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Muitiply By To obtain
inch (in.) 25.4 millimeter
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yard (yd) 09144 meter
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pound per square inch (Ib/in?) 6.895 kilopascal
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Surface-Water-Quality Assessment of the Lower Kansas
River Basin, Kansas and Nebraska: Dissolved Oxygen
and Escherichia Coli Bacteria in Streams During Low
Flow, July 1988 Through July 1989

By L.M. Pope

Abstract

The 15,300-square-mile lower Kansas River
Basin in Kansas and Nebraska was investigated,
as one of the pilot study units of the U.S.
Geological Survey’s National Water-Quality
Assessment (NAWQA) Program, to address a
variety of water-quality issues. This report
describes sanitary quality of streams as defined by
concentrations of dissolved oxygen (DO) and
densities of a fecal-indicator bacterium,
Escherichia coli (E. coli).

Sixty-one surface-water sampling sites were
chosen for this investigation. Synoptic surveys
were conducted in July 1988, November 1988,
March 1989, and May 1989 to define the concen-
trations and diel and seasonal variability in con-
centrations of DO. Synoptic surveys were
conducted in July 1988 and July 1989 to define
densities of E. coli. Ancillary data included
measurements of specific conductance, pH, water
temperature, barometric pressure, and concen-
trations of nutrients, total organic carbon,
chlorophyll, and suspended sediment. Surveys
were conducted during stable-flow, dry-weather
conditions.

During the July 1988 synoptic survey for DO,
emphasis was placed on the measurement of DO
under maximum stress (high water temperature,
low streamflow, and predawn conditions). Of
31 sites sampled just before dawn, 5 had DO
concentrations less than the 5.0-milligrams-per-
liter, 1-day minimum warmwater criterion for

early life stages as established by the U.S.
Environmental Protection Agency (USEPA), and
4 of these 5 sites had concentrations less than the
3.0-milligrams-per-liter criterion for all other life
stages. For all four synoptic surveys, a total of
392 DO determinations were made, and 9

(2.3 percent) were less than water-quality criteria.
Concentrations of DO less than water-quality
criteria in the study unit are localized occurrences
and do not reflect regional differences in DO. The
most severe DO deficiencies are the result of
discharges from wastewater-treatment plants into
small tributary streams with inadequate assimil-
ation capacity. Algal respiratory demand in com-
bination with reduced physical reaeration asso-
ciated with extreme low flow probably also
contributes to temporary, localized deficiencies.

Densities of E. coli were determined at
57 surface-water sampling sites during the syn-
optic survey in July 1988. Results indicate large
regional differences in E. coli densities within the
study unit. Densities of E. coli in water at 19 sites
in the Big Blue River subbasin, exclusive of the
Little Blue River subbasin, ranged from 120 to
260,000 col/100 mL (colonies per 100 milliliters),
with a median density of 2,400 col/100 mL.
Densities at the 11 sites in the Little Blue River
ranged from 100 to 30,000 col/100 mL, with a
median density of 940 col/100 mL. Densities at
the 27 sites in the Kansas River subbasin ranged
from less than 1 to 1,000 col/100 mL, with a me-
dian density of 88 col/100 mL. Densities at
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84 percent of the sites in the Big Blue River sub-
basin exceeded the USEPA E. coli criterion of
576 col/100 mL for infrequently used full-body
contact recreation, and 53 percent exceeded the
2,000 col/100 mL fecal coliform criterion for uses
other than full-body contact established by the
Kansas Department of Health and Environment.
Densities at 73 percent of the sites in the Little
Blue River subbasin exceeded the

576 col/100 mL E. coli criterion, and 36 percent
exceeded the 2,000 col/100 mL fecal coliform
criterion. Densities at one of the sites in the
Kansas River subbasin exceeded the

576 col/100 mL E. coli criterion, and none
exceeded the 2,000 col/100 mL fecal-coliform
criterion.

The largest densities of E. coli in the study
unit were the result of discharges from municipal
wastewater-treatment plants; however, densities
in the Big Blue and Little Blue River subbasins
were generally larger than those in the Kansas
River subbasin. These larger densities in the Big
Blue and Little Blue River subbasins may have
been the result of irrigation return flow from fields
where manure was used as a soil amendment or
the result of livestock production, which may
have increased E. coli densities in ground-water
discharge to the streams.

INTRODUCTION

In 1986, Congress appropriated funds for the
U.S. Geological Survey to test and refine concepts for
a National Water-Quality Assessment (NAWQA)
Program. The NAWQA Program is designed to
provide information on a variety of water-quality
issues that include chemical contamination, acidifi-
cation, eutrophication, salinity, sedimentation, and
sanitary quality. This information will provide water
managers, policy makers, and the public with an
improved scientific basis for evaluating the effective-
ness of water-quality management programs and for
projecting the likely effects of contemplated changes
in land- and water-management practices.

The NAWQA Program is organized into study
units on the basis of known hydrologic systems. The
pilot phase of the assessment program included seven

study units (see report cover) representing a diversity
of hydrologic environments and water-quality
conditions. The subject of this report is the lower
Kansas River Basin in Kansas and Nebraska (one of
the surface-water pilot studies), which includes the
Kansas River and its drainage area downstream from
the confluence of the Republican and Smoky Hill
Rivers to the confluence with the Missouri River
(fig. 1).

Dissolved-oxygen (DO) concentrations and
sanitary quality, as defined by the occurrence of a
fecal-indicator bacterium, are two surface-water-
quality issues addressed by the NAWQA Program.
Adequate concentrations of DO in surface water are
essential for the survival and propagation of most
forms of aquatic life. Factors that affect DO in surface
water include stream characteristics, such as turbu-
lence of flow, depth, slope, and water temperature;
barometric pressure; extent and composition of the
algal community and associated rates of photosyn-
thesis and respiration; presence of reduced forms of
inorganic constituents (ammonia, nitrites, sulfites, and
sulfides); and the introduction of anthropogenic
oxygen-demanding organic-carbon compounds
(agricultural activities, feedlot operations, and waste-
water discharges).

An evaluation of the sanitary quality of water is
necessary to assess its use as a public-water supply
and for recreational activities, such as swimming,
wading, boating, and fishing. Surface water can carry
many pathogenic organisms of fecal origin that cause
diseases, such as cholera, typhoid fever, dysentery, and
other related gastrointestinal disorders. The examina-
tion of water for specific pathogens can require elabo-
rate, time-consuming procedures not suitable for
readily assessing quality. Traditionally, assessments
have relied on a simplier, membrane-filter procedure
for the detection of a group of bacteria (fecal coliform
or fecal Streptococcus) or bacterium (Escherichia coli)
common to the intestinal tracts of humans and warm-
blooded animals. The presence of the measured
“fecal-indicator bacteria,” denotes contamination by
fecal material and the possible presence of pathogenic
microorganisms. The indicator bacteria chosen for this
study is Escherichia coli (E. coli).

This report (1) describes the areal distribution of
dissolved-oxygen concentrations and E. coli bacteria
in streams of the lower Kansas River Basin based on
synoptic-sampling surveys conducted from July 1988
through July 1989 and (2) discusses the possible
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling

sites in the lower Kansas River Basin, July 1988 through June 1989

[S/cm, microsiemens per centimeter at 25 degrees Celsius; °C, degrees Celsius; mm of Hg, millimeters of mercury; mg/L, milligrams per liter,
E, estimated; --, no data; >, greater than]

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

1 07-27-88 1300 353 1,830 8.4 28.0 739 9.3 123
11-15-88 1205 327 2,600 8.3 15.0 718 10.2 108
03-08-89 1000 395 1,730 8.5 3.0 745 15.3 117
06-01-89 1010 500 1,250 8.0 21.0 740 8.6 100

2 07-27-88 1150 .65 571 8.3 27.5 740 8.1 106
11-15-88 1050 2.1 613 8.3 15.0 720 8.8 93
03-08-89 1140 3.7 543 8.4 5.5 745 14.1 115
06-01-89 0830 1.3 586 8.2 22.0 738 6.0 71

5 07-24-88 1020 240 1,290 8.1 26.0 738 7.8 100
11-16-88 0850 455 1,940 8.7 7.5 731 10.6 93
03-09-89 0930 395 1,580 8.6 6.0 749 15.2 125
06-02-89 0820 496 1,090 8.6 21.0 739 9.8 114

6 07-26-88 0730 6.2 583 8.2 24.0 741 7.0 86
11-14-88 1200 14 656 8.0 6.0 718 11.0 94
03-08-89 1015 24 334 7.8 5 730 8.3 60
05-31-89 1445 El5 657 8.2 19.5 726 11.2 128

9 07-26-88 0945 34 458 7.6 20.5 725 1.6 19
07-26-88 2150 E.30 -- -- 26.0 722 29 38
07-27-88 0550 E.30 -- -- 21.5 721 1.2 14
11-15-88 0815 1.4 1,130 7.8 6.5 705 44 39
03-07-89 1015 E.O1 452 59 .5 773 2.0 14
05-31-89 0930 .40 964 7.5 16.0 718 1.0 11

10 07-26-88 0900 8.2 570 7.9 21.0 734 6.3 74
07-26-88 1300 8.2 570 7.7 23.0 725 7.0 86
07-26-88 1700 8.2 574 7.8 27.0 725 7.6 101
07-26-88 2100 8.2 549 7.8 28.0 724 7.4 100
07-27-88 0100 8.2 552 7.9 26.0 724 6.2 81

