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EQREWORD

_Under the Clean Water Act (CWA) the U.S. Environmental Protection Agency
(U.S. EPA) is responsible for protecting the chemical, physical, and biological integrity of the
nation’s waters. Section 104 of the CWA authorizes the Administrator o conduct and promote
research into the causes, effects, extent, prevention, reduction, and elimination of pollution, and
to publish relevant information. Section 104(n)(1) in particular provides for study of the effects
of pollution, including sedimentation, in estuaries on aquatic life. Section 304(a)(1) directs the
Administrator to develop and publish "criteria” reflecting the latest scientific knowledge on the
kind and extent of effects on plankton, fish, shellfish, and wildlife which may be expected from
the presence of pollutants in any body of water, including ground water, the concentration and
dispersal of pollutants, or their byproducts, through biological, physical and chemical processes;
and the effects of pollutants on biological community diversity, productivity, and stability.
Section 304(a)(2) directs the administrator to develop and publish information on the factors
necessary for the protection and propagation of shellfish, fish, and wildlife for classes and
categories of receiving waters. A

To meet this objective, in 1980 EPA published ambient water quality criteria
(WQC) for 64 of the 65 toxic pollutants or pollutant categories designated as toxic under
Section 307(a)(1) of the CWA. Additional water quality documents that update criteria for
selected consent decree chemicals and new criteria have also been published since 1980. In
addition to the development of wate:éuality criteria and to continue to comply with the mandate
- of the CWA, EPA has conducted efforts to develop and publish sediment quality criteria for
some of the 65 toxic pollutants or toxic pollutant categories. : : .

Toxic contaminants in bottom sediments of the nations’s lakes, rivers, wetlands,
and coastal waters create the potential for continued eavironmental degradation even where
water column contaminant leveis comply with established water quality criteria. In addition,
contaminated sediments can lead to water quality degradation, even when pollutant sources are
stopped. It is intended that sediment quality criteria be used to assess the extent of sediment
contamination, to aid in implementing measures to limit or prevent additional contamination and
to identify and implement appropriate remediation activities when needed.

' The criteria presented in this document are the U.S. Environmental Protection
Agency’s bestaﬁmommendanbem ion of the concenmmnons' of a mhmble in sediment mﬁl not
unacceptably affect benthic organisms. criteria are appli to a variety of freshwater
mdmaﬁne};edimenmbeauw'mcymbawdonmebiobgianyavaﬂablqgommnoprme
substance in sediments. These criteria do not protect. against additive, synergistic .or
antagonistic effects of contaminants or bicaccumulative effects to aquatic life or human health,

The criteria and derivation methods outlined in this document are proposed to
provide protection of benthic organisms from biological impacts from chemicals associated with
sediments. Recommendations on the use of these criteria will follow completion of the public

response process. In the interim, until final Sediment Quality Criteria are promuigated, these
- criteria should only be used to support site specific assessments for sediments that are consistent
with assumptions of equilibrium partitioning theory on which these Sediment Quality Criteria
are developed. . . ‘

Guidelines and guidance have been developed by EPA to assist in the application
ofcﬁmﬁapmmwdmmisdocumem,mmedevdopmm}wdimmqwitymnduds,md
in other water-related programs of this Agency. :




ACKNOWLEDGEMENTS
Principal Author

® David J. Hansen U.S. EPA, Environmental Research Laboratory,
‘ Narragansett, RI
Coauthors
Walter J. Berry.. Science Applications International Corporation,
- Narragansett, RI
Dominic M. Di Toro Manhattan College, Bronx, NY;
’ HydroQual, Inc., Mahwah, NJ
Paul Paquin HydroQual, Inc.,
Mahwah, NJ .
Laurie Davanzo HydroQual, Inc.,
_ Mahwah, NJ
Frank E. Stancil, Jr. U.S. Environmental Research Laboratory,
Athens, GA |
Heinz P. Kollig . U.S. Environmental Research Laboratory,
‘ Athens, GA ,

Technical and Clerical Support

Glen Thursby
_ Dinalyn Spears
o Charito Paruta
BettyAnne Calise -

Persons who have made significant contributions to the development of the approach and |
supportt;ng science used in the derivation of sediment criteria for non-ionic organic contaminants
are as follows: ‘

Herbert E. Allen University of Delaware, Newark, DE

Gerald Ankley U.S. EPA, Environmental Research Laboratory,
. Duluth, MN _
Christina E. Cowan Battelle, Richland, WA ‘
Dominic M. Di Toro HydroQual, Inc., Mahwah, NJ;
, Manhattan College, Bronx, NY
David J. Hansen U.S. EPA, Environmental Research Laboratory,
) Narragansett, RI :

Paul R. Paquin HydroQual, Inc., Mahwah, NJ

iii




Spyros P. Pavlou
Richard C. Swartz

Nelson A. Thomas

Christopher S. Zarba

‘Ebasco Environmental, Bellevue, WA

U.S. EPA, Environmental Reserach Laboratory,
Newport,QR :

U.S. EPA, Environmental Research Laboratory,
Duluth, MN

U.S. EPA Headquarters, Office of Water, Washington, DC

iv




Table 2-1.

Table 3-1.
Table 3-2. .

Table 3-3.
Table 3-4.
~ Table 4-1.

Table 4-2.

Table 5-1.
Table 5-2.

Table 5-3.

TABLES
Summary of measured and estimated K, values for phenanthrene by' the U.S.
EPA, Environmental Research Laboratory, Athens, GA.
Acute sensitivity of freshwater and saltwater benthic species to phenanthrene.

Chronic sensitivity of freshwater and saltwater organisms to phenanthrene.
Test specific data.

Summary of acute and chronic values, acute-chronic ratios and freshwater and
saitwater final acute values, final acute-chronic ratios, and final chronic values
for phenanthrene. .
Kolmogorov-Smirmov test for the equality of freshwater and saltwater LCSO‘
distributions for phemanthrene. Kolmogorov-Smimov test for the equality of
benthic and water column LCS0 distributions.. o o
Summary of tests with phenanthrene-spiked sediment.

