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Mbstract

The potential of aquatic insects for monitoring heavy metals in North
Carolina streams and rivers was investigated. The caddisfly, Hydropsyche
sp. and the midgefly, Chironomus sp., both common in North Carolina Rivers,
were exposed to a wide range of aqueous cadmium, chromium and zinc
concentrations under laboratory and field conditions. The rates of
accumulation and 1oss of the test metals as well as the equilibrium metal
concentrations in the test species at a given metal exposure level were
determined. The effects of other biological and chemical factors including
water temperature, chemical speciation of the metals, concentrations of
competing metals, sediment metal concentrations and organism weight on the
metal accumulation of the organisms were also evaluated.

Chironomus sp. was found to accumulate all three metals to a greater
extent than Hydropsyche sp., although a strong 1inear relationship was noted
between aqueous and organism metal concentrations over the concentration
range used for both organisms. Metal equilibrium between organisms and
water was attained with one to three days in all cases. Equilibrium
organism metal concentrations increased with increasing water temperature
for a given aqueous metal concentration. The rate of metal release
following transfer of exposed organisms to metal free water was
significantly slower for Hydropsyche sp. This characteristic would indicate
a greater utility of Hydropsyche sp. for stream metal monitoring. Elevated
organism metal concentrations were observed for 3 to 12 days following
exposure depending on organism species and metal exposure level. Sediment
and organism metal concentrations were positively correlated, although
information was limited by the exclusion of sediments from the laboratory
metal exposure systems.

Chemical speciation of cadmium was not observed to significantly affect
organism metal uptake in these experiments. The presence of potentially
competing metals were not found to significanty affect organism metal
accumulation except in one case where the presence of a very high
concentration of Zn reduced Cd and Cr uptake in both test species. Organism
metal concentration was found to decrease with increasing organism weight at
Tow aqueous metal concentrations, however this trend disappeared at higher
metal exposure levels.

The strong relationship between water and organism metal concentration
and the relatively slow loss of organism bound metal following exposure
indicate that organism monitoring of heavy metals in streams should be a
time and cost effective method of screening North Carolina streams and river
for heavy metal discharges.
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SUMMARY AND CONCLUSIOWNS

The purpose of this investigation was to determine the suitability of
using aquatic insect Tarvae in monitoring heavy metal discharges in North
Carolina streams and rivers. The rates of accumulation and release of
cadmium, chromium and zinc as well as the factors influencing equilibrium
metal concentrations in two species of aquatic insects common to North
Carolina rivers were studied under laboratory and field conditions.

Metal concentration of the surrounding water column (both dissolved and
total) was found to be the single most important variable affecting
whole-body metal concentrations of the midgefly, Chironomus sp., and the
caddisfly, Hydropsyche sp. Other physical, chemical and biological factors
which were determined to significantly influence organism metal
concentrations were water temperature, organism weight, sediment metal
concentrations, species of insect, and at very high metal concentrations,
the concentration of competing metals.

Organism metal concentrations were found to decrease with decreasing
water temperature. Organism metal concentrations increased with decreasing
organism weight at Tow metal exposure levels but the effect disappeared at
higher exposure levels, suggesting a change in the primary modes of metal
uptake between low and high exposure levels. Sediment and organism metal
concentrations were found to be significantly positively correlated for Cd
and Cr in the test streams, but the effect was not studied at the higher
laboratory exposures since no sediments were added to the laboratory
systems. No significant correlation was observed between organism and
sediment zinc concentrations, presumably due to the high background zinc
levels occurring in the test species. Chironomus sp. was found to
accumulate all three metals to significantly higher 1evels than Hydropsyche
sp. for a given water metal exposure level. These results are in agreement
with Shuman et al., (1977) who found sediment-associated insect species such
as Chironomus to have the highest metals level of thirty-nine species
studied.
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The presence of other heavy metals was not observed to inhibit the
accumulation of Cd, Cr and Zn over a relatively large range of
concentrations. In one experiment where zinc was added in excess of 3000
ug/1,a decrease in Cd and Cr accumulation in both insect species was
observed, indicating that metal competition could occur under extreme
conditions.

Equilibrium organism metal concentrations were observed to be a 1linear
function of total and dissolved water metal concentrations over a water
concentration range of O to 58 nug/1 for cadmium; 0 to 117 ug/1 for chromium
and 0 to 785 g/1 for zinc, concentrations ranges covering nearly all stream
metal pollution situations of practical interest.

No significant difference in Cd uptake by Hydropsyche sp. was observed
depending on whether cadmium was present as the free ion or complexed with
NTA.

The kinetics of metal release by the test species was studied under
field conditions. The metal release process appeared to be approximately
first order in most cases. Elevated metal concentrations were observed in
the test species for two to fourteen days following cessation of metal
exposure depending on the level of exposure, type of metal, and species of
insect.The rate of metal release was greater in Chironomus sp. than in
Hydropsyche sp. indicating the greater potential of Hydropsyche sp. as
stream metal monitoring organisms. Cadmium and zinc were released more’
rapidly from both species than was chromium. Water temperature did not
significantly affect the cadmium release rate, but the loss of chromium
occurred mdre rapidly at lower water temperature.

Multivariate statistical models were constructed to estimate water metal
concentrations from organism metal data and other water quality parameters.
Water metal concentration and temperature were found to be the most
significant variable in determining organism metal concentrations. A model
using organism metal concentration and an interaction term between organism
metal concentration and water temperature was found to best fit the
experimental data for estimating dissolved and total water metal
concentrations. This model has the form:

Water Metal _ B B Organism metal Organism metal 0
Conc. (ug/1) 0 ][CONC' (ug/g) 1+ [Concentration /Temp(“C)]
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and is designed to be a conservative model providing a minimum estimate of
water metal concentrations based on organism metal data.

The primary potential advantage of using aquatic insects to monitor
heavy metals in streams and rivers lies in the ability of the organisms to
reflect the occurrence of elevated metal levels in the water column previous
to the time of sampling. The results document the strong linear association
between organism and water metal concentrations, as well as the relatively
extended length of time elevated water metal concentrations are reflected in
the test species under actual field conditions. This can be of practical
use in stream monitoring of heavy metals. The aquatic insect species used
in this study are readily found in most North Carolina streams at nearly all
times of year.

Further refinements of the predictive models of stream water metals are
needed through testing on independent river systems and additional
temperature and sediment metal data. At the very least, however, the
results presented here strongly indicate that stream monitoring of aquatic
insects should be a time and cost effective method of screening rivers for
periodic heavy metal discharges prior to more intensive stream sampling.
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INTRODUCTION

Heavy metals in aquatic environments have been intensively studied in
recent years largely as a result of concern about their toxicity in drinking
water, significance in natural biogeochemical cycles and long term effects
on human health. Much of the recent research on heavy metals in estuarine
and marine systems (Phelps et al., 1969; Baptist and Lewis, 1969; Wolfe,
1974; Banus et al., 1975) and in lake environments (Lucas et al., 1970;
Leland and Shimp, 1974), has been concerned with the fisheries of these
systems. However, most of our domestic and industrial wastes are discharged
to streams and rivers. As waters containing these effluents are used
increasingly for agricultural, industrial and recreational uses as well as
for drinking water, a more thorough understanding of the distribution, fate
and cycling within both the abiotic and biotic components of lotic
environments is increasingly important. As a consequence the actual and
potential adverse effects of heavy metals in drinking water on human health
have become a subject of considerable research (Tardiff, 1972; Maugh, 1973;
Craun and McCabe, 1975).

A knowledge of the source, environmental alteration, and fate of metal
pollutants, as well as baseline conditions is necessary for any effective
program of water quality management. This information can best be obtained
by a comprehensive and continuous water quality monitoring system. There is
particular need for a heavy metal monitoring program in North Carolina where
waste discharges from the textile, electronic, plating and painting
industries discharge metals such as arsenic, cadmium, chromium, copper,
lead and zinc. Due to the variable nature of the aquatic system into which
these metals are introduced, however, it has not been feasible to design an
effective program to monitor trace metal distribution and fluctuation.

The physical and chemical modes of heavy metal transport in river
systems have been studied by several investigators {Durum and Haffty, 1963;
Andelman, 1973; Gibbs, 1973; Angio and Schneider, 1975). Andelman (1973)
found a high variability in metal concentration at both micro- and
macro-geographic levels. Stream metal concentrations also have been noted
as a function of differing rates of runoff (Angio et al., 1969), or
variations in flow (Durum and Haffty, 1963; Williams et al., 1973; Andelman,




1973). Increased flow can either increase or decrease metal concentrations
depending on the metal. Metals such as chromium and iron which are
primarily associated with suspended particles are increased in concentration
during high flow due to resuspension of sediments while others such as
cadmium which are primarily in the dissolved phase are decreased due to
dilution during high flow (Andelman, 1973). If metal inputs are primarily
due to point discharges, they are normally diluted by increased flow.
Changes in pH (0 'Connor, 1968) and organic matter (Jacobs and Keeney, 1974;
Cooper, 1974) may also change the concentration and speciation of heavy
metals. Jenne (1968) has suggested trace metal concentrations may be
significantly controlled by adsorption on or occlusion within iron and

~ manganese hydrous ox1des. AndeTman (1973) postulated that changes in water
hardness ([CA+2] [Mg ]) may affect trace metal concentrations by an

ion exchange mechanism with adsorbing surfaces.