Dissolved-Oxygen Concentrations
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
10 07-27-88 0500 8.2 561 1.1 23.0 724 55 68
07-27-88 0900 8.2 566 7.9 22.0 725 6.0 72
11-14-88 1345 -- 513 8.0 7.0 715 104 91
03-07-89 1000 .88 680 7.6 0 735 -- --
05-31-89 1330 .19 586 7.6 16.5 724 6.1 66
11 07-26-88 0845 30 580 8.1 23.0 742 6.7 80
11-14-88 1050 17 621 8.3 6.0 723 109 92
03-08-89 1215 25 408 7.8 5 739 11.5 82
05-31-89 1600 Ei7 641 8.1 18.5 727 83 93
12 07-26-88 1000 55 555 8.0 23.0 741 5.8 70
07-26-88 1005 55 555 8.0 23.0 741 5.8 70
07-26-88 1400 55 548 8.0 25.0 741 74 92
07-26-88 1800 55 549 8.2 26.0 741 8.4 107
07-26-88 2200 55 585 7.6 26.0 740 74 94
07-27-88 0200 55 577 8.0 24.0 740 6.7 82
07-27-88 0600 55 595 8.0 23.0 741 5.5 66
11-14-88 0845 29 689 8.2 5.5 724 114 95
03-08-89 1130 114 476 7.6 .5 740 122 87
16 07-26-88 0630 6.7 -- 7.6 21.0 719 2.1 25
07-26-88 1800 E6.7 -- -- 25.5 721 4.8 63
07-27-88 1215 E6.7 -- -- 20.5 720 2.1 25
09-06-88 1145 5.8 946 7.7 20.0 714 2.5 29
11-15-88 1015 30 1,030 7.5 14.5 702 .6 6
03-07-89 1600 6.4 909 7.7 11.5 717 4.0 40
05-30-89 1145 44 838 7.6 21.5 716 49 59
17 07-25-88 1230 14 - 8.0 26.5 726 6.8 92
07-26-88 1300 El4 532 7.8 24.5 726 7.1 90
07-26-88 1700 Ei4 356 8.0 27.0 725 8.1 107
07-26-88 2100 E18 535 8.0 27.0 728 6.5 86
07-27-88 0100 E18 644 8.0 255 723 5.6 72
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,

instan- Baro- Oxygen,

Site map- taneous Specific metric dissolved

index (cubic  conduct- pH Temper- pressure Oxygen, (percent

number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

17 07-27-88 0500 E18 662 8.0 235 722 59 74
07-27-88 0900 E18 639 7.9 225 724 6.0 73
07-27-88 1300 El6 626 7.8 24.5 725 7.1 90
11-15-88 1130 3.5 970 7.7 6.5 708 8.4 74
03-07-89 1300 2.6 920 7.6 5 724 9.2 67
18 07-25-88 1130 3.8 427 7.8 23.5 727 5.1 63
11-15-88 1230 .26 998 7.8 7.5 707 8.9 80
03-07-89 1445 .55 828 7.7 0 724 124 90
05-30-89 1445 .26 1,060 8.5 26.5 717 12.1 161
19 07-25-88 1200 27 533 8.3 27.0 734 7.6 99
11-15-88 1300 14 713 8.3 7.5 709 11.2 101
03-07-89 1245 15 630 7.6 0 732 147 105
05-31-89 1100 15 604 7.8 19.0 723 6.2 71
21 07-26-88 1010 6.5 660 7.9 230 734 7.1 86
09-06-88 1440 25 995 8.3 19.5 721 11.1 128
11-14-88 1425 25 980 8.3 8.5 716 17.8 162
03-07-89 1145 2.9 852 7.4 0 737 - -
05-31-89 1245 2.2 870 7.6 18.5 724 49 56
23 07-25-88 1245 75 518 8.2 25.5 743 7.6 95
08-08-88 1115 81 556 8.1 26.0 726 7.6 99
08-31-88 1400 48 590 8.5 21.0 730 11.3 133
10-12-88 1230 55 467 7.8 11.5 733 10.6 101
11-07-88 1200 57 - 8.3 8.0 730 11.3 -
11-15-88 1420 58 610 8.0 8.0 711 9.9 90
12-06-88 1000 53 -- 8.2 35 735 10.7 -
01-03-89 1130 59 684 7.8 0 732 13.8 99
02-07-89 1000 49 668 7.8 0 731 10.8 77
03-07-89 1400 76 539 8.0 0 731 13.1 94
03-08-89 1345 98 484 7.9 1.0 741 13.6 99
04-04-89 0955 70 632 8.1 7.0 726 12.7 110
05-02-89 0830 64 609 83 9.5 726 9.7 89
05-31-89 1430 E54 610 8.2 19.0 725 52 59

Dissolved-Oxygen Concentrations
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,

instan- Baro- Oxygen,

Site map- taneous Specific metric dissolved

index (cubic  conduct- pH Temper- pressure Oxygen, (percent

number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

26 07-25-88 1030 184 526 8.6 25.5 744 8.8 110
09-07-88 0840 83 644 84 16.0 720 8.2 88
11-14-88 1530 112 715 8.2 8.5 722 13.5 122
03-08-89 1500 192 515 7.9 4.0 741 11.6 91
05-31-89 1300 El64 628 8.3 20.0 726 7.7 89
27 07-25-88 1325 2.1 362 8.0 28.5 734 6.8 91
11-15-88 1110 .29 476 7.8 8.5 711 10.0 92
03-07-89 1345 1.5 290 7.8 5 730 -- --
05-30-89 1445 E.50 860 8.6 29.5 715 17.5 246
28 07-25-88 0600 22 436 7.0 24.5 734 6.6 82
11-14-88 1445 7.2 862 7.7 8.0 722 9.1 81
03-07-89 0855 6.8 722 7.5 5 736 10.3 74
05-31-89 1215 Ei0 695 8.0 19.5 726 6.9 79
29 07-25-88 0630 13 847 7.5 24.0 734 6.3 78
11-14-88 1200 11 1,000 7.8 8.5 725 12.6 114
03-07-89 1240 30 739 7.8 1.0 736 13.4 98
05-31-89 1100 8.0 913 8.0 19.0 725 9.2 105
31 07-25-88 1330 3.6 441 7.6 27.0 760 84 106
07-25-88 1335 36 441 7.6 27.0 760 84 106
07-25-88 1730 3.6 439 7.9 26.0 740 8.2 104
07-25-88 2100 36 440 7.6 26.5 738 7.4 95
07-26-88 0200 3.6 402 8.0 23.0 734 6.6 80
07-26-88 0510 3.6 411 8.1 21.5 736 6.1 72
07-26-88 0915 3.6 462 8.1 21.0 734 7.0 82
11-14-88 1045 5 601 7.2 7.0 728 8.4 73
03-08-89 0900 2.9 518 7.6 5 739 9.3 67
31 05-30-89 1630 0.51 582 8.0 24.0 722 5.1 64
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
32 07-25-88 1330 322 533 84 28.0 761 7.3 94
07-25-88 1700 318 529 8.3 29.0 735 7.2 97
07-25-88 2100 314 520 8.4 29.0 735 6.7 91
07-26-88 0115 299 550 8.3 27.0 734 6.7 88
07-26-88 0950 280 567 83 25.0 734 7.2 91
07-27-88 0510 247 530 8.5 26.0 734 5.8 74
11-14-88 0900 192 801 7.9 7.0 729 11.2 97
11-14-88 0905 192 801 7.9 7.0 728 11.2 97
11-14-88 1300 192 808 8.2 8.0 726 12.7 113
11-14-88 1305 192 808 8.2 8.0 726 12.7 113
11-14-88 1700 188 845 8.2 8.0 724 12.3 110
11-14-88 1705 188 845 8.2 8.0 724 12.3 110
11-14-88 2100 188 776 8.2 85 723 11.6 105
11-14-88 2105 188 776 8.2 8.5 723 11.6 105
11-15-88 0100 185 764 8.2 9.0 720 11.2 103
11-15-88 0105 185 764 8.2 9.0 720 11.2 103
11-15-88 0500 185 759 8.1 9.5 718 10.4 97
11-15-88 0505 185 759 8.1 9.5 718 10.4 97
11-15-88 0900 192 761 8.1 9.5 718 10.1 94
11-15-88 0905 192 716 8.1 9.5 718 10.1 94
03-07-89 1000 237 592 7.9 0 740 12.8 90
03-07-89 1005 237 592 7.9 0 740 12.8 90
03-07-89 1400 237 594 7.9 1.0 737 13.1 95
03-07-89 1405 237 594 79 1.0 737 13.1 95
03-07-89 1800 237 583 7.8 .5 736 12.7 91
03-07-89 1805 237 583 7.8 5 736 12.7 91
03-07-89 2200 237 570 7.7 S 737 14.0 101
03-07-89 2205 237 570 7.7 S 737 14.0 101
03-08-89 0200 237 537 7.8 5 738 13.0 93
03-08-89 0205 237 537 7.8 5 738 13.0 93
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-

(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

32 03-08-890 0600 237 548 7.9 0 739 12.0 85
03-08-89 0605 237 548 79 0 739 12.0 85
03-08-89 1000 237 574 79 .5 739 132 95
03-08-89 1005 237 574 7.9 .5 739 13.2 95
05-30-89 1000 163 740 8.6 23.0 722 7.7 95
05-30-89 1005 163 740 8.6 23.0 722 1.1 95
05-30-89 1500 163 735 8.9 25.0 722 13.9 178
05-30-89 1505 163 735 8.9 25.0 722 13.9 178
05-30-89 1800 163 708 8.9 25.0 723 13.5 173
05-30-89 1810 163 708 8.9 25.0 723 13.5 173
05-30-89 2200 163 720 8.8 25.0 725 10.2 130
05-30-89 2205 163 720 8.8 25.0 725 10.2 130
05-31-89 0200 163 725 8.3 24.5 726 8.1 102
05-31-89 0210 163 725 8.3 24.5 726 8.1 102
05-31-89 0600 163 731 8.8 225 727 6.0 73
05-31-89 0610 163 731 8.8 22.5 727 6.0 73
05-31-89 1000 163 735 8.8 21.5 725 7.1 85
05-31-89 1005 163 735 8.8 21.5 725 7.1 85

