyl ether in petroleum ether, and ethyl ether that does
not econtain the required 2% ethansl (read the label on the container
carefully). Florisil that appears iasufficilently retentive might re~
sult from (a) or (b) above, or from residual amounts of a polar solvent
in the sarmple or standard being placed on the columm. Likely pozsi-~
bilities zre acetonitrile frow the sample pavtition cleanup step (if
drying steps are not performed properly) or jiucomplete removal of benzene
(or other solvent more polar than hexane) from a standard solution placed
on the columm. Other sources of Florleil problems are undoubtedly
possible. See eglso Subsection 9M for further comments on pesticide
elutien from Florisil.

b. Analysis of Fatty and Nonfatty ?oods Uaing Flaorisil Cleanup

The Mills, Onley, Galther column method for deteymining nonionic
chleorinated pesticides in fatty foods is similar to that outlined in Sub-
section 7As and is described in detail in Sections 211, 231, and 232 of
the FDA PAM. Eluants are 6, 15, and 50% ethyl ether in petroleum ether,
The method for nonfatty foods (FDA PAY, Sections 212 and 232) involves
extraction of pesticides with acetonitrile or water-acetonitrile and
partition into petroeum ether prior to Florisil column chromatography
and EC~GC, The FDA PAM lists pesticides recovered through these pro-
cedures [results for some 200 pesticides and other chemicals are given

7 4n Table 201-~A and over 300 compounds have been tested (1)}], samples to

which they are applicable, and supplemental cleanup procedures for the
Florisil column fractions. This AOAC multiresidue method is currently
official for 26 0C1 and OF pesticides and PCBs in various groupings of
42 nenfatty and 4 fatty foods (1), The problem areas are the same as
those given in Subsections 94a and 9. The elution pattern of more than
150 pesticides from the U.S. FDA Florisil columm eluted with 6, 15, 20,
3L, 50, and 65% diethyl ether in petrolemm ether is tabulated in Section
7.2(b) of the Canadian PAM., PFree fatty acids in high quantity sre not ' S
sufficiently removed by this FDA/AQAC procedure to prevent interference :

with pesticide determination using electron capture, RCl thermionic, and
Hall electrolytic conductivity detectors (2)., A potassium permanganate/
dilute sulfuriec acid oxidatlon procedure was developed to supplement
Fiorisil chromatography for cleanup ¢f chlorinested pesticide residues in
vegetable extracts, Twelve chlorinated pesticides were completely re-
covered, and only aldrin was lost via decompositien (3).
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Thirteen chiorinated pesticides were determined in milk by GC after Florisil
colum cleanup., OFf the several systems tested, extraction of milk with

20 ml hexane plus 5 ml acetonitrile plus 1 ml ethanol produced the highest
pesticide recoveries and lowest fat extraction (4).

In orvder to obtain more efficient cleanup of extracts of fatty foods and
racovery of additional pesticides of higher polarity (e.g., organc-
phosphates), a new elution syatem consisting of three different mixtures
of methylene chloride, hexane, and acetonitrile was devised as replace~
went for the traditional diethyl ether-petzoleum ether sluants. These
eluant mixtures are methylene chloride-hexane {(20:80 v/v); methylene
chloride-acetonitrile-hexane (50:0.35:49.65 v/v); and methylene chloride~
acetonitrile~hexane (50:1.5:48.5 v/v). At least 50 pesticides and re-
lated chemicals have been recovered, in groupings different from the
mixed ether ‘systems, with these new sgplvents (5), Table 201-A of the

FDA PAM also includes data on the elution characteristics of compounds

using the methylene chloride/hexane/acetonitrile system (FDA PAM, Section
252). A silver nitrate-coated Florisil column has provided cleanup of
£arty and vegetable sample extracts and fractionation of chlorinated pesti-
¢ides and phthalate esters prior te their simultaneous analysis by gas
chromatography (6).

Malathion and some other orgsnophosphorud pesticides require 507 diethyl
ether-petroleum ether for elution from Florisil, This elution, which
mst be precedaed by elution with the 67 and 15% eluants, has been found
occasionally to be inconsistent. OP pesticides can be lost through de-
gradation on the Florisil column and during subsequent evaporaticns, or
when water dilution of the acetonitrile extract for residue transfer to
petrolewmr ether is carried out. Raecoveries are tested by carrying known
amounte of pesticides through the procedure in the absence of crop sub-
strate. Only 23 of 70 OP pesticides and metabolites tested through the
MOG procedurs were recovered, and not all recoveries were complete, The
AOAC has wvalidated the procedure only for carbophenothion, diazinoen,
ethion, malathion, methyl and ethyl parathion, and ronnel iz 18 fruit and
vegetable crops (7-9).

Baeckman and Garber (10) recommended the solvent series benzene, diethyl
ether-benzene (1:2 v/v), acetone, and methanol for elution of Florisil
columns, The elution pattarn and recovery of 65 OF pesticldes were studied,
but sample extracts were not tested., This system was later found to ba
applicable to the determination of methyl and ethyl parathionm, malathion,
malaoxon, and parsoxon residues in apples and lettuce, although "all~Florisil”
columna were not generally recommended as tha best choice for cleanup of OP
pesticides (11).

A novel use of Florisil was the development of a partition column consisting
of acetonitrile on Florisil for the sevaration of some pesticides from fish,
beef, and butter fat (12). The technique was useful for cleasnup of pesti-

‘cidea heving favorable p-values (Section 10F) in a hexane-acetonitrile

systam, which included dimethoate, temephos, methyl parathion, fanitrothion,
crufomate, malathien, and parathion.
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Sectiong 9B, 9C, 9D

A multiresidue method for organochlorine, organophosphorus, dinitrophenyl,
and carbamate pesticides in applies and other high-water crops was devised
using Flerisil for cleanup (13). Catbamates were eluted from one column S .
with toluene-acetone (1%:1 v/v) and acetylated with trifluoroacetamide for .
EC-GC determination. Organochlerine and orgenophosphorus compounds were
elured from g separate column with toluene~acetone (49:1 v/v) and determined
by GC. Dinitrorhenyl cempounds were then eluted from this column with 952
ethanol, cleaned-up by solvent partitioning, methylated, znd determined by

HCB AND MTREX IN ADIPOSE TISSUE

Section 5,4,1,(b) of the EPA PAM describes the determination of hexachloro-
benzene (HCB) and mirex in fatty tissue with confirmation of HCB by formation
of bis-isapropoxytetrachlorcbenzene. The sample is dissolved in hexane

and applied directly to a Florisll columa. The HCB and mirex residuas are
eluted with hexane and determined by direct EC-GC of the concentrated eluate.
BCB is then reacted with 2~propancl, and the BITB derivative is chromatographed
to provide cenfirmetion of HCB. Mirex does not survive this reaction. Other
common peaticides, some of which are altered by the reaction, are all sepa-~
rated from the HCB derivative on the OV-17/0V-210 column used (14).

EUMAR OR ANIMAL TISSUE AND HUMAN MILK ANALYSIS BY THE FLORISIL MICROMETHOD

If the size of the available tissve sample 1s so small as to make the macro
MOG method unsultable, z micromethod is deseribed in Section 5,A,(2) of the -
EPA PAM requiring as idttle as 200~500 mg of sample. The sample 15 extracted
with acetonitrile, pesticides are partitioned inte hexane, fractionated on

a 1.6 gram Florisil column (eluste I: 12 ml of hexane plus 12 ml of 1%
methanol in hexane: eluate II: 12 ml of 1% methanol in hexane), and concen-
trated fractions determined by EC-GC, Several pesticides, including a~-BHC,
lindane, dfiazinon, DDD, and toxaphene, split between fractions., TFlorisil
columns must be conditioned at 130°C at least overnight before using. Pre-
cautions concerning use of Florisil ave simllar to those outlined in Sub-
gection 9ia, Virtues of the micromethod ineclude 2 low background level and
savings in the volume of solvent :equgged.

Minizturization of Flerisil column cleanup has been reported in severgl papers
{15, 16). One procedure has been successfully studied by several labora-
tories (17). '

HUMAN BLOQD OR SERWM

A 2wl aliquot of serum is extracted with 6 ml hexane for 2 hours on a slow VL.
speed rotary mixer. After concentration, the hexane layer is analyzed by :
EC-GC [LPA PAM, Section 5,A,(3),(a)]. The procedure involves no cleanup,

but, if carefully handled, it is capable of yielding recoveries of chlorinated
pesticides comparasble to that obtained from a full MOG cleapup technique

{see Tables 2-4 to 2-9 in Section 2). Since all pesticides will be present

in one extrsct, 2 GC colum must be chosen that will separate the expected

-3116~



e

9%

*

Saction 9E

pesticides. Certain serum samples will yield a very late eluting extranecus
peak (probably a phthalate) that is sometimes large enough to distort a
following chromatogram if time is not allowed for its elution from the
column. Blood samples should never be stored in containers with pelyethylene
or rubber caps. Hexane was proven superior to hexane-formic acid for
extraction of dieldrin, lindane, and DDT from serum (18). Microeoulometric
GC determination after sulfuric acid extraction was successfully applied to
24 organochlorine pesticides in blood at 1 ppb levels with no cleanup (19).

Blood samples are not always analyzed without cleanup steps. Menitoring
of fur seal blood for OCl pesticides and PCBa required chromatography of
the hexane extract on a 2.3 gram Florisil column prior to EC=GC (20).
Another monitoring study of pesticides in human blood was carried out by
hexane extraction of acidified sawmples followad by cleanup on a 1 gram
Florisil column and EC-GC (21).

Hexane-acetone {9:1 v/v) was a better extractant for DDT and BHC isomers

in human blood than was pure hexane. rMaximum recoveries occurred when

serum was treated with formic acid before extraction. PRasze of extract-
ability decreased in the order: +-BHC > a~BHC > B~BMC > p,p'-DDE > p,p'-DDT >
0,p'=DDT (22). '

PENTACHLOROPHENOL (PCP) IN BLOOD AND URINE

Acidified blood i3 extracted with benzene on a Roto-Rack for 2 hours
followed by methylation of PCP and determination by EC~GC [EPA PAM,

Section 5,4,(3),(b)}]. Urine is acidified, and hydrolysis carried cut for
oae hour to free conjugated PCP. PCP and phenol metabolites of PCP and

HCB are extracted with benzene, methylated with diazomethane, the methylated
phenols are cleaned up and fractiomated om an acid alumina columm, and
determination is carried out by EC-GC [EPA PAM, Section 5,A,(4),(a)]. The
following comments pertain to these methods:

a, The alkylating resgent diazomethane is a hazardous chemical and must
be handled with extreme caution,.?

Diazomethane and related alkylating reagents (e.g., diazoethane, diazo~
pentane) have been widely used in pesticide reaidue analysis and are
cited in several procedures in this Manual and the EPA PAM, These com-
pounds and their precursors are toxic and carcinogenic and sre irritating
to the skin. Solutions have been lmown to exploda inexplicably. It 1a
recommended that safer substitutes be found for these reagents whenever
possible, for example BFj-methanol for methylation of acid herbicides
and acetiec anhydride for acetylaticn of pentachlorophanol (Section 9Ac).
Substitution of one reagent for another, however, can require a large
amount of effort to check the validity of the procedure with the new
reagent. If diazolkane reagents must be used to reproduce gstablishad
analytical procedures, take care to keep from diract contact with the
skin, Wear disposable vinyl glovea and safety goggles, and avoid
breathing of vapors., Work behind a safety shield in an afficient hood
or inside a radiological gleve box, Do not prepare or ators reagents

in ground glass stoppered or etched glassware. Avold etrong lighc.
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b, A 1.5% OV=17/1.95% QF-1 column is not recommended since the relative
retention values for 2,4-D methyl ester and PCP methyl esters are
~identical and these pesticides would not be differentinted,

¢. All reegents including distilled water must be pre-extracted with
hexane to remove interfering materizls, Reagent blanks should be
carried through the entire procedures with each set of samples and
standards.

d. Glassware should be washed with dilute KalH followed by defonized
water and acetone.

e. Contact between wooden or paper meterials and glassware should net
be permitted as some of these materials have been found to contain
significant levels of PCP.

f, Other ether derivatiﬁes (e.g., ethyl, propyl, amyl, etc.) can be pre-
pared and characterized for confirmation of PCP identity.

g. Fortified samples ghould be analyzed along with each series of actual
sgmples to verify adequate recovery of PCP and the other phenols aof
interest., Because of the ubiquity of PCP, the "blank" used for forti~
fication must be analyzed, end a correction must be made for the
amount of PCP found.

h, A reagent blsnk comsisting of 5 ol of pre-extracted distilled water
should alao be carried through the entire procedures along with
samples.

1. Confirmation of PCP is based on chemical ionization mass spectrometry
or extraction p-values.

In the methods described above (23, 247, phenols were chromatographed om
_conventional GC columns after derivatization to a more easily chromato~
graphed compound. The derivatization step exposes the analyst to a toxle.
derivatizing reagent and increazses the poseibilities of error, It has
been demonstrated that support coated polyester columns are sultable for
determining free chlorinated phenols in urine at submanogram levels with-
out the meed for derivatization (25).

