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DISCLAIMER

The views expressed in this report are those of the Workshop participants
and are not necessarily those of the Great Lakes Water Quality Board or the
Internationai Joint Commission.
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INTRODUCTION

Observations of cancer in wild fish populations, both in the Great Lakes
and elsewhere, suggest that environmental contaminants play a critical role in
the etiology of this disease. Bottom—dwelling fish have been shown to be most
often affected by tumors and this may be because of their association with

contaminated sediments. Sediments serve as reservoirs for a number of

carcinogenic chemicals which may be available to fish through respiration,

ingestion, or physical contact. In light of this, the need exists for

regulatory testing of bottom sediments for their potential carcinogenicity.

Testing of sediments for carcinogenicity will be incorporated as part of

the overall sediment testing strategy (Figure 1) recommended by the Sediment

Subcommittee of the Great Lakes Water Quality Board (IJC l989). Within this

testing strategy, the following recommendation was made regarding the testing

of sediments for carcinogenicity/mutagenicity.

"A reliable short—term test for measuring mutagenic

potential of sediments is not currently available.

However, until a satisfactory method is developed, existing

short-term tests, such as the Ames Salmonella/microsome

assay, should be performed. The results of these tests

need to be used with caution because of the frequency of

false negatives and the uncertainty associated with

chemical mixtures. Comparison of bulk chemistry analyses

with existing carcinogenicity data bases will provide
supportive information.”

In an effort to better understand and utilize in vitro assays available

for assessing carcinogenicity, a workshop was held at the U.S. Environmental

Protection Agency-Environmental Research Laboratory in Duluth, Minnesota,

January l7—l9, 1989. This workshop was attended by 15 invited scientists from

both the United States and Canada with expertise in cancer, in vitro testing,

and sediment toxicity and chemistry. The format of this workshop included

formal presentations, general discussions and the development of a set of

conclusions, a testing strategy, and research recommendations regarding

potential sediment carcinogenicity. This document summarizes the proceedings

of the workshop and makes recommendations concerning sediment testing for

carcinogenic potential. It should be understood that these recommendations

are made using available scientific information and that as our knowledge in

this area expands, it should result in updating or altering this testing

strategy.

SUMMARY OF PRESENTATIONS

This section briefly summarizes the formal presentations made during the

workshop. Extended abstracts of these presentations are contained in Appendix

A and should be referred to for more information.
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Dr. Michael Mac presented the introduction and a set of objectives to the
workshop. The introduction included background information on the need for
sediment assessment, a brief history of sediment contamination problems, and
the Sediment Subcommittee's recommended protocol. A set of four objectives
for the workshop were proposed:

a) Evaluate in vitro methods for predicting potential carcinogenicity of
sediment associated compounds;

b) Specifically examine the use of the Ames Salmonella/microsome assay
(hereinafter referred to as the Ames test) with various sediment l

extracts; l

c) Establish a protocol for testing sediment carcinogenicity using

in vitro methods if appropriate;

d) Recommend areas of research and development that would improve our g
predictive capability regarding sediment carcinogenicity;

Dr. Paul Baumann presented data on liver cancer incidence in feral fish

populations and evidence that sediments contaminated with polynuclear aromatic

hydrocarbons (PAH) correlated well with the occurrence of tumors. It was also

pointed out that limited sampling of sediments and their spatial heterogeneity

as well as uncertainty of fish movements prevented establishing clear cause

and effect relationships in the field.

 

Dr. Spalding discussed the relationships between the results of short term

in vitro assays and rodent carcinogenicity bioassays. The mutagenicity assays

showed good agreement among one another and were effective at identifying

genotoxic carcinogens. However, he concluded that mutagenicity assays (such

as the Ames test) do not provide information applicable to the evaluation of

nongenotoxic carcinogens which constitute 35—40% of known rodent carcinogens.

Dr. David Hinton identified fish species that showed promise for

carcinogenicity testing, and listed compounds that produce tumors in fish. He

also reviewed exposureroutes and latency periods from fish cancer studies and

identified tissues shown to be capable of developing tumors.

Dr. Russell Malcolm presented results of studies that demonstrate
induction of tumors in fish through exposure to contaminated sediments and/or

diet. in vitro tests (including Ames) conducted on extracts of these
sediments indicated that certain fractions were mutagenic.

Dr. David Rokosh reviewed the literature on mutagenicity testing of

environmental samples. Several factors such as unknown chemical composition,

0 interactions in chemical mixtures, potential direct toxicity to test animals,

and varying the amount of S—9 used for metabolic activation complicate

interpretation of in vitro mutagenicity assay results.

Dr. Alex Maccubbin reviewed physiological responses of fish to
carcinogenic chemical exposure.. Knowledge of fish metabolism and immune

systems is highly deficient.  



  

Mr. Michael Fox spoke on chemical extraction and fractionation of
sediments. One fractionation protocol was recommended that comprises a number
of established extraction methods. The advantage of fractionating samples is
that it permits the identification of specific mutagens and a reduction in
toxicity to bacteria compared with crude extracts. Fractionation can also
allow the detection of responses that may be masked by the presence of
inhibiting chemicals. However, extensive fractionation will create additional
samples for testing.

CONSENSUS CONCLUSIONS

1. A cause—effect relationship is strongly indicated between contaminated
sediments and neoplastic disease in fish. The clearest demonstration is
for liver (and possibly skin) neoplasia in fish exposed to sediments
contaminated with polynuclear aromatic hydrocarbons (PAHs). Several
studies supply the following evidence to support this conclusion.

0 the presence of mutagens and carcinogens in sediment and tissue
residues

0 trophic transfer of potential carcinogens from invertebrates to fish

0 the presence of enzyme pathways in liver and other organs for the
metabolism of promutagens and procarcinogens into their ultimate
mutagenic and carcinogenic forms

0 the formation of DNA adducts in liver cells of fish exposed to
polluted sediments

o the occurrence of liver and sometimes skin tumor epizootics in 14
species of wild fish from over 35 locations where chemicals are
concentrated

o the experimental induction of liver and skin neoplasms in fish and
mice with extracts of sediment from areas where epizootic liver
neoplasms occur in wild fish

0 the experimental induction of liver cancer plus cancer at other
tissue sites with approximately three dozen known carcinogenic
chemicals in one or more of numerous species of fish

2. Fish can be exposed to sediment—associated, cancer—causing chemicals
through several routes. Uptake may occur through trophic transfer from
benthic invertebrates. Alternatively, the equilibrium partitioning of
these chemicals between the sediment and water permits the direct
absorption of these agents via the gills.

3. Fish are good indicators of environmental quality, through either their
absence in otherwise suitable habitat, or through the presence of tissue
lesions including neoplasia. Moreover, fish are good sentinels of
possible effects in humans because toxicological effects found in one
phylum are likely to be relevant indicators of effects in other phyla. In
other words, toxicological effects in lower vertebrates are relevant to
humans. Since chemicals in sediments have caused adverse effects on fish,
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direct or indirect exposure of humans to sediment contaminants poses a
risk to human health. Possible exposure routes to human include direct
dermal contact and ingestion of contaminated food and water.

Reliable ifl vitro assays exist that can be used to detect genotoxic
chemicals. In short—term tests, demonstrated genotoxicity indicates the
potential to induce heritable genetic effects in offspring, as well as
cancer in exposed organisms. Because mutation is an endpoint that can
indicate direct impact on health, it should be regarded as an adverse
toxicological effect per se. Accordingly, it is prudent to consider

sediments that test positive in the Ames test as a potential hazard to

biota.

Environmental carcinogens can be classified as either genotoxic or

nongenotoxic. Standardized and validated in vitro assays exist which can

be used to detect genotoxic chemicals, e.g. the Ames test can detect

genotoxic carcinogens with a high degree of probability (Tennant et al.

1987). Validated in vitro assays for detecting nongenotoxic carcinogens

are not currently available, but are under development. Because of the

significant proportion of carcinogens that may be nongenotoxic (40%, Ashby

and Tennant, 1988) a valid bioassay for their detection is urgently needed

and should be incorporated into a sediment assessment protocol when

available.

The Ames test is recommended for the first tier screening of sediments for

genotoxic chemicals. Positive results confirm the presence of mutagenic

compounds and suggest that additional testing is required to define the

hazard associated with exposure to the sediment. Since inherited genetic

disease and carcinogenesis are in viyg processes, in vitro tests are not

direct measures of carcinogenesis. Therefore, to verify or increase the

confidence in any hazard assessment based upon in vitro responses, an

in vivg bioassay is strongly recommended and is essential where human

exposure is expected.

A negative result in the Ames test is not a reliable, stand-alone

indication that sediments are not carcinogenic. The Ames test does not

detect nongenotoxic carcinogens and does not detect all genotoxic

carcinogens; therefore, a second-tier confirmation of a negative Ames test

result is required under virtually all circumstances.

The in vitro assessment of sediment associated contaminants should be made

initially using chemical extraction procedures, thereby testing the major

chemical fractions present. Pore water and elutriates do not adequately

represent all potentially bioavailable chemicals in contaminated sediments.

 

ASSESSMENT STRATEGY

Within the framework of the sediment evaluation protocol established by

the Sediment Subcommittee, information will be generated at several levels

that will contribute to the identification of potential mutagenic/carcinogenic

impacts of sediment. Chemical analyses of surficial sediments can be reviewed

for the presence of known carcinogens using existing databases (e.g. Gene-Tox

carcinogen database, Nesnow et al. l987). In addition, the results of tumor

surveys in fish may indicate the presence of carcinogenic contaminants in the

_ 5 _   



  

sediments.

 

For each site, decision—making should be based on field surveys as
well as on results generated by mutagenicity assays.

MUTAGENICITY ASSESSMENT

The following guidelines should be followed to standardize the assessment
process and to maximize inter-site comparisons.

1. Of the in vitro tests available, the Ames test should be used first
to assess mutagenicity of a sediment.

a. If this test is positive, then the sediment should be considered
genotoxic.

b. If this test is negative, then at least one additional in vitro
test should be applied. The second in vitro test should be a
chromosome aberration assay that uses mammalian cells, e.g.
Chinese hamster ovary cells (Ashby 1986). Use of a second
in vitro test is recommended since the Ames test is not
effective at detecting all genotoxins. If the second in vitro
test is positive, then the sediment should be considered
genotoxic. If the second in vitro test is negative, then the
sediment should not be considered genotoxic.

When a sediment is determined to be genotoxic, a review of possible
routes and extent of human exposure should be investigated. If
significant human exposure appears likely, then in vivo testing is
recommended.

When a sediment is determined not to be genotoxic using the
recommended testing scheme, no conclusions can be made regarding the
potential nongenotoxic carcinogenic hazard. Additional testing
should be considered if tumors are found in a survey of feral fish in
the area or if analytical chemistry of surficial sediments indicates
the presence of significant amounts of suspected or known carcinogens.

When possible, the initial Ames test should be done on crude extracts
of the sediment as indicated in conclusion number eight. However,
toxicity in assays of crude extract may preclude the successful
assessment of mutagenicity. In this case, fractionation of the
sediment extract may be required. Existing analytical information as
well as current and historical input data should be used in the
design of the fractionation protocol. Considerations in the
development of a fractionation scheme include:

a. extraction by a graded series of nonpolar and polar solvents;

b. adjusting pH to promote the release of acidic and basic organic
chemical residues and metals;

c. potential alteration of the form of chemical contaminants in the
sample due to extraction solvents and methodology;



 

d. compatibility of chemicals used in fractionation with the
biological assessment techniques.

A site—specific extraction and fractionation procedure should be
developed where needed. If the intent is to identify potential
genotoxic compounds, then fractionation will be necessary.

INTERLABORATORY CALIBRATION

There are numerous sources of variation in most laboratory investigations

including in vitro mutagenicity assays. This variation may lead to systematic

differences between results from different laboratories or within the same

laboratory when tests are performed at different times. It is important to

limit this variation which may arise due to differences in sediment

composition laboratories, specific techniques and other factors. Validation

of in vitro tests should be used when tests are performed on sediment

extracts. The International Joint Commission should organize a round robin

assessment of interlaboratory and intralaboratory variation to support any

program for in vitro sediment assays. To facilitate this calibration

endeavor, a standardized sediment should be provided. A clear definition of

how to prepare or obtain a standardized S—9 activation fraction needs to be

included in the round robin tests, and ultimately in the overall application

of in vitro tests requiring microsome activation.

 

AMES PROTOCOL

Several existing protocols for the Ames test are available for

mutagenicity testing of single chemicals. These can be adapted for sediment

(complex mixture) testing (Maron and Ames, 1983; Claxton et al. 1987).

Genotoxicity testing of complex mixtures from matrices other than sediments

has also been done (Lewtas l988, Andon et al. 1986; Austin et al. l985).

The application of these assays to the problems of screening sediment

samples for mutagenicity requires the consideration of many factors including

interactions due to the presence of multiple chemicals, cost-effectiveness of

the assay and expected use of the assay results. To assist in the development

of and use of the Ames test results for the purpose of sediment screening and

classification, we make the following recommendations.

Salmonella Strains

It has been demonstrated that two tester strains (TA98 and TAlOO) are

capable of detecting the majority of genotoxic carcinogens in the NTP data

base. Therefore, routine screening of sediment samples should use, at a

minimum, tester strains TA98 and TAlOO. In specific instances, other tester

strains sensitive to certain classes of compounds should be considered when

these chemicals are known to be present in sediment samples (based on

available knowledge of local industries, residue analysis, etc.). Thus the

probability of detecting these classes of chemicals can be maximized. Because

of cost—benefit considerations, we do not recommend the routine use of strains

other than TA98 and TAlOO.



