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Abstract

From September 30, 1998 10 March 14, 1999 water samples were collected biweekly from the
White River at sites located near Imet (upstrearm) and Baxter (downstream) roads. They were tested for the
parameters suggested in the Hoosier Riverwatch Volunteer Water Quality Monitoring Streams Manual that
is produced by the Department of Natural Resources. From this data, a Water Quality Rating and
Macroinvertebrate Pollution Tolerance Index was computed showing that the site near Imel road had a
rating of 71.2 and arr index of 18; indicating “good” water quality on both accounts. A rating of 69.1 and
an index of 13 characterized the downstream site, placing it in the “medium” and “fair” water quality

calepories. respectively.

To the right, orange buoys warn of bottom shudge containing DDT, lead. and
other metals- sludge 100 hazardous to be safely dredged, To the lefi alongside the white
sand where sunbathers loll, four storm drains jut out of the ground, armed like bazookas.
into the breaking surf of the Santa Monica Bay. Behind them, still more ominous
silhouettes: two power plants, one sewage-treatment Jacility, and a Chevron oil refinery.

Twenty-five years ago the Environmental Protection A gency was entrusted with making

these waters swimmable and fishable (Wood 1998)
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In 1972 Congress enacted the Clean Water Act, mandating that the\E A;ﬁ

safeguard America’s bodies of water from pollutants such as those depretedtabove. Since
then water quality issues have gained public recognition and remain a concern (Wood
1998).

Hoosier Riverwatch is a state-sponsored water quality monitoring program
developed by the Department of Natural Resources (DNR). Volunteers are trained to
monitor certain parameters of local lotic environments, thereby increasing public
awareness of water quality concerns. The benefits of such a program are numerous.
First, Hoosier Riverwatch provides an opportunity to check the validity of the data
collected by the DNR. More sites are monitored and consequently, a more accurate

- description of the stream can be constructed. In addition, information is provided to local

- . S : .

¢ and statprediria it meshansisiewithifipien olapsing dinneRsieeL 4997 knd encourages
local action to improve and/or maintain watershed management. The volunteers acquire
a sense of personal responsjbility for the health of their river system and actively pursue

ceLvu-m) -

community support to uphold its maintenance. In the processjthe local community is

educated about the relationship between land use and water quality.

In this paper I will present and analyze the data obtained from the evaluation of
the parameters discussed in the Hoosier Riverwatch Volunteer Water Quality Monitoring
Streams Manual. From my results I will calculate a Water Quality Rating and
Macroinvertebrate Pollution Tolerance Index that indicatef the general health of the

stream.
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My water samples-e-taken from two sites along the West Fork of the White
River in Anderson, Indiana. The first site, upstream from the Anderson Wastewater
Treatment Plant, is near Imel Road and has steep and severely eroded banks. The
streambed consists of gravel and large rocks that create many riffles in the water. The
water is approximately 15-20% shaded and moves with a velocity of 0.84 meters per
second.

i

Sampling“}? also performed at a site downstream of the wastewater treatment
plant near Baxter Road. The streambed is composed largely of sand particles and has
shading percentages similar to those found at the first site. Detritus and muck line the
edge of the bed. The bank slope is moderate to steep and is moderately eroded and the
surface flow rate is 0.30 m/s. Both sites are located in suburban areas.

Methods

We collected samples biweekly from both locations mentioned above starting on
September 30, 1998. The atmospheric temperature and surface temperature of the water
were recorded using a standard Celsius thermometer. For each site five 70 ml water
collection jars were filled following the procedure outlined in the LaMotte Freshwater
Aquaculture Test Kit Model #AQ-2. One sample jar was fixed on-site; a second was
incubated in the dark for five days before fixation. The method for fixation is found in
the test kit referenced above. We followed the method for collecting macroinvertebrates.
suggested in the Water Quality Monitoring Streams Manual (36-37). The organisms
were placed in 70% ethyl alcohol for later identification.

The pH of the samples was determined using a Fisher Scientific pH meter

calibrated using a buffer with a pH of 7. The nitrate concentrations were found using
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Ward’s Instant Water Quality Test Kit, Catalogue #21W9013. Dissolved oxygen and
biochemical oxygen demand concentrations were determined using LaMotte’s
Freshwater Aquaculture Test Kit, Model AQ-2. The phosphate concentration was
analyzed using the ammonium molybdate method from Laboratory Eperiments in
Lnvironmental Chemistry (1993) and the Varian Cary 1 UV-Vis Spectrometer. The
phosphate standards used to establish a calibration curve were 0.1 ppm, 0.5 ppm, 1.0
ppm, and 5.0 ppm. To find the concentration of total solids, 25 ml of sample water was
added to three 125 ml clean, dried, and weighed Erlenmeyer flasks. The water was
boiled off and the flasks were dried and weighed.
Data
The following ten graphs and six tables were derived from the information in

Appendix A.
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Graph 2

Concentration and Degrees Celsius

Dissolved Oxygen v. Water Temperature at Imel (R=-0.18)
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Graph 3

Dissolved Oxygen vs. Water Temperature at Baxter (R=-0.15) J
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Graph 4

5-Day Diff. in DO,
Concentration (ppm)
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Graph 5

Concentration (ppm)
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Graph 6

Concentration (ppm)

DO, vs. BOD; at Baxter (R=-0.59)
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Graph 7
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Graph 8
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Graph 9
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Graph 10
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Table 1. WATER Dc>r3..< _ucﬁ._zo ﬂom IMEL _

- PARAMETER:: [MEAN RESUETS S TONITS VALUE S SWECEACTOR: = L TOTAL

Dissolved Oxygen 96 % saturation mﬂ X 0.17 = ._m S
Fecal Coliform * colonies/100 ml = X 0.16 =
pH 7.5 ppm 93 X 0.11 = 10.2
BODS 25 ppm 68 X 0.11 = 7.5
Water Temperature 0.14 Change in °C 94 X 0.10 = 9.4
Phosphates 2.1 ppm 26 X 0.10 = 2.6
Nitrates 4.8 ppm 65 X 0.10 = 6.5
Turbidity * NTU * X 0.08 = *
Total Solids 690 ppm 20 X 0.07 = 1.4
N=12 a, GHAEITY

._.mn._m 2 <<>4mw DC>_.3.< m>.:zm _uOm mg ER

A - R e B b LR oy : AR o iihA .. RS TRth Al AR ;1‘4.,.
Dissolved Oxygen 95 % mmEqu_o: mm x o 31 =
Fecal Coliform * colonies/100 ml & X 0.16 = ®
pH 7.4 ppm 93 X 0.11 = 10.2
BOD5 2.9 ppm 67 X 0.11 = 7.4
Water Temperature 0.93 Change in °C 91 X 0.10 = 9.1
Phosphates 3.4 ppm 19 X 0.10 = 1.9
Nitrates 6.7 ppm 58 X 0.10 = 5.8
Turbidity * NTU * X 0.08 = *
Total Solids 680 ppm 20 X 0.07 = 1.4

| N=12 |

mxnm__m:ﬁ 90-100%
Good 70-90%
Medium 50-70%
Bad 25-50%
Very Bad 0-25%




L& Table3. MACROINVERTEBRATE COUNT (IMEL)

EoEeEEEee e TEseEa e
e o s . b

Stonefly Ny Damselfly Nymph * Grey Midg ® =
Mayfly Nymph 15 Dragonfly Nymph * Black Fly larvae g Aquatic Worms *
Caddis Fly larvae 41 Sowbug * Planaria i Blood Midge 1.9
Dobsonfly larvae * Scud * Leech % Rat-Tailed Maggot *
Riffle Beetle * Crane Fly larvae % Water Mite 2.4
Water Penny * Clams/Mussels 7.5
Right-handed snail 1.8

Table 4. MACROINVERTEBRATE COUNT (BAXTER)

. xu.m 7 ,.,, : 0 T m.,m... T ,..,wﬁw ; ....,._”.r,.. umwf ‘ ..ﬁ_ = m.ww..wrhw GEL TR %ﬂw,ﬁﬁq : “ﬂsmrmwﬂ:.
Stonefly Nymsh | = Damselfly Nymph * Grey Midge * Left-Handed snail l
Mayfly Nymipt Wi Dragonfly Nymph * Black Fly larvae * Aquatic Worms 0.50
|Caddis Fiyianyge [~ 0.75 [Sowbug * __ |Planaria X Blood Midge 12
Dobsonfly iarvae " Scud - . Leech % Rat-Tailed Maggot "
Riffle Beetle " Crane Fly lar Water Mite =
Water Penny * Clams/MusStis ‘

Right-handed snail 9.5 - . F




Table 5. MACROINVERTEBRATE POLLUTION TOLERANCE

WEIGHTING FACTOR X4 X3 X2 X1
TOTAL 12 3 2 1

Macroinvertebrate Index = 18

Table 6. MACROINVERTEBRATE POLLUTION TOLERANCE

B [ Grotpit | Gloup 2 | arol
# OF TAXA 2 1 0 2
WEIGHTJNG FACTOR| X4 X3 X2 X1
TOTAL_ 8 3 0 2

@;!ﬂ:n;f it

Excellent |23 or more
Good 17-22
Fair 11-16

Poor 10 or less
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DISCUSSION

The atmospheric temperature, water temperature, dissolved oxygen concentration,
biochemical oxygen demand (BOD), nitrate concentration, phosphate concentration, pH,
and total solids tests were surveyed at each site (Table 1). At both locations the dissolved
oxygen concentrations fluctuated over time, but no major differences between the two
sites were observed (Graph 1). Normally an increase would be expected with

decreasing temperatures (Horne 1994); however, when dissolved oxygen concentration

el ’U;M%cz_ y %

was plotted against the water temperature (Graphs 2 and 3), low correlation values of
—0.18 and -0.15 resulted. Streams are dynamic systems; consequently, other variables
such as turbulence and the BOD influence the dissolved oxygen concentration. These
factors may account for the low correlation values.

The decrease in dissolved oxygen concentrations theoretically should coincide

(O e L. Y2

with increasing BOD (/’EM elation \;? Z s for hese}p?rameters at Imel and Baxter were —

Wn —-0.59, spectlvely (Graphs 5 and 6) ngh negative values were expected but

e

= not achieved. Again, other influences acting on the dissolved oxygen concentration may
- \_-) . - . . -
t& be the cause of the unsatisfactory correlation values. Large amounts of precipitation

E}*\ (snow or rain) received during the fourth, eighth, and eleventh week of sampling may

)
account for the sharp increase in BOD occurring at each site (Graph 4). Large inputs of

_W/JZ

detritus accompany the inputs of water. As the detritus is broken down, oxygen is
consumed.

The concentration of nitrates also fluctuategover time and appears to depend on
the volume of runoff received. Eleven out of the 12 times we sampled, the nitrate

concentration was higher at the Baxter location (Graph 7), reflecting the influence that
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the ammonia towers impart. The towers at the wastewater treatment plant convert

ammonia, a toxic by-product of metabolism (Fischer, Pers. Comm.), into nitrates)which

are lmhe system through the effluent that is located approximately 200

yards ppstreanr of the Baxter site.

A plot of phosphate concentration versus time (Graph 8) sh%Eria ﬂuctuation‘ j Y
e ' LUV,

pattern that seems to coincide with the cycle ofwater input; however this relationship is

not clearly defined because biota recycling may impact the phosphate concentration.
Phosphates are always more concentrated at Baxter than at Imel. This could be a result
of the difference in sedimentation. Sediments that consist of larger rock particles provide
more surface area for the water to contact because they cannot be tightly packed.
Phosphate is absorbed by these rock particles, thereby removing it from the water (Horne
1994). The streambed at Imel contains much larger rock particles than that of Baxter.
Phosphates could also be more concentrated at Baxter as a result of the wastewater
treatment plant. The Environmental Protection Agency (EPA) specifies that the plant
does not have to treat high concentrations of phosphates if there is no standing water
within 40 miles because algal blooms are not considered a threat in running water. The
plant receives multiple inputs of sewage; by not treating the phosphates it acts to
concentrate them near Baxter by releasing them through the effluent.

The pH at both sites was found to be comparable (Graph 9). Since pH is
dependent on the geological composition of the surrounding watershed and both sites
share similar watersheds, pH values are expected to be similar. The pH values were

neutral to slightly basicjwhich is normal for healthy river systems.

st
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A new test method for analyzing the total solids concentration was employed after
week four. The flasks were dried in an oven for 24 hours to eliminate all moisture,
whereas previously they were weighed after drying with a paper towel. Another change
was that the sample water bottles were shaken before each 25ml aliquot was removed.
Therefore, the validity of the results obtained up to and including week four must be
questioned. The spike seen on February 14™ is consistent with spikes seen in the other
graphs and can be assumed to correspond with an increase in runoff. |

Water Quality Index

Using the Q-value charts given in the Hoosier Riverwatch Water Quality
Monitoring Streams Manual (22-30), the average value' for each parameter was -
converted to its corresponding Q-value and multiplied by its weighting factor. The Q-
value totals were computed and divided by the total of the weighting factors. The
resulting water quality indices were 71.2 for Imel and 69.1 for Baxter (Tables 1 and 2), _
corresponding to the “good” and “medium” categories of water quality (Hippensteel
1997). The indices are based on seven of the nine parameters suggested; however, the
text clearly indicates that up to two parameters can be missing before unreliable results
become a problem. .

Pollution Tolerance Index

Table 3 shows that Caddis Fly Larvae and Mayfly Nymphs (common names),
pollution intolerant organisms, are the most numerous macroinvertebrates found at the
Imel site. Right-handed snails (pollution intolerant) and blood worms (pollution tolerant)

dominate the Baxter site (Table 4). The vast difference in organisms found has to do

' It was not realized until after this research was completed and the ratings computed that the pH values
should not be averaged because they are logarithmic -
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with the difference in substrate. The Imel site with its rocky bottom provides many more
hiding places for the macroinvertebrates.

The macroinvertebrates were assorted according to pollution tolerance into four
groups. The taxa for each group were counted and multiplied by its corresponding
weighting factor. These numbers were summed to give the Macroinvertebrate Pollution
Tolerance Index. An index of 18 indicates that the Imel location has “good” water quality
and an index of 13 for the Baxter location corresponds to “fair” water quality
(Hippensteel 1998). The Baxter site’s low rating may be due to the sandy substrate,
which does not house many organisms. B

CONCLUSION

Streams are dynamic systems and therefore many factors must be considered
before determining their health. The data presented above indicates that the Imel site is
in good health, having a water quality rating of 71.2 and a Pollution Tolerance Index of
18. The Baxter site is also in good condition overall, with a Water Quality Rating of 69.1
and a Pollution Tolerance Index of 13. It is shown that the substrate of the streambed has
a great influence on many of the parameters monitored such as the macroinvertebrate
count and phosphate levels. On average all of the results of the parameters surveyed seem
to fall within the ranges that were considered healthy for river systems.
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Water Temp (°C)

bate. | site | DO, (ppm)|BOD; (ppm)] NO; (ppm)| PO, (ppin)| pH (units)| Solids (ppm)| Temp Charge (°C)
30-Sep Imel 18.7xx 02 2.2 1.00 8.0 3133.0 _ T 20.0
_Baxter 10.0= 2.1 11.0 2.00 75 3733.0 * 21.0
14-O¢t Imel 12.2 2.3 4.4 0.50 8.0 805.0 * 13.5
: Baxter 121 2.1 8.8 2.00 8.0 3407.0 * 14.5
28-0¢t | Imel 10.8 1.6 4.4 1.60 | 8.0 1049.0 o, B 14.5
_ Baxter 10.7 3.2 4.4 2.00 8.0 919.0 * 15.0
11-Nov Imel 7.8 4.4 6.6 0.50 7.3 611.0 * 9.0
, Baxter 8.5 8.1 § %4 1.00 8.5 673.0 * 9.0
25-Nov | Imel 12.6 1.3 4.4 3.50 7.7 3095.3 * 8.0
Baxter | 10.9 1.3 5.5 1.50 7.3 167.0 Y 9.0
2-Dec | Imel 122 1.8 3.3 7.50 7.7 710.0 0.50 9.5
o Baxter 122 2.2 55 9.00 7.1 255.7 1.50 11.0
15-Dec | Imel 15.6 4.0 3.3 1.00 7.9 224.0. 0.00 4.0
. | Baxter 13.3 0.7 8.8 7.50 7.4 195.0 2.00 6.5
20-Jah | Imel 10.9 5.6 4.4 1.24 6.9 1.3 0.50 1.0
: ‘Baxter 11.2 5.9 4.4 1.41 6.8 99.7 0.50 1.0
31-Jan [ Imel 10.1 0.7 6.6 0.36 . 6.9 924.0 0.00 4.5
Baxter 11.8 1.6 6.6 D.60 6.8 g72.0 0.50 5.0
14-Feb | Imel 10.9 1,53 8.8 6.27 6.9 1900.0 0.00 3.5
o Baxter 110 1.0 11.0 11,50 6.8 2212.0 0.50 4.0
28-Feb imel 8.9 4.5 4.4 1.80 6.9 818.7 0.00 6.5
) ‘Baxter 7.8 3.7 2.2 1.91 6.8 966.7 0.50 7.0
14-Mar Imél 14.0 1.6 4.4 0.29 7.7 520.0 0.00 4.5
Baxter 12.7 26 4.4 0.58 7.3 568.0 1.00 5.5




The Water Quality of the White River

Wlliam D. Lee II

Secondary Ed. (Biology) Major
Andcrson University

Abstract

Last year, water quality tests were performed on the West Fork of the White
River. It was concludes from these tests that the water was in “good” condition, overall,
according to the report provided by Mrs. Chandra Ostrognai. In order to better determine
the health of the river, similar tests were conducted biweekly o teriver at sites located
near Imel Road (upstream) and Joe Tipton’s property (downstream) from October 22,
1999 to April 14, 2000. Due to the chemical spill, which was detected on December 15,
1999, the study was expanded to include a Simpson’s Index and a Morisita’s Index, in
addition to the Macroinvertebratc Pollution Tolerance Index and the Water Quality
Rating, which were discussed last semester. From the data gathered river was determined
to have a water quality rating of 48.9 upstream and 51.6 downstream, suggesting a water
quality of “bad” to “medium.” Macroinvertebrate Poilution Tolerance Indices received
values of 19 upstream and 18.7 downstream, which indicates “good” water quality.

Only after the last tree has been cut down,
Only after the lust River has been poisoned,
Only after the last fish has been caught,

Only then will you know that money cannot be eaten.

-Cree Indian Prophesy-



In 1948, the United States Congress passed the Federal Water Pollution
Control Act. While this act provided the beginning of water protection in the
United States, the FWPCA was expanded in 1972. The expansion of the original
act has greatly contributed to the improvement of surface water quality in the
United States. This law gave the Environmental Protection Agency the power
to set technology-based regulations for all contaminants in surface waters
within the United States. This act was eventually amended by Congress to
include the Clean Water Act of 1977. While its main focus was on toxic
pollution, this act makes it illegal to contaminate waters with any pollutant
from a point source without obtaining the necessary permit from the EPA. Many

amendments have since been made to these original documents. (EPA 1)

The Indiana Department Of Natural Resources published the Hoosier
Riverwatch Volunteer Water Quality: Monitoring Streams Manual. This booklet
contains detailed descriptions of the many parameters that water quality is
based on. Again, this is a volunteer program, which allows those citizens who
share concern about the state’s waterways to participate actively in its

regulation.

Last year, Mrs. Chandra (Barkes) Ostrognai completed a similar project
on the West Fork of the White River. Her research was based on the Hoosier
Riverwatch Manual as an outline for her research. Mrs. Ostognai concluded
from her results that the water quality at the Imel site, upstream of the water

-c/?')"-r‘f"-“aiiﬁiﬁ;:.fﬁﬂu
treatment plant, was in “good” condition. The Baxter Site:}\dOWnriver of the



water treatment plant, received a "good overall” rating, despite the fact that
the Macroinvertebrate Index yielded a value placing it in the middle of the
“fair” range. In contrast, the Water Quality Rating received a value placing it
on the border of the “fair” to "good” level. There are many reasons that could
possibly contribute to this slight discrepancy, including the following
possibilities: contamination from the__Madison County Water Treatment Plant,
relative distances of the testing sites‘i. te drainage sewers, out-dated chemicals,
and physical differences in the characteristics of the sites tested. We feel that
the incongruities are most likely due to differences in substrate, water speed,

and water depth.

After we had already begun testing the many parameters of the river, it

A g Ty P i
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was reported that a chemical spill had occurred atithe Méi'c:ﬁson County Water
Treatment Plant. This created a nearly perfect experiment for our study, since
we had pre-spill data, and would later be able to collect post-spill data.
Reportedly, the spill killed over 117 tons of fish over a fifty-mile stretch
downstream of the treatment plant. At present, the Guide Corporation is being
prosecuted on nine charges for their activities related to this spill, wfhich is
claimed to be the worst environmental disaster in Indiana’s histof;:‘,‘g;éstide

2000)

It is my hypothesis that the quality of the West Fork of the White River is

currently in “good” condition both upstream and downstream of the Madison
AT

County Water Treatment Plant. In order to make more accurate conclusions a



few changes in experimental proceedure have been made from the procedure
used by Mrs. Ostrognai last year. It is our hope that these procedures will
provide more accurate and reliable results, as well as provide valuable data on
the results of the chemical spill that occurred in December 1999. These
change%testing at the Tipton site instead of Baxter, performing more accurate
forms of testing, and restocking of outdated chemicals. In addition to the
Macroinvertebrate Pollution Tolerance Index and Water Quality Rating, we also

used Simpson’s Index and Morisita’s Index of Community Overlap to better

assess the effects of the chemical spill at the treatment plant.

Imel, the site located about two and a half miles upstream from the
Water Treatment Plant, will again be used in this study. The bank slope at this
site is steep and severely eroded, revealing that the banks substrate consists
mostly of silt. The actual riverbed consists mostly of gravel, combined with
some rubble. The bed is U-shaped, and the water level varies greatly with
rainfall. The surrounding area is used for residential housing. Shade covers
approximately twenty percent of the water’s surface, and the water moves at

a velocity of .57 meters per second. (Barkes 1999)

The second site is now at Joe Tipton’s place, about two miles
downstream of the water treatment plant. Until this fall, the second testing
site was directly off of Baxter St. The previously used Baxter site did not
resemble the Imel site closely. A close resemblance is, however, necessary

when making comparisons between two or more sites. Specifically, the Baxter



site had a silty substrate, is-noticeably deeper, and flowed slower. It is thought

that the low Macra invertebrate count at this site was due to these differences.

The Tipton site resembles the Imel site in nearly every aspect except in
bank characteristics. The slope of the bank is only a slight incline. The bank

itself is covered in vegetation, and thus there is much less erosion taking place.

Methods

Testing began on October 22, 1999. Biweekly samples were taken until
March 14, 2000. Two batteries of tests were completed in order to determine
the quality of the water. The immediate chemical and physical properties of
the water. é;eﬁjaetermined in the Water Quality Rating. The second type of
testing involves collecting Bethic Macro Invertebrates to determine water
quality. The Macro invertebrate Pollution Tolerance Index, Simpson’s Index,
and Morisita’s Index of Community Overlap were determined from the

invertebrates samples collected.

Four of the chemical tests used to determine the Water Quality Rating
Vé(;were performed in accordance to the directions presented in the LaMotte
Freshwater Aquaculture Test Kit Model #AQ-2. Test:performed using this kit
include the following: water temperature, Dissolved Oxygen, Biodegradable
Oxygen Demand, and pH. Other tests conducted at the site include measuring
current flow and turbidity. Biodegradable Oxygen Demand, Fecal Coliforms,

total solids, phosphate, and nitrate tests are performed in a lab setting.



The change in water temperature compares the temperature at the site

to the temperature at a site approximately one mile upstream of the testing
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site. This test indicates any temperature pollution that woeuld occur.

The pH is a measure of the hydrogen ion concentration at the site
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tested. The optimum value would be approximately 7.4. Water is determined

as’acidic if the pH is under 7, and basic if it is above seven.

Turbidity is a measure of the water’s cloudiness. This year, we have
been conducting these tests using a Turbidity tube. This measurement is taken
by flooding the tube until a decal at the base of the tube is indecipherable. A

reading of fifty centimeters or more is considered to be good.

The Dissolved Oxygen test measures the amount of gaseous oxygen that
is present in a water sample. Adequate amounts of dissolved oxygen are
extremely important to the health of the river. Organic matter requires a

significant amount of this oxygen in order to break down completely.

Five days after the initial water tests are completed, it is necessary to
perform a Biochemical Oxygen Demand test. This test follows the same
procedure as the Dissolved Oxygen tést, except that is it performed on a
sample that has been kept in the dark since it was extracted from the river.
This allows the organic matter to continue to decompose and use up oxygen,
while eliminating any further production of:©xygen through the process of

photosynthesis. The value received from the second test is subtracted from the



value of the initial Dissolved Oxygen Test to give the total Biochemical Oxygen

demand over a five-day period. (Hippensteel)

Nitrate levels arewtgve'{tsﬂare tested using an ion-selective electrode.
Nitrate levels create a proportional voltage between the two posts of the
electrode. Tests are performed on samples of known concentrations and a
linear graph is constructed using these values. These-voltage levels of the
unknown samples may then be compared to the voltage levels of known

samples and an appropriate concentration is determined (Venier).