A method fer monitoring PCP in figh and other environmental samples with a
T 2% aecuracy and precision has been described (26}, PCP was extracted
from fish tissue and converted to pentachlorcanisole (PCA) by meamns of
glkylation in the presence of potassium carbonate &8s & condensing agent,
After adding pentachlorophenetole as internal standard, deteraination wzs
carried out by electron impact mass fragmentography mouitoring 280 m/e for
PCA and 294 w/e for the internal standard,
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Sections 9F, 9G

BIS(p-CHLOROPHENYL)ACETIC ACID (p,p'-DDA) IN HUMAN URINE

The excretion level of this metsbolite 1s a sensitive indicator of exposure
to p,p'~DDPT. Urine is extracted three times with an equal volume of 2%
acetic acid in hexane, the combined extracts are evaporated to remove
residusl water or acetlc acid, DDA 18 converted to its methyl ester by
reaction with BFi-methanol reagent, and the ester is extracted with hexane
and determined by GC with microcoulometric oy EC detaction [EPA PAM,
Section 5,4,(4),(b)].

Microcolumn Florisil cleanup (Subsection 9C) is required when the poorly
gselective EC detector is used. DDA should elute completely in Praction

11, Concentration and injection volgpes depend upen the gensivivity of
the detector employed. A column of 5% OV-210 at 175~180°C will separate
DDA from p,p'~DDE (which usually is also present in high expeosure domors),
whereas 47 SE-~30/6%2 QF-1 or 1.5% OV-17/1.95% QF~-1 columns at 200°C will not
rasolve these compounds. '

A very similar procedure involving diazomethane methylation, no cleznup,
propyl ester internal standard, a 1% QF-1 columm at 190°C, and = 63N
pulsed EC detector has been reported. The calibration curve was linear
up to 1.5 pg DDA per liter, the coefficlent of variation was ca 8%, the
absclute datection limit was 0,05 ng, and 20-30 samples could be run per
day (27).

'2,4=D AND 2,4,5-T IN URINE

A method ia described in the EPA PAM, Sectiom 5,4, (4),{c), for determining
these herbicides and their degradation products 2,4-dichloreophenol and
2,4,5-trichlorophsenol in human and animal urine. Phenolic conjugates are
hydrolyzed in scid, and free phenols and acids ave extractad with benzene
and ethylated with diazoethane., Cleanup and fractionation of derivatives
iz carried out om a sflica gel column {1 gram, containing 1.57 water), and
determination of concentrated eluates by EC-GC on a 4% SE-30/6% OV-210
¢olumm,

Deactivated silica gel (Subsection 4Ad in Section 4) columms should be
prepared just prior to use, Bacause of the differences in temperature and
humidity from one laboratory to another, silica gel elution paramsters
should be established by each analyst under local conditions, The per—
centage water added for deactivatien should be increased if the compounds
of interest elute in a later fraction than that indicated in the detailed
procedure, or, the percentage of benzene in the benzene-hexame elusnt can
be increased: Early elutior would be remedied by less deactivation or less
polar sclvents. Spiked control urine, rather than standard comwpoumds,
should be used to determine the slution pattern. See the footnote on

page 6 concerning the hazards associated with the ethylating reagent.
Alkvlated standards are stable for onme month if gtorad im a freezer

{-189C) when not in use.
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Section SE o
A multiresidue scheme for phencl metabolites and including 2,4-D, 2,4,5-T,
and silvex is discussed in Subsection 9R. A method for monitoring 2,4~D
in the urine of pesticide spray operators at C.1 ppm ipvolved clesmup on
XAD=2 vesgin, gquentitation by GC of the methyl ester, and confirmation by :
trans-butylation to the n~butyl ester., Recovery was 94 F 6% for five : .
fortified samples (28}, o

KEPONE IN HUMAN BLOOD FOR ENVIRONMENTAL SAMPLES

The determination of Kepcne in human blood, air, river water, bottom
sediments, and f£ish is described in the EPA PAM, Sectiom 5,4,(5),(a).

This is based on the research of Moseman et al. (29), Hodgson et al. (30),
and Harless et gl. (31). Samples are extracted, and the extracts are
cleaned up by chromateography on a miere Florisil column, base partitioning,
or gel permeation chromatograrhy. Kepcne is determined by EC-GC with
multiple columna. Confirmation is by chemical conversion to mirex
followed by further cleanup prior to EC-GC (32); detection with = Hall
conductivity detector im the Cl-mode; or chemical ionization mass
spectrometry (31).

It is mandatory to use l-2X methanol in benzene for all sesmple and standard
solutions injected for EC-GC to obtain the maximum reproducible reaponse.
Sufficient contrel end spiked reference materials should be utilized to
ensure the validity of analytical results for all sample types. Elution
patterms for the Florisil columns should be carefully established by each
analyet by eluting standard Kepone under local laboratory conditions.
Analytical standards should be validated by cross-reference analysiz of
difrerent preparations of analytical grade Repone with agreement within

T 5% of the established purity.

The apalysis of field-collected avian tissues and eggs for Kepone residues

has been reported (33). Samples were extracted with benzene-isopropanol

(2:1 v/v) and extracts cleaned up with’'fuming HpSO;-concentrated H2S04

(1:1 v/v). Separation of Kepone from 0Cl pesticides snd PCBe was obtained

on a 10 gram 130°C-activated Florisil column eluted with 100 m! of benzene-

acetone (95:5 v/v) followed by 200 wl of benzene-methanol (90:10 v/v}; the

second eluate contained the Kepone. Determination was by BC-GC on a 42

SE~30/6% QF=1 column and confirmation by GC-MS. Recoveries averaged 861

at | ppm. Procedures for determination of RKepone in serum, plasma, urine S
and fat have been reported. After addition of B350;, samples were extracted -
with hexane-acetome {17:3 v/v), extracts were evaporated, and the residue '
dissolved In benzene-methanol (99:1 v/v). The extraction was modified for
feces and bile., Programmed temperature GC with pulsed EC detection on a

42 SE-30/6% QF-1 column provided linear calidbration curves for 10 pg-100 ng S
of Kepone (5 ppb=-50 ppm/gram sample) (34)., Determination of Kepone in eels .
(35); blue fish or shrimp (36); finfish, shellfish, and crustaceans {(37); .
water and sediment (38);: and soil and mullet (39) using gas chromatography :
have also been reported in the literature.
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Section 91

GEI, PERMEATION CHROMATOGRAPHY

a. Gel Permeation Chromatographic Clesnup of Adipose Tizsue

(1) Theery

Gel permeation chromatography (GPC) is a form of liquid chromwatog-
raphy by which compounds are separated according to molecular size. It is
particularly useful in separating very large molecules such as lipidas and
cholesterol found in adipose tissue samples from the smgller molecules of
pesticldes, PCBs, ete. The method 1s as effective as the MOG procedure
for cleanup in pesticide residue analyses (40) and has the added advantages
that removal of fat {s more complete and recoveries of pesticides are nearly
quantitative, Hence, it 1s the ideal"choice for GC-MS analyses, where
maximum detactability of pesticides is needed znd minute quantities of lipid
materials can cause serious Iinterferences,

Porous polymer beads (e.g., BioBeads 8X-3) are used as gel
particles and organic solvents (e.g., toluene, ethyl acetate, or cyclo~
hexane) are used for the mecbile phase. The elution process iz very simple
(isoeratic only); the same solvent gystem is used for column preparatican,
elutlon, and washing. Macromolecules cannot permeate the porcus gel and
are rapldly eluted or "dumped” from the columm. Molacules that can enter
the pores of the beads are temporarily retained to greater or lesser

extents depending on their molecular volumes. Hence, large-volume pesti-

cides such as mirex elute first (in this case, following shortly after
cholesterol), while small-volume pesticides such as HCB elute last. Since
molecnlar velume rather than molecular weight dictates the order of elution,
all equatorial PB-BHC elutes after the other BHC isomera.

(2) Egquipment ="

The gel permeation chromatograph is an AutoPrep Medel 1001
(snalytical Biochemistry laborateries, Inc., Columbia, MO), equipped with
a 2.5 cm 1d x 60 cm glass column (Chromafles® R-422350/6025, Xontes, Vine-
land, NJ, or equivalent) packed with 200- to 400-mesh BioBeads 5X~3 (BioRad
Laboratories, Richmoud, CA).

{3) Column Preparation and Operation

{a)} Prepare a slurry of ca 60 g of BioBeads SX-3 in pesticide
quality (or equivalent) toluene-ethyl acetate (1:3 v/v), This will be
sufficient to pack & column about 25 cm long.

(b) Add small volumes of resin and solvent to the column. Esach
addition of resin must be in coutact with enough solvent to swell the resin

" -before the next additien.

(¢) After the resin is transferred to the column, compress the
gel to approximately 25 c¢m, allowing solvent to flow out of the columm exit,
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_ (@) Add only ethyl acetate~toluene (3:1 v/v) to the solvent
reserveir, Addition of other solvents to the system via sample introduction
will change the gel swelling ratioc and must be kept to a uinimum (l.e.,

< 5% v/v of gliquot injected),

{a) Install the colum gnd start the pump. The pump operating
pressure should be 5-7 psi (not to exceed 10 psi).

(£} Adjust the pumping rate to approximstelf 5 ml/minute with
the pump_vernier control valve.

(g) Set the timer to collect for 20 minutes and check the actusl
punping rate.

{(h) The GPC elutiom pattern of the pesticides of interest should

be established for standards before introduction of biclogical samples
into the gel permeation chromatograph,

{4) Procedure for GPC Cleanup

{(z) Start up the GPC ipstrument and elute the colume with ethyl
acetate-toluene (3:1 v/v) until it is purged of entrained air.

(b) 1Introduce <1 g of sample in 5-8 ml of eluting solvent into
the sample introduction valve. Rotate to the next sample loop and introduce
the next sample, After the last sample is loaded rinse the sample valve
with elean seolvent. Up to SO0 mg of lipid can be injected onto the GPC
column.

{c) Set "dump" and "collect" cyciea to previously established
rates for elution of the pesticldes of interest (usuzlly 100-125 ml and
125-225 ml, respectively).

(d) For multiple sample cleanup, an appropriate "wash" cycle
of eca 50 ml ethl acetate~toluene (3:1 v/v) should be included after every
sample.

L. Elution Data

Since 5,8 of the EPA PAM describes the elution profiles of some 100
pesticides of all tlasses {organochlorines, PCBs, organophosphates, carba-
mates, thiloureas, etc.) from the AutoPrep 1001 gel permeation chromatograph
using a 50 g, 30 x 2.5 ¢m column of BioBeads SX-3 gel and cyclchexane-
methylene chloride (85:15 v/v) and ethyl acetate-toluene (3:1 v/v) eluants,

¢. GPC Combined with Alumina Columm Cleanup

Section 5,B of the EPA PAM describes the use of cyclohexane-methylene
chloride (85:15 v/v)-BioBeads SX=-3 GPC cleanup coupled with a deactivated
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mini-aliming colum for improved purification of pesticide extracts from
fat samples. In many cases, GPC fractions require no further cleanup prior
to determination of residues by GC.

d. Application of GPC

The original GPC system consisting of BioBeads $§X-2 crosslinked poly-
styrene gel and cyclohexane was designed by Stalling et al. (41) for re-
moval of lipids from extracts of samples such as fish before EC-GC determina-
tion of commonly occurring pesticide and PCB residues. This excellent
method was later improved considerably by the use of BioBeads SX~3 and
ethyl acetate~toluene. A broad range of OCl and OP pesticides can be
recoverad In good ylelds from fats and oils (42, Subsection b above), An
evaluation of the GPC system (43) with different sample types indicated
thet ca 98% of the fat or oil content of the extract is genmerally elutad
prior to the pesticide fraction and that this clesnup may be superior to
that achieved by acetonitrile partition and Florisil adsorption. Howevar,
although recoveries were higher by GPC than by Flerisil adsorption, pre-
¢ision was poorer with the formex method. J4nzlyses can be automated since
an important feature of GPC is that the same column can be used repeatedly
ovar long pericds without significant change in elution volumes or recoveries,

With the GPC procedure described in Subsection a above, organcchlorine
pesticides have been determined and confirmed in humsn tissve and milk

(FPA PAM Section 12,A). Samples are extracted and cleaned up by a modified
Mills, Onley, Caither procedure. After further cleanup of Florisil fractions
by GPC, determination is carried out by GC on a Carbewsx 20M columm with a
Hall electrolytic conductivity detector, -

Recoveries ranging from 88~106% were reported for dilsulfoton, diazinon,
methyl parathion, malathion, parathion, dichlorves, and fensulfothion in
an evaluation study of the automated gel vermeation chromatographic cleanup
techniques using BioBeads SX-3 gel and an ethyl acetate-tolueme (3:1 v/v)
elution gsolvent {(42). A solvent compesed of cyclohexane-methylene chloride
(85:15 vw/v) with BioBeads SX~3 provided adequate clesnup for EC-GC (no
liquid partiticning) of 9 OP pesticides and 2 metabolites and 16 nenicnic
0Cl pesticides in vegetable oils at 0.05-1.0 ppm. Vegetables, fruits, and
crops were analyzed for 26 orgsnophosphorus pesticides and metabolites at
0.05~0.10 ppm levels using automated GPC for cleanup followed by FPD~GC.
Recoveries of 7 compounds from 12 sample types were in the range 83-103%,
and 8§ compounds could be determined simultaneously (44), Carbamate and
organophosphorus compounds in several plant crops were recovered at levels
between 82 and 104% by automated GPC (45).

