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SOCIETY OF ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY

In the 1970's, no forum existed for interdisciplinary communication among environmental scientists -- biologists,
chemists, toxicologists — and others interested in environmental issues such as managers and engineers. The
Society of Environmental Toxicology and Chemistry (SETAC) was founded in 1979 to fill the void. Based on the
growth in membership, annual meeting attendance, and publications, the forum was needed.

A unique strength of SETAC is its commitment to balance the interests of academia, business, and government.
The Society by-laws mandate equal representation from these three sectors for officers, Board of Directors, and
Committee members. And although there is no control mechanism, the proportion of members from each of the
three sectors has remained nearly equal over the past 19 years.

Like many other professional societies, SETAC publishes an esteemed scientific journal and convenes an annual
meeting replete with state-of-the-science poster and platform presentations. Because of its multidisciplinary
approach, however, the scope of the science of SETAC is much broader in concept and application than that of
many other societies.

SETAC is concerned about global environmental issues. Its members are committed to good science worldwide,
to timely and effective communication of research, and to interactions among professionals so that enhanced
knowledge and increased personal exchanges occur. Sister organizations, SETAC Europe (1989) and SETAC
Asia/Pacific (1997), have been formed, and the nonprofit SETAC Foundation for Environmental Education was
founded in North America in 1990. International acceptance of the SETAC model continues with widespread
interest in Latin America, Russia, and South Africa.

FACTS & FIGURES

In North America, membership has increased from 230 Charter Members in October 1980 to more than 4,000
members from 50 U.S. states, 9 Canadian provinces, and more than 54 other countries worldwide. SETAC
membership worldwide exceeds 5,500.

Participants and technical presentations at SETAC annual meetings in North America have increased from 470
delegates and 86 technical presentations in 1980, to more than 3,100 delegates and nearly 1,800 presentations in
1997. ’

ENVIRONMENTAL TOXICOLOGY AND CHEMISTRY, an internationally acclaimed scientific journal, has grown
from a quarterly publication of fewer than 400 pages annually (1982) to a monthly publication of 2,600 pages in
1997. SETAC publishes the journal, along with peer-reviewed workshop and symposia proceedings and a variety
of technical reports.

For information, contact: SETAC Office
1010 North 12th Avenue
Pensacola, FL 32501-3370
T 850-469-1500 F 850-469-9778 E setac@setac.org
http://www.setac.org Updated January 1998 / CM
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001 Comparative Nutritional Ecology and Ichthyotoxicity of Two Morphospecies Within the "Toxic Pfiesteria Complex"'. Burkholder, J. M.
and Howard Glasgow, North Carolina State University, Raleigh North Carolina; Lewitus, A. J.; University of South Carolina, Georgetown , South
Carolina. We compared the response to N and P enrichments, and toxicity toward fish of the toxic dinoflagellate, Pfiesteria piscicida and a second
Pfiesteria-like species that were isolated (unispecies but not axenic) from two known fish kill sites in the Neuse Estuary, NC. Both dinoflagellates
were acclimated in separate cultures for two months under similar conditions in which they were (a) grown with fish or (b) grown with a
cryptomonad as algal prey. Nontoxic zoospore production (i.e., in the absence of fish) was then compated for each species in separate trials across
gradients of nitrate, ammonium, inorganic phosphate, and organic phosphate enrichment in short-term batch cultures, with vs. without an N/P-
starved cryptomonad as available algal prey (sufficient prey added to achieve an initial concentration of 5,000 or 50,000 cells/ mL). The two species
differed significantly in response to both fish and nutrients/algal prey, in timing and overall cell production. Pflesteria piscicida responded more
slowly and attained significantly lower cell densities when given algae, especially following a diet of live fish. Highest growth of both
dinoflagellates occurred with nitrate stimulation and tracked growth of the cryptomonad prey. Our isolate of Pfiesteria piscicida was tested as
significantly more toxic to fish than the Pfiesteria-like species, with 100-fold higher cell density or much longer periods required for lethality from
the Pfiesteria-like species. Thus far the data indicate that the second known Pfiesteria-like species isolated from natural habitat is only weakly toxic
to fish, relative to Pfiesteria piscicida.

002 Pfiesteria piscicida: Development of a DNA Probe. Rublee, Parke. A., Kristen L. Toffer, Eric F. Schaefer, and Jason W. Kempton, Biology
Department, University of North Carolina at Greensboro, Greensboro, NC 27412; JoAnn M. Burkholder, and Howard B. Glasgow, Jr.; Botany
Dept., North Carolina State University, Raleigh, NC 27695. To facilitate rapid identification of the toxic ambush-predator Pfiesteria piscicida, we
have developed extraction protocols, sequenced SSU rDNA from a Pfiesteria piscicida cultare from the Pamlico River, NC, and located unique
regions of the SSU rDNA as targets for molecular probes. Several pairs of primers have effectively amplified DNA from cultures of Pfiesteria
piscicida isolated from different geographic areas along the eastern United States, but not from other dinoflagellates. Flourescent oligonucleotide
probes designed from the primers also distinguish Pfiesteria piscicida from other dinoflagellates. We are refining our methods for field assays to
detect Pfiesteria at sub-lethal concentrations in estuarine waters beginning in the summer of 1998,

003 Reporter Gene Assay for Fish Killing Activity Produced by Pfiesteria piscicida. J. S. Ramsdell, E.R. Fairey, J. S. Edmunds, N. J. Deamer-
Melia, H. Glasgow Ir., F. M. Johnson, P. R. Moeller and J. M. Burkholder. National Ocean Service Center for Coastal Environmental Health and
Biomolecular Research, Charleston, SC and North Carolina State University, Raleigh, NC. Collaborative studies were held to develop a functional
assay for fish- killing toxins produced by Pfiesteria piscicida. Eight cells lines were used to screen organic fractions by using a MTT cytotoxicity
assay. Diethyl ether and residual water after extraction were cytotoxic to several cell lines including GH4C1 rat pituitary cells. Residual water as
well a preextracted culture water containing Pfiesteria piscicida cells induced c-fos-luciferase expressed in GH4C1 cells with a rapid time course of
induction and sensitive detection. The reporter gene assay detected activity in toxic isolates of P. piscicida from two North Carolina estuaries and
may be suitable for detecting toxic activity in human and animal serum.

004 Identification and Differentiation of Morphospecies in the Toxic Pfiesteria Complex. Glasgow,H.B.; Burkholder,].M.; Hannon, E.X.;
North Carolina State University, Raleigh, North Carolina. Recent toxic outbreaks by the dinoflagellate, Pfiesteria piscicida, have provided a
compelling illustration of strong linkages between fish kills/epizootics and subtle but serious impacts on human health. P. piscicida co-occurs with
at least one other Pflesteria-like species (not yet named) that has tested as more weakly toxic; this species typically is outcompeted by P. piscicida in
active fish-killirg cultures. Thus, there are two known species in the "toxic Pflesteria complex” thus far, both found to date in the Albemarle-
Pamlico and the Chesapeake. These two species cannot be discerned using light microscopy (LM) but can be clearly differentiated under SEM
following osmotic procedures to well their plate sutures. In addition to specific morphological characteristics true Pfiesteria-like species must
possess the following characteristics: (i) toxicity toward fish; (ii) attack behavior toward live fish; (iii) lacking photosynthesis, or, alternatively,
having photosynthesis from kleptochloroplasts located in an epithecal food vacuole; and (iv) complex life cycle with amoeboid stages. Current
methods for culturing toxic and nontoxic stages of the Pfiesteria species "complex:” include(i) bioassays with live fish in biohazard III facilities
(toxic stages) and (ii) using various algal prey (nontoxic). We compared zoospore production for Pfiesteria piscicida and a 2nd toxic Pfiesteria-like
species using these two culture methods. Field samples from Chesapeake Bay and the Albemarle-Pamlico were subaliquoted, and subsamples were
cultured with fish or with cryptomonad prey over a 8-week time series. At least 100 cells prepared with suture-swelling procedures were evaluated
to determine thacal plate tabulation for morphospecies ident!!ification (ca. 2,500 cells screened over 2.5 days per replicate). In 7 of 8 comparisons,
the fish bioassay yielded only Pfiesteria piscicida; in 1 case, a mix of P. piscicida (60%), the 2nd toxic Pfiesteria-like species (10%), and
Gyrodinium galetheanum (20%) occurred. By contrast, algal bioassays consistently yielded species mixes that were dominated by various nontoxic
species or by the 2nd potentially toxic Pfiesteria-like species, with P. piscicida less common or not detected. The data indicate that (i) the algal
assay is less specific for detecting P. piscicida than fish bioassays; and (ii) under the culture conditions used, P, piscicida outcompetes other algae in
the presence of live fish, whereas the 2nd potentially toxic Pfiesteria-like species and other mixotrophic dinoflagellates outcompete P. piscicida for
algal prey.

005 Aspects of the Nutritional Physiology of Pfiesteria piscicida. Lewitus, Alan J., JoAnn M. Burkholder, Howard B. Glasgow Ir. and Patricia
M. Glibert. University of South Carolina (AJL), Baruch Marine Laboratory, P.O. Box 1630, Georgetown, SC 29442, North Carolina State
Univetsity (JMB, HBG), Botany Department, P.O. Box 7612, Raleigh, NC 27695, and University of Maryland (PMG), Horn Point Laboratory, P.O.
Box 775, Cambridge, MD 21613. Like many dinoflagellates, Pfiesteria piscicida is characterized by complex nutritional physiclogical responses;
i.e. its growth can be supported by diverse substrate forms and by various modes of nutrition. This nutritional versatility complicates the
identification of potential links between nutrient enrichment and P. piscicida proliferation and toxic activity. Although nontoxic zoospores of P.
piscicida have a relatively proficient grazing ability, they also can function as phototrophs by acquiring functional chloroplasts from phytoplankton
prey, a process termed kleptoplastidy. The nutritional responses of P. piscicida to inorganic and organic nutrient additions were compared in
heterotrophic zoospores feeding on cryptophytes vs. phototrophic cultures with cryptophyte kleptochloroplasts. Nutrient additions stimulated the
growth of heterotrophic cultures indirectly (by increasing the abundance of cryptophyte prey), although direct uptake of 15N-labeled organic and
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inorganic substrates was detected. Phototrophic cultures also were capable of taking up both classes of nutrients, with uptake rates of some
substrates, such as urea, exceeding those of heterotrophic cultures. The results suggest that knowledge of the types of nutrients involved in
stimulating P. piscicida growth, and the pathways of nutrient acquisition, depends on understanding the ecophysiology of P. piscicida’s nutritional
state (heterotrophy vs. phototrophy vs. mixotrophy).

006 Behavioral and Physiological Responses of Three Commercially Important Species of Bivalves to the Toxic Estuarine Dinofiagellate,
Pfiesteria piscicida. Springer 1, I.J., Cancillieri 2, P., Shumway 2, S.E., Glasgow 1, H.B., and Burkholder 1, J.M. . 1 North Carolina State
University, Dept. of Botany, Box 7612, Gardner Hall, Raleigh, NC 27695-7612. 2 Southampton College of Long Island University, Natural
Sciences Division, Southampton, NY 11968. The toxic estuarine dinoflagellate, Pfiesteria piscicida, has been implicated as the causative agent in
major fish kills along the eastern seaboard of the U.S. P. piscicida, when stimulated by the presence of finfish, produces toxin(s) which strip
epidermal tissue from finfish and impair the nervous system leading to paralysis and suffocation. The responses of Argopecten irradians (northern
bay scallop), Crassostrea virginica (eastern oyster), and Mercenaria mercenaria (northern hardclam), to P. piscicida and its associated toxin(s) were
examined. The extent to which these species accumulate P. piscicida’s toxin(s) and the range of chronic/sublethal impacts on major life history
stages including larvae, spat, juveniles, and adults were documented.

007 A Rat Model of the Neurocognitive Effects of Exposure to Pfiesteria piscicida. ED Levin', B Simon', D Schmechel', H Glasgow, Jr.%, N
Deamer-Melia?, IM Burkholder?. 'Integrated Toxicology Program, Duke University, Durham, NC, *Department of Botany, North Carolina State
University, Raleigh, NC. Pfiesteria piscicida is an estuarine dinoflagellate responsible for mass fish kills in North Carolina and other areas along the
eastern coast of the United States. We have developed a rat model of Pfiesteria effects on neurocognitive function. In four different studies,
including 36 controls and 48 Pfiesteria-treated female Sprague-Dawley rats, a single sc injection of 106,800-320,400 cells/kg of Pfiesteria caused a
persistent learning deficit (p<0.005) in the radial-arm maze . The deficit was also seen in rats administered a filtered cell-free preparation equivalent
to 106,800 cells/kg, The learning deficit did not seem to result from motivational, sensorimotor or memory deficits. Rats pretrained on the maze
prior to Pfiesteria administration did not show deficits, but they did show deficits in learning a new task ten weeks after administration. A lower
dose of 35,600 Pfiesteria cells/kg was not effective in producing a deficit. The Pfiesteria-induced learning deficits were seen in rats that did not
otherwise show health impairments. The learning deficits caused by Pfiesteria treatment in these studies may be related to cognitive deficits seen in
humans after accidental Pfiesteria exposure.

008 Human Health Effects Associated with Laboratory Exposures to Pfiesteria piscicida. Schmechel, D.E., Koltai, D.C., Welsh-Bohmer, K.A..
Neurological Disorders Clinic, Departments of Medicine and Psychiatry, Duke University Medical Center, Durham, NC 27705. Five patients with
laboratory exposures to cultures of the estuarine dinoflagellate Pfiesteria piscicida have undergone comprehensive clinical evatuation at our clinic.
Mechanism of, degree, and time of exposure varied across patients. However, the most severe case had both contact and aerosol exposure to
Pfiesteria. Complaints of the patients included subacute physical and/or neurocognitive symptoms. Neuroimaging studies including MRI and PET
scans were generally within normal limits. Relative weaknesses in learning and memory skills and complex information processing abilities were
observed for some individuals on neuropsychological evaluation. Longitudinal follow-up of some cases indicates the likelihood of resolution of
symptomatology with exposure cessation. Most persons reportedly resolve severe symptoms in a few hours to days after cessation of exposure. The
slow resolution of other significant neurocognitive symptoms and findings (weeks to months) suggests that either the toxin may be stored in body
tissues (e.g., lipophilic) and/or the effects on neural systems are sustained by some other mechanism. It is clear that significant variation in clinical
presentation occurs which may reflect amount of toxin, route of exposure, premorbid patient characteristics, and/or possible Pfiesteria subtypes or
multiple toxins. Evaluation of cases referred to our clinic with putative environmental exposures (approximately seven cases from NC and MD)
support this observed clinical variability. Medical evaluation of these individuals indicate potential human health effects from exposure to Pfiesteria
environmentally. However, alternative diagnostic considerations are frequent, and thus require close attention in this group. The laboratory
exposure cases offer the clearest observations of the health effects associated with exposure to high levels of this dinoflagellate and/or its toxins.

009 Epidemiological Assessment of Pfiesteria Exposure in Humans. Morris, G, Jr., Grattan, LM, Oldach D, Perl TM, Lowitt MH, Matuszak
DL, Charache P, and Pfiesteria Research Group, University of Maryland and Johns Hopkins University Schools of Medicine, and Maryland
Department of Health and Mental Hygiene, Baltimore, MD. Beginning in the fall of 1996, commercial fishermen “watermen” on the eastern shore of
the Chesapeake Bay in Maryland began to note unusual “punched out” lesions on fish, and to have complaints of fatigue, respiratory irritation, and
“memory problems.” Fish lesions were associated with the presence of toxic Pfiesteria or Pfiesteria-like dinoflagellates in the Pocomoke River and
near-by waierways. In neuropsychologic testing, persons with high levels of exposure to affected waterways had significant decreases in
performance on tests measuring learning ability and higher order cognitive function. A dose-response effect was apparent, with degree of exposure
correlating with degree of neuropsychologic deficit. The observed effects had largely resolved within 6-8 weeks of cessation of exposure; within 6
months, all persons tested had test scores which were within normal ranges. Risk of illness was increased in association with contact with fish with
lesions; no association was seen with ingestion of seafood. Our data suggest that exposure to waler containing toxic Pfiesteria or Pfiesteria-like
dinoflagellates results in a reversible clinical syndrome characterized by difficulties with learning and memory.

010 Pfiesteria Symposium Summary and Review. Kenneth H. Reckhow, UNC, Water Resources Research Institute. Research results presented in
the symposium are briefly summarized. In addition, research and management recommendations from a recent workshop in North Carolina are
presented. Finally, ambient water quality monitoring results in the Neuse River during the summer of 1998 are examined.

011 Measuring Oxidation/Reduction Zones, Calculating Degradative Rates and Integration with A Groundwater Solute Transport Model:
A Complicated Case Study of “Zones within Zones” for Natural Attenuation. Mclnnis, D. L., Toxicological & Environmental Associates, Inc.,
Baton Rouge, LA; Droy, B. F., Ph.D., Toxicological & Environmental Associates, Inc., Baton Rouge, LA; Pardue, J., Ph.D., Department of Civil
and Environmental Engineering, Louisiana State University, Baton Rouge, LA. Groundwater geochemistry data, (volatile organic compounds,
dissolved gases, hydrogen, nitrate, nitrite, sulfate, sulfide, ferrous iron, chloride, and others) from a Superfund Site in Louisiana, were collected and
used to determine the zonations of existing oxidation/reduction processes occurring in the aquifers underlying the site. These data demonstrate
alternating redox zones (zones within zones) encountered by the contaminated groundwater flowing throughout the aquifer as well as the presence of
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daughter products resulting from reductive dechlorination of chlorinated organic compounds. The results of the geochemistry data were then used to
calculate degradative rate constants. These results were incorporated into the site solute fate and transport model to further assess the effectiveness
of natural attenuation of the volatile organic contaminants. These results have demonstrated that chlorinated ethenes, in this system, are subject to
sequential reductive and oxidation processes that favor natural attenuation. The sequential redox zone-specific results of reductive dechlorination of
site constituents of concern will be presented.

012 Identification of Bacteria in Contaminated Ground Water Using the RNA-Hybridization Technique. Farmer, J.J., Byl, T.D., Tennessee
State University and U.S. Geological Survey, Nashville, TN, USA; Williams, 8.D., U.S. Geological Survey, Nashville, TN; and Bailey, F.C., Middle
Tennessee State University and U.S. Geological Survey. The RNA-hybridization technique is a new method to identify microorganisms. The RNA
hybridization technique can identify microorganisms by taking advantage of unique genetic sequences on ribosomal RNA. This technique was used
to identify bacteria in karst ground water at a site contaminated with chlorinated solvents. Well samples of anaerobic ground water had a higher
percentage of sulfate-reducing bacteria and methanogenic bacteria. These bacteria are known to cause anaerobic reductive dechlorination of
chlorinated solvents. Well samples of ground water that fluctuated from anaerobic to aerobic contained sulfate-reducing bacteria, ammonia-oxidizing
bacteria, and methane-oxidizing bacteria. The latter two are known to biodegrade chlorinated solvents through cometabolic processes. This bacterial
information was used in conjunction with geochemical and hydrologic information to identify the most prominent pathways of biodegradation at the
contaminated site.

013 Evaluating BOD, COD, and TOC as a Surrogate Measure of Food Replenishment for Bacteria in a TCE-Contaminated Karst Aquifer.
Akula, S., Tennessee State University, Nashville, TN; Williams, S.D., and Byl, T.D., U.S. Geological Survey, Nashville, TN. Chemical and
biological data collected at a TCE-contaminated karst site in Middle Tennessee indicate that biodegradation is taking place naturally at the site. If
bioremediation is to be a corrective action at the site, food replenishment and sources for microorganisms should be evaluated. Biochemical oxygen
demand (BOD), chemical oxygen demand (COD) and total organic carbon (TOC) were measured in samples from several wells at the site as
possible indicators of food replenishment. Water-level data and additional water-quality data such as dissolved oxygen (DO), pH, specific
conductance and temperature were monitored in-situ over a 2 month period to determine how hydrologic and water-quality changes may be related
to food replenishment. Continuous field data show that DO in 100 foot-deep karst conduits was replenished within a few hours after rain events.
Synoptic sampling has demonstrated that water in some wells was consistently low in DO (<0.1 mg/L) and high in COD regardless of weather
conditions. Though BOD and TOC concentration in samples from these same wells appeared to vary in response to changing weather conditions,
TOC did not appear to be well correlated with weather patterns. The correspondence of rain events with changes in BOD shows that BOD was
generally highest under dry conditions indicating a possible lag time between food replenishment and BOD response. Lab experiments conducted on
field samples and spiked with ammonia and acetate verified these findings. The addition of food in lab studies also stimulated the rate of
biodegradation by 350 percent over that observed in sterile controls. Lower concentrations of food stimulated the biodegradation to a lesser extent.

014 Microcosm Study to Determine the Feasibility of Bioremediation at a KarstSite. Franklin, P.R.*, Tennessee State University, Nashville,
TN;Williams, S.D., Farmer, J.J., and Byl, T.D., U.S. Geological Survey,Nashville, TN. The potential for bioremediation of trichloroethylene (TCE)
is being examined at a karst site in Middle Tennessee where "pump and treat" wells are used to slow the movement of ground water away from the
site and to remove some of the TCE. Ground-water samples were collected from nearby wells and analyzed for geochemical indicators of
bioremediation (electron donors and acceptors). Trends in the concentrations of TCE and intermediate degradation products also were monitored.
Bacteria associated with the degradation of TCE were identified in water samples using the RNA oligonucleotide hybridization technique.
Water-quality data indicate that both aerobic and anaerobic conditions occur in the karst aquifer. Sulfate-reducing and methanogenic bacteria that are
associated with the reductive dechlorination of TCE (an anaerobic process) were present in samples of anaerobic well water. Methanotrophs and
ammonia-oxidizing bacteria, associated with co-metabolic degradation of TCE (an aerobic) process), were present in samples of aerobic well water.
Aerobic and anaerobic bacteria were identified in well water that fluctuated in dissolved-oxygen concentrations. Microcosm studies of ground water
collected from the karst aquifer indicated that both biodegradation pathways are active. The biodegradation in some well water was rapid, with a
TCE half-life of 35 days. Additional water-quality and hydrologic monitoring of the karst aquifer are being conducted to determine temporal and
spatial changes in water quality and to evaluate how these changes may affect the biodegradation processes at the site.

015 Phytoremediation Of Dissolved Phase Trichloroethylene Using Mature Vegetation. Doucette, W.J.*, Bugbee, B. and Hayhurst, S. C. Utah
State University, Logan, UT. A field study was conducted to determine if existing, mature vegetation is involved in the uptake, volatilization and/or
metabolism of trichloroethylene (TCE) from a shallow contaminated groundwater plume. Four on-site plants were sampled, three in the plume area
and one outside. One additional off-site control plant was also sampled. Groundwater concentrations of TCE below the vegetation ranged from 0.4
to 90 mg/L. Flow-through glass chambers were used to collect transpiration gases for TCE analysis. Leaf, stem and root samples were collected and
analyzed for TCE and 3 metabolites (2,2,2-trichloroethanol [TCEt], 2,2,2-trichloroacetic acid [TCAA] and 2,2'-dichloroacetic acid [DCAA])
identified in previous laboratory studies. Measurable levels of TCE were found in 7 of 15 transpiration gas samples and 2 of 3 apparatus blanks.
TCE (6 of 34 samples), TCEt (10 of 31), TCAA (22 of 27), or DCAA (3 of 27) were identified in all four plants from the site. The off-site control
plant showed no measurable levels of TCE or its metabolites, suggesting that the plant thought to be outside of the plume area had been exposed to
TCE. Yearly precipitation patterns and root distribution (70% in top 2 ft, 90% in top 4 ft) imply that direct groundwater use by existing vegetation
is much less than that obtained by precipitation. This may reduce the impact of vegetation on the removal of TCE at this site. Similar measurements
at more arid sites, where direct groundwater use by vegetation is typically greater, must be made before conclusions regarding the potential
usefulness of phytoremediation for chlorinated solvents can be made.

016 Development of a Biological Permeable Barrier to Treat Contaminated Ground Water Using PVA-Immobilized Cells. Razavi Shirazi,
F*., Oklahoma State University; Stillwater, OK; Veenstra, J., Oklahoma State University, Stillwater, OK. Today's release of chlorophenols to the
ground water is greater and growing faster than ever. Due to their toxicity, tendency to bioaccumulate, and persistence in the environment,
chlorophenol contamination of ground water is of concern. This research focused primarily on development of biological permeable barriers as a
method of cleaning up ground water contaminated with Trichlorophenol (TCP). Permeable batriers are permeable to water, but prevent the
migration of contaminants. This study investigated the performance of a novel permeable barrier system: cells immobilized in poly-vinyl alcohol-

SETAC 19th Annual Meeting Abstract Book 3



boric acid (PVA) beads. Treatment systems using immobilized microbial cells have significant advantages over conventional free cell systems.
Immobilized microbial cells have been shown to be more resistant to high concentrations of toxic chemicals because the cells are entrapped in
polymer a (PVA). This study evaluated the use of immobilized cells in a permeable barrier system by conducting a series of column studies under a
variety of conditions, such as different flow rates and different concentrations. The permeable barrier was evaluated on the basis of removal
efficiencies, ease of operation and cost. PVA-immobilized cells had TLP removal efficiencies between 100-91% for loading rates ranging from 0.3-
0.6 g L'd". Resilience of the PVA-immobilized cells was examined by exposing the system to high concenirations of TCP (10 times normal
concentration) and low DO conditions (. 2 mg/L. DO) and then tracking their recovery afier normal operating conditions were restored. The
permeable barriers recovered within 11 to 21 days. The cost of PVA-immobilized cells permeable barrier is very low compared to other
technologies for in sifu removal of contaminants from ground water. Overall, the PVA-immobilized cells® performance were considered to be good,
making this specific matrix permeable barrier a potentially useful technology.

017 Degradation of Polycyclic Aromatic Hydrocarbons (PAHs) in New York Harbor Sediments. LeBlanc, L. A.*; Brownawell, B. J.,
University of New York at Stony Brook, Stony Brook, NY. There are few reports on degradation rates of PAHs that have become associated with
sediments under field conditions due to the slow rates observed. Long term (120-day) oxic slurry incubations were performed with sediments
collected from 4 stations in New York Harbor and Western Long Island Sound. Rate and extent of compound disappearance was measured in
sacrificed timepoints. The observed degradation was related to the fraction desorbed onto XAD resin in separate, concurrent slurry incubations. In
addition, PAH-degrading bacterial populations were characterized by measuring the rate of *CO, evolution in short term slurry incubations with
radioalabeled phenanthrene. All sediments had high PAH (ppm) concentrations with sediments from Rikers Island (Western Long Island Sound)
and Kill Van Kull (off New Jersey) having concentrations in excess of 100 ppm. Differences between sites were observed in the extent of
degradation and desorption. Sediment from Rikers Island showed significant degradation (up to 50% for many compounds) with >80% desorbed
PAH over the same time period (60 days). This site also had the highest degradation rate (1 d') in the radiolabeled assay. Conversely, the Kill Van
Kull site showed lower degradation (20%) despite high desorption (80-100%). This sediment exhibited no degradation of radiolabeled
phenanthrene in the short term assay. The other two sediments, collected from the Arthur Kill and the East River, had lower rates of degradation and
desorption (10-20%) and '“C-phenanthrene degradation rates intermediate to the other two sites. We hypothesize that bioavailability limited
degradation in the latter two sediments, while the differences in degradation between Rikers Island and Kill Van Kull sediments were due to
differences in bacterial populations.

018 Bioaccumulation and Biotransformation of PAHs to Lumbriculus variegatus (Oligochaeta). LeppSnen, M.T.; Kukkonen, J.V.K, University
of Joensuu, Joensuu, Finland. Bioaccumulation and biotransformation of 14C-Pyrene and 3H-Benzo(a)pyrene by L. variegaius was studied with
spiked sediment (TOC = 10%) in the laboratory. During a three-week accumulation and a one-week depuration experiment, organisms were sampled
for total tissue activities as well as for extraction analysis of pure compounds and biotransformed products. Bioaccumulation was fast; both
compounds achieved apparent steady state within the first week of exposure. During the second and third weeks of exposure, pyrene activity in the
tissues increased linearly but no change in BaP activity was measured. In tissue extractions we defined all radioactivity associated with water,
KOH/DMSO and unextractable fractions as biotransformed compounds and activity in hexane phase as pure compound (verified by TLC). After
336h of exposure 21% of BaP and 53% of pyrene radioactivity in tissues were associated with biotransformation products. After transfer to clean
sediment oligochactes depurated rapidly pure BaP (within 48h) and pure pyrene (within 24h). Depuration of the total biotransformation products
was extremely low; an estimation for their half-life was 168d for BaP products and 66d for pyrene products. Biotransformation of pyrene explained
the linear increase in tissue radioactivity after the apparent steady state had been reached during the first week of exposure. The steady state
describes the balance between the source and pure pyrene in the tissues and the increase in total activity thereafter is based on formation of
biotransformation products which are eliminated very slowly. The same phenomenon was not observed for BaP possibly because it is
biotransformed more slowly and absorption of hydrophobic compound to sediment particles continued during the test which simultaneously
decreased radioactivity of pure BaP in tissues. These results affect the bioaccumulation modeling and analyses of PAHs in L. variegatus.

