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Abstract The goal of this study was to examine the use

of a constructed wetland to mitigate the ecological impacts

of simulated diazinon runoff from agricultural fields into

receiving waters, via 48 h aqueous and sediment bioassays

using Hyalella azteca. Aqueous animal 48 h survival varied

temporally and spatially in conjunction with measured

diazinon concentrations. Sediment H. azteca survival var-

ied temporally and spatially in conjunction with measured

diazinon concentrations, but less than aqueous exposures,

confirming that sediment bound diazinon was less bio-

available than aqueous diazinon.
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Constructed wetlands used to mitigate pesticide runoff

from agricultural fields into receiving systems (e.g., lakes,

rivers, streams) have been successful in reducing the con-

centrations of non-point source pollutants (Moore et al.,

2000; Moore et al., 2002). Such wetlands also have

important functions in enhancing the water quality and

ecological values (Moore et al., 2002) and different phases

(i.e., aqueous and sediment) have separate roles, as either

sinks or sources, in determining the effectiveness of wet-

lands in mitigating pesticide toxicity. For these reasons, the

importance of elucidating the potential effectiveness of

wetlands in reducing pesticide toxicity to aquatic biota

exposed to these different phases needs to be addressed.

The organophosphate insecticide diazinon (O, O-diethyl

O-[2-isopropyl-6-methyl-4pyrimidinyl] phosphothiate) was

used as a model contaminant in a constructed wetland

designed to mitigate runoff from an agricultural field.

Diazinon is used on a variety of agricultural crops such as

fruit trees, corn, and tobacco, as well as domestically

in homes and gardens for pest control (e.g., fire ants)

(Burkepile et al., 2000). Approximately 6 million kg of

diazinon are applied annually in the United States and, as a

result, it contributes to the non-point-source contamination

of aquatic environments (Banks et al., 2003).

This study examined the use of a constructed wetland to

mitigate the ecological impacts of simulated diazinon

runoff from agricultural fields into receiving aquatic sys-

tems by using standard 48 h aqueous and sediment bioas-

says with the freshwater test organism, Hyalella azteca.

H. azteca (order: Amphipoda) is a freshwater crustacean

that is an epibenthic detritivore, closely associated with

surficial sediments. H. azteca occurs in wetlands and lakes

throughout much of North America and is an important

food source for birds, fish, amphibians, and larger inver-

tebrates (de March, 1981).

Materials and Methods

The constructed wetland used was designed for the miti-

gation of agricultural contaminant runoff (e.g., sediment,

pesticides, nutrients). The wetland was divided into three

cells and included a sediment retention pond (SRP), pri-

mary cell (1� cell), and a secondary cell (2� cell) located

adjacent to Beasley Lake in Sunflower County, Mississippi,

USA. The constructed wetland was dosed with 160 lg/L

diazinon (active ingredient) as Diazinon 4E� and 403,000

lg/L sediment (as a carrier) simulating a single 1.3 cm

rainfall event and runoff from a 14 ha agricultural field. A

pump was used to deliver water from Beasley Lake to the
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constructed wetland at a rate of 3,800 L/min for the

duration of the four-hour simulated runoff event. Two liters

of water and one liter of sediment were collected from each

wetland cell 8 h, 48 h, 7 d, 15 d, and 27 d after initial

dosing. Samples were preserved on ice and transported to

the United States Department of Agriculture Agricultural

Research Service (USDA-ARS) National Sedimentation

Laboratory, Oxford, Mississippi for biological and chemi-

cal analysis.

Twenty-two aqueous (six from the University of Mis-

sissippi field station and 16 from the constructed wetland)

and 17 wetland sediment samples were analyzed for diaz-

inon. Analytical chemistry was conducted according to

Bennett et al. (2000) using a Hewlett-Packard 6890 gas

chromatograph equipped with dual HP 7683 ALS autoin-

jectors. Upon arrival, 1 L aliquot of aqueous samples were

subsampled, extracted by sonification with reagent-grade

KCl and 100 ml pesticide-grade ethyl acetate, dried over

anhydrous sodium sulfate, subjected to cleanup by silica

gel column chromatography, and concentrated to 1 mL for

analysis (Cooper et al. 2003). Sediment samples were

dried, ground, pre-wetted with ultrapure water followed by

the addition of ethyl acetate. The mixture was sonificated

and centrifuged (2000–2500 g). The extract was concen-

trated to near dryness using a nitrogen evaporator and the

solvent was exchanged into hexane. The quantification

levels for aqueous and sediment analyses were 0.01 lg/L

and 0.1 lg/kg, respectively. Mean extraction efficiencies

based on fortified samples were >90% for water and sed-

iment.