Water-only and sediment LC50s used to test the applicability of the equilibrium
partitioning theory for phenanthrene.

Sediment quality criteria for phenanthrene.

Analysis of variance for derivation of sediment quality criteria confidence limits
for phenanthrene. - .

Sediment quality criteria confidence limits for'phénanthrene.

APPENDIX

Appendix A. - Phenanthrene: Summary of acute values for freshwater and saltwater species.

Appendix B. - The octanol-water partition coefficient, Ko for phenanthrene.

Appendix C. - Summary of data from sediment spiking experiments with phénandxrene that
were used to calculate K. values (Figure 2-2) and to compare mortalities of
amphipods with interstitial water toxic units (Figure 4-1) and predicted
sediment toxic units (Figure 4-2).




Figure 1-1.
Figure 2-1.

Figure 3-1.
Figure 3-2.

Figure 4-1.

Figure 4-2,

- Figure 5-1.

Figure 5-2.

Chemical structure and physical-chemical properties of phenanthrene.

Organic carbon-normalized sorption isotherm for phenanthrene (top) and
?{S,l?alﬂ):mty plot of K, (bottom) from sediment toxicity tests conducted by Swartz

Comparison of phenanthrene water only LCS0 probability distributions for
freshwater (0) and saltwater (*) species (top panel). Cumulative distribution
functions for calculating the K-S statistic (bottom panel). -

Comparison of phenanthrene water only LCS0 probability distributions for water
column (0) and benthic (*) freshwater and saltwater species (top panel).
Cumulative distributiqn functions for calculating the K-S statistic (bottom panel).

Percent. mortality of ugghipods in sediments spiked with acenaphthene or
phenanthrene (Swartz, 1991), cadmium (Swartz et al., 1985), endrin (Nebeker
et al., 1989; Schuytema et al., 1989), or fluoranthene (Swartz et al., 1990), and
midge in kepone-spiked sediments (Adams et al., 1985) relative to pore water
toxic units. Pore water toxic units- are ratios of concentrations of chemicals
measured in individual treatments divided by the water-only LC50 value from

~ water-only tests. (See Appendix C in this SQC document, Appendix C in the

endrin, dieldrin, fluoranthene and acenaphthene SQC documents, and originai
references for raw data.) . ‘

Percent mortality of amphipods in sediments spiked with acenaphthene or
phenanthrene (Swartz, 1991), dieldrin (Hoke and Ankiey, 1991), endrin (Nebeker
et al., 1989; Schuytema et al., 1989) or fluoranthene (Swartz et al., 1990)
relative to * icted sediment toxic units.” Predicted sediment toxic units are
the ratios of measured treatment concentrations for each chemical in sediments
(ng/g.c) divided by the predicted LCSO (ug/g.c) in sediments (K,. x Water-only
LCS0, ug/L). (See Appendix C in this document and Appendix C in the dieldrin,
endrin, fluoranthene, and acenaphthene SQC documents for raw data).

Probability distribution of concentrations of phenanthrene in sediments from
streams (n=584), lakes (n=50) and estuaries (n=87) in the United States from
1986 to 1990, from the STORET (U.S. EPA, 1989¢) database, compared to the
phenanthrene SQC values of 12 ug/g in freshwater sediments having TOC =
10% and 1.2 ug/g in freshwater sediments having TOC = 1%; SQC values for
saltwater sediments are 16 ug/g when TOC =10% and 1.6 ug/g when TOC=1%.
The upper dashed line on each figure represents the SQC value when TOC =
10%, the lower dashed line represents the SQC when TOC = 1%. :

Probability distribution of concentrations of phenanthrene in sediments from

- coastal and estuarine sites from 1984 to 1989 as measured by the National Status

and Trends Program (NOAA, 1991). The horizontal line is the SQC value of
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: . ‘ ' SECTION 1
INTRODUCTION

1.1 GENERAL INFORMATION: ' |
" Under the Clean Water Act (CWA) the U.S. Environmental Protection Agency (U.S.
EPA) is responsible for protecting the‘chemical, physical and biological integrity of the nation’s
waters. In keeping with this responsibility, U.S. EPA published ambient water quality criteria
(WQC) in 1980 for 64 of the 65 toxic pollutants or pollutant categories designated as toxic in
the CWA. Additional water quality documents that update criteria for selected consent decree
chemicals and new criteria have been published since 1980. These water quality criteria are
numerical concentration limits that are the U.S. EPA’s best estimate of concentrations protective
of human health and the presence and uses of aquatic life. While these water quality criteria
play an important role in assuring a healthy ;quatic gnvimnment, they alone are not sufficient

to ensure the protection of environmental or human heaith.

. : Toxic pollutants in bottoﬁ: sediments of the nation’s lakes, rivers; wetlands, estuaries
and marine coastal waters create the potential for continued environmental degradation even
where water-column concentrations comply with established water quality criteria. In addition,
contaminated sediments can be a significant poliutant source that may cause water quality
degradation to persist, even. when other pollutant soum are: swpped. The absence of
defensible sediment quality criteria (SQC) makes it difficult to accurately assess the extent of
the ecological risks of contaminated sediments and to identify, prioritize and implement
. appropriate clean up activities and source controls. As a resalt of the need for a procedure to
assist regulatory agencies in making decisions concerning ooﬁnminmd sediment problems, a
U.S. EPA Office of Science and Technology, Health and Bcological Criteria Division
(OST/HEC) research team was established to review alternative approaches (Chapman, 1987).
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All of the apprqaches reviev}ed had both strengths and w&hiesses and no single approach was

found to be applicable for SQC derivation in all situatidns (U.S. EPA, 19892). The equilibrium
partitioning (EqP) approach was selected for non-ionic oréanic chemicals because it presented
the greatest promise for generating defensible national numerical chemical-specific sediment
quality criteria applicable across a | broad range of sediment types. The three principal
observations, that underlie the EqP method of establishing sediment quality criteria are:

1. The concéntmtions of non-ionic organic chemicals in sediments, expressed on an
organic carbon basis, and in pore waters correlate to observed biological effects

~ on sediment dwelling organisms across a range of sediments. -

2.  Partitioning models can relate sediment concentrations for noﬁ-iqnic' organic
chemicals on an organic carbon basis to pore water concentrations.