019 Ecotoxicological Assessment of Bioremediated Hydrocarbon-Impacted Soils. Saterbak, A., Wong, D.C.L., McMain, B.J,, Williams, M.P.,
Shell Development Co., Houston, TX; Toy, R., Shell Chemicals Ltd., London, U.K. Characterizing environmentally-acceptable endpoints for soil
requires an understanding of the impact of chemicals on the soil and subsequent effects on the terrestrial ecosystem. Eight hydrocarbon-
contaminated field soils were collected and characterized by pH, texture, metals, electrical conductivity, TPH, O&G, BTEX, and saturate, aromatic,
polar, and asphaltene fractions. Ecotoxicological tests included earthworm (Elsenia foetida) 14-day survival and reproduction assays and
germination and root length assays using four plant species. Ecotoxicity tests on the unremediated contaminated soils showed a range of species
specific responses which differed among the soils. The soils were then actively biotreated in the laboratory for one year, during which time
hydrocarbon and ecotoxicity assays were used to monitor changes. Freon-extractable TPH decreased by 26% to 80%, depending on the soil. The
number of lettuce and mustard seeds which germinated increased as TPH decreased in some but not all soils. In general, lettuce and mustard seed
germination increased following biotreatment except for two soils with known salt contamination. Corn and wheat getmination remained high in
most soils and did not change following bioremediation. Root length responses varied among plants and soils, increasing in some soils and
remaining unchanged in others. Earthworm survival increased to 100% or remained at 100% following bioremediation. The numbers of cocoons and
Jjuvenile earthworms increased in some soils but remained unchanged in others following remediation. Statistical correlations between ecotoxicity
and hydrocarbon measurements were explored. TPH by gas chromatography showed reasonably strong relationships with plant and earthworm
responses; freon-extractable TPH and O&G did not correlate as well to the plant and earthworm endpoints. The selection and application of
ecologically relevant assays will be discussed in the context of the RBCA framework.

020 Oil Spills: Risk Assessment of Bioremediation Methods. Johnson, B.T.*, USGS, Columbia, MO; Lee, K., Fisheries and Oceans Canada,
Mont-Joli, Quebec, Canada; Huckins, J.N., USGS, Columbia, MO; Petty, I.D. USGS, Columbia, MO. The effects of bioremedial agents
(detergents, inorganic and organic nutrients, oil-degrading bacteria, and intrinsic) on simulated oil spills were monitored to assess both acute toxicity
and ecogenotoxicity of the resulting water-borne contaminants. Environmental petroleum spills were simulated in laboratory sediment: water
microcosms with mode} contaminants -- crude oil, fuel oil, jet fuel, gasoline, and recycled motor oil -- and in field studies in Svalbard (Norway) with
crude oil. A semipermeable membrane device (SPMD) that mimics passive sorption of organic pellutants through biclogical membranes was used
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daughter products resulting from reductive dechlorination of chlorinated organic compounds. The results of the geochemistry data were then used to
calculate degradative rate constants. These results were incorporated into the site solute fate and transport model to further assess the effectiveness
of natural attenuation of the volatile organic contaminants. These results have demonstrated that chlorinated ethenes, in this system, are subject to
sequential reductive and oxidation processes that favor natural attenuation. The sequential redox zone-specific results of reductive dechlorination of
site constituents of concern will be presented.

012 Identification of Bacteria in Contaminated Ground Water Using the RNA-Hybridization Technique. Farmer, J.J., Byl, T.D., Tennessee
State University and U.S. Geological Survey, Nashville, TN, USA; Williams, S.D., U.S. Geological Survey, Nashville, TN; and Bailey, F.C., Middle
Tennessee State University and U.S. Geological Survey. The RNA-hybridization technique is a new method to identify microorganisms. The RNA
hybridization technique can identify microorganisms by taking advantage of unique genetic sequences on ribosomal RNA. This technique was used
to identify bacteria in karst ground water at a site contaminated with chlorinated solvents. Well samples of anaerobic ground water had a higher
percentage of sulfate-reducing bacteria and methanogenic bacteria. These bacteria are known to cause anaerobic reductive dechlorination of
chlorinated solvents. Well samples of ground water that fluctuated from anaerobic to aerobic contained sulfate-reducing bacteria, ammonia-oxidizing
bacteria, and methane-oxidizing bacteria. The latter two are known to biodegrade chlorinated solvents through cometabolic processes. This bacterial
information was used in conjunction with geochemical and hydrologic information to identify the most prominent pathways of biodegradation at the
contaminated site.

013 Evaluating BOD, COD, and TOC as a Surrogate Measure of Food Replenishment for Bacteria in a TCE-Contaminated Karst Aquifer.
Akula, S., Tennessee State University, Nashville, TN; Williams, S.D., and Byl, T.D., U.S. Geological Survey, Nashville, TN. Chemical and
biological data collected at a TCE-contaminated karst site in Middle Tennessee indicate that biodegradation is taking place naturally at the site. If
bioremediation is to be a corrective action at the site, food replenishment and sources for microorganisms should be evaluated. Biochemical oxygen
demand (BOD), chemica!l oxygen demand (COD) and total organic carbon (TOC) were measured in samples from several wells at the site as
possible indicators of food replenishment. Water-level data and additional water-quality data such as dissolved oxygen (DO), pH, specific
conductance and temperature were monitored in-situ over a 2 month period to determine how hydrologic and water-quality changes may be related
to food replenishment. Continuous field data show that DO in 100 foot-deep karst conduits was replenished within a few hours after rain events.
Synoptic sampling has demonstrated that water in some wells was consistently low in DO (<0.1 mg/L) and high in COD regardless of weather
conditions. Though BOD and TOC concentration in samples from these same wells appeared to vary in response to changing weather conditions,
TOC did not appear to be well correlated with weather patterns. The correspondence of rain events with changes in BOD shows that BOD was
generally highest under dry conditions indicating a possible lag time between food replenishment and BOD response. Lab experiments conducted on
field samples and spiked with ammonia and acetate verified these findings. The addition of food in lab studies also stimulated the rate of
biodegradation by 350 percent over that observed in sterile controls. Lower concentrations of food stimulated the biodegradation to a lesser extent.

014 Microcosm Study to Determine the Feasibility of Bioremediation at a KarstSite. Franklin, P.R.*, Tennessee State University, Nashville,
TN;Williams, S.D., Farmer, 1.1, and Byl, T.D., U.S. Geological Survey,Nashville, TN. The potential for bioremediation of trichloroethylene (TCE)
is being examined at a karst site in Middle Tennessee where "pump and treat" wells are used to slow the movement of ground water away from the
site and to remove some of the TCE. Ground-water samples were collected from nearby wells and analyzed for geochemical indicators of
bioremediation (electron donors and acceptors). Trends in the concentrations of TCE and intermediate degradation products also were monitored.
Bacteria associated with the degradation of TCE were identified in water samples using the RNA oligonucleotide hybridization technique.
Water-quality data indicate that both aerobic and anaerobic conditions occur in the karst aquifer. Sulfate-reducing and methanogenic bacteria that are
associated with the reductive dechlorination of TCE (an anaerobic process) were present in samples of anaerobic well water. Methanotrophs and
ammonia-oxidizing bacteria, associated with co-metabolic degradation of TCE (an aerobic) process), were present in samples of acrobic well water.
Aerobic and anaerobic bacteria were identified in well water that fluctuated in dissolved-oxygen concentrations. Microcosm studies of ground water
collected from the karst aquifer indicated that both biodegradation pathways are active. The biodegradation in some well water was rapid, with a
TCE half-life of 35 days. Additional water-quality and hydrologic monitoring of the karst aquifer are being conducted to determine temporal and
spatial changes in water quality and to evaluate how these changes may affect the biodegradation processes at the site.

015 Phytoremediation Of Dissolved Phase Trichloroethylene Using Mature Vegetation. Doucette, W.J.*, Bugbee, B. and Hayhurst, S. C. Utah
State University, Logan, UT. A field study was conducted to determine if existing, mature vegetation is involved in the uptake, volatilization and/or
metabolism of trichloroethylene (TCE) from a shallow contaminated groundwater plume. Four on-site plants were sampled, three in the plume area
and one outside. One additional off-site control plant was also sampled. Groundwater concentrations of TCE below the vegetation ranged from 0.4
to 90 mg/L.. Flow-through glass chambers were used to collect transpiration gases for TCE analysis. Leaf, stem and root samples were collected and
analyzed for TCE and 3 metabolites (2,2,2-trichloroethanol {TCE], 2,2,2-trichloroacetic acid [TCAA] and 2,2-dichloroacetic acid [DCAA])
identified in previous laboratory studies. Measurable levels of TCE were found in 7 of 15 transpiration gas samples and 2 of 3 apparatus blanks.
TCE (6 of 34 samples), TCEt (10 of 31), TCAA (22 of 27), or DCAA (3 of 27) were identified in all four plants from the site. The off-site control
plant showed no measurable levels of TCE or its metabolites, suggesting that the plant thought to be outside of the plume area had been exposed to
TCE. Yearly precipitation patterns and root distribution (70% in top 2 ft, 90% in top 4 i) imply that direct groundwater use by existing vegetation
is much less than that obtained by precipitation. This may reduce the impact of vegetation on the removal of TCE at this site. Similar measurements
at more arid sites, where direct groundwater use by vegetation is typically greater, must be made before conclusions regarding the potential
usefulness of phytoremediation for chlorinated solvents can be made.

016 Development of a Biological Permeable Barrier to Treat Contaminated Ground Water Using PVA-Immobilized Cells. Razavi Shirazi,
F"., Oklahoma State University; Stillwater, OK; Veenstra, I., Oklahoma State University, Stiliwater, OK. Today's release of chlorophenols to the
ground water is greater and growing faster than ever. Due to their toxicity, tendency to bioaccumulate, and persistence in the environment,
chlorophenol contamination of ground water is of concern. This research focused primarily on development of biological permeable barriers as a
method of cleaning up ground water contaminated with Trichloropheno! (TCP). Permeable barriers are permeable to water, but prevent the
migration of contaminants. This study investigated the performance of a novel permeabie barrier system: cells immobilized in poly-vinyi alcohol-
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boric acid (PVA) beads. Treatment systems using immobilized microbial cells have significant advantages over conventional free cell systems.
Immobilized microbial cells have been shown to be more resistant to high concentrations of toxic chemicals because the cells are entrapped in
polymer a (PVA). This study evaluated the use of immobilized cells in a permeable barrier system by conducting a series of column studies under a
variety of conditions, such as different flow rates and different concentrations. The permeable barrier was evaluated on the basis of removal
efficiencies, ease of operation and cost. PVA-immobilized cells had TLP removal efficiencies between 100-91% for loading rates ranging from 0.3-
0.6 g L''d. Resilience of the PVA-immobilized cells was examined by exposing the system to high concentrations of TCP (10 times normal
concentration) and low DO conditions (. 2 mg/L DO) and then tracking their recovery after normal operating conditions were restored. The
permeable barriers recovered within 11 to 21 days. The cost of PVA-immobiiized cells permeable barrier is very low compared to other
technologies for in situ removal of contaminants from ground water. Overall, the PVA-immobilized cells’ performance were considered to be good,
making this specific matrix permeable barrier a potentially useful technology.

017 Degradation of Polycyclic Aromatic Hydrocarbons (PAHs) in New York Harbor Sediments. LeBlanc, L. A.*; Brownawell, B. J,,
University of New York at Stony Brook, Stony Brook, NY. There are few reports on degradation rates of PAHs that have become associated with
sediments under field conditions due to the slow rates observed. Long term (120-day) oxic slurry incubations were performed with sediments
collected from 4 stations in New York Harbor and Western Long Island Sound. Rate and extent of compound disappearance was measured in
sacrificed timepoints. The observed degradation was related to the fraction desorbed onto XAD resin in separate, concurrent slurry incubations. In
addition, PAH-degrading bacterial populations were characterized by measuring the rate of “CO, evolution in short term slurry incubations with
radioalabeled phenanthrene. All sediments had high PAH (ppm) concentrations with sediments from Rikers Island (Western Long Island Sound)
and Kill Van Kull (off New Jersey) having concentrations in excess of 100 ppm. Differences between sites were observed in the extent of
degradation and desorption. Sediment from Rikers Island showed significant degradation (up to 50% for many compounds) with >80% desorbed
PAH over the same time period (60 days). This site also had the highest degradation rate (1 d') in the radiolabeled assay. Conversely, the Kill Van
Kull site showed lower degradation (20%) despite high desorption (80-100%). This sediment exhibited no degradation of radiolabeled
phenanthrene in the short term assay. The other two sediments, collected from the Arthur Kill and the East River, had lower rates of degradation and
desorption (10-20%) and “C-phenanthrene degradation rates intermediate to the other two sites. We hypothesize that bioavailability limited
degradation in the latter two sediments, while the differences in degradation between Rikers Island and Kill Van Kull sediments were due to
differences in bacterial populations.

018 Bioaccumulation and Biotransformation of PAHs to Lumbriculus variegatus (Oligochaeta). LeppSnen, M.T.; Kukkonen, J.V.K, University
of Joensuu, Joensuu, Finland. Bioaccumulation and biotransformation of 14C-Pyrene and 3H-Benzo(a)pyrene by L. variegatus was studied with
spiked sediment (TOC = 10%) in the laboratory. During a three-week accumulation and a one-week depuration experiment, organisms were sampled
for total tissue activities as well as for extraction analysis of pure compounds and biotransformed products. Bioaccumulation was fast; both
compounds achieved apparent steady state within the first week of exposure. During the second and third weeks of exposure, pyrene activity in the
tissues increased linearly but no change in BaP activity was measured. In tissue extractions we defined all radioactivity associated with water,
KOH/DMSO and unextractable fractions as biotransformed compounds and activity in hexane phase as pure compound (verified by TLC). After
336h of exposure 21% of BaP and 53% of pyrene radioactivity in tissues were associated with biotransformation products. After transfer to clean
sediment oligochaetes depurated rapidly pure BaP (within 48h) and pure pyrene (within 24h). Depuration of the total biotransformation products
was extremely low; an estimation for their half-life was 168d for BaP products and 66d for pyrene products. Biotransformation of pyrene explained
the linear increase in tissue radioactivity after the apparent steady state had been reached during the first week of exposure. The steady state
describes the balance between the source and pure pyrene in the tissues and the increase in total activity thereafter is based on formation of
biotransformation products which are eliminated very slowly. The same phenomenon was not observed for BaP possibly because it is
biotransformed more slowly and absorption of hydrophobic compound to sediment particles continued during the test which simultaneousty
decreased radioactivity of pure BaP in tissues. These results affect the bioaccumulation modeling and analyses of PAHs in L. variegatus.

019 Ecotoxicological Assessment of Bioremediated Hydrocarbon-Impacted Soils. Saterbak, A., Wong, D.C.L., McMain, B.J., Williams, M.P.,
Shell Development Co., Houston, TX; Toy, R., Shell Chemicals Ltd., London, UK. Characterizing environmentally-acceptable endpoints for soil
requires an understanding of the impact of chemicals on the soil and subsequent effects on the terrestrial ecosystem. Eight hydrocarbon-
contaminated field soils were collected and characterized by pH, texture, metals, electrical conductivity, TPH, O&G, BTEX, and saturate, aromatic,
polar, and asphaltene fractions. Ecotoxicological tests included earthworm (Elsenia foetida) 14-day survival and reproduction assays and
germination and root length assays using four plant species. Ecotoxicity tests on the unremediated contaminated soils showed a range of species
specific responses which differed among the soils. The soils were then actively biotreated in the laboratory for one year, during which time
hydrocarbon and ecotoxicity assays were used to monitor changes. Freon-extractable TPH decreased by 26% to 80%, depending on the soil. The
number of lettuce and mustard seeds which germinated increased as TPH decreased in some but not all soils. In general, lettuce and mustard seed
germination increased following biotreatment except for two soils with known salt contamination. Corn and wheat germination remained high in
most soils and did not change following bioremediation. Root length responses varied among plants and soils, increasing in some soils and
remaining unchanged in others. Earthworm survival increased to 100% or remained at 100% following bioremediation. The numbers of cocoons and
juvenile earthworms increased in some soils but remained unchanged in others following remediation. Statistical correlations between ecotoxicity
and hydrocarbon measurements were explored. TPH by gas chromatography showed reasonably strong relationships with plant and earthworm
responses; freon-extractable TPH and O&G did not correlate as well to the plant and earthworm endpoints. The selection and application of
ecologically relevant assays will be discussed in the context of the RBCA framework.

020 Oil Spills: Risk Assessment of Bioremediation Methods. Johnson, B.T.*, USGS, Columbia, MO; Lee, K., Fisheries and Oceans Canada,
Mont-Joli, Quebec, Canada; Huckins, I.N., USGS, Columbia, MO; Petty, J.D. USGS, Columbia, MO. The effects of bioremedial agents
(detergents, inorganic and organic nutrients, oil-degrading bacteria, and intrinsic) on simulated oil spills were monitored to assess both acute toxicity
and ecogenotoxicity of the resulting water-borne contaminants. Environmental petroleum spills were simulated in laboratory sediment: water
microcosms with model contaminants -- crude oil, fuel oil, jet fuel, gasoline, and recycled motor oil -- and in field studies in Svalbard (Norway) with
crude oil. A semipermeable membrane device (SPMD) that mimics passive sorption of organic pollutants through biological membranes was used
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for collection and concentration, and three procaryotic microscale assays -- Microtox7, Mutatox7, and the Salmonella Mutagenicity Test (Ames) --
for detection. Monitoring the bioavailability and toxicity of water-borne contaminants provided an operational end-point for bioremedial activities.
This new tandem monitoring approach -- SPMDs and microscale assays - offered both a sensitive and cost-effective toxicological assessment tool.

021 Biological Assessment of Soil, or SETAC Retraces Evolution from Water to Land In the Evaluation of Ecological Toxicity. Linder, G.,*
HeronWorks, Salem, OR and USGS, ECRC, Columbia, MO; Stephenson, G., Ecological Services for Planning, Guelph, ON, Canada; Fairchild, J.,
USGS, ECRC, Columbia, MO. SETAC has a long history of encouraging the development of biological assessment tools applicable to ecological
hazard and risk evaluation. While numerous compilations of aquatic and sediment test methods are readily available for evaluating toxicity as an
ecological effect, fewer collections of test methods are readily accessible for evaluating soil contamination. Here, through a series of platform
presentations, we will present numerous biological ‘assessment tools applicable to soil contamination evaluations, with a central focus on methods
that are currently available for evaluating soil toxicity. Soil toxicity is one potential indicator of adverse effects associated with soils impacted by
chemicals reteased to the environment, and biological tests completed on soils potentially yield endpoints relevant to the evaluation of ecological
effects within an ecological risk setting. Biological test methods -- animal, plant, or microbial -- that assess “upland” soils will be emphasized in the
session, but methods applicable to hydric soils characteristic of wetlands will also be considered. In general, the soil evaluation methods detailed in
this session will be tests on bulk soils or tests that evaluate toxicity associated with soil interstitial water. Within an ecological risk context, the
biological assessment tools will focus on acute toxicity tests as well as short-term tests measuring biological endpoints characteristic of chronic
effects associated with soil contamination. As such, estimates of soil toxicity may yield information regarding acute biological responses as well as
suggest longer-term biological effects (e.g., genotoxicity or teratogenicity) potentially associated with subacute and chronic exposures to complex
chemical mixtures characteristic of most soil exposures.

022 Comparative Toxicity of the Earthworm Eisenia foetida Relative to Soil Type. Simini,M.*, GEO-CENTERS, Inc. and Ronald T. Checkai,
U.S. Army ERDEC, APG, MD USA. Chemical warfare agent simulant compounds (CWASC) used in testing and training exercises can contaminate
soils at US Army installations. Formerly, little was known about the effect of soil type on toxicological response of ecologically important soil
fauna. Evaluation of this differential response is important to estimate ecological risk. Acute (14-day survival) and chronic (21-day cocoon
production) earthworm (Eisernia foetida) tests were employed to evaluate the toxicity of the CWASC: Bis (2-ethylhexyl) phosphonate (BIS),
diisopropy! methylphosphonate (DIMP), and Malathion in standard artificial soil (AS) (U.S.EPA), O"Neil-Hall Sandy Loam (OHSL) and Sassafras
Sandy Loam (SSL). Results indicated greater sensitivity to all CWASC in chronic tests compared to acute tests. Toxicity varied according to soil
type. BIS was significantly more toxic in both field soils compared to the artificial soil in both acute and chronic tests. Malathion was more toxic in
SSL than in AS, but less toxic in OHSL in the acute tests. Chronic test results for Malathion indicated greater toxicity in AS and SSI. compared to
OHSL. Toxicity was not significantly different for DIMP among all soil types for both acute and chronic tests. Soil organic matter (OM) may play
arole in determining degree of toxicity. Organic matter content in AS, OHSL, and SSL was 10%, 4.3%, and 2.3%, respectively.

023 Comparison of the Bioavailability of Pentachlorophenol in Soils Using Earthworms (Eisenia fetida) and Passive Sampling devices.
Lanno, R.P. and J. Wells, Oklahoma State University, Stillwater, OK. The soil environment contains myriad modifying factors that affect the
bioavailability of toxicants to soil organisms. Critical body residues (CBRs), or chemical residues in organisms related to biological responses,
provide one method of directly assessing bicavailability of chemicals from soils. However, CBR evaluations are restricted to soils where test
organism health is not compromised by normal soil characteristics. An alternative to live organisms for assessing the bioavailability of soil
contaminants is passive sampling devices (PSDs) such as semi-permeable membrane devices (SPMDs) and solid-phase microextraction fibres
(SPMES). This study compares CBRs for pentachlorophenol (PCP) in E. fetida to residues as determined by PSDs. Earthworms were exposed in
artificial soil spiked with PCP in a geometric concentration series to estimate incipient lethal levels (ILLs) and toxicity half-lives. SPMDs were
exposed at the estimated ILL (65 mg/kg) and sampled in a geometric time series up to 64 days. SPME estimates of PCP availability will be made at
the same times as SPMD samples were taken. A comparison will be made of PCP residues in both worms and SPMDs at steady state and the
implications of bioavailability as measured by PSDs for ecological risk assessment will be discussed.

024 Bioaccumulation of Metals and Selected Organic Chemicals in Earthworms. Linder, G.,* HeronWorks, Salem, OR and USGS, ECRC,
Columbia, MO; Callahan, C., US EPA, Region 9, San Francisco, CA; Fairchild, J., USGS, ECRC, Columbia, MO. As part of the ecological risk
assessment process for contaminated soils, the evaluation of bioaccumulative chemicals is frequently pursued through a food-chain analysis focused
on exposures to terrestrial vertebrates followed by a comparison of daily doses to benchmark toxicity reference values to estimate risk. Quite often,
however, a quantitative description of soil-fo-s0il biota transfer factors is lacking. Out of necessity then, simple ratio estimators are taken from the
existing literature to estimate tissue residues in prey items of terrestrial vertebrates. For example, earthworms most often are considered vectors in
the transfer of soil contaminants to receptors in higher trophic levels; most often, birds and mammals. Here, designed studies focused on food-
chains such as "soil - soil macroinvertebrate ->terrestrial vertebrate” illustrate an approach for the derivation and validation of trophic transfer
factors for metals such as cadmium, chromium, copper, lead, and zinc, which are frequent constituents in contaminated soils. Similarly, an analysis
of the bicaccumulation potential of selected organic chemicals will be summarized, including an analysis of the confounding effects associated with
carthworm foraging during exposure. Overall, the results of these studies suggest that food-chain analysis need not rely exclusively on encountered
data to estimate the transfer of chemicals from abiotic to biotic compartments, especially given the critical role of transfer factors in the analysis and
the potential for their being influenced by numerous interacting abiotic and biotic factors such as the physicochemical properties of soil and the
biological responses of earthworms during exposure.

025 Biological Assessment of Soils by Using a Chronic Plant Test. Rombke, J.*, Kalsch, W., ECT Oeckotoxikologiec GmbH, Flérsheim, Germany.
Since 1994, the German government is funding a joint research project entitled Processes for the Bioremediation of Soil. One part of this initiative is
the validation and (partial) development of more than ten ecotoxicological test methods as a complement to chemical analysis. These methods are
considered to be used in the future for the assessment of the retention function (ability of soils to adsorb pollutants in such a way that they cannot be
mobilised via the water pathway) and habitat function (ability of soils to serve as a substrate for plant growth and as a basis for biocoenosis) of
bioremediated soils. After an overview on the methods currently under study in this project, a chronic plant bioassay conducted in our laboratory
will be used as an example. This new test is based on experiences with various plant acute tests (especially the OECD Growth Test (1984)) and the
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Plant-Life-Cycle Bioassay developed in Canada in 1993, Characteristic properties of the test system, which can be performed either with Brassica
rapa or Avena sativa, are the duration of 35 to 50 days, the use of the OECD artificial soil and a German standard field soil as controls, an automatic
wick irrigation system and, besides measuring biomass and shoot length, the number of pods, seeds and flowers are used as measurement endpoints.
During the development of the test, TNT was used as a reference substance. The results of these test runs, e.g. an NOEC of 56 mg/kg in a test with
B. rapa, are compared to tests in which contaminated and uncontaminated soil samples from an old ammunition site (TNT concentration: up to 1600
mg/kg) were tested before and after bioremediation.

026 Relevance of Laboratory Toxicity Tests for Risk Assessment of Soil Contamination. Smit, C.E.*, Posthuma, L., National Institute of Public
Health and the Environment, Bilthoven, The Netherlands; Van Gestel, C.A.M., Vrije Universiteit, Amsterdam, The Netherlands. Results of single-
species laboratory toxicity experiments play an important role in the derivation of soil quality criteria in the Netherlands, since they are the input
values for the statistical extrapolation methods used to estimate ecotoxicological risk limits. The project “Validation of Toxicity Data and Risk
Limits for Soils” aimed to evaluate the field relevance of both toxicity data and risk limits, and to identify which factors introduce the largest
uncertainties in laboratory-to-field extrapolation of toxicity data. Experimental research focused on metal contamination, in particular zinc.
Laboratory tests and semi-field experiments on widely used test species (Trifolium pratense; Folsomia candida, Enchytraeus crypticus, Eisenia
andrei) and micro-organisms were performed to determine the influence of soil characteristics and exposure conditions on zinc toxicity. It appeared
that variable exposure conditions modulate toxicity only in a minor way, whereas differences in bioavailability between soils are of prime
importance in laboratory-to-field extrapolation. It was shown that soil extraction with water or a CaCl, solution can be used as an operational
measure of bioavailability. To study the ecological relevance of extrapolated risk limits, observations on community endpoints of enchytraeids,
nematodes and micro-organisms were made in an artificially contaminated field plot and at a heavy metal polluted field site. Results indicate that the
current Dutch ecotoxicelogical hazard concentrations discriminate between the absence and presence of contaminant effects in the field, These risk
limits are therefore valuable as a first-tier evaluation system in soil protection policy. For site-specific risk assessment, the soil chemical and
biological characteristics of the local ecosystem should be included in the evaluation.

027 Methods to Assess the Impact of Human Activities on Soil Microbial Ecosystems. Siciliano, S.D.* University of Saskatchewan, Saskatoon,
SK, Canada. There are a variety of human activities such as point source pollution from smelters or the introduction of engineered organisms, that
can adversely affect soil microbial communities. Traditional methods in microbial ecology designed to detect changes in soil communities are time
consuming and imprecise. Newer methods such as fatty acid analysis, carbon substrate utilisation or genomic analysis, show considerable promise
to improve the speed and precision of soil microbial toxicity tests. Fatty acid analysis of soil can detect changes in soil microbial communities
caused by heavy metal or chlorinated benzoic acid pollution. However, background variation due to a variety of soil properties such as sampling
depth, landscape position or soil type, can confound the results obtained with toxicity tests. Hence, careful selection of controls is required to insure
that results are interpreted correctly. Assessing the carbon substrate utilisation patterns of microbial communities extracted from soil can also assess
the impact of pollution but relating these profiles to larger ecosystem processes is difficult and requires further research. Furthermore, comparisons
between studies is hampered due to poor control of inoculum density which is known to influence utilisation patterns. Extraction of DNA from soil
and the analysis of genomic sequences is a proven technique but suffers from technical difficulties. Humic acid polymers co-extracted with DNA,
interfere with many nucleic acid techniques and makes processes such as DNA amplification difficult. This technique, however, gives readily
interpretable resuits that can be related to larger ecosystem processes. These new tools promise accurate and cost effective measurements of the
impact of human activities on the soil microbial community.

