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Glossic Hapludalf, (2) crushed limestone, (3) Norlite, 
lightweight coarse aggregates of fired shale, and (4) 
wollastonite (calcium metasilicate) mining tailings. Based 
on this research, we recommend Norlite for P removal in 
agricultural ecosystems. The native soil retained more 
soluble P but could not sustain subsurface flow. 
Wollastonite tailings warrant further research. They 
adsorbed 2 mg P/g in the laboratory but performed less well 
in the field, probably because of preferential flow. 
© The Thomson Corporation 

310. Deterministic and stochastic aspects of 
constructed wetland performance and design. 
Kadlec, Robert H. 
Water Science and Technology 35(5): 149-156. (1997) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223 
Descriptors:  biochemistry and molecular biophysics/ 
climatology: environmental sciences/ mathematical biology: 
computational biology/ models and simulations: 
computational biology/ waste management: sanitation/ 
chemical oxygen demand/ constructed wetlands/ 
deterministic modeling/ hydraulic loading/ irrigation 
requirement/ models and simulations/ Monte Carlo 
modeling/ organic nitrogen/ parametric variation/ seasonal 
growth pattern/ temperature/ waste management/  
wetland design  
Abstract:  Potato processing wastewater contains high 
concentrations of COD, TSS and TKN. A combination of 
surface flow wetlands, intermittent vertical flow wetlands, 
ponds and land application has been used for treatment. 
This engineered natural system balances irrigation 
requirements, nitrogen supply and seasonal growth 
patterns to provide effective year-round operation. A first 
pilot wetland was operated to determine operability, 
effectiveness, and plant survival at high COD and nitrogen 
concentrations. A second pilot system of four wetlands in 
series was operated to obtain design and operating 
information. Two surface flow wetlands provided TSS and 
COD reduction, and ammonified the organic nitrogen. 
Subsequently, nitrification occurred in the vertical flow 
wetlands, followed by denitrification in a surface flow 
wetlands The design target was a balanced nitrogen and 
irrigation supply for application to crops. Winter storage as 
used to match the crop application period to the growing 
season. Both pilot projects met design objectives, and a full 
scale system has begun operation. 
© The Thomson Corporation 

311. Developing design guidelines for constructed 
wetlands to remove pesticides from agricultural runoff. 
Rodgers, J. H. and Dunn, A. 
Ecological Engineering 1(1-2): 83-95. (1992) 
NAL Call #:  TD1.E26; ISSN: 0925-8574. 
Notes: Conference: US EPA Workshop on the Role of 
Created and Natural Wetlands in Controlling Nonpoint 
Source Pollution, Arlington, VA (USA), 10-11 Jun 1991 
Descriptors:  wetlands/ pollution clean-up/ pesticides/ 
runoff/ pollution control/ environmental engineering/ 
agricultural pollution/ environmental engineering/ 
agricultural pollution/ pollution clean-up/ modeling, 
mathematics, computer applications/ freshwater pollution/ 
prevention and control/ reclamation/ pollution control  
Abstract:  This paper presents a research strategy for 
evaluating the capability of constructed, restored, and 
natural wetlands to assimilate and process pesticides 

associated with agricultural runoff from croplands. A 
modeling approach that is central to this research strategy 
is presented and the mathematical foundation is explicitly 
stated. This approach generates predictions that can be 
experimentally and rigorously tested. Criteria for selection 
of "model" pesticides for experimentation include factors 
such as use patterns and amounts as well as intrinsic 
characteristics of the pesticide. The design of the 
experimental constructed wetlands cells for this research 
includes water flow and depth control, clay liners to prevent 
infiltration, and wetland vegetation as a variable. The 
experimental strategy should permit optimal transfer of 
study results from site to site and ultimately provide 
recommendations for pesticides that are compatible with 
wetlands as well as design characteristics for constructed 
wetlands to be used with specific crop-pesticide 
combinations. 
© CSA 

312. Distribution of soil carbon stocks in Canada's 
forests and wetlands simulated based on drainage 
class, topography and remotely sensed vegetation 
parameters. 
Ju, W. and Chen, J. M. 
Hydrological Processes 19(1): 77-94. (2005) 
NAL Call #:  GB651.H93; ISSN: 0885-6087  
Descriptors:  drainage class/ forest carbon/ remote sensing/ 
soil carbon/ topography/ wetland  
Abstract:  A quasi-three-dimensional hydrological model 
was developed and integrated into the integrated terrestrial 
ecosystem carbon-budget model (InTEC V3·0) to improve 
the estimation of the carbon (C) dynamics in Canadian 
forests and wetlands. Climate, soil, digital elevation map, 
and drainage class data, in conjunction with remotely 
sensed vegetation parameters, including leaf area index, 
land cover type, and stand age, are used to drive the 
model. Soil is divided into three layers, for which 
temperature and moisture dynamics are simulated. 
Individual 1 km × 1 km pixels are hydrologically linked with 
neighbouring pixels through subsurface saturated base-
flow, which is simulated using a TOPMODEL-based 
scheme. Soil C and nitrogen (N) dynamics are simulated 
using the soil submodel of CENTURY suitably modified for 
forests and wetlands. The interannual variation in net 
primary productivity is iteratively computed after integrating 
the effects of N, climate, stand age and atmospheric CO2 
concentration on productivity. Compared with data in the 
Soil Landscape of Canada, the newly updated InTEC V3·0 
can capture 66·6% of spatial variations in soil C and 
effectively alleviate soil C underestimation in wetland areas 
from its predecessor (InTEC V2·0) by considering the 
lateral water flow and the water table variation. Copyright  
2005 John Wiley & Sons, Ltd. 
© 2006 Elsevier B.V. All rights reserved. 

313. Ecodepuration performances of a small-scale 
experimental constructed wetland system treating and 
recycling intensive aquaculture wastewater. 
Panella, S.; Cignini, I.; Battilotti, M.; Falcucci, M.; Hull, V.; 
Milone, N.; Monfrinotti, M.; Mulas, G. A.; Pipornetti, G.; 
Tancioni, L.; and Cataudella, S. 
Annals of the New York Academy of Sciences 879:  
427-431. (1999) 
NAL Call #:  500 N484; ISSN: 0077-8923. 
Notes: Issue title: Tempos in science and nature: 
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Structures, relations, and complexity; Meeting Information: 
Conference, Siena, Italy; September 23-26, 1998; 
Publisher: New York Academy of Sciences; Other number: 
15733119601573311979 
Descriptors:  aquaculture/ waste management: sanitation/ 
aquaculture self depurating system/ aquaculture 
wastewater: recycling, treatment/ experimental constructed 
wetland system/ book chapter/ meeting paper/  
meeting poster 
© The Thomson Corporation 

314. Ecological restoration of aquatic and semi-aquatic 
ecosystems in the Netherlands (NW Europe). 
Nienhuis, P. H. and Gulati, R. D.; Series: Developments in 
Hydrobiology 166; 256- pp. (2003) 
Notes: ISSN: 0167-8418 
Descriptors:  wetlands/ habitat improvement/ environment 
management/ grazing/ colonization/ restoration/ aquatic 
communities/ marshes/ ecosystem resilience/ seeds/ 
transplantation/ historical account/ Salmonidae/ Plantae/ 
Netherlands/ Europe/ salmonids/ other aquatic 
communities/ protective measures and control  
Abstract:  This work presents the state of the art of aquatic 
and semi-aquatic ecological restoration projects in The 
Netherlands. Starting from the conceptual basis of 
restoration ecology, the successes and failures of hundreds 
of restoration projects are described. Numerous successful 
projects are mentioned. In general ecological restoration 
endeavours greatly benefit from the progressive experience 
achieved in the course of the years. Failures mainly occur 
through insufficient application of physical, chemical or 
ecological principles. Spontaneous colonization by plants 
and animals, following habitat reconstruction, is preferred. 
However, sometimes the re-introduction of keystone 
species (e.g. eelgrass, salmon, beaver) is necessary in 
case the potential habitats are isolated or fragmented, or if 
a seed bank is lacking, thus not allowing viable populations 
to develop. Re-introducing traditional management 
techniques (e.g. mowing without fertilization, low intensity 
grazing) is important to rehabilitate the semi-natural and 
cultural landscapes that are so characteristic for The 
Netherlands. 
© CSA 

315. Effect of loading rate and planting on treatment of 
dairy farm wastewaters in constructed wetlands: 1. 
Removal of oxygen demand, suspended solid and 
faecal coliforms. 
Tanner, C. C.; Clayton, J. S.; and Upsdell, M. P. 
Water Research 29(1):  17-26. (1995) 
NAL Call #:  TD420.W3; ISSN: 0043-1354 
Descriptors:  dairy wastes/ wastewater treatment/ artificial 
wetlands/ coliforms/ agriculture/ water quality/ suspended 
solids/ chemical oxygen demand/ biological oxygen 
demand/ retention time/ biochemical oxygen demand/ 
suspended load/ dairies/ suspended particulate matter/ 
fecal coliforms/ constructed wetlands/ dairy wastes/ dairies/ 
suspended particulate matter/ fecal coliforms/ artificial 
wetlands/ suspended solids/ retention time/ suspended 
load/ coliforms/ biological oxygen demand  
Abstract:  The effect of influent loading rate on mass 
removal of BOD, SS and faecal coliforms (FC) from dairy 
parlour wastewaters was compared in four pairs of planted 
(Schoenoplectus, validus) and unplanted gravel-bed 
wetlands (each 19 m super(2)). The wetlands were 

operated at nominal retention times of 7, 5.5, 3 and 2 days, 
with in and outflows sampled fortnightly over a 20 month 
period. Hydraulic flows were monitored to enable 
calculation of the mass flows of pollutants. Influent water 
quality varied markedly over the trial period (CBOD sub(5) 
20-300 g m super(-3); SS, 60-250 g m super(-3); FC, 10 
super(3)-10 super(6) MPN (100 ml super(-1)). NBOD was 
an important component of total BOD, being around 1.5 
times higher than the influent CBOD sub(5), and 2-10 times 
higher than the effluent CBOD sub(5). Outflow levels of 
CBOD sub(5), SS and faecal coliforms rapidly mirrored 
changes in influent loadings. Mean mass removal of CBOD 
sub(5) increased from 60-75% to 85-90%, total BOD 
(CBOD sub(5) + NBOD) from 50 to 80% and FC from 90-95 
to >99% with increasing wetland retention time during the 
first 12 months of monitoring. Mean annual SS removals of 
75-85% were recorded irrespective of loading rate. High 
levels of dissolved humic colour in the wastewaters were 
little affected by passage through the wetland at short 
retention times, but were reduced by up to 40% at longer 
retentions. Mass removals of CBOD sub(5), SS and FC 
showed monotonic relationships to mass loading rates, with 
little difference between the performance of planted and 
unplanted wetlands, except for CBOD sub(5) at high 
loadings (> 3 g m super(-2) d super(-1)). The planted 
wetlands showed significantly improved removal rates for 
CBOD sub(5) at higher loadings, and 1.3 to 2.6 fold higher 
mass removals of total BOD. 
© CSA 

316. Effect of loading rate and planting on treatment of 
dairy farm wastewaters in constructed wetlands: 2. 
Removal of nitrogen and phosphorus. 
Tanner, C. C.; Clayton, J. S.; and Upsdell, M. P. 
Water Research 29(1):  27-34. (1995) 
NAL Call #:  TD420.W3; ISSN: 0043-1354 
Descriptors:  dairy wastes/ wastewater treatment/ artificial 
wetlands/ nitrogen removal/ phosphorus removal/ plants/ 
retention time/ agriculture/ nutrients/ water pollution/ dairies/ 
pollution control/ nutrients (mineral)/ artificial wetlands/ 
dairy wastes/ dairies/ pollution control/ nutrients (mineral)/ 
retention time/ nitrogen removal/ phosphorus removal/ 
plants/ nutrients  
Abstract:  The effect of influent loading rate on mass 
removal of nitrogen and phosphorus from dairy parlour 
wastewaters was compared in four pairs of planted 
(Schoenoplectus, validus) and unplanted gravel-bed 
wetlands (each 19 m super(2)). The wetlands were 
operated at nominal retention times of 7, 5.5, 3 and 2 days, 
with in and outflows sampled fortnightly over a 20 month 
period. Hydraulic flows were monitored to enable 
calculation of the mass flows of nutrients, and plant 
biomass and tissue nutrient levels sampled to evaluate 
plant nutrient uptake. Influent water quality varied markedly 
during the trial period (TN, 10-110; NH sub(4)-N, 5-70; and 
TP 8-18 g m super(-3)). As theoretical wastewater retention 
times increased from 2 to 7 days, mean reduction of TN 
increased from 12 to 41% and 48 to 75% in the unplanted 
wetlands and planted wetlands, respectively, and TP 
removal increased from 12 to 36% and 37 to 74% 
respectively. In the planted wetlands, mean annual removal 
rates of TN (0.15-1.4 g m super(-2) d super(-1)) and TP 
(0.13-0.32 g m super(-2) d super(-1)), increased gradually 
with mass loading rates. The unplanted wetlands showed a 
marked decline in TN and TP removal at high loadings. Net 
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storage by plants in the first year of monitoring accounted 
for between 3 and 20% of the greater N removal and 
between 3 and 60% of the greater P removal in the planted 
wetlands. 
© CSA 

317. Effectiveness of a constructed wetland for 
retention of nonpoint-source pesticide pollution in the 
Lourens River Catchment, South Africa. 
Schulz, R. and Peall, S. K. C. 
Environmental Science and Technology 35(2):  
422-426. (Jan. 2001) 
Descriptors:  wetlands/ nonpoint sources/ pollution/ surface 
water/ agrochemicals/ runoff/ pesticides/ catchment areas/ 
water pollution/ pollution control/ stormwater runoff/ 
bioassays/ nonpoint pollution/ catchments/ agricultural 
pollution/ nitrates/ endosulfan/ chlorpyrifos/ freshwater 
environments/ nontarget organisms/ south africa/ pollution 
(nonpoint sources)/ precipitation (atmospheric)/ pesticides/ 
aurelia/ toxicity/ bioassay/ toxicity/ aquatic insects/ water 
pollution effects/ nonpoint pollution sources/ artificial 
wetlands/ Chironomus/ Chironomidae/ South Africa, 
Lourens R./ constructed wetlands/ Diptera/ midges/ 
environmental impact/ prevention and control/ freshwater 
pollution/ aquatic entomology/ water quality/ sources and 
fate of pollution  
Abstract:  Constructed wetlands have been widely used to 
control both point- and nonpoint-source pollution in surface 
waters. However, our knowledge about their effectiveness 
in retaining agricultural pesticide pollution is limited. A 0.44-
ha vegetated wetland built along a tributary of the Lourens 
River, Western Cape, South Africa, was studied to 
ascertain retention of runoff-related agricultural pollution. 
Total suspended solids, orthophosphate, and nitrate were 
retained in the wetland in the proportions 15, 54, and 70%, 
respectively, during dry weather conditions (with rainfall 
less than 2 mm/d) and 78, 75, and 84% during wet 
conditions (with rainfall between 2 and 35 mm/d). Retention 
of water-diluted azinphos-methyl introduced via runoff at a 
level of 0.85 mu g/L was between 77 and 93%. Chlorpyrifos 
and endosulfan were measured during runoff in inlet water 
at 0.02 and 0.2 mu g/L, respectively. However, both 
pesticides were undetectable in the outlet water samples. 
During a period of 5 months, an increased concentration of 
various insecticides was detected in the suspended 
particles at the wetland inlet: azinphos-methyl, 43 mu g/kg; 
chlorpyrifos, 31 mu g/kg; and prothiofos, 6 mu g/kg. No 
organophosphorus pesticides were found in the outlet 
suspended-particle samples, highlighting the retention 
capability of the wetland. A toxicological evaluation 
employing a Chironomus bioassay in situ at the wetland 
inlet and outlet revealed an 89% reduction in toxicity below 
the wetland during runoff. 
© CSA 

318. The effectiveness of a small constructed wetland 
in ameliorating diffuse nutrient loadings from an 
Australian rural catchment. 
Raisin, G. W.; Mitchell, D. S.; and Croome, R. L. 
Ecological Engineering 9(1-2): 19-35. (Sept. 1997) 
Descriptors:  wetlands/ nutrient loading/ catchments/ 
hydrology/ nitrogen/ phosphorus/ nonpoint pollution/ 
environment management/ catchment area/ eutrophication/ 
storms/ agricultural runoff/ catchment areas/ artificial 
wetlands/ nonpoint pollution sources/ Australia, Victoria/ 

freshwater pollution/ characteristics, behavior and fate/ 
sources and fate of pollution/ reclamation  
Abstract:  This paper assesses the capacity of a small (450 
m super(2)) constructed wetland in Victoria, Australia, to 
decrease nutrient loads generated by both background 
flows and storm events within the period March 1993 to 
January 1995. Under Australian conditions the 
effectiveness of wetlands in controlling diffuse pollution is 
influenced by extreme hydrological events which often carry 
a large proportion of the annual load from the catchment. 
The wetland retained a varying proportion of the nitrogen 
and phosphorus load over a range of hydrological events 
and seasonal conditions. The wetland also acted as a 
source of these nutrients on occasions. An annual nutrient 
budget was calculated for the period February 1994 to 
January 1995 by measuring all loads between and during 
storm events entering and leaving the wetland. The wetland 
'retained' 10 kg N yr super(-1) (23 g N m super(-2) yr 
super(-1)) of nitrogen and 1.24 kg P yr super(-1) (2.80 g P 
m super(-2) yr super(-1)) of phosphorus, representing 11 
and 17%, respectively of the incoming nutrient loads for the 
budget period. Storm event size influenced the impact of 
the wetland on the nutrient loads generated in these 
events. Increasing event volumes generally resulted in 
decreased nutrient interception. The results of this study 
indicate that for significant load reduction to occur the scale 
of the wetland should be such that there is sufficient 
residence time to enable wetland processes to operate. 
Small strategically located wetlands high up in catchments 
which will have a cumulative impact on runoff generated in 
large storm events are likely to be more effective in 
intercepting nutrient loads than larger downstream 
structures. 
© CSA 

