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CONVERSION FACTORS

For the convenience of readers who prefer to use metric
(International System) units, conversion factors for inch-pound
terms used in this report are listed below:

Multiply inch- 1 uni
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0.02832 cubic meter_per
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ABBREVIATIONS

degrees Celsius
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cubic feet
kilograms
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milligrams
miles
square miles
milliliters
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microsiemens per centimeter,
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data not available,
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TIME OF TRAVEL, WATER QUALITY, AND BED-MATERIAL QUALITY
IN THE CUYAHOGA RIVER WITHIN THE

CUYAHOGA VALLEY NATIONAL RECREATION AREA, OHIO
By C. J. Oblinger Childress

AB STRACT

Three studies were conducted in the Cuyahoga Valley National
Recreation Area (CVNRA) by the U.S. Geological Survey, in coopera-
tion with the National Park Service, to (1) establish the rela-
tionship between time of travel and discharge through the park
reach, (2) assess the impact of 13 tributaries within the park on
dissolved-oxygen depletion and contamination by microorganisms on
the main stem of the Cuyahoga River during a low-flow period, and
(3) determine general areas that are being contaminated by trace
metals by examining metals adsorbed to bed material at selected
locations within the CVNRA.

Times of travel between Botzum and Indepggdence (24 miles) at
flows of 222 and 720 cubic feet per second (ft°/s) at Independence
were 38.7 and 19.9 hours, respectively. Time of travel in this
reach of the Cuyahoga River is described by the equation
T =46.9 -~ 0.038Q where T = time of travel, in hours, and
Q = discharge at Independence, in ft3/s. Times of travel be-
tween gotzum and Peninsula (9 miles) at flows of 222, 376, and
720 ft°/s were 11.4, 8.8, and 6.4 hours, respectively, and are
described by the equation T = 13.0 - 0.009Q. Pooling behind the
Brecksville diversion dam significantly lengthened time of travel
at a flow of 222 fti/s,

On the main stem during low flow, dissolved-oxygen concentra-
tions were highest and ultimate carbonaceous biochemical oxygen
demands (CBODu) were lowest on the upstream and downstream ends of
the reach. Dissolved-oxygen concentrations below the Ohio minimum
standard were recorded at Peninsula, Jaite, and Brecksville;
the highest CBODu concentrations also were recorded at these
sites. Ohio standards for dissolved oxygen were not exceeded on
the tributaries, and 5-day biochemical oxygen demand (BODg) loads
were low relative to loads on the main stem. CBODu loads on the
main stem and BODg loads on the tributaries at high flow generally
exceeded loads at low flow.



The number of fecal coliform counts per 100 milliliters of
sample ranged from 38 to 1,200,000. On the main stem, counts
exceeded Ohio standards for primary contact recreation at all
sites and for secondary contact recreation at all but Botzum and
Peninsula. The highest tributary count was recorded on Langes Run
(360,000). The following tributaries had counts that exceeded
the Ohio standard for primary contact recreation: Haskell Run
(6,600), Robinson Run (1,800), Brandywine Creek (4,200),
Chippewa Creek (1,700), and the unnamed tributary (9,600).
Haskell and Langes Runs exceeded the Ohio standard for secondary
contact recreation.

Concentrations of arsenic, boron, cadmium, cobalt, selenium,
and mercury analyzed from bed-material samples generally were
below the limits of detection. Concentrations of aluminum, cop-
per, iron, lead, manganese, nickel, strontium, and zinc generally
were well above the limits of detection, but there were no anom-
alous concentrations. There were no major differences in concen-
tration between sites on the main stem.

INTRODUCTION

The Cuyahoga Valley National Recreation Area (CVNRA) was
established in 1974 under Public Law 93-555 to be administered and
managed by the National Park Service. The CVNRA is located in the
Akron-Cleveland metropolitan area in northeastern Ohio (fig. 1).
The National Park Service is committed to developing the park to
meet the recreational needs of the surrounding urban population
while maintaining or enhancing the park's natural resources and
historical features (U.S. Department of the Interior, 1977).

Water-based recreation has not been developed in the CVNRA
because of current water-quality conditions. The major water-
quality problems are low dissolved-oxygen concentrations, high
fecal-bacteria counts, and contamination from industrial and
municipal point-source discharges in the heavily urbanized area
upstream of the CVNRA.

The large urban-industrial area above the CVNRA creates a
potential for the accidental discharge of untreated effluent into
the river. The ability to predict the time of travel through the
CVNRA would be useful were such an accident to occur.

