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Introduction

In the last decades, contamination of surface water,
groundwater, and coastal waters has emerged as an important
environmental problem throughout Europe and North
America by threatening ecosystems and drinking water
quality (Pereira and Hostettler, 1993; Baker and Richards,
1990). Non-point source pollutants have been identified as
the major cause of surface water impairment (Baker, 1992).
The biggest contribution to non-point source contamination
stems from agricultural activities such as tillage practices
and animal waste management which liberate nitrate, nitrite,
phosphorus, sodium, chloride, pesticides, and sediment
through runoff from the fields (U.S. EPA, 1984).

Large concentrations of herbicides are flushed from
croplands in the midwestern United States and are transported
through surface water as pulses in response to late spring
and early summer rainfall (Thurman et al., 1991). These
concentrations have been found to increase by an order of
magnitude during spring runoff and then decrease to near
pre-planting levels by harvest sampling (Thurman et al.,
1991). Pereira and Hostettler (1993) state that the agricultural
practices in the Mississippi River Basin have degraded the
water quality of the Mississippi River and its tributaries.
This leads to high levels of nutrients being flushed into the
Gulf of Mexico, causing oxygen deficiencies in the ocean
(Mitsch and Gosselink, 2000).

Wetlands play a big role in the degradation of pesticides
and nutrients from agricultural runoff (Mitsch and Gosselink,
2000). Scientists have proved significant degradation of
herbicides in wetlands (Kadlec and Alvord, 1992; Aga et
al., 1994; Novak et al., 1997; Seybold and Mersie, 1999)
and, also, many studies have found that wetlands are excellent
sinks for nitrate (Mitsch and Gosselink, 2000; Mitsch and
Carmichael, 1997; Mitsch and Montgomery, 1998).

Alachlor [2-chloro-2’,6’-diethyl-N-(methoxymethyl)-
acetanilide] is a a-chloroacetamide herbicide in the aniline
family. It is widely used in both Europe and North America
(Graham et al., 2000). Alachlor is also one of the most
widely used pesticides in the midwest and is found throughout
the watersheds of this region. It is used to control grasses
and broadleaf weeds in several crops, especially corn and
soybeans, and is known to have carcinogenic effects on
laboratory animals (Holden et al., 1992; Nelson and Ross,
1998; EXTOXNET, 1996). Alachlor is mainly found
dissolved in the water column and not sorbed to organic

matter (WSSA, 1994). It is readily degraded in aquatic
environments, microbial degradation being the most
important factor in determining overall fate under both
aerobic and anaerobic conditions (Stamper and Tuovinen,
1998; Sun et al., 1990).

In a survey of 149 midwestern streams by Thurman et al.
(1992), alachlor was detected in 86% of the samples. In
another study, alachlor concentrations in northwestern Ohio
rivers were found to be as high as 105 mg/l (Spawn et al.,
1997). Alachlor is found in drinking water throughout the
United States (Stamer, 1996; Holden et al., 1992; Baker and
Richards, 1990). Concentrations exceeding the U.S. EPA
drinking water maximum contaminant level (MCL) of 2
mg/L have been detected in several watersheds in the
Midwest (Thurman et al., 1991; Baker, 1992). As alachlor
have been found to show toxic behavior, it is therefore
important to obtain a thorough understanding of the fate of
this chemical following release into the environment.

The purpose of this report was to measure concentrations
of alachlor and nitrate in the inflow and outflow of the
Olentangy River Wetland Research Park (ORWRP), to
investigate if the wetland is able to degrade alachlor and to
see if alachlor affects the denitrification. Previous related
research at the ORWRP includes slight reductions in atrazine
concentrations from inflow to outflow as recorded by
Dilley et al. (1996). Mitsch and Montgomery (1998) found
improved water quality and Mortensen et al. (1997) recorded
a 10-20 % N-removal from inflow to outflow in the wetlands.

Methods

Site Description

The Olentangy River Wetland Research Park (ORWRP)
is located on north campus of The Ohio State University in
Columbus, Ohio, USA. It was established in 1993 as a
whole ecosystem long-term experiment on a 10-ha site next
to the Olentangy River. The site consists of two 1-ha
kidney-shaped freshwater marsh basins, a 3-ha groundwater
fed marsh, and a 5-ha bottomland forest (Figure1).

The two kidney-shaped systems known as Wetlands 1
and 2 receive water pumped from the Olentangy River at a
rate proportional to the water level of the river to reflect the
hydroperiod of a naturally occurring wetland. The depth of
the basins vary with deeper water sections of about 50 cm
in the northern, central and southern parts of each basin to
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allow gradients from deep water through transitional to
upland zones.  The water enters at the northern end and
flows southward where it exits through water level control
structures located at the southern end. Shortly after flooding
in March 1994, Wetland 1 was extensively planted with
hydrophytes while Wetland 2 was allowed to develop by
natural succession. In this study, samples were taken from
Wetland 1 only.