Phosphate levels are determined using a UV-vis Spectrometer. The
spectrometer measures the absorbance of the sample at a given wavelength. In
much the same manner as the Nitrate tests, the known samples are tested and
the results are recorded in a linear manner. The unknown samples are then
tested and their results are plotted accordingly, revealing the concentration of

the unknown samples (Wuerz 1993).

In order to determine the levels of fecal coliforms, a sample must be
collected from the river and brought back to the lab. The sample is then plated
on a Coliform selective plate and incubated for forty-eight hours at room
temperature. After the incubation period, the'E_,__ coli colonies are counted.
High levels of Fecal Coliforms are indicative of raw sewage contamination as

well as the presence of infectious pathogens (Cunningham 438).



The Macroinvertebrate Index requires the sorting of organisms into one
of four categories ranging from organisms of very high tolerance to/very low
tolerance. This provides a numerical value based on the number of orders

present in each category. The Macroinvertebrate Index does not take into

consideration the total number of individuals present.

Both Simpson’s Index and Morisita’s Index of Community Overlap use the
same macroinvertebrate collection. While the specimens only needed to be
classified to their orders for the Macroinvertebrate Pollution Tolerance Index,
the new indices required classification of the specimens to at least the family

level.

The Simpson’s Index provides numerical values for dominance, which is
the probability that two individuals randomly sampled from one site will be of
the same family, and for diversity, which is the probability of an individual in
the community encountering a member of another family (Simpson 1949). The

actual equations are as follows:

Dominance
[ =_ny(ny-1) | = Dominance
N(N-1) ny = # of individuals in a given family
N = Total # of individuals
Diversity

D=1-{ D = Diversity



Total Solids are indicative of the level of erosion taking place directly
upstream of the testing site. Evaporating the water from a beaker of the water
sample and comparing this to the weight of the empty beaker complete this
test. The resulting data is then converted to parts per million.

After the initial tests are completed, the results are used to determine

I 8

an individualized g-value, which helps to equabéethe results received from the
many parameters so that the results may be compared to each other.

Once the values have been equalized, they are then multiplied by a
weighing factor. This factor is used to determine the individual contribution to
Compnlel
total water quality. After each of the contributions have been derived, the

total of each factor is added together to determine the final total of the water

quality rating.

The second type of testing requires the collection of Benthic
Macroinvertebrates using the Kick Seine Method. These collections were used
to determine the Macrg invertebrate Pollution Tolerance Index, Simpson’s
Index, and Morisita’s Index of Community Overlap. A seine net is placed down —
s\’égém of a three-foot by three-foot section, and the substrate is disturbed in
order to remove the Bethic Macroinvertebrates from the substrate. The
organisms are then caught in the S“i'f'gne net. They are then removed and placed

in a seventy percent mixture of ethyl alcohol to be stored for later

identification and sorting.



Morisita’s Index of Community Similarity is based on -the Simpson’s Index
for dominance and diversity. It provides numerical data that refers t’the
probability that individuals randomly drawn fofm each of the two communities
will be of the same family, relative to the probability of randomly selecting a
pair of specimens of the same family from the second site. Values for this index
range from zero, which indicates no similarity, to one, which indicates

complete similarity. (Horn 1966)
Data

The data collected have been summarized in the following six charts and
four graphs. It must be noted that due to unforeseen circumstances, values for
Dissolved Oxygen and Biodegradable Oxygen Demand were discarded from
October 22, 1999 through December 17, 1999. This was done after close
examination of theoretically impossible data that occurred on these testing
dates. It was later ascertained that the chemicals used to determine these
parameters were outdated and therefore unreliable. Values for water quality
ratings on the specified dates were derived accordinéEhe guidelines set in the

Hoosier Riverwatch Manual.
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Chart 3: Macroinvertibrate Pollution Tolerance Index: Upstream: Pre-spill

Upstream w22 (s 122 (123 1217 |14
(Pre-spill)
Group One e S R M e i
Mayfly (Heptageniidae) 48 371 16 |7 13 |18

(Ephemeridae)

(Baetidae)
Caddisfly (Hydropsychidae) | 141 209 40 54 12 106
Riffle Beetle (Elmidac) 6 1 1
Rt. Handed Snails 1 9 2
Dobsonfly (Corydalidae) 1
Group Two - _ Mt ' : : S et
Clam 1 13 4 12 [13 3
@Group Three devman o el P T AT
Leech (Hirudinea) 7 ‘
Grey Midges (Culicidae) 6
Watermite (Hydrachnidiae) | 3 1
Black Fly (Smulidae)
Planaria 1
Group Four - ARl e A
Bld. Worm (Chironomidac) T | |10 18
OtER sy i e 2P B RRE e
Lepidoptera (Pyralidae) 14 4 |
Coleoptera
Nematomorpha
Oligochete

N I Oy LS RO M PRt riale
Macroinvertabrate 13
Pollution Tolerance Index




Chart 4: Macroinvertebrate Pollution Tolerance Index: Downstream: Pre-spill

Downstream
(Prespill)

10/22

11/5 11/22

L2/3

12/17

1/14

Group One

Mayfly (Heptagenudae)

(Ephemeridae)

(Baetidae)

T14

16 15

Caddisfly (Hydropsychidae)

164

141 54

44

Riffle Beetle (Elmidae)

Rt. Handed Snails

13

12 4

Bl o=

Dobsonfly (Corydahdae)

Group Two -

Clam

19

18

Sowbug

Damselfly

Group Three

Leech (Hirudinea)

Grey Midges (Culicidae)

Watermite (Hydrachnidiae)

Black Fly (Smulidae)

Planaria

Group Four

Bld. Worm (Chlronomldae)

Other -

Lepldopte-ra (Pyrdhdae)

Coleoptera

Nematomorpha

Oligochete

Water Boatman (Heml tera)

Macroinvertebrate
Pollution Tolerance Index




Chart 5: Macroinvertabrate Pollution Tolerance Index: Post-spill

Macroinvertabrates
Post- Spﬂl 29U 12/9D [ 2/25U [2/25D [ 3/17U | 3/17D | 3/29U | 3/29D
Group One - _
Mayfly (Heptagenndae) 15 3 1
(Ephemeridae) 23 5 13 4 1|
(Baetidae) 6 5 5 9 7]
Caddisfly (Hydropsychidae) | 20 £ 30 27 6 48 12
Riffle Beetle (Elmidae) 4 3 I
Rt. Handed Snails 19 1 9 )
Dobsonfly (Corydalldae) N, 1
Group Two : e R fnd , . _
Clam 3 _, 18 31 9 8 12 |15
Group Three T : o s e e =
Leech (Hirudinea) ‘ 1 1 1
Grey Midges (Culicidae) 39 7 3 10 19 7
Watermite (Hydrachnidiae) | 1 1 1
Black Fly (Smulidae) 1 1
Group Four EIAT ‘ e
Bld. Worm (Chlronomldae) 5 1

Other

Lepidoptera (Pyralidae)

Coleoptera

Nematomorpha

Oli gochete

AR S e P A

| ‘Macromvértebrate Po lution
Tolerance Index
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Discussion

The Water Quality Ratings were completed for each individual day

tested. The average was taken from the Water Quality Ratings for each

ML

individual testing date. The Water Quality Rating yielded/}]*esults of 49.6
upstream (Imel), and 51.55 downstream (Tipton). These \;alues indicate river
quality in the “bad” to “medium” range. The downstream data was further
divided into pre-spill and post-spill categories. The average downstream pre-

spill average was 48.9, and the post-spill average was 51.55. A t-test was run,

N
255

however, the results showed there was no significant difference. / ;> 4

/
/

o~ '\

These values are not consistent with the\correspondmg L P
i = 3

* Macroinvertebrate Index, which recorded/values of 71.2 upstream and 69.1

downstream (Barkes 1999). While the va[:les are much lower this year, we
believe them to be more accurate. Due to increased accessibility to testing
equipment and methods, we were able to test all parameters outlined the
Hoosier Riverwatch Manual, whereas they previously were not.

The Macroinvertebrate Pollution Tolerance Index suggested a much

e

better prognosis of the river’s water quality. Both the upstream average of 19

and the downstream average of! 18 8, indicate values in the “good” range
Again, the downstream averages were broken into pre-spill and post-spill
categories. The pre-spill data averaged 19, and the post-spill averaged 18.8. A

t-test was run, and again, there proved to be no significant difference between
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the two sets of data.;’fl‘he results of this data are supported by last year’s index
il
A ‘
at the Imel site, which scored in the “good” range (18). (Barkes 1999).

The Simpson’s Index compare.s:‘. dominance and diversity. As is seen in
Graph 2 and 3, dominance decreases noticeably after the spill and diversity
increases. This is not an indication that the spill had any effect on the water
quality, because the change is seen both upstream and downstream. In order to
complete this index, it is desirable to classify the specimens to at least the
family level. However, the original goal of the macroinvertebrate collection
was to provide data for the Macroinvertebrate Pollution Tolerance Index, which
only requires classification to the individual order of each specimen. This
change really only affected the mayfly order of invertebrates. Since we
gathered specimens from three different families within that specific order,
the overlap mdex for all dates pl’]Ol’ to this change would be significantty-

T v, iy
higher.: OL{ Mw Jf ;.rﬁ":mx;3-:;‘"}"@:3,.»-« A u/ ¢ ( Le -t

Morisita’s Index, which measures community overlap, decreases
significantly after the fourth testmg date Whlle this co1nc1des with the date of
the chemical spill, it 1&believed~to be due foa chénge é? cla551f1cat10n among

—the-invertebrate samples, as well as the classification problem mentioned
previously. Upon examination of the data in Charts three through five, the
decrease was determined to be a direct result of a decrease in the green

caddisfly population. The decrease occurred on testing dates four through



twelve, and cannot be explained by the hatching season of green caddisflies.
When this is taken into consideration, the actual overlap is probably much
better than the results indicate. If these conditions are indeed the cause of the
decrease in overlap, there is little evidence to support any negative effects of
the chemical spill on the water-quality. < .7 4. J / /,,,; /f* ':"/_m,
In fact, if it were not for the 117 tons of fish that ha\}e been reported
killed as a result of the chemical contaminants (5‘§stide 2000), it is highly
unlikely that the spill would have been detecteéi%&ording to our data, the

spill had little effect on the macroinvertebrate population. This should enable

the river to recover in a more timely manner than otherwise expected.
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The Water Quality of the White River

Sarah Ketchum and Frank Pianki



Abstract

Due to the government’s increased involvement with the problem of water
pollution, wastewater trealment has drastically improved the conditions of surface waters
in the United States. In December of 1999, Guide Corporation in Anderson, Indiana is
alleged to have killed thousands of fish and other aquatic organisms by releasing harmful
chemicals. Throughout the winter and spring of 2001, biweekly collections of benthic
macroinvertebrales from the White River upstream (Imel) and downstream (Tipton) of
the spill were taken. Using (hese collections, a Pollution Tolerance Index, Simpson’s
Index of dominance, and Morisila’s Index of Community Overlap were calculated
(Simpson 1949). Based on the information gathered, the river appears (o have fully
recovered [rom the spill in December ol 1999.

Introduction

~~__ Pollution is defined as “any foreign substance in water which tends to degrade its

s

quality so as o constitute a hazard or impair the usefulness of the water” (Warren 1971).
Because of the federal government’s lack of involvement for the first half of the twentieth
century, water conditions had become increasingly poor in the United States. It was not
until 1956, when the Water Pol]utioq Control A_é;\wéls passed, that any federal actions
were implemented in the fight for cleaner water (Warren 1971). This bill allowed
pollution control programs to be enacted, and also provided [or an increase in funds for
stales (o create waler protection plans and develop research projects (Warren 1971). In
1972 the U.S. Congress enacted the Clean Watrc_r Ad ;v\.hich mandated that the EPA

prolect America’s bodies of water.



Much of the progress made in water quality over the past quarter century has been
due (0 the Clean Water Act and its aim lo improve wastewaler treatment (IDEM 2000).
Waslewaler (realmenl plants use biological and chemical processes Lo purily
contaminated water [Tushed to their facilities through sewer lines from houscholds,
buildings, and industrial plants. There are three levels ol wastewater treatment. Primary
treatment of wastewaler includes the removal of the insoluble matter from the water
(Manahan 1991). Secondary wasle (reatment involves the biological oxidation of
materials in the liquid sewage (Warren 1971). This treatment can be done by using either
a trickling filler or by activated sludge. When using a trickling filter, the wastewater is
passed over rocks covered with microorganisms, which then degrade the organic matter
(Manahan 1991). When using the latler method, the wastewater is placed into a large
tank conlaining microorganisms (Bunce 1994). The waler is then aerated in order to
keep alive the microorganisms, which in turn degrade the organic matter (Bunce 1994).
Nitrification of the wastewater is considered a form of tertiary treatment. In (his process,
nitrifying bacteria oxidize ammonium ions to nitrates (Manahan 1991). Other [orms of
tertiary waste treatment, or advanced waste treatment, involve the removal of several
contaminants from the secondary effluent (Manahan 1991). After the treatment
procedure, (he clean waler is discharged into rivers and streams. In the state of Indiana,
persons expelling treated water into a body of waler must obtain a N_g_t_ipngl Pollutant
Discharge Elimination System permit from the Indiana Department of Environmental
Managcn-mnl. This permit limits the types and amounts of conlaminants one can releasc

into the environment. Water pollution control has become an increasingly important



topic in the public realm, leading to the formation of many water management agencies
whose goals are to protects and preserve valuable water supplies.

Hoosier Riverwalch, a state-funded water qualitly monitoring service, is
responsible for creating public awareness in Indiana regarding water quality and other
related issues. This program utilizes and trains VO].Ullll(':el'S to monitor Indiana’s streams.
According to the Hoosier Riverwatch Volunteers Water Quality Moniloring Streams
Manual, the organization’s goals include “educaling the public, providing information
regarding water quality, and encouraging local action in order (o bring about
improvement of watersheds” (Hippensteel 1997).

The White River Basin encompasses and drains 11, 349 square miles of central
and southern Indiana (Fenelon 1998). Three-lourths of the approximately 2.1 million
people living in the White River Basin are concentrated in the northern region. The
climate of the area is considered a humid continental climate and is characlerized by well-
defined winter and sumimer seasons accompanied by large annual temperature changes
(Schnoebelen 1999). Approximately seventy percent of the land-use area is agricultural,
especially for soybean and corn production in the northern, southwestern, and
southeastern portions of the basin (Fenelon 1998).

In December of 1999 a suit was [iled against Guide Corporation of Anderson for
reportedly releasing more than 1.5 million gallons of toxic wastewater into the White
River (Bremen 1). In Guide’s plating plant, auto parts are coated with heavy meltals such
as copper, nickel, and chrome. Aflter the initial plating, each part is rinsed with a high-
pressure hose. The rinse walter is then collected into large holding tanks for processing to

remove the heavy metals. This water is treated with a product known as DMDK (sodium



dimethyldithiocarbamate) or HMP 2000. Sodium dimethyldithiocarbamate is a chemical
that causes heavy metals to precipilate out of the water. This chemical actually “traps”
the metal and keeps it from being dissolved in the waler (Wallace pers. comm.).
According to the press release from the office of Governor Frank O’Bannon, the
manulacturer and distributor of HMP 2000 had cautioned for years that the chemical was
harmful o aquatic life and should not be discharged into the city sewer system (Bremen
2000). The oxidation of HIMP 2000 allows another molecule of HMP 2000 to bind and
ultimately form thiram (Wallace, pers. comm.). Guide was under an agreement with
General Motors to clean and permanently close the plant’s plating and treatment facilities
by December 31, 1999. Guide rescheduled the deadline for December 22, 1999, in order
to allow enough time for shutdown before the plant’s two-week Christmas break.
Normally, Guide uses between twenty and thirty gallons of HMP for Lhe treatment of
150,000 gallons of waslewater. This number is low enough to keep Guide within the
allotted range of heavy metal discharge. Last December, however, due (o the excessive
amount of heavy metal contaminants in the water prior to early shutdown, Guide
increased the amount of HMP Lo 1000 gallons (o treat 155,000 gallons of wastewater
(Bremen 2000). The sodium dimethyldithiocarbamate then formed tetramethylthiurum,
also known as thiram. According lo Guide’s logbooks, the company then discharged the
thiram-laden water directly into the city’s wastewater treatment plant for approximately
ten days (Bremen 2000). This wastewater destroyed the nitrifying bacteria at the
Anderson wastewaler plant, whose normal function is to oxidize ammonium ions into
less harmful nitrates. Thus, the untreated water containing harmful contaminants

dispersed into the White River. Because the nitrifying bacteria were destroyed, ammonia
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levels spiked and were reported well above normal. Consequently, many dead fish were
found downstream of the Waste Water Treatment plant. While scientists are still unsure
exactly what killed the fish, many believe a combination of ammonia, thiram, and carbon
disulfide were responsible. The Guide spill spanned a fifty-mile stretch [rom Baxter St.,
Anderson to Raymond St., Indianapolis. Within a month ol the spill, a reported one
hundred and seventeen tons of [ish were killed (Bremen 2000). Currently, Guide
Corporation is being prosecuted for connection with the spill.

In the rescarch under consideration, samples ol benthic macroinvertebrales from
the White River were collected. Benthic macroinvertebrates can be seen with the naked
eye, and spend at least part of their life in or on the bottom of a body of water. Because
many of these macroinvertebrates have varying levels of tolerance to pollution, they may
serve as indicators of water quality. When pollutants are present, pollution intolerant
organisms will decrease, while pollution tolerant organisms will incrcase. Monitoring
macroinvertebrates is desirable because they are fairly immobile and therefore easy to
sample. In addition, they can provide continuous information regarding water quality.
The Water Quality Index is calculated by separating collected organisms into different
groups of taxa. Each taxa corresponds to a specific level of pollution tolerance. The
number of taxa groups in each level is then totaled and multiplied by a specific number.
The sum of all four pollution tolerance levels is assessed, and one final number is
obtained. This number assigns the site a water quality value from poor to excellent. 1f
the river has recovered from the 1999 spill, there should be no significant diflferences
between Macroinvertebrate Water Quality Indices calculated for the sites upstream and

downstream of where the spill occurred.



Materials and Methods

Collections were taken [rom lwo communities, known as the Imel site (located
upstream of the waler treatiment plant), and the Tipton site (located downstream of the
plant). The 1999 chemical spill occurred between these (wo testing locations. The Imel
streambed consists of large rocks and gravel, and the bank is severely eroded. The
streambed is U-shaped, and shade covers approximately twenty percent of the water’s
surface. Similarly, the Tipton streambed also consists of large rocks and gravel; however,
there is little or no erosion at the testing site.

Throughout the winter and spring months, macroinvertebrate collections were
taken approximately every other week using the Kick Seine Method. In this procedure, a
three-foot by three-foot square made of PVC pipe weighed down with sand was laid in a
(lat arca on the river bottom in ariflle. A seine net was placed directly downstream of the
square so that organisms would be caught in the fine mesh. While two people held the
scine firmly in place, another individual scrubbed all rocks 2 inches or more in diameter
lo release microorganisms. After a five-minute colleclion period, the area within the
square was disturbed to ensure all organisms were gathered. Following this, the nel was
carefully lifted from the water and placed on dry land. The benthic macroinvertebrates
were removed using tweezers and placed in jars with 70% ethyl alcohol and stored.

After returning to the lab, the macroinvertebrates were identified under a
dissecting microscope. Each organism was placed in one of four categories based on its

pollution tolerance. The higher the group number, the higher the pollution tolerance



level. Using the Pollution Tolerance Index data sheet provided in the Hoosier River
Watch Manual, a water quality index value, ranging from poor to excellent, was
calculated. The Simpson’s indices of dominance and diversily provide numerical values
for community dominance and diversity (see appendix A for equations). Dominance
refers (o the probability that two individuals randomly sampled from one site will be of
the same lamily (Simpson 1949). Diversity is the number of times one would have Lo
take pairs of individuals at random [rom the entire aggregation to find a pair from the
same species (Simpson 1949).

Using numerical values from the previous equations, Morisita’s Index of
Commmunity Overlap was assessed (see appendix A for equations). This method provides
a number that compares two communitics and the probability that two randomly selected
individuals from two different communities will be of the same species. The value may
fall anywhere between zero, indicaling no similarity, and one, indicating that the
communities are identical (Ilorn 1960).

Results

Once the macroinvertebrates were identified, the Pollution Tolerance Index data
form was completed. Results for the Imel site displayed values ranging from [3 to 19,
wilh an average of 15.2. According Lo the form, the Imel community scored al the high
end of the “fair” range. The water guality information was placed in Graph 1, and shows
1o notable fluctuation between lesting days 1 and 5. Water qualily values werc simlarly
calculated for the Tipton community. The downstream values ranged from 6 to 20, with
an average of 16.8, also placing the Tipton community at the high end of the “fair” range.

Again, the information was placed in Graph 1, and no notable trend was observed. Based
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on this data, there was no significant difference between waler qualities at the Lwo sites

(2-tailed dependent t-test, a=0.05).

AT
‘gﬁé “V:_. g
Chart 1. t-Test Values based on Water Quality Index -
Water Quality Values
Date Imel Tipton
1/22/01 15 20
2/5/01 15 19
2/19/01 14 14
3/19/01 13 6
3/30/01 19 25
Average 15.2 16.8
1=.67
P<0.05
Chart 2, t-Test values based on Diversity ‘
Diversity : ;
Date Imel Tipton
1/22/01 0.55 0.63
2/5/01 0.63 0.6
2M19/01 0.67 0.65
3/19/01 0.8 0.6
3/30/01 0.84 0.8 -
Average 0.7 0.66 =
t=.934 W
P<0.05

To calculate the dominance and diversity for each collection date, the
macroinvertebrates were identified to the family level. First, the Simpson’s Index was

used to calculate dominance values. Alter this number was obtained, diversity was
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calculated by subtracting one from the dominance value. Data ranged from .55 to .84,
with an average of .70 at the Imel community. Similarly, the Tipton location had values
from .60 to .80, and an average of .66. The diversity values for both sites were placed in
Graph 2. The Imel site showed an increase in diversity, while the Tipton community
stayed relatively constant. There was no signiﬁcan‘t fJifFerence in diversity between the
Imel and Tipton communities (2-tailed dependent t-test, @=0.05).

Morisita’s Index of Overlap was computed for each collection date using numbers
oblained from the Simpson’s Index results. The values ranged from .52 to .97. This data

was then placed in Graph 3 where a decreasing trend was noted.
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Discussion

The Water Quality values based on macroinvertebrate collections indicate the
White River has recovered from the spill that occurred two years ago. While it was
originally thought the Imel site would be healthier, the data indicates that both sites are
similar in respect to macroinvertebrate connnunitigs. Although previous sample dates are
relatively consistent, the fourth day of go_lleclion at the Tipton sile showed a sharp
decrease in Water Quality. According to the logbook, a large amount of debris [rom a
construction site was noted. In addition, water levels were extremely high, making
sampling difficult. Graph I also showed an increase in water quality values on the [ifth
collection day at Tipton. Previous notes taken that day indicate that the water was clear
and low. Because of these optimal conditions, collections were taken further [rom shore
where there may have been larger diversity and abundance of organisms. Based on t
values oblained, there seemed to be no difference in water quality and diversity between

(he two communities. Essentially, a collection taken from the Imel site could have been

taken from the Tipton site.
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Appendix A
Dominance

I=nl(nl-1/N{N-1)

Diversity

D=1-1

Morisita’s Index of Overlap
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I=Dominance
nl=ftof individuals in a given family

N=Total # of individuals

D=Diversily

I,=Morisita’s Index of Overlap

X;=number ol individuals in each family of
communily | (Imel)

Y=number of individuals in each family ol
communily 2 (Tipton)

Ni=number of individuals in community | (Imel)

N,=number of individuals in community 2 (Tipton)



Appendix B

Imel Site
Date |Water Temp.| Turbidity | Current Avg. |Water Quality Rating|
1/22/01 1° >50cm 34s 15
2/5/01 2.5° >50cm 37s 15
2/19/01 2° 42cm 355 14
3/19/01 g° >50cm 34s 13
3/30/01 7= >50cm 34s 19
Tipton Site
Dale Turbidity
Water Temp. Current Avg. [Water Quality Rating |
1/22/01 1° >50cm 45.6s 20
2/5/01 2.5° >50cm 29.3s 19
2/19/01 2.5° >50cm 32.4s 14
3/19/01 6° >50cm 31.3s 6
3/30/01 8° >50cm 41.6s 25
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Appendix C

Macroin
Golipone -
Mayfly(Heptaginiidae)
{Potamanthidae)

Caddisfly(Hydropsychidaeg)

Dobsonfly(Corydalidae)

Rilfle Beelle(Elmidae)

Water Penny(Psephenidae)

Rt. Handed Snail

Group.iwo.
Damselfly(Leslidae)

Clgms/Mgssels
Grolp three
Gray midge(Chironomidae)

69

38

25

Planaria

Leech(Hirudine
Grodp foulr

Lt. Handed Snail

Aguatic Worms

Blood Midge

19
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“Biological, Chemical, and Physicﬁl Monitoring of the West Fork of the White River”
October 2 & 9, 2002
Wendy Klooster, Eghe Osemwota, and Ben Q’Neal
Biology 3070—Dr. Daniel F. Ippolito
L. Introduction:

Water is a unique component of the ecosphere because, unlike the ground that it flows in,
through, around, and on, it is not the sole property of any one entity. As a result, the care and
protection of this priceless resource is a shared responsibility. The sustainable use of our
nation’s rivers in particular is dependent on all those who call this country home, not only in the
direct manner that we affect the water, but also in thé indirect way that we interact with the
persons and groups that have a direct effect on the river, such as industrial corporations and
agricultural operations. One way that we as local citizens and scientists can do thal is by
monitoring and reporting on the quality of the water in surrounding areas.