As a result of the high natural variability of most 1otic systems, as
described above, it has proven very difficult to monitor short and long term
heavy metal stream 1oading and to effectively enforce heavy metal discharge
regulations. This problem can become even more pronounced when metals are
discharged only intermittantly, as is often the case with metal discharging
industries. '

A more complete assessment of surface water quality requires an
examination of biological characteristics as well as physical and chemical
parameters. The Federal Water Pollution Control Act Amendments of 1972 have
called for the development of biological parameters to monitor point
discharges. The use of biological monitors for heavy metals requires that
the selected organisms must reflect both short and long term variations in
stream metal concentrations. Also the organisms should be relatively
stationary to assure that they reflect the trace metal conditions of the
stretch they occupy.

In contrast to the extensive research concerning the abiotic factors
controlling metal distributions in river systems, there is limited
information on factors controlling metal concentrations in fresh water
organisms and their possible importance in the cycling of metals in the
aquatic environment. Several investigations have examined the distribution
of metals between sediments, water and benthic macroinvertebrates (Minogue,
1972; Bainbridge et al., 1973; Loutit, 1975; Anderson, 1977). Minogue




 (1972) and Shuman et al., (1977) studied the distribution of metals in
aquatic insects from the Haw River, North Carolina with Shuman finding that
aquatic insect Tarvae reflected known industrial inputs of chromium and
antimony more clearly than did the abiotic phases studied.

Biological accunulation of metals can occur through a number of possible
modes including:

1. Adsorption and cation exchange to exposed surfaces.

2. Absorption of metals by diffusion or absorption through membranes.

3. Ingestion and assimilation of food material

Phelps et al., (1969) and Leland and McNurney (1975) observed a correlation
between feeding habits and distribution of Pb, Fe, Mn and Zn in marine
benthic macroinvertebrates. Metal concentrations were found to be highest
in the lower trophic levels. Biomagnification of metals does not seem to be
a significant mechanism of transport except in the case of Hg which is
highly soluble in 1ipids (Armstrong and Hamilton, 1973). Similar trends
were observed by Smock (1979) in an extensive study of the effect of feeding
type on the accumulation of eight metals by 39 species of aquatic insects in
the Haw River, North Carolina. Metal levels were lowest in carnivorous
species and highest in those most closely associated with sediments. He
found a significant correlation between sediment and organism metal
concentrations for species which directly ingest sediments. When whole-body
metal concentrations were determined for species which burrow but do not
directly ingest sediments, no metal uptake from sediments was observed.

This finding is in agreement with the work of Dean (1974) who found uptake
of sediment-bound Zn-65 to be insignificant relative to uptake of dissolved
Zn-65 in tubificids.

Several studies suggest that surface adsorption and cation exchange may
be the most important mode of accumulation for many species of benthic
macroinvertebrates (Getsova and Volka, 1962; Kormandy, 1965; Baptist and
Lewis, 1969; Dean, 1974; Nehring, 1976; Ray and Trip, 1976). Kormandy
(1965) observed a decrease in Zinc-65 Uptake with increasing body weight in
the dragonfly larvae Platemis 1ydia suggesting that uptake was primarily

through surface adsorption since the surface area to weight ratio of the
organism decreases with increasing size. Smock (1979) observed the same
trend for nearly all the aquatic insects studied and suggested the size



effect was due to both the increase of surface to weight ratios for smaller
insects as well as changes in type and size of ingested particles. It has
also been noted that equilibrium between dissolved metals and organisms is
reached relatively quickly in the range of one to three days which also
suggests the importance of surface adsorption (Kormandy; 1965; Ray and
Tripp, 1976). Lebedeva (1962) found that chironomid larvae reached
equilibrium with a strontium-89 solution within twenty-four hours. In
probably the only controf]ed field study on the uptake and loss of
radionuclides, Watson et al., (1969) studied the Toss and accumulation of
various radionuclides by the biota below the Hanford Reactor following its
shutdown for six weeks and subsequent startup. While not conclusive, the
data indicated a variation in the loss and accumulation rates among
different radionuclides and species, probably due to different modes of
accumulation and retention by the organisms.

Nehring (1976) studied the accumulation of Pb, Zn, Cu and Ag by a
stonefly and mayfly under Taboratory and field conditions. Equilibrium
between water and test species was found to be rapid, and the organisms were
found to quantitative]y reflect changes in dissolved water metal
concentrations. Metal concentraction factors, Organism Concentration/Water
Concentration, were found to be relatively consistent, with some decrease
occurring at very high metal exposure levels. Aquatic metal concentrations
used in Nehring's study, however, were far higher than concentrations of
concern generally found in stream metal pollution situations. A later study
by Nehring et al., (1979) found that field derived organism-water
concentrations factors could be used to predict stream l1ead concentrations
in a lTead polluted stream with the same accuracy as directly ana]yzinQ water
samples by atomic absorption spectrophotometry.

There is evidence that organic complexation of metals may effect the
uptake of dissolved metals by aquatic organisms. Dodge and Theis (1979)
found that copper accumulation by the midge fly Chironomus tentans was

greatly inhibited when the copper was in the form of a copper-glycine or
copper-NTA complex. Uptake of inorganic complexes such as a copper-hydroxy
complex did occur quite readily. D'Itri et al. (1971) and Karbe et al.
(1975) have observed decreased organism metal levels associated with
increased levels of dissolved organic matter. Poldoski (1979) studied the
effects of various organic and inorganic chelators on the accumulation of




dissolved cadmium by a species of Daphnia. In most cases Cd uptake was
decreased by complexation relative to the free ion, however, one comp]exing'
agent diethyldithiocarbamate, actually increased the degree of
bioaccumulation relative to the free Cd ion.

Objectives and Scope

The present study considered the uptake and loss of cadmium, Chromium
and zinc by two common species of aquatic insects in the laboratory and at
field sites within the Neuse River watershed. Cadmium, chromium and zinc
are impoktant heavy metal pollutants in North Carolina streams and rivers.
Cadmium is used extensively in the electroplating and Tong-1ife battery
industries and also enters streams from runoff of phosphate fertilized
agricultural areas. Chromium in its hexa-valent forms (chromate and
dichromate) is employed by the textile industry as an oxidant for fixing
certain dyes, and in its trivalent formas a mordant. Chromate is also used
in electroplating baths. Zinc is discharged primarily by the
electroplating, metal finishing and rubber manufacturing industries. The
Neuse River watershed was chosen for study on the basis of the large amount
of pre-existing biological, physical and chemical data (Weiss et al., 1973)
which indicated that a wide variety of stream conditions from relatively
undisturbed to highly polluted existed within the watershed. Elevated
levels of some of the test metals had been observed and the test organisms
had been found to be abundant.

The present study had the foliowing objectives:

1. To experimentally determine the equilibrium concentrations of Cd, Cr
and Zn resulting in the test species from a given aqueous dissolved
metal exposure over the range of concentrations of practical interest.

2. To identify and quantify other factors such as water temperature,
metal speciation, substrate metal concentration, organism species,
metal competition and organism size which might effect the
accumulation of metals by the test species.

3. To experimentally determine the kinetics of organism metal release
following exposure under field conditions.

4. To determine the feasibility of using aquatic insect larvae to
monitor Cd, Cr and Zn concentrations in North Carolina rivers.



MATERIALS AND METHODS

- Metal Analyses

Determination of Tow 1evel metal concentrations in stream water and
organisms (following digestion) were carried out using a Perkin-E]merTM
Model 305 atomic absorption spectrophotometer equipped with a
Perkin-EImerTM HGA 2200 graphite furnace and a deuterium arc background
corrector. A Perkin-E]merTM Model 560 atomic absorption spectrophotometer
with a single slot burner head was used for analysis of stream water and
organism digests containing higher metal levels. Absorbances were recorded
on a Perkin-Elmer Model 56 strip chart recorder. Perkin-Elmer electrodeless
discharge 1amps were used for zinc and cadmium, and chromium was determined
with a single element hollow cathode Tamp.

Field Methodology
Test species. Four species of aquatic insects common to the rivers of
North Carolina were used in this study. ‘
1) The nymphs of the may fly, Stenonema rubrum (Ephemeroptera:
Heptageniidae) are detrivore-herbivores often abundant in
medium-sized streams.

2) The nymphs of the may fly Ephemerella (Ephemeroptera: Heptageniidae)
are detrivore-herbivores very similar to Stenonema rubrum.

3) The larvae of the caddis fly Hydropsyche sp. (Trichoptera:
Hydropsychidae) are herbivores commonly found in fast flowing larger
streams and rivers.

4) Midge fly larvae of the species Chironomus sp. (Diptera:
Chironomidae) can become extremely abundant in slow flowing streams
with silty bottoms. They are especially common in organic enriched
sections such as below sewage treatment plants.

At least one of these species, or a very similar species, can usually be
found in most streams and rivers of North Carolina and thus were available
for periodic collection. A1l four species were used during the initial
field study, but only Chironomus sp. and Hydropsyche sp. were selected for
the 1aboratory studies.




Field collection. Beginning in September, 1977 eight sampling stations
were established on the Neuse River, North Carolina and on several of its
tributaries (Figure 1). The Neuse River watershed was chosen for study
because considerable chemical and biological data were available on this
watershed from preimpoundment studies of a proposed reservoir (Weiss et al.,
1973). Sampling stations were located at or near the stations used in this

earlier investigation.