  

Reproducibility

All in vitro tests should be repeated and experimental parameters altered

as necessary to maximize the potential for confirming a positive or negative

result. Three replicate plates should be scored for each dose level of the

test sample and for the negative and positive controls. Each test sample

(fraction) should be tested in the absence and presence of an exogenous

metabolic activation (3—9) component. If multiple samples collected from the

same geographic locations are tested, then repetition is inherent in the

analysis of multiple samples. In this instance, repeated testing of all

samples would not be cost—effective. However, prior to testing the multiple

samples, range finding studies should be conducted on representative samples

to ensure that experimental conditions have been optimized. 3

Exoqenous Metabolic Activation Components

All sediment samples should be tested both with and without Aroclor 1254

induced rat liver S-9 fractions. The 3—9 preparations should be standardized

and the use of multiple S—9 concentrations is recommended. Although

alternative sources of 8—9 preparations (e.g. fish) may improve the

correlation of in vitro mutagenesis results with the observations of tumor

incidence in fish surveys, their use would be largely experimental and

exposure to sediment associated chemicals is not limited to fish populations.

Controls

An evaluation of appropriate negative and positive control substances
should be performed in every test to serve as indicators of test performance.
In addition to the controls recommended for existing standard protocols (Maron
and Ames, 1983), we recommend using several additional. Potential controls
include a) tests to determine the positive or negative effects of solvent
extraction and fractionation schemes; and, b) tests to evaluate the
possibility that overt toxicity may maskthe expression of mutagenicity; (e g.
the incorporation of known mutagens into the sediment fractions).

Statistical Analysis

Several methods are available for the statistical analysis of Ames test
results (Margolin et al. 1981). In general, a two—fold increase in revertants
together with evidence of a dose-dependent response are sufficient to conclude
that the test sample exhibits mutagenic activity. The relative potencies of
sample activity (e.g. the ranking of the relative potencies of samples from
different sites) may require analysis by risk assessment models.

RESEARCH RECOMMENDATIONS

1. Storaqe of Sediment Samples: The storage of sediments or sediment :
extracts can change the chemical characteristics and measured biological
effects of the sample.

Investigations are needed to determine optimal storage practices for both

whole sediment and sediment extracts.



Sample Extraction. Concentration and Fragtionatign Methods: Various

methods have been used to extract, concentrate and fractionate

contaminants from sediment samples. Most of these methods have been

developed to optimize conditions for subsequent chemical analyses.

Available extraction, concentration and fractionation methods should be evaluated to
find optimal conditions for use in in vitro and in vivo assays.

Sample Compositing: Compositing of sediment samples may be a useful

strategy for site survey investigations because it may be cost-effective

to conduct extensive chemical and biological testing on a limited number

of composited samples representing an area. After composite sample

evaluation, less extensive chemical/biological testing of individual

samples might be sufficient to characterize the extent of sediment

contamination.

Research should be done to study the chemical dilution effects that may result from
sediment sample compositing.

Aivin li nF

The metabolic activation of carcinogens by fish needs to be investigated further. This
work could establish links between neoplastic disease in feral fish and sediment
contaminants.

Nongenotoxic carcinogen Assays:

Appropriate agencies in the United States and Canada should vigorously pursue the

development and validation ofin vitro assays for nongenotoxic carcinogens.

Fish Carcinogenesis Assay:

Appropriate agencies in the United States and Canada should pursue the development

and validation ofcarcinogenesis assay systems using small aquarium fish (e.g.

Japanese medaka) for use with individual chemicals and complex mixtures (e. .
contaminated sediments). Such a system should include biochemistry /metabogsm and
pharmacokinetics as well as cancer pathology.

Fish Neoplastic Disease Epizogtigs: Harshbarger and Clark (l989)

recently summarized neoplasm incidence reports, and further work of this

type is essential.

Reports ofepizootics and neoiflastic diseases in fish, and their relationship to chemical
exposure should be evaluate thoroughly using epidemiological study criteria (e.g.
Sindermann 1979; Susser 1986).

Hildlife Neonlastic Disease: There are very few reports of neoplastic

disease in wild birds and mammals that may have been exposed to chemical

carcinogens in the Great Lakes region or elsewhere. These kinds of

reports are potentially important in linking neoplastic disease in fish to
cancer risk in higher vertebrates.

  



 

Autopsy reports at wildlife research centers need to be reviewed and

populations of animals from the field that have a high probability of

exposure (e.g. harbor rats) need to be sampled.

REFERENCES

Andon, 8., M. Jackson, V. Houk and L. Claxton. 1986. Evaluation of chemical

and biological methods for the identification of mutagenic and cytotoxic

hazardous waste samples. pp. 204—215 in Hazardous and Industrial Solid

Waste Testinngourth Symposium. J.K. Petros, W.J. Lacy and R.A. Conway,

eds. American Society for Testing and Materials, ASTM STP 886

Philadelphia, PA.

Austin, A.C., L.D. Claxton and J. Lewtas. 1985. Mutagenicity of the

fractionated organic emissions from diesel, cigarette smoke condensate,

coke oven and roofing tar in the Ames assay. Environm. Mutagen.

7:471-487.

Ashby, J. 1986. The prospects for a simplified and internationally

harmonized approach to the detection of possible human carcinogens and

mutagens. Mutagenesis 1 3-16. *

Ashby, J. and R.W. Tennant. 1988. Chemical structure, Salmonella

mutagenicity and extent of carcinogenicity as indicators of genotoxic

carcinogenesis among 222 chemicals tested in rodents by the U.S. NCI/NTP.

Mutat. Res. 204:17-115.

Claxton, L.D., J. Allen, A. Auletta, K. Mortelmans, E. Nestmann and

E. Zeiger. 1987. Guide for the Salmonella tvphimurium mammalian

microsome tests for bacterial mutagenicity. Mutat. Res. 189:83-92.

Harshbarger, J.C. and J.B. Clark. 1989. Enzootiology of neoplasms in bony

fish from North America. Sci. Total Environm. In Press.

International Joint Commission. 1988. Procedures for the assessment of

contaminated sediment problems in the Great Lakes. Report of the Sediment

Subcommittee and its Assessment Work Group to the Great Lakes Water

Quality Board. Windsor, Ontario.

Lewtas, J. 1988. Genotoxicity of complex mixtures: Strategies for the

identification and comparative assessment of airborne mutagens and
carcinogens from combustion sources. Fund. Appl. Toxicol. 10:571—589.

Margolin, B.H., N. Kaplan and E. Zeiger. 1981. Statistical analysis of
the Ames/Salmonella microsome test. Proc. Natl. Acad. Sci. USA.
73:3779—3783.

Maron, D.M. and B.N. Ames. 1983. Revised methods for the Salmonella
mutagenicity test. Mutat. Res. 113 173-215.

Nesnow, S., M. Argus, H. Bergman, K. Chu, C. Frith, T. Helmes, R. McGaughy,
V. Ray, T.J. Slaga, R. Tennant and E. Weisburger. 1987. Gene-Tox
carcinogen database. Mutat. Res. 185:1-96.

_ io _

 



  

Sindermann, C.J. i979. Poiiution—associated diseases and abnormaiities of

fish and sheiifish: A review. Fish. Buii. 76:717-749.

Susser, M. 1986. Ruies of inference in epidemioiogy. Reguiatory Toxicoi. ‘

Pharmacoi. 6:116—128.

Tennant, R.N., B.H. Margoiin, M.D. Shelby, E. Zeiger, J.K. Haseman,

J. Spaiding, M. Resnick, S. Stasiewicz, B. Anderson and R. Minor. 1987.

Prediction of chemicai carcinogenicity in rodents from in vitro genetic

~ toxicity assays. Science 236:933—941.

_ 11 _

 





 

APPENDIX I

5 EXTENDED ABSTRACTS

 

’4

-13-  



   



ASSOCIATION OF CARCINOGENS IN SEDIMENT WITH FISH NEOPLASIA

by

Paul C. Baumann
U.S. Fish and Wildlife Service

Epizootics of liver neoplasms have been reported in benthic feeding fishes

from a variety of marine and freshwater locations. Most of these locations

have sediments contaminated by industrial pollutants. Many, such as the Black

and Cuyahoga Rivers, Ohio, the Buffalo River, New York; and numerous locations

in Puget Sound, are characterized by elevated levels of Polynuclear Aromatic

Hydrocarbons (PAHs). Liver cancer occurred in 20% to 40% of mature brown

bullhead from the Black and Cuyahoga rivers in the early to mid l9805. PAH

sediment levels in these rivers was in the part—per—million to tens of

parts—per—million (ppm) range for individual compounds including carcinogens

such as benzo(a)pyrene (B(a)P). Six locations having high frequencies of

liver neoplasia in fish (three locations in Puget Sound and three Lake Erie

tributaries) had a range of PAH concentrations one hundred times higher than

did three freshwater and two marine reference locations. Therefore, in

general, epizootics of liver tumors in wild populations of fish have been

associated with high concentrations of PAHs in sediment. Chlorinated

compounds, however, including dioxins and dibenzofurans, were highest in the

Fox River, Wisconsin, where brown bullheads were found not to have liver

tumors.

Although PAH concentrations in sediment and tumor epizootics in fish seem

to be positively correlated in general, the use of PAH sediment values to

predict tumor frequencies in benthic fishes is not currently feasible. This

has been demonstrated for Puget Sound, where tumor frequencies in English

sole, bile metabolites fluorescing at B(a)P wavelengths, and sediment PAH

concentrations were all determined for a variety of locations. Although

metabolite levels and tumor frequencies were well correlated, the same could

not be said of PAH sediment values. This lack of correlation between sediment

PAH levels and bile metabolite concentrations points up the dual problems of

patchy environmental distribution of the parent compounds (causing sampling

problems) and the mobility of fish. In Elliot Bay, Puget Sound, for instance,

both fluoranthene and B(a)P concentrations in sediment may vary by two to

three orders of magnitude among locations.

An additional problem in comparing locations is that the composition of

the PAH mixture may vary greatly. Even within the Buffalo River, New York,

for example, the highest concentrations of fluoranthene and of B(a)P occur at

different sampling sites, and their distribution patterns within the river are

different. Such differences in the relative abundance of specific compounds

within a mixture of PAHs is usually exaggerated when comparing different

systems having different types of point sources. The carcinogenicity of such

mixtures cannot be estimated with current knowledge. However, it is not

simply the additive value of the individual carcinogens present. Dr. John J.

Black in experiments with Swiss mice proved that an extract from the Black

River, Ohio was more carcinogenic than a positive control of pure B(a)P, even

though the additive concentrations of carcinogens in the extract were much

less than the B(a)P dosage used for the control. Thus, the carcinogenicity of
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the Black River extract was due to transport effect, promotionai effects,

synergistic effects, or a combination of these. Therefore, until more

experimentai information is obtained on the interaction of PAHs within a

mixture in bioiogicai systems, a generai correiation between high PAH in

sediment and elevated tumor frequencies in benthic fishes is aii that can be

expected.
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COLLECTION, EXTRACTION AND ANALYSIS OF SEDIMENT AND

PORE WATER SAMPLES: SIGNIFICANCE TO SEDIMENT TOXICITY TESTING

by

Michael E. Fox
Environment Canada

Canada Centre for Inland Waters

A large body of published data on organic contaminants in surficial

sediments is available. The most widely used collection, storage and

analytical procedures are discussed and their significance to toxicity testing

considered.

SAMPLE COLLECTION

Typically, a grab sample up to l0 cm deep is used. This is not a very

realistic interface sample. The top section of a “Benthos” type sediment core

is better.

PRESTORAGE TREATMENT

Inert debris such as stones and shells should be removed. Macrobenthos

such as amphipods should also be removed.

STORAGE

Sediment samples are frequently freeze dried. Some loss of volatile

components may occur. Samples should be immediately frozen and stored frozen

prior to a wet extraction technique to avoid volatile losses.

EXTRACTION METHODS

Soxhlet extraction and sonication are most often reported. Soxhlet

extraction for up to 24 hours is favoured by a majority of laboratories.

EXTRACTION SOLVENTS

Single solvents such as acetonitrile or dichloromethane are reported.

More users favour polar/nonpolar solvent mixtures such as acetone/hexane.

This may be followed with a second extraction with a very polar solvent such

as methanol. The range of compounds extracted is made more complete by

performing extractions at both high (ll) and low (2) pH values.

CLEANUP AND FRACTIONATION

Lipids and high molecular weight material of plant and animal origin may

be removed by gel permeation chromatography. The concentrated extracts are

eluted through silica gel or Florisil columns with solvent mixtures of

increasing polarity. Typical eluants are hexane followed by 20%

dichloromethane in hexane and finally dichloromethane. The individual

fractions may then be tested for mutagenic potential. An extraction and

cleanup procedure yielding up to eight distinct fractions improves the chances
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o f r e l a t i n g m u t a g e n i c r e s p o n s e t o s p e c i f i c c o m p o u n d s a n d r e d u c e s t h e m a s k i n g

o f m u t a g e n i c r e s p o n s e o f o n e c o m p o u n d b y t h e a c u t e t o x i c i t y o f o t h e r s .