The detrimental release of hazardous ammonia and chromium into the West Fork of theé White
River in December ol 1999 has raised awareness among local residents in recent years
concerning the need Lo monitor the ongoing quality of the river. There are many factors that play
a role in the quality of the White River, but one of the largest Tocal entities affecting the overall
quality of surface water in the Anderson area is the wastewalter treatment plant. The process of
treatment at this site begins with the collection of waler through an underground network of
pipes stemming from homes, businesses and city streets. The Primary Dewey Street plant
provides treatment of the raw wastewater main stream, upon which the primary effluent is then
pumped to the Main Gene Gustin Way facility (see Image I) for secondary treatment by the
activated sludge process. The sequence of unit operations includes bar screens, raw sewage
pumping, grit removal, comminution, flow measurement, primary clarilication and primary

clfluent pumping (www.cityofanderson.com/wpcu). A portion of the clean waler is discharged



into the West Fork of the White River. The plant is limited in the types and amounts of
contaminants it can release by the regulations of the Indiana Department of Environmental
Management (IDEM). In spite of these legislative regulations, there is still a need for monitoring
of the output of this plant by comparing the conditions of water upstream and downstream of the
site.

Image I, “Aecrial View of the Main Gene Gustin Way Wastewater

Treatment Facility of Anderson, Indiana”
1}; bwr Rt

The Hoosier Riverwatch is a state-sponsored water quality monitoring initiative that
addresses this and many more monitoring priorities by enlisting the help of local volunteers to
accomplish the larger goals of “improving stream stewardship ethics, encouraging local action to
improve watershed management, educating the local community about the relationship between
land use and water quality, and providi;lg information to state and local officials that will assist
with future planning for Indiana’s streams” (Hippensteel 1997). Dr. Daniel F. Ippolito and his
Biology 3070 students have undertaken an annual study that is aimed at furthering the
accomplishment of the final one of these tasks, particularly as it relates to the effect that the
wastewater treatment plant has on the river. The lab involves trend monitoring through the
testing of a number of the biological, chemical, and physical factors that affect and indicate the

overall quality of the White River. Specifically, a water quality index value is obtained through



the sampling of the benthic macroinvertebrate population. Biological stream monitoring is
dependent on the concept of different species having different reactions to varying amounts of
pollution. The presence or absence of these indicator organisms serves as an indirect measure of
the amount of pollution present in the water. In addition to their sensitivity to the changes in the
river’s overall “ecological integrity”, benthic macroinvertebrates have numerous other
advantages when it comes to the pursuit of indications of stream health (Hippensteel 1997).
Their abundance and lack of mobility make them easy to sample. They offer an ongoing,
continuous reflection of the river’s physical and chemical conditions over time, and finally, they
are a “critical part of the aquatic food web”, which means the condition of their community
reflects the stability and diversity of the larger aquatic food web (Hippensteel 1997).

This lab also includes the monitoring of two components of the water’s chemical quality.
The amount of total phosphate (PO4) and the concentration of nitrate (NOs) in the surfate water
serve as partial indicators of the river’s chemical health. Both of these compounds are essential
parts of any river’s chemical makeup, but can become harmful at too great a concentration.  ,
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surface water comes mostly from fertilizer runoff, it can also come from wastewater and W—g{gﬁ’? _gu;f
plant/animal decomposition. Excess nitrate concentrations can lead to accelerated algae growth, \
decreased plant and animal diversity, clogged water intakes, and contaminated drinking water,

which is harmful to infants. Nitrate is odorless and tasteless, and therefore requires chemical

testing to determine excess levels of greater than 10mg/L. The amount of phosphate needed for

life is small, and excessive levels can easily develop. Phosphate contamination is derived from

inorganic forms of Orthophosphates found in fertilizers, human and industrial waste, and soil



erosion. Excess phosphates can result in increased eutrophication of rivers through increased
plant and algae growth, which in turn can cause decreased levels of dissolved oxygen
(Www,ga.usgs.gov).

Finally, this lab involved the measuring of physical components of the river including
turbidity, temperature, and rate of flow. These values allow for a simple physical comparison of
the two areas from year to year, but also when combined with measures of dissolved oxygen,
fecal coliforms, pH, B.O.D. 5, total phosphate, nitrate, and total solids can yield an overall water
quality value and rating (Hippensteel 1997).

il Materials:

Kick seine, quadrat sampler (three foot by three foot frame PVC frame weighed down
with sand, waders (chest and hip), two jars of 70% ethyl alcohol, tape measure, orange,
stopwatch, thermometer, turbidity tube, forceps, dissecting microscopes, Ward’s Instanf Water
Quality Nitrate Test Kit (1-5 ppm range, Cat# 21W9007), and LaMotte Low Range Phosphate in
Water Test Kit (Model PAL, Code 3121-01).

Methods:

First, a “typical riffle” was located at the upstream Imel Road site. After wading into the
water and approaching the experimental area from downstream, a three foot by three foot quadrat
sampler was placed on the bottom of the stream. The kick seine was placed at the downstream
side of the area, perpendicular to the flow of the water, but with a slight downstream angle. The
net was held in place by two people, making certain that the bottom edge was lying firmly
against the bed. The other students then picked up all of the rocks having an approximate
diameter greater than two inches, and brushed them off by hand below the surface of the water,

trying not to leave any organisms behind. The ground within the area was then stirred up by



digging and shuftling feet in the rocks and gravel. The seine was then pulled up carefully with a
forward upstream motion, so as not to loose any of the organisms. It was then carried to shore
and laid in a clear area free of debris. Leaves, rocks, and other debris were removed, examining
them for organisms. Forceps were then used to carefully remove all organisms and place them in
a glass jar containing 70% ethyl alcohol. The net was washed clean, and the procedure was
repeated in a typical riffle at the downstream location owned by Jim Tipton. The jars were
labeled according to the site of location, and returned to the lab. The contents of both jars were
strained using a sieve, and examined using dissecting microscopes. The number and quantity of
each species of organism for the two sites was observed and recorded in Table I. The pollution
tolerance index values for each of the stream sites was calculated and recorded in Table I as well.
The numerical values of dominance and diversity of the two communities was calculated using
Simpson’s indices and recorded in Table III. In addition, the diversity and dominance values
were used to evaluate the level of community overlap using Morisita’s Index, and the resulting
value recorded in Table IIL (See results section for equations and calculations)

On the same date at the same sites a hundred foot stretch of the river having seemingly
the strongest flow was measured out. An ordinary orange, chosen for its buoyancy, was set in
the water and timed as it traveled the hundred feet. This time over a hundrec} feet was then used
to determine a rate of flow. The means of triplicate analyses for each of the two sites were
calculated and recorded in Table II. A typical sample of water at each of the sites was collected
in the turbidity tube and measured by visual analysis for level of turbidity, and the results
recorded in Table II. A standard Celsius thermometer was then used to find the temperature of

the water at each of the two sites, and the results also recorded in Table 11



The nitrate and phosphate tests were performed the following week on water gathered

from the same two locations as were sampled for the macroinvertebrate tests. For these tests, a

sample of water was collected in a simple jar from the shoreline of each location. Following the

procedure outlined by aforementioned the kits, each sample was tested for concentrations of

nitrates and phosphates, and the results recorded in Table II.

I11. Results

Table I, “Type and Quantity of Benthic Macroinvertebrates Collected by Kick Seining, and Their
Corresponding Pollution Tolerance Index Values and Totals”

Pollution Tolerance Group 1 |Upstream: Imel Rd. |Downstream: Joe Tipton's
Mayfly nymph 11 11

Caddis fly larvae 105 7

Riffle Beetle 3 12
Right-handed snail 8 56

(# Taxa)(weighting factor 4) 16 16

Pollution Tolerance Group 2

Damselfly nymph 1 4
clams/mussels 87 4

(# Taxa)(weighting factor 3) 6 6

Pollution Tolerance Group 3

Grey Midge 12

(# Taxa)(weighting factor 2) 2 0

Pollution Tolerance Group 4

Left-handed snail 3

blood midge 1 1

(# Taxa)(weighting factor 1) 1 2

Total Taxa Rating 25 - Excellent 24 - Excellent




Table II, “Physical and Chemical Conditions of White River Water at Upstream (Imel Road) and
Downstream Testing Sites (Tipton’s)”

Condition Upstream Downstream
Turbidity >55 cm >55 cm
Water Temperature g0 oTE

Water Current 1.75 ft/sec 1.40 ft/sec
Phosphate 0.9 ppm (mg/L) | 0.7 ppm
Nitrate 1.5 ppm 2.25 ppm

Table III, “Index Values of Dominance, Diversity, and Morisita’s Overlap for the Upstream
(Imel Road) and Downstream (Tipton’s) Sites of the West Fork of the White River”

Value Upstream | Downstream
Dominance Index 252 397
Diversity Index .608 .643
Morisita’s Index of Overlap | .211 211
Calculations:

Dominance Indices:

{=>"n(n; — 1)/N(N - 1)

Upstream:

(=11(10)+105(104)4+3(2)+8(7)+1(0)+87(86)+12(1 1)+1(0)/238(237)
..o

Downstream:

[=11(10)+7(6)+12(1 1)+56(55)+4(3)+4(3)+3(2)+1(0)/98(97)

=357



Diversity Indices:
D=1-1
Upstream:
Ds=1-.332
Ds=.668
Downstream:
Ds=1 - .357

Ds=.643

Morisita’s Indices of Overlap:

In=23"xiyil (L + )N N, )
Upstream/Downstream:

Iy=2[(11)(1 D+(105)7)+B)(L2)+(8)(S6)+(1)(A)+(8T)(4)+(12)(0)+(0)(3)+(1)(1))/(.332 + .357)(238)(98)

Iy=.211

IV. Discussion

The calculation of the benthic macroinvertebrate tolerance indices for both of the test
sites yielded “excellent” results, with upstream having a value of 25, and downstream a value of
24. Neither site was especially lacking in pollution sensitive organisms, and both had abundant
amounts of various others species as well. Therefore, it can be concluded that the water quality
is not as bad as is often believed by the general public, and the water treatment plant does not

cause a substantial difference in the quality of the water as determined by the state of the benthic



macroinvertebrate population, either for the better or worse. In looking at the makeup of the two
communities, the upstream site (Imel Road) was found to have a dominance index value of .332,
and a diversity index value of .668, while the downstream site (Tipton's) had values of .357 and
.043 respectively. The relatively low dominance index values indicate a Jow probability that two
individuals randomly sampled from one site will be of the same family (Simpson 1949). The
diversity index values of .668 and .643 indicate moderate probability of interspecific encounter
(Hurlburt 1971). As such, it can be concluded that the studied areas of the White River have
desirable low levels of dominance, and acceptable levels of diversity. Increased practice of the
method and of location and identification of specimens could likely improve the findings in
terms of diversity.

Without multiple testing dates, the physical conditions of rate of flow and temperature do
not allow for trend monitoring, or in depth comparison between the two sites. The turbidity
values of greater than 55 centimeters for both sites do indicate a good level of water clarity,
which in turn indicates a relatively acceptable low level of local erosion and siltation.

The phosphate tests yielded similar results for upstream and downstream, with values of

g

( 0.9 ppm and 0.7 ppm respectively. It is somewhat counterintuitive to have a higher phosphate

/

[ L

count downstream of the treatment plant; however, this may be a result of simple indeterminate
error. The nitrate test on the other hand revealed a greater concentration of nitrates downstream
than upstream, with values of 2.25 ppm and 1.5 ppm respectively. This was the anticipated
result after observing a large amount of algal growth at the downstream location. In light of the
excess nitrates, it can be concluded that although it has not affected the river in relation to the

benthic macroinvertebrates present, the water treatment plant has altered the natural chemical
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state of the river to some degree, as is evident by the increased algal growth, and the difference
in nitrate concentrations between sites of 0.75 ppm.

Considering these findings, this lab could certainly be considered a success. However, if
time and funds allowed, it would certainly be beneficial to increase the level of testing in by
sampling the benthic macroinvertebrates on at least three days, which would allow for the testing
of the difference in the means of the dominance, diversity, and overlap index values for the two
sites by means of a t-test. Triplicate analyses of the chemical conditions would also increase
reliability of the findings. Finally, additional testing of the levels of dissolved oxygen, fecal
coliforms, pH, B.O.D. 5, and total solids in addition with the phosphate and nitrate levels could

yield an overall water quality value and rating (Hippensteel 1997).
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BIOL 3070
Dr. Ippolito
12-10-04
White River Sampling Lab

INTRODUCTION:

Students studied various elements of the White River in Anderson, IN on three
separate dates: September 29, 2004; November 3, 2004; and November 17, 2004. The
control site was located at Mounds Park and the experimental site was near Imel Road,
which was located near a combined sewage overflow pipe. Data was collected through a
variety of tests, including dissolved oxygen, nitrate nitrogen, ammonia nitrogen, pH,
phosphorous, water temperature, current, turbidity, E. coli, and BODS. Aquatic macro-
invertebrates were also collected and analyzed from each site. Macro-invertebrates are
very good indicators of water quality, because certain organisms will only survive in
clear, unpolluted water. All the data was observed to determine where water quality was

better.

MATERIALS & METHOD:

The control site was located in Mounds State Park. This site was chosen as a
control site, because it was upstream from the sewage area. Water quality was expected
to be higher at this site, therefore acting as a control. The Imel Road site, on the other
hand, was located downstream from a combined sewer overflow pipe where water quality
would be expected to be worse than at the Mounds site, making it the experimental site.
After arriving at the site, students tested water temperature by placing a thermometer into

the river. Students then tested the river’s current velocity by checking the time that it
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took an orange to travel 100 feet using a measuring tape and a stop watch. Next students
tested turbidity by taking a water sample from the river and placing it into a turbidity
tube. The water was then drained from the tube until the markings on the bottom of the
tube could be seen clearly to determine the clarity of the water. Afterwards students
tested pH by placing a strip of pH paper in the river. The strip was then compared with a
scale to determine the river’s pH. Next the students obtained more water samples of
approximately 25ml to test for ammonia nitrogen, nitrate nitrogen, and dissolved oxygen.
These samples were run through a series of steps to determine the results. The ammonia
test kit was called CHEMets Ammonia Kit K-1510, produced by CHEMetrics, and had a
code number of 0257-4. The Nitrate test was manufactured by Wards’ and had a catalog
number of 21W9007. The dissolved oxygen kit K-7512, was also made by CHEMetrics
and had a code number of 0058-4. The BODS5 was prepared by taking a water sample
(more than 50mls) from the river and placing the sample in a dark drawer-in the lab for
five days. This was done so that no photosynthesis would take place during that time.
After the five days were over, a 25ml sample was tested, just as the dissolved oxygen was
tested on the lab day, and the results were compared. In addition, students tested the
amount of phosphorous in the water by taking a 10ml sample and using the phosphorous
test kit made by LaMotte with the model PAL and a code number of 3121-01. The
sample was then placed in the calibrator to determine its phosphorous content, Lastly,
students tested E. coli concentration by taking a vial full of river water and placing it on
ice until returning to the lab. Once at the lab, students mixed in 5ml of iced river water
into Coliscan Easygel. Students then poured the mixture onto a specially treated Petri

dish which was allowed to incubate for 24 hours to determine if E. coli vs}lffére present.
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These tests results are catalogued in Table 1 and Table 2. In addition to taking all these
water samples, students also collected data on the aquatic macro-invertebrates that were
found during the first and last sampling visits. Macro-invertebrate samples were not
taken on the second sampling date because water levels were too high. The invertebrates
were collected by placing a 3ft. by 3ft. PVC pipe quadrant in the water and then
scrubbing off the rocks over 2 inches in diameter that were inside the quadrant. Any
invertebrates that were on the rocks would get knocked off and would be collected in a
small porous seine that was placed directly downstream from the quadrant. Students then
picked off all the invertebrates from the seine with tweezers and placed them in alcohol
until further testing could be done. When the students returned to the lab, they strained
out the invertebrates and determined which organisms were found in that sample and how
many were found. The students then compiled their data to determine the quality of the
water sampled. These results can be found in Table 3 and Table 4.
RESULTS:

The tables below show the chemical and water tests that were run and the results

collected on each of the three days at both the Mounds site and the Imel site.

Table 1. Water test results for the White River at the Mounds site.

MOUNDS SITE 9-29-04 11-3-04 11-17-04
Water temperature 17°C 12°C 9°C
pH 7 units 7 units 7 units
Ammonia Nitrogen <I ppm, cloudy <1 ppm, cloudy <I ppm, cloudy
Nitrate Nitrogen 2.2 ppm 3.52 ppm 7.48 ppm
Dissolved Oxygen 10 ppm 8 ppm 9 ppm
BOD5 3 ppm 1 ppm 1 ppm
Phesphorous 1.0-1.5 ppm .2 ppm .3 ppm
Current .6 m/sec NA 1 m/sec
Turbidity >55 cm 28 cm >55 c¢m
E. coli 0 colonies/100 ml 20 colonies/100 ml 0 colonies/100 ml
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Table 2. Water test results for the White River at the Imel Road site.

Imel Road 9-24-04 11-3-04 11-17-04
Water temperature 17.5% 12°C 9°C
pH 7 units 7 units 7 units
Ammonia Nitrogen <1 ppm, cloudy <1 ppm, cloudy <1 ppm, cloudy
Nitrate Nitrogen 1 ppm 3.52 ppm 4.4 ppm
Dissolved Oxygen 12 ppm 7 ppm 11 ppm
BOD5 5 ppm <1 ppm 4 ppm
Phosphorous 1.0-1.5 ppm .3 ppm .3 ppm
Current 47 m/sec NA .6 m/sec
Turbidity >55 cm 36 cm >55 cm
E. coli 40 colonies/100 ml | 0 colonies/100 ml 0 colonies/100 ml

The following tables show the macro-invertebrates that were collected on two

separate dates at both the Mounds site and the Imel site. The total number of taxa

represented is shown, as well as the water quality.

Table 3. Macroinvertebrate count and water quality levels for the White River at

the Mounds site.

Mounds Site 9-24-04 11-17-04
Macroinvertebrates
Group 1 4 (taxa) x 4 (w.f.) =16 6 (taxa) x 4 (w.f.) =24
Caddis fly larvae 310 154
Mayfly 70 10
R.H. snail 4 1
Dobsonfly 1 |
Water penny 0 2
Riffle beetle 0 1
Group 2 | (taxa) x 3 (w.f)=3 1 (taxa) x 3 (w.f)=3
Clam 17 9
Group 3 2 (taxa)x 2 (w.f)=4 3 (taxa)x 2 (w.f)=6
Grey midge 12 3
Planaria 8 4
Black fly larvae 0 2
Group 4 0 0
None found 0 0
Total Taxa Rating 23—excellent water quality | 33—excellent water quality
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Table 4. Macroinvertebrate count and water quality levels for the White River at

the Imel Road site

Imel Road 9-24-04 11-17-04
Macroinvertebrates
Group 1 5 (taxa) x 4 (w.f.) =20 2 (taxa) x4 (w.f)=8
Caddis fly larvae 128 37
Mayfly 47 18
Riffle beetle 1 0
R.H. snail 1 0
Stonefly nymph 2 0
Group 2 2 (taxa) x 4 (w.f) =8 1 (taxa) x 3 (w.f)=3
Damselfly nymph 2 0
Clam 42 3
Group 3 2 (taxa) x 2 (w.f.) =4 2 (taxa)x 2 (wf)=4
Grey midge 4 5
Water mite 3 7
Group 4 0 .0
Total Taxa Rating 30-—excellent water quality 1 5—fair water quality

DISCUSSION AND CONCLUSIONS:

The results indicate that in the first two samples dissolved oxygen decreased when

temperature decreased. This data goes against what was expected to happen because

colder water is expected to hold a greater amount of oxygen to be dissolved. The third

sample did not follow this pattern (Charts 6&7). This could be because that sample was

taken after a few days of rain and it was raining while samples were being collected. The
dissolved oxygen concentrations at Imel were higher than at Mounds for the first and last
samplings (Chart 3). It was predicted that Imel should have had a lower concentration
because of its location near the sewage overflow. The bacteria from the overflow should
have caused the water at Imel to have a higher oxygen demand; giving it a lower
concentration.

The oxygen concentration after 5 days decreased proportionately when dissolved

oxygen concentrations decreased. Imel had higher BODS5 than Mounds, which was to be
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expected because of the combined sewage overflow adding in more compounds which
use up more oxygen (Chart 4).

Nitrogen concentrations increased as the temperature decreased throughout the
sampling. Nitrogen was higher at Mounds when compared to Imel in the first and last
samplings. The second sampling produced equal amounts of Nitrogen concentrations
(Chart 2). It was expected to be higher at Imel because of the sewage overflow which
contains more nitrates.

Phosphorous concentrations were equal at Mounds and Imel for the first and last
samples. It was slightly greater at Imel on the second sampling date (Chart 5). Again,

Al . . :
this can be-contributed to the higher phosphate levels coming from the combined sewage
overflow.

The fecal coliform results do not match the prediction that there should have been
more colonies after the second and third samplings, especially at Imel because of heavy
rains causing the combined sewage overflow to release greater amounts of bacteria
(Tables 1&2).

The results from the count of macro-invertebrates show that both sites had
excellent water quality on the first sampling. The third sample shows that Imel had a fair
water quality reading (Tables 3&4). This could be predicted because of the rain causing
the sewage overflow to pollute the water, decreasing the suitable living conditions for
some macro-invertebrates. No macro-invertebrates were collected during the second

sampling trip due to large amounts of rain raising river water levels.
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Abstract

From September 8, 2003 through April 16, 2004 benthic macroinvertebrates were
collected along with various water quality samples biweekly from the White River at two
allocated sites; one near a combined sewer (Imel) and the other upstream (Mounds) at a
relatively pristine location. In December of 1999, Guide Corporation in Anderson,
Indiana was found responsible for a massive fish kill by releasing chemicals which
affected the processes of the main wastewater treatment center. Combined sewer
overflows were a significant factor in this study because they are a source of fecal
coliform contamination. Indicator organisms are also used to determine the water
quality index for both sites using taxa score. The results will be compared with the
original hypothesis that Imel Drive, downstream from a combined sewer, has a lower
water quality rating, from biological and chemical tests, when compared to Mounds.
Finally, the compiled data will then be analyzed and tentative conclusions will be drawn

and discussed.

Introduction

In 1956 the U.S. government passed the Water Pollution Control Act which
finally gave federal funds to states to implement pollution control programs along with
the ability to start environmental research. Before this time, America’s water supplies
were in danger of becoming increasingly poor to the point where many sources would
have become unsuitable for human use (Warren 1971). The Clean Water Act was
enacted by Congress in 1972, which mandated the EPA to protect all bodies of water
from pollutants including heavy metals and pesticides, as well as wastewater

contaminants. From this time there has been much progress in the effort to ensure the
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quality of how wastewater treatment plants operate (IDEM 2000). Even though this
mandate has set in motion the effort for safeguarding America’s waters. However water
quality is still a major concern in many regions of the United States and has continued to
gain support from the public as overall awareness of the issue increases (Barkes 1998).
Constant monitoring of these water sources is the only way that public safety and the
health of the environment can be ensured (Hippensteel 1997).