Al1 stations were sampled nine times from September, 1977 to June, 1978
at approximately one month intervals. Samples of all available aquatic test
species were collected at each site to be analyzed for cadmium, chromium and
zinc content. Organisms when collected were placed in 7 m1 glass vials
containing 2 to 4 m1 of streamwater and were immediately packed in jce.
Water samples were taken at each station in 125 m1 polyethylene bottles.
These samples were divided into filtered and nonfiltered sampies by passing
half the sample through an acid cleaned 0.45 u Mi]]iporeTM filter, and
both portions were immediately packed in ice. On return to the laboratory
all samples were immediately frozen at -28°C to minimize loss of metals to
container walls.

Organism samples, except for Chironomus sp., were collected with forceps
either from natural substrates such as submerged rocks and branches or from
Hester-Dendy multiplate samplers which were placed at the stations at the
beginning of the study. These were constructed from pressed wood blocks such
that no metal surfaces were exposed. Colonization occurred within two
months on all samplers. The Hester-Dendy samplers had the advantage of
allowing organisms to be collected even under high flow conditions when
natural substrates were not accessible, since they were fastened by a line
to trees on the stream bank and could thus be pulled out of the stream.
Extraordinarily high stream flow during winter and early spring, 1978 made
organism collection even with the Hester-Dendy collectors impossible on
several occasions when the samplers were washed up onto the stream bank or
covered with debris.

Chironomus sp. collections were made by scraping a fine mesh (0.75 mm)
dip net through the surface layer of silty sediments and dumping the
contents into a dissecting pan from which the Chironomus sp. specimens were
removed.
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From May 23, 1978 to June 20, 1978 water and organism samples were

collected daily at stations 6 (Ellerbee Creek) and 7 (Eno River) to
determine whether day-to-day water metal fluctuations would be reflected in
the metal test species.

Analytical Procedures

Preparation of Organisms. Organisms stored in the 7 ml glass vials were
thawed and sorted under a dissecting microscope according to species.

Organisms which were damaged or which had adhering particles of substrate
that could not be removed were discarded. The remainder were removed with
teflon-coated forceps, rinsed briefly in deionized water, and placed on
acid-cleaned glass petri dishes. The organisms were then oven dried at

65°C for five hours. After cooling, each organism was individually

weighed on a Mettler M analytical balance to the nearest 0.1 mg.

Organisms of the same species were separated into two or more size
categories depending on the number of organisms available and the range of
weights represented. This was done so that the effect of organism weight on
metal content could be examined. An attempt was made to have each size
sample consist of at Teast four individuals. Since all size categories were
usually not available at a particular station and time, collections which
yielded organisms of significantly different weights were used to calculate
size correction factors. On several occasions, five replicate test species
samples were prepared, using organisms of the same species and weight class
from a particular station, in order to determine the natural variation in
metal content.

The next step in the organism preparation protocol was to place each
organism sample in a 25 ml acid cleaned polyethylene bottle and add 4.0 ml
of 1+1 nitric acid. The mixture was heated at 80°C for one hour and
allowed to stand for at least 48 hours before analysis. The digested sample
typically yielded a clear solution with a small amount of undissolved silica
granules on the bottom of the container. Reagent blanks for the organism
digest samples were prepared by following all procedures for organism
preparation except for addition of the organisms. The metal concentration
of the reagent blank which contained the sum of metal from the nitric acid,
the distilled-deionized water and the container, was subtracted from all
digest samples.



Malinkroft ACS reagent grade and Baker U1trexTM nitric acid were found
to add significant reagent blanks to the digests. The Baker U]trexTM was
found to be particularly high in chromium concentration ( 20 g/1).

A pyrex glass boiling distillation apparatus was constructed using a
round bottom flask and ground glass condenser. The distillation product was
collected in acid-cleaned polyethylene containers. Initially the distilled
acid contained significant metal concentrations due to leaching from the
apparatus, however with continued use the product nitric acid was found to
contain stable and very low metal levels (Maas and Dressing, 1981). Of five
metals determined in the product acid (Cd, Cu, Cr, Pb, Zn), zinc
concentrations showed the greatest variability. This was probably due to
airborne contamination since the connection between the condenser and
collection bottle was kept unsealed to prevent a buildup of pressure. The
use of the distilled acid for sample digestion,which considerably reduced
reagent blank contributions, significantly improved analytical results
particularly for the baseline stream organism samples.

Heavy Metal Analysis by Graphite Furnace Atomic Absorption Spectrophotometry
(GFAAS)

Cadmium. Instrument parameters were very similar for analysis of both
water and organism digests. Adsorption was measured at 228.8 nm using the
deuterium arc background corrector. Typically 20 to 40 1 of water sample
was used while 10 1 was generally sufficient for organism digests. For a
water sample drying for 10 seconds plus 1 second per microliter was at

1050C, while for organism digest the drying time was 20 seconds plus 1
second per microliter. Samples were ashed for 20 seconds at 40000 for
digests and 250°C for water samples. Atomization was conducted at

2100 C for 8 seconds. S1it width was 0.7 nm and the argon carrier gas was
maintained in the 3-second normal flow mode at approximately 30 m1/min
unless greater sensitivity was needed in which case the 3-second interrupt
flow mode was used.

Chromium. Adsorption was measured at 357.9 nm without use of background
correction. 20 to 80 1 of water were used and 10 1 of digests was
generally sufficient for quantitation. Drying conditions were identical to
those used for cadmium. Ashing was done for 15 seconds at 1050°C which
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eliminated nearly all matrix materials and enabled analysis to be done
without background correction. Atomization was performed at 2700°C in
either normal or interrupt flow mode.

Zinc. Zinc determinations on water samples containing less than 20 ug/1
Zn were performed by GFAAS. Only 10 ul of sample was generally required.
Absorption was measured at 213.9 nm with background correction. Samples
were dried at 105°C for 15 seconds, ashed at 500°C for 10 seconds and
atomized with argon gas in either normal or interrupt mode for 8 seconds at
2500°C. Samples with high Zn concentrations including all organism digests
were determined by flame AAS at 213.9 nm.

Heavy metal concentrations in the test species were calculated by
multiplying the determined metal concentration of the digest by the weight
of the digest divided by the dry weight of the organisms to obtain the
organism metal concentration in micro-grams of metal per gram of organism
dry weight.

Laboratory-Field Experiments

The initial field work clearly indicated that Cd, Cr and Zn
concentrations did not reach high enough levels and exhibited too much daily
variability to allow for direct field assessment of organism metal response
over the concentration range and with the precision desired. Therefore a

series of experiments were conducted wherein the test species were exposed
to carefully controlled aqueous metal concentrations in the laboratory under
conditions simulating those of the field. Following exposure the exposed
organisms were returned to the field and the desorption of metals closely
followed under field conditions. The experimental design was as follows.

For three 18-21 day periods (October 3 to October 20, 1978; July 11 to
July 30, 1979; August 15 to September 4, 1979) water, substrate and organism
samples were collected daily at two selected sites in the Neuse study area.
Water samples were taken by a SigmamotorTM automatic sampler which yielded
24 hour composited samples taken hourly.

Test species studied were Chironomus sp. from Station 6 (Ellerbee
Creek), and Hydropsyche sp. from Station 7 (Eno River) and from a station
established on Morgan Creek above the Chapel Hill Wastewater Treatment
Plant. Substrate materials associated with Hydropsyche sp. were taken by
scraping the area of rock from which an individual organism had been
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sampled. This scraping generally included the organism's dwelling structure
and net. Substrates from Station 6 were collected by taking sediment cores
and removing the top 1 cm which consisted mainly of fine silt. This was the
zone where nearly all Chironomus sp. organisms were normally found. Stream
water analysis included pH, temperature, conductivity, DO, TOC, Ca, sulfate,
chloride, silicate, Total-Pas well as Cd, Cr and Zn.

On the third or fourth day of the sampling period stream water from the
two sites was brought into the Taboratory in 20 1 acid-cleaned Na1geneTM
containers. Five liters of this stream water was added to each of six 20 1
acid-cleaned aquarium,three for each stream. To each aquaria varying
amounts of cadmium, chromium and zinc were added and allowed to equilibrate
for twenty-four hours. Cadmium and zinc were added in the form of nitrate
salts (Baker Reagent Grade), and chromium was added as K20r207. The
aquaria metal concentrations for the three experimental sets are shown in
Tables 1 and 2. On the following day a large number of the two aquatic
insect larvae taxa were collectd from each of the two stations and placed in
the aquaria following the equilibration period. Chironomus sp. were
collected from Ellerbee Creek (Station 6) and Hydropsyche sp. from the Eno
River (Station 7) and Morgan Creek.