Gel chromatography on Sephadex I1H-20 has alsc been reported (46, 47) for

cleanup of organochlorines amd organophosphates prior to GC, but this.
approach iz now of minimal importance in residue analysis.
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Sections 9J, 9K

DETERMINATION OF CHLOROPHENOXY HERBICIDES IN FATTY AND NOKFATTY FOODS

T -

Section 221 of the FDA PAM covere the analysis of chlorephenoxy acid herbi-

cides in fatty foods. The pesticides zre extracted from the foods and are

partitioned in%e alkaline solution, and the extract is washed with organic

solvents and is acldified. Chlorophenoxy acids are re-extracted into R
chloroforn and methylsted after evaporation of the chloroform. Florisil S
chromatography of the methylated extracts provides cleanup and separates S
the methyl ether of PCP from the chlorophenoxy acid methyl esters, PCP

methyl ether is determined by electronm capture GC, and the phepoxy acid

esters by microcoulometric or electron capture GC, depending upom the

sample type. The recovery of seven compounds from fatty samples has been

veriZfied, Methylated acids are easily lost during evaporation steps,

especially from standard solutiong. Solvents should be evaporated very

carefully in a gentle stream of nitrogen. Traces of sosp that are not

tinsed awsy can give interference peaks, even with the selective micro-

coulomettic detector.

Chlorcphenoxy aclds are extracted from nonfatty foods with acetomitrile

or acetonitrile~water, After evgporation of the acetonitrile, the aqueous
extrect iz made alkaline, the alkaline sclution is washed with organic
solvents, and it is then acidified. The acids are extracted into chloroform
and then methylated, and the methylated extract is cleaned up and fraction-
ated us above (FDA PAM, Section 222), The recovery of residues of seven
compounds in nonfatty foods has been verified. An alternative alumina

and Flerisil column. cleanup prior to EC-GC for the ester fraction from
vegetable szmples 1s given in the Canadian PAM, Section 7.3,

A biblisgraphy of extraction and gnalyticel procedures suitable for ’

menitoring phenoxy herbicides in plante, animals, and the environment has
been published (48).

CARBOR-CELLULOSE COLUMN CLEAKUP

Section 7.1 of the Canadlian PAM describes a method for cleanup of residues
of organcchlorine and gorganophosphorus insecticides, herbieldes, and

. fungicides in foods following acetonitrile ertraction (blending) and

hexane partition. Sequential elution with three golvents (1.57 zcetonitrile
in hexane, chleroform, and benzene) separates the pesticides into three
fractions that are suitable for EC-GC and TLC determination. Some 40
pesticides have been quantitatively recovered from & variety of foods with
this system. A carbon=cellulese (4:10 w/w) minicolumn eluted with ethyl o
acetate has been used for cleanup and separation of phorate and metabolite S
residues In crops determined by FPD-GC (49},

The Canadian PAM specifies that carbon (e.g., Dareco G60) is prepared by
heating for 12 hours at 300°C and then extracting for two one hour periods
with hexzne on a mechanical shaker. 8See alse Section 4AF in this Manual,
Celluloge (e.g., Solka Floc BW40) is extracted twice with acetone in a
similar manner without prior heating.
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9L  CLEANUP ON SILICA GEL

Silicar CC-4 ailica gel (50) has been widely used for cleanup and fraction-
ation of OCl insecticides in variocus monmitoring programs (51). For
example, in a study of duck wing contamination (52}, a2 15 g columm was
eluted with 60 ml of petroleum ether (BCB, mirex recovered), 350 ml of
petroleum ether (PCBa, some DDE), and 150 ml of methylene chloride-
hexane-acetonitrile (80:19:1 v/v) (remainder of DDE, TDE, DDT, and other
0Cl compounds). The same elution sequence wae used to determine 0OCL
residues in herous (53). A modified sequence with four eluants, used

to a2ssess contamination of Bald Bagles, allowed collection of dieldrin

and endrin in a discrete fraction: 80 ml petroleum ether (HCB and mirex):;
320 ml petroleum ether (PCRs, PBBs, DDE); 275 sl hexane-methylene chloride
(85:15 v/v) (OCl compounds, except endrin and dieldrin); 200 ml methylene
chloride-hexane-acetonitrile (80:19:1 v/v) (endrin and dieldrin) (54).

9 CLEANUP ON DEACTIVATED FLORISIL AND“SILICA GEL (see also Section 9G)

The method of Osadchuk et al, is described in the Canadian PAM, Section
7.2. Deactivatad Florisil 1o prepared as outlined in Subsection 4Ac In
Section 4 of this Manual. The elution behavior of over 50 pesticides on
Florisil deactivated with 27 water has been determined for use after
extraction and partition cleanup of residues, & 30 cm'x 2.5 cm id column
containing 15 em of adserbent 1a eluted with 300 ml portions of the
appropriate eluting smixture(s) ranging from pure hexane to 5-30% mathylene
. ehloride in hexane to 5-307 ethyl acetate in hexane (Table 9-1). TIf the
analyst wishes to screen a saumple extract for a larger number of pesti-
cides in one or two GC injections, the less polar eluants may be by-passed
and only the more polar used., However, some sample types may be inadequataly
¢leaned-yp by this procedure or mutually interfering residues may occur in
the game fraction.

The following factora affect the success of this F%oriﬁil procedure:

a. Peaticides comtaining a mercaptan functlion are oxidized on the
Florigil columm. For example, phoraste, captan, carbophenothiom, chloro-
benside,. digulfoton, and demeton have losses ranging from 20-100%, The
oxidation proceeds to the sulfoxide and then to the sulfone. Therefore,
non-detection of such peaticides does not guarantee they were not
originally present in the sample. The degree of oxidation by Florisil
increases with a lower axtent of water deactivation (greater sdsorbent
activity) or a greater time of contact with the column and may also be
affected by the pH of the particular Florisil used,

b. Oxygen analogs of orpganophosphorus pesticides are strongly adsorbed
on Florisil and camnnot be completely eluted even with very polar solvents,

¢, The 27 deactivated Florisil columm can tolarate up to one gram
of fat or oil (30% methyleme chloride in hexane or less polar eluancs)
without extranecus EC-GC response.

d. Up to two grams of fat or oil can be applied directly to the columm

aund eluted with 102 methylene chloride in hexane to recover BHC isomers, the
DDT group, PCEs, and HCB,

=-325=



Table 9-1 - Section 9M

ORCER OF ELVTION OF PESTICIDES FROM FLORISIL PARTIALLY
DEACTIVATED WITH 2% WATER USING JOC m$ VCLUME OP ELUENTS
' {Prom the Canudian PAM)

- 1 % CHaGlz tn Hexane £ Et0A0 inHexwns  poocant
-~y

FESTICIDES e TLELI T T T ol =T IO% TATE TR - Rasoverien
Areclor 1254 PCB  + 295
Chiordane * »95
Toxaphens + 298
Strobag;l * ,9g
trang-Chierdans + 39
Chlordens + 395
Aldrin : > 398
Hexachlorobenzane - 395
Heptachler + »35
p.p'-DDE + >95
a,p*<DDT + »9%
Mirex + 295
Tackhenzan +2 395
pp'-nCT sf 90% + . 95
2 -BHG s(hsz + »9%
Perthane s(1o4 S{a5%) + 95
p.p'-DDD * »95§
Chlotbanslide M +2 ~
Y-BME s‘(-'ao;‘- + »95
PCNB Pt S(80% + 05
TCia A7 S(usE) 43 293
#-BHC 5{10%) . 395
£-BHC . + »95
Dicefal + . »95
Rennol oP sy  + 95
Hepachlar epexide s(é0%) + *9s
Dicidefenshion Qe + 95

- Pherats e + .~ 30
Carbophencthion  OBM s{25%) + ~80
Endosulian I B(i0%) * 93
Dleldein + ¥95
Chlorpyrifon oF + 95
Endrin d 195
Hethoxyehler . *95
Parathion ap * 95
Ethiond oP + 295
2,4-D methyl ester + 25
245+T methyl ester . 85
Anilazine + 95
avex + 95
Fenitrothion op s{30%) + »95
Tetradifon S(90%) + 295
Dlazinon )3 S(90R) *95
Chlorethalonil S(70%) 295
Methyl Parathiond OF . . s(308) 295
Sulphenens W 5(15%) =+ >35
Dicxathion ap + 395
Malathiop oP M 93
Atrazineg - + »90
Simazine - Y90
Endozulfan 1 s(75K) ¢ ’35
Captan » : + ~80
‘Phoamet oy - ?95
DCPA * 2 »90
Arinphosmethyl  OP + »95

Notes A 30% CHzClz fraction wac eluted prior t5 all othyl acetste fractions. 411 othsra wore si.nﬂ:ﬁou.

+ =moetly stuten In fipst 250 ml

* . larpe amount in 250-2300 ml fraction
S - some (an parcens})

Foocnatas: 1. OP = organophosphorus; M « marcaptan; PCH e polychlortnated biphsuyl
2. Highsy tacoveries are obcainad by elucion wich more palar aluancs
3, Pemaining mathyl parathion ¢lutes in soother 50 wl of 5% EtOAc
4. Daceccad by alkali fisme dececsor
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The approach in d above has been used te determine HCB and mirex in £ish
and butterfat by elution with acetonitrile from a columm composed of the
fat or oil distridutad om unactivated Florisil. This procedure has been
collaboratively studied (55) and adopted by the AOAC as official final
action (56). Care must be taken in analyses for ECB not to use plastic
wash bottles, asince this compound was found as a contaminant in 30 of 34
such bottles tested (57).

A one-step Florisil columm cleanup described by Langlois et al. (58) has
been widaly used tc isolate organcchlorines and PCBe. It is similaxr to
the method just described but employs deactivated Florisii. Activated
Florisil is equilibrated with 57 water, and 1 g of fat from fish or other
extracts is thoroughly mixed with 25 g of this Florisil. The adsorbent
is placed on top of a second 25 g poxtion of conditioned Florisil im a

25 mm id column, The column is eluted with 300 ml of hexane-methylene
chloride (4:1 v/v) (59).

$ilica gel deactivated with 30% water has been used to isolate organo-
chlorines from Iipidas (60). A dicro column of this silica gel eluted
with petroleum ether has been shown (61) to yield especially pure eluates.
Small colums of precisaly deactivated silicic acid (3 g, 3.3% water) were
found to separate 2,2'-DDT, cig- and trang-chlordane, p,p'-DDE, and PCBs
from the majority of toxaphene components. This fractionation greatly
aimplified the analysis of the pesticides (62),

LOW TEMPERATURE PRECIPITATION

This procedure {(Canadian PAM, Section 7.4) is used to separate fats, oils,
and water from acetone-benzene-acid extracts of blological samples by pra-
cipitation at -78°C, The special low temperature cleanup apparatus is
degeribed In detail (Canadian PAM, Sectiom 14.5).,” Many apolar and pelar
residues and metabolites (e.g., DDT, 2,4-D acid and ester, parathion, and
parzoxon) are retained in the acetcone supernate and can be determined by
EC-GC. TForty pesticides have been quantitatively (80+ percent) recovered
from a variety of plant and animal products at levels grsater than 0.05 ppm,
Fraeze~out has been recently employed for the removal of lipids prior to
Florisil chrowatography and EC-GC in the determination of methoxychlor
residues in microsamples of animal tissues and water at 10 ppb and 1 ppb
levels, respectively (15), and for cleanup of human milk samples for HCH
and other chlorivated pesticides by EC-GC (63). _ )

CLEANCP ON ALUMINA

Hexane extracts of snimal tissues are cleaned-up and prefractiomated on
garrow bore columns dry-packed with partially deactivated alumina and
8ilica gel by the method of Holder and Marsden (64). The inftial alumina
column eluted with hexane provides removal of lipids, while the gecond
column affords pre~GC separation of residues plus further cleanup. Table
9-2 shows the elution ordar of chlorinated ingecticides with hexane and
10% diethyl ether-hexane elusnts. Alumina 1s activated at B3C09C and silica
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gel at 150°C before desctivation with 5% (w/w) water. Iaterferences con- :
tributed by columns in the Holden-Mersden method have been removed by . , ~

nethylene chloride treatuent of the columns,

Basic alumina was recommended

for easier control of mectivity and faster pesticide elution (65),

Another aluminag-silica columm scheme (66) was devised for separation of

17 OCl residues ip 4 eluates, each containing pesticides separable on a : S
4% SE~30/6% OV-210 GC columm, Microcolums deactivated with 3~4% water : T
were used. '
Table 9=2

ORDER OF ELUTION OF ORGANOCHLORINES FROM DEACTIVATED SILICA GEL
ACCORDING TO THE METHOD OF HOLDEN AND MARSDEN (64)

Eluted in order

Bluted in order by 10%

by hexane diethyl ether in hexane
Hexachlorobenzene Endrin _
Aldrin Chlordane
PCBs P,p'-DCBP
Pp,p'-DDE Toxaphene
Heptachlor p.p'~TDE
p,p'-MDE (DDMU) . Telodrin
0,p'-DDT Heptachlor epoxide
p,p'~DDT o~BHC
o Perthane
B-BHC
Relthane
Y¥-BHC
Dieldrin
Methoxychlor v