A N A L Y S I S O F E X T R A C T F R A C T I O N S

T h e n o n p o l a r a n d s l i g h t l y p o l a r f r a c t i o n s a r e u s u a l l y a n a l y z e d b y

c a p i l l a r y g a s c h r o m a t o g r a p h y w i t h a v a r i e t y o f d e t e c t o r s . T h e m a s s

s p e c t r o m e t r y d e t e c t o r ( G C — M S ) o p e r a t e d i n t h e e l e c t r o n i m p a c t m o d e y i e l d s

u s e f u l s t r u c t u r a l i n f o r m a t i o n o n u n k n o w n c o m p o u n d s . T h e e l e c t r o n c a p t u r e

d e t e c t o r ( G C — E C ) a n d t h e m a s s s p e c t r o m e t e r o p e r a t e d i n t h e n e g a t i v e c h e m i c a l
i o n i z a t i o n m o d e ( G C — M S - N C I ) g i v e a m o r e s e n s i t i v e r e s p o n s e t o e l e c t r o p h i l e s

( m o s t c a r c i n o g e n s ) b u t l i t t l e o r n o s t r u c t u r a l i n f o r m a t i o n a n d a r e b e s t s u i t e d
f o r c o n f i r m i n g t h e p r e s e n c e o f s p e c i f i c c o m p o u n d s . T h e p o l a r f r a c t i o n s m a y b e
a n a l y z e d b y h i g h p e r f o r m a n c e l i q u i d c h r o m a t o g r a p h y ( H P L C ) u s i n g u l t r a — v i o l e t

o r f l u o r e s c e n c e d e t e c t o r s .

P O R E W A T E R

V e r y l i t t l e p u b l i s h e d d a t a o n o r g a n i c c o n t a m i n a n t s i n p o r e w a t e r e x i s t .
T h i s i s l a r g e l y d u e t o t h e d i f f i c u l t y o f a n a l y z i n g t h e t y p i c a l l y s m a l l s a m p l e s
f r o m t h e r e c o v e r y m e t h o d s a v a i l a b l e . M e t h o d s f o r c o l l e c t i n g p o r e w a t e r
i n c l u d e c e n t r i f u g a t i o n , c o m p r e s s i o n , o s m o t i c d i f f u s i o n a n d
s u c t i o n / f i l t r a t i o n . A l l y i e l d v e r y s m a l l ( < l 0 m L ) v o l u m e s a n d s o m e m a y
r u p t u r e l i v i n g c e l l w a l l s a n d c o n t a m i n a t e t h e s a m p l e . C o l l o i d a l o r g a n i c
c a r b o n i n t h e p o r e w a t e r i s a l s o b e l i e v e d t o r e d u c e t h e b i o a v a i l a b i l i t y o f
" d i s s o l v e d " c o m p o u n d s . H y p o t h e t i c a l a n i m a l — w a t e r e q u i l i b r i u m r e l a t i o n s h i p s
f o r o l i g o c h a e t e s a n d a m p h i p o d s ( B i e r m a n l 9 8 7 ) s u g g e s t t h a t t h e t r u e a q u e o u s
c o n c e n t r a t i o n s i n t h e i n t e r s t i t i a l w a t e r a r e n o t s u b s t a n t i a l l y d i f f e r e n t t h a n
a q u e o u s c o n c e n t r a t i o n s i n t h e w a t e r c o l u m n . C o n n o r ( l 9 8 4 ) h a s p r o d u c e d a n
e x p r e s s i o n f o r a n i m a l s e d i m e n t c o n c e n t r a t i o n r a t i o s w h i c h c o n t a i n n o w a t e r
t e r m . T h u s , t h e r e q u i r e m e n t f o r p o r e w a t e r c o n c e n t r a t i o n s c a n b e a v o i d e d .

R E F E R E N E S

B i e r m a n J r . , V . J . T 9 8 7 . P r o c . W o r k s h o p o n A q u a t i c F o o d C h a i n M o d e l l i n g .
S e n e c a C o l l e g e , K i n g C i t y , O n t a r i o .

C o n n o r , M . S . l 9 8 4 . F i s h / S e d i m e n t C o n c e n t r a t i o n R a t i o s f o r O r g a n i c C o m p o u n d s
E n v i r o n . S c i . T e c h n o l . 1 9 ( 2 ) . l 9 9 .
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P R O D U C T I O N O F T U M O R S I N F I S H F O L L O W I N G L A B O R A T O R Y
E X P O S U R E S T O C A R C I N O G E N S

b y ‘

D a v i d E . H i n t o n , P h . D .
S c h o o l o f V e t e r i n a r y M e d i c i n e
U n i v e r s i t y o f C a l i f o r n i a — D a v i s

A v a r i e t y o f c o m p o u n d s h a v e b e e n t e s t e d i n f i s h s p e c i e s a n d p r o v e n t o

c a u s e d e v e l o p m e n t o f n e o p l a s i a i n a v a r i e t y o f o r g a n s / t i s s u e s . W o r k b e g u n i n

t h e l a t e 1 9 5 0 5 i n r e l a t i o n t o a n o u t b r e a k o f h e p a t o m a s i n t r o u t f e d d i e t

s t o r e d u n d e r l e s s t h a n o p t i m a l c o n d i t i o n s ( H a l v e r a n d M i t c h e l l , 1 9 6 7 )
h a s n o w

p r o g r e s s e d t o u s e o f s m a l l a q u a r i u m f i s h e s a n d t o e x p o s u r e a t v a r i o u s l i f e

s t a g e s ( H o o v e r e t a 1 . 1 9 8 4 ) .

T a b l e l p r e s e n t s a p a r t i a l l i s t i n g o f c o m p o u n d s p r o v e n c a r c i n o g e n i c i n

f i s h b i o a s s a y . C o m p o u n d s i n c l u d e : a r o m a t i c a m i n e s , a z o c o m p o u n d s ,

h a l o g e n a t e d o r g a n i c c o m p o u n d s , m y c o t o x i n s , n - n i t r o s o c o m p o u n d s , p
l a n t

d e r i v a t i v e s , p o l y n u c l e a r a r o m a t i c c o m p o u n d s a n d v a r i o u s m i s c e l l a n
e o u s

c o m p o u n d s .

B o t h f r e s h w a t e r a n d m a r i n e / e s t u a r i n e s p e c i e s h a v e s h o w n p r o m i s e f
o r

i n v i v o c a r c i n o g e n e s i s t e s t i n g . A p a r t i a l l i s t i n g o f t h e s e s p e c i e s i s g i v e n

i n T a b l e 2 . F r e s h w a t e r i n d i g e n o u s s p e c i e s i n c l u d e : r a i n b o w t r o u t

( O n c o r h y n c h u s m y k i s s ) , b r o w n b u l l h e a d c a t f i s h ( I c t a l u r u s n e b u l o s u s
) a n d

t o p m i n n o w s ( P o e c i l i o p s i s s p e c i e s ) . T r o u t , s p e c i f i c a l l y t h e M t . S h a s t a S t r a i n ,

h a v e p r o v e n v e r y s e n s i t i v e t o c e r t a i n g e n o t o x i c c a r c i n o g e n s a n d a l a
r g e d a t a

' b a s e e x i s t s f o r t h i s s p e c i e s ( H e n d r i c k s 1 9 8 2 ; H o o v e r e t a l . 1 9 8
4 ) . B r o w n

b u l l h e a d c a t f i s h , i n f i e l d s t u d i e s , h a v e p r o v e n s u s c e p t i b l e t o t u m o
r i g e n e s i s

i n t h e l i v e r . T h e u s e o f t h i s s p e c i e s i n l a b o r a t o r y e x p o s u r e s , h o w e v e r , h a s

r e c e i v e d o n l y l i m i t e d a t t e n t i o n . T h e t o p m i n n o w s h a v e p r o v e n s e n s i t i v e t o t h e

P A H , 7 , 1 2 d i m e t h y l b e n z ( a ) a n t h r a c e n e .

A q u a r i u m s p e c i e s , n o t n a t i v e t o t h e U . S . , h a v e r e c e i v e d e x t e n s i v e

a p p l i c a t i o n , a n d o n e o f t h e s e — t h e J a p a n e s e M e d a k a ( O r y z i a s l a t i p e s )
— i s

e m e r g i n g a s a t o p c a n d i d a t e f o r c o n t i n u e d u s e a n d e x p a n s i o n a s a m
o d e l

s p e c i e s . O t h e r e x o t i c s p e c i e s , g u p p y ( P o e c i l i a r e t i c u l a t a ) a n d t h e p l a t y f i s h

h y b r i d s ( X i p h o p h o r u s s p e c i e s ) h a v e i m p o r t a n t r o l e s i n f i s h c a r c i n o
g e n e s i s

s t u d i e s .

I n g e n e r a l , f e w e r s p e c i e s o f m a r i n e / e s t u a r i n e f i s h e s h a v e b e e n u s e d i n

t r i a l e x p o s u r e s . T h e s h e e p h e a d m i n n o w ( C v n r i n o d o n v a r i e g a t u s ) i s s e n s i t i v e t o

t h e t u m o r c a u s i n g p o t e n t i a l o f d i e t h y l n i t r o s a m i n e . T h e l e s i o n s i n l i v e r h a v e

b e e n c o m p a r e d w i t h t h o s e s e e n i n s i m i l a r l y - e x p o s e d r o d e n t s p e c i e s ( C o u c h
a n d

C o u r t n e y , 1 9 8 7 ) . T h e t r u l y h e r m a p h r o d i t i c s p e c i e s , r i v u l u s ( R i v u l u s

m a r m o r a t u s ) , a n a t i v e o f C a r i b b e a n t i d a l p o o l s , i s s e n s i t i v e t o

d i e t h y l n i t r o s a m i n e . O f f s p r i n g f r o m a s i n g l e p a r e n t m a y b e u s e d t o e l i m i n a t e

p o t e n t i a l l y c o n f o u n d i n g g e n e t i c v a r i a b i l i t y a s s o c i a t e d w i t h o t h e r s p e c i e s
. 1

T w o f l a t f i s h s p e c i e s , w i n t e r f l o u n d e r ( P s e u d o p l e u r o n e c t e s a m e r i c a n u s ) a n d

E n g l i s h s o l e ( P a r o p h r y s v e t u l u s ) , d e v e l o p t u m o r s i n t h e w i l d . H o w e v e r , t h e

e f f e c t i v e u s e o f t h e s e a s l a b o r a t o r y a n i m a l m o d e l s h a s y e t t o b e r e a l i z e d .
I
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T A B L E 1

C O M P O U N D S P R O V E N P O S I T I V E I N F I S H C A R C I N O G E N E S I S B I O A S S A Y

 

A r o m a t i c A m i n e s
A c e t y i a m i n o f i u o r e n e

A z o C o m p o u n d s
o - A m i n o a z o t o i u e n e
4 — D i m e t h y 1 a m i n o a z o b e n z e n e

H a i o g e n a t e d O r g a n i c C o m p o u n d s
C a r b o n T e t r a c h i o r i d e
D i c h i o r o d i p h e n y i t r i c h i o r o e t h a n e
M i x t u r e s o f C h l o r i n e R e s i d u a l s

M y c o t o x i n s
A f i a t o x i n

8 1
A f i a t o x i c o i

6 1
M 1
0 1
V e r s i c o i o r i n A
S t e r i g m a t o c y s t i n

N - N i t r o s o C o m p o u n d s
N - N i t r o s o d i e t h y i a m i n e
N — N i t r o s o d i m e t h y i a m i n e
N — N ' D i n i t r o s o p i p e r a z i n e
N i t r o s o m o r p h o i i n e
N - M e t h y l — N - N i t r o s o U r e a
N - E t h y l — N - N i t r o s o U r e a
N - M e t h y i — N — N i t r o — N — N i t r o s o G u a n i d i n e

P i a n t D e r i v a t i v e s
C y c l o p r o p e n o i d F a t t y A c i d s
C y c a s i n
M e t h y i A z o x y m e t h a n o i A c e t a t e

P o i y n u c i e a r A r o m a t i c C o m p o u n d s
B e n z o - a — P y r e n e
7 , 1 2 D i m e t h y i b e n z ( a ) a n t h r a c e n e
3 - M e t h y 1 c h o i a n t h r e n e

M i s c e i i a n e o u s C o m p o u n d s
N i f u r p i r i n o i
T h i o u r e a
U r e t h a n e
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T A B L E 2

P R O M I S I N G F I S H S P E C I E S F O R C A R C I N O G E N E S I S T E S T I N G

 

F R E S H W A T E R

I n d i g e n o u s

R a i n b o w T r o u t ( O n c o r h y n c h u s m y k i s s )

B r o w n B u T l h e a d C a t f i s h ( I c t a T u r u s n e b u ] o s u s )

T o p m i n n o w s ( P o e c i T i o p s i s g p p )

E x o t i c ( L a b o r a t o r y )

G u p p y ( P o e c i T i a e r e t i c u T a t a )

P T a t y f i s h H y b r i d s ( X i p h o p h o r u s s p e c i e s )

J a p a n e s e M e d a k a ( O r y z i a s l a t i p e s )

M A R I N E / E S T U A R I N E

R i v u T u s ( R i v u l u s m a r m o r a t u s )

S h e e p s h e a d M i n n o w ( C y p r i n o d o n v a r i e q a t u s )

W i n t e r F l o u n d e r ( P s e u d o p l e u r o n e c t e s a m e r i c a n u s )

E n g 1 1 5 h S o l e ( P a r o p h r y s v e t u 1 u s )
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F r o m o r i g i n a l r e s t r i c t i o n t o a d u l t s i n b a t h e x p o s u r e s , c a r c i n o g e n b i o a s s a y

n o w e m p l o y s a v a r i e t y o f l i f e s t a g e s a n d e x p o s u r e r o u t e s , l i s t e d i n T a b l e 3 .

E m b r y o f i s h a r e e x p o s e d b y d i r e c t m i c r o i n j e c t i o n o f t e s t c o m p o u n d i n t o t h e

y o l k s a c o r p e r i v i t e l l i n e s p a c e . A l t e r n a t i v e l y , s w o l l e n e g g s a r e e x p o s e d

u s i n g d i r e c t t o p i c a l a p p l i c a t i o n o f t e s t c o m p o u n d i n c a r r i e r v e h i c l e .

