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WETLAND ANIMAL BIOASSAYS/BIOMONITORING

PURPOSE: This note follows Technical Note EEDP-03-1 and adds support to the
concept of using wetland animals as indicators of bioavailable contaminants in
dredged material used to create intertidal wetlands. The text of this tech
note was taken from a paper by Kay, Marquenie, and Simmers (1986).

BACKGROUND ¢ Animal bioassay test procedures are being evaluated (field
tested) and verified under the "Interagency Field Verification of Testing and
Predictive Methodologies for Dredged Material Disposal Alternatives," called
the Field Verification Program (FVP). Bioassays have been shown to be a
relatively simple tool for ecological evaluation and environmental assessment
of potential contaminant movement within permanent or temporary wetlands, and
with field verification, it will be a useful biomonitoring tool as well.

One objective of the FVP was to verify laboratory wetland animal bio-
assay test results in the field. Lab tests using sediment from Bridgeport
Harbor indicated highly toxic effects on the sandworm, Nereis virens. Field
test results also indicated toxicity. However, the concept of direct verifi-
cation of laboratory test results in the field proved to be an oversimplifica-
tion. The goal of confining the sandworm at the FVP wetland site or a refer-
ence site and ensuring adequate survival during the field test was not
attained. The application of an effective and realistic field test procedure
required additional studies to relate the laboratory test species to species
actually colonizing the site during the early stages of the wetlands ecologi-
cal succession.

Current research in the wetland animal bioassay work unit of the FVP
suggests that a suite of species occupying different ecological niches in the
wetland may be more valuable in bioassay and biomonitoring procedures than a
single index species. Different species often bioaccumulate and react to the
contaminants 1in the environment differently; therefore, the usefulness of a
bioassay and biomonitoring species may best be evaluated by its capability as
an indicator. Some common marine wetland species accumulate metals readily
while others tend to accumulate organic contaminants. Literature indicates
that a contaminated wetland, such as the FVP wetland site at Bridgeport,
Conn., would have a great availability of organic contaminants for the biota
and that bioassay/biomonitor species should indicate the potential bioavail-
ability of these contaminants to native species. The mud snail found on the
New England intertidal mud flats has been found to be a good indicator of
bioavailable polyaromatic hydrocarbons (PAHs), as reported by Kay, Marguenie,
and Simmers (1986).
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The information herein supports the selection of the mud snail as a com-
plementary bioassay/biomonitor for use in the laboratory and the field. Addi-
tional verification of the wetland animal bioassay and biomonitoring proce- .
dures will be reported later. The concept presented in this note is the
. result of ongoing research under the FVP. Draft FVP final guidance on wetland
‘animal bioassay and biomonitoring will be completed in September 1987.
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Introduction

Field verification of the results of laboratory studies is necessary to
accurately predict the impact of disposal of dredged material cbntaining com-
plex mixtures of organic and inorganic contaminants (Chapman and Long 1983).
Field studies encounter many difficulties that do not exist in the laboratory,
including seasonal climatic fluctuations, temporary and extended abnormal
weather conditions, predation, and human activities.

The native mud snail, Ilyanassa obsoleta (Nassarius obsoletus), was selected
as a potential bioassay animal because of its abundance on the intertidal mud
flats of New England. It is one of the dominant invertebrate species found in
the Connecticut salt marshes (Brousseau 1981, Fell et al. 1982). It is able
to withstand anoxia up to nine days and can partially regulate its oxygen con-
sumption either metabolically or through the formation of oxygen-containing
gas bubbles within the mantle cavity (Kushins and Mangum 1971). Mud snails
are common on the surface and burrowing within the surficial sediments at low
tide in midsummer, thereby demonstrating the ability to withstand the high
ambient temperatures of the intertidal mud flat. Therefore, this species is
well suited to the prevailing environmental conditions of an intertidal
(wetland creation) disposal facility.
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Since the mud snail had not been‘previous1y used in any bioassay or bio-

accumulation studies, it was necessary to determine its suitability as an

indicator species by conducting bioaccumulation studies under controlled lab-

oratory conditions. The objective was to assess the potential of the mud

snail as an intertidal invertebrate bioassay organism to complement the exist-

ing bioassay organism (sandworm) in bioassay and bioaccumulation tests of
approximately one month duration.

