
Develop, validate, and transfer 
multiclass, multiresidue methods 

for pesticides, environmental, 
and emerging contaminants in 

FSIS-regulated foods, and 
conduct a survey of food samples 

for the contaminants



Simultaneous analysis method for diverse pesticides, 
legacy and emerging environmental contaminants 

in meats and poultry



The Process



Automated SPE cleanup

Robotic liquid handler:
- Pass 300 µL extract at 2 µL/s
through 45 mg mini-cartridge with 
anh. MgSO4, PSA/C18/Carbon X  

- 3 min cleanup step
5 min washing/switching 
syringes

8 min per sample
4



Instrument Top Sample Preparation (ITSP)



GC Run Results (ITSP)



Chicken Before and 
After ITSP Cleanup



Overlapping 
Analytes



Method validation

• Day 1: beef
• Day 2: chicken
• Day 3: pork



Analyte Validation 
Results



Method application
46 muscle samples: 

10 chicken, 16 cattle, 14 swine, 3 goat, 1 turkey
Measured pesticides concentrations, ng/g

Pesticide Swine Cattle Chicken
US

tolerance, 
ng/g

EPA 
rank

hexachlorobenzene 0.5-7.5 2.4-8.6 0.5-5.9 10 HH
flonicamid ND 2.4 ND 30-80 L

ethion 0.2-0.8 7.4 0.5 10 H
piperonyl butoxide 1-20 1-4 1-28 100-3000 HH

methoxychlor 0.4-1.4 0.1-0.6 0.3-1.2 10-80 H
p,p-DDE 0.2-1.2 0.4-0.6 0.4-0.5 10 H
p,p-DDE 0.1 ND 0.4 10 HH

mirex 0.1-1.1 ND 0.4-0.6 10 H



Measured concentrations of environmental 
contaminants, ng/g

Analyte Swine Cattle Chicken

US
tolerance, 

ng/g
acenaphthene 0.6-1.0 ND ND

benzo(c)fluorene 0.1-1.8 ND 0.6-1.0
fluorene ND 2.5 ND

phenanthrene 0.3-1.5 1.2-1.7 ND
PBDE 47 3 ND ND



Journal Publication



The method transfer to FSIS Western Laboratory



Catfish

• 308 analytes: 264 pesticides & 44 
environmental contaminants

• Pesticides: 
•US Tolerance 
•Food Handling Establishment (FHE) 
tolerance

•US FDA Action Level
• 255 analytes were successfully validated



Catfish Testing

Sample Compound ng/g US tolerance, 
(ng/g)

catfish Fluorene 5.3 ± 0.5 -
catfish Cyhalothrin-lambda 32.3 ± 3.8 -
catfish Piperonyl butoxide 6.4 ± 0.6 (GC) -

catfish Piperonyl butoxide 4.2 ± 0.2 (LC) -

catfish Diuron 8.2 ± 0.2 2000

catfish Diuron 11.5 ± 0.2 2000

catfish o,p'-DDT + p,p'-DDD 5.3 ± 0.1 5000 (Action level)

catfish p,p'-DDE 10.9 ± 0.1 5000 (Action level)

catfish o,p'-DDT + p,p'-DDD 9.3 ± 0.7 5000 (Action level)

catfish p,p'-DDE 45.4 ± 0.7 5000 (Action level)

catfish p,p'-DDE 14.3 ± 1.3 5000 (Action level)



You Are What 
You Eat



Method development for food packaging 
contaminants in FSIS-regulated foods



Method 
Development 

Lifecycle



Food packaging types



Extraction 
Process



Non-targeted analysis by 
GCxCG-TOF-MS

• Collaboration with San Diego 
State University

• GCxCG-TOF-MS Pegasus 4D



Number of identified migrating 
compounds



Compounds tentatively identified in food simulants
(with >80% match similarity to the standard NIST mass spectral library)

Chemical Class Uses/Sources
Alkylated naphthalenes:

lubricant additive

Polycyclic aromatic hydrocarbons (PAHs): combustion, biogenic, 
petroleum 

Linear alkylbenzenes: precursor of biodegradable 
detergents

Adipates (DEHA, DOA, and five other adipic acids): plasticizers

Phthalates and salicylates: plasticizers

Cedrol, 1H-Indene, 2,3-dihydro-1,1,3-trimethyl-3-phenyl-, 
and Galaxolide (musks)

fragrance



Compounds tentatively identified in food simulants
(with >80% match similarity to the standard NIST mass spectral library) (2)

Chemical Class Uses/Sources
Hexafluorobisphenol A
Bisphenol AF Plastic polymer additive

2,4,7,9-Tetramethyl-5-decyn-4,7-diol adhesive, surfactant, plastic 
additive 

Homosalate UV filter

13-Isopropylpodocarpa-8,11,13-trien-19-al, 10,18-
Bisnorabieta-8,11,13-triene, and Methyl dehydroabietate

thermal degradation

Phenyl/Biphenyl/diphenyl compounds (miscellaneous)

PCBs (two isomers of di-chloro and three isomers of tri-
chloro) 



Unexpected discovery

Mass spectra identified as PCBs: the left shows a 
86.5% match with 2,2'-dichlorobiphenyl and the right 
shows a 87.1% match with 2,2’,5-trichlorobiphenyl from 
the NIST library. The right spectrum was further 
confirmed by match to an authentic standard, 2,2’,5-
trichlorobiphenyl.



Examples of tentatively identified chemicals

Identified compound Use Concern
Benzyl chloride Manufacturing of 

plasticizers
Probable human 
carcinogen 

Benzyl benzoate Flavor and fragrance 
agent

Endocrine disruptor

Furan, 2-pentyl Flavoring agent Suspected genotoxicity
Benzophenone UV blocker Endocrine disruptor
2,4-trimethyl-1,3-
pentanediol diisobutyrate
(TXIB)

Low-viscosity plasticizer Reproductive/ 
developmental toxicity

2-ethylhexyl methyl 
isophthalate

Commonly used 
plasticizer

Genetic mutation,
reproduction toxicity
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