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ABSTRACT

A study was conducted to determine and compare biotic (bacterial) and abiotic (physico-
chemical) pollution indicator levels generated from water samples collected from eleven
sites within an aquatic wetland under restoration in Brown County in Southern Illinois.
The approximately 700-acre “Spunky Bottoms” wetland, purchased by The Nature Con-
servancy, is currently being restored by The Wetlands Initiative to conditions prior to
levying of the Illinois River and draining of adjacent floodplain for intensive agriculture
(circa 1900).  Water samples of approximately 200-ml were collected aseptically and
analyzed for indicator bacteria (total coliform and Escherichia coli) concentrations using
a membrane filtration technique and culturing methods.  Predominant bacterial genera
were also isolated from selected water samples and identified using standard culturing,
microscopic, and biochemical techniques.  Temperature, pH, dissolved oxygen and con-
ductivity were also monitored concurrently in the field at water sampling sites.   Levels of
bacterial and physicochemical pollution indicators in water samples taken from the Illi-
nois River and wetland sites adjacent to agricultural land use were substantially higher
than levels found at other sampling sites, possibly due to agricultural runoff.  Predomi-
nant bacterial genera recovered from all sampling sites were Pseudomonas and Bacillus,
which may contribute to biogeochemical cycles.  Results suggest that restored wetlands
may contribute to pollution indicator reduction, and that wetland microbial populations
may contribute to biogeochemical (N, P, C) element cycling.  Further research is neces-
sary to determine more specific contributions of aquatic wetlands to indicator bacteria
concentration reduction and biogeochemical cycles.
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INTRODUCTION

Preservation of aquatic wetland ecosystems is vital to protect wildlife habitats, protect
water quality, and provide for aesthetically pleasing environmental sanctuaries for rec-
reational purposes.   Aquatic wetland ecosystems are being lost or degraded at a dramatic
rate throughout the world.  National wetland area loss since European settlement is
roughly estimated near 50% (Whigham,  et al., 1993).  Installation of drain tiles and river
levying to facilitate agricultural land use practices has been a primary contributor to
wetland loss in many U.S. states, including Illinois since circa 1900 (Hey and Philippi,
1999).  Illinois has shown a significant loss of aquatic wetlands to agricultural and resi-
dential land use since circa 1800.  Approximately 3-4% (500,000 acres) of the state of
Illinois was designated as wetland in 1990.

Surface and ground water quality is important both nationally (U.S. Environmental Pro-
tection Agency - USEPA, 1996) and in Illinois (Illinois Environmental Protection
Agency - IEPA, 1994; 1995; 1996).  Aquatic wetlands protect water quality by serving as
a buffer system to slow water runoff from storm events and allow infiltration into soils,
percolation into soil-groundwater systems, and allow time for water purification through
natural physical, chemical, and biological processes (Hey and Philippi, 1999; Hammer,
1997; Kadlec and Knight, 1996; National Research Council, 1995; Whigham, et al.
1993).  However, there has been some criticism of the ability of restored wetlands to
mimic natural wetlands, including failure to attract targeted endangered waterfowl spe-
cies (Malakoff, 1998).  Residential, municipal and industrial wastes are discharged into
the Illinois River (IEPA, 1994; 1995; 1996).  Aquatic contaminants include pathogenic
microorganisms, toxic chemicals, and plant nutrients such as nitrate and phosphate that
can lead to eutrophication and depletion of aquatic dissolved oxygen (Salvato, 1992).
Microbial populations in aquatic systems may also contribute to biogeochemical cycling
of elements, including N and P (Atlas and Bartha, 1987; Whigham, et al., 1993; Hurst, et.
al., 1997).  These processes may reduce nutrient loading of rivers and ultimately, degra-
dation of estuarine ecosystems (e.g., the hypoxic “dead zone” in the Gulf of Mexico).
Wetland restoration has been proposed as a means of reducing N transport to coastal
waters (Fleischer and Stibe, 1991).  However, limited research has been conducted on the
potential for aquatic wetland microbial populations to contribute to biogeochemical
cycling of elements.

