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BSAF	biota-sediment accumulation factors 

DOH	Washington State Department of Health

Ecology	Washington State Department of Ecology 

HHSQC	human health based sediment quality criteria

PAH	polycyclic aromatic hydrocarbon

PCB	polychlorinated biphenyl

PTI	PTI Environmental Services



�INTRODUCTION

The Washington State Department of Health (DOH) has compiled and reviewed biota-sediment accumulation factors (BSAF) for finfish from nationwide sources and developed recommendations for the use of BSAF by the Washington State Department of Ecology (Ecology; DOH 1995).  Ecology will use BSAF values to develop human health based sediment quality criteria (HHSQC).  Because of their regulatory importance, BSAF values must be scientifically valid and formulated in such a way as to provide protective estimates of the bioaccumulation potential of chemicals of concern.  At the request of Ecology, PTI Environmental Services (PTI) conducted an independent analysis of this same finfish data and extended the analysis to shellfish as well.  Statistical analyses were used to determine the factors controlling BSAF values and allow definitive quantitative estimation of their uncertainty.



The analyses described herein, as well as those conducted by DOH, focus on nonpolar organic compounds.  Because of their chemical properties, nonpolar organic compounds are theoretically expected to achieve, under equilibrium conditions, a concentration in fish lipid that is proportional to their concentration in dissolved and particulate organic mate�rial.  A variety of factors, including active metabolic processes, generally prevent the conditions of thermodynamic equilibrium from being consistently achieved.  In addition, the mobility of organisms such as finfish make it difficult to establish their exact exposure to nonpolar organic compounds.  As a result, observed BSAF values vary considerably.



The purpose of this study was to investigate the relationship between contaminant concen�trations in sediment and tissue using the national BSAF data acquired by DOH.  As origi�nally conceived, the first (and one of the most fundamental) analyses to be conducted was a regression of contaminant concentrations in tissue on contaminant concentrations in sediment.  The available data set, however, included only BSAF values and none of the underlying data on chemical or physical characteristics of the sediment and tissue.  The existence of a generally linear relationship between contaminant concentrations in tissue and in sediment could not be explicitly confirmed for the data set under consideration.  Consequently, the linearity of this relationship is an assumption underlying these analyses.



The effect of chemical-specific and species-specific characteristics on BSAF values was investigated using multiple regression analysis.  Selected subsets of the data were then used to estimate the upper confidence limits of BSAF values for finfish and shellfish.

�SOURCES OF DATA

BSAF data were obtained from Mr. David McBride of DOH and from the U.S. Army Corps of Engineers’ Contaminants and Accumulation Fac�tors Database, which is available online (601-634-4380).  Original sources of the DOH data are described in Appendix C of DOH (1995).  These two data sets were com�bined for the initial analyses.  Because the formats of these two data sets differed, coding of species, chemicals, chemical classes, and feeding types was standardized throughout the combined data set.  Preparation of these data sets is described in Appendix A.

�EVALUATION OF FACTORS CONTROLLING BSAF VALUES

The chemicals and species represented in the combined data set were characterized by a number of variables in addition to their names.  For chemicals, the additional variables consisted of:



Chemical class (polychlorinated biphenyl [PCB], polycyclic aromatic hydrocarbon [PAH], dioxin, pesticide, chlorobenzenes, or other)

Octanol-water partition coefficient (KOW; for analyses, the base-10 logarithm was used).



For species, the additional variables consisted of:



Habitat (freshwater or salt water).

Taxonomic group (finfish, shellfish, or other; edible crustacea and molluscs were classified as shellfish; the “other” category contained principally infauna such as polychaetes, oligochaetes, and amphipods).

Feeding type (deposit feeder, filter feeder, omnivore, or carnivore).  Deposit feeders consume detritus on the sediment surface:  generally only shellfish are classified as deposit feeders.   Filter feeders consume suspended particles in the water column.  Some shellfish and some fin�fish are classified as filter feeders.  Omnivores consume both plant and animal matter, whereas carnivores consume only animal matter as a rule.  Omnivores are generally lower on the food chain than carnivores.  Both finfish and shellfish species can be classified as omnivores, but carnivores consist exclusively of finfish.  The distribution of feeding types, therefore, differs among taxonomic groups.



The data set was analyzed by multiple linear regression to examine the influence of each of the variables described above on the BSAF.  Regression analyses were carried out using SYSTAT software (version 5.03 for MS-DOS).  These analyses used mixed linear models that contained both categorical variables (e.g., taxonomic group) and continuous variables (linear and quadratic functions of log10(KOW)), and measured the change in BSAF as a function of combinations of those variables.  The general form of the regression equation is:



Log10(BSAF) = B0 + B1×Var1 + B2×Var2 + . . .�(Eq. 1)��

where Var1 is one of the independent variables (e.g., log10(KOW)), B0 is the intercept, and B1 is the regression coefficient associated with Var1.  (In practice, the equation used for the analysis is complicated by the fact that a separate Var1  is required for each value of each categorical variable [i.e., each independent variable that is assigned categorical rather than scalar values] and all variables but log10(KOW) are categorical variables.)



