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Introduction

The 3-ha mitigation wetland (‘billabong’) at the
Olentangy River Wetland Research Park (ORWRP), was
constructed in the summer of 1996, as a freshwater, oxbow
wetland that receives water from the Olentangy River
(Figure 1).  When the river level is higher than the wetland,
water flows into the wetland through a check valve (inflow)
at the north end of the wetland (Figure 1). When the river
level becomes lower than the wetland stage, the check valve
shuts off, preventing backflow to the river. Surface water
leaves the wetland seasonally through a control weir

(outflow) at the south end of the billabong and flows back
to the Olentangy River through a swale system.  As part of
the long-term monitoring at the ORWRP, water quality
conditions have been monitored at the billabong wetland
during flood conditions.  The ability of wetlands to remove
water pollutants and particulate matter has been well
documented at the ORWRP and other studies (Kang et al.,
1998; Nairn and Mitsch, 2000, Mitsch et al., 2000). This
report represents the results of water quality monitoring at
the billabong for four complete years (1997, 1999, 2000,
2001) and the first seven months of a fifth year (2002).

Methods

The condition of the billabong and other wetlands at the
ORWRP is monitored twice a day.  Water quality is sampled
at the inflow valve whenever water is flowing into the
billabong, and at the outflow whenever river water is
flowing out. Given the variable river conditions year to
year, the timing and number of water quality sampling
events varies from year to year. Temperature, dissolved
oxygen, pH, conductivity, and redox are measured with a
YSI probe. Instruments are calibrated and checked for
battery power routinely.  One 500 ml water sample is
collected at each sampling site. Water samples were taken
to the Ecosystem Analytical Laboratory at Ohio State
University where subsamples were filtered and frozen for
later measurement of soluble reactive phosphorus. Unfiltered
samples were preserved with concentrated H

2
SO

4
 (2 mL/L

sample) and frozen for later analysis of total phosphorus
and nitrate+nitrogen (NO

3
-N). A raw sample was also

stored for any new or additional analyses to be added.
Sample preparation and preservation is completed within
48 hours of original collection.

Sample Analysis

For all laboratory analyses, Standard Methods for the
Examination of Water and Wastewater, 17th Edition (APHA,
1989) and EPA Methods for Chemical Analysis of Water
and Wastes (U.S. EPA, 1983) are followed. Total
phosphorus, soluble reactive phosphorus, and nitrate-
nitrogen were analyzed on a quarterly or more frequent
basis on a Lachat QuikChem IV automated system and
Lachat methods (U.S. EPA, 1983). Both total phosphorus
and soluble reactive phosphorus methods employed the
ascorbic acid and a molybdate color reagent method. For
soluble reactive phosphorus and total phosphorus, samples
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Figure 1.  The mitigation wetland (billabong) at the
Olentangy River Wetland Research Park showing inflow
and outflow where water chemistry was measured in the
study
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were first digested by adding 0.5 ml of 5.6N H
2
SO

4
 and 0.2

g NH
3
SO

4
 to 25 ml of sample and exposing the samples to

a heated and pressurized environment for 30 minutes in an
autoclave. For nitrate-nitrogen run on the Lachat QuikChem
IV automated system, the cadmium reduction method was
used.

Data Analysis

A two-tailed t-test was conducted for each water quality
parameter to compare the mean inflow and outflow values
of each year. P values less than 0.05 were considered
significant.  T-tests were conducted using Microsoft Excel.

Results and Discussion

A summary of the mean annual values for each water
quality variable are between January 1997 and July 2002 is
illustrated in Table 1. Comparison between years should be
conducted with some caution because of the different
flooding frequencies and sampling between years. Water
most frequently entered the billabong between the months
of February and May with less occurences in the summer
and early winter months. In most cases, inflow and outflow
sampling occurred concurrently but the number of events
between inflow and outflow differed substantially in the
same year.

