
Sediment Toxicity and Bioaccumulation of Contaminants
in the Zebra Mussel at Times Beach, Buffalo, New York

Background The spread of the zebra mussel (Dreissena polymorpha) in North America
raises many environmental concerns. Among these is the potential for contami-
nant bioaccumulation by these freshwater mussels. Zebra mussels have a rela-
tively high bioaccumulation potential. Combined with their high filtration rate,
this potential could prove to be an environmental hazard as zebra mussels build
up large populations in contaminated areas (Reeders and Bij de Vaate 1992,
Fisher and others 1993). This could be of concern if zebra mussels effectively
accumulate and concentrate contaminants, resulting in contaminant bioaccumu-
lation and biomagnification through the food web.

Additional
information

This technical note was written by Ms. Jeanie Roper, U.S. Army Engineer Wa-
terways Experiment Station (WES); Dr. Don Cherry, Center for Environmental
Studies, Virginia Technical University, Blacksburg, VA; and Dr. John Sim-
mers, WES. For further information, contact Ms. Roper, (601) 634-2999;
Dr. Cherry, (703) 231-6766; or Dr. Simmers, (601) 634-2803. Dr. Ed Theriot,
WES, (601) 634-2678, is Manager of the Zebra Mussel Research Program.

Approach The Zebra Mussel Research Program is funding an ongoing study to determine
zebra mussel bioaccumulation potential. The study consists of an active bio-
monitoring study, utilizing the zebra mussel as a bioindicator. The site is the
Times Beach confined disposal facility (CDF) located in Buffalo, NY (Fig-
ure 1), as it is an area of documented contamination (Marquenie and others
1990, Stafford and others 1991).

In summer 1993, toxicity tests and chemical evaluations were performed on
Times Beach water and sediment as predictive measures to determine ecosys-
tem stress, contaminant concentrations, and bioavailability of contaminants
(Burton and others 1987, Swartz and others 1990, American Society for Testing
and Materials 1991).

In fall 1993, zebra mussels were collected from the Black Rock Lock, Buffalo
District, and placed at four stations in the CDF. At each station, mussels were
placed both in the water column and at the sediment level (Figure 2). Mussels
were collected on Days 19 and 34 of the study. Tissue analyses are being per-
formed by the WES Environmental Chemistry Branch to detect polycyclic
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Figure 1. Location of Times Beach confined disposal facility (circle 1) and the selected reference site,
Grand Island (circle 2)
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aromatic hydrocarbons (PAHs), polychorinated biphenyls (PCBs), and metals
(arsenic, cadmium, chromium, lead, mercury, selenium, silver and barium).

Results Chemical evaluation of sediment samples indicated significant levels of metals,
PAHs, and PCBs in the soil. PAHs, PCBs, and metals were all found to be be-
low detection limits in the water samples. Whole sediment (Table 1) and elutri-
ate toxicity tests using the cladoceranDaphnia magnashowed evidence of
contaminant bioavailability at the sediment-water interface but not in the water
column (Table 2). The majority of the mussels appeared to be alive at the end
of the 30-day in situ study. Tissue results are still pending.

Results from the PAH analyses on mussel tissues collected after 30 days at Sta-
tion TB10 indicate that zebra mussels can effectively accumulate some PAHs in
their tissues (Table 2). Mussels placed in the water column (Upper Tissue) ap-
pear to accumulate more efficiently than those placed at the sediment level
(Lower Tissue). This will be determined statistically when more samples have
been processed.

Figure 2. Artist illustration of mussel placement at Times Beach confined disposal facility
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Table 1. Results of 10-Day Whole SedimentDaphnia magnaToxicity Test
(Range in Parentheses)

Site Percent Survival Mean Reproduction
Reference 82 (80-90) 82.8 (73-113)
TBP-1 6 (0-15)1 3.4 (0-10)1

TBP-2 7 (0-15)1 9.0 (0-19)1

TBP-3 1 (0-5)1 2.8 (0-9)1

TBP-4 7 (0-20)1 1.6 (0-4)1
1Indicates significant difference from the control.

Table 2. Concentrations of Selected PAHs (mg/kg) in Samples from Site TB10
(Wet Weight)

Water Sediment Upper Tissue Lower Tissue
Fluoranthene <0.010 82 2.49 1.84
Pyrene <0.010 57 2.29 1.59
Chrysene <0.010 31 1.33 1.29
Benzo(a)Anthracene <0.010 28 1.06 0.92
Phenanthrene <0.010 130 1.27 <0.66

Conclusion These preliminary results indicate the potential for a zebra mussel- induced
transfer of contaminants from the sediment into the zebra mussel tissue. A po-
tential concern is the transfer of contaminants from the zebra mussel through
the food web.

References American Society for Testing and Materials. 1991. “Standard Guide for Col-
lection, Storage, Characterization and Manipulation of Sediments for Toxico-
logical Testing; E 1391-90,”Annual Book of ASTM Standards,Vol 11.04,
Philadelphia, PA.

Burton, G. A., Jr., Lazorchak, J. M., Waller, W.T., and Lanza, G.R. 1987.
“Arsenic Toxicity Changes in the Presence of Sediment,”Bulletin of Environ-
mental Contamination and Toxicology,Vol 38, pp 491-499.

Fisher, S. W., Gossiaux, D. C., Bruner, K.A., and Landrum, P. F. 1993.
“Investigation of the Toxicokinetics of Hydrophobic Contaminants in the
Zebra Mussel,”Zebra Mussels Biology, Impacts and Control,T. M. Nalepa

and D. M. Schloesser, eds., Lewis Publishers, Ann Arbor, MI, pp 465-490.

Marquenie, J. M., Simmers, J. W., Rhett, R. G., and Brandon, D. L. 1990.
“Distributions of PCB and Pesticide Contaminants in the Vicinity of the Times
Beach Confined Disposal Facility, Buffalo, New York,” Miscellaneous Paper
EL-90-24, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.

Reeders H. H., and Bij de Vaate, A. 1992. “Bioprocessing of Polluted Sus-
pended Matter from the Water Column by the Zebra Mussel (Dreissena poly-
morphaPallas),Hydrobiologia,Vol 239, pp 53-63.

Stafford, E. A., Simmers, J. W., Rhett, R. G., and Brown, C. P. 1991. “Interim
Report: Collation and Interpretation of Data for Times Beach Confined Dis-
posal Facility, Buffalo, New York,” Miscellaneous Paper D-91-17, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS.

Swartz, R. C., Schults, D. W., DeWitt, T. H., Ditsworth, G. R., and Lamberson,
J. O. 1990. “Toxicity of Fluoranthene in Sediment to Marine Amphipods: A

Technical Note ZMR-1-27 March 1995

Zebra Mussel Research Technical Notes 4



Test of the Equilibrium Partitioning Approach to Sediment Quality Criteria,”
Environmental Toxicology and Chemistry,Vol 9, pp 1071-1080.

March 1995 Technical Note ZMR-1-27

5 Zebra Mussel Research Technical Notes