In addition to the individual variables, three interaction terms were included in the regres�sion equation.  Interaction terms indicate the combined effect of two or more individual variables.  The three interaction terms included:



The combination of taxonomic group and chemical class—this interac�tion was considered potentially important because of the possibility that organisms have chemical-specific biochemical pathways that may either enhance or reduce their uptake of certain chemicals or classes of chemicals.

The combination of habitat and chemical class—this interaction was consid�ered potentially important because the osmotic and ionic differ�ences between freshwater and salt water may affect the bioavailability of a chemical.

The combination of habitat and feeding type—this interaction was con�sidered potentially important because of the possibility that the type of food items, and therefore exposure, may differ between freshwater and salt water environments.



A total of 1,591 data points were included in the regression analysis.  The distribution of data among different taxa, feeding types, and habitats is shown in Table 1.



Table 1.  Summary of Data Used for the Overall Regression



Taxon�Deposit

Feeders�Filter

Feeders�

Omnivores�

Carnivores�

Total��Salt water finfish�0�0�0�116�116��Salt water shellfish�318�171�47�0�536��Salt water “other”�136�0�240�0�376��Freshwater finfish�0�0�47�159�206��Freshwater shellfish�0�12�0�0�12���Freshwater “other”�211�118�46�0�375��Total finfish�0�0�47�275�322��Total shellfish�318�183�47�0�548��Total “other”�347�118�256�0�721��

Table 2 shows the results of the regression as the significance level (p) and the mean square for each individual variable and interaction term.  All of these variables except habitat were statistically significant (P<0.05).  This indicates that all of the variables except possibly habitat have an influence on the BSAF.  The coefficient of determination (R2) for the overall model was 0.297.  Results for individual variables were highly signifi�cant in spite of this low R2 value because of the large number of observations included in the model.



Table 2.  Results of the Overall Regression



Variable�Significance (p)�Mean Square��Log10(KOW)�<0.001�7.17��Chemical class�<0.001�4.62��Taxon�0.004�3.22��Habitat�0.061�2.07��Feeding type�<0.001�14.21��Taxon by chemical class�<0.001�6.51��Habitat by chemical class�<0.001�4.43��Habitat by feeding type�<0.001�4.73��

The mean square value shown in Table 2 indicates the relative magnitude of the effect that each variable has on the BSAF.  Feeding type and log10(Kow) have the highest mean squares and are the most important determinants of the BSAF.  Notably, the interaction between taxonomic group and chemical class is more important than either of these vari�ables alone; this is consistent with the observation that finfish metabolize PAH compounds whereas shellfish do not (the result may not be wholly due to PAH dynamics, however).

�CHEMICAL-SPECIFIC BSAF VALUES

Based on the results of the overall model, separate BSAF calculation equations were developed for different chemical classes, feeding types, and taxonomic groups.  Separate equations were developed for finfish and shellfish because of the strength of the interaction between taxonomic group and chemical class and because separate consumption estimates are available for these two classes of organisms.  Predictive equations were developed for PCBs, dioxins, and pesticides in all finfish and for PAH only in salt water shellfish.  A vari�ety of upper confidence limits were then calculated for these prediction equations.  In addition, upper confidence limits were calculated for the distributions of the individual chemicals hexachlorobenzene and hexachlorobutadiene in fish.  Because each of these two chemicals has a single KOW value, a regression of log(BSAF) or log(KOW) could not be carried out.  A summary of the data by taxon and chemical is shown in Table 3.



TABLE 3.  NUMBER OF OBSERVATIONS� PER TAXON AND CHEMICAL CLASS

�Taxon��Chemical Class�Fish�Shellfish��Chlorinated benzenes�84�30��Chlorinated aliphatics

(hexachlorobutadiene)�8�3��Dioxins and furans�126�68��PAH�3�158��PCB�657�1,532��Pesticides�58�61��Others�18�9��Total�954�1,861��

The BSAF prediction equations estimate log10(BSAF) as a function of log10(KOW).  Scat�terplots suggested that a linear relationship existed between these two variables for diox�ins, whereas for PCBs, PAHs, and pesticides, log10(BSAF) was highest at an intermediate value of log10(KOW).  Because of the apparent curvilinear relationship for some chemical classes, quadratic terms (i.e., log10(KOW)2) were included for all regressions, although in some cases they were small.  The coefficients for the log10(BSAF) prediction equations are summarized in Table 4.