34 07-25-88 0650 12 - 8.0 25.0 740 6.2 78
07-26-88 0915 19 448 8.1 24.0 738 6.4 79
07-26-88 1045 19 475 7.8 24.5 738 7.2 89
07-26-88 1445 19 476 8.0 28.0 735 8.9 118
07-26-88 1450 19 476 8.0 28.0 735 8.9 118
07-26-88 1845 19 490 8.1 280 733 9.3 124
07-26-88 2230 19 546 8.1 25.0 734 1.5 95
07-27-88 0230 19 517 79 24.5 732 15 94
07-27-88 0635 19 500 8.0 23.0 730 13 89
11-14-88 1020 52 1,060 7.8 6.0 727 10.1 85
03-07-89 1520 4.5 811 83 2.5 738 18.9 143
05-30-89 1345 3.1 930 83 27.0 723 8.1 108
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) atlon)
35 07-25-88 0540 376 524 8.2 25.0 740 7.4 93
08-09-88 0915 138 654 8.6 28.0 734 6.6 88
08-30-88 1400 136 552 8.6 23.5 739 8.3 101
10-18-88 1000 171 554 7.8 15.0 741 9.3 95
11-08-88 1200 166 738 8.8 9.0 740 12.3 110
11-14-88 1145 193 755 8.2 6.5 726 13.0 111
12-06-88 0900 229 750 8.7 35 734 15.6 122
01-04-89 1100 200 809 8.8 1.5 734 17.5 130
01-31-89 1100 329 779 74 1.0 718 159 119
03-07-89 1435 303 593 8.2 1.0 739 144 105
03-28-89 1130 270 689 8.3 12.5 726 11.0 109
04-19-89 1130 223 699 8.9 13.0 738 10.0 98
05-24-89 0940 220 628 8.6 23.0 715 7.8 97
05-30-89 1245 187 665 8.4 23.0 723 8.6 106
36 07-25-88 1230 393 557 7.8 28.0 737 -- --
11-16-88 1050 270 792 7.6 1.5 741 12.1 104
03-09-89 0940 316 585 8.4 5 741 14.7 105
05-31-89 1240 161 661 9.0 25.0 730 10.8 137
37 07-26-88 0515 18 349 7.8 22.5 727 78 95
11-15-88 1100 8.0 380 7.6 7.5 703 10.9 99
03-08-89 0800 11 461 7.6 4.0 722 11.9 96
05-30-89 1200 8.3 476 8.5 20.0 714 11.7 138
38 07-26-88 0810 31 412 8.0 20.0 738 79 90
11-15-88 0940 55 370 7.5 7.5 706 10.9 98
03-08-89 0920 67 444 8.1 1.5 726 13.7 103
05-30-89 1320 52 477 8.3 24.0 714 8.6 109
39 07-26-88 0630 32 375 8.3 210 738 73 85
11-15-88 0815 52 370 8.0 1.5 709 10.2 92
03-08-89 1100 79 444 8.1 0 730 12.5 89
05-31-89 1030 45 495 8.7 19.0 722 7.8 89
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
40 07-26-88 0630 55 397 8.0 22.0 734 6.0 71
11-14-88 1655 69 430 8.2 9.0 718 12.2 112
03-08-89 1345 118 448 8.2 0 734 16.4 117
05-31-89 1200 61 500 8.3 20.0 730 8.5 98
41 07-26-88 0600 L5 378 7.8 18.0 738 8.1 89
42 07-26-88 0545 37 370 7.5 17.5 734 6.6 72
11-14-88 1730 20 337 7.4 11.0 716 7.9 76
03-08-89 1250 26 354 7.7 12.5 734 11.3 110
05-31-89 1130 25 385 7.8 15.0 725 9.8 102
44 07-25-88 0845 133 396 7.4 28.0 734 6.8 91
07-26-88 1320 119 374 -- 27.0 732 94 123
07-26-88 1710 127 423 -- 27.0 733 10.6 139
07-26-88 2150 116 435 -- 27.0 734 6.5 85
07-27-88 0120 127 375 -- 27.5 732 5.7 75
07-27-88 0545 112 393 8.3 25.0 734 5.3 67
11-14-88 1555 118 455 8.0 7.0 720 13.1 114
03-08-89 1225 133 488 8.2 2.5 738 15.0 114
05-31-89 1300 91 520 8.2 21.0 730 8.3 97
46 07-25-88 0615 18 398 7.8 26.0 734 6.4 82
07-26-88 1355 9.0 411 8.1 26.5 732 7.0 91
07-26-88 1750 E8.5 460 7.9 27.0 732 7.2 94
07-26-88 2110 8.0 498 7.7 26.5 734 5.6 73
07-27-88 0100 E7.5 440 8.2 25.5 732 7.0 89
07-27-88 0510 E7.0 448 72 23.5 734 5.6 69
11-14-88 1515 8.0 560 8.1 6.5 723 129 11
03-08-89 1200 13 599 8.1 1.0 738 15.5 113
05-31-89 1330 6.8 604 8.0 21.0 730 6.9 81
47 07-25-88 1150 163 501 8.7 29.0 740 7.2 97
07-27-88 0920 119 512 9.0 27.0 740 15.0 195
08-09-88 1135 78 578 8.4 26.5 733 10.9 141

32  Surface-Water-Quality Assessment of the Lower Kansas River Basin, Kansas and Nebraska: Dissolved Oxygen and
Escherichia Coli Bacteria in Streams During Low Flow, July 1988 Through July 1989



Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
47 08-30-88 1100 75 610 8.6 21.0 739 10.3 119
10-18-88 1300 113 518 8.0 14.0 739 9.5 95
11-09-88 1200 118 520 8.3 8.0 737 10.4 91
11-14-88 1350 133 523 8.1 9.0 722 12.6 115
12-06-88 1300 135 564 8.3 3.0 733 14.5 112
01-10-89 1050 86 696 8.2 0 733 13.1 93
02-07-89 1115 109 643 7.4 0 747 -- --
03-07-89 1100 179 537 8.1 0 737 134 95
03-08-89 1040 200 524 8.1 .5 740 14.1 101
04-05-89 0955 138 566 8.3 9.5 736 133 121
05-01-89 1200 142 593 8.4 12.5 738 10.7 104
05-31-89 1420 110 600 8.4 21.0 730 8.7 102
48 07-26-88 1215 12 763 8.3 24.0 734 7.0 87
11-16-88 1400 12 855 8.1 7.0 732 8.5 73
03-09-89 0830 13 652 8.2 1.0 738 13.7 100
05-31-89 1415 59 734 8.3 23.0 730 73 89
49 07-25-88 1400 206 454 7.9 31.0 737 10.6 148
11-16-88 1130 166 580 8.5 5.0 735 12.4 101
11-16-88 1135 166 580 8.5 5.0 735 12.4 101
03-08-89 1630 150 715 8.3 4.5 738 12.0 96
03-08-89 1635 150 715 83 4.5 738 12.0 96
03-08-89 1715 150 715 8.3 4.5 738 12.0 96
03-08-89 1720 150 715 8.3 45 738 12.0 96
05-31-89 1540 110 640 8.8 24.0 730 11.8 147
05-31-89 1545 110 640 8.8 24.0 730 11.8 147
05-31-89 1550 110 639 8.8 24.0 730 11.8 147
05-31-89 1555 110 639 8.8 24.0 730 11.8 147
50 07-24-88 1320 7.0 - 8.1 26.0 736 79 101
11-16-88 1340 16 572 7.9 8.0 740 10.8 94
11-16-88 1350 16 572 7.9 8.0 740 10.8 94
11-16-88 1355 16 572 79 8.0 740 10.8 94