3. The distribution of sensitivities of benthic and .water column organisms to
chemicals are similar; thus, the currendy established water quality criteria final
chronic values (FCV) can be used to define the aqceptable effects qonéentration
of a chemical freely-dissolved in pore water.

The EqP approach, tilemfore, assumes that: (1) the partitioning of the chemical between
sediment organic carbon and interstitial water is at equilibrium; (2) the concentration in either
phase can be predicted using appropriate partition coefficients and the measured concentration
in the other. phase; (3) organi.'_xms receive equivalent exposure from wawr-oxily exposures or
from any ethbmed phase: either from pore water via respiration, from sediment via ixigestiorr
or from a mixture of both exposure routes; (4) for non-ionic chemicals, effect concenﬁ-atidns
in sediments on an organic carbon basis can be predicted using the organic carbon partition
coefﬁcic;m (Koo and effects concentrations in water; (5) the FCV concentration is an
appropriate effects concentration for freely-dissolved chemical in interstitial water; and (6) the
SQC (18/goc) derived as the product of the K, and FCV is protective of benthic organisms.
Sediment quality criteria concentrations presented in- this document are expressed as ug
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chemical/g sediment organic carbon and not on an interstitial water basis because: (1) pore
water is difficult to adequately sample; and \(2) significant amounts of the dissolved chemical

may be associated with dissolved organic carbon; thus, interstitial concentrations may

overestimate exposure.

The data that support the equilibrium partitioning approach for deriving SQC for non-
ionic organic chemicals ane reviewed by Di Toro et al. (1991) and in the sediment quality
criteria gﬁidelines (U.S. EPA, 1992a). Data supporting these observations for phenanthrene are
presented in this document. _

Sediment quality criteria genexafed ﬁsing the equilibrium partitioning method are suitable
for use in providing guidance to reguiatorj agencies because they are:

1. numerical values; |

2. chemical specific;

3. applicable to most sediments;

4. predictive of biological effects; and .

5. protective of benthic organisms.

As is the case with water quality criteria, the sediment quality criteria reflect the use of -
available scwnnﬁc data to: (1) assess the likelihood of significant environmental effects to
benthic organisms from chemicals in sediments; and (2) to derive mgulatory requirements which |
will protect against these effects.

It should be emphasized that these criteria are intended to protect benthic organisms from
the effects of chemicals associated with sediments. SQC are intended to apply to sediments
permanently inundated with water, intertidal sediment and to sediments inundated periodically
for durations sufficient to permit development of benthic assemblages. They do not apply to
occassionally inundated soils containing terrestrial 6rgnnisms In spills, where chemical

" equilibrium between water and sediments has not yet been reached, sediment chemical

concenmnonsmexcmofSQCmdxcatebenthlcorgamsmsmaybeatmk. ‘mxsubeeausefor
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_spi]ls‘,‘disequilibﬁum concentrations in interstitial and overlying water may be proportionally

i - higher relative to sediment concentrations. In spills, sediments héving concentrations less than

B SQC may also pose risks to benthic organisms. These criteria do not address the question of
possible contamination of upper trophic level organisms or the synergistic, additive or
antagonistic effects of multiple chemicals. SQC ac!dressing these issues may resuit in values
lower or higher than those presented in this documént. The SQC presented in this document
represent the U.S. Environmental Protection Agency’s best recommendation at this time of the
concentration of a chemical in sediment that will not unacceptably affect benthic orgamsms
SQC values may be adjusted to account for future data or site specific considerations. |

This document presents the theoretical basis and the supporting data relevant to the
derivation” of the sediment quality criterion for phenanthrene. An understanding of the
"Guidelines for Deriving Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses® (Stephan et al., 1985), response to public comment (U.S.
EPA, 1985) and "Guidelines for Deriving Numerical National Sediment Quality Criteria for
Non-ionic Organic Chemicals for the Protection of Benthic Organisms® (U.S. EPA, 1992a) is
necessary in order to understand the following text, tables and calculations. Guidance into the
acceptable use of SQC values is contained in U.S. EPA, 1992b.

1.2 GENERAL INFORMATION: PHENANTHRENE

Phenanthrene is a member of the polycyclic aromatic hydrocarbon (PAH) group of organic
* compounds. Phenanthrene is produced by fractionat distillation of high-boiling coal-tar oil and
the subsequent purification of the crystalline solid (Hawley, 1981). Some uses of phenanthrene
are in the mamufacturing of dyestuffs and explosives, in the synthesis of drugs and in
biochemical research (Verschueren, 1983). Some PAHs are of environmental concern because
they are known to be carcinogens and/or mutagens (Brookes, 1977). With an increase in fossil

fuel consumption in the United States an increase in emissions of PAHS to the environment can
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be expected over the next several decades (Eadie et al., 1982).

Phenanthrene has a three ring structure and exists as colorless leaflets (Fxgure 1-1). It has

a solubility in water at 25°C of 1.18 mg/L and is a solid at room temperature (melting point

of 100.85°C) (Miller et al., 1985). Phenanthrene has a reported vapor pressure of 69.3 - 110.6
mPa at 25°C (Bidlemafx,’ 1984). Two significant processes which can influence the fate of
phenanthrene in the sediment are sorption and biodegradation (U.S. EPA, 1980). Sorption of
phenathrene onto solids in the water column and subsequent settling, as well as partiﬁoning onto
organics in the sediment, can significantly affect phenanthrene transport. Bioaccumulated PAHs
with 4 rings or less are rapidly metabolized. Therefore, long-term partitioning into biota is not

considered a significant faté process (U.S. EPA, 1980). Other processes found to have little

" or no effect on the fate of phenanthrene in the sediment are oxidation, hydrolysis and

volatilization (U.S. EPA, 1980).

