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Abstract. The <hronic effects of hexavalent chromium on the fathead min-
now (Pimephales promelas) were investigated. Survival was affected only
at the high test concentration of 3.95 mg Cr/L. All chromium concentra-
tions, including 0.018 mg/L, the lowest tested, retarded the early growth of
first-generation fish, but this effect was only temporary. Growth of second-
generation fish was not affected at concentrations ot 1.0 mg/L or lower.
Reproduction and hatchability of eggs were not affected at any chroraium
concentratior. tested.

The maximum acceptable toxicant concentration (MATC) for fathead
minnows 1 hard water (209 mg/L as CaCQ, at pH 7.7) was based on sur-
vival and iies between 1.0 and 3.95 mg Cr/L, respectively. The application
facter (MATC/96-hr LCS0) is between 0.03 «ad 0.11.

Hexavalent chromum is a trace metal in natural water, and its presence at high
concentrations usually indicates discharge from industrial and municipal
effluents. In a S-year study of 1,577 samples from rivers and lakes of the United
States, Kopp and Kroner (1969) found dissolved chromiuin in 24.5% of the
samples; the mean concentration was 9.7 ug/L, and the range was 1 to 121 ug/L
based on total chromium. Most measurements of environmental samples of
chromium are on the basis of total chromium. Criteria developed for chromium
(U.S. Environmental Protoction Agency 1976) for both domestic water suppl
and for freshwater aquatic life were developed on the basis of total chromium.

Because of its widespread use and toxicity, chromium can be a hazard to
aquatic life and is one of the 65 toxic pollutants listed in a consent decree court.
order (National Resources Defense Council e al. vs Train 1976). A review of
the environmental effects of chromium (Towill e al. 1978) indicates that the
environmentally import:ant forms are trivalent and hexavalent chromium. Hexa-
valent chromium is the more toxic form to mammals and fish.

Most 96-hr LC50 values for hexavalent chromium for fish range from 10 to
130 mg/L. Adverse effects are produced, however, at much lower concentra-
tions with long-term exposure. Olson and Foster (1956) studied long-term ef-
fects of hexavalent chromium on chinook salmon (Oncorhynchus tshawytscha)
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and rainbow trout (Salmo gairdneri). They reported that survival was affected
at 77 ug/L, and growth was reduced at 13 ug/L. Berioit (1976) examined the
chronic effects of hexavalent chromium on brook trout (Salvelinus fontinalis)
and rainbow trout and found that brook trout alcvin survival was decreased at
350 ug/L, and growth in weight was retarded at 10 ug/L during the 8-month
exposure. Sauter et al. (1976) studied the effects, of hexavaient chromium on
the eggs and fry of seven fish species. These embryo-larval studies gave esti-
mated maximum acceptable toxicant concentration (MATC) values that varied
from 51 to 105 pg/L for rainbow trout to more than 2,167 ug/L for walleye
(Stizostedion vitreum vitreum).

The present chronic toxicity study 1s one of a series of studies designed to
evaluate the direct effects of metals on fish. The objective of this study was to
determine the MATC (Mount and Stephan 1967) of hexavalent chromium in
hard water for the fathead minnow (Pimephales promelas). The MATC is es-
tabhshed on the basis of a chronic exposure; survival, growth, and reproduc-
tion are used as measures of effect. In addition, acute toxicity studies were
made to estimate an application factor (Mount and Stephan 19€7) for chromium
toxicity.

Methods and Experimental Conditions

Eposure System

The design of this study was sifular 1o that described by Mountand Stephan (1967)7A senal diluter
with a dilution factor of 0 25 was used to provide the control and five chromium concentrations
This dilution factor was used to obtain a wide range of concentrations, because long-term effects on
survival were anticipated (Olson and Foster 1956). The randomly arranged all-glass exposure
chambers (60 x 30 x 30 ¢m) contained a 15- x 15-cm compartment in the outlet corner for
second-generation 30-day survival and growth studies. [n addition, stainless steel chambers (60 x
15 x 20 cm) were used for the 30- to 60-day second-generation studies. The water volume of each
adult spawning chambar was maintained a1 3 L, and the flow ra.e averaged 200 L per day The
dilution water was a nnxture of pond waler oniginating rom a spning and carbon-filtered. de-
minerahzed Cincinnait tap water. Six spawning substrates, consisting of half-iles, were placed in
each chamber, and eggs from these tiles wete incubated in nylon-screen-bottom cups suspended
from a rocker-arm that oscillated two times per minute. Light and photoperiod were provided by
cool-white fluorescent ceilling lights and 60-W incandescent light bulbs suspended above each
chamber