Two independent experiments were done for each of the three stations.
Typically 40 to 60 Hydropsyche sp. and 70 to 100 chironomids were placed in
each aquarium. In Experiment #1 (10-3-78 to 10-20-78) all organisms were
placed directly into the aquaria. However it was discovered that
significant predation occurred between Hydropsyche sp. upon being confined
to the area of the aquaria. For this reason in Experiment #2 and #3,
Hydropsyche sp. were placed in small 0.5 mm mesh NyteiTM nylon bags
suspended into the aquaria from a wire grid covering the top (Figure 2).
This effectively isolated the organisms from one another while still
allowing free movement, and contact with the solution. While the measure
eliminated predation, it was later discovered during water metal analysis
that the nylon bags adsorbed a significant fraction of the added metals over
the next 48 hours before coming to equilibrium with the solutions. Thus the
metal concentrations given in Tables 1 and 2 are the actual measured
concentrations and are the average of days 4, 5 and 6 of exposure at which
time no further loss by adsorption was observed to occur. A control
experiment was set up with conditions identical to those of Experiment #3
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Table 1

Measured Aquaria Metal Concentrations* for
Hydropsyche sp. Laboratory Exposure Experiments
Water From Eno River and Morgan Creek

Eno River - Station 7
Experiment 1 10-6-78 to 10-12-78

Aquaria Metal Concentration (ug/1)

Exposure A Exposure B Exposure C
Metal Dissolved Total Dissolved Total Dissolved Total
Cd 1.2 1.2 6.0 6.2 16.1 16.5
Cr 80.7 89.1 29.4 39.6 33.6 40.3
Zn 785 886 3585 3640 223 252

Experiment 3 8-18-79 to 8-24-79

Cd 2.35 2.48 9,05 9.23 51.6 55.4
Cr 117 137 13.1 17.9 3.68 6.30
n 232 248 98.0 125 24.8 72.7
Morgan Creek
Experiment 2 7-14-79 to 7-19-79
Aquaria Metal Concentration (ug/1)
Exposure A Exposure B Exposure C
Metal Dissolved Total Dissolved Total Dissolved Total
Cd 4.3 4.5 4.7 5.0 7.9 7.9
Cr 0.27 0.76 3.0 5.4 50.4 62.6
Zn 12.9 30.6 33.2 46.8 87.3 114
Experiment 3 8-20-70 to 8-24-79
Cd 1.89 1.95 9.66 10.2 58.2 61.3
Cr 54.5 61.3 26.5 28.1 4.65 6.24
Zn 156 187 194 231 25.9 45.9

*Mean concentration of Days 4, 5 and 6
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Table 2

Measured Aquaria Metal Concentrétions* for
Chironomus sp. Laboratory Exposure Experiments
Water from Ellerbee Creek Station 6

Experiment 1 10-6-78 to 10-12-78

Aquaria Metal Concentration (ug/1)

Exposure A Exposure B Exposure C

Metal Dissolved Total Dissolved Total . Dissolved Total
Cd 1.2 1.2 5.6 6.0 22.3 24.0
Cr 68.6 83.1 35.7 44.3 25.4 39.7
In 656 689 3300 3410 275 . 337
Experiment 2 7-13-79 to 7-18-79

cd 10.5 10.5 10.0 10.3 8.8 . 9.1
Cr 4.1 7.7 8.4 11.4 47.2 66.1
In 34.7 56.1 88.7 141 90.3 133

*Mean concentration of Days 4, 5 and 6
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Figure 2. Sketch of Exposure Aquaria and Method for Hanging Nytex Bags
for Organism Immersion.
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but without added organisms to verify that nylon bag adsorption could
account for the observed metal concentration decrease.

The organisms were kept in the metal spiked aquaria solutions for six
days in Experiment #1 and five days in subsequent experiments with three to
seven organisms sampled from each aquaria each day. The aquaria were kept
at the temperature of the stream water at the time of organism collection
either in a constant temperature room or at bench top. The water was
stirred with a magnetic stirring bar at a rate simulating the rate of flow
of the stream station at the time of collection. A twelve hour day-night
cycle was maintained throughout the experiments with 1ight and timer. Water
samples were taken from the aquaria each day and analyzed for all parameters
listed previously for the stream stations. Organism samples were placed in
glass vials containing a small amount of aquaria water and immediately
frozen. ‘

One question considered was whether sediments should be added to the
aquaria to more closely simulate stream conditions. It was decided that
such a system would be extremely difficult to control since other studies
(Smock, 1979) have shown that sediments may take weeks and even months to
equilibrate with water under laboratory conditions. - A compromise system was
chosen where no sediments were added, but the stream water was used without
filtration. The particul ates which settled in the corners of the aquaria
along with those suspended in the water provided what appeared to be an
ample amount of food for the oganisms while keeping the particulate surface
area small enough to allow the system to come to equilibrium within two to
three days without excessive 1oss of dissolved metal.

The daily field sampling during the laboratory exposure period prdvided
a comparison of background 1evel metal content of stream organisms with
those exposed in the laboratory, as well as the initial metal conditions of
the organisms previous to exposure. Following the laboratory exposure
period the remaining organisms were removed from the aquaria and returned to
their respective stream sites in large 0.50 mm mesh Nytex bags which allowed
free passage of water and suspended particles but prevented escape of the
laboratory exposed organisms. Natural substrates such as rocks were placed
in the bags to allow a return of the organisms to natural stream conditions
as well as to secure the bags to the stream bottom. The bags were tied by
color-coded 1ines to trees on the stream bank. Daily collection of both
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baseline organisms from the stream and 1aboratory exposed organisms from the
nylon bags proceeded until the metal content of the exposed organisms had
returned to baseline Tevels or until all the exposed organisms had been
collected. This organism metal loss data was used to determine the Kinetics
of metal release and to determine a rate constant for the process under
field conditions.

These 1aboratory experiments were designed so that a number of possible
factors effecting the equilibrium organism metal content could be studied.
One experimental set was run at significantly Tower temperature
(10.7-12.5°C) than the other two sets (22.7-25.3°C) so that the effect
of temperature on metal accumulation could be determined. In Experiment #2
cadmium concentration was kept constant and the amounts of chromium and zinc
widely varied so that it could be determined whether excess Cr and Zn would
inhibit Cd uptake over the experimental range.

As in the field experiments organisms were grouped by weight and a large
amount of data was generated comparing metal content of larger and smaller
organisms exposed to identical conditions over a wide range of metal
concentrations. Preparation of laboratory exposed organisms for metal
analysis was identical to that previously described for field samples.

Laboratory Studies on Effect of Cadmium Speciation on Uptake by Hydropsyche sp.
Some recent work has suggested that metal uptake by organisms may be

influenced by the chemical form of the metal (Dodge and Theis, 1979;
Poldoski, 1979). To investigate whether such an effect needed to be
considered in the uptake of Cd, Cr and Zn by aquatic insects in North
Carolina streams, a laboratory study was done on the effect of chemical
speciation on the accumulation of cadmium from solution. The concentration
of free cadmium ion was varied while the total cadmium concentration was
kept constant. This could not be accomplished using natural stream water
since for the chemical form of the metal to be accurately calculated the
chemi cal composition of the solution must be known.

Four 1iters of a prepared inorganic media were added to the experimental
aquaria. To this varying concentrations of cadmium and NTA were added to
create ranges of total cadmium and free cadmium concentrations in synthetic
media suitable for testing the effects of chemical speciation on metal
accumulation by Hydropsyche sp.. The total media consisted of

17




distilled-deionized water spiked with concentrated stock solutions of
phosphate buffer, calcium chloride, potassium chloride, magnesium sulfate,
potassium bicarbonate, sodium chloride, NTA and cadmium chloride. The
proportions added to each experimental aquarium are shown in Tab1e‘3. Al
media were allowed to equilibrate for twenty-four hours before organisms
were added. The media were prepared at four different levels of total
cadmium concentration in which the cadmium was either mostly complexed with
NTA or predominantly in the free form. Two experiments were performed in
which there was cadmium but no NTA, while one used NTA with no addition of
cadmium to test for biodegradability of the NTA. Hydropsyche sp. were added
in nylon bags with stirring, temperature, and day-night conditions as
previously described. Aquarium water quality parameters were measured and
organism samples taken daily until all organisms had been collected. At
this point the experiment was terminated which was generally after nine to
twelve days. Water and organism samples were stored, prepared and analyzed
in a manner identical to that previously described for the Cd, Cr and Zn
laboratory uptake studies. _

Log-1og plots of mean equilibrium organism cadmium concentration versus
mean aquarium total cadmium concentrations, and versus mean aquarium free
cadmium concentrations were prepared to determine the overall effect of
cadmium speciation on equilibrium whole-body cadmium burden. Cadmium
speciation for each aquarium was determined using the REDEQL2 equilibrium
computer model. Measured values of total cadmium, calcium and phosphate
concentrations, dissolved oxygen, pH, potassium, magnesium, NTA,
bicarbonate, sulfate and chloride were used to calculate equilibrium
speciation. REDEQL2 was also used to calculate the chemical speciatidn of
cadmium, chromnium and zinc in the stream water exposure aquaria and in
selected samples from each of the field sampling stations.