319. Effects of encapsulated calcium carbide on 
dinitrogen nitrous oxide methane and carbon dioxide 
emissions from flooded rice. 
Bronson K. F. and Mosier, A. R. 
Biology and Fertility of Soils 11(2): 116-120. (1991) 
NAL Call #:  QH84.8.B46; ISSN: 0178-2762 
Descriptors:  agronomy: agriculture/ metabolism/ nutrition/ 
soil science/ Oryza sativa/ nitrogen/ fertilizer use efficiency/ 
nitrification inhibitor/ wetland rice/ greenhouse gas/ urea  
Abstract:  The efficiency of N use in flooded rice is usually 
low, chiefly due to gaseous losses. Emission of CH4, a gas 
implicated in global warming, can also be substantial in 
flooded rice. In a greenhouse study, the nitrification inhibitor 
encapsulated calcium carbide (a slow-release source of 
acetylene) was added with 75, 150, and 225 mg of 75 atom 
% 15N urea-N to flooded pots containing 18-day-old rice 
(Oryza sativa L.) plants. Urea treatments without calcium 
carbide were included as controls. After the application of 
encapsulated calcium carbide, 3.6 .mu.g, N2, 12.4 .mu.g 
N2O-N, and 3.6 .mu.g CH4 were emitted per pot in 30 
days. Without calcium carbide, 3.0 mg N2, 22.8 .mu.g N2O-
N, and 39.0 mg CH4 per pot were emitted during the same 
period. The rate of N added had a positive effect on N2 and 
N2O emissions, but the effect on CH4 emissions varied 
with time. Carbon dioxide emissions were lower with 
encapsulated calcium carbide than without. The use of 
encapsulated calcium carbide appears effective in 
eliminating N2 losses, and in minimizing emissions of the 
"greenhouse gases" N2O and CH4 in flooded rice. 
© The Thomson Corporation 
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320. Effects of seasonal flooding and grazing on the 
vegetation of former ricefields in the Rhone delta 
(southern France). 
Mesleard, F.; Lepart, J.; Grillas, P.; and Mauchamp, A. 
Plant Ecology 145(1):  101-114. (1999) 
NAL Call #:  QK900.P63; ISSN: 1385-0237 
Descriptors:  wetlands/ abandoned land/ Oryza sativa/ 
seasonal variation/ grazing/ vegetation/ water management/ 
ecological succession/ salinity/ rain/ cattle/ land 
management/ horses/ plant communities/ irrigation/ 
botanical composition/ France  
Abstract:  Six management regimes were tested during 5 
years in 18 abandoned ricefields in the Rhone delta, 
France: two artificial floodings for 6 months (winter and 
summer flooding, 10 cm deep) and a control only flooded 
by rain, each flooding treatment either with or without 
grazing by cattle and horses. In the absence of artificial 
flooding and in presence of grazing by domestic herbivores 
(i.e., maintaining the initial management since the 
abandonment) no significant change in plant communities 
was recorded after 5 years. The vegetation was mainly 
composed of halophytes (Salicornia fruticosa and Inula 
crithmoides). The removal of grazing led to the dominance 
of a salt tolerant grass: Aeluropus littoralis. Flooding 
favoured the dominance of clonal plants and led to a 
decrease in the number of species. In the ungrazed fields, 
changes in plant communities were related to the height of 
species with Bolboschoenus maritimus and Phragmites 
australis becoming dominant. When grazing was combined 
with summer flooding, B. Maritimus dominated the first two 
years of the experiment, but with a low cover, and was 
replaced in the 3rd year by Typha angustifolia. When 
grazing was combined with winter and early spring flooding 
the competitive exclusion of B. maritimus by Juncus 
gerardii slowed the establishment of the former. The 
management of former ricefields led to the establishment 
and dominance of emergent species common to 
Mediterranean wetlands. Although it is subordinate to the 
maintenance of artificial flooding, the project may be 
considered a restoration (or a rehabilitation) of seasonally 
flooded marshes as original functions existing before the 
land was put under cultivation are re-established. 
This citation is from AGRICOLA. 

321. Enhanced prairie wetland effects on surface water 
quality in Crowfoot Creek, Alberta. 
Ontkean, G. R.; Chanasyk, D. S.; Riemersma, S.; Bennett, 
D. R.; and Brunen, J. M. 
Water Quality Research Journal of Canada  38(2): 335-359. 
(2003); ISSN: 1201-3080 
Descriptors:  wetlands/ water quality/ surface water/ habitat/ 
aquatic birds/ watersheds/ nutrient concentrations/ fecal 
coliforms/ surface water/ water quality (natural waters)/ 
catchment areas/ nutrients/ bacteria (faecal)/ birds 
(waterfowl)/ monitoring/ fate of pollutants/ prairies/ data 
collections/ spatial distribution/ temporal distribution/ 
suspended solids/ bacteria/ Canada, Alberta,  
Crowfoot Creek  
Abstract:  A three-year study was conducted to examine the 
effects of a prairie wetland enhanced for waterfowl habitat 
on surface water quality in the Crowfoot Creek watershed in 
southern Alberta, Canada. Monitoring was carried out at the 
Hilton wetland from mid-March to the end of October in 
1997 to 1999 at two inflow sites and one outflow site. Data 
were collected on flow, total phosphorus (TP), total nitrogen 

(TN), total suspended solids (TSS), and fecal coliform (FC) 
bacteria. Nutrient concentrations were highest in the spring, 
and decreased during the remainder of the monitoring 
period each year. Nutrient concentrations did not change 
significantly within the wetland due to the form of nutrient, 
reduced retention times for nutrient uptake, and the addition 
of nutrients to the water through sediment release and 
decomposition of organic matter. The wetland acted as 
both a source and a sink for nutrients, depending on flow 
volumes. TSS concentrations decreased significantly from 
inflow to outflow, indicating sedimentation occurred in the 
wetland. FC bacteria levels were lowest in the spring and 
increased during the post-spring runoff (PSRO) period. FC 
bacteria counts decreased significantly within the wetland 
throughout the entire year. The Hilton wetland was effective 
in reducing the amounts of TSS and FC bacteria exported 
from the wetland; however, there was no significant change 
in nutrient status. 
© CSA 

322. Estimating inorganic and organic nitrogen 
transformation rates in a model of a constructed 
wetland purification system for dilute farm effluents. 
Mcgechan, M. B.; Moir, S. E.; Sym, G.; and Castle, K. 
Biosystems Engineering 91(1): 61-75. (2005) 
NAL Call #:  S671 .B567; ISSN: 1537-5129 
Descriptors:  ammonium/ BOD/ biochemical oxygen 
demand/ dairy farms/ denitrification/ hydrology/ kinetics/ 
nitrates/ nitrogen cycling models/ nitrous oxides/ reedbeds/ 
wetland systems/ microbiology/ biotechnology/ forestry/ 
agriculture/ mathematical models/ equations  
Abstract:  This paper describes some of the concepts that 
are being built into a model of a subsurface flow 
constructed wetland system based on reedbeds. A nitrogen 
(N) cycling submodel has been adapted from a soil N 
model, with pools representing organic material with high 
biological oxygen demand (BOD), ammonium and nitrate. 
Microbiologically controlled transformations between pools 
are represented by first-order exponential kinetics, with N 
finally lost to the atmosphere either by ammonia 
volatilisation, or by denitrification to gaseous N2 or nitrous 
oxide. Hydrology has been represented for both horizontal 
and vertical reedbeds, with contrasting partially anaerobic 
or fully aerobic conditions at each stage. The model has 
been set up to represent an experimental system with one 
horizontal and three vertical reedbeds, being tested for 
purification of dirty water from a dairy farm. Rate constant 
values have been selected so that simulated results are a 
reasonable approximation to measurements from the 
experimental system. The model has been developed to 
assist in optimising design parameters for new systems, 
including the numbers and sequence of reedbed types, 
dimensions and flowrates, for various incoming 
contaminant concentrations and target water purity 
standards. 
© NISC 

323. Evaluating sustainability of watershed resources 
management through wetland functional analysis. 
Zalidis, G. C. and Gerakis, A. 
Environmental Management 24(2): 0193-0207. (1999) 
NAL Call #:  HC79.E5E5; ISSN: 0364-152X 
Descriptors:  wetlands/ water management/ water supplies/ 
agricultural practices/ watersheds/ sustainable 
development/ soil conservation/ agriculture/ government 
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policies/ evaluation/ resources management/ watershed 
management/ groundwater/ hydrology/ drainage/ resource 
management/ ecosystem disturbance/ environmental 
restoration/ sustainable agriculture/ agricultural policy/ flood 
control/ ground water/ microclimate/ Greece/ Mediterranean 
Region/ Greece, Karla/ management/ environmental action/ 
evaluation process/ conservation, wildlife management and 
recreation/ land/ general environmental engineering  
Abstract:  Unsustainable agricultural policies and water and 
soil resource schemes have drained two thirds of 
Mediterranean wetlands since 1920. An outstanding 
example is Karla in Greece, a former internationally 
important wetland that was drained in 1962 causing 
environmental, social, and water and soil problems. The 
objective of this study was to assess the functions and 
values of Karla, at three periods of its history, and to relate 
them to major events in the management of the water and 
soil resources of its watershed. Information on wetland and 
watershed features was collected from historical records 
and field visits. The results showed that the wetland in its 
pristine state had performed five functions to a high degree, 
one (groundwater recharge) to a moderate degree, and one 
(flood storage) to a low degree. Flood-control works, 
uncontrolled pumping, etc., in 1936-1961 degraded all 
functions except microclimate modification while, the bird 
support function was moderately altered. Drainage works in 
1962 left a very small artificially flooded wetland with only 
four functions performed to an insignificant degree. Value 
degradation followed function degradation. It was 
concluded that past resource management has been 
nonintegrated. No consideration was given to the multiple 
functions and values of Karla. Previous restoration 
proposals involved the reinstatement of one or two 
functions only. The appropriate restoration scheme for 
Karla must be multiobjective and based on the integrated 
resource management of its own and the neighboring 
watersheds. 
© CSA 

324. Fate of super(15) N-nitrate in unplanted, planted 
and harvested riparian wetland soil microcosms. 
Matheson, F. E.; Nguyen, M. L.; Cooper, A. B.; Burt, T. P.; 
and Bull, D. C. 
Ecological Engineering 19(4): 249-264. (2002) 
NAL Call #:  TD1.E26; ISSN: 0925-8574 
Descriptors:  wetlands/ riparian environments/ nutrient 
uptake/ nitrate/ environment management/ ecosystem 
management/ nutrients (mineral)/ uptake/ agricultural 
pollution/ agricultural runoff/ soils/ nitrogen isotopes/ 
denitrification/ plant populations/ riparian vegetation/ 
biogeochemical cycle/ nitrates  
Abstract:  Riparian wetlands are important for the protection 
of river water quality in agricultural landscapes by 
intercepting and removing nutrients, such as nitrate (NO 
sub(3) super(-)), in runoff. However, limited information is 
available on the relative importance of biological NO sub(3) 
super(-) removal processes in these ecosystems. In this 
study the fate of super(15)N-NO sub(3) super(-) was 
investigated for 32 days in three types of wetland soil 
microcosm (unplanted, planted, and planted with shoot 
harvest) in order to identify the key processes responsible 
for NO sub(3) super(-) removal, elucidate the role of the 
wetland plant and determine the effect of shoot harvest. 
super(15)N-NO sub(3) super(-) solution (7.9 mg N l super(-
1), 99 at.% super(15)N) was added to each microcosm at a 

rate of 0.5 mu g N g super(-1) soil every 2 days. In both 
types of plant-inhabited microcosm, similar proportions of 
added super(15)N-NO sub(3) super(-) were denitrified (61-
63%), soil-immobilised (24-26%), plant-assimilated (11-
15%) and reduced to ammonium (NH sub(4) super(+)) 
(<1%). However, in unplanted microcosms, 49% was 
reduced to NH sub(4) super(+), 29% denitrified and 22% 
immobilised. Elevated denitrification in the presence of the 
plant, glaucous sweetgrass (Glyceria declinata), was 
attributed to a higher degree of soil oxidation, which is 
considered to be the principal regulator of NO sub(3) 
super(-) partitioning between denitrification and DNRA. 
Shoot harvest did not affect the fate of super(15)N-NO 
sub(3) super(-), but it decreased new shoot production (by 
a factor of 3.9), inhibited new root production, and 
increased the NO sub(3) super(-) assimilation capacity of 
shoots (by a factor of 5.2). Although this study lasted for 
only 1 month, the results have important implications for 
riparian ecosystem management, restoration and design. 
The water quality protection afforded by riparian wetlands 
might be substantially enhanced by maximising vegetation 
cover with plants like G. declinata that promote high 
denitrification nitrogen (N) losses. In contrast, shoot harvest 
as a mechanism of permanent N loss may be much less 
important. 
© CSA 

325. The fate of traditional extensive (gei wai) shrimp 
farming at the Mai Po Marshes Nature Reserve, Hong 
Kong. 
Cha, M. W.; Young, L.; and Wong, K. M. 
Hydrobiologia 352(1-3): 295-303. (Sept. 1997) 
NAL Call #:  410 H992; ISSN: 0018-8158. 
Notes: Conference: Asia-Pacific Conf. on Science and 
Management of Coastal Environment, Hong Kong 
(People's Rep. China), 25-28 Jun 1996 
Descriptors:  wetlands/ extensive culture/ shrimp culture/ 
pond culture/ aquaculture techniques/ water quality/ 
pollution effects/ habitat improvement/ coastal zone/ 
mangrove swamps/ Hong Kong, Mai Po Marshes Nature 
Reserve/ shrimp/ aquaculture/ larval growth stage/ water 
pollution effects/ ponds/ marshes/ seasonal variations/ fish/ 
predation/ water birds/ wildlife management/ Metapenaeus 
ensis/ Mugil cephalus/ Hong Kong/ greasyback shrimp/ 
striped mullet/ shellfish culture/ shellfish culture/ 
aquaculture  
Abstract:  Extensive shrimp farming around Deep Bay, 
Hong Kong, began in the mid-1940's after the construction 
of intertidal ponds (gei wai) among the coastal mangroves. 
The ponds are increasingly being seen as an example of 
how wetlands can be used sustainably since they are 
naturally stocked with shrimp postlarvae (e.g. Metapenaeus 
ensis) and young fish (e.g. Mugil cephalus) flushed into the 
ponds from Deep Bay. Once inside, these shrimps and fish 
feed on naturally occurring detritus on the pond floor. The 
only gei wai remaining in the Territory, are those at the 
WWF Hong Kong Mai Po Marshes Nature Reserve, 
adjacent to Deep Bay. Analysis of the shrimp production 
between 1990-1995 showed that there were two seasonal 
peaks, from April-June (Recruitment-I) and from July-
October (Recruitment-II). The second peak was 
significantly lower than the first (p<0.001), especially from 
those gei wai in the southern part of the reserve which are 
much closer to a polluted river. The average harvest from 
each gei wai had also significantly declined from 40.9 plus 
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or minus 6.0 kg ha super(-1) yr super(-1) in 1990 to 15.1 
plus or minus 3.6 kg ha super(-1) yr super(-1) in 1995 
(p<0.01). This decline can be attributed to the abundance 
of predatory fish in the gei wai, and increasing water 
pollution in Deep Bay which adversely affects the amount of 
shrimp larvae for stocking the gei wai, as well as the quality 
of water for flushing the ponds during the rearing and 
harvesting seasons. Despite this, those gei wai which are 
not-commercially viable can still support many non-
commercial, more pollution tolerant fish and shrimp 
species. As a result, the management of these gei wai has 
been altered such that their objective is to provide feeding 
habitat for piscivorous waterbirds, which is also in line with 
the aims of the nature reserve. 
© CSA 

326. Gaseous carbon dioxide and methane, as well as 
dissolved organic carbon losses from a small 
temperate wetland under a changing climate. 
Clair, T. A.; Arp, P.; Moore, T. R.; Dalva, M.; and  
Meng, F. R. 
Environmental Pollution 116(Supplement 1):  
S143-S148. (2002) 
NAL Call #:  QH545.A1E52; ISSN: 0269-7491 
Descriptors:  freshwater ecology: ecology, environmental 
sciences/ pollution assessment control and management/ 
terrestrial ecology: ecology, environmental sciences/ 
changing climate/ climatic variables/ dissolved organic 
carbon [DOC]: wetland losses/ hydrologic variables/ poor 
fen: mixed hardwood softwood forest drainage/ 
precipitation/ small temperate wetland: carbon budget, 
passive carbon storage area, potential active greenhouse 
gas source/ temperate forests/ temperature  
Abstract:  Temperate forests can contain large numbers of 
wetlands located in areas of low relief and poor drainage. 
These wetlands can make a large contribution to the 
dissolved organic carbon (DOC) load of streams and rivers 
draining the forests, as well as the exchange of methane 
(CH4) and carbon dioxide (CO2) with the atmosphere. We 
studied the carbon budget of a small wetland, located in 
Kejimkujik National Park, Nova Scotia, Canada. The study 
wetland was the Pine Marten Brook site, a poor fen draining 
a mixed hardwood-softwood forest. We studied the loss of 
DOC from the wetland via the outlet stream from 1990 to 
1999 and related this to climatic and hydrologic variables. 
We added the DOC export information to information from a 
previously published model describing CH4 and CO2 fluxes 
from the wetland as a function of precipitation and 
temperature, and generated a new synthesis of the major C 
losses from the wetland. We show that current annual C 
losses from this wetland amount to 0.6% of its total C mass. 
We then predicted that under climate changes caused by a 
doubling of atmospheric CO2 expected between 2040 and 
2050, total C loss from the wetland will almost double to 
1.1% of total biomass. This may convert this wetland from 
what we assume is currently a passive C storage area to an 
active source of greenhouse gases. 
© The Thomson Corporation 

 
 
 
 
 
 