Table 4.  Coefficients for Log10(BSAF) Prediction Equations



Taxon and Habitat�

Chemical Class�



Constant�

Log10(KOW)

Coefficient�

Log10(KOW)2

Coefficient�



R2�Significance of Regression Line

(p)��All finfish�PCBs�-26.8�8.44�-0.659�0.30�<0.001��All finfish�Dioxins�13.02�-1.82��0.70�<0.001��All finfish�Pesticides�1.35�-0.561�-0.067�<0.001�0.94��Salt water shellfish�PAH�-5.95�2.07�-0.198�0.058�<0.001��Salt water shellfish�PCBs�-16.1�5.03�-0.389�0.139�<0.001��

The coefficients in Table 4 can be used to predict the log10(BSAF) as shown, for example, in Equation 2 for PCBs in finfish:



Log10(BSAF) = 8.44×log10(KOW) - 0.659×(log10(KOW))2 - 26.8�(Eq. 2)��

Upper confidence limits were estimated for the predictive equations for all finfish and salt water shellfish.  Just as the confidence limits for a line follow a quadratic equation (i.e., a power one higher than the line), the confidence limits for the quadratic regression equation follow a third-order polynomial.  The coefficients for these upper confidence limit equa�tions are summarized in Table 5.



Table 5.  Coefficients for Upper Confidence Limits of Log10(BSAF) Values

Taxon and

Habitat�Chemical

Class�Confidence

Limit�

Constant�Log10(KOW)

Coefficient�Log10(KOW)2

Coefficient�Log10(KOW)3

Coefficient��All fish�PCBs�0.75�-26.0�8.26�-0.644�-0.00013��All fish�PCBs�0.8�-25.8�8.21�-0.640�-0.00017��All fish�PCBs�0.85�-25.7�8.16�-0.636�-0.00021��All fish�PCBs�0.9�-25.4�8.10�-0.630�-0.00025��All fish�PCBs�0.95�-25.1�8.00�-0.622�-0.00033��All fish�Dioxins�0.75�20.7�-4.34�0.273�-0.00946��All fish�Dioxins�0.8�22.5�-4.96�0.341�-0.01180��All fish�Dioxins�0.85�24.7�-5.69�0.420�-0.01455��All fish�Dioxins�0.9�27.4�-6.61�0.520�-0.01801��All fish�Dioxins�0.95�31.5�-7.98�0.668�-0.02316��All fish�Pesticides�0.75�1.20�0.162�-0.119�0.0143��All fish�Pesticides�0.8�1.05�0.343�-0.165�0.0179��All fish�Pesticides�0.85�0.876�0.555�-0.219�0.0221��All fish�Pesticides�0.9�0.655�0.825�-0.289�0.0275��All fish�Pesticides�0.95�0.321�1.23�-0.393�0.0355��Salt water

shellfish�PAH�0.75�-5.3�2.07�-0.235�0.00434��Salt water

shellfish�PAH�0.8�-5.2�2.07�-0.244�0.00541��Salt water

shellfish�PAH�0.85�-5.1�2.07�-0.255�0.00667��Salt water

shellfish�PAH�0.9�-4.9�2.07�-0.268�0.00825��Salt water

shellfish�PAH�0.95�-4.7�2.07�-0.288�0.01061��Salt water shellfish�PCBs�0.75�-15.6�4.96�-0.387�0.00033��Salt water shellfish�PCBs�0.80�-15.5�4.95�-0.387�0.00041��Salt water shellfish�PCBs�0.85�-15.4�4.93�-0.386�0.00051��Salt water shellfish�PCBs�0.90�-15.4�4.91�-0.386�0.00063��Salt water shellfish�PCBs�0.95�-15.2�4.87�-0.385�0.00081��

The coefficients for upper confidence limits of log10(BSAF) values are used similarly to those for the mean BSAF (i.e., Table 4 and Equation 2), but with an extra term for the log10(KOW)3 factor.  For example, to estimate the 75 percent confidence limit on the mean BSAF value for PCBs at a log10(KOW) value of 5.75 for finfish, the coefficients in Table 5 are multiplied by the log10(KOW) as follows:



Log10(BSAF) = 8.26×log10(KOW) - 0.644×(log10(KOW))2 + 0.00013×(log10(KOW))3 - 26.0�(Eq. 3)��

Upper confidence limits for BSAF over a range of log10(KOW) values are summarized in Tables 6 (all finfish) and 7 (salt water shellfish).  The log10(KOW) values in Tables 6 and 7 are at the midpoints of the KOW ranges used by DOH (1995).  Table 6 does not show upper confidence limits for log10(Kow) values outside the range of observed data.