So what exactly defines “pollution™? According to the professor of biochemistry
at Oxford University, Charles E. Warren, pollution is defined as, “any foreign substance
in water which tends to degrade its quality so as to constitute a hazard or impair the
usefulness of the water” (1971). An mcident that happened in December of 1999 in
Anderson Indiana is a great example of what can happen if pollution monitoring is not
maintained. There was a massive fish kill that occurred in Madison County in the White
River. An unknown pollutant had passed through the Anderson wastewater treatment
plant and entered the river causing one of the worst environmental disasters in Indiana
history (cityofanderson.gov). The Guide Corporation, an automotive parts manufacturer,
was eventually found responsible for this incident. One of the plant’s processes is to coat
various automotive parts with heavy metals such as copper, nickel, and chrome (Bremen
2000). The parts were rinsed with water from a high pressure hose and filtered to remove
the heavy metals from the water (cityofanderson.gov). Apparently due to employees’ not
following regulations, the contaminated water was filtered through a burlap cloth in an
attempt to speed up the process, but this did not remove any of the heavy metals therein.
The water was then sent to holding tanks, where it was treated with sodium

dimethyldithiocarbamate or HMP 2000 (Piank 2001), When HMP is oxidized it breaks
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down to form a compound known as thiram, which is highly toxic to fish
(cityofanderson.gov). The wastewater containing thiram was eventually pumped into the
city’s wastewater treatment plant, where it destroyed the nitrifying bacteria whose normal
function is to oxidize ammonium ions into less harmful nitrates. White foam was
discovered flowing from Anderson’s wastewater treatment facility soon after this incident
and was indication of the contamination (cityofanderson.gov). A lawsuit was eventually
filed against the Guide Corporation, and a 14 million dollar settlement was resolved for
the killing of an estimated 4.6 million or one hundred and 17 tons of fish in the river
downstream of the spill.

This should show the importance of river monitoring and why itis so vital to keep
companies that use this water under observation. In Indiana, a state-sponsored water
quality monitoring program called Hoosier Riverwatch was developed by the Department
of Natural Resources in order to involve the public in helping prevent such a disaster
from ever happening again. It is volunteer based and vital in order to constantly monitor
the river community as well as increase public awareness of any concerns that might arise
(Hippensteel 1997). The benefits of having such a program include: ensuring the
validity of the data collected by the DNR, more area of the river can be monitored at one
time and furthermore a more detailed and accurate description of the river can be
constructed (Bares 1998),

This project is based on the techniques that are detailed in the Hoosier Riverwatch
manual, in conjunction with the techniques outlined by Microbiology Laboratories at
www.micrologylabs.com for detecting fecal coliforms. Benthic macroinvertebrates were

collected from the White River and used as indicator organisms to assess the water
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quality. The presence or absence of particular taxa is indicative of the existence of a
certain environmental condition (Hippensteel 1997). Many benthic macroninvertebrates
have varying levels of tolerance to pollution. Therefore depending on which taxa groups
are found at a particular site, as well as the number of organisms in each tax group, the
overall water quality index can be found for that site. As pollutants in the water increase,
pollution intolerant species will decrease in number, while the pollution tolerant species
will increase in number (Pianki 2001). The Water Quality Index, as described in the
Hoosier Riverwatch guide, is calculated by separating the collected macroinvertebrates
into different groups of taxa (Hippensteel 1997). The number of taxa in each group is
then added and multiplied by a numerical constant. Once the four different pollution
tolerance levels have been calculated, a final number is obtained which rates the water
quality from poor to excellent. This data, along with a variety of water chemistry tests, as
well as the total fecal coliform counts, will give a good overall value for water quality. It
is hypothesized that from two sites on the White River, one near a combined sewer and
one not, that total fecal coliforms will be higher at the CSO site and the overall water

quality index will be less than that at the non-CSO site.

Materials and Methods

Monitoring and sampling began on September 8, 2003 and continued through
April 16, 2003 on a biweekly basis. There was a break in the sampling for about 5 weeks
in the months of December and January, however. Water sampling and macroinvertebrate
collections were taken from two sites on the White River. One site (Imel) was located

near a combined sewer overflow (CSO), and the other site (Mounds) was located further
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upstream and was considered the control for this study, as it is a fairly pristine part of the
river. Both of these sites have a U-shaped streambed with the substrate made up
primarily of gravel and sand. The Imel site, however, has a significantly eroded river
bank and has slightly less shade than the Mounds site.

A variety of physical and chemical tests were conducted at the sites using several
different techniques. The surface temperature of the water was taken using a standard
Celsius thermometer. Turbidity was tested using a turbidity tube that was marked off in
milliliters. Finally, the river’s water current speed was tested using an orange, a tape
measure and the velocity equation (r x t = d). The chemical tests included: dissolved
oxygen, ammonia, nitrate, phosphate, the Biochemical Oxygen Demand or BODs test as
well as total fecal coliform count. The dissolved oxygen, BODs, ammonia, nitrate and
phosphate tests were all done using LaMotte’s Freshwater Aquaculture Test Kits, Model
AQ-2, while the total fecal coliforms were counted using the method described by
Micrology Laboratories: Detecting Waterborne Coliforms and E. coli with Coliscan
Easygel.

Macroinvertebrates were collected at the same time the physical and chemical
tests were taken. The method of collection followed the techniques described in the
Hoosier Riverwatch Water Quality Monitoring Streams Manual. A three-foot by three-
foot square made of PVC piping and weighed down with sand was used to mark the
quadrant that would be sampled. It was placed in a suitable location, preferably a riffle.
A seine net was placed directly downstream from the square so that the benthic
invertebrates would be captured for counting. As the seine net was being held in place,

rocks that measured 2 inches or more in diameter were scrubbed underwater to dislodge
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the benthic macroinvertebrates that might be attached. After about a S-minute period the
seine net was carefully lifted out of the water, carried to dry land and laid out in a sunny
location. The benthic macroinvertebrates were removed using tweezers, placed in jars
filled with 70% ethyl alcohol, and stored and labeled according to site. Once back in the
lab, the macroinvertebrates were removed and identified according to their taxa group.
Each organism was placed in one of four pollution tolerance categories, counted, and the
data was compiled. To find statistical significance, a 2-tailed t-test was used by taking
the average of all the numerical data collected over the sampling period of each test and

compared with a p value 0.05.

Data
The following thirteen graphs and two tables were derived from the information

in Appendix A and Appendix B.
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Discussion

Water temperature, dissolved oxygen concentration (DO3), biological oxygen
demand (BODs), ammonia concentration, nitrate concentration (NOs), phosphate
concentration (POy), turbidity, and total fecal coliforms were surveyed at each site
(Appendix A and B). At both sites, dissolved oxygen concentration was plotted against
water temperature and it was observed that as the water temperature decreased the
dissolved oxygen concentration increased (Graphs 2 and 3). This was to be expected
since at colder temperatures a greater amount of oxygen can be dissolved in water
(Manahan 1991). Based on the t-value obtained, there seemed to be no significant
difference between the two sites. However, it is important to note that the dissolved
oxygen concentration was more frequently greater at Mounds than at Imel during
sampling (Graph 1). The cause of this is most likely due to the CSO at Imel contributing
more bacteria to the river through combined sewage and thus creating a higher biological
oxygen demand at imel.

BODs concentrations were suspected to be higher at Imel due to the site being
downstream from a CSO. Looking at graph 4 it can be seen that Imel did in fact have a
higher BODs than Mounds nine out of the ten times that it was sampled. After running a
t-test on BODs comparing the Mounds and Imel] site, a significant difference of 0.01 was
found (Graph 4). This suggests that the amount of oxygen in the water being utilized by
bacteria to decompose organics is higher and that the CSO at Imel is suspect to this.

Ammonia and nitrate concentrations both fluctuated during the sampling period
to a degree which a significant difference could not be found. The t-tests comparing both

sites gave p-values of 0.24 for ammonia concentration and 0.77 for nitrate concentration,
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far greater than the 0.05 standard needed to be significant (Graphs 7 and 8). For the
ammonia test, levels spiked at both sites early in the fall and as the sampling times grew
closer to spring. It could be suspected that this increase in concentration is a result of
more rain during these months, especially a large flood that occurred in October, and thus
a higher nutrient input. The three sampling periods where the ammonia concentration
spiked at Mounds was most likely due to sampling error, as the levels at Imel were rather
even and consistent during those periods (Graph7). Nitrate levels fluctuated sporadically
throughout the sampling period with Imel having a slightly higher concentration than
Mounds on average. Again, the fluctuations could have been due to sampling error as the
color comparator is not analytical.

When comparing the phosphate concentrations at both sites it was observed that
Imel did have a higher concentration more frequently than Mounds but was just short of

being statistically significant with a p-value of 0.07 (Graph 9). Phosphates could have
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the CS0 60 meters upstiean.
Concentration levels were rather steady at mound, thus giving support that the CSO
upstream from the Imel site is indeed having an effect on phosphate levels.

Total fecal coliform concentrations fluctuated greatly and ended up not resulting
in a significant difference between Imel and Mounds. The t-test resulted in a p-value of
0.86, much too high to be statistically significant (Graph 10). Some important aspects of
fecal coliform sampling must be addressed however. It is known that after a heavy rain
the number of colonies per 100 ml can spike into the thousands and then recede back to

normal levels after 48 hours. During my sampling times, it was never possible to sample

right after a heavy rain and thus the total fecal coliform count was fairly low. In fact, it
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never reached the State of Indiana’s cutoff limit which is 235 colonies per 100 ml. The
highest it reached was 140 colonies per 100 ml at mounds (Graph 10).

Calculating the water quality index using the method described in the Hoosier
Riverwatch Water Quality Monitoring Streams Manual (57-58), it was found that
Mounds did have a higher water quality index than Imel through a t-test comparison. The
result came out to be a p-value of 0.02, which shows statistical significance (Graph 11).
There are a couple important things to note about the results tables 1 and 2. At both sites,
no macroinvertebrates were recovered the first two times during sampling. This can be
attributed to the large flood that occurred during this period (Tables 1 and 2). It appeared
that the macroinvertebrates were beginning to reestablish at both sites but then decreased
as the temperature began to drop. Observing the trend monitoring of macroinvertebrates
over time it is obvious that there was a greater number and a slightly greater diversity
found at Mounds (Graph 11). With all of this in mind, that the substrate of both sites are

simiiar and condiuons reiaiively ine same, 1i can be asswned thai the CSO near Iimel did

have a negative affect upon the water quality rating through biological testing of benthic

macroinvertebrates.

Conclusion
Rivers are very dynamic ecological systems and therefore have many variables
that affect the health of river system. After analyzing the data above, the majority of the
tests, biological as well as chemical, show that the experimental site (Imel) has an overall
degraded water quality when compared to the control site (Mounds) and that the CSO is a

detriment to the health of the Imel site. While some tests including the ammonia and
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nitrate tests are too far from being significant that they can be somewhat disregarded.
What can be considered valid conclusions of this research include the following: That a
significant difference was found between Imel and Mounds in BODs and the Water
Quality Index through biological testing. That there was not a significant difference
between the two sites in total fecal coliforms, ammonia or nitrate concentrations between
the two sites. During or following a heavy rain, the bottom of the riverbed is scoured,
thus removing benthic macroinvertebrates. That dissolved oxygen did not show
significance, however favored Mounds and that phosphate concentrations also did not
show significance but levels were higher at Imel. Finally, that even though not all tests
confirmed that the CSO upstream from Imel decreased the water quality at that site, there
is enough evidence to support that the overall water quality is better at Mounds than Imel.
If this study were to be conducted again some improvements could be made to increase

the accuracy and completeness of the results obtained. This study was conducted over a

schedule a better chance of finding significance could be assumed. Also, it would be
helpful to monitor CSO frequency and duration at the Imel site as those to factors greatly
influence the chemical and biological tests. Finally, if it were possible to use more
analytical means of data collection there would be less room for human error and greater

statistical accuracy.
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White River Lab Report

Introduction

“Water quality of a stream can be measured with physical, chemical, and biological
information” (Washington State). One form of biological assessment is a sample of the benthic
macroinvertebrate population. Benthic macroinvertebrates are organisms, often the larval,
pupae, or nymph stage of flying insects, that lack a backbone (invertebrate), live on the bottom
(benthos) of a river or other body of water, and are large enough (macro) to be seen with the
naked eye (handout). They are a vital link in the local foo?éhains as “many invertebrates feed on
algae and bacteria” and are then preyed upon by fish and other aquatic vertebrates (Maryland
DNR). They are extremely valuable as bioindicators of water quality because they are easy to
collect and identify, live in the water all or part of their lives, and vary in their degree of
tolerance for pollution, allowing distinctions to be made between different tolerance indices
(U.S. EPA). Furthermore, “because benthic organisms cannot easily escape by swimming away,
as some fish can, we can be certain that samples reflect local conditions” (Gibbs). This method
of water quality analysis is most effective and accurate in late spring, summer, and early fall
since “in colder months, many species burrow deep within the mud or remain inactive on rock
surfaces” (Maryland DNR). However by scraping off the rocks and stirring up the substrate it is

possible to collect the majority of the organisms present.



The purpose of this particular study was to determine an approximate value for the water
quality of the White River while practicing the laboratory methods of collection, examination,

and identification. It also tied in to the lectures on water pollution and treatment.

Materials and Methods

The sampling location was a ten minute walk from the Anderson University campus, at
Edgewater Park on the White River (in the West Fork of the White River watershed). The site is
upstream from the local water treatment plant. Collection took place between two and four
o’clock in the afternoon on April 18, 2005. The weather was clear, breezy, and warm. The
riparian zone around the site is fairly open, with only a few large trees. Many geese live in the
area and debris such as old tires qua}s,swgbserved near the site. The river itself is at least fifty feet
wide at the site, and the sample was taken about one third from the bank where a sandbar
allowed for easy access.

After wading into the water and approaching the experimental area from downstream, a
quadrat sampler, which is a three foot by three foot square frame of PVC pipe filled with sand,
was placed on the bottom of the stream. A kick seine (fine mesh net) was placed at the
downstream side of the area, and held in place by one student and fIhe professor, and the bottom
edge was weighted down with rocks to keep it firmly against the%;fWTwo other students then
picked up all of the rocks having an approximate diameter greater than two inches, and brushed
them off by hand below the surface of the water, trying not to leave any organisms behind. The
ground within the area was then stirred up by digging and shuffling feet in the rocks and gravel.

The seine was then pulled up carefully with a forward upstream motion, so as not to loose any of

the organisms. It was carried to shore and laid in a clear area free of debris. Forceps were then



used to carefully remove all organisms and place them in a glass jar containing ethyl alcohol.
The bloodworms were identified and noted at that time since their color would soon fade,
making them indistinguishable from the gray midge larv This process was repeated at a nearby
location in the river due to the low number of organisms found in the first sample. The
organisms found in the second sample were added to the same jar of ethyl alcohol and were
counted together.

A thermometer was used to measure the temperature of the water near the sampling site
as well as closer to the edge of the river. Standard pH paper was used to determine the pH of the
area. A turbidity tube (long, narrow tube with a black and white patterned disc at the bottom)
was used to determine the turbidity of the water. The turbidity is measured by the maximum
depth of water at which the black and white in the pattern can be distinguished. The current
speed was determined by stringing fifty feet of tape measure between two people standing
parallel to the current and measuring the amount of time it took for an orange to float the length
of the tape measure. This was performed three times and the average was calculated and
converted to feet per second. A sample of water was also collected in a sterile container (making
sure not to contaminate the sample) and placed in a cooler to take back to the lab for fecal
coliform analysis. The sample was kept cool to prevent any organisms possibly present from
multiplying and skewing the results. Back at the lab, ‘a Petri dish of standard agar was inoculated
with the sample and allowed to incubate for 24 hours at around 37°C. The Wednesday lab group
also performed a dissolved oxygen test.

During the lab period the following week (4/25/05), the contents of the sample jar was
strained using a sieve. A few organisms at a time were placed into a glass dish with a small

amount of water and examined using dissecting microscopes. The type and quantity of each taxa



of organism collected was observed and recorded in Table 1. The total number of grey midge-
like larva was counted and the number of bloodworms that had been recorded earlier was
subtracted in order to determine the number or actual grey midge larva. Finally, the pollution

tolerance index for each of the stream sites was calculated and recorded in Table 2.

Results
A total of four different types of organism were found, representing three of the four #«&ZL{W
%w 4 -peiat groups. Five mayfly nymphs were found for g@iﬁ group one, twenty-two grey midge larva

and five water mites were found for [ﬁ{ﬁt group three, and seven blood worm midge larvawere

found for g@[/nt group four (see Table 1).

Table 1: Types and Numbers of Organisms Found

Organism Number found F‘.',Hﬁt Group
Mayfly Nymph 5 1

Grey Midge 22 3

Water Mite 5 3

Blood Midge 7 4

The number of taxa found for each gfint group was multiplied by the appropriate
weighting factor, and an overall water quality index value was obtained. An index higher than
23 indicates excellent water quality, 17-22 is good, 11-16 is fair, and 10 or less indicates poor
water quality. The total value for water quality according to the observed taxa was nine,

corresponding to a poor water quality index value (see Table 2).



Table 2: Number of Taxa per Point Group times Weighting Factor

Pojnt Group Number of Taxa | Weighting | Subtotal
K 1 x4 4
2 0 X3 0
3 2 X2 4
4 1 x1 1
Total 9
Index poor

Two temperature readings were taken, one close to the bank and one nearer the actual
collection site. The temperature reading was 21°C near the bank and 20°C closer to the middle.
The turbidity was greater than 55cm of visibility, and the pH was 7. The average current speed
was 54 seconds per 50 feet, or 0.90 feet per second. A fecal coliform test was performed on the
water sample by inoculating a Petri dish of standard agar with the sample and incubating it The
results of the water quality tests are shown in table 3.

Table 3: Water Quality Tests and Results

Temperature 20 deg. C (in middle of river)
21 deg. C (near bank)
Turbidity > 55 cm
pH 7
Dissolved Oxygen ~11 mg/L
E. Coli 1 colony/ 5mL
20 col./ 100mL
Current Speed 0.9 ft/sec.

Discussion and Conclusion

The water quality of the White River at Edgewater Park as determined by the
macroinvertebrate survey was poor, which was unexpectedly low considering the other water
quality tests indicated nothing particularly wrong. The pH was appropriate for sustaining aquatic

life, the E. coli level was well below the 200 colony per 100mL limit for recreational use, and the

turbidity was below the minimum possible reading (meaning maximum visibility) for the test



used. The water temperature was as expected for the time of year, and the current speed was just
slightly slower than expected. The dissolved oxygen test run by the Wednesday lab group
yielded a reading of 10 to 12 ppm, which is very good. However, the discrepancy between the
results from the macroinvertebrate survey and the other water quality tests may be explained by
heavy rains fairly recent prior to the sampling that could have scoured the river bottom and
washed away the majority of benthic macroinvertebrates. The high water level as a result of the
rains also prevented the samples from being taken in the actual middle of the river where more
organisms may have been found. The data was also skewed by combining the organisms
collected in two different samples. Furthermore, since the temperatures had not yet been
consistently high, it is possible that some of the benthic macroinvertebrates were still burrowed
down into the substrate, although they still may have been uncovered when the site was stirred
up, so that is not likely to explain the low number of organisms found.

It would be interesting to compare these results with samples taken long enough after
heavy rainfalls for benthic macroinvertebrates to recolonize the area. Much of the success of
field work is dependent on temperature and weather conditions, and will therefore vary from

year to year.
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POLLUTION TOLERANCE INDEX (PTI)
DATA SHEET FOR MACROINVERTEBRATES

SITE INFORMATION

Date 04/ |8 /0L Timej_‘i:ﬂ(am

(Mo) (Da) (Yr)

Collector(s) Name Vl@ﬁ&ﬁ KlDOH\L

4

bk of

WEST +ork
Watershed Name: ;J\“A.' - \Q{'\/Q\)( '

Organization Name fr'/izi!“«'lf«'ﬂi { f/iz Caviper -

Stream/River Name__{Alin/}e Rvey

Sampling Site # g},c N&“IL{’/R ﬂo ol

(if applicable)
Latitude/Longitude GPS
(if applicable) (if applicable)
Nearest City/Town___/| nﬁi/ﬁ“v ¥ State / J\J

MACROINVERTEBRATE INDEX
PT GROUP? 1 PT GROUP 2 PT GROUP 3 PT GROUP 4
Stonefly Nymph Damselfly Nymph Grey Midge 27 Left-Handed
g "Mayﬂy Nymph & Dragonfly Nymph Black FlyLarvae_ Smail __ |
“{Caddis Fly Larvae Sowbug Planaria Agquatic Worms )
Dobsonfly Larvae Scud _ Leech ____ Blood Midge _71
Rifﬂefﬁgéﬁe Crane Fly Larvae Water Mite M_’:'L_ Rat-Tailed
Water Penny Clams/Mussels Maggot _
Right- Handed
Snail —
# OF TAXA i #OFTAXA _ O  #OFTAXA_< #OFTAXA _/

Weighting X 4 _L X3 2

Factor:

XN AN

X2 4 x|l )

TOTAL TAXA RATING | 9

WATER QUALITY INDEX VALUE
23 or More Excellent

17 -22 Good

11-16 Fair

10 or Less  Poor

WATER QUALITY INDEX VALUE

TR
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POLLUTION TOLERANCE GROUPS
MACROINVERTEBRATE IDENTIFICATION

ET GROUP I - These organisms are generally considered to be intolerant of pollution.

Two tails %

Also in hollow cases

Three tails twigs, rocks, etc.
Caddis Fly Larvae
Stonefly Nymph
Small
beetle-like

Large head and two large teeth
head

ﬁfﬁﬂ&#’ﬂil' Mouth to right
Dobsonfly Larvas Larvae Water Penny &%’Haﬂdﬁd
Riffle Beetle

PT GROUP 2 - These organisms are generally considered to be moderately intolerant to pollution.
Three paddle-like

tails
‘ Disk with tubes % % No tails
Damselfly Nymph Crane Fly Larvae Dragonfly Larvae
.attened
side-

Side swimmer or

Scud

ways

Clams/Mussels Aguatic Sowbug

PT GROUP 3 - These orpganisms are generally considered to be fairly tolerant to pollution.

.\ .ltol2in. 1inch

Small and AR :
worm-like

Black Fly Larvae é % ; Planaria Water Mite

Several Flatizned and segmented
tubes a2
Grey Midge Larvae
PT GROUP 4 - These organisms are generally considered to be verv tolerant to pollution.
All s:gmcmed some slender
Red in color
C/L N Mouth to Ieft
1atic Worms Blood Worm Left-Handed Rat-Tailed
Midge Larvae Snail Maggot

Revised 11/96

Hoosier Riverwatch- Department of Narural Resources
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L. Introduction

The purpose of this study was to determine the water quality of the Imel Road site
of the West Fork of the White River through chemical and biological monitoring. =5

ye Do agurce

The White River is one the major rivers in Indiana. Thf the river is
close to Winchester in Randolph Country, IN and the river runs through 11 counties. The
West Fork joins the Hast Fork close 1o Petersburg, IN and the White River eventually
joins the Wabash River. The West Fork is approximately 356 river miles and drains
5,603 square miles of watershed in Indiana. The land in the West Fork White River
Basin is a mix of row-crop agriculture, forests, and urban/industrial areas such as
Anderson and Indianapolis. There are also limestone quarries, coal mines, and wetlands
located throughout the basin (Stahl, 1998). Madison County is in the watershed of the
West Fork of the White River. The site used in this study was off of Ime] Road in
Anderson, IN and is located downstream of a combined sewer overflow.