H a t c h l i n g s a r e a l s o e x p o s e d v i a m i c r o i n j e c t i o n ( s a c f r y — t r o u t ) o r v i a b a t h

e x p o s u r e o f h i g h c o n c e n t r a t i o n a n d s h o r t d u r a t i o n . W h e n a d u l t s a r e u s e d ,

d i e t a r y , b a t h , i n j e c t i o n o r s k i n p a i n t i n g a r e r o u t e s o f e x p o s u r e .

O n e i n h e r e n t a d v a n t a g e a s s o c i a t e d w i t h s m a l l f i s h s p e c i e s i n c a r c i n o g e n

t e s t i n g i s t h e b r i e f t i m e r e q u i r e d f o r t u m o r p r o d u c t i o n . D e p e n d i n g u p o n t h e

a g e , s p e c i e s o f f i s h a n d t h e c o m p o u n d u s e d , l a t e n c y p e r i o d s o f f r o m 8 t o 4 0
w e e k s h a v e b e e n r e p o r t e d . J a p a n e s e m e d a k a h a v e v e r y s h o r t d u r a t i o n s b e t w e e n
e x p o s u r e a n d e n d p o i n t .

I f t u m o r s f r o m f e r a l f i s h a n d l a b o r a t o r y f i s h a r e c o n s i d e r e d t o g e t h e r ,
t u m o r s h a v e b e e n r e p o r t e d i n e a c h o r g a n o f f i s h . H o w e v e r , l a b o r a t o r y t r i a l s
p r i m a r i l y c a u s e t u m o r s o f t h e l i v e r . K i d n e y , i n t e s t i n e , s k i n , s w i m b l a d d e r ,
e y e a n d p a n c r e a s a r e o t h e r t a r g e t o r g a n s ( T a b l e 4 ) .

B a s e d o n b r i e f l a t e n c y p e r i o d s , s e n s i t i v i t y , c o s t a n d r e d u c e d s p a c e
l i m i t a t i o n s , t h e u s e o f s m a l l a q u a r i u m s p e c i e s a n d e a r l y l i f e s t a g e s o f l a r g e r
f i s h i s r e c o m m e n d e d i n t e s t i n g s e d i m e n t a n d t h e i r e x t r a c t s f o r c a n c e r - c a u s i n g
p o t e n t i a l .

R E F E R E N § E §

H a l v e r , J . E . a n d I . A . M i t c h e l l ( e d s ) . l 9 6 7 . T r o u t h e p a t o m a r e s e a r c h
c o n f e r e n c e p a p e r s . R e p o r t # 7 0 . U . S . F i s h a n d W i l d l i f e S e r v i c e ,
W a s h i n g t o n , p p . l 8 — 2 8 .

H o o v e r , K . 1 9 8 4 . U s e o f S m a l l F i s h S p e c i e s i n C a r c i n o g e n i c i t y T e s t i n g .
N a t i o n a l C a n c e r I n s t i t u t e M o n o g r a p h 6 5 . N I H P u b l i c a t i o n N o . 8 4 — 2 6 5 3 .
B e t h e s d a , M a r y l a n d .

H e n d r i c k s , 3 . 0 . 1 9 8 2 . C h e m i c a l C a r c i n o g e n e s i s i n F i s h . I n : A q u a t i c
T o x i c o l o g y , V o l . l . L . J . W e b e r , e d . R a v e n P r e s s , N e w Y o r k , p p . l 4 9 — 2 l l .

C o u r t n e y , L . a n d J . A . C o u c h . l 9 8 7 . N — n i t r o s o — d i e t h y l a m i n e — i n d u c e d
h e p a t o c a r c i n o g e n e s i s i n e s t u a r i n e s h e e p s h e a d m i n n o w ( C y p r i n o d o n
v a r i e g a t u s ) : N e o p l a s m s a n d r e l a t e d l e s i o n s c o m p a r e d w i t h m a m m a l i a n
l e s i o n s . J N C I 7 9 ( 2 ) 2 9 7 — 3 2 l .
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A P P L I C A T I O N O F I N V I T R O T E S T S I N A S S E S S I N G M U T A G E N I C P O T E N T I A L
O F S E D I M E N T S N D T H E R E L A T I O N S H I P T O F I S H T U M O R S . P A R T I I

b y

A l e x M a c c u b b i n
R o s w e l l P a r k M e m o r i a l I n s t i t u t e

T h e r e l a t i o n s h i p b e t w e e n m u t a g e n i c p o t e n t i a l i n s e d i m e n t s a n d f i s h t u m o r s
c a n b e e x a m i n e d w i t h i n t h e f r a m e w o r k o f t h e m u l t i — s t a g e p r o c e s s o f c h e m i c a l
c a r c i n o g e n e s i s . A s s u m i n g t h a t p r o b a b l e s t a g e s o f c a r c i n o g e n e s i s i n c l u d e
i n i t i a t i o n , p r o m o t i o n , p r o g r e s s i o n a n d t u m o r f o r m a t i o n , d a t a o n m u t a g e n i c
p o t e n t i a l o f s e d i m e n t s a n d f i s h t u m o r i n c i d e n c e e x a m i n e o n l y t w o s t a g e s w i t h i n
t h e p r o c e s s . I n g e n e r a l , i n v i t r o a s s a y s t h a t p r o v i d e i n f o r m a t i o n a b o u t
m u t a g e n i c p o t e n t i a l o f s e d i m e n t s , d e m o n s t r a t e t h e p r e s e n c e o f p o t e n t i a l
i n i t i a t o r s . W h e t h e r t h o s e i n i t i a t o r s ( m u t a g e n s ) c a n c a u s e t h e b i o l o g i c a l
e n d p o i n t o f t u m o r f o r m a t i o n d e p e n d s o n a n u m b e r o f e v e n t s a n d m o d u l a t o r s o f
t h e s e e v e n t s . T h e s e e v e n t s i n c l u d e e x p o s u r e t o t h e c h e m i c a l , a b s o r p t i o n ,
b i o d i s t r i b u t i o n , m e t a b o l i s m , r e a c t i o n w i t h m a c r o m o l e c u l e s a n d f i n a l l y
e x p r e s s i o n o f b i o l o g i c a l e n d p o i n t s s u c h a s t o x i c i t y , t e r a t o g e n i c i t y ,
m u t a g e n i c i t y a n d c a r c i n o g e n i c i t y . T h e s e e v e n t s m a y b e m o d i f i e d i n m a n y w a y s
b y m a n y f a c t o r s . E x p o s u r e d e p e n d s u p o n t h e t r o p h i c l e v e l , h a b i t s a n d h a b i t a t
o f f i s h a n d b i o a v a i l a b i l i t y , p e r s i s t e n c e a n d p h y s i c a l - c h e m i c a l p r o p e r t i e s o f
c h e m i c a l s . M e t a b o l i s m m a y b e m o d i f i e d b y s p e c i e s , s e x , a g e , m e t a b o l i c
c o m p e t e n c e , b a l a n c e b e t w e e n p h a s e I a n d p h a s e I I e n z y m e s a n d p o s s i b l y
e x t r a h e p a t i c v s . h e p a t i c m e t a b o l i s m . R e a c t i o n w i t h m a c r o m o l e c u l e s d e p e n d s
u p o n t h e a v a i l a b i l i t y a n d n u m b e r o f r e c e p t o r s a n d t r a p p i n g a g e n t s f o r r e a c t i v em o l e c u l e s . F i n a l l y , t h e e x p r e s s i o n o f t h e e f f e c t s o f r e a c t i o n s w i t h
m a c r o m o l e c u l e s c a n b e m o d i f i e d b y r e p a i r , g r o w t h , d i f f e r e n t i a t i o n , p r o m o t e r s ,c o c a r c i n o g e n s , g e n e s t a b i l i t y , i m m u n o l o g i c s t a t u s a n d e n d o c r i n e s t a t u s o ff i s h , a s w e l l a s n u t r i t i o n , d i s e a s e s a n d p o s s i b l y p a r a s i t e s .

T h e r e a r e s e v e r a l c a s e h i s t o r i e s w i t h i n t h e G r e a t L a k e s e c o s y s t e m t h a t
d o c u m e n t m u t a g e n i c p o t e n t i a l i n s e d i m e n t s a n d t h e e x i s t e n c e o f f i s h w i t ht u m o r s . T h e s e s t u d i e s a l o n g w i t h t h o s e o n f i s h a n d s e d i m e n t s o f P u g e t S o u n d ,W a s h i n g t o n p r o v i d e e v i d e n c e f o r a l i n k b e t w e e n s e d i m e n t — b o u n d c h e m i c a l s a n dn e o p l a s i a o n f i s h . H o w e v e r , t h e p r e d i c t i v e v a l u e o f p o s i t i v e m u t a g e n e s i su s i n g i n v i t r o b i o a s s a y s f o r f i s h t u m o r s s t i l l r e m a i n s q u e s t i o n a b l e b e c a u s e o fa l a c k o f k n o w l e d g e a b o u t t h e s e q u e n c e o f e v e n t s b e t w e e n e x p o s u r e a n d a t u m o re n d p o i n t a n d m o r e i m p o r t a n t l y t h e f a c t o r s t h a t m o d i f y t h e p r o c e s s o fc a r c i n o g e n e s i s a t t h e v a r i o u s s t a g e s .
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I N V I T R O T E S T R E S P O N S E S N I T H E X T R A C T S O F A T U M O R I G E N I C
S E D I E N T : C O R R E L A T I O N S N I T H N E O P L A S T I C D I S E A S E I N D U C E D I N T W O

S E D I M E N T — E X P O S E D M A R I N E S P E C I E S

b y

A . M a l c o l m l , L . M i l l s z , G . P e s c h l , C . M u e l l e r z , S . A n d e r s o n 2

D . R o b s o n z , A . S e n e c a l a , R . P r u e l l l , E . M c F a d d e n , a n d G . G a r d n e r 1

1 U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y

2 S c i e n c e A p p l i c a t i o n s I n t e r n a t i o n a l C o r p o r a t i o n

3 U n i v e r s i t y o f R h o d e I s l a n d

A b a t t e r y o f s h o r t — t e r m t e s t s ( m u t a t i o n i n S a l m o n e l l a , s i s t e r c h r o m a t i d
e x c h a n g e i n C h i n e s e h a m s t e r V 7 9 l u n g f i b r o b l a s t s , a n d i n h i b i t i o n o f
g a p — j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9 c e l l s ) w a s a p p l i e d t o w h o l e
a n d f r a c t i o n a t e d s o l v e n t e x t r a c t s o f a c h e m i c a l l y — c o n t a m i n a t e d m a r i n e s e d i m e n t
d e m o n s t r a t e d t o c a u s e n e o p l a s t i c d i s e a s e i n f l o u n d e r a n d o y s t e r s . R e s p o n s e s
i n a s s a y s d e s i g n e d t o d e t e c t g e n o t o x i c a g e n t s ( m u t a t i o n i n S a l m o n e l l a a n d
s i s t e r c h r o m a t i d e x c h a n g e i n V 7 9 c e l l s ) c o r r e l a t e d w i t h t h e p r e s e n c e o f
i n d i r e c t — a c t i n g , g e n o t o x i c c a r c i n o g e n s i d e n t i f i e d i n t h e s e d i m e n t . W i t h o u t
e x c e p t i o n , e x o g e n o u s m e t a b o l i s m w a s r e q u i r e d t o d e t e c t g e n o t o x i c a g e n t s ,
s u g g e s t i n g t h e a b s e n c e o f l o w c o n c e n t r a t i o n o f d i r e c t — a c t i n g g e n o t o x i c
c a r c i n o g e n s . S i g n i f i c a n t i n h i b i t i o n o f g a p — j u n c t i o n a l i n t e r c e l l u l a r
c o m m u n i c a t i o n , a p o s s i b l e i n v i t r o b i o m a r k e r f o r t u m o r p r o m o t e r s , w a s o b t a i n e d
o n l y w i t h F 4 o f t h e t u m o r i g e n i c s e d i m e n t . A l t h o u g h t h i s r e s p o n s e s u g g e s t e d
t h e p r e s e n c e o f o n e o r m o r e t u m o r p r o m o t e r s , k n o w n t u m o r p r o m o t e r s i d e n t i f i e d
i n t h i s s e d i m e n t w o u l d h a v e b e e n i n o t h e r e x t r a c t f r a c t i o n s . T h u s , e f f e c t s o n
g a p — j u n c t i o n a l c o m m u n i c a t i o n w e r e n o t d u e t o e f f e c t s o f i d e n t i f i e d p r o m o t e r s .
I n c o m b i n a t i o n , t h e s h o r t - t e r m t e s t r e s p o n s e s c o r r e l a t e d w i t h t h e n e o p l a s t i c
d i s e a s e i n d u c e d i n e x p o s e d a n i m a l s .

