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ABSTRACT

Individual toxicant concentrations in the Illinois River were
expressed as fractions of their 96-hr LC50 values to bluegills,
yielding their comﬁoﬁent to#icities in bluegill toxic units (BGTU'S);
A solution having a toxicity of 1.0 BGTU was defined as being lethal
to 50 pefcent of the bluegills exposed to it for 96 hr. River toxicanf; T
included aldrin, undissociated ammonia (ammonia(u)), arsehic, cédmiﬁm,n
hexavalent and trivalent chromium; copper, cyanide, fluoride, linear
alkyléte sulfonate (LAS), lead, mercury, phenols, and zinc. Component
toxicities at different locations on the river were summed to produce
the toxicity index, or total toxicity, of the river. Preliminary meén
toxicity indices developed ffom previously published data during 1972
and‘1973 ranged from 0.045 to 0.168 BGTU's, on the Illinois and Des
Plaines rivers. However, maximum component toxicities of ammonia(u)
and cyahide during this period reached 0.630 and 0.467 BGTU's,fréspec—
tively. LAS, copﬁer, fluoride, and zinc‘also contributed to the prelimi-
nary river toxicify indices. Mean toxicity indiées developed during field
tests, in which bluegills were exposed dirgctly to river water, and the
lack 6f mortality at fhese tests, indicated that the Illinois River is
not normally écutely toxic to fish. The 96-hr LC50 values of émmonia(u)
and LAS to bluegills weré found to be 1.65 and 6.5 mg/liter, respectively,
using continuous—flow bioassays with dilution water similaf in hérdness,
alkalinity and pH to Illinois River water.
Lubinski, K.S., Sparks, R.E. and Jahn, L.A.
THE DEVELOPMENT OF TOXICITY INDICES FOR ASSESSING THE QUALITY OF THE
ILLINOIS RIVER.

Keywords -- toxicity*/bioindicators/water pollution effects/Illinois River*/

water quality



OBJECTIVES AND SCOPE

The primary objectives of this project were to compile toxicity
indices for the Illinois River and to determine if these indices could
accurately estimate the quality of the river for fish life. An impor-
tant reason for undertaking this project was to determine if the con-
siderable bulk of chemical and physical data now being generated by
river monitoring agencies could be used directly to describe the biologi-
cal quality of the Illinois River, thus providing a‘tool that could be
applied to the protection of the aquatic life in the river.

The specific objectives of the project were to:

1) relate data on the lethal levels of toxicants to the concen-
trations of these toxicants in the Illinois River, by means of -
river toxicity indices.

2) conduct field tests to determine the validity of expressing
the toxicity of the river using toxicity indices.

3) conduct continuous-flow toxicant bioassays to determine to
what extent the general water quality of the Illinois River
influenced the acute toxicity of the toxicants and to inves-
tigate the lethal effects of combinations of toxicants.

4) assess the daily variability of zinc, copper, and lead concen-
trations in the Illinois River, and to relate the variations
of these toxicants, if possible, to water levels and the turbidity
of the river.

The bioassay phase of this project was only partially completed.

Although ammonia and linear alkylate sulfonate (LAS) bioassays were - -



.conducted, no combinations of toxicants were tested. The other phases

of this project were satisfactorily completed.



INTRODUCTION

The Illinois River (Figure 1) ohce supporfed an enormous commercial
and sport fishery (Mills, Starrett, and Bellrose, 1966), but the environ-
mental conditions of the river are now severely degraded and the commer-
cial fishery of the river is only a fraction of its former size. One
factor that may have been partly responsible for the degradation of the
river was the presence of toxic materials in the river. Although many
studies have been carried out to measure toxicant concentrations in the
I1linois River (Mathis and Cummings, 1971; Sullivan and Swisher, 1969;
Illinois State Water Survey, 1972), and toxicant concentration data for
the Illinois River were published yearly by the Illinois Environmental
Protection Agency (1972; 1973), the relationships between the concentra-
tions of toxicants and their lethal effects on aquatic organisms in the
river have remained largely speculative.

Fish in the Illinois River are exposed simultaneously to a wide
variety of toxicants originating from municipal, industrial, and agri-
cultural sources. Toxic materials dealt with in this study included
undissociéted ammonia (ammonia(u]), arsenic, cadmium, chromium, copper,
cyanide, fluoride, mercury, lead, linear alkylate sulfonate (LAS),
pesticideé, phenols, and zinc. Separating the lethal effects of one of
these toxicants from another in the river appeared to be particularly
difficult. Instead, this study involved the estimation of the total
joint toxicity of these materials in the Illinois River by establishing

toxicity indices for different locations along the river.
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Figure 1.

The Illinois River and its major tributaries. The river is
divided into navigational pools by a series of locks and

dams. The heavy dashed line represents the river's drain-
age basin.




METHODS

Selection of Previously Published LC50 Values

The bluegill, Lepomis macrochirus, was used as the reference or-

ganism of the indices because it is a natural inhabitant of the Illi-
nois River, and because of the large volume of data available on the
acute toxicity of various maferials to bluegills.

A thorough review of the literature was made to determine 96-hr
LC50's of the toxicants listed previously to bluegills. These values
were the concentrations of the toxicants that were lethal to 50 per-
cent of the bluegills exposed to them for 96 hours.

A1l efforts were made to use LC50 data from the literature that
were applicable to the Illinois River, such as those calculated in ex-
periments where hard alkaline water with a pH near 8.0 was used as d
dilution water. These values are presented in Table 1. To make cer-
tain that literature values were reasonably accurate, 96-hr LC50's for

ammonia and LAS were experimentally determined (see method below)

(w)
using continous-flow bioassays and dilution water similar in hardness,
alkalinity, and pH to Illinois River water. No bluegill LC50 data were

available for fluoride; however, a median 96-hr LC50 between those re-

ported for carp, Cyprinus carpio, and rainbow trout, Salmo gairdnerii,

was assumed applicable for bluegills. When the LC50 data was reported
as a salt, as for arsenic and mercury, the concentrations were converted
to apply to the toxic ion only. Although the mercury LC50 reported by
Willford (1966) was determined over a 48-hr period, the lack of acute

toxicity data for mercury necessitated the use of this yalue in the



Table 1. 96-hr LC50 Values of Suspected River Toxicants in Dilution

Water Similar in Quality to Illinois River Water.