Dissolved-Oxygen Concentrations

33



Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-

(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

50 03-09-89 1130 16 588 83 3.0 740 16.8 129
05-31-89 1055 4.0 592 8.1 21.0 732 13.5 158
51 07-24-88 1445 5.7 655 8.2 29.0 738 8.6 116
11-16-88 0940 15 857 8.9 8.0 737 8.6 75
03-09-89 1115 6.0 1,350 83 6.0 740 15.4 128
05-31-89 1730 1.0 1,110 8.1 25.0 730 6.3 80
52 07-24-88 1045 1,870 549 8.1 26.0 738 10.0 128
11-15-88 1445 492 660 82 12.0 719 11.2 110
03-08-89 1430 442 684 8.2 4.0 746 18.3 143
06-02-89 1030 396 591 8.3 21.0 738 79 92
55 07-27-88 0930 14 504 6.6 23.0 740 54 65
11-15-88 1330 1.6 865 7.8 12.0 720 8.4 83
03-08-89 1345 43 526 8.4 1.0 743 17.2 124
05-31-89 0900 .59 503 8.0 235 733 12.2 150
56 07-27-88 1120 42 550 7.1 27.0 742 9.0 116
11-15-88 1115 3.6 -- 7.7 10.0 725 8.6 --
03-08-89 1100 6.2 629 83 3.0 746 16.8 128
06-01-89 1450 1.6 468 83 225 742 10.4 124
57 07-29-88 0815 2.2 457 79 20.0 739 6.8 77
03-08-89 1645 24 637 8.4 8.0 742 13.6 118
06-01-89 1645 1.7 476 1.7 18.0 740 85 93
58 07-27-88 0910 2,550 701 8.4 25.0 730 7.7 98
11-15-88 1445 1,190 1,040 8.4 17.0 715 8.4 93
03-10-89 1110 897 1,080 85 8.0 742 11.0 96
05-30-89 1845 1,040 845 8.3 28.0 730 7.0 94
59 07-27-88 1010 7.8 656 8.1 26.0 730 6.8 88
11-15-88 1100 5.7 698 8.0 13.5 721 8.7 88
03-08-89 1310 4.6 -- 8.3 8.0 750 11.8 --
06-01-89 1145 2.7 727 79 21.5 742 57 67
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
60 07-29-88 0535 1.8 615 8.2 255 740 6.7 85
11-15-88 1240 1.5 831 83 14.5 717 84 88
03-09-89 1230 2.5 748 8.2 6.5 751 14.2 117
06-01-89 1310 .98 815 7.9 21.0 742 4.7 54
61 07-28-88 1745 1,910 621 8.8 29.0 741 10.2 137
07-29-88 0415 1,910 595 82 26.0 741 6.3 80
11-15-88 1030 720 1,100 8.7 16.5 720 11.2 122
03-08-89 1030 909 1,040 8.3 1.0 748 13.6 98
05-31-89 1710 759 892 8.4 27.0 734 7.9 103
62 07-28-88 1815 2,280 633 8.3 30.0 744 9.7 132
07-29-88 0530 2,250 642 7.5 26.0 742 6.0 76
07-29-88 0535 2,250 642 7.5 26.0 742 6.0 76
11-15-88 0755 809 983 8.5 15.0 723 11.6 122
03-07-89 1510 1,020 1,130 8.6 35 748 14.4 111
06-01-89 1815 876 864 8.4 225 740 8.8 105
63 07-29-88 0910 .50 834 7.2 25.0 737 5.5 69
11-14-88 1000 .58 1,020 7.9 7.5 722 8.5 75
03-07-89 1010 1.2 730 8.1 30 743 13.6 104
06-01-89 1300 .36 698 7.6 19.5 732 6.7 76
64 07-28-88 1230 6.4 504 8.3 30.0 743 8.8 120
07-28-88 1235 6.4 504 8.3 30.0 743 8.8 120
07-28-88 1830 6.4 490 8.3 30.0 742 7.5 102
07-29-88 0005 6.4 524 7.9 26.0 740 6.3 80
07-29-88 0435 6.4 522 7.9 25.0 742 54 67
11-14-88 1530 39 645 8.5 17.0 734 17.2 185
03-07-89 1230 4.6 650 8.3 6.0 749 18.0 147
03-07-89 1235 4.6 650 83 6.0 749 18.0 147
03-07-89 1330 4.6 655 83 7.0 749 >20.0 >167
03-07-89 1335 4.6 655 8.3 7.0 749 >20.0 >167
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Table 3. Resuits of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
64 05-31-89 1430 3.0 543 7.9 28.0 734 10.8 144
05-31-89 1435 3.0 543 7.9 28.0 734 10.8 144
71 07-27-88 0610 1.0 1,600 7.6 23.0 738 4.5 55
11-17-88 1230 2.5 1,350 7.9 6.5 737 114 96
03-09-89 1100 22 1,420 8.1 45 747 149 118
06-01-89 1445 36 -- 7.7 20.0 737 7.0 79
72 07-27-88 0745 2.4 677 7.8 20.5 739 6.2 71
08-31-88 1025 1.5 694 8.3 20.5 -- 10.0 --
10-05-88 1000 1.5 636 8.7 10.5 -- 9.7 --
11-09-88 1020 2.5 860 8.3 8.5 -- 8.7 --
11-17-88 1020 22 816 8.4 5.5 743 12.1 99
12-21-88 1010 9.6 -- 8.5 0 -- 10.5 --
01-25-89 1220 12 736 8.6 4.0 - 11.2 --
02-15-89 1035 E6.1 963 8.2 0 - 13.5 -
03-09-89 1230 14 602 8.4 9.0 749 15.1 133
03-15-89 1135 9.9 569 8.8 9.0 -- 9.0 -
04-19-89 0925 4.7 717 8.4 10.0 -- 10.0 --
05-17-89 1320 2.5 917 8.3 19.5 -- 79 --
06-02-89 0945 2.1 - 79 19.5 732 9.0 --
73 07-27-88 0810 .60 697 7.7 20.5 738 52 60
11-17-88 1300 35 730 8.1 6.5 740 12.6 106
11-17-88 1305 35 730 8.1 6.5 740 12.6 106
11-17-88 1345 3.5 730 8.1 6.5 740 12.6 106
11-17-88 1350 3.5 730 8.1 6.5 740 12.6 106
03-09-89 1400 6.5 630 8.2 6.5 747 13.7 114
03-09-89 1405 6.5 630 8.2 6.5 747 13.7 114
03-09-89 1440 6.5 630 8.2 6.5 747 13.7 114
03-09-89 1445 6.5 630 8.2 6.5 747 13.7 114
06-02-89 1100 .79 753 7.9 22.0 735 8.3 99
06-02-89 1105 .79 753 7.9 22.0 735 8.3 99
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
74 07-29-88 1020 25 401 7.6 20.5 742 8.4 96
08-10-88 1300 25 431 8.0 235 -- 7.9 -
08-31-88 1320 100 384 8.2 26.0 -- 8.2 -
10-05-88 1300 200 360 8.6 18.0 -- 9.6 -
11-09-88 1310 50 396 8.6 12.0 -- 10.7 -
11-15-88 1430 50 378 8.4 11.5 724 9.0 87
12-21-88 1315 25 -- 8.8 5.0 -- 13.2 --
01-25-89 0845 22 354 8.8 2.5 -- 11.3 -
02-15-89 1335 22 394 8.1 1.5 -~ 10.7 --
03-07-89 0800 22 389 7.8 25 758 12.9 95
03-15-89 0845 22 390 83 8.0 -- 10.9 -
04-19-89 1235 22 385 8.5 15.5 -- 13.1 --
05-17-89 1045 22 419 8.1 16.0 - 8.9 --
05-31-89 1630 22 399 7.8 18.5 735 8.1 90
76 07-27-88 1805 2,240 628 8.4 30.5 743 11.4 157
07-28-88 0025 2,210 586 8.5 28.0 746 7.6 100
07-28-88 0615 2,260 634 7.7 27.0 744 5.8 75
07-28-88 1215 2,240 680 8.6 28.5 744 9.6 127
07-28-88 1220 2,330 680 8.6 28.5 744 9.6 127
11-14-88 0600 1,090 1,010 7.7 9.0 747 10.2 90
11-14-88 0610 1,090 1,010 7.7 9.0 747 10.2 90
11-14-88 1000 1,080 1,120 8.1 9.0 737 10.6 95
11-14-88 1005 1,080 1,120 8.1 9.0 737 10.6 95
11-14-88 1400 1,080 1,010 8.3 15.0 738 9.8 101
11-14-88 1410 1,080 1,010 8.3 15.0 738 9.8 101
11-14-88 1800 1,080 1,030 8.4 13.0 733 10.1 100
11-14-88 1805 1,080 1,030 8.4 13.0 733 10.1 100
11-14-88 2200 1,080 1,050 8.3 13.0 732 9.5 94
11-14-88 2205 1,080 1,050 8.3 13.0 732 9.5 94
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-

(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)

76 11-15-88 0200 1,080 1,070 83 13.0 732 9.1 90
11-15-88 0205 1,080 1,070 8.3 13.0 732 9.1 90
11-15-88 0605 1,060 1,060 8.5 145 724 9.9 103
03-07-89 0615 1,010 1,180 8.2 5 758 14.1 99
03-07-89 1010 932 1,190 8.4 .5 755 13.8 97
03-07-89 1015 932 1,190 8.4 .5 755 13.8 97
03-07-89 1400 852 1,170 8.3 4.0 741 13.1 102
03-07-89 1405 852 1,170 8.3 4.0 747 13.1 102
03-07-89 1410 852 1,170 8.3 4.0 747 13.1 102
03-07-89 1800 892 1,240 8.4 5.5 752 12.8 103
03-07-89 1805 892 1,240 8.4 55 752 12.8 103
03-07-89 2200 964 1,190 8.5 4.0 754 12.7 98
03-07-89 2205 964 1,190 85 4.0 754 12.7 98
03-08-890 0200 1,020 1,180 8.7 2.0 757 12.8 94
03-08-89 0205 1,020 1,180 8.7 2.0 757 12.8 94
03-08-89 0600 1,070 1,310 8.7 .5 748 13.0 92
03-08-89 0605 1,070 1,310 8.7 .5 748 13.0 92
05-31-89 1845 852 866 8.2 26.0 730 72 93
77 07-27-88 1825 2,940 625 79 29.0 745 10.7 143
07-28-88 0605  E2,940 567 8.3 28.5 745 8.5 112
11-14-88 1030 1,520 1,100 8.5 10.0 743 10.8 98
03-07-89 1345 784 1,180 8.5 3.0 749 16.2 123
06-03-89 0935 950 913 8.5 25.0 740 8.0 100
78 07-28-88 0515 2,580 570 8.3 26.0 740 6.6 84
11-14-88 1440 980 966 8.6 12.0 733 11.4 110
03-07-89 1030 767 1,170 83 1.0 751 15.8 113
06-01-89 1800 860 810 8.4 235 730 9.0 111
79 07-29-88 0645 .36 409 7.6 245 740 5.0 62
03-07-89 1600 40 528 8.0 6.5 748 12.0 100
05-31-89 0930 E.15 507 7.6 24.0 736 45 56
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mm of dissolved satur-
(fig. 10) Date (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
83 07-29-88 0530 24 320 7.8 26.0 741 6.7 85
08-10-88 1500 23 339 8.3 29.0 -- 8.5 --
08-31-88 1500 240 313 8.4 25.5 - 8.0 -~
10-05-88 1500 28 291 83 16.5 -- 9.4 --
11-09-88 1555 9.2 -- 8.1 10.0 -- 83 -~
11-16-88 1520 11 476 7.4 10.5 -- 2.7 -~
12-21-88 1515 49 375 83 40 -- 11.8 --
01-25-89 1605 8.6 300 79 6.0 -- 9.6 -~
02-15-89 1535 E6.2 386 8.2 1.0 -- 12.7 -~
03-07-89 1300 4.2 373 83 2.5 746 14.3 107
03-15-89 1435 4.6 376 83 10.5 -- 10.2 --
04-19-89 1450 24 347 8.3 15.5 -- 9.6 --
05-17-89 0755 24 358 8.0 19.0 -- 7.1 --
05-31-89 1045 22 340 7.8 24.5 738 59 73
86 07-28-88 0615 E.05 529 1.5 22.5 743 2.7 32
07-28-88 0620 E.05 529 7.5 22.5 743 2.7 32
07-28-88 1200 E.40 515 7.8 25.5 745 7.0 88
03-08-89 1200 45 534 8.2 35 757 15.5 118
06-02-89 1250 E.30 557 7.8 23.5 736 8.1 99
87 07-28-88 0445 .06 481 7.7 25.5 745 54 68
07-28-88 1500 .06 474 8.1 29.0 745 8.5 113
11-14-88 1345 2.4 490 7.8 10.0 735 8.4 77
11-14-88 1350 2.4 490 1.8 10.0 735 8.4 77
03-08-89 1415 6.0 494 83 5.5 748 13.7 111
06-02-89 1530 9.1 304 7.1 23.0 738 5.6 68
88 07-27-88 1815 2,500 525 8.2 30.0 730 7.0 97
07-27-88 2400 2,320 628 7.7 29.0 746 6.8 91
07-28-88 0610 2,290 656 8.4 27.0 740 5.8 75
07-28-88 1220 2,280 709 8.2 28.0 740 8.2 108
07-28-88 1225 2,280 709 8.2 28.0 740 8.2 108
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Table 3. Results of water-quality determinations and dissolved-oxygen concentrations at synoptic-sampling
sites in the lower Kansas River Basin, July 1988 through June 1989—Continued