The Ohio Environmental Protection Agency has designated all
surface waters in the State for warmwater habitat, industrial
water supply, and primary contact recreation unless exempted.
The following are exempted reaches in the study area. The reach
of the Cuyahoga River from the Akron sewage-treatment plant to
Peninsula (fig. 2) is designated for limited warmwater habitat.

























































Table 3.--Hater quality and discharge at selected sites

[ft3/s, cubic feet per second; pS/cm, microsiemens per centimeter]

Instan- Spe-~ Instan- Spe-
taneous cific Water taneous cific Water
dis-  conduc- temper- dis-  conduc- temper-
chgrge tance ature chasge tance ature
Date Time (ft°/s) (pS/cm) pH (°C) Date Time (£t°/s) (uS/cm) pH (°C)
Site 1-- Site 7--
Cuyahoga R at 0ld Portage, OH Robinson Rn at Everett, OH -- Continued
09/14/82 0620 81.0 - - - 09/14/82 1230 0.4 - - -
09/14/82 1400 - 1400 8.0 17.0
Site 2-- 09/14/82 1800 - 1400 8.0 17.5
Cuyahoga R nr Botzum, OH 09/15/82 0720 - 1450 7.9 15.2
09/15/82 1045 .5 - - -
09/14/82 0605 - 820 7.8 21.0
09/14/82 0950 82.0 - - - Site 8--
09/14/82 1005 - 820 7.9 22.0 Langes Rn at Everett, OH
09/14/82 1400 - 830 8.2 23,0
09/14/82 1800 - 825 8.1 24.0 09/14/82 0737 - 1300 7.9 13.5
09/15/82 0730 226.0 - - - 09/14/82 1021 - 1300 7.9 16.0
09/15/82 0745 - 625 7.9 23.0 09/14/82 1325 .1 - -~ -
09/14/82 1426 - 1350 7.9 20.0
Site 3-- 09/14/82 1827 - 1400 7.8 18.2
Cuyahoga R at Botzum, OH 09/15/82 0740 - 1690 7.9 15.0
09/15/82 1125 .1 - - -
09/14/82 0610 1150.0 870 7.7  21.0
09/14/82 1000 - 960 7.6 22.0 Site 9--
09/14/82 1400 - 970 7.5 22.5 Dickerson Rn at Peninsula, OH
09/14/82 1800 - 950 7.6 22.5
09/15/82 0700 1400.0 690 7.1 22.5 09/14/82 0716 - 1000 8.0 13.0
09/14/82 0805 .3 - - -
Site 4-- 09/14/82 1130 - 1000 7.9 13.5
Cuyahoga R at Ira, OH 09/14/82 1449 - 1025 7.9 15.0
. 09/14/82 1845 - 1000 7.9 15.4
09/14/82 0720 - 890 7.7 21.5 09/15/82 0725 .3 - - -
09/14/82 0910 161.0 - - - 09/15/82 0800 1000 7.9 13.5
09/14/82 1050 - 960 7.8 21.5
09/14/82 1455 - 1000 7.6 22.5 Site 10--
09/14/82 1850 - 980 7.6 23.0 Salt Rn at Peninsula, OH
09/15/82 0740 432.0 - - -
09/15/82 0830 - 610 7.4 22.5 09/14/82 0648 - 710 8.1 19.5
09/14/82 0725 .4 - - -
Site 5-- 09/14/82 0952 - 710 8.1 20.5
Furnace Rn at Richfield, OH 09/14/82 1509 - 710 8.1 22.0
09/14/82 1905 - 705 7.8 21.5
09/14/82 0630 1.9 - - - 08/15/82 0810 .6 - - -
09/14/82 0730 - 655 7.9 18.2 09/15/82 0820 - 695 8.2 20.6
09/14/82 1105 - 648 7.8 20.4
09/14/82 1450 - 632 7.9 22.2 Site 11--
09/14/82 1855 - 637 8.3 21.4 Haskell Rn at Peninsula, OH
09/15/82 0800 - 642 - 19.0
09/15/82 1100 6.2 - - - 09/14/82 0600 - 1050 7.8 17.5
09/14/82 0630 .2 - - -
Site 6-- 09/14/82 1114 - 1200 7.8 16.0
Furnace Rn at Everett, OH 09/14/82 1534 - 875 7.8 20.0
09/14/82 1930 - 880 7.6 19.2
09/14/82 0800 - 810 7.8 19.0 €9/15/82 0845 - 778 7.8 19.0
09/14/82 1120 1.7 - - - 09/15/82 0906 .2 - - -
09/14/82 1130 - 790 8.0 20.0
09/14/82 1520 - 805 8.2 23.0 Site 12--
09/14/82 1920 - 800 7.8 23.5 Cuyahoga R at Peninsula, OH
09/15/82 0850 - 710 7.5 20.0
09/15/82 0950 15.0 - - - 09/14/82 0750 - 985 7.6 20.7
09/14/82 0905 205.0 - - -
Site 7-- 09/14/82 1130 - 927 7.7 22,1
Robinson Rn at Everett, OH 09/14/82 1515 - 868 7.7 24.1
09/14/82 1930 - 895 7.6 23.6
09/14/82 0800 - 1500 7.9 15.0 09/15/82 0840 - 484 - 22.0
09/14/82 1000 - 1500 7.9 15.5 09/15/82 1035 477.0 - - -
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Table 3.--Water qguality and discharge at selected sjtes--Continued

Instan- Spe- Instan- Spe-
taneous cific Water taneous cific Water
dis- conduc- temper- dis- conduc- temper-
ch§fge tance ature chaige tance ature
Date Time (ft°/s) (pS/cm) pH (°C) Date Time (£t°/s) (pS/cm) pH (°c)