Data in Tables 6 and 7 incorporate a correction for the error term of the regression.  This correction adjusts for the bias inherent in the back transformation of the estimates of a lognormal distribution and provides a maximum likelihood estimate of the confidence limits of the BSAF.



Figures 1–5 show the data, regression lines, and upper 95th percentile confidence limits for selected chemicals in fish and shellfish.



The values shown in Tables 6 and 7 are comparable to those in Table 5 of DOH (1995), although they are generally lower.  The most marked difference is in pesticide values at a log10(Kow) of about 5.75; the values presented here are 3–6 times lower than those of DOH (1995).  This difference is the result of using percentiles in the DOH data summary instead of confidence limits about the regres�sion line.  The confidence limits about the regression line (i.e., confidence limits about the mean BSAF for a given KOW) are generally �(See BSAFNO67.XLS for Tables 6 and 7)��(See BSAFNOF1.GIF, BSAFNOF2.GIF, BSAFNOF3.GIF, BSAFNOF4.GIF, and BSAFNOF51.GIF for Figures 1, 2, 3, 4, and 5, respectively.) �����well within the range of the data.  In particular, upper confidence limits about the line (e.g., the 95th in comparison to the 75th) increase more slowly than the corresponding percentiles.  The use of confidence limits about the regression line has implications for the application of sediment quality criteria derived from these values; these implications are discussed in the Recommendations section.



The distribution of BSAF values for hexachlorobenzene and hexachlorobutadiene in fish  are shown in Table 8.  Upper confidence limits of the mean are computed using log10(BSAF) values.  This approach is consistent with the log-transformation of BSAF values for the regression analyses.



TABLE 8.  SUMMARY OF BSAF VALUES FOR HEXACHLOROBENZENE AND HEXACHLOROBUTADIENE

�Hexachlorobenzene�Hexachlorobutadiene��Number of observations�9�4��Geometric mean�0.015�0.015��Upper 75th percentile confidence limit�0.037�0.064��Upper 80th percentile confidence limit�0.041�0.079��Upper 90th percentile confidence limit�0.057�0.16��Upper 95th percentile confidence limit�0.078�0.37��

For consistency with Tables 6 and 7, Table 8 shows upper confidence limits about the mean rather than upper confidence limits for the distribution as a whole.  The upper 75th percentile confidence limits shown in Table 8 are lower than the 75th percentile shown in Table 6 of Appendix C of DOH (1995).  As with the regression lines, the difference is a result of using confidence limits around a mean value instead of percentiles of the underlying distribution.



Pesticide data fall into two distinct groups of KOW values, as can be seen in Figure 3 and Table 9.  As a result the shape of the regression line is very sensitive to indi�vidual data points.  As indicated by the very low R2 value and high P value (see Table 3), log10(KOW) is not a good predictor of the BSAF for pesticides for this data set.  Prediction of BSAF values for individual pesticides is likely to be a more reliable approach than use of the regression of BSAF on log10(KOW) for all pesticides.  Table 9 summa�rizes the pesticide data for finfish.  In the case of DDD and p,p’-DDD, which are reported differently but are quite possibly the same compound, the difference between the geomet�ric mean BSAF values is three orders of magnitude.  Such variation for a single pesticide can lead to large differences in confidence limits among pesticides.  Table 10 shows the upper confidence limits on the mean for the combined DDD, DDE, and DDT isomers summarized in Table 9.  These upper confidence limits were calcu�lated using log10(BSAF) values for consistency with the approach used for other chemi�cals.



TABLE 9.  RANGES OF BSAF VALUES FOR PESTICIDES IN FINFISH

���BSAF�����

Pesticide�Number of Observations�

log10(KOW)�

Minimum�

Maximum�

Median�Geometric Mean��DDD�5�6.02�0.006�0.12�0.084�0.045��p,p'-DDD (TDE)�5�6.02�2.7�105�21�19��DDE�10�5.69�0.074�104�2.8�2.0��p,p'-DDE�8�5.7�0.74�2.3�1.8�1.4��DDT�9�6.2�0.016�93�0.89�1.3��Total DDT�5�5.57�3.0�100�22.8�19.0��Heptachlor epoxide�5�2.65�3.6�120�34�29��Heptachlor�6�3.05�0.022�8.0�0.073�0.13��Technical chlordane�5�6.0�1.0�146�62�26��

TABLE 10.  UPPER CONFIDENCE LIMITS OF BSAF VALUES FOR SELECTED PESTICIDES

�Number of�Upper Confidence Limit of BSAF������Pesticide�Observations�75th�80th�85th�90th�95th��DDD�10�3.53�4.16�5.12�6.79�10.8��DDE�18�3.01�3.21�3.49�3.89�4.64��DDT�14�8.72�9.75�11.2�13.5�18.2��

�RECOMMENDATIONS

Upper confidence limits for BSAF values derived from existing data provide a quantitative basis for developing protective HHSQC.  These confidence limits are derived from specific data sets (e.g., 126 measurements of dioxins in finfish) and are assumed to apply to the entire population (e.g., all possible measurements of dioxins in finfish).  



