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Abstract — Herbicides make up a large percentage of the synthetic pesticides used to enhance the agricultural productivity, and atrazine is
one of the most commonly used herbicide in the United States. Once being applied either as a pre- or post-emergent herbicide, atrazine can
be leached from the soil by dissolving in irrigation or rainwater. Hence, atrazine can contaminate natural waters such as drinking water,
aquifers, and shallow groundwater beneath agricultural areas. In addition to itsimpact on fish, atrazine has potential short term and long
term health effects in humans. The major objective of this study was to determine the effectiveness of a constructed wetland in reducing
the level of atrazine in agricultural runoff. Water samples were collected after rain events over a one-year period from a wetland
constructed to collect 85% of the pasture and cultivated field runoff from a large agricultural research station. The samples were prepared
by solid phase extraction, and the concentration of atrazine was determined by HPLC. The results showed that the changes in the
concentration of atrazine in the runoff generally paralleled the changes in the amount of rainfall that occurred just prior to sampling,
indicating that rainfall leached the herbicide from the soil. Atrazine was detected in all samples on dates at the wetlands, suggesting that
rainwater leached the atrazine in high amounts into the surface water; however, the constructed wetland was effective in reducing the
atrazine concentration by a significant 52% before it reached the nearest public water.
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1. INTRODUCTION

The use of synthetic organic pesticides has steadily
increased worldwide since their commercial introduction
following World War 1lI, and of all the pesticides, the
increased use of herbicides has been the most striking in the
developed world [1]. Herbicides make up a large percentage
of the synthetic pesticides used to enhance the agricultural
productivity, and atrazine (1-Chloro-3-ethylamino-5-
isopropylamino-2,4,6-triazine) is one of the most commonly
used herbicides in the United States [2]. When applied onto
or incorporated into the soil, atrazine like many other
herbicides, reaches the soil profile dissolved in irrigation or
rainwater. It is absorbed through the roots by al plants, but it
is not an effective herbicide in plants such as corn because it
is broken down before it exertsits toxic affects[3]. In grasses
and broad-leafed weeds that cannot break down atrazine, the
chemical acts as a photosystem 1l inhibitor in the shoots and
leaves, thereby killing the plant [4]. Hence, it is one of the
most frequently applied herbicides in the agricultural sector
for selective control of broad leaf and grassy weeds in crops
like corn and sorghum [5]. About 85% of the 60-80 million
pounds of atrazine applied annually in the United States is
used on corn, with most of the rest being used on sugarcane
and sorghum crops [6]. Atrazine can be applied pre-plant,
pre-emergence, or post —emergence, making it a very flexible
herbicide, but pre-plant and pre-emergent uses are the most
popular [7].

Natural waters can be contaminated with various pesticides
or their transformation products due to the fact they are
directly applied to the soil and then transported into ground
water and surface water, and atrazineis no exception. It can
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be carried into water resources where it can potentially
contaminate drinking water, aquifers, and shalow
groundwater beneath agricultural areas [8]. Water quality
monitoring studies find atrazine contamination 10 to 20 times
more frequently than the next most detected pesticide [9].
The highest levels of atrazine in surface water occur in the
spring and summer months following herbicide application
[10]. The average concentration of dissolved atrazine for
samples collected in June and September 1996 from Kansas
watersheds was 0.20 pg/L, but fluctuated to as high as
7000ug/L in summer time and during rainfall events [11].
One reason that atrazine is an environmental concern is its
low biodegradability [12]. It degrades very sowly once it
enters the water column [13], and its half-life in reservoirs
may be as much as 1 to 2 years [14]. Atrazine is also highly
persistent in soil. The average half-life of atrazine in soil
ranges from 13 to 261 days [15]; in river water more than 100
days [16]; in seawater around 10 days [17]; and nearly 660
days in areas of anaerobic degradation [18]. Atrazine
concentrations of up to108 pg/L have been reported in the
rivers of North America[19].

Alterations in the chemical composition of natural aquatic
environments can affect freshwater fauna, particularly fish.
Atrazine has been shown to reduce plasma testosterone,
olfactory sensitivity and salinity tolerance in mature male
Atlantic salmon [20]. After washing from the field into
streams and rivers with rainfall, atrazine can kill algae and
other beneficial aquatic plants that provide food, shelter, and
oxygen for aquatic animals [21]. Most human exposure to
atrazine is from the consumption of contaminated ground
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water. Atrazine has potential short term and long term health
effects. Short term potential health effects of ingestion of
atrazine include heart, lung and kidney congestion, as well as
low blood pressure whereas the potential long exposure at
low levels include weight loss, retina degradation,
cardiovascular damage, and, potentially even cancer [22, 23].
Atrazine may also be an endocrine disrupter in humans [24],
and there are reports on atrazine’s adverse neuroendocrine
and reproductive affects and the disruption of reproductive
hormones including inhibition of luteinizing hormone (LH)
release in laboratory animals [25]. Also, in toxicologica
studies with lab animals, exposure to chlorinated triazines,
such as atrazine and its metabolites, has been shown to cause
atered estrous cycles, delayed puberty, pregnancy |oss,
prostate inflammation, hermaphroditism and gonadal
dysgenesis [26]. Studies on rats have shown increased
occurrence of mammary gland tumors and endocrine
perturbations after prolonged exposure to atrazine [27].
Likewise, in humans, exposure to atrazine has been
associated with intrauterine growth retardation (IUGR) [28],
small-for-gestational-age fetuses (SGA) [29], spontaneous
abortion [30], and reduced semen quality [31]. Although
severa countries gave up the use of atrazine because of its
toxicity, it is still one of the most popular herbicides in many
countries including the United States [32].