Site 13-- Site 18--

Boston Rn at Peninsula, OH Cuyahoga R nr Brecksville, OH -- Continued
09/14/82 0835 737 8.0 18.3 09/14/82 0920 210.0 - - -
09/14/82 1210 - 748 8.1 20.2 09/14/82 1145 - 870 7.4 22,5
09/14/82 1430 .3 - - - 09/14/82 1515 - 920 7.7 23.0
09/14/82 1545 - 742 7.9 21.9 09/14/82 1825 - 925 7.7 23.0
09/14/82 2005 - 749 7.5 20.1 09/15/82 0850 - 870 7.6 22.0
09/15/82 0810 .9 - - - 09/15/82 0945 776.0 - - -
09/15/82 0820 - 688 - 18.0 ’

Site 19--
Site 14-- Chippewa C at Brecksville, OH
Slipper Rn at Peninsula, OH
09/14/82 0755 2.2 . - -
09/14/82 0700 - 680 8.0 17.7 09/14/82 0815 - 1010 8.0 19.5
09/14/82 1040 - 680 7.8 19.5 09/14/82 1215 - 1025 8.3 20.0
09/14/82 1410 .1 - - - 09/14/82 1530 - 1015 8.6 21.0
09/14/82 1425 - 669 7.9 20.4 09/14/82 1915 - 885 8.7 21.5
09/14/82 1825 - 680 8.2 19.1 09/15/82 0812 - 655 8.0 20.0
09/15/82 0740 - 497 - 19.0 09/15/82 0845 12.0 - - -
09/15/82 0950 .8 - - -
Site 20--
Site 15-- Chippewa C at Riverview Road nr Brecksville, OH
Spring Rn nr Peninsula, OH
09/14/82 0705 2.3 - - -
09/14/82 0615 - 1160 8.1 18.5 09/14/82 0730 - 1007 7.6 19.0
09/14/82 1015 - 1157 8.4 20.6 08/14/82 1150 - 1013 7.9 19.5
09/14/82 1100 .3 - - - 09/14/82 1510 - 998 8.3 21.5
09/14/82 1405 - 1125 8.1 23.0 09/14/82 1900 - 1002 8.3 22.0
09/14/82 1800 - 1137 8.3 22.1 09/15/82 0725 - 692 8.0 20.0
09/15/82 0720 - 1137 - 18.5 09/15/82 0940 16.0 - - -
09/15/82 0810 1.4 - - -
Site 21--
Site 16-- Unnamed Tr to Cuyahoga R nr Northfield, OH
Brandywine C at Boston Heights, OH
09/14/82 0610 1.1 - - -
09/14/82 0600 - 1034 7.5 20.0 09/14/82 0615 - 720 7.7 19.5
09/14/82 0935 2.5 - - - 09/14/82 1055 - 730 7.8 20.5
09/14/82 1125 = 1067 7.6 20,0 09/14/82 1415 - 720 8.0 22.0
09/14/82 1440 - 1095 7.8 21.5 09/14/82 1950 - 670 8.0 22.0
09/14/82 1805 - 1106 8.0 22,8 09/15/82 0730 4.7 - - -
09/15/82 0750 19.0 - - - 09/15/82 0750 - 605 8.1 20.0
09/15/82 0910 - 660 7.3 20,0
Site 22--
Site 17-- Unnamed Tr to Cuyahoga R at Independence, OB
Brandywine C nr Jaite, OH
09/14/82 0730 - 830 7.6 18.5
09/14/82 0700 - 1050 7.8 19.5 09/14/82 0735 1.3 - - -
09/14/82 0850 3.2 - - - 09/14/82 1110 - 815 7.7 19.5
09/14/82 1430 - 830 8.0 22.0
Site 17a-- 09/14/82 1930 - 735 7.8 21.0
Cuyahoga R at Jaite, OH 09/15/82 0815 - 615 8.0 20.0
09/15/82 0918 5.9 - - -
09/14/82 1030 1l208.0 945 7.5 21.5
09/14/82 1400 - 978 7.5 22.5 Site 23--
09/14/82 1830 - 948 7.4 23.5 Cuyahoga R nr Independence, OH
09/15/82 0840 - 570 - 7.5 20.5
09/15/82 1030 592.0 = - - 09/14/82 0945 - 880 7.7 22.5
09/14/82 1045 219.0 - - -
Site 18-- 09/14/82 1120 - 875 7.7 22.5
Cuyahoga R nr Brecksville, OH 09/14/82 1445 - 850 7.9 23.5
09/14/82 1915 - 850 7.8 23.5
09/14/82 0900 - 840 7.4 22.0 09/15/82 0815 1190 - - -
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Table 3.--Water quality and discharge at selected sites--Continued