Much of the flood plain adjacent to the Illinois River was levied and drained for intensive
agricultural use by pumping water collected in the wetland into the Illinois River (circa
1900).  The rich alluvial soils allowed highly productive agriculture due to the accumula-
tion of nutrients during thousands of years of natural flood cycles and resulting silt depo-
sition.  Restoration of arable land to wetland conditions has been extensively studied
(Manchester, et al., 1999; Mitsch, et al., 1999; Young, 1996).  Spunky Bottoms wetland
in Southern Illinois was purchased by The Nature Conservancy in 1998 with a goal of
restoration to more natural conditions prior to intensive agricultural use.  This approxi-
mately 1,500-acre site (containing approximately 700-acres of wetland) in Southern
Illinois is being restored in cooperation with The Wetlands Initiative, funded by a grant
from The National Fish and Wildlife Foundation.  Restoration goals include increasing
the level of water in the area and planting native grasses and other wetland flora and
provide habitats for aquatic organisms.  Water flow through Spunky Bottoms wetland is
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primarily from northwest to southeast, entering the wetland through runoff from the
upland topography to the west.  Water then flows through drainage ditches (North Mar-
ket, Main Road, and South Cox) to the Pumphouse.  Excess water collected was then
pumped over the levy into the Illinois River to facilitate agricultural land use (Fig. 1).
This technique may also be used to control water levels within the wetland during further
restoration efforts.  Sources of potential water contaminants include both point and non-
point due to adjacent agricultural land use.

Transfer of potentially pathogenic microorganisms, nutrients, and toxic chemicals from
agricultural, residential, and industrial wastes through soil to surface water or groundwa-
ter is a recognized environmental health concern (Pancorbo, et al., 1991; Kelley, et al.,
1994, 1995).  Sampling and characterization of local surface water systems is also used to
educate students and the general public concerning important environmental health con-
cepts, such as aquatic ecosystem’s response to various contaminants, and reduction of
pollution (Kelley, et al., 1994, 1995; National Science Foundation - NSF, 1993).  This
study determined and compared the distribution of physicochemical and bacterial indi-
cators of pollution, as well as predominant bacterial populations in water samples col-
lected from the Spunky Bottoms wetland from June-September 1999.  Quantitative data
was generated concerning coliform concentrations while qualitative data only (identifica-
tion of predominant genera) was generated concerning predominant bacterial genera.
Appropriate physical, chemical, and bacterial parameters monitored were chosen from
those recommended and described by the Clean Water Act National Pollution Discharge
Elimination System (NPDES), Environmental Engineering and Sanitation, 4th Ed. (Sal-
vato, 1992), and  Standard Methods for the Examination of Water and Wastewater, 20th

Ed. (Eaton, 1998).

Monitoring of water samples collected from Spunky Bottoms wetland for biotic and
abiotic pollution indicators is being conducted to provide information concerning the
current state of water quality, and changes in water quality as restoration proceeds.  Data
gathered on predominant bacterial populations generated from this and future studies may
be used to determine the microbe’s potential role in biogeochemical cycling of N, P, and
C elements in the wetland.

MATERIALS AND METHODS

Seven sites within the wetland were initially identified by The Wetlands Initiative as
indicating a representative geographical distribution of surface water flow throughout the
area.  Four test wells were later sampled for a total of eleven sampling sites (Table 1).
All seven sites initially identified were sampled five times each during June-September
1999.  Test wells spb-5 and 13 were sampled twice each for physicochemical pollution
indicators.  Test well spb-13 was sampled three times for bacterial indicators.  Test wells
spb-12 and 19 were sampled only once each.  Samples taken from four sites (South Cox,
Main road, Illinois River, and Snyder’s Landing) were analyzed for predominant bacte-
rial populations using techniques described below.

Physicochemical and Bacterial Analyses
Temperature, conductivity, total dissolved solids, and dissolved oxygen levels were
measured in the field from June-September, 1999 using a Corning Multimeter (Corning
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Inc., Science Products Division, Corning, NY).  Methods used for physicochemical water
analyses followed directions recommended by the instrument manufacturer.  For bacterial
analyses, water samples of approximately 500-ml were taken from eleven selected sites
(Table 1) using aseptic technique and stored in sterile Whirlpak- type sealed plastic bags
according to collection, shipment, and storage procedures outlined in Standard Methods
for the Examination of Water and Wastewater, 20th Ed. (Eaton, 1998).  Bacterial
analyses were completed within 48-72 hours of sampling.  Appropriate volumes of
undiluted water samples or appropriate dilutions of water samples were filtered through
0.45-µm pore size 47-mm diameter gridded filters (Micron Separations Inc.,
Westborough, MA) using a Nalgene (Nalgene Co., Rochester, NY) filtration apparatus
attached to a vacuum pump.  Filters were transferred to the surface of Methyl-Ulbelliferyl
β-D-Glucaronide (MUG)-based m-TMM (Tergitol Monensin MUG) culture media con-
tained in 50-mm petri dishes and incubated at 350 C for 24 hrs (Dry-type Bacteriological
Incubators, Blue M Electric Company, Blue Island, IL) for culturing of bacterial groups.
MUG-based media allowed for concurrent culturing and identification of total coliform
and Escherichia coli (Freier and Hartman, 1987).  Aseptic technique was applied during
all microbiological analyses.  Characteristic colonies were counted and bacterial group
concentrations reported on a colony forming unit per milliliter basis (cfu ml-1).