96-hr LC50

Toxicant (in mg/liter) Reference
Ammonla(u) 1.65 ammén}a(u) bioassay
Arsenic 17.5%* Guilderhus (1966)
Cadmium 45.1* Pickering and Henderson
(1966)
Chromium (trivalent) 71.9 Pickering and Henderson
(1966)
Chromium (hexavalent) 133.0 Pickering and Henderson
(1966)
Copper 10.2 Pickering and Henderson
(1966)
Cyanide 0.15 Doudoroff, et al. (1966)
Fluoride 44 .5* Neuhold and Sigler (1960)
Lead 442 Pickering and Henderson
(1966)
LAS 6.5 LAS bioassay
Mercury 9.54 Willford (1966)
Pesticides Tarzwell (1958)
Aldrin 0.0130
DDT 0.0160
Dieldrin 0.0079
Heptachlor 0.0190
Phenol 28.5 Anonymous (1960)
Zinc 40.9 Pickering and Henderson

* estimated values.

(1966)

See text for explanation,



indices. The 96-hr LC50 for cadmium to bluegills was derived by assuming
that the toxicity of cadmium to bluegills was affected to the same ex-
tent by water hardness as was the toxicity of cadmium to green sunfish,

Lepomis cyanellus, a close relative of the bluegill. A review of the

toxicants used in this study, their lethal toxicities, and how their tox-
icities were affected by different water characteristics was presented

by Lubinski (manuscript in preparation).



Calculation of Toxicity Indices

The 96-hr LC50 values presented in Table 1, and Illinois Environ-
mental Protection Agency data (1972; 1973) were used to develop prelimi-
nary toxicity indices for 17 locations on tﬂe I1linois and Des Plaines
rivérs. To establish a toxicity index for the Illinois River at a par-
ticular location, each toxicant concentration in the river was expressed
as a fraction of its 96-hr LC50 to bluegills, yielding its component
toxicity in bluegill toxic units (BGTU's), following the method of

Brown (1968), which summarized and reviewed by Sprague (1970). A solu-

‘tion having a toxicity of 1.0 BGTU was defined as being lethal to 50

percent of the bluegills exposed to it for 96 hr. The acute lethal
effects of all of the toxicants in the river were assumed to be addi-
tive, and thus the component toxicities were summed to produce the
toxicity index, or total toxicity of the river. Mean toxicity indices
over a two-year period were developed, as well as maximum toxicity
indices to estimate the worst possible conditions in the rivers during
this period. To develop the maximum toxicity indices, the maximum con-
centrations of the toxicants that occurred at the different locations
were used.

Ammonia concentrations were measured by the Illinois Environmental
Protection Agency as ammonia nitrogen, which includes all of the forms
of ammonia nitrogen that occur in the river. However, only ammonia(u)
is toxic to fish, and therefore the ammonia nitrogen concentrations re-
ported were converted to ammonia(u) using the tables presented by
Skarheim (1973), the pH values reported, and assuming a temperature of

25 C, and a total dissolved solids concentration of 500 mg/liter. The
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methylene blue active substances (MBAS) concentrations reported by the
I1linois Environmental Protection Agency were multiplied by 0.15 to
estimate the actual amounts of LAS in the rivers (Sullivan and Swisher,
1969). All cyanide concentrations were considered to be in the form

of molecular cyanide.

Bioassays with Ammonia and LAS

(u)

The test organisms were young-of-the-year bluegills, obtained from
the Illinois Natural History Survey, Urbana, Illinois, and transported
to the Illinois Department of Conservation Field Headquarters at Havana,
Il1linois (Figure 2). They were held in an oval 1900 liter tank (Figure 3),
and were acclimated and tested in well water that was similar in hardness,
alkalinity, and pH to Illinois River water. The teﬁperature during ac-
climation and testing was 22 C (¥ 4 C). The bluegills were fed crushed
~catfish food daily, and Gordon Formula (Innes, 1966) as a weekly supple-
ment. All fish used appeared to be in good health. The sizes of the blue-

gills used in the bioassays are given below,

mean total
lengths in cm

No, of (ranges in
Bioassay bluegills parentheses)
Ammonia(u) 60 5.2 (3.7-6.7)
LAS 60 4.8 (3.9-5.4)

The bioassay procedures and the methods used to develop the toxi-

city curves for ammonia and LAS were outlined by Sprague (1973). A

(u)

proportional diluter (Mount and Brungs, 1967) was used to deliver five

concentrations of the toxicant tested plus a control of well water to



Figure 2.

The Illinois River at Havana. This is a view of the Illinois
River looking downstream from the Rt. 136 Bridge. The toxi-
cant bioassays were carried out at the Illinois Department of
Conservation Field Headquarters at the left. Farther down-
stream, the smokestack of the Illinois Power Company marks
approximately where the river monitoring was conducted. The
I1linois River was at pool stage when this picture was taken.

1T



Figure 3.