One of the major factors that influences pesticide runoff is
the time elapsed between pesticide application and a rainfall
event [33]. The wetter the soil surface at the time atrazine is
applied, the sooner runoff begins during a rain and the greater
the potential for atrazine runoff, but rainfall that soaks into
the soil prior to runoff will move some of the atrazine below
the mixing zone, reducing the amount of atrazine subject to
runoff losses [10]. Rainfall varies with time and space. A
study on pesticide movement into estuarine systems by
Alegria and Shaw [34] have shown that in general, pesticides
will be transported via runoff in the dissolved phase and that
most transport occurs within a few weeks of application,
depending on loca precipitation. Heavy rainfall and full
streams lead to the highest pulse concentrations of atrazine,
indicating that it is a readily available congtituent in the
watershed that is being washed off in proportion to the
amount of excess rainfal runoff [35]. The greater the
distance from field to surface water, the less likely it is that
significant amounts of atrazine will enter the body of water
[36]. From 1992 to 1996, seventy-six pesticides and seven
pesticide degradation products in 8,200 samples of ground
and surface water were analyzed in Midwestern states. More
than 95% of al samples collected from streams and rivers
contained at least one pesticide, and atrazine and its
degradation product de-ethylatrazine (DEA) were among the
most frequently detected pesticides in agricultura areas [37].
There have been other reports of the incidental runoff of
atrazine into streams adjacent to agricultural land, and this
has created concern about the potential impact on water
quality and aguatic life [7, 38].

Typicdly, wetlands have been shown to successfully
ameliorate water contaminated with phosphorus, nitrogen,
hydrocarbons, animal waste, and heavy metals, and
constructed wetlands have been found to be an effective
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option for on-site wastewater treatment when properly
designed, installed, and maintained. Constructed wetlands are
wetlands created from non-wetland sites for the purpose of
treating wastewater [39]. Constructed wetlands consist of
saturated substrates, emergent and submerged vegetation,
invertebrates and vertebrates, aerobic and anaerobic
microbial populations, and a water column [39]. The
objective of this study was to determine the effectiveness of a
constructed wetland in reducing the level of atrazine in
agricultural  runoff. The Louisana State University
Agricultura Center Red River Research Station provided an
ideal location for this study. The Red River Research Station
(RRRS) consists of 162 ha of agricultural land in the Red
River Basin of northwest Louisiana [40]. At this research
station, cotton, soybean and corn are the major crops, and the
site is used for field testing of the effect of different
pesticides and fertilizers, including the application of atrazine
to corn and sorghum. Since 1998, the Red River Research
Station has utilized a constructed wetlands located in the
southeastern corner of the station to conduct research to
identify practices that minimize the impact of agricultural
production on the quality of runoff water [40]. The amount of
rainfall can be significant and result in considerable leaching
and deposition of sediments at the station. The effectiveness
of a constructed wetland in improving the water quality of
agriculture runoff increases with the time runoff remains in
the wetland system before being released to a receiving body
[41]. Approximately 85% of the runoff water from the RRRS
flows through this constructed wetland before eventually
draining into a nearby river. Previous studies at the RRRS
have shown that a constructed wetland on the site improves
the water quality from runoff from the nearby farmland [42;
43], but there have been few studies on the effectiveness of
the constructed wetland on reducing the discharge of atrazine
in afull-scale agricultural setting.
11. METHODSAND MATERIALS