I N T R O D U C T I O N

T h e f i n d i n g s p r e s e n t e d h e r e r e s u l t f r o m a r e c e n t c o l l a b o r a t i v e s t u d y w i t h
t h e N a t i o n a l C a n c e r I n s t i t u t e . T h i s s t u d y w a s d e s i g n e d t o e v a l u a t e t h e
c a p a c i t y o f s p e c i f i c s e d i m e n t s t o i n d u c e n e o p l a s t i c d i s e a s e i n t h e w i n t e r
f l o u n d e r a n d A m e r i c a n o y s t e r . D e t a i l s o f t h i s s t u d y a r e a v a i l a b l e ( G a r d n e r
e t a l . 1 9 8 7 ) . A c o n t a m i n a t e d s e d i m e n t f r o m B l a c k R o c k H a r b o r , B r i d g e p o r t ,
C o n n e c t i c u t , w a s t h e t e s t s e d i m e n t . A r e l a t i v e l y c l e a n s e d i m e n t f r o m c e n t r a l
L o n g I s l a n d S o u n d s e r v e d a s t h e r e f e r e n c e s e d i m e n t . T h e c o l l a b o r a t i v e s t u d y
w a s b a s e d o n e a r l i e r , p r e l i m i n a r y e v i d e n c e t h a t e x p o s u r e t o B l a c k R o c k H a r b o r
s e d i m e n t i n d u c e d K i d n e y a n d r e p r o d u c t i v e t r a c t t u m o r s i n o y s t e r s a n d
p r o l i f e r a t i v e l e s i o n s i n t h e p i t u i t a r y g l a n d o f w i n t e r f l o u n d e r . A s p a r t o f
t h e c o l l a b o r a t i v e s t u d y , s o l v e n t e x t r a c t s o f t h e e x p e r i m e n t a l a n d r e f e r e n c e
s e d i m e n t s w e r e t e s t e d i n s e l e c t e d i n v i t r o a s s a y s d e s i g n e d t o d e t e c t g e n o t o x i c
c a r c i n o g e n s a n d t u m o r - p r o m o t i n g c h e m i c a l s . T h e p u r p o s e o f t h e i n v i t r o
t e s t i n g w a s t o d e t e r m i n e ( 1 ) i f t h e c a r c i n o g e n i c p o t e n t i a l o f t h e s e d i m e n t s
c o u l d b e c h a r a c t e r i z e d w i t h s u c h a s s a y s , a n d ( 2 ) t o t e s t c o r r e l a t i o n s b e t w e e n
i n v i t r o a s s a y r e s p o n s e s a n d t h e p r e s e n c e o f s p e c i f i c c a r c i n o g e n i c o r
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t u m o r — e n h a n c i n g c h e m i c a l s i n t h e e x t r a c t s . S u m m a r i z e d b e l o w a r e t h e m e t h o d s
u s e d i n s e d i m e n t e x t r a c t i o n a n d t h e t e s t i n g o f s e d i m e n t e x t r a c t s . i n v i t r o
t e s t r e s u l t s a n d t e s t o r g a n i s m p a t h o l o g y a r e s u m m a r i z e d a l o n g w i t h s e l e c t e d
i n f o r m a t i o n o n s e d i m e n t c h e m i c a l s .

M E T H O D S

D e t a i l s o f a l l m e t h o d s a n d t e s t i n g p r o c e d u r e s u s e d i n t h e s t u d y m a y b e
f o u n d i n G a r d n e r e t a l . 1 9 8 7 . T h e p r o c e d u r e s u s e d i n s e d i m e n t e x t r a c t
p r e p a r a t i o n a n d i n v i t r o t e s t i n g a r e b r i e f l y s u m m a r i z e d b e l o w .

S e d i m e n t E x t r a c t P r e p a r a t i o n

A p r o t o c o l b a s e d o n c o m p o u n d p o l a r i t y w a s f o l l o w e d f o r t h e f r a c t i o n a t i o n
o f s e d i m e n t e x t r a c t s . S e d i m e n t s w e r e e x t r a c t e d w i t h a c e t o n i t r i l e , w a t e r
a d d e d , a n d t h e e x t r a c t p a r t i t i o n e d i n t o p e n t a n e . P e n t a n e m i x t u r e s w e r e
b r o u g h t t o d r y n e s s a n d r e d i s s o l v e d i n d i m e t h y l s u l f o x i d e f o r t e s t i n g a s a w h o l e
e x t r a c t . E x t r a c t f r a c t i o n s w e r e p r e p a r e d b y p l a c i n g t h e p e n t a n e m i x t u r e s o n
s i l i c a g e l c o l u m n s . T h e c o l u m n s w e r e t h e n s e q u e n t i a l l y e l u t e d i n f o u r s t e p s .
T h e F l f r a c t i o n s w e r e e l u t e d w i t h p e n t a n e o n l y a n d c o n t a i n e d h i g h l y n o n p o l a r
c o m p o u n d s s u c h a s P C B s ; F 2 f r a c t i o n s , e l u t e d w i t h a n 8 0 : 2 0 p e n t a n e z m e t h y l e n e
c h l o r i d e m i x t u r e , w e r e P A H f r a c t i o n s ; F 3 f r a c t i o n s , e l u t e d w i t h m e t h y l e n e
c h l o r i d e , c o n t a i n e d p o l y c y c l i c a r o m a t i c k e t o n e s , c a r b a z o l e s a n d p h t h a l a t e s ; F 4
f r a c t i o n s , e l u t e d w i t h m e t h a n o l a n d c o n t a i n i n g t h e m o s t p o l a r c o m p o u n d s , w e r e
l a r g e l y u n c h a r a c t e r i z e d . F o r i n v i t r o t e s t i n g , e a c h f r a c t i o n w a s b r o u g h t t o
d r y n e s s t h e n r e d i s s o l v e d i n d i m e t h y l s u l f o x i d e . B e c a u s e t h i s b a s i c
f r a c t i o n a t i o n p r o c e d u r e w a s a l s o u s e d t o p r e p a r e s e d i m e n t s a m p l e s f o r c h e m i c a l
a n a l y s i s , i n v i t r o r e s p o n s e s c o u l d b e e v a l u a t e d i n r e l a t i o n t o s p e c i f i c
_ c h e m i c a l s u b s t a n c e s p r e s e n t i n t e s t m i x t u r e s .

I n V i t r o A s s a y s

T h e A m e s t e s t f o r m u t a g e n s , s i s t e r c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r
V 7 9 c e l l s a n d i n h i b i t i o n o f g a p - j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9
c e l l s w e r e u s e d t o e v a l u a t e s e d i m e n t e x t r a c t s . T h e A m e s S a l m o n e l l a / m i c r o s o m a l
a s s a y w i t h p r e i n c u b a t i o n ( A m e s e t a 1 . 1 9 7 5 ; W i l l i a m s a n d P r e s t o n , 1 9 8 3 ) w a s
u s e d w i t h s t r a i n s T A 9 8 , T A 1 0 0 , T A 1 0 2 a n d T A 1 0 4 t o d e t e c t t h e p r e s e n c e o f
m u t a g e n i c a g e n t s . S i s t e r c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r c e l l s w a s u s e d
a s a m e a s u r e o f g e n o t o x i c i t y i n e u c a r y o t i c c e l l s ( L a t t e t a l . 1 9 8 1 ) .
I n h i b i t i o n o f g a p — j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n w a s u s e d a s a
p o s s i b l e b i o m a r k e r f o r t u m o r p r o m o t e r s a n d s e l e c t e d n o n g e n o t o x i c c a r c i n o g e n s
( Y o t t i e t a l . 1 9 7 9 ; M a l c o l m e t a l . 1 9 8 5 ) .

R E S U L T S

P a t h o l o g y

T a b l e s 1 a n d 2 g i v e f r e q u e n c y d a t a f o r s e l e c t e d n e o p l a s t i c a n d o t h e r
p r o l i f e r a t i v e l e s i o n s i d e n t i f i e d i n t h e A m e r i c a n o y s t e r ( C r a s s o s t r e a
v i r g i n i c a ) a n d w i n t e r f l o u n d e r ( P s e u d 0 b 1 e u r o n e c t e s a m e r i c a n u s ) e x p o s e d i n t h e
l a b o r a t o r y t o t e s t a n d r e f e r e n c e s e d i m e n t s ( G a r d n e r e t a l . 1 9 8 7 ) . T h e
c o n t i n u o u s e x p o s u r e o f s u s p e n d e d t e s t s e d i m e n t f o r 3 0 a n d 6 0 d a y s i n d u c e d
m u l t i p l e t y p e s a n d f o r m a t i o n s o f t u m o r s . T h e h i g h e s t f r e q u e n c y o f t u m o r
i n d u c t i o n o c c u r r e d i n r e n a l e x c r e t o r y t i s s u e s , f o l l o w e d i n d e c r e a s i n g o r d e r b y
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t u m o r s i n g i l l , g o n a d , g a s t r o i n t e s t i n a l , h e a r t a n d n e u r a l t i s s u e s . T h e l a c k
o f t u m o r r e g r e s s i o n d u r i n g 3 0 a n d 6 0 d a y p o s t - e x p o s u r e p e r i o d s s u g g e s t s t h e
l e s i o n s w e r e a u t o n o m o u s .

T A B L E l

P E R C E N T O Y S T E R S W I T H N E O P L A S T I C D I S E A S E F O L L O W I N G L A B O R A T O R Y
E X P O S U R E T O T E S T A N D R E F E R E N C E S E D I M E N T S

 

 

E X P O S U R E S C E N A R I O * R E F E R E N C E T E S T

3 0 / 0 0 0 l 2
3 0 / 6 0 0 l 2
6 0 / 0 0 0 l 5
6 0 / 3 0 0 1 8

 

* E x p o s u r e s e n a r i o i s d a y s e x p o s u r e / d a y s i n c l e a n w a t e r b e f o r e p a t h o l o g i c
a s s e s s m e n t . T h e i n i t i a l n u m b e r o f a n i m a l s p e r t e s t s i t u a t i o n w a s 3 0 0 .

T A B L E 2

P E R C E N T F L O U N D E R W I T H H E M A N G I O M A / O T H E R P R O L I F E R A T I V E L E S I O N S
F O L L O W I N G L A B O R A T O R Y E X P O S U R E T O T E S T A N D R E F E R E N C E S E D I M E N T S

 

Y E A R C L A S S 1 0 0 % R E F E R E N C E 5 0 % R E F E R E N C E / 5 0 % T E S T l 0 0 % T E S T

 

0 - l 0 0 / 0 0 * l 6 / 0 5 * 2 5 / l 3 *
3 3 / 0 3 * * 3 5 / 0 6 * * 2 5 / 2 2 * *

l — 2 0 0 / 0 0 * l 7 / 2 5 * 3 l / 1 9 *
0 9 / l 8 * * 0 9 / 0 9 * * 3 8 / 6 3 * *

 

* A n i m a l s f e d u n c o n t a m i n a t e d m u s s e l s .
* * A n i m a l s f e d m u s s e l s e x p o s e d t o t h e t e s t s e d i m e n t .

F l o u n d e r , e x p o s e d f o u r m o n t h s i n t h e l a b o r a t o r y t o t e s t s e d i m e n t m i x t u r e s
c o n s i s t i n g o f e q u a l a m o u n t s o f t e s t a n d r e f e r e n c e s e d i m e n t s , o r f o o d ( m u s s e l s )
p r e v i o u s l y e x p o s e d t o t e s t s e d i m e n t , d e v e l o p e d n e o p l a s t i c o r o t h e r
p r o l i f e r a t i v e l e s i o n s o f t h e k i d n e y , p a n c r e a s , e x t e r n a l a n d o r a l e p i t h e l i a l
s u r f a c e s . O f p a r t i c u l a r i n t e r e s t w e r e p a n c r e a t i c i n t r a — i n s u l a r n e o p l a s m s
o b s e r v e d i n f i s h e x p o s e d o n l y t o t e s t s e d i m e n t o r t o a c o m b i n a t i o n o f t e s t
s e d i m e n t a n d b e i n g f e d c o n t a m i n a t e d m u s s e l s . A n i m a l s e x p o s e d f o r 1 2 m o n t h s
d e v e l o p e d h e p a t i c m e g a l o c y t o s i s , g a s t r o i n t e s t i n a l a d e n o m a t o u s p o l y p s a n d r e n a l
c y s t i c a d e n o c a r c i n o m a .
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I n V i t r o A s s a y s

R e s p o n s e d a t a f o r r e v e r s e m u t a t i o n i n f o u r s t r a i n s o f S a l m o n e l l a , s i s t e r
c h r o m a t i d e x c h a n g e i n C h i n e s e h a m s t e r V 7 9 c e l l s , a n d i n h i b i t i o n o f
g a p - j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9 c e l l s a r e s u m m a r i z e d i n
T a b l e 3 . P o s i t i v e r e s p o n s e s i n S a l m o n e l l a a n d f o r s i s t e r c h r o m a t i d e x c h a n g e
w e r e o b t a i n e d o n l y w h e n e x t r a c t e x p o s u r e w a s c o m b i n e d w i t h a n e x o g e n o u s
m i c r o s o m a l ( 8 — 9 f r a c t i o n o f P C B — i n d u c e d r a t l i v e r ) m e t a b o l i z i n g s y s t e m .

T A B L E 3

I V I T R O R E S P O N S E D A T A O B T A I N E D W I T H S A L M O N E L L A A N D C H I N E S E H A M S T E R V 7 9
C E L L S F O R W H O L E A N D F R A C T I O N A T E D ( F l — F 4 ) S O L V E N T E X T R A C T S

O F T E S T A N D R E F E R E N C E S E D I M E N T S

 

R E F E R E N C E S E D I M E N T T E S T S E D I M E N T

W H O L E F 1 F 2 F 3 F 4 N H O L E F 1 F 2 F 3 F 4

 

 

 

T A 9 8 - - — — - — — + + + + + +
T A T O O - - + + + - + + + + — + + + + + + + + +
T A T O Z - — - — — — _ + + +
T A 1 0 4 - - — — — + — _ _ _

V 7 9 / S C E + — - - — + + - + + — _

V 7 9 / G J I C - - - — - — / + — — — + + + . . .

