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THE ACUTE TOXICITY OF SOME HEAVY
METALS TO DIFFERENT SPECIES
OF AQUATIC INSECTS

Various metal salts are constituents
of mine effluents, brines from oil wells,
and wastes from metal processing,
chemical manufacturing, and many
. other industries (1) (2). Because of
the toxic properties of these metals
and their other adverse effects on wa-
ter quality, their discharge is a se-
rious water pollution problem.

Water quality criteria on which
water pollution parameters are based
are needed for the protection of
aquatic life. Acute toxicity tests are
a first step in determining these eri-
teria. They indicate relative.species
sensitivity and lethal concentrations.
This information then can be used as
a basis for long-term tests to estab-
lish the requirements necessary for the
well-being of aquatie life.

Information on the toxicity of metals
to fish has been summarized by
Doudoroff and Katz (3), MecKee and
Wolf (1), Rudolfs, Barnes, et al. (4),
and others. However, information on
the toxicity of metals to aquatic in-
sects (Table I) is very limited.

The purpose of this study was to de-
termine the acute toxicity of the salts
of copper, zine, ecadmium, lead, iron,
nickel, cobalt, chromium, and mercury
to three species of aquatic insects as
a first step in the development of cri-
teria for protecting these important
fish-fcod organisms.

Stephen L. Warnick and Henry L. Bell
. are Research Aquatic Biologists, Federal Wa-
ter Pollution Conirol Administration, Na-
tional Water Quality Laboratory, Duluth,
Minnesota.
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The metal compounds considered
here are those simple inorganic salts,
the toxicity of which appears to be
due to the component metals. The

wide range of concentrations at which

metals are toxic to fish (Table II)
indicates that chemical and physical
factors and environmental variables
have an important effect on the degree
of toxicity. Recent workers have reec-
ognized this fact and have adopted
a more uniform bioassay procedure.
By reporting such important para-
meters as DO, pH, alkalinity, acidity,
and hardness of the dilution water,
they have improved greatly the sig-
nificance and reproducibility of their
work.

Methods

To evaluate the acute toxicity of
the heavy metals to aquatic inseects,
static bioassays were conducted aec-
cording to the methods recommended
by the American Public Health As-
sociation (5), and a TL, value (me-
dian tolerance limit) was determined
on the basis of the calculated concen-
trations. In some cases a 96-hr TL,,
was not determined, since the insects
tested did not die in 96 hr at the
maximum econcentration (64 mg/1)
that was used. In these cases results
are reported in terms of survival times
of the different insects in various
metal concentrations. Higher concen-
trations were not used with insects,
because fish seem to be more sensitive
to metals.. Therefore, concentrations
that would proteet fish also would pro-
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TABLE 1.—The Concentrations of Heavy Metals Having an Effect on Aquatic Organisms

Metal Comlz:%r?gtion Tv’{fg:egf Organism Effect Reference
Arsenic 3-14 —_ mayfly no harm (5)
Arsenic 10-20 — damsel flies no harm 5)
Barium 29 Lake Erie daphnia magna immobilized (11)
Cadmium 0.10 River Havel | daphnia magna threshold toxice (12)
Chromium 0.70 River Havel | daphnia magna threshold toxic (12)
Cobalt 5.00 River Havel | daphnia magna threshold toxic (12)
Copper 0.027 Lake Erie daphnia magna immobilized (12)
Lead 5.00 River Havel | daphnia magna threshold toxic (12)
Mercury 0.03 River Havel | daphnia magna threshold toxice (12)
Nickel 6.00 River Havel | daphnia magna threshold toxic (12)
Silver 0.03 River Havel | daphnia magna threshold toxic (12)
Zine 1.80 River Havel | daphnia magna threshold toxic (12)
Zine 0.30 — mayfly nymphs killed 5)
Zine 0.33 — stoneflies, caddisflies | no effect (5)

teet the aquatic insects. TL,, values
are expressed in terms of the initial
concentration (mg/1) of metal added
to the dilution water. The concentra-
tions tested for each metal were: 0.0,
0.1, 1.0, 4.0, 16.0, and 64.0 mg/l ex-
pressed in terms of the amount of
metal added to the dilution water initi-
ally (Table IIT). The metal concen-
trations in the stock solutions and in
the test dilutions were checked with
a polarograph and were found to be
within five percent of the calculated
values. The concentrations in the test
dilutions were determined again at the