Sampling Sites: The RRRS consists of cultivated fields
and pasture land. The cultivated fields are intersected by
three drainage canas to control excessive rainfal. One of
these canals also drains pasture land that houses a small
cow/calf herd (lessthan 100 animals), and it was chosen to be
the first sampling site (Figure 1). Discharge water from the
cultivated acreage and most of the pasture land on the station
flows through these canals to the southeastern corner where
they enter the first of two man-made ponds as shown in
Figure 1[42]. The drainage canals enter a shallow pond which
then feedsinto alarger, deeper pond. The deeper pond serves
as a holding tank to contain the field runoff before entering
the Flat River which isless than athird of a mile away. These
two locations were the second (shallow pond) and third (deep
pond) sampling sites (Figure 1). Samples were collected on
the same day or a day after a heavy rainfal in the area. Data
were collected from October, 2012 to November, 2013
depending upon rainfal and time availability. The actua
rainfall at each specific site was not determined but data from
Shreveport Regional Airport (SHV), Downtown Airport
(DTA) and Barksdale Air Force (BAF) provided a measure of
the genera rainfal in the area. The RRRS is relatively close
to BAF; therefore the rainfall data reported in this study is
that recorded at BAF.
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Figure 1: Location of construction wetlandsand the
pathway of dischargeto Flat River [42]

Sampling and Sample Preparation: Collection of the
samples was accomplished by means of an apha water
sampler unit made by Wildco, model 1130-G45. The sample
was transferred from the alpha jar to a 1000 mL amber glass
bottle and stored for 4°C for transfer to the lab [44], and the
sample was prepared for analysis within 24 hours of
collection [45]. In preparation for solid phase extraction
(SPE), the samples were first passed through a series of filters
to remove undesired debris and organisms from the samples
[46]. After the desired clarity was achieved using a Buckner
funnel with Whatman 47mm 541 hardened ashless filter
paper, a Millipore 0.45 micron pore size 47mm diameter
filter attached to a vacuum [47] served to remove fine-
contaminant material from the sample.

Chemicals: High pressure liquid chromatography reagents
purchased from Fisher Scientific (USA) consisted of HPLC
grade methanol (>99.9% purity), which was used in the
preparation of the SPE cartridges as well as the mobile phase
of HPLC. Pure atrazine was obtained from Sigma-Aldrich
(St. Louis, Missouri, USA), and a serid dilution of atrazine
was prepared to establish the standard curve. Only two
solvents, methanol and deionized (DI) water, were used
throughout the SPE and HPL C process.

Solid Phase Extraction (SPE): Solid phase extraction (SPE)
as used by Putnam [48] was used to extract the triazines from
the water samples. The samples were filtered through LC-18
3mL Supelco Solid Phase Extraction tubes which were
treated with a 2 mL methanol wash. Supelclean
Environmental Cartridges produced by Supelco Analytical
(USA) and custom semi-automated equipment built on-site
[43] were used to concentrate the samples. The cartridge
(Supelclean ENVI1-18) had a 500 mg bed weight, operated at
avolume of 3 mL, had a surface area of 490 m2/g, an average
particle size of 51.7 microns, and an average pore diameter of
73 angstroms. The clean cartridges were conditioned in a
two-step process for the preparation and analysis of samples.
Throughout the conditioning process, a 15 mmHg vacuum
was pulled through the cartridge to alow complete dispersal
through the bed. The two step conditioning process consisted
of the application of 5 mL of methanol followed by 5 mL of
deionized water at a flow rate of 3 mL/min [49]. After 10
cartridges were conditioned, they were |oaded into a custom
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built semi-automatic vacuum manifold and processed
simultaneously. Once attached to the manifold, a volume of
500 mL of the sample was passed though the ENVI-18
cartridge at a flow rate of 3 mL/min. Precise flow rate was
controlled through the use of a gravity fed drip control
method which delivered the water samples directly to the
cartridge. A 20 mmHg vacuum was applied to the ENVI-18
cartridges as the samples ran through them. This allowed for
the herbicides to attach to the cartridge while the other
contaminants were pulled through with the eluent. The
vacuum was monitored through the use of a REP vacuum
gauge; precise control of the vacuum was controlled through
the use of a bleed valve which allowed positive pressure into
the manifold to ensure that each cartridge had the exact same
vacuum. Once the entire 500 mL water sample was processed
through the cartridge, the vacuum was allowed to run for an
additional two hours to allow for proper drying of the
cartridges [49]. Once dried, the ENVI-18 cartridges were
removed from the vacuum manifold for elution with
methanol. Elution of the cartridges was performed by passing
atotal of 8 mL of methanol dispensed in two steps of 4 mL
each with a 5 minute delay [47]. The collection of the
compounds eluted from the cartridges was accomplished
through the use of an attachment to the vacuum manifold
which alowed the operator to control the suction placed on
the cartridge as the methanol was pulled through. Eight mL
of elute were collected in a test tube for each sample. The
8mL of sample were then transferred to conical drying tubes.
Nitrogen was run through the conical drying tubes, and about
95% of methanol was removed. In the final preparative step
before analysis, the dried extracts were brought up to a final
volume of 100pL with a HPLC grade methanol [50]. After
resuspension of the concentrated samples, they were placed
into 100ul. HPLC auto sampler vials. At this point the
compounds were stable and could be placed into the cold
storage at -18°C until ready for HPLC analysis.