 

R e s p o n s e ( R ) i s a s s e s s e d i n t e r m s o f i n c r e a s e o v e r b a c k g r o u n d ( 8 ) .
( + ) = 2 . 0 B g R < 2 . S B ; ( + + ) = 2 . S B g R < 3 . 0 B ; ( + + + ) = 3 . 0 B g R < 3 . S B ;
( + + + + ) = 3 . S B g R .

D I S C U S S I O N

T h e d e v e l o p m e n t o f t u m o r s i n o y s t e r s e x p o s e d t o t e s t b u t n o t r e f e r e n c e
s e d i m e n t , c o u p l e d w i t h t h e o c c u r r e n c e o f t u m o r s i n f l o u n d e r f o r a l l e x p o s u r e
s i t u a t i o n s e x c e p t t h o s e c o n s i s t i n g o f r e f e r e n c e s e d i m e n t p l u s u n c o n t a m i n a t e d
f o o d , d e m o n s t r a t e a c a u s a l r e l a t i o n s h i p b e t w e e n t u m o r d e v e l o p m e n t i n t h e s e
o r g a n i s m s a n d e x p o s u r e t o t h e t e s t s e d i m e n t .

N h o l e a n d f r a c t i o n a t e d s o l v e n t e x t r a c t s ( F l — F 4 ) o f t e s t a n d r e f e r e n c e
s e d i m e n t s w e r e t e s t a b l e f o r m u t a g e n s i n S a l m o n e l l a a n d f o r s i s t e r c h r o m a t i d
e x c h a n g e i n C h i n e s e h a m s t e r V 7 9 c e l l s . M o s t o f t h e r e s p o n s e s f o r g e n o t o x i c i t y
w e r e o b t a i n e d w i t h e x t r a c t s o f t h e t e s t s e d i m e n t a n d t h i s c o r r e l a t e d w i t h t h e
e x p o s u r e s r e q u i r e d f o r t u m o r i n d u c t i o n i n e x p e r i m e n t a l a n i m a l s . T h e r e f e r e n c e
s e d i m e n t g e n e r a l l y c o n t a i n e d t h e s a m e c h e m i c a l s a s t h e t e s t s e d i m e n t , e x c e p t
a t m u c h l o w e r c o n c e n t r a t i o n s . T h e f a c t t h a t g e n o t o x i c a c t i v i t y w a s n o t
d e t e c t e d w i t h F l i s c o n s i s t e n t w i t h t h e t y p e s o f c o m p o u n d s a s s o c i a t e d w i t h
t h i s f r a c t i o n ( P C B s , a l i p h a t i c h y d r o c a r b o n s a n d c y c l o a l k a n e s , m a n y c h l o r i n a t e d
p e s t i c i d e s a n d t w o - r i n g a r o m a t i c h y d r o c a r b o n s . A l t e r n a t i v e l y , t h e h i g h l e v e l
o f g e n o t o x i c i t y a s s o c i a t e d w i t h F 2 c o r r e l a t e d w i t h t h e l a r g e n u m b e r o f
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g e n o t o x i c a n d c a r c i n o g e n i c P A H s k n o w n t o b e i n t h i s f r a c t i o n . A l t h o u g h p o o r l y
c h a r a c t e r i z e d c h e m i c a l l y , F 3 c o u l d c o n t a i n s u b s t i t u t e d c a r b a z o l e s a n d n a t u r a l
o r s u b s t i t u t e d a n t h r a q u i n o n e s d e m o n s t r a t e d t o b e g e n o t o x i c i n s o m e s h o r t - t e r m
t e s t s ( T i k k a n e n e t a 1 . 1 9 8 3 ; N i s h i o e t a 1 . 1 9 8 2 ; I A R C 1 9 8 3 ) . F 4 i s c h e m i c a l l y "
u n c h a r a c t e r i z e d . T h e u n q u a l i f i e d r e q u i r e m e n t f o r e x o g e n o u s m e t a b o l i s m t o
d e t e c t g e n o t o x i c a c t i v i t y i s c o n s i s t e n t w i t h t h e c l a s s e s o f g e n o t o x i c a g e n t s
i d e n t i f i e d i n t h e t e s t s e d i m e n t . T h i s f i n d i n g a l s o s u p p o r t s t h e h y p o t h e s i s
t h a t t h e s e d i m e n t s c o n t a i n e d f e w ( i f a n y ) d i r e c t — a c t i n g c a r c i n o g e n s . I n
g e n e r a l , g r e a t e r g e n o t o x i c i t y w a s o b t a i n e d w i t h e x t r a c t f r a c t i o n s t h a n w i t h
w h o l e e x t r a c t s , s u g g e s t i n g a n t a g o n i s t i c i n t e r a c t i o n s i n t h e l a t t e r .

T h e s t r o n g i n h i b i t i n g e f f e c t o f f r a c t i o n 4 o f t h e t e s t s e d i m e n t e x t r a c t o n
g a p — j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n i n V 7 9 c e l l s s u g g e s t t h e p r e s e n c e
o f a p o t e n t i a l l y p o w e r f u l , d i r e c t - a c t i n g , t u m o r p r o m o t e r . T h i s r e s p o n s e w a s
n o t d u e t o k n o w n t u m o r p r o m o t e r s a c t i v e i n t h e a s s a y ( e g . P C B s , c h l o r i n a t e d
p e s t i c i d e s ) a s t h e s e w o u l d h a v e b e e n i n o t h e r f r a c t i o n s . I t h a s a l s o b e e n
d e t e r m i n e d ( M i l l s e t a 1 . 1 9 8 8 ) t h a t c h e m i c a l s e n h a n c i n g g a p — j u n c t i o n a l
i n t e r c e l l u l a r c o m m u n i c a t i o n ( e . g . 2 , 4 - d i a m i n o t o l u e n e ) m a y r e v e r s e o r s u p p r e s s
t h e i n h i b i t i n g e f f e c t s o f o t h e r c o m p o u n d s ( e . g . p h o r b o l m y r i s t a t e a c e t a t e ,
a l d r i n , c y c l o h e x y l a m i n e ) . T h e p r e s e n c e o f s u c h c h e m i c a l s i n c o m p l e x m i x t u r e s
m a y m a s k t h e p r e s e n c e o f g a p - j u n c t i o n a l i n t e r c e l l u l a r c o m m u n i c a t i o n
i n h i b i t o r s . T h i s p h e n o m e n o n m a y e x p l a i n t h e s t r o n g r e s p o n s e w i t h f r a c t i o n 4
w h e r e a s l i t t l e o r n o r e s p o n s e w a s o b t a i n e d w i t h w h o l e e x t r a c t .

O v e r a l l , i n v i t r o t e s t s o f s e d i m e n t e x t r a c t s m a y p r o v i d e i n e x p e n s i v e a n d
r a p i d a p p r o a c h e s t o p r o b l e m d i a g n o s i s a n d i d e n t i f i c a t i o n o f c a u s a l
r e l a t i o n s h i p s . A l t h o u g h a g o o d c o r r e l a t i o n w a s o b t a i n e d b e t w e e n t u m o r
i n d u c t i o n i n t e s t s p e c i e s a n d i n v i t r o t e s t r e s p o n s e s w i t h t h e t u m o r i g e n i c
s e d i m e n t , s u c h t e s t s m a y n o t b e b r o a d l y p r e d i c t i v e o f c a r c i n o g e n i c e f f e c t s
( T e n n a n t e t a 1 . 1 9 8 7 ) . A d d i t i o n a l r e s e a r c h i s n e e d e d t o e s t a b l i s h t h e
u s e f u l n e s s o f i n v i t r o t e s t s w i t h s e d i m e n t e x t r a c t s t o p r e d i c t c a r c i n o g e n i c
e f f e c t s i n a q u a t i c a n i m a l s .

R E F E R E N C E S

A m e s , B . N . , J . M c C a n n a n d E . Y a m a s a k i . 1 9 7 5 . M e t h o d s f o r d e t e c t i n g
c a r c i n o g e n s a n d m u t a g e n s w i t h t h e S a l m o n e l l a / m a m m a l i a n m i c r o s o m e
m u t a g e n i c i t y t e s t . M u t a t . R e s . 3 1 : 3 4 7 — 3 6 4 .

G a r d n e r , G . R . , P . P . Y e v i c h , A . R . M a l c o l m a n d R . J . P r u e l l . 1 9 8 7 .
C a r c i n o g e n i c e f f e c t s o f B l a c k B o c k H a r b o r s e d i m e n t o n A m e r i c a n o y s t e r s a n d
w i n t e r f l o u n d e r . F i n a l r e p o r t t o t h e N a t i o n a l C a n c e r I n s t i t u t e .

I n t e r n a t i o n a l A g e n c y f o r R e s e a r c h o n C a n c e r . 1 9 8 3 . I A R C M o n o g r a p h s o n t h e
E v a l u a t i o n o f t h e C a r c i n o g e n i c R i s k o f C h e m i c a l s t o H u m a n s . V o l . 3 2 .
P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s , P a r t 1 . C h e m i c a l , E n v i r o n m e n t a l a n d 1
E x p e r i m e n t a l D a t a . I A R C , L y o n .

L a t t , S . A . , J . A l l e n , S . E . B l o o m , E . F a l k e , D . K r a m , E . S c h n e i d e r , R . S c h r e c k ,
R . T i c e , B . W h i t f i e l d a n d S . W o l f . 1 9 8 1 . S i s t e r c h r o m a t i d e x c h a n g e : A
r e p o r t o f t h e G e n e - T o x p r o g r a m . M u t a t . R e s . 8 7 : 1 7 — 6 2 .
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M a l c o l m , A . R . , L . J . M i l l s a n d E . J . M c K e n n a . l 9 8 5 . E f f e c t s o f p h o r b o l
m y r i s t a t e a c e t a t e , p h o r b o l d i b u t y r a t e , e t h a n o l , d i m e t h y l s u l f o x i d e , p h e n o l
a n d s e v e n m e t a b o l i t e s o f p h e n o l o n m e t a b o l i c c o o p e r a t i o n b e t w e e n C h i n e s e
h a m s t e r V 7 9 l u n g f i b r o b l a s t s . C e l l B i o l . T o x i c o l . l : 2 6 9 - 2 8 3 .

M i l l s , L . J . , D . L . R o b s o n a n d A . R . M a l c o l m . l 9 8 8 . I n t e r a c t i o n s b e t w e e n t w o
p h o r b o l e s t e r s , a l d r i n , c y c l o h e x y l a m i n e , a n d 2 , 4 — d i a m i n o t o l u e n e i n t h e
V 7 9 / m e t a b o l i c c o o p e r a t i o n a s s a y . P o s t e r p r e s e n t e d a t t h e S y m p o s i u m o n
T o x i c o l o g i c a l I m p l i c a t i o n s o f A l t e r e d G a p J u n c t i o n a l I n t e r c e l l u l a r
C o m m u n i c a t i o n , S e p t e m b e r 2 8 — 3 0 , K e l l o g g C e n t e r , M i c h i g a n S t a t e U n i v e r s i t y ,
E a s t L a n s i n g , M i c h i g a n .

N i s h i o , A . , F . D e F e o , C . — C . C h e n g a n d E . M . U y e k i . l 9 8 2 . S i s t e r c h r o m a t i d
e x c h a n g e a n d c h r o m o s o m a l a b e r r a t i o n s b y D H A Q a n d r e l a t e d a n t h r a q u i n o n e
d e r i v a t i v e s i n C h i n e s e h a m s t e r o v a r y c e l l s . M u t a t . R e s . 1 0 1 2 7 7 — 8 6 .

T e n n a n t , R . N . , B . H . M a r g o l i n , M . D . S h e l b y , E . Z e i g e r , J . K . H a s e m a n ,
J . S p a l d i n g , N . C a s p a r y , M . R e s n i c k , S . S t a s i e w i c z , B . A n d e r s o n a n d R .
M i n o r . l 9 8 7 . P r e d i c t i o n o f c h e m i c a l c a r c i n o g e n i c i t y i n r o d e n t s f r o m
i n v i t r o g e n e t i c t o x i c i t y a s s a y s . S c i e n c e 2 3 6 9 3 3 — 9 4 l .

T i k k a n e n , L . , T . M a t s u s h i m a a n d S . N a t o r i . l 9 8 3 . M u t a g e n i c i t y o f
a n t h r a q u i n o n e s i n t h e S a l m o n e l l a p r e i n c u b a t i o n t e s t . M u t a t . R e s .
l l 6 2 2 9 7 — 3 0 4 .

W i l l i a m s , L . R . a n d J . E . P r e s t o n . 1 9 8 3 . I n t e r i m p r o c e d u r e s f o r c o n d u c t i n g
t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y ( A m e s t e s t ) . E n v i r o n m e n t a l
M o n i t o r i n g S y s t e m s L a b o r a t o r y , U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y , L a s
V e g a s , N V . E P A — 6 0 0 / 4 - 8 2 — 0 8 6 .

Y o t t i , L P . , C — C . C h a n g a n d J . E . T r o s k o . l 9 7 9 . E l i m i n a t i o n o f m e t a b o l i c
c o o p e r a t i o n i n C h i n e s e h a m s t e r c e l l s b y a t u m o r p r o m o t e r . S c i e n c e
2 0 6 : l 0 8 9 — l 0 9 l .
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b y

D a v i d R o k o s h
O n t a r i o M i n i s t r y o f t h e E n v i r o n m e n t

A n u m b e r o f i n v i t r o b i o a s s a y s h a v e b e e n u s e d s u c c e s s f u l l y i n t h e
d e t e c t i o n o f m u t a g e n i c a c t i v i t y i n p o l l u t e d s e d i m e n t .

T h e A m e s t e s t , w h i c h h a s b e e n m o s t f r e q u e n t l y u s e d , h a s h a d v a r y i n g
d e g r e e s o f s u c c e s s i n t h e d e t e c t i o n o f m u t a g e n i c a c t i v i t y i n s e d i m e n t .