Materials and Methods

Test sediment was collected from Black Rock Harbor, and mud snails were
collected from Tongue Point, both near Bridgeport, Conn. The snails were held
in artificial seawater at 20° C and 22 ppt salinity and fed a commercial
invertebrate diet. '

Laboratory intertidal simulation chambers, 19 x 41 x 12 cm (depth «x
width x length), were constructed to simulate the effects of exposure to con-
taminated sediment under conditions of a 12-hr tidal cycle. Each chamber con-
tained 20 ¢ of sediment and was stocked initially with approximately 350 mud
snails. Peristaltic pumps gradually inundated the sediment with artificial
seawater at 22 ppt salinity over a 6-hr period and drained the sediment in the
subsequent 6-hr period. Temperature was maintained constant at 20° + 1° C
throughout the study, and aeration was provided.

In this preliminary study, samples of 50 mud snails each were taken for
analysis prior to exposure and at intervals of 4, 8, 16, and 32 days. At the
end of each time period, the snails were placed in aerated artificial seawater
overnight to purge the gut contents and then were frozen. Sediment and tissue
samples were homogenized and extracted, and PAHs were determined by high per-
formance 1liquid chromatography. Subsamples of about 0.5 g of each tissue
homogenate and sediment were used to determine dry (sediment) and ash-free dry
(tissue) weights. Due to the preliminary nature of the study, analyses were
conducted on only a single sample from each time period.

Results and Discussion

As indicated, the biocaccumulation of specific PAHs either appeared to
plateau during the first 8 to 16 days or continued to increase throughout the



study (Figure 1). After 32 days, benzo(a)pyrene and benzo(k)fluoranthene con-
tinued to increase. Chrysene uptake had plateaued by day 16. Pyrene,
fluoranthene, and benzo(a)anthracene declined after an initial period of accu-
mulation. The uptake of pyrene, fluoranthene, chrysene, and benzo(a)anthra-
cene was rapid during the first 8 days; whereas uptake of benzo(a)pyrene and
benzo(k)fluoranthene appeared to be slow and continuous throughout the
study. This preliminary time-series experiment with the mud snails suggested
that a l-month exposure would be adequate to attain the steady state for some
Tower and intermediate molecular weight PAHs desired in the bioassay. The
initial rapid increase of several PAHs followed by a sharp decline after
16 days was similar to that demonstrated previously for phenanthrene in a
detritus-feeding clam, Macoma balthica, and in a burrowing polychaete,
Abarenicola pacifica (Augenfeld et al. 1982). The relatively high concentra-
tions of some PAHs in the snails may be the result of a relatively poorly
developed mixed-function oxidase (MFO) enzyme system in the snails, as only
recently have MFO enzyme systems been detected in gastropods (Payne and
May 1979).

Those PAHs that accumulated to the highest concentrations in the snails
were the lower molecular weight compounds, both more water soluble and more
easily degraded metabolically than the higher molecular weight compounds.
This agrees with one report (Mix and Schaffer 1983) that the low molecular
weight unsubstituted PAHs bioaccumulate to higher 1levels than the higher
molecular weight compounds. The sampling technique used in the study dis-
turbed the sediment each time snails were collected, thus mixing the deeper
strata with the top 1 to 2 cm of sediment. Each disturbance possibly released
a pulse of contaminants, causing a shift toward a new steady state. The con-
centrations of the more soluble PAHs increased rapidly following each distur-
bance of the sediment. When the time between sampling periods was constant,
uptake of the more soluble PAHs was rapid and essentially linear. As the time
between sampling periods lengthened, the more labile PAHs apparently were lost
rapidly through metabolic activity and passive elimination. These results
agree with the statement of Kveseth, Sortland, and Bokin (1982) that the lower
molecular weight compounds may depurate more readily than the higher molecular
weight compounds.

The more persistent PAHs such as benzo(a)pyrene continued to bioaccumu-
late for a much longer time, but more slowly than compounds such as pyrene and
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Figure 1. Time-dependent uptake of PAH by
mud snails. Values in parentheses are PAH
concentrations in the sediment



fluoranthene. The net result of the competing processes of bioaccumutlation
and elimination ultimately would be greater accumulation of the less soluble,
higher molecular weight PAHs over a Tlonger period of time. Consequently,
under field conditions, the higher molecular weight PAHs could bioaccumulate
to higher concentrations than the lower molecular weight PAHs. This factor
must also be considered in the interpretation of bioassay test results.

This preliminary study suggests that the mud snail may be a good indica-
tor of long-term bioaccumulation of many PAHs, especially those that are more
persistent. The use of this species to assess bioaccumulation of the more
water-soluble PAHs may be limited due to the possible rapid elimination of
these compounds. These results also demonstrate the necessity for extreme
care in the design of time-course studies involving bioaccumulation of con-
taminants from sediment. The mud snail is well suited as a biomonitor/
bioassay animal, although further research is needed before the mud snail bio-
assay can be applied beyond the New England area to predict accurately the
potential steady-state conditions in an intertidal disposal site.
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