Stream-
flow,
instan- Baro- Oxygen,
Site map- taneous Specific metric dissolved
index (cubic  conduct- pH Temper- pressure Oxygen, (percent
number Time feet per ance (standard ature, (mmof dissolved satur-
(fig. 10) Date  (24-hour) second) (uS/cm) units) water (°C) Hg) (mg/L) ation)
88 11-16-88 1510 1,060 1,080 8.5 9.5 739 10.0 91
11-16-88 1515 1,060 1,080 8.5 9.5 739 10.0 91
03-07-89 1550 608 1,380 8.8 8.0 750 11.6 100
03-07-89 1555 608 1,380 8.8 8.0 750 11.6 100
03-07-89 1630 608 1,380 8.8 8.0 750 11.6 100
03-07-89 1635 608 1,380 8.8 8.0 750 11.6 100
05-30-89 1905 1,180 927 8.6 28.0 735 104 138
05-30-89 1910 1,180 927 8.6 28.0 735 104 138
90 07-29-88 0510 9.9 972 7.7 24.0 740 29 36
07-29-88 0515 9.9 972 7.7 240 740 29 36
11-14-88 1210 24 1,030 8.1 16.0 736 74 78
11-14-88 1215 24 1,030 8.1 16.0 736 7.4 78
11-14-88 1315 24 1,000 7.8 17.0 736 6.4 69
11-14-88 1320 24 1,000 7.8 17.0 736 6.4 69
03-07-89 0925 28 1,510 8.4 6.0 752 12.0 98
06-02-89 1440 32 1,100 7.9 23.0 739 73 88
91 07-29-88 0615 E2,550 723 8.4 28.0 740 5.5 73
11-14-88 1000 1,010 923 8.3 11.5 736 8.4 80
03-07-89 1320 1,090 -- 9.0 6.0 752 11.8 --
06-02-89 1145 1,180 1,170 8.0 26.0 744 5.0 63
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bably the result of reduced reaeration during low flow
and of algal respiration. Although the algal biomass,
as indicated by a chlorophyll-a concentration of

15 pg/L (micrograms per liter) (table 8), was not
exceptionally large compared to other sites, it pro-
bably was sufficient to create an oxygen depression
during the night. In addition to the free-floating algae,
large accumulations of periphyton have been observed
at this site. Periphyton respiration also would place an
oxygen demand on the stream. No other DO concen-
trations less than the criteria were observed at this site
during subsequent surveys.

The predawn DO concentration at site 86 was
2.7 mg/L on July 28, 1988. Upstream of site 86 there
are two wastewater-treatment facilities with a com-
bined permitted discharge of 0.07 Mgal/d. However,
these facilities are about 20 mi upstream of site 86 and
are believed to have little effect at this site. The small
predawn DO concentration observed on July 28 pro-
bably was the result of inadequate physical reaeration
associated with extremely small streamflow
(0.05 ft3/s) and of algal respiration. When the site was
revisited at 1200 hours on July 28, streamflow had
increased to 0.40 ft3/s, and the DO concentration to
7.0 mg/L. The unusual increase in streamflow might
have been the result of beaver activity upstream from
site 86. Beavers have built dams on the upstream
reaches of Stranger Creek, including site 86, for many
years. Their nocturnal construction activities can
substantially reduce streamflow for short periods of
time. The increase in streamflow observed on July 28
may be attributed to a breach in one of these upstream
dams or may represent a reestablishment of normal
base flow following dam construction. Another
possible explanation may be the withdrawal of
upstream water for irrigation purposes, ceasing
sometime after 0615 hours, and subsequent
resumption of normal flow. The 7.0-mg/L DO
concentration observed at 1200 hours probably is the
result of reaeration and photosynthesis. No other DO
concentrations measured at site 86 during subsequent
surveys were less than established criteria.

DO concentrations were measured as part of the
ancillary data collected with synoptic surveys for
nutrients in November 1988 and March and May—June
1989. Four of those measurements were less than
established criteria: 4.9 mg/L, Beaver Creek near
York, Nebr. (site 21), May 31, 1989; 4.7 mg/L, Cross
Creek at Rossville, Kans. (site 60), June 1, 1989; 4.5
mg/L, Wakarusa River near Berryton, Kans. (site 79),

May 31, 1989; and 2.7 mg/L, Wakarusa River near
Lawrence, Kans. (site 83), November 16, 1988.

Site 21 is located approximately 5 mi downstream
from the 1.28-Mgal/d (permitted) municipal
wastewater-treatment facility at York, Nebr. Although
discharge from this facility did not seem to have an
adverse effect on DO concentrations during the July
1988 synoptic survey, subsequent surveys identified
large concentrations of nutrients, particularly nitrite
plus nitrate-nitrogen and phosphorus. Discharge from
the facility may have caused the 4.9-mg/L DO
concentration measured on May 31, 1989.

The DO concentrations measured at sites 60 and
79 during the May-June 1989 synoptic survey were
slightly less than the 5.0-mg/L criterion. This probably
resulted from a combination of reduced physical
reaeration associated with low flow (0.98 ft3/s at site
60 and 0.15 ft*/s at site 79) and decomposition of
organic material accelerated by warmer water.
Upstream from site 60 are two municipal wastewater-
treatment facilities with a combined permitted-
discharge rate of 0.8 Mgal/d; however, the nearest of
these facilities is more than 10 stream mi from site 60.
An examination of nutrient concentrations for site 60
shows small concentrations, which seems to indicate
that the effects of wastewater discharge are not evident
at this sampling site. No wastewater-treatment
facilities are upstream from site 79; however, a beaver
dam was located immediately upstream of the
sampling site. Decomposition of bottom material in
the placid water behind the dam, a reduction in
physical reaeration associated with extremely low
streamflow, and the relatively early-morning (0930
hours) observation, all may contribute to the 4.5-mg/L
DO concentration measured on May 31, 1989.

The 2.7-mg/L DO concentration measured at site
83 on November 16, 1988, probably was the result of
oxygen-demanding material transported into the
stream by an isolated, short-duration rain the day of
sampling. Observer notes for November 16 indicated
that the stream was turbid with a very fine suspended
material resulting from localized runoff from adjacent
farmland. Site 83 is downstream of Clinton Lake and
does not receive discharge from wastewater-treatment
facilities.

Concentrations of DO in violation of water-quality
criteria in the lower Kansas River Basin are localized
occurrences and do not reflect regional variation in
DO. Generally, the most severe DO deficiencies are
the result of discharges from municipal wastewater-
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treatment facilities into small tributary streams with
inadequate dilution or assimilation capacity. Algal
respiration in combination with reduced physical
reaeration associated with low streamflow also may
cause temporary, localized deficiencies in DO
concentrations. Oxygen demand from the decomposi-
tion of benthic material in pooled or placid streams
may serve to compound the effect of reduced physical
reaeration.

Concentrations of DO less than water-quality
criteria were not observed on major tributaries or the
main stem of the Kansas River. DO concentrations
appear to be relatively similar throughout the basin.
When mean predawn concentrations are compared
between sites on the Big Blue River (sites 12, 32, 35),
Little Blue River (sites 37, 39, 40, 44), and Kansas
River (sites 61, 62, 76, 77, 78, 88, 91), there is little
appreciable difference (6.23 mg/L, 6.60 mg/L, and
6.36 mg/L, respectively). Of the 31 sites where pre-
dawn DO measurements were made, 5 sites
(16 percent) had concentrations less than water-quality
criteria, Of all DO concentrations measured (392) in
conjunction with synoptic surveys (table 3), only
9 measurements (2.3 percent) were less than water-
quality criteria.