-

Organochlorine insecticide residues in fatty foodstuffs were determined (67) .
by using & cleanup technique based on & single 22 g colimm of activity=4 -

basic or neutral alumina, Concentrated hexane extracts of samples, con- oY
taining 0.4-0.5 grams of fat, were transferred to the columm, and pesti-

cldes were eluted with 150 ml of hexan: prior to determinaticn by EC-CC.
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Recoveries of 15 insecticides from vegetable oil samples spiked at lavels
of 5~250 ug/kg were betwaen 70-124Z. FRoutine determinations were carried
out for cyclodienes, BHC isomers, and HCB at the 5«10 ug/kg level and
DDT-type compounds at the 20-30 jug/kg level, Results of collaborative
studies were reported. If PCBs ware present, the columm was eluted with

10 mi and then 150 ml of hexane. The first fraction contained all the

PCBs and all or most of any residuves of aldrin, heptachlor, HCB, p,p'-DDE
and o,p’~DDT, The secomnd fraction contained all the BHC igomers, heptachlor
epoxide, dieldrin, endrin, p,p'-DDD, methoxychlor, and Emdosulfan A. Com-
pounds splitting between fractions included methoxychlor, toxaphene, per-
thane, chlordane, and styxobame. Further collaborativa study (68) of the
mathed found it satisfactory for determining residuee of hexachiorobenzene
and f~HCH in butterfat and mutton fat; a~HCH, y-HCH, p,p'-DDT, and p,p'~DDE
in chicken fat; f-HCH, disldrin, hexachlorobenzena, and TDE in pork fat;
DDT isomers in aggs; and other CCl inwecticides in these and other .samples
of animal origin. '

A microcolum of 2.0 g of Weelnm basic alumina deactivated with 117 water has
been used for cleanup of water extracts and fractionation of residues.
Petroleum ether (5 ml) eluted HCB, ¢~ and YBHC, heptachlor epoxide (10%),
p,p'~DDE, o,p'-DDT, IDE, p,p'-DDT, telodrin, isodrin, aldrin, and heptachlor.
Subsequent elution with 10 mi of petroleum ether~ethyl athey (80:20 v/v)
recovared B~BEC, heptachlor epoxide (50%), dieldrin, and endrin (69).

In a comparative study (70), basic alumina was found to retain lipids
better than Florisil, which in turn held more than silicie acid, It was’
also found that deactivation and elution with less polar solvents gave a
superior separation of organcchlorine pesticides from lipids than activated
adsorbents and more pelar eluants. Saponification with ethanolie NaOH
followed by alumina column chromategraphy provided efficlent removal of
lipids prior to GC determination of several OCl insecticides (DDT was com-
verted to DDE) (71)., A procedure for evaluation of the fat capacity of an
aluminum column has been described (68).

MISCELLANEOUS MULTIRESIDUE CLEANUP PROCEDURES

Other multiresidue procedures inelude the following: The method of de
Faubert Maunder (72) employs partition with dimethylformamide (DMF) to
diminish the amount of fat carried over with the pesticides from fatty
samples. A hexane extract of the ssmple 1z extracted three times with
hexane~saturated DMF; the combined DMF phases are washed with a DMF-
saturated hexane and then shaken with a large volume of 2X Na,80, solution.
On standing, a hexane layer containing chlorinated pesticides forms on top
of the solution, this layer is separated, and residues are cleanmed-up on
an alumipa column and determined by EC-GC, Like the AOAC-MOG procedure
{Section %4), this method does not give good recoveries of hexachlorobenzene
from fatty samples.

Wood (73) proposed a rapid method for small samples using dimethyl sulfoxide

(DMSO). This is a good solvent for chlorinated pesticides that dissclves
only low amounts of oil or fat. The fatty gample is mixed with Calite

-329~



Section 97

{1:15 w/w) and packed into a small column, and the pesticides are eluted
with DM30, The eluate is adsorbed directly onto the top of a larger Florisil
column and the residues then eluted with hexane from the Florisil. The
method does not seem to be widely used,.

The de Faubert Maunder and Wood methods have been compared with the
standard FDA-AOAC Florisil procedure for anslysis of chlorinated pesticides
in & variety of foedstuffs (74). No gross general differences were found
in results, but one method might be advantageous for a particular sample
type.

A rapid DMBO-petroleum ether partitioning cleanup method emploving test
tubes and syringes in place of separatory funnels was found to recover
60 0Cl, OP, gnd carbamate pesticides at levels > 50Z%. Loeses were found
to be consistent, so the use of correcticn factors was proposed. Crops
containing C.1-10 ppm levels were tested for analysis by GC (EC snd FPD
detectors), TLC, and HPLC (75).

A reuseable, macroporous eiliea gel column provided fractionation and
88-105% recoveries of 0.1-1 ppm levels of different classes of pesticides
when eluted with s series of solvents of increasing polarity (76).

_Thin layer chromategraphy (TLC) on 1-5 mm layers can provide cleanup if

a minimal smount of fatty material is present in the extract., Sample is
applied as a stresk and developed along with standard marker compounds
on the same plate to allow location of the pesticide zomes. These bands
are removed by scraping and are extracted to recover the separated pesti-
cides. Modified layers have been devised with capability for increased

. sample loading, e.g., multiband or wedge-layer chromatoplates (77). With

the latter, cleanup and determination can be combined on the same layer

“ without intervening elution.

The use of ion exchange resins for clesmup of lonic pesticides has been
reviewed (72). For example, acidic residues such as chlorophenols and
phencxry acids in extracts of organic tissues, soil, and water will bind
under z2lkaline conditions to a strong bsse snion exchange resin, After
washing out impurities, the residues can be eluted from the resin column

by an acidic eluant and determined by EC-GC after appropriate derivatization
reactionz (79).

The results of international cooperative studies of 0Cl pestiecide, PCB, and o
Hg residues in wildlife have been rveported (80), The snalytical methods
were based on extraction, cleanup, and GC determination, but no two labora-
tories used exactly the same procedure. Nometheless, there was reasonable
agreement among laboratories in analysis of test samples, the coefficient o
of veriation for different chlorinated compounds ranging from 10-17Z. S
Collaborative testing of a multiresidue method for chlerinated hydrocsrbon o
and other fumigant residuee among 8 foreign laboratories was successfully : o
completed, and results were reported (81).
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ORCANOPHOSPHORUS PESTICIDES

DETERMINATION OF METABOLITES COR HYDROLYSIS PRODUCYS IN HUMAN URINE,
BLOOD, AND OTHER TISSUES. .

The determination of intact organophosphorus peaticides in tissue or
blood from suspected polsening victims is described in Section 6,4, (1)

of the EPA PAM (82). Howaver, in cases of low exposure or in high
exposure cases after sevaral hours, the probability of detecting parent
compounds 1s greatly reduced because of rapid metabolism (83).. In most
ingtances, the determiration of alkyl phosphate metabolites in urine

_ provides a messure of the exteat of human exposure te the parent 0P
pesticide., Section 6,4,(2),(a) of the EPA PAM and reference (84) contain
a sensitive and selective analytical procedure for alkyl phosphate and
phosphonate metabolites (hydrolysis products) of important pesticides,

OP metabolites in urine are extracted quantitatively with an anion-exchange
resin after addition of acetonme in a 10:1 ratio to precipitate some inter-
fering compounds. The compounds are eluted from the resin, derivatized
with diszopentane (see footnote on page 6 for precautions when using this
reagent), and the derivatives determined by FPD (P-mode)-GC, If very low
levels of alkyl phosphate metabolites are present, further cleanup om a
2.4 gram silica gel columm deactivated with 20% water is. carried out.
Confirmation 1s by FPD-GC using both the P and § detector modes (recall
that the S-mode 1g 5 to 10 times less sengitive)., Analysis can be made
at the 0.1 ppm level, so that the execretion of alkyl phosphates in urine
can be detected at pesticide levels much lower than those that result in
cholinesterase inhibition. The general class of organophosphate pesticide
(but not the exact compound) involved in the exposure may be deduced by
characterizing the metabolite(s) excrested. These analytical methnds have
been applied to the analysis of the urine of rats exposed to a group of
aromatic and aliphatic 02 and phosphonate pesticides (85). p

Because of the complexity of this method, routine analyses should be
validated by simultaneous analysis of spiked SPRM's. As outlined in
Section 3, ome SPRM is amalyzed aleng with each unknown if only occasional
gnalyses are performed, or the ratio of SPRM to routine analyses is at
leagt 107 when larger numbers are involved. Because of the possible in-~
atahility of urine samples spiked with alkyl phosphates, large zamplas of
SPRM should not be prepared shead of time for perlodic analyses., A
method for preparation of individual SPRM as needed is detailed in
Section 6,4,{(2),(a),XI of the EPA PAM. Howevar, it has been shown (86)

~ that dlalkyl phosphate metabelites do not bdreak down or disappesr in urine
samples frozen for up 20 weeks prior to analysis.

Uuderivatized corpounds may accumulate on the GC column aftar perieds of
éxtended use. Injection of 1 Ul of diazopentane solution should be made
every two weeks to react with these compounds, If peaks appear following
this injection, the column should be reconditioned (Subsection 4I in
Section 4). Further confirmation of any particular metabolite can he
accomplished by preparing its hexyl derivative.
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Reprodycibility of this method is not as good as is desirable for z re-
liable, toutine anelytical method. This cen be seen in Table 3 in EPA
PAM Section 6,4,2,(a), where recovery varisbilities of 15% or grester are
reported for six amalyses at the twos highest spiking levels. In the study
of freezer storage of alkyl phosphate metabolites described above (86),
the method was found to give both low and highly variable recoveries.
Because of the unreliable quantitstion cbtained, the method currently
described in Section 6,A,2,(a) of the EPA PAM should be considered only
semi-~quantitative.

In addition to alkyl phosphates, significent amounte of the corresponding
mono- and dicarboxylic acids are found in the urine of humans expoesed to.
malathion. A silica gel cleanup FPD~-GC method for determining these

acids as a measure of exposure to malathion has been devised (87). Urine
iz extracted; the extract is alkylated, and derivatized carboxylic acids
are cleaned up according to a previcusly published (88) alkyl phosphate
wethod, Additiomal cleanup by solvent partitioning with ether and silfca
gel chromatography [elution with benzene followed by ethyl acetate-benzene
(10:90 v/v), collected as one fraction) is aleo employed. Derivatized MCA
and DCA are determiped on a 4% SE-30/6% QF-1 column at 200°c,

A reportedly simple and rapld methed forxr quantitation of the metabolites of
malathion and other OF pesticides has been published (89), The omimrstion of
an extraction &t low pH and the mild condition of anion-exchange chromatog-
raphy on QAE-Sephadex prevented degradation of a malathion metabolite that
takes place under strongly scid conditions. Disadventages of the commonly
used partition fractionation of malathion and malaoxon matabolites were
discusged,

Another new method also employing an ion exchange resin for determination
of mono~ and dipertic alkyl and aryl phosphates, phosphonates, and thio
analogs in human urine has been reported to have a detectlon limit of less
than 2 pmole for each of these clesses of compounds. The acids were
protonated by passing through a hydrogen-form cation exchange rasin.
Benzyl esters were formed by refluxing the columm effluent with 3-benzyl-
l-p~tolyltriazene in acetone, partitigned into cyclohexane, and determined
by GC (5% 0OV-210 column) with & P-mode FPD. Inorganic o~phosphate did not
interfere, but could be removed by calcium hydroxide precipitation if
desired (90).

Urinary dialkyl phosphate metabolitee have algo been determined using

1-(4-nitrobenzyl)~3~(4~tolyl)triazene as derivatizing reagent. Urine was
lyophilized, dialkyl phosphates were derivatized, and c¢leanup wes carried
out by anhydrous nlckel sulfate adsorption and silica gel chromastography.
GC analysis determined the metabolites at levels ge low as 0,01 ppm (91},

DETERMINATION OF p~NITROPHENOL (PNP) AND OTHER PHENOLS IN URINE

Urinary PNP, the phenolic metabolite of ethyl and methyl parathion, EPN
(O-ethyl O-p-nitrophenyl (phenylphosphonothioste) nmitrofen, etc., can be
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meagsured as an Indicator of exposure to these organophosphorus pesticides.
A small volume of urine iz hydrolyzed with HCl to form free PNP, then made
alkaline and cleaned-up by extraction with benzene~ether, and finally re-
acidified and extracted with benzene-ether to remove PNP. An aliquot of
dried extract is analyzed by EC-GC with on-column conversion of PNF to the
volatile trimethylailyl derdivative [EPA PAM, Section 6,4,(2),{b)].