Forty-eight-hour static, nonrenewal, aqueous toxicity

tests using Hyalella azteca obtained from cultures main-

tained at the USDA-ARS National Sedimentation Labora-

tory were conducted according to the modified United

States Environmental Protection Agency (USEPA, 1994)

protocol for conducting aqueous reference toxicity tests.

Animals passing through a 425 lm stainless-steel mesh

sieve, but retained by a 250 lm stainless-steel mesh sieve

(approximately 4-5 d old) were collected for the experi-

ment. Triplicate aqueous exposures each consisted of

200 mL of wetland sample water and three, 2-cm-diameter

Norway maple leaf discs as a substrate and food (Moore

et al., 1998; Burkepile et al., 2000). Ten H. azteca were

placed in each exposure chamber. Similarly, 48 h sediment

bioassays were conducted using the modified USEPA

(1994) protocol as per the aqueous tests using 40 g wet

sediment and 160 mL overlying water. Overlying water,

free from diazinon (below the detection limit of 0.01 lg/L)

and other priority pollutants, was obtained from the Uni-

versity of Mississippi Field Station, filtered to remove

particulate matter using MFS 0.45 lm polymembrane fil-

ters, and hardness and alkalinity adjusted with NaHCO3

and CaCl to values between 60–80 mg/L as CaCO3 (De-

aver and Rodgers, 1996; Burkepile et al., 2000). Toxicity

tests were conducted in a Powers Scientific animal growth

chamber with a 16:8 h photoperiod at 20 ± 1�C. Mean

measured physical and chemical water characteristics

were: temperature, 20–21�C, pH, 7.1–7.7, dissolved oxy-

gen, 6.6–7.7 mg/L, conductivity, 48–242 lmhos/cm,

hardness, 30–74 mg/L as CaCO3, and alkalinity, 34–47 mg/

L as CaCO3 (APHA 1998). The bioassay endpoint mea-

sured was 48 h survival.

H. azteca 48 h aqueous and sediment survival data were

analyzed using descriptive statistics and one-way analysis

of variance (ANOVA) with Tukey’s multiple range test. If

data failed parametric assumptions, a Kruskal-Wallis one-

way ANOVA on ranks was utilized with Dunn’s multiple

range test. Data analysis was conducted using SigmaStat�

v.2.03 statistical software (SPSS, 1997).

Results and Discussion

Chemical analysis revealed spatial and temporal variation

in diazinon concentrations within aqueous and sediment

samples among all three wetland cells (Table 1). All wet-

land cells (SRP, 1� cell, finishing cell) had measurable

amounts of diazinon within the aqueous phase 8 h after

dosing. However, diazinon was not detected in the sedi-

ment within the sediment retention pond, representative of

water flow conditions within the constructed wetland and

adsorption of diazinon by sediment as the water flow slo-

wed. Aqueous and sediment diazinon concentrations typi-

cally decreased with increasing time periods due in part to

material degradation, desorption, and advection. By 27 d,

SRP and the area closest to the injection point, the sedi-

ment retention pond. Whereas, the greatest aqueous and

sediment diazinon concentrations occurred within the pri-

mary wetland cell and, to a lesser extent, the finishing

Table 1 Measured aqueous (lg/L) and sediment (lg/kg) diazinon

concentrations in a constructed wetland

Time SRPa 1� Cella 2� Cella

Aqueous Sediment Aqueous Sediment Aqueous Sediment

0 h BQb BQ BQ BQ BQ BQ

8 h 4.2 BQ 35.6 6.9 33.6 0.4

48 h 0.2 BQ 0.8 15.7 2.8 22.9

7 d 0.7 5.5 2.1 23.7 1.8 3.5

15 d 6.7 6.3 NSc 9.8 0.6 BQ

27 d BQ BQ NS NS 0.1 BQ

a SRP = sediment retention pond; 1� cell = primary wetland cell; 2�
cell = secondary (finishing) wetland cell
b BQ = below quantification limit (0.01 lg/L and 0.1 lg/kg)
c NS = no sample collected
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wetland cell. Such a pattern shows a rapid flow of water

and associated pesticide out of the initial wetland cell and

slower movement into the remaining two cells. Similar

spatial and temporal patterns of transfer/transformation

were observed for two other organophosphate insecticides,

chlorpyrifos and methyl parathion, within aqueous and

sediment phases in constructed wetlands (Moore et al.,

2002; Schulz et al., 2003).