327. Growth and nutrient dynamics of soft-stem 
bulrush in constructed wetlands treating nutrient-rich 
wastewaters. 
Tanner, C. C. 
Wetlands Ecology and Management 9(1): 49-73. (2001) 
NAL Call #:  QH541.5.M3 W472; ISSN: 0923-4861 
Descriptors:  wetlands/ nutrient dynamics/ waste water/ 
nutrients/ vegetation/ nutrient removal/ wastewater 
treatment/ agricultural runoff/ agricultural pollution/ aquatic 
plants/ nutrients (mineral)/ nutrient cycles/ plant nutrition/ 
water pollution treatment/ environment management/ 
biochemical composition/ Schoenoplectus 
tabernaemontani/ reclamation/ wastewater treatment 
processes/ reproduction and development/ protective 
measures and control  
Abstract:  The growth characteristics and nutritional status 
of Schoenoplectus tabernaemontani (C.C. Gmelin) Palla 
(softstem bulrush or lake clubrush) were investigated during 
the second and third growth seasons in four equivalent 
subsurface-flow, gravel-bed constructed treatment 
wetlands. Each wetland was supplied with a different 
hydraulic loading rate of agricultural wastewater, covering 
the range commonly applied to such systems. Harvest and 
demographic techniques were combined to determine 
seasonal patterns and gradients of growth and nutrient 
allocation, and net annual primary productivity (NAPP). 
Marked seasonal patterns of early spring emergence, 
summer growth and autumn senescence were observed, 
with little over-wintering of live above-ground biomass. 
Starch, the dominant long-term storage substance, 
comprised similar to 20% of rhizome dry weight (DW) in 
autumn. Mobilization during spring reduced concentrations 
by around half, with a trend of increasing depletion in the 
higher loaded wetlands. NAPP, including above-ground 
mortality, during the second growth season ranged 
between similar to 2.5 and 3.5 kg DW m super(-2), with 10-
23% allocated to below-ground growth. Mean above-
ground live and dead biomass ranged between similar to 
1.75 and 2.65 kg DW m super(-2) by mid-summer, with 
below to above-ground biomass ratios similar in all 
wetlands at between 0.6 and 0.7. Rhizomes, which 
comprised around 80% of the below-ground biomass, were 
generally restricted to the upper 10 cm of the substratum 
and over half the root biomass also occurred in this zone, 
with very few roots penetrating below 30 cm depth. High 
culm concentrations of N, P, Mg and Zn in spring declined 
markedly over the growth season, while S and Ca showed 
general increases, and K, Fe and Cu remained relatively 
stable. Gradients of decreasing tissue concentration of 
most macronutrients were noted with increasing distance 
from wastewater inflows. Plant accumulation of N rose by 
20-35 g m super(-2) and P by 4-9 g m super(-2) with 
seasonal regrowth of above-ground shoots. Net plant N and 
P uptake rates rose to maximum values of 0.3 g N m 
super(-2) d super(-1) and 0.1 g P m super(-2) d super(-1) in 
early summer, declining markedly during late summer and 
autumn. Mass balance assessments of N and P 
accumulation in plants at near maximum seasonal biomass, 
after three growth seasons, showed that only 6 to 11% of 
the N removal and 6 to 13% of the P removal recorded from 
wastewaters applied to the wetlands could be ascribed to 
plant uptake and accumulation. 
© CSA 
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328. Hydrological modelling of a drained grazing marsh 
under agricultural land use and the simulation of 
restoration management scenarios. 
Al-Khudhairy, D. H. A.;  Thompson, J. R.; Gavin, H.; and 
Hamm, N. A. S. 
Hydrological Sciences Journal 44(6): 943-971. (1999) 
NAL Call #:  292.9 As7; ISSN: 0262-6667 
Descriptors:  agriculture/ computer simulation/ drainage/ 
land use/ mathematical models/ moisture/ rain/ runoff/ soils/ 
watersheds/ catchments/ water resources management/ 
hydrology/ agricultural land/ hydrological modeling/ marsh/ 
restoration ecology/ wetland management/  
United Kingdom  
Abstract:  The capability of the spatially-distributed, 
physically-based, rainfall-runoff modelling system, MIKE 
SHE, to simulate the hydrological behaviour of the natural 
and drained parts of the North Kent Grazing Marshes, UK, 
is investigated. The MIKE SHE code is applied to Bells 
Creek, a small, underdrained, agricultural catchment 
located within the marshes. The model is used to both 
provide insights into the essential parameters that control 
the hydrological processes in the catchment, and predict 
the influence of various, hypothetical, water management 
strategies (land use and drainage) on pumped discharge 
and soil moisture storage in the catchment. The water table 
model predictions arising from these hypothetical scenarios 
are also compared against field data obtained from on-
going hydrological research on the neighbouring, natural, 
Elmley Marshes. The comparison is found to be favourable. 
The results of this study indicate the potential of the MIKE 
SHE system to simulate the hydrological regime of these 
wetlands, and hence to play an important role as a tool that 
can assist environmental and conservation agencies in the 
sound management of wetland resources. The capability of 
the spatially-distributed, physically-based, rainfall-runoff 
modelling system, MIKE SHE, to simulate the hydrological 
behaviour of the natural and drained parts of the North Kent 
Grazing Marshes, UK, is investigated. The MIKE SHE code 
is applied to Bells Creek, a small, underdrained, agricultural 
catchment located within the marshes. The model is used 
to both provide insights into the essential parameters that 
control the hydrological processes in the catchment, and 
predict the influence of various, hypothetical, water 
management strategies (land use and drainage) on 
pumped discharge and soil moisture storage in the 
catchment. The water table model predictions arising from 
these hypothetical scenarios are also compared against 
field data obtained from on-going hydrological research on 
the neighbouring, natural, Elmley Marshes. The comparison 
is found to be favourable. The results of this study indicate 
the potential of the MIKE SHE system to simulate the 
hydrological regime of these wetlands, and hence to play 
an important role as a tool that can assist environmental 
and conservation agencies in the sound management of 
wetland resources. 
© 2006 Elsevier B.V. All rights reserved. 

329. An integrated constructed wetland to treat 
contaminants and nutrients from dairy farmyard dirty 
water. 
Dunne, E. J.; Culleton, N.; O'Donovan, G.; Harrington, R.; 
and Olsen, A. E. 
Ecological Engineering 24(3): 219-232. (2005) 
NAL Call #:  TD1.E26; ISSN: 0925-8574 
Descriptors:  artificial wetlands/ biochemical oxygen 

demand/ dairy effluent/ dairy wastes/ eutrophication/ 
farmyard manure/ nutrients/ phosphorus/ pollutants/ 
polluted water/ runoff/ suspended solids/ water pollution/ 
water quality  
Abstract:  Water pollution by agriculture can include 
inappropriately managed dairy farmyard dirty water. In 
Ireland, dairy farmyard dirty water includes farmyard runoff, 
parlour washings, and silage/farmyard manure effluents. 
The objectives of this study were to determine (i) the quality 
and quantity of dirty water generated at a farm-scale and (ii) 
the seasonal effectiveness of a constructed wetland to treat 
farmyard dirty water. The wetland system was 4800 m2 in 
area and treated dirty water from a 42-cow organic dairy 
unit with an open yard area of 2031 m2. Monthly dirty water 
inflow rate to the wetland ranged between 3.6 and 18.5 m3 
d-1. Farmyard dirty water accounted for 27% of 
hydrological inputs to the wetland, whereas rainfall on 
wetland, along with wetland bank inflows accounted for 45 
and 28%, respectively. Farmyard dirty water quality and 
quantity did not vary with season. Yearly mass loads 
discharged to the wetland were 47+or-10 kg yr-1 of soluble 
reactive phosphorus (SRP), 128+or-35 kg yr-1 of NH4+, 
5484+or-1433 kg yr-1 of organic material as measured by 
five-day biological oxygen demand (BOD5), and 1570+or-
465 kg yr-1 of total suspended solids (TSS). Phosphorus 
retention by the wetland varied with season (5-84%) with 
least amounts being retained during winter. 
© CAB International/CABI Publishing 

330. Interactions between algae (Selenastrum 
capricornutum) and pesticides: Implications for 
managing constructed wetlands for pesticide removal. 
Friesen-Pankratz, B.; Doebel, C.; Farenhorst, A.; and 
Goldsborough, L. G. 
Journal of Environmental Science and Health, Part B: 
Pesticides, food contaminants and agricultural wastes 
B38(2): 147-155. (Mar. 2003) 
NAL Call #:  TD172.J61; ISSN: 0360-1234 
Descriptors:  wetlands/ aquatic plants/ pollution control/ 
agricultural runoff/ pesticides/ runoff/ atrazine/ lindane/ 
algae/ agrochemicals/ sorption/ biodegradation/ water 
treatment/ artificial wetlands/ Selenastrum capricornutum/ 
contructed wetlands/ atrazine/ lindane/ prevention and 
control/ pollution/ freshwater pollution/ water pollution: 
monitoring, control & remediation  
Abstract:  This laboratory study examined the interactions 
between an algal species found in wetlands (Selenastrum 
capricornutum) and two agricultural pesticides (atrazine and 
lindane). Pesticide additions had a positive effect on the 
chlorophyll a concentrations of the treatments. The 
presence of algae decreased the aqueous persistence of 
both pesticides. It is speculated that the algae either 
provided sites for pesticide sorption or facilitated pesticide 
degradation. 
© CSA 

331. Investigating dairy lagoon effluent treatability in a 
laboratory-scale constructed wetlands system. 
Benham, B. L. and Mote, C. R. 
Transactions of the ASAE 42(2): 495-502. (1999) 
NAL Call #:  290.9 AM32T; ISSN: 0001-2351 
Descriptors:  water quality/ wastewater treatment/ design/ 
water pollution/ pollution control/ constructed wetlands  
Abstract:  Dairy lagoon supernatant treatability was 
evaluated using 10 laboratory-scale (1.5 m X 0.45 m) 
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constructed wetlands. Selected design and operational 
variables were examined. Tested treatments were 
combinations of three organic loading rates (high, medium, 
and low) and three types of microbial attachment sites 
(vegetated, inert, and none). Five combinations (two 
replications each) of organic loading rate and microbial 
attachment sites were tested. Removal efficiencies were 
based on analysis of influent/effluent waste constituent 
levels. Dominant nitrogen removal mechanisms were 
determined from an examination of influent/effluent nitrogen 
specialization. In addition, an analysis of waste degradation 
kinetics provided insight with respect to the applicability of a 
widely used design model. Results showed consistently 
high nitrogen-removal efficiencies (65 to 81%) for all 
treatments. Nitrogen specialization results indicate that 
nitrification/denitrification was the dominant nitrogen 
removal mechanism. Carbon removal was less efficient (6 
to 39%), and varied with influent strength. Waste utilization 
kinetic rate-constants from the five treatments were not 
statistically different (alpha = 0.05). The design model uses 
microbial attachment site parameters, such as specific 
surface area, to modify a base reaction rate-constant (i.e., a 
rate-constant for a system with no microbial attachment 
sites). In this case, the rate-constant for the control 
(treatments with no microbial attachment sites) was not 
statistically different from either the vegetated or the inert 
treatments. 
This citation is from AGRICOLA. 

332. Landscape planning to reduce coastal 
eutrophication: Agricultural practices and constructed 
wetlands. 
Arheimer, B.; Torstensson, G.; and Wittgren, H. B. 
Landscape and Urban Planning 67(1-4):  
205-215. (Mar. 2004) 
NAL Call #:  QH75.A1L32; ISSN: 0169-2046 
Descriptors:  nitrogen/ eutrophication/ agriculture/ leaching/ 
mathematical models/ economics/ rivers/ catchments/ 
artificial wetlands/ models/ agricultural practices/ coastal 
zone/ water management/ fertilization/ wastewater 
treatment/ catchment area/ agricultural runoff/ ecosystem 
disturbance/ pollution control/ environment management/ 
river basin management/ soils/ catchment areas/ pollution 
load/ coastal waters/ economic impact/ Sweden/ marine 
pollution/ water pollution: monitoring, control & remediation/ 
planning/ development/ water/ protective measures and 
control/ water quality control  
Abstract:  Southern Sweden suffers from coastal 
eutrophication and one reason is the high nitrogen load 
through rivers. The major part of this load originates from 
diffuse land-based sources, e.g. arable soil leaching. 
Effective reduction of load from such sources demand 
careful landscape analysis, combined with changed 
behaviour of the stakeholders. This study describes a chain 
of methods to achieve trustworthy management plans that 
are based on numerical modelling and stakeholders 
participation and acceptance. The effect of some measures 
was unexpected when modelling their impact on the 
catchment scale. Management scenarios to reduce riverine 
nitrogen load were constructed in an actor game (i.e. role-
play) for the Genevadsaan catchment in southern Sweden. 
The game included stakeholders for implementation of a 
loading standard for maximum nitrogen transport at the 
river mouth. Scenarios were defined after negotiation 
among involved actors and included changes in agricultural 

practices, improved wastewater treatment, and 
establishment of wetlands. Numerical models were used to 
calculate the nitrogen reduction for different measures in 
each scenario. An index model (STANK) calculated the root 
zone leaching of nitrogen from crops at four type farms. 
This generated input to a catchment scale model (HBV-N) 
and farm economics. The economic impact of different sets 
of remedial measures was evaluated for each type farm 
and then extrapolated to the catchment. The results from 
scenario modelling show that possible changes in 
agricultural practices (such as tuning, timing of fertilisation 
and ploughing, changed crop cultivation) could reduce the 
nitrogen load to the sea by some 30%, while wetland 
construction only reduced the original load by some 5%. In 
the most cost-effective scenario agricultural practices could 
reduce the riverine load by 86 t per year at a cost of 1.0 
million SEK, while constructed wetlands only reduced the 
load by 14 t per year at a cost of 1.7 million SEK. Thus, 
changed agricultural practices can be the most effective 
and less expensive way to reduce nitrogen transport from 
land to the sea, while constructed wetlands with realistic 
allocations and sizes may only have small impact on 
riverine nitrogen transport from land to sea. The overall 
experience is that actor games and numerical modelling are 
useful tools in landscape planning for analysing 
stakeholders' behaviour and the impact of measures to 
reduce coastal eutrophication. 
© CSA 

333. Macrofungi from six habitats over five years in 
Clayoquot Sound, Vancouver Island. 
Roberts, Christine; Ceska, Oluna; Kroeger, Paul; and 
Kendrick, Bryce 
Canadian Journal of Botany 82(10): 1518-1538. (2004) 
NAL Call #:  470 C16C; ISSN: 0008-4026 
Descriptors:  wetlands/ habitat/ fungi/ dunes/ estuaries/ 
forests/ community composition/ ecological distribution/ rare 
species/ hygrophorus/ Tricholoma apium/ Craterellus/ 
Craterellus tubaeformis/ Canada, British Columbia, 
Vancouver I., Clayoquot Sound/ comparative studies/ bogs/ 
temperate rainforests/ geographical distribution  
Abstract:  Over 5 years, macrofungi from six habitats in 
Clayoquot Sound, Vancouver Island, British Columbia, 
were documented. Habitats were categorized as dune, 
spruce fringe, old-growth rainforest, second-growth forest, 
bog, or estuarine. All but the second-growth forest are 
natural ecosystems. A total of 551 taxa of macrofungi were 
recorded. Between 17% and 36% of the species in any one 
habitat were found only in that habitat. The most frequently 
encountered and ubiquitous species was Craterellus 
tubaeformis (Fr.) Quel., found in all years, habitats, and 
sites. Of the 551 taxa, only 28 were found every year, and 
308 were found in only 1 year. Rare species that were 
recorded include Cordyceps ravenelii Berkeley & Curtis, 
Hygrophorus inocybiformis Smith, and Tricholoma apium 
Schaeffer in the dunes and Stereopsis humphreyi (Burt) 
Redhead in the spruce fringe. Similarities between habitats 
based on taxa in common showed that bog and estuarine 
habitats had only 9%-17% in common with each other and 
the other habitats, whereas dune, spruce fringe, and the 
two forest types shared 21%-31% of their species. Old-
growth rainforest yielded approximately 4 times as many 
species as bog and estuarine habitats, and approximately 
1.5 times as many as the other three habitats. 
© CSA 
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334. Management optimization and sustainable 
technologies for the treatment and disposal/reuse of 
fish farm effluent with emphasis on constructed 
wetlands. 
Negroni, G. 
World Aquaculture 31(3): 16-19. (Sept. 2000) 
NAL Call #:  SH1.W62; ISSN: 1041-5602 
Descriptors:  wetlands/ aquaculture effluents/ technology/ 
effluent treatment/ wastewater treatment/ economics/ 
environmental impact/ recycling/ fish culture/ organic 
wastes/ pollution control/ water pollution control/ 
aquaculture/ fish farming/ effluents/ water reuse/ 
wastewater management/ wastewater disposal/ fish 
farming/ effluent/ reuse/ Pisces/ sewage & wastewater 
treatment/ effects of aquaculture on the environment/ 
effects of aquaculture on the environment/ protective 
measures and control/ wastewater treatment processes/ 
industrial effluents  
Abstract:  Disposal of fish farm effluent is not only a 
technical, but also a management problem. Many 
technologies are available to process and recycle the fish 
farm waste to meet the effluent standards of different 
countries, but costs are a limiting factor. In accordance with 
the available natural resources, constructed wetlands (CW) 
could be an attractive option. CW could greatly help to 
obtain certified "natural" fish production for concerned niche 
clients. The waste water treatment plant (WWTP) could be 
a center of production to complete the cycle that begins 
with feed, goes through fish, and then returns to agriculture. 
Aquaculture effluent is generally very diluted and expensive 
to treat. Where no control is needed, the water from fish 
ponds is simply discharged back to the original source or to 
another body of water. Many countries are concerned with 
the potential pollution effects, and strict regulations make it 
mandatory to treat the fish farm effluent. The effluent is a 
resource and should not be wasted but recycled. In this 
article, some "innovative" technologies and farm 
management practices are proposed whereby the efficiency 
of WWTP of the fish farms can be improved for recycling 
purposes. The problem of fish farm waste confronting 
intensive farms and, to some extent, semi-intensive fish 
farms is addressed. 
© CSA 

335. A method for coring inland, freshwater wetland 
soils. 
Reinhardt, Carrie H.; Cole, Charles Andrew; and  
Stover, Lee R. 
Wetlands 20(2): 422-426. (2000) 
NAL Call #:  QH75.A1W47; ISSN: 0277-5212 
Descriptors:  methods and techniques/ soil science/ 
aluminum irrigation pipe corer/ field equipment/ hand 
operated soil corer/ incremental analysis/ analytical 
method/ radiochronologic dating/ dating method/ soil coring 
method/ field method/ bulk density measurement/ 
disturbance/ inland freshwater wetland soil/ seed bank/ soil 
contamination analysis: stratigraphic integrity/ wetland 
substrate type  
Abstract:  Currently, no method exists to core large 
volumes of inland freshwater wetland soils that maintains 
stratigraphic integrity, minimizes unnecessary disturbance, 
and cores up to a depth of 50 cm. Our objective was to 
create a large-volume soil coring device that could be 
applied with consistency to a variety of wetland substrates. 
The result is a hand-operated soil corer that resembles the 

aluminum irrigation pipe corer that DeLaune et al. (1978) 
used to core soft marshy substrates. Instead of aluminum 
pipe, we used regular steel stovepipe and a variety of tools 
for insertion. After the sample is extracted from the 
sediment, the handle can be quickly removed for ease of 
transportation and storage of a core. The stovepipe can be 
cut open to expose the soil sample so that it can easily be 
sectioned for incremental analysis. The corer was used to 
take 130 samples in 18 different sites, spanning many 
different wetland substrate types. Our method has many 
applications, including radiochronologic dating, seed bank 
analysis, bulk density measurement, and soil contaminants 
analysis. 
© The Thomson Corporation 

336. Microbiological management of wetland rice fields. 
Roger, P. A.; Zimmerman, W. J.; and Lumpkin, T. A. 
In: Soil Microbial Ecology: Applications in Agricultural and 
Environmental Management/ Metting, F. B. 
New York: Marcel Dekker, 1993; pp. 417-455. 
Notes: ISBN: 0824787374 
NAL Call #:  QR111.S664 1992 
Abstract:  Presents a summary of the major environments 
of the wetland rice field ecosystem and the major microbial 
activities they host, and an overview of research on 
microbiological management of rice fields. The next 
sections discuss in detail potential and adopted practices, 
including 1) the utilization of symbiotic and free-living N2 -
fixing blue-green algae as biofertilisers; 2) inoculation of 
rice with heterotrophic bacteria nd the potential for 
rhizosphere microflora management; and 3) the utilization 
of bacterial and algal inhibitors to decrease N fertilizer 
losses. -from Authors 
© 2006 Elsevier B.V. All rights reserved. 