Brological Svstem

The chronic exposure was started i, November when thirty-five 4-week-old juveniles reared from
four groups of eggs spawned in the laboratory were randomly assigned to each exposure concen-
tralion After nine weeks of exposure the number of fish was reduced :0 20, excep! for the high
concentration in which only 13 fish survived. Excess males were removed during the spawning
season. which began in June. to reduce termitorial conflict. The fish were fed a dry trout food daily
and cladocerans-weekly—Live-orgamisms-in-the-water-supply-supplemented-this-diet-

During the spawning season all spawning substrates were examined for eggs 1n the early
afternoon. These eggs were removed and counted, and some were placed in egg cups for hatchabil-
ity determinations. Usually, 100 eggs from cach spawning, 25 eggs per cup, were exposed. Hatch-
ability was calculated as the percentage of larvae hatched seven days after the spawning .

F:ty of these second-generation larvae from each concentration were placed in the larval
growth chambers for 30 days from time of spawning. The fish were then measured and transferred
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10 the stainless sicel chambers for an-additional 30_days._Alllarval studies wcre started from eggs
that were sparwned within three days of ecach other

Physical and Chemical Conditrons

Routine water analyses were made weekly with procedures described by the American Public
Health Association ¢r al (1965) Oxygen was measured in all chambers, and hardness, pH, alkalin-
ity, and acidity in two chambers The mean and s.andard deviation for hardness, alkalinity, and
acidity were 209 = S mg/L, 159 = 20 mg/L, and 9.5 = 3.5 mg/L as CaCOjy, respectively. The pH
varied from 7 5to 8 2 The pH measurements were converted (o ton concentration, and the mean
ion concentrahion v/as calculated. Encoding this to pH, the mean pH was 7.73. The mean of the pH
measurements, as such, was 775 Dissolved oxynren had a mean congsentration and standard
deviaionof 75 = 1 § mg/L Dissclved oxygen concentiations in the two high chromum concen-
trations we.e corrected for the positive influence of dichromate in the Winkler titration

Reagent-grade potassium dichromate was introduced from a constant-level funnel maintained
by a float valve via a toxicant-metening system as described by Mount and Warner (1965) Each
weekday. water samples were measured for hexavalent chronsuum with the diphenylcarbazide
method (American Public Health Association et al. 1965) A cahibration curve was prepared at
periodic intervals, and the reproducibility of the curve was excellent The curve was linear, com-
plying with Beer's law, with the mean absorbaace readings of 0 782, 0.548, 0.394, 0.156, and 0 078
for 200, 1+D. 100, 40, and 20 ug Cr/L, respectively. Higher test concentrations werc guantitatively
diluted to maintain a small range of concentrations Control blanks showed no positive interfer-
ences Mean chromium test concentrations ranged from 3.95 to 0.018 mg/L (Table 1)

No attempt was madv to conduct the ¢krgnic study-at-aconstant temperature. Mean-weekly -
temperature was 16°C duning the first fall and winter months and then slowly increased (o 24°C in
June, where 1t remained until the end of the test. The usual weekly fuctuation was at-out 3°C, and
the nunimum and maximum temperaturcs were 13°C and 27°C, respectively. Temperature was
recorded continuously with a 7-day indicating and recording thermograph. A natural photopenod
{Evansviile, Ind ) was maintained, and adjustments were made bimonthly. For spawning purposes,
a 16-hr light cycle was maintained from late June to the end of the test,

Avwte Toucuy

Side-by-side static and flow-through bioassays were conducted twice in which immature (| g)
fathead murnows and Jldution water from the same source were used. The static bioassays were
conducted according to the methods recommended by the American Public Health Association et
al (1965) Duplicate senes of five fish per 10/L were used at concentrations with a dilution factor of
0 56 The Mlow-throuzh bioassays weie conducied with a dilution factor of 0.5; 10 fish were used in
each exposure chamber for the two consecutive tests. Later, a third flow-through test was con-
ducted with 10 fish per duplic.te exposure chamber. All tests were conducted at 25°C The LCS0
values were calculated on the basis of nominal concentrations in the static tests and measured
concentrations tn the tlow-throngh t2sts

Statestrcs
Grow'h data were analyzéd by oné-way &nalysis—of vanance-and-Duncan’s-muluple-range test—-

(Dixon 1974). The LCS0 values and 95% conifidence limits were determined with a computer
program based on a moving average angle method (Harms 1959).

