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The study of trace metals in aquatic systems has
increased with the increasing awareness of possible
contamination of biota by these metals. Relatively
few reports, however, concern trace metal concentra-
tions in freshwater macroinvertebrates. WARNICK and
BELL (1969) and REHWOLDT et al. (1973) deal with the
acute toxicity of selected heavy metals to some aquatic
invertebrates. There have also been investigations
which give metal concentrations in a few taxa from
field samples (MATHIS and CUMMINGS, 1973; GALE et al.,
13973; NAMMINGA et al., 1974). LEVY AND CROMROY (1973)
have reported trace element concentrations in 41
species of insects, although only a few of the larval
forms were aquatic. The present study is an initial
report of the concentration of cadmium, copper, lead,
and zinc in 35 genera of aquatic macroinvertebrates
collected in the Fox River, Illinois , and Wisconsin.

Methods

The invertebrates were collected during the summer
of 1973 from five locations on the Fox River north and
west of Chicago at Big Bend and Waterford, Wisconsin,
and Algonquin, Elgin, and Geneva, Illinois. Specimens
were taken in 60 cm of water below small flood control
dams at all sampling sites except Big Bend where the
samples were collected from the river channel. The two
Wisconsin sites are located in an agricultural area
while the Illinois sites are in industrial-urbanized
areas. Potential trace metal input is primarily from
runoff of both paved and unpaved surfaces and from
industrial and domestic sewage effluents.

After collection and identification specimens were
prepared for analysis using a dry ashing technique
modified from MIDDLETON et al. (1973). Samples were .,
ashed in a muffle furnace at 450°C for 12 hours and the
ash was dissolved in 5 ml of concentrated HNO,3. The
resulting solution was diluted with 10 ml of double
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distilled water and filtered through No. 44 Whatman
ashless filter paper into 25 ml volumetric flasks. The
flasks were brought to volume with double distilled
water. The digested samples in aqueous solution were
analyzed for trace metals using a single beam Varian
Techtron Atomic Absorption Spectrophotometer, Model
AA5, with direct aspiration of the sample into an air-
acetylene flame and with output to a Varian chart
recorder, Model G-2000. The sensitivity of analysis
for each of the metals is: Cd, 0.02 ug/%; Cu 0.04 ug/%;
Pb, 0.16 pg/4%, and Zn, 0.012 ug/f. All values were
corrected for sample preparation losses, proportional
matrix effects, and spectrophotometric background
absorption.

Results and Discussion

The total invertebrate body concentration for each
of the studied metals is given in Table 1. Table 1
also gives confidence limits of the means for taxa
where more than two samples were collected and analyzed.
While there is a wide range of values within the taxa
and in some cases a high confidence limit, the general
relationship between the metal concentrations is
Cd<Cu<Pb<Zn, except in the crustaceans where Cd<Ph<
Cu<zn. :

T With some notable exceptions there are no signifi-
cant trends between the classes and orders represented.
One of the exceptions is the high copper values found
in crustaceans. This high Cu concentration is believed
to be due to the presence of Cu as a pigment in
crustacean hemocyanin. Although zinc, a physiologi-
cally important trace metal, occurs at significantly
higher concentrations than the other metals, it is
found in very high concentrations in pelecypods. It
should be noted that the clam shell contains very low
concentrations of zinc. This fact is the reason for
the low zinc concentration found in Sphaerium as well
as the gastropods, since the shell and soft body parts
of these invertebrates were analyzed together. Zinc is
also found in relatively high concentrations in
caddisfly larvae and mayfly nymphs. These higher con-
centrations reflect either a physiological need for Zn
or the ability of those invertebrates to concentrate
higher levels of the metals. Neither cadmium nor lead
concentrations occur as specific trends within a
particular group of invertebrates studied. '

There are relatively large variations in values
among all the taxa studied. The variation in concen-
trations within metals is in part a function of the
sampling location. Inputs of metals into the habitat
may vary considerably, particularly at sampling sites
in urbanized areas. As indicated in Table 1, organisms
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collected at only one sampling site have lower confi-
dence limits of the mean than organisms collected from
several sites. This indicates higher variability in
metal concentrations found in organisms taken at
different sampling sites. The variability may also be
a result of the trophic position of a particular taxa
since this would determine some degree of exposure to
the metals through the food chain.

In conclusion, while there is considerable vari-
ability in the data and few specific trends, the data
do present a reference point for further investiga-
tions of uptake and concentration of trace metals by
aquatic macroinvertebrates.
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