337. Mitigation of chlorpyrifos runoff using constructed 
wetlands. 
Moore, M. T.; Schulz, R.; Cooper, C. M.; Smith, S.; and 
Rodgers, J. H. 
Chemosphere 46(6): 827-835. (2002) 
NAL Call #:  TD172.C54; ISSN: 0045-6535 
Descriptors:  pesticides/ agricultural runoff/ stormwater 
runoff/ artificial wetlands/ chlorpyrifos/ water pollution 
control/ nonpoint pollution sources/ best management 
practices/ sorption/ accumulation/ performance evaluation/ 
pollution (nonpoint sources)/ runoff (agricultural)/ 
pesticides/ sorption/ pollution control/ agricultural pollution/ 
wastewater treatment/ water pollution treatment/ plant 
populations/ bioaccumulation/ sediments/ South Africa, 
Cape Town/ South Africa, Lourens R./ chlorpyrifos  
Abstract:  Constructed wetlands have been proposed as a 
potential best management practice (BMP) to mitigate 
effects of pesticide-associated agricultural runoff. Wetland 
mesocosms (14 m x 59-73 m) were amended with 
chlorpyrifos to simulate a storm runoff event at 
concentrations of 73, 147 and 733 mu g/l. Water, sediment 
and plant samples collected weekly for 12 weeks indicated 
that chlorpyrifos rapidly sorbed to sediment and plant 
material, with approximately 47-65% of measured 
chlorpyrifos mass retained within the first 30-36 m of 
wetland mesocosms. Of the measured mass, 
approximately 55% and 25% were retained by sediments 
and plants, respectively. A field-scale evaluation of a 
constructed wetland's mitigation capability was performed 
in the Lourens River watershed of Cape Town, South 
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Africa. Results indicate that the wetland was able to retain 
and considerably decrease the concentration (and hence 
toxicity) of chlorpyrifos and suspended sediment entering 
the receiving waterbody (Lourens River). This research 
provides fundamental answers concerning constructed 
wetland capabilities that are necessary for constructing 
field-scale systems within agricultural watersheds. 
© CSA 

338. Modelling nitrogen transformations in freshwater 
wetlands: Estimating nitrogen retention and removal in 
natural wetlands in relation to their hydrology and 
nutrient loadings. 
Dorge, Jesper 
Ecological Modelling 75-76(0): 409-420. (1994) 
NAL Call #:  QH541.15.M3E25; ISSN: 0304-3800 
Descriptors:  agronomy: agriculture/ conservation/ ecology: 
environmental sciences/ freshwater ecology: ecology, 
environmental sciences/ mathematical biology: 
computational biology/ metabolism/ models and 
simulations: computational biology/ nutrition/ pollution 
assessment control and management/ toxicology/ 
agriculture/ eutrophication/ groundwater/ mathematical 
model/ nitrates  
Abstract:  The agricultural utilization of the transition zone 
between the terrestrial and the aquatic system has strongly 
reduced these important buffer zones in the last 30 years. 
The reestablishment of wetlands in relation to the aquatic 
environment is getting more and more in focus in the 
debate on eutrophication. A general simulation model has 
been developed for freshwater wetlands to determine the 
retention and removal of nitrogen in wetlands as water 
flows from intensively cultivated farm land through wetlands 
and into the aquatic system. The model consists of a simple 
hydrological submodel and a more complex biological 
submodel including heterotrophic nitrogen dynamics and 
plant uptake. The whole biogeochemical pathway from 
mineralization of organic matter to ammonia and further to 
nitrate in the oxic microzone by nitrifiers. before 
denitrification, is explicitly modelled. The model has been 
calibrated with field data from three wetlands with different 
levels of NO--loading (587-1502 kg NO-3--N/ha cntdot y) 
and vegetation. The calculated N-retention varies from 0 to 
107 kg N/ha cntdot y) and denitrification from 199 to 743 kg 
NO-3--N/ha cntdot y with the lowest value in a Sphagnum-
dominated wetland and the highest in a reed swamp. The 
wetland model can be applied to a model system describing 
the nitrogen turnover and transport from agricultural 
fertilization through soil and groundwater processes to the 
final washout into the aquatic environment. Moreover, the 
model can be used as a prognostic tool for an assessment 
of the potential effects on the aquatic ecosystem if relevant 
wetlands were reestablished. 
© The Thomson Corporation 

339. Multiobjective approach to water management 
system for wetlands in Biebrza River valley: Case 
study. 
Okruszko, H.; Szuniewicz, J.; and Okruszko, T.  
In: Proceedings of the International Symposium on the 
Hydrology of Wetlands in Temperate and Cold Regions. 
(Held 6 Jun 1988-8 Jun 1988 at Joensuu, Finland.); Vol. 1. 
Helsinki, Finland: Academy of Finland; pp. 10-15; 1988.  
Descriptors:  wetlands/ multiobjective planning/ peat bogs/ 
marsh management/ Poland/ river basins/ land use/ 

reclamation/ preservation/ case studies/ mires/ drainage 
effects/ computer models/ irrigation requirements/ water 
demand/ water management/ grasslands/ forest 
management/ lakes/ control of water on the surface  
Abstract:  A preliminary attempt has been made to develop 
a water management program for the Biebrza River Valley 
of Poland. This wetland territory is not reclaimed but partly 
drained due to some changes in natural hydrographic 
networks caused by the building of several canals in the 
19th century. The areas in the valley of the middle Biebrza 
river have been divided into five types of sites: (1) the Red 
Bog reservation, a complex mire of transition and high 
moor, (2) areas surrounding the birch forests, (3) large 
consolidated complexes of birch forests, (4) grassland for 
agricultural use requiring irrigation, and (5) grassland for 
agricultural use without irrigation. In two of the five selected 
areas of the river valley, the water conditions are 
appropriate to levels of utilization. In three other areas, 
water conditions must be adjusted to the requirements 
associated with the methods of their planned management. 
The areas surrounding the Red Bog have been partially 
drained and designed for protection as wetlands. They 
must undergo renaturalization by increasing water inflow 
into these areas and by raising the groundwater level. This 
can be accomplished by raising the level of water and 
decreasing its outflow in the rivers Elk and Jegrznia and the 
canal joining them. Birch forests may also require water 
regulation due to evapotranspiration under the forest 
ecosystem. Grasslands will also require water management 
and a water balance involving probable deficiency of water 
from precipitation has been made on the basis of the 
meteorological conditions. An analysis of the water 
reserves and requirements in the Biebrza River Valley has 
shown that by utilizing water from the winter season all 
water demands can be met. Mathematical models have 
been used to regulate the water relations in the valley 
according to the needs of different ecosystems. Systematic 
observations of meteorological and hydrological conditions 
are required to make further calculations for water 
management in the Biebrza River Valley.  
© CSA 

340. Nitrogen cycling in wetland systems. 
Hunt, P. G.; Poach, M. E.; and Liehr, S. K. 
In: Nutrient management in agricultural watersheds: A 
wetlands solution/ Dunne, E. J.; Reddy, K. R.; and  
Carton, O. T. 
Wageningen, Netherlands: Wageningen Academic 
Publishers, 2005; pp. 93-104. 
Notes: International symposium on Nutrient Management in 
Agricultural Watersheds: A Wetlands Solution, Wexford, 
Ireland 
Descriptors:  wetlands/ aerobic treatment/ agriculture/ air 
quality/ ammonia/ anaerobic treatment/ artificial wetlands/ 
biodegradation/ biological treatment/ cycling/ dairy effluent/ 
denitrification/ ditches/ drainage/ ecological balance/ 
environmental protection/ microbial activities/ nitrification/ 
nitrogen/ nitrogen cycle/ oxidation/ oxygen/ piggery effluent/ 
riparian vegetation/ streams/ vegetated strips/ waste water/ 
waste water treatment/ water quality/ watersheds 
Abstract:  When considering the management of N on an 
agricultural watershed, the cycling of N is paramount 
because N exists in many different oxidative and physical 
states. The cycle is active in the biology of both aerobic and 
anaerobic processes. Furthermore, the cycling of N in both 



Wetlands in Agricultural Landscapes 

 96

natural and constructed wetlands is particularly dynamic 
and exceedingly valuable to N management for both 
productive agriculture and environmental quality. Nitrogen 
cycling is illustrated in the context of three types of 
wetlands - constructed, riparian, and in-stream. We present 
the higher than expected rates of denitrification in 
constructed wetland used for animal waste water treatment 
as an example of denitrification via new pathways such as 
ANAMMOX that require less oxygen in the precursor 
oxidation of ammonia. We show the effectiveness of 
different riparian zones for stream buffering and 
denitrification, particularly noting that they appear to provide 
a reasonable balance for protecting both water and air 
quality. We emphasize the importance of in-stream 
wetlands for assimilations and transformations of N that 
escapes agricultural watersheds. 
© CAB International/CABI Publishing 

341. Nitrogen removal and cycling in restored wetlands 
used as filters of nutrients for agricultural runoff. 
Comin, F. A.; Romero, J. A.; Astorga, V.; and Garcia, C. 
Water Science and Technology (1997) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223. 
Notes: Conference: 5. Int. Conf. on Wetland Systems for 
Water Pollution, Vienna (Austria), 15-19 Sep 1996; Issue 
editors: Haberl, R.; Perfler, R.; Laber, J.; and Cooper, P. 
Descriptors:  wetlands/ nitrogen removal/ nitrogen cycle/ 
nutrients/ filters/ agricultural runoff/ aquatic plants/ rice/ 
denitrification/ rehabilitation/ water pollution control/ 
pollution control/ habitat improvement (biological)/ 
Phragmites australis/ Typha latifolia/ Scirpus lacustris/ 
Spain, Ebro R./ Phragmites australis/ Typha latifolia/ 
Scirpus lacustris/ pollution control/ habitat improvement 
(biological)/ Med, Spain, Tarragona, Ebro delta/ rice/ 
rehabilitation/ nitrogen removal/ nutrients/ water pollution 
control/ water quality control/ freshwater pollution/ 
prevention and control  
Abstract:  Four restored wetlands dominated by Phragmites 
australis, Typha latifolia and Scirpus lacustris were used to 
improve the quality of agricultural runoff in the Delta of the 
Ebro River (NE Spain) in 1993. The wetlands were 
continuously flooded with water from a ricefield irrigation 
network during the growing season and received water with 
between 0-270 mg m super(-2)d super(-1) of total nitrogen, 
29-105 mg m super(-2)d super(-1) of dissolved inorganic 
nitrogen and 0-27 mg m super(-2) d super(-1) of dissolved 
organic nitrogen. Surface outflows contained between 0-80 
mg m super(-2)d super(-1) of total nitrogen, 0-12 mg m 
super(-2)d super(-1) of dissolved inorganic nitrogen and 1-
19 mg m super(-2)d super(-1) of dissolved organic nitrogen. 
The nitrogen retention efficiency was close to 100% of the 
input, except for dissolved organic nitrogen at the end of 
the growing season. The denitrification rates measured by 
the acetylene reduction in the sediment ranged between 0 
and 3.46 mg N m super(-2) d super(-1) and represented 
between 0 and 12% of the inflowing dissolved inorganic 
nitrogen. Emergent macrophytes accumulated between 20 
and 100 mg N m super(-2) d super(-1), which accounts for 
between 66 and 100% of the inflowing dissolved inorganic 
nitrogen. The wetland sediment accumulated between 111 
and 250 mg N m super(-2) d super(-1) during the six month 
growing season. The removal rate constants calculated 
according to a first - order plug - flow kinetics, were 
between 0.01-0.075 m d super(-1) for total nitrogen and 
0.01-0.3 m d super(-1) for dissolved inorganic nitrogen. 

Plant uptake, detritus accumulation and decomposition, and 
nitrogen recycling in the sediment are major processes for 
nitrogen retention and recycling in the wetlands. This type 
of wetlands, restored from ricefields, act as highly efficient 
water polishing filters for agricultural runoff and, at the 
same time, can contribute to increase the habitat 
biodiversity of large areas where rice is cultivated 
extensively. 
© CSA 

342. Nitrogen spiraling in subsurface-flow constructed 
wetlands: Implications for treatment response. 
Kadlec, R. H.; Tanner, C. C.; Hally, V. M.; and Gibbs, M. M. 
Ecological Engineering 25(4): 365-381. (2005) 
NAL Call #:  TD1.E26; ISSN: 0925-8574 
Descriptors:  15N/ ammonia/ nitrogen/ spiralling/ stable 
isotope/ subsurface wetlands  
Abstract:  Nitrogen processing in treatment wetlands was 
investigated by use of the stable isotope 15N introduced as 
ammonium. Two small field-scale, gravel-bed wetlands with 
horizontal subsurface-flow (SSF) received primary meat 
processing water. Four SSF cascade mesocosms, each 
comprising five tanks in series, received primary meat 
processing water, primary dairy water, secondary dairy 
water or aerated secondary dairy water. The mesocosms 
and one of the field-scale wetland contained well-
established bulrushes (Schoenoplectus tabernaemontani), 
and the other field-scale wetland remained unvegetated. 
The systems were operated at steady inflows, with a 
nominal detention times of 4-5 days. The incoming 
ammonium nitrogen ranged from 18.5 to 177 g m-3, and 
removals ranged from 15 to 90% for the various feed 
waters. Each system was dosed with a single pulse of 15N 
ammonium mixed into the feed wastewater, and the fate 
and transport of the isotopic nitrogen were determined. The 
15N pulses took 120 days to clear the heavily loaded field-
scale wetlands. During this period small reductions in 15N 
were attributable to nitrification/denitrification, and a larger 
reduction due to plant uptake. Mesocosm tests ran for 24 
days, during which only 1-16% of the tracer exited with 
water, increasing with N loading. Very little tracer gas 
emission was found (?1%). The majority of the tracer was 
found in plants (6-48%) and sediments (28-37%). These 
results indicated a rapid absorption of ammonium into a 
large sediment storage pool, of which only a small 
proportion was denitrified during the period of the 
experiment. Plant uptake claimed a fraction of the 
ammonium, determined mainly by the plants requirement 
for growth rather than the magnitude of the nitrogen supply. 
A rapid return of ammonium to the water was also found, so 
that movement of 15N through the wetland mesocosms 
was comprised of a spiral of uptake and release along the 
flow path. A two compartment model was found to 
reasonably represent the isotope progress through the 
wetlands. First order exchanges and removals were 
employed in dynamic mass balances on water and solids. It 
is concluded that interpretation of nitrogen dynamics in 
wetlands must include the nitrogen spiral through the 
wetland, as well as plant uptake. This greatly increases the 
N residence time in treatment wetlands relative to the 
hydraulic detention time, resulting in long delays of 
treatment system response to changes in N loading and 
attenuation of short-term fluctuations in loading.  
© 2006 Elsevier B.V. All rights reserved. 
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343. Non-point source pesticide removal by a 
mountainous wetland. 
Kao, C. M.; Wang, J. Y.; Chen, K. F.; Lee, H. Y.; and  
Wu, M. J. 
Water science and Technology 46(6-7): 199-206. (2002) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223. 
Notes: Conference: 2nd World Water Congress of the 
International Water Association: Integrated Water 
Resources Management, Berlin [Germany], 15-19 Oct 2001 
Descriptors:  wetlands/ nonpoint pollution sources/ fate of 
pollutants/ agricultural runoff/ pesticides/ atrazine/ 
biodegradation/ microbial degradation/ field tests/ data 
collections/ storm runoff/ pollution (nonpoint sources)/ 
runoff (agricultural)/ biodegradation/ field studies/ runoff/ 
sources and fate of pollution/ water treatment/ water 
pollution: monitoring, control & remediation  
Abstract:  Non-point source (NPS) pollution is believed to 
be one of the major causes of impairment of water bodies. 
Among NPS pollution, agricultural NPS pollution is 
considered to be the largest single category resulting in 
water quality deterioration. Pesticides are some the most 
ubiquitous of these agricultural NPS pollutants. In this 
study, a mountainous wetland was selected to investigate 
the effects of the natural wetland system on the NPS 
pesticide (atrazine) removal to maintain the surface water 
quality. The selected wetland receives water from two 
unnamed creeks, which drain primarily upgradient 
agricultural lands. Wetland investigation and monitoring 
were conducted from November 1999 to March 2001. Major 
storm events and baseline water quality samples were 
analyzed. Field results indicate that the wetland was able to 
remove NPS atrazine flushed from the upgradient 
agricultural lands after the occurrence of storm events. 
Laboratory aerobic and anaerobic bioreactor experiments 
were conducted to evaluate the biodegradation of atrazine 
under the intrinsic conditions of the wetland system. 
Microbial enumeration was conducted for a quick screen of 
bacterial activity in the studied wetland. Results from the 
study suggest that the methanogenesis process was 
possibly the dominant biodegradation pattern, and atrazine 
can be degraded under reductive dechlorinating conditions 
when sufficient intrinsic organic matter was provided. 
Results from this study can provide us with further 
knowledge on pesticide removal mechanisms in natural 
wetlands and evaluate the role of wetlands in controlling 
pesticide pollutants from stormwater runoff. 
© CSA 

344. Nutrient removal by a constructed wetland treating 
subsurface drainage from grazed dairy pasture. 
Tanner, C. C.; Nguyen, M. L.; and Sukias, J. P. S. 
Agriculture Ecosystems and Environment 105(1-2):  
145-162. (2005) 
NAL Call #:  S601.A34; ISSN: 0167-8809 
Descriptors:  flow proportional sampling: applied and field 
techniques/ grazed dairy pasture  
Abstract:  Nitrogen and phosphorus budgets over two 
annual periods are presented for an establishing surface-
flow constructed wetland treating subsurface drainage from 
rain-fed, dairy cattle grazed pasture in the North Island of 
New Zealand. Drainage flows to the wetland (occupying 
apprx1% of the catchment area) were highly pulsed, 
associated with rainfall and soil water status, and differed 
between years (305 and 197 mm drainage). Flow-
proportional sampling of inflow and outflow concentrations 

were combined with continuous flow records to calculate 
mass balances for the wetlands. Influent nitrate 
concentrations were high (median 11 g m-3) in both years, 
but transient loads of organic N were also an important 
form of N in the first year. Mass removal of total nitrogen 
(TN) and its main constituent forms nitrate/nitrite and 
organic N was recorded for all seasons over both annual 
periods studied. TN mass removal efficiency of 79% (841 g 
m-2 per year) in the first year, declined to 21% (40 g m-2 
per year) in the second year, associated with changes in 
the magnitude, speciation and seasonal pattern of N export 
from the catchment. Ammoniacal N (NH4-N), which 
comprised <0.5% of TN loadings to the wetland, was 
generated in small amounts during passage through the 
wetland in both years. Total phosphorus (TP) in the 
drainage waters occurred at median concentrations of 0.1-
0.2 g m-3, mainly in dissolved reactive forms (DRP 92% by 
mass). TP export rose by 101% (5.0 g m-2 per year) after 
passage through the wetland in the first year, but 
decreased by 12% (0.2 g m-2 per year) in the second year. 
The results show that constructed wetlands comprising 
apprx1% of catchment area can markedly reduce N export 
via pastoral drainage. but may be net sources of NH4-N, 
DRP and TP during establishment. Performance of the 
wetland appeared to be affected by both 
establishment/maturation factors and year-to-year climatic 
variations. Longer-term studies, supplemented by process-
based laboratory and mesocosm investigations, are 
required to evaluate sustainable nutrient removal rates over 
a range of climatic conditions, and identify the key factors 
regulating performance. Copyright 2004 Elsevier B.V. All 
rights reserved. 
© The Thomson Corporation 