Bioassay facilities. The large tanks at the left of this

picture were used to hold bluegills and to supply dilution
water to the proportional diluter (center). The test tanks
were being checked for bluegill mortalities during the LAS

bioassay.
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the bottom of six 3.78-liter glass jars that were used as test tanks
(Figure 3). The tanks were immersed in a water bath to reduce tempera-
ture variations during the tests. The well watér used during the bio-
assays.exhibited the following characteristics: hardness, 126-278
mg/liter as CaCOS; total alkalinity, 184-216 mg/liter as CaCOS; PH,
7.7-8.1; specific conductance, 530-540 micromhos/cm. The flow rate to
the diluter, which delivered 250 ml to each tank per cycie, was adjusted
to yield a 95 percent replacement of thé solutions in the tanks every 6
hr. This flow rate was increased to yield a 95% replacement in 5 hr
during the ammonia |

(u)

oxygen concentrations observed.

bioassay in an attempt to raise the low dissolved

Ammonia(u) concentrations were calculated from the amounts of
A.C.S. grade ammonium chloride used, the pH values and temperatures of
the test solutions, and tables of undissociated ammonia present in
aqueous solutions presented by Skarheim (1973). Sulframin-85 powder
(Whitco Chemical Corporation, New York) was used as the source of LAS.
This compound contained 73 percent LAS, 22 percent sodium sulfate, and
5 percent inert ingredients. The average hydrocarbon chain length of the
LAS was 11.2. The LAS concentrations in the test tanks were measured

using the methylene blue active substances test (American Public Health

Association, 1971).
River Monitoring at Havana

Because the Illinois Environmental Protection Agency sampled toxi-
cants only 4 to 13 times each year at the various river locations, zinc,
copper, lead concentrations in the Tllinois River at Havana (Figure 2)

were sampled daily to determine variations in the concentrations of
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these metals and to relate these, if possible, to water levels and the
turbiaity of the river.

Between March 18, and June 11, 1974, daily water samples were col-
lected in the middle'of the channel of the Illinois River at Havana,
I1linois, river mile 118.7 (Figure 2). River miles in this study refer
to the distances between locations along the Illinois and Des Plaines
rivers and the mouth of the Illinois River at Grafton, Illinois, as
determined by the U.S. Army Engineer District (1970). These samples
were collected in 250 ml polyethylene bottles, acidified with 2 ml of
concentrated hydrochloric acid, and filtered. The samples were later
analyzed for zinc, copper, and lead concentrations by the Illinois Nat-
ural History Survey, Urbana, Illinois, using atomic absorption spectro-
photometry. River turbidity and water levels were also observed daily,
using a Secchi disc and the water level gauge at the Illinois Power
Company. Water and air temperatures were checked with a mercury ther-

mometer.
Field Tests of the Validity of the Toxicity Index

Thevvalidity of expressing the toxicity of the Illinois River
using toxicity indices was determined by conducting field tests in
which bluegills, whose total lengths are given below, were directly
exposed to Illinois River and tributary water in cages and in an aerated
pool while several-toxicant concentrations, including pesticides, were

monitored.
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mean total
lengths in cm

Field Test and No. of ' (ranges in
Location description bluegills parentheses)

Dresden Field Test

Des Plaines River Cage 50 4.0 (3.0-5.5)

Des Plaines River . '
Aerated Pool 50 3.9 (3.4-5.0)
Kankakee River Cage 50 4.1 (3.5-5.5)

Beardstown Field Test

Illinois River Cage 50 ' 4.6 (3.0-6.3)
Illinois River

Aerated Pool 50 5.1 (3.9-6.5)
Sangamon River Cage 50 4.6 (3.8-5.9)

The pool was used to expose bluegiils to aerated river water to separate
the possible lethal effécts of low dissolved oxygen concentrations in
the rivers from those of the toxicants. After the tests, toxicity in-
dices were compiled for the field test locations and compared to the mor-
talities observed during the tests.

Modified fish holding bags wére used to expose bluegills directly
in the rivers (Figure 4). The bags were made of soft nylon netting,
cylindrical in shape with metal rings at the top and bottom, 50 cm deep,
and 30.5 cm in diameter. Plastic coated wire screening was wired around
the bags to the upper and lower rings to protect the bags from debris in
the river and to enable them to retain their shape in the current. The
cages were supported at the surface by styrofoam floats, and anchored

using plastic rope and cinder blocks. A drawstring opening at the top



Figure 4.

Positioning a cage (modified commercial holding bag) during
one of the toxicity index field tests. the upper end of
each cage, which floated at the surface of the rivers, had a
drawstring opening for the addition and removal of bluegills.
The cages were camouflaged with tree branches so as not to
attract boaters or fishermen.

.

91
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of each bag Was used to place bluegills inside the cages. The segond
type of apparatus,consisting of a plastic wading pool 91.51cm in |
diameter and 20.3 cm deep, was used to expose the bluegills to artifi-
cially aerated water (Figure 5). Two portable battery-powered bait éera—
tors supplied air to river water that was periodically pumped iﬁto the
pool. Dréin holes were cut into the sides of the pool, 18 cm from the .
bottom, aﬁd covered with plastic-covered hardware cloth to prevent fiéh
from escéping while water was being pumped into the pool. Approximateiy
40-50 liﬁers of river water was pumped into the pool three times daily.
The capacity of each cage was 37 liters, thle the capacity. of the p601
was 95 liters.

Two field tests were conducted during the project. For the Dres-
den field test, coﬁducted‘between July 7 and 11, 1974, oné.cage was lo-
cated in the Kankakee River, while the other cage and the aerated pool
were set up on the Des Plaines River. This site was selected because
the Kankakee and Des Plaines rivefs join to form the beginning of the
Illinois River, The Kankakee River is a reiatively clean stréam;‘while
the Des Plaines River receives effluent from Chicago éewage plants via
the Chicago Sanitary and Ship Canal. For the Beardstown fiéld test,
conducted betweeﬁ'July 23 and 27, 1974, one cage was located in the
Sangamon River, whiie the other cage and the aerated pool were set up
on the Illinois River. This site_is~representati%e of conditigns in the
middle section of the Illinois River, Low wafer levels encountered
during the Beardstown field test, that were primarily due to the increased
impoundment of river water above Beardtown for navigational purposes,
made it neéessary to move the Sangamon River cage downstream several times.