In most years, the billabong significantly reduced pH,
turbidity, soluble reactive phosphorus, total phosphorus,
and nitrate-nitrogen from inflow to outflowing water. No
appatrent trends were detected for the other water quality
parameters. Listed below is a brief description of the results
of each water quality variable measured.

Temperature

Mean temperature was lower at the inflow than the
outflow for each year; however the only significant
differences (p<0.05) were detected in 2000 and 2002.
Higher outfall temperatures are expected given the residence
time of water in the shallow and broad billabong during
spring.  It is also during this time of the year that plant cover
is minimal and sunlight intensity is increasing.

pH

The pH increased significantly (p<0.05) for 1999 through
2001.  No significant difference was detected in 2002. The
increased pH could be due to aquatic productivity of
groundwater inflow.

Dissolved Oxygen

Dissolved oxygen of outflow water was significantly
higher (p<0.05) than inflow water in 1999.  Otherwise mean
DO values were highly variable and the lack of significant
differences can likely be attributed to the seasonal
occurrences of the billabong water quality sampling.

Redox

Redox potential was lower than than the inflow only in
1999. Little change in redox would be expected in a relatively
new wetland.

Conductivity
There was no significant difference (p<0.05) detected in

mean conductivity from inflow to outflow for any of the
years sampled.  This variable fluctuated substantially with
no significant differences detected during any of the sampling
years.

Turbidity

Mean turbidity values varied during most years (Table
1); however water turbidity decreased significantly (=0.05)
from inflow to outflow in 1999 and 2001.  Because water
enters the billabong during high river levels (associated
with storm events), water turbidity from the river is generally
highest during sampling events. Turbidity measured at the
inflow ranged from 71+16 in partial year 2002 to 108+17 in
1997.  The greatest reduction the billabong had on turbidity
was in 2001 (55.4%).  The ability of the billabong to reduce
turbidity is expected to increase as vegetation continues to
develop in the central portion of the wetland.

Soluble Reactive Phosphorus

The billabong is highly effective at decreasing the
concentration of SRP from inflow to outflow.  In all years
except 2002, the concentration of SRP was significantly
lower (p<0.05) at the outflow than the inflow.  In each
complete year that data were collected, the amount of SRP
removed from the inflowing water was substantial: 59.9
percent in 1997, 33.0 percent in 1999, 56.3 percent in 2000,
and 73.9 percent in 2001. No differences were detected in
the partial 2002 year; however fewer samples were collected
in that year compared to the others.

Total Phosphorus

Total P concentrations were reduced in all years except
2001; however the only significant reduction (p<0.05)
occured in 1999. Reductions between the inflow and outflow
ranged from 25 percent in 1999 to 38 percent in 1997.  A
very slight increase (less than 2 percent) was detected in
2001.

Nitrate-Nitrogen

The billabong effectively reduced the mean concentration
of nitrate-nitrogen in water outflowing from the wetland.  A
significant reduction (p<0.05) in concentration was detected
in 1997, 1999, and 2001.  Nitrate-nitrogen concentrations
reductions ranged from 33.4 percent in 1999 to 70.4 percent
in 2001.

Conclusions

Water analysis has been conducted over the past six
years to assess the ability of the billabong wetland to
improve water quality.  The majority of water entering and
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Table 1. Summary of water quality measurements at the oxbow “Billabong” Wetland at the Olentangy River Wetland
Research Park, 1997 through July 2002. Sampling was conducted during up to twice a day during any inflow or outflow
of water from the billabong.  Numbers are mean + std. error (# of samples)

leaving the billabong occurs between the months of February
and May. Because these are some of the coldest months of
the year some water quality variables (pH, DO, redox, and
conductivity) have not shown appreciable changes between
inflow and outflow mean .  However, the billabong continuely
reduces the concentrations of incoming nutrients and

suspended solids.  As the wetland matures, it is expected to
increase in its ability to reduce nutrient concentrations and
water turbidity even more.  Sampling during the first six
years has demonstrated that the billabong is already
successful at fufilling an important wetland function: water
quality enhancement.