345. Nutrient removal from aquaculture wastewater 
using a constructed wetlands system. 
Lin, Y.; Jing, S.; Lee, D.; and Wang, T. 
Aquaculture 209(1-4):  169-184. (June 2002) 
NAL Call #:  SH1 .A6; ISSN: 0044-8486 
Descriptors:  fish culture/ wastewater treatment/ nutrients 
(mineral)/ nitrogen/ phosphorus/ aquaculture effluents/ 
water purification/ uptake/ water quality control/ water 
reuse/ eutrophication/ nutrient removal/ artificial wetlands/ 
aquaculture/ hydraulic loading/ nitrogen removal/ 
phosphorus removal/ ammonium/ phosphates/ vegetation/ 
free water/ storm seepage/ pilot plants/ tin/ receiving 
waters/ effects of aquaculture on the environment/ effects 
of aquaculture on the environment/ protective measures 
and control/ sewage & wastewater treatment/ wastewater 
treatment processes/ water & wastewater treatment  
Abstract:  Nutrient removal is essential for aquaculture 
wastewater treatment to protect receiving waters from 
eutrophication and for potential reuse of the treated water. 
A pilot-scale wastewater treatment system consisting of a 
free water surface (FWS) and a subsurface flow (SSF) 
constructed wetlands arranged in series was operated for 
around 8 months. The study was conducted to examine 
system start-up phenomena and to evaluate system 
performance in removing inorganic nitrogen and phosphate 
from aquaculture wastewater under various hydraulic 
loading rates (1.8 to 13.5 cm day-1). The wetlands system 
showed rapid start-up behaviors in which process stabilities 
were achieved in the following sequence: phosphate 
removal in the SSF without an adaptation period, nitrogen 
removal in the SSF after 1 month, nitrogen removal in the 
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FWS after 2 to 3 months, phosphate removal in the FWS 
after 3 months, and vegetation cover in both wetlands after 
7 months of operation. Nitrogen removals were excellent, 
with efficiencies of 86% to 98% for ammonium nitrogen 
(NH4-N) and 95% to 98% for total inorganic nitrogen (TIN). 
Removal efficiencies were affected little by the hydraulic 
loading trials. Phosphate removal of 32% to 71% occurred, 
with the efficiencies being inversely related to hydraulic 
loading. The FWS wetland removed most inorganic 
nitrogen, whereas the SSF wetland removed phosphate at 
a rate equal to or even greater than the FWS. Removal of 
ammonium and nitrite (effluent concentrations 0.3 mg NH4-
N l-1 and 0.01 mg NO2-N l-1) were sufficient for recycle in 
the aquaculture system without danger of harming the fish. 
© CSA 

346. Nutrient removal from piggery effluent using 
vertical flow constructed wetlands in southern Brazil. 
Sezerino, P. H.; Reginatto, V.; Santos, M. A.; Kayser, K.; 
Kunst, S.; Philippi, L. S.; and Soares, H. M. 
Water Science and Technology 48(2): 129-135. (2003) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223. 
Notes: Conference: 5th International Conference on Waste 
Stabilisation Ponds: Pond technology for the new 
millennium, Auckland, New Zealand, 2-5 Apr 2002; Issue 
editors: Shilton, A. N.; Craggs, R. J.; and Walmsley, N.  
Descriptors:  biological wastewater treatment/ artificial 
wetlands/ nutrient removal/ barn wastewater/ pilot plants/ 
experimental data/ performance evaluation/ piggeries waste 
waters/ wastewater treatment (biological)/ nutrients/ farm 
buildings/ agricultural wastewaters/ Brazil, Santa Catarina/ 
wastewater treatment processes/ industrial effluents/ water 
& wastewater treatment  
Abstract:  Santa Catarina State, southern Brazil, has the 
greatest swine breeding activities of Latin America. 
Generally, the piggery wastewater is treated in pond 
systems that are able to remove organic material according 
to local environmental legislation. However, these systems 
do not remove nitrogen and phosphorus efficiently. This 
work deals with a post-treatment system, using vertical flow 
constructed wetlands. The experiment was conducted in a 
swine production farm which has 45,000 animals. Although 
the pond system was able to partially remove the content of 
nutrients, their concentration in the effluent was high for 
environmental disposal. A four-bed vertical flow constructed 
wetland pilot plant, using Typha spp., was built. The pilot 
plant operated for 280 days for beds 2-4 (sand 2). 
However, the experiments with beds 1-3 (sand 1) were 
stopped after 111 days of operation, when a reduction in 
the wastewater drainage was observed. The beds with 
sand 2 showed a 33% COD removal, and about 49% of 
nitrification was observed from 111 days until the end of the 
operation. PO sub(4)-P removal was 45% with a loading 
rate of around 1.36 g m super(-2) d super(-1). 
© CSA 

347. Organic matter accumulation during maturation of 
gravel-bed constructed wetlands treating farm dairy 
wastewaters. 
Tanner, C. C.; Sukias, J. P. S.; and Upsdell, M. P. 
Water Research 32(10): 3046-3054. (Oct. 1998) 
NAL Call #:  TD420.W3; ISSN: 0043-1354 
Descriptors:  artificial wetlands/ accumulation/ retention/ 
hydraulic loading/ dairy wastes/ density/ plant growth/ 
gravel/ organic matter/ cores/ agricultural runoff/ 

wastewater treatment/ artificial lakes/ hydrology/ dairies/ 
agricultural wastes/ wastewater treatment processes/ 
prevention and control/ sewage & wastewater treatment  
Abstract:  The accumulation of organic matter (OM) was 
investigated after two and five years in a series of four 
gravel-bed constructed wetlands supplied with different 
hydraulic loading rates (21, 26, 46 and 72 mm d super(-1)) 
of farm dairy wastewaters. At these hydraulic loadings, 
mean wastewater loadings of particulate OM (determined 
as volatile suspended solids) to the wetlands ranged 
between similar to 1.7 and 5.8 g m super(-2) d super(-1). 
Vertical and horizontal gradients of OM accumulation, 
measured by "loss on ignition", were sampled by stratified 
coring at 18 sites in each wetland, and their impact on 
wastewater residence times investigated in three of the 
wetlands using bromide as a conservative tracer. Mean 
accumulations of OM in the wetlands after five years 
operation ranged between 6.8 and 14.9 kg m super(-2), 
increasing with wastewater loading rate. The annual rates 
of accumulation during the first two years were 1.2 to 2-fold 
higher than those in the subsequent three years. Around 
50-60% of the OM occurred within the gravel substratum, 
the remainder forming surface sludges, commonly 
exceeding 50 mm depth over much of the wetland 
substratum. OM accumulation in the wetlands considerably 
exceeded that contributed from applied wastewaters, with 
wetland plant derived detritus supplying substantial 
additional quantities of OM. The effective void space of the 
wetland substrata was markedly reduced in the highest 
loaded wetland, with mean wastewater retention time 
reduced to similar to 50% of its theoretical value (corrected 
for evapotranspiration losses). In contrast, the lowest-
loaded wetland exhibited retention times close to theoretical 
values. There was, however, no direct relationship between 
OM accumulation and the effective retention times of the 
wetlands, suggesting other factors, such as differences in 
OM bulk density, spatial patterns of accumulation and plant 
root growth, and inorganic accumulations, were also 
influencing their hydrology. 
© CSA 

348. Organic matter composition, microbial biomass 
and microbial activity in gravel-bed constructed 
wetlands treating farm dairy wastewaters. 
Nguyen, L. M. 
Ecological Engineering 16(2): 199-221. (Nov. 2000) 
NAL Call #:  TD1.E26; ISSN: 0925-8574 
Descriptors:  wetlands/ biomass/ farms/ dairies/ waste 
water/ wastewater treatment/ dairy industry/ 
microorganisms/ organic matter/ sediments/ respiration/ 
agricultural wastes/ microbial activity/ humic acids/ 
Schoenoplectus tabernaemontani/ schoenoplectus 
tabernaemontani/ environmental degradation/ non-patents/ 
sewage & wastewater treatment  
Abstract:  Organic matter (OM) composition, microbial 
biomass and microbial activity in a planted (Schoenoplectus 
tabernaemontani), gravel-bed wetland receiving cumulative 
OM (determined as volatile suspended solids) loadings 
over 5 years from farm dairy wastewater (8.2 kg OM m 
super(-2)) and in situ plant residues (8.4 kg OM m super(-
2)) were investigated. Organic deposits above and within 
the gravel stratum (0-100- and 100-400 mm depths) were 
collected from six sites (with three transverse points per 
site) along the wetland channel. They were sequentially 
extracted for labile and stable OM fractions and determined 
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for total carbon (C), total nitrogen (N), biomass C, biomass 
N, and microbial activity (respiration rate). Over 90% of the 
OM accumulated in the wetland was present as stable OM 
fractions. Humic acid, fulvic acid and humin were the 
predominant stable OM fractions, accounting for similar to 
63-96% of total C in surface deposits and the gravel 
substratum. The predominance of stable OM fractions in 
the wetland was attributed to the refractory nature of OM 
inputs (lignocellulose and humic compounds) from wetland 
plant litter and the applied dairy wastewater. Clogging of 
the gravel pore spaces over a 5-year wetland operation 
was therefore a result of the accumulation of refractory 
organic solids, originating from plant litter and applied dairy 
wastewater. Mineral aluminium (Al) and iron (Fe) 
compounds did not play a major role in OM stabilisation 
and accumulation in the wetland since organic C 
associated with Al and Fe accounted for <2% of the total C 
in surface deposits and the gravel substratum. Humic 
compounds were at least 2-fold higher in surface deposits 
and the top 100 mm of the gravel-bed than the lower gravel 
substratum, suggesting that pore clogging by these 
compounds was more prominent in the top layer of the 
gravel-bed. Microbial respiration rate and microbial biomass 
were significantly (P less than or equal to 0.001) correlated 
with sediment OM fractions, suggesting that these microbial 
parameters may be used to predict changes in the labile 
and stable fractions of OM accumulation in the wetland. 
Both quantitative assessment of OM content and qualitative 
determination of labile and stable OM fractions in surface 
deposits and the gravel substratum are equally important in 
the understanding of OM accumulation-decomposition and 
pore clogging in gravel-bed wetlands. 
© CSA 

349. Oxidation of the root zone by aquatic plants 
growing in gravel-nutrient solution culture. 
Steinberg, S. L. and Coonrod, H. S. 
Journal of Environmental Quality 23(5): 907-913. (1994) 
NAL Call #:  QH540.J6; ISSN: 0047-2425. 
Notes: Conference: Symposium on Wetland Processes and 
Water Quality, Minneapolis, MN (USA), 3-4 Nov 1992 
Descriptors:  wetlands/ aquatic plants/ nutrients/ chemical 
reactions/ oxygen/ oxidation/ wastewater treatment/ roots/ 
redox reactions/ waste disposal sites/ redox potential/ 
wastewater aquaculture/ Juncus alpinus/ Phalaris 
arundinacea/ Typha latifolia/ redox potential/ waste disposal 
sites/ wastewater aquaculture/ root zone/ roots/ redox 
reactions/ nutrients/ chemical processes/ freshwater 
pollution/ methods and instruments/ plant culture  
Abstract:  The root zone oxidation state was monitored over 
a period of 87 d for alpine rush (Juncus alpinus Vill.), 
canarygrass (Phalaris arundinacea L.), and cattail (Typha 
latifolia L.) growing in gravelnutrient solution culture. The 
dissolved oxygen concentration in the root zone of cattail 
and canarygrass was less than or equal to 1 mg/L, whereas 
in alpine rush it ranged from 0 to 2 mg/L. All planted 
treatments consistently had a dissolved oxygen 
concentration 1 to 2 mg/L lower than gravel without plants. 
Redox potentials in the root zone of alpine rush were 
normally between 400 and 700 mV, indicating an aerobic 
root zone. The root zone of cattail also tended to be 
aerobic, although redox potentials of < 400 mV were 
obtained 40% of the time. Canarygrass had the most 
reduced root zone with 85% of the redox potential 
measurements < 400 mV. Dissolved oxygen concentrations 

and redox potentials in the root zone did not change 
significantly on a diurnal basis for any of the plant species. 
The results show that there was a plant species effect on 
the oxidation state of the root zone as measured by 
dissolved oxygen and redox potential. 
© CSA 

350. Performance of a constructed wetland treating 
intensive shrimp aquaculture wastewater under high 
hydraulic loading rate. 
Lin, Y. F.; Jing, S. R.; Lee, D. Y.; Chang, Y. F.; Chen, Y. M.; 
and Shih, K. C. 
Environmental Pollution 134(3): 411-421. (Apr. 2005) 
NAL Call #:  QH545.A1E52; ISSN: 0269-7491 
Descriptors:  artificial wetlands/ economics/ feasibility 
studies/ water quality control/ aquaculture effluents/ 
wastewater treatment/ hydraulics/ biochemical oxygen 
demand/ ammonia/ nitrites/ prawn culture/ intensive culture/ 
water management/ environmental impact/ suspended 
particulate matter/ recirculating systems/ water pollution 
treatment/ nitrogen compounds/ aquaculture economics/ 
feasibility/ culture effects/ Crustacea/ sewage & wastewater 
treatment/ effects of aquaculture on the environment/ 
effects of aquaculture on the environment/ protective 
measures and control/ water & wastewater treatment  
Abstract:  A water treatment unit, mainly consisting of free 
water surface (FWS) and subsurface flow (SF) constructed 
wetland cells, was integrated into a commercial-scale 
recirculating aquaculture system for intensive shrimp 
culture. This study investigated performance of the 
treatment wetlands for controlling water quality. The results 
showed that the FWS-SF cells effectively removed total 
suspended solids (55-66%), 5-day biochemical oxygen 
demand (37-54%), total ammonia (64-66%) and nitrite (83-
94%) from the recirculating water under high hydraulic 
loading rates (1.57-1.95 m/day). This led to a water quality 
that was suitable for shrimp culture and effluent that always 
satisfied the discharge standards. The area ratios of 
wetlands to culture tank being demonstrated (0.43) and 
calculated (0.096) in this study were both significantly lower 
than the reported values. Accordingly, a constructed 
wetland was technically and economically feasible for 
managing water quality of an intensive aquaculture system. 
© CSA 

351. Phosphorus adsorption characteristics of a 
constructed wetland soil receiving dairy farm 
wastewater. 
Jamieson, T. S.; Stratton, G. W.; Gordon, R.; and 
Madani, A. 
Canadian Journal of Soil Science 82(1): 97-104. (2002) 
NAL Call #:  56.8 C162; ISSN: 0008-4271. 
Notes: Original Title: Adsorption du phosphore par une 
terre humide artificielle recevant les eaux usees d'une 
exploitation laitiere 
Descriptors:  wetlands/ phosphorus removal/ adsorption/ 
dairy wastes/ wastewater disposal/ regression analysis/ 
farm wastes/ dairies/ agricultural wastes/ Canada, Nova 
Scotia/ wastewater treatment processes/ land pollution/ 
water & wastewater treatment  
Abstract:  Adsorption to soil has been identified as a key 
wastewater P removal mechanism in treatment wetlands. 
Batch incubation experiments were performed to measure 
the capacity of a constructed dairy farm wetland in Pictou 
County, Nova Scotia, to remove P from solution. The 
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constructed wetland had been receiving wastewater since 
1996. Non-linear regression analysis was performed using 
the Langmuir adsorption model to describe the P 
adsorption characteristics for the wetland soil under study. 
The Langmuir model was adequate in describing the P 
adsorption characteristics of the system studied. The P 
adsorption maxima found were approximately 925, 924, 
and 1600 mg P kg super(-1) soil, for the deep zone soil, 
shallow zone soil, and a background soil (not receiving 
wastewater), respectively. The P adsorption maxima for the 
deep zone and shallow zone soils were not significantly 
different (P > 0.05) from one another, but were significantly 
lower (P < 0.05) than the background soil. These data, 
together with information on wastewater inflow and P 
loading, were used to predict a lifespan of 8 yr for this 
wetland, relative to P removal. 
© CSA 

352. Phosphorus biogeochemistry of wetlands in 
agricultural watersheds. 
Dunne, E. J. and Reddy, K. R. 
In: Nutrient management in agricultural watersheds: A 
wetlands solution/ Dunne, E. J.; Reddy, K. R.; and  
Carton, O. T. 
Wageningen, Netherlands: Wageningen Academic 
Publishers, 2005; pp. 105-119. 
Notes: International symposium on Nutrient Management in 
Agricultural Watersheds: A Wetlands Solution, Wexford, 
Ireland; ISBN: 9076998612 
Descriptors:  wetlands/ absorption/ acid soils/ adsorption/ 
agriculture/ alkaline soils/ aluminium/ artificial wetlands/ 
bioavailability/ biogeochemistry/ calcium/ chemical 
precipitation/ desorption/ eutrophication/ inorganic 
phosphorus/ iron/ nutrient content/ nutrients/ phosphate/ 
phosphorus/ retention/ reviews/ river water/ sediment/ soil 
types/ soil water/ solubility/ sorption/ sorption isotherms/ 
streams/ transport processes/ water pollution/ water quality/ 
watersheds/ wetland soils 
Abstract:  Within agricultural watersheds, wetlands are 
located at the interface between terrestrial uplands and 
truly aquatic systems. Therefore, the processes occurring 
within wetland systems affect down stream water quality as 
water and associated nutrients such as phosphorus (P) are 
typically transported from upland areas to aquatic systems. 
This review will describe some of the common forms of P 
found in wetland soils/sediments and the processes 
responsible for P transformation and translocation. 
Phosphorus forms that enter a wetland are typically 
grouped into: (i) dissolved inorganic P; (ii) dissolved organic 
P; (iii) particulate inorganic P; and particulate organic P. 
Calcium (Ca) compounds determine the availability of 
inorganic P in alkaline soils while, in acidic soils iron (Fe) 
and aluminium (Al) controls P solubility. Inorganic P has 
four main fractions of decreasing bioavailability (viz., 
exchangeable P, Fe and Al bound P, Ca and Mg bound P, 
and residual P). Phosphorus sorption is one of the main 
processes involved in inorganic P biogeochemistry in 
wetland soils/sediments. Sorption is controlled by the 
concentration of phosphate in soil porewater and solid 
phases. Maximum sorption capacity of a soil can be 
determined using empirical models. Typically, soils only 
sorb P when added P in solution has a higher concentration 
than soil porewater. Phosphorus precipitation involves the 
reaction of phosphate ions with metallic cations forming 
solid precipitate. Inorganic P forms dominate the 

bioavailable fractions, whereas organic P fractions typically 
dominate the total P content of wetland soils/sediments. 
Organic P compounds can also be fractionated in 
decreasing order of bioavailability. At the wetland 
ecosystem-scale processes involved in long term P 
retention include: sorption on wetland substrates and the 
accumulation and subsequent accretion of new 
soil/sediment material. 
© CAB International/CABI Publishing 