The acute toxicity of phenanthrene ranges from 96 to > 1150 ug/L for freshwater and
21.9 to 600 ug/L for saltwater organisms (Appendix A) leferences between phenamhrene
concentrations causing acute lethality and chronic toxicity in invertebrates are small; acute-
chronic ratios range from 1.2 t0 3.3 for two species. The only available acute-chronic ratio for
rainbow trout is 59 (Table 3-3). Although phenanmréne bioaccumulates in aquatic biota, the
associated health or ecological risks are unknown.

1.3 OVERVIEW OF DOCUMENT:

. “The goal of this document is to provide a brief review of the equilibrium partitioning
methodology, a summary of the physical-chemical pmpetiia and aquatic toxicity of
phdlanthrene, and the technical basis for setting the SQC for phenanthrene. Section 2 reviews
a variety of methods and data useful in deriving partition coefficients for phenanthrene and
includes the K. recommended for use in the derivation of the phenanthrene SQC. Section 3

15
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MOLECULAR FORMULA Cl4H10

MOLECULAR WEIGHT 178.22

DENSITY 1.179 g/cc @25 C
MELTING POINT 100.85 C

PHYSICAL FORM colorless leaflets
VAPOR PRESSURE . 5.2%X10-4 to 8.3x10-4

mm Hg at 25 C

CAS NUMBER 85-0108 o
CHEMICAL NAME Phenanthrene .

FIGURE 1-1. Chemical structure and physical-chemical pr_opétﬁu of phenanthrene




- reviews aquatic wxicitjv data contained in the phenanthrene WQC document (U.S. EPA, 1980) -
and new data that were used to derive the Final Chronic Value (FCV) used in this document
to derive the SQC,, concentration. In addition, the comparative sensiti;/ity of benthic and water
column species is examined as the justification for the use of the FCV for phenanthrene in the
derivation of the SQC. -Section 4 reviews data on the toxicity of phenanthrene in sediments,
the need for organic carbon normalization of phenanthrene sediment concentrations and the
accuracy of the EQP prediction of sediment toxicity using Ko and an effect concentration in
water.‘ Data from Sections 2, 3 and 4 are used in Section S as the basis for the derivation of
the SQC for phenanthrene and its uncertainty. The SQC for phenanthrene is then compared to
STORET (U.S. EPA, 198%b) and National Status and Trends (NOAA, 1991) ;ma on

phenanthrene’s environmental occurrence in sediments. Section 6 conciudes with the criteria

statement for phenanthrene. The references used in this document are listed in Section 7.







. \
® \ | o SECTION 2
PARTITIONING
2.1 DESCRIPTION OF‘TI-IE EQUILIBRIUM PARTITIONING METHODOLOGY:

Sediment quality criteria are the numerical concentrations of individual chcmicﬂs which
are intended to be predictive of biological effects, protective of the presence of benthic
organisms and applicable to the tangc: of natural sediments from lakes, streams, estuaries and
near coastal marine waters. As 2 cc;likequence, they can be used in much the same way as

| water quality criteria; ie., the concentratipn-of a chemical which is protective of the intended

use such as aquatic life protection. For non-ionic organic chemicals, SQC are expressed as #e

chemical/g organic carbon and apply to sediments having > 0.2% organic carbon by dry

weight. A -brief overview follows of the concépts which underlie the equilibrium partitioning

‘ methodology for deriving sediment quality criteria. The methodology is discussed in detgﬂ in

the "Guidelines for Deriving Numerical National Sediment Quality Criteria for Non-ionic

. Organic Chemicals for Protectiog of Benthic Organism' (U.S. EPA, 1992a), heniu.fter referred
to as the SQC Guidelines.

Bioavailability of a chemical at a particular sediment concentration often differs from one
’sediment type to another. Therefore, a method is necessary for determining a sediment quality
criterion. based on the bicavailable chemical fraction in a sediment. For non-ionic organic
chemicals, the ooncentriﬁon—mponse relationship for the biological effect of concern can most
often be correlated with the mwmual water (i.e., pore water)vooncenuation (ug chemical/liter
pore water) and not to the-sediment chemical concentration (ug chemical/g sediment) (Di Toro
et al., 1991). From a purely practical point of view, this correlation suggests that if it were
possible to measure the pore water chemical concentration, or predict it from the total sediment
concentration and the relevant sediment properties, then that concentration could be used to
quantify the exposure concentration for an organism. Thus, knowledge of the partitioning of
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chemicals between the solid and liquid phases in a sediment is a necessary component for
establishing sediment quality criteria. It is for this reason that the methodology déscribed
below is called the equilibrium partitioning (EqP) mgthod.

| It is shown in the SQC Guidelines (U.S. EPA, 1992a), that benthic and water column
species from freshwater and saltwater environments exhibit similar sensitivities to a wide range
of chemicals. The data for phénanthrene are presented in Section 3. Thus, a sediment Qdality
criteria can be established using the final chronic vaiue (FCV) derived using the Water Quality '
Criteria Guidelines (Stephan et al., 1985) as the effect concentration, and the partition |
coefficient can be used to relate the pore water concentration (FCV) to the sediment quality
criteria via the pariitioniné equation.

The calculation is as follows: Let FCV (ug/L) be the no effect concentration in water
for the chemical of interest; then the sediment quality criteria, SQC (ug/kg sediment), is
computed using the partition coefficient, K, (L/kg sedi'ment), betwegn sediment and water:

~ SQC =K,FCV | @
This is the fundamental equation used to generate the sédiment quality criterion. Its utility
depends upon the existence of a methodology for quantifying the partition coefficient, K,.

For phenanthrene, and other hydrophobic non-ionic organic chemicals; the chemical
property of importance is the octahol-wa;er partition coefficient, Koy. It is empirically related
to the partition coefficient via K, (Equation 2-5), the organic carbon partition coefficient, and
foc, the weight fraction of organic carbon in the sediment (g./g sediment). Organic carbon

appears to be the predominant sorption phase for non-ionic organic chemicals in naturally
occurring sechments The mﬁﬁonslﬁp is as fo!low_s: .
K = focKac S @2)
It follows that:
SQCqc = Koo FCV | | 2-3)

~




where SQC, is the sediment quality criterion on a sediment organic carbon basis.