Water quality 1s usually tested through chemical and biological monitoring. For
chemical monitoring a variety of parameters can be used, including temperature, pH,
orthophosphate, nitrate, turbidity, hardness, current, E. coli, general coliforms, dissolved
oxygen, and BODs. Temperature is an important indicator} as it affects dissolved oxygen
levels, photosynthetic rates, and the metabolic rates of aquatic organisms. pH is also a
valuable measurement, since aquatic organisms arc sensitive to pH levels during
reproduction. Mosl natural waters have a pH range of 5.0 to 8.5 units and the Indiana
average is 8.0. Also, orthophosphate is a form of phosphate that is water soluble and is
an indicator of the potential for algal blooms and eutrophication. There are no state
standards in Indiana for orthophosphate. Additionally, nitrate is a main ingredient in

fertilizers and can also lead to algal blooms and eutrophication. The Indiana average for
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nitrate is 12.32 mg/L.. Turbidity is a measure of the clarity of water. Turbid water has
more suspended matter, which can be caused by erosion, runoff, algal blooms, or
disturbances of bottom sediment. High turbidity can limit photosynthesis, increase water
temperatures, decrease dissolve oxygen levels, and smother aquatic habitats. The Indiana
average for turbidity is 36 NTUs (Hoosier Riverwatch). Another test completed was for
hardness, which is a way to measure the amount of dissolved calcium and magnesium
present in the water. Calcium is present in cel] walls and the shells and bones of aquatic
organisms. Magnesium is found in chlorophyll and is present in green plants. Limestone
1s also a natural source of hardness;as limestone is composed of calcium carbopate. A
hardness measurement over 180 mg/L is considered very hard (Alabama Water Watch
Program, 2002). Measuring current allows for an indication of how much energy
organisms must exert to avoid being carried downstream. E. coli bacteria are found in
feces of warm-blooded animals and some strains may cause human illness. High levels
of E. coli can result from livestock manure runoff from fields, waterfowl waste, or human
waste from combined sewer overflows or wastewater treatment systems. The Indiana
average for £. coliis 645 colonies/100ml. General coliforms, on the other hand, are non-
fecal bacteria and are of less concern than E. coli. Dissolved oxygen is the amount of :

7 Jolanke (e Ndamumss
oxygen present in the water. Most aquatic organisms aned oxygen for

survival, therefore dissolved oxygen levels are important in assessing river health.
Turbulence, altitude, photosynthetic rates, amount of decaying organic material, and
temperat@all affect dissolved oxygen levels. Dissolved oxygen levels should be higher at
colder temperatures since cold water can hold more dissolved oxygen than warm water.
Saturation levels are based on a combination of the amount of dissolved oxygenéng/L) in

the water and water temperature. 80-125% saturation is excellent for most river animals.
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Finally, BOD:s is the biochemical oxygen demand and measures the amount of oxygen
consurned by aerobic bacteria as they degrade organic waste over a period of five days.
High BODs levels indicate large amounts of organic matter due to pollution or excessive
plant growth. 1-2 mg/L indicates good quality water with little organic waste and the
Indiana average for B()DSS’ is 1.5 mg/l. (Hoosier Riverwatch).
Macro-invertebrates are often used for biological monitoring. Macro-
invertebrates are organisms that lack a backbone and are large enough to be seen with the
w g
naked eye. Biological monitoring through macro-invertebrates-stemss=fromft the fact that
various species react to water pollution differently. There are macro-invertebrates, such
as mayflies and caddis flies, that have a low tolerance for pollution. Therefore, the
presence of these macro-invertebrates in rivers indicates a low level of pollution. On the
other hand, macro-invertcbrates such as left-handed snails and blood midges have a high
tolerance for pollution. The presence of these macro-invertebrates is an indirect way to
measure pollution. In highly polluted rivers these macro-invertebrates increase in amount

and variety, but they are also expected to live in unpolluted waters as well.

[I. Materials & Methods

Students took samples on three different dates, 10/4/06, 11/1/06, and 11/15/06.
On each date both chemical and biological monitoring tests were performed. For
chemical monitoring a variety of tests were completed. Upon arrival at the site,
temperature and pH were first measured and recorded. Temperature and pH were tested
with a waterproof pH and temperature meter produced by IHanna Instruments (Model HI-
98127). Several other chemical tests were then completed. Hardness was tested with the
tablet version of the LaMotte hardness kit (Model PHT-DR-LT, Code 4482-DR-LT, Lot

#316731). Orthophosphate testing was completed with the CHEMets phosphate kit (K-
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8510). Nitrate was tested with the Ward’s nitrate kit (Catalog # 21W9007). E. coli and
general coliforms werc tested by transferring 5 mLs of water from a sterile pipette into an
Easy-Gel Coliscan bottle (Lot # 3C146). The Fasy-Gel bottle was stored on ice until
transported back to the lab, where the contents of the Fasy-Gel bottles were emptied into
the bottom half of a sterile petri dish. After 45 minutes solidification occurred and the
plates werc incubated for approximately 40 hours at 37 °C. After approximately 40 hours
the numbers of fecal and gencral coliforms were counted. Since the petri dish only
contained 5 mls, the number of bacteria colonies per 100mls had to be calculated.
Turbidity was tested with a turbidity tube. Current was tested by using a 100 foot
measuring tape and an apple. 100 feet was measured out in the river and the number of
seconds it took the apple to travel 100 fect in the water was recorded. These figures were
later converted to meters/second. Dissolved oxygen and BODs were tested with the
LaMotte Fresh Water Aquaculture test kit (Model AQ-2, Code 3633-02). Dissolved
oxygen was either complelely tested on site or was only fixed on site and testing was
completed back in the lab. BODs samples were collected last and transferred back to the
lab, where they were placed in a dark cabinet for five days. After five days the water was
tested with the same method originally used to test dissolved oxygen. Each parameter
was tested with three trials except turbidity and hardness, which were tested with one trial
each. An average of the three trials was later calculated. Dissolved oxygen, E. coli, pH,
BODs, nitrate, and turbidity averages were then used to calculate a water quality index
rating by completing a worksheet supplied by Iloosier Riverwatch.

For biological monitoring, macro-invertebrates were collected and identified.
Macro-invertebrates were collected with the kick seine sampling method (Hoosier

¢ R
; = . . . .
Riverwatch). A quadrat made with PVC tub@lwas laid on the bottom of the river in an
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area shallow enough for the students to reach the bottom with their hands. The seine net
was stretched open directly downstream of the quadrat. Rocks inside the quadrat greater
than two inches in diameter were then rubbed and any macro-invertebrates were removed
and captured by the scine net. Lastly, the students stirred up the area inside the quadrat
with their feet. The scine net was carefully removed from the river and the macro-
invertebrates were picked off the net with tweezers and placed in a bottle of 70% ethanol.
This method was repeated three times. Back at the lab the macro-invertebrates were
identified with the aid of dissecting microscopes. Following the pollution tolerance index
worksheet supplied by Hoosier Riverwatch, macro-invertebrates were placed into
pollution tolerance group 1, 2, 3, or 4, and the number of taxa in each group was
multiplied by a weighting factor. The results from all four groups were added together to
achieve the pollution tolerance index rating. In addition, Simpson’s index of dominance

was calculated with the formula

1= xi(x;-1)
N (N-1)

where x; is the number of macro-invertebrates in a given family and N is the total number
of macro-invertebrates collected. Additionally, Simpson’s index of diversity was

calculated by subtracting the dominance rating from 1.
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Table 1-Various Chemical Parameters as Collected on Three Sampling Trips

S ______to the White River

Parameter | 1-10/4/06 ~ 2-11/1/06 . 3-11/15/06
Water Temperature | 20.3 9.8 8.8
(°C) o |

pH 8.4 8.4 8.3
Dissolved Oxygen

(mg/L) 10.4 10.5 10.3
(% Saturation) 114% 91% 87%
BODs (mg/L) 1.1 geroaiot Faays)| 1.7 1.9
E. coli (colonies/100 40 40 6.7
mL)

General Coliforms 586.7 1,107 353.3
(colonies/100 mL)

Orthophosphate 0.47 0.3 0.2
(mg/L)

Nitrate (mg/L) .93 1389 4.5
Turbidity (NTU) 1 <15 <15 <15
Hardness (mg/L) 430 330 400
Current (m/se¢) | 0.5] 0.71 0.48
Water Quality Index | 62% 77% 78%

Rating

A water quality index rating between 50% and 69% is “medium” and a rating

between 70% and 89% is “good”. Sample one resulted in a “medium” rating while

samples two and three resulted in “good” ratings.

Figure 1-Temperature Measurements for Three Sampling Trips to the White River
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Figure 2-pH Measurements for Three Sampling Trips to the White River
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Figure 3-Dissolved Oxygen Measurements for Three Sampling Trips to the White
River
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Figure 4-E. coli & General Coliforms Counts for Three Sampling Trips to the White
River
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Figure 5-BODs, Nitrate, &

Trips to the White River
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Orthophosphate Measurements for Three Sampling
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Figure 6-Hardness Measurements for Three Sampling Trips to the White River
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Figure 7-Current Measurements for Three Sampling Trips to the White River
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Table 2-Various Indicators of Macro-invertebrate Biological Monitoring on Three
Sampling Trips to the White River
Indicators 1-10/04/06 1 2-11/1/06 ~3-11/15/06
Pollution 30 24 24
Tolerance Index
Rating =~ . L
Simpson Index of | 0.34 0.259 3.213
Dominance
Simpson Index of | 0.66 0.741 0.787
Diversity

A pollution tolerance index rating of 23 or greater is considered “excellent.” All
three samples achieved an “excellent” rating. The dominance index was between 0.20
and 0.40 and the diversity index was between 0.60 and 0.80 for all three samples. Sce
Appendix A for a complete listing of macro-invertebrates and their pollution tolerance
classification.

IV. Discussion & Conclusions

s

Inter (bhﬁthc data above(vﬁl\]a\ll@\a MWW L\JW,,
|

\V@te R/i>; tithe es arc Q}M scen in Figure 1, water temperature decreased as |

expected as the climate progressed towards winter. The pH values were fairly constant

over all three samples as displayed in Figure 2. The values are slightly higher than the

Indiana average, but this can be accounted for by the presence of limestone quarries in

the West Fork White River Basin, which would cause the water to be more alkaline. The

dissolved oxygen in mg/L. should have increased as the water temperature dropped.

However, the dissolved oxygen readings in mg/I. stayed approximately the same and the

percent saturation levels decreased, as can be seen in Figure 3. This was an unexpected

result, but there may have been a drop n photosynthetic activity and the sources of

experimental error below concerning dissolved oxygen should be taken into account. In

spite of the unexpected results the percent saturation levels remained between 80-125%,
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which is considered excellent for most river organisms. The BODs values, visible in
Figure 5, increased over the sampling period. The first sample should only be lightly
considered because the results were taken seven days after the water collection instead of
five. This most likely contributed to the lower reading of the [irst sample. However, all
three samples remained between 1-2 mg/L, which indicates clean water with little organic
waste. The first sample was below the Indiana average of 1.5 mg/L and the second and
third samples were slightly above. The E. coli values were expected to be higher than the
results achieved due to the combined sewer overflow upstream of testing site and periods
of rain 48 hours prior to all three samples. In addition, the values are lower than the
Indiana average of 645 colonies/100ml. The decrease in . coli in the third sample,
visible in igure 4 can be partially atiributed to potentially less manure run-off as the
ground froze and the agriculturg&'season slowed down. The general coliform counts
fluctuated, as can also be seen in Figure 4. This is not of great concern and may be
attributed to the natural rise and fall of river bacteria. Figure 5 also shows that the
orthophosphate levels decreased slightly over the samples. This may also be attributed to
less phosphate from agricultural fertilizers entering the water over time. Nitrate levels
also declined over the samples, as seen additionally in Figure 5. As nitrates are also a
main component of agricultural fertilizers)&ad this decrease 1s expected as field runofl’
decrcases. All the nitrate values were well below the Indiana average of 12.32 mg/I..
Turbidity was <15 N'TUs for all three samples. This indicates that there is not a large
amount of suspended organic particles in the water. As discussed below, the turbidity
readings should probably have been lower for these samples. However, the turbidity

levels were lower than the Indiana average of 36 NTUs. Hardness measurements varied

between 330 mg/L and 430 mg/L, as shown in I'igure 6, and all three samples are
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considered very hard. This indicates high levels of dissolved calcium and magnesium in
the water. The high measurement of hardness can be accounted for by the limestone
quarries, as limestonc leads to high dissolved calcium levels. Finally, Figure 7 shows
that current readings also fluctuated. The higher reading of 0.71 in sample two was most
likely due to previously heavy rains and a swollen river.

Several sources of experimental error may have contributed to the lower chemical
water quality index rating of the first sample. The BOD was read after seven days
instead ol after five days. This most likely led to aﬁgfrlg?)D value and a lower overall
index rating. Also, the titrator tip was broken on the titrator that was used for the
dissolved oxygen and BOD tests. In addition, three trials of nitrate, dissolved oxygen,
and BOD were taken, but they were taken from the same sample of water instead of three
separate water samples. Finally, unfamiliarity with techniques the first time testing may
have led to unrccognized errors.

In addition, the use of a turbidity tube only allowed down to a reading of <15
NTUs. The maximum Q value with this measurcment is 70. In our tests it was estimated
that turbidity would be lower if there was a method for students to more accurately
measure the turbidity lower than this point. A more accurate measurement in these
samples would have likely resulted in lower turbidity values and higher Q values.
Subsequently, the overall chemical water quality index rating would have increased.

The testing of the water quality through the chemical parameters yielded one
medium rating and iwo good ratings. The sources of experiment error listed above
suggesl that the samples two and three were more accurate and should hold more weight
than the first sample. Therefore, it can generally be concluded that the overall water

quality as tested through chemical parameters is good.
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The results of the biological monitoring, seen in Table 2, yielded pollution
tolerance index ratings of 30, 24, and 24. These are all “excellent” ratings. In addition,
the range ol the Simpson’s dominance index between 0.20 and 0.40 and the range of
Simpson’s diversity index between 0.60 and 0.80 indicates a good level of species
diversity at the testing site. It can therefore be concluded that results of the biological
monitoring arc between “good” and “excellent.”

Overall, the combination of chemical and biological monitoring indicates that the
water quality at the Imel test site of the West Fork of the While River is between “good”

and “excellent.”
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Appendix A
Macroinvertebrates | Sample 1-10/4/06 Sample 2-11/1/06 Sample 3-11/15/06
Groupl 5 (taxa) x 4 (w.f)=20 | 4 (taxa) x4 (w.£)=16 | 4 (taxa) x 4 (w.f.)=16
Mayfly Nymph 45 2 58
Baetidae 12 44
Ephemeridae 10 14
Caddis Fly Larvae 208 66 91
Hydropsychidae 52 57
Hydroptilidace 14 34
Riffle Beetle 10 0 0
Water Penny 3 31 27
Right-ITanded Snail | 1 105 100
Group 2 2 (taxa) x 3 (w.f)=6 | 2 (taxa) x 3 (w.f)=6 | 2 (taxa) x 3 (w.f)=6
Damselfly Nymph 3 0 - 2
Dragonfly Nymph |1 1 0
Clam 0 - 8 1
Group 3 1 (taxa) x 2 (w.l)=2 | 0 (taxa) x 2(w.f.)=0 1 (taxa) x 2 (w.f.)=2
Midges 2 0 1
Group 4 2(taxa) x 1 (wf)=2 |2 (taxa)x 1 (w.£)=2 | 0 (taxa) x 1 (w.f.)=0
Aquatic Worms 6 0 0
Blood Midge L. 3 0
 Left-handed snail 0 4 0
Total Taxa Rating | 30 24 24




Aquatic Ecology:
Comparative study of two creeks is an urban and a rural area in central Indiana.

Kate L. Seals
Department of Biology
Anderson University

1100 E. 5" Street
Anderson, IN 46012

Abstract

This project investigates the ecology of two creeks in central Indiana. Lilly
Creek, located in a rural setting, and Bi g Duck Creek, located in an urban setting outside

Elwood IN, were tested in order to compare their water quality parameters to Indiana’s

state standards. These parameters included physical, chemical, and biological tests. 7.

———

Monthly samples were taken beginning November 29,2005 and ending in April 2006.
The results have been compared to similar samples taken by the DNR at the same sites.

Now, at the end of the second semester 2006, the water quality of the two creeks havg’




Introduction

The Department of Natural Resources (DNR) is a state agency that monitors
water quality, protects the environment, improves water qudhty, safeguartl:'ls human
health, and protects receiving waters. Beginning February 2\2205 ;IQDQ\IR began
testing nine different sites to help improve water quality in Central Indiana. This project
was called the NPDES Storm Water Phase II. Its overall goal is to improve water quality
in accordance with the1972 Clean Water Act (as amended in 1987). The NPDES is (L
federally mandated, unfunded program that requires certain cities, towns, counties, and
additional entities to create a plan to deal with storm water in order tog,protect the
environment, protect human health, and protect surrounding waters. Many volunteers
who cooperate with the DNR are trained to monitor parameters of certain aquatic
environments.r Wi}lﬁhe help of these volunteers, the DNR is able to keep the public
aware of wate%cﬁzeﬁls. Ore of the main concerns in Indiana is the burning of coal.
Mercury is a very toxic heavy metal bi-product from the burning of coal that is deposited

7
into many of th7‘r-water systems in Indiana. There are other pollutants as well, such as



pesticides from farm run-off, but these are not as b1g a concern as mercury. Mercury is a
Catn ﬁ’, i /‘1)/
main concern because of the lasting effecﬁ and how hard it is to clean up. Because of

pollution such as this, there are sites all over Indiana that are monitored monthly to obtain

an accurate and updated reading on aquatic pollution. These readings allow for a detailed P

s
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description of different bodies of water. One of the readings that they take to determine

r Fy o 8 e

water quality is the Lollectmg of aquatic macroinvertebrates. These organisms are

indicators of.thé quality @ﬁ\_&/_@tt_{lﬁ, Once data is collected, it is given to local and state

officials who perform watershed assessment pregram. These tests and others WlH go yon
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until and accuratt; conclusmn of water quahty has been drawEJ fw“‘{f\-{;.-f ¥ \F‘J"Jf/ \Krﬂ dom FUVVELLEA

The Madison County Storm water executive summary,f put on by the RQAW
Corporation, pub 1shecL the Understanding the Impact NPDES Storm Water Phase II.
This booklet not only contains detailed descrlpnons of many pararneters that define water

i b .

quality, but also how they parallel two sites: /one (Lilly Creek) ancymn,e (Big Duck Creek)
that this research is being drawn from.

This resear 5}1 will exan}lnc; two sites: Lilly Creek and Big Duck Creek. The
—stending hypothesm‘/:slthat Elilyﬂcfeek will have a higher water quality than Big Duck
Creekibecause Big Duck Creek is located right outside the township of Elwood, IN. The
results will be compared to results from the DNR and to Indiana state water quality
standards. A water quality index based on macroinvertebrate populations will also be

computed.

Materials and Methods

Water samples were taken from two sites that are also being tested by the DNR.
A %

=y

The first site, Lilly Creek fite onez; 1 included geographical location ma;)



is near State route nine. Lilly Creek, locate in a rural setting, has a creek bottom that is
very soft with few aquatic macrophytes. Big Duck Creek, (site 9) on the other hand, is

located in the outskirts of Elwood, IN. The streambed is composed of gravel and large

]

rocks (thlS allows for riffles i in the wate{) The flow of the water is iaster and the 7 'ﬁ]:_ggf
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‘rurb1d1ty/v1s1b1hty' is low compared to Lilly Creek.  * zJ g
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Water samples were collected once a month from both Lilly Creek and B1g Duck

L Vsl

Creek starting in November 2005, Three major categories of water quality parameters
were tested: physical, chemical, and biological. The physical parameters tested were
temperature, ph, and turbidity, Chemical parameters include dissolved oxygen,
Biochemical Oxygen Demand (BOD), orthophosphate, nitrate, and ammonia. Lastly, the
biological parameters under examination were populations of benthic macro invertebrates
and E.coli concentrations. At each site, six 70 ml water collection jars were filled.

Dissolved oxygen temperature, pH, and turb1d1ty were tested on site, while all other tests

o7 ﬂ;Lffr §$ g =”’j"“v>

were taken back 15@ s the Tab and:ptefeﬂaedqh%%e-b&meﬁﬁmé Once back in the lab
Ammonia Nitrogen, BODS5 (which is set in the dark for five days before conclusions can
be drawn), orthophosphate, and nitrate were tested. Most of the tests taken were done
with colorimetric tests, Macroinvertebrates were collected on site and they were placed
in 70% ethyl alcohol for later identification.

Temperature, allows us to determine water’s ability to hold dissolved oxygen,

P

which is inversely proportional to temperature. Temperature was tested using a mode] ._*

temperature and pH probe. Temperatures higher than Indiana state standards might be

indicative of thermal pollution,



Pﬁ is a tested-forisarmeasure of the hydrogen ion concentration in 4 solution.
Most bodies of water fall within the range of 6 to 9; eight is the optimum pﬁ}; which is
slightly basic. Waters tend to be basic due to the presence of carbonate and bicarbonate.
If the range of pH is not in the norm, one could conclude that there is industria] waste or
acidic precipitation.

Turbidity indicates the amount of suspended solids and is inversely proportional
to i}é visibility; the greater the; jurbidity, the murkier the water, Turbidity was measured
using a turbidity tube model._..

Dissolved Oxygen measures the amount of gaseous oxygen dissolved in an
aqueous solution. Running water is acrated by turbulence, and can hold oxygen in
inverse proportion to its temperature, Five mg/l is considered to be the minimum

. ) .. i ‘wf‘.yf ; o il
concentration required for desirable aquatic life. | 4/ 2 “Pj ”’J*’T 'L“(j S A

Five days after the first water tests are taken, a Biochemical Oxygen Demand test
R

(Pl

is taken. This test is done along the same lines as the Dissolved Oxygepf except that is
performed on samplé\/that have been kept in the dark since they were taken from s Ct*—*«b
sampling site. The reason for this is to prevent organic matter from continuing to
decompose and thus use up oxygen. Once the results are received from this test it is
subtracted from the value of the initial Dissolved Oxygen Test. The results give total
Biochemical Oxygen demand over a five-day period.

Nitrate was tested using a colorimetric test. Nitrate is produced by the oxidation
of ammonia by nitrifying bacteria. Most green plants take in nitrate nitrogen. It usually
occurs in small concentrations in unpolluted fresh waters. If there is too much nitrate in a

water system it can cause alga@alooms that suffocate the fish and choke out plant life.



Ammonia nitrogen is also tested with a colorimetric test. This is actually one of
the first tests done during field research. It is an examination of organic nitrogen
compounds. Ammonia enters the water systems from different sources; such as industrial
wasles, sewage effluents, and fertilizers. Ammonia is a natural biological degradation

|

product of the excretion and decay of dead organisms. Ammonia is also used for plant .7 Sy 4{

growth, but in high concentrations is poisonous to animals.

- Phosphate on the other hand, also tested with a colorimetric test, is an important
nutrient for plants, Phosphates are used in many private water systems, industrial
detergent formulations, fertilizers, and certain agricultural areas. If there is too much of
this it, like nitrogen, can lead to alga{%J blooms.

The last parameter that was taken is a biological one. Escherichia coli (E.
coli) are bacteri\?% found naturally in the intestines of warm-blooded animals, including
humans. High levels of E. coli are a good indication that there has been some fecal
contamination. The test that is used to determine this is a Coligen Easygel.

The kick seine method was used to determine the Macroinvertebrate Pollution
Tolerance Index. On site, where good riffles are present, a seine net d‘ - was placed
b for Aol f INC Guadsf
down, | This is downstream from a three-foot by three-foot ss%xm. édﬁfce this is in place,

the substrate is picked up, kicked, and shaken to allow the benthic ma%invertebrates to

separate themselves from the substrate, These organisms are caught in the seine net and
b
once on shore they are removed and placed into the seventy percent missire of ethyl

Ak

A L
alcohol. Once back in the lab, they-wll-be-stored for identification and sorting.
Macroinvertebrates are sorted according to an index that puts them into four categories

depending on how tolerant or intolerant they are to pollution. After they are placed into
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these categories a numerical value is established based on the number of TAXA present

in each one. It is important to note that marcromvertebrates are organisms that indicate

water quality.

Results

The research was completed in April 2006. The hypothesis-st-inl%:&féx‘é.ﬁ that Rural
Lilly creek would have higher water quality than Big Duck Creek because Bié Duck
Creek is located outside of the Elwood Township. Though, at the end of all the research,
it was found that there was no significant difference between the two creeks. This means
that the hypothesis was not eupported T-tests WeTe run comparing the two creeks fo

ey LW:{,‘({ZJ/_K’/“H-AJ (M/;?f /A"‘*j’«m.slra(_duf t(, {/i’/_,f/,'ré//\ P

¢ )
every one of the parameters/’l This means that any observed difl erence between the creeks -+ [ f 1
i

(\’G}s

oy

was most likely due to chance. Looking at all the tests that were run, on the included /‘/ Liva -
AT ’ )/?//1 \}n/
graphs, it i$ determined that only orthophosphate and nitrate-nitrogen exceeded the
Aedaclle Al 12aTn
Indiana state standards., “Fhis-means-that-eo on-eetd-be-suggestive of fertilizer

run-off. All other test stayed below state standards. Also, the macroinvertebrate index

showed a water quality index of “Fair” for both creeks. Looking at the results,
experimental error was taken into account as well. To more accurately assess water
quality, it would have been necessary to sample year round. During this research samples
were only taken four times yonce each month. There were also only a limited number of
test replicates, leaving room for greater error. Lastly, some of the timing was not precise

when reading time-sensitive lab tesy'
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Chemical Parameters



NOB (o)

Ammonia concentration (Pppm)

26-Feb

Sampling dates

Nitrate concentrarion (Ppm)

29-Nov 28-Jan 26-Feb 11-Mar
Sam pling dates

[l Lllly Creekf
E B{g Duck !

E:l LJIIy Creek]‘
B Big Duck

|

l
l
|
|
|
g
|

I

|

)
|
;



DO2 (ppm)

Orthophosphate conce ntration (ppm)

0.25 -

0.2 -

E 0.15 |

28-Jan

26-Feb

11-Mar
Sam pling dates

E:l Lllly Creek
E Big Duck

ﬁ
r

Dissolved oxygen concentration (ppm) '

29-Nov

28-Jan

Sampling dates

26-Feb

o Lily Creek |
| |
‘B Big Duck ||




BODS (ppm)

Biochemical Oxygen Demand (BODS5)

4.5

4 i
< I —

3
2.5
2
1.8
1 |
0.5 |
@)

Sampling dates

29-Nov 28-Jan 26-Feb 11-Mar

f’
|

O Lilly Creek

@ Big Duck |



Biological Parameters
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Introduction:
Genesis 2 calls humans to be stewards of the world. In order for Christians to accomplish

this task, they must first be aware of the environment around them and the condition in which it
is (DeWitt). One of the major elements of thc environment that is continuously at risk for
pollution is water. Water is constantly being used in varying aspects of everyday life and is vital
for an organism’s survival. Therefore, a clean water supply 1s very important. Some sources of
pollution include direct sources, such as chemicals being dumped into the water) or indirect
sources such as contaminants from soils and atmosphere via acid rainwater (soest.hawaii.edu).
Water can be easily studied for pollution through chemical and biological techniques.
Chemically it could be measured through the pH, dissolved oxygen levels, and turbidity.