The aerated pool was filled with river water and aerated overnight



Figure 5.

The aerated pool used in the field tests.

consisted of a plastic wading pool,

cally pumped into the pool with a 12

and battery-powered
bait aerators (right foreground)}. River water was periodi-

volt portable pump

This apparatus

(left)

81
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before each test. The cages and pool were camouflaged so as not to
attract boaters and fishermen. Bluegills were distributed to the cages
and aerated pool early in the morning on the first day of each test, which
lasted for 96 hr. River water temperatures, pH values, dissolved oxygen
concentrations, and total alkalinities were determined using methods out-
lined by the American Public Health Association (1971). Speéific con-
ductances were determined using a portable Beckman conductivity meter.
Turbidities were measured using a Secchi disc. A Gurley meter was'used
to determine the current velocity of the Illinois River at the Beardstown
field test.

Three types of water samples were taken periodically during the tests
and later analyzed by the Illinois Natural History Survey, Urbana, Illi-
nois, for several river toxicant concentrations and characteristics.

Water samples for zinc, copper, and lead analyses were collected and

treated as described previously under river monitoring. Glass bottles

(1-liter) were used to collect water samples that were later aﬁalyzed
for pesticide concentrations by gas chromatography. Plastic flasks
(200-m1)- were used to collect water samples to be later analyzed for
ammonia nitrogen concentrations using the phenate method (American~Pub—
lic Health Association, 1971). The last two types of samples were kept

under refrigeration until they could be analyzed.
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RESULTS

Preliminary Illinois and Des Plaines River Toxicity Indices

The mean component toxicities and toxicity indices developed for
17 locations on the Illinois and Des Plaines rivers are presented in
Table 4. Component toxicities less than 0.0005 BGTU's were considered

negligible. Ammonia LAS, cyanide, copper, fluoride, and zinc con-

(u)’
tributed to the mean toxicity indices of the rivers. However, none of
the mean toxicities approached 1.0 BGTU,or a level that would have been
lethal to 50 percent of the bluegills in the rivers in 96 hours of ex-
posure. The highest mean toxicity index of 0.168 BGTU was calculated
at the Havana location and was primarily due to a high cyanide compo-

nent toxicity. Mean ammonia component toxicities were generally higher

(u)
at the upstream locations, but other mean component toxicities showed
no apparent upstream-downstream trends.

The maximum component toxicities and toxicity indices for the same
locations are presented in Table 5. The maximum toxicity indices ranged
from 0.706 to 0.158 BGTU's, at the Rt. 66 Bridge on the Des Plaines River
and at Beardstown, respectively., Cadmium, trivalent chromium, lead,
and phenol contributed to the maximum toxicity indices at some of the
locations, in addition to the toxicants already mentioned. Maximum

ammonia component toxicities of cyanide, copper and zinc, however,

(u)
were calculated at locations in the middle or lower river.
Maximum and mean toxicity indices calculated at the different lo-

cations were plotted against river miles (Figure 6).



Table 4. Mean Component Toxicities and Toxicity Indices in BGTU's During 1972 and 1973* at 17 Locations
Along the Illinois and Des Plaines** Rivers. Location Descriptions are Followed by Their River
Miles with Kilometers in Parentheses. Continued on Page 2la.

LOCATION

96-hr

River LC50 — — am, e 2 < =R « =
Toxicant (mg/liter) o o~ — < g~ o e 8 in 3 S
<r oo v — - <r ™~ (o] U N (@] [2p]
nﬂu\ nmw ..mu ..%”__\ @ — — — o — —
Ea & @ & 8~ £ o o T o § ~
- D~ [l e} - oy 13 . . [T (@] . &) .
. — . 4@ N (O Ly Il @) L N ~ D~ O wn W
oo I, O = o0~ o oW Oowm o, D — 0O
o3 Ly ~ 0 — — — — —
M = = = = = = = =
~ ~ ~ ~ I~ P> ~ ~ I~
>Bsozwmmcu 1.65 0.018 0.006 0.006 0.006 0.012 0.024 0.018 0.030 0.018
Arsenic 17.5 - -— - - - - - - -
Cadmium 45.1 -- -- - -—- - - - - -
Chromium-
hexavalent 133.0 -- - - - - - - - -
Chromium-
trivalent 71.9 - - - - - - - _ —
Copper 10.2 0.004 0.007 0.008 0.008 0.002 0.018 0.012 0.011 0.007
Cyanide 0.15 0.006 - 0.033 - 0.120 0.033 0.013 - -=
Fluoride 44.5 0.007 0.009 0.011 0.007 0.011 0.013 0.015 0.011 0.013
Lead 442 -- - - - -- -- -— -- --
LAS . 6.5 0.020 0.023 0.022 0.021 0.023 0.024 0.023 0.024 0.022
Mercury 9.54 - - - - -- -- -- - -
Phenol 28.5 - - -~ - -- - - -- --
Zinc 40.9 -- - Co-- -- -- 10.002 0.005 0.002 -
Mean Toxicity Index , 0.055 0.045 0.080 0.042 0.168 0.114 0.086 0.078 0.060

*data obtained from the Illinois Environmental Protection Agency (1972; 1973)
**River -mile 277.8 (447.0) is in.the Des Plaines River.
-~less than 0.0005 BGTU's

