ABSTRACT

The persistence of pesticides in terrestrial and aquatic ecosystems of the Indian Creek (ICW) and Huntsville Spring Branch (HSBW) watersheds is a

major concern for North Alabama. This particular study entailed the collection of 54 soil and sediment samples from upland, bank and in-stream

depositional areas within these two watersheds. Concentrations of 22 pesticides were determined through dual-column analysis using GC-ECD. The

most predominant occurrences were observed for DDT (dichlorodiphenyltrichloroethane), DDE, DDD, heptachlor and various endrin compounds.
OCP concentrations ranged from undetectable to 5080 ug/kg-dw. An obvious trend was observed for DDT and its metabolites, DDT>DDE>DDD,
respectively. OCP concentrations tended to be higher at the upland positions and in the HSBW, especially at site 9. Overall, ICW showed more

consistent detections for many of the compounds. Many of the OCPs also exceeded established water and soil quality criteria. These findings were

attributed to variations in absorption, volatilization, plant uptake, microbial degradation, land use and other processes affecting the degradation and

retention of these pesticides at specified locations

INTRODUCTION
Organochlorine Pesticides
<“*Numerous studies have shown that organochlorine pesticides
(OCPs) pose significant health and environmental risks
(Wagenet et al., 2008). Nonetheless, they have been used
extensively worldwide in agriculture and to control soil
dwelling and vector carrying insects (Table 1).

and chronic
impacts on aquatic and terrestrial organisms are among the
disadvantages associated with the use of OCPs. Most OCPs
have been shown to be toxic to fish, invertebrates, mollusks,
birds, and humans due to bioaccumulation in the food chain
(Hellwell, 1988; 1LO, 1996).

<“#They usually reach aquatic ecosystems through erosion and

runoff from agri and i land,

deposition, and discharging of effluents from factories and
sewage (Beitz etal., 1994). Their lipophillic nature causes
them to concentrate in the tissue of exposed organisms (Smith
and Gangolli, 2002). Equally important, factors like low
solubility and high soil adsorption coefficients cause OCPs to

persist in the environment for years after thei
(Barbash et al., 1996; PAN, 2008).

nitial entry

<+According to a study by Gilliom (2007), pesticides were
detected 90% of the year in NAWQA streams that had
developed watersheds. They were found in the fish and
sediment of most of the streams investigated. It was concluded
that despite bans, most of the nation’s rivers and streams are
contaminated with pesticides,

Figure 12) DDT

Relevance of Historical Pollution
<For years, DDT was manufactured on Redstone Arsenal by
the Olin Chemical Company. Manufacturing, handling, and
disposal practices eventually led to the discharge of DDT
residues through the arsenals drainage system into the nearby
HSB-IC tributary system. It s estimated that 4.32 x 105 t0 8.0
x 106 kg of DDT residues were discharged into the ICW and
HSBW, resulting in contamination of nearby waterways and
more than 1400 acres of the Wheeler National Wildlife Refuge
(WNWR) (Figure 2) (Rebitzke, 2003; Reich et al., 1085).
Disturbance and redistribution of these compounds as well as

other historical OCPs are a major concern for surface water
quality in these areas.

Objectives

1) To assess the occurrence and spatial distributions of OCPs
in the surface water, surrounding alluvial sediment, and soils
of selected areas within these watersheds.

2) To assess the potential for sediment toxicity within the.
ecosystems.

MATERIAL & METHODS

Study Area

«The ICW and HSBW are sub-basins of the Wheeler Lake
Basin. The total drainage areas are 38.8 mi2 (ICW) and 42
miZ (HSBW) and the predominant geology consists primarily

of Tuscumbia Limestone Formation.

sample Collection & Analysis
<+Discrete grab water samples were collected using a
‘WaterMark horizontal polycarbonate water bottle.

«Composite soil samples consisting of five sub-samples were
collected on transects, at two locations (1 & 2) and at three
positions per location (upland, bank & in-stream) (Figure 3).

esticide analysis was performed by Environmental Testing
& Consulting, Inc. (Memphis, TN), applying gas
chromatography with electron capture detection using EPA
Methods 3510C, 3550B and 8081A (Greenberg et al., 2000).

« A batch run was performed for the following OCPs: aldrin,
@, B, v, and 8 BHC, chlordane (a and y), DDT (DDE, DDD)
dieldrin, « and B endosulfan, endosulfan-sulfate, endrin,
(endrin aldehyde & endrin ketone), heptachlor (heptachlor
epoxide) and methoxychlor.

+Data Analysis
Statistical analysis was performed using SAS 9.1. An
analysis of variance was used to rank and evaluate OCP

and the Tukey’s Range Test
(HSD) was used to perform mean separation. Multiple soil
and water quality benchmarks were used to evaluate the

potential for water and sediment toxicity.

Table 1. Classfication, uses, status, and biological ffects of OCPS.inthe ICW and HSBW.

Upland

Pestcides Uses Biologicl Effects Status inUS.
Alrin® Locust, termits, Nervous system Uses resticted in
grsshoppers, damage, conwisions, | 1974 t termits
footworm contol in muscl tiching, Al ses were
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Figure 4, L usel land cover for the IC and HSB Wtershcs,
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FOCUS OF RESEARCH
“This research examines the occurrence and spatial
distribution of organochlorine pesticides in water, soil
and sediment of the Indian Creek and
Huntsville Spring Branch watersheds of North Alabama.
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RESULTS & DISCUSSION

Pesticides in Surface Water

«*No OCPs were detected in IC even though 4 out of the

22 OCPs investigated were observed in HSB.
Concentrations ranged from undetectable to 0.0712
ng/L, with some unconfirmed () concentrations.