The next section reviews the available information for Kow.

' 2.2 DETERMINATION OF K, FOR PHENANTHRENE:

Several approaches have been used to determine K, for the derivation of a SQC, as
discussed in the SQC Gﬁidelines. At the U.S. EPA, Environmental Research taboratory at
Athens, GA (ERL,A) two methods were selected for measurement and two for estimation of
Kow. The measurement methods were shake-cenuifugaﬁon (SC), generator column (GCol) and
the estimation methods were SPARC and CLOGP (Appendix B). Data were also extracted from
the literature. The shake-centrifugation method is a standard procedure in the drga:ﬁzation for
Economic Coopcratioh and Development (OECD) guidelines for testing chemicals, therefore
it has regulatory precedence. '

Examination of the literature reveals that the log,Kqw values for phenanthrene range from
4.28 t0 4.64. | | |

Preliminary experience with the SPARC program suggests that the program can compute -

.' values for partition coefficients for high logP chemicals which may be more reliable and
accurate than laboratory measurements which may suffer from ermrs inherent in - many
methodologies. However, the program needs more validation by comparison with laboratory-
measured data for a wide range of chemical structures before it is recommended as a basis for
computing partition coefficients for regulatory purposes. The SPARC estimated 10g,.Ko. valie
for phenanthrene is 4.58. The CLOGP program estimate of the log,,Kow value for phenanthrene
using structure activity relationships is 4.49. - |

Two measurement methods provide additional data from which to define Koy for
phenanthrene ( Table 2-1; Appendix B). The shake-centrifugation method yielded l0g,Kow =
4.30, and the generator column method yielded log,Kow = 4.40. There is no clear-cut best
value from the data that has been developed. Considering the agreement among the SPARC
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estimated value and the measured values using shake-centrifugation and generator column
methods, the xecommcﬁded vaue for log,K,y is 4.36. - This is the log, K, of the averé.ge of
shake-cent’xiﬁxgatibn ‘and generator column measurements made under carefully controlled
conditions in the ERL, Athens Laboratory. The fou:; shake-centrifugation measurements range

from 4.25 to 4.33 and the four genera'tor‘column measurements range from 4.24 to 4.47.

TABLE 2-1.. SUMMARY OF MEASURED AND ESTIMATED K., VALUES FOR
PHENANTHRENE BY THE U.S. EPA, ENVIRONMENTAL RESEARCH LABORATORY,

ATHENS GA.
Measurement Number of _I.Qg oKow-—-—.
Technique Analyses _ cv
Shake-
Centrifugation 4 4.30 0.075
Generator Column , 4 - 4.40 0.190
SPARC - 4.58 -
CLOGP - 4.49 -

2.3 DERIVATION OF K,. FROM ADSORPTION STUDIES:
Sevex;d types of experimental measurement of the organic carbon paitftion coefficient

" are available. The first type involves experiments which were dmgned to measure the partition
‘coefficient in particle suspensions. The second type of measurement is from sediment toxicity
tests in which sediment phenanthrene and pore water phenanthrene concentrations are used to
compute K. . :
2.3.1 K, FROM PARTICLE SUSPENSION STUDIES:

_ Labomtorysmdluwchanctemadsolpuonmgenennyconduaedusmgpmwle
suspensions. mhxghconcemuonsofsohdsandmrbulemamonsmtymkeepthe

mmm:emsuspens:onmakedatamtetpmnondxfﬁcultasamltofapamclemtemcuon
24 ' '




effect. This effect suppresses the partition coefficient relative to.that observed for undisturbed
sediments (Di Toro, 1985; Mackay and Powers, 1987).

Based on analysis of an extensive body of experimental data for a wide range of
cbrppound types and experimental conditions, the particle interaction model (Di Toro, 1985)
yields "the following r’elatibnship for estimating K,:

foc Koe

K, =
[+ micKoc/ )3 x

9

where: |

m = particle concentration in the suspension (kg/L)

vx = :1.4, an empirical constant (unitless).’
The other quantities are defined previously. In this expression, the organic carbon partition
coefficient is given by: |
10g,Koe = 0.00028 + 0.983 log,eKow | @-5)

A sorption isotherm experiment that demonstrates the effect of particle suspensions was
found in a comprehensive literature search for partitioning information for pheqanthrene (Table
2-2) (Magee et al., 1991). The experiment showed an observed K, o_f 12,9 L/kg for a -
phenanthrene solution and sand with 0.11% organic carbon conteat. Calculated K, using K.
(Equation 2-5) and f. is 21 L/kg. The difference between the observed and calculated X, can
be explained by particle interaction effects. Particle interaction results in a lower observed
partition coefficient. The particle interaction model (Equation 2-4) predicts K, of 8.29 Likg,
which is in agreement with the observed K,. Log,K.c computed from observed K, and f,. is
4.07. This value is lower than K, from laboratory measurements due to particle interaction
effects. This data is presented as an examplé of particle interaction effects only, as 100 percent
reversibility is assumed in the absence of a desorption study and an actual Ko can not be

computed.




TABLE 2-2. SUMMARY OF K,. VALUES FOR PHENANTHRENE
DERIVED FROM LITERATURE SORPTION ISOTHERM DATA.

Observed n Solids
Log,.Koc &/L) References
4.07 1 100 Magee et al., 1991

In the absence of particle effects, Ko is related to Kow via Equation 2-5, shown above.
For 108, Koy = 4.36 (ERL,A, mean measured value), this expression results in an estimate of
log,Koe = 4.29. | B
2.3.2 Ko FROM SEDIMENT TOXICITY TESTS: | . _

Measurements of K. ‘are available from sediment toxicity tests using phenanthrene
‘(Swartz, 1991). These tests represent freshwate.r sediments having a range of organic carbon
contents of 0.82 to 3.6 percent (Table 4-1; Appendix C). Phenanthrene concentrations were
measured in the sediment and pore waters providing the data necessary to calculate the partition
coefficient for an undisturbed sediment.