353. Phosphorus removal from trout farm effluents by 
constructed wetlands. 
Comeau, Y.; Brisson, J.; Reville, J. P.; Forget, C.; and 
Drizo, A. 
Water Science and Technology 44(11-12): 55-60. (2001) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223. 
Notes: Conference: 7th International Conference on 
Wetland Systems for Water Pollution Control 2000, Lake 
Buena Vista, FL [USA], 11-16 Nov 2000; Issue editors: 
Kadlec, R. H. and Reddy, K. R.; ISBN: 1843394073 
Descriptors:  wastewater treatment/ fish farming/ stage 
treatment/ filtration/ screens/ artificial wetlands/ suspended 
solids/ phosphorus removal/ performance evaluation/ 
feasibility studies/ phosphorus/ aquaculture effluents/ 
pollution control/ water quality control/ fish culture/ fish 
farming/ screens and screening/ freshwater fish/ limestone/ 
effluent treatment/ macrophytes/ Salmonidae/ Phragmites 
australis/ salmonids/ wastewater treatment processes/ 
effects of aquaculture on the environment/ effects of 
aquaculture on the environment/ prevention and control/ 
underground services and water use/ sewage & wastewater 
treatment/ water & wastewater treatment  
Abstract:  Freshwater trout farms need a high and 
continuous clean water flow to keep fish exposed to a non-
toxic ammonium concentration. As a result, the 
concentration of effluents from these farms are even below 
standard effluent criteria for municipal wastewater effluent 
for solids, nitrogen and phosphorus. Nevertheless, the 
mass of pollutants discharged, originating mostly from 
excreta and undigested fish food, must be reduced by 
simple and economical treatment processes. We designed 
and operated a three-stage system aimed at retaining 
solids by a 60 mu m nylon rotating microscreen followed by 
treatment with a phosphorus-retaining constructed wetland 
system. Washwater from the microscreen was pumped to a 
series of two horizontal flow beds of 100 m super(3) each 
(0.6 m deep). Coarse (2 mm) and finer (< 2 mm) crushed 
limestone were used in each bed, respectively, with the first 
one being planted with reeds (Phragmites australis) and the 
second one designed to remove even more phosphorus by 
adsorption and precipitation. Preliminary results indicated 
that the microscreen captured about 60% of the suspended 
solids and that greater than 95% of the suspended solids 
and greater than 80% of the total phosphorus mass loads 
were retained by the beds. The potential of constructed 
wetlands as an ecologically attractive and economical 
method for treating fish farm effluents to reduce solids and 
phosphorus discharge appears promising. 
© CSA 
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354. Phosphorus removal in emergent free surface 
wetlands. 
Kadlec, R. H. 
Journal of Environmental Science and Health, Part A 
Toxic/Hazardous Substances and Environmental 
Engineering 40(6-7): 1293-1306. (2005) 
NAL Call #:  TD172.J6; ISSN: 1093-4529 
Descriptors:  wetlands/ agricultural runoff/ phosphorus/ 
surface flow/ treatment/ wastewater  
Abstract:  Constructed and natural wetlands are capable of 
absorbing new phosphorus loadings, and, in appropriate 
circumstances, can provide a low-cost alternative to 
chemical and biological treatment. Phosphorus interacts 
strongly with wetland soils and biota, which provide both 
short-term and sustainable long-term storage of this 
nutrient. Soil sorption may provide initial removal, but this 
partly reversible storage eventually becomes saturated. 
Uptake by biota, including bacteria, algae, and duckweed, 
as well as macrophytes, forms an initial removal 
mechanism. Cycling through growth, death, and 
decomposition returns most of the biotic uptake, but an 
important residual contributes to long term accretion in 
newly formed sediments and soils. Despite the apparent 
complexity of these several removal mechanisms, data 
analysis shows that relatively simple equations can 
describe the sustainable processes. Previous global first 
order removal rates characterize the sustainable removal, 
but do not incorporate any biotic features. This article 
reviews the relevant processes and summarizes 
quantitative data on wetland phosphorus removal. 
Copyright © Taylor & Francis Inc. 
© 2006 Elsevier B.V. All rights reserved. 

355. Phytoremediation of toxic trace elements in soil 
and water. 
LeDuc, D. L. and Terry, N. 
Journal of Industrial Microbiology and Biotechnology  
32(11-12): 514-520. (2005) 
NAL Call #:  QR53 .J68; ISSN: 1367-5435 
Descriptors:  constructed wetlands/ hyperaccumulators/ 
phytoremediation/ phytovolatilization/ selenium  
Abstract:  Toxic heavy metals and metalloids, such as 
cadmium, lead, mercury, arsenic, and selenium, are 
constantly released into the environment. There is an 
urgent need to develop low-cost, effective, and sustainable 
methods for their removal or detoxification. Plant-based 
approaches, such as phytoremediation, are relatively 
inexpensive since they are performed in situ and are solar-
driven. In this review, we discuss specific advances in 
plant-based approaches for the remediation of 
contaminated water and soil. Dilute concentrations of trace 
element contaminants can be removed from large volumes 
of wastewater by constructed wetlands. We discuss the 
potential of constructed wetlands for use in remediating 
agricultural drainage water and industrial effluent, as well 
as concerns over their potential ecotoxicity. In upland 
ecosystems, plants may be used to accumulate 
metals/metalloids in their harvestable biomass 
(phytoextraction). Plants can also convert and release 
certain metals/metalloids in a volatile form 
(phytovolatilization). We discuss how genetic engineering 
has been used to develop plants with enhanced efficiencies 
for phytoextraction and phytovolatilization. For example, 
metal-hyperaccumulating plants and microbes with unique 
abilities to tolerate, accumulate, and detoxify metals and 

metalloids represent an important reservoir of unique genes 
that could be transferred to fast-growing plant species for 
enhanced phytoremediation. There is also a need to 
develop new strategies to improve the acceptability of using 
genetically engineered plants for phytoremediation. © 
Society for Industrial Microbiology 2005. 
© 2006 Elsevier B.V. All rights reserved. 

356. Plant community succession in a coastal wetland 
after abandonment of cultivation: The example of the 
Rhone Delta. 
Mesleard, F.; Grillas, P.; and Lepart, J. 
Vegetatio 94(1): 35-45. (1991) 
NAL Call #:  450 V52; ISSN: 0042-3106 
Descriptors:  wetlands/ species richness/ environmental 
factors/ old fields/ coastal environments/ agriculture/ salinity 
effects/ ecological succession/ plant populations/ France, 
Camargue/ succession/ ecological succession/ plant 
populations/ Med, France, Camargue/ species richness/ old 
fields/ coastal environments/ coastal ecosystems/ habitat 
community studies  
Abstract:  A synchronous study was carried out of plant 
succession in land abandoned after cultivation in the 
Camargue (southern France) in relation to the main biotic 
and abiotic environmental factors. Correlations between 
environmental factors and species abundance were 
established using Canonical correspondence analysis. The 
most strongly correlated variables were those of the water 
regime. Abandonment of cultivation does not always imply 
abandonment of management, but a change in land use. 
Water level management (flooding in winter, or in summer, 
irrigation) creates and maintains communities suitable for 
grazing. In the absence of water level management, the 
soils become saline and stable plant communities similar to 
those present under natural conditions quickly develop. The 
salt generally limits the installation of woody plants; only 
Phillyrea angustifolia can develop and then only when the 
water stable is quite deep. It appears that the forest stage 
can only be reached in the proximity of riverine gallery 
forest and irrigation canals where Populus alba is dominant. 
© CSA 

357. Plant succession and greentree reservoir 
management: Implications for management and 
restoration of bottomland hardwood wetlands. 
King, S. L. and Allen, J. A. 
Wetlands 16(4): 503-511. (1996) 
Descriptors:  wetlands/ ecological succession/ resource 
management/ reclamation/ flood plains/ habitat 
improvement/ flooding/ forests/ water management/ 
environmental restoration/ hydrological regime/ hardwood/ 
waterfowl/ habitats/ USA/ bottomland hardwood forests/ 
environmental restoration/ hydrological regime/ hardwood/ 
waterfowl/ habitats/ ecological succession/ reclamation/ 
habitat improvement/ resource management  
Abstract:  Bottomland hardwood forests are distributed 
along rivers and streams throughout the central and 
eastern United States, with the greatest concentration in 
the Southeast. Past and projected losses of bottomland 
hardwoods and degradation of remaining stands suggest 
that habitat management and/or restoration strategies that 
target multiple species and multiple uses will be necessary 
to maintain, enhance, and restore flora and fauna within 
bottomland hardwood wetlands. A greentree reservoir is a 
current management strategy that entails manipulating 
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water regimes to provide habitat for wintering waterfowl. 
We conducted a literature review and synthesis to 
determine the potential impacts of greentree reservoir 
management on plant succession within bottomland 
hardwood wetlands. Greentree reservoirs can impact 
vegetation establishment through several processes. 
Despite shortcomings of greentree reservoirs, designs 
similar to them could be very beneficial in restoring 
bottomland hardwood plant and animal communities from 
degraded forests provided water-level control and 
maintenance are substantially improved. Emulation of 
natural hydrologic regimes, including natural variability, 
could produce diverse bottomland hardwood plant 
communities and provide habitat for a variety of wildlife 
species. 
© CSA 

358. The potential use of constructed wetlands in a 
recirculating aquaculture system for shrimp culture. 
Lin, Y. F.; Jing, S. R.; and Lee, D. Y. 
Environmental Pollution 123(1): 107-113. (2003) 
Descriptors:  aquaculture effluents/ effluent treatment/ 
wastewater treatment/ water quality/ physicochemical 
properties/ fisheries/ artificial wetlands/ shrimp culture/ 
aquaculture systems/ recirculating systems/ water quality 
control/ culture media/ aquaculture techniques/ Litopenaeus 
vannamei/ Taiwan/ whiteleg shrimp/ constructed wetlands/ 
sewage & wastewater treatment/ methods and instruments/ 
aquaculture/ shellfish culture/ shellfish culture/ water & 
wastewater treatment  
Abstract:  A pilot-scale constructed wetland unit, consisting 
of free water surface (FWS) and subsurface flow (SF) 
constructed wetlands arranged in series, was integrated 
into an outdoor recirculating aquaculture system (RAS) for 
culturing Pacific white shrimp (Litopenaeus vannamei). This 
study evaluated the performance of the wetland unit in 
treating the recirculating wastewater and examined the 
effect of improvement in water quality of the culture tank on 
the growth and survival of shrimp postlarvae. During an 80-
day culture period, the wetland unit operated at a mean 
hydraulic loading rate of 0.3 m/day and effectively reduced 
the influent concentrations of 5-day biochemical oxygen 
demand (BOD sub(5), 24%), suspended solids (SS, 71%), 
chlorophyll a (chl-a, 88%), total ammonium (TAN, 57%), 
nitrite nitrogen (NO sub(2)-N, 90%) and nitrate nitrogen 
(NO sub(3)-N, 68%). Phosphate (PO sub(4)-P) reduction 
was the least efficient (5.4%). The concentrations of SS, 
Chl-a, turbidity and NO sub(3)-N in the culture tank water in 
RAS were significantly (P[less-than-or-equals, slant]0.05) 
lower than those in a control aquaculture system (CAS) that 
simulated static pond culture without wetland treatment. 
However, no significant difference (P<=0.05) in BOD 
sub(5), TAN and NO sub(2)- N was found between the two 
systems. At the end of the study, the harvest results 
showed that shrimp weight and survival rate in the RAS 
(3.8+/-1.8 g/shrimp and 90%) significantly (P<=0.01) 
exceeded those in the CAS (2.3+/-1.5 g/shrimp and 71%). 
This study concludes that constructed wetlands can 
improve the water quality and provide a good culture 
environment, consequently increasing the shrimp growth 
and survival without water exchange, in a recirculating 
system. Constructed wetlands improved water qualities and 
consequently increased the shrimp growth and survival in a 
recirculating system. 
© CSA 

359. A proposed methodology for measuring 
incremental environmental benefits from using 
constructed wetlands to control agricultural non-point-
source pollution. 
Macdonald, H. F.; Bergstrom, J. C.; and Houston, J. E. 
Journal of Environmental Management 54(4): 259-267. 
(Dec. 1998) 
NAL Call #:  HC75.E5J6; ISSN: 0301-4797 
Descriptors:  water quality control/ pollution control/ 
wastewater treatment/ agricultural pollution/ agricultural 
runoff/ environment management/ water pollution 
treatment/ nonpoint pollution sources/ water pollution 
prevention/ environmental quality/ artificial wetlands/ 
benefits/ cultivated lands/ prevention and control/ water 
quality control  
Abstract:  A binary response estimation procedure using 
contingent valuation data is proposed for estimating the 
incremental environmental benefits associated with the use 
of constructed wetlands to control agricultural waste-water 
runoff. The model uses two binary responses per individual 
while circumventing the non-independence problems 
associated with follow-up valuation questions. Case study 
results suggest that the methodology provides a potentially 
effective means for measuring the non-market benefits of 
constructed wetlands in addition to water-quality 
maintenance. 
© CSA 

360. Quantification of P-flux through shallow, 
agricultural and natural waters as found in wetlands of 
the Camargue (S. France). 
Golterman, H. L. 
Hydrobiologia 392(1):  29-39. (1999) 
NAL Call #:  410 H992; ISSN: 0018-8158. 
Notes: Special Issue: "Sediment-Water Interaction 9". 
Descriptors:  wetlands/ phosphates/ pollution dispersion/ 
agricultural pollution/ hydrology/ path of pollutants/ 
agricultural runoff/ chemical reactions/ rice fields/ 
agriculture/ fertilizers/ marshes/ irrigation/ aquatic 
environment/ France, Camargue/ France, Etang de 
Vaccares/ France/ characteristics, behavior and fate/ 
sources and fate of pollution/ freshwater pollution  
Abstract:  The flux of phosphate in the aquatic ecosystems 
of the Camargue was modelled. The model developed for 
the hydrological unit, the water basin of the Aube de Bouic, 
is based on the hydrology of the system, the reaction 
equations of the adsorption of phosphate onto Fe(OOH) 
and the solubility product of apatite. The water basin 
consists of an inlet canal, the Aube de Bouic, ricefields and 
natural marshes, plus a drainage canal through which the 
excess water is pumped into the Etang de Vaccares. 
Phosphate is introduced into ricefields either with the 
irrigation water, taken from the Rhone, or as fertiliser. Most 
of the phosphate will be fixed on the ricefield soils either as 
iron-bound or as calcium-bound phosphate, depending on 
the pH. The o-phosphate concentration will slowly increase 
to an extent depending on the pH. From the ricefields water 
will flow towards the Etang de Vaccares; the amount of 
phosphate reaching the Etang de Vaccares depends on the 
pH of the system and the depth of the water outlet of the 
ricefields. In six different scenarios the amount of 
phosphate reaching the Etang de Vaccares is calculated 
depending on the quantity of fertiliser, the depth of the 
water outlet and the pH. For the Etang de Vaccares the 
model predicts the present concentration of o-P relatively 
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well and shows that the loading is considerable. This 
should cause concern; the danger of serious eutrophication 
is real. Part of the irrigation water is used to refill or keep 
under water the natural marshes in this hydrological unit, 
which without irrigation would dry out during summer. Again 
high P-concentrations are found in the marshes, but mostly 
in the form of Fe(OOH) approximately P or CaCO sub(3) 
approximately P, the ratio of which depends again on the 
pH of the sediments. The o-P concentration has remained 
low up to now. 
© CSA 

361. Removal of dimethyl disulfide and p-cresol from 
swine facility wastewater using constructed 
subsurface-flow wetlands. 
Wood, S. L.; Wheeler, E. F.; and Berghage, R. D. 
Transactions of the ASAE 43(4): 973-979. (2000) 
NAL Call #:  290.9 Am32T; ISSN: 0001-2351 
Descriptors:  odor control/ wastewater treatment/ pollution 
control/ pig manure/ constructed wetlands  
Abstract:  Anecdotal evidence suggests that constructed 
wetlands can remove odors from veal, dairy, and swine 
wastes (Murphy and George, 1997; McCaskey, 1995). 
However, the use of constructed wetlands as an odor 
control treatment will be more successful after malodor 
reduction in wetland systems has been quantified. This 
study quantified odor removal from swine facility 
wastewater (feces, urine, and flushwater) in constructed 
subsurface-flow wetlands. Four wetlands planted with 
wetland grasses and four unplanted wetlands received 
swine facility waste. The relationship between wetland 
treatments (planted vs unplanted) and reductions of 
malodorous dimethyl disulfide and p-cresol in wastewater 
were examined. Reductions in odor intensity and 
offensiveness as perceived by a human sensory panel 
were also studied. Gas chromatography analysis indicated 
that planted wetlands removed 80 and 83% of dimethyl 
disulfide (DMDS) and p-cresol, respectively. Unplanted 
wetlands removed 52 and 64% of dimethyl disulfide and p-
cresol, respectively. The reductions in DMDS and p-cresol 
did not differ significantly (p>0.05) between the two 
treatments. A human sensory panel, using the cloth swatch 
technique, assigned a median odor intensity and 
offensiveness rating of 4 (identifiable odor-offensive, but 
tolerable) to untreated swine facility wastewater. Median 
odor ratings for both planted and unplanted effluent were 1 
(faint odor-nonidentifiable, not offensive). These median 
odor ratings were significantly (p<0.05) lower than the 
median odor rating for untreated wastewater, indicating that 
constructed wetlands were effective in removing malodor 
from swine facility wastewater. 
This citation is from AGRICOLA. 