Highly significant regressions of BSAF on KOW were obtained for PCBs and dioxins in finfish, and for PAH and PCBs in shellfish (see Table 4).  Because these regressions are significant, they provide a valid means of predicting mean BSAF values and upper confi�dence limits on the mean values.



A significant regression of BSAF on KOW was not obtained for pesticides.  The limited amount of pesticide data available and the fact that the chemical structures of pesticides are more heterogeneous than those of chemicals in other categories probably both con�tributed to the non-significant result.   As a consequence, regression results should not be used to predict mean or upper confidence limits for pesticide BSAFs.  An alternative method of predicting upper confidence limits of the mean BSAF is to compute these values for each pesticide individually (i.e., without regard to KOW).  There are large varia�tions in the existing data set between BSAF values for DDD, possibly because of different isomers or because of different measurement methods.  Additional data for all pesticides, and for DDD in particular, may help to refine the upper confidence limits presented here.



Regressions of BSAF on KOW were not performed for hexachlorobenzene and hexachloro�butadiene because each of these chemicals has a single KOW value.  Upper confidence limits of the mean BSAF were therefore calculated using the BSAF data only for each chemical (i.e., the same technique that was used for pesticides).



All upper confidence limits presented here are confidence limits about the mean.  Despite the variability of individual BSAF values, the mean regression line is generally well defined for PCBs, dioxins, and PAHs—that is, it has considerably less uncertainty, and the mean BSAF can be predicted with greater confidence than an individual BSAF value.  Sediment quality criteria developed from these BSAF values are therefore applicable to the mean concentration of a contaminant in sediment.  This relationship can be incorporated into a sediment testing program by collecting multiple samples and comparing mean concentra�tions to the criteria.  These regressions do not provide a known probability of exceedance of the criterion by a single sediment sample from a location that actually has a mean con�centration below the criterion (Type I error) for any sediment sample size.  However, the probabilities of both Type I and Type II errors (i.e., false positives and false negatives) decrease as the sediment sample size increases.  Collecting multiple sediment samples and comparing the mean concentrations to a criterion that is based on the upper confidence limit of the BSAF is therefore in the interest of both Ecology and the regulated entity.



One complication to using mean values for the development and application of criteria is ensuring representativeness.  Sediment samples from within a contaminated site should be spatially distributed to ensure they are representative of that site.  If there are distinct chemical gradients or different habitats within a site, then the site should be stratified and each stratum should be sampled in a representative way.  Strata may also be defined prac�tically using a similarity measure such as that employed by Ecology to identify station clusters of potential concern, but using all chemistry data instead of just exceedances of sediment quality standards.  The spatial distribution of data used for such a procedure should ideally be random and regular (e.g., a random grid).



The use of data from many sources for the analyses presented here undoubtedly adds vari�ability to the BSAF estimates.  The BSAF values presented here could very likely be refined by the inclusion of more (or different) data that were collected under consistent conditions.  Such refinement would be useful to:



Better define the form of the relationship between contaminant concen�trations in sediment and tissue

Better determine the non-chemical factors that are not only important in controlling BSAF but also are practical to apply (i.e., sediment-spe�cific or species-specific characteristics that are easily measured)

Develop general-purpose estimates of BSAF values and upper confi�dence limits that are less subject to variability in the data

Identify conditions under which site-specific BSAF values may be appro�priate.



Including tissue sampling as part of regular monitoring programs is likely to provide addi�tional data that can be used for these purposes.

�REFERENCES

DOH.  1995.  Tier I Report: Development of Sediment Quality Criteria for the Protection of Human Health.  Washington State Department of Health, Office of Toxic Substances.



Hawker, D.W., and D.W. Connell.  1988.  Octanol-water partition coefficients of poly�chlorinated biphenyl congeners.  Environ. Sci. Technol. 22:382–387.



Montgomery, J.H., and L.M. Welkom.  1990.  Groundwater chemicals desk reference.  Lewis Publishers, Chelsea, MI.  640 pp.



Verschueren, K.  1983.  Handbook of environmental data on organic chemicals.  Van Nostrand Reinhold, New York, NY.  1310 pp.