1¢



Table 4. (continued)
LOCATION
> o
. 96-hr o 25 < N o) ) ) S
River LC50 9 G o n © < © N
Toxicant (mg/liter) &3 = 8 % 2 q o2 =3
jalh of Nt m® S — ) — O — O
(V] = ] = 8] o= o \O
e wn ol <t [S3Ne) ® o r~ = now o)
[= | ST o=l e = . = . ~ . Q - . .
O I~ 0, co. = O 2 O N o ™ o — FRN
jundi e R vy — o N ow [p T e} = O [l o o~
N N (o] o~ N [a\] (9] o~
= = = = = = = =
e e e P~ o P~ e e
>sso=wmhzu 1.65 0.018 0.024 0.036 0.024 0.036 0.042 0.024 0.066
Arsenic 17.5 - - - - - - - -
Cadmium 45.1 - - - - -- - - -
Chromium-
hexavalent 133.0 -- - - - -- - - -
Chromium-
trivalent 71.9 -- -- -- - - - - -
Copper 10.2 0.003 0.004 0.002 0.004 0.004 0.001 0.007 0.004
Cyanide 0.15 0.020 0.006 -- -- 0.013 -- -- --
Fluoride 44.5 0.009 0.009 0.009 0.011 0.009 0.011 0.011 0.013
Lead 442 -- -- -- -- -- -- - -
LAS 6.5 0.015 0.016 0.015 0.014 0.016 0.015 0.013 0.022
Mercury 9.54 - -- -- - - - -- --
Phenol 28.5 -- -- - -- -- - - --
Zinc 40.9 0.002 -- -- -- 0.002 -- - 0.002
Mean Toxicity Index 0.067 0.059 0.062 0.053 0.080 0.069 0.055 0.107

*data obtained from the Illinois Ehvironmental

Protection Agency (1972; 1973)
**piver mile 277.8 (447.0) is in the Des Plaines River
--less than 0.0005 BGTU's

BIZ



Table 5. Maximum Component Toxicities and Toxicity Indices in BGTU's During 1972 and 1973* at 17 Locations
Along the Illinois and Des Plaines** Rivers. Location Descriptions are Followed by Their River
Miles with Kilometers in Parentheses. Continued on Page 22a.

LOCATION

J6-hr - - o) S &G % 3
Rl\.feI‘ LCSQ = - s § < o < 0-,-3; o < S
Toxicant (mg/liter) - 8 =, 8 2 < o o O S
, ) = & o — o~ © — 2 Ly S ©
F,; S 8 — "8 — "E — § ~ .E, o g vt o
g% 83 EY 3% B4 f£4 Es g4 Ea
*x B¢ g &y =3 &% 53 28 =g
= z = = = = = = =
e o~ I e e o o e o
Ammonia(u) 1.65 0.309 0.145 0.085 0.061 0.067 0.352 0.261 0.442 0.103
Arsenic 17.5 - -- -~ -- -- - -- -- --
Cadmium 45.1 - -- - - - -- -- -- -
Chromium-
hexavalent 133.0 - - ~-- -- - -- -- -- --
Chromiim- v
trivalent 71.9 0.002 -- -- - - - - -- --
Copper 10.2 0.015 0.013 0.018 0.048 0.010 0.049 0.034 0.045 0.022
Cyanide 0.15 0.067 - 0.133 - 0.467 0.133 0.133 -- --
Fluoride 44.5 0.013 0.013 0.013 0.013 0.020 0.020 0.022 0.016 0.022
Lead 442.0 -- -- -- 0.001 - 0.001 0.001 0.001 -
LAS 6.5 0.037 0.040 0.042 0.032 0.034 0.034 0.032 032 0.034
Mercury 9.54 -- - -- - - -- -- A -~
Phenol 28.5 0.001 -- -- 0.001 0.001 -- - .0.001 --
Zinc 40.9 0.002 0.002 0.002 0.002 0.002 0.005 0.012 0.007 0.002

Maximum Toxicity Index 0.446 0.213 0.293 0.158 0.601 0.594 0.495 0.544 0.183

*data obtained from the Illinois Environmental Protection: Agency (1972; 1973)
**River mile 277.8 (447.0)  is in the Des Plaines River.

--less than 0.0005 BGTU's
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Table 5. (continued)

LOCATTION

96-hr 5 - o
River LC50 5 Ie < e 9 2 5 I8
Toxicant (mg/liter) - ¥ 8 @ w 2 =~ | B2
~ ) ™ ™ ™ <t <t o< <t
0, 80— — [ g [ R vy O O
13 =) o = 3] e < O
oawm o= < [§2No] @~ O~ ~oun v un [e 0]
c . = . o e FETE. [ | S Q - .
O~ [=Fge] + O + O O N o ™M = — 4+ D~
o v —~ DN o™ v wn = 0 oo~ o~
N N N N N N N N
= 0= 222 == s
e I~ e I~ e I~ e e
Ammonia(u) 1.65 0. 345 0.212 0.242 0.176 0.212 0.436 0.357 0.630
Arsenic 17.5 - -- - —- - - - -
Cadmium 45,1 -- - - -- - - 0.002 -
Chromium-
hexavalent 133.0 - -- - - - - - -
Chromium-
trivalent 71.9 -- - - - - - - -
Copper 10.2 0.010 0.020 0.006 0.012 0.008 0.005 0.024 0.009
Cyanide 0.15 -~ 0.067 0.067 -- -- 0.067 -- -- --
Fluoride 44.5 0.011 0.016 0.013 0.018 0.013 0.020 0.018 0.027
Lead 442.0 - - -- -~ - - - -
LAS 6.5 0.023 0.031 0.031 0.023 0.031 0.025 0.032 0.035
Mercury 9.54 -- -- -- -- ; -- -- -- --
Phenol 28.5 - -— - - -- -- 0.004 --
Zinc 40.9 0.002 0.005 "0.002 0.002 0.002 0.002 0.002 0.005
Maximum Toxicity Index 0.458 .0.351 0.294 0.231 0.333 0.488 0.439 0.706

*data obtained from the Illinois Environmental Protection Agency (1972; 1973)
**River mile 277.8 (447.0) is in the Des Plaines River.
--less than 0.0005 BGTU's
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Bioassays

The test conditions and mean ammonia concentrations observed

(u)

during the ammonia bioassay are summarized in Table 6. The test con-

(u)
ditions and mean LAS concentrations observed in the test tanks during
the LAS bioassay are summarized in Table 7. The dissolved oxygen con-
centrations during the ammonia(u) bioassay decreased noticeably, but the
low oxygen levels did not result in any mortalities in the control tank
and were probably not low enough to cause mortalities in the test tanks

containing ammonia Ammonia stress apparently caused the fish to con-

(u}’
sume more oxygen, reducing the oxygen levels. Once the fish began to die,
and were removed, oxygen levels went up.