028 Assessing the Ecological Risk of Soil Contaminants in Remedial Actions - Perspectives from the Trenches. Stahl, R.G.* DuPont,
Wilmington, DE; Blakley, N.R., Washington Dept. of Ecology, Olympia, WA. Assessing the ecological risk of soil contaminants presents an
important challenge to practioners of ecological risk assessment (ERA) as well as to individuals and groups tasked with making a final risk
management decision. The challenge is common to those in the regulatory and regulated communities alike. Two problems occur routinely: 1) even
though soil contaminants have been evaluated in detail for assessing risks to humans, the same methods and approaches are not applicable, fully, in
ERA,; and, 2) unlike the approach to developing water quality criteria, where data sets are relatively robust, similarly large and diverse data sets are
not routinely found for terrestrial receptors. Common challenges in undertaking the ERA include: 1) what studies to select to support the
development of a toxicity reference value (TRV); 2) finding suitable, scientifically-sound data to support inputs to food web models including soil
to tissue uptake factors, contribution of soil to dietary intake, relevant biomarkers of exposure and effects, and , a host of other issues. Using soil
toxicological test resuits and other relevant biological information, allows risk assessors and risk managers to reach a scientifically supportable
remedial decision.

029 Biological Assessment of Hydrocarbons in Soils. Menzie*, C.A., Menzie-Cura & Associates, Chelmsford, MA. This paper outlines a tiered
approach for evaluating hydrocarbon-contaminated soils. The approach reflects experience with petroleum as well as coal-tar contaminated sites.
The approach begins with a screening-level method that helps identify if ecological risk assessment is warranted. This initial step is also used to
begin the process of identifying what is important to protect at a site and to identify the important pathways. Information developed in this initial
screening-level analysis is then used to identify contaminated media/pathways that are relevant to the site. The next step of the procedure involves
the use of screening criteria that may include benchmarks as well as site observations. Biological assessment tools including field observations and
measure of toxicity to plants and animals are included in subsequent tiers. The method describes how spatial and temporal scales can be considered
for both the exposure field as well as for the activity patterns of the ecological receptors. Finally, information is provided on how to include
measures of chemical availability into an overall weight-of-evidence approach.

030 It’s Soil, Not Mud! What We Know, Assume, and Rationalize on Our Path to Assessing Terrestrial Systems. Kapustka, L. A., ecological
planning and toxicology, inc., Corvallis, OR. Contemporary approaches to ecological risk assessment are dominated by estimates of toxicity.
Policies adopted by regulatory bodies were based largely on experiences with aquatic systems. In addition, most environmental quality criteria
endorse precautionary principles to finesse issues of uncertainty. Many state, provincial, and internaticnal regulatory bodies are marching rapidly
toward the adoption of soil criteria for organic and inorganic substances. Meanwhile, humbling questions are being asked, which call into question
whether the scientific support exists to set discrete soil criteria. The literature is awash with reports from hydroponic studies and other experimental
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designs that hardly reflect the dynamic nature of soils. This paper will highlight the multi-factor, non-linear relationships that dominate
phytotoxicity and ecological assessment of soils, including: relationships between environmental concentration and plant tissue concentration;
comparisons among mycorrhizal and non-mycorrhizal plants and gnotobiotic plants versus plants with rhizosphere flora; and finally translation of
physiological response to toxicological effect to ecological consequence. It won’t be pretty; it’s soil.

031 What Is the Optimum Number of Replicates and Number of Observations per Replicate for the Sea Urchin Embryological Development
Assay? Mastroti, R.R.*, University of Sao Paulo, Sao Paulo, SP, Brazil; Rosso, S., University of Sao Paulo, Sao Paulo, SP, Brazil. Toxicity tests
for monitoring purposes should be sensitive and easy to conduct. Monitoring programs often generate a high number of samples due to the
numerous sampling sites and sampling frequency. The goal of this study was to evaluate how the number of replicates and the number of organisms
observed per replicate influenced the results. With this knowledge it becomes possible to minimize the observation efforts without impairment to the
reproducibility and reliability of the test. A short term chronic toxicity test was conducted with sea urchin embryos {(Lytechinus variegatus). Ten
replicates were prepared for each of the six selected concentrations of SDS (reference toxicant). The percentage of abnarmalities for each replicate
were calculated on the basis of 20, 40, 60, 80, 100, 120, 140, 160, 180 and 200 organisms observed per replicate. The variances and averages
associated with the number of replicates and with the number of observed organism per replicate were calcujated. Based on this analysis, some
advantageous combinations were suggested to be applied in routine toxicity tests.

032 Estimation of Hazardous Concentrations from Bimodal Species Sensitivity Distributions Using Bayesian Statistics. Jaworska, J.S.*,
Procter & Gamble, Strombeek-Bever, Belgium; Aldenberg, T., RIVM, Bilthoven, The Netherlands. The sensitivity of biological species for
toxicants has been modeled through fitting unimodal statistical distributions to NOEC, or LC50, data sets. Quality objectives can be calculated by
estimating percentiles, so-called Hazardous Concentrations, at which a fraction of 5% of the species is affected at the most. For éstimating the
Fraction Affected at some given or predicted environmental concentration, the method is used inversely by calculating values of the cumulative
sensitivity distribution. Since toxicity data sets tend to be small, the estimation of the uncertainty, either through Classical confidence statistics or
Bayesian statistics, is an essential part of the assessment process. For pesticides, unimodal distributions may not be appropriate, since many
pesticides are developed for certain target species, so that the toxicity data may be distributed in a bimodal or multi-modal way. Using a single mode
distribution including data for insensitive species may lead to an overestimation of the risk involved. One way to model bimodality is to employ
mixtures of two unimodal distributions. The simplest model involves five parameters: two means, two standard deviations, and a weighting factor.
The Bayesian approach is flexible enough to handle the fitting of these bimodal distributions to data sets, as well as to assess the uncertainty of the
distribution employed, of its cumulative function and of the percentiles to determine Hazardous Concentrations. Since the mixtures involve a more
sensitive group (lowest mean) and a less sensitive group (highest mean), one has at least two options to set Hazardous Concentrations, either as a
percentile of the total mixture, or as a percentile of the more sensitive group. This latter option is preferred. For fenitrothion L(E)C50 data (n=42),
clearly showing bimodal behavior, it turns out that the several possible options for estimating the median HC5 do not differ much: 0.30 ug/! from the
unimodal normal distribution, 0.26 ug/! from the unimodal model for the most sensitive data only, 0.37 ug/l from the bimodal normal mixture, and
0.16 ug/l from the more sensitive group of the bimodal mixture. This is surprising given the fact that the data span a range of 0.021 up to 7000 ug/l.
The cause of this apparent insensitivity to the model employed is discussed.

033 Statistical Analysis of Ecotoxicology Experiments: Practice, Relevance and Power. Green, . W., DuPont, Newark, DE. Several methods
of analyzing continuous data in a concentration-response experiment will be compared for power and appropriateness, including Dunnett’s classic
multiple comparison procedure and step-down applications of the Jonckheere-Terpstra trend test and a new contrast based approach. Two
underlying principles are recommended: (1) The statistical model should reflect the experimental design and both biological expectation and
uncertainty. (2) Demonstration of adequate statistical power should be a requirement for every analysis. In general, a step-down approach is
recommended for monotonic data with an appropriate check of the presumptive model. In this context, contrasts using normalized ranks and
Bartholomew’s test for trend or departure from trend are compared. Simulation results and laboratory test data are used to demonstrate the power
and application of two possible statistical tests consistent with these recommendations and the tests are compared to Dunnett’s test. Although the
Jonckheere-Terpstra test is well known, the step-down application of this test is relatively new. The theoretical basis of this approach and simulation
results are given. An alternative test is based on Helmert contrasts and was developed by A. C. Tamhane, C. W. Dunnett, J. D. Wetherington and
this aathor. This latter method is especially appropriate when agreement exists on the magnitude of biological effect it is desirable to detect. Asa
rule, step-down tests based on monotonic response models are more powerful than multiple comparison methods which assume no structure. The
use of one- or two-sided tests depends on biological appropriateness. The variety of conditions of normality, variance homogeneity, multiple
variance component designs, lack of monotone concentration-response and presence of massive ties in the response found in ecotoxicology data
mean none of these methods is universally appropriate, but uniform, logical flow charts exist.

034 No Observed Effect Concentrations (Noecs) and Effect Concentrations (Ecs) for Identifying a Safe Concentration. Green, JW.,
Wetherington, J.D.* Ferry, N.M., Dupont Agricultural Products, Newark, DE. The primary objective in aquatic toxicology laboratory studies is to
assess the biological activity of a chemical compound to nontarget aquatic animals (e.g., fathead minnows). An experiment is generally conducted
in which five or more concentrations of a compound are administered to separate groups of experimental units. The goal of these experiments is to
estimate a safe concentration that will not produce some undesirable level of biological effect (e.g., reduction in egg production in female fathead
minnows). There are two general approaches to estimating a safe concentration. One approach uses hypothesis testing to find the highest
concentration that is safe among the tested concentrations. This is the highest concentration at which the mean response is not statistically
significantly different from the mean response of the zero concentration control group (i.e., the No Observed Effect Concentration or NOEC). A
second approach for estimating a safe concentration uses regression methods to describe the relationship between concentration and response with a
mathematical function (e.g., a line). Using this hypothesized relationship, the concentration corresponding to a specified level of effect is predicted
(e.g., the Effect Concentration producing a 5% reduction in egg production or ECs). An increasing number of statisticians favor EC estimation over
the calculation of NOECs. First, we review the criticisms leveled against determining NOECs and present data to indicate that these criticisms are
not necessarily fatal. Second, we compare conclusions drawn from NOECs calculated from actual aquatic toxicology experiments to conclusions
drawn from predicted ECs and demonstrate the dependence of the predicted EC on the choice of mathematical function. Finaily, we introduce an
aliernative approach for identifying a safe concentration based upon step-down multiple comparisons procedures (e.g., Biometrics 52: 21-37).
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035 Hockey Stick and Generalized Linear Models (Glims): How Useful Are They for Estimating Thresholds? Moore, D.R.J.*, The Cadmus
Group, Ottawa, ON; Caux, P.-Y., Environment Canada, Hull, PQ. One objective of analyzing toxicity data is to derive the level below which there
are no adverse effects (i.e., the threshold). Proponents of hypothesis testing often argue that the regression approach using standard models (probit,
logistic) precludes threshold estimation, thus justifying using ANOVA to estimate NOELs. This is not a valid defence of ANOVA, but is a valid
criticism of the regression approach. In this paper, we explore and critique two regression approaches capable of estimating thresholds: generalized
linear models (GLiMs) and hockey stick models. Bailer and Oris (ET&C 16: 1554-1559) demonstrated that GLiMs provide a general framework for
data commonly encountered in aquatic toxicology including survival, fecundity, and biomass. GLiMs have two ingredients: the distribution of the
response variable (e.g., binomial distribution for survival), and a link function to linearize the concentration-response relationship (e.g., probit link
for survival). By adding a quadratic term to the linear regression equation, GLiMs can be used to estimate threshold concentrations. Hockey stick
models are a special case of the segmented class of regression models. They consist of two segments, both linear, constrained to intersect at the
threshold. One segment has a zero slope to represent constant background effect. The threshold and the slope of the other segment are the estimated
parameters. We found that both approaches are capable of estimating thresholds, although several treatments with no effects and several with low
toxic effects are generally required to estimate thresholds with reasonable precision. Hockey stick models have the added advantage of being able to
estimate confidence intervals for the threshold. GLiMs, however, can handle hormetic responses and have more theoretical justification than do
hockey stick models.

036 Identifying and Quantifying Hormetic Hazards. Bailer, A.J.*, Oris, J.T. Center for Environmental Toxicology and Statistics, Dept. of Math.
& Stat.(AJB), Dept. of Zoology (JTO), Miami University, Oxford, Ohio USA. Subtoxic stimulation of organism response is not uncommon in
aquatic toxicology gxperiments. This subtoxic stimulation, so-called hormesis, is observed in both growth and reproduction experiments in
different trophic levels of an ecosystem. The quantification of hormetic hazards is described. In particular, inhibition of response relative to control
response or relative to maximal response will be discussed. The use of statistical models that accomodate subtoxic stimulation is advocated from
the perspective of potency estimation. Finally, we describe issues in the design of toxicology experiments in which hormesis is expected.

037 Technical Basis and Application of Toxicity Equivalents in Probabilistic Risk Assessments of Pesticide Mixtures. Chappel, M.J.*,
Solomon, K.R., Sibley, P.K., Centre for Toxicology, University of Guelph, Canada. Understanding the toxicology and risk assessment of multiple
stressors has historically been a challenge in environmental toxicology. However, in reality, most biological systems are exposed to multiple
stressors at the same time. For compounds which exhibit the same mechanism of toxic action, effects will most likely be additive. Where additivity
exists, Toxic Equivalency (TE) approaches may be used as basis for the risk assessment of these compounds. An initial concentration-response
study followed by an ANOVA study were used to determine whether the toxic equivalency (TE) approach could be used for probabilistic risk
assessments for mixtures of organophosphorus insecticides. In our study, the effects of mixtures of three organophosphorus insecticides (azinphos-
methyl, chlorpyrifos, diazinon) on populations of fathead minnows (Pimephales promelas) were evaluated in both field mesocosm (12m%) and
controlled laboratory studies. In the ANOVA study, the three OP’s were normalized to the most toxic organophosphorus insecticide, in our case,
azinphos-methyl. For the field mesocosm studies, the exposure values were based on an ecosystem-level 90" centile response derived using
distributional analysis of existing measured environmental exposure data sets. In both studies, mortality and brain acetylcholinesterase (AChE)
activity were monitored for up to 7-d. In the concentration-response study, significant reductions in survival of fish were observed at 150 x 90™
centile, equaling approximately 51 mg/L azinphos-methy! equivalents. When tested in the ANOVA study, both mortality and brain AChE activity
were not significantly different between each treatment, indicating that concentration addition was the only interaction observed. This study
validates the use of TEs for the probabilistic risk assessment of mixtures of organophosphorus insecticides and confirms the additivity theory for the
effects of mixtures of organophosphorus insecticides. Preliminary laboratory studies also confirm the additivity hypothesis and will be presented.

038 Importance of Understanding Sensitivity in Model Ecosystems: Relationships to Field Communities and Risk Assessment Implications.
Belanger, S. E. and Dyer, S. D. The Procter & Gamble Company, Cincinnati, Chio USA. Well designed model ecosystems are used as surrogates
for the real world in evaluating the fate and effects of chemicals. Benthologists have long recognized that some fauna are more susceptible to
effluents than others. These include the Ephemeroptera, Plecoptera, and Trichoptera (EPT) group and selected members of almost all other
invertebrate orders. Low application factors are assigned to results from model ecosystems for risk assessment purposes. This implies that the
experimental design was suitable o find responses when present and that the biology was of a sufficient type (containing sensitive species and
sufficient abundances) to detect perturbations. In order to quantitatively assess this issue we first evaluated the community structure of numerous
model stream ecosystems relative to field communities. Secondly, we compared results of a single model stream system (the P&G Experimental
Stream Facility) which can use effluent and/or surfactants as perturbants with a tong term field survey of sites throughout Ohio conducted by Ohio
EPA. In the first analysis, we demonstrate that model ecosystems have the potential to simulate community complexity equivalent to that of
impacted and unimpacted field communities. Statistical sensitivity (minimum detectable difference, coefficients of variation) for selected designs
and test systems was also determined. In the second, the ESF is placed into the context of community sensitivity of Ohio rivers using population
sensitivity ranking indices based on work of Clements (1992), Hilsenhoff (1987) and Lenat (1993). The ESF is in the upper 20 percentile of stream
communities with respect to sensitivity. These results quantitatively support the use of low or no assessment factors for extrapolating results of
sensitive mode! stream ecosystems for use in risk assessment.

039 a Strategy for the Use of Multivariate and Multimetric Methods of Analysis of Benthic Macroinvertebrate Communities to Assess Different
Types of Stress. Boyle, T.P.*, Biological Resources Division, USGS, Fort Collins, CO; Easter, M.]. Colorado State University, Fort Collins, CO. The
use of community level biological assessment has become divided into two approaches. The first has come to be know as the multimetric method in that
it is comprised of a number of metrics on individual community atiributes which are then presented as an array and/or summed to give a single measure
of the status of the biological community. The second is the use of various multivariate statistical techniques, which assess the structural variability of
the benthic macroinvertebrates and the relationship of that variability with natural and anthropogenic environmental variables. The multimetric
methodology has the advantage of ease of computation and comprehension; the multivariate methodology, while computationally more complex, is more
statistically rigorous and better integrates physical, chemical, and biological data. Using canonical correspondance analysis, we have developed a rational
for the tandem use of these two methodologies and offer example studies of changes within benthic macroinvertebrate communities at different sites

8 SETAC 19th Annual Meeting Abstract Book



with different degrees and types of stress, including landuse (sedimentation) in ther Upper Pennsula of Michigan, abandoned mine lands (heavy metals)
in Montana, and domestic treatment plant effluent (ammonia) in southern Arizona. Based on the ordinal separation of the different sample sites within
a watershed, and the strength of the relationships of the analysis with the physical and/or chemical variables, individual metrics were selected or developed
for future assessment and monitoring.

040 A Framework for Assessing Contributions of Multiple Stressors to in-situ Biological Responses. White-Hull, C.E.*!, S. Dyer', X. Wang?,
T. Johnson!, and G. Carr'. '"The Procter & Gamble Co., Cincinnati, Ohio and Univ. of Cincinnati, Cincinnati, Ohio. Conventional assessment
methods estimate risk to receiving water biota via univariate analyses of laboratory-derived biological information and chemical exposure data, and
assume that biological response can be predicted based upon an adequate understanding of single chemical exposure. Although this approach is
suitable for single species toxicity tests and extrapolation to model ecosystems, it may be unsuitable for field situations where other physical and
chemical factors (e.g temperature, suspended solids, in-stream and riparian habitats, pH, nutrients, and chemicals from agricultural, consumer and
industrial uses) may play more important roles in regulating biotic integrity. Therefore, in order to ground-truth lab-based risk assessments, an
understanding of the relative contributions of these other factors dictating biotic integrity should be considered. This presentation will describe a
framework developed for assessing these contributions based upon a pilot study conducted for the Little Miami River watershed, an Exceptional
‘Warm-Water Habitat located in southwest Ohio. For the approach, water chemistry, habitat and biological information are extracted from Ohio and
U.S. EPA databases, and integrated via Geographical Information System (spatial analysis) technology using a unique stream segmenting system.
The importance of water chemistry and habitat are then determined using multivariate statistics. Based on the success of the pilot study, the
approach was applied to additional Ohio watersheds having more diverse habitat and water chemistry characteristics. The presentation will address
key methodology issues: data stratification (e.g. watershed, sub-watershed, drainage area), scale of data aggregation (e.g. river segmentation, nearest
neighbor approach), and statistical considerations. Results using the framework for these additional watersheds will also be presented.

041 The Immunophysiology of The Gulf Killifish, Fundulus grandis: a Model for Assessing Estuarine Environmental Health. Rice, C.D.*,
Banes, M.M., Andol, A.Z. CEHS, College of Veterinary Medicine, Mississippi State University, P.O. Box 9825, Mississippi State, MS 39762,
USA. The gulf killifish, Fundulus grandis, is common in salt marshes along the northern Gulf of Mexico, USA. The home range of this fish is
limited, consequently it is chronically exposed to local environmental conditions, including pollution and pathogenic stress. As with the
mummichog, F. heteroclitus, a very closely related species from the east coast of USA, F. grandis adapts well to laboratory rearing practices and is
routinely used in reproductive, developmental, carcinogenesis, and chemical adaptation studies. However, little is known of it's
immununophysiology beyond innate immune responses measured iz vitro. We developed monoclonal antibodies (mAb) against circulating and
lymphocyte-bound immunoglobulins (Ig) of F. grandis that, in turn, allows us to measure antibody responses of this fish. We also developed a mAb
specific for eosinophilic granular cells (EGC), the primary lymphoid-associated phagocyte in the genera Fundulus. Using these mAbs and leukocyte
function assays, we find that (1) F. grandis mount vigorous antibody and cellular immune responses to Vibrio anquillarum, a prevalent marine
pathogen in many polluted estuaries, (2) there are circadian and seasonal changes in total Ig and antigen-specific Ig, and (3) that 10, 1, 1, and 10 ppm
of aroclor 1254, TBT, 3-MC, and nonyl-phenol, respectively (in mixture as a 120 day dietary exposure), alters circadian and seasonal changes in
total and antigen-specific antibody immune responses. In addition to affecting circadian and seasonal changes in immune responses, the treated diet
induces immunoreactive hepatic microsomal CYP1A protein, however this biomarker also exhibits circadian and seasonal changes in both treated
and control fish. (Funded by MS-AL SeaGrant NA16RG0129-R/ER-37PD)

042 Effects of Exposure to Pentachlorophenol on Host Resistance, Nonspecific and Specific Immunity in the Bluegill (Lepomis macrochirus).
Beaman, J. R.*, GEO-CENTERS INC,, Ft. Detrick, MD; Hoffmann, F., Finch, R. A., & Gardner, H., USACEHR, Ft. Detrick, MD. The effect of
pentachlorophenol (PCP), a polychlorinated fungicide/pesticide, on immune function was studied in a common freshwater teleost, the bluegill
(Lepomis macrochirus). PCP is rapidly absorbed through inhalation, ingestion, or through dermal exposure. PCP uncouples oxidative
phosphorylation, acts as an enzyme inhibitor, and stresses metabolic activity. Two 21-day flowthrough exposure studies were conducted. The first
exposure study utilized juvenile (~ 6-8 months old) bluegill exposed to PCP at 0.027 and 0.110 mg/L. Chemically exposed and clean-water control
groups were challenged by intraperitoneal inoculation with 1.2 x 107 CFU (~LDy, dose) of Yersinia ruckeri on days 10 and 21 of exposure in order
to assess host resistance against a bacterial pathogen. Mortality incidence was monitored for 96 h in both the exposed and control groups, and
toxicant effects on host resistance capacity was determined. A second exposure study utilized adult (~ 16-18 months old) bluegill exposed to PCP at
0.035 and 0.140 mg/L.. At the completion of the exposure periods (day 10 and 21), a battery of in vitro tests measuring immune parameters
(hematology, organosomatic indices, immune organ cellularity) and functions (reactive oxygen intermediate [ROI] production, mitogen-induced
lymphocyte proliferation, antibody-forming cell (AFC) response to formalin-killed Yersinia ruckeri, serum agglutination, and serum
immunoglobulin quantitation) was conducted on individual fish. Exposure of bluegili to increasing concentrations of PCP on days 10 and 21
indicated a decrease in the host resistance capacity (F = 25.29; p = 0.0005; and F = 12.81; p = 0.0050 respectively). in vitro immune function was
also significantly affected by PCP exposure. The response of AFC's to formalin-killed Yersinia ruckeri, as well as ROI production, was decreased
following exposure to PCP. Resuits of this study demonstrate the applicability of these immune assays to assess immunomodulation in a teleost fish
model following exposure to a common xenobiotic pollutant.

043 Measurements of Complex Mixtures by in vitro Bioassay: Interactions of Dioxins, Furans and Polychlorinated Biphenyls (Pcbs). Sheri
L. Lydick*, University of Maine, Orono; ME; Donald R. Hague, Maine Department of Environmental Protection, Augusta, ME; Rebecca J. Van
Beneden, University of Maine, Orono, ME. The Penobscot River in central Maine receives a significant contaminant load from two bleached-Kraft
pulp mills. Dioxins, coplanar polychlorinated biphenyls (PCBs), and other related polyhalogenated aromatic hydrocarbons present in the Penobscot
River are persistent hydrophobic compounds whose toxic effects are mediated via the aryl hydrocarbon receptor (AhR). An ix vitro bioassay has
been utilized in our laboratory, which uses the mammalian cell line Hepa.lucl.1 containing pGud.lucl.1, an expression vector with dioxin-
responsive elements (DREs) cloned upstream of the luciferase reporter gene. The ligand-activated receptor binds to the DRE and initiates luciferase
expression. The bioassay allows quantitation of toxic equivalents (TEQs) and enables us to correlate exposure with histopathological effects.
Significant levels of dioxins, furans, and PCBs have been detected in whole fish samples using this bioassay. Preliminary data suggest that the
toxicity of samples containing complex mixtures of contaminants is a non-additive interaction. A two-fold increase in the amount of teleost whole-
body extract, containing dioxins, furans and PCBs, resulted in a six-fold increase in the observed concentration. Several PCB congeners appear to
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exhibit antagonistic interactions with the AhR. Preliminary data revealed an 88-fold decrease in the observed versus expected TEQ of a mixture
containing coplanar (toxic) and tetra-ortho (nontoxic) PCBs. Further studies of interactions of PCBs and dioxin/furans are currently being
performed in our laboratory. Molecular analysis of the interactions of PCBs with dioxins coupled with histopathological evaluation of the animal
samples tested can provide valuable information about the toxicity of these compounds.

044 Toxicological Interactions and Mechanisms of Chlorpyrifos, Dieldrin, and Methyl Mercury Mixtures. Steevens, J.A.* and Benson,
W.H.,The University of Mississippi, University, MS. Chemical interactions of chlorpyrifos, dieldrin, and methyl mercury were characterized using
dose response curve and graphical analyses as additive, independent, synergistic, or antagonistic. Experiments in which survival and growth of
Hyalella azteca were assessed indicated that chlorpyrifos and methyl mercury acted additively, while dieldrin and methyl mercury, or dieldrin and
chlorpyrifos interacted independently. No statistically significant interactions were observed in the bioaccumulation of the three compounds
throughout a 96-hour uptake experiment. Mixture interactions of the three bioaccumulative chemicals were investigated utilizing biochemical
measurements reflecting the mechanisms of action of the individual toxicants. A significant dose-dependent inhibition of acetylcholinesterase
activity was observed in the chlorpyrifos treated (0.04, 0.2, and 0.4 ppb) groups (95, 45, and 11 percent of control) but not in the methyl mercury
treatments (10, 50, and 100 ppb). However, methyl mercury antagonized the effects of chlorpyrifos mediated acetylcholinesterase inhibition at the
lower concentrations (10 and 50 ppb) in a binary mixture. Methyl mercury and chlorpyrifos did not induce oxidative damage through protein
oxidation, lipid peroxidation, or reduction in thiol content. Glutathione-S-transferase activity was significantly decreased (p < 0.05) to 41 % of
contro] levels at the 0.4 ppb chlorpyrifos treatment. Mechanisms responsible for the observed interactions of methyl mercury and chlorpyrifos
potentially exist within the cholinergic pathway or through alterations in metabolism. Dietdrin and methyl mercury interaction was independent,
however, disruption of ion regulation was observed with both compounds at 45 and 75 ppb, and 50 and 100 ppb, respectively. The demonstrated
inhibition of the enzyme Na/K ATPase, may explain the interaction observed at the whole organism level. Results of these experiments demonstrate
the real-world interactions and toxicological effects of environmentally relevant pesticide and metal mixtures.

045 Effects of Malathion on Caudal Fin Regeneration in the Fathead Minnow (Pimephales promelas). Wallin, ].M.*, Exponent, Landover,
MD; Atwood, H.L., Clemson University, Clemson, SC; La Point, T.W., Texas Tech University, Lubbock, TX; Tomasso, J.R., Clemson University,
Clemson, SC; Anderson, T., Texas Tech University, Lubbock, TX. Pesticide and heavy metal exposures have been shown by other researchers to
affect fin regeneration, body mass, and growth in fishes. A fundamental question for toxicological research is the relative sensitivity of these
parameters. Juvenile Pimephales promelas (fathead minnow) were used to investigate the effect of organophosphate exposure on caudal fin
regenerative ability. Malathion, a commonly used insecticide, was chosen for this research. Parameters measured were length of caudal fin
regenerate, body length, and weight. Experiments to determine daily Joss of malathion from bioassay chambers by aeration and efficiency of the
analytical extraction procedure were also performed. Subchronic 24-day static renewal exposure to nominal 0.5 and 1.0 mg/L concentrations (5.8
and 11.6% of LC;,) of malathion were found to significantly inhibit caundal fin regeneration in Pimephales compared to acetone controls. An
average body mass loss of 18.3% in the 1.0 mg/L treatment was also significant when compared to average body mass change in the clean water
control treatment. Body growth, although inhibited in malathion-treated fish, was not statistically different among the treatment groups due to high
variability in the measurements. Two-factor analysis of variance indicates that tail cutting does not significantly impact Pimephales weight or
growth under these experimental conditions. Regression analyses indicate that exposure chamber aeration does not significantly decrease
concentrations of malathion over 24 hours. In conclusion, inhibition of caudal fin regeneration was a more sensitive indicator of malathion toxicity
than either weight loss or inhibition of body growth.