Chromatographic and Analysis Conditions. A Dionex
HPLC Ultimate 3000 consisting of the pump, autosampler,
column compartment, diode array detector and fluorescence
detector was used in the study. The optimum mobile phase
for atrazine was found to be methanol/DI water, 70/30 v/v, at
a flow rate of 1.0 mL/min [51]. The sample volume injected
into Dionex HPLC system was 20 uL. The analytical column
used for separation in the study was an Acclaim 120 C18, 4.6
x 150 mm, 5 pm (Dionex-3000). Detection was carried out at
awavelength of 220 nm [51].

Peak Identification and Quantification and Data
Analysis. Chromeleon 7.1 software by the Dionex
Corporation was used for the identification and integration of
peaks. For the standard, a known concentration of atrazine
was prepared by dissolving atrazine in methanol and
preparing a series of ten dilutions from this initial standard.
After running the calibration standards, the Chromeleon 7
software was able to automatically detect and determine the
retention times as well as the concentration of each atrazine
standard. The field samples were processed the same way,
and one standard was also run with each set of field samples
for the quantification and localization of the atrazine peak.
Identification of peaks was not automated, but the retention
time on the standard gave the operator a clear determination
of the atrazine peaks. All data points are based on a mean of
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the measurements taken from a minimum of three samples.
All data were subjected to a one-way analysis of variance,
and significance was determined at the 95% confidence
limits.

[11. RESULTSAND DISCUSSION

Various studies dealing with the movement of pesticides in
water have concentrated on measuring runoff from sites of
application and transport to groundwater, streams, and
estuaries [34]. A comparison of the rainfall amount and the
concentration of atrazine in the drainage canal in the current
study is shown in Figure 2. The changes in the concentration
of atrazine in the runoff generally paralleled the changes in
the amount of rainfall that occurred just prior to sampling,
indicating that rainfall leached the herbicide used at the
station and deposited it in the constructed wetlands via
runoff. Atrazine is usually applied once a year to the soil
surface and has a relatively long (6 month) half- life in the
soil [14]. This half-life plus its high solubility results in the
highest concentrations of atrazine occurring in runoff water
soon dfter the first few rain events or irrigation events
following application [52]. Hence, as a rule, the largest
atrazine loads in streams are likely to occur over arelatively
short time [53, 54]. This could explain why the peak in
atrazine concentration occurred in the runoff water resulting
from the heavy rainfall in April, 2013.

Rainfall in cm and Atazine Concentration in pg/L
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Figure 2: Comparison of atrazine concentration in the field
canal and rainfall amount on or the day after the following
dates: (1 = October, 14, 2012; 2=October 26, 2012; 3 = Dec
13, 2012; 4 = Jan. 9, 2013; 5 = Feb. 10, 2013; 6 = April 10,
2013; 7 = Sept. 20, 2013; 8 = Sept. 26, 2013; 9 = Nov. 22,
2013).

The atrazine concentrations in the samples collected at site 1
(field canal which drains runoff water into the shallow pond),
site 2 (shallow pond) and site 3 (deep pond) are shown in
Figure 3. Samples collected from the field drainage canal
showed the highest concentrations of atrazine. The highest
concentration observed in the field canal was 67.3 ng/L and
occurred in April following the annua application to corn
plots and significant rainfall. This is comparable to runoff
water values reported by Wauchope [14], dthough values as
high as 800 — 1400 pg/L have been reported following severe
storm conditions [55, 56]. In the months with very little
rainfal (January and February, 2013), the atrazine
concentration remained somewhat static at around 10 pg/L
throughout the wetland; however, in most of the samples
collected when there was sufficient rainfall to produce runoff,
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there were significant decreases in the atrazine concentrations
when the water was held the shallow pond, and the levels
decreased even more when the water reached the deep pond.
Comparison of the average atrazine concentration detected in
the field drainage canal and deep pond showed that the deep
pond had 25.74% less atrazine than the field drainage canal.
Comparison of the average atrazine concentration between
the shallow pond and the deep pond showed the atrazine
concentration in the deep pond to be an average of 26.24%
less than the shallow pond. Overall, the average amount of
atrazine entering to the wetlands was about 52% higher than
the amount discharged to the Flat River.
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Figure 3: Comparison of atrazine concentrations ([ g/L+SE)
in the field drainage canal, shallow pond and deep pond at
RRRS on the following dates: (1 = October, 14, 2012;
2=Cctober 26, 2012; 3 = Dec 13, 2012; 4 = Jan. 9, 2013; 5 =
Feb. 10, 2013; 6 = April 10, 2013; 7 = Sept. 20, 2013; 8 =
Sept. 26, 2013; 9 = Nov. 22, 2013).