Using the zinc-zincon manual method, NTA was determined in samples from
days zero and twelve of the experimental run in aquarium #16. Only this
aquarium had a high enough NTA concentration to determine by the zinc-zincon
method. Analysis of NTA-was performed as a test of NTA biodegradability in
the experimental systems.
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Number ~ ml
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11
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Table 3
Composition of Media in Aquaria

Stock Solutions Used

rium

10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

ml

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

C D E cdCl NTA

ml oml ml -log(M)®  ml_ -Tog(M) mI
10 10 50 6.10 8.10 50
10 10 50 6.10 4,40 10
10 10 50 6.10 50 4.40 10
10 10 50 4.40 100 3.40 10
10 10 50 6.10 50 6.10 50
10 10 50 4.40 10 4.40 10
10 10 50 4.40 10 3.40 10
10 10 50 6.10 5 6.10 50
10 10 50 3.00 4 3.40 100
10 10 50 6.10 10 none

10 10 50 3.00 4 3.40 10
10 10 50 4.40 10 6.10 5
10 10 50 6.10 50 3.40 10
10 10 50 6.10 50 none

10 10 50 3.00 4 3.40 10
10 10 50 None - 3.40 100

Composition of Stock Solutions Used Above

A:

B:
C:

10-2-40

10-1.45

10-1.70

-1.80

M NaCl

M CaC]Z and 10

M MgSO4

77 M KHCO,

-1.70 M KC

10 M PO4 Buffer
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RESULTS AND DISCUSSION

Field Collections

Cadmium. Cadmium concentrations in the stream water and test species
are shown in Tables 4, 5 and 6 and Appendix 1. The extent of daily
variability of stream cadmium concentrations, from May 23 to June 20, 1978,
at Stations 6 and 7, and from January 12 to February 10, 1978 at stations 6,
7, 10-up and 10-down is shown in Table 5 and Appendix 1. Concentrations of
cadmium at all stations except Station 6 were found to be exceedingly Tow in
both total and filtered samples. Several samples, particularly at stations 7
and 8 were below the detection 1imit of the GFAAS method of 0.01 1 g/1 using
a 100 u1 sample. Al1 of the cadmium concentrations observed at Station 7
from May 23 to June 20, 1978 (Table 5) are probably background levels
reflecting a lack of anthropogenic cadmium input during this period. For
this reason, as well as the abundance of Hydropsyche sp., Station 7 was
chosen as a source of organisms for metal uptake and desorption studies.
Station 6 exhibited somewhat higher cadmium concentrations ranging from
0.03 ug/1 to 0.71 iig/1 during the same period. The analytical variance of
the cadmium determinations for the stream water was 15.2% standard
deviation, for Chironomus sp. 4.2%, Stenonema rubrum, 12.4% and 16.0% for
Hydropsyche sp. (Table 7). The lower concentrations at Station 7 had no
apparent effect on the precision of the GFAAS method.

Anong the test species Stenonema rubrum and Ephemerella sp. showed much
greater cadmium accumulation than either Hydropsyche sp. or Chironomus.sp
(Tables 4-6). Some association was observed between organism and stream
water metal concentrations in the field as illustrated by the relationship
between Chironomus sp. metal concentrations and water metal concentrations
at Station 6 (Table 4 and 5, Figures 3 and 4). No significant correlation
was observed for the May-June 1978 daily sampling period (Figure 3). Most
of the water concentrations were in a rather Tow and narrow range during
this period, as compared with observed cadmium concentrations at Station 6
during the remainder of the year. Linear correlation between water and

organisms at Station 6 was much greater (r = 0.78) for the monthly data,
probably due to the much broader range of cadmium concentrations observed
(Table 4, Figure 4). A high degree of correlation was not expected in this
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Table 4

Cadmium Concentrations in Total Water and Filtered Water (ug/1)
and Benthic Macroinvertebrates (1a/9g)
September 1977 to June 1978

Stationand Date Water Benthic Macroinvertebrates
Station 6 Total Filtered Chironomus sp.
9-29-77 0.04 0.04 <0.066
11-03-77 0.25 0.19 2.668
11-29-77 0.13° 0.10 0.670
1-12-78 0.32 0.24 4,214
2-10-78 0.31 0.27 3.557
3-14-78 0.61 0.5] 5.872
4-04-78 0.17 0.13 1.437
5-25-78 0.14 0.12 3.736
6-20-78 0.09 0.08 0.862
Mean 0.229 0.187 1.912
Stenonema
Station 7 Total Filtered rubrum Hydropsyche sp.
9-29-77 0.02 0.02 1.09 0.234
11-03-77 0.05 0.04 - 0.382
11-29-77 0.04 0.04 1.08 0.222
1-12-78 0.045 0.04 2.81 0.450
2-10-78 0.02 0.02 3.15 0.064
3-14-78 0.065 0.030 - 0.228
4-04-78 0.02 0.02 0.75 0.098
5-25-78 0.02 0.01 0.63 <0.051
6-20-78 0.01  0.01 1.84 0.078
Mean 0.032 0.026 1.621 0.201
Stenonema
Station 8 Total Filtered rubrum Hydropsyche sp.
9-29-77 0.015 0.001 0.464 <0.316
11-03-77 0.010 <0.001 0.165 0.217
11-29-77 0.020 0.02 0.256 --
1-12-78 0.030 0.002 - -
2-10-78 0.030 0.025 -- 1.179
3-14-78 0.055 0.04 0.227 -
4-04-78 0.060 0.05 0.632 -
5-25-78 0.15 0.01 0.524 0.078
6-20-78 0.10 0.01 0.445 --
Mean 0.027 0.022 0.388 0.448
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Table 4 (continued)

Station 10 Stenonema
__(un) Total Filtered rubrum
9-29-77 -- -- -
11-03-77 0.04 0.02 --
11-29-77 0.07 0.06 0.724
1-12-78 0.02 0.02 0.409
2-10-78 0.02 0.01 -
3-14-78 0.025 0.02 --
4-04-78 0.045 0.03 1.023
5-25-78 0.04 0.04 0.471
6-20-78 -- -- --
Mean 0.037 0.029 0.657
Station 10 Chiron-
(down) Total Filtered omus sp.
9-29-77 0.02 0.02 0.116
11-03-77 0.01 0.01 0.083
11-29-77 0.025 0.02 0.188
1-12-78 0.05 0.04 0.470
2-10-78 0.03 0.02 --
3-14-78 0.06 0.04 --
4-04-78 0.06 0.05 0.142
5-25-78 0.08 0.08 0.508
6-20-78 0.11 0.07 0.659
Mean 0.049 0.039 0.309
Chiron-
Station 11 Total Filtered omus sp.
9-29-77 -- -- --
11-03-77 0.08 0.06 0.410
11-29-77 0.12 0.09 --
1-12-78 -- -- --
2-10-78 0.04 0.04 --
3-14-78 0.003 0.02 --
4-04-78 0.04 0.02 --
5-23-78 0.01 0.01 --
6-20-78 0.04 0.03 --
Mean 0.051 0.039 0.410
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Table 4 (continued)

Steno- Hydro-
nema psyche
Station 4 Total Filtered rubrum sp.
9-29-77 0.03 0.03 -0.732 --
11-03-77 0.04 0.03 - 0.474
11-29-77 0.09 0.07 0.858 0.264
1-12-78 -- - - --
2-10-78 - - -- --
3-14-78 0.21 0.16 - --
4-04-78 0.02 0.02 -- -
5-25-78 0.015 0.01 0.579 --
~ 6-20-78 0.025 0.02 0.353 0.319
Mean 0.06. 0.049 0.631 0.352
Steno- Hydro-
nema syche
Station 2 Total Filtered rubrum sp.
9-29-77 0.01 0.01 <0.237 0.051
11-03-77 0.015 <0.01 -- 0.073
11-29-77 0.02 0.02 -- 0.157
1-12-78 -- -- -- --
2-10-78 0.03 0.02 -- 0.188
3-14-78 0.07 0.05 -- --
4-04-78 0.06 0.05 0.956 0.225
5-25-78 0.02 0.02 0.697 0.310
6-20-78 0.04 0.03 - <0.096
Mean 0.033 0.026 0.630 0.157
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Table 5

Cadmium in Water and Benthic Macroinvertebrates
Station 6, May 23, 1978 to June 20, 1978

Chiron-
Water (ug/1) omus sp.

Day Total Filtered (1g/q)
1 .05 .06 0.220
2 .15 .06 1.779
3 .24 .16 3.736
4 71 .14 2.665
5 .32 .08 1.245
6 .05 .08 1.033
7 .06 12 0.943
8 .09 .06 0.848
9 .10 -- 0.330
10 .06 .06 0.472
11 .07 .15 0.629
12 .05 .07 0.784
13 .03 13 0.663
14 A7 .05 1.606
15 .10 .04 1.101
16 .13 1 1.000
17 .16 .09 1.512
18 .08 .03 1.035
19 .18 .06 1.106
20 .09 .05 2.280
21 10 .06 0.859
22 .07 .10 1.186
23 g1 .15 0.750
24 .08 .07 1.240
25 .06 .07 0.972
26 .14 .07 - 0.829
27 .09 .09 1.279
28 .08 .05 0.741
29 .09 .15 0.862
Mean 0.128 0.086 1.162
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Table 6

Cadmium in Water and Benthic Macroinvertebrates
Station 7, May 23, 1978 to June 20, 1978

Steno- Hydro-
Water (ug/1) nema syche
Day Total Filtered (ug/) Eug/gi
1 0.02 .02 1.454 --
2 0.02 .02 2.770 <0.112
3 0.01 .02 0.698 0.310
4 0.04 .03 1.536 0.165
5 0.015 .015 0.857 0.147
6 0.01 .01 0.992 0.282
7 0.01 .01 3.497 0.113
8 0.015 -- 1.252 1.028
9 0.01 .01 2.541 0.578
10 0.01 .035 0.774 <0.063
11 0.01 .01 0.791 0.172
12 <0.01 .01 0.617 <0.059
13 0.01 .01 0.577 0.194
14 0.01 .01 1.062 --
15 0.01 .01 1.565 0.292
16 0.02 .06 1.461 0.693
17 0.015 .015 1.342 <0.097
18 0.03 .025 2.459 0.281
19 0.02 .015 1.749 0.200
20 0.02 .035 0.902 0.277
21 0.015 .02 -- 0.127
22 0.03 .02 2.238 0.237
23 0.015 .02 1.408 0.312
24 0.03 .04 0.593 0.133
25 0.01 .01 -- 0.267
26 0.02 - -- -
27 0.01 .01 1.279 0.447
28 0.01 .01 0.867 0.142
29 0.01 .01 1.840 0.080
Mean 0.016 0.019 1.428 0.2618
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Table 7