<+Dieldrin and heptachlor epoxide exceeded EPA fresh
‘water quality criterion continuous concentration (CCC)
standards, (0.0712 > 0.056 ug/L) and (0.0321Y> 0.0038

ng/L), respectively. Other OCPs observed were aldrin

(0.0133 gL and y-BHC (0.0257 ug/L). As shown in

Table 3, most of the concentrations in the water
exceeded human health risk standards (USEPA, 2002).

Site 6, which is the location of a natural karst spring, was

shown to be the most contaminated by OCPs, this.
indicates some contamination of groundwater. The
exceedances suggest that some concentrations might
cause potential health problems to human and aquatic
organisms.

“Table 3. U.S. National Recommended Water Quality Critera and OCP
i

concentrations i water (L),
s =

«There were no DDTRs detected in any of the surface
water samples. The fate of DDT in an aquatic ecosystem
entails volatilization and sorption to biota and sediment
The results obtained could also be attributed to the small
sample size. It is expected that more intensive sampling
would provide a better indication of the status of OCPs in

surface water for IC and HSB. Overall, the

Organochlorine Pesticide Concentrations in Water, Soil and Sediment of the Indian Creek and Huntsville Spring Branch Watersheds

RESULTS & DISCUSSION s
Pesticides in Soil and Sediment

“Results for the soil/sediment showed that the
watersheds are still polluted with a variety of
promulgated OCPs. As indicated in Figure 5, OCP.

in i were.

in both
watersheds. They were detected in all of the sites and in
upland, bank and in-stream positions. Concentrations
ranged from undetectable to 5080 ug/kg-dw.

<Sixteen of the OCPs investigated were found and they
were detected in 46 of the 54 samples analyzed; only 4
samples from each of the watersheds showed
undetectable levels of OCPs. Additionally, the number
of OCPs detected in the HSBW (14) almost doubled
those of the ICW (8). Many of the concentrations were
also substantially higher in the HSBW. Aldrin, a-BHC,
-BHC, §-BHC, endosulfan sulfate and methoxychlor
Were ot detected in any of the soil/sediment samples,
even though aldrin and y-BHC were observed in the

water samples.

“The ICW showed detections for DDD (3= 401.10),
DDE (¥'= 414.33), DDT (3= 543.83), endrin (3= 5.39),
endrin aldehyde (3= 7.43) and endrin ketone (y= 12.03)
ng/kg-dw. The highest YOCP concentrations observed
for HSBW were toxaphene (3= 5080), DDT (5= 2039),
and DDE (3= 870.73) pg/kg-dw. The lowest YOCP
concentrations were observed for the endosulfan isomers.
Many of the OCP concentrations exceeded the EPA
Region IV, NOAA, Canadian and OSWER sediment
quality benchmarks shown in Table 2

DDT, DDD and DDE (DDTRs)
< The DDTRs were by far the most predominant,

frequently detected, and overall highly concentrated of all

the OCPs. DDT was the most common OCP; it was
detected in 85% of the samples. Its i was
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followed by DDE (57%) and DDD (16%), indicating a
DDT>DDE>DDD pattern of occurrence. Ironically, there
was no DDD detected in the HSBW and its frequency of
detection was significantly less than that of DDT and
DDE in the ICW. This could be attributed to the lack of

necessary anaerobic microbes and

conditions.

<Overall, there was a high degree of variability in the

DDTR residue for most of

the sites. The residues have been redistributed over the
years resulting in varying gradients and spatial patterns;
Site 9 > Site 5 > Site 8 > Site 3 > Site 4 > Site 2 > Site 10
> Site 1. Whereby, the highest OCP

fluctuated between the two watersheds (Figure 6).
Nonetheless, sites 5 and 9 were the most

Site 5 is located downstream from the initial
contamination and site 9 is proximate to the location as
well. Site 9 is also proximate to a wastewater treatment
facility and city landfill. All of these factors could have
affected the results. There were also significant
differences observed in the mean DDTR concentrations
by site, location-within-site and landscape position.

<+The upland and bank positions saw significantly higher
mean DDTR concentrations than the in-stream positions.
According to Aislabie et al. (1997), DDT can
significantly degrade in flooded soil and in soils with

or lack thereof could be attributed to natural

environmental conditions, land use (Figure 4), migration,

transformation of these compounds, and the amount of

suspended particles present in the surface water (Yang et

al, 2007)

high OM. L
decreases in DDTR contamination levels when compared
to levels by Reich et al. (1986) and Webber et al. (1988).
Nonetheless, the concentrations are still quite excessive

there were substantial

‘with respect to current thresholds.

CONCLUSIONS
<Overall, the watersheds showed widespread
contamination by OCPs, especially the DDTRs. We
are in agreement with Graham and Campbell (2002) in
that, we can reasonably conclude that DDTRs may still

be present in water and wildlife of these areas.

< This work supports a number of studies that attribute
fish and macroinvertebrate impairments in Indian

Creek and Huntsville Spring Branch to elevated levels
of organochlorine compounds in the soil and sediment

of these watersheds.

It s very important that specific measures be

to ensure that these remain

intact and are not transported into the water column.



