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Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929) a geodetic datum 
derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level 
Datum of 1929.

Altitude, as used in this report, refers to distance above or below sea level.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (piS/cm at 25°C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (ng/L). 
Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute 
per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one milligram per liter. For concentrations 
less than 7,000 mg/L, the numerical value is the same as for concentrations in parts per million.

Concentrations of chemical constituents in sediment are given in milligrams per kilogram (mg/Kg) or micrograms per kilo 
gram (ng/Kg).

Other abbreviations used in this report:

DPW - Indianapolis Department of Public Works

LOWESS - Locally weighted scatterplot smoothing technique

mm - millimeter

Total discharge - The sum of the daily mean discharges for the study period

USEPA - U.S. Environmental Protection Agency

USGS - U.S. Geological Survey
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Streamflow, Surface-Water Quality, and Quality of Streambed 
Sediments in Little Buck Creek and Little Eagle Creek, Indianapolis, 
Indiana, 1990-94

By David C. Voelker and Timothy C. Willoughby

Abstract

Water samples were collected monthly from 
February 1990 through February 1992 at two 
stream sites on Little Buck Creek and at two 
stream sites on Little Eagle Creek in Indianapolis, 
Indiana, to describe the water quality of the two 
streams. Samples were collected during storms in 
1993 and 1994 to describe water-quality condi 
tions when runoff resulted in increased stream- 
flow. Samples of streambed sediments were 
collected in 1990, during a period of low flow, to 
describe the chemistry of the sediments in the 
stream channel at the sampling sites.

In Little Buck Creek, measurements or 
concentrations of water temperature, nitrite plus 
nitrate, phosphorus, dissolved organic carbon, 
iron, and manganese were significantly larger in 
samples collected at the upstream site than in 
samples collected at the downstream site. 
Measurements of instantaneous Streamflow, 
specific conductance, pH and concentrations of 
total alkalinity, total solids, dissolved solids, 
calcium, magnesium, sodium, potassium, chlo 
ride, and sulfate, however, were significantly 
larger in samples from the downstream site.

In the Little Eagle Creek drainage basin, 
measurements of specific conductance and pH and 
concentrations of total solids, dissolved solids, 
ammonia, dissolved organic carbon, calcium, 
magnesium, sodium, potassium, chloride, and 
sulfate were significantly larger in samples from

the upstream site than in samples collected at the 
downstream site. Measurements of instantaneous 
Streamflow and water temperature and concentra 
tions of nitrite plus nitrate and suspended organic 
carbon, however, were significantly larger at the 
downstream site.

Specific conductance; pH; and concentra 
tions of total alkalinity, dissolved solids, calcium, 
magnesium, sodium, and chloride were signifi 
cantly larger in water samples collected from the 
downstream site on Little Buck Creek than in 
samples collected from the downstream site on 
Little Eagle Creek. Concentrations of 20-day 
biochemical oxygen demand, ammonia, nitrite, 
ammonia plus organic nitrogen, dissolved organic 
carbon, suspended organic carbon, potassium, 
fluoride, chromium, iron, manganese, zinc, 
suspended sediment, and suspended sediment 
(percent finer than 0.062 mm) were significantly 
larger in samples collected from the downstream 
site on Little Eagle Creek than in samples 
collected from the downstream site on Little Buck 
Creek.

The pesticide diazinon was detected at all 
four sites in storm samples analyzed primarily for 
organic compounds. Eight organic compounds 
were detected in the storm samples. Streambed 
sediments were sampled to determine the concen 
trations of selected organic compounds and metals 
in the streambed. Seventeen organic compounds 
were detected, of which the pesticides chlordane, 
dieldrin, diazinon, and malathion were detected at 
all four sites.

Abstract 1



Introduction Streamflow

The City of Indianapolis encompasses most of 
Marion County and is the largest city in Indiana. Land 
that was once agricultural or woodland is being devel 
oped for residential, commercial, and industrial use. 
Two drainage basins in Indianapolis undergoing urban 
growth are Little Buck Creek and Little Eagle Creek 
drainage basins. Urbanization of drainage basins can 
increase the concentrations of nutrients, metals, 
suspended sediment, and organic compounds in the 
receiving waters (Lazaro, 1979; Athayde, 1983). Little 
information is available to describe surface-water and 
streambed-sediment quality for drainage basins where 
urban growth is occurring in Indianapolis, and such 
information is needed to make informed decisions 
about urban development. This study was conducted by 
the U.S. Geological Survey (USGS) in cooperation 
with the City of Indianapolis Department of Public 
Works (DPW).

This report describes the results of a study to 
determine the surface-water and streambed-sediment 
quality for an upstream and a downstream site in each 
of the Little Buck Creek and Little Eagle Creek 
drainage basins. The report provides surface-water and 
streambed-sediment-quality data for these sites. The 
report also provides analyses of the data to (1) describe 
temporal variations in water quality at each site, 
(2) describe variations in water quality within each 
drainage basin and between drainage basins, (3) calcu 
late mean annual loads of selected constituents for each 
site and (4) describe variations in streambed-sediment 
quality at each site. Streamflow data are presented and 
described to assist with the interpretation of the water- 
quality data.

Methods of Data Collection and Analysis

Water samples and ancillary data were collected 
monthly at four sites: two each on Little Buck Creek 
and Little Eagle Creek during 1990 through 1992. For 
both streams, an upstream and a downstream site were 
selected for sampling. A storm sample was collected at 
each site in 1993 and again in 1994 at the downstream 
site in the Little Eagle Creek drainage basin.

Streamflow-gaging stations were constructed at 
each site, except at the downstream site on Little Eagle 
Creek where a USGS streamflow-gaging station 
existed before the study. At each station, the elevation 
of the water surface, or stage, was measured continu 
ously using a water-stage recorder, and the data were 
recorded every 5 minutes. The volume of Streamflow 
was computed by use of a stage-discharge relation 
established for each gaging station according to the 
methods described by Rantz and others (1982). The 
Streamflow data were published in the Indiana annual 
water-resources reports for water years 1990 through 
1992 (Stewart and Nell, 1991; Stewart and Deiwert, 
1992; and Stewart and others, 1993).

Surface-Water Quality

Water samples were collected monthly from 
February 1990 through February 1992 at each site, 
except for October 1991 when no sample was collected 
at Little Buck Creek near Indianapolis. Physical prop 
erties of the water were measured and samples were 
collected following USGS methods described by Ward 
and Harr (1990). Physical properties, which included 
water temperature, specific conductance, dissolved 
oxygen, and pH were measured in the field at the time 
of sample collection using a multi-parameter water- 
quality probe that was calibrated in the office before 
each use. Water samples were analyzed by the USGS 
National Water Quality Laboratory (NWQL) for 
biochemical oxygen demand, major ions, nutrients, 
metals, organic carbon, suspended sediment, dissolved 
solids, selected U.S. Environmental Protection Agency 
(USEPA) priority pollutants, and organic compounds. 
Total alkalinity and fecal coliform bacteria were deter 
mined by personnel in the USGS Indiana District 
Office.

Water samples were collected during at least one 
storm at each site after approximately 0.5 in. of precip 
itation in the drainage basin that was preceded by a 
relatively dry period. Storm samples were collected 
during August 1993 at both sites on Little Buck Creek 
and during December 1993 at both sites on Little Eagle 
Creek. Two additional storm samples were collected 
during April 1994 at the downstream site on Little 
Eagle Creek.

2 Little Buck and Little Eagle Creeks, Indianapolis, Indiana



Streambed Sediments

Samples of streambed sediments were collected 
at each site during August 1990 during a period of low 
streamflow to describe the chemistry of the sediments. 
No standard method for obtaining representative 
samples of sediment in stream cross sections existed at 
the time of the study; therefore the following procedure 
was followed at each site. Approximately 40 subsam- 
ples were collected and composited from a variety of 
depositional areas along a 30-ft stream reach. The 
subsamples were collected to increase the probability 
of obtaining a representative sampling of compounds 
not distributed evenly in the stream channel. 
Streambed-sediment samples were collected using a 
large stainless-steel spoon while wading in the small 
shallow streams. The top 1 in. of surficial sediments 
was sampled, and the composited sediments were wet 
sieved through a 2-mm stainless-steel sieve, using 
water from the stream. The sieved material was trans 
ferred to a glass jar and allowed to settle overnight at 
4°C. Supernatant water was removed via pipet; the 
remaining sediment was mixed and about 500 grams 
were placed in a baked glass jar, placed on ice, and 
shipped to the laboratory. Streambed sediments were 
analyzed for concentrations of metals, organic carbon, 
organophosphorus insecticides, organochlorine 
compounds, and base/neutral- and acid-extractable 
semivolatile organic compounds. Metals were 
analyzed at the USGS Sediment Partitioning Research 
Laboratory in Atlanta, Ga., and the remaining analyses 
were made at the NWQL.

Statistical Analysis

A Wilcoxon signed-rank test (Helsel and Hirsch, 
1992, p. 142) was done to determine if there were 
significant differences between concentrations of 
constituents measured in waters collected at the 
upstream and downstream sites for each stream and 
between the downstream sites for both streams. 
Concentrations reported as less than the reporting limit 
were set at one-half the reporting limit. The statistical 
tests use ranked data; therefore any value could have 
been selected as long as it was less than the reporting 
limit. Kendall's Tau test (Helsel and Hirsch, 1992, 
p. 212) for significant correlation was used to deter 
mine if there were significant correlations between the 
constituent concentrations and streamflow measured at 
each of the downstream sites. For this report, a 
5-percent level of significance (a=0.05) was selected

for the statistical analyses. The probability of obtaining 
the computed test statistic (p-value), or one less likely, 
when the null hypothesis is true, also was calculated. 
The p-value derives from the data and measures the 
believability of the null hypothesis. The smaller the p- 
value, the less likely is the observed test statistic when 
the null hypothesis is true and the stronger the evidence 
for rejection of the null hypothesis. For the Wilcoxon 
signed-rank test, the null hypothesis is that the median 
difference between the parameter measured at the 
upstream and downstream sites and the median differ 
ence between the two downstream sites is equal to zero. 
For the Kendall's Tau test, the null hypothesis is that no 
correlation exists between the parameter measured and 
streamflow. At a significance level of 5 percent, the 
null hypothesis of 1 out of 20 tests will be rejected 
incorrectly. Because of the large number of hypothesis 
tests done in this study, some of the null hypotheses 
may be rejected solely because of the significance 
level.

A locally weighted scatterplot smoothing 
(LOWESS) technique (Helsel and Hirsch, 1992, 
p. 288) was used to determine seasonal trends for 
chemical constituents. The smoothness of the 
LOWESS curve is determined by the smoothness 
factor. The smoothness factor specifies the percentage 
of the data that is used in computing each point on the 
LOWESS curve. For this study, a smoothness factor of 
35 percent was used.

Constituent Loads

The transport (mass discharge) of a constituent 
past a monitoring site in a given amount of time is 
referred to as the constituent load. Constituent loads for 
this report were estimated by the rating-curve method 
(Cohn and others, 1989; Crawford, 1991). Because 
some constituent concentrations included in this 
assessment were less than the method reporting limit, 
parameters of the rating curve were estimated by 
maximum-likelihood methods (Dempster and others, 
1977; Wolynetz, 1979) or the linear attribution method 
(Chatterjee and McLeash, 1986). An estimate of the 
uncertainty in the estimated loads was obtained using 
the method described by Likes (1980) and Gilroy and 
others (1990) for maximum-likelihood estimates and 
by the jackknife method (Efron, 1982) for linear attri 
bution estimates. A detailed description of these 
methods may be found in Crawford (1996).

Methods of Data Collection and Analysis



Little Buck Creek

The drainage basin of Little Buck Creek is in the 
south-central part of Marion County (fig. 1) and has a 
drainage area of 16.8 mi2 (Hoggatt, 1975). Little Buck 
Creek generally flows from east to west and discharges 
to the White River just north of Southport Road. The 
soils in the drainage basin are silty loam of Holocene 
Age (Sturm and Gilbert, 1978) that formed on thick, 
unconsolidated glacial deposits (Wier and Gray, 1961). 
In the eastern three-quarters of the basin, the unconsol 
idated deposits generally are clay and silt (glacial till); 
in the western one-quarter of the basin, the deposits 
generally are sand and gravel (glacial outwash) (Wier 
and Gray, 1961). The average thickness of the till is 
approximately 200 ft, and the average thickness of the 
outwash is approximately 100 ft (Hartke and others, 
1980). The land surface underlain by till is rolling to 
gently rolling, and the land surface underlain by 
outwash is nearly flat.

Data were collected at the upstream site on Little 
Buck Creek near Southport (site 03353630) and at the 
downstream site near South Belmont Street near India

napolis (site 03353637) (fig. 1). The upstream site has
fy

a drainage area of 5.75 mi , and the downstream site 
has a drainage area of 16.6 mi2 (Stewart and others, 
1993). In 1985, land use in the upstream part of the 
drainage basin was predominantly agricultural 
(3.08 mi2 or 53.5 percent) and residential (1.97 mi2 or 
34.3 percent), with little commercial activity (0.01 mi2 
or 0.2 percent). Land use around the downstream site 
was predominantly residential (9.36 mi2 or

fy

56.3 percent) and agricultural (5.69 mi or 
34.3 percent). Commercial use was 0.33 mi2 or 2.0 
percent at the downstream site. Land use for both sites 
(table 1) was determined using aerial photographs 
taken during 1985 and 2-ft contour maps of land 
surface made in 1989. During the study, residential 
construction was occurring throughout the drainage 
basin, and some commercial construction was occur 
ring in the downstream part of the drainage basin. 
There are no combined-sewer overflows or waste- 
water-treatment facilities upstream from sampling sites 
in the Little Buck Creek drainage basin.

Table 1. Land use in the Little Buck and Little Eagle Creek drainage basins near Indianapolis, Ind., 1985

Site name and number

Land characteristics
Drainage area (square miles)3

Land use

Agricultural

Wooded

Undeveloped

Residential, rural0

Residential, low densityd
Residential, medium density6 

Residential, high densityf
Residential, multi-family

Commercial and industrial

Effective impervious areas

Little Buck Creek Little Buck Creek 
near Southport near Indianapolis 

03353630 03353637
5.75 16.6

Little Eagle Creek 
at 52nd Street Little Eagle Creek 
at Indianapolis at Speedway 

03353551 03353600
6.28 24.3

Percentage of basin in land-use category11

53.5

8.8

3.2

9.9

3.4

20.7 

0
.3

.2

0

34.3

4.1

1.9

7.8

4.4

43.0 

0
1.1

2.0

1.4

30.4

7.2

4.4

3.8

2.9

14.0 

.1

5.7

29.3

2.2

24.4

6.4

6.8

3.7

3.2

13.0 
3.8

9.0

27.3

2.4
aStewart and others, 1993.
bAs determined from 1985 aerial photographs and 1989 contour maps.
cOne unit per 2 to 5 acres.
dOne unit per acre.
eTwo to four units per acre.
fFour or more units per acre.
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Streamflow

Daily mean streamflow for Little Buck Creek 
ranged from 0 to 418 ft3/s at the upstream site and from 
0 to 1,390 ft3/s at the downstream site during the 1990 
through 1992 study period. Instantaneous streamflow 
at the time of sampling ranged from 0.03 to 126 ft3/s at 
the upstream site and from 0.09 to 393 ft3/s at the 
downstream site. Average streamflow in cubic feet per 
second per square mile of drainage basin was 
1.63 ft3/s/mr at the upstream site and 1.52 ft3/s/mi2 at 
the downstream site during the study.