Preliminary testing of water samples for predominant bacterial populations was also
conducted using the following protocol (United Analytical Services, Inc., Downer’s
Grove, IL):  Fifteen-ml of each water sample were centrifuged for 15-min. at approxi-
mately 3000-rpm.  Two-ml of supernatant and the remaining sediment were used as a
concentrated sample to inoculate BHI (brain heart infusion) plates which were incubated
for a total 10- days.  Plates were observed on days five, seven and ten.  Gram stains, wet
mounts and biochemical analyses were performed on the growing colonies.  The two
predominant genera by concentration were then identified.

Statistical data analysis
Data generated were subjected to one-way analysis of variance (ANOVA) and pairwise
comparison using Sheffe’s S test with SPSS software.  Significance was determined and
probability (p) levels reported for ANOVA results.  Location and sampling time were
identified as independent variables.  Physicochemical and bacterial pollution indicator
(coliform and E. coli) levels were identified as dependent variables.

RESULTS

Physicochemical analyses
Mean data for physicochemical and bacterial analyses of water samples are reported in
Table 1.  Temperature of water at sampling sites ranged from 18.70 C (Middle Creek,
September 27) to 31.80 C (Pumphouse, July 19).  Levels of pH of water at sampling sites
ranged from 7.04 (well spb-5) to 7.90 (Snyder’s Landing).  Conductivity of water at
sampling sites ranged from 404 micro-Siemens (µS) to 796 µS (Pumphouse and well
spb-12, respectively).  Total dissolved solids (TDS) concentrations ranged from 201 to
365 mg L-1 measured by the instrument as correlated to conductivity.  Dissolved oxygen
concentrations were off scale at several sites tested, possibly due to instrument or opera-
tor error.  After elimination of off-scale DO values dissolved oxygen levels in water
samples ranged from 3.1 mg/L (Snyder’s Landing) to 12.8 mg/L (South Cox).
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Bacterial analyses
Total coliform concentrations ranged from 18 cfu 100 ml-1 (Pumphouse)  to 85,000 cfu
100 ml-1 (well spb-5).  Escherichia coli concentrations ranged from 2.0 cfu 100 ml-1

(Pumphouse) to 20,000 cfu 100 ml-1  (Middle Creek).  A ranking of mean total coliform
and E. coli concentrations (from lowest to highest) are as follows:  Illinois River, Pum-
phouse, Middle Creek, Main Road, Snyder’s Landing, well spb-5, well spb-13, South
Cox, and North Market  (Table 1).   High variability of some microbial concentration
data was primarily due to temporal variation between or among different samples (e.g.,
taken at different times), rather than variability of microbial concentrations within sam-
ples taken at the same time.  Pseudomonas and Bacillus were the two predominant bacte-
rial genera isolated from water samples collected and submitted for analysis.

Statistical analyses
One-way analysis of variance (ANOVA using SPSS software) of physicochemical and
bacterial data (dependent variables) generated for all time periods indicated significant
surface site (independent variables) differences among conductivity, F (10, 21) = 4.001, p
= 0.004;  total dissolved solids F (10, 21) = 4.248, p = 0.003;  total coliform concentra-
tions, F (10, 71) = 4.083, p < .0001; and E. coli concentrations, F (10, 71) = 2.222, p =
0.026.   Pairwise comparisons using Sheffe’s S test indicate no significant differences
among paired sites, but this apparent inconsistency many have been due to the limited
number of observations (n ≤ 5).  ANOVA and Sheffe’s S test results reported were per-
formed on data from all eleven sites.  Subsequent analysis excluding well data did not
substantively change results or conclusions.

DISCUSSION

Physicochemical analyses
Results of physicochemical analyses of water samples, including temperature, pH, con-
ductivity, turbidity, and dissolved oxygen are within ranges of 50-1,500 µMhos and 6.0-
9.0, respectively for natural waters as indicated in the literature (Eaton, 1998; Salvato,
1992).  Mean dissolved oxygen levels were 5.75 mg L-1, above levels of 5.0 mg L-1

recommended to support fish survival and reproduction (Salvato, 1992).  Based on results
generated and analyzed in this study, there was evidence to suggest that concentrations of
selected physicochemical indicators of pollution (conductivity and total dissolved solids)
were significantly reduced as water flowed through the wetland.