046 Comparison Among Three Invertebrate Species of the Body Residue for Lethal and Sublethal Effects. Landrum, P.F." Great Lakes
Environmental Research Laboratory, Ann Arbor, MI; 8.W. Fisher, §. Chordas, H. Hwang, and P. Tiwari, Department of Entomology, Ohio State
University, Columbus, OH. Several recent workshops called for development of residue-effects data to improve interpretation of bioaccumulation
data. Three invertebrate species were exposed via food to DDE, and several PCB congeners. Since the effects data was based on body residue, the
route of exposure was not critical. The lethality at 10-d for Chironomus riparius (1.4 mmol kg™ average) required essentially the same body residue
as Hyalella azteca (1.1 mmol kg™! average). For Lumbriculus variegatus, no mortality could be induced with a 10-d exposure. However, lethality at
35-d was similar to that for the other two organisms 10-d response (1.0 mmol kg™). Sublethal endpoints required much lower body residues. For C.
riparius and H. azfeca, fecundity was affected in the range of 0.02 - 0.03 mmol kg™ approximately 50 fold lower concentrations than lethality at 10-
d. L. variegatus was less sensitive than either the midge or the amphipod with growth and reproduction affected at 0.3 - 0.6 mmol kg™! across the
range of compounds. Differences between species are, as expected, quite variable reflecting the general sensitivity to narcotics but in general the
differences among compounds within a species was far less variable. By evaluating the responses based on organism residue, the variability was far
less than evaluating the responses based on environmental concentrations. Using organism residues explicitly addresses both differences in
bioaccumulation potential and the complication of multiple routes of exposure. This approach has the potential to not only permit better
interpretation of bioaccumulation data but also to address exposures to mixtures of contaminants.

047 The Use of Caged Eels (dnguilla spp.) to Assess Chemical Accumulation and Effects in New Zealand’s Largest River. Jones, P.D.*,
Leathem, S.V., ESR (Institute of Environmental Science and Research), Lower Hutt, NEW ZEALAND; Huser B., Empsom, P., Environment
Waikato, Hamilton, NEW ZEALAND. New Zealand’s Resource Management Act (1992) requires the “effects based” monitoring of the impacts of
discharges to the environment. While feral fish surveys are of use in this process there can be uncertainties in time and extent of exposure for wild
fish. We have assessed the utility of caging freshwater eels in rivers to evaluate the accumulation and effects of environmental contaminants. Eels
were caged at seven locations in the Waikato river for up to three months. After deployment, eels were analysed for a range of contaminants
including dioxins, PCBs, metals and pulp and paper related compounds. To better assess the utility of this procedure we measured a number of
biochemical parameters in the caged fish to assess possible impacts of caging stress. Biochemical indicators of stress were not altered after three
months caging at control locations. This suggests that eels are amenable to caging and that observed effects are related to environmental ,
contamination. Indicators of contaminant stress were higher in the lower sections of the river. Several indicators of stress increased at one location.
This location also showed the highest accumulation of contaminants. Contaminant concentrations after three months of caging were similar to
concentrations in feral eels from the same locations.

10 SETAC 19th Annual Meeting Abstract Book



048 PAH-metabolites Identified in the Bile of Fish (Longnose Sucker and Rainbow Trout) Collected Downstream of a Condensate Spill.
Birkholz, D.A.*, D. Johnston, Enviro-Test Laboratories, Edmonton, AB. Canada and A. Bollo-Kamara, Alberta Environment, Edmonton, AB.
Following a spill of condensate into the aquatic receiving environment samples of fish bile were collected from longnose sucker (Catostomus
catostomus) and rainbow trout (Oncorhynchus mykiss) upstream and downstream of the spill site. Bile samples were composited for each species and
enzymatically hydrolyzed, extracted, acetylated, silylated and analyzed using gas chromatography/mass spectrometry. Acetylation prior to GC/MS
analysis generated unique mass spectra which allowed us to distinguish alcchol and phenol metabolites from one another. Silylation prior to GC/MS
analysis does not allow one to distinguish phenol from alcohol metabolites. The major metabolites found to be present in the bile of fish collected
downstream of the spill site included alcohol and phenol Phase I metabolites associated with exposure to C, - C, substituted naphthalene,
phenanthrene, fluorene and dibenzothiophene. These compounds were found to be present in the spilled condensate. The highest concentration of
metabolites found in the bile of exposed fish were observed to be alcohols associated with exposure to C,-substituted dibenzothiophene and
fluorene. It is suggested that these metabolites be monitored to determine whether cleanup efforts are sufficient to reduce future exposure. Bile
analyzed from fish taken upstream of the spill site did not contain any of the metabolites found in the exposed fish. This information was collected to
determine the poteniial impact of the spill on the aquatic receiving environment.

049 The Effect of a Chemical Dispersant on the Bioavailability and Trophic Transfer of a Petroleum Hydrocarbon to Topsmelt.

Mielbrecht, E.E.*, Wolfe, M.F., Schwartz, G.J.B., Singaram, S. and Tjeerdema, R.S., University of California, Santa Cruz, CA.; Sowby, M.L.,
California Department of Fish and Game, Sacramento, CA. The environmental implications of utilizing chemical dispersants in oil spill clean up are
not well characterized. Application of chemical dispersants speed the dissolution of a surface oil slick by increasing the apparent solubility of spilled
oil. What is poorly understood is how chemical dispersing agents alter the bioavailability and subsequent bioaccumulation of these dispersed
hydrocarbons. The goal of this research was to elucidate the effects of a chemical dispersant on the bioaccumulation of hydrocarbons in a marine
fish. Uptake, biotransformation and depuration of a model hydrocarbon, *C-phenanthrene, by larval Topsmelt, Atherinops affinis, via aqueous-only
or combined dietary and aqueous routes of exposure were measured and compared for the water accommodated fractions of chemically dispersed
and undispersed Prudhoe Bay Crude Oil. Dietary uptake was measured by providing pre-exposed Branchionus plicatilis, a marine rotifer, as a food
source. Uptake of *C-phenanthrene was measured over twelve hour exposure periods followed by twelve hours of depuration in clean sea water. All
compartments including whole organism tissue and exposure media were analyzed to quantify uptake or depuration and biotransformation of
4C-phenanthrene using high pressure liquid co-chromatography and liquid scintillation counting. Results show that bioconcentration of
phenanthrene is significantly decreased in fish when a simulated oil spill is treated with a dispersant (p<0.05). When trophic transfer is included,
bioaccumulation of phenanthrene is delayed but eventually greater when the dispersant is used (p<0.05). These results suggest that the use of
chemical dispersants in oil spill clean up will decrease the immediate bioconcentration of polycyclic aromatic hydrocarbons in fish, but the eventual
biomagnification of these hydrocarbons will increase. This information will aid in decisions concerning the use of chemical dispersants in oil spill
cleanup.

050 Brine Shrimp Assay-guided Isolation of Toxic Compounds from Sediments near Aluminum Processing Plants. Opinya Ekabo*, School
of Public Health, SUNY, P. O. Box 509, Albany, NY 12201-0509, Patrick O’Keefe, Brigitie Bachner, Robin Storm, Wadsworth Center, New York
State Department of Health, P. O. Box 509, Albany, NY 12201-0509. Polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs)
and polychlorinated dibenzo-p-dioxins (PCDDs)/ polychlorinated dibenzofurans (PCDFs) are the four major classes of non-polar organic pollutants
which have been identified in sediments collected from an aluminum processing plant near Massena, NY. It has been observed, in our laboratory,
that sediments depleted of these contaminants by supercritical fluid extraction with CO, were still very toxic to larvae of the midge, Chironomous
tentans. In our continued efforts to identify and isolate novel environmental pollutants around the Massena aluminum plant, we have employed
activity-guided fractionation of sediment extracts using the brine shrimp (4rtemia salina) assay in the identification of several oxidized PAHs and
aromatic nitrogenous compounds in the sediments. The structures of six compounds: fluoren-9-one, carbazole, anthraquinone, 9-
anthracenecarbonitrile, benzanthrone and benz(a)anthracene-7,12-dione have been confirmed unambiguously by comparing their GC-MS and GC-
MS/FT-IR data with those of authentic samples. The estimated amount of the known compounds per dry weight of sediment is as follows: fluoren-9-
one (0.18 ppm), carbazole (1.36 ppm), anthraquinone (2.96 ppm), 9-anthracenecarbonitrile (0.042 pm), benzanthrone (0.08 ppm) and
benz(a)anthracene-7,12-dione (0.35 ppm). Fluoren-9-one was found to be very lethal to the shrimp, causing 100% mortality at the 3-ppm level.
Carbazole, benzanthrone and benz(a)anthracene-7,12-dione exerted narcotic effects on the shrimp.,

051 Environmental Pertubations and Coral Reef Ecosystems. Ostrander,G.K.*, The Johns Hopkins University, Baltimore, MD; E. Scully,
Towson University, Towson, MD. The ongoing degradation of the world's coral reefs ecosystems has been well documented. Mass extinctions of
invertebrates (e.g. sea urchins), over-fishing, outbreaks of coral diseases, and other stress- related events (e.g. coral bleaching) are a few of the events
known to be occurring. Corals are the infrastructure of the reef community, yet no less than 10 different disease processes are occurring among hard
and soft corals world-wide. Examples include white-band disease, black-band disease, and rapid wasting disease. Additionally, the frequency of
occurrence and range of coral bleaching, in which corals loose their symbiotic algae, has steadily increased. Common threads linking these
processes include their wide-spread global occurrence, rapid effects, and overall dramatic harm they cause to the reef ecosystem. Three lines of
study have been initiated in our laboratories. Results of a ongoing long-term study at a remote coral reef in the Carribean will be presented. Ten
permanent transects were established in 1994 and sampled at regular intervals through early 1998. Repeated Measures Analysis of Variance, in
which the proportion of the total transect length occupied by each taxonomic category were compared, revealed significant temporal differences in
species composition. Likewise, changes in fish community structure have been documented. Finally, we will report on our initial efforts in
establishing coral cell cultures in the laboratory.

052 The Effects of Copper and Lead on the Fertilization Success and Larval Survival of the Scleractinian Coral Goniastrea aspera. Reichelt,
A.J.*, Harrison, P.L., Centre for Coastal Management, Southern Cross University, Lismore, Australia. The objectives of this study was to collect
toxicological information for copper and lead on the fertilization success and larval survival of Goniastrea aspera. EC350 and LC50 values could
then be estimated for early life stages of corals and comparisons made with data on other marine organisms. The fertilization toxicity tests were done
at sites on the Great Barrier Reef using gametes from spawned corals in 1994 and 1996. Groups of approximately 100 eggs were crossed with sperm
after 30 minutes exposure to various concentrations of copper or lead (five replicated were used for each exposure). After a five hour development
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period the percentage fertilization was determined. EC50 and NOEC values were then estimated from the results. Two larval survival experiments
were done for copper and for lead using larvae grown from fertilized gametes from coral spawning in 1995. Twenty healthy larvae were placed in
vials with various concentrations of copper or lead (five replicated were used for each exposure). The larval survival was monitored at set time
intervals from the dose time. EC50 and NOEC values were then estimated from the results. EC50 values for the effect of copper on coral
fertilization success were 14.93 mg/L. and 18.52 mg/L. for tests done in 1994 and 1996 respectively. The EC50 value for lead was 2467 mg/L for
an experiment done in 1996. The NOEC values for copper were 2 mg/L and 12.8 img/L for tests done in 1994 and 1996 respectively and were 5455
mg/L for lead. The 48 and 72 hour LC50 values for the effects of copper on larval survival were 39.84 mg/L and 34.08 mg/L for the first
experiment and 87.31 mg/L and 81.62 mg/L for the second experiment. The 48 and 72 hour LC50 values for lead could not be estimated for the
first experiment and was 9890 mg/L for both times in the second experiment. The 48 and 72 hour NOEC values for copper were 20 mg/L and 5
mg/L for the first experiment and 50mg/L for both times in the second experiment. The 48 hour NOEC for the effects of lead on larval survival was
5000 mg/L. It is clear that fertilization success is more sensitive to copper and lead compared to larval survival, Fertilization success is essential for
the long term maintenance or reef coral populations. However, corals remain in the larval phase for longer periods of time and may encounter
pollutants at any time, and be exposed for longer periods during this motile planktonic phase.

053 Understanding Risks to Tropical Marine Ecosystems from Oil Spills. Gardiner, W." | Neff, J, and Stejskal, I* . 'Battelle Marine Sciences
Laboratory, Sequim WA; Battelle Ocean Sciences, Duxbury, MA; *Apache Energy Corporation, Perth, Australia. To better understand the potential
risk of oil spills to tropical marine ecosystems, a suite of toxicity tests using tropical marine species (clownfish, white shrimp, coral, echinoderm
larvae) was developed and conducted with the water-accomodated fractions (WAF) of six crude oils and their weathered fractions. Chemical and
physical properties of each of the crude oil, weathered fraction, and the WAF were also analyzed. Crude oils were collected from the Northwest
Shelf of Australia and included condensate, light-, medium-, and heavy-weight oils. Oils were artificially weathered by evaporative topping to
simulate 1-3 hours, 0.5-1 day, and 1 week of weathering. After 1 week of weathering, the condensate and light crude had almost completely
evaporated. Approximately 54% and 18% volume of the medium and heavy crudes were lost after 1 week. Toxicity was highest in WAF prepared
from the unweathered condensate and light-weight crude; however, toxicity was almost completely removed after 0.5-1 day weathering. Virtually
no toxicity was associated with the WAF prepared from the heavy crude or its weathered fractions. WAF prepared from the medium-weight crude
had relatively moderate toxicity; however, toxicity remained after one week of weathering. The results of the chemical analyses indicate that
toxicity in the light fractions was primarily due to volatile alkanes and monocyclic aromatic hydrocarbons. After 1 day of weathering, light alkanes
and MAHs were lost. The remaining toxicity (as in the medium crude) was caused primarily by PAHs and phenols. This study represents the first
attempt to relate the changes in physical properties of crude oils during the evaporative weathering to changes in their chemical composition and
toxicity to marine organisms.

054 Effects of Nutrient Enrichment on Caribbean Corals: Laboratory Experiments vs Field Validation. Davies, P.S.*, Marubini, F., Institute
of Biomedical & Life Sciences, University of Glasgow, UK. Preparations of the corals Porites porites and Montastrea annylaris in Barbados were
maintained in a laboratory photostat in control oligotrophic seawater and in elevated levels of nitrate and phosphate for three weeks. After exposure
to high nitrate (SmM and 20mM), the corals had a higher rate of photosynthesis per surface area, and a higher population density of zooxanthellae.
The freshly isolated zooxanthellae also had higher levels of chlorophyll and protein. Conversely, in high nitrate, the rate of skeletogenesis
decreased. Exposure to high phosphate (up to 5mM) resulted in no change in productivity but the rate of skeletogenesis was reduced in P.porites
only. Attempts were then made to validate these results by exposing the corals for a similar period at three sites along a eutrophication gradient in
the sea. It was found that the results were confounded by another environmental variable, in the form of turbidity and light availability.
Discriminate function analysis separated those physiological variables that are most sensitive to nutrient enrichment (primary characters) and from
those that are highly dependent on light levels and only secondarily on nutrient levels. Chlorophyll concentration emerged as a primary character
and therefore the most sensitive indicator of nutrient enrichment. By contrast, rates of gross photosynthesis, respiration rate and rate of
skeletogenesis were secondary characters and therefore poor discriminators in the field, in situations where light levels varied independently of
nutrients. The roles of laboratory-based and field-based bioasssays will be discussed in the light of these observations.

055 The Effects of Coastal Pollution on Reproduction and Recruitment of Tropical Marine Benthic Invertebrates. Richmond, R.H.*, Leota,
S., University of Guam, Mangilao, Guam; Crosby, D.G., University of California at Davis, Davis CA. The majority of coral reef benthic
invertebrates reproduce by spawning their gametes into the water column, where larval development and dispersal occur. Subsequently, competent
larvae must find appropriate substrata upon which to settle and metamorphose. Studies of mass-spawning scleractinian corals have identified five
chemically sensitive links responsible for successful reproduction and recruitment. These include reproductive synchronization among conspecifics,
egg-sperm interactions, embryological development, metamorphic induction and acquisition of symbiotic algae. Coastal pollution from runoff has
been demonstrated to result in reproductive failure in corals. Fresh water dilution, from 35 ppt to 28 ppt, alone may result in an 80% drop in
fertilization rates. The presence of lateritic soil in coastal waters causes a similar drop in fertilization rates corresponding to a much smaller drop in
salinity. The organophosphate pesticide chiorpyrifos has been found to inhibit settlement and metamorphosis of healthy coral larvae at levels of
ppb. Reduced recruitment rates were observed in experiments where either larvae or substrata were exposed. These experiments demonstrate
differential effects of pollutants on different life-history stages of invertebrates as well as differences in the way hydrophilic and hydrophobic
substances affect reproduction and recruitment. The studies also show that standard protocols, including LC- 50's may be non-predictive and of
limited use in protecting coral reef ecosystems.

056 The Occurrence of Developmental Defects in Embryos of the Damselfish, Abudefduf sordidus (Pomacentridae), Relative to
Polychlorinated Biphenyl (Pch) Contamination at Johnston Atoll, Central Pacific Ocean. Kerr, L. M., University of Massachusetts, Boston,
MA. The occurrence of developmental abnormalities in the embryos of a demersal spawning fish was used to determine if adverse effects due to
anthropogenic contamination could be detected at Johnston Atoll. Abudefduf sordidus embryos were taken from four spawning colonies that
occurred in areas with differing polychlorinated bipheny! (PCB) sediment concentrations. Of the three colonies occurring off of Sand Island, two
were in areas with intermediate and high PCB concentrations (both exceeding ecological screening levels) while one was in an area with low PCB
concentration. The control colony was 1000 m from Sand Island and occurred in an area with low sediment PCB concentrations. Early stage
embryos were examined for abnormalities defined as deviations from normal developmental stage or morphological differentiation. A sample
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consisted of 200 embryos taken from a newly spawned clutch. The mean number of abnormalities in clutches from the control colony (1.4%, N =
71) was significantly different from the mean number of abnormalities at the site with the highest PCB concentration (9.3%, N = 53); (Kruskal
Wallis P = 0.001). In addition, the control site was significantly different from all Sand Island sites combined (5.6%, N = 145); (t-test P < 0.001).
Linear regression analysis indicated a significant relationship between the mean occurrence of abnormalities and mean sediment PCB concentration
(> = 0.86, P = 0.048). Reproductive output, in terms of number and size of clutches spawned, was not significantly different among colonies. These
results suggest that while embryonic abnormalities were elevated at the high PCB concentration area, adult reproductive processes were not affected.

057 High Volume Discharges of Oil Well Produced Water to the West Java Sea, Indonesia: Chemical Coemposition and Environmental
Effects. Neff, I.M.*, Battelle Ocean Sciences, Duxbury, MA; Smith, J.P., Maxus Southeast Sumatra, Inc., Jakarta, Indonesia. Large volumes of
produced water are pumped to the surface with oil and gas on production platforms. Three production processing platforms operated by Maxus
Southeast Sumatra in the West Java Sea generate between 17.3 and 141 million liters/day of produced water which is treated to remove petroleum
and discharged to the sea. The produced waters contain several metals, the most abundant being barium (to 276 mg/L), zinc (to 16.7 mg/L) and
arsenic (to 8.5 mg/L). Only traces of radium isotopes are present. The metals are not present at concentrations high enough to cause injury to water
column organisms following initial mixing of produced water in ambient sea water. The produced waters also contain 331 - 3638 mg/L BTEX, 231 -
745 mg/L total PAHs, and 2490 - 6329 mg/L total phenols. The produced waters have an acute toxicity to mysids of 18.4 - 34.8 volume percent
produced water and to silverside minnows of 12.3 - 19.5 percent. Modeling showed that initial dilution of the produced water following discharge to
the ocean ranged from 12-fold to more than 100-fold, depending on discharge rate and local oceanographic conditions. A risk assessment showed
that local zooplankton, but probably not pelagic fish, may be adversely affected if they are entrained in the diluting produced water plume,

058 Weathering of Hydrocarbons in Mangrove Sediments: Testing the Effects of Using Dispersants to Treat Oil Spills. Burns, K.A., Codi,
S.*, Pratt, C. and Duke, N. AIMS, Queensland, Australia. This field study was a combined chemical and biological investigation of the relative
effects of using dispersants to treat oil spills impacting mangrove habitats. The aim of the chemistry work presented here was to determine whether
dispersants affected the rate of penetration, dissipation or long term retention of a medium range crude oil (Gippsland) stranded in a tropical
mangrove environment. Permission for a planned oil spill was granted in the Port Authority area of Gladstone, Queensland {Australia). Sediment
cores from three replicate plots of each treatment (oil only and oil plus dispersant) were analyzed for total hydrocarbons and for individual molecular
markers (alkanes, aromatics, triterpanes). Sediments were collected at 2 days, then 3, 6 and 12 months post-spill. Over this time oil decreased
exponentially from 47 mg/g dry wt to 5 mg/g dry wt (n=4). There was no statistical difference in initial oil concentrations, penetration of oil to
depth, or in the rates of oil dissipation between oiled or dispersed oil plots. Dispersant use did not alter the triterpane signature of the retained oil,
which is important for litigation purposes. The predominant removal processes were evaporation and dissolution, with a lag-phase of 1 month before
the start of microbial degradation. Since dissipation of the oil was not related to pre-treatment with dispersant, other relevant sediment factors were
considered. The most residual fraction of the oil that remained after 6 months, the higher molecular weight hydrocarbons, correlated with the TOC
content of the soil. The chemistry data also provided the context for interpretation of the biological observations (including mangrove physiology,
geomorphology, and burrowing animal populations).

059 Seasonal Water Quality Study of Riverine and Coastal Waters Effecting the Coral Reefs of Veracruz, Mexico. Ricono, N.A. M.S.
Thesis, Texas A&M University-Corpus Christi. Physical and Chemical water quality parameters were studied to identify seasonal variability in
coastal and terrestrial waters thought to be related to the decline in growth and distribution of coral populations in the southwestern Guif of Mexico.
Over 20 emergent, platform-type coral reefs exist along the southern portion of the state of Veracruz, Mexico. These reefs are of interest
ecologically and geologically as they are influenced by considerable pluvial input and are located within a terrigenous sedimentary province. This
has led to the depauperate nature of these reefs, containing a maximum of 28 hermatipic coral species. Prior to the 1970's, these reefs were described
as containing 50-100% cover of Acropora palmata and A. cervicornis in the shallow reef zones and 40-60% cover of Montastrea annularis in deeper
reef zones. Since the early 1970's there has been a steady decline in coral distribution leading to 1-5% cover "A. palmata" and "A. cervicornis" and
76-82% algal cover. Possible causes of this rapid coral decline include seasonal increases of riverine discharge containing large sediment loads,
nutrients, and pesticides from agricultural, industrial, and municipal runoff. Seasonal changes in chemical and physical water quality parameters
were tested by taking pre-rainy season, rainy season, and post-rainy season samples from riverine and coastal waters. Results indicated no
significant difference between seasonal nutrient concentration, salinity, or suspended solids. The freshwater inflow events reported to be common
during the rainy season were not observed during this survey. Their influence, however is substantial in shallow water environments leading to the
lack of coral cover in that area. The survival of large boulder coral species at deeper depths relate decreases in coral cover to high sedimentation
rather than high nutrient concentrations.

060 Investigation of Unknown Chemical Contamination on Laysan Island, Hawaiian Islands National Wildlife Refuge. Woodward, L.A ¥,
USFWS, Honolulu, HI; Scow, K.M., University of California-Davis; Palawski, D.U., USFWS, Honolulu, HI. The Dead Zone is an approximate
10m? area on the northern edge of Laysan Island of the Hawaiian Archipelago. It was first noted as being unusual approximately 10 years ago by
biologists who found a large number of Laysan albatross (Diomedea immutabilis) carcasses at the site. On closer inspection it turned out the
carcasses were not being consumed by crabs, and in fact, decomposers such as crabs and flies were found lying dead both on the dead birds and on
the ground not in the immediate vicinity of the carcasses. Live and seemingly healthy albatross chicks and adults were also present within the zone,
suggesting that the birds were not affected by what was killing the crabs and flies. The results of chemical analyses ruled out that chemical warfare
agents and numerous pestitides and other substances were present in the Dead Zone sand. The one substance that has been found in some, but not
all samples, is carbofuran. The symptoms exhibited by dying flies and crabs are consistent with exposure to carbofuran. According to available
literature, in sandy soil at pH 8 (Laysan sand pH), carbofuran should degrade in a few months. However, while at an apparent reduced level, the
Dead Zone is still killing invertebrates after 10 years.

061 Technical Problems Encountered by Restoration Projects: a Failure to Learn from Our Mistakes. Wiilard,D.E. and Oster, C.V.,Jr.,

School of Public and Environmental Affairs, Indiana University, Bloomington, Indiana. We divide restoration problems into three interrelated
categories: Technical limits, regulatory, legal and institutional angles, and social and economic tradeoffs and consequences. Engineers and ecologists
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working together can improve the ecological functions of many ecosystems. Failures result for two reasons: a lack of attention to design and follow
through, and a lack of agreement on the definition of success. Careful site selection and fitting of projects can cure the first failing, by fitting site
design to landscapes, then, following construction with regular monitoring and post construction management. The subjective view of the definer
heavily predetermines the second sort of failure. Usually conflict exists between definitions based on pre-Columbian conditions of the ecosystem
and the practical limits imposed by current conditions. Laws, regulations and the institutions that support them have a difficult role in that the
functions, values and processes crucial to predetermining the success of an ecosystem restoration project are necessarily adaptive and temporally
changing. While, these institutions wish to have rules that they can equitably apply to all. However, each situation varies technically and
socioeconomically. Therefore, a need exists for precise definitions for imprecise things. This lack results in the even application of ilifitting rules to
all cases (the one size fits none rule.) For example few jurisdictions differentiate between restoration for restoration’s sake and restoration to fulfil
some permit obligation. Follow-up monitoring and enforcement are often lacking.

062 Restoration of Seagrasses in Tampa Bay Florida: What Have We Learned and What Do We Need to Know? Bell,S.S. University of
South Florida, Tampa, FL. In seagrass restoration studies in Tampa Bay, we have monitored multiple sites over 2-7 years. Our research has focused
on assessing faunal responses 1o seagrass introduction and seagrass repopulation. The restoration of seagrass has been successful. Seagrass
vegetation has been established and expanded. Likewise, faunal abundances in restoration sites mirror those from natural areas within a two-year
period after seagrass introduction. Specifically, abundance, size distribution and species composition of small fish, residents in seagrass beds, were
not distinguishable from that of natural sites after 17-22 months after restoration began. Our studies indicate that this pattern persisted for 7 years.
Further, examination of trophic links has shown that fish feed similarly in restored and natural areas within 2 years after seagrass is introduced.
Thus, faunal functional equivalency, appears to occur within a short time after seagrass planting, even when seagrass density has not reached natural
levels. What remains to be tested is whether these restored sites maintain similar functional equivalency over longer (decades) time intervals and
how they respond to disturbance. We also have information on other fauna in restored sites. In restored plots we found that, in some cases,
polychaete productivity can be enhanced compared to natural areas. This work has spawned concern about the choice of appropriate "control" areas
in evaluating restoration. Recent studies have suggested that a landscape approach to restoration may be useful for shallow water systems and the
results obtained from our earlier work may be related to site position within the estuary and/or characteristics of adjacent vegetation patches. New
efforts will be required to determine if a landscape approach, which considers spatial arrangement of restored and natural sites, will be useful for
designing and evaluating seagrass restoration.

063 Macroscale Restoration of Coastal Wetlands in Disturbed Environments. Weinstein, M.P., New Jersey Marine Sciences Consortium, Sandy
Hook Field Station, Fort Hancock, N.J., and Wainright, S.C., Institute of Marine and Coastal Sciences, Cook College Rutgers University, New
Brunswick, N.J. Too often, the goals of tidal marsh restoration are tied to unrealistic endpoints. Although general consensus reached among
stakeholders on how to proceed, "reference” marshes are frequently chosen for their relatively undisturbed condition, setting an unrealistic upper-
bound for restoration success. On the other hand, the large uncertainties and lack of practical tools for measuring marsh function tend to over-
simplify the success criteria established by regulatory agencies. Case histories are shown where previous disturbance history of restored sites leads to
a wide-range of hydrogeomorphic (physiographic) endpoints while at the same time satisfying the permitted criteria for vegetation cover and percent
open-water. We hardly know how natural marshes function, how do we apply this limited knowledge to reconcile the vastly different configurations
of restored marshes that are ecologically engineered? It is not surprising that the complexity of natural marsh functions, and our difficulty in
measuring them, makes it exceedingly difficult to predict the outcome of any restoration project. More careful planning and development of
restoration goals is needed up front for the process to work.