_____________________________________________________________________________________________

Temp. (˚C) pH
Paired t-test, p-value     Paired t-test, p-value

Year Inflow Outflow Inflow v. Outflow Inflow Outflow     Inflow v. Outflow
2002 8.7+1.1 (17) 15.6 +2.3 (8) 0.0225 7.95+0.05 (16) 8.25+0.09 (7) nd
2001 10.0 +1.6 (14) 11.8+1.9 (18) nd 7.79+0.09 (14) 8.15+0.11 (18) 0.0169
2000 8.6+1.0 (39) 12.5+0.9 (62) 0.005 7.58+0.07 (35) 8.06+0.08 (56) 0.0000
1999 6.7+0.9 (24) 7.6+0.7 (69) nd 7.81+0.07 (24) 8.47+0.07 (69) 0.0000
1998 no data no data no data no data no data -
1997 5.0+4.5 (4) 6.3+5.9 (4) nd 7.22+0.19 (4) 6.71+0.40 (4) nd

DO (mg/L) Redox (mV)
Paired t-test, p-value Paired t-test, p-value

Year Inflow Outflow Inflow v. Outflow Inflow Outflow   Inflow v. Outflow
2002 12.89+0.54 (16) 11.78+1.04 (7) nd no data no data -
2001 12.35+0.72 (14) 12.16+0.70 (17) nd 287+21 (11) 256+17(17) nd
2000 11.17+0.80 (39) 12.18+1.02 (62) nd 246+11 (25) 240+5 (42) nd
1999 8.98+0.85 (24) 12.88+0.55 (67) 0.0000 235+18 (23) 191+6 (66) 0.0340
1998 no data no data - no data no data -
1997 11.89+1.70 (4) 12.59+1.43 (4) nd no data no data -

Cond. (µS) Turbidity (NTU)
Paired t-test, p-value Paired t-test, p-value

Year Inflow Outflow Inflow v. Outflow Inflow Outflow Inflow v. Outflow
2002 522+23 (16) 458+27 (7) nd 71+16 (8) 41+20 (4) nd
2001 409+37 (13) 335+17 (18) nd 67+11 (14) 30+5 (14) 0.0084
2000 283+13 (38) 315+11 (61) nd 106+12 (26) 78+10 (51) nd
1999 305+14 (24) 313+8 (69) nd 90+9 (19) 42+3 0.0000
1998 no data no data - no data no data -
1997 540+84 (3) 447+57 (3) nd 108+17 (39) 68+12 (4) nd

SRP (µg-P/L) Total P (µg-P/L)
Paired t-test, p-value Paired t-test, p-value

Year Inflow Outflow Inflow v. Outflow Inflow Outflow Inflow v. Outflow
2002 41+3 (7) 37+1 (4) nd no data no data -
2001 43+4 (60) 11+2 (34) 0.0000 165+24 (14) 168+50 (14) nd
2000 62+6 (42) 27+3 (62) 0.0000 126+12 (28) 77+8 (51) 0.0011
1999 36+3 (20) 24+4 (21) 0.0124 139+17 (21) 104+14 (57) nd
1998 no data no data no data no data no data -
1997 34+9 (32) 14+5 (5) 0.0423 162+7 (36) 107+26 (5) nd

NO3-N (mg-N/L)
Paired t-test, p-value

Year Inflow Outflow Inflow v. Outflow
2002 no data no data -
2001 5.30 +0.39 (61) 1.57+0.27 (34) 0.0000
2000 4.60+0.30 (43) 4.05+0.69 (69) nd
1999 5.15+0.26 (20) 3.43+0.23 (45) 0.0000
1998 no data no data -
1997 11.72+1.35 (34) 5.48+0.54 (4) 0.0001
____________________________________________________________________________________________
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