TABLE II.—The Toxicity of Some
Metals to Fish

Metal Concen-

Metal tration (mg/1)

Reference

Zn |0.78 - 334
Zn (0.01 - 10.1

Pickering (10)
Rudolfs, Barnes, ¢ al. (5)

Zn 103 - 0.7 | Jones (6)

Cu |0.015- 3.0 | Rudolfs, Barnes, et al. (5)
Cu |0.022- 1.76| Pickering (10)
Cu |0.01 - 0.02| Jones (6)

Co [1.0 - 10.0 | Schweiger (7)
Co |70 - 150 | Jones (8)

Ni |0.08 -~ 1.0 | Jones (8)

Ni |4.45 — 44.5 | Pickering (10)
Pb |01 - 6.3 | Anon. (9)

Pb |5.58 —482.0 | Pickering (10)
Pb |0.1 - 0.4 | Jones (6)

Cd (0.01 - 10.0
Cd |0.63 —~ 73.5 | Pickering (10)
Cd |0.03 Jones (8)
Hg |0.01 — 0.02( Jones (8)

McKee and Wolf (1)

end of the two-week bioassay period
and, in some cases, had decreased con-
siderably (Table III).

Ten individuals of each species
were used in each metal concentration
and control. One liter of carbon-
filtered tap water from Lake Superior
was set up in a two-liter Erlenmeyer
flask for each metal concentration and
control unit. A small piece of plastie
screen was used for insect attachment,
and a small stream of air from a glass
tube was bubbled through the water
to maintain the oxygen level and pro-
duce some circulation of the water.

The dilution water had the follow-
ing physical and chemical character-
isties: * temperature, 18°C = 2°; DO,
9.2 mg/l; pH, 7.25; alkalinity, 40.0
mg/1 acidity, 4.0 mg/l; and hardness,
44,0 mg/l. The values for these same
parameters at the conclusion of the
tests are given in Table III.

The three species of insects wused
were: a stonefly, (Plecoptera) Acro-
neuria lycorias; a mayfly, (Ephemerop-
tera) Ephemerella subvaria; and a
caddisfly, (Trichoptera) Hydropsyche
betteni. These were chosen because
they are widespread, easily collected
and maintained in the laboratory, and
they are important as fish food organ-

* Characteristics were determined using
Hach Water and Sewage Analysis Pro-
cedures, Hach Chemical Co., Ames, Iowa.