�













�





Origin of Data Used for Regression Analyses





�ORIGIN OF DATA USED FOR REGRESSION ANALYSES

The BSAF values used for regression analyses were drawn from two collections of values that were originally compiled by other investigators.  One data set was provided to the Washington State Department of Health (DOH) by Tom Parkerton, the other originated in the U.S. Army Corps of Engineers on-line Contaminants and Accumulation Factors Data�base.  These two data sets were combined and a consistent set of habitat codes, taxonomic codes, feeding type codes, and chemical class codes were assigned for use in the regres�sion analyses.  In some cases, habitat, taxon, and feeding type codes were omitted because of insufficient information or knowledge about the species.  Although these data were retained in the data set, they were excluded from the overall regression as a result of the missing information.



Both data sets were reviewed for obvious discrepancies or errors, although the original source of each BSAF value was not obtained and reviewed to confirm the accuracy of all of the collected BSAF values.  The following sections describe each original data set and changes that were made to it.





PARKERTON DATA

This is the same data set used by DOH for their Tier I analyses (DOH 1995, Appendix C).  The data were transferred from DOH to Ecology in the form of two text files named BSFPCB.DAT and BSFNOPCB.DAT.  These text files contain identifiers or values for the chemical, chemical class, log10(KOW), taxon, BSAF, feeding type, data type (laboratory or field), and the original data source.  Several changes were made to the combined files to eliminate errors.  Most of these involved corrections to feeding types or chemical classes.



The following changes were made to feeding types:



Abarenicola was classified as an omnivore and was corrected to a deposit feeder

Chironomids were all classified as filter feeders, whereas chironomids may also be carnivores and deposit feeders; the feeding type for chiro�nomids was therefore removed

Some Corbicula were classified as predatory fish and were corrected to filter feeders

Some crayfish were classified as predatory fish and were corrected to omnivores

In the organism code list (ORG.LST) accompanying the data files, the species code “CRANG” (Crangon) is identified as an oyster rather than as a sand shrimp.  The genus name was presumed to be correct (i.e., the data are presumed to apply to sand shrimp), and the feeding type was corrected from omnivore to deposit feeder.

Eupomatis (misspelled in the data file as Eupomotis) was classified as a predatory fish and was corrected to a filter feeder

Some Mercenaria were classified as omnivores and were corrected to filter feeders

Mysis was corrected from an omnivore to a filter feeder

Nephtys was corrected from a deposit feeder to an omnivore

Nereis was corrected from a deposit feeder to an omnivore

“Shrimp” was corrected from an omnivore to a filter feeder.



Amphipods were all classified as omnivores, although amphipods as a whole represent a variety of feeding types, mainly deposit feeders.  This classification was not changed or eliminated, as it was felt that no other single classification for all amphipods would neces�sarily be better and there was insufficient information to assign multiple feeding types.



The following changes were made to chemical classes:



Hexachlorobutadiene was reclassified as a chlorinated aliphatic rather than as a chlorinated benzene (hexachlorobenzene was the only chlo�rinated aliphatic included)

Dioxin and furan classes were merged

Heptachlor epoxide was reclassified as a pesticide rather than as an epoxide.



In addition, all data with a BSAF value of 0.0 and all data for ducks were removed.





CONTAMINANTS AND ACCUMULATION FACTORS DATABASE

The entire Contaminants and Accumulation Factors Database was downloaded and reviewed.  BSAF values and supporting information were taken from the database file DIOXIN.DBF.  This file contains data for all chemicals, not just dioxin.  Data with BSAF values of 0.0 were removed, as well as data for pooled organisms, seston, plankton, and ducks.  The following additional information was added:



Habitat type—based on the species and on the location description.  

Taxonomic code—based on the genus and species name, or common name, present in the file.

Feeding type—based on the genus and species or common name.

Chemical classes.  

Log10(KOW) values—total PCBs were assigned a value of 6.2, the most common value for total PCBs in the Parkerton data set; other log10(KOW) values were taken from Hawker and Connell (1988), Mont�gomery and Welkom (1990), and Verschueren (1983).



No log10(KOW) values were found for the following chemicals:



2,3,7,8-TCDF

OCDF

2,4,7,8-TCDD

2,4,6,8-TCDT

1,2,3,7,8-PECDF

1,2,3,4-Tetrachlorobenzene

1,2,3,4,7,8,9-HpCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,6,7,8-HpCDD.



These data were therefore not included in regression analyses.





combined data set

A summary of the combined data set is presented in Table A1.  This summary includes all of the data used for regression analyses.  The complete data set, including chemical and species names, is not presented here because of its length.  An electronic version of the combined data set is included as the Microsoft Excel file BSAFVER2.XLS.