Instan- Spe- Instan- Spe-
taneous cific Water taneous cific Water
dis- conduc- temper- dis~ conduc- temper-
charge tance ature chasge tance ature
Date Time (ft°/s) (pS/cm) pH (°c) Date Time (ft°/s) (pS/cm) (°c)
Site 23-- Site 25--
Cuyahoga R nr Independence, OH ~- Continued Tinkers C nr Independence, OH
09/14/82 0830 - 830 7.7 21.5 09/14/82 0700 - 797 20,5
09/14/82 0815 23.0 - -
Site 24-- 09/14/82 1100 - 788 20.7
Tinkers C at Bedford, OH 09/14/82 1500 - 780 23.1
09/14/82 1840 - 752 23.6
09/14/82 0600 - 906 7.8 20.8 09/15/82 0800 114.0 - -
09/14/82 0640 17.0 - - = 09/15/82 0830 - 492 21.3
09/14/82 1030 - 810 7.8 21.5
09/14/82 1415 - 794 8.1 22.5 * Site 26--
09/14/82 1900 - 820 7.5 22.0 Cuyahoga R at Independence, OH
09/15/82 0900  256.0 616 8.0 21.1
09/14/82 0745 - 849 22.1
09/14/82 0955 181.0 - -
09/14/82 1130 - 849 7.9 22.2
09/14/82 1530 - 853 8.3 23.4
09/14/82 1815 - 856 7.6 23.5
09/15/82 0745 2g85.0 656 7.7 19.8

1Estimated discharge.
Discharge calculated from stage record.
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Specific conductance is an indirect measure of dissolved-
solids concentration. The Ohio standard is 2,400 microsiemens
per centimeter at 25°C (uS/cm) or no more than 240 uS/cm
attributable to human activities (Ohio Environmental Protection
Agency, 1978). Specific conductance generally is highest during
the first flush of a storm, and decreases because of decreased
dissolved-solids concentration due to dilution. The samples
collected on September 15 were collected well after the first
storm flush.

The range before rain was 632 to 1,500 uS/cm at Furnace Run
and Robinson Run, respectively; the median was 875. After the
rain, on the morning of September 15, specific conductance ranged
from 484 to 1,690 uS/cm at Peninsula and Langes Run, respec-
tively; the median was 660. Discharge in the small tributaries
had decreased to near the levels of the previous day by the time
the streams were sampled, and specific-conductance values were
nearly the same as on September 14. Langes Run was the only site
where specific conductance increased after the rain (from 1,350 to
1,690 usS/cm).

Specific conductances were highest at four of the small
tributaries between Botzum and Peninsula that drain forested
areas primarily fed by ground-water seepage: Robinson, Langes,
Dickerson, and Haskell Runs. Specific conductances were at simi-
lar levels at Spring Run, Brandywine Creek, and Chippewa Creek,
all of which drain areas with multiple land uses.

pH is a measure of the hydrogen-ion concentration. The Ohio
standard is 6.5 to 9.0. The pH (table 3) ranged from 7.1 (below
the Akron sewage-treatment plant at 0700 hours on September 15) to
9.2 (Tinkers Creek, downstream, at 1400 hours); the median is 7.9.
The maximum value was the only pH value exceeding Ohio standards.
No difference due to runoff was observed.

Fecal Bacteria

Fecal bacteria are nonpathogenic microorganisms that are
used as indicators of the potential presence of pathogenic
microorganisms. Certain members of both the genus streptococcus
and the coliform group are primarily found in the fecal material
of warm-blooded animals, including humans. The presence of those
microorganisms in water indicates that there is contamination
from animal waste. When the number of fecal bacteria is high,
there is a high probablity that pathogenic organisms are present
as well. The Ohio standards for primary and secondary contact
recreation are 1,000 and 5,000 fecal coliform counts per
100 milliliters (mL), respectively. The tributaries in the
study area are designated for primary contact recreation and
the main stem for secondary contact recreation (Ohio Environ-
mental Protection Agency, 1978).
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Fecal bacteria counts generally were quite high throughout
the reach (table 4). Counts range from 38 to 1,900,000 and
from 790 to 600,000 per 100 mL of sample for fecal coliform
(fig. 9) and fecal streptococcus (fig. 10), respectively.
Highest fecal bacteria counts were on the main stem at Peninsula
and Jaite, and from Langes Run, which drains some pasture
(fig. 9). The relatively low fecal coliform counts just below the
Akron sewage-treatment plant outfall could be due to chlorination
of effluent.

On the main stem from Ira to Peninsula, fecal strepto-
coccus and coliform counts increased by a factor of about 100 and
fecal coliform counts were above the standard for secondary con-
tact recreation. Among the tributaries to that reach, coliform
counts above the standard were recorded at Robinson, Langes, and
Haskell Runs; streptococcus counts greater than 1,000 per 100 mL
were recorded at all but Dickerson Run.

On the main stem, from just below Peninsula to Independence,
counts higher than the standard for secondary contact recreation
were recorded at Jaite and Brecksville. However, it is possible
for enriched waters to support the survival and reproduction of
coliform bacteria, and thereby falsely indicate a health hazard
(Dutka, 1979). The paper mill at Jaite would supply the neces-
sary enrichment. Among the tributaries to that reach, fecal
coliform counts greater than the standard were recorded at
Brandywine Creek (16), Chippewa Creek (19), and both unnamed
tributary sites; fecal streptococcus counts greater than
1,000 per 100 mL were recorded at all sites (except Spring Run,
where a fecal streptococcus count was not made).