Bacterial analyses
Salvato (1992) citing the Federal Water Pollution Control Administration (FWPCA,
1968) indicated that acceptable levels of fecal coliform concentrations for general recrea-
tional use waters for which ingestion is not a significant concern should not exceed an
average of 4,000 cfu 100 ml-1.  Fecal coliform are a sub-group of total coliform and are
therefore a more specific indicator of fecal pollution (Salvato, 1992).  Mean total coli-
form concentrations exceeding recommended levels of 4,000 cfu 100-ml-1  were recov-
ered from South Cox, North Market, Snyder’s Landing, and wells spb-5 and 13 (Table 1).
Assuming that a majority of fecal coliform are E. coli,  fecal coliform concentrations
recovered did not appear to exceed recommended maximum levels.  Potential sources of
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fecal pollution include runoff of animal waste (e.g., cattle, pigs, goats, etc.) from adjacent
agricultural practices, as well wild animal wastes.

Based on results generated and analyzed in this study, there was evidence to suggest that
as water flowed through the wetland, concentrations of bacterial indicators of fecal pol-
lution (total coliform and E. coli) were significantly reduced.

Conclusions
As described in the introduction, water flow through Spunky Bottoms wetland is primar-
ily from northwest to southeast, entering the wetland through runoff from the upland
topography to the northwest.   Water then flows through drainage ditches (North Market,
Main Road, and South Cox) to the Pumphouse site.  Excess water collected was then
pumped over the levy into the Illinois River to facilitate agricultural land use (Fig. 1).
Considering this flow pattern, it is interesting to note that lowest concentrations of E.
coli, total dissolved solids and conductivity levels were found in samples collected from
the Pumphouse site.  The second lowest concentration of total coliform was also recov-
ered from the Pumphouse site.  These observations support the evidence that concentra-
tion reduction of pollution indicators occurred as water passed through the wetland.  It
should be noted that many factors could have contributed to concentration reduction of
pollution indicators, including physical processes of dilution and settling. 

Several species of Pseudomonas and Bacillus function in the nitrogen cycle including
Pseudomonas nitrificans and P. denitrificans, Bacillus polymyxa  and B. macerans.  B.
megatherium also functions in the phosphorous cycle in mineralization of phosphate.
Pseudomonas and Bacillus species also function in the carbon cycle to degrade recalci-
trant compounds such as chitin, lignin, and xylan (Atlas and Bartha, 1987).  Therefore,
there is limited evidence from preliminary results of this study that bacterial populations
in the wetland may contribute to biogeochemical cycling of N, P, and C elements in the
environment.  Further study is necessary to support or reject this contention.
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Figure 1. Map of wetlands area and sampling site locations.



Table 1: Results of Spunky bottoms wetland water sample analyses for bacterial and physicochemical pollution indicators (Mean ± 1 Standard
Deviation).

South
Cox1

Middle
Creek1

North
Market1

Main
Road1

Snyder’s
Landing1

Pump-
house1

Illinois
River1

Well
spb-52

Well
spb-123

Well
spb-132

Well
spb-193

Total
coliform
(cfu ml-1)

74.9 ±
32.8

34.0 ±
20.6

79.1 ±
77.2

36.4 ±
23.5

55.8 ±
47.8

28.9 ±
15.5

22.2 ±
14.8

57.0 ±
26.0

ND* 65.3 ±
44.1

ND

E. coli
(cfu ml-1)

6.7 ±
4.9

5.75 ±
6.36

7.08 ±
5.98

5.33 ±
4.10

6.90 ±
5.63

3.00 ±
1.10

3.40 ±
2.42

5.0 ±
0.7

ND 6.17 ±
3.98

ND

Temp.
(0C)

25.80 ±
1.89

22.47 ±
2.68

27.50 ±
5.05

26.05 ±
3.46

27.00 ±
4.93

26.90 ±
4.04

28.30 ±
0.30

21.15 ±
1.65

23.90 23.15 ±
2.55

24.10

D O
(mg/L)

5.8 ±
1.1

7.4 ±
3.9

4.0 ±
0.35

7.0 ±
3.4

7.9 ±
2.6

5.3 ±
2.2

6.7 ±
2.6

4.8 ±
1.9

3.1 5.2 ±
2.0

3.4

pH
(0-14)

7.41 ±
0.22

7.26 ±
0.21

7.30 ±
0.19

7.38 ±
0.16

7.40 ±
0.30

7.35 ±
0.19

7.28 ±
0.17

7.14 ±
0.10

7.22 7.17 ±
0.10

7.44

Conductivity
(µS)

490.25 ±
35.75

648.33 ±
60.54

591.75 ±
55.60

535.00 ±
131.87

532.25 ±
22.75

469.00 ±
43.97

696 ±
28.99

605.50 ±
28.50

796 655 ±
11

612

TDS
(mg/L)

248.75 ±
19.64

331.00 ±
29.20

301.00 ±
29.28

266.25 ±
67.40

267.00 ±
11.11

235.75 ±
23.56

352 ±
10.61

304.50 ±
14.50

401 344.00 ±
0

313

1Sampled five times, 2Sampled twice (spb-13 three times for bacterial indicators), 3Sampled once only, *ND = No data generated