Figure 2-1 is a plot of the organic carbon-normalized soxftion isostherm for
phenanthrene, where the sediment phenanthrene concentration (ug/g.c) is plotted versus pore
water concentration (ug/L). The data used to make this plot are included in Appendix C. The
line of unity slope corresponding to the log,Koc = 4.29 is compared to the data. The intercept
aapomwatercommaﬁonoflpﬂisequivalemwlogwxoc.

A probability plot of the observed experimental log, K, ‘values is shown in'Figure 2-
1. The log,Koc values are approximately normaly distributed with a mean of log, Ko ='4.33
and a standard error of the mean of 0.016. This value is statistically indistinguishable from
log,Koc = 4.29, which was computed from the experimentally determined phenanthrene
log,.Kow Of 4.36 (Equation 2-5). Comp!exatioh with pore water DOC has not been accounted-
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for in the experimentally based estimate of logKoc = 4.33. Though it is not expected to be
a major factor, consideration of DOC effect would increase the estimate of log, K, relative
to the value based on total pore water con;:entmtions. If this uncorrected value was used to set
SQC, the SQC concentration would tend to be environﬁlentally conservative.
2.4 SUMMARY OF DERIVATION OF K, FOR PHENANI'HRENE

The Ko selected to calculate the sediment quality criteria for phenanthrene is based on
the regression of log, K. to log, K., (Equation 2-5), using the phenanthrene log, K, of 4.36
recently measured by ERL,A. This approach was adopted becauseihe regression equation is -
based on the most robust data set available that spans a broad range of chemicals and particle
types, thus encompassing a wide range of Koy and foc. The regression equation yields log, Ko
= 4.29. This value is in agreement with the log,K,c of 4.33 measured in the sediment toxicity

-

m‘
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' . _ : SECTION 3
TOXICITY OF PHENANTHRENE: WATER EXPOSURES

3.1 TOXICITY OF PHENANTHRENE IN WATER: DERIVATION OF PHENANTHRENE
WATER QUALITY CRITERIA:

The equilibrium partitioning method for derivation of sediment quality criteria uses the
phenanthrene water quality criterion Final Chronic Value (FCV) and partition coefficients (K,o) .
to estimate the maximum concentrations of non-ionic organic chemicals in sediments, ‘expressed
on an organic carbon basis, that will not cause adverse effects to beathic ‘organisms. For this
document, life stages of species classed as benthic are either species that live in the sediment
(infauna) or primarily on the sediment surface (epibenthic) and obtain their food from either the
sediment or water column (U.S. EPA, 1989c). The toxicological basis. for derivation of the
final chronic value and the justiﬁcatioﬁ for use of this. value as the effects concentration or
sediment quality criteria derivation are discussed in this section.

3.2 ACUTE TOXICITY - WATER EXPOSURES:

. Fourteen standard toxicity tests with phenanthrene have been conducted on 9 freshwatet
species from 8 genera (Appendix A). Overall genus mean acute values (GMAVSs) range from
96 to > 1,150 pg/L. ‘I'he acute values for all species tested, éxcept for fathead minnows,
differed by only a factor of 5; 96 t0 490 xg/L. Three tests on three benthic species from three
genera are contained in this database (Table 3-1; Appendix A). Beathic organisms were similar
to water column species in sensitivity to phenanthrene; GMAVs range from 126 to 490 ug/L.

~ One epibenthic species was tested, the amphipod, Gammarus psendolimpacys (LC50 = 126
' ug/L). Infaunal species tested inciuded the annelid, L. varigims (LCS0 = >419 ug/L) and
the midge, Chironomus tentans (LC50 = 490 ug/L).. The Final Acute Value derived from the
overall GMAV (Stephan et al., 1985) for freshwater organisms is 59.63 pg/L (Table 3-3).
" Fourteen acute tests have been conducted on 11 saltwater species from 11 genera
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RANK®
HMAV _ LIFEP HAB- v
GENUS COMMON/SCI. NAME STAGE ITAT species® GeENus®
ug/L ug/L .
s R _SPECI
3 Amphiped, i X E 126 126
Gammarus pseudollimpnaeus
6 Annelid, X I >419 >419
Lusbziculus variegagus
7 Midge, ’ X 1 490 490
chironomug tontans ’
SALIWATIER SPECIES
1 Mysid, ‘ J B , 21.9 21.9
Mysidopsis bahia
3 Grass shrimp, _ A E,W . © 145 145
Palaemonetes pugiQ
4 Hermit crab, - A B 164 164
Pagurus lopgicarpus
-] : Archiannelid, J v I 185 185 .
' Rinophilus mmxu;n
6 Amphipod, J 1 198 198
Leptocheirus plumulosus
8 Mud snail, A 1, >24% >245
Nagsarius obsoletus
8 Blue mussel, . A E,W >245 >245
Mytilus sdulis
8 Soft-shell clam, A ¢ _ >245 >245
d¥ya srenaria ‘
10 Sheepshead minnow, J B, 429 429

cyprinodon variegatus

iaank of HMAVS by genus are from Appcndix A which included benthic and water column
species. ‘

"Luutago. A = adult, J = juvenile, L = larvae, E = qnbryo. U = lifestage and habitat
unknown, X = l.i.fostaqc unknown but habitat known.

CHabitat: I = Ln!auna. E = epibenthic, W = water column. .
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species. (See Appendix A).

®.MAV genus: Gacmetric mean of HMAV for species within a genus.




(Appendix A). Overall genus mean acute values (GMAVs) range from 21.9 to 600 ug/L,

similar to the range for freshwater genera. Fish and crustaceans were the most sensitive. .
Within this database there are results from nine tests on benthic life-stages of nine species from

nine genera (Table 3-1; Appendix A). Benthic brganisms were among both the most sensitive,

and most resistant, saltwater genera to phenanthrene. The most sensitive benthic sbecies is the

mysid, Mysidopsis bahia, with an average flow-through 96 hour LC50 of 21.9 ug/L based on

two tests with measured concentrations. Other benthic species for which there are data appear -
less sensitive; GMAVs range from 145 to 429 ug/L. The Final Acute Value derived from the
overall GMAVs (Stephan et al., 1985) for saltwater organisms is 16.61 ug/L (Table 3-3).