Estimation of the Cadmium Variance for Water
and Benthic Macroinvertebrates

Benthic Macroinvertebrates (ug/q)
‘ Steno- Hydro-

o ster /) T psyche
Replication "~ Station 6 Station 7 (wa/g)  Twae/g9) (ug/q)
1 0.17 0.045 0.702 1.042 0.284
2 0.21 0.040 0.680 1.118  0.337
3 0.16 0.045 0.646 0.972 0.259
4 0.15 0.055 0.691 0.932 0.390
5 0.20 0.040 0.644 1.264 0.311
6 0.16 0.035
7 0.24 0.045
8 0.20 0.060
9 0.17 0.045
10 0.18 0.050
Mean 0.184 0.046 0.673 1.066 0.316
Standard
Deviation 0.028 0.007 0.025 0.132 0.051
%#Standard
Deviation 15.2% 15.2% 4.2% 12.4% 16.0%
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analysis since the test species presumably would retain metal from previous
days of higher stream water cadmium levels, so that organisms may be
reflecting water metal concentrations one or more days previous to the day
of collection. Examination of the data in Table 5 bears out this trend.
The reproducibility of cadmium concentrations in Chironomus sp. was
quite good with an estimated standard deviation of only +4.2 percent (Table
7). Actually, the precision during the daily sampling period was probably
not quite this good since 30 individuals were used in the preparation of
each replicate sample while daily samples averaged only 18 individuals per
sample. Reproducibility could probably have been improved by more careful
size control in the samples since organism weight was shown to have an
effect on whole body Cd concentrations.
"~ The data from the daily field sampling period at Station 7 relating
water cadmium concentrations to test species concentrations is inconclusive
due to the very low water Cd concentrations observed at this station during
the entire period (Table 6), and the greater natural variation observed in
Stenonema rubrum and Hydropsyche sp. (Table 7). Previous daily water
sampling at Station 7 from January 12 to February 10, 1978 had suggested
that one or more metal pulses might be observed during the month from which
the response of the test species could be studied. The intensive organism
metal concentration data from the period, however, does give a good
approximation of the baseline levels of Cd to be expected in Stenorema
rubrum, Ephemerella sp. and Hydropsyche sp.

Chromium. Total and filtered stream water chromium concentrations are
shown in Tables 8, 9, 10 and Appendix 2. Station 10-down exhibited the

highest mean total Cr concentration followed by Station 6. The lowest mean
concentrations of Cr were observed at stations 8, 4, and 10-up (Table 8).
Chromium was quantifiable in all samples by the GFAAS technique. The
detection 1imit of the technique was about 0.1 ug/1, while background Cr
concentrations seldom dropped below 0.2 ug/1. The daily variation in water
Cr at Stations 6 and 7 is documented in Tables 9, 10 and Appendix 2. The
analytical variance of the GFAAS method is estimated in Table 11 from ten
successive Cr determinations performed on the same samples. Table 11 shows
that analytical variance increases at lower concentrations. A total sample
from Station 6 with a mean concentration of 4.98 ug/1 gave a standard
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Table 8

Chromium Concentrations in Water and Benthos, September 1977
to June, 1978, A1l Sample Stations

Station Date Water (ug/1) Benthic Macroinvertebrates (ug/g)
Station 6 Total Filtered Chironomus sp.
9-29-77 1.2 0.5 4.12
11-03-77 15.3 11.3 31.4
11-29-77 1.7 0.7 11.8
1-12-78 2.5 1.0 13.6
2-10-78 1.8 0.4 12.1
3-14-78 1.6 0.3 3.95
4-04-78 1.3 0.7 9.70
5-25-78 3.4 1.1 19.2
6-20-78 4.0 0.9 17.4
Mean 3.64 1.88 14.03
Stenonema
Station 7 Total Filtered rubrum Hydropsyche sp.
9-29-77 2.8 2.1 9.49 3.19
11-03-77 0.5 0.4 4.33 4.81
11-29-77 2.6 2.0 22.6 3.325
1-12-78 1.8 1.1 7.81 2.835
2-10-78 2.5 2.3 6.98 --
3-14-78 0.6 0.3 2.54 4,95
4-04-78 4.8 3.1 43.5 1.85
5-25-78 - 0.3 0.2 3.81 2.27
6-20-78 0.2 0.2 1.74 3.96
Mean 1.79 1.3 11.42 3.39
Stenonema
Station 8 Total Filtered rubrum Hydropsyche sp.
9-29-77 0.5 0.3 3.56 3.16
11-03-77 0.9 0.7 6.67 3.95
11-29-77 0.7 0.4 5.45 2.85
1-12-78 0.6 0.4 2.63 1.91
2-10-78 2.4 1.9 9.32 6.37
3-14-78 0.4 0.3 1.51 -
4-04-78 0.8 0.5 8.25 -
5-25-78 0.3 0.2 1.03 < .39
6-20-78 0.2 0.1 <1.23 --
Mean 0.76 0.53 4.4 3.10

30




Station Date

Table 8 (continued)

Stenonema

31

Station 10-up Total Filtered Ephemerella
9-29-77 0.7 0.3 -- --
11-03-77 0.2 0.2 - -
11-29-77 0.4 0.3 3.44 5.28
1-12-78 1.1 0.8 9.72 --
2-10-78 2.2 1.6 - -—
3-14-78 0.6 0.3 - -
4-14-78 2.3 1.6 25.2 26.7
5-25-78 0.3 0.3 5.14 --
6-20-78 0.4 0.3 -- --
0.91 0.63 10.88 15.99
-Station 10- N , o
down Total Filtered Stenonema  Chironomus sp. Caenis
9-29-77 1.3 0.3 -- 7.09 --
11-03-77 6.2 4.1 3.12 24.5 --
11-29-77 15.5 9.6 -- 49.2 16.3
1-12-78 1.8 0.8 - 6.80 --
2-10-78 2.6 1.2 -- 5.69 --
3-14-78 1.1 0.4 -- -- 6.92
4-14-78 9.8 3.4 13.1 26.1 --
5-25-78 10.0 1.6 -- 10.2 2.16
6-20-78 2.9 0.7 -- 8.6 --
5.69 2.46 8.11 17.27 8.46
Station 11  Total Filtered Stenonema  Hydropsyche sp. Chironomus sp.
9-29-77 3.1 0.9 - 6.26 15.1
11-03-77 - - -- -- _—
11-29-77 6.4 4.0 37.7 -- --
1-12-78 2.0 0.6 12.72 -- --
2-10-78 7.0 3.2 - - -
3-14-78 0.6 0.4 -- -- --
4-14-78 5.1 2.9 33.0 -- -
5-25-78 0.3 0.3 - - _—
6-20-78 0.2 0.2 -- -- --
Mean 3.09 1.56 27.81 6.26 15.1



Table 8 (continued)

Station 4 Total Filtered Stenonema  Hydropsyche sp.

9-29-77 0.7 0.3 8.56 --
11-03-77 0.6 0.3 7.57 3.32
11-29-77 0.3 0.2 3.72 2.48

1-12-78 2.7 1.7 14.3 12.60

2-10-78 2.1 1.8 17.8 --

3-14-78 0.5 0.3 -- --

4-14-78 0.4 0.3 4.79 --

5-25-78 0.4 0.3 4.49 3.42

6-20-78 0.3 0.3 4.01 3.88

Mean 0.89 0.61 8.16 5.15

Station 2 Total Filtered Stenonema  Hydropsyche sp.

9-29-77 1.0 0.4 < 1.19 6.50
11-03-77 0.5 0.3 -- 1.90
11-29-77 0.6 0.3 -- 6.38

1-12-78 4.7 3.0 34.6 --

2-10-78 4.3 2.0 42.4 . 6.50

3-14-78 0.4 0.3 -~ --

4-14-78 1.6 0.9 11.09 25.5

5-25-78 0.8 0.7 25.12 2.70

6-20-78 0.3 0.3 < 0.64 3.18

Mean 1.58 0.9 19.17 7.52
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Table 9

Chromium Concentrations in Water and Chironomus sp.
May 23, 1978 to June 20, 1978, Station 6

Water (ug/1) Chironomus sp.
Day Total Filtered (ug/q)

1 1.8 0.4 14.1
2 2.0 1.2 7.4
3 3.4 1.1 19.2
4 5.8 2.9 36.3
5 5.4 3.0 45.4
6 3.3 1.0 17.9
7 2.6 2.9 16.4
8 1.8 1.8 11.9
9 4.0 - 21.9
10 6.3 3.7 25.5
11 4.8 1.1 16.1
12 4.3 0.6 9.1
13 4.0 2.1 13.6
14 2.8 1.3 24.7
15 7.9 0.8 47.2
16 4.7 2.4 30.5
17 2.9 1.4 22.2
18 1.3 0.4 11.4
19 2.8 1.0 20.9
20 4.5 1.5 16.6
21 4.1 0.9 20.2
22 5.2 2.4 23.6
23 4.3 2.0 17.8
24 6.9 1.6 25.7
25 14.7 2.9 53.7
26 6.8 1.2 34.0
27 4.2 1.4 15.6
28 2.7 0.9 11.9
29 4.0 3.3 17.4
Mean 4.46 1.61 22.35
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Table 10