It can be measured biologically by observing the amount of benthic macroinvertebrates in
a cerlain area. A benthic macroimﬁzrtcbrate is an organism that lacks a backbone, lives at least

o ey

some ol its life on or in the-bettem-ofthewater: and can be seen by the naked eye. They can be
very small (less than 2 inch) or as large as 10 inches (Hoosier River Watch). They are
considered to be fairly good indicators of pollution because they are “sensitive to changes in the
stream’s overall ecological integrity”, they are easy to sample, and are relatively immobile
(Hoosier River Watch). They can be classified into four different categories: intolerant,
moderately intolerant, fairly tolerant, and very tolerant. Some of the organisms such as mayflies
and Caddis flies arc very sensitive to pollution and arc very good indicators of the absence of
pollutants. LI these are absena thin that will be an indicator that there is a lot of pollution.

The hypothesis for this lab is that there will be few organisms that are sensitive to

pollution; therefore, the water quality of the White River will not be very good.



Materials and Methods

Materials used were: dichotomous keys, dissecting microscopes, Petri dishes, and
tweezers.

Due to excessive rain and flooding, the samples were unable to be collected directly by

2210
the Honors class. The samples used were collected by a Biology #886-class at Edgewater Park at
the West Fork of the White River by the kick seine method.

The macroinvertebrates collected had to be classified in order to determine the water
quality. A few organisms were taken [rom the larger sample that had been stored in alcohol.
They were extracted using tweezers and placed in the Petri dishes. The Petri dish was placed
under the dissccting microscope. The dichotomous key was used to classify each organism by
answering the question and following the chart until it ended at the specific organism. Each
organism was recorded in its proper pollution tolerance category.

The number of taxa from each pollution tolerance group was totaled for the entire class.
In order to account for a difference in importance of groups, a weighing factor was included in
the calculations. The number of taxa in each group was muitiplicd%by its weighing factor.
Pollution group onc had a weighing factor of four, group two had a weighing factor of three,
group three bad a factor of two, and group four had a factor of one. These values were then

added together and compared to the following Water Quality Index chart.

WATER QUALITY INDEX VALUE

23 or more Excellent
17-22 Good
11-16 Fair

10 or less Poor



Results

Table 1. Number of Collected Macroinvertebrates in Each PT Group and Total Number of Taxa in Each Group

: PT Group 1 PT Group 2 PT Group 3 PT Group 4
Organism | Number Organism Number Organism | Number | Organism Number
Stonefly 0 Damselfly 0 Grey Midge 2 Left-handed 0
Nymph | Nymph Snail
Mayfly 34 Dragonfly 0 Black Fly 0 Aquatic 2
Nymph Nymph Larvae Worms
Caddis Fly 11 Sowbug 0 Planaria 0 Blood Midge 1
Larvae
Dobson 0 Scud 0 Leech 0 Rat-tailed 0
Fly Larvae ) maggot
~ Riffle 0 Crane Fly 0 Water Mite 0
Beetle Larvae
 Walter 2 Clams/Mussels 0
Penny
Right- 35
handed
Snails
Total No. 4 Total No. of 0 Total No. of 1 Total No. of 2
of Taxa Taxa Taxa Taxa

Table 1. shows the number of taxa represented in each group. There were four taxa in pollution

group (PG) one (the most intolerant of pollution), zero in PG two, one in PG three, and two in

PG four.

Calculations

(Ax4)+(O0x3)+(1x2)+(2x1)=20

The calculations for the number of taxa multiplied by the weighing factor equaled 28.

Table 2. Various Data concerning the Water Pollution Level

) Water Temperature 17,1 ¢
pH 8.2
~__Dissolved Oxygen 8ppm
Vpa, - A4y, Turbidity >60 cm
?Current Velocity 138 m/s

General Observations: The day was overcast. It had rained all morning but cleared up by midday.

Date: October 16™, 2007

|

Time of Day: 1:30pm

Table 2. includes various data also collected that helped to measure the water quality.




Conclusion
the
The result of a 20 on the water quality index showed that the water quality in \ hite River
W Dol Ao o ppe?
was considered good. Thisldispr fthe hypothesis that the water quality was poor. Because of
trash along the banks and past chemical spills, many people held the perception that the river was
polluted, which helped to explain the hypothesis. The other chemical measurements also led to
the conclusion that the water quality was good.
The pH was within the range of most natural waters. The slightly basic pH was because
) /
of the presence of bicarbonate and carbonate. The Indiana average for pH sas 8, the State
i I's
Standard range was from 0 to 9, and the typical range s¢as between 7.2 and 8.8, so 8.3 was well
5
within the normal range. 5 mg/L was the required minimum concentration of dissolved oxygen
ci’,?/lzd%’ae i S
for aquatic life. The most-wanted range was [rom 8-15 mg/L, so the measurement of 8ppm was
; . 15 L
within the normal range but lower than the state average, which was 9.8 mg/L. A turbidity of less
than 15 was well within the typical range (0-173 NTU’s) and much better than the Indiana
average of 36 NTU’s.
The only source of error in the classification portion of the lab was misidentification of
the organisms. This could be avoided by better microscopes and samples of the possible

macroinvertebrates. It could also be improved if more samples were collected because there

would be a larger number of organisms.
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White River Pollutant Tests
Introduction

The study of benthic macroinvertebrates to measure the water quality of a river or stream
is not a new choice. In fact, aquatic macroinvertebrates are rivaled only by algae in their
usefulness to assess such quality, explaingd in the chapter “The use of aquatic invertebrates as
biological indicators of ecological integrity of the Klip River System” of The Ecological
Integrity of the Klip River System. The text continues by explaining that macroinvertebrate taxa
“have differential tolerances towards changes in the environment” (p. 1) and therefore, the
presence of absence of any group can indicate the presence of pollution. The literature
surrounding this concept seems rather similar; very few pieces of dissension exist, although
rivers across the globe produce reports using this survey of rﬁacroinvertebrates.

The United States Environment Protection Agency corroborates this view by explaining
why macroinvertebrates—in addition to oxygen levels—indicate good levels of watershed
health. The macroinvertebrates, the EPA asserts, “live in the water for all or most of their lives,”
prove easy to use in laboratory situations, cannot escape easily, and are deeply affected by
environmental conditions (2007). Other literature regarding this topic tends to agree with the

EPA’s stance. No large holes in the review of literature appear to exist.

In 1999, the Anderson Waste Water Treatment Plant in Anderson, Indiana heavily






polluted the West Fork of the White River. Fisheries-biologists Robert Ball and Kevin Hoffman
examined the polluted state of the river in their 2006 journal Recovery of the West Fork White
River. While the area surrounding the White River is relatively small, the literature surrounding
the spill is adequate, coming mainly from environmentalists and colleges surrounding the river.
While the Ball and Hoffman piece focuses mainly on the rehabilitation of fish species in the area,
it brought to attention the idea of lasting pollution in the White River. Material regarding the
state of pollution relates mainly to the fish populationgand not necessarily the overall pollution
level. In addition, pollution levels were recommended to be checked in 2012. For this reason, our
research on the White River becomes particularly pertinent. It falls during a period in which the
river’s pollution level is not being closely monitored, and it assesses the river’s health based on
its aquatic invertebrates—not necessarily fish species. By utilizing this new perspective, one may

gain a deeper understanding of the recovery of the White River.
Materials and Methods

The experiment took place on October 7, 2008, at approximately 2:30 p.m. The site of the
81

S1-]
R LA ‘N:DL

tests was directly in Edgewater Park, off of E 10™ Street in Anderson, Indiana. The quadrat was g

i

set up directly in the stream, in a shallow portion roughly a few meters out. There is a natural
shoreline between Rayl Street and the marsh approximately 100 meters to its right; the area

directly out of the shoreline was where the experiment occurred—likely for its easy accessibility.

X Y
o S

The site itself was fairly shallow with a mild current. There was consid.'éléably vegetation on the
sides of the river, but it was not so wet as to be considered swampland. A few trees lined the
edge of the watershed (the far side consisted of a low-density wooded area), but generally
speaking, the river was surrounded by the open meadow of Edgewater Park.

In order to collect specimens, the researchers used a homemade quadrat constructed from







PVC piping and a basic net and performed the Kick Seine Sampling Method. The quadrat
measured three feet by three feet. Two individuals stood holding the structure, while others = 4
gently brushed off algae, debris, and small invertebrates Jfrom large rocks (perhaps the size ;f a
bottle cap and larger) inside the quadrat. The netting was held so that the materials brushed off
went with the current into the net. After an adequate time was spent on one area, the quadrat was
lifted from the water and taken to the flat shoreline. There, the researchers removed small
invertebrates from the netting using tweezers. The invertebrates were preserved in a glass jar of
alcohol solution.

The recorded pH level came from Hydrion pH paper. The paper was dipped into the river
water, and its color corresponded to a particular pH level. This method was used because the
more advanced equipment was not working properly.

The temperature and dissolved oxygen data came from using a YSI 200 EcoSense
Dissolved Oxygen Probe. The readings for both dissolved oxygen and temperature came from
using this apparatus in the stream near the quadrat area. The temperature was taken by placing
the apparatus at least four inches below the surface and waiting for approximately two minutes.
The surface velocity of the current was found by measuring the time it took for an apple to travel
a distance of 50 feet. The distance was measured beforehand, and another individual held a
stopwatch to time the experiment. This was repeated twice, and then the data was averaged.

In the lab, the invertebrates discovered were examined under stereoscopic microscopes

and classified according to the 1996 publication of Pollution Tolerance Macroinvertebrates

(provided by the Hoosier Riverwatch—Department of Natural Resources).






Results . N 3
AN o N
A Q>
Quantity and Types of Macroinvertebrates Identified
Group 1 Finds Group 2 Finds Group 3 Finds Group 4 Finds
Right-handed snail-13 Clam-3 Water mite-2 Blood midge-1
Mayfly nymph-17 Scud -1 Midge larvae-2
Water penny beetle-3
Caddis fly-2
Total specimen: 30 Total specimen: 4 Total specimen: 4 Total specimen: 1
Number of taxa: 4 Number of taxa: 2 Number of taxa: 2 Number of taxa: 1
Weighted: 16 Weighted: 3 Weighted: 4 Weighted: 1

Total: 27, excellent indication

Other River Data __+ & ‘ WG
Temperature 16.6 ° Celsius
Dissolved oxygen level 15.2 mg/L
pH level ~& units
Average surface velocity .2 m/sec
Turbidity Clear

The first table measures the quantity of aquatic invertebrates found according to type.
The pollution index group is also included simply to identify types of invertebrates in each
group. The first group is intolerant to pollution, the second somewhat intolerant, the third
somewhat tolerant, and the fourth tolerant. The number following the taxa name is the quantity
% of those specimens found. Each category must be weighted (Group 1 has a weight of x4 since it
| :L is more difficult for these invertebrates to survive in most sites than Group 4, which has a

weighting of x1) by the number of different taxa in a given group, and then add these sums

NN together. The final number corresponds to a water quality index. In our situation, the total was
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27, indicating a healthy river. g i aX\ ¢
| Other data collected included the temperature, dissolved oxygen, pH level, and average
surface velocity. The average surface velocity was found by taking the median of three surface
velocities in a 50 foot stretch of the stream (77 seconds per stretch, 71 seconds per stretch, and

74 seconds per stretch).
Discussion and Conclusion

The collected data overwhelmingly indicates a healthy river. The dissolved oxygen level
is expected to be between 8-15 mg/L in a healthy river, so the data was at the upper limit of
healthy. Typically, pH levels should be between 5-8.5 units, and since the data confirmed
roughly 8 units, the pH level is also considered normal.

As for the taxa experiment, the White River sample scored 5:28, which is an excellent
indicator of water quality. This means the damage done by the Anderson Waste Water Treatment
Plant was somewhat recovered and the river is generally clean enough to support some natural
aquatic life. This was an unexpected find, although optimistic. It is possible that this data was
skewed by the questionable find of a scud, but even without the scud, the river scored a 24
(which is still excellent). Perhaps a lengthier process or one done by more experienced
individuals would yield a more accurate result. It also seems significant that the process of the
determining the river quality score does not include the quantity of the invertebrates found.

Surely the quantity of the invertebrates indicates some level of the health of the river.
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BIOL 1000 — Stream Sampling Data

Time of day: 2,20

. Water Temperature:  [,.[, °C

. pH: be! units
. Dissolved oxygen: |5 .7 ppm or mg/L
. Current (surface velocity): m/sec

g

a. T 3 Secs

b. 4| secs

W)

Secs




BIOL 1000 - Stream Sampling
Water Quality Parameters

1. Temperature: water’s ability to hold dissolved oxygen is
inversely proportional to temperature; to measure temperature,
place the thermometer at least four inches below the surface, and
leave it in the water, swirling gently for approximately 2 minutes
or until the reading stabilizes.

2. pH: this test measures the hydrogen ion concentration of liquids
or substances (acidic or basic). The pH of most natural waters falls
within the range of 5 to 8.5. The majority of natural waters are
slightly basic due to the presence of carbonate and bicarbonate. A
departure from the norm for a given body of water could be caused
by the addition of strongly acidic or basic industrial wastes, or by
acidic precipitation. The likelihood of mercury becoming
methylated and entering the food chain increases as pH decreases.
The typical range is 7.2 to 8.8; the Indiana average is 8.0. and the
State Standard is between 6 and 9.

3. Dissolved oxygen: DO analysis measures the amount of gaseous
oxygen dissolved in an aqueous solution. Running water is aerated
primarily by turbulence, and can hold oxygen in inverse proportion
to its temperature. Five mg/L (5 ppm) DO is usually considered
the minimum concentration required for desirable aquatic life, such
as game fishes. The desirable range is 8-15 mg/L. The Indiana
average is 9.8 mg/L: the State Water Quality Standard is: avg >
Smg/L, not<4 mg/L.

4. Current (surface velocity): we will measure this by observing
how long it takes a floating object such as an apple or an orange to
drift a distance of 100 ft. with the current. We will take the
average of three readings and convert to mv/sec.



POLLUTION TOLERANCE INDEX (PTI)
DATA SHEET FOR MACROINVERTEBRATES

SITE INFORMATION

Date \O / ?‘ /0% TimeL:ﬁQ(am or Walershed Narme: Eﬂ oA ,:\.'-{T‘;\ L)

(Mo) (Da) (Yr)

Collector(s) Name ‘K/? Ll nasd

J

Organization Name *\2}‘1 f)\[}(\_lf- 2210

Stream/River Name_ 11\ W< Sampling Site #
(if applicable)

Latitude/Longitude GPS

(1f applicable) (if applicable)

Nearest City/Town i MU A State___I[\}

MACROINVERTEBRATE INDEX
PT GROUP 1 PT GROUP 2 PT GROU? 3 PT GROUP 4
Stonefly Nymph Damselfly Nymph Grey Midge . Left-Handed
Mayfly Nymph e Dragonfly Nymph Black FlyLarvae Snail
Caddis Fly Larvae 7 Sowbug Planaria Aquatic Worms
Dobsonfly Larvae Scud [ Leech Blood Midge l
Riffle Beetle Crane Fly Larvae Water Mite ?’ Rat-Tailed
Water Penny 3 Clams/Mussels 3 Maggot
Right- Handed
Snail %
#OF TAXA _ 4 #OFTAXA _ 72 #OFTAXA _L #OFTAXA |

Weighting X 4 _ 1lp X3
X1 41_ Factor:

oty Xz 4+

TOTAL TAXA RATING

M
4

WATER QUALITY INDEX VALUE
23 or More Excellent

17 - 22 Good

11 -16 Fair

10 or Less Poor

WATER QUALITY INDEX VALUE

27

Revised 9/97 HOOSIER RIVERWATCH - Department of Natural Resources
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POLLUTION TOLERANCE GROUPS
MACROINVERTEBRATE IDENTIFICATION

PT GROUP 1 - These organisms are generally considered to be intolerant of pollution.

Twao rails %

Stonefly Nymph

Also in hollow cases ©
twigs, rocks, etc,

Caddis Fly Larvae

Three tails

t— Small
beetle-like

Large head and two large teeth
head

EDREN AT

Dobsonfly Larvae Adult Larvae Water Penny
Riffle Beetle

Mouth to right
Right-Handed
Sngail e

PT GROUP 2 - These organisms are generally considered to be moderately intolerant to pollution.

Three paddle-like
tails

Disk with tubes
Damselfly Nymph Crane Fly Larvae

F:Iattencd BTk Flalttened

side- 2 tap to

ways Side swimmer or A = bottomt
Scud Clams/Mussels Aquatic Sowbug

'|PT GROUP 3 - These organisms are generally considered to be fairly tolerant to pollution.

TR

Small and e _1-.: _,. Z ‘ ¥ .% ) f
worm-like e )
Black Fly Larvae g % ) i Water Mite
Several Flattened and segmented
tubes SRE e Sina
Grey Midge Larvae ity
[PT GROUP 4 - These organisms are generally considered to be very tolerant to pollution.
All segmented, some slender ’
e A Red in color
N Mouth to left
Aquatic Worms Blood Worm Left-Handed Rat-Tailed

Midge Larvae Snail Maggot

Revised 11/96 Hoosier Riverwatch- Department of Natural Resources




Andrew Moore
Anderson University Biology 3070-Ecology ‘ )
Instructor: Dr. Ippolito ¥ vy
White River Lab Report kA ( 4

26 February, 26 March, 23 April 2009

Introduction

Water quality of a river can be analyzed using two different methods; Biological or
Chemical Monitoring. Biological Monitoring observes the number and species of benthic
macroinvertebrate organisms present in the habitat during the study by collection sampling
methods and identification. Derived from these observations, a Pollution Tolerance Index Rating
and a measure of community dominance and diversity serve as indicators of stream quality. High
levels of Diversity indicate a highly complex community with a great variety of species
interactions, which many ecologists think are important factors in community stability (Brower,
Zar and VonEnde, 1997). The macroinvertebrate population is also casy to study due to its
relative immobility and can provide a continuous indicator of stream quality for the researcher
(Hoosier Riverwatch, 2008). Because the macroinvertebrate organisms can be classificd
according to their pollution tolerance, the presence of specific taxa can function as a reliable
water pollution assessment tool. For example, if a stream is found to have many
macroinvertbrates that are known to be intolerant to pollution, it can be expected that very low
levels of pollution are present. On the contrary, if the streams only macroinvertebrate inhabitants
are organisms known to be very tolerant to pollution, researchers can come to the confident

conclusion that poliutants are present in the water in substantial amount” Although Biological



macroinvertebrate samples were transferred into a jar containing alcohol instead of water, and
the net was rinsed off in the river before a new sample was collected. The number of Blood
Midges collected was recorded at the sampling site because the red color was often lost in the
alcohol jar before identification in the lab. The rest of the samples were later identified in the
laboratory using a Meiji EMT dissection microscope and the Taxonomic Key to Benthic
Macroinvertebrates provided by the Hoosier Riverwatch program training manual (Hoosier
Riverwatch, 2008). The numbers of each species were recorded and classified according to their
Pollution Tolerance (Hoosier Riverwatch, 2008). This data can be referenced in Table 1.1. The
Pollution Tolerance Index Rating was then determined for each Biological Monitoring data set in
Tables 1.2, 1.3 and 1.4, The PTI ratings for each sampling date can also be referenced in graph
form in Figure 1.2, Biological Monitoring data was also analyzed to arrive at values for
Simpson’s Index of Dominance and Diversity. Calculations and results for the Simpson Index

can be referenced in Equation 1.1, Equation 1.2, Sample Calculations and Figure 1.3.

The Chemical Monitoring was performed on the same dates and location as the
Biological Monitoring. Three samples were collected for each chemical/physical test and the
resulting average was used for the WQI value calculations. Records of the three samples can be
referenced in Table 2.1. Dissolved Oxygen (DO) values were recorded three times in each trial
for both percent saturation and parts per million (mg/L, ppm). These values were obtained using
a '\{,iSI EcoSense DO200 meter serial #]C 05069 and by submerging the probe underwater and
allowing the readings to stabilize before recording. The \fSI EcoSense DO200 was used to
collect air temperature (°C) at the site for each sampling date. The \{SI EcoSense DO200 also
collected water temperatures (°C) three times at the site for all three sampling dates and 1 mile

upstream during the last sampling date. The VYSI EcoSense DO200 was calibrated by the class



observed using a 60cm long clear plastic tube capped at the bottom with a painted disk
containing four quadrants alternately painted black and white. The transparency tube was filled
with water in the river until the painted quadrap‘ts at the bottom of the tube could barely be seen
when looking vertically through the water from the top of the tube. Transparency values were
converted to Nephelometer Turbidity Units (NTUs) using the conversion chart in the Volunteer
Stream Monitoring Training Manual provided by the Indiana DNR (Hoosier Riverwatch, 2008).
Transparency values were recorded in all three sampling dates. Water Hardness was analyzed in
the second and third sampling dates (Feb 26 and March 23,) using the LaMotte Tablet Version
Hardness Kit Model PHT-DR-LT, code 4482-DR-LT and the instructions provided within the
kit. Current speed was also recorded on each sampling date by measuring a 10 meter length
parallel with the current and recorded the elapsed time it took a ping-pong ball to travel the set

distance. This trial was performed three times on each sampling date.

Resulls

Using the Kick-Seine collection method and outlined in the previous section, the
following results were obtained for Biological Monitoring and indentified in the laboratory using

a Meiji EMT dissecting microscope. Original Data Sheets are attached at the end of this report.



Table 1.2

Pollution Tolerance Index Calculations and Results for 26 February 2009 using data from Table

Ll

Pollution Tolerance # of TAXA Weighting Factors Index Value for

Group Group (# of taxa

(Description) multiplied by
Weighting Factor)

PT Group 1 5 4 20

Intolerant

PT Group 2 3 3 9

Moderately Intolerant

T Group 3 1 2 2

Fairly Tolerant

PT Group 4 2 1 2

Very Tolerant

Pollution Tolerance

Index Rating 33

(> Index Values)

(Excellent)

Table 1.3

Pollution Tolerance Index Calculations and Results for 26 March 2009 using data from Table 1.1

Pollution Tolerance # of TAXA Weighting Factors Index Value for

Group Group (# of taxa

(Description) multiplied by
Weighting Factor)

PT Group 1 6 4 24

Intolerant

PT Group 2 1 3 3

Moderately Intolerant

PT Group 3 2 2 4

Fairly Tolerant

PT Group 4 1 1 |

Very Tolerant

Pollution Tolerance

Index Rating 33

(> Index Values)

(Excellent)




Table 1.5-

Pollution Tolerance Index Rating and Corresponding Water Quality Scale

PTI Value Corresponding Quality
23 or more Excellent

17-22 Good

11-16 Fair

10 or less Poor

Equation 1.1- Simpson’s Index of Dominance (/) (Brower, Zar and VonEnde, 1997).

Where quantity / is a measure of Dominance, 7; is abundance of species /, and N is total number of
individuals

_ Ini(u=-1)
N(N-1)

Equation 1.2-Simpson’s Index of Diversity (D;) (Brower, Zar and VonEnde, 1997).

_Zn(n - 1)

Ds=1 NN —1)

Sample Calculation for Dominance using Equation 1.1 and 26 February 2009 Data from Table
1.1

fea 10(9)+12(11)+18(17)+2(1)+3(2)+38(37)+35(34)+2{1)+29(28)+4(3) _ 3958 __ 182
- 148(147) T

Sample Calculations for 26 February 2009 Diversity (D,) using Equation 1.2 and 26 February
2009 Data from Table 1.1

B 1009)+12(11)+18(17)+2(1)+3(2)+38(37)+35(34)+2(1)+29(28) +4(3) _
S _ -t j——

148(147) 818




Table 2.2

Water Quality Index (WQI) Calculations and Results using 26 February 2009 Chemical Monitoring Data

from Table 2.1 (* uncertainty in value due to experimental error)

Indicator Test Results Q-Value Weighting Factor | Calculation
Disselved Oxygen | 107.5 % saturation 96.5 .18 17.37

E. Coli 27 colonies/100mL | 61 17 10.37

pH 9.4 units 36 12 4.32

BOD; 3.9 mg/L 59 12 7.08

*H,0 temp change | 0°C 93 14 10.23
Turbidity <15 NTH g 70 .09 SE!