REFERENCES

The references used in both original data sets are listed below.  The first two codes iden�tify the data source and the reference identifier used for values from that data source.  The remainder of the reference is presented as provided with the data.



PARK_DOH  201  Lake et al.  1990.

PARK_DOH  206  Oliver  1987.

PARK_DOH  207  Lake et al  1987.

PARK_DOH  219  Smith et al.  1985.

PARK_DOH  226  Muir et al. (book).

PARK_DOH  240  Clarke et al.  1988.

PARK_DOH  241  US Army Corps Engineers,  Unpublished report.

PARK_DOH  269  Pruell et al.  1986.

PARK_DOH  306  Rubinstein et al.  1983.

PARK_DOH  315  McCleese et al  1980.

PARK_DOH  316  Gosset et al.  1983.

PARK_DOH  317  Tatem  1986.

PARK_DOH  371  Gobas et al.  1989.

PARK_DOH  375  McElroy & Means  1988.

PARK_DOH  382  Ferraro et al.  1990.

PARK_DOH  383  Stainke   1979.

PARK_DOH  384  Marcus et al  1987.

PARK_DOH  393  Fry & Fisher  1990.

PARK_DOH  397  Swindoll & Applehans  1987.

PARK_DOH  403  Lynch & Johnson  1982.

PARK_DOH  50  Fowler et al  1987.

PARK_DOH  55  Van der Oost et al.  1988.

PARK_DOH  602  Rubinstein et al.  1983.

PARK_DOH  603  Lydy & Fisher  1990.

PARK_DOH  93  Landrum et al.  1989.

PARK_DOH  CAPEL   Capel et al.  1990.

PARK_DOH  JPC   Batelle  1990  data provided by Dr. John Connolly .

PARK_DOH  MURDHH   Mudroch et al.  1989.

PARK_DOH  RIO   Colombo et al.  1990.

PARK_DOH  RUB   Rubinstein et al. - EPA report.

PARK_DOH  109  Landrum & Scavia.  1983.

PARK_DOH  138  Muir et al.  1985    Environ. Toxicol. Chem. 4:51-61.

PARK_DOH  178  Knezovich et al.  1988.

PARK_DOH  206  Oliver  1987.

PARK_DOH  207  Lake et al.  1987.

PARK_DOH  216  Fox et al  1983.

PARK_DOH  219  Smith et al  1985.

PARK_DOH  22  Landrum  1989.

PARK_DOH  226  Muir et al. (book)  1985.

PARK_DOH  269  Pruell et al.  1986.

PARK_DOH  313  Augenfeld et al.  1982.

PARK_DOH  315  Gosset et al.  1983.

PARK_DOH  339  Muir et al.  1983.

PARK_DOH  347  Browman et al.  1991.

PARK_DOH  348  Boese et al  1990.

PARK_DOH  371  Gobas et al  1989.

PARK_DOH  382  Ferraro et al.  1990.

PARK_DOH  393  Fry & Fisher  1990.

PARK_DOH  493  Kjeller   1990.

PARK_DOH  502  Browman  1990.

PARK_DOH  51  Frank et al  1986.

PARK_DOH  600  Adams et al  1985.

PARK_DOH  601  Van De Gutche et al.  1988.

PARK_DOH  602  Rubinstein et al.  1990.

PARK_DOH  603  Lydy & Fisher  1990.

PARK_DOH  7  Pereira et al  1988.

PARK_DOH  93  Landrum et al.  1989.

PARK_DOH  94  Foster et al.  1987.

PARK_DOH  CAPEL   Capel et al.  1990.

PARK_DOH  RIO   Colombo et al.  1990.

ACOE  3191  Ferraro, Steven P., Henry Lee II, Robert J. Ozretich and David T. Specht.  1990.  Predicting Bioaccumulation Potential:  A Test of a Fugacity-Based Model    Arch. Environ. Contam. Toxicol.  19:386-394.

ACOE  3799  Ferraro, Steven P., Henry Lee II, Lawrence M. Smith, Robert J. Ozretich and  1991.  Accumulation Factors for Eleven Polychlorinated Biphenyl Congeners    Bull. Environ. Contam. Toxicol.  46:276-283.

ACOE  1929  McElroy, Anne E. and J.C. Means.  1988.  Factors Affecting the Bioavail�ability of Hexachlorobiphenyls to Benthic Organisms   AQUATIC TOXICOLOGY AND HAZARD ASSESSMENT: STP 971  10:149-158.

ACOE  4819  Lake, James L., N. Rubinstein and S. Pavignano.  1987.  Predicting Bioac�cumulation:  Development of a Simple Partitioning Model for Use as a Screening Tool for Regulating Ocean Disposal of Wastes   IN: Rate and Effects of Sediment Bound Chemi�cals in Aqu  12:151-166.