The highest fecal bacteria counts recorded were on the main
stem at Jaite. Below Jaite, counts were progressively lower.
Near Independence (sites 23 and 26) levels were equivalent to
those recorded above Ira.

Dissolved Q 5 Biochemical D 3

Dissolved-oxygen concentration is a critical factor to the
agquatic community because most organisms cannot survive at low
dissolved-oxygen concentrations, Low in-stream dissolved-oxygen
concentrations can result from thermal discharges that raise
streamwater temperatures (oxygen is less soluble at high tem-
peratures) or from biochemical oxygen demands (BOD) from unoxi-
dized carbonaceous or nitrogenous organic material.

Dissolved oxygen fluctuates diurnally in response to aquatic
life. Dissolved oxygen is normally at a maximum in the late
afternoon and at a minimum in early morning. Photosynthesis
usually exceeds respiration during the day, which results in net
oxygen production. Respiration in the absence of photosynthesis
at night results in net oxygen consumption.
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Table 4.--Fecal streptococcus and coliform counts at selected sites

[mL, milliliter]

Fecal Fecal
strepto- coli-
coccus form
Site (colonies (colonies
num- per per
ber Site name Date Time 100 mL) 100 mL)
2 Cuyahoga R nr Botzum, OH--=-=-—-e-=e-- 09/14/82 1005 2,200 2,900
3 Cuyahoga R at Botzum, OH---------—=c-- 09/14/82 1000 12,000 2,500
4 Cuyahoga R at Ira, OH----=----em—mece-- 09/14/82 1050 1,600 9,700
5 Furnace Rn at Richfield, OH-----=-=-=- 09/14/82 1105 1,500 300
6 Furnace Rn at Everett, OH-----—=-—=--- 09/14/82 1130 2,300 100
7 Robinson Rn at Everett, OH----——----- 09/14/82 1odo 2,200 1,800
8 Langes Rn at Everett, OH-----==cee--- 09/14/82 1021 150,000 360,000
9 Dickerson Rn at Peninsula, OH-------- 09/14/82 1130 790 100
10 Salt Rn at Peninsula, OH--=-—=—==—-—--- 09/14/82 0952 5,800 700
11 Haskell Rn at Peninsula, OH---------- 09/14/82 1114 5,400 6,600
12 Cuyahoga R at Peninsula, OH---=====-- 09/14/82 1130 110,000 1,200,000
13 Boston Rn at Peninsula; OH----------- 09/14/82 1210 1,400 400
14 Slipper Rn at Peninsula, OH----===—-- 09/14/82 1040 2,300 38
15 Spring Rn nr Peninsula, OH-----—==—=-- 09/14/82 1015 - 310
16 Brandywine C at Boston Heights, OH--- 09/14/82 1125 4,800 4,200
17 Brandywine C nr Jaite, OH-----===-e-- 09/14/82 0700 10,000 360
17A  Cuyahoga R at Jaite, OH----————--———- 09/14/82 1030 600,000 1,900,000
18 Cuyahoga R nr Brecksville, OH-------- 09/14/82 1145 19,000 27,000
19 Chippewa C at Brecksville, OH—---——--—-— 09/14/82 1215 2,900 1,700
20 Chippewa C at Riverview Road nr
Breck, OH---------- —— - 09/14/82 1150 1,300 260
21 Unnamed Tr to Cuyahoga R nr
Northfield, OH-——————=———c————o-c-—- 09/14/82 1055 6,800 1,100
22 Unnamed Tr to Cuyahoga R at
Independence, OH-- - - - 09/14/82 1110 5,900 9,600
23 Cuyahoga R nr Independence, OH-—-—--—- 09/14/82 1120 1,300 530
24 Tinkers C at Bedford, OH------------- 09/14/82 1030 1,200 580
25 Tinkers C nr Independence, OH-—-—---- 09/14/82 1100 4,900 460
26 Cuyahoga R at Independence, OH------- 09/14/82 1130 1,500 3,100
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The minimum allowable dissolved-oxygen concentration for
streams designated by the Ohio Environmental Protection Agency as
warmwater habitat (and for all of the stream segments in the
study area designated as limited warmwater habitat except the
upper end of Brandywine Creek) is 4 mg/L. In addition, dissolved
oxygen may be less than 5 mg/L for a period not to exceed 8 hours
in a 24-hour day (1978). Concentrations below this standard
occurred on the main stem at Peninsula, Jaite, and Brecksville.
The 1imit for the upper end of Brandywine Creek is 2.0 mg/L from
June through October.

Dissolved-oxygen data are presented in table 5. Percent
dissolved-oxygen saturation was calculated from measured
dissolved-oxygen concentration and water temperature (American
Public Health Association, 1975, p. 446) and is used to compensate
for the effect of temperature on dissolved-oxygen concentration.