Precipitation also was measured at the gaging 
stations during the study. Although the data are incom 
plete (table 2), precipitation in the Little Buck Creek 
drainage basin totaled about 74 in. from February 1990 
through February 1992. Runoff from precipitation in

the drainage basin was about 46 in. at the upstream site 
and almost 43 in. at the downstream site from February 
1990 through February 1992 (Stewart and Nell, 1991; 
Stewart and Deiwert, 1992; Stewart and others, 1993). 
Therefore, about 58 percent of the precipitation left the 
drainage basin as runoff during the study period.

Water Quality

Results of the analyses of water-quality samples 
collected monthly during the study for Little Buck 
Creek near Southport (table 15) and Little Buck Creek 
near Indianapolis (table 16) are in the back of the 
report. The 25th, 50th (median), and 75th quartiles for 
streamflow and selected constituents in samples from 
the two sites are shown in table 3.

Table 2. Monthly precipitation for the Little Buck and Little Eagle Creek drainage basins near Indianapolis, Ind., 
1990-92

[--, indicates 5 or more days of missing data; numbers beneath site names are U.S. Geological Survey streamflow-gaging station identification 
numbers]

Monthly precipitation (in inches) at streamflow-gaging stations

Little Buck Creek 
near Southport 

Year Month 03353630
1990 February

March
April
May
June
July

August
September

October
November
December

1991 January
February

March
April
May
June
July

August
September

October
November
December

1992 January
February

4.49
3.25
2.30
8.90
-
--
5.45
2.56
4.12
2.99
7.02
1.26
1.98
6.07
3.17
2.94

.42
2.15
2.88

.86
4.86
4.07
1.67b
.10
.76

Little Eagle Creek at 
Little Buck Creek 52nd Street at Little Eagle Creek at 
near Indianapolis Indianapolis Speedway 

03353637 03353551 03353600
-
--
--
--
--
-
--
--
1.61 C
2.39
6.46
1.55
1.86
-
--
--
2.09
2.41
2.27

.92
4.20
3.18
1.46

--
--

3.42
2.38
1.28
8.22
3.49a
3.09
2.96a
3.53a
4.44
2.96
7.36
1.02
1.77
5.01
3.87
3.70

.67
1.67
1.78
1.08
5.56
2.12
1.35
1.12
1.30

3.93
3.55
2.18
6.31
3.08a
4.65
3.14
1.86
4.16
2.98
5.98

.81
1.39
5.25
3.36
3.18
1.05
1.32
2.74
1.68
5.15
2.89
1.10
.68
.68

"One day of missing data. 
bTwo days of missing data. 
cFour days of missing data.

Little Buck and Little Eagle Creeks, Indianapolis, Indiana



Table 3. Quartile statistics for measurements of properties and concentrations of selected constituents in samples collected 
from Little Buck Creek near Indianapolis, Ind., 1990-92
[p-value, the significance level attained by the data; ftVs, cubic foot per second; <, less than; °C, degree Celsius; uS/cm, microsiemen per 
centimeter at 25°C; mg/L, milligram per liter; BOD, biochemical oxygen demand; CaCO3, calcium carbonate; mL, milliliter; u,g/L, microgram 
per liter; mm, millimeter; numbers beneath site names are U.S. Geological Survey streamflow-gaging station identification numbers]

Little Buck Creek near Southport 
03353630

Constituent

Streamflow (ft3/s)

Water temperature (°C)

Specific conductance (u.S/cm)
Dissolved oxygen (mg/L)
pH (pH units)
20-day BOD (mg/L)
Total alkalinity (mg/L as CaCO3)

Fecal coliform (colonies per 100 mL)
Total solids (mg/L)
Dissolved solids (mg/L)

Ammonia (mg/L as nitrogen)
Nitrite (mg/L as nitrogen)

Ammonia plus organic nitrogen 
(mg/L as nitrogen)

Nitrite plus nitrate (mg/L as nitrogen) 

Phosphorus (mg/L as phosphorus)
Orthophosphate (mg/L as phosphorus)
Dissolved organic carbon (mg/L)
Suspended organic carbon (mg/L)
Calcium (mg/L)

Magnesium (mg/L)
Sodium (mg/L)

Potassium (mg/L)
Chloride (mg/L)

Sulfate (mg/L)

Fluoride (mg/L)
Arsenic (u.g/L)
Barium (ng/L)

Cadmium (u.g/L)

Chromium (ng/L)

Copper (U£/L)
Iron (ug/L)

Lead (u.g/L)
Manganese (u.g/L)

Mercury (u.g/L)
Zinc (ng/L)
Suspended sediment (mg/L)
Sediment, percent finer than 

0.062 mm

25th

0.7

5.5

564
8.1

7.8
2.4

216

186
376
298

.01

.01

.4

.6 

.03

.010
3.5

.3

62
19

19

1.4

39
33
<.l

<1

<100
<1
<1

4

280
2

50
<.l

<10
17

33

Quartile
50th

2.6

12.5

623
11.6

7.9
3.6

236

600
411

394
.03

.02

.5

1.2 

.04

.023
3.9

.4

78
24

26

1.6

50
36

.2

1
<100

<1

1

5

360
2

70
<.l

10
37

62

75th

8.1

19.6

681
12.7

8.1
5.5

248

2,300
454

434
.04
.03
.8

1.7 

.08

.056
5.2

.8

85
26

29
2.4

59
42

.3
1

<100

<1

2

7

700

3
80
<.l

20
46

71

Little Buck Creek near Indianapolis 
03353637

25th

4.9

4.9
664

9.0

7.9
2.2

221
195
445

417
.02
.01
.3

.7 

.02

.010

2.9
.3

77
24

36
1.7

63

38
.1

<1
<100

<1

<1

3

165

1
40
<.l

<10
18

23

Quartile
50th

10.7

11.0

745
11.0

8.0
3.6

253
691
490
464

.03

.02

.5

1.0 
.03
.013

3.2
.3

84
26

44
2.0

78
48

.2
<1

<100
<1

<1
4

210

2

50
<.l

10
26

48

75th

24.5

21.3

783
12.2

8.2
5.0

272

2,100
516
494

.05

.03

.6

1.4 

.06

.025
4.6

.5

92
28
46

2.4

87
53

.2

1
<100

<1

2
6

330
4

55
<.l

10
44

72

p-value

<0.001 a

.038a

<.001 a

1.000
.006a
.168

<.001 a
.965

<.001 a
<.001 a

.494

.147

.124

.004a 

.024a

.072
<.001 a

.095

<.001 a
<.001 a

<.001 a
.005a

<.001 a
<.001 a

.988

.555
1.000

.500

.863

.992

.010a

.379

.Oll a

1.000
.418
.708

.166

"Correlation coefficients are statistically significant at the 5-percent significance level.
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Water temperature, nitrite plus nitrate, phos 
phorus, dissolved organic carbon, iron, and manganese 
had significantly larger measurements or concentra 
tions in samples collected at the upstream site. At the 
downstream site, significantly larger measurements of 
instantaneous streamflow, specific conductance, and 
pH, and concentrations of total alkalinity, total solids, 
dissolved solids, calcium, magnesium, sodium, potas 
sium, chloride, and sulfate were measured in the 
samples (table 3, fig. 2). Boxplots depicting concentra 
tions for these constituents are provided in figure 3.

The median water temperatures were 12.5°C at 
the upstream site and 11.0°C at the downstream site. 
Specific conductance had median values of 623 piS/cm 
upstream and 745 fiS/cm downstream. Median pH 
values were 7.9 upstream and 8.0 downstream. Median 
concentrations of dissolved oxygen were 11.6 mg/L 
upstream and 11.0 mg/L downstream. Dissolved 
oxygen was the only field-measured property that was 
not significantly different between the upstream and 
downstream sites (table 3).

Most nutrient concentrations were not signifi 
cantly different between samples collected at the 
upstream and downstream sites. The median concen 
trations of ammonia (0.03 mg/L), nitrite (0.02 mg/L), 
and ammonia plus organic nitrogen (0.5 mg/L) were 
the same in samples collected from the upstream and 
downstream sites. Median concentrations of nitrite plus 
nitrate were 1.2 mg/L in samples from the upstream site 
and 1.0 mg/L in samples from the downstream site. 
Phosphorus concentrations had a median value of 0.04 
mg/L upstream and 0.03 mg/L downstream. The 
median concentrations of orthophosphate were 0.023 
mg/L upstream and 0.013 mg/L downstream.

Concentrations of total and dissolved solids, 
calcium, magnesium, sodium, potassium, chloride, and 
sulfate were significantly larger in samples from the 
downstream site compared to samples from the 
upstream site (table 3, fig. 2). Total solids concentra 
tions had a median of 411 mg/L upstream, compared to 
a median of 490 mg/L downstream; dissolved solids 
had a median of 394 mg/L upstream compared to a 
median of 464 mg/L downstream. Median calcium 
concentrations were 78 mg/L upstream, compared to 
84 mg/L downstream. Median magnesium concentra 
tions in the drainage basin were 24 mg/L upstream and

26 mg/L downstream; median sodium concentrations 
were 26 mg/L upstream and 44 mg/L downstream; 
median chloride concentrations were 50 mg/L 
upstream and 78 mg/L downstream. The median 
sulfate concentration was 36 mg/L upstream, compared 
with 48 mg/L downstream. The larger percentage of 
development for the downstream site compared to the 
upstream site may account for the larger concentration 
of calcium, sodium, and chloride. These chemicals are 
commonly used as deicing agents on roads, and the 
roads have a greater density in developed areas. Alter 
natively, the larger concentrations may indicate 
ground-water quality and may be the result of a larger 
ground-water component to streamflow during periods 
of low streamflow. This is supported by the presence of 
outwash materials at the downstream site as compared 
to the tills that predominate in the upstream reach.

Concentrations of DOC were significantly larger 
in samples collected from the upstream site compared 
to concentrations in samples from the downstream site. 
Median concentrations of DOC were 3.9 mg/L in 
samples from the upstream site and 3.2 mg/L at the 
downstream site (table 3).

Concentrations of metals were not significantly 
different in samples from the upstream and down 
stream sites, except for iron and manganese. Median 
concentrations of iron were 360 ^ig/L upstream and 
210 jig/L downstream. Median concentrations of 
manganese were 70 jug/L upstream and 50 p,g/L down 
stream (table 3).

Relation of Constituents to Streamflow

Water-quality data collected at the downstream 
site (Little Buck Creek near Indianapolis) were tested 
to determine if there were statistically significant corre 
lations between concentration and streamflow 
(table 4). Nitrite, nitrite plus nitrate, suspended organic 
carbon, chromium, copper, iron, lead, manganese, 
suspended sediment, and the percentage of suspended 
sediment finer than 0.062 mm had significant positive 
correlations between concentration and streamflow. 
Therefore, as streamflow increased, so did the concen 
tration of these constituents. Water temperature, 
magnesium, sodium, chloride, and sulfate had signifi 
cant negative correlations, indicating that the constit 
uent concentration or parameter decreased as 
streamflow increased.

8 Little Buck and Little Eagle Creeks, Indianapolis, Indiana



Commercial 
0.2 percent

Undeveloped 
3.2 percent

Wooded, 
8.8 percent

Residential, 
56.3 percent

Other, 
1.4 percent

Commercial, 
2.0 percent

Undeveloped, 
1.9 percent

Wooded, 
4.1 percent

LAND USE 
Little Buck Creek near Southport, Ind.

LAND USE 
Little Buck Creek near Indianapolis, Ind.

Constituent concentration or property 
measurement significantly larger at

Little Buck Creek near Southport, Ind.
compared to Little Buck Creek near

Indianapolis, Ind.

Constituent concentration or property
measurement significantly larger at

Little Buck Creek near Indianapolis, Ind.
compared to Little Buck Creek near

Southport, Ind.

Water Temperature 
Nitrite plus Nitrate Nitrogen

Phosphorus 
Dissolved Organic Carbon

Iron 
Manganese

Instantaneous Discharge 
Specific Conductance

pH 
Total Alkalinity

Total Solids 
Dissolved Solids

Calcium 
Magnesium

Sodium
Potassium
Chloride
Sulfate

Figure 2. Land use and list of properties or constituents with significantly larger measurements or concentrations 
at one of the two sites in the Little Buck Creek drainage basin near Indianapolis, Ind., 1990-1992.
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Seasonal Variability

In samples from the downstream site, water 
temperature and concentrations of DOC and potassium 
increased during spring and summer and decreased 
during fall and winter (fig. 4). Phosphorus concentra 
tions had a similar trend, although it was most evident 
at the upstream site (fig. 5).

Specific conductance, dissolved oxygen, pH, 
nitrite plus nitrate, calcium, sodium, and chloride had 
increased concentrations during fall and winter and 
decreased concentrations during spring and summer 
(fig. 4). The tendency for nutrient concentrations to 
increase during fall and winter may be related to 
decreased uptake by vegetation during the non- 
growing seasons. Increases in calcium, sodium, and 
chloride during fall and winter may be due to an 
increased ground-water component to flow during 
periods of low streamflow and may be related to their 
use as deicing agents on roadways; however, sodium 
and chloride had negative correlations with stream- 
flow, indicating they are not components of runoff. 
Dissolved solids, magnesium, and manganese had 
similar trends of increased concentrations through fall 
and winter, although this was most evident at the 
upstream site (fig. 5).