Totals 19 55.67

Water Quality
Index (WQI)

Table 2.3

55.67/.79 £ 70.47 |

P
-

Water Quality Index (WQI) Calculations and Results Using 26 March 2009 Chemical Monitoring Data

from Table 2.1 (* uncertainty in value due to experimental error
Y P

Indicator Test Results Q-Value Weighting Factor | Calculation
Dissolved Oxygen | 140.8% saturation 50 18 9

E. Colt 27 colonies/100mL | 61 LA 10.37

pH 9.0 units 47 12 5.64

*BOD;s 6.2 mg/L 50 12 6

*H,0 temp change | 0°C 94 o1 10.23
Turbidity <15 NTU’s 70 .09 6.3

Totals 79 47.54

Water Quality =

Index (WQI)

Table 2.4

47.54/79 = 60.18 )

/
/

NS

Water Quality Index (WQI) Calculations and Results using 23 April 2009 Chemical Monitoring Data

from Table 2.1 (* uncertainty in value due to experimental error)

Indicator Test Results Q-Value Weighting Factor | Calculation
Dissolved Oxygen | 129.2% saturation 85 18 15.3

E. Coli 47 colonies/100mL | 54 Lof 9.8

pH 8.7 units 34 i L2 7.08

IO temp change | 0°C 93 ailill. 10.23

Turbidity <15 NTU’s 70 .09 6.3

Totals 67 48.09

Water Quality b,
Index (WQI) 48.09/.67=70.47

e S




numbers of each species collected varied greatly between the three trials as depicted in Fi gure 1.1. The
different types and numbers of taxa in each PT group collected in the Biological Monitoring
macroinvertebrale sampling also varied between each trial even though the same site and methods were
used. This suggests that the sampling method was not completely accurate or adequate or that the variety
of species collected was due to population change in response to differing environmental conditions for
cach sampling trial. There were significant changes in environmental conditions between the three trials,
such as water and air temperature, seasonal changes and weather impacts. These changes represent more
than one variable when combined with time, so no further insi ght on the impact of the varying
environmental conditions can be determined at this time without continuing the study to gather a wider
range of data points. The Biological Monitoring results were the best indicator for water quality in this
study, because they represent the conlinuous stream quality and the correct procedure was followed

without discrepancy for all three trials.

The Chemical Monitoring data can function as another method of studying water quality at a
specific moment, however multiple problems arose with the acquisition of indicators for the WQI rating.
In order for the WQI rating Lo be reliable, six different indicalors must be completed. None of the WQI
ratings illustrated in Figure 2 were calculated with six completed indicator test values. Any of the
indicator tests that were omitted are marked with an asterisk* to indicate uncertainty from experimental
error. In the first sampling, 26 February 2009, six chemical indicator tests were entered into the WQI
calculations, bul the temperature change one mile upstream from the site was assumed Lo be zero and was
not actually recorded. This assumption was made due to time constraints and the conclusion that no
known sources of thermapoliution exist within one mile of the site. The resulting calculation of 70.47
(good water quality) is supported by the excellent results from the Biological Monitoring PTI, however
cannot be considered to be completely accurate. The second sampling and WQI calculation, 26 March
2009, was also performed under the same temperature change assumption. However if the WQI is

calculated without the Q-value from the temp change for the second sampling, the result is 54.87, a value



understanding other data gathered in this experiment. As mentioned earlier, current speed as a function of
rainfall and water level may be useful in understanding Biological Monitoring data as it is affected by
environmental change, however more research would be required to isolate this variable for study.
Transparency and Turbidity results were found to be better in each sampling set than the Indiana average
of 36 NTU (Hoosier Riverwatch, 2008), however a longer tube for measuring Transparency could be
utilized in the future to gather more accurate data. Hardness was also analyzed in the last two sampling
dates, however no applicable standards for comparison were found, as the acceptable range of

concentration varies greatly depending on geological fealures,

Water quality of the White River at the sampling site was determined to be of good-excellent
quality with some certainty. Although experimental errors prohibited the Chemical Monitoring WQI from
being considered valid, the Biological Monitoring data and PTI rating provided a reliable quality study for
the site. The community shows excellent diversity and predicts stability in relation to the diversity-
stability hypothesis. Pollution was determined to be very low according to the PTI ratings, and the
consistency of these PTI results also supports the conclusion of a stable community. Future rescarch
could be performed to further study the relationship between the effects of the changing environment on
the Biological and Chemical monitoring data. Also, future trials with consistent Chemical Monitoring

WQI tests would be useful to serve as a reliable reference for the Biological Monitoring data.
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Appendix B
1) Chemical Monitoring Work Sheet
2) Chemical Monitoring Data Sheet (WQI)
3) Biological Monitoring Data Sheet
4) Citizens Qualitative Habitat Evaluation Index
5) Turbidity Q-Value
6) Temperature Change Q-Value and Nitrate Q-Value
7) pH Q-Value and BOD35 Q-Value

8) DO, Q-Value and E coli Q Value



Date [ 1 1
Chemical Monitoring Work Sheef Riroms 5
T Stream Name
We J and Site ID [Water Temp 031
Current Weather Clclear/sunny Covercast [ showers CRain (Steady) Cstorm (Heavy) Lat °N
Worst Weather
in Past48 hrs Olclear/sunny Clovercast [ showers ORrain (Steady) Cstorm (Heavy) Long gy
Units Sample 1 Sample 2 Sample 3 Average
%
Saturation
bissolved Oxygen (DO) |—------—{--===—====="=p=TTTTTTTTTTTTTTTTTTTT o
myg/L
Avg DO (original)
mg/L
__ DO after 5 days — — — _
BOD 5-day (difference)
E. Coli Bacteria colonies/
(purple/blue-violet colonies) 100 mL
General Coliforms colonies/
{pink/magenta colonies) 100 mL
pH units ‘
Temp at Your Site
— Upstream (1 mi) Temp °C — — _ _
Temperature Change
Orthophosphate mg/L \ \
Total Phosphate '
(add acid and boil for 30 min) mg/L \ ‘
Nitrate (NO3)
(after multiply by 4.4) mgiL
Nitrite (NO2z)
(after multiply by 3.3) mgfL
Transparency (from Tube) cm
Turbidity (from chart — use _"[—\JT—U _____________________________________________________
in database entry)
Ammonia Nitrogen mg/L \ \
Other \ \
.
Other ‘ \
.
Other \ \
I
Other \ \

www.HoosierRiverwatch.com



CHEMICAL MONITORING DATA SHEET (WQD

Date / / Begin Time : (am/pm) # Adults
L End Time : (am/pm)  # Students
Certified Monitors' Names Volunteer ID
Organization Name
Watershed Name Watershed # __
Stream/River Name Site ID
Current Weather | Clear/Sunny [J overcast [J showers O Rrain (Steady) ] storm (Heavy)
Weather in Past 48 hrs. [ clear/sunny [ Overcast [J showers [ Rain (Steady) [ Storm (Heavy)
WATER QuALITY INDEX (WQI)

You may perform as many of the following tests as you wish; however, at least 6 must be completed
to obtain a Total Water Quality Index value. Divide the total of the Calculation column by the total of
the Weighting Factor column to obtain the Water Quality Index rating.

Test Results Q-Value Weighting Calculation
Factor
mg/L
Dissolved Oxygen % saturation X .18 =
E. coli colonies/100mL X A7 =
pH units X A2 =
B.O.D.5 mg/L X A2 =
H,O0 Temp Change changein°C X A1 =
Total Phosphate mg/L X A1 =
Nitrate (NO,) mg/L X 10 =
Turbidity NTU's X .09 =
TOTALS

Excellent 90-100%  Bad 25-49%% WATER QUALITY
Good 70- 89%  VeryBad 0-24% INDEX RATING
Medium 50 - 69%

""v*@“@;aa@@@@@@@@’(’@'@.-v-"v'vvvvv-—-.—.—,,_
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BILGIC MONITORING DATA SHEET

Date / / Begin Time ; (am/pm) # Adults
D YY 5
MM D End Time : (am/pm) # Students
Certified Monitors' Names Volunteer ID
Organization Name
Watershed Name Watershed# __
Stream/River Name _ Site ID
Check Methods Used Check Habitats Sampled
[ ] Kick Seine Net (3 times) [] Riffles [ ] Undercut Banks [ ] Sediment
[[] D-Net (20 jabs or scoops) [] LeafPacks [ ] Snags/Vegetation [] Other

PorLLuTioN ToLERANCE INDEX (PTT)

PT GROUP 1 PT GROUP 2 PT GROUP 3 PT GROUP 4
Intolerant Moderately Intolerant Fairly Tolerant Very Tolerant
Stonefly Nymph Damselfly Nymph Midges Left-Handed Snail
Mayfly Nymph Dragonfly Nymph Black Fly Larvae Agquatic Worms
Caddis Fly Larvae Sowbug Planaria Blood Midge
Dobsonfly Larvae Scud Leech Rat-tailed Maggot
Riffle Beetle Crane Fly Larvae
Water Penny Clams/Mussels
Right-Handed Snail Crayfish
# Of TAXA # Of TAXA # Of TAXA # Of TAXA
Weighting
Factors: (X 4) (X 3) (X 2) (X 1)
23 or More gxciileﬂt POLLUTION TOLERANCE
1 -La 00 INDEX RATING
11-16 Fair )
(Add the final index values for each group.)
10 or Less  Poor

[] Native [ ] Zebra [ ] Rusty ] Aquatic % Algae

Other Biological Indicators

Diversity

Mussels Mussels Crayfish Plants Cover Index

B OW W YW T YW W TS W T W W T W W W W W W W W W W W W W W e e e e e e Tae W Twe e e e e e e e
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ibate:

W’”WW@@@W@@W@@WWW@@W@W@WWWWWWWUW@@@GO0@iUﬁU-Q:i

| Citizens G Qualltatlve Habltat Evaluatlon Index

Vol Snte R:ver and
ID: ID: Watershed:

a) Size

Mostly Large
(Fist Size or Bigger)

4 pt
[:l Mostly Medium
(Smaller than Fist, but
10 pl Bigger lhan Fingernail)

Underwater Tree
Roots (Large)

1. Substrate (Bottom Type) -

[ ]

6 pt

[ ]

0 pt

Mostly Small (Smaller
Than Fingernail, but Still
Coarse, or Bedrock)

Mostly Very Fine (Not
Coarse, Sometimes
Greasy or Mucky)

1l. Fish Cover:(Hiding Places) < Add 2 Points For Each-One Present. -«

I:I Boulders
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[ ]
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Underwater Tree Backwaters, I:]
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Some "W1gg|e

a) Width of
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L
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Are Silts and Clays
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Distributed Throughout
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Symptoms: Hard to Move D ofy Bcl;nom Resgults in ?
Large Pieces, Often Substantial Clouding of
YES | Black on Bottom with Few YES Stream for More than a
0pt \ Insects 0 pt Minute or Two

Downed Trees, Undercut Banks

Logs, Branches

l___J Water Plants

2pt 2 pt
Shallow, Slow Deep Areas |:| Shrubs, Small Trees
Areas for (Chest Deep) that Hang Close
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a) “Curviness” or “Sinuousity” of Channel

2 or More
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ior2
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6Pt oo

/-’-_-—-—-_"‘\_.__.-—-—-

D Very Straight

0pt

Forest/Wetland D
2 pt
Shrubs D
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Rt " L]
1pt
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0pt
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[ ]

2pt

D

Gpt

Ankle Deep or
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D Do Not Exist
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b) Check ALL The Flow Types That You See (Add Pomts)

Very Fast: Hard to
Stand in the Current

Fast: Quickly Takes
Objects Downstream

b) How Natural Is The S|te‘7

Many Man-made
Changes, but still some
nalural conditions left
{e.g., trees, meanders)

D Mostly Natural
12 pt
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Man-made Changes
(e.g., a bridge, some
streambank changes)
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or channelized)

[]

9pt
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%ﬁg;g“’aﬁon Typically: Stream is Shaded?
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4pt 3pt
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Row Crop |:| and Eroding Banks |:| Rl
2pt 2pt
Open Pasture D ggx SCoI[apsmg I:I Naona
0pt 0pt
Urban/
Industrial

Moderate: Slowly Takes
Objects Downstream

D None

0 pt

[]
1 pt

Slow: Flow
Nearly Absent

1pt

b) leﬂeIRun Substrates Are.

Fist Size or Larger Smaller Than Your
g © g Fingernails or Do Not Exist
P

Smaller Than Fist Size,
but Larger Than

4pt  Fingernail
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Three sites were sampled and evaluated over a period of seven months (August 30, 2009
thru April 3, 2010) to determine the effect of the Lapel wastewater treatment works on Stony
Creek in Madison/Hamilton County. The plant has had a history of violations due to equipment
failure, causing the dumping of raw sewage into Stony Creek. However, in 2001 the entire
operation was converted to UV treatment and all bypass overflows were eliminated. The research
shows that, while there is a significant drop in the Pollution Tolerance Index Rating at the
wastewater discharge, there is excellent overall recovery downstream.

Introduction

The purpose of this investigation is to assess the effectiveness of the changes made to the
Lapel Publicly Owned Treatment Works (POTW). The Lapel POTW is located on Highway 13
near the intersection of Highway 13 and Highway 32 in Lapel, in Madison County (Indiana).
The treated water is discharged into Stony Creek. According to the fact finding of Cause No. B-
2093, filed by the Commissioner of the Indiana Department of Environmental Management
(IDEM), the town of Lapel began operating its public treatment works in 1979, and it had a
history of problems with inflow and infiltration into the collection system causing bypassing of
raw, untreated sewage into Stony Creek: “A record review of documents related to the Lapel
POTW indicates that bypasses of treatment occurred at the POTW in 1996 during 13 days in
January, 5 days in February, 12 days in March, 11 days in April, 25 days in May, 26 days in
June, 5 days in July, 2 days in August, 6 days in September, and 9 days in October, all of which
were in violation of Part II.A.1, Part II.A.7, and the requirements pertaining to sanitary system
bypasses or overflows.” The same fact-finding indicated that in February 1997 a “Warning of
Noncompliance” was sent to the Madison County Commissioners regarding the unincorporated
community of Fishersburg, which is located just across Highway 32 from Lapel. The letter
indicated that “unpermitted discharges of raw sewage were entering Stony Creek due to failing
septic systems in Fishersburg.” An agreement between IDEM and the Town of Lapel resulted in

a two-phase plan for solving the problems. Phase I, to be completed by December 30, 2000,



involved upgrading the collection system. Phase II, to be completed by March 30, 2004,

involved expansion of the wastewater treatment plant to include Fishersburg (State of Indiana,

1997).

Figure 1. Old Waste Treatment Plant Upgraded Waste Treatment Plant
According to C. J. Taylor, the operations manager at the Lapel POTW, the Town of
Lapel spent $1.5 million on the upgrades of the facility, which processes nearly 300,000 gallons
of waste daily. Figure 1 shows aerial views of the Lapel Public Treatment Works before and
after the upgrades. A 500,000-gallon receiving tank was installed to hold excess inflow, such as
during storms, until it can be treated. Bypass overflows and combined sewer overflows were
eliminated from the system and four new lift stations were installed. The updated plant has
variable frequency pumps to compensate for flow changes. As raw sewage is pumped in, it goes
through a hydro-sieve where solids are removed. The raw sewage is then pumped into aeration
tanks where it is processed by facultative bacteria, protozoans,and other single-celled organisms.
The tanks are maintained with the correct amount of air and food. The mixture is called “mixed
liquor.” After the sewage has been treated in the aeration tanks, the liquid is pumped to the

clarifiers and the solids are pumped to drying tanks. New clarifiers were installed in the



upgraded plant. These are pressure washed and cleaned weekly. The clarified water is then
pumped to the disinfection system. Before the upgrade, the disinfection was accomplished using
chlorine, which is toxic to fish even at low concentrations. Now disinfection is achieved using
Ultraviolet (UV) light. The clarified water is passed through eight bulb banks containing four
bulbs each. Employees of the treatment facility test the water that has been disinfected for E. coli
before it is released into Stony Creek (Taylor, Pers. Comm.). UV disinfection is a physical
process that does not require chemicals and therefore does not have the toxic side effects of
chlorine. “UV is effective in killing most bacteria, viruses, spores and cysts” (EPA, 1999).
However, IDEM does not require disinfection during winter months, so the UV bulbs are turned
off October 31% through April 1¥. There is some question as to whether this allows for
“preloading” of the waterways with E. coli before the recreational season.

Stony Creek is a first to third order stream; it originates at Bloomer in Madison County,
and flows through the north end of Lapel and into Hamilton County, where it drains into the
White River at Noblesville. The Stony Creek watershed covers a drainage area of approximately
57 square miles and empties into the Upper White River watershed, which flows into the
Wabash. The Wabash flows into the Mississippi, a tenth order stream, and finally into the Gulf
of Mexico.

The effectiveness of the wastewater treatment by the Lapel POTW was determined by
examining the water quality of the receiving stream, Stony Creek. Water quality depends on
several factors, including chemical variables, biotic factors, energy sources, habitat structure, and
flow.

An important biotic factor is the presence of benthic macroinvertebrates. Benthic macro-

invertebrates are animals that live on the bottom, usually attached to the substrate. They are
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large enough to be seen with the naked eye and lack a backbone. Since these organisms are not

very mobile, they are good indicators of overall water quality because they reflect environmental
stresses through changes in their number and diversity. The absence or presence of such
indicator organisms is an indirect measure of pollution. Pollution sensitive organisms decrease
in number and pollution tolerant organisms increase in number and variety as a stream becomes
polluted. The organisms are grouped according to their ability to tolerate pollution. Group One
macroinvertebrates are intolerant of pollution and include stoneyfly nymphs, mayfly nymphs,
caddis fly larvae, Dobson fly larvae, riffle beetles, water pennies, and right-handed snails (which
breath through gills). Group Two organisms, which are moderately intolerant, include damselfly
nymphs, dragonfly nymphs, sow bugs, scuds, crane fly larvae, crayfish, clams,and mussels.
Group Three organisms are fairly tolerant and include midges, black fly larvae, Planaria, and
leeches. Group Four organisms are very tolerant of pollution and include left-handed snails
(which breath with crude lungs), aquatic worms, blood midges, and rat-tailed maggots (Hoosier
Riverwatch, 2008).

Other indications of water quality used for this assessment include DO, (dissolved
oxygen), O, saturation, BODS5 (biochemical oxygen demand), pH, hardness, turbidity, nitrate
levels, current velocity, habitat evaluation, temperature, and fecal coliforms.

The water’s ability to hold dissolved oxygen is inversely proportional to temperature, i.e.,
colder water holds more dissolved oxygen, while warmer water holds less dissolved oxygen.
More dissolved oxygen supports greater macroinvertebrate diversity. BODS is a measure of the
amount of oxygen used by aerobic bacteria as they break down organic material over five days.
High BODS levels are detrimental to the stream because the oxygen used by microorganisms is

then not available for fish and macroinvertebrates.



The pH is a measure of the hydrogen ion concentration in the water. The optimal pH
range for most organisms is 6.5 to 8.2. Many factors affect the pH, including temperature, algae
blooms, rainwater, soil erosion,and the presence of limestone. Lower pH levels can increase the
solubility of some heavy metals such as copper and aluminum, allowing them to dissolve into the
water and become toxic to aquatic organisms. The hardness measurement reflects the amount of
calcium and magnesium present in the stream. Harder water buffers or raises the pH, while
softer water lowers the pH. Many kinds of macroinvertebrates are able to live in moderately
hard water (Voshell, 2002).

Turbidity is a measure of the relative clarity of the water, which is an indication of the
presence or absence of suspended solids, such as clay, silt, organic and inorganic matter, and
algae. Turbidity is affected by several factors, including nitrate levels and stream velocity.
Increased turbidity results in increased temperature due to light being reflected off suspended
particles, which in turn lowers the DO; level. Suspended solids can result in clogged gills, lower
growth rates, and decreased resistance to disease, and they may also prevent egg and larva
development (fivecreeks.org, 2005).

Sewage is the number one source of nitrates in Indiana’s surface water (Hoosier
Riverwatch, 2008). Some other sources are runoff from agricultural fields and golf courses.
Elevated nitrate levels result in algae blooms, which increase the amount of biomass. When the
biomass degrades, the process uses up oxygen that is needed by other aquatic organisms.

E. coli is a fecal coliform bacterium found in the feces of warm-blooded animals and
humans. It is naturally present in the digestive tract but are rare or absent in unpolluted water.
The presence of E. coli in the water is an indication of fecal contamination and can be dangerous

to human health. For this reason, the “US EPA has determined that E. coli bacteria counts



above 235 colonies [colony forming units (CFUs)] per 100 mL indicate that more than eight
people out of 1,000 who come into contact with the water may become sick™ (Hoosier
Riverwatch, 2008, p. 53).

Stream velocity and habitat structure are important in helping determine the type of
macroinvertebrates one can expect to find in a particular aquatic environment. Fast moving
water, like after a storm, disrupts the community structure and increases sediment levels, while
slower than normal rates increase water temperature, lower oxygen levels, and allow waste to
accumulate, which helps stimulate algae growth. The type of substrate, presence of shade and
hiding places for fish, depth, and number of riffles present in a stream influence the diversity of
the macroinvertebrates that can thrive in the stream.

Methods & Materials

Sampling of Stony Creek began on August 30, 2009, with samples taken approximately
every two weeks through April 3, 2010. Three sites were chosen for sampling based on their
proximity to the POTW discharge pipe, which was located at Latitude 40.071044 and Longitude
85.857146. The first site located at Latitude 40.071553 and Longitude 85.856566, upstream
from the POTW discharge pipe, was used as a control site. The second site was at the discharge
pipe and the area approximately fifty feet downstream from site one. The third site, located
approximately one mile downstream of §Site Two, at Latitude 40.066906 and Longitude
85.873926, was used to gauge the stream’s recovery from the discharge.

Site One, located upstream from the discharge pipe, runs under the bridge at Highway 13.
The site was mostly shaded and had a wide riparian zone except at the sides of the bridge. There
was a beaver dam approximately three hundred feet upstream from the site. There was a drain

tile coming into the site next to the road. The pipe was only for storm water and did not contain
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any combined sewer overflow as stated by the operations manager at the POTW. The substrate

consisted mostly of large rocks (fist size or larger) with some smaller rocks. There was a large
amount of algae attached to the rocks but no aquatic macrophytes growing in the water. The
stream was mostly straight but has a curve upstream from the bridge. The stream was
approximately ten to twelve feet wide and ankle-to knee-deep with many riffles and deeper,
slower areas.

Site Two, located at the discharge pipe, was mostly shaded and had a densely vegetated
wide riparian zone. The substrate consisted mostly of large rocks (fist size or larger) with some
smaller rocks. There was a large amount of algae attached to the rocks but no aquatic
macrophytes growing in the water. The stream was straight with no curves. The stream was
approximately ten to twelve feet wide and ankle-to knee-deep with many riffles and deeper,
slower areas.

Site Three, located approximately one mile downstream from the discharge pipe, was
located just past an area in the creek that had been dammed on either side of a small island in the
creek to form a pond in the creek. The site was mostly shaded with a forested area on one side of
the creek, while the other side had a row of trees at the edge of the creek on the edge of a grassy
field with several trees. The substrate consisted mostly of large rocks (fist size or larger) with
some smaller rocks. There was a moderate amount of algae attached to the rocks but no aquatic
macrophytes growing in the water. The stream was mostly straight but has a curve upstream
between the dams and the site. The stream was approximately ten to twelve feet wide and
ankle-to mid-calf deep with many riffles.

The following procedures were performed at each site during each sampling day. Three

samplings were made in the same manner for each water quality test. Transparency and turbidity



were measured using the Carolina 120 cm transparency tube. This test was done first to

prevent disturbance of the substrate from influencing the results. The drain at the bottom of the
tube was closed and the tube was filled to the top with water, The water was allowed to settle
and a reading was done by draining the water until the pattern at the bottom of the tube could be
seen by looking down through the water column from the top of the tube. Dissolved oxygen, O
saturation, and temperature were measured using a YSI EcoSense DO 200 meter. The probe was
placed into the water just above the streambed and gently swirled until the temperature
stabilized. BODS is determined by collecting water in dark bottles to prevent photosynthesis.
The bottles were submerged in the center of the stream at approximately six inches below the
surface. No air was allowed into the bottles as they were capped under the water. After five
days, the BOD was measured with the EcoSense DO Meter and results were recorded. The
HI98108 probe by Hanna was used to measure pH. The probe was placed into the water up to
the designated line and the pH was allowed to stabilize before taking the reading. The E. coli
coliform test was done by collecting three separate samples of water, 5 mL each, with a sterile
pipette, and placing the water in three separate bottles of Coliscan easy gel, produced by
Micrology Labs. The samples were labeled and placed in a cooler until returning to the lab, at
which time they were poured into special petri dishes and allowed to harden for approximately
forty-five minutes. After the gels were set, the dishes were turned over and placed into the
incubator at approximately 37° C. At twenty-four and forty eight hours, the coliforms were
counted and averages were calculated. Water hardness was tested with the LaMotte Hardness kit
Model PHT-DR-LT code 4482-DR-LT according to the instructions in the kit. Nitrate levels
were tested using the LaMotte Nitrate kit Model NCL code 3615 according to the instructions in

the kit, Stream velocity was determined using a measuring tape, small balls, and a stopwatch.
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One person stood in the middle of the stream and held the measuring tape while another person

went downstream thirty feet and stood in the middle of the stream. The upstream person placed
each ball in the water while the person downstream timed how long it took each ball to travel
downstream. The readings were converted to feet per second.