Diel Variability

Daily DO fluctuations and diel variability are
largely dependent on temperature fluctuations and
photosynthesis-respiration relations. In slow, shallow
streams (typical of the lower Kansas River Basin) that
contain an abundance of phytoplankton, periphyton,
and rooted aquatic plants, daytime photosynthetic pro-
duction exceeds physical reaeration as a source of
oxygen and exceeds consumption from respiration.
The result frequently is supersaturation during the day,
followed by a decrease to less than saturation at night.
Depending upon oxygen demand, daily minimum DO
concentrations usually occur prior to early-morning
water-temperature lows (Reid and Wood, 1976,

p- 215). DO concentrations may be acutely affected by
sunlight intensity. The considerable diel variability in

DO indicates the importance of more than a single DO
measurement to adequately define the oxygen regime

in a stream.

To describe DO diel variability in the lower
Kansas River Basin, 11 sites were sampled during July
1988, at 4- or 6-hour intervals for approximately

24 hours. Results of DO measurements for these sites
are shown in figure 12. Results of ancillary onsite
measurements are listed in table 3. Results of chemical
analysis of water samples for nutrients, organic car-
bon, chlorophyll, and suspended sediment collected
during these diel studies are listed in table 8 in the
“Supplemental Information” section of this report. At
site 32, Big Blue River at Beatrice, Nebr., the DO
measurement at 0500 hours on July 26, 1988, was in-
advertently omitted during the survey. The DO con-
centration for 0500 hours shown in figure 12 for

site 32 was assumed to be equal to the 5.8-mg/L
concentration measured at 0510 hours on July 27.

At nearly every site, minimum DO concentrations
occurred just before dawn (about 0600 hours), and
maximum concentrations occurred in late afternoon-
early evening (about 1800 hours). Concentrations of
DO less than the 5.0-mg/L criterion were not
measured at any of the diel-study sites. The largest DO
concentrations measured were at site 44, Little Blue
River near Fairbury, Nebr. (10.6 mg/L) and site 76,
Kansas River at Lecompton, Kans. (11.4 mg/L). The
largest ranges in DO concentration also occurred at
these two sites (5.3 and 5.6 mg/L, respectively). Two
of the three largest chlorophyll concentrations
(chlorophyll-a plus chlorophyll-b) occurred at site 44
and site 76 (113 and 85 ng/L, respectively, table 8).

As a result of diel variability, DO shown in figure
12 and table 3 was supersaturated during the day and
less than saturation during the night except at sites 32
and 46. Maximum DQ at all sites ranged from
94-percent saturation at site 46 to 157 percent at
site 76, with a mean maximum of 115 percent. Mini-
mum DQ at all sites ranged from 66-percent saturation
at site 12 to 79 percent at site 34, with a mean mini-
mum of 72 percent. Mean DO using all measurements
at all sites was 92-percent saturation. It appears that
diel variability in streams not affected by localized
problems is basically a function of the photosynthesis-
respiration relation and, to a lesser extent, a function
of the temperature-atmospheric, pressure-solubility
relation.

Seasonal effects on diel variability were examined
at site 32, Big Blue River at Beatrice, Nebr., and site
76, Kansas River at Lecompton, Kans. Diel studies
were conducted at both sites in July and November
1988 and March 1989; and at site 32 in May 1989.
Results of these diel studies are shown in figure 13.
The effect of water temperature on oxygen solubility is
evident in figure 13. Water temperatures at both sites
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Figure 12. Diel variability of dissolved-oxygen concentrations at selected synoptic-sampling sites in the lower Kansas River
Basin for survey of July 1988 (criterion established by U.S. Environmental Protection Agency, 1986).
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Figure 13. Seasonal effect on the diel variability of dissolved-oxygen concentrations in the Big Blue River at Beatrice,
Nebr., and the Kansas River at Lecompton, Kans. (criterion established by U.S. Environmental Protection Agency,
1986).
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ranged from 25.0 to 30.5 °C in July 1988, 7.0 to

15.0 °C in November 1988, 0 to 5.5 °C in March 1989,
and 21.5 t0 25.0 °C in May 1989. As water temper-
ature decreased, DO concentrations increased, and
generally, diel variability decreased. The decreased
diel variability was most pronounced at site 76.

During the July 1988 survey at site 76, the diel
variability of DO concentrations was 5.6 mg/L. Vari-
abilities for the November 1988 and March 1989
surveys were 1.5 and 1.4 mg/L, respectively. This
reduced diel variability can be attributed to smaller
algal biomass and cooler water, which reduces the rate
of biochemical reactions including photosynthesis
and respiration. Reduction in algal biomass is shown
by chlorophyll concentrations of March 7, 1989,
which averaged 5.9 ug/L for three replicate samples
(table 8). This contrasts with the 85-pug/L. concentra-
tion on July 28, 1988, when the water was
considerably warmer.

Generally, DO concentrations during the cold-
weather months are a function of the water temper-
ature. This can be seen in the gradual reduction in DO
concentrations during the daylight hours as the water
warms. Maximum DO concentrations occur before
noon when water temperature is coolest, the reverse of
the warm-weather response. This was most evident
during the November 1988 survey at sites 32 and 76
and the March 1989 survey at site 76.

ESCHERICHIA COLIDENSITIES

Sources and Water-Quality Criteria

The bacterium Escherichia coli (E. coli) is
indigenous solely to the intestinal tract of warm-
blooded animals. It is a member of the family
Enterobacteriaceae and the predominate bacterium in
the fecal coliform group (McKinney, 1962).
Therefore, the presence of E. coli in the aquatic envir-
onment is an indication of fecal contamination. This
contamination may come from municipal wastewater
discharges; leachate from domestic septic systems,
runoff or ground-water seepage from livestock-
producing areas (pasture and confined feedlots), or
wildlife populations.

Seyfried and others (1984) state that municipal
wastewater discharges can have a detrimental effect on
the water quality of receiving streams not only in
regard to fecal bacteria but also to the introduction of

pathogenic organisms, such as reo-, adeno-, and enter-
ovirus; coxsackievirus; and poliovirus. The studies of
Stephenson and Street (1978), Doran and others
(1981), and Gary and others (1983) have demonstrated
the effect of cattle production on fecal coliform densi-
ties in runoff from grazed and pastured land and in
streams adjacent to these areas. Kress and Gifford
(1984) attempted to quantify release of fecal coliforms
from cattle fecal deposits of various ages and under
varying rainfall intensities. Hagedorn and others
(1978) have shown that E. coli can survive lateral
movement through soil at sites with as little as
2-percent slope.

The survival characteristics of E. coli in aquatic
environments of various chemical compositions were
studied by Lim and Flint (1989). They found that in
filtered, autoclaved lake water, E. coli survived for 12
days without a decline in viable counts. The addition
of synthetic sewage to unfiltered water led to an
increase in viable counts and also to an increase in
survival time relative to unfiltered water without syn-
thetic sewage. The addition of a nitrogen source, like-
wise, increased survival times and was proportional to
the concentration of the nitrogen source.

For many years prior to 1986, densities of fecal
coliform and total coliform bacteria were traditional
measures of sanitary quality. In 1986, the USEPA
revised the ambient water-quality criteria for marine
and freshwater (U.S. Environmental Protection
Agency, 1986) and recommended that criteria for
E. coli and the Enterococci organisms replace criteria
for fecal coliform and total coliform bacteria in State
water-quality regulations for the protection of
primary-contact recreation. The USEPA has estab-
lished several levels of human-health protection with
regard to the single-sample maximum allowable
density of E. coli based on frequency of use of the
water body. The least stringent of these levels, infre-
quently used full-body contact recreation, has been set
at 576 col/100 mL (colonies per 100 milliliters of
water). Additionally, the Kansas Department of Health
and Environment has established a criterion for fecal
coliform of 2,000 col/100 mL for those streams avail-
able for all beneficial uses other than primary (full-
body) contact recreation (Fromm and Wilk, 1988).
Because the fecal coliform group may contain bacteria
other than E. coli, the 2,000-col/100 mL criterion, if
applied to E. coli, may result in a less-stringent criter-
ion than that currently established (that is,

2,000 E.-coli col/100 mL probably equates to more
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than 2,000 fecal coliform col/100 mL). However,
because few streams or segments of streams in the
study unit are classified by the Kansas Department of
Health and Environment or the Nebraska Department
of Environmental Control for full-body contact, it is
appropriate that some criterion for other than primary
contact be used for evaluating E. coli densities ob-
served during this study. Therefore, both the
2,000-col/100 mL criterion and the 576-col/100 mL
criterion will be used in this report. These criteria are
applicable only during stable-flow, dry-weather
conditions.

Data Collection and Analysis

Water samples for determination of E. coli
densities were collected July 24-29, 1988, in conjunc-
tion with a synoptic survey for determination of DO
concentrations. A followup synoptic survey of E. coli
was conducted July 16-21, 1989, to verify results
obtained the previous year. The location of synoptic-
sampling sites are described in table 2 and shown in
figure 10.

Samples at 57 sites were collected during stable,
low-streamflow, conditions. Samples representative of
the stream cross section were collected using the
equal-width-increment (EWI) method and a sterile
DH-81 depth-integrating suspended-sediment sampler
on wadeable streams or a sterile D-77 suspended-
sediment sampler where depth necessitated collection
from a bridge (Guy and Norman, 1970). The EWI
method has been described previously in the “Study
Approach” section of this report; however, samples for
E. coli analysis were not composited in a churn
splitter. On small, shallow streams where depth-
integrating samplers were inappropriate, a sample was
collected by hand dipping a sterilized sample-
collection bottle into the centroid of flow. Sampler
nozzles, gaskets, and collection bottles were cleaned
and autoclaved for 20 minutes at 121 °C and 15 Ib/in®
prior to use. These parts were replaced between samp-
ling sites to prevent cross contamination of samples.