In general, dissolved oxygen was relatively high entering the
study reach, decreased at Peninsula, and regained higher levels
near Independence (fig. 11). Lowest concentrations generally were
found from Peninsula (site 12) to Brecksville (site 18).

Minimum concentrations were reported in the afternoon at
Jaite (2.3 and 1.8 mg/L) and exceeded the Ohio standard. Maximum
concentrations, near 9.0 mg/L (100 percent) were reported in the
afternoon at both ends of the reach. Concentrations at those same
locations were about 6.0 mg/L (70 percent) in the morning.

Dissolved oxygen was uniformly low throughout the reach at
0600 hours. The range was 4.3 mg/L (48 percent) at Ira to only
5.8 mg/L (64 percent) above the Akron sewage-treatment plant near
Botzum (fig. 11, table 5); dissolved oxygen was not measured at
Jaite (site 17A) at that time.

Dissolved-oxygen concentrations on the tributaries were above
7 mg/L, with several exceptions. Downstream on Furnace Run, up-
stream on Brandywine Creek, both upstream and downstream on
Tinkers Creek, and Langes Run all had concentrations recorded
below 7.0 mg/L. However, none were below the Ohio standard
(table 5).

The natural process of decay of organic wastes requires
oxygen. CBODu is a measure of the amount of oxygen, in mg/L,
needed to complete the decay process. It is thus an indirect
measure of the amount of organic waste present in the watercourse.
An estimate of CBODu traditionally is made with the BOD5 test.
BOD5, inmg/L, is equal to the total amount of oxygen consumed in
5 days.
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A significant concentration of ammonium, which typically is
present in municipal wastewater, interferes with the CBODu test.
Because the Akron sewage-treatment plant discharges effluent just
upstream of the study reach, a nitrification inhibitor was used in
the CBODu test. The naturally occurring bacteriological oxidation
of ammonia (nitrification) uses significant amounts of oxygen
(about 4.6 milligrams of oxygen for every milligram of NH, as N).
However, unlike oxidation of carbonaceous organic materiaﬁ,
nitrification does not represent a permanent loss of oxygen from
the system because oxygen is available from nitrate when dissolved
oxygen has been depleted. Interference normally is not a problem
with the BOD5 test because nitrification usually does not begin
until several days after incubation of the sample.

According to Phelps' Law, "the rate of biochemical oxidation
of organic matter is proportional to the remaining concentration
of unoxidized substance, measured in terms of oxidizability"
(Velz, 1970). Expressed mathematically, Phelps' Law states that

e = 107kt

L

where L. is the ultimate demand,

Ly is the remaining demand at time t, and
k™~ is the deoxygenation rate.

The normal rate of deoxygenation is k = 0.10 at 20°C.
At this rate, after the first day, deoxygenation is 20.6 percent
complete and 20.6 percent of the remaining unoxidized organic
material is oxidized each following day. The half life is
3 days, and at the end of 5 days, 68 percent of the ultimate
demand remains. Therefore, if k is assumed to be normal, CBODu is
calculated from BOD5 by dividing by 0.68. The deoxygenation rate
calculated during this study ranged from 0.02 to 0.08. The mean
of the observed k rates was 0.05; this is a decay rate of 1l per-
cent per day with a half life of 6 days. The 95-percent confi-
dence limits around the mean are 0.04 and 0.06. Only the mean
k rate calculated at Jaite was outside that range (0.07), which
indicates a faster rate of deoxygenation at that site. Because
deoxygenation rates are less than 0.10, CBODu calculated from mea-
sured BOD5 should be adjusted to reflect the lower rate.

Peak concentrations of CBODu were at Peninsula at 0600 hours,
at Peninsula, Jaite, and Brecksville at 1000 hours, below the
Akron sewage-treatment plant and at Jaite and Brecksville at
1400 hours, and at Jaite and Brecksville at 1800 hours (fig. 12,
table 5). CBODu concentrations at Peninsula fluctuated over the
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study period; this is possibly due to fluctuating concentrations
from the Akron sewage-treatment plant, which is the only major
point source between the 0ld Portage gage (site 1) and Peninsula.
CBODu concentrations at Jaite, however, were consistently high
throughout the study period (it was not measured at 0600 hours).
One possible source is effluent from the paper mill. Brandywine
Creek was sampled only once below the paper-mill outfall because
access was denied, therefore, the concentration of BOD from the
effluent could not be estimated. The load from the Akron sewage-
treatment plant, estimated as the difference between the load
above and below Botzum, was 3,100, 23,000, and 8,100 kilograms
per day (kg/d) at 0600 and 1400 hours on September 14 and at

0700 hours on September 15, respectively.

At 0600 hours, instantaneous BOD5 loads ranged from 440 to
10,500 kg/d on the main stem above the Akron sewage-treatment
plant and at Peninsula, respectively (fig. 13, table 5). The load
from the Akron sewage-treatment plant was approximately 990 kg/d.
Tributary loads were small relative to loads on the main stem, and
could not cause the observed dissolved-oxygen sag. Tributary
loads ranged from 0.1 to 160 kg/d. Highest tributary loads of
160, 140, 16, and 33 kg/d were for the upstream and downstream
sites on Tinkers Creek and Brandywine Creek, respectively.