3.3 CHRONIC TOXICITY - WATER EXPOSURES: ]

Chronic toxicity tests have been conducted with phenanthmne using a freshwater
cladocemn@anhmmmz)andrambow mm(wmmha)andasaltwmrmysld
(Myjmmm bahia). The cladoceran and mysid were tested in life-cycle exposures. Rainbow
trout embryos, sac fry and swim-up benthic (intergravel) stages were tested in an early life-
stage toxicity test.
| Call et al. (1986) conducted both freshwater tests. Daphnia magna exposed 21 days to
a mean phenanthrene concentration of 163 ug/L experienced 98% reduction in reproduction and
83% reduction in survival relative to controls (Table 3-2). There was no statistically significant
effect on survival or reproduction of daphnids in phenamhrene concentrations from 46 to 57
ug/L. Rmnbowmnequsedtophenanthmne for 90 days in an early life-stage toxicity test
were not affected in 5 pg/L. Duration of incubation and hatching success were not affected
in any treatment. However, the perceatage of abnormal and dead fry at hatch was significantly
increased at the highest exposure (66 ug/L). Sac fry were underdeveloped from hatching until
test termmanon and swxm-up delayed in > 14 ug/L. At test termination, wet weights and
standard lengths were reduced in > 32 ug/L. Survival was reduced in > 8 ug/L.

34




‘uotIdnpoxdex = Y 'yanoxb = p ‘A3Freszow = § ‘610IJU0D 0] SAFIV(OI OSWIIDSD ebejuedaed {10848,

" UOTIVIIUIOUCD 3DO3FO POAISS]O IWGMOT = DHOT {UOFIVIIUSOUOD 308FFO POAIeECO ON = DION,
JINPY = ¥ ‘OTFuUeAny = p ‘TeAINy = T ‘OAique = ¥ :IDOYISHAIT
WNoD 163WA = M ‘OFYIUSQYde = § ‘VUNRFUT = I LYLIGVHg

obuygezyr A11ve = g1y 'etokoeziT Teraxed = JId ‘O10Ad0ZTT = OT ‘1S3l

L86T ‘01BN . R 00T s5°S ST SYSOODTIAR
pue uyny - -. .. ¥ s00T 6 11 -05°T (v';ms by | ‘PI8in
-
9861 H ATY : . BETRAR BRPSUAYIIING
‘rye 3@ TR - - D AEE - 8 -] _ (1’8} 618 ‘3n0x3 soquied
9861 : R €8 . Tubed vyuqaed
‘-{e 30 TT1eD - - ¥ 486 €91 LS'9Y 'e)n n ‘uexenopeld
FHIOEAS BHIVARSHES

1/64 _ /6 /61
LEEVEREF Lo o33 08071 pIo0338 508071 o (8) D08 (eBe38 O3TT) IB6L oureN
. uaboag Aueboxga " Jeauaxed Tejusxed auduﬁnus ) OTITIUSTOS
’ ’ SureN
VOURDO D

‘YIMA DIS108dS 1S3l ‘ANTMHINYNAHA Ol SWSINVOHO YALVMITYS ONY HEIYMHSHM4 40 ALIAILISNIS DINOHHD - "2Z-¢ qTaYL

35




Saltwater mysids exposed to phenanthrene iq a life-cycle toxicity test (Kuhn and Lussier,
1987) were affected at phenanthrene concentrations similar to those affecting the the rainbow
trout (Table 3-2). Sﬁrvival, growth and reproduction were not affected in < 5.5 ug/L. At the
higﬁest concentration of phenanthrene (11.9 ug/L) all mysids died. | |
. Derivation of the Final Chronic Value (FCV) for phenanthrene is complicated because
Acute-Chronic Ratios (ACR) differ in the three species tested by a factor of almost 50 (Table
3-3). The final ACR, therefore, can not be the mean of these three values (Stephan et al.,
1985). The difference between concentrations of phenanthrene acutely and chronically toxic to
invertebrates is small. ACR are 1.214 for the freshwater cladoeemn (Daphoia magpa) and
3.333 for the saltwater mysnd (anms;s ba.hm), mean ratio 2.012. The ACR of 59.29 for

rainbow trout (Call et al., 1986) probably should not be used to derive the final ACR or chronic

values for untested fishes because (1) it is over 10 x the ratio for tested invertebrates, (2) the

trout 96 hr LCS50 of 375 ug/L would be 50 ug/L if based on immobilization (Call et al., 1986),

thus the ACR would be 7.905 and (3) the chronic value may be conservative based on tests with
other fish species. In non-standard chronic exposures, sensitivities of early lifé-stages of
largemouth bass (Micropterus salmoides) and rainbow trout (Black et al., 1983; Milleman et
al., 1984) were less than observed by Call et al. (1986). These chronic exposures lasted from

fertilization to four days after hatching, about 7 days for bass and 27 days for trout. Hatchihg _
and survival of trout were reduced in 38 ug/L but not in 31 ug/L; in contrast to the effect

concentration of 8 ug/L. was observed by Call et al. (1986). The LC50 for these tests was 40
ug/L for trout and 180 ug/L for bass (Black et al., 1983; Milleman et al., 1984). Because the
most acutely sensitive species to phenanthrene were invertebrates, the Final Acute Value (FAV),
59.63 ug/L for freshwater and 16.61-ug/L for saltwater,‘ was divided by the invertebrate mean
ACR of 2.012 to derive an initial estimate of the FCV. These initial FCVs were 29.64 ug/L
for freshwater and 8.255 ug/L for saltwater aquanc life. The initial fruhwawr FCV was
lowered to 6.325 uglLthechmmc value from the rainbow trout carly hfe-staget&tforthxs
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important species. The initial saltwater FCV of 8.255 ug/L was not lowered because the
chronic sensitivitie of saltwater fishes is not known and should not be estimated using the ACR
for trout which is probably not appropriate for other fish species. The initial FCV for saltwater
aquatic life is used as the FCV because it is 13 to 52 times lower than acute values for tested
saltwater fishes and approximately equal to the chronic value of 8.129 ug/L for the mysid.
Although this procedure to derive the FCV is complicated and does not follow exactly the WQC
Guidelines (Stephan et al.,1985) for idealized databases, the procedure is consistent with the
guidelines requirement that the criterion be consistent with souad scientific evidence,