February 1969

JOURNAL WPCF

282

*paursurswt [/Bur ¢°g Jo UOnENUBOU0D O (T 4

— — ¥ ¥ 9 9% 9L 08 | ¢8I 02 ayofsdoipAy
— — 91 i 9 o 9L 08 | 98I 02 B[[e1oweyde ‘
— — g9 oF 8 44 8L 08 | 981 0%z BLINGUOIOE s[n 3 wouy + 431
100 A 4 oy ¥1 9 79 08 | ¢8I 0F9 | eyoAsdoapLy
100 L. Ly 09 4! itig 09 0’8 98T 0% e[erowoyde
€00 Ly z6 0g 8 0g 89 08 | g8 | 02g | 2 BUNOUOIE | OFHO*D IO wolf +-+ 41D
100 L9l e 9 9 o 0L 08 | g81 | 02g | 2 oyoLsdorpiy
€0°0 9°01 Al 08 9 9% 69 08 | ¢8I 091 B[[esowoyda
100 g6 ez | 09 21 99 ZL 08 | g81 | o0ze | 8 BumouOD® | OFHLYOS 00 Wolj + 400
200 0°¢l T i 9 a4 oL 08 | 98T | 0%9 | $I< aqafedorpAy
£0°0 T'L g1 v 9 9% 0L 08 | ¢8I 0% B[[esoworde
$0°0 ¥9 09 o o1 ¥ 0L 08 | 981 gee BUNOUOIE | QFEOTOS IN WOy 41N
100 91 82’1 0g 9 oF '8 08 | 81 | 091 | 2 ayofsdorpAy
100 ¥l 86°0 8% 9 ¥9 z'8 08 | g8t 2€0 B[[esowoyde
200 1 T%1 | 8% 1 3L 2L 08 | S8T | 09T | 6 BLNBUOIIE YOS o woly + 9,
800 3 g'e ¥g 9 oy T2 08 | g8t | 028 | 2 oyoAsdorpAy
3ro 0 Te %9 9 9g 0L 08 | ¢81 | 091 | 2 [porewotde
S0°0 XS 9L ¥ a1 09 ) 08 | 981 | 0%9 | PI< BLUMAUOIE 08 94 woyy ++qg
£1r'o 091 a1 9g 9 ¥g 0L 08 | 981 | 03¢ | o1 oqolsdorpAyg
S0°0 A 91 g 8 9¢ 0L 08 | ¢8I 0% B[[eroweyda .
50 %1 7L g 71 09 gL 08 | ¢81 | O0ze | ¥I BUNSWOIE | OFHS™OS PO woyy ++pD
81°0 Ly T g 8 og-| 9L 08 | §8T | 038 | 1L oqoAsdorpAy
Z1°0 62 L1 ¥g 8 0g oL 08 | 981 | o091 [ o1 B[[psoursTdo
100 g'g g9 0g 4| ] 9L 08 | 98T | 03¢ | ¥1 BLINGWOIOE [ OFHL™MOS Uz woy + +ug
250 g3l 60 9% ¥ 172 89 08 | g8T | 0ze | ¥T oy fsdoipiy
$1°0 $'01 g1 oy 9 A 69 08 | ¢8I (14-8%) g€'0 | wpewayds
200 KAl 6% o 03 24 89 08 | ¢8I €8 BUNOUOWE | OFHE'OS MY Woyy ++n)
Suw 1114 Sw Jur Jux Sux
s3008u] Aq Mﬂ.ezv :\z ) ﬁsmv ﬁ\ﬁ% :.\v:% Hd :mn ) oD Wam | ¢hep) (1/3w)
PoqIosqy WL, j008uy 181y
1919 I 19-96
SYOOM OMJ, 10318 10)8 M 189, [/FUI 9T 8Y3 JO BIB(Y [BIIWAY) puB [BO18AYJ [eAlAINg %08

+9¥eq Lessyorg— 111 IV



Vol. 41, No. 2, Part 1

isms. They were obtained from
streams near Duluth, Minnesota, and
kept in holding tanks in the labora-
tory for at least a week before using.
The insects were acclimatized care-
fully in the test aquaria for 24 hr
before the metals were added.

Résults

A summary of the acute toxicity of
some of the heavy metals to the aquatic
Insects is given in Table III.

Discussion

In the dilutions up to 16 mg/l, the
temperature, DO, pH, alkalinity,
acidity, and hardness remained fairly
constant, and good survival in the
controls indicates these factors did not
influence mortality. At 64 mg/l some
of the metal salts did lower the pH,
but this effect was not considered in
this study. The metal concentration
decreased considerably over the two-
week period in several cases due to ab-
sorption, precipitation, complexing,
ete.,, and this indicates a weakness of
the static bioassay. However, for 48
or 96 hr the concentrations are fairly
dependable. Analysis of the killed in-
sects revealed significant amounts of
metal had been absorbed by them.

Ephemerella was the most sensitive
to all the metals, and eopper was the
most toxic to it at 0.32 mg/l (48-hr
TL.), followed by iron at 0.32 mg/l
(96-br TL,); cadmium, chromium,
and mercury at 2.0 mg/l, nickel at
4.0 mg/l, and cobalt at 16.0 mg/l,
(all 96-hr TL,). Merecury also was
toxie to Acroneuria at 33.5 mg/l, and
cobalt to Hydropsyche at 64.0 mg/l,
(also 96-hr TL,,). In all other cases
the test organisms lived beyond 96 hr,
even at concentrations up to 64.0 mg/],
indicating that the aquatic insects may
not be as sensitive to the heavy metals
as are fish, ‘

Summary

Two generalities might be drawn
from these results: (a) the species
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of mayfly used was the most sensitive
of the insects tested to all the metals
that were checked; and (b) the insects
seem to be less sensitive to the heavy
metals than many fish that have been
tested. As is the case with fish, rela-
tive toxicity of the heavy metals to
aquatic insects varied widely with the
test species.  Therefore, statements
comparing the toxicity of the metals
to aquatic insects should indicate the
test species and, conversely, the rela-
tive resistance of two species should
be compared only for a specific toxi-
cant. These TL,, values are a mea-
sure of the toxicity of some metals
to certain aquatic insects under the
experimental conditions  specified.
Such concentrations could be expected
to cause mortality under most environ-
mental conditions even for short ex-
posure.
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