M e t a b o l i c a c t i v a t i o n i s a k e y c o m p o n e n t i n t h e d e t e c t i o n o f
m u t a g e n i c i t y i n s e d i m e n t . I n c o m p l e t e m e t a b o l i c a c t i v a t i o n l i k e l y
a c c o u n t s f o r v a r i a b l e r e s u l t s w i t h t h e A m e s t e s t .

A l t h o u g h c h e m i c a l e x t r a c t i o n — c o n c e n t r a t i o n m e t h o d s h a v e b e e n
d e s i g n e d t o r e c o v e r P A H s f r o m s e d i m e n t , P A H l e v e l s i n s e d i m e n t d o n o t
c o r r e l a t e w e l l w i t h m u t a g e n i c a c t i v i t y .

A s a n a l t e r n a t i v e a p p r o a c h , t h e m e a s u r e m e n t o f m u t a g e n i c a c t i v i t y i n
t h e b i l e o f a p p r o p r i a t e r e s i d e n t f i s h m a y b e a m e a n s o f d e t e c t i n g
a c t i v i t y a s w e l l a s f i s h e x p o s u r e f r o m m u t a g e n s o r i g i n a t i n g i n
p o l l u t e d e n v i r o n m e n t s .
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C O N C O R D A N C E O F S H O R T — T E R M G E N E T I C T O X I C I T Y T E S T S W I T H T H E
R O D E N T B I O A S S A Y R E S U L T S

b y

J u d s o n N . S p a l d i n g
N a t i o n a l I n s t i t u t e o f E n v i r o n m e n t a l H e a l t h S c i e n c e s

M c C a n n e t a l . ( l 9 7 5 ) r e p o r t e d a h i g h c o r r e l a t i o n ( > 9 0 % ) b e t w e e n
c a r c i n o g e n i c i t y a n d m u t a g e n i c i t y a m o n g 3 0 0 c h e m i c a l s t e s t e d i n t h e
S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y . S i n c e t h a t t i m e , t h e r e h a s b e e n a
p r o l i f e r a t i o n o f s h o r t — t e r m g e n e t i c t o x i c i t y t e s t s t h a t h a v e b e e n p r o p o s e d t o
d e t e c t a n d d i s c r i m i n a t e b e t w e e n c a r c i n o g e n s a n d n o n c a r c i n o g e n s . T h e N a t i o n a l
T o x i c o l o g y P r o g r a m ( N T P ) h a s e v a l u a t e d o v e r 2 5 0 c h e m i c a l s f o r c a r c i n o g e n i c
a c t i v i t y i n t h e t w o - y e a r , t w o — s e x / s p e c i e s r o d e n t t o x i c i t y a s s a y .
A p p r o x i m a t e l y o n e — h a l f o f t h e s e c h e m i c a l s w e r e i d e n t i f i e d a s c a r c i n o g e n s i n a t
l e a s t o n e s e x / s p e c i e s . T h i s i s a n i m p o r t a n t d a t a b a s e b e c a u s e o f t h e l a r g e
n u m b e r o f c h e m i c a l s t h a t h a v e b e e n i d e n t i f i e d a s n o n c a r c i n o g e n s w h e n
a d m i n i s t e r e d a t a m a x i m u m t o l e r a t e d d o s e , i n t h e s a m e p r o t o c o l a s t h a t w h i c h
i d e n t i f i e d t h e r o d e n t c a r c i n o g e n s .

T w o r e c e n t s t u d i e s h a v e e v a l u a t e d t h e c a p a b i l i t y o f s h o r t - t e r m t e s t s t o
p r e d i c t r o d e n t c a r c i n o g e n i c i t y . T h e f i r s t s t u d y ( T e n n a n t e t a l . l 9 8 7 ) w a s
u n d e r t a k e n t o e v a l u a t e t h e p r e d i c t i v e c a p a b i l i t y o f f o u r v a l i d a t e d s h o r t — t e r m
g e n e t i c t o x i c i t y t e s t s f o r 7 3 c h e m i c a l s i d e n t i f i e d a s e i t h e r c a r c i n o g e n s ( 4 4 )
o r n o n c a r c i n o g e n s ( 2 9 ) i n t h e N T P / N C I r o d e n t t o x i c i t y b i o a s s a y . T h e s e
c h e m i c a l s w e r e t e s t e d u n d e r c o d e i n t h e A m e s S a l m o n e l l a / m i c r o s o m e ( S A L )
m u t a g e n e s i s a s s a y , t h e a s s a y s f o r c h r o m o s o m e a b e r r a t i o n ( A B S ) a n d s i s t e r
c h r o m a t i d e x c h a n g e ( S C E ) i n d u c t i o n i n C h i n e s e h a m s t e r o v a r y c e l l s , a n d t h e
m o u s e l y m p h o m a L 5 l 7 8 Y ( M L Y M ) c e l l m u t a g e n e s i s a s s a y . T h e s e c o n d r e p o r t ( A s h b y
a n d T e n n a n t , l 9 8 8 ) a s s e s s e d 2 2 2 c h e m i c a l s ( l l 5 c a r c i n o g e n s , 2 4 e q u i v o c a l
c a r c i n o g e n s , a n d 8 3 n o n c a r c i n o g e n s ) f o r t h e c o r r e l a t i o n b e t w e e n c h e m i c a l
s t r u c t u r a l a l e r t s ( p o t e n t i a l e l e c t r o p h i l i c ' D N A - r e a c t i v e ' s i t e s ) , a c t i v i t y i n
t h e S a l m o n e l l a / m i c r o s o m e a s s a y a n d t h e l e v e l o f c a r c i n o g e n i c i t y i n t h e r o d e n t
t o x i c i t y a s s a y .

T h e m a j o r c o n c l u s i o n o f t h e f i r s t r e p o r t ( T e n n a n t e t a l . l 9 8 7 ) w a s t h a t n o
o t h e r s i n g l e a s s a y o r a n y c o m b i n a t i o n o f t h e f o u r a s s a y s e x h i b i t e d a
s i g n i f i c a n t l y g r e a t e r c o n c o r d a n c e w i t h t h e r o d e n t b i o a s s a y t h a n d i d t h e
S a l m o n e l l a / m i c r o s o m e a s s a y b y i t s e l f . T h e a b i l i t y o f t h e S A L a s s a y t o d e t e c t
c a r c i n o g e n s ( s e n s i t i v i t y ) a n d n o n c a r c i n o g e n s ( s p e c i f i c i t y ) w a s 4 5 % a n d 8 6 % ,
r e s p e c t i v e l y . T h e p o s i t i v e p r e d i c t i v i t y o f t h e S A L a s s a y w a s 8 3 % a n d t h e
n e g a t i v e p r e d i c t i v i t y w a s 5 l % ; t h e o v e r a l l c o n c o r d a n c e w i t h t h e r o d e n t
b i o a s s a y w a s 6 2 % . B o t h t h e m o u s e l y m p h o m a m u t a g e n i c i t y a n d s i s t e r c h r o m a t i d
e x c h a n g e a s s a y s h a d s i g n i f i c a n t l y h i g h e r s e n s i t i v i t i e s ( 7 0 % a n d 7 3 % ,
r e s p e c t i v e l y ) t h a n t h e S A L a s s a y , b u t t h e s p e c i f i c i t i e s o f b o t h a s s a y s w e r e
4 5 % i n d i c a t i n g t h a t t h e s e a s s a y s i n c o r r e c t l y i d e n t i f i e d o v e r h a l f o f t h e
n o n c a r c i n o g e n s i n t h e d a t a b a s e a s c a r c i n o g e n s . T h e S A L a s s a y i d e n t i f i e d 2 0
o f t h e 4 4 r o d e n t c a r c i n o g e n s ; a l l e x c e p t o n e ( s e l e n i u m s u l f i d e ) e x h i b i t e d a
s t r u c t u r a l a l e r t . N i n e t e e n o f t h e s e 2 0 c h e m i c a l s w e r e a l s o i d e n t i f i e d i n a t
l e a s t t w o o f t h e o t h e r a s s a y e n d p o i n t s . T w e l v e o f t h e 2 4 c a r c i n o g e n s t h a t t h e
S A L a s s a y d i d n o t i d e n t i f y w e r e a l s o n o t i d e n t i f i e d b y t w o o r m o r e o f t h e
o t h e r t h r e e e n d p o i n t s . F i v e o f t h e 2 4 c a r c i n o g e n s u n d e t e c t e d b y t h e S A L a s s a y
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e x h i b i t e d s t r u c t u r a l a l e r t s a n d t h r e e o f t h e s e f i v e c h e m i c a l s w e r e d e t e c t e d b y
a l l o f t h e o t h e r t h r e e e n d p o i n t s . T h e l a c k o f ' s t r u c t u r a l a l e r t s ' a n d t h e
i n c o n s i s t e n t a c t i v i t y i n t h e o t h e r g e n o t o x i c a s s a y s a r e c h a r a c t e r i s t i c s t h a t
d e f i n e t h e r e m a i n i n g l 9 r o d e n t c a r c i n o g e n s a s b e i n g n o n g e n o t o x i c . T h e o v e r a l l
c o n c o r d a n c e a m o n g t h e f o u r s h o r t — t e r m a s s a y s w a s h i g h ; t h a t i s , a l l f o u r
a s s a y s s h o w e d a g r e e m e n t f o r 3 3 o f t h e 7 3 c h e m i c a l s ( 4 5 % ) ; a n d t h r e e o f t h e
f o u r t e s t s w e r e i n a g r e e m e n t f o r a n a d d i t i o n a l 2 6 ( 3 6 % ) c h e m i c a l s . T h e
n e g a t i v e p r e d i c t i v i t y f o r a l l f o u r a s s a y s w a s n e a r l y i d e n t i c a l ( 5 0 - 5 2 % ) , a
v a l u e w h i c h i s a n i n d i c a t i o n o f t h e s i g n i f i c a n t n u m b e r o f n o n g e n o t o x i c
c a r c i n o g e n s i n t h e d a t a b a s e . T h e r a n g e o f c o n c o r d a n c e o f t h e f o u r t e s t s w i t h
t h e r o d e n t b i o a s s a y w a s 6 0 — 6 2 % .

T h e r e s u l t s o f t h e s e c o n d s t u d y ( A s h b y a n d T e n n a n t , l 9 8 8 ) d e m o n s t r a t e d
t h a t t h e r e w a s a 9 0 % c o r r e l a t i o n b e t w e e n t h e s t r u c t u r a l a c t i v i t y o f a
c h e m i c a l , a n d a c t i v i t y i n t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y a s s a y .
S t r u c t u r a l a c t i v i t y w a s d e f i n e d b y t h e p r e s e n c e o f s t r u c t u r a l u n i t s o r
s u b s t i t u e n t s ( s t r u c t u r a l a l e r t s ) o n a m o l e c u l e t h a t h a v e e l e c t r o p h i l i c
p o t e n t i a l . T h e s t u d y c o n f i r m e d t h a t t h e S A L a s s a y w a s a s e n s i t i v e a n d
c o s t — e f f e c t i v e m e t h o d o f d e t e c t i n g t h e i n t r i n s i c g e n o t o x i c i t y o f a c h e m i c a l .
F u r t h e r m o r e , a p o s i t i v e c o n c o r d a n c e b e t w e e n t h e s t r u c t u r a l a l e r t s a n d t h e S A L
a s s a y a c t i v i t y o f a c h e m i c a l c a n b e e m p l o y e d a s a n i n d e x o f g e n o t o x i c i t y . U s e
o f t h i s i n d e x i n t h e e v a l u a t i o n o f l l 5 r o d e n t c a r c i n o g e n s r e v e a l e d t w o g r o u p s
o f c a r c i n o g e n s w i t h i n t h e d a t a b a s e ; t h o s e t h a t w e r e p u t a t i v e l y n o n g e n o t o x i c

( 4 l ) .

T h e s e t w o s t u d i e s i n d i c a t e t h a t t h e S a l m o n e l l a / m i c r o s o m e m u t a g e n i c i t y
a s s a y c a n i d e n t i f y t h e e l e c t r o p h i l i c / g e n o t o x i c p o t e n t i a l o f a c h e m i c a l w i t h a
h i g h d e g r e e o f a c c u r a c y . A f u r t h e r s t r a t e g y i s r e q u i r e d t o c o n f i r m t h e
c a r c i n o g e n i c p o t e n t i a l o f c h e m i c a l s s o i d e n t i f i e d . S e v e r a l t e s t i n g s c h e m e s
h a v e b e e n p r o p o s e d ( A s h b y 1 9 8 6 , S h e l b y l 9 8 8 ) t h a t w o u l d u t i l i z e t h e i n v i v o
c h r o m o s o m e a b e r r a t i o n o r m i c r o n u c l e u s t e s t i n t h e b o n e m a r r o w o f m i c e o r
r a t s . B o t h o f t h e s e e n d p o i n t s a r e i n d i c a t o r s o f g e n e t i c t o x i c i t y .

B o t h s t u d i e s h a v e a l s o c l e a r l y i d e n t i f i e d a n o t h e r g r o u p o f c a r c i n o g e n s ,
t h e n o n g e n o t o x i c c a r c i n o g e n s . C u r r e n t l y , t h i s g r o u p o f c a r c i n o g e n s r e p r e s e n t s
b e t w e e n 3 5 - 4 0 % o f t h e r o d e n t c a r c i n o g e n s i d e n t i f i e d i n t h e N T P / N C I d a t a b a s e

( A s h b y a n d T e n n a n t , 1 9 8 8 ) . A t t h e p r e s e n t t i m e t h e r e i s n o s i n g l e t e s t o r
b a t t e r y o f s h o r t - t e r m t e s t s t h a t c a n d i s c r i m i n a t e b e t w e e n n o n g e n o t o x i c
c a r c i n o g e n s a n d n o n c a r c i n o g e n s . T h i s s u b j e c t i s o f h i g h e s t p r i o r i t y f o r
c o n t i n u e d r e s e a r c h a n d d e v e l o p m e n t .