Samples were chilled after collection and trans-
ported to a centrally located site for analysis. Samples
collected in the upper Big Blue River and Little Blue
River subbasins were analyzed in Beatrice, Nebr.
Samples collected along the main stem Kansas River
and tributaries were analyzed at the U.S. Geological
Survey laboratory in Lawrence, Kans.

The membrane filter (MF) method was used for
the detection and enumeration of E. coli densities
(U.S. Environmental Protection Agency, 1985). The
MF method provides a direct count of bacteria based
on the development of colonies on the membrane filter
after a water sample has been filtered through it.
Subsequently, the membrane containing the bacteria
cells is placed on a selective and differential medium,
mTEC, incubated at 35 °C for 2 hours to resuscitate
injured or stressed bacteria, and then incubated at
44.5 °C for 22 hours to promote colony growth.
Following incubation, the filter is transferred to a filter
pad saturated with urea substrate. After 15 minutes,
E. coli will become yellow or yellow brown and are
counted under a lamp and magnifying lens.

Samples were filtered and the incubation process
started as soon as possible after collection. Samples
were chilled until processed, but no sample was held
longer than 6 hours. Sterile, disposable, polystyrene
filter units with 0.45-micrometer-porosity membrane
filters were used to filter samples. One filter unit was
used per water sample. Different membrane filters
were used for each filtered sample volume. Sample
volumes ranged from 0.1 to 100 mL (milliliters) in a
series of five or six volumes. Sample volumes were
filtered in ascending order. Plate counts were conver-
ted to densities in colonies per 100 mL of sample.
Because of the potential for slight variations in analy-
tical procedure between analysts, a single analyst
processed, filtered, and counted all samples collected
for both synoptic surveys. This was done to limit
fluctuation in analytical precision and maintain com-
parability among sites. Results for determination of
E. coli densities for synoptic surveys of July 1988 and
July 1989 are listed in table 4.

Associated Rainfall and Streamflow
Characteristics

The objectives of conducting a synoptic survey for
E. coli densities were to define the spatial occurrence
of fecal contamination, document the effect of major
point-source discharges, and describe the relation
between fecal contamination and factors such as land
use, agricultural practices, and waste-management
practices. For determinations of E. coli densities to be
comparable between sampling sites, it was necessary
to sample all sites under similar hydrologic conditions.
Sampling to meet these objectives is most appro-
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priately conducted during stable low-flow conditions
when effects of overland runoff would be less likely to
cause large fluctuations in E. coli densities. Therefore,
an evaluation of rainfall before and during sampling
periods was needed to define the potential for or
occurrences of overland runoff. An evaluation of
streamflow was necessary to determine whether
baseflow conditions prevailed.

Antecedent and concurrent rainfall characteristics
for the July 1988 and July 1989 synoptic surveys are
listed in table 5. No rainfall was recorded at any of the
six locations listed in table 5 for at least 4 days before
the start of the July 1988 survey. Total rainfall during
the 2 weeks before the July 1988 survey ranged from
0.53 in. at Topeka, Kans., to 3.53 in. at Manhattan,
Kans. During the 6 days of the survey, rainfall ranged
from zero at Hastings, Nebr., and Manhattan, Kans., to
0.22 in. at Marysville, Kans. Based on these rainfall
characteristics plus an examination of hydrographic
records and field observations, it was concluded that
none of the sites sampled during the July 1988 syn-
optic survey were affected by nonpoint-source contri-
butions from overland runoff as a result of rainfall.
However, irrigation-water return flow was observed at
one site in the upper Big Blue River subbasin. The
effect of irrigation-water return flow on streamflow at
base-flow conditions, both from a hydrologic and
water-quality aspect, may be substantial in the upper
Big Blue River and Little Blue River subbasins. As
previously indicated in figure 4, the amount of irri-
gated acreage in a representative area of these sub-
basins has increased substantially since the 1930’s.
With this increase in irrigation has come an increase in
return flow to area streams probably affecting both
streamflow and water quality. Figure 6 shows that the
majority of irrigation wells in the study unit are
located in the upper Big Blue River and Little Blue
River subbasins.

Rainfall characteristics before and during the July
1989 synoptic survey were considerably wetter than
those of the July 1988 survey. No dry days imme-
diately preceded the start of the July 1989 survey at
any of the six locations listed in table 5 (some rainfalt
was recorded at every location on July 15, 1989).
Rainfall recorded during the 3 days prior to July 16,
1989, ranged from 0.02 in. at Manhattan, Kans., to
2.50 in. at Topeka, Kans. However, the largest rainfall
amounts recorded during the survey were at those
locations in the Big Blue River subbasin and ranged
from (.58 in. at Beatrice, Nebr., to 1.06 in. at Hastings,

Nebr. Because of the wet antecedent conditions and
substantial rainfall during the survey, streamflows at
most sites in the Big Blue River and Little Blue River
subbasins were affected by overland runoff.
Occurrence of base-flow conditions during syn-
optic surveys in July 1988 and July 1989 can be eval-
uated by an examination of flow-duration data for the
observed streamflows. Table 6 lists selected sampling
sites, date and time of sampling, streamflow, and per-
centage of time streamflow is equalled or exceeded.
Based on long-term records, the mean percentage of
time that streamflow during the July 1988 synoptic
survey is equalled or exceeded at main-stem sites on
the Big Blue River (sites 6, 12, 32, 36), Little Blue
River (sites 38, 47), and Kansas River (sites 1, 58, 62,
76, 88) were 42 percent, 81 percent, and 70 percent,
respectively. Streamflow on the upper Big Blue River
during the July 1988 survey was not at extreme low
flow; however, it was at stable conditions based on
hydrographic record and observations made at the
time of sampling. The relatively large flows at the Big
Blue River sites were probably the result of ground-
water discharge resulting from rainfall during the pre-
vious 2 weeks and, possibly as important, from
irrigation-water return flow. Streamflow in the Kansas
River downstream of Manhattan was stable but some-
what increased because of a reservoir release from
Tuttle Creek Lake. The Big Blue River near
Manhattan, Kans. (site 52), downstream of Tuttle
Creek Lake, was at a flow rate equalled or exceeded
only 29 percent of the time. The release from Tuttle
Creek Lake kept the Kansas River downstream of
Manbhattan, Kans., at a flow rate equalled or exceeded
an average of 63 percent (sites 58, 62, 76, 88) of the
time compared to the upstream most Kansas River site
at Fort Riley, Kans. (site 1), which had a flow rate
equalled or exceeded 95 percent of the time.
Generally, streamflows in the Big Blue River and
Little Blue River subbasins for the July 1989 synoptic
survey were either larger than streamflows during the
July 1988 survey or were affected by overland runoff
from recent rains. The Big Blue River at Surprise,
Nebr. (site 6), and near Seward, Nebr. (site 12), had
flow rates similar to those sampled in July 1988 but
were affected by overland runoff as determined by an
examination of hydrographic records and field obser-
vations. Streamflows in the Big Blue River subbasin
downstream of Seward, Nebr., and in the Little Blue
River subbasin were affected substantially by overland
runoff (sites 23, 28, 36, 38, 42, 47). The largest
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Table 5. Rainfall characteristics at selected locations for synoptic surveys of July 1988 and July 1989

[Data from National Oceanic and Atmospheric Administration, 1988-89a, b; rainfall values are in inches]

July 24--29, 1994

July 16-21, 1989

Number Antecedentrainfall Total Number Antecedent rainfall  Total

of rainfall of rainfall
antece- during antece- during

dentdry Prior3 Prior14 sampling dentdry Prior3 Prior 14 sampling
Location (fig. 1) days days days period days days days period
York, Nebr. 4 0 1.65 0.09 0 0.88 0.92 0.63
Hastings, Nebr. 4 0 1.57 0 0 1.98 2.21 1.06
Beatrice, Nebr. 4 0 2.28 .03 0 1.47 1.54 58
Marysville, Kans. 4 0 2.23 22 0 .80 2.79 25
Manhattan, Kans. 4 0 3.53 0 0 .02 58 38
Topeka, Kans. 7 0 53 .08 0 2.50 2.88 .40

streamflows were in the upper Little Blue River sub-
basin. The Little Blue River near Deweese, Nebr.
(site 38), had a flow rate equalled or exceeded only
0.4 percent of the time. Streamflow along the main
stem Kansas River and tributary streams during the
July 1989 survey were similar to those observed
during the July 1988 survey. However, because of
fluctuations in releases from Tuttle Creek Lake,
several Kansas River sites (sites 58, 62, 76) were not
under stable-flow conditions. No sites on the main
stem Kansas River or tributary streams appeared to be
affected by recent overland runoff.

Quality Assurance

Within-site variations in E. coli counts may be the
result of variability in (1) analytical procedures, (2)
sample-collection procedures, (3) natural microbial
distribution, and (4) differences in techniques of mul-
tiple analysts. Procedures were developed to evaluate
or control these sources of variation to the extent pos-
sible. Other quality-assurance procedures included
verification of the sterility of the buffered-dilution
water and equipment used in the filtration process.

Variation in E. coli counts caused by analytical
procedures was evaluated by filtering duplicate
volumes of samples collected at 10 randomly selected
sites during the July 1988 synoptic survey. Two to four
duplicate volumes were filtered for each site, produ-
cing a total of 28 duplicate pairs. Counts of E. coli

colonies were made for the duplicate pairs (table 7),
and variation was evaluated with a technique used by
Dufour and others (1981) to quantify the precision of
the mTEC procedures. They calculated variation as a
percentage of the mean with the equation:

¢y

variation

where
s is the standard deviation,
n is the number of duplicates, and
x is the mean count of the duplicate pairs.