At 1400 hours, BOD5 loads ranged from 560 to 7,600 kg/d on
the main stem above the Akron sewage-treatment plant and at Jaite,
respectively. The BOD5 load below the Akron sewage-treatment
plant was 6,600 kg/d. The Akron sewage-treatment plant effluent
load was approximately 6,000 kg/d. The tributaries contributing
the highest loads were upstream and downstream Tinkers Creek, and
Brandywine Creek, with 150, 100, and 16 kg/d, respectively.

Samples collected beginning at 0700 hours on September 15
reflect conditions with runoff. Rainfall delivers organic mate-
rial that has accumulated on the land surface to streams and
rivers. In addition, when the Akron sewage-treatment plant
becomes overloaded with combined sewage and runoff, wastewater
entering the plant is bypassed or residence time in the plant is
too short for proper treatment. As a result, BOD loads during
runoff were higher than at base flow. The estimated CBODu load
from the Akron sewage-treatment plant was 8,100 kg/d at 0700
hours, 7 hours after the peak discharge. CBODu and BOD5 loads
on the main stem were uniformly high throughout the reach
(fig. 14) and were higher than loads at base flow. BOD5 loads
ranged from 3,900 to 15,500 kg/d above the sewage-treatment plant
and near Independence, respectively.

On the tributaries, BOD5 loads and discharge after the rain
were higher than before the rain except at six sites. At
Robinson, Dickerson, Salt, and Haskell Runs, discharge on
September 15 was very near the discharge of the previous day
and BOD5 load was not significantly different.
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At Boston Run, discharge was somewhat higher than before the rain,
but BOD5 load was not significantly different; thus, the concen-
tration of BOD5 actually had decreased. At Langes Run, BOD5 load
was between the two levels measured the previous day, but dis-
charge was unchanged.

On tributaries where BOD5 loads were higher than'at base
flow, the increases ranged from 2.5 to 42 times at Slipper Run
and Furnace Run (site 6), respectively. Large 1increases also
were recorded at Chippewa Creek (site 20; 22'times), Tlngers Creek
(site 25; 12 times), and Brandywine Creek (site 16; 11 times).

BED-MATERIAL QUALITY

Toxic substances, such as heavy metals, usually are found in
low concentrations in water. Furthermore, contributions of these
materials by nonpoint sources may be intermittent, particularly
if storm related. As a result, these constituents may not be
detected in a single, randomly collected water sample.

Many constituents, particularly metals, are adsorbed to par-
ticulates. As particulates accumulate on the stream bed, toxic
constituents may be found in higher concentrations than in the
water column. As a result, bed material often integrates the
effects of upstream point and nonpoint sources.

Concentrations of arsenic, boron, cadmium, cobalt, selenium,
and mercury generally were below the limit of detection (table 6).
Concentrations of copper, lead, manganese, nickel, strontium,
zinc, aluminum, and iron were generally present at concentrations
well above the detection limit. Medians, 25 percentiles, and
75 percentiles are shown in table 6.

Six tributaries accounted for all of the metals concen-
trations that are "outside values" (table 6): Robinson Run
(aluminum, manganese, iron, strontium, and cobalt); Langes Run
(arsenic); Dickerson Run (iron, manganese, arsenic, and lead);
Salt Run (arsenic); Chippewa Creek (aluminum, boron, cadmium, and
chromium); and Tinkers Creek (nickel, cadmium, and chromium).

Aluminum, iron, and manganese -- found in highest concen-
trations at Robinson Run, Dickerson Run, and Chippewa Creek --
are abundant in rocks and soils and are toxic only in very large
concentrations. Rock is also the primary source for boron, which
was highest at Chippewa Creek (20 ug/g). Although boron is not
at'ndant, it is important for plant growth (Hem, 1970). Cobalt
ge serally is present only in trace amounts in water but is readily
adsorbed to colloidal particles of iron and manganese hydroxides.
Irn Robinson Run, where cobalt was found in greatest abundance
(40 ng/g), iron and manganese concentrations also were highest.
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The remaining constituents are not abundant in rocks and
usually are associated with a cultural source. The heavy metal
cadmium and the metals chromium and nickel, found in highest
concentration at Chippewa Creek and Tinkers Creek, generally are
associated with industry (Hem, 1970).

Highest concentrations of lead were found on Dickerson Run
(130 ng/g); concentrations were nearly as high on Robinson and
Salt Runs (100 ng/g). The introduction of lead to natural water
usually is associated with urban areas where lead from the com-
bustion of gasoline accumulates on road surfaces and subsequently
is washed into streams.

Highest arsenic concentrations (about 5 ug/g) were found at
Langes, Dickerson, and Salt Runs, all of which drain an area that
is largely in forest or crops. Certain herbicides and insecti-
cides contain arsenic. Arsenic is persistent in soils and can
accumul ate with repeated applications of such compounds (McEwen
and Stephenson, 1979).