R E F E R E N C E S

A s h b y , J . 1 9 8 6 . T h e p r o s p e c t s f o r a s i m p l i f i e d a n d i n t e r n a t i o n a l l y h a r m o n i z e d
a p p r o a c h t o t h e d e t e c t i o n o f p o s s i b l e h u m a n c a r c i n o g e n s a n d m u t a g e n s .
M u t a g e n e s i s l : 3 - l 6 .

A s h b y J a n d R . N . T e n n a n t . 1 9 8 8 . C h e m i c a l s t r u c t u r e , S a l m o n e l l a m u t a g e n i c i t y
a n d e x t e n t o f c a r c i n o g e n i c i t y a s i n d i c a t o r s o f g e n o t o x i c c a r c i n o g e n e s i s
a m o n g 2 2 2 c h e m i c a l s t e s t e d i n r o d e n t s b y t h e U . S . N C I / N T P . M u t a t . R e s .
2 0 4 z l 7 — l l 5 .
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M c C a n n , J . , E . C h o i , E . Y a m a s a k i a n d B . N . A m e s . 1 9 7 5 . D e t e c t i o n o f
c a r c i n o g e n s a s m u t a g e n s i n t h e S a i m o n e i i a / m i c r o s o m e t e s t : A s s a y o f 3 0 0
c h e m i c a i s . P r o c . N a t . A c a d . A c i . ( U S A ) 7 2 : 5 1 3 5 — 5 1 3 9 .

S h e i b y , M . D . 1 9 8 8 . T h e g e n e t i c t o x i c i t y o f h u m a n c a r c i n o g e n s a n d i t s
i m p l i c a t i o n s . M u t a t . R e s . 2 0 4 3 — 1 5 .

T e n n a n t , R . N . , B . H . M a r g o i i n , M . D . S h e l b y , E . Z e i g e r , J . K . H a s e m a n ,
J . S p a i d i n g , W . C a s p a r y , M . R e s n i c k , S . S t a s i e w i c z , B . A n d e r s o n a n d R .
M i n o r . 1 9 8 7 . P r e d i c t i o n o f c h e m i c a i c a r c i n o g e n i c i t y i n r o d e n t s f r o m i n
v i t r o g e n e t i c t o x i c i t y a s s a y s . S c i e n c e 2 3 6 : 9 3 3 — 9 4 1 .
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S E D I M E N T S U B C O M M I T T E E

o f t h e 

W A T E R Q U A L I T Y P R O G R A M S C O M M I T T E E

U . S . M E M B E R S

D r . M i c h a e 1 J . M a c
N a t i o n a 1 F i s h e r i e s C e n t e r — G r e a t L a k e s
U . S . F i s h a n d W i 1 d 1 i f e S e r v i c e
1 4 5 1 G r e e n R o a d
A n n A r b o r , M i c h i g a n 4 8 1 0 5

M s . L i n d a T a 1 b o t , W R / 2
W a t e r R e s o u r c e s M a n a g e m e n t P r o g r a m
W i s c o n s i n D e p a r t m e n t o f N a t u r a 1 R e s o u r c e s
P . O . B o x 7 9 2 1
1 0 1 S o u t h W e b s t e r S t r e e t , G E F 1 1
M a d i s o n , W i s c o n s i n 5 3 7 0 7

M r . A n t h o n y G . K i z 1 a u s k a s
G r e a t L a k e s N a t i o n a 1 P r o g r a m O f f i c e
S G L - T U B — 1 0
U . S . E n v i r o n m e n t a 1 P r o t e c t i o n A g e n c y
2 3 0 S o u t h D e a r b o r n S t r e e t
C h i c a g o , I 1 1 i n o i s 6 0 6 0 4

D r . M a r k P . B r o w n , C h i e f
S p e c i a 1 P r o j e c t s S e c t i o n
D i v i s i o n o f W a t e r
N e w Y o r k S t a t e D e p a r t m e n t o f
E n v i r o n m e n t a 1 C o n s e r v a t i o n

5 0 W o 1 f R o a d
A 1 b a n y , N e w Y o r k 1 2 2 3 3 — 3 5 0 2

M s . D i a n a K 1 e m a n s
S u r f a c e W a t e r Q u a 1 i t y D i v i s i o n
M i c h i g a n D e p a r t m e n t o f N a t u r a 1 R e s o u r c e s
S t e v e n s T . M a s o n B u i 1 d i n g
P . O . B o x 3 0 0 2 8
L a n s i n g , M i c h i g a n 4 8 9 0 9

M r . R o y D e d a
D e p a r t m e n t o f t h e A r m y
N o r t h C e n t r a 1 D i v i s i o n
C o r p s o f E n g i n e e r s
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A P P R O V E D B Y I J C
l 9 8 6 . l 2 . 0 9

T E R M S O F R E F E R E N C E
F O R T H E

S E D I M E N T S U B C O M M I T T E E
O F T H E

W A T E R Q U A L I T Y P R O G R A M S C O M M I T T E E

B A C K G R O U N D

S e d i m e n t c a n f u n c t i o n a s a s i n k f o r c o n t a m i n a n t s a n d a l s o a s a s o u r c e o f

t h e s e c o n t a m i n a n t s t o t h e w a t e r c o l u m n a n d t h e b i o t i c c o m m u n i t y . T h e

m a g n i t u d e a n d t h e c o n d i t i o n s f o r t h e t r a n s f e r o f c o n t a m i n a n t s e i t h e r w a y , i s

l a r g e l y u n k n o w n . T h e r e f o r e , i t i s d i f f i c u l t t o e s t a b l i s h t h e r e l a t i v e

s i g n i f i c a n c e o f t h e s e d i m e n t a s a s i n k o r s o u r c e o f c o n t a m i n a n t s c o m p a r e d w i t h

o t h e r s o u r c e s a n d p a t h w a y s .

P r e v i o u s l y , t h e f o c u s h a s b e e n o n c o n t a m i n a t e d s e d i m e n t i n r e l a t i o n t o

d r e d g i n g a n d d i s p o s a l o p e r a t i o n s . T h i s w a s t h e t h r u s t o f t h e W a t e r Q u a l i t y

B o a r d ' s D r e d g i n g S u b c o m m i t t e e , w h i c h l a r g e l y c o m p l e t e d i t s c h a r g e u n d e r i t s

t e r m s o f r e f e r e n c e . T h e c u r r e n t u n c e r t a i n t y o v e r m a n a g e m e n t a n d t e c h n i c a l

o p t i o n s a v a i l a b l e t o a d d r e s s t h e i s s u e o f c o n t a m i n a t e d s e d i m e n t s a f f e c t s t h e

f i n a l r e s o l u t i o n o f m o s t o f t h e A r e a s o f C o n c e r n i d e n t i f i e d b y t h e W a t e r

Q u a l i t y B o a r d . I n o r d e r t o a d d r e s s t h e b r o a d e r i s s u e o f s e d i m e n t m a n a g e m e n t

i n t h e G r e a t L a k e s e c o s y s t e m , t h e W a t e r Q u a l i t y B o a r d h a s b r o a d e n e d t h e r o l e

o f t h e D r e d g i n g S u b c o m m i t t e e t o t h a t o f a S e d i m e n t S u b c o m m i t t e e .

T E R M S O F R E F E R E N C E

T h e S e d i m e n t S u b c o m m i t t e e w i l l r e p o r t t o t h e W a t e r Q u a l i t y P r o g r a m s

C o m m i t t e e . T h e p r i m a r y f o c u s w i l l b e o n m a n a g e m e n t o p t i o n s f o r c o n t a m i n a t e d

s e d i m e n t i n a r e a s o f c o n c e r n a n d o n t h e C r i t i c a l P o l l u t a n t s , a s i d e n t i f i e d b y

t h e W a t e r Q u a l i t y B o a r d . T h e S u b c o m m i t t e e w i l l :

1 . R e v i e w e x i s t i n g p r o t o c o l s d e s i g n e d t o q u a n t i f y t h e t r a n s f e r o f

c o n t a m i n a n t s t o a n d f r o m s e d i m e n t s a n d t o e s t a b l i s h e c o s y s t e m

i m p a c t . B a s e d o n t h i s r e v i e w , r e c o m m e n d p r o t o c o l s t o b e u s e d o r

s p e c i f i c r e s e a r c h t o b e u n d e r t a k e n t o d e f i n e t h e s i g n i f i c a n c e o f

t h e s e i n — p l a c e p o l l u t a n t s i n A r e a s o f C o n c e r n .

2 . R e v i e w e x i s t i n g t e c h n o l o g i e s , i n c l u d i n g r e m o v a l a n d d i s p o s a l ,

t r e a t m e n t , c a p p i n g a n d o t h e r s f o r r e m e d i a t i o n o f i n — p l a c e p o l l u t a n t

i m p a c t s . B a s e d o n t h i s r e v i e w , e v a l u a t e t h e e f f e c t i v e n e s s ,

f e a s i b i l i t y a n d c o s t s o f e x i s t i n g t e c h n i q u e s . R e p o r t o n t h e m o s t

p r o m i s i n g a n d / o r p r o v e n t e c h n o l o g i e s f o r a p p l i c a t i o n t o A r e a s o f

C o n c e r n a n d r e c o m m e n d t e c h n o l o g i e s t h a t s h o u l d b e f u r t h e r e v a l u a t e d

o r d e m o n s t r a t e d .

3 . M a i n t a i n a r e g i s t r y w h e r e r e m e d i a t i o n o f t h e c o n t a m i n a t e d s e d i m e n t s

h a s b e e n a t t e m p t e d o r p r o p o s e d . U s e t h e s e e x a m p l e s f o r e v a l u a t i n g o r

d e m o n s t r a t i n g m i t i g a t i v e t e c h n i q u e s .

4 . P e r i o d i c a l l y r e v i e w c r i t e r i a a n d g u i d e l i n e s f o r t h e c l a s s i f i c a t i o n o f

s e d i m e n t s .
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5 . M a i n t a i n a r e g i s t e r o f s i g n i f i c a n t d r e d g i n g p r o j e c t s i n t h e G r e a t

L a k e s B a s i n w i t h i n f o r m a t i o n o n s e d i m e n t v o l u m e a n d c o n t a m i n a n t

c o n c e n t a t i o n .

6 . F a c i l i t a t e t h e e x c h a n g e o f s e d i m e n t m a n a g e m e n t i n f o r m a t i o n i n c l u d i n g ,

b u t n o t l i m i t e d t o , i n f o r m a t i o n r e l a t i n g t o : d e v e l o p m e n t o f s e d i m e n t

m a n a g e m e n t t e c h n o l o g y ; d e v e l o p m e n t o f s e d i m e n t e v a l u a t i o n p r o t o c o l s ;

p r o c e d u r e s t o c h a r a c t e r i z e a n d q u a n t i f y m a s s t r a n s p o r t ; a n d f a t e a n d

e f f e c t o f s e d i m e n t a n d a s s o c i a t e d c o n t a m i n a n t s .

7 . I d e n t i f y r e s e a r c h a n d i n f o r m a t i o n n e e d e d t o r e m e d i a t e p r o b l e m s

a s s o c i a t e d w i t h c o n t a m i n a t e d s e d i m e n t a n d e n c o u r a g e r e s e a r c h a n d
d e m o n s t r a t i o n t o i n v e s t i g a t e a d v a n c e s i n s e d i m e n t m a n a g e m e n t
t e c h n o l o g y a n d t h e p a t h w a y s , f a t e a n d e f f e c t s o f s e d i m e n t s a n d
s e d i m e n t c o n t a m i n a n t s .

8 . D e v e l o p a w o r k p l a n f o r s u b m i s s i o n t o t h e W a t e r Q u a l i t y P r o g r a m s
C o m m i t t e e , i n a c c o r d a n c e w i t h t h e B o a r d ' s p l a n n i n g a n d b u d g e t
r e q u i r e m e n t s . R e v i e w t h e w o r k p l a n a n d r e v i s e a s n e e d e d a t l e a s t

o n c e a y e a r .

9 . P r e p a r e p e r i o d i c r e p o r t s o n t h e a b o v e i t e m s a n d u n d e r t a k e o t h e r
a c t i v i t i e s a s d i r e c t e d b y t h e W a t e r Q u a l i t y B o a r d .

M E M B E R S H I P

M e m b e r s o f t h e S e d i m e n t S u b c o m m i t t e e s h a l l b e d r a w n f r o m t h e j u r i s d i c t i o n s
o r o t h e r o r g a n i z a t i o n s e n g a g e d i n s e d i m e n t m a n a g e m e n t a n d r e l a t e d a c t i v i t i e s ,
a n d s h a l l s e r v e i n t h e i r p e r s o n a l a n d p r o f e s s i o n a l c a p a c i t y .

I n c o n s u l t a t i o n w i t h t h e W a t e r Q u a l i t y P r o g r a m s C o m m i t t e e , t h e
S u b c o m m i t t e e m a y e s t a b l i s h t a s k f o r c e s t o a d d r e s s s p e c i f i c s e d i m e n t - r e l a t e d
i s s u e s a s n e e d b e . A c h a i r p e r s o n s h a l l b e d e s i g n a t e d b y t h e W a t e r Q u a l i t y
B o a r d f o r a t w o - y e a r t e r m .
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