A multiresidue analytical procedure for halo- and nitrophenols from a range
of biodegradable pesticides (organcphoaphates, phenoxy acide, orgenohalides)
is also useful for determining exposure to these pasticides (92, 93). A
one to five ml sample 18 treated with a 1/5 volume of concentrated hydro-
chloric acid and the mixture refluxed at 100°C for one hour. The phenols
are extracted with diethyl ether, ethylated by reaction with difazoethane,
and the ethyl ethers chromatographed on a silics gel column (2 grams, 2%
water deactivation). {See the footnote on page 6 concerning precautions
when using diazoalkanes). Elution with various concentrations of benzene
in hexane purifies and fractionates the phenoliec ethers, which are finally
determined by EC-GC,

Ten phenols, inmcluding the pesticides pentachlorophemecl: and DNOC
(4,6-dinitro-o~cresol), plus the herbicides 2,4-D, 2,4,5~T, and silvex can
be determined by this scheme on ome sample. All halogenated phencls are
eluted with 207 benzene-hexane, while nitrophenols and phenoxy aclds elute
in the 60 and 80% fractions. The phenoxy aclds are detected intact along
with 2,4-dichlorophenol and 2,4,5-trichlorophensl, their potential mammalian
metabolites, ' ' '

A method for the determination of regidues of the herbicide DNBP
{2-gec-butyl-4,€~dinitrophenol} in feed, blood, urine, feces, and tissuea

by EC-GC has been devised in the EPA Health Effects Reséarch Laboratory (94).
After extraction, the sample is reacted with diazomethane {see footnote on
page 6 concerping precautions when using diazcalkane) to produce the methyl
ather of DNBP. Cleanup and recovery of the derivative is obtained on acid
aluming colum eluted with hexane-benzenme (40:60 v/v). Average recoveries
of greatey than 85% were cbtained from samples fortified at 0.1-30 ppm
levels.

'SWEEP CO-DISTILLATYON

Sweep co~distillation has proven te be a simple time saving cleanup technique
that eliminates the need for specialized adsorbents and large volumes of
purified solvents (8, 95-100). The technique can be used for OCl and OP
residues in fruits and vegetables, or fats and oils. The procedural details

- ave different for the two sample types; however, the cleanup principle is

essentially the same, The concentrated sample, in an organie solvent, is )

. injected fnto a heated tube swept with 600 ml No/min, Sample extractives

remain in the tube while volatilized components are swept into a simple
condensing train. After a 30 minute sweep time, the transfer lines are
disconnected and condensed pesticides are rinmsed with organic solvent iate .
the ssmple tube. After volume adjustments, the sample may generally be
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analyzed by GC without further cleanup, If gensitivity levels in the low
part per billien range are desired, an auxillary cleanup is.recommended.,
The combination of sweep co-distillation and the micro Florisil coelumm
[EPA PAM Sectiom 5,A,(2)] has proven to be a thorough cleanup for fat
samples, A sulfuric acid/Celite columm can be adapted as an optional
automaric cleanup step (101).

Figure 9=A is a schematie diagram of the apparatus se originzlly used for
cleanup of fruite snd vegetables for determination of OP residues. The AR
glass wool-packed tube was placed inside a heated copper tube. A nitrogen IR
sweep of 600 ml/min was used. Two gram zliquots of sample were injected o e
followed by ethyl acetate injections every three minutes. See FDA PAM
Sectlon 232.2 for method details.

0C1 and OP residues in a varlety of edible fats and olls have been

determined by a modified version of the sweep co-distillation cleanup

systen (102, 103), A tube packed with glass wool, sand, and glass beads

is operated in & vertlcal position with the Injection port on bottom,

The cleanup is effected by the 250° heat and the nitrogen carrier gas
distributing the oil upward through one-half to three-fourths of the glaes
bead packed columm with g percolation type action, Pesticides are volatilized
and swept into the collector trap. Recent study of sweep co-distillatien of
fates has shown that follow-up injections of solvent are not necessary. After
initilal injection of the sample, the equipment may be left unattended for the
30 nwin sweep operation. '

Figure 9-B shows the appearance of a commercial version of the "Sweep
Co-distiller” (Kontes Glaas Co., Vineland, NJ). This apparatus permits
simuitaneous cleanup of four samples with a 30 min sweep time. The 30 cm
tube allows efficient cleanup for OCL or OP residues in samples of fats,
oils, milk, and crops (operated in vertical position at 250°C with 600 ml
Ny/min) (104). The tube for fat cleanup may be purchased prepacked, but
packing in the laboratory is preferable for consistent tube uniformity.

The empty tube may also be prepsred for fruit and vegetable cleanup by RS
packing withi'l5 em glass wool in the injection end with remaining space Lol
filled with glass beads. The oven would be swiveled to a horizontal positien R
for the fruit and vegetable cleanup. Operational parameters for the latrer
application may be found in the FDA PAM, Section 232.2.

In 2 preliminary evaluation of the Kontes apparatus by Wsttse, common
organochlorine pesticides were quantitatively recovered from chicken fat,
and the fat residue was reduced to less thamr 12 of the original sample.
Similar results have been obtained by Luke with both the Kontes and labora-
tory-assembled sweep-co—distillation unita, An oven temperature of
227-230°C was used, and no solvent injections were made after the sample
was applied. Reproducible, quantitative recoveries were obtained for
organophosphorus and organochlorine pesticides from beef fat and butterfat
{103). .

‘.‘

The operating principle of sweep co-distillation has been presented diagram- e
matically, and recoveries of 36 OP pesticides in 20 substrates (0.03-0.5 ppm) T
and 30 OCl pesticides in 14 sgubstrates (0.003-0,05 ppm) are tabulated (106). S
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Figure 9~A. Sweep co-distillation apparatus, schematic diagram.
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Figure 9-B. Sweep co-distillation apparatus, (oven positioned for
s fruit and vegetable cleanup), Kontes Glass Co.,
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Heath and Black (197) recommended the fellowing modifications for faster

and more convenlent cleanup of orgamochlorine residues in animal fat: no
solvent Introduection; 230°C distillation temperature; 600 ml/minute nitrogen
flow; 6.7 mm diptillation tubes with siwmplified packing; and incorporation
of a U-tube condenser that allows direct introduction onto a Florisil cplummn
for secondary cleanup.

A literature review of the applicatione of sweep co~distillation including
a comparison to other cleanup methods has been published (108).

CHARCOAL CLEANUP OF NONFATTY FOOD EXTRACTS

4 general determinative method for orpanophospherus pesticide residues in
nonfatty foods 1s based on the FDA acetonitrile (or water/acetonitrile)
extraction procedure followed by dilutiop with methylene chloxride to
separate water, cleanup on a short cherceal colummn, and analysils by GC with
a P-selective detector., The chromatographic tube (300 mm x 22 mm id) is
packed dry with a one gram layer of Celite 545 followed by 6 grams of
adsorbent mixture (acid-treated Worit S56-X or Nuchar C-190 charcosl-hydrated
magnesium oxide-Calite 545, 1:2:4 w/w) and finslly glass wool topping, and
the column 1s eluted with acetonitrile~benzene (1:1 v/v). The satisfactory
recovery of 41 pesticides and alteration products from kale and 9 typical
pesticides from other low and high sugar content crops was demonstrated
(109)., A collaborative astudy (110) of this method for residues of six OP
compounds in apples and green beans verified recoveries between 86 and

125% when either a thermionic or FPD detector was employed. The method

is described in the ¥DA PAM, Section 232.3., and recoveries of 51 pesticides
and related chemlcals are listed in Table 201-H of the FDA manual, Sections
4Ae and f of this Manusl describe procedures for purification of Celite

and carben adsorhents. 'respectively.

ACETONE EXTRACTION

The FDA PAM contains details of a procedure for determination of polar
organophosphate and organonitrogen pesticides in nonfatty samples (FDA PAM
Sections 232.4 and 242.1). Samples 2re blended with acetone and filltered,
pesticides are extracted from the aqueoug filtrates into petroleum ether-
methylene chlcride, and an aliquot of concentrated extract is determined
by GC with a P= or N-gelective detector., Lack of a colwmn cleanup step
&llows determination of many polar compounds that would not be recovered
from adsorbents such as Florisil or charcoal, but a epecific detector,
rather than electron capture, must be used. Repeated injection of impure
extracts can shorten column life, so that packing material at the head of
colum will need to be replaced often. A short (0.6 or 0.9 m) column of
a polar phape, such as DEGS or Carbowax 20M, will probably be advantageous
for the chromatography of polar compounds. If it is deeived to examine
some pesticides with the electron capture detector, cleanup of acetone
extracts of nonfatty feods is carried out on a Florisil column (FDA PAM
Section 212.2)., 4 list of pesticides recovered through these procedures,
with and without Florisil cleanup, is given in the FDA PAM, Table 201-I,
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9 MISCELLANEOUS MULTIRESIDUE CLEANUP FROCEDURES

A Nire extraction procedures were compared for efficiency of removal of six
PR OP pesticides and metabolites from fiald treated crops. Soxhlet extraction
SR of the finely chopped crops with chloroform-methanol (90: 10 v/v) proved

most reliable and efficlent (111).

. Alumina has not proven totally satisfactory: for cleanup of (F compounds
gince recovery of the more polar compounds is not ¢omplete (112). TUsing
alumina (activity II to III) and petroleum ether and petroleum ether-
acetone (97:3 v/v) as eluants, Renvall and Akerblom (113) eluted only 13
of the 31 OP compounds they tested. Hbwever, many residue analyses are
bagsed on alumina column cleanup, e.g., the determination of carbophenothion
in goose tissues (114) and monocrotophos in tobacco (115) by FPD-GC.

The Abbott et al. wethod (116), involving cleanup by solvent partition with-
out column chromatography, has proven adequate for analyses of seven types
of foods for 39 peaticides and metabolites when detection was made with &
thermionic detector., Finely chopped sample is miged with anhydrous godium
sulfate =nd extracted with acetonityile, The extract is diluted with a
large volume of aquecus sodium sulfate, and the pesticides are extracted
into chloreform, The chloroform solution is dried and concentrated for

GC, Other determinations without column cleanup have been reported.

Methyl parathion, diazinon, malathion, and phorate were determined in plank,
animal, water, and soil samples by EC-GC following only hexane extraction
and partition with aqueous acetonityile (117). Azinphosemethyl and
dimethoate residues in apple leaves were determined by FPD~GC following
ethyl acetate extraction and cleanup by methylene chloride-water and hexane-
acatonitrile partitionings (118). A multiresidue analysis of 14 pesticides
in natural waters at ppb levels invelving extraction and concentration
before FPD=GC has been reported (119),

The elution pattern of 2 series of representative OPF pesticides from a
column (Kontes, Size 22) containing one grzm of Woelm silica gel deactivated
with 1.5% water and prewashed with 8 ml hexane before applying the sacple
mixture is as follows!

. Eluant Pesticides Bluted
RS 7 ml hexane J—
| ' ’ 8 ml 602 benzene-hexane carbophenothion
o § ml benzene ethyl parathion
',m'; _; 8 ml 8% ethyl acetate-benzene " malathion, diazinon
o 8 ml 302 ethyl acetate~benzene parzoxon
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Silica gel or silicic acid colums have been used for cleanup of animal,
plant, soil, and water extracts prior to GC determination of OP pesticides
{(120-122) and to¢ separate OP pesticides and metabolites into groups to
facilitate their idemtificatien by GC (123}, A tandem column of silica
gel and alumina was used to separate leptophos and its oxygen and 2,5~
dichlorophencl analogs prior to determination by FFD~GC (124),

A rapid, simple approach has been developed for approximately the total
residues of pesticldes such as fenthion, disulfoton, and phorate, which
may consist of the parent pesticide end up to five metabolites formed by
oxidation of thionophosphate and sulfide groups in each molecule. The
ingecticides and any metabolites are oxidized to the oxygen znalog sulfone
with mw-chloroperbenzoic acid, followed by removal of the acid on an alumina
columm and determinztion of the sulfone by ¥PD-GC. Quantitative re-
coveries of parent pesticides and metabolites from corm, milk, grass,

and feces have been demonmstrated (125), Metasystox-R &nd its sulfone
were deternined in plant and animal tissues and water at 10 ppb levels as
the sulfone after oxidation by KHnoa(lZG). .

A method for 40 organophosphorus pesticide residues in plant material
involved extraction with acetonitrile, partition into methylene chloride,
and GC with 2 P~selective thermionic detector (127), The same authors
used this extraction and cleanup procedure for plant material subsequent
to oxidation with potassium peruanganate to convert organophosphorus
pesticides containing thicether groups (e.g., demeton, disulfoton, phorate)
toe sulfones (128).

A collaborative study by 12 laboratories of the methods of Abbotr et al.
(116; see above, this Subsection), Watts et al., and Sissions and Telling
was conducted for OP pesticides iIn fruits and » vegetables (129). The method
of Abbott et al. was found satisfactory for determinatfon of malathion,
dichlorvos, dimethoate, omethoate, and parathion in 6 fruit and vegetable
crops (>90% average for all pesticides/and crops at 0.5-2 mg/kg) and was
Judged widely applicable to the determination of many cther nonpolar and
medium—polarity OF pesticides and to a wider range of samples. The method
of Watts et al, (130), lnvolving ethyl acetate extraction and cleanup on

a column of activated charcoal-magnesium oxide-Celite eluted with athyl
acetate-acetone-toluene (an early version of the procedure described in
Section 9T), was found satisfactory for the same pesticides plus azinphos-
methyl in 6 crops (>90% average recovery at 0,5-2 mp/kg) and was also judged
to be mwuch more widely applicable. The method of Sigsions and Telling (131),
employing cleanup by batch addition of charcoal followed by hexane and
hexane-acetone (98:2 v/v) elution through an activity -5 alumina column

was not successful for the mere polar pesticides studied. Detaills and
modifications of these methods are discussed in the report of the collabora-
tive study.
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The methods of Abbott et al. (116) and Sissons and Telling (112) and the
gwaep co-distillation method (Section 9S8) were compared for determination
of different OP pesticide residues in various vegetable crops. There was
no significant difference for most pesticide~crop combinations, except
that sweep co-distillation tended to give lower results for polar compounds
such as omethoate (132).