Constituent Loads

Mean annual loads in pounds per day were deter 
mined for selected constituents in Little Buck Creek 
and listed, along with seasonal loads, in table 5 for the 
upstream site and table 6 for the downstream site. The 
data indicate that the largest loads are transported 
during spring and winter when streamflow generally is 
highest. Dissolved solids constitute the largest mean 
annual loads, averaging 20,000 Ib/d at the upstream site 
and 69,000 Ib/d at the downstream site. Suspended- 
sediment transport was 4,100 Ib/d upstream compared 
with 26,000 Ib/d downstream. The largest loads of indi 
vidual constituents were calcium, chloride, sulfate, 
sodium, and magnesium. At the upstream site, mean 
annual loads of calcium were 2,900 Ib/d, chloride 
1,900 Ib/d, sulfate 1,600 Ib/d, sodium 980 Ib/d, and 
magnesium 840 Ib/d. At the downstream site, mean 
annual loads of calcium were 9,000 Ib/d, chloride 
7,500 Ib/d, sulfate 4,900 Ib/d, sodium 4,300 Ib/d, and 
magnesium 2,600 Ib/d. Mean annual nutrient loads 
ranged from 2.3 Ib/d for nitrite to 100 Ib/d for nitrite 
plus nitrate at the upstream site. Nitrite loads were 4.2 
Ib/d, and loads for nitrite plus nitrate were 200 Ib/d at 
the downstream site.

Table 4. Statistical relations of selected properties and 
chemical constituents to streamflow for Little Buck Creek 
near Indianapolis, Ind., 1990-92
[p-value, the significance level attained by the data; °C, degree Celsius; 
uS/cm, microsiemen per centimeter at 25°C; mg/L, milligram per liter; 
CaCO3 , calcium carbonate; mL, milliliter; ug/L, microgram per liter; 
BOD, biochemical oxygen demand; <, less than; mm, millimeter; number 
beneath site name is U.S. Geological Survey streamflow-gaging station 
identification number]

Little Buck Creek near
Indianapolis

03353637

Constituent
Correlation 
coefficient p-value

Water temperature (°C)
Specific conductance (u.S/cm)
Dissolved oxygen (mg/L)
pH (pH units)
20-day BOD (mg/L)
Total alkalinity (mg/L as CaCO3)
Fecal coliform (colonies per 100 mL)
Total solids (mg/L)
Dissolved solids (mg/L)
Ammonia (mg/L as nitrogen)
Nitrite (mg/L as nitrogen)
Ammonia plus organic nitrogen 

(mg/L as nitrogen)
Nitrite plus nitrate (mg/L as nitrogen)
Phosphorus (mg/L as phosphorus)
Orthophosphate (mg/L as phosphorus)
Dissolved organic carbon (mg/L)
Suspended organic carbon (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fluoride (mg/L)
Arsenic (u.g/L)
Barium (u.g/L)
Cadmium (ug/L)
Chromium (ug/L)
Copper (Ug/L)
Iron (ug/L)
Lead (ug/L)
Manganese (ug/L)
Mercury (ug/L)
Zinc (ug/L)
Suspended sediment (mg/L)
Suspended sediment, percent finer 

than 0.062 mm

-0.313
-.179
.022

-.023
.272

-.248
.142

-.026
-.026
.279
.351
.265

.362

.288

.089

.195

.443
-.161
-.349
-.291
-.262
-.338
-.447
-.211
.158
.071
.315
.433
.536
.517
.340
.539
.163
.309
.292
.396

0.033a
.224
.882
.879
.063
.108
.333
.862
.880
.069
.025a
.082

.014a

.058

.560

.187

.004a

.274

.02 l a

.049a

.080

.022a

.003a

.186

.338

.673

.068

.008a
<.001 a
<.001 a

.026a
<.001 a

.348

.057

.047a

.007a

Correlation coefficients are statistically significant at the 5-percent 
significance level.
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Figure 4. Seasonal variability of property measurements or concentrations of selected constituents in samples collected 
from Little Buck Creek near Indianapolis, Ind., 1990-92. The solid line is a locally weighted scatterplot smooth.
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Figure 4. Seasonal variability of property measurements or concentrations of selected constituents in samples collected 
from Little Buck Creek near Indianapolis, Ind., 1990-92-Continued.

Storm Samples

Results of the analysis of samples collected from 
Little Buck Creek during a period of high streamflow 
in August 1993 after a storm are listed in table 19 at the 
back of the report. Samples were analyzed for approx 
imately 160 organic compounds, including volatile and 
semi-volatile organic compounds and pesticides. Chlo- 
rpyrifos, malathion, and diazinon were detected in 
samples collected at both sites, and methoxychlor was 
detected in the sample from the upstream site (table 7). 
These compounds are components of pesticides used in 
residential and agricultural applications.

Quality of Streambed Sediments

Samples of streambed sediments were collected 
at both sites in Little Buck Creek. Samples were 
collected in August 1990 during a period of relatively 
low streamflow for easier access to the streambed sedi 
ments. Results of the analyses are listed in table 20

(organic compounds) and table 21 (metals) at the back 
of the report.

Eight organic compounds were detected in the 
streambed-sediment samples at concentrations equal to 
or greater than the laboratory reporting limit (table 8). 
All eight compounds were detected at the downstream 
site and are chlordane, p,p'-DDD, p,p'-DDE, p,p'- 
DDT, dieldrin, heptachlor epoxide, malathion, and 
diazinon. Of these eight compounds, p,p'-DDT and 
heptachlor epoxide were not reported in streambed 
sediments from the upstream site.

Analysis of concentrations of metals in stream- 
bed sediments of Little Buck Creek indicated that 
concentrations of aluminum, arsenic, cadmium, chro 
mium, and selenium were larger in the sample collected 
at the upstream site than in the sample from the down 
stream site. Concentrations of copper, lead, mercury, 
titanium, and zinc were largest in the streambed- 
sediment sample from the downstream site (table 21).
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Figure 5. Seasonal variability of property measurements or concentrations of selected constituents in samples collected 
from Little Buck Creek near Southport, Ind., 1990-92. The solid line is a locally weighted scatterplot smooth.

Little Eagle Creek

The drainage basin of Little Eagle Creek is in the 
northwestern part of Marion County and has a drainage 
area of 26.9 mi2 (Hoggatt, 1975). Little Eagle Creek 
generally flows from north to south and discharges to 
Eagle Creek near Speedway, Ind. (fig. 6). Soils in the 
drainage basin are silty loam of Holocene Age (Sturm 
and Gilbert, 1978) that formed on thick, unconsoli- 
dated deposits of glacial till (Wier and Gray, 1961). The 
average thickness of the till is approximately 150 ft in 
the northern part of the drainage basin and approxi 
mately 100 ft in the southern part of the drainage basin 
(Hartke and others, 1980). The land surface in the 
drainage basin is nearly flat to gently rolling.

Data were collected at the upstream site on Little 
Eagle Creek at 52nd Street at Indianapolis (site 
03353551) and at the downstream site at 16th Street at 
Speedway (site 03353600) (fig. 6). The upstream site 
has a drainage area of 6.28 mi , and the downstream 
site has a drainage area of 24.3 mi2 (Stewart and others,

1993). In 1985, land use in the northern part of the 
drainage basin was divided nearly equally among agri 
cultural (30.4 percent), commercial (29.3 percent), and 
residential (26.5 percent) (table 1). Land use associated 
with the downstream site in the drainage basin was 
slightly more residential (32.7 percent) and slightly less 
commercial and industrial (27.3 percent) and agricul 
tural (24.4 percent). During the study, several large 
residential and some commercial construction projects 
were occurring in the drainage basin, with the majority 
of these in the northern part of the drainage basin. 
There are no combined-sewer overflows or waste- 
water-treatment facilities in the drainage basin of Little 
Eagle Creek.

Streamflow

Daily mean streamflow in the drainage basin 
ranged from 0.15 to 542 ft3/s at the upstream site and 
from 0.44 to 1,230 ft3/s at the downstream site. Instan 
taneous streamflow at the time of sampling ranged 
from 0.31 to 324 ft3/s at the upstream site and from

Little Eagle Creek 17



0.99 to 706 ft3/s at the downstream site. Average
streamflow in cubic feet per second per square mile
was 1.79 ft3/s/mi2 at the upstream site and
1.32 ft3/s/mi2 at the downstream site during the study
period.

The only long-term streamflow-gaging station in 
the study area was Little Eagle Creek at Speedway 
(03353600). Average monthly streamflows at this site 
during the study period generally were higher than the 
long-term streamflow (fig. 7) based on streamflow 
records for this gaging station collected since 1965 
(Stewart and others, 1993). Mean monthly streamflows 
were substantially higher than the long-term averages 
during February, May, October, and December 1990, 
and March and October 1991. Substantially lower than 
average streamflows were measured from June through 
September 1991 and December 1991 through February 
1992.

Precipitation in the drainage basin was measured 
at the two streamflow-gaging stations on Little Eagle 
Creek. Although the data are incomplete (table 2), 
precipitation in the drainage basin was approximately 
74 in. Runoff from precipitation in the basin was about 
47 in. at the upstream site and about 37 in. at the down 
stream site from February 1990 through February 1992 
(Stewart and Nell, 1991; Stewart and Deiwert, 1992; 
Stewart and others, 1993). Therefore, about 50 percent 
of the precipitation left the drainage basin as runoff 
during the study period.

Water Quality

Results of the analyses of water-quality samples 
collected during the study for Little Eagle Creek at 
Indianapolis (table 17) and Little Eagle Creek at 
Speedway (table 18) are in the back of the report. The 
25th, 50th, and 75th quartiles for streamflow and 
selected constituents in samples from the two sites are 
shown in table 9.

Measurements of specific conductance and pH 
and concentrations of total solids, dissolved solids, 
ammonia, dissolved organic carbon, calcium, magne 
sium, sodium, potassium, chloride, and sulfate were 
determined to be significantly larger in samples from 
the upstream site when compared to samples from the 
downstream site. Measurements of instantaneous 
streamflow and water temperature and concentrations 
of nitrite plus nitrate and suspended organic carbon 
were significantly larger in samples from the down 
stream site (table 9, fig. 8). Boxplots depicting the 
concentrations for these constituents are provided in 
figure 9.

The median water temperature was 11.3°C at the 
upstream site and 12.4°C at the downstream site. 
Specific conductance had median values of 710 nS/cm 
in water from the upstream site and 658 ^iS/cm in water 
from the downstream site. Median concentrations of 
dissolved oxygen were 9.7 mg/L for the upstream site 
and 10.6 mg/L for the downstream site. Median pH 
values were 8.0 upstream and 7.8 downstream.

Most nutrient concentrations, except for 
ammonia and nitrite plus nitrate, were not significantly 
different between samples collected at the upstream 
and downstream sites in Little Eagle Creek (table 9). 
Median concentrations of ammonia were 0.13 mg/L in 
samples from the upstream site and 0.07 mg/L in 
samples from the downstream site. Median concentra 
tions were 0.03 mg/L for nitrite and 0.7 mg/L for 
ammonia plus organic nitrogen in samples collected at 
both sites. Median concentrations of nitrite plus nitrate 
were 1.2 mg/L for the upstream site and 1.3 mg/L for 
the downstream site. Median phosphorus concentra 
tions were 0.03 mg/L upstream and 0.04 mg/L down 
stream. Median concentrations of orthophosphate were 
0.015 mg/L upstream and 0.012 mg/L downstream.

Calcium, magnesium, sodium, potassium, chlo 
ride, and sulfate had concentrations that were signifi 
cantly larger at the upstream site (table 9). Median 
calcium concentrations were 83 mg/L and 78 mg/L; 
median magnesium concentrations were 25 mg/L and 
23 mg/L; median sodium concentrations were 38 mg/L 
and 28 mg/L; median potassium concentrations were 
2.7 mg/L and 2.4 mg/L; median chloride concentra 
tions were 73 mg/L and 55 mg/L; and median sulfate 
concentrations were 63 mg/L and 56 mg/L at the 
upstream and downstream sites, respectively.

Concentrations of total and dissolved solids were 
significantly larger in samples collected at the 
upstream site compared to concentrations in samples 
from the downstream site (table 9). Total solids had a 
median concentration of 514 mg/L at the upstream site, 
compared with 455 mg/L at the downstream site. 
Dissolved solids had a median concentration of 
475 mg/L upstream, compared to 408 mg/L down 
stream. Concentrations of suspended organic carbon 
were significantly larger at the downstream site 
(table 9), with a median concentration of 0.3 mg/L at 
the upstream site and 0.5 mg/L at the downstream site.

Concentrations of metals were not significantly 
different in samples collected from the upstream and 
downstream sites (table 9). Large concentrations of 
some metals may be the result of the many commercial 
and industrial operations present in the drainage basin.

18 Little Buck and Little Eagle Creeks, Indianapolis, Indiana
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Figure 6. Data-collection sites on Little Eagle Creek near Indianapolis, Ind.
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Residential, 
26.5 percent

Commercial, 
29.3 percent

Other, 
2.2 percent

Wooded, 
7.2 percent

Undeveloped 
4.4 percent

LAND USE 
Little Eagle Creek at 52nd Street at Indianapolis

Residential, 
32.7 percent

Commercial, 
27.3 percent

Other, 
2.4 percent

Wooded, 
6.4 percent

Undeveloped, 
6.8 percent

LAND USE 
Little Eagle Creek at Speedway

M

Constituent concentration or property
measurement significantly larger at
Little Eagle Creek at 52nd Street at

Indianapolis, Ind. compared to
Little Eagle Creek at 16th Street

at Speedway, Ind.

Constituent concentration or property 
measurement significantly larger at 
Little Eagle Creek at 16th Street at

Speedway, Ind. compared to
Little Eagle Creek at 52nd Street

at Indianapolis, Ind.