Chromium Concentrations in Water,
Stenonema rubrum, Ephemerella, and Hydropsyche sp.,

May 23, 1978 to June 20, 1978, Station 7

Water ! ‘
(ug/1) Stenonema Ephemerella Hydropsyche
Day Total Filtered rubrum (ug/g) (ug/qg) (ug/q)
1 0.3 0.2 -- <0.45 3.22
2 0.2 0.2 -- 1.49 1.85
3 0.3 0.3 3.81 1.90 <1.13
4 0.4 0.4 -- <0.39 9.38
5 0.5 0.5 <1.32 2.98 5.87
6 1.2 0.3 3.63 2.66 5.37
7 0.7 0.5 -- 3.95 9.07
8 0.1 0.1 1.76 - 2.06
9 0.1 0.1 1.41 -- 4.19
10 0.6 0.3 -- -- 1.22
11 0.9 0.7 15.55 - 6.21
12 2.6 0.9 11.9 2.96 26.7
13 0.3 0.2 4,01 2.12 19.3
14 0.4 0.4 5.57 -- 15.35
15 0.4 0.4 - -- 5.41
16 0.5 0.4 3.58 -- 3.70
17 0.4 0.4 1.98 - 2.96
18 1.1 1.0 9.69 - 8.64
19 0.2 0.2 5.11 -- 5.17
20 0.1 0.1 1.48 - 2.84
21 0.2 0.2 - -- 2.67
22 0.3 0.3 1.33 - 3.56
23 0.3 0.3 -- -- 2.34
24 0.4 0.3 0.42 - 3.39
25 0.6 0.4 5.32 -- 3.06
26 0.4 0.3 5.02 -- 3.22
27 0.4 0.4 12.82 -- 3.77
28 0.2 0.2 <0.58 - 1.76
29 0.2 0.2 .61 -- 2.27
Mean 0.4 0.35 3.54 2.10 5.59
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Table 11

Estimation of Chromium Variance for Water
and Benthic Macroinvertebrates

Benthic Macroinvertebrates

Total Water Steno-
(ng/1) Chiro- =~ nema =~ Hydro-
nomus sp. rubrum psyche sp.
Sample Station 6 Station 7 (ug/q) (wg/9)  (ug/q)
1 5.2 0.70 13.54 5.11 2.06
2 4.9 0.55 10.86 3.88 1.54
3 4.6 0.80 10.94 4.7 3.28
4 5.0 0.60 13.40 6.28 2.31
5 5.4 0.50 10.36 5.55 2.57
6 4.7 0.85
7 4.9 0.70
8 5.5 0.50
9 5.0 0.60
10 4.6 0.65
Mean 4.98 0.645 11.82 5.106 2.352
Standard
Deviation 0.312 0.107 1.523 0.904 0.643
% Standard ‘

Deviation 6.3% 16.6% 12.9% 17.7% 27.3%
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deviation of 0.312 ug/1 or +6.3 percent, while a total sample with a mean of
0.645 ug/1 had standard deviation of 0.107 wug/1 or +16.6 percent.
Calibration curves were linear up to 50 ng/1.

Chromium concentrations in the test species are also shown in Tables 8,
9 and 10. Stenonema rubrum and Ephemerella exhibited consistently higher
concentrations than Hydropsyche sp. or Chironomus sp. for a given water
concentration, although differences were not nearly so pronounced as in the
case of cadmium. Significant linear correlation (r = 0.78) was observed, in
the daily sampling period, between total water and Chironomus sp. Cr
concentrations (Table 9, Figure 5). The total water Cr concentration range
observed during the period was 1.3 to 14.7 ng/1.

The association between chromium concentrations in water and Chironomus
- sp. is shown in Figure 6 at Station 10-down and at Station 6. A strong
correlation (r = 0.86 and 0.88 respectively) was observed in spite of the
relatively Tow and narrow range of water Cr concentrations observed. As
noted earlier in the case of cadmium, the test species metal concentrations
are quite 1ikely at least partly reflections of water Cr concentrations from
previous days which may have been drastically different from that which was
observed on the day of collection. This is an inherent problem in studying
organism metal responses under field conditions. However, the field study
does allow for the control of other potentially confounding factors such as
flow characteristics, feeding habits and sediment contact which are
difficult to reproduce in the 1aboratory. Hydropsyche sp. Cr concentrations
were not significantly correlated with stream water Cr concentration for the
May-June, 1978 daily sampling period (r = 0.28), again probably for the
reasons described above. Stream water Cr concentrations at Station 7 were
essentially baseline through the period with the organisms reflecting normal
biological variablity.

Zinc. Zinc concentrations for water and benthic organisms are shown in
Tables 12, 13 and 14 and Appendix 3. Daily variation in water concentration
at Stations 6, 7, 10-up and 10-down. is documented in Appendix 3 for the
period January 12 to February 10, 1978. The highest mean Zn concentrations
were observed at Station 6, total Zn - 60.1 ng/1; filtered Zn - 23.2 ug/1;
and at Station 10-down, total Zn - 31.0 ng/1; filtered Zn - 16.0 ng/1 (Table
12). Unlike Cd and Cr, more than half the total zinc was found to be in the
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Chironomus sp., Station 6, Ellerbee Creek
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Table 12

Zinc Concentrations in Water (ug/1) and Benthos (ug/g),
A11 Stations, September 1977 to June 1978

Station and Date Water Benthic Macroinvertebrates
Station 6 Total Filtered Chironomus sp.
9-29-77 83.5 29.3 1153.1
11-03-77 142.3 57.4 3238.7
11-29-77 25.7 10.8 560.1
1-12-78 44.0 21.0 967.0
2-10-78 74.0 30.6 893.0
3-14-78 33.7 16.6 494 .2
4-04-78 92.0 20.8 467.2
5-25-78 11.6 8.7 338.9
6-20-78 34.5 14.2 431.3
Mean 60.1 23.3 949,28
Stenonema
Station 7 Total Filtered yubrum Hydropsyche sp.
9-29-78 0.8 0.5 296.5 234.0
11-03-78 1.9 .2 479.0 289.0
11-29-78 2.1 1.1 504.0 311.3
1-12-78 16.5 5.1 787.2 274 .4
2-10-78 6.0 3.6 842.3 339.1
3-14-78 0.3 0.1 -- 114.0
4-04-78 0.7 0.6 333.7 131.1
5-25-78 0.8 0.6 152.5 169.4
6-20-78 3.7 2.7 378.3 193.2
Mean 3.64 1.72 471.6 228.3
. Stenonema
Station 8 Jotal Filtered rubrum Hydropsyche sp.
9-29-77 2.3 1.4 207.6 118.6
11-03-77 3.1 2.0 395.3 479.0
11-29-77 5.9 3.4 544.9 514.7
1-12-78 2.0 0.9 - --
2-10-78 2.5 0.8 112.8 341.3
3-14-78 0.3 0.2 88.3 --
4-04-78 0.8 0.4 78.4 --
5-25-78 1.6 0.7 97.2 141.0
6-20-78 1.7 1.0 296.5 --
Mean 2.24 1.20 227.62 318.92
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Station and .Date
Station 10

9-29-77
11-03-77
11-29-77

1-12-78

2-10-78

3-14-78

4-04-78

5-25-78

6-20-78

Mean

Station
10-down

9-29-77
11-03-77
11-29-77

1-12-78

2-10-78

3-14-78

4-04-78

5-25-78

6-20-78

Mean

Station 11

9-29-77
11-03-77
11-29-77

1-12-78

2-10-78

3-14-78

4-04-78

5-25-78

6-20-78

Mean

Table 12 (continued)

Stenonema
Total Filtered rubrum Ephemerella
0.9 0.6 -- -
11.2 8.3 609.1 -
3.7 1.4 -- --
17.5 8.7 - -

6.5 2.8 172.7 -

1.5 0.6 -- -

2.3 1.8 450.7 691.8

1.1 0.7 270.0 305.2

0.6 0.5 -- --

5.03 2.82 375.63 498.50

Chiron-
Total Filtered omus sp. Caenis Ephemerella
39.4 17.1 650.9 -- -
25.3 11.2 364.1 - -
56.0 23.8 694.2 - -
18.5 12.0 496.2 - -
39.0 17.6 453.8 -- -

9.1 3.9 -- 148.3  --
14.7 8.1 284.6 - 468.2
40.0 22.7 184.7 242.6  --
37.2  27.2 593.0 -- --
31.02 17.46 465.19 195.45 468.2

Stenonema  Pleuro-
Total Filtered rubrum cera Chironomus sp.
34.3 13.8 857.2 487.1 1573.7
14.0 6.4 - -- --
20.4 12.6 700.8 393.2 --
14.5 3.7 - -- --

8.0 1.9 -- -- --

3.1 0.8 -- -- --

1.0 0.9 532.9 301.7  --

3.1 1.7 - -- --

1.7 0.6 -- -- --
11.12 4.7 696.96 394.0 1573.7
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Table 12 (continued)