Dissolved Oxygen, E. coli, pH, BODs, water temperature change, nitrate levels and
turbidity were used to determine the Water Quality Index (WQI). The WQI is a way to analyze
the results of the tests and assign a rating to the monitoring session. This rating can be used to
track changes to the site over time. The WQI used in the study was from the Hoosier Riverwatch
manual. Each result was assigned a Quality-value (Q-value) from a chart provided by water
quality experts and was weighted according to its level of importance to overall water quality.
Copies of the Q-value charts and WQI worksheets are provided in Appendix B.

Benthic macroinvertebrates were collected by the following method. A riffle was found
and approached from downstream. A one-meter square PVC quadrat was placed in the
streambed. A meter-wide kick seine net was placed downstream so that the bottom of the net
was pressed against the streambed. The bottom of the net was tucked in under the quadrat and
fist sized rocks were placed on the bottom of the net to hold it in place. The net was held
perpendicular to the flow at a slight downstream angle. All stones inside the quadrat two inches
or more in diameter were held below the surface of the water in front of the net and wiped,
allowing any organisms from the rock’s surface to be washed into the net. After all rocks larger
than two inches had been wiped, the substrate inside the sampling area was vigorously kicked
until the entire sampling area had been disturbed. With a forward upstream scooping motion, the
net was carefully removed from the water. The kick seine net was carried to a table where the

live organisms were removed from the net with tweezers and placed in a glass jar containing
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70% ethanol. Only one sampling of benthic macroinvertebrates was taken at each site during

each sampling day. In the labjall of the preserved macroinvertebrates were identified with the
use of a Meiji EMZ binocular microscope and a dichotomous key for macroinvertebrates.

A worksheet provided by the Hoosier Riverwatch was used to determine the Pollution
Tolerance Index (PTI) rating. The number of taxa from each group was added together and a

weighting factor was applied to determine the PTI (Appendix B3).

Results

Samples were collected on the following dates, 1 — 8/30/09, 2 —9/19/09, 3 — 10/2/09,
4 —10/18/09, 5 -10/31/09, 6 — 11/14/09, 7 - 11/28/09, 8 — 12/12/2009, 9 — 12/28/2009,
10 -1/9/2010, 11 — 1/23/2010, 12 —2/8/2010, 13 —2/24/2010, 14 —3/19/2010, 15 — 4/2/2010,
16 — 4/5/2010. Sample days are numbered according to the date of collection. Table 1A
(Appendix A) shows the typical range of values for Indiana waterways, and the Indiana average
for each test. Tables 2A, 3A and 4A (Appendix A) show the results of the water quality tests
performed at each site. The average WQI for Site One was 74, which is a “good” rating. The
average WQI for Site Two was 70, which is a “good” rating. The average WQI for Site Three is
70, which is a “good” rating (WQI Appendix B2). Figure 2 shows a comparison of the WQI at
each site over the monitoring period. Table 1 shows a comparison of DO,, E. coli, BODs, and
WQI between Site One, the control site, and Site Three, the recovery site, using t-value, and
P value.

Tables 5A, 6A and 7A (Appendix A) show the macroinvertebrates that were found at
each site and the PTI for each sampling day. The average PTI for Site One was 22, a “good”
rating, Site Two was 15, a “fair” rating,and Site Three was 28, an “excellent” rating (PTI

worksheet Appendix B2). Figure 3 shows a comparison of the distribution of the
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macroinvertebrates collected at each site. Table 2 shows a comparison of the Simpson’s

Diversity for Site One, the control site, and Site Three, the recovery site, using t-values and

P values. Table 8A (Appendix A) gives the Simpson’s Diversity Index for each site on the given
sample days, while Figure 4 shows a comparison of the PTIs and the Simpson’s Diversity
Indexes at each site. The average Simpson’s Diversity Index for Site One was 0.68, and the
averages for Sites Two and Three were 0.60 and 0.67 respectively. Finally, Figure 6 shows a

comparison of £. coli CFUs/100 mL to water temperature for each sample day.

Water Quality Index Rating Comparison

ESite 1
i Site 2
Site 3

Water Quality Index Rating

e 8
S 3
N~
5 &

~

[+) D O O
S § sy g
o Q' O Mm
g3 §§ §
S ~ ~ & &

~
|- SAMPLE DATE -
Figure 2. This graph shows a comparison of the WQI for each site for each sampling day.
Most of the WQIs fall around 70 for all three sites.
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‘Date Site 1 DO: | Site 3 DOz _Site 1 £ coli | Site 3 E. coli | Site 1 BODs | Site 3 BODs | Site 1 WQl Site 3 WQI |
| 0B/30/09 682 | 737 6333 | 3867 | 666 | 726 | 6782 6956
09/19/09| 756 | 897 733 1267 | 731 . B64 | 7394 6871
10/02/09 | 730 | 7.67 0 Lo | 714 | 737 | HLz2 70.64
10/18/09 B34 . 1050 1267 . 1933 | 731 | 942 | 7169 6974
(10/31/09 | 640 | 777 2133 | 1267 | 625 | 735 | 6685 7243
11/14/09 | 957 . 1309 2667 440 | 902 . 121 | 7292  6B76
11/28/09| 8B40 | 1286 316 5067 442 936 7235 70.83
‘12/12/09 | 1236 | 1277 1133 | 280 | 75 | B19 | 7612 7371
12/28/09 | 1198 | 1170 300 | 6333 | 72 | 693 | 7311 7339

| 01/09/10 | 1107 | 1283 B0 |, 320 | 518 | &7 | 7726 7304
01/23/10) 1075 | 1105 3467 | 560 | 573 | 637 | 7227 72.24
02/08/10 1294 | 1311 133 | w0 | 787 | 831 | 8206 7663
02/24/10 1389 | 1409 733 460 | B39 . 89 | 7870 69.45
03/19/10 1231 | 1217 467 | 1220 | 704 | 728 | 7728 7146
(04/02/10, 1563 | 1551 67 | 3733 | 1095 | 1089 6900 5862

| 04/05/10 | 1393 l 15.47 133 | 3333 | 1008 11.44 [ 73.07 58.64
‘Mean 1058 1168 7.38 BSa 7410 69.87
Standard | 287 | 261 17253 | 27853 168 173 | 442 1.86
 Deviation | § TN Y N IS I N
tvalue | 325 291 | 350 o 329
‘Pvalue | 0.0054 | 00107 | 00032 | 0.0050

Table 1. This table shows a comparison oi‘ _iﬂe_t?lree main parameté;s; DOZ, E. coli, and BOD:s,
at the control site and the recovery site. Also shown are the t-value and P value comparisons
(Pers. Comm., Griffith).
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DISTRIBUTION OF MACROINVERTEBRATES

Site 1 Site 2 Site 3
61
L Group1 29 L
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T-tests comparing mean PTI

Site 1 vs. Site 2: (22 vs. 15) P < 0.0003
Site 1 vs. Site 3: (22 vs. 28) P < 0.004771
Site 2 vs. Site 3: (15 vs. 28) P < 0.000000

Figure 3. These pie charts show the distribution of the macroinvertebrate populations that were
collected. Sites One and Three were very similar, with more than half of their population in the
Group One category, while Site Two had the majority of its population in the Group Three
category. Also shown in this figure is a pair-wise comparison of t-tests for Site One vs. Site Two,
Site One vs. Site Three, and Site Two vs. Site Three.



Date Site 1 Simpson’s Diversity Index | Site 3 Simpson’s Diversity Index
08/30/09 0.75 0.52
09/19/09 0.69 0.70
10/02/09 0.67 0.41
10/18/09 0.77 0.80
10/31/09 0.56 0.70
11/14/09 0.42 0.71
11/28/09 0.83 0.83
12/12/09 0.65 0.59
12/28/09 0.71 0.85
01/09/10 0.68 0.73
01/23/10 0.71 0.71
02/08/10 0.72 0.50
02/24/10 0.75 0.69
03/19/10 0.65 0.82
04/02/10 0.62 0.53
04/05/10 0.65 0.62
Mean 0.68 0.67
Standard 0.09 0.13
Deviation

t-value 0.20

P value 0.8447

Table 2. This table shows a comparison of Simpson’s Diversity Indexes for Site 1, the control,
and Site Three, the recovery site. The t-value and P value along with the mean and standard
deviation are also shown. The means for Site One and Site Three are nearly identical and the
P value shows no significant difference between the two sites.
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Pollution Tolerance Index Comparison
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Figure 4. The decline and recovery of the macroinvertebrate populations can be seen in these
charts, which show a comparison of the three sites for the PTI and Simpson’s Diversity Index.
The green bars are representative of Site Three. With the exception of day 13, the green bar is

always higher than the red bar.
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Comparison of E. coli Growth With Water
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Figure 6. The line graph (in blue) shows the water temperature on each sampling day while the
bar graph shows the E. coli levels on the corresponding day.

Discussion

While the study sites were chosen for their proximity to the discharge pipe of the Lapel
POTW, it is important to note that they are very similar in habitat structure. However, there are
some environmental factors between Site Two and Site Three that may affect the results.
Immediately downstream from Site Two there is a golf course. At the next intersection,there is a
gravel pit that is no longer in use but is filling up and spilling into Stony Creek. There are

several homes along the creek downstream from the gravel pit, and finally there is a pond in the
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creek with a maximum depth of approximately four feet around two hundred yards upstream

from Site Three, which is held at a fairly consistent depth with dams on either side of an island in
the creek. The pond is home to several large carp, some bluegill, snapping turtles, soft shell
turtles, painted turtles, muskrats, beaver, occasional otters, Kingfisher, a pair of Canadian geese,
Mallard ducks, and Wood ducks. It is also frequented by several Great Blue Herons.
Consequently, higher E. coli levels were expected at Site Three due to mammals defecating in
the creek.

A comparison of the mean DO, of Site One with Site Three revealed a higher DO, at the
recovery site, and the t-test indicates that it was significantly higher. Moreover, the E. coli counts
were almost twice as high at the recovery site. Finally, the BODs was significantly higher at Site
Three (Table 1).

As previously stated, IDEM allows the Ultraviolet disinfection to be turned off during the
period between October 30" and April 1%, The logic is that there will be lower E. coli levels in
the colder temperatures and no recreation will take place in the creek during the colder weather.
While it is possibly true that most people will not jump into the creek during the winter, I have
personally witnessed some people taking a plunge in January. I have also witnessed children
playing in the water coming from the discharge pipe and under the bridges during the time when
the UV disinfection was off. The results of the research, seen in Figure 6, do not support the
assumption that E. coli do not grow in cold water. Recall that water with E. coli counts above
235 CFUs/100mL is considered unsafe for human recreation (Hoosier Riverwatch, 2008, p. 53).
Before the UV disinfection was turned off, the E. coli counts at Site Two (the discharge site),
averaged 105 CFUs/100mL and did not rise above 200. However, during the time the UV
disinfection was off, the E. coli counts at Site Two rose to an average of 400 CFUs/100mL with
a spike of 747 on March 19" when the water temperature went up to 11.2°C. On April 2™ after
the UV was turned on, the E. coli count dropped to 227 CFUs, and by April 5™ the count was
down to 7.3 CFUs/100mL. Two conclusions can be drawn from these results; first, the cold is
not effective in controlling the E. coli, and second, the UV is very effective in controlling the
E. coli levels in the discharge water.

Over the research period,more than 9,500 macroinvertebrates were collected. Pie charts

were used to show the distribution of macroinvertebrates at each site. Sites One and Three had a
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very similar distribution, with greater than 50% falling into Group One, and very few in

Group Four. Conversely, Site Two had its largest population in Group Three and its second
largest population in Group Four. A t-test showed that the PTI declined significantly at Site Two.
However, the comparison of Sites One and Three showed that Site Three was actually
significantly better than Site One. Most importantly, when comparing Sites Two and Three, the
PTI went from 15 at Site Two to 28 at Site Three, which is a very significant improvement
(Figure 3). The PTI comparison in Figure 4 shows that with the exception of day thirteen, there
was recovery of the macroinvertebrate population at Site Three. However, there were no
discernible trends in the Simpson’s Diversity Indexes. Most of the WQIs fall around 70 for all
three sites. The PTI seems to be a better tool in pinpointing the decline and recovery of the
system.

In conclusion, although the discharge from the Lapel POTW has an adverse effect on the
macroinvertebrate population in the immediate vicinity, the overall water quality at the discharge
site is good. The recovery of the macroinvertebrate population downstream is excellent. |
therefore conclude that the Lapel Treatment Works is a “Friend, Not a Foe” to Stony Creek and

those who live downstream.
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Appendix A
Test Typical Range for Indiana Indiana Average
D02 54to14.2 mg/L 9.8 mg/L
Water Temp. 1.1°Cto 2.8°C N/A
Change
E. coli 133 to 1,157 colonies/100 mL | 645 colonies/100 mL
pH 7.21t0 8.8 8.0
BODs 0 to 6.3 mg/L 1.5 mg/L
Nitrate (NO37) 0 to 36.08 mg/L 12.32 mg/L
Turbidity 0to173 NTU'’s 36 NTU

Table 1A. This table shows the typical ranges and Indiana Averages for most
of the tests used in this study. The numbers were set forth by the U.S. Geological
Survey and were obtained from the Hoosier Riverwatch manual.

Site  Temp Yelocity

Day Turbidity Temp Change % O,8at DO, BOD; pH NO, Hardness ZCo# feet/sec. WQI

1

10 | 1887] 47 | 133|682 ]666] 7.77] 0 |3773] 6333 ] 41 |67.82]

| 1]

| 2 | 10 | 1947] 187 | 821 ] 756]731] 8 | o [4017] 733 | 26 |73.94]
| 3 | 103 | 154 21 | 726] 73 |704] 78| o | 394 | o | .55 |81.22]
| 4 | 5 | 105] 35 | 745|834]731] 74| o |3663] 126.7] .55 |71.69]
| 5 | 143 | 12.71 2 | 606] 6.4 |625] 7.1] o | 348 | 213.3 | 1.88 |66.85]
| 6 | s | 987] .77 | 847|957 ]9.02] 7.57] o |428.7] 266.7] 7 |72.92]
l 7] 5 | 773l 223 | 702 8.4 |442] 76| 0 [3947] 316 | .91 |72.35]
| 8 | 5 | 313] -07 | 915]1236] 7.5 | 7.17] 88 | 370 | 1133 ] 1.53 |76.12]
| o | s | 407] -03 | 932]11.98] 72 | 733 1.17] 234 | 300 | 2.74 |73.11]
| 10] s | 277] -13 | 827 |11.07] 58] 7.93] 15| 373 | 80 | 1.79 |77.26]
| 11 ] 10 | 753] a3 | 899]1075]5.73] 7.47] 2.64] 267.3 | 346.7 | 2.09 |72.27]
|12 ] 5 | 36| -2 | 979|1294]787] 7.3 | 88| 351 | 13.3 | 1.02 |82.06]
| 13 ] 10 | s523] -64 | 1095]13.89] 839] 7.63]|3.52] 2653 | 733 | 3.33 | 78.7]
| 14 | 10 | 13| -4 | 1124]1231|7.04] 75 | 1.47| 238 | 46.7 | 3.03 |77.28]
| 15 8 | 135] -36 | 1502]15.63]1095) 7.77] 4.4 | 278.7] 67 | 274 | 69 |
|16 | s | 142] -3 [1357]1393]1008] 7.7 | 44 | 2047] 133 | 2.44 |73.07]

Table 2A. This table shows the averages of the three readings for each day’s samplings
of the chemical monitoring test at Site One. The average WQI rating is 74, which is a
“good” rating. (Appendix B2).



Site

Temp

Velocity

Day Turbidity Temp Change % O,8at DO, BOD; pH NOy Hardness FCo¥ feet/sec. WQI

L1 ] 10 | 184 -47 | 788|737 |726] 8 |1.76]391.7] 386.7 ] .54 |69.56]
L2 | 10 | 194] -06 | 976|897 |8.64] 8.63] 4.4 |434.7] 1267 .68 |68.71]
| 3 | 103 | 1433] -67 | 753]7.67]7.37] 7.97] 1.76] 336 | 100 | 39 |70.64|
| 4 | 10 | 893]|-157] 91.1]105]942] 82 |176]411.3] 193.3 | 39 |69.74]
L5 | 10 | 1313] 63 | 741]777]735] 76| 0 |362.7] 1267 ] 1.82 |72.43]
| 6 | 5 | 11.03] 193 | 1181307121 7.93]147]442.3 | 440 | .89 |68.76]
| 7 | 5 | 837 .64 | 109.6] 129|936 79| .73 | 392 | s06.7| .86 |70.83]
L8 | s | 4| 87| 9s6]1277]8.19] 7.8 ] 88| 376 | 280 | 1.92 |73.71]
| 9 | 5 | 473] 63 | 90.8] 11.7]693] 7.43] 132] 3433 | 6333 | 1.77 | 713.39]
[ 10 | 5 | 297 07 | 95.1]12.83] 6.7 | 833 .88 | 375.3| 320 | 1.46 |73.04]
L1 ] 10 | 79| 37 | 929]11.05]637] 7.53] 2.64] 268.7| 560 | 3.22 |72.24]
|12 | 5 | 37| a1 | 994]1311]831]757] .88 ]349.7] 100 | 1.3 |76.63]
| 13 | 12 | s23] o | 111]14.09] 89 | 7.63]3.52]277.3] 460 |3.75 |69.45]
| 14 | 10 | 1| -2 | 111 |1217] 728 767 132] 264 | 1220 | 2.65 |71.46]
|15 | 8 | 1403| .53 | 150.7]15.51|10.89] 7.97| 4.4 | 302 | 373.3 | 2.84 |58.62]
| 16 | 5 | 1583 1.63 | 156.5]15.47|11.44] 8.03| 4.4 | 310 | 3333 | 2.29 |58.64]

Table 4A. This table shows the averages of the three readings for each day’s samplings
of the chemical monitoring test at Site Three. The average WQI rating is 70, which is a

“good” rating. (Appendix B2).



Macro-invertebrates | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day Day | Day { Day | Day

Site 1 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16
GROUPI

Stonefly Nymph 1 5 1 Y4 48 2

Mayfly Nymph 1 1 1
Caddis Fly Larvae 28 |50 |90 |10 | 6 2531 1 |111{102( 57 [ 46|35 [ 13|15 | 24| 32
Dobsonfly Larvae

Riffle Beetle 22 193 {18 | 44 | 30 { 10 | 56 | 51 | 24 | 46 | 69 7 5 3 11
Water Penny

Right Handed Snail 2

GROUP II

Damselfly Nymph

Dragonfly Nymph 1

Sowbug 1

Scud

Crane Fly Larvae 7 4 11 1 1 4 7 5 3 1 3 1
Clams Mussels 2 1 1 2 1 3 3 3 1 1
Crayfish 1 1

GROUP IIL

Midge Larvae 6 4 2 5 30 4 3 32 [ 91 | 77 | 62 | 39 | 47 | 36 | 178
Black Fly Larvae 15 | 25 | 32 2 7 3 12 | 26 | 13 | 12 | 11 | 10 2 |125] 79
Planaria 29 2 1 13 2 13 1 3 2 1 1 10 | 37
Leech 3 1 3 6

GROUP IV

Left Handed Snail 1 3 2 3 1 1 1
Aquatic Worms 1 1 1 1 1 1 2 2

Blood Midge 4 4 7 (10] 2 11

Rat tailed Maggot

PTI 16 | 20 [ 19 {16 | 21 {22 [ 26 {36 [ 22 |22 | 22|27 129 2016 ] 22

Table SA. The macroinvertebrates found at Site One are listed in the table, grouped
according to their pollution tolerance. Group 1 is the least tolerant while Group IV is the
most tolerant. The PTI is shown at the bottom of each sampling day. The average PTI for
Site One is 22, a “good,” almost excellent, rating (PTI worksheet Appendix B).




Macro-invertebrates
Site 2

Day

Day

Day

Day

Day

Day

Day

Day

Day

Day
10

Day
11

Day

Day

Day
15

Day
16

GROUP1

Stonefly Nymph

Mayfly Nymph

Caddis Fly Larvae

13

54

Dobsonfly Larvae

Riffle Beetle

11

44

35

21

Water Penny

Right Handed Snail

GROUP I

Damselfly Nymph

Dragonfly Nymph

Sowbug

Scud

Crane Fly Larvae

Clams Mussels

Crayfish

[EYEN

GROUP ITL

Midge Larvae

46

23

21

128

Black Fly Larvae

17

11

26

Planaria

10

ST

14

30

128

188

350

283

463

Leech

[92]
L=l Ll R o

2

1

GROUP IV

Left Handed Snail

1

1

1

2

14

10

11

11

11

32

54

37

Aquatic Worms

3

1

1

Blood Midge

10

2

2

3

67

220

89

95

119

143

9

32

2

1

Rat tailed Maggot

PTI

18

19

20

15

12

17

15

9

19

11

8

11

24

8

15

18

Table 6A. The macroinvertebrates found at Site Two are listed in the table, grouped
according to their pollution tolerance. Group 1 is the least tolerant while Group IV is the

most tolerant. The PTI is shown at the bottom of each sampling day. The average PTI for
Site Two is 15, a “fair” rating (PTI worksheet Appendix B).




Macro-invertebrates | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day | Day
Site 3 1 2 3 4 5 [ 7 8 9 |10 111 | 12 [ 13 | 14 | 15 | 16
GROUP I
Stonefly Nymph 3 1
Mayfly Nymph 6 6 7 10 | 15 4 15 7 22 1 1 2 2 9 39
Caddis Fly Larvae 3671 50 (112 1 100/ 35 6 46 6 42 | 27 | 13 4 29 6 4
Dobsonfly Larvae
Riffle Beetle 116 | 67 |3381 B8 (149]| 76 | 23 6 9 96 | 61 | 27 2 14 7 2
Water Penny 2 1 7

| Right Handed Snail 3 1
GROUP Il
Damselfly Nymph 2 2 4 1 3 1 2
Dragonfly Nymph 1
Sowbug 1 10 1
Scud 1 3 11
Crane Fly Larvae 13 1 5 2 1 1
Clams Mussels 3 |17 | 2 24 | 3 2 3 5 2 5 4 115 ]| 9 3
Crayfish 7 2 3 2 2 1 2 1
GROUP 111
Midge Larvae 8 4 7 40 | 25 |1601 35 | 29 | 76 [124 | 16 | 44 | 74 | 14
Black Fly Larvae 1 2 2 8 1 |16 110 |11 | 7 4 16 | 1
Planaria 47 1 2 3 5 3 1 1
Leech 1 1 1 1 1
GROUP IV
Left Handed Snail 3 S 1 2 1 1
Aquatic Worms 2 2 1 1
Blood Midge S 4 4 4 18 | 17 20 | 12 4 7 1
Rat tailed Maggot
PTI 27 129 123 122 {37 | 26 |29 |28 [ 35 (33126 | 24120 ] 30{25]| 27

Table 7A. The macroinvertebrates found at Site Three are listed in the table, grouped
according to their pollution tolerance. Group 1 is the least tolerant while Group IV is the
most tolerant. The PTI is shown at the bottom of each sampling day. The average PTI for
Site Three is 28, an “excellent” rating (PTI worksheet Appendix B).

Sample Day Site 1 Site 2 Site 3
(1) 08/30/09 0.75 0.72 0.52
(2) 09/19/09 0.69 0.58 0.70
(3) 10/02/09 0.66 0.72 0.41
(4) 10/18/09 0.77 0.49 0.80
(5) 10/31/09 0.56 0.78 0.70
(6) 11/14/09 0.42 0.83 0.71
(7) 11/28/09 0.83 0.74 0.83
(8) 12/12/09 0.65 0.31 0.59
(9) 12/28/09 0.71 0.76 0.85
(10) 01/09/10 0.68 0.59 0.73
(11) 01/23/10 0.71 0.56 0.71
(12) 02/08/10 0.72 0.54 0.50
(13) 02/24/10 0.75 0.63 0.69
(14) 03/19/10 0.65 0.31 0.82
(15) 04/02/10 0.62 0.32 0.53
(16) 04/05/10 0.65 047 0.62
Average 0.68 0.60 0.67

Table 8A. This table shows the Simpson’s Diversity Indexes for each site on each

sampling day. The average Simpson’s Diversity Index for each site shows a reasonably
high degree of species diversity.
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