Specific Conductance
PH

Total Solids 
Dissolved Solids

Ammonia 
Dissolved Organic Carbon

Calcium 
Magnesium

Sodium
Potassium
Chloride
Sulfate

Instantaneous Discharge
Water Temperature 

Nitrite plus Nitrate Nitrogen 
Suspended Organic Carbon

Figure 8. Land use and list of properties or constituents with significantly larger measurements or concentrations 
at one of the two sites in the Little Eagle Creek drainage basin near Indianapolis, Ind., 1990-1992.
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(near Indianapolis, Ind.) and downstream (near Speedway, Ind.) sites in the Little Eagle Creek drainage basin, 
1990-92-Continued.
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Table 9. Quartile statistics for measurements of properties and concentrations of selected constituents in samples 
collected from Little Eagle Creek near Indianapolis, Ind., 1990-92
[p-value, the significance level attained by the data; ft?/s, cubic foot per second; °C, degree Celsius; (iS/cm, microsiemen per centimeter at 25° C; 
<, less than; mg/L, milligram per liter; BOD, biochemical oxygen demand; CaCO3, calcium carbonate; mL, milliliter; jig/L, microgram per liter; 
mm, millimeter; numbers beneath site names are U.S. Geological Survey streamflow-gaging station identification numbers]

Little Eagle Creek at 52nd Street 
at Indianapolis 

03353551

Constituent

Streamflow (ft3/s)
Water temperature (°C)
Specific conductance (|iS/cm)
Dissolved oxygen (mg/L)
pH (pH units)
20-day BOD (mg/L)
Total alkalinity (mg/L as CaCO3)
Fecal coliform (colonies per 100 mL)
Total solids (mg/L)
Dissolved solids (mg/L)
Ammonia (mg/L as nitrogen)
Nitrite (mg/L as nitrogen)
Ammonia plus organic nitrogen

(mg/L as nitrogen)
Nitrite plus nitrate (mg/L as nitrogen)
Phosphorus (mg/L as phosphorus)
Orthophosphate (mg/L as phosphorus)
Dissolved organic carbon (mg/L)
Suspended organic carbon (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fluoride (mg/L)
Arsenic (ng/L)
Barium (u.g/L)
Cadmium (jig/L)
Chromium (u.g/L)
Copper (ng/L)
Iron (jig/L)
Lead (ng/L)
Manganese (u,g/L)
Mercury (u.g/L)
Zinc (Hg/L)
Suspended sediment (mg/L)
Suspended sediment, percent finer than

0.062 mm (mg/L)

25th

1.3
5.4

630
8.0
7.9
3.4

186
230
447
406

.02

.01

.5

.6

.02

.010
4.4

.3
72
21
30

2.2
57
52

.2
<1

<100
<1
<1

4
250

1
40
<.l

<10
12
33

Quartile
50th

3.1
11.3

710
9.7
8.0
5.7

221
430
514
475

.13

.03

.7

1.2
.03
.015

4.8
.3

83
25
38

2.7
73
63

.3
<1

<100
<1

2
5

300
2

60
<.l

10
28
61

75th

11

20.5
806

12.1
8.0
8.0

246
783
661
600

.39

.06
1.3

2.1
.06
.020

5.8
.5

94
28
47

3.2
100
69

.3
1

100
<1

3
7

570
4

90
<.l

20
45
81

Little Eagle Creek at 16th Street 
at Speedway 

03353600

25th

2.8
5.3

557
7.8
7.5
4.1

171
188
394
370

.02

.02

.6

.4

.02

.007
3.9

.4
66
18
23
2.0

44
46

.2
<1

<100
<1
<1

3
330

2
70
<.l

<10
27
40

Quartile
50th

12
12.4

658
10.6
7.8
5.1

217
523
455
408

.07

.03

.7

1.3
.04
.012

4.5
.5

78
23
28
2.4

55
56

.2
<1

<100
<1

2
5

470
3

80
<.l

20
39
64

75th

32
21.4

720
11.7
8.0
8.7

245
1,900

542
461

.16

.05

.9

1.9
.08
.036

4.8
.8

87
25
32
2.6

70
60

.3
1

<100
<1

3
7

1,500
8

90
<.l

30
56
89

p-value

<0.001a
<.001a
<.001a

.746

.012a

.403

.777

.116
<.001a
<.001a

.018a

.330

.590

.004a

.773

.763

.0203
<.001a

.013a

.001 a
<.001a

.021 a
<.001a
<.001 a

.258
1.000
.625

1.000
.236
.400
.118
.380
.326

1.000
.961
.424
.538

Correlation coefficients are statistically significant at the S-percent significance level.
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Relation of Constituents to Streamflow

A statistical analysis of water-quality data 
collected at the downstream site (Little Eagle Creek at 
Speedway) was done to determine if there were signif 
icant correlations between concentration and stream- 
flow (table 10). Concentrations of 20-day BOD, fecal 
coliform, ammonia, nitrite, nitrite plus nitrate, phos 
phorus, orthophosphate, suspended organic carbon, 
chromium, copper, iron, lead, zinc, suspended sedi 
ment, and suspended sediment (percent finer than 
0.062 mm) had significantly positive correlations with 
streamflow. The concentration of these constituents 
increased with increased streamflow. Total alkalinity, 
magnesium, and sulfate had significantly negative 
correlations indicating that the concentrations 
decreased as streamflow increased.

Seasonal Variability

Seasonal trends were observed for several 
constituents when plotted using a LOWESS smoothing 
technique. Water temperature and concentrations of 
phosphorus and fluoride were largest in samples from 
the downstream site during spring and summer and 
were smallest during fall and winter (fig. 10). Concen 
trations of DOC and potassium had similar trends, 
although the trends were most evident at the upstream 
site (fig. 11).

Constituents that had increased concentrations or 
measurements in samples collected during fall and 
winter are specific conductance, dissolved oxygen, pH, 
dissolved solids, nitrite, nitrite plus nitrate, calcium, 
magnesium, sodium, chloride, and sulfate (fig. 10). 
Concentrations of ammonia had a similar trend that 
was most evident at the upstream site (fig. 11). 
Increased concentrations of nutrients during fall and 
winter may reflect the decreased uptake of nutrients by 
vegetation during the non-growing season. Increased 
calcium, sodium, and chloride concentrations during 
the winter may be the result of the use of these chemi 
cals as deicing agents or the result of a larger ground- 
water component to streamflow during periods of low 
streamflow.

Table 10. Statistical relations of selected properties and 
chemical constituents to streamflow for Little Eagle Creek at 
16th Street at Speedway, Ind., 1990-92
[p-value, the significance level attained by the data; °C, degree Celsius; 
uS/cm, microsiemen per centimeter at 25° C; mg/L. milligram per liter; 
CaCO3 , calcium carbonate; BOD, biochemical oxygen demand; 
mL, milliliter; ug/L, microgram per liter; <, less than; mm, millimeter; 
number beneath site name is U.S. Geological Survey streamflow-gaging 
station identification number]

Little Eagle Creek at
16th Street at Speedway

03353600
Correlation 

Constituent coefficient
Water temperature (°C)
Specific conductance (|iS/cm)
Dissolved oxygen (mg/L)
pH (pH units)
20-day BOD (mg/L)
Total alkalinity (mg/L as CaCO3)
Fecal coliform (colonies per 100 mL)
Total solids (mg/L)
Dissolved solids (mg/L)
Ammonia (mg/L as nitrogen)
Nitrite (mg/L as nitrogen)
Ammonia plus organic nitrogen

(mg/L as nitrogen)
Nitrite plus nitrate (mg/L as nitrogen)
Phosphorus (mg/L as phosphorus)
Orthophosphate (mg/L as phosphorus)
Dissolved organic carbon (mg/L)
Suspended organic carbon (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fluoride (mg/L)
Arsenic (u,g/L)
Barium (u,g/L)
Cadmium (u,g/L)
Chromium (u,g/L)
Copper (ug/L)
Iron (jig/L)
Lead (u,g/L)
Manganese (ug/L)
Mercury (ug/L)
Zinc (ug/L)
Suspended sediment (mg/L)
Suspended sediment, percent finer

than 0.062 mm

-0.200
-.095
.033
.159
.419

-.483
.332
.179
.023
.363
.665
.275

.430

.427

.410

.275

.524
-.279
-.442
.064

-.227
.050

-.480
-.253
.055
.011
.034
.530
.509
.582
.323
.007
.232
.490
.357
.428

p-value
0.172

.519

.823

.293

.004a

.002a

.024a

.224

.889

.013a
<.001 a

.063

.003a

.004a

.006a

.058
<.001 a

.052

.003a

.657

.125

.726
<.001 a

.102

.736

.946

.841
<.001 a

.001 a
<.001 a

.034a

.962

.169

.002a

.013a

.003a

"Correlation coefficients are statistically significant at the 5-percent 
significance level.
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Figure 11. Seasonal variability in concentrations of selected constituents in samples collected from Little Eagle Creek 
at 52nd Street at Indianapolis, Ind., 1990-92. The solid line is a locally weighted scatterplot smooth.

Constituent Loads

Mean annual loads in Little Eagle Creek were 
determined for selected constituents and are listed, 
along with seasonal loads, in table 11 for the upstream 
site and table 12 for the downstream site. The largest 
loads are transported during spring and winter, when 
streamflow is highest. Dissolved solids constitute the 
largest loads, averaging 53,000 Ib/d at the upstream site 
and 94,000 Ib/d at the downstream site. Suspended- 
sediment transport was 17,000 Ib/d upstream compared 
with 40,000 Ib/d downstream. At the upstream site, 
calcium loads were 3,400 Ib/d; sodium loads were

1,900 Ib/d; chloride loads were 3,600 Ib/d; and sulfate 
loads were 2,400 Ib/d. At the downstream site, calcium 
loads were 9,700 Ib/d; sodium loads were 4,300 Ib/d; 
chloride loads were 8,200 Ib/d; and sulfate loads were 
6,200 Ib/d. Magnesium loads were 870 Ib/d at the 
upstream site and 2,500 Ib/d at the downstream site. 
Nutrient loads ranged from 1.8 Ib/d for orthophosphate 
to 120 Ib/d for nitrite plus nitrate at the upstream site 
and from 12 Ib/d for nitrite to 300 Ib/d for nitrite plus 
nitrate at the downstream site. Iron loads were 880 Ib/d 
upstream and 1,900 Ib/d downstream.
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Storm Samples

Samples were collected once in December 1993 
at both sites in Little Eagle Creek and twice in April 
1994 at the downstream site during periods of high 
streamflow after storms. The results of the analyses of 
these samples are presented in table 19 at the back of 
the report. Diazinon and bis (2-ethyl hexyl) phthalate 
were detected in samples collected at both sites. 
Benzene, chlorpyrifos, malathion, cis-l,2-dichloroet- 
hene, and methyl tert-butyl ether were detected only in 
samples collected at the downstream site (table 7). 
Chlorpyrifos, diazinon, and malathion are pesticides 
that are used in lawn-care and agricultural applications. 
Benzene and methyl tert-butyl ether are associated with 
gasoline; cis-l,2-dichloroethene is a solvent for 
organic materials; and bis (2-ethyl hexyl) phthalate is a 
plasticizer.

Quality of Streambed Sediments

Samples of streambed sediments were collected 
at both sites in Little Eagle Creek. Samples were 
collected in August 1990 during a period of low 
streamflow. Results of the analyses are listed in 
table 20 (organic compounds) and table 21 (metals) at 
the back of the report.

Fifteen organic compounds were detected in the 
streambed-sediment samples at concentrations equal to 
or greater than the reporting limit (table 8). Compounds 
detected in samples from both sites are chlordane, 
dieldrin, malathion, and diazinon. Only samples from 
the upstream site had detectable concentrations of 
p,p'-DDD and heptachlor epoxide. Benzo(a)pyrene; 
chrysene; fluoranthene; indeno(l,2,3-CD)pyrene; 
phenanthrene; pyrene; benzo(g,h,i)perylene; aldrin; 
and PCB's were detected only in samples from the 
downstream site. Thirteen organic compounds were 
detected in streambed-sediment samples from the 
downstream site, which is slightly more industrialized. 
Six organic compounds were detected in samples from 
the upstream site.

Analysis of metals in the streambed sediments at 
both sites in Little Eagle Creek indicated that concen 
trations of antimony, arsenic, cobalt, chromium, iron, 
manganese, mercury, silver, titanium, and zinc were 
larger in samples collected at the upstream site 
compared to samples from the downstream site. 
Concentrations of cadmium, copper, lead, and sele 
nium were highest in sediment samples from the down 
stream site (table 21).

Comparison of Little Buck and Little Eagle 
Creeks

This section describes the comparison between 
the Little Buck Creek and Little Eagle Creek drainage 
basins. Comparison between the streams was based 
upon analyses of data collected from the downstream 
sites in each drainage basin.

Land Use

At the downstream sites, land use in the Little 
Buck Creek drainage basin was 56.3 percent residential 
and 34.3 percent agricultural, with only 2.0 percent 
commercial land use. In comparison, land use in the 
Little Eagle Creek drainage basin was 32.7 percent 
residential, 27.3 percent commercial, and 24.4 percent 
agricultural (table 1). These differences in land use may 
account for some of the variation in water quality 
between the streams.

Streamflow

During the study period, more streamflow was 
measured in Little Buck Creek than in Little Eagle 
Creek. The average streamflow during the 1990 92 
study period was 1.52 ft3/s/mi2 in the Little Buck Creek 
drainage basin and 1.32 ft3/s/mi2 in the Little Eagle 
Creek drainage basin. Runoff was almost 43 in. in the 
Little Buck Creek drainage basin and about 37 in. in the 
Little Eagle Creek drainage basin during 1990 92. A 
statistical analysis, however, indicated no statistical 
difference in the instantaneous streamflows at the time 
of sample collection (table 13). Therefore, differences 
in water quality between the two streams do not relate 
to streamflow but rather may indicate that other factors, 
such as land use, ground-water quality, or geology of 
the drainage basins, may affect water quality.