Station and Date

Stenonema

Station 4 Total Filtered rubrum Hydropsyche sp.
9-29-78 17.1  12.3 834.6 276.7
11-03-77 6.2 2.8 265.6 308.4
11-29-77 4.2 3.4 490.8 374.5
1-12-78 11.0 7.2 -- --
2-10-78 -~ 8.5 3.1 -- -
3-14-78 1.8 0.7 -- --
4-04-78 4.0 2.6 270.2 --
5-25-78 4.8 2.5 305.5 --
6-20-78 6.8 3.0 120.2 159.7

Mean 7.16  4.18 381.15 279.83

Stenonema

Station 2 Total Filtered rubrum Hydropsyche sp.
9-29-77 1.1 1.0 148.3 376.2
11-03-77 4.2 1.6 -- 248.9
11-29-77 3.5 1.8 -- 251.6
1-12-78 14.0 3.2 -- 327.1
2-10-78 28.5 15.9 -- 610.5
3-14-78 3.4 0.8 -- --
4-04-78 6.0 4.1 344.3 270.2
5-25-78 1.1 0.6 104.6 121.3
6-20-78 0.7 0.5 64.1 137.4

Mean 6.94 3.29 165.33 292.90
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Table 13

Zinc Concentrations in Water (nug/1) and Benthos (ug/g),
Station 6, May 23, 1978 to June 20, 1978

Water
Day Total Filtered Chironomus sp.
1 11.6 7.4 175.7
2 15.2 11.3 355.8
3 22.0 12.0 345.7
4 23.2 11.8 338.9
5 20.4 11.4 358.7
6 10.4 6.4 306.1
7 15.2 8.9 307.7
8 9.8 4.7 277.0
9 45.1 26.4 411.1
10 18.8 11.2 407.5
11 24.2 12.8 330.5
12 18.8 7.8 248.7
13 60.0 24.8 402.0
14 22.0 12.3 395.3
15 26.4 1.7 372.7
16 31.2 18.4 440.5
17 22.0 9.6 289.1
18 12.0 7.2 188.3
19 22.0 14.8 562.8
20 33.6 16.1 301.1
21 35.2 14.9 309.4
22 54.4 17.8 352.6
23 66.0 31.4 628.4
24 28.2 19.2 410.5
25 71.5 30.0 642.4
26 60.2 27.4 555.1
27 47.3 24.8 558.1
28 49.2 29.2 528.2
29 34.8 20.7 431.3
Mean 31.41 15.94 387.28
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Table 14

Zinc Concentrations in Water (ug/1) and Benthos (ug/g),
Station 7, May 23, 1978 to June 20, 1978

Water St
enonema

Day Total Filtered rubrum Ephemerella Hydropsyche sp.
1 -- .- - 456.2 197.7
2 0.2 0.2 -- 553.9 148.2
3 0.8 0.6 152.5 495.1 169.4
4 1.9 1.1 -- 563.8 115.3
5 0.7 0.5 131.8 537.5 140.9
6 2.2 1.4 254.1 436.4 127.1
7 0.5 0.3 -- 851.5 78.5
8 0.9 0.7 395.3 - 189.8
9 0.7 0.4 225.9 -- 164.9
10 3.1 1.3 222.4 - 148.3
1 0.4 0.3 188.7 -- 250.3
12 1.85 1.4 640.4 -- 434.9
13 0.7 0.6 136.1 -- 377.1
14 0.7 0.6 111.2 -- 304.2
15 2.3 1.7 415.1 124.0 215.6
16 0.9 0.7 246.2 -- 117.4
17 3.2 0.9 179.7 151.7 150.3
18 7.3 2.8 376.0 -- 160.8
19 1.7 0.8 191.0 129.2 171.3
20 1.3 0.6 121.3 -- 244.9
21 0.5 0.5 146.6 -- 138.9
22 1.85 1.1 224.9 -- 189.8
23 2.5 1.5 296.5 202.9 207.7
24 1.0 0.7 201.2 172.5 141.4
25 0.6 0.4 143.1 133.9 126.8
26 3.6 2.2 426.2 -- 264.2
27 2.4 1.4 184.5 - 140.4
28 1.8 1.3 144.6 -- 147.1
29 3.7 2.7 378.3 -- 193.2
Mean 1.7 1.03 245.3 369.9 188.2
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particulate phase. Station 8 had the Towest mean total and filtered zinc
concentrations.

Environmental contamination was found to be a difficult problem in the
handling of zinc samples. Acid-cleaned polyethylene bottles were found to
adsorb zinc from the nitric acid, which was then partially redissolved when
the bottles were filled with water. This problem was eliminated by filling
the sample bottles with distilled-deionized water after the acid-cleaning
step and allowing them to desorb for 24 hours. Pipette tips were also a
source of zinc contamination. They were rinsed in acid followed by soaking
in distilled-deionized water to reduce this source of Zn contamination.
Traces of zinc were still detectable in samples of distilled-deionized
water. The Towest traces of contaminant Zn were noted when the micropipette
was inserted into a stream of distilled-deionized water coming directly from
the deionizing column and immediately injected into the graphite furnace.
Even with this procedure zinc concentrations estimated at 0.2 ug/1 were
found.

The analytical variation in the zinc determination is shown in Table
15. The precision of the analytical method is greatly reduced at the lower
Zn concentrations because of the increasingly significant contribution of
background contamination. Estimations of the variance in zinc concentration
in the test species are also shown in Table 156. The observed zinc variation
in Chironomus sp. is much less (SD = +5.4%) than in either Stenonema rubrum
(SD = 15.8%) or Hydropsyche sp. (SD = 15.1%). Zinc concentrations in the
test species are about two orders of magnitude higher than chromium and
about three orders of magnitude higher than cadmium concentrations. It
would appear from organism data at Stations 7 and 8 (Table 1) that
background Zn concentrations in Stenonema rubrum may be about 160 ug/g and
about 140 ug/g in Hydropsyche sp. Water vs. Chironomus sp. zinc
concentrations shown in Figure 7 extrapolate to a .zinc content of about 240
ug/g at zero water zinc concentration.

Correlation between zinc concentrations in water and Chironomus sp. was
significant (r = 0.73) for the May-June, 1978 daily sampling period at
Station 6 (Figure 7). There was no significant correlation between water
and organism zinc concentrations for Hydropsyche sp. (r = 0.08) or Stenonema
rubrum (r = 0.42) at Station 7 during the same period presumably due to the
Tow observed water Zn concentrations coupled with the high background levels
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Table 15

Estimation of the Zinc Variance for Water and
Benthic Macroinvertebrates

Total Water Benthic Macroinvertebrates
Station 6 Station 7 ... %%%297 Hydro-
Sample (ng/1) (ug/1) nomus sp. rubrum  psyche sp.
1 28.3 1.2 553.5 221.6  137.8
2 26.7 1.4 513.6 253.5 162.3
3 30.4 1.3 560.8 204.3 141.4
4 27.6 1.0 579.4 168.4 119.1
5 27.1 1.2 593.0 187.1 176.3
6 31.0 0.8
7 28.7 1.4
8 26.2 1.5
9 30.1 1.1
10 27.7 1.2
Mean 28.38 1.21 560.06 206.98 147.38
Standard
Deviation 1.64 0.208 30.2 32.7 22.3
% Standard
Deviation 5.8% 17.2% 5.4% 15.8% 15.1%
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Figure 7 Relationship of zinc in water and in Chironomus
sp., Station 6 daily sampling, May 23-June 20, 1978.
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found in the organisms. These results agree with Shuman et al., (1977), who

consistently found zinc to be the most poorly correlated metal between
water, sediments and benthos.

Laboratory Exposures to Metals Followed by Stream Desorption
The initial field studies, while showing that an association existed

between stream water and organism metal concentrations, when stream water
concentration exhibited sufficient metal variation, clearly indicated that a
much wider and more controllable range of metal exposures would be necessary
to evaluate the utility of aquatic insect lTarvae in monitoring heavy metal
pollution in streams. For this reason a series of experiments were
conducted in which the test species, Chironomus sp. and Hydropsyche sp.,
were exposed to a range of aqueous Cd, Cr and Zn levels in the laboratory
under conditions that closely approximated those of the natural stream
environment. Laboratory exposures were followed by a return of the test
organisms to their respective stream sites so that desorption kinetics could
be studied under stream conditions.

The aquaria metal exposure concentrations, total and dissolved,are shown
in Tables 1 and 2. As can be seen the total aquaria metal concentrations
are not significantly different from the dissolved metal concentrations for
Cd and Cr. This is probably due, especially in the case of Cr, to the Tow
amount of suspended particulates inthe aquaria stream water since the stream
water was collected during low flow. ‘

The changes in organism metal concentrations from the 1aboratory metal
exposure experiments are shown in Figures 8-10 for Experiment #1, Figures
11-13 for Experiment #2, and Figures 14-19 for Experiment #3. The specific
data points for all three experimental sets are presented in Appendix 4.
Metal equilibrium between water and organisms was achieved in all cases
within one to four days. Although there were several instances where the
highest organism metal concentration was observed on Day 5 of exposure, no
significant difference was found between the average organism metal
concentration at Day 3 and Day 5 for any organism species or metal. Metal
equilibrium was achieved somewhat faster by Chironomus sp. than by
Hydropsyche sp. For Chironomus sp. there was no significant difference
between metal content at two days and five days of exposure while for
Hydropsyche sp. this difference was significant only for thromium. These
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