362. Removal of enteric bacteria in constructed 
treatment wetlands with emergent macrophytes: A 
review. 
Vymazal, J. 
Journal of Environmental Science and Health, Part A: 
Toxic/Hazardous Substances & Environmental Engineering 
40(6-7): 1355-1367. (2005) 
NAL Call #:  TD172.J6; ISSN: 1093-4529 
Descriptors:  wastewater/ bacteria/ artificial wetlands/ 
macrophytes/ fecal coliforms/ hydraulics/ vegetation/ public 
health/ reviews/ environmental health/ environmental 
engineering/ biofiltration/ wastewater treatment/ 

microorganisms/ waste water/ colony-forming cells/ 
pollution/ sewage/ biofilters/ coliforms/ hydraulic loading/ 
pathogenic organism/ indicators/ enteric bacteria/ risk/ 
Escherichia coli/ water pollution sources/ catchment areas/ 
surveys/ domestic wastes/ sewage and wastewater 
treatment/ other water systems/ wastewater treatment 
processes/ sewage/ water and wastewater treatment  
Abstract:  Domestic and municipal sewage contains various 
pathogenic or potentially pathogenic microorganisms which, 
depending on species concentration, pose a potential risk 
to human health and whose presence must therefore be 
reduced in the course of wastewater treatment. The 
removal of microbiological pollution is seldom a primary 
target for constructed treatment wetlands (CWs). However, 
wetlands are known to act as excellent biofilters through a 
complex of physical, chemical and biological factors which 
all participate in the reduction of the number of bacteria. 
Measurement of human pathogenic organisms in untreated 
and treated wastewater is expensive and technically 
challenging. Consequently, environmental engineers have 
sought indicator organisms that are (1) easy to monitor and 
(2) correlate with population of pathogenic organisms. The 
most frequently used indicators are total coliforms, fecal 
coliforms, fecal streptococci and Escherichia coli. The 
literature survey of 60 constructed wetlands with emergent 
vegetation around the world revealed that removal of total 
and fecal coliforms in constructed wetlands with emergent 
macrophytes is high, usually 95 to >99% while removal of 
fecal streptococci is lower, usually 80-95%. Because 
bacterial removal efficiency is a function of inflow bacteria 
number, the high removal effects are achieved for 
untreated or mechanically pretreated wastewater. 
Therefore, the outflow numbers of bacteria are more 
important. For TC and FC the outflow concentrations are 
usually in the range of 10 super(2) to 10 super(5) CFU/ 100 
ml while for FS the range is between 10 super(2) and 10 
super(4) CFU/ 100 ml. Results from operating systems 
suggest that enteric microbe removal efficiency in CWs with 
emergent macrophytes is primarily influenced by hydraulic 
loading rate (HLR) and the resultant hydraulic residence 
time (HRT) and the presence of vegetation. Removal of 
enteric bacteria follows approximately a first-order 
relationship. 
© CSA 

363. Removal of solids and oxygen demand from 
aquaculture wastewater with a constructed wetland 
system in the start-up phase. 
Lin, Y. F.; Jing, S. R.; and Lee, D. Y. 
Water Environment Research 74(2)(Mar. 2002-Apr. 2002) 
NAL Call #:  TD419.R47; ISSN: 1061-4303 
Descriptors:  wastewater treatment/ aquaculture/ artificial 
wetlands/ performance evaluation/ suspended solids/ 
algae/ chemical oxygen demand/ hydraulic loading/ water 
pollution treatment/ aquaculture effluents/ suspended 
particulate matter/ ground water/ surface water/ aquatic 
plants/ pollution control/ hydrology/ biodegradation/ 
performance assessment/ wastewater treatment processes/ 
protective measures and control/ effects of aquaculture on 
the environment/ effects of aquaculture on the environment/ 
industrial effluents/ sewage & wastewater treatment/ water 
& wastewater treatment  
Abstract:  A pilot-scale, constructed wetland system 
consisting of a free water surface (FWS) and a subsurface 
flow (SF) wetland operated in series was set up for treating 
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aquaculture farm wastewater. This study examined the 
system start-up phenomena and evaluated its performance 
in removing suspended solids, algae, and chemical oxygen 
demand (COD) under various hydraulic loading rates (1.8 
to 13.5 cm/d). The SF wetland achieved stable effluent 
qualities without an adaptation period, while the FWS 
wetland required approximately 5 months to reach 
consistent removal levels for suspended solids and algae. 
Macrophyte density was a critical factor affecting the 
reduction of suspended solids and chlorophyll for the FWS 
wetland, but not for the SF wetland. Suspended solids 
removals in both of the wetlands and the combined system 
(47 to 86%) decreased significantly as the hydraulic loading 
rate increased, strongly following the first-order mass-
decrease equation. Phytoplankton solids (biomass and 
detritus) were a primary source of suspended solids in the 
aquaculture wastewater. Both chlorophyll reduction (76 to 
95%) and COD removal (25 to 55%) in the constructed 
wetland system were apparently not affected by hydraulic 
loading. While algae died out because of limited sunlight in 
both wetlands, algae detritus probably still contributed fine 
particles that were difficult to remove from the water by 
either filtering or settling out. Removed suspended solids 
did not result in the increase of COD and nutrients, 
indicating that further solids stabilization occurred in the 
wetland system. 
© CSA 

364. Restoration experiments in middle European wet 
terrestrial ecosystems: An overview. 
Pfadenhauer, J. and Kloetzli, F. 
Plant Ecology 126(1-4): 101-115. (Sept. 1996) 
NAL Call #:  QK900.P63; ISSN: 0042-3106. 
Notes: Conference: 6th International Congress of Ecology, 
Manchester (UK), Aug 1994 
Descriptors:  wetlands/ peat/ agriculture/ man-induced 
effects/ ecosystem management/ nature conservation/ 
restoration/ environmental effects/ flooding/ drainage/ 
Europe/ fens/ water retention/ environmental/ drainage/ 
man-induced effects/ ecosystem management/ nature 
conservation/ restoration/ habitat community studies/ 
protective measures and control/ reclamation/ effects on 
water of human nonwater activities  
Abstract:  Most wetlands in the central European lowlands 
have been severely altered by cultivation. As a 
consequence they no longer fulfil their function as habitats 
for specialised species and communities, nor as retention 
areas for water and solid materials. Therefore, a number of 
renaturation experiments are in progress, which intend to 
develop and test strategies and measures to improve this 
defect in landscape diversity. For this purpose experiments 
on re-wetting, nutrient depletion of eutrophicated areas and 
re-establishment of typical wetland plant species and 
phytocoenoses have been performed. An ecological 
development concept defining the aims and describing their 
feasibility precedes such experiments. Preliminary results 
indicate that the reconstruction of the former state 
(regeneration) is impossible within reasonable time spans. 
In drained raised bogs overgrown with heather, as well as 
in those which have been industrially exploited, the primary 
aim must always be to restore efficient peat formation as far 
as possible; as a rule one succeeds only with well-growing 
and nutrient-demanding fen and transitional bog species. In 
cultivated fens the aim is to reduce peat loss. As a first step 
this is accomplished by converting arable fields and sown 

meadows into permanent grassland, if possible with 
reduced fertilization and low mowing or grazing 
frequencies, and accompanied by rewetting during winter. 
Many experiments have sought to impoverish eutrophicated 
fen soils and introduce typical fen species by sowing or 
planting, so well tested techniques are available. However, 
the total prevention of peat loss is only possible by 
permanent rewetting throughout the year, so that peat 
accumulation can start again. Only in this way could fens 
regain their former function as sinks in landscape 
processes. 
© CSA 

365. Restoration of a Canadian prairie wetland with 
agricultural and municipal wastewater. 
White, J. S. 
Environmental Management 24(1): 25-37. (1999) 
NAL Call #:  HC79.E5E5; ISSN: 0364-152X 
Descriptors:  wetlands/ environmental restoration/ prairies/ 
habitat/ species richness/ waste water/ municipal 
wastewater/ food processing industry/ land application/ land 
management/ land reclamation/ land disposal/ wildlife 
management/ birds/ water management/ habitat 
improvement/ waste utilization/ aquatic birds/ vegetation 
cover/ ecosystem management/ wildlife conservation/ 
marshes/ wastewater treatment/ Canada, Alberta  
Abstract:  A rapid development and approval process was 
employed by Ducks Unlimited Canada and other 
stakeholders to restore a 1246-ha (3079-acre) northern 
prairie wetland in southern Alberta, Canada, with 3640 m 
super(3)/day (800,000 US gallons) of municipal wastewater 
and beef processing wastewater. A large nongovernmental 
organization hastened restoration with a development 
process that outlined restoration goals and management 
objectives to satisfy a dual mandate of wastewater 
treatment and wildlife habitat creation. In 1995, after five 
years of wastewater additions, the basins had been refilled 
and the surrounding uplands had been acquired and 
restored. The Frank Lake Conservation Area currently 
provides high-quality habitat for a variety of wildlife in a 
region where many of the native plants and animals 
species have been lost due to habitat loss and 
fragmentation. The success of upland and water 
management strategies is reflected in the increase of target 
species' abundance and richness: 50 shorebird species, 44 
waterfowl species, 15 raptor species, and 28 other new bird 
species have returned to the marsh since restoration. As 
well, significant N and P reduction occurs as waters flow 
through the first basin of the marsh. The management 
strategies of this project that satisfied a dual mandate serve 
as a model to guide managers of other large-scale wetland 
restoration projects. 
© CSA 

366. Restoration of Botshol (The Netherlands) by 
reduction of external load: Problem analyses and 
restoration methods. 
Van Iersel, P. B. W. and Rip, W. J. 
Hydrobiological Bulletin 25(3): 265-273. (1992) 
NAL Call #:  QH90.A1H9; ISSN: 0165-1404 
Descriptors:  wetlands/ botshol/ eutrophication/ lake 
restoration/ nutrient removal/ The Netherlands/ water 
pollution control/ water quality management/ agricultural 
drainage/ algal growth/ nutrients/ phosphorus  
Abstract:  Since 1960 the water quality of the Botshol 
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nature reserve in The Netherlands has been deteriorating 
due to an increase in the nutrient load that has caused 
increases in algal growth. The source of the nutrients is 
believed to be nutrient-rich agricultural water that flows into 
the area and the Nellestein polder which contains 
meadows, marshland, reedland, hayfields and roughlands, 
and open water. Interdisciplinary research has been 
conducted from 1980 to 1985 in order to analyze the 
causes of the changes. An integrated restoration plan was 
developed to reduce the eutrophication. In 1989 the plan 
was implemented: (1) agricultural areas were isolated from 
the reserve area; and (2) the inlet water was 
dephosphorized. These restoration measures resulted in a 
reduction of the external load from 0.6 to 0.1 g P/sq m/y. 
(Author's abstract) 
© CSA 

367. Restored wetlands as filters to remove nitrogen. 
Romero, J. A.; Comin, F. A.; and Garcia, C. 
Chemosphere 39(2): 323-332. (1999) 
NAL Call #:  TD172.C54; ISSN: 0045-6535. 
Notes: Conference: XIII International Symposium on 
Environmental Biogeochemistry -- Matter and energy fluxes 
in the anthropocentric environment, Monopoli (Italy), 21-26 
Sep 1997; Issue editors: Sensesi, N.; Rice, J. A.; and 
Miano, T. M. 
Descriptors:  wetlands/ filtration/ agricultural runoff/ nitrogen 
removal/ Spain, Ebro Delta/ water quality/ retention/ 
macrophytes/ bioaccumulation/ kinetics/ recycling/ rice/ 
filters/ water quality control/ biofilters/ nitrogen/ aquatic 
plants/ agricultural pollution/ land use/ rice fields/ sediment 
chemistry/ restoration/ nitrogen cycle/ Typha latifolia/ 
Scirpus lacustris/ Phragmites australis/ Spain, Cataluna, 
Tarragona, Ebro Delta/ nitrogen removal/ freshwater 
pollution/ water quality control/ protective measures  
and control  
Abstract:  Four wetlands established in abandoned 
ricefields and dominated by Phragmites australis, Typha 
latifolia and Scirpus lacustris were used to improve the 
quality of agricultural runoff in the Ebro Delta (NE Spain) in 
1993, 1994 and 1995. The wetlands were continuously 
flooded with water from a ricefield irrigation network during 
the growing season and received water with between 5 and 
200 mg N m super(-2) d super(-1) in the form of dissolved 
inorganic nitrogen (DIN), between 0 and 67 mg N m super(-
2) d super(-1) in the form of dissolved organic nitrogen 
(DON) and between 1.2 and 225 mu g m super(-2) d 
super(-1) in the form of particulate nitrogen (PN). Surface N 
outflows contained between 0 and 12 mg N m super(-2) d 
super(-1) of DIN, between 1 and 86 mg N m super(-2) d 
super(-1) of DON and between 1 and 40 mu g m super(-2) 
d super(-1) of PN. The nitrogen retention efficiency was 
always positive 100% of the input, except for DON and PN 
at low inlet loadings. The emergent macrophytes 
accumulated between 20 and 100 mg N m super(-2) d 
super(-1), which accounted for between 66 and 100% of 
the inflowing DIN. The removal rate constants calculated 
according to first-order plug-flow kinetics, were between 
0.003-0.09 m day super(-1) for total nitrogen, and 0.005-0.3 
m day super(-1) for DIN. Plant uptake, detritus 
accumulation and decomposition, and nitrogen recycling in 
the sediment are the major processes which could explain 
nitrogen retention in the wetlands. Wetlands restored from 
ricefields act as highly efficient water polishing filters for  
 

agricultural runoff and, at the same time, can contribute to 
the habitat biodiversity of large areas where rice is 
cultivated extensively. 
© CSA 

368. Rice fields as temporary wetlands: A review. 
Lawler, S. P. 
Israel Journal of Zoology 47(4): 513-528. (2001) 
NAL Call #:  410 IS7; ISSN: 0021-2210 
Descriptors:  wetlands/ animal ecology/ aquatic 
communities/ biodiversity/ biological control/ chemical 
control/ freshwater ecology/ habitats/ irrigation/ pest control/ 
pesticides/ plant pests/ ponds/ population dynamics/ 
predators/ rice/ species diversity/ species richness/  
water management  
Abstract:  Rice fields are temporary wetlands that harbor 
many of the same species that breed in natural temporary 
ponds. Therefore the rice agroecosystem has the potential 
to help sustain the regional biodiversity of many 
invertebrates and vertebrates. Like natural areas of 
wetlands, rice cultivation provides a habitat mosaic of 
temporary and more permanent waters. Because of their 
low floral diversity and because their species composition 
will rarely overlap completely with that of natural ponds, rice 
fields are not substitutes for natural temporary ponds. 
However, they are important in sustaining populations of 
several species, including wading birds and frogs. Farming 
methods vary widely, and different practices can alter the 
suitability of rice fields as habitats. Farmers use water 
management, pesticides, and sometimes fish to control 
crop pests and mosquitoes, and other taxa may be affected 
as well. Farmers may irrigate rice intermittently to control 
pests, and intermittent habitat holds fewer species than 
areas that are flooded for longer periods. Broad-spectrum 
pesticides may harm invertebrates and other wildlife, and 
may even cause pest resurgences if they have greater 
effects on predator populations than on the pests. Fish 
often decrease the abundance of invertebrate predators, 
but fish farming in rice fields often discourages the use of 
harmful pesticides. Because farming practices can affect 
the conservation value of rice fields, ecologists are 
encouraged to work with farmers and study the role of rice 
fields in the population dynamics of temporary pond 
species, and how changing farming methods alter this role. 
© CAB International/CABI Publishing 

369. Sediment and nutrient retention by freshwater 
wetlands: Effects on surface water quality. 
Johnston, C. A. 
Critical Reviews in Environmental Control 21(5-6):  
491-565. (1991) 
NAL Call #:  QH545.A1C7; ISSN: 1040-838X  
Abstract:  Freshwater wetlands alter surface water quality in 
ways which benefit downstream use. This review 
summarizes the mechanisms of freshwater wetland 
interaction with sediment and nutrients that affect surface 
water quality. The mechanisms vary in magnitude and 
reversibility, and differ among wetland types. They include 
sedimentation, plant uptake, litter decomposition, retention 
in the soil, and microbial processes. Sedimentation is a 
relatively permanent retention mechanism whereby 
particulates and associated contaminants are physically 
deposited on the wetland soil surface. Plant uptake and 
litter decomposition provide short- to long-term retention of 
nutrients, depending on rates of leaching, translocation to 
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and from storage structures, and the longevity of plant 
tissues. Plant litter can also provide a substrate for 
microbial processing of nutrients. Wetland soils sorb 
nutrients, and provide the environment for aerobic and 
anaerobic microorganisms that process nutrients. Wetland 
storage compartments, fluxes, and net retention rates are 
discussed for nitrogen and phosphorus. 
© 2006 Elsevier B.V. All rights reserved. 

370. Shrimp pond effluent: Pollution problems and 
treatment by constructed wetlands. 
Sansanayuth, P.; Phadungchep, A.; Ngammontha, S.; 
Ngdngam, S.; Sukasem, P.; Hoshino, H.; and  
Ttabucanon, M. S. 
Water Science and Technology(1996) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223. 
Notes: Conference: 18th Biennial Conf. of the International 
Association on Water Quality, (Singapore), 23-28 Jun 1996; 
Issue editors: Bally, D.; Asano, T.; Bhamidimarri, R.; Chin, 
K. K.; Grabow, W. O. K.; Hall, E. R.; Ohgaki, S.; Orhon, D.; 
Milburn, A.; Purdon, C. D.; and Nagle, P. T. 
Descriptors:  shrimp/ nutrient removal/ comparison studies/ 
gravel/ shellfish farming/ littoral environment/ effluents/ 
wastewater treatment/ aquaculture effluents/ shrimp 
culture/ intensive culture/ environmental impact/ Thailand/ 
constructed wetlands/ water pollution effects/ shrimp 
culture/ aquaculture effluents/ intensive culture/ 
environmental impact/ shrimp/ nutrient removal/ 
comparison studies/ shellfish farming/ littoral environment/ 
gravel/ wastewater treatment processes/ shellfish culture/ 
shellfish culture/ prevention and control/ sewage & 
wastewater treatment  
Abstract:  An intensive shrimp culture in Thailand has 
rapidly expanded especially along the coast during the last 
decade. Excessive feed basically given during the culture 
causes water and sediment in the pond to contain organic 
matter and nutrients in high concentration. After harvesting, 
discharging sediment is prohibited; however, pond water is 
mostly discharged directly to natural water resources 
without any effective treatment. The nutrient load 
discharged from shrimp ponds can form significant source 
of nutrients causing pollution and eutrophication in littoral 
areas of Thailand. The possibility of a subsurface-flow 
constructed wetlands application for treating shrimp pond 
effluent containing high salinity was studied. An 
experimental-scaled model planted with Acrostchum 
aureum (mangrove fern) in gravel was studied by 
comparison with one containing only grave. The results 
showed that models can reduce suspended solids, 
biochemical oxygen demands, total organic carbon, totel 
nitrogen (T-N) and total phosphorous (T-P) up to 84%, 
91%, 46%, 48% and 31%, respectively. Higher removal 
efficiencies for TOC, T-N and T-P of the planted model 
compared with the gravel model were clearly found. 
© CSA 

371. Soil infiltration and wetland microcosm treatment 
of liquid swine manure. 
Prantner, S. R.; Kanwar, R. S.; Lorimor, J. C.; and 
Pederson, C. H. 
Applied Engineering in Agriculture 17(4): 483-488. (2001) 
NAL Call #:  S671.A66; ISSN: 0883-8542 
Descriptors:  wetlands/ pig manure/ waste treatment/ 
topsoil/ loam soils/ Typha/ ammonium nitrogen/ nitrate 
nitrogen/ phosphorus/ ammonia  

Abstract:  Management systems are needed to minimize 
water quality concerns associated with liquid swine manure 
from large swine production facilities. Experiments were 
conducted to investigate the removal of ammonium-N, 
nitrate-N, and total phosphorus from liquid swine manure 
through the use of a soil infiltration and wetland system. 
Experimental treatments applied directly to the soil 
infiltration areas included a full-rate application of liquid 
swine manure, a mixture of 3/4 manure and 1/4 water, and 
a control application of water only. For three months during 
both summers of 1998 and 1999, nutrient concentrations 
were determined in the infiltration area influent, the 
infiltration area effluent, and the wetland effluent on a 
weekly basis. Approximately 93% of the ammoniacal 
nitrogen (NH3-N and NH4-N) from the applied swine 
manure was removed by the soil infiltration areas with a 
corresponding 99% increase in the nitrate nitrogen (NO3-N) 
concentrations were found. The wetland systems removed 
94% of the remaining NH3-N and NH4-N and 95% of the 
NO3-N. The total P levels were decreased in the soil 
infiltration areas and wetlands by 89 and 84%, respectively. 
This citation is from AGRICOLA. 