Water Quality

For the downstream sites on Little Buck Creek 
and Little Eagle Creek, the ranges and median values 
for water-quality parameters and constituents are listed 
in table 13. Comparisons of these concentrations are 
displayed graphically in the boxplots in figure 13. 
Specific conductance, pH, and concentrations of total 
alkalinity, dissolved solids, calcium, magnesium, 
sodium, and chloride were significantly larger in water 
samples collected from the downstream site on Little 
Buck Creek than in samples collected from the down 
stream site on Little Eagle Creek (table 13, fig. 12).
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Table 13. Quartile statistics for measurements of properties and concentrations of selected constituents for samples collected 
at the downstream sites in the Little Buck Creek and Little Eagle Creek drainage basins near Indianapolis, Ind., 1990-92
[p-value, the significance level attained by the data; ftVs, cubic foot per second; °C, degrees Celsius; uS/cm, microsiemen per centimeter at 25°C; 
<, less than; mg/L, milligram per liter; BOD, biochemical oxygen demand; CaCC^, calcium carbonate; mL, milliliter; ug/L, microgram per liter; 
mm, millimeter; numbers beneath site names are U.S. Geological Survey streamflow-gaging station identification numbers]

Little Buck Creek 
near Indianapolis 

03353637

Constituent

Streamflow (ft3/s)
Water temperature (°C)
Specific conductance (jiS/cm)
Dissolved oxygen (mg/L)
pH (pH units)
20-day BOD (mg/L)
Total alkalinity (mg/L as CaCO3)
Fecal coliform (colonies per 100 mL)
Total solids (mg/L)
Dissolved solids (mg/L)
Ammonia (mg/L as nitrogen)
Nitrite (mg/L as nitrogen)
Ammonia plus organic nitrogen 

(mg/L as nitrogen)

Nitrite plus nitrate (mg/L as nitrogen)
Phosphorus (mg/L as phosphorus)
Orthophosphate (mg/L as phosphorus)
Dissolved organic carbon (mg/L)
Suspended organic carbon (mg/L)
Calcium (mg/L)
Magnesium (mg/L)
Sodium (mg/L)
Potassium (mg/L)
Chloride (mg/L)
Sulfate (mg/L)
Fluoride (mg/L)
Arsenic (u.g/L)
Barium (ug/L)

Cadmium (ug/L)
Chromium (u.g/L)
Copper ([LglL)
Iron (ug/L)
Lead (jig/L)
Manganese (Ug/L)
Mercury (ug/L)
Zinc (jxg/L)
Suspended sediment (mg/L)
Suspended sediment, percent finer than 

0.062 mm

25th

4.9
4.9

664
9.0
7.9
2.2

221
195
445
417

.02

.01

.3

.7

.02

.010
2.9

.3
77
24
36

1.7
63
38

.1
<1

<100
<1
<1

3
165

1
40
<.l

<10
18

23

Quartile
50th

10.7
11.0

745
11.0
8.0
3.6

253
691
490
464

.03

.02

.5
1.0

.03

.013
3.2

.3
84
26
44

2.0
78
48

.2
<1

<100
<1
<1

4
210

2
50
<.l

10
26

48

75th

24.5
21.3

783
12.2
8.2
5.0

272
2,100

516
494

.05

.03

.6
1.4

.06

.025
4.6

.5
92
28
46

2.4
87
53

.2
1

<100
<1

2
6

330
4

55
<.l

10
44

72

Little Eagle Creek at 16th Street 
at Speedway 

03353600

25th

2.8
5.3

557
7.8
7.5
4.1

171
188
394
370

.02

.02

.6

.4

.02

.007
3.9

.4
66
18
23
2.0

44
46

.2
<1

<100
<1
<1

3
330

2
70
<.l

<10
27

40

Quartile
50th

12
12.4

658
10.6
7.8
5.1

217
523
455
408

.07

.03

.7
1.3
.04
.012

4.5
.5

78
23
28
2.4

55
56

.2
<1

<100
<1

2
5

470
3

80
<.l

20
39

64

75th

32
21.4

720
11.7
8.0
8.7

245
1,900

542
461

.16

.05

.9
1.9

.08

.036
4.8

.8
87
25
32
2.6

70
60

.3
1

<100
<1

3
7

1,500
8

90
<.l

30
56

89

p-value

0.782
.335

<.001 a
.064

<.001a
.004a

<.001 a
.780
.123
.009a

<.001 a
.002a

<.001 a
.283
.389
.111

<.001 a
.010a
.008a

<.001 a
<.001 a
<.001 a

.012a

.098

.008a

.938

.500
1.000
.025a
.848

<.001 a
.202

<.001 a
:750

.004a

.043a

<.001 a
Correlation coefficients are statistically significant at the 5-percent significance level.
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LAND USE 
Little Buck Creek

Other,
1.4 percent

Commercial, 
2.0 percent

Undeveloped, 
1.9 percent

Wooded,
4.1 percent Wooded,

6.4 percent

Undeveloped, 
6.8 percent

Residential, 
32.7 percent

Commercial, 
27.3 percent

Other, 
2.4 percent

LAND USE 
Little Eagle Creek

Constituent concentration or property
measurement significantly larger at

Little Buck Creek near Indianapolis, Ind.
compared to Little Eagle Creek at 16th Street

at Indianapolis, Ind.

Specific Conductance
pH

Total Alkalinity 
Dissolved Solids

Calcium
Magnesium

Sodium
Chloride

Constituent concentration or property
measurement significantly larger at

Little Eagle Creek at 16th Street
at Indianapolis, Ind.

compared to Little Buck Creek near
Indianapolis, Ind.

20-day Biological Oxygen Demand 
Ammonia

Nitrite
Ammonia plus Organic Nitrogen

Dissolved Organic Carbon
Suspended Organic Carbon

Potassium
Fluoride

Chromium
Iron 

Manganese
Zinc

Suspended Sediment 
Suspended Sediment, percent less than 0.062 millimeters

Figure 12. Land use and list of properties or constituents with significantly larger measurements or concentrations 
between the downstream sites in the Little Buck Creek and Little Eagle Creek drainage basins near Indianapolis, Ind., 
1990-1992.
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Although statistically larger in water samples 
from Little Buck Creek compared to concentrations in 
samples from Little Eagle Creek, concentrations of 
sodium and chloride were frequently larger in the Little 
Eagle Creek drainage basin during January, February, 
and March. These results may indicate the use of these 
chemicals as deicing agents on the roadways or the 
result of ground-water input to the streams that is 
affected by the geology of the drainage basins.

Concentrations of 20-day BOD, ammonia, 
nitrite, ammonia plus organic nitrogen, dissolved 
organic carbon, suspended organic carbon, potassium, 
fluoride, chromium, iron, manganese, zinc, suspended 
sediment, and suspended sediment (percent finer than 
0.062 mm) were significantly larger in samples from 
the downstream site on Little Eagle Creek than in 
samples from the downstream site on Little Buck Creek 
(fig. 12, table 13). Comparisons of these concentrations 
are displayed graphically in the boxplots in figure 14.

The larger nutrient concentrations in samples 
from Little Eagle Creek may result from lawn care in 
the commercial and residential areas of the drainage 
basin, although agriculture is more predominant in the 
Little Buck Creek drainage basin. Larger concentra 
tions of metals may be related to runoff from commer 
cial and industrial areas, which are more predominant 
in the Little Eagle Creek drainage basin.

Constituent Loads

Mean annual loads for selected constituents were 
compared between the two downstream sites for each 
stream (table 14). Mean annual loads generally were 
largest in Little Eagle Creek, partially a result of about 
a 25-percent greater streamflow in that drainage basin 
during the period of study. Estimated loads of nitrite, 
ammonia plus organic nitrogen, orthophosphate, iron, 
and manganese were more than twice as large in Little 
Eagle Creek as compared to Little Buck Creek.

Storm Samples

The complete data set from the storm samples 
are presented in table 19 at the back of the report. In the 
Little Buck Creek drainage basin, chlorpyrifos, 
malathion, and diazinon were detected at the upstream 
and downstream sites, and methoxychlor was detected 
at the upstream site (table 7). In the Little Eagle Creek 
drainage basin, bis (2-ethyl hexyl) phthalate and diaz

inon were detected at the upstream and downstream 
sites. Chlorpyrifos, malathion, cis-l,2-dichloroethene, 
methyl tert-butyl ether, and benzene were only detected 
at the downstream site. Concentrations of diazinon 
were significantly larger in the Little Buck Creek 
drainage basin. Concentrations of bis (2-ethyl hexyl) 
phthalate, a plasticizer, were significantly larger in the 
Little Eagle Creek drainage basin.

Quality of Streambed Sediments

Streambed sediment samples were collected in 
August 1990, during a period of relatively low flow. 
Streambed-sediment data are presented in tables 20 and 
21 at the back of the report.

Seventeen organic compounds were detected in 
four streambed-sediment samples at concentrations 
equal to or greater than the reporting limit (table 8). 
Compounds detected at all four sites include chlordane, 
dieldrin, diazinon, and malathion. Three sites had 
detectable concentrations of heptachlor epoxide; p,p'- 
DDD and p,p'-DDE were each detected at two sites; 
and aldrin, benzo(a)pyrene, benzo(g,h,i)perylene, 
chrysene, fluoranthene, indeno(l,2,3-CD) pyrene, 
phenanthrene, pyrene, p,p'-DDT, and PCB's were 
detected at one site each. Sites in the most urban areas 
were the ones with the most organic compounds 
detected in Streambed sediments. Little Eagle Creek at 
Speedway had 13 detectable organic compounds; Little 
Buck Creek near Indianapolis had 8; Little Eagle Creek 
at 52nd Street and Little Buck Creek near Southport 
each had 6 organic compounds detected in the 
Streambed sediments.

Concentrations of metals were similar in the 
Streambed sediments of both streams. With only a few 
exceptions, concentrations of metals in Streambed sedi 
ments of the Little Eagle Creek drainage basin were 
slightly larger than or equal to those of the Little Buck 
Creek drainage basin (table 21). Large metal concen 
trations may relate to runoff from commercial areas 
where various industries that use these constituents are 
in operation.
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are largest in Little Buck Creek near Indianapolis, Ind., 1990-92.
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Table 14. Mean annual loads of selected water-quality constituents at the downstream sites 
in the Little Buck Creek and Little Eagle Creek drainage basins near Indianapolis, Ind., 1990-92
[lb/d, pound per day]

Little Buck Creek near 
Indianapolis 

03353637

Constituent
Dissolved solids

Ammonia

Nitrite

Ammonia plus organic nitrogen

Nitrite plus nitrate

Phosphorus

Orthophosphate

Dissolved organic carbon

Suspended organic carbon

Calcium

Magnesium

Sodium

Potassium

Chloride

Sulfate

Fluoride

Copper

Iron

Lead

Manganese

Suspended sediment

Mean 
annual 

load 
(lb/d)

69,000

15

4.2

85

200

16

9

570

340

9,000

2,600

4,300

300

7,500

4,900

27

2.0

99

3.6

20

26,000

Standard 
deviation

2,600

13
.95

10

31

9

5

38

160

210

55

150

10

280

240

4

.39

65
6.6

4

17,000

Little Eagle Creek at 16th 
Street at Speedway 

03353600
Mean 

annual 
load 
(lb/d)

94,000

60

12

190

300

18

23

900

550

9,700

2,500

4,300

390

8,200

6,200

38
2.4

1,900

2.9

42

40,000

Standard 
deviation

7,600

35

2

38

38

5

13

61

350

370

87

250

15

430

290

7

.58

690

1.2

19

16,000

Summary

Water samples were collected monthly from 
February 1990 through February 1992 in two drainage 
basins in Indianapolis. An upstream and a downstream 
site were sampled in the Little Buck Creek and Little 
Eagle Creek drainage basins. Storm-event samples 
were collected in 1993 and 1994 to describe the water- 
quality conditions when runoff resulted in increased 
streamflow following a period of relatively dry 
weather. Streambed sediments were collected in 1990 
during a period of low flow to describe their chemistry. 
Aerial photographs taken in 1985 indicated that the 
Little Buck Creek drainage basin was predominantly 
residential (56.3 percent) and agricultural 
(34.3 percent), with only 2 percent commercial land

use, compared with the Little Eagle Creek drainage 
basin, which was 32.7 percent residential, 27.3 percent 
commercial, and 24.4 percent agricultural. Both 
drainage basins were undergoing development during 
the study period.

Based on long-term streamflow records from the 
downstream site on Little Eagle Creek (at Speedway), 
mean monthly flows during the study period were 
generally larger than the long-term average flow. 
Although instantaneous discharge at the time of 
sampling was not significantly different between Little 
Buck Creek and Little Eagle Creek, there was more 
total streamflow in the Little Eagle Creek drainage 
basin than in the Little Buck Creek drainage basin 
during the study period.
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In the Little Buck Creek drainage basin, 
measurements of water temperature and concentrations 
of nitrite plus nitrate, phosphorus, dissolved organic 
carbon, iron, and manganese were significantly larger 
at the upstream site in the drainage basin. At the down 
stream site, significantly larger measurements of 
instantaneous streamflow, specific conductance, and 
pH, and concentrations of total alkalinity, total solids, 
dissolved solids, calcium, magnesium, sodium, potas 
sium, chloride, and sulfate were determined. At the 
downstream site in the Little Buck Creek drainage 
basin, nitrite, nitrite plus nitrate, suspended organic 
carbon, chromium, copper, iron, lead, manganese, 
suspended sediment, and suspended sediment (percent 
finer than 0.062 mm) had significant positive correla 
tions with streamflow. Water temperature, magnesium, 
sodium, chloride, and sulfate concentrations had signif 
icant negative correlations with streamflow.

Also in the Little Buck Creek drainage basin, 
water temperature, dissolved organic carbon, phos 
phorus, and potassium were higher during spring and 
summer and lower during fall and winter. Specific 
conductance, dissolved oxygen, and pH, and concen 
trations of nitrite plus nitrate, dissolved solids, calcium, 
magnesium, sodium, chloride, and manganese were 
larger during fall and winter and lower during spring 
and summer. Mean annual load calculations indicate 
that the largest loads are transported during winter and 
spring when streamflow tends to be highest.

In the Little Eagle Creek drainage basin, 
measurements of specific conductance and pH and 
concentrations of total solids, dissolved solids, 
ammonia, dissolved organic carbon, calcium, magne 
sium, sodium, potassium, chloride, and sulfate were 
determined to be significantly larger in samples from 
the upstream site when compared with samples from 
the downstream site. Measurements of instantaneous 
streamflow and water temperature, and concentrations 
of nitrite plus nitrate and suspended organic carbon 
were significantly larger in samples from the down 
stream site. At the downstream site, concentrations of 
20-day BOD, fecal coliform, ammonia, nitrite, nitrite 
plus nitrate, phosphorus, orthophosphate, suspended 
organic carbon, chromium, copper, iron, lead, zinc, 
suspended sediment, and suspended sediment (percent 
finer than 0.062 mm) had significant positive correla 
tions with streamflow. Total alkalinity, magnesium, and 
sulfate had significant negative correlations with 
streamflow.

Also in the Little Eagle Creek drainage basin, 
water temperature, dissolved organic carbon, phos 
phorus, potassium, and fluoride were higher during 
spring and summer and lower during fall and winter. 
Specific conductance, dissolved oxygen, pH, dissolved 
solids, nitrite, nitrite plus nitrate, calcium, magnesium, 
sodium, chloride, and sulfate concentrations generally 
increased during fall and winter and decreased during 
spring and summer. Mean annual load calculations 
indicate that the highest loads are transported during 
winter and spring when streamflow tends to be highest.

A statistical comparison of water quality in Little 
Buck Creek and Little Eagle Creek indicated that 
specific conductance, pH, and concentrations of total 
alkalinity, dissolved solids, calcium, magnesium, 
sodium, and chloride were significantly larger in Little 
Buck Creek. Little Eagle Creek had significantly larger 
concentrations of 20-day BOD, ammonia, nitrite, 
ammonia plus organic nitrogen, dissolved organic 
carbon, suspended organic carbon, potassium, fluoride, 
chromium, iron, manganese, zinc, suspended sediment, 
and suspended sediment (percent finer than 0.062 mm). 
Mean annual loads generally were largest in the Little 
Eagle Creek drainage basin, although most constituent 
loads were comparable between drainage basins. This 
was probably due to the larger amount of streamflow in 
Little Eagle Creek during the study period.