A tabulation has been made (133) of the validated applicability of five
sultiresidue analytical mathpds to the determination of some 50 OP
ingacticides, acaricides, and nematocides. These procedures were the
ADAC (1lth ed.) 29.001-29.027 general Florisil cleanup method for OCl
and OP pesticides; the AOAC (llth ed.) 29,028-29.033 multiple residue
carbon columm ¢leanup method for OP pesticides; the AOAC (1llth ed.)
29,034-29.038 single sweep oscillographic polarographiec confirmatory
method; the Abbott et zl. method for §?ta1 diet studies (116); and an
undescribed German procedure (134). In addition, Iindividual determina-
tions of some of the compounds by cther special methods were reviewed.

It was stated that, in general, the multiresidue methods were not usually
suitable for metabolites, requiring separate snalysis for the parent

and metabolite; each method should be compound validated in the worker's
own laboratery: and that differences in results were wore likely to ariss
from sampling problems than from the znalytical methods themselves,

The use of a selective detector sometimes allows determfnation of OP
pesticides with no cleanup, For example, a collaborative study of the
analysis of wheat for chlorpyrifos methyl, fenitrothion, malathion,
methacrifos, and pirimiphos wmethyl involved only methamcol extraction for
40 hours follcwed by GC of an aliquot using a FPD or alkall flame ioniza-
tion detector (133).

CARBAMATE PESTICIDES AND METABOLITES AND MISCELLANEOUS HERBICIDES

s

1-NAPHTROL IN URINE

Humans exposed to the N-methyl carbamate insecticide carbaryl excreta in
urine relatively large quantities of the metabolite l-naphthol conjugated
a8 either the sulfate or glucuronide. Determination of l-naphthol is
mada by subjecting 5 ml of yrine to acid hydrolysis under reflux to break
conjugates, extracting the l-naphthol with benzene, and derivatization
with chloroacetic anhydride selution, After cleanup on & small eiliea
gel colum (1 gram, 1.5% water), the derivative is quantitated by EC-GC
against a peak from atandard l-smaphthel similarly derivatized. Details
are found in Seection 7,A of the EPA FPAM,

Elﬁticn patterns from the silica gal colupm must be established at the
temperature and humidity conditions prevalent in each laboratory. Spiked
coatrol urine treated in the syme manner as routine samples is used for

- thig purpose. Traces of water can affect the derivatization reaction and

must be avoided. Derivatized standards are stable for about § months
1if stored In a refrigerater,
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ANALYEIS OF AMINE METABOLITES IN URINE

A method for determination of amine metabolites from anilide, urea, and
carbemate pesticides was developed in the EPA Research Triangle Park
Leboratories (1368). Pentafluoropropionic anhydride was the preferred
derivatization resgent for the anlliine compounds, with cleanup on 1 grem
deactivated (3) percent water) silice gel columns., Determination was by
EC~GC om a 3% 0V-l column. Recoveries ranged f£rom 85-90% at 1.0 snd

0.1 ppm.

OTHER TNDIRECT (DERIVATIZATION) METHODS OF ANALYSIS

Numerous derivatization methods have been used for the indirect measure-
ment of regidue levels of parent carbamate insecticides in a varlety of
agriculstral crops and other substrates, These have involved derivati~
zation of the awine c» pherel mojeties of the pesticides after hydrolysis,
oz, leass often, the intaet insecticide, These derivative methode include
reaction of intact insecticides with bromine, silylating reamgents, acetice
anhydride, and triflucroacetic anhydride. Phencls resulting from alkaline
hydrolysis of the purent ingecticides have been reacted with bromine

(with or without simultaneous esterification), silylating resgents,

mono- gnd trichloroscetyl chloride, pentafluorobenzyl bromide, and
I~fluore-2,4-dinitrobenzene. The latter reagent is used for derivatization
of cerbamate insecticides in the method for water enalysis (Section 94,C)
discussed in this Manual and described in detail in the EPA PAM, Section
10,4. )

Amine hydrolysis products of carbamate insecticides have been reacted with
l-fluore-2,4~dinitrobenzene and 4~bromobenzoyl chlorlide., These and other

reactions have been surveyed in a review ar.icle {137) in which pertinent

references are gilven,

GC methods for phenyl substituted urea and carbamste herbicides are usually
based on hydrolysis followed by determination of the corresponding aniline.
Anllines have been derivatized with halogen, 4~chloro-g,2,0~triflvoro~3,5-
dinitrotoluene, I-fluoro-I,4-dinitrobenzene, snd pentafluoroproplonic
snhydride. These reactions are also reviewed in reference (137).

A fluorogenic labeling derivatization reaction with dansyl chlovide has®
been coumbined with EPLC for the determination of Nemethylcarbamate insectl-
cides in soil and water. No preliminary cleanup was required, and de-
tection limits were 1-10 ng/é4 K1 injection (138).

Ten trizzine herbicides were determined in vegetahlesz szt levels of
0.13-0.86 ppm by preparation of heptafluorcbutyryl derivatives, Compared
to the pareat compounds, the products wers azt least 300 times more sensi-
tive to electron capture detection and 5-10 fold more sensitive to Cl-mode
electrolytic conductivity detection (139},
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92 DIRECT MEYTHODS OF ANALYSIS

Determinations of intact, wnderivatized ¥-methylcarbamate ipsecticides

are hawpered by their decomposition on GC columms under ordivary operating
conditions (140), Losses can be minimized by the use of specially prepared,
conditioned, and maintained colums. Presilanized supports do not provide
sufficlent deactivation to prevent degradation of carbamates, so it is
necessary to employ in situ silanization both during imitlal conditioning
and thereafter to restore column performance. Examples of direct analyses
of erop extracts include a multiresidue methed (141) on 5-6Z DC~200 after
acetonitrile partition and charcoal cleanup as for OP pesticides (109),
determination 0f carbofuran and other carbamates on 20% SE-30 (142), and
determination of 0.2-15 ng of carbaryl and l-naphthol on a short columm

of 3% SE-30 (143), Highly deactivated GC columms prepared from acid

washed Chrowosorb W support that is surface modified with Carbowax 20M

hava also been succesgfully used for ichromatography of intact N-methyl-
carbamates without degradation on the column, Such columns, which are
extvenely promising for performing enalyses without required derivatization,
are described 4n Sections 4J and 5Lb of this Manual.

Crea and N-arylcarbamate herbicides are, in generzl, more thermally atahle
than carbamate insecticides, and are, therefore, more amenable to direct
determination by GC, For example, celumns of 5% E~301 methyl silicone

at 150°C (144), 107 DC~-200/15% QF-1 (1:1) at 160°C (145), and 5 and 10%
DC-200 (146) have been successfully used, the former Ffor multiresidues of
urea herbicides and the latter two for carbamate herbicides in foods.’
However, decomposition of compounds on these column types has been noted
under certain conditions, and determinations are therefore often made via
thermglly stable derxivatives of hydrolysis products or directly on Carbowax
20M~treated columms. As an example of the latter, carbamate imsecticides
and herbicides have been directly chromatographed on Carbowax 20M modified
{Ultra~Bond) supports containing 1-3% of a liquid phase asuch as OV-17,
0vV-101, or 0V-210, The Hall electrolytic conductivity detactor was used,
and determinations in soll were demonstratad (147).

g-Triazine herbicide residues were determined in urine by hexane extraction
from a sample at pH 12, drying of the extract by passage through a sodium
sulfate columm, concentyation of the extract, and GC using a N-mode Hall
conductivity detector (148). Similar N~specific GC methods involving
cleanup were used to monitor triaszines in European streams (149},

94,4  ANALYSIS OF PLANT AND FOOD MATERIALS

Extraction of urea and carbamate pesticides from plant materials usually
involves blending with methylene chloride, acetone, chloroform, acetoni-
trile, or an aleohol (or these solvents plus anhydrouns Nasz804). If the
presence of conjugates of hydroxy metabolites is suspected, hydrolysia
with an acid during extraction may be included (Section 94,L).

Cleapup steps include solvent partition and/or liquid column chromatog-
raphy, the exact nature of which are pesticide- and sample-dependent.

=341~



Section 9,A,R

For example, a columm of 4:1 MgO-cellulcse was used for cleanup of
carbamate herbicide residues from a variety of foods (145), while Florisil
was employed after acetonitrile-petroleum ether partition for the multi-~ o :
residue, multiclass determination of carbamate, urea, and amide residues 0T
(150). Methods for extraction, cleanup, and GC of carbamates, vreaz, ' .
and other classes of herbicides (triazines, uracils, phenols) have been
reviewed (151-153). A multiresidue method for twelve triazine herbicides
in crope, water, and soils involving methanol extraction, alumina columm Lo e
cleanup, aund gas chromatography with a Carbowax column and thermionic, o
microcoulometric, FPD, and electrolytic conduetivity detectors has been T
reported (154). Residues of 15 organonitrogen herbicides and fungicides
were screened in foods by acetone extraction, partition and Florisil

(2% water) column cleanup, and CCD=GC determination (155). Herbieides

of different types were determined in crops at tolerance levels with no
celumn cleanup prior to GC with N- and Cl-mode conductivity detection

(156). Total residues of Mesurol and its sulfoxide snd sulfone metabolites’
in plant and animal tissues were determined by oxldation of the extract
with RMnO; to comvert all residues to the corresponding sulfone, which

was detected at a limit of 0,03 ppm by a S-mode FPD (157).

94,8 AIR ANALYSIS -~

Section 8§,B of the EPA PAM containe details of anslytical methods for
chlorinated, organophosphorus, snd N-methylcarbamate insecticides

. eollected by one of the procedures described in Section 8,4 of the

EPA PAM or Section BH of this Manual., The sampling medium 15 extracted
with hexane~diethyl ether (95:5 v/v). Chlorinated pesticides and PCBs
are measured by EC~-GC after column chromatographic cleanup on aluminas,
PCBs are meparated from technical chlordane and other pesticides by

~ column chromatography on silicle acid demctivated with distilled water.

Organophosphorus pesticides are determined by direct injection of an
aliquot of extract into a chromatograph equipped with a flame photometric
detector. Carbamate pesticides are determined dirvectly by GC using a
N-mode Hall detector and a 3% OV-101/Ultra Bond 20M column. A4s an
glternative for carbamates, derivatization is carried out with o-bromo~
2,3,4,5,6-pentaflvorotoiuene. The derivatives are cleaned-up and
fractionated on a colwm containing*l g of deactivated sflica gel and
determined by EC-GC, Collection efficiencies of OCl and OP pesticides
and PCBs using dffferent samplers and collection medis as determined
with these analytical procedures are tabulated in Section 8,B of the
EPA PAM,

The erir snalysis method reported earlier in the EPA PAM wag a multiclass, e
multiresidue procedure (158) for residues collected in ethylene glyeol, R R

in which prefractionation was carried out on &8 1 g column of silica gel o s

deactivated with 202 water. A still earlier method for air analysis
{159) 4ncluded Florisil column chromatography and was the basis of the
former EPA National Festiclde Monitoring Program (160). Details of
these can be found in earlier editions of the EPA PAM, but use of the TR
current, more widely applicable and tested procedures, described above, SR
is generally recommended, o
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9A,C  WATER ANALYSIS

A broadly applicable multiresidue, multiclsss method for the monitoring
of water samplaes for pesticides is presented in Section 10,A of the

EPA PAM (161). Recovery studies were conducted on 42 halogenated cor-
rounds, 38 OP compounds, snd 7 carbamates, Recoveries of »E0% were
achiaved for 58 of the 87 compounds, 60-80% recovery for 13 compounds,
and <60% for the remaining 16 compounds (concentration levels 0.09-4C0 ppb).
Peaticides are extracted from water with methylene chloride, and the con~
centrated extract is chromatographed om a 1 gram deactivated (20% water)
silica gel colummt with four different solvents of increasing polarity to
separate the pesticides imto groups. OCl compounds are determined by
EC~GC, 0P compounds by FPD-GC, and carbamates by EC-GC after conversion
to 2,4-dinitrophenyl ether derivatives. Low recoveries were in most
cases traced to losses during the silica gel chromatography step,
Evaporation of solutions by air blowdown should not be used because losses
of all three classes of pesticides bay occur. Concentrations are carrisd
cut under a gentle stream of nitrogen. It is important to apply the con-
centrated extract to the silica gel column at the exact moment the last
of the hexane prewash reaches the top surface of the colum. The total
0.5 m! extract plus the 1.0 ml hexane rinse must be tranaferred to the
column without loss to minimize the recovery error. Solvents comtained
in peversl eluate fractions from the silica gel column may interfere in
the GC and carbamata derivatization steps. It is eritical to follew the
divections for solvent removal and exchange ocutlined in Section 10,4 of

the EPA PAM., Sufficient silica gel should be activated (at 175°C) to
provide only a one-week supply, and deactivation should be carried out
only on the amount required for a 2 or 3 day period. Longer storage
periods may result in a shift of the pesticide elution pattern of the
final deactivated columms, Each lot of silica gel should be tested for
the proper elution pattern with representative pesticide standards
eluting in each fraction. A number of the OP compounds require con~
siderable column pre-conditioning by repetitive injsction of high-
concentration standards in order to obtain linearity of response and
accurate quantitation. Confirmation of pesticide identity should be
made by geveral techniques outlined in Seetion 10.