Atrazine degradation in soil is mainly by photolysis and
microbial processes, but itis relatively stable in the aquatic
medium under environmental pH conditions [11]; however,
in the current study, it is obvious that considerable
degradation occurred in the constructed wetland. Atrazine
degradation can results from both biological and non-
biological processes in agquatic and soil environments [38].
The features of atrazine such as dow hydrolysis, low vapor
pressure, moderate agueous solubility, and its resistance to
microbial degradation slow its degradation rate and enhance
its potential for contaminating ground water [57]. Other
studies [58] have shown that the atrazine levels in wetland
sediments and plants were below the detectable level,
suggesting that atrazine degradation does not occur in either
of these wetland components. On the other hand, atrazine can
be degraded in surface water by photolysis and
microorganisms via N-dealkylation and hydrolysis of the
chloro-substituent [9]. Studies under microcosm conditions
by Runes et al. [59] demonstrated that bicaugmentation of a
constructed wetland could enhance atrazine degradation
when compared to a non-bicaugmented wetland. Thus, in the
present study, it is believed that a significant portion of the
constructed wetland's treatment of runoff is the result of
transformation and detoxification of compounds such as
atrazine by microorganisms residing in the water and on the
rhizomes of native wetland plants. Dilution of atrazine in
runoff may be significant once runoff exits the constructed
wetland as dl water during arainfall event is not collected in
the wetlands.
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A few other studies have shown that constructed wetlands
can effectively remediate atrazine levels in runoff water. In
relative small (59 — 73 X 14 X 0.3 m) experimental
constructed wetlands, Moore et al. showed that constructed
wetlands could reduce atrazine concentrations after treatment
of wetland cells with agueous atrazine followed by a one-
time simulated rainfall equivalent to three volumes within
each wetland cell, provided the buffer travel distance within
the wetland ranged from 100 — 280 meters [58]. The current
study utilized a much larger constructed wetland
(approximately 150 X 100 X 0.5 m for the shallow pond and
100 X 75 X 2.5 m for the deep pond) that received runoff
containing leached atrazine from soil where the herbicide was
normally applied at standard rates during typical agricultural
activity at an experimental agricultural research facility. In
addition, the total length of the wetland zone exceeded 300
meters. Runes et al .[59] utilized a microcosm approach to
show that a constructed wetland augmented with soil
containing microorganisms from an atrazine spill site was
more efficient at remediating atrazine contaminated water
than a control constructed wetland that had not been
augmented. In the present study, the constructed wetland
consisted only of the existing soil at the construction site and
native wetland plants that were relocated to the wetlands
area. In conclusion, it can be stated that under actud
agricultural conditions, atrazine was detected in all samples
on al dates at the wetlands, indicating that rainwater leached
the atrazine in high amounts into the surface water; however,
the constructed wetland was effective in removing significant
amounts of atrazine before it reached the Flat River.

REFERENCES

[1] Ddlton, R., Boutine, C. “Comparison of the Effects of Glyphosate
and Atrazine Herbicides on NontargetPlantsGrown Singly and in
Microcosms,”Environ. Toxicology and Chem.29 (10), 2304-
2315,2010.

[2] Solomon, K.R., Baker, D.B., Richards, R. ., Dixon, K.R., Kaline, T.
., Lapoint, RJ., Kendall, C.P., Williams, W.M. “Ecological Risk
Assessment of Atrazine in North American Surface Waters,”
Environ. Toxicology and Chem. 15 (1), 31-76, 1996.

[3] Pathak, R.K., Dikshit, A.K. “Effect of Various Environmental
Parameters on BiosorptiveRemoval of Atrazine FromWater
Environment,” Int. J. of Environ. Sci. and Dev. 3, 289-293,2012.

[4] Ffister, K., Steinback, K., Gardener, G., Arntzen, C. “Photoaffinity
Labeling of an Herbicide Receptor Protein in Chloroplast
Membranes™ United States Department Of Agriculture, 78(2), 981-
985,1981.Retrieved from
http://www.ncbi.nlm.nih.gov/pubmed/16592984

[5] Lazorko, S., Achari, G. “Atrazine: Its Occurrence and Treatment in
Water,” Environ. Rev. 17, 199-214, 2009.

[6] U.S. Geological Survey, “Pesticides in the Nation’s Streams and
Groundwater 1992-2001,” National Water-Quality Assessment
Program, U.S.Geological Survey Circular, 2006. Retrieved from
http://pubs.usgs.gov/circ/ 2005/1291

[71 Ribaudo, M., Bouzaher, A. “Atrazine: Environmental
Characteristics and Economics of Management”. United States.
Department of Agriculture. Economic Research Service, 1-14.1994.

[8] Barbash, JE., Thelin, G.P., Kolpin, D.W., Gilliom, R.J. “Major
Herbicides in Groundwater: Results from the National Water-
Quality Assessment,” J. Environ. Quality. 30, 831-845.2001.