064 Large Scale Regional Restoration Planning Successes and Lessons Learned: Pacific Northwest Case Studies. Clark, Ir., R.C., NOAA
Restoration Center Northwest, Seattle, Washington. Six major natural resource damage assessment (NRDA) settlements have been reached in Elliott
and Commencement Bays, Puget Sound, Washington, to compensate for injuries to trust fish, wildlife, and habitat resources from the release of
hazardous materials under the auspices of Superfund (CERCLA). These six settlements were reached over an 8-year period and contained different
sets of negotiated conditions and parameters for accomplishing the desired restoration goals. Baywide (regional) restoration goals were established
and integrated into, or formed a basis for later, larger watershed restoration plans. Several habitat restoration projects have been completed while
others are under construction or being planned and long term monitoring/steward efforts underway. The challenge for the regional Natural Resource
Trustees (Federal, state, and tribal) has been to integrate numerous specific projects into a landscape ecology approach covering an entire river
watershed (e.g., Duwamish/Green, Puyallup/White) with primary emphasis on restoring damaged habitats in dynamically-changing, highly
industrialized, urban estuaries (e.g., Seaitle's Elliott Bay, Tacoma's Co. and Bay). The guiding region document in Elliott Bay is the Elliott
Bay/Duwamish Restoration Program's Concept Document based in large part on a very detailed U.S. District Court Consent Decree signed with the
City of Seattle and King County/METRO. The settlements covered by five individual and differing Consent Decrees in Commencement Bay are
guided by a 1997 Programmatic Environmental Impact Statement and Restoration Man and implemented under a NRDA Trustees Council and
Restoration Case Manager. The variety of approaches and criteria provide an excellent opportunity to compare and contrast the strong and weak
points of each settlement and their effect on restoring aquatic habitats in the Pacific Northwest.

065 From Controversy to Consensus: The Houston-Galveston Navigation Channels, Texas Project. Bass, R.I., U.S. Corps of Engineers,
Galveston District, Galveston, Texas. The Houston-Galveston Navigation Channels, Texas project is the largest dredging project ever undertaken in
Texas. The Houston Ship channel (HSC) extends about 60 miles across Galveston Bay, Texas’ most productive estuarine system, from the Gulf of
Mexico to the Port of Houston, the Nation’s second largest port. Dredging will take a minimum of four years, excavate about 350 million cubic
yards of material, and cost about 560 million dollars to complete. Planning of this large project has had a long and controversial history. The
Galveston District’s early efforts began in 1967 and ended with completion of the Galveston Bay area Navigation Study in 1987. This report
recommended widening and deepening the channel and disposing of 400 million cubic yards of dredged material unconfined aver about 11,000
acres of bay bottom. No beneficial uses of the dredged material for wetland restoration were recommended. The report and its associated Final
Environmental Impact Statement met with almost complete condemnation from Federal and State resource agencies, the environmental community,
and general public. At this point, the project was on the verge of referral to the Council On Environmental Quality. Had it past that process, it
would have likely been litigated for years. Today, after redesigning the project to include wetland restoration and completing a Supplemental
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Environmental Impact Statement in 1995, the project is under construction. This was achieved by formation of an Interagency Coordination Team
(ICT). This was a long, difficult and expensive undertaking. This presentation will discuss the role of the ICT in regional project planning to use afl
dredged material beneficially to restore fish and wildlife habitat through the bay system and how the Galveston District guided the project from
controversy and chaos to consensus and construction.

066 Regional Restoration Planning in the New York/New Jersey Harbor Estuary: Problems and Approaches. Catena, J.G. NOAA
Restoration Center, Gloucester, MA. Several significant oil spills in New York Harbor in the early 1990’s led to multimillion dollar settiements paid
to state and federal governments by responsible parties for injuries to natural resources, which resulted in funding for the development of a regional
réstoration plan. The regional plan identifies the following types of “restoration” priorities for the region: (1) restoration and enhancement of
wetlands, shellfish, finfish, wading birds, and waterfowl; (2) acquisition of wetlands and adjacent upland buffers in danger of being developed; (3)
enhancement of public access to the harbor; and (4) public education. Since the development of that plan, other organizations have also identified
regional restoration priorities for both the harbor as a whole and for specific watersheds or embayments. The several regional restoration planning
efforts in the New York/New Jersey Harbor area have: (1) created a core group of agencies, academics, and environmental organizations dedicated
to the oversight and implementation of restoration projects in the region; (2) created a working menu of restoration options to choose from as
funding becomes available; and (3) focused those dollars on the highest priority projects. However, regional restoration planning and
implementation has had to overcome several obstacles: (1) initial disagreements by some agencies to spend money on planning rather than in-the-
ground restoration: (2) jurisdictional squabbles (City vs. State, and State vs. State) over how to spend restoration dollars — brought about by
differing attitudes about the relative importance of the priorities established in the regional plan; (3) a scattershot approach to planning rather than a
true ecosystem-based approach to determining highest priority problems and solutions in the region; and (4) the realization of the data intensive
nature of a regional planning effort.

067 The Regulatory Evolution of Natural Resource Damages. Case Studies. Brody, N.S. Atlantic Richfield Company, Los Angeles, California.
Following nearly a decade of rule proposals and promulgations, the Department of Interior (DOI) enacted a final comprehensive Natural Resource
Damage Assessment (NRDA) Regulation under Superfund on March 25, 1994. The focus of the rule is to assess natural resource damages through a
restoration and compensation determination plan. Subsequently, on January 6, 1996, the National Oceanic and Atmospheric Administration (NOAA)
promulgated its NRDA rule under the Oil Pollution Act (OPA). The NOAA rule dramatically alters the focus of the NRDA, or at least the
terminology of the focus, from the DOIT rule. Under OPA, instead of assessing restoration damages and compensable value damages, trustees are
directed to measure primary restoration and compensatory restoration measures. Primary restoration is defined to include restoration of resources to
baseline, or pre-incident condition. By definition, compensatory restoration is supplemental restoration actions beyond those necessary to achieve
actnal restoration. Finally, on July 16, 1996, as part of a Biennial review of its NRDA regulation, DOI solicited comment on whether it should
consider adopting NOAA's "new method" for measuring natural resource damages. Through the use of case-specific examples the presentation will
discuss the practical impacts of these changes including, in particular, their positive and negative attributes.

068 Using Partnerships to Solve Natural Resource Restoration Problems in Two Major Urbanized Puget Sound Estuaries. Clark, Ir,R. C.,
NOAA Restoration Center Northwest, Seattle, Washington. Natural resource restoration can provide real-time solutions to reversing environmental
degradation of urban aquatic habitats using funds recovered from responsible parties (polluters). For habitat restoration to be successful, the process
requires a close partnership and a commitment between natural resource trustees, other resource agencies and land managers, and the public. In most
cases, the results can be significantly enhanced by the active and voluntary involvement of the responsible parties. Major natural resource restoration
efforts are in progress in two large, commercially-important, and contaminated urban estuaries in the Pacific Northwest's Puget Sound, Washington.
The myriad of problems encountered in Elliott Bay (Scattle's harbor) and the Lower Duwamish River with its initial $24 Million habitat
development (5 projects) and sediment remediation (4 projects) are compared and contrasted with $22 Million natural resources damage settlements
(CERCLA) in Commencement Bay (Tacoma's harbor) and the Puyallup River watershed. In the latter, a bay-wide programmatic Environmental
Impact Statement and Restoration Plan has been compieted using an ecosystem or landscape ecology approach. A pilot project has been completed
to test restorative processes by converting an industrial upland fill to productive upper intertidal habitat. Through a management team approach
spearheaded by the federal, state and tribal natural resource trustees in partnership with other resource and regulatory agencies, local municipal
governments, user groups, environmental interests, the public, and responsible parties, some major strides have been made in solving many of the
problems of practical habitat restoration. Consensus processes have been developed to attack most of the remaining areas of disagreement so that
actual improvement of natural resources and their habitats can take place with a mini mum of delay and transaction costs.

069 Restoration Partnerships: A Win, Win, Win, Win Propesition. Campbell, T.A. and Strong, A. L. Campbeil and George, L.L.P., Houston,
Texas. Making the best of a bad situation is the lot of a2 company that has an unpermitted discharge of a listed contaminant or the discharge of oil.
Dealing with clean-up issues has been complex, but companies, NGOs and government agencies have settled into well-understood norms. These
norms, while contentious, are accepted. In initial Natural Resource Damage Assessments, PRPs, Government Agencies and Environmental NGOs
naturally followed the patterns laid down in the clean-up arena. However, as the focus in the NRDA arena has shifted (in portions of the country)
from monetary damage claims to restoration-based compensation, those relationships have shifted and the potential for win, win resolutions have
become a possibility. Some Environmental NGOs and governmental agencies unwittingly benefitted from these changing relationships, while others
have positioned themselves to benefit from this new paradigm. This presentation will focus on describing how restoration-based compensation has
benefited NGOs, PRPs, Government Agencies and the Public, thereby creating Win, Win, Win, Win situations. It will use case studies from oil and
chemical spills where restoration-based compensation was used and all parties were benefitted. The manner in which they were benefitted will be
discussed. From these examples, we will move to specific steps that the parties can take to position themselves in advance to take advantage of the
benefits of restoration-based compensation.

070 On the Evolution of an Oil Spill Restoration Plan: Facts and Fiction of Restoration and Monitoring of an Urban Intertidal Salt Marsh.
Matsil, M.A., Alderson, C., Bergen, A., City of New York, Parks & Recreation, New York, New York. In 1990, one million gallons of oil spilled
into the Arthur Kill, a narrow body of water separating New York City and New Jersey, severely damaging intertidal salt marsh and assocjated
wildlife communities. After protracted negotiations, a settlement led to the funding of an experimental salt marsh restoration of heavily oiled
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substrate. Bioremediation has resulted in reduced petroleum hydrocarbons and accelerated erosion rates, and initial recovery of the salt marsh
ecosystem. The project has focused on establishing comprehensive monitoring protocols in restored and unrestored sites and elucidating a
relationship between heterotrophic bacteria capable of degrading petroleum hydrocarbons found in the rhizosphere of the restored Spartina
altemiflora plants, and the reductions of the Total Petroleum Hydrocarbons (TPH). TPH ranged from 160 to 57,000 ppm. To date, more than
500,000 Spartina alterniflora plants have been restored, propagated from indigenous seed to areas heavily impacted by the oil with the assistance of
500 volunteers. Restored and unrestored control sites have been established; monitoring includes bacterial analysis, fertilizer study, plant
productivity, invertebrate population study, fish, avian and mammal breeding studies in 120 M2 quadrant. Unrestored quadrant in oil impacted
reference sites have resulted in no voluntary seed or plant recruitment, and remains denuded and subject to increased erosion eight years after the
spill.

071 Response of Aquatic Communities to a Model Alcohol Ethoxylate and an Ecosystem Level SAR. Belanger, S. E.*, Guckert, J. B., Bowling,
J. W. and D’Angelo, D. J. The Procter & Gamble Company, Cincinnati, Ohio USA. The P&G Experimental Stream Facility (ESF) was used to
evaluate a model, non-commercial alcohol ethoxylate (AE) with an average alky! chain length of 13.5 and ethoxylate chain length of 5.7 (25-6 AE).
Two experiments at the ESF were performed: AE added in river water at 0, 13, 36, 76, 259, and 760 mg/L and a second experiment in which AE
was added at 0 and 37 mg/L with 0, 5, and 13% wastewater treatment plant effluent. Both experiments assessed responses of periphytic, protozoan
and macroinverterbate communities to 25-6 AE for 8 weeks following 8 weeks of colonization (16 weeks total). Supporting acute and chronic
toxicity studies (daphnids, clams, snails) were also conducted. A broad spectrum of effects were observed for AE in river water. Periphytic
communities were enhanced (biomass, activity) at high AE concentrations as a result of indirect interactions between AE and river water solids.
Invertebrate communities were adversely affected (mayflies, caddisflies, selected molluscs) at >76 mg/L. by 4 weeks and >13 mg/L by 8 weeks.
Both effluent and AE impacted aquatic communities although effluent-related effects were of a much greater magnitude. When results were
combined with several other AE model ecosystem studies conducted by others between 1992-1996, a reasonable structure-activity-relationship
(SAR) emerged. The SAR suggested 25-6 AE was more toxic than expected and a more hydrophobic AE (45-7) was less toxic than expected.
Chronic toxicity tests for 25-6 AE resulted in NOECs ranging from 80 mg/L (Daphnia magna) to 760 mg/L (snails). Single species, model
ecosystem and current environmental monitoring data indicate AE poses minimal risk to the environment.

072 Effects Assessment of an Alcohol Ethoxylate Using Qutdoor Artificial Streams. Tattersfield, L.J.*, Young, L.J., Davies, E.H., McCarthy, W.V.
Shell Research and Technology Centre, Thornton, UK. The use of surfactant compounds in detergents typically results in discharge “down the drain”
and subsequent treatment in sewage treatment works. alcohol ethoxylates (AEs) as a class are large volume, nonionic, surfactant molecules used mainly
in laundry and cleaning products. Linear-type AEs are readily biodegradable and the majority is removed via waste water treatment. Previous monitoring
studies of AEs in effluent from representative municipal sewage treatment plants in the Netherlands have shown that the composition discharged had
an average alkyl chain length of 13.3 and an average ethylene oxide number of 8.2. Generation of comprehensive effects data for an AE of a composition
relevant to the average AE discharged from sewage treatment plants could significantly contribute to the strengthening of the risk assessment for AEs
entering the environment. A commercial linear-type C12-15 AE9 compound was selected for testing as it has an average composition close to that
determined in the monitoring study. Comprehensive effects data was generated using a system of 8 outdoor artificial streams. Mean measured exposure
concentrations during a 56 day exposure period were 20, 40, 70, 160, 300, 390 and 740 mg/l plus an untreated control with doses randomly allocated
to streams. Multivariate community-level analysis of invertebrates indicated a dose-response effect with communities becoming progressively dissimilar
with increasing AE concentration. Individual and population level NOECs were in the range 70 to >740 mg/l. Invertebrates and fish were of similar
susceptibility with Simulium sp., G. pulex and Baetis sp. (population density) and O.mykiss (growth) being most susceptible. Algae were less sensitive
and did not appear susceptible to the AE tested, most observed changes being secondary effects due to reduced grazing pressure.

073 Bioconcentration and Biotransformation of the Nonionic Surfactant Octaethylene Glycol Monotridecyl Ether '*C-C;,EQ;. Tolls, 1.*,
RITOX, Utrecht, NL; Sijm, D.T.H.M., RIVM, Bilthoven, NL. Alcohol ethoxylates (AE) are the most important nonionic surfactants used in
household detergents. In this study we investigated the bioconcentration behavior of *C-C;EQ; as a representative of AE in fathead minnow
(Pimephales promelas). The rate constants of uptake and elimination of the parent were 323 LHkg'Hd™ and 10.1 d*, respectively. The parent
compound specific bioconcentration factor (BCF) was found to be 32 LHkg™. The TLC chromatograms demonstrated that the “C-C;EQ, derived
radioactivity is incorporated into a large variety of chemical species. The large discrepancy between the BCF of the parent *C-C,,EQ; and the
radiolabel is a qualitative indicator of the extent of biotransformation. The first-order one compartment model of bioconcentration was extended to
allow for quantification of the in vivo rate constant of biotransformation of *C-C,;EQ, and the value obtained amounted to 10 d”'. The model results
indicated that biotransformation is the dominating contributor to elimination of AE. A comparison of C,;EQ, to compounds of other classes of
environmental relevance highlights the importance of biotransformation as process contributing to reduction of the bioconcentration potential of
these compounds. :

074 the Distribution of Degradation Products of Alkylphenol Ethoxylates near Sewage Treatment Plants in the Lower Great Lakes.
Bennett, E.R.*, Trent University, Peterborough, ON, Canada; Metcalfe, C.D., Trent University, Peterborough, ON, Canada. Degradation of
alkylphenol ethoxylate (APE) surfactants in the environment leads to the formation of relatively hydrophobic compounds such as nonylphenol (NP),
octylphenol (OP), nonylphenol monocthoxylate (NP1EQO) and diethoxylate (NP2EO) that have been shown to have estrogenic activity. In the first
component of this study, sediment samples were collected from several sites (n=30) near industrialized and pristine areas of Lake Huron, Lake Erie
and Lake Ontario and analysed for concentrations of NP and OP. These data indicated that NP was present at mg/g (dry weight) levels in sediments
collected near urban and industrialized areas, and concentrations were highest near discharges from sewage treatment plants (STPs). In light of this,
we collected sediment samples and deployed semi-permeable membrane devices (SPMDs) and caged freshwater mussels (Elliptio complanata) at
several sites in the vicinity of an STP in Hamilton Harbour and two STPs in the Detroit River in order to determine the distribution of these
compounds in sediment and water and their potential to bioaccumulate in aquatic organisms. NP, OP, NP1EO and NP2EQ were found at mg/g (dry
weight) concentrations in sediments and accumulated to ng/g (wet weight) concenirations in caged mussels near the STPs. However, in the Detroit
River, the concentrations of these compounds declined to near background levels in the sediments, water column (i.e. SPMDs) and biota at stations
approximately 1 km downstream from STPs. At stations in Hamilton Harbour, concentrations of APE degradation products also declined markedly
in sediments, mussels and SPMDs located at stations a few hundred metres from the STP. These data indicate that the primary degradation products
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of APEs are present at ppm concentrations near wastewater outflows but their distribution is primarily confined to the immediate vicinity of these
discharges.

075 Biodegradation of *C Ring-labeled Nonylphenol Ethoxylate in Activated Sludge and in River Water. Naylor, C.G.*, Huntsman
Corporation, Austin, TX; J.B. Williams and P.T. Varineau, Union Carbide Corporation, South Charleston, WV R.P. Yunick, Schenectady
International, Schenectady, NY; K. Serak and C. Cady, ABC Labs, Columbia, MO; D.J. Severn, Jeilinek, Schwartz & Connolly, Inc., Arlington,
VA. The aerobic biodegradation of a *C ring-labeled nonylphenol 9-mole ethoxylate (**C-NPE9) was examined in laboratory semi-continuous
activated sludge (SCAS) and river water environments. The “C-NP used to prepare "“C-NPE was more highly branched than the NP of commerce.
In the SCAS experiments primary effluent from a local wastewater treatment plant was dosed with '*C NPE9 and fed into triplicate SCAS systems,
and the levels of YC in the clarified effluent, settled sludge solids, and CO, were monitored. The “*C species in the effluent and sludge were partially
characterized using liquid-liquid extraction and HPLC. A significant portion of the "C consisted of soluble metabolites that had degraded beyond
the phenol ring. Dosing of the SCAS system ended after 28 days, and dissipation of the residual radioactivity was followed for another 19 days. CO,
evolution and decline of radioactivity in the sludge solids both followed first order rate kinetics, with half-lives of 2.8 days and 5.8 days,
respectively. A portion of the residual sludge activity was incorporated into the biomass. In the river die-away experiment, the extent of *CO,
evolution from river water dosed with '“C NPE was monitored for 128 days. After an induction period of 21 days CO, evolution followed first
order kinetics; the half-life was 22 days. 40% of the NPE aromatic ring carbon was converted to CO,. This is the first unequivocal demonstration
that the phenolic ring of NPE is mineralized under activated sludge and die-away conditions.

76a Statistical Risk Assessment of Nonylphenol and Its Ethoxylates In U.S. Rivers. J. A. Weeks*, Racine, WI; C. G. Naylor, Huntsman
Corporation, Austin, TX; C. A. Staples, Assessment Technologies, Inc., Fairfax, VA; and J. B. Williams, Union Carbide Corporation, South
Charleston, WV. Nonylphenol has been subjected to increasing research and scrutiny for two decades. Nonylphenol can be a degradation
intermediate of nonylphenol ethoxylates, a major surfactant class. Various ecological effects, including disruption of endocrine systems, have been
hypothesized to be the result of environmental NP concentrations. Sufficient information is available for US rivers to examine the potential for such
risks using a comprehensive statistical approach. Data to support the risk assessment were drawn from recent reviews of the aquatic toxicity of
alkylphenol ethoxylates, and the extensive research program of the Alkylphenols and Ethoxylates Panel of the CMA. Environmental concentrations
were based on a survey, planned in cooperation with EPA, of river reaches most likely to contain NP. Random samples defined by certain selection
criteria were drawn from the EPA River Reach File. Little or no NP was found in river water at most locations (95% < 0.00027 mg/L), while low
levels were usually detected in sediment (95% < 0.46 mg/kg). Environmental Risk Criteria and their uncertainties were determined by fitting
distribution functions to results of acute and chronic toxicity tests for a variety of organisms. The risk of NP to the aquatic environment is examined
by comparing percentiles of observed concentration levels with ERCs using statistical hypothesis tests. Overall risks were calculated by integrating
concentration and effect distributions.

077 Detoxification of an Amide-Containing Surfactant by Algae. Tepper, B.E.*, Dunphy, J.C., Pessler, D.G., and Bookland, E.A., The
Procter & Gamble Company, Cincinnati, OH; and Hicks, S.L. and Hurshman, B.A., ABC Laboratories, Columbia, MO. Sensitivity of algae to
organic chemicals can be influenced by the substance's structure and the algac's response to that substance. Algae have diverse metabolic activity
which at times may serve to detoxify chemicals in the environment. In standard toxicity studies with Selenastrum capricornutum the surfactant
dimethylaminopropyl decanamide (C10 APA) completely disappeared over time. Concurrent with this disappearance was the appearance of polar
metabolites. One of these metabolites was identified as dimethylaminopropylamine (DMAPA). Other metabolites were presumptively identified
as dimethylaminopropanol (DMAP) and decanoic acid. These observations indicate that algae first cleaved the amide bond in C10 APA resulting in
metabolites that are completely biodegradable and at least 100 fold less toxic than the parent substance. This detoxification occurred across a wide
range of exposure concentrations, from the NOEC to levels that inhibit algal reproduction by > 99%. Rigorous studies demonstrated that the
observed metabolism was the result of algae and not the very low levels of bacteria (< 500 ¢fu/mL) found in test flasks at test termination.
Additional studies demonstrated that algae and bacteria metabolize C10 APA by first cleaving the amide bond. These results suggest that algae may
play an important role in removing amide-containing organic substances from the aquatic environment. In addition, they suggest that it may be
appropriate to incorporate algal transformation into environmental safety/risk assessments of alkyl amides.

078 Environmental Risk Assessment of a Novel Cationic Surfactant Using the European Union System for the Evaluation of Substances
(EUSES) Risk Assessment Model. Nordone, A.J.*, Saouter, E., N.V. Procter and Gamble Eurocor S.A., Temselaan 100, B-1853 Strombeek-Bever,
Belgium; Tepper, B.E., Federle, T.W., The Procter & Gamble Company, 5299 Spring Grove Avenue, Cincinnati, OH. The environmental risk
assessment of a new short chain amide/amine surfactant used in laundry detergent is presented. C8/10 Amidopropyldimethylamine is a water-
soluble, non volatile chemical used in laundry liquid detergents. It enhances considerably pre-ireat stain removal at low level in product. This
chemical is readily and completely biodegrad-able. It passes the "10 day window period" (>60% CO2 production in 10 days) in accordance with the
European Directive for the notification of new chemicals. Removal in Continuous Activated Sludge simulation system (OECD 303A - CAS) is
above 99%. Removal in wastewater treatment plant is expected to be mainly due to biodegradation. Predicted Environmental Concentrations
(aquatic) using the European Union System for the Evaluation of Substances (EUSES) risk assessment model have been calculated using the
following three scenarios: a) European tonnage and EUSES default values, b) United Kingdom tonnage, monitored plant emissions and CAS
removal rate, and c) United Kingdom tonnage, monitored plant emissions, CAS removal rate, and in stream removal rate. Progression of the
scenarios from a to ¢ resulted in a significant reduction in the calculated PEC. These results emphasize the conservative nature of the EUSES default
values and the importance of data generation and a tiered approach to risk assessment when using the EUSES model.

079 Characterizing Surfactant Mixture Toxicity Using a Fish Liver Cell Line. Benton, E., Dyer, S.D.*, The Procter & Gamble Co., Cincinnati,
OH. A rapid screening procedure has been developed using a fish liver hepatoma cell line (PLHC-1) to determine surfactant toxicity singly and in
binary mixtures. Eight surfactants representative of the 3 major classes (anionic, cationic and the nonionic) and dodecanol were evaluated. After
determining individual dose response curves (using three cytotoxicity endpoints), 36 different mixture toxicity tests were conducted. Three
endpoints were chosen so that modes of action of the chemicals could be evaluated. Neutral Red (NR) uptake was used to determine cell function,
Lactate Dehydrogenase (LDH) leakage as an indicator of cytoplasmic membrane function disruptions, and total protein (sulforhodamine blue, SRB)
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determinations were made as an indication of number of cells/well. Additivity was initially based on concentration addition. In single chemical
tests the cationic class was more toxic than both the anionic and the nonionic classes, with the nonionic class (including dodecanol) being slightly
more toxic than the anionic surfactants. Predicted additivity curves in general compared well with measured mixture responses. However, when the
observed mixture response did not fit this model, independent models and/or isobolograms were then used. In binary surfactant mixtures additivity
was generally observed.

080 Biodegradation of Detergent Surfactants: Updating Activities on the Eu Directives. Glod G.*, De Henau H., Procter&Gamble, Strombeek-
Bever, Belgium; Masscheleyn, P, Procter&Gamble, ITC, Cincinnati, OH, USA. The process to update the European Union Directive on the
biodegradability of detergent surfactants (EU 73/404, 73/405, 82/242, 82/243) has been initiated. Currently surfactants are operationally defined via
.their response to colorimetric techniques such as the semi-specific MBAS (methylene blue active substances) and BiAS (bismuth active substances)
methods. MBAS and BiAS methods are used for anionics and nonionics, respectively and no methods have been implemented for cationics and
amphoterics.The currently used OECD confirmatory test does not allow to distinguish between removal and mineralization. The update of the
directives aims at addressing essentially the following objectives: (1) improve the methodology for current primary biodegradability directives for
anjonics and nonionics, (2) expand the scope to amphoteric and cationic surfactants and (3) add an ultimate biodegradability requirement. Based on
current discussions between industry (AISE and CESIQ), the member states and the EU Commission the following development seems most
probable: (a)addition of a surfactant definition to the text and (b) stepwise approach for determining the acceptance of a surfactant in detergents. In a
first step a simple screening test on ultimate biodegradability is envisioned. Step 2 assesses primary biodegradability for those surfactants (all
classes) that failed step 1 while step 3 assesses in a simple test whether hazardous metabolites may be formed for surfactants that did not pass step 1.

081 Automated Biomonitoring Systems: Opportunities and Challenges. van der Schalie, W.H., U.S. EPA, Washington, DC. Since their
inception in the early 1970's, automated biomonitoring systems (biomonitors) have been used to evaluate ambient water conditions, effluent
discharges, and drinking water intakes. When linked to automated sampling devices, biomonitors can provide biologically-directed sampling of
water or wastewater. Biomonitors provide real-time, continuous monitoring of environmental media using electronic sensors that monitor
physiological responses of organisms. These systems can give an early warning of developing toxicity and can detect the presence of unsuspected
chemicals or toxic interactions. Recent technological advances offer the possibility of a new generation of biomonitoring systems that can be linked
to provide real-time toxicity data over a range of spatial scales (e.g., watersheds or regions). Biomonitors are most effective for detecting sporadic
toxic events. However, their sensitivity and response time depend on the organism and endpoint monitored as well as the specific chemicals present.
Because responses are sometimes caused by variations in water quality parameters (¢.g., temperature, dissolved oxygen, or conductivity), selected
physical and chemical parameters should be monitored simultaneously to facilitate interpretation of biomonitor alarms. Other important factors for
evaluating the usefulness of biomonitors include the reliability of the system and costs for installation and support. Althougth automated
biomonitoring systems have not been widely used for environmental monitoring, their ability to facilitate immediate response and intervention to
developing toxic conditions can be invaluable.

082 Experiences with Real World Applications of Automated Biomonitoring Systems. Gruber, D., Biological Monitoring, Inc., Blacksburg,
VA. Although all end users desire an automated biomonitoring system which is reliable and sensitive, numerous other factors come into play when
trying to apply such systems to the real world. First, all documentation, in addition to the product itself, must reflect a highly competent and
experienced commercial operation. Foreign currency, shipping issues, and negotiating Ietters of credit all must be understood when dealing with
foreign countries. The biomonitoring system must require the minimal of installation, training, and operating expenses. The alarm responses must
be simplistic (for example, red light vs. green light), they must be readily interpretable, and they must have remote communications compatible with
the local installations. All components must be compatible with industrial environments. Sensors (the fish) must be readily available. This
presentation will cover numerous issues which make the application of automated biomonitoring systems in the real world a unique experience
requiring both patience and expense.

083 Continuous Automated Biomonitoring For Acute Toxicity. Shedd,T.R.', USACEHR, Ft.Detrick,MD; van der Schalie, W.H., U.S.EPA,
Washington,DC; Leach,J.D., USADOIM, Ft.Detrick, MD; Widder,M.W., GEO-CENTERS,INC., Ft.Detrick, MD; Finch,R.A., Gardner,H.S.,
USACEHR, Ft.Detrick, MD. An Automated Fish Biomonitoring System (AFBS) was developed by the United States Army Center for
Environmental Health Research to identify developing toxic conditions in water by continuously monitoring the ventilation and movement patterns
of the bluegill (Lepomis macrochirus). This Monitoring System provides an early warning that reduces the risk of causing environmental damage
from a release of toxic effluent. The use of continuous biomonitoring was recognized by State and Federal Regulators and quickly embraced as a
monitoring strategy. The development of the AFBS included input from researchers, regulators, engineers, programmers, and project site managers
for monitoring a complex effluent discharge. Physiological stress to the bluegills, characterized by changes in fish ventilation and movement
patterns, is used as an early warning to identify developing acute toxicity of a treated groundwater effluent discharge. An IBM-compatible PC
continuously monitors and records ventilatory rate, ventilation depth, cough rate, and whole body movement of up to 32 fish simultaneously.
Monitoring begins with 16 fish held in control water for a three-day acclimation period followed by four days of baseline data collection. The fish
are then divided into two groups (8 fish-control, 8 fish-effluent). During the subsequent continuous exposure for two weeks to effluent, the
computer provides immediate analysis of statistically significant departures from baseline conditions for fish in the control and effluent-exposed
groups. The AFBS has been integrated with a Groundwater Treatment Facility. When the monitoring system identifies a potentially toxic effluent,
an effluent sample is automatically collected for chemical analysis, a remote monitor in the treatment facility identifies the problem to the facility
operators, and if necessary, the discharge is diverted to storage tanks until the problem is resolved.