Results
Survival

Mortality occuited in the high test concentration of 3.95 mg Cr/L. The first fish
died after ‘hree weeks of exposure. After nine weeks, 37% had survived (Table



Table 1. Survival and growth of fathead minnows exposed to hexavzlent chromium

First generation

Second generat:on

Final (412 days)

Measured 9 weeks Ma’es Females 30 days 60 days

concentration Survival Weight Length Weight Length Weight Survival Length Survival Length

mg/L® % g* mm*< g mm*< g* % mm? % mm?
3.95' = 0.20 37 - 64.7 3.7 54.5 2.0 38 9.7 +0.8 12 11.5= 1.6
1.00 = 0.07 94 0.11 & 049 69.9 4.4 55.4 1.9 Y8 154 = 1.8 98 247+ 3.5
0.26 = 0.016 86 0.15 = .07¢ 718 49 58.5 2.1 94 15.1 £ 1.3 94 26.5 = 3.2
0.066 = 0.008 97 0.14 = .04 71.0 54 55.2 2.0 84 13.7 = 1.2 82 239 = 3.6
0.018 = 0.002 97 0.15 = .04¢ 67.3 4.4 54.4 1.8 98 119 > 1.2 80 24.6 = 3.7

Control 100 0.19 = .08 68.0 4.6 55.7 19 74 15.1 = 2.4 24 247 =36

® Mean and standard deviation
b Each crncentration value is the mean

¢ Mean

9 Significantly different (P = 0.05) from control

of 217 measurements

80%

Bundydld ‘H 'O
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1), and only 13% survived to the termination of the exposure. Survival of
second-geneiation fish also was greatly reduced at 3.95 mg Cr/L (Table I).
After 30 days, survival was 38%, and afte: 60 days only 12% survived. Survival
of both first- and second-generation fish at concentrations of 1.0 mg/L and
lower was similar to that of the control fish.

Survival of the eggs that were spawned and incubated at all concentrations
was not adversely affected by chromium (Table 2). Hatchability varied from 86
to 96%.

The 96-hr LC50 values of hexavalent chromium for the two static bioas-
says were 39.7 and 32.7 mg/L. Thesz two values were not significantly different
(P = 0 05), sc the data were cornbined giving a 96-hr LC50 value of 36.2 mg/L
(27.2 — 45.4 mg/L} The 96-hr LCS50 values of the two consecutive flow-through
bioassays were 37.7 ing/L (29.5 — 57.5 mg/L) and 37.0 mg/L (27.4 — 52.6 mg/L).
'The 96-hr LC50 value of the third flow-through bioassay was 35.9 mg/L (29.1 —
45.9 mg/L.). The mean of the three flow-through tests was 36.9 mg/L.

Growth

All concentrations of chromium reduced grewth of first-generation fish after
ninc weeks of exposure (Table 1). Analysis of variance indicated that chromium
had a significant effect (P = 0.01) on the weight of fish. Duncan’s multiple range
test indicated that the weight of fish exposed to 1.0 mg/L was significantly
different (P = 0.05) froin the three low concentraticns and the control. The
three low-test concentrations were homogeneous and significantly different
from the control. At the end of the chronic exposure, 412 days, the length and
weight of the females exposed (o chromium were similar to control fish (Table
1). At the sublethal concentrations of chromium, the length and weight of the
males were similar to that in the control (Table 1). The length and weight of the
males in the lethal concentration of 3.95 mg/L was less than that in the control.
However, small excess males were removec from the sublethal concentrations
and control to reduce territorial conflict. So it was not possible to statistically
analyze these growth data. The mean length of the second-zeneration fish
exposed to 3.95 mg/L was reduced more than 50% below the control after 60
days' exposure. However, the final lengths of the fish at 1.0 mg/L and lower
were similar to that of the control fish.