[9] WHO,“Atrazine  and Its  Metabolites in Drinking-
Water,” 2010. Retrieved from
http://www.who.int/water_sanitation_heal th/dwg/chemicals/dwq_ba
ckground_20100701_en.pdf

[10] Devlin, D.L., Regehr, D., Barnes, P.L. “Managing to Minimize
Atrazine Runoff to Surface Water,” Kansas State University

ISSN: 2278-5299

[11]

[12]

[13]

[14]

[19]

[16]

[17]
(18]

[19]

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

(28]

[29]

[30

-

Agricultural  Experiment Station and Cooperative Extension
Service,2000.Retrieve from
http://www.ksre.ksu.edu/bookstore/pubs/mf2208. pdf

Christensen, V., Pope, L. “Occurrence of Dissolved Solids,
Nutrients, Atrazine, and Fecal Coliform Bacteria DuringLow Flow
in the Cheney Reservoir Watershed, South-Central Kansas,” USGS
Water-Resources  Investigations Report 97-4153, 12-17,1997.
Retrieved from http://pubs.usgs.gov/wri/1997/4153/report.pdf

Chan, K.H., Chu, W. “Effect of HumicAcid on the Photolysis of the
Pesticide Atrazine in a Surfactant-Aided Soil-Washing System in
Acidic Condition,” Water Research, 39(10), 2154-2166,2005.
Anderson, P.C.,Georgeson, M. “Herbicide Tolerant Mutants of
Corn,” Genome, 34, 994-999,1989.

Wauchope, R.D. “The Pesticide Content of Surface WaterDraining
from Agricultural Fields-A Review” J. Environ. Quality, 7, (4), 459
—472,1978.

U.SEnvironmental  Protection  Agency, “Characterization  of
Epidemiology Data Relating to Prostate Cancer and Exposure to
Atrazine.” 2003. Retrieved from
http://epa.gov/scipoly/sap/meetings/2003/july/atrazine.pdf

Seiler, A., Brenneisen, P., Green, D.H. “Benefits and Risks of Plant
Protection Products-Possibilities of Protecting Drinking Water:Case
- Atrazine, Water Supply, 10, 31-42.1992.

Armburst, D.L., Crosby, D.G. “Fate of Carbaryl-1-napthol and
Atrazinein Sea Water,”Pacific Science,45, 314-320,1991.

Abigail, EA., Das, N. “Microbial Degradation of Atrazine, a
Commonly Used Herbicide,”Int. J. of Advanced Biol. Res,, 2, 16-
23,2012.

U.S. Environmental Protection Agency, “Constructed Treatment
Wetland System Description and Performance Database,
2002. Retrieved from
http://water.epa gov/type/wetlands/restore/cwetlands.cfm

Moore, A., Waring, C.P. “Effects of AtriazinePesticide on
Reproductive Endocrine Function in Mature Male Atlantic Salmon
(Salmosalar L.) Parr,” Pest.Biochem. Physiol.62, 41-50, 1998.

Wu, M., Quirindongo, M., Sass, J, andWetzler, A. “Atrazine
Continues to Contaminate Surface Water and Drinking Water in the
United States,” Still Poisoning the Well, 3-32,2010.

U.S. Environmental Protection Agency, “Atrazine Chemical
Summary, Toxicity and Exposure Assessmentfor Children’s
Health,”2007.Retrievd fromhttp://www.epa.gov/teach/chem
summ/Atrazine summary.pdf

Magbool, U., UlHag, A., Qureshi, M. “Comparison of In-House-
Developed Elisa with HPLCTechniques for the Analysis of Atrazine
Residues,” Int. J. of Occupational and Environ. Health, 43(3), 224-
230, 2008.

Lasserre, J., Fack, F., Revets, D., Planchon, S., Renaut, J.,
Hoffmann, L. “Effects of the Endocrine Disruptors Atrazine and
PCB 153 on the Protein Expresson of MCF-7 Human
Cells,”J. of Proteome Res. 8, 5485-5496,2009.

Cragin, L., Kesner, J., Bachand, A., Boyd, D., Meadows, J., Krieg,
E.,Reif, J. “Menstrual Cycle Characteristics and Reproductive
Hormone Levels in Women Exposed to Atrazine in Drinking
Water.Environ. Res., 111, 1293-1301. 2011.

Office of Chemica Safety and Environmental Heath, CA.
“Atrazine toxicity: analysis of potential modes of action,”2010.

Retrieved from
http://www.apvma.gov.au/products/review/docs/atrazine_moa._june
_2010.pdf

Prosen, L, Zupan, C.C. “Evaluation of Photolysis and Hydrolysis of
Atrazine and Its First Degradation Products in the Presence of
HumicAcids,” Environ. Pollution, 133, 517-529, 2005.