084 The Use of Physiological and Behavioural Measurements from Invertebrates as Biomonitors of Aquatic Systems. Bamber, S.D;
Depledge, M.H. Plymouth Environmental Research Centre, University of Plymouth, UK. Monitoring various aspects of the physiology and
behaviour of selected organisms provides us with the opportunity to gauge the biologically relevant impact of complex effluents entering the aquatic
environment. Thus, an integration of all the various potential contributory factors to changes in the status of an individual organism, including
physical and temporal as well as chemical factors, can be achieved. The challenge facing us today is to develop biomonitor techniques which detect
biologically relevant changes in organisms, in a system which is easy to use, produces an unambiguous reliable signal and requires the minimum of
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maintenance. At the Plymouth Environmental Research Centre we are currently developing a range of monitoring systems designed to examine
variation in higher level biological systems of a diverse range of invertebrate organisms, including crabs, crayfish, daphnids, freshwater and marine
mussels and annelid worms. Monitoring the heart rate of various invertebrates, using the non-invasive CAPMON (computer aided physiological
monitor) system, has been successfully performed under both laboratory and field conditions and has been shown to provide a clear indication of
toxic insult. Behavioural studies have centred around an actograph system which uses infrared light beams to record activities such as tube
ventilation in annelid worms, swimming behaviour in daphnids and endogenous locomotor activity in shore crabs. The linkage between simplicity
of use of the biomonitor system and the quality and biological relevance of the data it provides appears to be a major factor in the future
development of effective biomonitors.

085 Real-time Automated Biomonitoring Using Bivalves. Waller, W.T.*, University of North Texas, Denton, TX, Allen, H.J., University of
North Texas, Denton, TX, Ochandio, M.R. , University of North Texas, Denton, TX, Morgan, E.L., Tennessee Tech, Cookeville, TN. Recent
developments in real-time auvtomated biomonitoring using bivalves include development of a scheme to characterize bivalve behavior using
autoregression and an acute response alarm system. Data from laboratory monitoring of Corbicula fluminea was used to characterize baseline
behavior and an acute response. Data from field monitoring were used to further define baseline behavior and the acute response alarm. Technology
related issues faced in the deployment of remote biomonitoring platforms are discussed including data analysis, and telemetry.

086 The New "Multispecies Freshwater Biomonitor" for Ecological Relevant Control of Water Quality. Gerhardt, Aimut; LimCo
International, Ibbenbiiren, Germany. A new automated biomonitoring system is developed based on quadropole impedance conversion technique.
This universal measuring principle allows to register simultaneously different types of behaviour of all kinds of freshwater organisms. The
measuring unit contains two pairs of steel electrode plates, one producing an alternating current, the other measuring the impedance changes due to
movements of the organism in the chamber. Each electrode pair is attached to the respective opposite walls of the test chamber, which is made of
cylindrical or rectangular plexiglas with the test water flowing through. According to the special ecological demands of the organism, sediment and
detritus is added, without affecting the signal quality. Signals from up to 96 test chambers can be measured and analysed online. The following
parameters are registered: survival, ratio of activity/inactivity, different behaviours as defined by different frequency and amplitude patierns, such
as locomotion and ventilation. Time series analysis for each parameter generate the model behaviour, deviations from which resultin a
behaviour-specific alarm. The alarms for different behaviours as well as for the different test species can be graded according to different
sensitivities and response thresholds. This leads to an ecological relevant and reliable 'water quality alarm'. Early warning responses have been
measured within 60 min. in different invertebrates exposed to different kinds of water pollution: Gammarus pulex (Crustacea) reacted with
increased ventilation and decreased locomotion within 60 min. to a copper effluent of 3-100 mg/l. Hydropsyche angustipennis (Insecta) reacted to a
complex industrial effluent within 90 min. with decreased ventilation and increased locomotion. Changes in behaviour due to toxic water have also
been found for Daphnia sp., chironomids, plecopterans and fish. The "Multipsecies Freshwater Biomonitor" is a sensitive, ecological relevant
biological early warning system with universal applications.

087 Gymnotox, a New Warning Biomonitor Using a Neotropical Electric Fish, Apferonotus albifrons: Principle and Performance. Thomas,
M., International Center for Water, Nancy, France. Water is constantly subject to ever increasing risks of pollution and more stringent quality
requirements are imposed on water destined for human consumption. Therefore water resource managers have set up early warning stations which
are equipped with physico-chemical sensors and analyzers to monitor specific parameters. Biological monitoring techniques are also added because
they have the advantage of being non-specific and consequently provided overall information on the quality changes of the environment. It is within
this framework that a new biomonitor, named Gymnotox, has been developed by the NAN.C.LE. and the Laboratory of Applied Biology (Nancy1
University). Gymnotox exploits the Electric Organ Discharge (or EOD) emitted by a neotropical fish, Apferonotus albifrons (Gymnotiformes) and
uses the fact the EOD frequency varies as a function of water quality. The first objective is to describe this new biomonitor especially the biological
reagent, the hydraulic system, the data recording, processing and analyzing with the supervisor Ramscope. The data are analyzed in real-time, where
each fish represents its own standard. The second objective is to present the influence of non-toxic physico-chemical parameters (temperature, pH
and conductivity) and pollutants (cyanide and phenol) on the electric behavior of 4. albifrons. The results show that EOD frequency is temperature
(45.4 10 63.9 Hz/°C) and pH dependent whereas stay stable with different ionic charges (54 to 484 mC.cm™). Concerning the pollutants, the KCN
and phenol detection thresholds were found to be 35 mg.I"! and 1 mg.I” respectively. An important advantage of Gymnotox resides in the use of the
remarkably stable electric information generated directly by the fish, which can be likened to an electric generator. The electrical behavior recording
and processing are therefore easier. The performance to detect water quality changes is also particularly interesting. For these reasons, Gymnotox
seems to be an appropriate mean to monitor water quality.

088 Sensor Technologies for Future Aquatic Automated Biomonitoring. Sarabun, C.C.*, The Johns Hopkins University Applied Physics
Laboratory, Laurel, MD; Ondercin, D.G., The Johns Hopkins University Applied Physics Laboratory, Laurel, MD. The Johns Hopkins University
Applied Physics Laboratory (JHU/APL) is developing technologies under a number of DOD programs which could be applied in future
biomonitoring programs. These technologies include sensors, and signal and information processing techniques. Sensors under development at
JHU/APL include those which can monitor bioindicators directly or whose adjunct data can significantly affect the interpretation of primary
biomonitor data. Sensors under development include biologically directed MicroElectroMechanical (MEM) sensors which have been used to detect
nerve agents, polymer matrix-based heavy metal specific sensors which have been configured to detect lead and uranium, miniaturized time of Flight
spectrometers for organic materials, low-noise, high-sensitivity electric and magnetic field sensors and specialized, fast response fiber optic sensors
used, for example, to detect nitrates and phosphates. Signal and information processing techniques include techniques for feature and signal
extraction, signal analysis of multiple parameter data streams and Al-assisted decision making aides. Some of these approaches are currently being
applied to the analysis of fish ventilatory data. This paper will discuss some of these flexible technologies and the ways in which they have been
applied and ways they might be applied in the future to enhance biomonitoring capabilities.

089 Remote Applications of Automated Biomonitoring to Watershed Drainages. E. L. Morgan*, E. T. Ososanya, D. B. George, Tennessee

Technological University, Cookeville, TN, and W. T. Waller and H. J. Allen, Institute of Applied Sciences, University of North Texas, Denton, TX.
Three decades of progress have been made since John Cairns and his associates first coined a new scientific endeavor known as automated
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biomonitoring. Development and application have ranged from initial systems designed for early warning of wastewater discharges using fish as
sensors, to configurations for antomated bioassays using bivalve mollusc or other invertebrates. More recently, remote biosensing devices have been
implemented in watershed networks instrumented with water quality monitoring stations and satellite data retrieval. Presently, a new generation of
intelligent biosensing systems are being developed for near, real-time continuous monitoring at remote river platforms. One system built in
collaboration with the University of North Texas and U.S. EPA uses digital signal processing and fast fourier transforms to generate power spectrum
densities (PSD) that represent aquatic animal functions, i.e. cardiac and breathing patterns. PSD are used as functional features for input into
artificial neural networks (ANN). Once ANN are trained using stressed and non-stressed patterns, the system can judge adverse water quality and
provide a control sequence capable of triggering an automated water sampler. The control sequence can also alert concerned parties so that samples
can be retrieved and processed for causative agents, and corrective action taken when warranted.

090 Automated Biomonitoring Systems: Current Status and Future Development. Dickson, K.L., Waller, W.T., Morgan, E.L.. This
presentation will be the last of the talks in the Biosensor Session and will summarize the current status of biosensing, including the information from
the talks in the session. Additionally, the author will conjecture as to the future direction and role of automated biomonitoring systems in water
quality monitoring and protection.

091 The Complex Link Between Public Policies, Human-Induced Land Use Change, Ecological Risk and Social Benefits. Bockstael, N.*, U.
Maryland; Leggett, C., U. Maryland, College Park, MD. We explore the two-way link between ecological risk and natural resource economics by
first tracing the human decisions about land use that alter physical and bioclogical stressors in the adjacent marine environment and then by
evaluating some of the consequences to humans of the resulting ecological change. The principal focus of the research is how public policies can be
formulated in such a way as to affect human decisions about land use. Ecological models can trace the resulting land use paitern to water quality
consequences. We show some of the ways in which these water quality consequences feedback to effects on human welfare. The focus, then, is on
how policies that alter human decisions about land use can have ecological risk consequences that ultimately affect society’s welfare.

092 Use of the “Service-to-service” Approach to Address Ecological and Recreational Service Losses For a Freshwater Oil Spill Natural
Resource Damage Assessment (NRDA) in Reston, Virginia: Case Study. Nicolette, J.P.*, ENTRIX, Inc. and Nicolette Environmental, Inc.,
Grayslake, IL; Markarian, R.K., ENTRIX, Inc., Wilmington, DE; Pfeifer, C.E., ENTRIX, Inc., Wilmington, DE; Rockel, M.L., ENTRIX, Inc.,
Wilmington, DE; Pearson, D.V., Colonial Pipeline Company, Atlanta, GA. On March 28, 1993, a subsurface pipeline ruptured and discharged
approximately 400,000 gallons of No. 2 fuel oil (diesel) into the environment. The discharged oil flowed overland to nearby storm sewers that
empty into Sugarland Run, a freshwater tributary to the Potomac River. As the oil flowed downstream through aquatic and riparian habitats, it
injured ecological and recreational natural resources and services associated with those habitats. The natural resource damage assessment process
was utilized in assessing ecological and recreational injuries resulting from the spill and in developing appropriately scaled restoration of the injured
resources. Ecological service losses (injury) were scaled to restoration through the use of the habitat equivalency analysis (HEA) model.
Recreational service losses were scaled to restoration utilizing economics methods (e.g., modified benefits transfer). In this case and in meeting the
goal of the OPA NRDA Rule, the responsible party agreed to compensate for the lost ecological and recreational services resulting from the spill, by
providing through a restoration program, ecological and recreational services (service-to-service approach).

093 Expedited Resolution of NRD Claims for Injury to Freshwater Wetlands- The Bennington Model. Hazardous waste releases from the
Bennington Landfill Superfund Site, including PCBs and heavy metals were identified by the natural resource trustees (DOI and Vermont Agency
for Natural Resources) as resulting in injuries to forested wetlands and ponds. A habitat equivalency analysis based on site specific sampling data
tied to toxicity reference values was employed to evaluate past, interim and future losses using an acre-year metric, and identify restoration
requirements. This methodology also permitted the trustees to factor into claim development the fact that remediation by EPA was anticipated at
only some of the areas of cancern to the trustees. The PRPs were then invited to participate in identifying candidate restoration projects. Working
with the Town of Bennington, a sitc PRP, an innovative restoration package was developed which called for reestablishment of natural hydrologic
conditions and wetland plant communities at an old cistern-fed water supply complex, protection of surrounding habitat, construction of facilities for
public access, and development of an educational program tied to the local school system, which was then implemented by the Town. This approach
permitted expedited resolution of trustee NRD claims while minimizing transaction costs to all parties. National application of this approach, which
is potentially applicable to numerous hazardous waste sites, would permit natural resource trustees to achieve effective restoration more rapidly and
at lower cost than through traditional assessment techniques.

094 Developing a Framework for the Economic Valuation of Ecological Benefits. Blake-Hedges, L.*, U.S. EPA, Washington, DC; Harris, J.,
U.S. EPA, Washington, DC; Kibler, V., U.S. EPA, Washington, DC. The EPA Social Sciences Discussion Group, which is convened under the
auspices of the EPA Science Policy Council, is working to improve the Agency's ability to conduct comprehensive cost-benefit analyses. This
presentation describes one part of this effort, the development a conceptual framework that sets out commonly used methods for conducting
ecological benefit assessments. The purpose of this Framework is to provide ecological risk and economic benefit valuation information to enhance
the Agency’s ability to incorporate ecological benefit considerations in its risk management and pollution prevention policies. It identifies tools and
information resources for ecologists and economists involved in ecological benefits assessment. The framework, intended for a wide audience,
provides background on the conduct of ecological benefit assessments, including discussions on ecological risk assessment and ecological benefit
valuation techniques. It discusses some of the difficulties in developing ecological benefits assessments and identifies the need for coordination and
interaction between scientists and economists. The Agency anticipates developing a workshop to discuss the framework and to identify research
needs, case studies, and specific areas where interdisciplinary coordination can be most beneficial in the development of ecological benefit
assessments.

095 Spatial Weight-of-Evidence Integrated Risk Assessment. Rogers, W.J.*, West Texas A&M University, Canyon, Tx; J.W. Bickham, Texas
A&M University, College Station, Tx; T.M. BolwahOnn, Battelle Memorial Institute, Amarillo, Texas. The spatial weight-of-evidence integrated
risk assessment approach uses traditional risk assessment methods but adds a holistic approach by translating ecological effects into gain or loss of
habitat value, or weighted usable habitat. Habitat value is based on an easily understood scate from 0.0 to 1.0 (1 being ideal habitat). The habitat
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value is supported by numerous measurable variables that are translated into one habitat or resource value. The approach integrates traditional
contaminant fate and transport modeling typically used in remediation investigations with resource valuation methodologies and models typically
used in natural resource assessment. This spatial approach provides (1) a measure of weighted usable habitat under the current and future no action
alternative and (2) a method to determine net ecological benefit and impact of the potential remediation alternatives. Potential for replacement of
lost habitat value can also be considered and is based on mitigation by acquisition or development of like habitat value. Most natural resource
trustees accept the use of kabiiat equivalency methodologies but may lack the resources to complete such an evaluation. The agencies may then
elect a simpler, more arbitrary process such as contingent value, which can result in excessive natural resource claims. The integrated approach
expands the scope of the traditional ecological risk assessment by providing a tool to support the decision-making process to address multiple
stakeholder concerns.

096 Valuing Ecclogical Services Using an Ecological Metric to Facilitate the Evaluation of Site Closure and Corrective Action Options.
Rockel, M.L." , Kealy, M.J., Tomassi, T., Friant, S.L., and Markarian, R. ENTRIX, Inc., Wilmington, De. Cost/benefit analysis, the traditional
framework for organizing information on the economic effects of an action does not indicate whether or not the environment is improved or
diminished by an action. However, the net effect on the environment is an issue when managing ecological risks. Net Environmental Benefits
Analysis is proposed as an organizing framework for summing the positive and negative ecological effects of one or more proposed risk reduction
remedial alternatives. NEBA uses an ecological metric, or currency and an economic model that quantifies the amount of currency that is lost or
gained over time, enabling the ranking of risk management activities with respect to their net benefit to the environment. In the context of
Superfund and RCRA legislation, historically preferred remediation activities include: dredging contaminated sediments from a stream or wetland;
capping contaminated soils; pumping groundwater to remove or contain contaminants; and other engineering-based solutions to pollution. While
such remediation activities can effectively prevent contaminants from causing harm to human health or the environment, in some cases, they can also
harm the environment by changing an essential aspect of a habitat. The present paper demonstrates how to integrate NEBA into the ecological risk
assessment/management process in the Superfund and RCRA contexts to assist in the selection of remedial alternatives. Results from case studies
illustrate the utility of the approach.

098 Ecorisk and Nrda Endpoints: Some Are, Some Aren't. Williams, B.A,,ENTRIX, Walnut Creek, CA; D. Haury, ENTRIX, Chicago, IL; J.A.
Holder, ENTRIX, Walnut Creek, CA, and G.A. Robilliard, ENTRIX, Seattle, WA. The Natural Resource Damage Assessment (NRDA) process is
used to determine the damages owed to a public trustee for natural resource injuries that occurred as a consequence of an action, usually an
unauthorized released hazardous substance or oil. The stressor and its adverse effects are usually known in an NRDA. The primary driver of the
NRDA process is determining if quantifying the loss of services provided by the natural resource and in many cases determining the economic value
of those lost services. In contrast, an Ecological Risk Assessment (EcoRA) is used to assess the probability of future harm to the environment as a
consequence of a specific action. Both processes require identification of 1) stressors; 2) affected biological receptors; and 3) exposure scenarios.
Although the basic ecological considerations of each process are similar, significant differences in economic and temporal focus could result in
divergent, or even conflicting products. However, up front planning between Natural Resource trustees and EcoRA managers can identify the
overlap between the two processes. This can result in a more cost efficient and scientifically defensible damage assessment. For examiple, while the
EcoRA process has no provision to assess the economic impact of predicted adverse effects, the quantification of adverse effects in an EcoRA could
feed into the estimates of lost services and thus damages in the NRDA. A case study of the simultaneous implementation of an NRDA and EcoRA
for a closed refinery site in Texas provides a means to compare and contrast the similarities and differences between the two processes. The
ecological, economic, measurement, and management goals and techniques used to simultaneously conduct both an NRDA and an EcoRA are
presented.

099 Integrating Risk Assessment and Damage Assessment: Is There a Common Ground?

Chapman, D.J.,* Gouguet, R.G., Kern, J.C. NOAA. This paper focuses on the relatively novel approach in Natural Resource Damage Assessment of
coordinating risk assessment and damage assessment studies for CERCLA site investigations. Quantitative Risk assessment methods used in the
CERCLA RIFS process, focuses on developing measures of potential harm to humans and ecological receptors with respect to contamination
concentrations in order to determine clean up levels. Natural Resource Damage Assessments focus on developing the appropriate type and scale of
restoration for quantified injury to resources and/or services. Risk assessment studies can provide valuable information for use in NRDA. Potential
time and cost benefits exist if studies designed for risk assessment and damage assessment can be coordinated and/or combined with the NRDA
process. Using case examples, this paper outlines how risk assessment investigations can be used, or modified, to identify and quantify the necessary
NRDA endpoints of scaling restoration.

100 HERMES: Methods for Including Ecological Values in Environmental Restoration. Scott, M.J.*, Pacific Northwest National Laboratory,
Richland, WA; Bilyard, G.R., Pacific Northwest National Laboratory, Richland, WA; Sackschewsky, M.R., Pacific Northwest National Laboratory,
Richland, WA; Tzemos, S. Pacific Northwest National Laboratory, Richland, WA; Walker, B.A., Washington State University, Pullman, WA.
Pacific Northwest National Laboratory scientists have developed a Geographic Information System (GIS) based computer decision support tool
known as Health and Ecological Risk Management and Evaluation System (HERMES). This tool provides a concise description of the current
environmental landscape that can be used to evaluate the ecological and monetary tradeoffs between future land use, restoration and remediation
options before action is taken. Ecological impacts that are evaluated include effects to individual species of concern, habitat loss, and habitat
fragmentation. Monetary impacts include those associated with habitat mitigation. More complex economic and ecological interactions can be
incorporated into HERMES. In developing HERMES, we captured economic values associated with the ecological resources in a shrub-steppe
dryland habitat being displaced by development or cleanup actions. Several resource valuation tools from environmental economics were used,
including benefits transfer. The highest values of natural shrub-steppe habitat appear to be derived from soil stabilization. Key data include types of
ground cover, types of habitat, and locations of species of concern (threatened, endangered, or candidates for listing). The HERMES code can be
used to evaluate the extent and types of habitat and species disturbance associated with hazardous waste mitigation projects, and to help determine
actions that must be taken to reduce ecological risks of mitigation, together with their costs.
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101 Silver (And Other Metalis) at the Regulatory Crossroads: Good Scientific Focus Is Needed to Answer Pertinent Questions. Purcell,
T.W.*, The Silver Council, Chevy Chase, MD. Silver enters the environment from a variety of industrial, domestic and natural sources. Because of
these inputs, there exists the possibility for exposure of ionic and complexed silver to terrestrial and aquatic organisms, as well as to humans. This
potential for exposure has resulted in promulgation of a number of regulations in the United States, beginning in the 1960s. Rules were first
developed to protect against possible negative effects to humans due to ingestion of drinking water treated with silver. As regulations for other
environmental media were developed, silver was generally included because of its designation as a chemical of concern in drinking water. Ambient
Water Quality Criteria were calculated from laboratory data based on the toxic action of ionic silver. In the early 1990s, the U.S. Environmental
Protection Agency Office of Drinking Water downgraded silver from a primary to a secondary maximum contaminant level because the effects of
silver exposure on humans were judged to be cosmetic rather than toxic. Regulations pertaining to solid waste, surface waters and occupational
exposure have not changed based on recent scientific work, but may do so in the near future as the fate and toxic mechanisms of this metal, along
with others, become better understood. Silver is also expected to be included in upcoming sediment quality criteria guidance. Scientific information
is needed to fulfill recommendations provided by the SETAC Pellston Workshop in Reassessment of Metals Criteria for Aquatic Life Protection
(Bergman and Dorward-King, SETAC Press, 1996). Data addressing environmental interactions and toxic mechanisms is required to answer
questions about the bioavailability of silver and other metals so that future regulations can be crafied accurately.

102 Detection of Ag+ Ion Utilizing a Silicon-Based Potentiometric Sensor. Chyan, O.*; Chen, J.J.; Xu, F.; Gao, I.; University of North Texas,
Denton, Texas 76203. Recently, a great deal of research effort has been dedicated to determine the sources, transport, and fate of silver in various
aquatic environments. Several researchers have investigated silver toxicity in freshwater systems and concluded that the free silver ion, Ag+, has the
highest toxicity among different chemical forms of silver . Therefore, it is highly desirable to measure trace levels of free silver ions in naturai water
systems. In this paper, we will discuss a new silicon-based sensor assembly which was shown to sensitively detect free silver ions (at below
parts-per-billion level) in several water samples. The Ag+ detection capability is accomplished by a direct measurement of the open-circuit potential
from the silicon-based sensing electrade using a high input impedance potentiometer. Our surface spectroscopic data and atomic force microscopic
images indicate that the silicon space-charge region influenced by the Ag+ containing solution contributes to this unique Ag+ sensing capability. In
addition to the sensor's operation mechanism, the sensor's performance and its limitations will be discussed.

103 Silver Thiolate Chemistry: an Overview of the Solid State and Aqueous Solution. Bell, R.A., Bennett, S.E., Britten, ].F. and Kramer, I.R.
Department of Chemistry, McMaster University, Hamilton, ON, Canada. The structure and chemistry of silver(I) complexes of environmental
mercaptans is central to our understanding their mobility and fate. Regulation should be based on this understanding, Environmental silver thiolates
act as transient carriers of silver(l) becaunse of their aqueous solubility and their ability to transfer silver(I) to organic and inorganic colloidal matter
containing sulfur groups. We propose that silver(I) thiolates themselves exist as colloidal aggregates composed of short, interlocking chains of -
S(R)-Ag-S(R)-Ag- units which are continually breaking and reforming. We suggest that silver is very mobile among different mercaptans, and the
presence of any HS? will result in the eventual formation of Ag,S. We have used x-ray powder diffraction (XRD) and single crystal x-ray analysis
together with nuclear magnetic resonance (NMR) and electrospray mass spectrometry (ESMS) to study the environmental silver thiolates,
cysteinato-silver and 3-mercaptopropanoato-silver. Our synthesis of cysteinato-silver has resulted in a microcrystalline solid, the XRD pattern of
which is consistent with a layered structure. 3-Mercaptopropanoato-silver, crystallized for the first time, has a layered structure, which is developed
from in-plane one dimensional chains of -S(R)-Ag-S(R)-Ag- zig-zags as the fundamental units. ESMS showed the presence of a range of
multisilver-multiligand species. Proton and carbon-13 NMR of aqueous penicillaminato-silver, a planar structure made up of double-helix chains,
shows broad lines at room temperature which is ascribed to aggregate formation (n = 20 - 60 in [RS-Ag],). A variable concentration study shows
rapid ligand exchange. Addition of HS® to silver(l) thiolate solutions quickly converts these compounds to Ag, S.

104 Fate of Silver in the Environment: Hypotheses. Kramer, J.R.*, Bell, R.A., McMaster University, Hamilton, ON.. Silver forms simple
inorganic sulfides (AgHS"), thiolate and polysulfides in natural waters. Silver, present at low ng L™ levels in most instances, forms simple inorganic
and thiolate complexes. Furthermore, most of the aqueous silver is in the colloidal (<0.45mm) fraction. This colloidal material is predicted to
persist as multiple chain (layered) relatively low molecular weight substances, probably sorbed to natural organic matter. Furthermore this fraction
persists metastably in oxidized water. Bivalves accumulate silver. They are predicted to take up colloidal Ag-thiolates and form stable Ag-thiolates
or Ag-sulfide in the exterior cells. The cells are later sloughed off, and the Ag(I) in the residue is forms a more inert Ag-sulfide. Key unknowns are
the specific nature of Ag(l) in the colloidal fraction, size distributions as related to environmental factors and the bio-assimilation of Ag-thiolates, the
role of other metals (e.g. Fe(Il) and Fe(III)) in development of macro-molecules containing Ag(I), and the protective effect against Ag(I) migration
by thiols in the bivalves. A scheme for measurement and interpretation of these parameters is proposed in context to modeling and regulatory use.

105 Silver in Colorado Watersheds - Concentrations and Chemical and Phase Speciation. Gill, G. A., Wen, L.-S.*, Santschi, P. H., Tang, D
and Lehman, R., Texas A & M University at Galveston, Galveston, TX. Surface river water samples and municipal and industrial discharge
effluents were collected using ultra-clean sampling protocols at 5 sites in the State of Colorado. Sampling was conducted above and below an
effluent discharge to characterize silver discharges on the receiving water body. All samples were analyzed for total (unfiltered collections), filtered
(0.1 and 0.4 mm ), particulate (particles on 0.45 mm filters) silver, and two colloidal silver size fractions (3 kDa B 0.1 mm and < 3 kDa) using ultra-
clean sample preconcentration protocols. In general, upstream unfiltered and particulate silver concentrations fell in a fairly narrow range, 3.1 to 21
ng/L, and 0.2 to 1.7 mg/g, respectively. Downstream unfiltered and particulate silver concentrations were more broad, 2.8 to 1110 ng/L and 0.5 to
104 mg/g, respectively, and reflected impacts of silver laden discharge effluents. The filtered samples general mirrored that observed for the
unfiltered and particulate samples, but at lower overall concentration levels. The dominance of particulate matter and chloride on the phase and
inorganic solution speciation of silver was pronounced. Using thermodynamic equilibrium modeling, free silver ion concentrations varied from a
high of 72% of the total silver present, when both TSS and chloride ion content were low, to a minimum of 0.4%, where chloride and TSS were both
abundant. Cross-flow ultra-filiration revealed that, on average, more than 60% of the filtered silver (0.1 mm) was associated with colloidal
macromolecular organic matter; 16 to 63% of the 0.1 mm filtered silver concentration was in the size range between 3 kDa and 0.1mm, and 9 to
44% of the filtered silver (0.1 mm) was <3 kDa.