Section 10,B of the EPA PAM describes the determination of some frae

acid herbicides (e.g., MCPA, 2,4~D, 2,4,5=T) in water. The water is
adjusted to pH 3 and extracted with methylene chloride. The extract is
taken to dryness, pesticides are esterified with 10% BClz in 2-chloroethanol,
and the resulting esters are extracted with hexane, concentrated, and
determined by EC-~GC. If cleanup ia required, chromatography on silica

gel deactivated with 207 water 1s employed., This procedure is a further
extension of the muitielass, multiresidue proceduras described directly
above. When preparing the BClj-chloroethanol esterification reagent,

work fn an efficient exhauat hood and wear dispossble vinyl gloves because
2-chloroethanol iz toxic by dermal contact or when inhaled.

_The reagent is stable for at least thirty days if kept stoppered and

refrigerated, As usual, spiked reference material containing the same
pesticidas at comparabhla concentrations ag in the sample (if these are
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known) should be analyzed in parallel. Other aspects of quality control
are as discussed in the preceding paragraph. BCli-methanol wae also
chogen in another study (162) as rhe best derivatization reagent for
the determination of 8 phenylalkanole acid herbicides in water

(0.01-2.5 ug/L}; eolvent partition and silica gel (5% water deactivated)
minicolumn cleanup and EC~GC with an OV=17/QF~1 columm were employed.

The 1979 Analytical Methods Manual of the Inland Waters Directorate,

Water Quality Branch, Environment Canada, Ottawza, contains detailed
methods for the analysis of organochlorinated pesticides and PCBs,
organophosphorus pesticides (two procedures), phenoxy acid herbicides

(two procedures), pentachlorophencl, and N-methyl carbamates in waters.

The method for organochlorines, employing benzene extraction, Florisil
column cleanup, and EC-GC, has detection limits yranging from 0.001-0.01 ppb.
The first OP procedure determines dimethoate, fenitrothlon, and phoesphamidon
and the second determines 14 other OP pesticides, all at 0.005-0.1 ppb
levels by FPD-GC without cleanup., Phenoxy acid herbicides (2,4-D; 2,4,5~T;
Silvex) are extracted with chloroform from acidified water and converted

to their methyl esters utilizing BEFg-methanol prior to cleanup on a
Florisil column and EC-GC determination at 0.0l ppb levels, A second
procedure determines § phenoxy acid herbicides at 0.01-2.5 pg/L levels

by extraction of acidified water with ethyl acetate, back extraction of

the polar herbicides into KHCO,, further concentration of acids by methy~
lene chloride extraction to a %inal volume of 1 ml, esterification with
BCly/2~chlarcethanol reagent, and EC-GC of the resultant 2-chloroethyl
esters. A separate procedure for MCPA (4~chloro~2-methylphenoxyacetic
acid) and MCPB [4=-(4~chloro-2-methylphenoxy) butyrie acid] in natural
water at 0.1~-0,2 pg/L levels is based on extraction from an acidified
sample with methylene chloride, deri{vatization to pentafluorobenzyl esters,
cleanup and fractionation on a silics gel colum, and EC~GC determination.
PCP is detected at 0.01 wg/L by benzene extraction from acidified water,
partition into potassium carbonate sclutiom, acetylation with acetic
anhydride, partition into hexane, and EC-GC, Five N-methyl carbamates are
determined at 0.10-1.0 ug/L levels by extraction from acidified water with
methylene chloride, partition with base ;o remove phenols and acids present
in the extract, hydrolysie with methanolic KOH to the recpective phenois,
extraction of the phenels with wethylene chlioride and derivatizaticn with
venafluorobenzyl bromide, cleanup and fractionation of the ether derivatives
on a ellica gel wmicrocolumm, and EC-GC of the columm eluates.

Cleanup is cften not required for EC-GC analysis of surface water sgmples
(163) and is usually not required for any type of water if a selective GC
detector 1s employed. ¥For example, the multiresidue analysis of 14 OP
pesticides in natural waters hes been carried out at ppb levels by
extraction, concentratien, and direct GC with a FPD detector in the P- and
S-modes (119). Results of an interlaborateory study of the szpalysis of 15
water samples for 10 OCl pesticides without any columm clesnup have been
reported (164). Where needed, clesnup and separation of common chlorinated
and OP insecticides extracted from water have been successfully carried
out in silice gel microeolumns (163, 166) and columms of desetivated
(5-20% H,0) silica gel (above) and alumina (167).
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Extracts of water, sediment, aludge, sewage, and goil often contain
large asmounts of elemental sulfur, which interfera in the GC analysis
of early eluting pesticides with the EC or FPD detectors. Chemical
desulfurization with Raney copper powder (168) or copper ribbon (169),
pracipitation with metallic mercury (170), reactfon with CN (171),
and treatment with tetrabutylammonium sulfite to produce an fon pair
with aulfur as S403" (172) have been used to remove such interference.
See also Subsection 9A,D).

Folar phosphorus, urea, and carbamate pesticides are extracted from

water with more polar solvanta such as chleoroform or methylene chloride,
¥xtraction of acidic or basic compounds is aided by adjusting the water
sample to a controllad pH value. An XAD macroreticular resin can alseo

be used for residue f{solaticn and collection. Determination by GC is
carried out using an appropriate selective detactor after extract con-
centration and any required cleanup and/or derivatization steps. As

an example, carbaryl and l-naphthol have been determined in natural
water at 2.5-10 ppb levels (B2-102% Yecovery at 5 ppb) by EC-GC after
nethylene chloride extraction, cleanup on an XAD-8 columm, and derivatiza-~
tion with heptafluorobutyric anhydride reageat (173). Sixteen organc~
phosphorus pesticides were determined in drinking water at ng/liter levals
by extraction with Amberlite XAD-2 resin, elution from the resin with
hexane~acetone (85:15 v/v), and GC of the concentrated effluent using a
nitrogen-phosphorus selective detector (174).

Chlorophenoxy herbicides and their esters have been determined by adjusting
the water sample to pH 2, extracting with benzene or dlethyl ether,
methylating the acids with diazomethane or BF3-methanol, followed by

‘gas chromatography with an elactronm capture or aierocoulometric detector
(175} (see the footnote on page 6 concerning the hazards of diazomethane).
PCP has been determined in marine biota and sea-water by EC-GC of the

amyl diazohydrocarbon derivative after Florisil cleanup (0.002 ppb) and

by EPLC of the free phenol without cleanup (2 ppb) (129).

TIC determinations of carbamate, urea, triazine, .and uracil herbicide
residues in water have been reviewed (137, 177), as have the extractionm,
¢leanup, GC determinationm, and confirmation of chlorinated insecticides
in water and soils (178).

94,0 SOIL, HOUSE DUST, AND BOTTOM SEDIMENT

The analysis of soll and house dust for organochlorine pesticides is
described in Section 11,A of the EPA PAM, Homogenized samples are
Soxhlaet-extracted with acetone-hexane, extract is concentrated fin a
E-D avaporator, and claanup carried cut on succassive alumimm oxide
and Florisil columns. Eluates are concentrated as required and deter-
mined by EC-GC, A similar ACAC method has been declared official final
action for residues of sldrin, p,p'-DDE, p,p'-DDT, o,p'-~DDT, p,p’'-TDE,
dieldrin, endrin, heptachlor, heptachlor epoxide, and lindane (179).
Section 11,C of the EPA PAM references a procedure (180) for direct
GC determination of carbamate pesticides in soils using Carbowax 20M~-
modified supports and the Hall electyolytic conductivity detector,
This mathod is now being investigated by the EPA for poseible future
inclusicn in the EPA PAM,
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Sediment sawples are partially air dried, mixed with sodium sulfate,

and packed into a chromatographic columm. The pesticides are extracted ,
from the column by elution with hexane-acetone (1:1 v/v). The extract N
is washed with water to remove acetone, and the pesticides extracted -

from water with 15Z methylene chloride in hexane. The extract is dried

with sodium sulfate, concentrated to a suitable volume, and cleaned-up

on & Florisil column. After desulfurization with copper, determination R :
of organochlorine pesticides is by EC-GC. Details of the entire pre- e
cedure are presented in Section 11,B of the EPA PAM, Air drying of the L
gample required 1-3 daya, depending on the soil type. Such samples will
contain at least S0T water, Pesticide concentrations are expressed on

a "dry" basis, requiring determination of the dry weight of sadiment by
welghing a separate, air-dried szmple before and after heating overnight
at 100-110°C, Storage of soils in light c¢an cauee formation of artifacts
of 0Cl pesticides (181). Moistening of dried soil with warer (e.g.,
80m1/300nl) may increase extraction of pesticides by solvents auch as
hexane-isopropanol (3:1 v/v) (182).

Sediment samples may contain elemental sulfur that will be recovered
through the normal extraction and cleanup procedures for organochlorine
and organophosphate pesticides and detected by the EC,.FPD (P- or S-modes),
and conductivity detactors. With the recommended GC columms and cperating
parameters, culfur can completely mssk the chromatogram from the solvent
peak through the aldrin peak., The technique described in Sectien 11,5,VI
of the EPA PAM for desulfurization employs vigorous agitation for one
mingute with bright metallic copper. Some pesticides may be degraded by
this treatment {e.g., OPs, heptachlor), but these are not likely to be
found in routine sediment samples because of breakdown in the aquatic
environment. The procedure should be carried out 1f the presence of sulfur
i1z indicated by an exploratory injection from the final extract concentrate
or if sulfur crystallizes out when the &6 and 15X ethyl ether eluates from
the Florisil column are concentrated., During determination of atrazine
residues in soil containing high levels of ammonium nitrate fertilizers,
the response produced by the N-thermionic detector wss not constant for
standards and samples due to the presence of the fertilizer in the sample .
extracta (1B83). g

Part 5 of the 1979 Environment Canada Analytical Msthods ¥anual, Joland

Water Directorate, Ottawa, Cenada, eomtains a method for organcchlorine

pesticides and PCBs in sediment and £ish. Nineteen compounde are determined

at 0.001~0.05 mg/kg levels by extraction of previcusly frozen samples with

acetonitrile, partitionm with petroleum ether after appropriate dilution

with water, and cleanup and separation into four fractions om a Florisil .
column, Each fraction is determined by EC~GC., Sulfur is removed by ST
precipitation with copper powder or merecury, :

Nine chlorinated insecticides were detemmined by a modified GC procedure

{184) with recovaeries of 75-99% from suspended sediment and bottom i
material. Extraction was with acetone and hexane added geparately, oLt
coexttactives (including PCBs) were isolated by alumins and silica gel EEE
colum chromatography, and EC-GC was used to analyze the wvarious columm '
elustes. Some soll analyses have been carried out by EC-GC with no

required columm clesnup (185), but this is not common.

~346~



o

Section 9A,D

Shake (blending) Soxhlet, and columm extraction methods were compared
for efficiency ih removing some twenty chlorinated insecticides from a
sandy loam soil. Thera was no statistical difference among the three
methods for the majority of pesticides, but shake extraction was aig-
nificantly more efficient for BHC isomers (186). The shake extraction
method with hexane-acetone after moistening the zoil with 0.2 M NH.Cl
was studied collaboratively ueing standard AOAC aralytical methods
(Florisil cleapup and EC-GC) (187) and found to give excellent recoveries
for six insecticides in three different soila (188).

S01l residues of chlorfenvinphes, chlormephos, disulfoten, phorate, and
pirimiphos=athyl were determined by GC with thermioni¢ detactlon. Ex—-
tracted compounds were cleaned-up on a carbon-cellulose column, Re-
coveries ranged from 95-101X% (189). Another group of OF pesticides was
determined in soil by GC with the thermionic deteector, fellowing ex-
traction with acetone-hexane-~benzéme (1:1:1 v/v)., TFlorisil was used to
clean up and fractiomata the residues. Dichlofenthion, chlorpyrifos,
ethion, fonofos, and leptophos were eluted with benzene-hexane (9:1 v/v)
and parathion, diazinon, chlorfenvinphos, malathion, phosmet, azinphes
methyl, diazoson, and paracxon with hexane-acstone (95:5 v/v) (190).

A multiresidue GC procedure for the herbiecides dichlobenil, dinitramine,
triallate, and trifluralin in soils was described by Smith (191). Ex-
traction was carried out with scetonitrile-water (9:1 v/v) in a Sonie
Digmembrator, herbicides were partiticned into hexane, and sgliquots
injected directly inte an EC chromategraph. FRecoveries were 92-1072
from three soils at 0,05-0.5 ppm levels. Acetonitrile-water mixtures
have proven to be especially efficient solvents for residues of herbicides
of different chemical clasges {192). Anilide herbicides were determined
by GC after extraction from soil by blending with acetone (193). Urea
and carbamate herbicides were recovered frem soils by shaking with
methanel (194) or acetone (1%5) and by alkaline hydfolysis and steam
dfstillation (196). Iodinared (1%6) and 2,4~-dinitrophenyl (195) deriva-
tives were used for EC-GC determination of the herbicides. Trxiazines
were extracted with diethyl ether from soil treated with ammonia (197)
and uracils with 1.5 ¥ NaOH (198)., Nineteen acidic, neutral, and basic
harbicides have been determined in soils by two dimensional TILC (199).
Carbofuran residues in eoll were determined at the 0.1 mg/kz level with-
out cleapup by EC-GC after ammonium acetate extractiom and formaticn of
the dinitrophenyl-ether derivative (200}, Uracils have been recovered
by elution with water from z column prepared by mixing soil with Celite
and Ca(CH)p; the eluste wes acidified and extracted with CHCl,, and uracil
determination was by RbCl thermionic-GC (201). ’

The electrolytic conductivity detector has been used to determine nitrogen~
containing residues in crude soll extracts. A detector maintenance
progran for decontamination of the transfer lines and vent valve pro-
vided reliasble operation with little "down time" even though lengthy
axtract cleanup was mot carried out (202), .