Munger, R., Isacson, P., Hu, S, Burns, T., Hanson, J., Lynch, C.,
Cherryholmes, K., Hausler, W. “Intrauterine Growth Retardation in
lowa Communities with Herbicide-Contaminated Drinking Water
Supplies,” Environ. Health Perspectives,105(3), 308-314, 1997.
Ochoa-Acuiia, H., Frankenbergera, J., Carbajo, C. “Drinking Water
Herbicide Exposure in Indiana and Prevalence of Small-for-
Gestational-Age  and  Preterm  Delivery,” Environ.  Health
Perspectives, 117(10), 1619-1624,2009.

Arbuckle, T., Lin, Z., Mery, L. “An Exploratory Analysis of the
Effect of Pesticide Exposure on the Risk of Spontaneous Abortion in
an Ontario Farm Population,” Environ. Health Perspectives,109(8),
851-857, 2001.

35


http://www.ncbi.nlm.nih.gov/pubmed/16592984
http://pubs.usgs.gov/circ/
http://www.who.int/water_sanitation_health/dwq/chemicals/dwq_ba
http://water.epa.gov/type/wetlands/restore/cwetlands.cfm
http://www.apvma.gov.au/products/review/docs/atrazine_moa_june

(31]

(32

(33]

[34

(39]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

International Journal of Latest Research in Science and Technology.

Stoker, T.E., Robinette, C.L., Cooper, R.L. “Maternal Exposure to
Atrazine DuringLactation Suppresses Suckling-Induced Prolactin
Relesse and Results in  Prostatitis in  the Adult
Offspring,”Toxicological Sciences, 52(1), 68-79,1999.

Jin, R., Ke, J. “Impact of Atrazine Disposal on the Water Resources
of the Yang River in Zhangjiakou area China,” Bull. Environ.
Contamination Tox.68, 893-900, 2002.

Gu, J.D., Berry, D.F., Taraban, R.H., Martens, D.C., Edmonds, W.J.
“Biodegradability of Atrazine, Cyanazine, and Dicamba in Wetland
Soils,” Department of Crop and Soil Environmental Sciences
Virginia Polytechnic Institute and State University, 1992. Retrieved
from http://vwrrc.vt.edu/pdfs/bulleting/bulletin172.pdf

Alegria, H.A., Shaw, T.J. “Rain Deposition of Pesticides in Coastal
Waters of the South Atlantic Bight,” Environ. Sci. and Tech. 03,
850-856,1999.

Land, L.F., Brown, M.F. “Water-Quality Assessment of the Trinity
River Basin, Texas-Pesticides in Streams Draining an Urban and an
Agricultural  Area” U.S. Geological Survey Water-Resources
Investigations Report, 96, 4114-4122,1996. Retrieved from
http://water.usgs.gov/nawgal

Purdue, U. “Atrazine Use and Weed Management Strategies to
Protect Surface Water Quality,” Purdue Agriculture, 1-67,2004.
Retrieved from http://www.ces.purdue.edu/new

U.S. Geological Survey,“Pesticides in Surface and Ground Water of
the United States: Summary of Results of the National Water
Quality Assessment Program (NAWQA), 1998. Retrieved
fromhttp://water.wr.usgs.gov/pnsp/all sum/

Hamilton, P.B., Lean, D.R.S,, Jackson, G. S. “The Effect of Two
Applications of Atrazine on the Water Quality of Freshwater
Enclosures,” Environ. Pollution, 60, 291-304, 1989.

Hammer, D. A., “Constructed Wetlands for Wastewater Treatment:
Municipal, Industrial, and Agriculture,” CRC Press, Boca Raton,
FL, 1989.

LSU Agricultural Center Red River Research Station, "About Red
River Research Station." LSUAgCenter.com. LSU AgCenter
Research & Extension, 2010. Retrieved from:
http://www.|suagcenter.com/en/our_offices/research_stations/RedRi
ver/Features/multimedi a/About-Red-River-Research-Station.htm
Millhollon, E.P., Rodrigue, P.B., Rabb, J.L., Martin, D. ., Anderson,
R.A., Dans, D.R. “Designing a Constructed Wetland for the
Detention of Agricultural Runoff for Water Quality Improvement,”
J. Environ. Quality, 38(6), 2458-2467,20009.

Millhollon, E.P., Rabb, J.L., Anderson, R.A., Liscano, F., Martin,
D.F., Nipper, S.G., Edwards, S.D., Adams, R.W. "Constructing a
Wetland To Improve Water Qudlity," Louisiana Agriculture
Magazine, LSU AgCenter Research & Extension, 2004.

Bird, B., Gossett, D.R., Lucas, M.C., Banks, SW., Colyer, P. “The
Effectiveness of a Constructed Wetland in Reducing the Levels of
Estrogenic-Endocrine  Disrupting Compounds (EEDC) in
Agricultural Runoff, Int. J. of Latest Res. In Sci. and Tech. 5:2, 59 —
64, 2016.