Sampling

Sampling from Wetland 1 was done during the spring
pre-emergent pesticide application of 2000. The sampling
dates were selected to follow heavy rainstorms causing high
flow events in the Olentangy River and were taken at least
once a week. The samples were collected approximately 24
hrs after each rainstorm in order to catch a trend of the
alachlor peak concentrations lagging slightly behind the
peak river flow. For each sampling session, duplicate samples
were taken for pesticide analysis. Two were taken at the
inflow and two at the outflow. The same pattern was used
for the nitrate sampling, though there were no replicates.
The samples from the inflow are thought to be representative
of the concentrations in the river water. Samples for pesticide
analysis were collected in 1 L amber glass bottles with an
aluminum foil septum and for nitrate analysis in 250 ml
plastic bottles during a 20 minute time span. Immediately
after, they where taken to the laboratory to be stored at 6°C.
Nitrate samples, though, were treated with 0.1 ml 5.6 M
sulfuric acid before they where stored.

Alachlor Analysis

Analysis of alachlor in a water sample by gas
chromatography requires the extraction of the sample into
an organic solvent, drying of the wet solvent, concentrating
the extract, and transferring it into a solvent compatible
with the GC. All chemicals used for isolation of the target
analyte were reagent grade chemicals.

Extraction
For the extraction of the water samples, U.S. EPA’s

Method 3535: Solid-phase extraction (SPE) for
organochlorine pesticides from aqueous matrices (U.S.EPA,
1996) was used. Before extraction, each sample was added
propachlor as a surrogate standard to measure the recoveries
of the methods.

A manifold for three extractions was assembled using 47
mm 3M Empore‰ C18 extraction disks and 250 ml
reservoirs. Empore‰ Filter Aid 400 (glass beads to improve
flow rates and recoveries with water samples containing
suspended solids) was poured onto the disk and a Whatman
GMF 150  glass micro-fiber prefilter was placed on top of
the Filter Aid. The apparatus was connected to a waste
container and a vacuum pump (Figure 2).

The extraction apparatus and disk was washed
sequentially with methylene chloride, acetone, and methanol.
The water sample was then added to the reservoir and the
vacuum was turned on. After filtration of the sample, the
entire standard filter assembly was removed from the
manifold and a collection tube was inserted. After
reassembling, 5 ml of acetone was added to the disk to
improve the recovery of analytes trapped in water-filled
pores of the sorbent. The sampling bottle was rinsed
thoroughly with 15 ml of methylene chloride, which was
then transferred to the reservoir rinsing down the sides in
the process. The solvent was drawn through the disk into the
collection tube after which the process was repeated. The
extract in the collection tube was then dried with Na

2
SO

4
.

Drying
The extract in the collection tube was dried with Na

2
SO

4

by pouring it through the Na
2
SO

4 
with following quantitative

rinsing of glassware and Na
2
SO

4
. The dried sample was

stored in the freezer until following evaporation.

Evaporation
Evaporation of the extract was carried out using a rotary

evaporator. Under a quantitative transfer of the extract from
the collection tube to a round-bottomed flask, the sample
was re-dried as described above and then evaporated in a
40ºC water bath. After 10 minutes, 10 ml of hexane was
added to the flask (hexane is an exchange solvent required
for the GC analysis, as methylene chloride is not compatible
with the determinative procedure). After total dryness,
exactly 1 ml of isopropanol was added to the flask for a
transfer of the dry extract to a pre-weighed 2 ml vial. The

WETLAND 1
WETLAND 2

inflow
inflow

outflow
outflow

Figure1. Site map of two experimental wetlands. Wetland
1 was used in the study.



Occurrence and Degradation of Alachlor and Nitrate  ♦♦♦♦♦  37

vial was then re-weighed, to obtain the volume of alcohol
in it, and stored in a freezer until GC analysis.

Gas Chromatography analysis
The alachlor samples were analyzed on a Varian 3500

GC with a Restek open tubular RTX-5 Fused Silica Guard
Column (60 m x 0.32 mm I.D. and film diameter of 0.5 mm)
ideal for pesticides in environmental samples. For detection
of the analytes, a thermo-ionic specific detector (TSD) set
at 300°C was used. The analysis was done with SPI on-
column injection at 45°C for 0.3 minutes and then raised to
290°C at 180°C /minute. The column temperature program
was 60°C for 1 minute to 190°C at 20°C/minute held for 7.0

minutes, then increased to 285°C at 20°C/minute and held
for 1.0 minute.

Some samples were rerun on a Restek RTX-35 Fused
Silica Guard Column (30 m x 0.32 mm I.D.) under the same
temperature programming for confirmational analysis.

Nitrate Analysis

For the nitrate analysis, EPA Methods for Chemical
Analysis of Water and Wastes (U.S. EPA, 1983) were
followed. The analysis was done using a Lachat QuikChem‚
IV Automated Ion Analyzer. This instrument is a Flow
Injection Analyzer that determines nitrate and nitrite in
water samples using the cadmium reduction method (Wendt,

Figure 2: Single extraction apparatus for SPE
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1995). As nitrite has a short turnover time in water, the
nitrate concentration is assumed to equal the concentration
of the sum of nitrate and nitrite.