There were no significant differences between the concentra-
tions of constituents sampled at the main-stem sites; thus, none
of the tributaries could be singled out as a potential source of
toxic material. However, concentrations of manganese, lead,
nickel, and zinc were higher on the main stem than at most of the
tributary sites.

SUMMARY AND CONCLUSIONS

Three studies were conducted in the Cuyahoga River basin
within the Cuyahoga Valley National Recreation Area: (1) Measure-
ment of time of travel, (2) a 24-hour water-quality survey, and
(3) a survey of concentrations of metals in bed materials.

Time of travel was measured on the main stem (with discharge
at the Independence gage used as an index) from the upsjtream to
the downstream terminus of the CVNRA at 222 and 720 £t°/s in 1983
and from the upstream end of the CVNRA to Peninsula at 376 £t°/s
in 1981. Time of travel is described by the following equations:

T = -0.038Q0 + 46.9 (between Botzum and Independence) (1)

=
[l

-0.0090 + 13.0 (between Botzum and Peninsula) (2)

These equations are valid only for dischagges (measured at the
Indepegdence gage) ranging from 222 to 720 ft°/s. At a flow of
222 ft°/s, some pooling occurred behind the diversion dam at
Brecksville. The pooling effect would be even greater at lower
flows and would significantly lengthen the time of travel.
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A water-qguality survey was conducted over a l2-hour low-flow
period on September 14, and water quality was measured at high
flow on September 15, 1982, The following constituents were mea-
sured: Water temperature, specific conductance, pH, dissolved
oxygen, biochemical oxygen demand, and fecal bacteria. In addi-
tion, discharge was measured at each site.

Dissolved-oxygen concentrations ranged from 1.8 to
10.3 mg/L. The Ohio standard for dissolved oxygen was exceeded
on the main stem at Jaite, Peninsula, and Brecksville. Dissolved-
oxygen concentrations were above 7 mg/L on the tributaries except
on Tinkers Creek, Brandywine Creek, and Langes Run, but Ohio
standards were not exceeded.

CBODu loads on the main stem ranged from 960 to 35,000 kg/d.
Highest l1oads were observed at high flow at all sites on the main
stem. Peak CBODu loads at low flow were recorded at Peninsula,
Jaite, and Brecksville in the morning and at Botzum, Jaite, and
Brecksville in the afternoon. CBODu loads at Peninsula fluctuated
over the study period; CBODu at Jaite was high throughout the
study period. Rates of carbonaceous deoxygenation ranged from
0.02 to 0.08. ‘

Tributary BOD5 loads ranged from 0.1 to 1,400 kg/d. Loads
from the tributaries at low flow were not high enough to cause the
dissolved-oxygen sag observed on the main stem. The highest loads
occurred during high flow on Furnace Run, Brandywine Creek,
Chippewa Creek, and Tinkers Creek. BOD loads during high flow
were higher than during low flow, except on the 6 smallest
tributaries between Botzum and Peninsula. The increase in BOD
loads at high flow is attributed to nonpoint sources.

Fecal bacteria samples were collected once (in the morning).
The number of fecal coliform colonies per 100 mL of sample ranged
from 38 to 1,900,000. On the main stem, counts were highest at
Peninsula and Jaite. Counts at all of the main-stem sites ex-
ceeded Ohio standards for primary contact recreation, and counts
at all but Botzum and Independence exceeded the Ohio standard
for secondary contact recreation. The relatively low fecal coli-
form counts just below the Akron sewage-treatment plant may be due
to chlorination of effluent. An extremely high count was recorded
at Langes Run, which drains pasture. Ohio fecal coliform stan-
dards for primary recreation were exceeded at Haskell Run, Langes
Run, Robinson Run, Brandywine Creek, Chippewa Creek, and the un-
named tributary. Counts from Langes and Haskell Runs also ex-
ceeded the Ohio standards for secondary contact recreation.

Although several of the tributaries (such as Langes,
Robinson, and Haskell Runs and the unnamed tributary at
Independence) were found to contribute significantly greater
BOD loads or bacterial contamination than the other tributaries,
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their contribution is small relative to that already present in
the main stem from upstream sources. Two of the larger tribu-
taries, Tinkers Creek and Brandywine Creek, contribute a rela-
tively larger share of the BOD load and bacterial contamination,
but it is still small when compared to the main stem.

Median pH was 7.9 and median specific conductance was
850 us/cm. The highest specific conductances were measured at
Langes Run and Robinson Run.

Bed-material samples were collected from 18 sites on the main
stem_and tributaries for analysis of aluminum, arsenic, boron,
cadmlpm, cobalt, copper, iron, lead, manganese, mercury, nickel,
seleglum, strontium, and zinc. Concentrations of arsenic, boron,
cadmium, cobalt, selenium, and mercury generally were below the
limit of detection. Concentrations of aluminum, copper, iron,
lead, manganese, nickel, strontium, and zinc generally were
well above the limit of detection, but there were no anomalous
concentrations.
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