The toxicity curves of ammonia ‘and LAS to bluegills are presented

‘ (u)
in Figures 7 and 8. The lethal effects of both toxicants had ended be-
fore the end of the tests. The 96-hr LC50 values determined for
ammbnia(u) and LAS were 1.65 and 6.5 mg/liter, respectively. These

~values compare favorably with those found in the literature. For in-
stance, a 96-hrrLC50 value of ammonia nitrogen of 23.7 mg/liter to
~bluegills was reported in hard water at 30 C (Anonymous, 1960). Assuming
a pH of 8.0, this value of ammonia nitrogen would correspond approximately

to an ammonia, .value of 1.5 mg/liter. 1In addition, Hokanson and Smith

(u)
(1971) reported 96-hr LC50 values of LAS to bluegills of 2.85 to 4.25

vmg/liter in waters of varying hardness.
River Monitoring

The river monitoring phase of the project was planned to compare
daily zinc, copper, and lead concentrations in the Illinois River at

flood and pool stages. Between March 18, and June 11, 1974, however,



Table 6. Test Conditions During the Ammonia(u) Bioassay.
temperature dissolved oxygen total alkalinity mean ammonia, |*
range pH range range concentratia{u)
test tank (C) range (mg/liter) (mg/liter as CaCOs) (mg/liter)
1 23.0-25.0 7.6-8.1 5.60-7.88 212-224 2.16
2 23.1-25.5 7.5-8.1 3.67-7.17 216-222 1.43
3 23.1-24.9 7.6-8.1 4,.30-7.11 216-222 0.86
4 23.0-25.0 7.7-8.2 3.82-7.04 208-224 0.55
5 23.0-25.1 7.8-8.0 4.40-6.40 216-232 0.27
6 23.0—25.0. 7.8-8.1 4.41-6.85 216-228 0.00

*calculated concentrations from Skarheim (1973)

S¢



Table 7. Test Conditions During the LAS Bioassay.

mea@oamﬁcam dissolved oxygen  total alkalinity mean LAS
range pH range range concentration®

test tank () range (mg/liter) (mg/liter as nmnowu (mg/liter)
1 19.0-22.0 © 8.0-8.1 7.9-8.1 180-184 35.2
2 18.9-22.0 8.0-8.2 q.wwm.o 180-181 18.7
3 . Hm.wlmm.o . 8.0-8.2 N.NIm.m 180-183 10.6
4. 18.9-22.0 8.0-8.1 6.2-8.7 © 180-185 7.9
5 19.0-22.0 m.olm.w 6.3-8.7 - 180-184 4.0
6 19.0-21.8 : | 8.1 | 7.1-8.7 _ . 184-185 0.0

*determined using the methylene blue active substances test (American Public Health Association,

1971)

9¢
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the water levels of the river at Havana remained high, varying between
approximately 1 ft (0.3 m) below to 8 ft (2.4 m) above flood stage.

During this period, heavy metal concentrations in the river ranged as fol-
lows: zinc, 0.01-0.09 mg/liter; copper, less than 0.005-0.050 mg/liter;
lead, less than 0.01-0.03 mg/liter. Within these ranges, no correlation
was found between the concentrations of these toxicants and Illinois River
water levels. Similarly, no correlation was found between the concenj
trations of these toxicants and river turbidities, as measured by Secchi

disk readings which ranged from 5 to 30 cm.
Field Tests

The ranges of the river parameters and the toxicant concentrations
determined during the Dresden field test are summarized in Table 8. The
pH values and dissolved oxygen concentrations of the Kankakee River differed
from that of the Des Plaines River. The low dissolved oxygen concentra-
tions of the Des Plaines River were raised by artificially aerating the
river water in the Des Plaines River aerated pool, but malfunctions of
the aerators caused the dissolved oxygen levels to drop sevéral times
during the test. Ammonia(u) concentrations were higher in the Des
Plaines River than in the Kankakee River. Aldrin, the only pesticide
found in the rivers, however, was present in higher concentrations in
the Kankakee River.

The mean toxicity indices established for the Kankakee and Des
Plaines rivers during the Dresden field test are presented in Table 9.
Because of the high toxicity of aldrin, it contributed the highest mean
component toxicity calculated in the Kankakee River. Ammonia(u) con-

tributed most to the mean toxicity indices of the Des Plaines River.



Table 8. River Parameter and Toxicant Concentration Ranges: During the Dresden

Field Test.

Des Plaines River

Des Plaines River

-Kankakee River

Cage Aerated Pool Cage
River Parameter
Temperature (C) 28.8-32.8 22.1-30.0 . 26.0-30.0
Dissolved oxygen (mg/liter) 3.58-7.33 4.14-7.86 7.38-10.05
pH 7.4-7.7 7.5-8.2 m.wnm.o
,.HOﬁmH alkalinity (mg/liter as nmnowu 188-206 182-198 206-236
Specific conductance (micromhos/cm) 760-875 660-875 550-630
Limit of visibility 19-45 --- 24-32
Toxicant (mg/liter)
>Bso:wmﬁcu 0.045-0.132 0.029-0.105 0.005-0.018
Aldrin 0.00000 0.00000-0.00006 0.00034-0,00300
Copper 0.015-0.019 0.016-0.024 0.006-0.011
Lead 0.074 0.074-0.082 0.066-0.082
Zinc 0.051-0.067 0.061-0.092 0.022-0.030

s
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Table 9. Mean Component Toxicities and Toxicity Indices in BGTU's,

and Observed Bluegill Mortality During the Dresden Field Test.