For a sample size of two, variation can be shown to be
expressed as:

(X, —x,)/2

. 100. (2)

variation
X

The variations computed by equation 2 for the
duplicate-pair counts are listed in table 7. Average
variation for the mTEC analytical procedure as deter-
mined from all data in table 7 is 22 percent of the
mean. Average variation for duplicate pairs with both
counts within the ideal counting range of
2080 col/100 mL is 10 percent of the mean. Average
variation for duplicate pairs with one or both counts
within the ideal counting range is 13 percent of the
mean. Average variation for duplicate pairs where
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Table 7. Variation of Escherichia coli counts in
two-plate duplicate-volume filtrations from samples
collected during synoptic survey of July 1988

[Variation is computed by equation 2; Escherichia coli counts are actual
plate counts]

Site Escherichia coli counts
map-index Variation,
number Plate 1 Plate 2 in percent
(fig. 10) (x4) (x2) of mean
5 2 1 33
8 10 11
19 29 21
28 1 5 67
24 17 17
54 50 4
31 8 11 16
41 4] 0
115 95 10
34 6 9 20
30 26 7
83 55 20
50 1 3 50
14 8 27
53 38 16
52 3 2 20
7 6 8
59 2 1 33
20 22 5
72 7 4 27
13 12 4
49 32 21
87 3 1 50
6 8 14
10 12 9
44 31 17
88 4 11 47
6 11 29

neither count was within the ideal counting range is
26 percent. Therefore, as counts deviate from the ideal
counting range, variation increases considerably.

Variations in E. coli counts caused by sample-
collection procedures (the ability to collect a repre-
sentative sample of the bacterial population) and

natural bacterial distribution were not examined in this
study because micro-organisms are rarely distributed
randomly and because bacteria within any habitat will
have a clumped or patchy distribution (Britton and
Greeson, 1987, p. 4) and will produce uncertainty in
computed variation when viewed from a temporal per-
spective. Under these conditions, the ability to distin-
guish between variation caused by sample-collection
procedures and that caused by distributional patterns
may be questionable without devoting substantial
effort to collect and process a sufficient number of
samples to define the contribution of both potential
sources of variability. Additionally, within-site vari-
ation may be site specific, and assumptions made
based on computed variation at a particular site may
not be true for other sites in the synoptic survey. A
detailed examination of sample-collection variability
and natural variability in distribution at individual
synoptic sites was beyond the scope of this study.

Variations in E. coli counts caused by variability
in analytical technique among multiple analysts were
not of concern in this study. As previously described, a
single analyst filtered, plated, and counted all E. coli
samples. This same analyst performed these functions
for both the July 1988 and July 1989 synoptic surveys.

Four equipment-blank samples using sterile,
buffered dilution water were filtered and plated on
mTEC medium. After incubation, none of the plates
showed development of E. coli colonies. This lack of
development verified the sterility of the buffered water
used for sample dilutions and equipment used during
the filtration process. Also, it indicated that the filtra-
tion equipment and procedure were not a source of
contamination.

Areal Variations

The areal variations of E. coli densities for the
July 1988 survey are shown in figure 14. Densities of
E. coli in water at the 19 sites in the Big Blue River
subbasin, exclusive of the Little Blue River subbasin,
upstream of Tuttle Creek Lake (sites 6-36, 50, and 51,
table 7) ranged from 120 col/100 mL in Fancy Creek
at Winkler, Kans. (site 51), to 260,000 col/100 mL in
the West Fork Big Blue River near Hastings, Nebr.
(site 16). Densities at the 11 sites in the Little Blue
River subbasin (sites 37—49, table 7) ranged from
100 col/100 mL in the Little Blue River near
Alexandria, Nebr. (site 40), to 30,000 col/100 mL at
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Big Sandy Creek near Davenport, Nebr. (site 41).
Densities of E. coli at the 27 sites located in the
Kansas River subbasin (sites 1, 2, 5, and 52-91,

table 7) ranged from less than 1 col/100 mL in the
Delaware River below Perry Dam, Kans. (site 74), to
1,000 col/100 mL in Elk Creek near Larkinburg, Kans.
(site 73).

Of the 19 sites sampled in the Big Blue River
subbasin upstream of Tuttle Creek Lake, stream water
at 16 of those sites (84 percent) exceeded the USEPA
criterion for E. coli densities (576 col/100 mL) for
infrequently used full-body contact recreation, and 10
sites (53 percent) exceeded the 2,000-col/ 100 mL fecal
coliform criterion for uses other than full-body contact
established by the Kansas Department of Health and
Environment (Fromm and Wilk, 1988). A
downstream-ordered distribution of E. coli densities
for the Big Blue River subbasin is shown in figure 15.
For tributary streams only the downstream-most sam-
pling site is shown. Generally, downstream from the
Big Blue River at Seward, Nebr. (site 12), densities of
E. coli decreased on both the main stem and tributary
streams probably because of a combination of dilution
and bacterial die off.

The E. coli density (10,000 col/100 mL) at site 12
apparently reflects not only the contribution
(5,500 col/100 mL) from Lincoln Creek (site 11) but
also a significant nonpoint-source contribution. Site 12
is upstream of the Seward municipal wastewater-
treatment plant and, thus, is not affected by its dis-
charge. Upstream of site 12, there are only two small
wastewater-treatment plants—the municipal
wastewater-treatment plant at Staplehurst, 12 stream
mi upstream, with a permitted discharge of
0.01 Mgal/d and Ulysses, 28 stream mi upstream, with
a permitted discharge of 0.04 Mgal/d. Because of the
distances upstream of these two wastewater-treatment
plants and their small permitted discharge rates, it is
believed that these two point sources would have little
effect on E. coli densities at site 12. Therefore, it
appears that a large part of the E. coli density deter-
mined at site 12 was from nonpoint-source contribu-
tions. These contributions probably originated as irri-
gation return flow or ground-water discharge and were
related to livestock production upstream of site 12. As
previously indicated in table 1 and figures 7 and 8,
production of cattle and hogs in this area are at some
of the highest levels in the study unit.

The relatively large E. coli density
(10,000 col/100 mL) in Cub Creek (site 31) was

probably of nonpoint-source origin. The only known
point-source discharge of E. coli is the Jensen muni-
cipal wastewater-treatment plant, which has a permit-
ted discharge rate of 0.02 Mgal/day. This plant is
located on a tributary to Cub Creek many miles up-
stream of site 31. Therefore, its effect on E. coli den-
sities at site 31 is believed to be minimal. As is com-
mon in much of the northern part of the study unit,
livestock production in the Cub Creek Basin is sub-
stantial (table 1, figs. 7 and 8) and probably contri-
butes to the occurrence of E. coli in local streams.

Of the 11 sites sampled for E. coli in the Little
Blue River subbasin, 8 (73 percent) exceeded the
576 col/100 mL primary-contact criterion, and
4 (36 percent) exceeded the 2,000-col/100 mL
criterion for other than primary contact. Figure 16
shows a downstream-ordered distribution of E. coli
densities in the Little Blue River subbasin as
determined during the July 1988 synoptic survey. The
density of E. coliin the Little Blue River near Hastings
(site 37) was the largest (3,800 col/100 mL)
determined at any main-stem site and may have come
in large part from nonpoint sources. Upstream from
site 37 are three small wastewater-treatment plants;
however, their location (4.6 to 41 stream mi upstream)
and combined total permitted discharge (0.08 Mgal/d)
are believed to have minimal effect on E. coli density
at site 37. The much smaller density (940 col/100 mL)
determined at Little Blue River near Deweese, Nebr.
(site 38), may indicate that the 26-mi stream reach
between sites 37 and 38 is an area of E. coli die off,
with no exceptionally large nonpoint-source
contribution. There are no known point sources
between sites 37 and 38.

The increase in E. coli density (3,000 col/100 mL)
in the Little Blue River near Deshler, Nebr. (site 39),
may have been the result of discharge from the
Deshler wastewater-treatment plant 3 stream mi up-
stream from site 39. Permitted discharge for the
wastewater-treatment plant is 0.10 Mgal/d. The
100-col/100 mL E. coli density determined at the
Little Blue River near Alexandria, Nebr. (site 40),
represents the smallest E. coli density determined in
the Little Blue River subbasin, in spite of the fact that
it is downstream of the Hebron, Nebr., wastewater-
treatment plant, which has a permitted discharge of
0.16 Mgal/d. However, the 18 stream mi between the
Hebron wastewater-treatment plant and site 40 may
provide enough distance for self purification, may give
some insight into E. coli die-off rates, and may indi-
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Figure 15. Distribution of Escherichia coli densities in water from the Big Blue River and its major tributaries for synoptic
survey of July 24-29, 1988. [Number in parentheses is synoptic-sampling site number. Water-quality criteria established by
U.S. Environmental Protection Agency (1986) and Kansas Department of Health and Environment (Fromm and Wilk, 1988).]

cate that nonpoint-source contamination is minimal in of 0.65 Mgal/d and is probably responsible for the

this part of the subbasin. The Little Blue River near increase in E. coli density (1,200 col/100 mL) over
Fairbury, Nebr. (site 44), is approximately 2 mi down- that determined at site 40. Nonpoint-source contami-
stream of the Fairbury municipal wastewater- nation may be responsible for the relatively large

treatment plant. This plant has a permitted discharge E. coli density (5,500 col/100 mL) in Rose Creek near
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Little Blue River near Alexandria (40)

Little Blue River near Hastings (37)
Little Blue River near Deweese (38)
Little Blue River near Deshler (39)

Little Blue River near Fairbury (44)

Rose Creek (46)
Little Blue River at Hollenberg (47)

Mill Creek (48)
Little Blue River near Barnes (49)

Big Sandy Creek (42)
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Figure 16. Distribution of Escherichia coli densities in water from the Little Blue River and its major tributaries for synoptic
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