Instantaneous streamflow at the time of 
sampling was similar between the Little Buck Creek 
and Little Eagle Creek drainage basins. Therefore, 
much of the variation in water quality might be related 
to the differences in land use between the drainage 
basins; land use was described as a principal factor in 
affecting the water-quality changes between the 
upstream and downstream sites. The large nutrient 
concentrations in samples from Little Eagle Creek may 
result from lawn-care services in the commercial and 
residential parts of the drainage basin, although agri 
culture is more predominant in the Little Buck Creek 
drainage basin. Large concentrations of calcium, 
sodium, and chloride at the downstream sites may be 
the result of using these chemicals as deicing agents on 
roadways or possibly the result of a larger ground- 
water component to streamflow during periods of low 
streamflow.

Storm samples were analyzed primarily for 
organic compounds, of which diazinon was detected at 
all four sites in the study area. In the Little Buck Creek 
drainage basin, chlorpyrifos, diazinon, and malathion 
were detected at both sites, and methoxychlor was
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detected at the upstream site. In the Little Eagle Creek 
drainage basin, bis (2-ethyl hexyl) phthalate and diaz- 
inon were detected at both sites. Benzene; cis-1,2- 
dichloroethene; chlorpyrifos; malathion; and methyl 
tert-butyl ether were only detected at the downstream 
site.

Streambed sediments were sampled to determine 
the concentrations of selected organic compounds and 
metals in the streambed. Seventeen organic compounds 
were detected in the streambed-sediment samples, of 
which chlordane, dieldrin, malathion, and diazinon 
were detected at all four sites. Little Eagle Creek at 
Speedway had 13 detectable organic compounds; Little 
Buck Creek near Indianapolis had 8; Little Eagle Creek 
at 52nd Street and Little Buck Creek near Southport 
each had 6 organic compounds detected in the sedi 
ments. Concentrations of metals were similar in the 
streambed sediments of both streams, with the Little 
Eagle Creek drainage basin having some concentra 
tions slightly larger than those in the Little Buck Creek 
drainage basin.
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Supplemental Data
Tables 15-19: Water-quality data for:

15. Monthly samples collected at site 03353630 Little Buck Creek near Southport, Ind., 1990-92

16. Monthly samples collected at site 03353637 Little Buck Creek near Indianapolis, Ind., 1990-92

17. Monthly samples collected at site 03352551 Little Eagle Creek at 52nd Street at Indianapolis, Ind., 
1990-92

18. Monthly samples collected at site 03353600 Little Eagle Creek at 16th Street at Speedway, Ind., 
1990-92

19. Storm-event samples collected at sites on Little Buck and Little Eagle Creeks, Indianapolis, Ind., 
1993-94

20. Chemical constituent data for organic constituents in streambed sediments at sites on Little Buck and 
Little Eagle Creek near Indianapolis, Ind., August 1990

21. Concentrations of metals and total organic carbon in streambed sediments at sites on Little Buck and 
Little Eagle Creek near Indianapolis, Ind., August 1990
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Table 15. Water-quality data for monthly samples collected at site 03353630 Little Buck Creek near Southport, Ind., 1990-92

[mm-dd-yyyy, date in month-day-year format; hhmm, hours and minutes; deg C, degree Celsius; jiS/cm, microsiemen per centimeter; 
mg/L, milligram per liter; CaCC^, calcium carbonate; E, estimated value; fim-mf, micrometer-microfiltered; mL, milliliter; 
--, not measured or determined; N, nitrogen; P, phosphorus; K, values estimated from non-ideal colony counts; <, less than; >, greater than; 

C, carbon; Hg/L, milligram per liter; mm, millimeter; all concentrations reported as total constituents unless otherwise noted]

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

10-10-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Time 
(hhmm)

1300

1400

1135

1430

0915

1120

1400

1200

1315

1150

1400

0950

1110

1415

0930

1415

1100

0900

0930

1030

1000

1040

1515

1040

1015

Discharge 
(cubic feet 
per second)

15

2.9

12

71

8.1

.7

1.3

.37

12.5

1.3

2.6

E4

6.1

126

5.6

1.9

.16

.6

.47

.22

.03

.72

2.3

4.5

9.2

Temper 
ature 

(deg C)

5.5

5.6

6.6

 18.3

19.6

22.3

20.3

22.7

13.3

6.0

7.6

.1

2.9

3.0

12.5

19.8

21.7

21.4

18.9

19.3

14.7

3.1

6.5

1.9

4.2

Specific 
conduct 

ance 
(|iS/cm)

639

681

610

358

564

638

611

601

584

693

681

644

634

318

628

615

623

335

393

489

412

719

715

772

736

Oxygen, 
dissolved 

(mg/L)

11.6

14.9

13.4

8.2

8.1

8.4

8.9

7.3

9.4

13.2

12.7

12.9

11.7

11.8

10.3

12.2

6.3

7.0

6.6

7.3

6.8

12.2

14.1

14.2

12.6

pH, field 
(standard 

units)

8.0

8.0

8.1

7.5

7.7

7.9

8.0

7.7

7.8

8.0

8.1

7.8

8.0

7.5

7.9

8.2

7.6

7.8

7.7

7.8

7.9

8.1

8.4

8.4

8.2

20-day 
biochemical 

oxygen 
demand 
(mg/L)

4.1

3.6

10

7.8

5.5

4.7

2.1

3.6

4.6

2.9

2.7

1.9

2.4

6.2

3.3

3.5

1.5

E4.9

14

3.8

E9.8

1.9

1.0

1.0

6.7

Alkalinity 
(mg/L as 
CaC03)

224

254

216

128

184

234

242

236

233

282

290

261

253

121

244

248
-

104

115
--

--

242

236

245

228
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Table 15. Water-quality data for monthly samples collected at site 03353630 Little Buck Creek near Southport, Ind. 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

10-10-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Fecal 
conform, 
0.7 nm-mf 
(colonies 

per 100 mL)

300

K3

77

1,980

8,000

600

500

490

1,270

40

188

2,500

4,000

1,130
--

185

520

K20.300

K8J90

2,600

73

120

1,430

2,100

600

Solids 
residue at 
105 deg C 

(mg/L)

427

431

392

376

493

391

433

334

411

462

462

427

399

321

398

391

412

241

299

326

255

500

506

454

517

Solids 
residue at 
180 deg C, 
dissolved 

(mg/L)
--

-

«

--

--

-

404

352

377

450

434

408

397

186

372

371

394

191

236

298

238

485

471

421

465

Nitrogen 
ammonia 

(mg/L as N)

0.03

.01

.01

.13

.09

<.01

.02

.02

.05

.01

.03

.04

.03

.15

.03

.04

.05

.04

.14

.02

.04

<.01

.01

.01

.01

Nitrogen 
nitrite 

(mg/L as N)

0.02

.01

.02

.06

.15

.01

.02

<.01

.03

<.01

.02

.02

.01

.04

.03

.03

.02

.03

.06

.01

<.01

<.01

.02

.01

.02

Nitrogen 
ammonia 

plus 
organic 

(mg/L as N)

0.9

.4

.5

.9

.7

.5

.4

.9

.6

.4

.2

.4

.4

1.0

.5

.6

.5

1.1

1.3

.6

.8

.4

.3

.2

.4

Nitrogen 
nitrite plus 

nitrate 
(mg/L as N)

2.0

1.2

1.9

1.7

7.5

1.4

1.2

.4

1.5

.3

1.2

1.7

1.5

1.4

1.1

.54

.66

.62

.44

.15

.09

1.2

1.9

2.3

2.7

Phos 
phorus 
(mg/L 
asP)

0.04

<.01

.05

. .15

.08

.04

.05

.04

.08

.02

.02

<.01

.03

.15

.05

.03

.06

.14

.22

.07

.11

.03

.03

.01

.03

Phos 
phorus 
ortho, 
(mg/L 
asP)

0.026

.007

.009

.158

.055

.008

.018

.026

.057

.057

.010

.011

.020

.110

.018

.015

.042

.086

.049

.036

.060

.015
--

.004

.007
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Table 15. Water-quality data for monthly samples collected at site 03353630 Little Buck Creek near Southport, Ind. 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

10-10-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Carbon 
organic, 

dissolved 
(mg/L as C)

3.9

2.9

3.6

6.4

5.8

3.6

4.4

4.2

4.7

4.0

3.8

2.2

2.8

5.9

3.1

3.7

3.5

8.0

8.1

5.2

8.8

4.1

3.5

2.6

3.3

Carbon 
organic, 

suspended 
(mg/L as C)

0.3

.3

.5

3.0

1.2

.8

.4

.4

.5

.3

.3

.4

.7

>5

.4
-

.3

.8

1.4

.5

.9

.3

.3

.6

.4

Calcium 
(mg/L)

77

82

62

44

69

78

74

73

75

87

91

86

84

37

78

81

85

38

44

62

48

91

87

91

85

Magne 
sium 

(mg/L)

23

27

19

12

21

26

23

24

22

29

28

26

26

10

24

24

26

11

13

18

13

27

26

28

25

Sodium 
(mg/L)

27

27

20

12

18

25

26

26

25

33

29

29

27

13

26

28

26

11

16

19

14

39

34

37

34

Potas 
sium 

(mg/L)

1.6

1.1

1.2

2.6

2.1

1.6

1.8

2.1

2.4

1.5

1.5

1.3

1.3

2.3

1.4

1.5

1.9

3.0

4.1

3.5

4.6

2.7

1.6

1.2

1.4

Chloride 
(mg/L)

54

60

45

20

39

48

45

46

51

61

59

59

55

22

47

51

50

18

28

36

25

89

71

77

73

Sulfate 
(mg/L)

41

44

33

17

35

40

30

34

36

36

41

39

42

23

33

33

35

19

35

48

33

85

58

57

52

Fluoride 
(mg/L)

0.2

.3

<.l

<.l

.4

.3

.1

<.l

.3

<.l

.3

<.l

<.l

.1

<.l

.2

.2

.2

<.l

.2

.4

.4

.2

.2

.2
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Table 15. Water-quality data for monthly samples collected at site 03353630 Little Buck Creek near Southport, Ind., 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

10-10-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Arsenic

<1

1

<1

1

1

1

1

2

1

<1

<1

<1

<1

1

<1

1

2

2

2

1

<1

1

<1

<1

<1

Barium 
(H9/L)

200

200

<100

<100

<100

<100

<100

<100

<100

<100

100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

<100

200

Cadmium Chromium 
(ng/L) (ng/L)
<1 2

<1 <1

3 2

<1 6

<1 2

<1 1

<1 2

<1 2

<1 1

<1 1

<1 <1

<1 2

<1 <1

<1 4

<1 2

<1 <1

<1 <1

<1 1

<1 1

<1 2

<1 1

<1 <1

<1 <1

1 <1

<1 2

Copper 
(H9/L)

7

<1

4

12

7

5

3

4

11

7

5

4

4

10

5

4

5

7

6

3

5
.. .

-

5

5

Iron 
(H9/L)

700

400

870

6,100

1,700

320

360

320

720

280

260

380

430

120

730

310

280

610

2,200

270

420

240

280

290

230

Lead
<ng/L)

5

2

2

8

3

2

1

2

3

3

1

2

2

7

2

2

2

2
--

7

3

2

<1

19

1

Manga 
nese 

(H9/L)

70

80

80

110

70

40

40

60

60

40

60

90

90

120

80

60

70

60

80

40

90

50

50

70

50

Zinc

90

30

20

40

100

10

10

20

10

<10

<10

<10

<10

20

<10

<10

<10

<10

20

<10

30

<10

20

20

10
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Table 15. Water-quality data for monthly samples collected at site 03353630 Little Buck 
Creek near Southport, Ind., 1990-92 Continued

Date Mercury 
(mm-dd-yyyy) (H9/L)

02-07-1990 <0.1

03-07-1990 <.l

04-12-1990 <.l

05-17-1990 <.l

06-21-1990 <.l

07-19-1990 <.l

08-08-1990 <.l

09-05-1990 <.l

10-11-1990 <.l

11-14-1990 <.l

12-12-1990 <.l

01-24-1991 <.l

02-13-1991 <.l

03-13-1991 <.l

04-18-1991 <.l

05-08-1991 <.l

06-13-1991 <.l

07-11-1991 <.l

08-15-1991 <.l

09-05-1991 <.l

10-10-1991 <.l

11-07-1991 <.l

12-11-1991 <.l

01-30-1992 <.l

02-20-1992 <.l

Sediment, 
suspended 

(mg/L)

46

40

37

125

43

29

72

16

50

37

4

35

20

88

32

68

16

17

41

8

7

3

41

31

51

Sediment, 
suspended 

(sieve diameter percent 
finer than 0.062 mm)

61.7

28.8

66.3

97.2

92.8

70.0

38.7

69.5

56.6

31.0

16.1

38.1

51.4

94.3

69.2

14.7

62.5

66.2

87.0

71.0

100

88.9

28.9

32.7

19.6
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Table 16. Water-quality data for monthly samples collected at site 03353637 Little Buck Creek near Indianapolis, 
1990-92

[mm-dd-yyyy, date in month-day-year format; hhmm, hours and minutes; deg C, degree Celsius; jxS/cm, microsiemen per centimeter; 
mg/L, milligram per liter; CaCO3 , calcium carbonate; E, estimated value; nm-mf, micrometer-microfiltered; mL, milliliter; 
-, not measured or determined; N, nitrogen; P, phosphorus; K, values estimated from non-ideal colony counts; <, less than; >, greater than; 

C, carbon; ng/L, milligram per liter; mm, millimeter; all concentrations reported as total constituents unless otherwise noted]

Ind.,

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Time 
(hhmm)

0930

1030

1435

1100

1200

0815

1100

0900

1030

1415

1100

1300

1430

1030

1115

1215

1400

1200

1145

1215

1315

1235

1230

1200

Discharge 
(cubic feet 
per second)

36

13

29

210

20

4.4

7.5

3.0

44

5.4

11

17

36

390

19

10

3.9

6.1

1.1

.09

2.5

6.9

9.6

16

Temper 
ature 

(degC)

5.9

4.6

10.2

16.1

23.1

21.7

19.7

20.9

11.9

8.3

7.5

1.2

4.9

3.2

14.8

18.7

26.2

22.1

21.8

24.6

4.2

6.4

3.4

4.9

Specific 
conduct 

ance 
(US/cm)

771

825

708

413

586

785

715

783

589

768

783

763

768

371

712

734

721

594

662

667

756

831

899

861

Oxygen, 
dissolved 

(mg/L)

10.8

13.1

11.7

8.5

7.9

8.2

9.0

7.4

9.4

13.8

11.3

12.4

11.1

12.0

10.8

9.9

9.9

7.4

8.9

11.9

12.4

11.7

14.4

13.6

pH, field 
(standard 

units)

8.0

7.9

8.2

7.6

7.8

7.8

7.9

7.9

8.1

7.8

8.2

8.1

8.1

7.6

8.1

8.2

8.1

7.9

7.9

7.9

8.1

8.3

8.7

8.4

20-day 
biochemical 

oxygen 
demand 
(mg/L)