ACOE  -1  Boese, B.L., M. Winsor, H. Lee II., S. Echols, J. Pelletier and R. Randall.  1993.  Steady-State Accumulation Factors (AF's) for 13 PCB Congeners and Hexachloro�benzene in Macoma nasuta Exposed to Sediments that Varied in Total Organic Carbon Content.  IN REVIEW:  Environ. Toxicol. and Chem.

ACOE  -2  Call, Daniel J., D.M. Rau, D.R. Thompson, and M.D. Kahl.  1993.  A Study of PCB Bioaccumulation from Waukegan Harbor, Lake Michigan, Sediments by the Oligo�chaete, Lumbriculus variegatus.   Final Report To USCOE Chicago. Contract DACW3792Q0106. 1-22.

ACOE  -3  Young, D.R., A.J. Mearns, and R.W. Gossett.  1993.  Bioaccumulation of p,p'-DDE and PCB 1254 by a Flatfish Bioindicator from Highly Contaminated Marine Sediments of Southern California.   IN REVIEW:  ACS Proceed. on Org. Substances and Sed. in

ACOE  3193  Clarke, J.U., V.A. McFarland, and J. Dorkin.  1988.  Evaluating Bioavail�ability of Neutral Organic Chemicals in Sediments -- A Confined Disposal Facility Case Study   Water Quality '88, Seminar Proceedings, USCOE.  251-268.

ACOE  3640  Ankley, G.T, P.M. Cook, A.R. Carlson, D.J. Call, J.A. Swenson, H.F. Corcora.  1992.  Bioaccumulation of PCBs from Sediments by Oligochaetes and Fishes: Comparison of Laboratory and Field Studies.   Can. J. Fish. Aquat. Sci.  49:2080-2085.

ACOE  5229  Pruell, R.J., N.I. Rubinstein, B.K. Taplin, J.A. LiVolsi and R.D. Bowen.  1993.  Accumulation of Polychlorinated Organic contaminants from Sediment by Three Benthic Marine Species.   Arch. Environ. Contam. Toxicol.  24:290-297.

ACOE  3625  Lake, J.L., N.I. Rubinstein, H. Lee III, C.A. Lake, J. Heltshe and S. Pavig.  1990.  Equilibrium Partitioning and Bioaccumulation of Sediment-Associated Contami�nants by Infaunal Organisms.   Environ. Toxicol. Chem.  9:1095-1106.

ACOE  -5  Lutz, C.H., V.A. McFarland, and J.B. Mulhearn.  1994.  PCB congener Sediment/Fish Distribution in the Chicago Confined Disiposal Facility (CDF)   Final Report to US Army Engineer District, Chicago.  34 + App.

ACOE  -6  McFarland, V.A., C.H. Lutz, and F.J. Reilly, Jr.  1994.  Bioaccumulation Data and Analysis for Selected Contaminants in Sediments and Biota of the New York Bight Apex Mud Dump Reference Site, Final Report to US Army Engineer District, New York.  65 + App.

ACOE  682  Kuehl, D.W., P.M. Cook, A.R. Batterman, D. Lothernbach and B.C. But�terworth.  1987.  Bioavailability of Polychlorinated Dibenzo-p-Dioxins and dibenzofurans from Contaminated Wisconsin River Sediment to Carp.   Chemosphere  16(4): 667-679.

ACOE  3902  Batterman, A.R., P.M. Cook, K.B. Lodge, D.B. Lothernbach and B.C. Butterworth.  1989.  Methodology used for a laboratory determination of relative contri�butions of water, sediment and food chain routes of uptake for 2,3,7,8-TCDD bioaccumu�lation by lake trout in Lake Ontario.  Chemosphere  19(1-6):451-458.

ACOE  2236  Pereira, W.E., C.E. Rostad, C.T. Chiou, T.I. Brinton, and L.B. Barber, II.  1988.  Contamination of Estuarine Water, Biota, and Sediment by Halogenated Organic Compounds:  A Field Study.  Environ. Sci. Technol.  22:772-777.

ACOE  5230  Loonen, H., J.R. Parsons, and H.A.J. Govers.  1994.  Effect of Sediment on the Bioaccumulation of A Complex Mixture of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Polychlorinated Bibenzofurans (PCDFs) by Fish.  Chemosphere 28(8):1433-1446.



�PAGE  �v�

� FILENAME \* Lower\p \* MERGEFORMAT �a:\bsafval.doc�





�PAGE  �11�

� FILENAME \* Lower\p \* MERGEFORMAT �a:\bsafval.doc�







  Appendix A