The drying and storage of soils can have ap effect on residue analysis,
For example, the extractable atrazine content of s0il gamples was reduced
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by drying at 45°C for 24 hours., Dried samples originally containing

1 ppm of atrazine showed no further signiflcant loss when stored up to

180 days at room temperature, but there was significant loss between : -
180 and 360 days, Dried samples originally containing 10 ppm of atrazine

showed significant loss after 90 days of storage (203).

The aralysis of pesticides of many classes in soils and plants has been :
reviewed (204). Results of the U.S. EPA National Solls Monitoring =
progras employing Florieil cleanup of extracta prier te EC- or FPDB-GC
for OCl 2nd OP pesticides, end partition cleanup of extyacts prior to
GC determination of atrazipe with an N~selective thermionie detector
have been published {205).

POLYCHLORINATED BIPHENYLS (PCBs), OTHER COMPOUNDS

94,E PESTICIDE-PCB MIXIURES

PCBs are among the most ubiquitous and persistent chlerinated pollutants
found today in the environment. The residue analyst is concerned not
only with the detection and quantitative estimation of PCBs but with
their effect on the reliable determination of pesticide residues, PCB
interference may occur with most common chlorinated pesticides in reaidue
analysic, end the. residue chemist must be aware of the nature of this
interference with vespect to the GC columms being used and their opera-
ting parameters. Interference in routine analysis is possible with
p,p'-DDT, 0,p'-DDT, »,p'-DDD, and p,p'~DDE, as well as with early eluting
pesticides such as BEC isomers, aldrin, heptachlor, and heptachlor
epexide, since prominent PCE peaks have retention times similar to these
pesticides on the reacommended GC columns,

PCBs are frequently detected in human adipose tissues, often at concentra-
tions gimilar to those of chlorinated pesticides, and interference with
pesticide analysis cen be significant, depending upon the columms and
operating psrameters used, These interfersnces demonctrate the non-
specificity of the elactron capture GC detector and the need for careful
confirmation by use of at least two GC columns, TLC, chemical reactions,
ete. (Section 10).

9A,F APPEARANCE OF PCB CHROMATOGRAMS

Whenever an analyst observes & conglomerate of chromatographic peaks upon
injection of a biological substrate into an EC detection system, the
possibility of the presence cof PCBs should be conasidered, TFor exsgmple, : P
Figure 9-C shows g chromstogram resulting from the injection of 10 ng c T
Aroclor 1254 on a 47 SE-30/6% €F-1 column operated at 200°C with a
carrier flow of 70 ml/minute, The first isomer peak of comnsequence has
an absolute retention of about 6 minutes and the £inal peak about 38
oinutes. Figure 9-D represents the chromatogram of 6 ng Arocler 1260 )
under the same conditioms, aznd major peaks ranging from B minutes to : .
nearly one hour are seen, Aroclors 12534 and 1260 have shown up most ' '
widely in a variety of environmental and tissue samples.
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Section %A,F

Figure 9-C. Aroclor 1254, Column 4% SE-30/6% QF-1,
200°C, carrier flow 70 mli/min.
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Figure 9-D. Aroclor 1260. Column 4% SE-20/6% QF-1,
. 200°C, carrier flow 70 ml/min.
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Section 94,F

The type of confusion evident when pesticides and PCBe are present in
the same substrate ig {lluetrated in Figure 9-E, showing Aroelor 1254
co-chromatographed with a uixture of eight chlorinated ineecticides.
Aldrin (peak 1), p,p'-DDE (3), p,p'-DbD (5), p,p'-DDT (6}, Dilan I (7),
and methoxychlor (7) are seen to overlap PCB peake so closely that
differentiation would be impossible. Heptachlor epoxide (2) and dieldrinm
(4) (in lerge quantities) are partially separated, while Dilan II is
falirly well separated, A co-chromatogram of Aroclor 1260 with the same
pesticide mixture would show good separation of aldrin and Dilan II,
partial separation of heptachlor epoxide and Dilan I or methoxychlor,
appearance of disproportionately large Aroclor peaks at the retention
locations of chlorinated pesticides should alert the analyst to the
possible presence of these OCl pesticides in the PCE sample.

Figure 9-E. Aroclor 1254 (solid line) and pesticide mixture
(dotted line), Columm 4% SE~30/6% QF-1, 200°c,
carrier flow 70 ml/min. '
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Confusing chrometograms also vresult when PCBs are mixed with the multi-
peak pesticides chlordane or toxaphene. Figure 9-F shows the co-chromato-
gram of chlordape and Aroclor 1254, The only clean separation is the
first peak of the esrliest major pair of chlerdane peaks, while partial
separation is obtained for the second pesk of the third pair. -The early
minor chlordane peaks are well separated but are of 1little value for
guantitation of chlordane, Arcelor 1260 does not interfere as seriously
with chlordane under these same chromatographic parameters since the
first PCB peak does not elute until after first two major chlordane

peaks.
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Section 9A,F

Figure 89-F. Aroclor 1254 (solid line) and chlordane (dotted Line)

Column 4% SE-30/6% QF-1, 200°C, carrier flow 70 mi/min.
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Figure 9-G shows a mixture of Aroclor 1254 with toxaphene, Analyses of
toxaphene, chlordane, and PCBs are further confused hecause the chromato-
grams of envivonmental samples never exmctly resemble those of standards,

Chlordane 1= not very widespread in environmental samples, g0 its mutual
analyais with PCBs is less likely to be a problem,

Pigure 9-C. Aroclor 1254 (solid line) and toxapheme (dotted.line)
Column 4% SE-30/6% QF-1, 200°C, carrier flow 70 ml/min.
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Section 9A,G

The actual effect of PCEs on quantitetion of chlorinated pesticides is o
highly dependent ou the levels invelved, the pesticide of interest, and et
the attenuation being used, For example, if the ratip of PCBe to pesti-~
cides 15 10 ppm to 3 ppm, an attenuation can be used that will give an
adequate peak for DDE while DDT (for example) and PCBs will hardly be
geen, If quentitation of DDT is required, however, a lower attenuation . o
will be required (because of its lower response) to gilve an adequate Ce g
peak size, the DPE pesk will be off-gcale, and PCB peaks will be more '
noticeable., At & ratio of 25 ppm PCB to 3 ppm pesticide, quantitation
of DT will definitely be affected, snd with 100 ppm PCB to 3 ppm pesti-
cide and attenuation to keep DDE on scale, determination of the latter

" would be affected.

-

94,6 METHODS FOR SEPARATION AND ANALYSIS OF PESTICIDES AND PCEs
a. Published Procedures'and Data

The EPA PAM contains macro snd micro methods for determining

PCBe in human milk in Sections 9,B,{1) and 9,RB,(2), respectively. 1In

- the macro method, the milk sample (4~24 grams) is extfracted with acetone

" gnd hexane, PCHs are transferred to the hexane layer by adding sodium
sulfate solution, and the hexane is dried by passage through a sodium
sulfate colurm. Part of the sample is used for a lipid determination,
and the regt is partiticoned with acetonitrile and then fractionated on
an activated Florisil colugmn 10 cm in height, Identification end
quantitation of PCBs is carried out by EC-GC and confirmatien by use
of different GC columns, and the electrolytic conductivity detector
(Cl-mode), chemicel derivatization by perchlorinmation, and GC-MS of
pooled samples,

In the micre method, a 0.5 gram sample of milk {8 extracted with ace~'
tonitrile, residues are partitioned into hexane, the hexane ls concentra-
ted, and the PCBs are eluted through a 1 gram deactivated (3% water)
Florisil column. The eluted PCBes are further separated from chlorinated
pesticides on a micro silicic scid edlumn, Chemiecal derivatization by
perchlorination to yield decachlorobiphenyl (DCB) followed by EC-GC

is used to confirm PCBs, Neither the macro nor micro methods are

capable of mecurately idemtifying or quantitating absolute levels of
PCBs, but they provide semi-quantitative results.

Filter paper, glass wool, snd sodium sulfate are likely sources of PCB
contamination in the macro method, and these materials must be thoroughly e
precleaned with pesticide grade solvents as described in Section 3K, o
Each sample analyzed requires a total volume of ca 2000 ml of solvent, o
and care must be taken in concentration of this large volume to the

final 1-5 ml fer analysis. One blenk and one fortified goet’s milk sample
should be run with every set of 10 human wilk samples for both the macro
and micro metheods. Details fer preparing these gatples are described

in Section 9,B,(1}, XIV and 9,B,(2), X of the EPA PAM. The amount of
Florisil needed for a proper elution pattern should be determined for
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each different lot by elution of analytical standards. Proper separation
of PCBs and pesticides om the silicie acid column should be checked by
chromatographing standard compounds and analyzing both elnate fractions.
The Aroclor standard providing a chromatogram most closely resembling
that of the gample should be used for quantitation of that sample.

Analysts inexperienced with the method should be guidad through the pro-
cedures gt leaat four times by a person experienced with the procedure,
using duplicate samples already analyzed by the experienced worker.

Then the analyst should be required to demonstrate proficiency on an
additicnal set of four spiked gamples without aid before handling actusl
samples,

The EPA thual aleo degcribes the sepavration of PCBs from DDT and ite

analogs by the wethod of Armour and Burke (206) (Section 9,C), zand 2
_thin layer method for semiquantitative estimation of PCBs in adipose
"tissue (Section 9,D). Section %,E {llustrates chromatograms of different

Aroclors on 4% SE~30/6% OV~210 or QF-1 and 1.5% OV-17/1,95% Qr-1 GC
columma, and Section 9,F tabulates relative retention values and re-
sponse values of aix Aroclors on OV-17/QF-1, SE-30/QF-1, and 0V-210
columns. Retentlion indices have been caleculated for all 210 poassible
individual PC8s on 13 GC phases, and recommendations were made for the
best phase combinations for separations (0V-210, Apiezon L, and OV~225
were among the best single columna; OV-3 + CHDMS and OV-3 or 0V-25 + poly
MPE were the most discriminating pair) (207). HPLC and capillary colum

GC have also. been used co separate PCB mixtures (208, 209).

Crist. and Mbaeman (210) of the EPA reported =z simplified micro perchlorina-
tion method for determination of PCBs in biological samples, A sample

was cleasned-up by the modified MOC procedure (Section 7A2), and the

PCBs were perchlorinated with SbCle to decachlorobiphenyl (DCB), which

was c¢leaned~up by hexane partitioning and chromatography on a 1.6 gram
column of sctivated ¥lorisil. Datails are in Section 9,B,(2),IX of the
EPA PAM. The presence of impurities in SbCly reagent that can cause
erratiec recoveries of FCBs was noted by Trotter and Youmg (211), and

DCH impurity was detected in various brands of the reagents used in the

Crist and Moseman procedure (210},

b. PCB Cleanup snd Separation Systems

Dapending upon the particular pesticides and PCBs present,
the amounts of each, and the purpose of the analysis, it may or may not
be necessary to separate PCBe and pesticides present in the same extrset
before the determinative step., Some combinations may permit quantita-
tion of each without prior separation, others will require a separation

‘bafore determination, and still others may require a separation pro-

cedure that destroys or converts some, of the compounds to permit quantita-

tion of those remaining unchanged.

PCBs are eluted with 6% ethyl ather-petroclemm ether in the modifiad MCG
procedure described in the EPA PAM, Saction 5,4,(1),(a) and in the FDA
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PAM multiresidue procedures, Sections 211 and 212, They elute with
eluant 1 of the alternative methylene chloride elution system (Sectionm
9A,R of this Manual and Section 252 of the FDA PAM). A study by Lieb
and Bilis (212) found that the storage temperature of Florisil after
initial activation (overnight, 130°C) influenced the GC pattern obtained .
for Aroclor 1254 separated from lipids on a columm of the Florisil. To
avold selective adsorption of gome PCB components and erronecus PCB
analysas, storage of asctivated Florisil at room tesperature was
recommended. This, however, i1s in opposition to the procedure
recommended for routine pesticide work (continuous storage at 130°C
util use) and should be studied further. Hydroxy PCB metabolites
extracted from cow's milk were cleaned up by extraction with aqueous
alkali and re-extraction of the acidified aqueous solution with organic
aclvent priocr to further TLC cleanup and GC-MS determination (213).

The method of Armour and Burke -(206) has been most used for pesticide~
PCB separation. The 62X ethyl ether-petroleum ether Florisil column
eluate or eluate 1 of the alternative procedure (Section 9A,b of this
Manual) is comcentrated to an appropriate volume and a 5 ml or smaller
aliquot applied te a column of partially deactivated silicic acid and
Celite, standardized before use to effect the best possible separation
between p,p'~DDE and Arocler 1254, Petroleum ether followed by ace-
tonitrile-hexane~methylene chloride (1:19:80 v/v) are uvsed to elute the
coluymn, both frazctions being collected in a K~D evaporation flask. The
eluates are con