3.26

3.08

4.43

E7.8

4.5

3.4

1.3

2.1

5.0

2.2

2.5

1.1

3.7

E6.2

3.01

4.0

6.6

4.35

5.07

2.0

1.95

2.17

8.23

6.57

Alkalinity 
(mg/L as 
CaC03)

246

272

234

154

189

260

267

276

218

294

311

281

277

100

252

269
-

185

221
«

254

252

263

247
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Table 16. Water-quality data for monthly samples collected at site 03353637 Little Buck Creek near Indianapolis, Ind., 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Fecal 
coliform, 
0.7 nm-mf 
(colonies 

peMOOmL)

620

87

114

193,000

8330

1,400

667

300

2,400

48

1,230

310

1,670

3,100

210

715

900

4,200

3,330

1,800

180

107

160

440

Solids 
residue at 
105degC 

(mg/L)

503

514

374

633

442

475

475

531

438

503

502

490

499

489

438

449

448

385

460

441

519

604

518

519

Solids 
residue at 
130degC, Nitrogen 
dissolved ammonia 

(mg/L) (mg/L as N)
--

~

- "

-

--

--

465

464

383

489

491

494

493

220

417

443

434

353

421

417

503

626

544

520

0.04

<.01

.02

.12

.05

<.01

.03

.02

.05

.01

.05

.08

.04

.17

.02

.02

.02

.04

.06

.04

.03

.02

<.01

.02

Nitrogen 
nitrite 

(mg/L as N)

0.03

.01

.02

.06

.10

.02

.02

.01

.02

<.01

.03

.01

.01

.04

.02

.02

.01

.03

.04

.01

<.01

.01

.01

.02

Nitrogen 
ammonia 

plus 
organic 

(mg/L as N)

0.7

.2

.7

1.0

.5

.6

.6

.6

.6

.4

.3

.3

.6

.8

.4

.5

1.0

.6

.5

.3

.3

.2

.2

.4

Nitrogen 
nitrite 

plus nitrate 
(mg/L as N)

1.7

1.2

1.4

1.3

3.2

.90

.90

.70

1.1

.40

.99

1.5

1.3

1.1

.59

.66

.54

.78

.81

.64

.95

1.6

1.7

2.2

Phos 
phorus 
(mg/L 
asP)

0.06

.01

.04

.15

.06

.03

.03

.01

.09

.02

.04

.01

.03

.15

.02

.03

.04

.07

.05

.03

.03

.03

<.01

.03

Phos 
phorus 
ortho, 
(mg/L 
asP)

0.030

.013

.013

.134

.048

.013

.022

.012

.008

.008

<.010

.020

.011

.121

.012

.015

.008

.031

.016

.022

.025
-

.007

.009
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Table 16. Water-quality data for monthly samples collected at site 03353637 Little Buck Creek near Indianapolis, Ind., 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

11-07-1991

12-11-1991

01-30-1992

02-20-1992

Carbon 
organic, 

dissolved 
(mg/L as C)

3.7

2.7

4.7

5.5

4.6

3.3

3.4

2.9

4.6

3.1

2.9

2.4

2.9

5.2

2.7

3.2

3.5

5.2

5.4

2.3

3.0

3.0

2.6

3.3

Carbon 
organic, 

suspended 
(mg/L as C)

0.4

.2

.4

4.9

.7

.2

.3

.2

.4

.3

.6

.5

.5

4.0

.3

.3
1.1

.3

.3

.3

.3

.2

.3

.5

Calcium 
(mg/L)

85

93

80

49

67

86

81

88

73

86

98

95

92

40

81

83

83

64

75

79

92

93

96

91

Magne 
sium 

(mg/L)

25

30

25

12

20

28

24

29

20

29

29

28

27

11

25

26
28

19

25

26

28

27

29

26

Sodium 
(mg/L)

45

41

36

17

26

45

38

49

30

46

43

46

48

22

40

45
48

35

43

33

47

46

58

53

Potas 
sium 

(mg/L)

1.8

1.4

1.7

2.6

2.5

2.3

2.4

2.4

2.9

2.0

1.8

1.6

1.6

2.1

1.7

1.9
2.0

3.1

2.6

2.4

2.6

2.0

1.7

1.7

Chloride 
(mg/L)

78

86

63

26

50

86

56

99

55

87

71

82

87

35

71

74

84

63

77

71

100

97

110

100

Sulfate 
(mg/L)

48

53

27

20

39

53

36

53

38

47

44

47

49

25

36

44
49

48

47

56

75

77

68

63

Fluoride 
(mg/L)

0.2

.2

<.l

<.l

.3

.3

.3

<.l

.1

<.l

.5

<.l

.1

.2

<.l

.1

.2

.2

.2

.2

.3

.3

.2

.2
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Table 16. Water-quality data for monthly samples collected at site 03353637 Little Buck Creek near Indianapolis, Ind., 
1990-92 Continued

Date 
(mm-dd-yyyy)

02-07-1990

03-07-1990

04-12-1990

05-17-1990

06-21-1990

07-19-1990

08-08-1990

09-05-1990

10-11-1990

11-14-1990

12-12-1990

01-24-1991

02-13-1991

03-13-1991

04-18-1991

05-08-1991

06-13-1991

07-11-1991

08-15-1991

09-05-1991

11-07,1991

12-11-1991

01-30-1992

02-20-1992

Arsenic 
(H9/L)

<1

3

<1

3

1

1

1

1

2

<1

<1

<1

<1

2

<1

<1

<1

1

<1

<1

1

<1

<1

<1

Barium

300

200

<100

<100

<100

<100

<100

100

200

<100

<100

<100

<100

<100

<100

<100

100

<100

<100

<100

<100

<100

<100

<100

Cadmium Chromium 
(ng/L) (ng/L)

<1 2

<1 <1

5 2

<1 9

<1 1

<1 <1

<1 2

<1 1

<1 2

<1 2

<1 <1

<1 1

<1 <1

2 7

<1 <1

<1 <1

<1 1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 <1

<1 1

Copper 
(H9/L)

24

6

4

19

6

4

3

3

8

4

4

6

3

23

3

6

4

5

3

2
--

--

6

5

Iron 
(H9/L)

980

190

570

8,200

730

200

180

210

930

280

270

260

380

90

210

220

140

260

130

110

140

150

190

190

Lead
(ng/L)
34

2

2

14

3

1

<1

2

15

1

2

2

3

12

<1

2

6

<1

3

5

<1

1

1

3

Manga 
nese 
(H9/L)

60

70

50

210

50

40

30

50

40

40

50

70

70

280

40

50

30

50

30

40

40

30

40

50

Zinc 
(H9/L)

30

<10

10

60

10

<10

<10

10

<10

<10

<10

<10

10

50

10

10

<10

20

<10

10

<10

30

10

<10
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Table 16. Water-quality data for monthly samples collected at site 03353637 Little Buck 
Creek near Indianapolis, Ind., 1990-92 Continued

Date Mercury 
(mm-dd-yyyy) (H9/L)

02-07-1990 <0.1

03-07-1990 <.l

04-12-1990 .2

05-17-1990 <.l

06-21-1990 <.l

07-19-1990 <.l

08-08-1990 <.l

09-05-1990 <.l

10-11-1990 <.l

11-14-1990 <.l

12-12-1990 <.l

01-24-1991 <.l

02-13-1991 <.l

03-13-1991 <.l

04-18-1991 <.l

05-08-1991 <.l

06-13-1991 <.l

07-11-1991 <.l

08-15-1991 <.l

09-05-1991 <.l

11-07-1991 <.l

12-11-1991 <.l

01-30-1992 <.l

02-20-1992 <.l

Sediment, 
suspended 

(mg/L)

91

27

25

315

27

45

68

41

43

39

11

18

24

339

16

44

21

7

14

24

7

26

17

30

Sediment, 
suspended 

(sieve diameter percent 
finer than 0.062 mm)

72.3

78.9

76.9

72.0

86.6

22.0

19.3

26.2

67.7

22.8

57.5

47.3

48.0

81.1

75.9

12.5

36.0

62.9

37.3

22.1

55.9

19.9

31.5

23.3

Supplemental Data 53



Table 17. Water-quality data for monthly samples collected at site 03352551 Little Eagle Creek at 52nd Street at 
Indianapolis, Ind., 1990-92

[mm-dd-yyyy, date in raonth-day-year format; hhmm, hours and minutes; deg C, degree Celsius; nS/cm, microsiemen per centimeter; 
mg/L, milligram per liter; CaCO3 , calcium carbonate; E, estimated value; |im-mf, micrometer-microfiltered; mL, milliliter; 
~, not measured or determined; N, nitrogen; P, phosphorus; K, values estimated from non-ideal colony counts; <, less than; >, greater than; 

C, carbon; fig/L, milligram per liter; mm, millimeter; all concentrations reported as total constituents unless otherwise noted]

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Time 
(hhmm)

1300

0900

1150

1200

0930

0800

1215

0940

1045

0950

1400

1015

0800

0945

0815

0930

1300

1015

0910

1015

1015

1015

1030

1030

1015

Discharge 
(cubic feet 

per second)

11

3.1

18

24

320

.71

.71

.51

5.4

1.3

3.4

2.6

E7.8

28

9.1

1.8

1.7

41

.31

.65

.46

1.5

2.4

5.6

13

Temper 
ature 

(degC)

5.4

4.5

9.9

16.4

20.

23.

20.5

20.5

11.3

6.3

6.4

.1

2.7

2.4

12.5

16

23

22.3

20.7

22.1

12.5

3.5

6.7

2.1

5.8

Specific 
conduct 

ance
(US/cm)

806

803

597

272

213

703

665

710

630

111

721

845

795

566

640

679

1,290

349

629

634

1,050

743

957

1,040

1,030

Oxygen, 
dissolved 

(mg/L)

12.7

11.8

11.7

8.0

7.3

7.3

8.9

7.3

9.7

11.0

13.2

13.0

11.3

12.2

9.5

8.2

9.4

7.3

6.1

6.1

8.5

12.6

11.9

13.2

12.1

pH, field 
(standard 

units)

8.0

8.0

8.0

7.5

7.45

7.9

8.0

7.8

8.0

8.1

8.3

8.1

8.0

7.6

8.0

7.9

8.0

7.7

7.9

7.8

8.1

8.3

7.96

8.3

8.0

20-day 
biochemical 

oxygen 
demand 
(mg/L)

9.7

6.6

8.3

10.1

11.1

3.2

2.5

3.4

3.6

2.0

7.2

6.7

12.2

5.9

3.1

3.38

3.6

11.4

3.38

4.42

3.17

2.13

8.0

5.7

5.67

Alkalinity 
(mg/L as 
CaCO3)

235

246

172

108

59

224

201

216

234

280

276

278

214

157

219

244
-

76

207

254
--

240

278

221

186
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Table 17. Water-quality data for monthly samples collected at site 03352551  Little Eagle Creek at 52nd 
Indianapolis, Ind., 1990-92  Continued

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Fecal 
coliform, 
0.7 nm-mf 
(colonies 

per 100 mL)

370

67

220

29,000

17,000

420

500

700

1,770

90

240

380

733

370

67

220

29,000

17,000

420

500

700

1,770

90

240

380

Solids 
residue at 
105degC 

(mg/L)

561

514

409

1,590

790

420

481

536

447

501

482

595

539

561

514

409

1,590

790

420

481

536

447

501

482

595

Solids 
residue at 
180degC, 
dissolved 

(mg/L)
-

--

-

-

--

--

475

442

420

500

475

548

496
-

--

--

--

-

--

475

442

420

500

475

548

Nitrogen 
ammonia 

(mg/L as N)

0.97

.57

.13

.19

.21

.01

.02

.02

.04

.01

.34

.74

3.7

.97

.57

.13

.19

.21

.01

.02

.02

.04

.01

.34

.74

Nitrogen 
Nitrogen ammonia 

nitrite plus organic 
(mg/L as N) (mg/L as N)

0.04

.03

.06

.12

.12

.01

.02

<.01

.02

<.01

.04

.04

.23

.04

.03

.06

.12

.12

.01

.02

<.01

.02

<.01

.04

.04

1.5

.4

.6

.9

.8

.8

.9

.5

.5

.4

1.4

4.2

5.9

1.5

.4

.6

.9

.8

.8

.9

.5

.5

.4

1.4

4.2

Nitrogen 
nitrite 

plus nitrate 
(mg/L as N)

3.0

2.5

2.3

1.2

1.0

.8

.5

.3

1.9

1.1

1.7

2.4

2.1

3.0

2.5

2.3

1.2

1.0

.8

.5

.3

1.9

1.1

1.7

2.4

Street at

Phos 
phorus 
(mg/L 
asP)

0.03

<.01

.08

.14

.16

.02

.02

.06

.08

<.01

.02

<.01

.03

.03

<.01

.08

.14

.16

.02

.02

.06

.08

<.01

.02

<.01

Phos 
phorus 
ortho, 
(mg/L 
asP)

0.016

.005

.016

.004

.176

.005

.012

.015

.045

.007

<.010

.020

.020

.016

.005

.016

.004

.176

.005

.012

.015

.045

.007

<.010

.020
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Table 17. Water-quality data for monthly samples collected at site 03352551  Little Eagle Creek at 52nd Street at 
Indianapolis, Ind., 1990-92   Continued

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Carbon 
organic, 

dissolved 
(mg/L as C)

5.2

4.0

4.5

6.2

8.7

4.4

5.8

5.3

5.6

3.7

3.8

4.2

5.8

4.6

4.8

4.0

5.0

7.8

5.0

5.9

5.9

4.5

4.7

3.9

4.6

Carbon 
organic, 

suspended 
(mg/L as C)

0.2

.3

.6

>5

>5

.3

.3

.3

.5

.3

.3

.3

.3

.2

.3

.6

>5

>5

.3

.3

.3

.5

.3

.3

.3

Calcium 
(mg/L)

89

88

69

34

22

82

74

81

80

94

96

100

55

89

88

69

34

22

82

74

81

80

94

96

100

Magne 
sium 

(mg/L)

25

28

19

7

4.9

25

22

25

21

30

27

29

15

25

28

19

7

4.9

25

22

25

21

30

27

29

Sodium 
(mg/L)

47

41

32

9.3

9.6

27

32

41

30

37

32

51

39

47

41

32

9.3

9.6

27

32

41

30

37

32

51

Potas 
sium 

(mg/L)

2.2

1.6

1.9

2.3

2.6

2.8

3.2

3.5

2.7

2.1

2.0

2.2

1.7

2.2

1.6

1.9

2.3

2.6

2.8

3.2

3.5

2.7

2.1

2.0

2.2

Chloride 
(mg/L)