Hyalella azteca 48 h survival in aqueous exposures

varied temporally and, to a lesser extent, spatially in con-

junction with measured diazinon concentrations (Tables 1

and 2). Limited pretreatment (time 0 h) aqueous survival

occurred due to the very soft nature of the natural wetland

water (Table 2). Aqueous hardness and alkalinity ranged

from 17.1–51.3 mg/L as CaCO3 and 34.2–51.3 mg/L as

CaCO3, resulting in suboptimal survival rates. Grapentine

and Rosenberg (1992) observed H. azteca to be in low

abundance or absent from lakes with lower calcium con-

centrations (<2 mg/L). However, clear patterns of exposure

effects were observed. Aqueous survival decreased signif-

icantly, compared to time 0 h, in all three wetland cells

(SRP, 1� cell, 2� cell) up to 7 d after diazinon dosing. By 15

d post-dosing, SRP showed a decrease in toxicity (13%

survival), and by 27 d water from SRP showed a further

nominal decrease in toxicity with the 2� cell increasing

from 0% to 3% survival. The limited initial (0 h) survival

due to water softness contributed to lower than expected

observed survival with diazinon concentrations of <1 lg/L.

Reported H. azteca 48 h LC50s ranging from 15–22 lg

diazinon/L (Giddings et al., 1996; Werner and Nagel, 1997;

Burkepile et al., 2000) are much greater than the concen-

trations effects observed in the current study (‡ 0.1 lg

diazinon/L).

H. azteca survival in diazinon-contaminated sediment

also varied temporally and spatially in conjunction with

measured diazinon concentrations (Table 1 and 2), but to a

much lesser extent than aqueous exposures confirming that

sediment bound diazinon was less bioavailable than aque-

ous diazinon. Similar results were observed with another

organophosphate insecticide, chlorpyrifos, where sediment

10–d LC50 values were 100–600 times greater than

aqueous 10 d LC50 values for Chironomus tentans (Ankley

et al., 1994). Patterns of animal survival showed no sig-

nificant temporal changes in SRP or 1� wetland cells. The

2� cell showed a significant decrease in survival 48 h after

dosing, although by 7 d and thereafter survival was greater

than 80%. Although 1� cell had the greatest measured

sediment diazinon concentrations 8 h, 7 d, and 15 d after

dosing, relatively high H. azteca survival is associated with

higher total organic carbon (TOC) in these sediments.

Sediment from SRP had only 1–1.5% TOC, 1� cell had 2–

5% TOC and 2� cell had 1.8–2% TOC. The influence of

TOC on the bioavailability of insecticides with low water

solubility to Hyalella azteca has been documented previ-

ously (Nebeker et al., 1989; Ankley et al., 1994). Thus the

higher TOC in the 1� cell sediment mitigated the greater

diazinon concentrations. Significant spatial variation only

occurred 48 h after dosing, showing decreasing survival

from SRP to 1� cell and 2� cell. Again, spatial H. azteca

responses coincide with measured diazinon concentrations

as seen temporally, with exceptions associated with dif-

ferences in sediment TOC.

Based upon the responses of Hyalella azteca to aqueous

and sediment diazinon contamination, these data indicate

that sediment diazinon can move from a contaminant sink

during initial pesticide influx to a source of diazinon con-

tamination affecting nontarget aquatic organisms for days

to weeks after entering a constructed wetland. Further

studies are needed to elucidate the relationship between

aqueous and sediment phases in pesticide contamination

within aquatic systems and associated effects on nontarget

aquatic organisms.
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Table 2 Mean ± SD percentage (%) 48 h survival of Hyalella azteca
exposed to diazinon contaminated aqueous and sediment samples

from a constructed wetland (N = 3)

Time SRPa 1� cella 2� cella

Aqueous

0 h 73 ± 23 Ab 73 ± 12 A 47 ± 12 A

8 h 0 ± 0 B 0 ± 0 B 0 ± 0 B

48 h 0 ± 0 B 0 ± 0 B 0 ± 0 B

7 d 0 ± 0 B 0 ± 0 B 0 ± 0 B

15 d 13 ± 23 BC NSc 0 ± 0 B

27 d 47 ± 21 ACad NS 3 ± 6 Bb

Sediment

0 h 100 ± 0 A 100 ± 0 A 100 ± 0 A

8 h 80 ± 20 A 80 ± 0 A 77 ± 23 AB

48 h 100 ± 0 Aa 77 ± 23 Aab 53 ± 6 Bb

7 d 87 ± 6 A 70 ± 17 A 83 ± 11 AB

15 d 97 ± 6 A 87 ± 6 A 93 ± 6 A

27 d 97 ± 6 A NS 100 ± 0 A

a SRP = sediment retention pond; 1� cell = primary wetland cell; 2�
cell = secondary (finishing) wetland cell
b Means with a different upper-case letter are significantly different

temporally within each location (P < 0.05)
c NS = no sample collected
d Means with a different lower-case letter are significantly different

spatially within each time frame (P < 0.05)
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