372. Test of the first-order removal model for metal 
retention in a young constructed wetland. 
Goulet, R. R.; Pick, F. R.; and Droste, R. L. 
Ecological Engineering 17(4): 357-371. (Aug. 2001) 
NAL Call #:  TD1.E26; ISSN: 0925-8574 
Descriptors:  wetlands/ agricultural runoff/ heavy metals/ 
hydrology/ iron/ manganese/ zinc/ wastewater treatment/ 
environmental engineering/ water pollution control/ artificial 
wetlands/ urban runoff/ metals/ design criteria/ performance 
evaluation/ model studies/ model testing/ seasonal 
variations/ biotic factors/ temperature effects/ pollution 
control/ artificial wetlands/ sewage & wastewater treatment/ 
water quality control/ protective measures and control/ 
water & wastewater treatment  
Abstract:  The first-order removal model is widely used in 
constructed wetland design. The suitability of this model 
was tested to predict metal retention in a young constructed 
wetland receiving agricultural and urban runoff. During two 
years, water samples for total and dissolved metal analyses 
were collected every third day at both the inlet and the 
outlet. The wetland retained metals best during summer 
and fall whereas during winter the retention of metals was 
significantly lower. The first-order removal model predicted 
Fe and Mn retention in the spring and dissolved Zn 
retention from spring to fall in both years. During those 
periods, hydraulic retention times (HRTs) greater than 7 
days provided maximum retention for Fe, Mn, and 
dissolved Zn. However, first-order removal models failed to 
fit summer, fall and winter data for almost every metal 
under investigation (Fe, Mn, dissolved Cu, dissolved As) 
suggesting that HRTs (< 1 - 25 days) did not affect metal 
retention during these seasons. The metal loading to the 
wetland was low and the input of metals through internal 
loading may be more significant consequently decreasing 
the metal retention. Therefore, the first-order removal 
model is inadequate to predict metal retention on a 
seasonal basis. Models used to design constructed 
wetlands under cold climates must consider seasonal 
changes that affect biological as well as hydrological 
variables. 
© CSA 
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373. Treatment of agricultural wastewater in a pilot-
scale tidal flow reed bed system. 
Sun, G.; Gray, K. R.; and Biddlestone, A. J. 
Environmental Technology 20(2): 233-237. (Feb. 1999) 
NAL Call #:  TD1.E59; ISSN: 0959-3330 
Descriptors:  wetlands/ tides/ agricultural wastes/ slurries/ 
wastewater treatment/ reed beds/ agriculture/ animal 
wastes/ aeration/ biological treatment/ biochemical oxygen 
demand/ organic wastes/ water pollution treatment/ 
agricultural pollution/ oxygenation/ nitrification/ water 
motion/ pollution control/ agricultural runoff/ tidal flow reed 
beds/ "tidal" flow reed bed/ environmental applications/ 
impact/ sewage & wastewater treatment/  
prevention and control  
Abstract:  Tidal flow reed bed treatment is a process 
consisting of alternately filling and draining the bed matrix 
with wastewater. During the draining process, air is 
positively drawn from the atmosphere into the bed so the 
aeration of the system is significantly improved. A pilot-
scale tidal flow reed bed system was studied for the 
treatment of agricultural wastewater, which was prepared 
by diluting pig slurry. At an average influent BOD sub(5) of 
649 mg l super(-1) and ammoniacal-nitrogen of 333 mg l 
super(-1), the BOD sub(5), COD, SS and PO sub(4)-P 
levels were reduced by 71.0, 58.3, 65.2 and 38.7%, 
respectively. The removals of BOD sub(5), COD, SS and 
PO sub(4)-P increased with their influent strengths in 
straight line correlations. The NH sub(4)-N was reduced by 
only 13.3% through the system; 69.0% of this removal 
resulted from nitrification into NO sub(2)-N and NO sub(3)-
N, whereas 31% of the removal was due to other 
processes. The average oxygen consumption rate in this 
tidal flow system reached 203 gO sub(2) m super(-2) d 
super(-1), significantly higher than the rates obtainable in 
horizontal flow and downflow reed beds. The rhythmical air 
and water movement in the tidal flow system enhances the 
oxygenation ability of the beds and improves the efficacy of 
utilisation of the available bed volume. Accordingly, tidal 
flow reed beds appear to have much potential as initial 
treatment stages for small amounts of strong waste 
effluents where the bulk of the BOD sub(5) removal can 
take place. 
© CSA 

374. Treatment of freshwater fish farm effluent using 
constructed wetlands: The role of plants and substrate. 
Naylor, S.; Brisson, J.; Labelle, M. A.; Drizo, A.; and 
Comeau, Y. 
Water Science and Technology 48(5): 215-222. (2003) 
NAL Call #:  TD420.A1P7; ISSN: 0273-1223 
Descriptors:  biological wastewater treatment/ fish farming/ 
artificial wetlands/ experimental data/ aquatic plants/ 
macrophytes/ substrates/ performance evaluation/ 
optimization/ feasibility studies/ aquatic macrophytes/ 
aquaculture effluents/ fish culture/ wastewater treatment/ 
phosphorus/ nitrogen/ organic matter/ substrata/ water 
pollution treatment/ Phragmites communis/ Typha latifolia/ 
wastewater treatment processes/ industrial effluents/ 
effects of aquaculture on the environment/ effects of 
aquaculture on the environment/ protective measures and 
control/ water & wastewater treatment  
Abstract:  Freshwater fish farm effluents have low nutrient 
concentrations but high flow rates, resulting in a pollutant 
load, especially phosphorus (P), causing eutrophication. 
The feasibility was tested of a treatment combining, within a 

single constructed wetland, the contribution of macrophytes 
for reducing organic matter and nitrogen (N), with the high 
efficiency of steel slag and limestone for P removal. Twenty 
subsurface flow (SSF) basins of 280 L with different 
combinations of plants (Phragmites communis or Typha 
latifolia) and substrates (steel slag, limestone, gravel, peat) 
were fed with a reconstituted fish farm effluent in a 
greenhouse experiment. Pollutant removal was generally 
very good under all treatments. N and organic matter 
removal were correlated with plant biomass while P 
removal was better in substrates with steel slag and 
limestone. However, the high pH of the P-adsorbing 
substrate was detrimental to plant growth so that no 
combination of plants and substrates could maximise in one 
step the simultaneous removal of all evaluated pollutants. 
Therefore, the use of two sequential units is recommended, 
a first one consisting of a macrophyte planted basin using a 
neutral substrate to remove organic matter and N, followed 
by a second unplanted basin containing only a P-adsorbing 
substrate. 
© CSA 

375. Treatment of rainbow trout farm effluents in 
constructed wetland with emergent plants and 
subsurface horizontal water flow. 
Schulz, C.; Gelbrecht, J.; and Rennert, B. 
Aquaculture 217(1-4):  207-221. (Mar. 2003) 
NAL Call #:  SH1 .A6; ISSN: 0044-8486 
Descriptors:  wetlands/ pollution control/ aquaculture 
effluents/ fish culture/ aquaculture facilities/ nutrients 
(mineral)/ aquatic plants/ effluent treatment/ chemical 
oxygen demand/ nitrogen/ phosphorus/ artificial wetlands/ 
nutrient removal/ Oncorhynchus mykiss/ rainbow trout/ 
effects of aquaculture on the environment/ effects of 
aquaculture on the environment/ pollution - control and 
prevention/ sewage & wastewater treatment/ water & 
wastewater treatment  
Abstract:  The objective of this research was to investigate 
treatment of aquaculture effluents of flow-through systems 
in created wetlands. The constructed wetlands types used 
in this study were subsurface root zone systems with 
emergent plants and horizontal effluent soil percolation. 
Three 1.401.000.70 m (LWH) root zone systems were filled 
with sands of 1-2 mm particle size and planted with 20 
rooted shoots of reed per square meter (Phragmites 
australis). Nutrient removal of rainbow trout (Oncorhynchus 
mykiss) effluents flowing through the wetland was 
determined for hydraulic loading rates of 1, 3 and 5 l/min 
corresponding to very short hydraulic residence times 
(HRTs) of 7.5, 2.5 and 1.5 h, respectively. Inflowing 
nutrients were removed within every continuously flooded 
wetland. Total suspended solids (TSS) and chemical 
oxygen demand (COD) were reduced by 95.8-97.3% and 
64.1-73.8%, respectively, and demonstrated no influence of 
HRT. Total phosphorus (TP) and total nitrogen (TN) 
removal rates varied from 49.0% to 68.5% and 20.6% to 
41.8%, respectively, and were negatively correlated with 
HRTs. Effluent purification was best at HRT of 7.5 h, but 
sufficient removal rates were achieved for shorter HRTs. 
© CSA 
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376. Use of constructed wetlands to process 
agricultural wastewater. 
Peterson, H. G. 
Canadian Journal of Plant Science 78(2):  
199-210. (Apr. 1998) 
NAL Call #:  450 C16; ISSN: 0008-4220 
Descriptors:  wastewater treatment/ artificial wetlands/ 
nutrient removal/ agriculture/ waste management/ land use/ 
water quality/ nutrients (mineral)/ agricultural runoff/ 
construction/ food processing industry wastes/ pollutant 
removal/ technology/ constructed wetlands/ wastewater 
treatment processes/ methods and instruments/ sewage & 
wastewater treatment  
Abstract:  Constructed wetlands are emerging as a serious 
challenge to conventional wastewater treatment because of 
lower construction and operating costs, less requirement for 
trained personnel, more flexibility, and lower susceptibility 
to variations in waste loading rates. Water quality 
improvements can be achieved by removal of plant 
nutrients, such as N and P, organics (natural and man-
made) as well as inorganic contaminants. Wetland 
treatment is now advocated by regulatory agencies and has 
been determined as the technology of choice by 
municipalities and industries required to meet stringent 
discharge regulations. These same regulations have not 
usually been imposed on the agricultural community, but 
deteriorating water sources will likely change this regulatory 
anomaly. Use of this technology in treating agricultural 
wastewater is still in its infancy with few, although rapidly 
expanding, applications. This paper aims to highlight 
different aspects of wetland treatment by exploring its use 
for the treatment of agricultural run-off as well as 
wastewater from the agri-food industry. It is concluded that 
natural wetlands will be quite limited in absorbing 
agricultural wastewater while constructed wetlands can be 
designed for optimum pollutant removal. 
© CSA 

377. The use of constructed wetlands to treat 
aquacultural effluents. 
Schwartz, M. F. and Boyd, C. E. 
World Aquaculture 26(11): 42-44. (1995) 
NAL Call #:  SH1.W62; ISSN: 1041-5602 
Descriptors:  wetlands/ pollution control/ wastewater 
treatment/ water pollution treatment/ aquaculture effluents/ 
biofilters/ water quality control/ aquaculture/ effluents/ 
construction/ pollution control/ aquaculture effluents/ 
aquaculture: general/ prevention and control/ wastewater 
treatment processes  
Abstract:  Wetlands act as biological filters to remove 
pollutants from water, and natural and constructed wetlands 
sometimes are used for treatment of agricultural, municipal, 
and industrial waste-waters. There are several advantages 
to wetland wastewater treatment: wetlands are inexpensive 
to build and operate, chemical treatment of wastewater is 
eliminated, wetlands contribute stability to local hydrologic 
processes, and plant communities in wetlands are excellent 
wildlife habitat. However, there is concern over the 
feasibility of wetlands for treating aquaculture effluents, 
because large areas of land may be necessary. 
© CSA 

 
 
 

378. Using constructed wetland-pond systems to treat 
agricultural runoff: A watershed perspective. 
Bouchard, R.; Higgins, M.; and Rock, C. 
Lake and Reservoir Management 11(1): 29-36. (1995) 
NAL Call #:  TC401.L3; ISSN: 0743-8141 
Descriptors:  eutrophication/ lakes/ artificial wetlands/ 
agricultural runoff/ watersheds/ nonpoint pollution sources/ 
phosphorus/ phosphorus removal/ water quality control/ 
eutrophic lakes/ nonpoint pollution/ algal blooms/ USA, 
Maine, St. John Valley/ nonpoint pollution/ algal blooms/ 
artificial wetlands/ wastewater treatment processes/ 
freshwater pollution/ characteristics, behavior and fate  
Abstract:  Long and Cross Lakes in the St. John Valley 
watershed of northern Maine have exhibited chronic algae 
blooms in past years. Survey data and modeling 
determined agricultural runoff to be the main source of 
phosphorus and sediments in both watersheds. 
"Nutrient/Sediment Control Systems" (NSCS) are being 
used to treat runoff from target subwatersheds. The 
systems consist of a sedimentation basin, grass filter strip, 
wetland, and detention pond in series. Annual removal 
efficiencies for one system were 85-88% for total 
phosphorus and 96-97% for total suspended solids. 
Seasonal removals varied considerably, with spring flows 
exporting more phosphorus and sediment from the system 
than was imported. Phosphorus loadings to Long Lake will 
be reduced between 10-33% with 20 NSCS and diversion 
of municipal wastewater effluent to a nearby river. 
© CSA 

379. Waterbird communities and associated wetlands 
of the Colorado River Delta, Mexico. 
Hinojosa Huerta, Osvel;  Destefano, Stephen; Carrillo 
Guerrero, Yamilett; Shaw, William W.; and Valdes  
Casillas, Carlos 
Studies in Avian Biology(27): 52-60. (2004) 
NAL Call #:  QL671.S8; ISSN: 0197-9922 
Descriptors:  biodiversity/ biogeography: population studies/ 
marine ecology: ecology, environmental sciences/ 
agricultural drain/ flood control measures/ guild 
composition/ species abundance/ species richness/ 
waterbird communities/ wetland habitat/ wetland 
management program  
Abstract:  Despite extensive losses of wetlands caused by 
water diversions upstream, the Colorado River Delta in 
northwestern Mexico remains an important wetland system 
in the Sonoran Desert. The purpose of our study was to 
describe waterbird communities across a variety of wetland 
habitat types and zones that exist in the Delta. We 
measured species richness and abundance of waterbirds 
from September 1999 to August 2000. We observed a total 
of 11,918 individuals of 71 species at sites within seven 
wetland areas. The waterbird communities differed with 
respect to guild composition and species abundances 
among the wetland zones. Wetlands along the eastern 
portion of the Delta (Cienega and Indio), which are 
supported by agricultural drains and managed under 
conservation initiatives, exhibited the highest species 
richness in our summer and winter censuses, and highest 
abundance in summer. Shorebirds were the dominant guild 
in the summer period, while waterfowl were dominant 
during winter. Breeding marshbirds were also abundant, 
with the Yuma Clapper Rail (Rallus longirostris 
yumanensis) being most notable. Wetlands along the 
western Delta (Hardy and Cucapa) were also supported by 
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agricultural drains, but were not managed specifically for 
wildlife. The Double-crested Cormorant (Phalacrocorax 
auritus) and American Coot (Fulica americana) were 
dominant during winter, while long-legged waders 
(Ardeidae) were dominant in summer. The composition of 
waterbird communities along the mainstem of the Colorado 
River was similar to that of wetlands along the western 
portion of the Delta. The shallow and ephemeral Laguna 
Salada, along the western boundary of the Delta, exhibited 
the highest waterbird abundance among our winter 
censuses when it was flooded in 2000. The results of our 
study suggest that even minimal levels of instream flows 
would lead to habitat improvements for waterbirds in the 
Delta floodplain. A bi-national wetland management 
program for the Delta should consider the impacts of flood 
control measures and diversions for agricultural and urban 
uses to the health of wetland habitats on both sides of the 
international border. 
© The Thomson Corporation 

380. The wetland constructed as a biological treatment 
system in an experimental recirculating aquaculture 
system in a tropical environment. 
Sedeno-Diaz, J. E.; Lopez, E.; and Sedeno-Alvarez, D. E.  
In: Proceedings of the 4th International Conference on 
Recirculating Aquaculture. (Held 18 Jul 2002-21 Jul 2002 at 
Roanoke, VA (USA).); Vol. VSGCP-C-00-001.; 2002.  
Descriptors:  freshwater aquaculture/ fish culture/ 
experimental culture/ recirculating systems/ water quality 
control/ bioremediation/ aquatic plants/ uptake/ nitrogen/ 
phosphorus/ removal/ efficiency/ rearing/ culture tanks/ 
Poeciliidae/ constructed wetlands/ livebearers/ fish culture  
Abstract:  An experimental system of fish farming was 
designed utilizing recirculation and a constructed wetland. 
The efficiencies of N and P removal of the wetland were 
tested using three different species of macrophytes and 
utilizing the system for 2 different fish cultivation densities 
of the family Poeciliidae. The system functioned 
adequately, filtering the waste generated by the fish, the 
food not consumed and the metabolic wastes of the primary 
productivity that was generated in the tanks. Water quality 
variables were monitored including the nutrients, OD, pH, 
conductivity, TDS, TSS, sulfates, hardness, COD and 
turbidity. To measure the removal of nutrients by the 
macrophytes, they were weighed prior to being added to 
the constructed wetland and again at the end of the 
experiment with the purpose of determining the profit in 
biomass. The N and P concentrations were determined in 
vegetable tissue before and after the experiment. There 
were observed differences in absorption of N and P of the 
three species of macrophytes utilized. 
© CSA 

381. Xenobiotics removal from polluted water by a 
multifunctional constructed wetland. 
Cheng, S.; Vidakovic-Cifrek, Z.; Grosse, W.; and 
Karrenbrock, F. 
Chemosphere 48(4): 415-418. (July 2002) 
NAL Call #:  TD172.C54; ISSN: 0045-6535 
Descriptors:  water pollution treatment/ artificial wetlands/ 
pesticides/ herbicides/ performance evaluation/ chemical 
analysis/ toxicity/ bioassay/ water reuse/ irrigation water/ 
wastewater treatment/ biodegradation/ water quality/ 
endocrine disruptors/ water quality control/ water treatment/ 
protective measures and control/ water &  
wastewater treatment  
Abstract:  Removal efficiencies on xenobiotics from polluted 
water in a twin-shaped constructed wetland consisting of a 
vertical flow chamber with the crop plant Colocasia 
esculenta L. Schott and a reverse vertical flow one with 
Ischaemum aristatum var. glaucum Honda, were assessed 
by chemical analysis and bioassays. After a four-month 
period of application, removal efficiencies of the applied 
pesticides parathion and omethoate were 100% with no 
detectable parathion and omethoate in the effluent. For the 
applied herbicides, the decontamination was less efficient 
with removal efficiencies of 36% and 0% for 4-chloro-2-
methyl-phenoxyacetic acid and dicamba, respectively. As 
shown by toxicity assay with duckweed Lemna minor L., 
growth retardation may occur if the water treated for 
herbicide removal is used in irrigation of sensitive cultivars 
in agriculture or horticulture. In contrast to I. aristatum var. 
glaucum Honda, the crop C. esculenta L. Schott has a high 
yield in biomass production as a valuable source of 
renewable energy. 
© CSA 
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