Reproduction

Sublethal concentrations of chromium did not adversely affect egg production,
and even at the highest concentration, which caused some deaths the surviving
fish spawned (Table 2).

Discussion

The results of this study clearly show that the high concentration of 3.95 mg
Cr/L was lethal to the fathead minnow This concentration had an adverse
effect on survival of both first- and second-generation fish. The first-generation
fish started dying after three weeks of exposure, and 63% were killed after nine
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Table 2. Spawning results and hatchability of futhead minnow cggs in the chromic exposure
to hexavalent chromum

Mean measured Mean Number of
cuncentrrtion  Number of Number of Toual number Total number  eggs per  Percentage eggs

mg/L males females of epgs of spawnings  female hatch incubnted
395 6 2 711 3 156 &6 158

1 00 R g 10,19 43 1.132 95 600

0126 7 8 7.285 36 910 91 625

D 066 7 8 4 R89 21 611 93 164

0018 9 1 1559 15 269 96 547
Control 4 7 2,632 17 376 9s 528

weeks. The fish in this concentration were visually smaller than fish in other
concentrations, and the smaller-ones-were-the-first-to-die—Fish continued to die
for avout t'vo more months, but no aduit fish died during the spawning season.
Second-generation and first-generation fish were very similar in their sensitiv-
ity to the lethal effects of chromium.

Fathead minnows tested in hard water were more resistant to long-teim
lethal effects of chromium thz. salmonoids exposed in softer water. Olson and
Foster (1956) studied the effects of long-term exposure to chromium on the
various developmental stages of rainbow trout and chinook salmon. They
found that exposure to 0.17 mg/L caused the death of rainbow trout fry within a
few days, and fish continued to dic over a 2-month period to a maximum
mortality o' 94% . For chinook salmon, they found that after the end of the fry
stage significantly fewer fish survived at 0.18 mg/L, and mortalitv increased
during the fingerling stage. Benoit (1976) reported that mortality of alevin rain-
bow trout exposed to 0 34 mg/L for 12 weeks was 100%, and mortality ot
young brook trout was 727 under similar conditions. Sauter ¢r af (1976) re-
ported that exposure to 0.82 mg/L for 60 days significantly reduced survival of
rairbow trout fry when compared tn controls. Thev also found that concentra-
tions between 1.4 and 11.6 mg/L appeared to reduce survival of lake trout fry,
but because of variabilit» among replicates only concentrations of 6.0 and 11.6
mg/L significantly reduced survival (P = 0.05).

-—-Fathead m:nnow embryos-were-not-sensitive-to-chromium-exposu-e: Sur-
vivai of eggs that were spawned and incubated in all concentiations of
chromium was similar to survival of control eggs. Hatchability varied from 86
to 96%, all wathin the normal variability found at our laboratory. Bencit (1976)
found that hatching success of brook trout eggs spawned and incubated in 0.35
mg Cr/L and control embryos transferred to 0.76 and 1.56 mg Cr/L was as good
as control eggs. Sauterer al. (1976) reported on the toxicity of chromium to the
eggs and fry of seven fish species. In all tests, survival and/or growth of fry
were affectcd at concentrations lower than those that affected hatchability.

The 96-hr LCS50 values calculated during the present study were similar to
96-hr LC50 values reported by Adelr'an and Smith (1976). Tliey Tound a mean
96-hr LCS50 value of chromium for the fathead minnow of 26 mg/L. when the
desired concentrations were immediately obtained, and a mean 96-hr LC50
value of 48 mg/L. when the desired concentrations were not obtained for 3 to 4
hr. Ruesink and Smith (1975) reported a 96-hr LCS0 value of 37 mg/L for the
fathead minnow tested at 25°C. However, the fathead minnow tested in haid
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water had a lower 96-hr LCS50 value than that reported by Benoit (1976) for the
brook trout exposea in soft water. Pickering and HerZerson (1966) found that
hexavalent chromium was more toxic to the fathcad minnow and bluegill
(Lepomis mucrochirus) in soft water than in nard water of high alkalinity and
pH. Trama and Benoit (1960) reported that hexavalent chromium was less toxic
when potassium chromate was used than when potassium dichromate was
used. They attributed this difference in toxicity to the greater concentration of
hydrochromate ions :n the more acidic dichromate salt solution.