Moral, A., Sicilia, M. D., Rubio, S., Perez-Bendito, D.
“Determination of Bisphenols in Sewage Based on Supramolecular
Solid-Phase Extraction/Liquid, Chromatography/Fluorimetry,” J. of
Chromatography. 23(1): 8-14, 2005.

Lee, H.B., Peart, T.E., Svoboda, M. L. “Determination of
Endocrine-Disrupting  Phenols, Acidic Pharmaceuticals, and
Personal-Care Products in Sewage by Solid-Phase Extraction and
Gas Chromatography-Mass Spectrometry,” J. of Chromatography.
11(1-2): 122-129, 2005.

Jefari, AJ, R.P, and A. Salehzadeh, A., "Endocrine Disrupting
Contaminants in Water Resources and Sewage in Hamadan City of
Iran," J. of Environ. Health and Science 6.2: 89-96, 2009.
Rodriguez-Mozaz, S., De AldaM.J., Barcelo, D., “Monitoring of
Estrogens, Pesticides and Bisphenol A in Natural Waters and
Drinking Water Treatment Plants by Solid-Phase Extraction-Liquid
Chromatography-Mass Spectrometry,” J. of Chromatography, 1045
(1-2): 85-92, 2004

Putnam, E.D. “Groundwater Analysis of TriazineHerbicide Using
Solid Phase Extraction and High Pressure Liquid
Chromatography,” McPherson College Division of Science and
Technology, 7, 36-37,1999.

1 2278-5299

[49]

(50]

[51]

[52]

(53]

[54]

[55]

[56]

(57]

[58]

[59]

Fine, D., Breidenbach, G.P., Hutchins, S.R. “Quantitation of
Estrogens in Ground Water and Swine Lagoon Samples Using
Solid-Phase Extraction, Pentafluorobenzyl/trimethyl-
silylderivatizations and Gas Chromatography-Negative lon
Chemical lonization Tandem Mass Spectrometry,”J. of
Chromatography, 1017(1-2), 167-185,2003.

Steinheimer, T.R. “HPLC Determination of Atrazine and Principal
Degrades in Agricultural Soild and Associated Surface and Ground
Water,” National Soil TilthLaboratory , Agricultural Research
Service, US Department Of Agriculture, 41, 588-595.1993.
Trajkovska, V., Petrovska, S, andPavlova, V. “Separation of
Simazine, Atrazine and PropazineUsing Reversed-Phase High
Performance  Liquid  Chromatography,” Adnan.  Menderes
University, 85-87.2004.

Capel, P., Larson, S. “Effect of Scale on the Behavior of Atrazinein
Surface Waters,” USGA Staff Published Research Paper 80. 2001.
Retrieved from:
http://digitalcommons.unl.edu/usgsstaffpub/80?utm_source=digitalc
ommons.unl.edu%2Fusgsstaff pub%2F80& utm_medium=PDF& utm
_campaign=PDFCoverPages

Schottler, S. P.,Eisenreich, SJ.; Capel, P.D.“Atrazine, Alachlor and
Cyanazine in a Large Agricultura River System,”Environ. Sci.
Technol. 28, 1079-1089. 1994.

Larson, SJ.; Capel, P.D.; Goolsby, D.A.; Zaugg, S.,Sandstrom,
M."Relations between pesticide use and riverine flux in the
Mississippi River Basin,”Chemosphere31, 3305-3321, 1995.

Hall, JK.“Erosional L ossesof S triazineHerbicides,”J.
Environ.Qual. 3:1, 4 — 180,

1974

White, A.W., Barnett, A.D., Wright, B.G., Holladay, J.H. “Atrazine
Losses FromFallow Land Caused by Runoff and rosion, Envirn. Sci.
Technol. 1:740 — 744. 1967.

Scott , M., William, J., Robin, F. “Degradation of Atrazine by
Fenton’s  Reagent: Condition Optimization and Product
Quantification,” Environ. Sci. and Technol. 29, 2083-2089, 1995.
Moore, M.T., Rodgers, J.H., Cooper, C.M., Smith, S. “Constructed
Wetlands for Mitigation of Atrazine-Associated Agricultural
Runoff,”Environmental Pollution 110:393-399, 2000.

Runes, H.B., Jenkins, J.J., Bottomley,P.J. “Atrazine Degradation by
BioaugmentedSediment FromConstructed Wetlands”
Appl.Microbiol.Biotechnal. 57:427-432, 2001.

36


http://water.usgs.gov/nawqa/
http://www.ces.purdue.edu/new
http://www.lsuagcenter.com/en/our_offices/research_stations/RedRi
http://digitalcommons.unl.edu/usgsstaffpub/80?utm_source=digitalc