B
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106 The Reaction of Silver and Sediment AVS: Ag,S Formation, Measurement, SEM Determination and Possible Oxidation Pathways.
Mahony, 1.D., Di Toro, D.M., McLeod, P., Morrissey, J., Santos, L., Manhattan College, Riverdale, NY. The formation of Ag,S in the pure phase as
well as in sediment follows the same general pattern of other heavy metal sulfides. The kinetics of this process will be presented and compared with
that of other heavy metal sulfides. The measurement of AVS when Ag,S is present offers some unique problems as does the determination of SEM.
Various approaches to resolving these difficulties will be presented. The correlative property to the formation of all heavy metal sulfides is their
oxidation rates. Because of the importance of this with respect to fate and transport modeling, several different approaches have been taken to
investigate this process. These include varying the oxidant by varying certain components commonly found in sediments. The results of these
studies as well as their application to a sediment flux model will be presented.

107 Silver Toxicity to Chironomus tentans in Two Freshwater Sediments. Call, D.J.*, Polkinghorne, C.N., Markee, T.P., Brooke, L.T., Geiger,
D.L., Lake Superior Research Institute, University of Wisconsin-Superior, Superior, WI., U.S.A. Sediment from two freshwater lakes was amended
with AgNO; to determine (1) amendment levels needed to exceed the Ag binding capacities of the sediment for the occurrence of measurable
concentrations of dissolved Ag in pore water (PW), and (2) the toxicity of amended sediments. Dissolved Ag was procedurely defined as the Ag that
passed through a 0.2 Fm membrane filter. Ten-day toxicity tests were performed with C. fentans larvae first without sediment present to obtain a
water-only LC50 value, followed by AgNO,-amended sediment exposures designed to yield PW dissolved Ag concentrations that bracketed the
water-only LC50. Both sediments contained levels of AVS and TOC less than 1.2 Fmol/g and 1.4 percent, respectively. West Bearskin Lake
sediment, which contained a larger proportion of fine particles (silt and clay) and had a higher iron content than Bond Lake sediment, was more
effective in binding Ag, as amendment levels in excess of 2.98 and 0.080 g Ag/kg dry sediment, respectively, were required before appreciable
concentrations of dissotved Ag appeared in the PW. These concentrations of Ag are considerably higher than typical reported field concentrations of
<0.005 g/kg. The 10-day LC50 value for dissolved Ag of 0.057 mg/L in water without sediment present was compared to LC50 values obtained
following Ag incorporation into the two sediments. The higher Ag amendment levels resulted in the displacement of Zn, Ni, Pb and Cu from
sediment to PW, with Zn attaining the highest concentrations. Larval mortalities in these exposures were likely due to a mixture of metals. The
capacity of these sediments to bind Ag appears to have exceeded the combined binding capacities of their AVS and TOC levels, indicating that
additional binding phases may also have been operative.

108 Fate and Effect of Silver Compounds on the Anaerobic Digestion Process. Pavlostathis, S.G.*; Maeng, S.K., Georgia Institute of
Technology, Atlanta, GA. Laboratory experiments were conducted to assess the anaerobic biodegradability of a silver-bearing, waste activated
sludge as well as the effect of silver compounds on the anaerobic digestion process. All assays were performed at 35°C in the dark. The ultimate
biodegradability of silver-bearing waste activated sludge (5.0 g silver/kg studge solids) was 61% as compared to 59% for the control (i.e., silver-
free) sludge. The rate and extent of methane production was similar for both sludge samples. Addition of either silver nitrate or silver sulfide to
methanogenic, mixed cultures up to an equivalent concentration of 100 mg Ag/L did not affect the rate and extent of methane production. Silver
thiosulfate when tested at an equivalent concentration of 100 mg Ag/L (and 1000 mg S/L), resulted in accumulation of ca. 28 mM of fatty acids
(mainly acetate), 90% inhibition of methanogenesis and 39% inhibition of acidogenesis. However, using silver-free, thiosulfate-amended controls, it
was concluded that the observed inhibition was not contributed to the silver but rather to the excess thiosulfate (used as an alternate electron acceptor
resulting in the production of soluble sulfide at inhibitory levels). Computer simulations using MINTEQA2 resulted in extremely low
concentrations (< 10™* M) of free silver ions (Ag") which explains the lack of inhibitory effects due to silver. The two predominant silver species
were Ag,S and Ag®. In conclusion, due to the high complexing capacity of the anaerobic digester mixed liquor as well as the reduction to elemental
silver, relatively high concentrations of silver (at least up to 100 mg Ag/L) can be tolerated by anaerobic digestion systems. The results of this study
have implications on the biological treatment and management of photoprocessing wastewaters.

109 Interactions of Silver with a Unicellular Alga: Transport Mechanisms Through the Cell Wall and the Plasma Membrane in Relation to
Chemical Speciation. Fortin, C.* and Campbell, P.G.C., INRS-Eau, Université du Québec, Sainte-Foy, QC, Canada. Many of the apparent
exceptions to the Free-Ion Model (FIM) of metal toxicity involve either ligands that are assimilable on their own (so-called "accidental” metal
transport - €.g., Water Res. 32: 419-429 (1998)), or ligands that form neutral lipophilic metal complexes (e.g., Environ.Sci. Technol. 28: 1781-90
(1994)). In the present project, we are attempting (i) to determine whether enhanced silver uptake may occur in the presence of chloride and (ii) to
elucidate the mechanism(s) responsible for this behavior. We have chosen a unicellular alga, Chlamydomonas reinhardtii, as our test organism. This
species is available in strains with / without the normal algal cell wall, allowing us to quantify the role of the cell wall in silver-algae interactions.
Short-term (#30 min) silver uptake is determined using '"""Ag as a radio-tracer in defined inorganic media, with differentiation between adsorbed
and intracellular metal. After first quantifying silver uptake rates in chloride-free media, we then increased the Ag and Cl concentrations together, in
proportions calculated to give a constant free Ag™ concentration. In such an experiment, the Free-Ton Model predicts that metal uptake should be
constant, i.e. that the biological response should be insensitive to the increase in AgCl, species in solution. Contrary to this prediction, as [Cl] was
increased from O to 4 mM, at constant ionic strength and constant free [Ag*] (10 nM), the Ag uptake rate more than doubled (2.4-2.5%). We suspect

that this exception to the FIM is caused by passive diffusion of the neutral species AgCl® and experiments to confirm this interpretation are currently
underway.

110 A Probabilistic Tropic Level Model for Silver Bicaccumulation in Aquatic Systems. Warila, J., Batterman, S.*, University of Michigan,
Ann Arbor, MI. A probabilistic three tropic level simulation model was developed and tested for the purpose of simulating the bioaccumulation of
silver in fresh water aquatic species. Trophic ievels include freshwater algae, insects/crustaceans, and trout/carp. Each tropic level considers uptake
from water, food and sediment, with first-order uptake and elimination kinetics, typical feeding rates, organism sizes, etc. Most of the parameters in
the model, based on a literature review and statistical hypothesis testing, are considered to be lognormally distributed; some parameters follow other
distributions. A Monte Carlo simulation reflects parameter variability on the model output, silver dose in each species, in several scenarios
representing silver discharges in a range of aquatic ecosystems, including the use of silver as an element of a secondary disinfectant formulation that
is discharged in a warm receiving body. The simulation model reproduces results obtained for individual organisms and experimental food-chains
with approximate bioconcentration factors of 10°to 10° for algae, 10° for crustaceans and insects, and 10'to 102 for freshwater fish. The model also
predicts results obtained in natural systems, although many model inputs are poorly estimated. Critical variables are identified using sensitivity
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analyses for each scenario. Under most of the tested scenarios, bioaccumulation of silver appears unlikely to result in toxic effects to aquatic
wildlife and humans consuming fish. However, bounding scenarios can result in chronic impacts in some species, €.g., rainbow trout. The model
provides a means to reflect the variability in data sets and to estimate the likelihood of various concentrations. This represents a significant advance
over simpler rate coefficient models, and results of most likely or 50™ percentile predictions from the probabilistic model sometimes differ
significantly from that of the deterministic models.

111 Organochlorine Compounds and Hydrocarbons Effect on the Benthic Fauna of Chetumal Bay, Mexico. Salazar-Silva, P.; Norefia-
Barroso, E.; Zapata-Perez, O. and Gold-Bouchot, G*. CINVESTAV Unidad Merida, Merida, Yucatan, Mexico. To evaluate the environmental
health of Chetumal Bay, a bay located on the border between Mexico and Belize and breeding ground of the West Indies manatee (T¥ichechus
manatus), sediment samples were collected on eight stations. Five replicates were collected for benthic macrofauna and one for chemical analysis for
each station. The samples were sieved (1 mm) and preserved. The organisms were identified to family, counted and weighed. The usual community
parameters were calculated: diversity (Shannon-Wiener and Simpson indices), evenness, number of families and individuals. Significant correlations
(P < 0.05) were found between EDDTs and number of families (r = -0.81), number of families (r = -0.75) and the Shannon-Wiener index (r = -0.81);
between Mirex and evenness (r = 0.70); Endosulfan IT and number of individuals (=-0.72) and total pesticides and number of families (r = -0.75).
Using the Abundance-Biomass Comparison (ABC) curves, three stations can be classified as moderately polluted. The BIOENV procedure found a
significant correlation (r = 0.75) between the distance semi-matrix calculated with the faunal data and the distance semi-matrix calculated with
contaminant data with EDDTs, Mirex, EPCBs and salinity. From the analysis it can be concluded that there is a severe impact of organochlorine
pesticides on the benthic fauna in Chetumal bay.

112 Predicting Benthic Impacts from Measures of Bulk Sediment Contamination in Estuaries of the Southeastern United States. Hyland,
J.L.*, NOAA, Charleston, SC; Van Dolah, R.F. and Snoots, T.R., SC Department of Natural Resources, Charleston, SC. Sediment contaminant
concentrations and macroinfaunal community structure were measured synoptically at 242 estuarine sites during the summers of 1994-1996 as part
of the Environmental Monitoring and Assessment Program (EMAP) in the Carolinian Province (Cape Henry, VA to St. Lucie Inlet, FL).
Relationships between the incidence of a degraded benthos (low number of species, H', abundance, or benthic index score) and several measures of
overall sediment contamination were determined in efforts to develop an empirical framework for evaluating risks of benthic impacts from exposure
to contaminant mixtures in these estuaries. One measure of contamination was the mean Effects Range-Median (ER-M) quotient: i.e., the mean of
the ratios of individual contaminant concentrations in a sample relative to respective ER-M values. Our results showed that mean ER-M quotients at
sites with a degraded benthos ranged from 0.005 to 0.438 and that 50% of these samples had quotients of 0.052 or less (based on a best-fit curve
applied to the data). No sample with a degraded benthos had a corresponding ER-M quotient > 1.0, the beginning of the range for Ohighly toxic
samplesO based on lab toxicity studies and a broader national database (Long et al. 1998). Thus, for southeastern estuaries, ER-M quotients ranging
from about 0.05 to 0.5 appear to be indicative of OhighO sediment contamination associated with a relatively high incidence of benthic impacts.
Most samples with healthy benthic assemblages (92%) had mean ER-M quotients < 0.05. These results provide a useful framework for predicting
benthic impacts in future assessments based on empirically derived animal-contaminant relationships from field samples.

113 Evaluating the Bioavailability of Metals Mixtures in Sediments from the Clark Fork River Basin. Naddy, R.B.*, Stubbleficld, W.A.,
Christensen, K.P., Pillard, D.A., Tucker, S.A. and Hockett, J.R. ENSR, Fort Collins, CO. Due to historic mining activities in southwestern Montana,
several metals, e.g., As, Cd, Cu, Pb, and Zn, have been released into adjacent aquatic habitats (i.e., Silver Bow Creck and the Upper Clark Fork
River). Presently, remedial activities include liming of waters from Silver Bow Creek and retention in settling ponds (Warm Springs Ponds), to
reduce metals concentrations prior to discharging into the headwaters of the Upper Clark Fork River (UCFR). Several studies have been conducted
to-date to evaluate the potential bioavailability of these metal mixtures from sediments in both the Warm Springs Ponds (WSP) and the UCFR. Bulk
sediment and sediment porewater metals concentrations were measured and compared using appropriate Sediment Quality Criteria methods (i.e.,
SEM-AVS and sediment porewater summed as toxic units [i.e., INCTU]). Sediments in the UCFR were sampled in both depositional and riffle
habitats. Porewaters were sampled through the use of in situ peepers, buried to a depth of 2 - 8 cm. In addition, sediments from WSP were
evaluated using 10-d Hyalella azteca toxicity tests. Results indicate that AVS affects metal bioavailability in the lentic environment more
significantly than in the lotic environment, as there was relatively low AVS concentrations in UCFR sediments. Porewater metal concentrations
were less variable than bulk sediment concentrations, and for the UCFR did not exhibit the upstream-downstream concentration gradient typically
observed with bulk sediments. For WSP, sediment toxicity was explained by SEM-AVS concentrations or by IWCTU. Direct measurement of
sediment porewater metals concentrations, through the use of in situ peepers, appears to be a valid approach for evaluating the bioavailability of
metal mixtures in freshwater sediments.

114 Biogeochemical Controls on Metal Mixture Bioavailabilities to Meiofauna in Estuarine Sediments. Hagopian, T.A.*; Greiveldinger, S.M.;
Chandler, G.T.; Shaw, T.J., University of South Carolina, Columbia, SC. Sediment phase partitioning and metal mixture toxicity (Cd, Cu, Ni, P,
and Zn) were studied in meiofaunal microcosms from salt marsh sediments. Microcosms consisted of undisturbed cores (f=12 cm) from a pristine
salt marsh at North Inlet, SC, USA. A pre-defined population of rare harpacticoid copepods (dmphiascus tenuiremis) was also added to
microcosms. Metal exposure was accomplished by adding a layer of spiked sediment containing an equitoxic metal mixture to achieve molar ratios
of simultaneously extractable metals/acid volatile sulfides (SEM/AVS) of 1, 2, and 10. The-equitoxic metal mixture was such that each metal's
concentration was 1/5 the 96-h Amphiascus LCs, in single metal toxicity tests. The control treatment, which received unspiked sediment, and each
of the SEM/AVS ratio treatments consisted of four replicate microcosms, one of which served as a chemistry replicate. Microcosms were
maintained under flow through conditions in environmental chambers (20/C, 16:8 L:D photoperiod) for 14 days. Water quality parameters were
measured every other day and the microcosms were fed twice a week. Metal concentrations (pore water and sediment) and metal binding phases,
such as organic carbon (dissolved and total) and iron- and manganese-oxides, were measured in addition to SEM/AVS. Native meiobenthos were
analyzed for impact on community composition, and 4. tenuiremis was analyzed for effects on age-structure, reproduction and population growth.
Results emphasize that in the sediment oxic horizon where AVS concentrations were low (0.1mM/g), other binding phases were likely controlling
metal bioavailability to meiofauna. For example, cadmium spikes in sterile sediments up to two times the 96-h Amphiascus 1.Cq, produced little to
no toxicity in whole sediment microcosms.
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115 The Best of Both Worlds: Improving Sediment Assessment by Combining the Use of Empirically-Derived and Equilibrium Partitioning
Approaches. Berry, W.J.¥, U.S.EPA, Narragansett, RI; Field, L.J., Long, E.R., NOAA, Seattle, WA; Hansen, D.J. HydroQual, Mahwah, N.1.;
Ingersoll, C.G. USGS, Columbia, MO; Keating, F.J., U.S.EPA, Washington, DC; Mount, D.R., U.S.EPA, Duluth, MN. Two major approaches exist
for deriving sediment quality guidelines for metals in sediments. Empirically-derived approaches evaluate the associations between measures of
biological effects and measured dry weight concentrations of metals in sediments to derive numerical guidelines associated with certain frequencies
of effects, e.g. ERMs, PELs, AETs. The equilibrium partitioning (EqP) approach uses insights into the sediment phases that control the
bioavailability of mixtures of cadmium, copper, lead, nickel, silver, and zinc to assign a causal relationship between the toxicity of metal in
sediments and normalized metal concentrations, e.g. SEM-AVS, IWTUs. We will demonstrate, with field data, a framework for using the two
approaches together. The empirically-derived approach is useful with typical harbor sediments, which contain other contaminants in addition to
metals. However, in sediments where toxicity is the result of metals alone empirically-derived approaches may be overprotective because these
approaches do not account for bioavailability. In typical harbor sediments the EqQP metals approach can determine if metals concentrations in
sediments should not be toxic, and can indicate sediments in which metals are potentially the cause of observed toxicity, but cannot predict toxicity
caused by other substances. The two approaches answer fundamentally different questions: Is this sediment likely to be toxic? (empirically-derived)
and Could these metals cause toxicity in this sediment, at these concentrations? (EqP). Therefore, both the goals of a particular assessment and the
strengths and limitations of the different approaches must be considered before an approach, or better yet a selected combination of approaches, is
applied.

116 Isolating Individual Stressor Effects at Sites with Contaminated Sediments and Waters. Greenberg, M.*, Rowland, C., Burton, G.A,, Jr.,
Wright State University, Dayton, OH; Hickey, C., National Institute of Water and Atmospheric Research, Hamilton, New Zealand; Stubblefield,
W., ENSR, Ft. Collins, CO; Clements, W., Colorado State University, Ft. Collins, CO; and Landrum, P., Great Lakes Environmental Research
Laboratory, NOAA, Ann Arbor, MI. Most aquatic sites which are degraded are influenced by multiple stressors. The adverse effects on receptors in
these ecosystems depends on many factors relating to their exposure and sensitivity. Using an integrated assessment approach, we characterized
physicochemical conditions and benthic macroinvertebrate communities, habitat, and conducted both laboratory and field (in situ) stressor
evaluations. The study sites were primarily contaminated with PCBs, PAHs, metals, and/or ammonia. Exposures were partitioned into overlying
water (low and high flow), sediments, and interstitial waters. Contaminant concentrations were monitored in surrounding media and tissues of
indigenous and surrogate organisms. Stressors were partitioned via physical and chemical-based manipulations, both in the laboratory and in sifu.
Uncertainty was reduced via extensive field testing and use of an integrated weighting approach. These deterministic approaches were able to define
which media and stressors contributed primary effects to test species and, therefore, have widespread applications for environmental assessments.

117 Development and Application of TCDD Toxicity Equivalence-based Sediment Quality Criteria for Protection of Fish. Cook, P.M.,
Burkhard, L.P., Mount, D.R., U.S. EPA, Duluth, MN. Sediment quality criteria (SQCs) for persistent, bioaccumulative chemicals, such as PAHs,
have typically been developed for the protection of benthic invertebrates. Complex mixtures of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) and
structurally related chemicals are highly toxic, through an aryl hydrocarbon receptor (AhR) mediated mechanism of action, to fish and other
vertebrates, but not to invertebrates. SQCs for protection of fish from toxic effects of complex mixtures of AhR agonists during early life stage
development can be developed from embryo TCDD dose-response relationships. Consistent water quality criteria can be developed in the same
manner. Use of the TCDD toxicity equivalence additivity model for application of an AhR agonist mixture-based SQC requires use of TCDD
toxicity equivalence factors (TEFs) and biota-sediment accumulation factors (BSAFs) to relate a safe TCDD toxicity equivalence concentration
(TEqC) in fish to associated concentrations of individual chemicals in sediment, TEFs based on early life stage mortality in trout are now available
for most patent AhR agonists. BSAFs for fish embryos, whether measured or predicted, reflect the non-equilibrium nature of chemical partitioning
between sediments and pelagic food chains. This non-equilibrium condition is associated with site-specific differences in the distribution of
chemicals between sediment and water and chemical-specific differences in metabolism by fish. Dynamic mass balance models, which predict the
steady-state distributions of each chemical from external sources to sediments in the ecosystem, are needed for determination of chemical loading
limits which will ensure compliance with 2 TEq-based SQC.

118 Critical Body Residues: An Approach to Assessing Organic Contaminant Toxicity with the Marine Amphipoed Ampelisca abdita. Fay,
A.A., Brownawell, B., Elskus, A., MCElroy, A., SUNY, Stony Brook, NY. The objectives of this research are to (1) assess the relative intrinsic
toxicity of representatives of various compound classes (PAHs, PCBs, alkylphenol ethoxylates) as it relates to lethal body burdens in Ampelisca
abdita and (2) determine the utility of the critical body residue (CBR) approach in assessing toxicity of sediment associated contaminants to a
benthic invertebrate commonly used in toxicity tests. The compounds have been chosen based on their prevalence in contaminated sediments in the
environment, their presumed mode of toxic action (narcosis), and their applicability to the CBR approach. In order to determine the relative acute
toxicity of the different compound classes, 4. abdiia are being exposed to water and

sediment spiked with a range of concentrations of radiolabelled benzo(a)pyrene, tetrachlorobiphenyl, nonylphenol, and mixtures of these
compounds. Standard 4 and 10 day toxicity tests are being conducted and percent mortality determined. Lethal body burdens of these compounds in
4. abdita are also being determined. According to the CBR model, the acute toxicity of narcotic compounds when the critical molar volume of the
compound in the membrane has been reached, and is not dependent on the exposure concentration or medium. These data should resolve whether the
acute toxicity observed as a result of various organic contaminants is occurring at body burdens predicted by narcosis, according to the CBR model.
This research represents the first application (to our knowledge) of this technique to A. abdita and allows the comparison of acute toxicity and lethal
body burdens in A. abdita resulting from aqueous and spiked sediment exposures. The CBRs obtained will indicate whether or not these compounds
are acting via narcosis, and the additivity of effects.

119 Chronic Exposure of Freshwater and Saltwater Invertebrates to Sediment Containing 2 Mixture of High K,,, PAHs. Spchar, R.L.*,
Mount, D.R., Lukasewycz, M.T., Mattson, V.R., Leonard, E.N., Burkhard, L.P., U.S. EPA, Duluth, MN; Burgess, R. M., Serbst, J.R., Berry, W.J.,
U.S. EPA, Narragansett, RI. Virtually all organism exposure to chemicals in the environment occurs from mixtures. However, our understanding of
ecosystem responses and risks associated with chemical mixtures in water and sediment is limited. The U.S. EPA is now considering the
development of sediment quality criteria (SQC) for total polycyclic aromatic hydrocarbons (PAHs) that would be more protective of aquatic life than
SQC for individual PAHs. This requires knowledge of which PAHs should be included in the total. Although the toxicity of lower molecular
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weight PAHs to aquatic organisms has been shown to be additive, most high K, PAHs and alkylated PAHs are not sufficiently soluble to be acutely
toxic. Thus, their importance relative to the toxicity of the mixture is unknown. To determine the coniribution of high log K, PAHs and alkylated
PAHs to sediment toxicity, spiked sediment tests were conducted with both freshwater and saltwater invertebrates. Hyalella azteca and Leptocheirus
plumulosus were exposed for 28 days to a mixture of 13 PAHs (log K, 5.4-6.8) that was spiked into a natural freshwater sediment at four
concentrations (100% mixture = ~4.16 toxic units (TU), 50% mixture = ~2.7 TU, 25% mixture = ~1.56 TU and 12.5% mixture =~0.81 TU) and to
control sediment. Concurrently, Mysidopsis bahia, Ampelisca abdita and L. plumulosus were exposed for 28 days to the 100% mixture in a natural
saltwater sediment. Endpoints studied over the test period were survival, growth, reproduction and tissue residues. Test results are interpreted in the
context of assessing risk from sediment-associated PAH mixtures in aquatic environments.

120 Predicting the Toxicity of PAH Mixtures in Field Collected Sediments. Di Toro, D. M. HydroQual, Inc., Mahwah, New Jersey. A method
based on Equilibrium Partitioning theory and a narcosis model of toxicity for predicting the toxicity of PAH mixtures in field collected sediments is
proposed. Several sources of field collected sediment PAH concentration and associated amphipod effects data were compiled. The number of
individual PAHs measured in the sources varied from 13 to greater than 40. A subset of 23 commonly measured PAHs was selected and the sum of
these PAHs was found to be representative of the total sediment PAH concentration. For data sets where greater than 40 PAHs were measured, the
sum of these 23 PAHs was found to be approximately 70 percent of the total. For data sets where less than the 23 PAHs were measured, missing
PAH data were computed using relationships between the concentrations of individual PAHs and total PAHs. These relationships were developed
using data from the different sources and were found to be highly significant and consistent across sources. Total measured PAH values were
normalized to the sum total from 23 PAHs. Dose-response relationships of amphipod mortality versus total PAH sediment concentration suggest that
50 percent mortality is achieved at concentrations of approximately 10 to 100 mmol total PAH/gq.. For field sediments where the causality was
known to be from PAHs, these levels were predicted within a factor a two. Similar results were observed from laboratory spiked sediment
experiments where toxicity to amphipods from PAH mixtures was investigated. This approach of defining total PAH concentration was useful at
locations where only a few low concentration PAHs were measured and significant toxicity was observed because it provided a method of
determining whether or not the causality could be attributed to the unmeasured PAHs.

121 The Effects of Multiple Stressors on Estuarine Ecosystems: The Influences of Nutrient Enrichment on Trace Element Cycling. Riedel,
G.F.*, Sanders J.G., and Breitburg, D.L. Academy of Natural Sciences, St. Leonard, MD. As part of a larger program (COASTES), we used 1000 L
continuous-flow (10% per day turnover) mesocosm experiments to determine the effects of nutrient (N and P) and trace element (As, Cu, Cd, Ni and
Zn) additions as interacting stressors on estuarine ecosystems. Nutrient additions of 16 mM N and 1 mM P, and trace metal additions of 10 mg/L As
and Zn, 1 mg/L Cd, 5 mg/L Cu and Ni were used, as well as treatments of trophic complexity: copepods (Acartia tonsa and Eurytemora affinis), fish
(Fundulus heteroclitus), and sediment with and without benthos (Crassostrea virginica, Macoma balthica and Heteromastus filiformis). The
nutrient additions had striking effects on the cycling of trace elements in the mesocosms. In nutrient enriched mesocosms, dissolved trace element
concentrations were substantially lowered as a result of biological and benthic uptake, in some cases greater than 50%. Nutrient enrichment also led
to increased transformation of inorganic arsenate to monomethyl and dimethy! As. Furthermore, nutrient enrichment caused concentrations of
certain trace elements, notably Cd, to be present in higher concentrations in the phytoplankton. Other than the rather large effect of sediments
reducing the dissolved trace element concentrations, the effects of the other trophic treatments on trace element cycling were minor. These results
suggest that anthropogenic nutrient enrichment can have significant effects on the retention, speciation and the trophic transfer of trace elements in
estuarine and coastal marine ecosystems that depend on the specific behavior of each element.

122 The Effects of Multiple Stressors on Estuarine Ecosystems: Seasonal Variability in Response of Estuarine Phytoplankton Communities.
Sanders, J.G.*, Weinstein, M.I., Breitburg, D.L., Academy of Natural Sciences, St. Leonard, MD. As part of a larger program (COASTES), we
have examined the response of natural phytoplankton communities from the Patuxent River (a subestuary of Chesapeake Bay) to multiple stressors
(nutrients and the trace elements As, Cu, and Cd). A number of replicate runs were performed in 1996 and 1997 in 1 m® mesocosms in which
phytoplankton were exposed to either ambient or elevated levels of nutrients and trace elements, separately and in combination, over a 5 week
period. Phytoplankion biomass, species composition, size distributions, and productivity responded to both stressors, but not in a manner expected
from previous mesocosm experiments, Response to trace elements was more variable both temporally and among phytoplankton taxa than was the
response to nutrients. Integrative measures of phytoplankton response (biomass, productivity) tended to be reduced by trace element additions. For
individual taxa, however, trace elements resulted in a mix of positive and negative responses. The most dominant species, a large centric diatom,
Rhizosolenia fragilissima, was greatly stimulated by elevated nutrients, and often inhibited by the trace elements. Interactions between the stressors
were important in regulating phytoplankton response. In particular, seasonal shifts in the nutrient that limited phytoplankton growth in the Patuxent
River (P in spring, N in mid-late summer and falf) greatly affected the toxicity of the trace elements, presumably by either facilitating (when P was
limiting) or impeding (when P was abundant) As uptake, incorporation and subsequent toxicity.