Data Analysis

The amount of alachlor and propachlor in the vials is
calculated by finding the volume of isopropylalcohol in the
vials by weighing. The amount of herbicide is then divided
by the corresponding water volume of a sample. The recovery
of the propachlor is found and the alachlor concentration is
corrected accordingly. For samples with a concentration
below the detection limit of 0.005 mg/l, the detection limit
is used as the concentration.

A 95% confidence interval was chosen for all statistics.
Assessment of significant differences of the water quality in
the wetland was carried out using one- and two-sample t-
tests to determine differences in water quality between
inflow and outflow. The tests were applied to each factor
(temperature, dissolved oxygen, conductivity, pH, and redox
potential) of the water quality data. Comparison of alachlor
degradation and denitrification was done using one-way
ANOVAs, Tukey’s pair-wise comparisons, regression
analysis, and fitted line plots on the concentration.

Results and Discussion

Alachlor

In a comparison of alachlor concentration in inflow and
outflow there was found no significant difference. The
mean concentration of the inflow over all sampling days
was 0.29 ± 0.23 mg/L and the outflow was 0.26 ± 0.24 mg/
L. Figure 3 is a plot of the concentrations of alachlor in the
inflow and outflow against time. Reasons for no significant
difference between the alachlor concentration in inflow and
outflow stems from several factors such as wetland
succession, retention time, microorganism adaptability,

Table 1: Sampling dates and averages of alachlor and nitrate in inflow and outflow0f wetland 1 in 2000.
________________________________________________________________________________________

Inflow Outflow
Date                         Alachlor-N mg/L    Nitrate-N mg/L              Alachlor-N  mg/L           Nitrate -N mg/L
________________________________________________________________________________________
26-Apr 0.14              2.16        0.14           2.65
2-May 0.12 1.54 0.01 1.64
10-May 0.19 2.54 0.10 0.36
15-May 0.37 4.15 0.22 0.11
19-May 0.01 0.97 0.36 0.13
23-May 0.07 3.42 0.05 2.07
24-May 0.31 0.07 1.60
27-May 0.31 5.73 0.31 2.41
28-May 0.54 3.51 0.32 1.34
  #1  29-May 0.29 1.26 0.27 0.97
  #2  29-May 0.25 4.75 0.28 1.28
30-May 0.84 1.76 0.30 2.77
6-Jun 4.82 0.97 1.65
Average 0.29 0.26
Std error 0.23 0.24
________________________________________________________________________________________

and concentration of alachlor in the water. If a perfectly
created wetland, with optimum conditions for degradation
of pollutants, is assumed a factor of consideration would be
the retention time. Retention time is dependent on the
amount of water entering the wetland. During the sampling
period, the retention time is shorter than it is during the rest
of the year because of higher flow rates of water into the
wetland. The probable cause of the slow or missing alachlor
degradation is more than likely because the concentrations
are so small that this herbicide does not act as a substrate for
the microorganisms and therefore it is not degraded. But in
order to prove this theory samples need to be taken from a
parcel of water as it moves through the wetland. Also, the
microorganisms need to be adapted to alachlor in order to
be able to degrade it. If they have not been exposed to
alachlor before their ability to degrade it can be very poor.

Nitrate

A significant difference was found between the
concentrations of nitrate in inflow and outflow (P=0.005)
indicating that the wetland is capable of denitrification
(Table 1). Figure 4 resembles a plot of the nitrate
concentrations similar to Figure 3 for alachlor. It is evident
from Figure 4 that April 26th, May 2nd and, May 30th
experienced higher concentrations of nitrate in the outflow
than in the inflow. This is due to high concentrations
entering the wetland followed by concentrations that are
lower than what the wetland is able to reduce the previous
incoming high concentration to.

Alachlor and Nitrate Correlation

For the inflow, a P-value of 0.736 (P>0.05) was obtained
indicating that there was no significant correlation between
alachlor and nitrate concentrations in the inflow (Figure 5).
The regression analysis for the outflow did not show any
significant correlation between alachlor and nitrate
concentrations either (Figure 6). Also, combining inflow
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Figure 3. Alachlor concentrations in inflow and outflow of Wetland 1 in 2000.
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Figure 4. Nitrate concentrations in inflow and outflow in Wetland 1 in 2000.
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Figure 5. Regression plot of alachlor and nitrate in inflow
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Figure 6. Regression plot of alachlor and nitrate in outflow.

and outflow did not display any significant correlation. The
lack of correlation between alachlor and nitrate in the
wetland (Figure 5 and 6) can be caused by differences in
correlation between alachlor and nitrate applied to fields
during the period of sampling and differences in solubility
causing release patterns from the fields to differ. Also,
varying water quality could be responsible for no correlation.
But the most rational explanation is that denitrifying bacteria
cannot be held responsible for the degradation of alachlor
alone. Factors such as the presence of other microorganisms
being able to degrade alachlor, other degradation pathways
than microbial degradation, atmospheric deposition and
changing biological and chemical conditions are of great
importance to the outcome of the results.
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