87

82

58

14

17

55

64

91

56

73

66

100

120

87

82

58

14

17

55

64

91

56

73

66

100

Sulfate 
(mg/L)

65

63

25

14

18

66

59

69

52

61

60

61

64

65

63

25

14

18

66

59

69

52

61

60

61

Fluoride 
(mg/L)

0.2

.2

<.l

<.l

.3

.4

.3

.1

.3

<.l

.6

<.l

.1

.2

.2

<.l

<.l

.3

.4

.3

.1

.3

<.l

.6

<.l
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Table 17. Water-quality data for monthly samples collected at site 03352551 Little Eagle Creek at 52nd Street at 
Indianapolis, Ind., 1990-92 Continued

Date
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Arsenic 
(H9/L)

<1

1

1

2

2

1

1

1

1

<1

<1

<1

<1

<1

<1

<1

1

1

1

1

<1

5

<1

<1

<1

Barium 
(H9/L)

200

<100

100

200

<100

<100

<100

<100

200

<100

100

<100

<100

<100

<100

<100

100
<100

<100

100

<100

<100

<100

<100

<100

Cadmium Chromium 
(H9/L) Cig/L)
<1 3

<1 <1

<1 3

2 25

<1 19

<1 <1

<1 2

<1 <1

<1 1

<1 <1

<1 <1

<1 2

<1 <1

<1 3

<1 3

<1 <1

<1 7
<1 7

<1 <1

<1 2

<1 10

<1 <1

<1 <1

<1 <1

<1 4

Copper
(ng/L)

6

4

7

26

19

4

4

4

5

3

3

4

3

7

6

5

6
19

9

4

5
-

-

7

4

Iron 
(H9/L)

610

260

2,000

27,000

20,000

210

280

210

450

280

190

250

310

2,500

310

180

570

4,100

220

250

470

230

250

300

550

Lead
(ng/L)
25

2

2

29

21

1

2

1

3

2

1

2

<1

4

2

1

4

18
-

3

1

<1

9

2

2

Manga 
nese 

(H9/L)

90

90

70

510

520

30

30

30

50

40

60

100

40

80

40

60

30

150

50

40

40

50

60

150

70

Zinc

30

20

70

130

140

20

10

10

10

<10

<10

10

<10

20

10

<10

<10
40

20

<10

<10

<10

50

20

20
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Table 17. Water-quality data for monthly samples collected at site 03352551 Little Eagle 
Creek at 52nd Street at Indianapolis, Ind., 1990-92 Continued

Date Mercury 
(mm-dd-yyyy) (H9/L)

02-08-1990 <0.1

03-08-1990 <.l

04-11-1990 <.l

05-16-1990 .1

06-20-1990 .1

07-20-1990 <.l

08-09-1990 <.l

09-04-1990 <.l

10-12-1990 <.l

11-15-1990 <.l

12-13-1990 <.l

01-23-1991 <.l

02-14-1991 <.l

03-14-1991 <.l

04-17-1991 <.l

05-09-1991 <.l

06-12-1991 <.l

07-10-1991 <.l

08-14-1991 .1

09-04-1991 <.l

10-09-1991 <.l

11-06-1991 <.l

12-12-1991 .1

01-29-1992 <.l

02-19-1992 <.l

Sediment, 
suspended 

(mg/L)

58

27

39

703

633

45

81

11

38

61

25

18

9

44

13

35

11

125

12

9

10

8

45

28

20

Sediment 
suspended, 

(sieve diameter percent 
finer than 0.062 mm)

84.7

71.9

93.9

91.1

89.7

30.2

37.5

90.0

55.5

29.0

77.5

33.1

73.8

91.5

61.3

11.4

58.0

74.4

60.9

61.5

81.4

26.4

15.4

47.8

23.6
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Table 18. Water-quality data for monthly samples collected at site 03353600 Little Eagle Creek at 16th Street at Speedway, 
Ind., 1990-92

[mm-dd-yyyy, date in month-day-year format; hhmm, hours and minutes; deg C, degree Celsius; uS/cm, microsiemen per centimeter; 
mg/L, milligram per liter; CaC03, calcium carbonate; E, estimated value; um-mf, micrometer-microfiltered; mL, milliliter; 
~, not measured or determined; N, nitrogen; P, phosphorus; K, values estimated from non-ideal colony counts; <, less than; >, greater than; 

C, carbon; Hg/L, milligram per liter; mm, millimeter; all concentrations reported as total constituents unless otherwise noted]

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Time 
(hhmm)

1000

1130

1505

1540

1330

1015

0945

1250

1320

1230

1110

1415

1145

1230

1015

1130

1530

1330

1200

1345

1215

1300

1400

1300

1245

Discharge 
(cubic feet 

per second)

24

8.3

49

710

430

2.4

2.3

1.5

24

2.8

7.8

12

22

E110

32

7.8

2.6

110

.99

3.0

1.3

3.5

100

15

27

Temper 
ature 

(degC)

3.7

5.3

10.4

17.2

20.2

24.6

19.2

24.0

14.4

8.6

6.3

1.1

2.6

4.6

15.1

17.1

28.3

22.5

24.3

22.9
--

5.3

8.4

2.3

6.1

Specific 
conduct 

ance 
(US/cm)

765

760

563

297

243

664

561

620

553

685

682

783

741

491

607

679

657

310

599

369
--

660

699

1,020

807

Oxygen, 
dissolved 

(mg/L)

12.2

12.6

11.0

7.9

7.2

8.2

7.7

7.8

9.6

12.8

11.2

13.0

11.7

11.7

9.8

10.1

11.5

7.0

6.5

6.3
--

11.7

10.1

15.1

11.7

pH, field 
(standard 

units)

8.1

8.0

8.1

7.5

7.5

7.4

7.5

7.4

7.9

7.9

7.5

7.6

8.2

7.7

7.8

7.9

8.0

7.2

7.6

7.2
--

7.9

8.3

8.2

8.2

20-day 
biochemical 

oxygen 
demand 
(mg/L)

E8.9

5.4

8.67

8.5

10.2

5.1

2.0

4.1

4.1

5

3.2

6.7

5.5

4.9

3.85

3.18

4.8

E15.1

4.22

E13.8

3.13

2.9

E15.9

K8.83

5.33

Alkalinity 
(mg/L as 
CaC03)

233

257

171

110

85

226

210

245

214

260

272

270

229

163

220

251
-

70

203
-

--

234

136

212

177
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Table 18. Water-quality data for monthly samples collected at site 03353600 Little Eagle Creek at 16th Street at Speedway, 
Ind., 1990-92 Continued

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Fecal 
coliform, 
0.7 nm-mf 
(colonies 

per 100 mL)

430

K30

523

48,500

19,250

667

460

200

1,300

80

100

1,030

240

2,300

380

523

730
-

7,330

110,000

K10

177

8,000

60

1,500

Solids 
residue at 
105degC 

(mg/L)

542

488

362

605

675

410

394

537

393

444

469

542

495

345

388

438

433

310
--

308

407

466

597

640

608

Solids 
residue at 
180degC, 
dissolved 

(mg/L)

-

~

--

--

--

-

383

376

369

442

461

500

468

298

370

415

409

180

389

281

372

446

408

632

498

Nitrogen 
ammonia 

(mg/L as N)

0.87

.16

.08

.14

.14

<.01

.02

.04

.06

.01

.07

.74

.4

.19

.03

.02

.02

.16

.05

.02

.08

.02

.18

1.1

.06

Nitrogen 
nitrite 

(mg/L as N)

0.07

.02

.04

.09

.12

.02

.02

<.01

.02

<.01

.02

.03

.03

.05

.03

.05

<.01

.07

.01

.03

.02

<.01

.05

.04

.04

Nitrogen 
ammonia 

plus 
organic 

(mg/L as N)

1.8

.9

.6

1.1

.7

.7

.5

.7

.6

.4

.7

4.9

.8

.8

.4

.8

.5

1.3

.6

.9

.4

.4

1.3

2.2

.6

Nitrogen 
nitrite 

plus nitrate 
(mg/L as N)

2.7

2.3

1.9

1.3

1.3

.50

.40

.40

1.9

.30

1.6

2.2

1.8

1.9

1.6

.82

.21

.80

.18

.35

.3

.64

.91

2.0

2.6

Phos 
phorus 
(mg/L 
asP)

0.03

.01

.05

.13

.12

.03

.01

<.01

.11

.01

.02

<.01

.03

.08

.04

.03

.06

.17

.04

.10

.04

.03

.22

.01

.06

Phos 
phorus 
ortho, 
(mg/L 
asP)

0.029

.004

.013

.135

.121

.005

.004

.006

.044

.006

<.010

.010

<.010

.046

.018

.009

.008

.053

.013

.026

.012

.260
-

.005

.016
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Table 18. Water-quality data for monthly samples collected at site 03353600 Little Eagle Creek at 16th Street at Speedway, 
Ind., 1990-92 Continued

Date 
(mm-dd-yyyy)

02-08-1990 

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Carbon 
organic, 

dissolved 
(mg/L as C)

4.0

3.2

4.8

6.0

6.5

3.9

4.1

3.7

4.3

4.6

3.4

4.8

3.8

4.5

4.1

3.9

3.2

6.6

4.6

9.6

5.0

4.6

6.2

3.8

4.5

Carbon 
organic, 

suspended 
(mg/L as C)

0.4
\
.3

.8

4.8

>5

.7

.4

.5

.5

.3

.4

.8

.4

3.5

.7

.5

.5

1.4

.4

1.0

.4

.4

4.5

.6

.7

Calcium 
(mg/L)

87 

90

66

37

27

79

74

80

75

86

97

97

88

61

76

87

83

34

78

49

74

91

53

94

77

Magne 
sium 

(mg/L)

24 

27

18

8

6

24

20

23

19

27

27

27

25

16

21

24

25

8

26

14

21

25

13

25

20

Sodium 
(mg/L)

41

32

28

9.7

9.8

23

18

20

22

29

27

49

45

30

27

32

32

13

24

24

26

31

44

98

60

Potas 
sium 

(mg/L)

2.3 

1.8

1.9

2.4

2.5

2.5

2.4

2.4

2.9

2.4

2.0

2.2

2.0

2.0

1.9

2.3

2.3

3.1

3.1

3.3

2.9

2.6

2.0

2.9

2.4

Chloride 
(mg/L)

79 

70

50

16

16

44

34

40

45

60

57

110

89

55

48

60

61

23

44

46

52

67

80

180

120

Sulfate 
(mg/L)

59 

62

23

16

20

59

47

56

46

58

56

58

60

40

35

50

61

28

66

50

67

79

49

73

59

Fluorlde 
(mg/L)

0.2

.2

.2

<.l

.4

.3

.3

.1

.2

<.l

.6

<.l

.1

.2

.1

.2

.2

.2

.4

.3

.4

.3

.2

.3

.2
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Table 18. Water-quality data for monthly samples collected at site 03353600 Little Eagle Creek at 16th Street at Speedway, 
Ind., 1990-92 Continued

Date 
(mm-dd-yyyy)

02-08-1990

03-08-1990

04-11-1990

05-16-1990

06-20-1990

07-20-1990

08-09-1990

09-04-1990

10-12-1990

11-15-1990

12-13-1990

01-23-1991

02-14-1991

03-14-1991

04-17-1991

05-09-1991

06-12-1991

07-10-1991

08-14-1991

09-04-1991

10-09-1991

11-06-1991

12-12-1991

01-29-1992

02-19-1992

Arsenic 
(H9/L)

<1

<1

1

2

1

1

1

1

1

<1

<1

<1

<1

1

<1

<1

<1

2

2

2

<1

1

<1

<1

<1

Barium

200

200

100

<100

<100

<100

<100

<100

<100

<100

100

<100

<100

<100

<100

<100

100

<100

<100

<100

<100

<100

<100

<100

<100

Cadmium Chromium 
(ng/L) (ng/L)
<1 3

<1 <1

<1 3

2 16

<1 13

<1 <1

<1 1

2 2

<1 1

<1 2

<1 <1

<1 2

<1 1

<1 3

<1 2

<1 <1

<1 <1

<1 3

<1 <1

<1 3

<1 2

<1 <1

<1 7

<1 <1

<1 3

Copper
(ng/L)

7

<1

7

20

20

3

3

6

5

3

3

3

4

8

4

4

5

15

3

5

5
-

-

10

7

Iron

1,500

360

1,800

22,000

14,000

310

330

560

890

260

300

260

430

2,900

760

330

230

3,100

440

620

470

320

5,700

410

620

Lead 
(H9/L)

10

3

3

22

16

1

2

9

2

1

2

2

2

6

2

2

3

7
-

8

4

5

37

5

3

Manga 
nese 

(H9/L)

90

90

70

330

350

90

80

100

50

50

80

80

80

80

60

80

60

<10

90

110

70

70

260

70

70

Zinc 
(H9/L)

30

20

30

100

110

<10

<10

40

20

<10

<10

20

10

20

<10

20

<10

20

<10

20

<10

20

120

30

20

62 Little Buck and Little Eagle Creeks, Indianapolis, Indiana



Table 18. Water-quality data for monthly samples collected at site 03353600 Little Eagle 
Creek at 16th Street at Speedway, Ind., 1990-92 Continued

Date Mercury 
(mm-dd-yyyy) (H9/L)

02-07-1990 <0.1

03-07-1990 <.l

04-12-1990 .1

05-17-1990 <.l

06-21-1990 .5

07-19-1990 <.l

08-08-1990 <.l

09-05-1990 <.l

10-11-1990 <.l

11-14-1990 <.l

12-12-1990 .1

01-24-1991 <.l

02-13-1991 <.l

03-13-1991 <.l

04-18-1991 <.l

05-08-1991 <.l

06-13-1991 <.l

07-11-1991 <.l

08-15-1991 <.l

09-05-1991 <.l

10-10-1991 <.l

11-07-1991 <.l

12-11-1991 <.l

01-30-1992 <.l

02-20-1992 <.l

Sediment 
suspended 

(mg/L)

37

45

42

491

443

39

57

50

39

56

31

30

18

64

22

50

13

81

27

13

15

8

209

28

45

Sediment 
suspended 

(sieve diameter percent 
finer than 0.062 mm)

95.8

60.21

97.7

89.4

95.4

63.4

34.6

63.5

81.2

43.5

74.1

25.3

78.7

95.3

76.7

14.7

35.4

88.6

39.7

56.5

62.2

81.5

91.6

39.9

19.3
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ÔN

CS
v^

S

03353630

cs
v

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

m
ON

i
^ 4

§

03353637

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

O

cs

m
ON
ON

4
cs

03353551

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

 n
S

m
ON
ON

4.  i
cs

03353600

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

cs
V

ocs 
m

ÔN
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