River Toxicant and Des Plaines Des Plaines Kankakee River

its 96-hr LC50 River Cage River Aerated Cage
Pool

Ammonia(u) 0.053 0.049 0.007

1.65 mg/liter

Aldrin -- 0.002 - 0.129

0.013 mg/liter

Copper 0.002 0.002 0.002

10.2 mg/liter

Lead -- -- --

442 mg/liter

Zinc | 0.001 0.002 --

Toxicity Index 0.056 0.055 0.138

Mortality observed 0% 0% 0%

after 96 hr

--less than 0.0005 BGTU's
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The mean toxicity indices of both rivers, however, were below those

that would have caused 50 percent of the bluegills exposed to them to die
over a 96-hr period, and no bluegill mortalities were observed during the
Dresden field test (Table 9).

The ranges of the river parameters and the toxicant concentrations
determinéd during the Beardstown field test are summarized in Table 10.
The water quality of the Sangamon River differed from that of the I11li-
nois River, particularly in terms of pH values and dissolved oxygen con-
centrations, paralleling the situation at the Dresden field test. Two
important differences were observed between the Dresden and Beardstown
field tests. The velocity of the Illinois River at the Beardstown
field test ranged from 1.2 to 1.8 ft/sec (0.4-0.6 m/sec), which was
greater than the observed velocities in either the Des Plaines, Kankakee,
or Sangamon rivers. The current waé strbng enough to tilt the Illinois
River cage at a 45-degree angle, a condition also not observed in 6ther
rivers. The second difference observed between the Dresden and Beards-
town field tests was increased turbidity, reflected in the lower Secchi
disk readings in the Illinois and Sangamon rivers than in the Des Plaines
and Kankakee rivers. At the Beardstown field test, aldrin and zinc
concentrations were higher in the Illinois River than in the Sangamon
River, while lead, copper, and ammonia(u) conceﬁtrations were similar
in both rivers.

The mean component toxicities and toxicity indices developed for
the Illinois and Sangamon rivers during the Beardstown field test are
presentéd in Table 11. The mean toxicity indices developed for both the
Illinois and the Sangamon rivers were below those developed for the Des

Plaines and Kankakee rivers; however, bluegill mortalities were observed



Table 10. River Parameter and Toxicant Concentration Ranges During the Beardstown Field Test.

Illinois River Illinois River Sangamon River
Cage Aerated Pool Cage
River Parameter
Hmavmamdcwo 26.0-28.9 22.1-26.1 . 23.3-29.8
Dissolved oxygen (mg/liter) 4,45-6.94 3.13-7.02 6.60-10.10
pH 7.9-8.1 8.0-8.2 8.2-8.6
Total meme:Hﬁ% {mg/liter as nmnowu 224-264 228-266 240-272
Specific Conductance (micromhos/cm) 700 700 650
Limit of visibility {(cm) 8-13 -—- 9-17
Toxicant (mg/liter)
?a:oswmﬁcu 0.001-0.007 0.002-0.020 0.003-0.034
Aldrin 0.00001-0.00020 0.00006-0.00010 , 0.00001
Copper 0.014-0.017 0.012-0.017 0.012-0.016
Lead 0.075-0.094 0.075-0.084 0.065-0.094

Zinc 0.039-0.830 0.080-0.620. (0.028-0.060

¢e



Table 11. Mean Component Toxicities and Toxicity Indices in BGTU's,

34

and Observed Bluegill Mortality During the Beardstown

Field Test.
River Toxicant and Illinois River Illinois River  Sangamon River
its 96-hr LC50 Cage Aerated Pool Cage
Ammonia(u) 0.002 0.004 0.006
1.65 mg/liter
Aldrin 0.008 0.006 ---
0.013 mg/liter
Copper 0.001 0.001 0.001
10.2 mg/liter
Lead - - -
442 mg/liter
Zinc 0.005 0.007 0.001
40.9 mg/liter
Toxicity Index 0.016 0.018 0.008
Mortality observed
after 96 hr 22% 0% 12%

---less than 0.0005 BGTU's

a
“y
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in both the Il1linois River and Sangamon River cages (Table 11). The
causes of these mortalities were probably stresses that were placed

on the bluegills other than toxicant concentrations. The stress proba-
bly responsible for the mortalities observed in the Illinois River

cage was the current of the Illinois River. The stress probably repdﬁ$¥
ible for the mortalities observed in the Sangamon River cage was the
extra handling of the fish that took place when low water levels forded
us to move this cage several times. These assumptions are supported by
the fact that no bluegill mortalities were observed in the Illinois

River aerated pool,
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DISCUSSION

The preliminary mean toxicity indices compiled for the different
locations along the Illinois and Des Plaines rivers, and the mean toxi-
city indices calculated during the field tests, indicated that the toxi-
cants dealt with do not normally occur in the Illinois River in concentra-
tions high enough to cause acute lethal effects to fish in the fiver.

This was also indicated by the lack of bluegill mortality during the

field tests. The maximum toxicity indices compiled for the Illinois

and Des Plaines rivers, however, indicated that at particular times,
ammonia(u) and cyanide were present in the rivers at- levels as high as
0.630 and 0.467 BGTU, respectively. These toxicant levels probably stress
fish in the rivers severely, but mortalities produced by such toxicant
levels would also be dependent on the periods of exposure. Other toxi-
cants that commonly contributed to the preliminary toxicity indices

were LAS, copper, fluoride, and zinc.