123 Anthropogenic Vs. Natural Causes of Hypoxia and Anoxia in the Eutrophying Neuse River Estuary, North Carolina: What Is
Manageable and What Is Not? Paerl, H. W.*, Pinckney, J. L., Fear, I. Peierls, B. L. UNC-CH Institute of Marine Sciences, Morehead City, NC.
The conirasting impacts of nutrient-stimulated phytoplankton blooms vs. storm-driven organic matter enrichment on oxygen (O,) depletion were
examined and evaluated in the cutrophic, salinity-stratified Neuse River Estuary, North Carolina, USA. This nitrogen (N)-limited estuary is
experiencing increasing anthropogenic N loading from accelerating urban, agricultural and industrial development in its watershed. Resultant algal
blooms, which provided organic matter loads capable of causing extensive low O, (hypoxic) and depleted O, (anoxic) conditions, have induced
widespread mortality of resident fin- and shelifish. Phytoplankton blooms followed periods of elevated N loading, except during extremely high
runoff periods (e.g., hurricanes), when high rates of flushing and reduced water residence times did not allow sufficient time for bloom development.
During these periods, hypoxia and anoxia were dominated by watershed-derived organic matter loading, Contrasting organic matter loading
scenarios were examined in sequential years (1994-1996) to compare the differential impacts of an average discharge year (10 year mean
hydrological conditions) (1994), N-stimulated summer algal blooms (1995), and a major hurricane (Fran, Sept. 1996). The response of primary
production, hypoxia and anoxia to these contrasting hydrologic years and resultant organic matter loadings help distinguish anthropogenic from
climatic modulation of O, dynamics and fish kills.
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124 Nitrogen Fixing Cyanobacteria in the Neuse River Estuary: Potential for Growth of Native and Non-native (Nodularia Sp.) Bloom
Forming Organisms. Moisander, P. H.*, Piehler, M. F., Paerl, H. W, Institute of Marine Sciences, University of North Carolina at Chapel Hill,
Morehead City, NC, USA. Global expansion of harmful algal blooms has been related to increased availability of nutrients in coastal and estuarine
environments. Reduction in nitrogen loading has been proffered as a means to control nuisance algal growth in the Neuse River Estuary. However,
evidence from other freshwater and brackish ecosystems, suggests increasing potential for N,-fixing cyanobacteria when there is a decrease in the
N:P ratio (ratio of dissolved nutrients). We investigated the potential of Neuse water to support growth of two strains of a brackish water,
hepatotoxic diazotrophic cyanobacterium Nodularia, isolated from the Baltic Sea. When phosphorus was supplied in excess, biomass (chlorophyil
a), productivity, and N,-fixation of the cultures grown in the Neuse water were at a similar level as in the growth medium. When the inoculant was
conditioned in a reduced, natural PO,-P concentration (5 mM), biomass increased in the Neuse water only if phosphorus was added. Dilution
bioassays were used to assess the potential for native N,-fixing organisms of the Neuse River Estuary to grow in reduced N:P ratio. In late summer,
N,-fixation by native cyanobacteria (4nabaena sp.) was enhanced when N:P ratio was reduced. These results suggest that no chemical inhibition
exists for the establishment of Nodularia in the Neuse River Estuary, and phosphorus is likely a limiting factor for its continued growth there. Both
Nodularia experiments and dilution bioassays suggest that reduction in N loading, without restrictions in P loading, may enhance conditions
conducive to N,-fixation by diazotrophic cyanobacteria in the Neuse River Estuary.

125 Spatial Patterns of Chemical Contamination and the Benthic Community Response Across Salt Marshes in Developed Areas. Sanger,
D.M.*, University of South Carolina and the SC Marine Resources Research Institute, Charleston SC; Holland, A.F., SC Marine Resources Research
Institute, Charleston SC. Defining the relationships between the ecological condition of salt marsh systems and watershed development is a major
environmental issue associated with increasing development of the coastal environment. Salt marshes are thought to act as sinks for contaminants;
however, it is unknown where these contaminants reside within these systems and the associated benthic community response. Understanding this
relationship is critical information for the development of land use plans to prevent degradation of salt marshes and estuaries. In this study, four
crecks and their surrounding marsh platform in the Charleston Harbor Estuary were examined to determine the patterns of chemical contamination
and the effect on the benthic community. Two tidal creeks/salt marsh systems with developed watersheds were examined along with two reference
systems. The two developed watersheds, Diesel and Shem, have industrial and suburban development as the dominant land cover, respectively.
Twenty-four sites were examined within each system from the headwaters to the mouth of each creek along transects leading from the creek channel
up onto the high marsh. Sediment contaminants measured included trace metals, PAHs, PCBs, and pesticides. The two reference creeks had lower
concentrations of contaminants than the developed creeks. The types and patterns of contaminant deposition across the system differed between
Diesel and Shem Creeks. The benthic community varied spatially across marsh systems with the dominant organism being a tubificid oligochaete.
The intermediate levels of pollution in Shem Creek appeared to cause an enrichment of the dominant oligochaete. By contrast, the higher levels of
pollution in Diesel Creek appeared to cause a higher abundance of pollution tolerant polychaetes.

126 The Relationship of Physical, Chemical, and Biological Results of an Ecological Risk Assessment in and Estuarine Environment.
Rockett, C.L.*, A. Getty, T. Brzinski, Parsons Engineering Science, Inc., Norcross, GA. Using the EPA’s phased ecological risk assessment
approach, risks to aquatic organisms were evaluated at a RCRA site adjacent to the Back Bay of Biloxi, MS. This presentation will discuss
relationships found amongst the physical, chemical, and biological results and how these relationships affect the interpretation of the risk assessment
results. The ecological evaluation was conducted in two phases. The Phase 1 evaluation included sediment and surface water sampling, modeling of
exposure to six aquatic receptors representative of several trophic levels, and an estimation of risk using the hazard quotient (HQ). Results of the
Phase 1 investigations indicated significant potential risks to these receptors, and a Phase 2 study was conducted. Phase 2 investigations included
resampling of sediments at select locations, whole sediment toxicity studies using the amphipod, Leptocheirus plumulosus, and the collection of fish
tissue for chemical analysis in order to refine the Phase 1 model risk estimations. Results of the Phase 2 investigations indicated risks; however, the
magnitude and number of chemicals resulting in risk were greatly reduced. Evaluation of spatial, temporal, and direct interactions of the physical,
chemical, and biological conditions indicate that these parameters greatly influence risk assessment results. No single, standardized risk assessment
result accurately reflects site conditions and risks to aquatic organisms in this dynamic estuarine ecosystem. Consideration of contaminant transport
and sediment parameters as it relates to risk estimates should play an active role in the decision making process for estuarine ecosystems.

127 Duwamish Estuary Ecological Assessment. S. Munger, B. Adamson, S. Mickelson, K. Schock, R. Shuman, J. Simmonds, J. Strand, B.
Swarner, L. Wharton, and K. White, King County Department of Natural Resources, J. Toll* and C. Wisdom, Parametrix, Inc. King County has
developed a risk assessment framework for answering key questions about the future direction of its combined sewer overflow (CSO) control
program for the Duwamish River and Elliott Bay estuary. We evaluated risks to aquatic life, wildlife, and people under existing conditions. We also
assessed assuming CSO discharges were eliminated to the system, while all other impacts remained the same as under existing conditions. We will
present the results of these risk assessments and discuss how they are being used to support regionally important watershed management decisions.
The risk assessment scope was highly ambitious which provided a variety of unique challenges. Foremost among these is the problem of providing
a detailed exposure analysis for a wide variety of receptors in a large, diverse, and dynamic estuary. We accomplished this by (1) developing a high
resolution, three-dimensional chemical fate and transport model, (2) conducting an intensive field sampling program designed to calibrate the model,
(3) conducting additional fieldwork to obtain fish and shellfish tissue concentration data, and information on use of the estuary by people, and (4)
using a model post-processing program to exiract the exposure information needed to assess risk, from the (for all practical purposes) spatially and
temporally continuous simulation results. The use of a sophisticated model provides a great deal of flexibility, which has allowed us to be more
responsive to questions from people interested in decisions regarding environmental management in the estuary.

128 An Integrated Fate and Bioaccumulation Model for Polycyclic Aromatic Hydrocarbons in a Marine Ecosystem. Harris, G.E." and Gobas
F.A.P.C. Simon Fraser University, Burnaby, B.C. Canada. Assessing the fate and bioaccumulation of industrial contaminants in the environment is
an important component of risk assessment. The sustainable management of chemicals requires defining acceptable environmental concentrations
and relating these concentrations to the emissions responsible for the exposure. A time dependent, regional mass balance model using first order
kinetics to describe uptake and elimination processes (ECOFATE) has been developed to relate PAH emissions from an aluminum smelter with
concentrations in various environmental compartments, including sediments and biota. A large smelter is located at the head of a fjord along the
British Columbia coast. Although emission data since the smelter’s start-up in 1954 is limited to recent years; sediment cores provide an historical
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record of contaminant release into the fjord system. This historical profile is combined with our understanding of chemical fate processes to close
the mass balance for PAHs in the fjord. The results of further pollution reduction plans by the smelter are presented as environmental
concentrations and related to current regulatory criteria. The approach represents a framework for managing emissions of contaminants that meet
acceptable concentrations in the environment.

129 Risk Analysis of BTEX in the Estuarine Environment: Estimating Stochastic Exposure from Frequent Low-level Qil Spills to Predict
the Consequences. Zach, L.S.* and Keey, R.B. Universsity of Canterbury, Christchurch, New Zealand. The accidental release of chemical
contaminants by the process industries can pose both immediate and long-term threats to the natural environment. Long-term damage from frequent,
low-level releases is difficult to predict and may not be evident until the damage is done. This paper attempts to analyze potential long-term
population problems to an important shellfish bed in a harbor near an oil refinery before they become evident. Such modeling is a relatively
inexpensive method, compared with ongoing field-sampling and laboratory analysis, to identify specific chemicals, industrial operations, and sites
which might require further testing and investigation. The probable exposure concentration over one operational year from small-scale, oil-spills
was estimated from reconstructed historical frequency data and calculations of environmental transport. The exposure concentration of the aromatic
fraction of gasoline (a 45% maximum in New Zealand premium grade auto fuel) was estimated involving rate processes such as evaporation,
spreading, and dispersion in an estuarine environment. These modeled exposures over time were compared with published sub-lethal, sensitive life-
stage and adult lethal marine toxicity criteria. Stochastic results indicate sublethal exposures greater than 10 ppm BTEX at average intervals of 11
days and lethal exposures of over 100 ppm BTEX at average intervals of 25 days. This exposure frequency may not provide enough time for the
shellfish to adequately recover. Given the presently available distribution of spillage size and frequency, damage to the long-term health and
population of this shellfish bed is possible. Further, more detailed analysis and monitoring are recommended.

130 EI-Mex Bay (Alexandria, Egypt) Ecological Assessment. Khan, A.A., EA Engineering, Science and Technology, Sparks, MD, USA. The
study was conducted as part of the Mediterranean Sea Environmental Characterization Program (MSECP) which supported an Environmental
Assessment (EA) commissioned by the United States Agency for International Development (USAID). The objective of the study was to
characterize the existing environment in the bay and predict impacts likely to result from implementation of six effluent disposal alternatives being
evaluated as part of the EA. Except for the ocean outfall alternative, all other options envisaged continued discharge of either primary treated
wastewater (No Action Alternative) or secondary treated wastewater into the bay. Environmental characterization included monthly analyses of
water and sediment samples for a suite of analytes and seasonal assessment of abundance and diversity of biota from representative trophic levels.
Results indicated that the bay continues to remain a polluted eutrophic system. Biota analyses revealed that community composition of primary and
secondary producers has undergone significant changes in the last decade. Potential impact assessment showed that the bay environment would be
positively impacted under the ocean outfall alternative. Positive impacts included improvement in water and sediment quality and decreased
eutrophication.

131 Evaluation of Multiple Endpoints Resulting from Divalent Metal Exposures to the Embryo of the Japanese Medaka. M. L. Odom*, J.
M. Redding, Tennessee Technological University, Cookeville, TN, and M. S. Greeley, Jr., Oak Ridge National Laboratory, Oak Ridge, TN.
Japanese Medaka, Oryzias latipes, embryos were exposed to a range of divalent metals including cadmium (Cd), copper (Cu), manganese (Mn),
mercury (Hg), nickel (Ni) and zinc (Zn) using an individual culture method. No Observed Effect Concentrations (NOECs) and Lowest Observed
Effect Concentrations (LOECs) for hatching success and survivorship ranked as follows Hg < Cu<Cd, Zn, Ni <Mn. Survivorship, hatching
success, and incidence of developmental defects were evaluated as measures of effect by the various metals. In the case of mercury, hatching success
and developmental defects were more sensitive measures of effect than survivorship. Developmental defects varied by metal. Mercury was the
strongest inducer of spinal and optic defects.

132 Site Characterization of the Proposed Nicolet Mine, Crandon, Wisconsin: What Happens if the Swamp is Drained and Copper Enters
Via the Runoff? Nimmo, D. R.*, MidContinent Ecological Science Center, BRD/USGS, Ft. Collins, CO; Castle, C. J., Colorado State University,
Ft. Collins, CO; Pillsbury, R. W, Environmental Division, Sokaogon Chippewa Community, Crandon WI. The questions raised in the title became
the basis of the study plan. We tested resident species such as Ceriodaphnia dubia, Pimephales promelas, and after some methods development, we
also tested wild rice, Zizania aquatica, and walleye, Stizosdedion vitreum. The rice and walleye are considered as valued resources by the
Sokaogon-Band of the Chippewas. Because we are in the Site Characterization phase, we are formulating some questions about how the
toxicological data relate to the construction and operation of the mine. Surprisingly, the order of decreasing sensitivity of organisms to copper in
natural or reconstituted water using a variety of endpoints are daphnids, wild rice, walleye and fathead minnows. Dissolved organic carbon (DOC)
appears 1o govern the toxicity of copper in Swamp Creek water.

133 Lead Effects on a Brazilian Tropical Fish Assessed by Blood Parameters and Morphological Gill Alterations. Martinez, C.B.R.*, Zaia,
C.T.B.V. and Nagae, M.Y. Universidade Estadual de Londrina, Parana, Brasil. Laboratory toxicity tests were conducted to evaluate the effects of
lead on the Brazilian fish Prochilodus lineatus. Adult fishes were exposed to two sublethal concentrations of Pb(NO,),: 38 and 114 ppm,
corresponding to 25 and 75% of L.Cs vespectively. Gills and blood samples were withdrawn after 6, 12, 24, 48, 72 and 96 hours of lead exposure.
The results showed a significant decrease on blood sodium concentration after 48h of exposure to 114 ppm in relation to the control group. A
significant increase on blood glucose were observed after 6h of exposure to both lead concentrations followed by a return to the basal values after 48
hours; a significant decrease were observed on blood lipids and cholesterol after 6 hours of exposure to both lead concentrations; a decrease of blood
total proteins were observed after 6h of exposure to 114 ppm and after 72 hours to 38 ppm of lead nitrate. Morphological alterations such as
lamellar aneurism, epithelial lifting and hyperplasia with lamellar fusion were observed in gills of fishes exposed to lead. Animals exposed to 38
ppm of Pb{(NO;), showed 100% incidence of epithelial lifting, in all experimental periods, followed by hyperplasia and lamellar aneurism. In 114
ppm of Pb{NO,), it was observed a major occurrence of hyperplasia and lamellar fusion. These results suggest that sublethal lead concentrations
promote a disruption on sodium hyperegulation, a typical stress metabolism response and some morphological alterations on gills that might
interfere on gas exchange.
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134 Sensitivity to Cadmium and Chromium of a Mexican Wild Population of Hyalella azteca. Ramirez-Romero, P. Universidad Auténoma
Metropolitana-Iztapalapa, Mexico City, Mexico. The objective of the present study was to evaluate the sensitivity to metals of a wild population of
Hyalella azteca found in Mexico City. Because our laboratory intends to do research in freshwater ecosystems and H. gzteca is a standard species in
aquatic toxicology a controlled culture of these amphipods was started with organisms found in a local lake. However, since H. azteca has been
shown to be a genetically complex species, we wanted to compare the relative sensitivity of the Mexican amphipods to the data reported for this
species in North America and also, to compare the data with the limits established by the Mexican legislation to learn if they would protect this
species. Animals were collected at Lake Huayamilpas, a small lake located in the southemn part of Mexico City. The amphipods were coltured in
moderately hard reconstituted water at 24+ 1 BC and natural photoperiod. Animals were acclimated for 1 week and during the following 2 weeks
juveniles were obtained for the toxicity tests. Standard static acute toxicity tests were performed using CdCl, and K,Cr,0; separately. The calculated
48 h LC;, for cadmium and for chromium were 1.77 Fg/L and 170.55 Fg/L respectively. Mexican amphipods were 175 times more sensitive to
cadmium than the species average reported by the US EPA and up to 7.9 times more sensitive than the lowest cadmium LCj, value published for this
species. In contrast, Mexican amphipods were only 3.7 times more sensitive to chromium than the species average reported by the US EPA. From
the regulatory point of view these results are a red flag because water quality criteria in Mexico are in the mg/L range.

135 Conducting Laboratory Studies to Evaluate the Site-Specific Toxicity of Cu. Lipton, J., Welsh, P.G., Hagler Bailly Services, Boulder, CO.
Laboratory toxicity tests increasingly are focusing on the site-specific toxicity of heavy metals. These tests include bioassays performed with
reconstifuted laboratory water, with field collected waters, and in competitive bioassays {(e.g., water effects ratio tests performed in the United
States). We evaluated the site-specific toxicity of Cu in a series of laboratory bioassays performed both with field collected water and reconstituted
waters. We present results related to methodological considerations necessary to ensure adequate evaluation of toxicity in a field setting.
Specifically, we discuss the relative effects of calcium and magnesium on Cu toxicity, pH interactions, accumulation of dissolved organic carbon
(DOC) in bioassay aquaria, and influences of water collection and storage in tests using field collected waters. In addition, we present information on
characterizing the metal binding affinity and capacity of DOC in field collected waters using geochemical methods (Cu ion specific electrode, ion
exchange) and linking field derived metal binding capacities to laboratory derived toxicity test results

136 The Effects of Salinity on Chironomid Cadminum Body Burdens. Barjaktarovic,L.*, and L.I. Bendell-Young, Simon Fraser University,
Vancouver, BC, Canada. The Risky creck area of B.C. Canada contains ponds which range in salinity from 0-10 ppt each with established
invertebrate communities. Previous studies found no relationship between chironomid cadmium body burdens and the sediment geochemistry of
each pond. Hence, we hypothesized the specific adaptations of the sampled chironomid populations which allowed them to survive under different
saline regimes also influenced their ability to accumulate tfrace metals such as cadmium. To test this hypothesis, chironomids were sampled from
study ponds and four different cultures were established in the lab. Two cultures were established from a low salinity pond (I, II), one from a mid
salinity pond (III) and one from a high salinity pond (IV). As well, a culture of Chironomus tentans (V) was used. Fourth instar larvae from each
culture were placed in three aquaria containing 0.6L of water of a different salinity(0, 0.8, 4.2 ppt) and 3 microCuries of Cd-109/L. Prior to
introduction to aquaria chironomid larvae were acclimated to their test salinity for ten days. The experiment ran for fourteen days after which the
organisms were measured for Cd-109 content. Cultures I, II and V showed similar and expected trends in that Cd body burden decreased from low to
mid salinity and the chironomids did not survive at high salinitics. However, in the low salinity tanks, culture I had significantly lower Cd levels
than culiures IT and V, as did culture IIL. Culture III (from the high saline wetland) was unique in that Cd body burdens increased significantly with
increasing salinity until, at 4.2 ppt, Cd levels reached that of culture IV, which had consistently high Cd levels at all test salinities. These results
indicate chironomids in high salinity environments may be at higher risk for cadmium contamination.

137 Heavy Metal Sensitivity of Antarctic Amphipods: Effects of Low Temperature and Gigantism. Ling, N.*, Department of Biological
Sciences, The University of Waikato, Hamilton, New Zealand; Hickey, C.W., National Institute of Water and Atmospheric Research, Hamilton,
New Zealand; Burton, G.A., Institute for Environmental Quality, Wright State University, Dayton, OH. The marine environment of Antarctica is
characterised by extremely stable thermal and physical conditions, and a surprisingly high incidence of biological gigantism. Very few studies have
investigated the sensitivity of polar marine organisms to potential anthropogenic contaminants. Some existing data from acute toxicity tests suggests
that these animals may show remarkable insensitivity to some toxicants. This study aimed to evaluate the effect of size and time on the response of
necrophagous (flesh eating) amphipods to heavy metals. Laboratory toxicity tests were performed at New Zealand’s Scott Base, McMurdo Sound,
Antarctica, using different life stages of three species of marine amphipod, Orchomene plebs, Orchomene pinguides, and Paramora walkeri. Tests
compared the median lethal concentrations of zinc, copper, chromium, cadmium and lead. Test duration was from 4 1o 14 days and test temperature
was -1 +/- 0.5°C. Tests were static with replacement and animals were fed every four days. Results indicate that these species are similar in
sensitivity to comparable organisms from more temperate latitudes, however the lethality time response is heavily dependent on the low
environmental temperature and large size of some of these organisms. Prior estimates of the sensitivity of polar marine organisms that contend heavy
metal insensitivity may be biased by short exposure duration. Qur results have clear relevance to considerations of pollutant impact in polar
environments.

138 Toxicity of Ammonia to Marine Organisms. Boardman, G.D., Starbuck, S.M., He, H.,Virginia Tech, Blacksburg, VA, Hudgins, D.B., Li,
X.Y., Olver Incorporated, Blacksburg, VA. Laboratory toxicity tests were performed to obtain more data pertaining to the toxicity of ammonia to
saltwater organisms. The standards for instream ammonia limits in marine environments are presently based on toxicity tests involving both
freshwater and saltwater organisms. Acute tests (48 hour and 96 hour) were performed at 20 °C, and chronic tests (7 day ) were performed at 25 °C.
Synthetic water and natural water taken from the Chesapeake Bay were used. The results obtained are given below in terms of mg/L of unionized
ammonia. For the Sheepshead Minnow, the 48 hour LC50 and the 96 hour LC50 were 2.68 mg/L and 2.09 mg/L, respectively, and the 7 day NOEC
(growth) was 0.34 mg/L. For the Summer Flounder, the 48 and 96 hour LC50's in synthetic water were 1.30 mg/L and 1.08 mg/L, respectively, and
the 7 day NOEC (mortality) was 0.11 mg/L. In Chesapeake Bay water, the 48 and 96 hour LC50's were 1.11 mg/L and 0.96 mg/L, respectively.
For the Atlantic Silverside, the 48 hour LC50 in synthetic water at salinities 14, 22, and 30 ppt were 1.50 mg/L., 1.17 mg/L and 1.08 mg/L,
respectively. The 7 day NOEC (growth) was 0.48 mg/L. In Chesapeake Bay water, the 48 and 96 hour LC50's were 1.45 mg/L and 1.08 mg/L,
respectively. For the Mysid Shrimp, the 48 hour LC50 and the 96 hour LC50 were 1.00 mg/L and 0.76 mg/L, respectively. For the Ghost Shrimp,
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the 48 and 96 hour LC50 were 3.48 mg/L and 1.97 mg/L, respectively, and the 7 day NOEC (growth) was 1.08 mg/L. Based on these results, it
appears the standards for instream ammonia limits in marine environments can be somewhat relaxed.

139 Ton-Specific Considerations for the Derivation of Total Dissolved Solids (TDS) Water Quality Benchmarks: A Solvay Process Residue
Case Study. Chappie, D.J.*, Fuchsman, P.C., and Barber, T.R., McLaren/Hart, Cleveland, OH. The effects of saline water on freshwater organisms
are often assessed based on measurements of total dissolved solids (TDS). TDS represents the total concentration of many ions, the toxicity of
which is related 1o both total osmotic stress and effects of specific ions. Given the variety of potential ion compositions, predictions of toxicity are
difficult to assess based on TDS measurements alone. This investigation focused on leachate from Solvay process waste lagoons in northeastern
Ohio. The Solvay process was formerly used to produce soda ash from limestone and brine. Based on a literature-reported analysis of Solvay
residue leachate composition, an ion-pairing model was used to estimate specific ion concentrations in diluted leachate. Ion compositions were also
measured in five ground water samples containing elevated TDS levels and two surface water samples containing low TDS levels. The ion
compositions of the ground water samples were generally similar to the modeled Solvay leachate ion composition, but quite different than the
surface water ion compositions. The TDS of Solvay leachate was comprised primarily of chloride (50%), while the TDS of surface water samples
was comprised primarily of bicarbonate (40%). The toxicity of the measured and modeled ion fingerprints was estimated using the Gas Research
Institute Freshwater Salinity Toxicity Relationship (GRI-FW STR) model, which predicts toxicity to three freshwater organisms (Ceriodaphnia
dubia, Daphnia magna, and Pimephales promelas). Safe TDS levels were predicted to be higher for Solvay leachate than for the ion fingerprint of
uncontaminated surface water, indicating that site-specific water quality criteria for TDS should include consideration of specific ion composition.

140 Hydrogen Peroxide as a Therapeutic Compound for Bacterial Gill Disease in Fish. Tort, M.J.*, G.A. Wooster and P.R. Bowser, Cornell
University, Ithaca, NY. Hydrogen peroxide and its primary decomposition products, oxygen and water, are considered environmentally compatible.
The apparent lack of adverse environmental impacts of hydrogen peroxide combined with its effectiveness as an antimicrobial agent makes this
compound an excellent candidate for further evaluation in aquaculture. Hydrogen peroxide is currently being tested for its potential as a
chemotherapeutant for a variety of external disease organisms of fish. Research in our laboratory has focused on delineating effective hydrogen
peroxide treatment regimes for treating bacterial gill disease in salmonids (rainbow trout as a model) and walleye. Results from target animal studies
indicate that toxicity of H,0O, is dependent on species, age, dose and water temperature. Acute toxicity is evident from histopathologic inspection of
gills (e.g. extensive epithelial lifting, necrosis) of fish treated with high doses of H,0,. The value of hydrogen peroxide as a therapeutic compound
for use in walleye culture has been questioned due to the high sensitivity of walleyes to this compound at suggested treatment levels. Studies indicate
that exposure of walleye to low levels of hydrogen peroxide would result in increased tolerance to subsequent exposure. This phenomenon of
increased tolerance may be of value in the development of management strategies that will permit the use of hydrogen peroxide with walleyes and
other sensitive species.

141 Environmentally Acceptable Endpoints for Petroleum Contaminated Soils. W.R. Berti, J.R. Shann, F.C. Hsu, M.V. Johnston, S.D.
Cunningham. It is increasingly apparent that the risk that petroleum contaminated soils, sediments, and sludges pose is dramatically affected by the
solid matrix, the age of the contamination, and the chemical and biological processes that have occurred over time. The goal of much of our work in
this area has been to develop chemical, physical, and biological methods to measure the actual risk posed by these contaminated materials and make
predictions concerning clean-up needs and goals. We have shown that supercritical fluid extraction (SFE) and accelerated solvent extraction (ASE)
begin to differentiate sequestered compounds from freely available materials. In our research we also have used testing protocols developed for GI
tract and dermal uptake of drugs. These methods have proven useful in predicting uptake of toxicants from sludges and soils. The Caco-2 cell
permeation (to simulate GI tract uptake) has been measured separately for over 30 radiolabeled compounds (including petroleum hydrocarbons,
other industrial pollutants, and pesticides). Dermal permeation measurements of cadaver skin and a silastic sheeting have also been made. A largely
similar biphasic correlation between the apparent permeability coefficients (Papp) and log Kow values is evident for both the Cac0-2 cell and dermal
permeation experiments.

142 The Impact of Aging on the Aqueous Desorption of Benzene, Toluene, m-Xylene, and Naphthalene from Seil and Comparison with
Supercritical CO, Desorption. Rixey, W.G.*, University of Houston, Houston, TX; Qu, W., University of Houston, Houston, TX; Garg, S.,
University of Houston, Houston, TX.; Hawthorne, S., Energy and Environmental Research Center, University of North Dakota, Grand Forks, ND.
Research has demonstrated that for organic chemicals that have been exposed to soil for an extended period of time, a fraction of the sorbed
chemical exhibits slow rates of desorption. If the rate of desorption is slow relative to other processes such as biodegradation, then the chemical may
not have an adverse impact on the environment. To establish more realistic endpoint levels for chemicals in soils, characterization of this rate-
limited process is essential. Moreover, more rapid techniques for evaluating the slow rates are desirable, since direct measurements of aqueous
release rates can be time consuming and labor intensive. Supereritical CO, is one process that could potentially be used for a more rapid asssessment
of slow aqueous rates of release. In this research, fixed-bed sorption and desorption experiments were conducted to determine the effect of aging on
the rates of both the aqueous and supercritical CO, desorption of contaminants for a sandy loam soil and a silty loam soil. Benzene, toluene, m-
xylene, and naphthalene were sorbed to the soils from the aqueous phase for varying times (aging) ranging from one week to nine months prior to
desorption. Slow desorption characteristics were observed for all four compounds. For example, an aqueous desorption mass transfer rate constant
for the slowly released fraction, k;, of 0.018 day™' was measured for benzene. Desorption was also catried out with supercritical CO, at 50, 100, and
150°C and 400 bar for the four chemicals aged for the same aqueous conditions, and desorption characteristics were compared with those for
aqueous desorption.

143 In-situ Estuarine Weathering of Sediment-Associated Complex Mixtures: Impact on Water-Extractable Fraction and Toxicity. Hale,
R.*, Mainor, T., Harvey, E., Duff, W. Gaylor, M., Powell, D. Virginia Institute of Marine Science, College of William and Mary, Gloucester Point,
VA;. Sediment-associated complex mixtures of organic pollutants were allowed to weather in an estuarine environment. Changes in composition
and toxicity of the water-exiractable fraction (WEF) were examined over time. Toxicity changes were assessed with “Vibrio fisheri”, a luminescent
bacterium. Fine (high organic) and coarse (low organic) sediments were amended with creosote and two polychlorinated terpheny! formulations
(PCT: Aroclor 5432 and 5460) and then placed in jars. Jar arrays were located in sub-, inter- and supratidal areas of an estuarine creek. Each array
consisted of eight jars (four containing fine and four containing coarse sediments). Spiked jars were sealed