Decreased growth is considercd an indication of sublethal toxicity. Growth
of first-generation fish was significantly (P = 0.05) affected at all chromium
concentrations after nine weeks of exposure. The mean weight of fish exposed
to 1.0 mg/L. was about 60% that of control fish, and the mean weight of fish in
the three low concentrations was about 80% of the weight of controls. This
adverse effect on growth was only tempoiary, however, as the final weight of
these fish was similar to the weight of the controls, and the return to normal
weight suggests recovery from the toxic effects of chromium. This effcct of
chromium ongrowth parallels that found by Benoit (1976). He found an adverse
effect on growth rate of brook trout during eight months’ exposure to concen-
trations as low as 0.01 mg/L. He suggested that these early effects on growth
rate were only temporary, as trout expcsed to 0.35 mg/L for 6 months weighed
25% less than controls, but after 12 to 24 months weight varied only 10 to 12%
from controls.

Growth of secend-generation fish at the sublethal concentrations of 1.0
mg/L. and lower was similar to growth of the control fish. This lack of effect on
growth of the second-generation fish suggests that they were more resistant
than the first-generation fish to the toxic action of chromium. The nature of the
acclimation 1s not known, however. Hermanutz {i978) found that second-
gencration flagfish (Jordanella floridae) were more tolerant to the effects of
endrin and malathion on growth than were first-generation fish. Spehar (1976)
found that flagfish previously exposed (0 zinc as embryos were more tolerant to
the effects on growth than those not previously exposed; effect on second-
generation fish was not studied. !n the prescnt study, first-generation fish were
not exposed as embryos. Thus, it 1s not possible to determine if the increased
reststance of the second-generation fish is due to the nature of the initiation of
chromium exposure.

Reprcduction was not adversely affected at any chromium concentration.
Egg production at |.0 mg-Cr/i--was-the-best-of-any exposure;-although fecun:
dity of tie females was poor wher: compared to most tests conducted at this
laboratory. Even at the high lethal concentration of 3.95 mg/L, the surviving
fish spawned. Benoit (1976) alsc reported that brook trout spawned at a lethal
concentration of 0 35 mg Cr/L.

Hexavalent chromium at a concentration of 1.0 mg/L is considered an
acceptable concentration for fathead minnows in hard water. This concentra-
tion caused no effects in first- or second-generation fish. The mean weight of
the first-generation fish after nine weeks of exposure was reduced at this con-
centration, but the effect was only temporary. Growth of second-generation
fish was similar to growth of controi fish. Chromium at a concentration of 3.95
mg/L was lethai to both first- and second-generation fish.

The application factor developed in this study is between 0.03 and 0.11,
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based on a- MATC-of-1:0—=-3:95-mg-Cr/L-and-a-96-hr-LC50 value of 36.9 mg
Cr/L. Benoit (1976) reported an application factor of 0.003 — 0.006 derived
from a MATC of 0.20 - 0.35 mg Cr/L. He used survival as the endpoint and a
96-hr LCS50 value of 59 mg Cr/L. Temporary adverse effects <f chromium on
growth were not uscd to derive the MATC in either of these studies. If these
temporary effects on growth were used to derive the MATC, the application
factor for chromium would be more similar, but much smallei. Macek and
Sleight (1977} reported an application factor for hexavalent chromium of 0.02 -
0.05 based on an embryo-larval study. This application factor is similar to that
feund in the present study. The MATC for their study was based on reduced
weight uf rainbow trout after 60 days' exposure of the larval stage.

At present, it does not seem possible to recommend an application factor
for chromium based on chronic studies reported here and by Benoit. The
MATC for chromium. when the lathead minnow and brook trout are used as
test ammals, 1s based on lethal concentrations. In the acute tests, chromium in
hard water killed tfathead minnows at lower concentrations than chromium in
soft water killed broox trout. In the chronic tests, chromium killed Lrook trout
at lower concentrations. Death of the test animal is the most significant end-
point of toxicitv, and as a criterion of toxicity is unambiguous and final. Re-
duced growth is also an endpoint. However. the ecological significance of a
temporary effect ongrowth-of first-generation fishis Uncertain.
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