Higher ammonia component toxicities in the Des Plaines River

(u)
and at the upper‘locations in the Illinois River were probably related
to their proximity to the Chicago Sanitary and Ship Canal, which carries
municipal wastes from the Metropolitan Sanitary District of Greater
Chicago to the Des Plaines River. The tendency of the component toxi-
cities of cyanide, copper, and zinc to be higher at locations in the
middle and lower parts of the Illinois River may have been related to
industrial effluents originating in the highly industrialized Peoria-
Pekin area. The component toxicities of LAS and fluoride éhowed little
variation along the river. However, several assumptions had to be made

in order to include these toxicants in the toxicity'indices; both in

calculating fluoride toxicity to bluegills, and in calculating LAS
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concentrations from the reported MBAS concentrations. Therefore, more
data is necessary concerning these toxicants to accﬁrately determine
their possible lethal effects to fish in the Illinois River. Aldrin,
the only pesticide monitored during the field tests, contributed a mean
component toxicity of 0.129 BGTU in the Kankakee River, Its presence
may be related to the use of land adjacent to the Kankakee River for
agricultural purposes, and indicates the potential hazard of agricultural
run-off to fish in the Illinois River since pesticides canraccumulate,
via the food chain, to much higher levels in organisms than occur in the
water.

Combinations of some toxicants in low concentrations have been
shown to have less than additive lethal effects on fish (Sprague, 1970).
Low dissolved oxygen concentrations, however, are known to increase the
toxicity of most toxicants to fish, and therefore, the low dissolved oxy-
gen éoncentrations that are common in the Illinois and Des Plaines rivers
may increase the lethal effects of the toxicants present in the river.
The effects of dilution and the adsorption of toxicants onto silt parti-
cles in the Illinois River during this study were unknown. The river
monitoring phase of this project investigated these effects on a minor
scale, but it showed no correlations between water level variations, or
turbidity, and zinc, copper, and lead concentrations in the Illinois River.
To illustrate the possible effects of dilution in the Illinois River,
weekly water level averages at Havana during 1971-1974 are presented in
Figure 9. The water levels of the river during 1974 indicate that the
river was above its low-flow stage during the river monitoring and
field test phases of this project. If the lethal effects of toxicants

to fish are greatest during low-flow periods, the toxicity indices de-
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Figure 9. Illinois River weekly water level averages at Havana.
Solid lines represent pool stages, dotted lines repre-
sent flood stages (Department of Commerce, 1971; 1972;
1973; 1974).
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veloped during the field tests may have underestimated the toxicity of
the river at the low-flow stage reached later in 1974. Likewise, the
preliminary toxicity indices developed for the Illinois and Des Plaines
rivers from 1972-1973 data may have underestimated the toxicity of the
river reached during the low-flow period of 1971.

Finally, it should be noted that the toxicity indices presented in
this study were not calculated to indicate '"safe'" levels of toxicants in
the Illinois River. It has become common practice to assume that main-

taining toxicant concentrations below one-tenth of their 96-hr (or 48-hr) LC50

values for a species, safeguards that species (Illinois Pollution Control Board,
1973) . However, this assumption has several limitations, particularly when evaluating

lethal effects of slow-acting toxicants or of those subject to biological magni-

fication in food chains. Therefore, although some of the toxicants
dealt with in this study, such as mercury and chromium, did not appear
to contribute to the acute toxicity of the river, they may have long-

term effects on the fish populations in the Illinois River.
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SUMMARY

The toxicity indices developed during this project indicated that
concentrations of the toxicants dealt with do not normally occur at
levels high enough to cause fish in the Illinois River to die. The
lack of bluegill mor{alities observed in the field supported this
conclusion.

On particular occasions, the component toxicities of ammonia(u) and
cyanide in the Illinois River were high enough to stress fish in
the river severely, however, the lengths of time the fish were ex-
posed to these toxicants, and therefore their possible lethal ef-
fects, were unknown.

Ammonia(u) contributed more to the toxicity of the river -at its up-
stream locations, probably due to the proximity of these locations
to the municipal effluents of the Metropolitan Sanitary District of
Greater Chicago.

Cyanide, copper, and zinc contributed more to the toxicity of the
Il1linois River at its mid- and downstream locations, possibly, due
to the added loads of industrial wastes the river receives in the
Peoria-Pekin area. )

The effects of dilution and the adsorbtion of toxicants onto silt
particles in the river during this study were unknown, but may have
resulted in some underestimation of the toxiqity of the river.

The 96-hr LC50 values determined for ammonia[u) and LAS to bluegills
during this study agreed favorably with those reported for these toxi-
cants in the literature. This indicates that toxicity data for

other toxicants, generated in experiments in which water similar in

quality to Illinois water is used, can be directly applied to the

Illinois River.
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RELATION OF THIS RESEARCH TO WATER RESOURCES PROBLEMS

Physical-chemical informationkbn particular rivers and bioasséy in-
formation on thé toxicity of chemicals to aquatic orgénisms is accumu-
lating more and more fapidly, and both types of information are uséful
in assessing the quality of water for the profection of aquatic species.
This research demonstrated a method for relating these types of information.

Many water quality standards have been based on tests that were
designed to investigate the effects of single factors in aquatic environ-
ments, whereas organisms in a river are exposed to many factors simul-
taneously. The method used in this research can take into consideration
the joint action of all>of'the toxicants that can be identified in a
river, although the assumption that the toxicants are additive in their
effects needs further testing.

Two specific recommendations for improving the usefulness of chemi-
cal information for predicting biological effects can be made. First,
because ammonia(u) is toxic to aquatic life rather than ammonia nitrogen,
efforts should be made to monitor and report this value regularly.

Second, because MBAS concentrations can include interferring factors be-
sides LAS, more specific tests for LAS should be included in monitoring

programs. The fact that both LAS and ammonia contributed commonly

()

to the toxicity of the Illinois River, strengthens these recommendations.

[PV N
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