3.4 APPLICABILITY OF THE WATER QUALITY CRITERION AS 'I'HE EFFECTS
CONCENTRATION FOR DERIVATION OF THE PHENANTHRENE SEDIMENT
QUALITY CRITERION;

The use of the Final Chronic Value (th.e chronic effects-based water quality criteria
concentration) as the effects concentration for calculation of the equilibrium partitioning-based
sediment quality criterion assumes similar sensitivities of benthic (infauna and epibenthic)
species and species tested to dexive the water quality criteria concentration. Data supporting
the reasonableness of this assumption'over all chemicals for which there are published or draft
water quality criteria documents are presented in Di Toro et al. (1991) and U.S. EPA (1989c,
1992a). The conclusion of similarity of sensitivity is supported by comparisons between acute
values: (1) for the most sensitive benthic and water column species. for all chemicais; (2) all
 * species across all chemicals after sandardizing the LCSO values; and (3) individual chemical
compaﬁsonsfort;umﬁcandwawrcqlumr_xspecies. Only in this last comparison are
phenanthrene-specific comparisons in sensitivity of benthic and water-column species conducted.
The following paragraphs examine the data for phenanthrene. | |

An initial test of the difference between the probability distributions of freshwater and
saltwater phenanthrene LCS0s for all species (water column and benthic) is presented in Figure
3-1. The top panel is a log probability plot of the two LC50 distributions on a log scale versus
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the rank order on a probability scale. The natural way to judge the equality of these
distributions is to compare the LCS0s at a particular probability, for exaﬁple a comparison of
the medians at 50% pn;bability. The Kolmogorov-Smirmov test compares another difference -
(Conover, 1980). This is illustrated on the bottom plot which presents the same data but in a
slightly different way. The rank order, as a percent, is plotted versus the LC50s. The points |
are connected with straight lines to form the empirical cumuh;ive distribution functions from
the two data sets. The Kolﬂaogorov-Smirﬁov test is based on the maximum difference in
probability between these two distributions, as indicated on the figure. Note that this difference
mthehonzontaldnstanceonthetopplotml‘-'lgum}l (xfthepmbabmtyscalewere linear).
Table 3-4 presents the number of LCS50s in each distribution, the maximum difference (0.346),
and the probability (0.568) that a value of this magnitude or less cannot occur given that these
two samples came from the same distribution. The method of computation for this probability
value is given in Massey (1951). Since the probability is less than 0.95, the hypothesis that
freshwater and saltwater LC50 values came from the same distribution is accepted at a 95%
confidence level. Therefore, for phenanthrene comparisons of LCS0s for benthic and water
column species are conducted using combined freshwater and saltwaiet LCS0 values.

The probability distributions of combined freshwater and saltwater phenanthrene LC50s
for the water column and benthic species are presented in Figure 3-2. Table 3-4 presents the
number of LCS0s in each distribution, the maximum difference, and the probability that a value
of this magnitude or less cannot occur given that these two samples came from the same
distribution. For combined freshwater and saltwater species the maximum differcace and the
probability that a value of this magnitude or less cannot occur given that these two samples
came from the same distribution were 0.361 and .0.655 respectively. This analysis of the
relative sensitivities of combined freshwater and saltwaterbenthicandwatereolﬁmn organisms
mamebeenmmummmeyueﬁommempmmbﬂnydimmomso-s.
Therefore, benthic and water column organisms have similar acute sensitivities. This suggests
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that the ﬁnal chmmc value (FCV) for phenanthrene is an appropriate effects concentration for
both benthic and water column orgamsms

TABLE 3-4. KOLMOGOROV-SMIRNOV TEST FOR THE
EQUALITY OF FRESHWATER AND SALTWATER LCS50
DISTRIBUTIONS FOR PHENANTHRENE. KOLMOGOROV-
SMIRNOV TEST FOR THE EQUALITY OF BENTHIC AND WATER

COLUMN LC50 DISTRIBUTIONS
Compar-
ison Habitat or Water Type® K-S Statistic’  Probability’
Fresh Fresh (8)  Salt (13) 0.346 0.568
vs Salt _ - .
"Benthic Benthic (12) Water (9) 0.361 0.655
vs Water Column
Column
(Freshwater

and
saltwater)

| 'ValuesmpamnthmmthenumberofLCSOvalmusedmtheoompanson |
*K-S statistic = maximum difference between the cumulative .
distribution functions for benthic and water column species.

Pr(K-S theoretical < K-S observed) given that the samples
came from the same population.




'SECTION 4
- TOXICITY OF PHENANTHRENE (ACTUAL AND PREDICTED):
~ SEDIMENT EXPOSURES
4.1 TOXICITY OF PHENANTHRENE IN SﬁDIMENTS:

The toxicity of phenanthrene spiked into‘sediments has been tested with two saltwater
amphipod species. Freshwater benthic species have not beed tested in phenanthrene-spiked
sediments. All concentrations of phenanthrene in sediments or interstitial water where effects
were observed in benthic species (Table 4-1) are greater than SQC or FCV concentrations
reported in this document. Details about exposure methodology are provided bmuse, unlike
aquatic toxicity tests, sediment testing methodologm have not been standardized.
Genemﬁuﬁomacmssspebimorsedimmmamﬁmimdbmuseofthe'ﬁmiwdnumberof
experiﬁlents. Therefore, insights into relative sensitivities of aquatic species to phenanthrene

. » can only be obtained from results of water-only tests (Section 3). Data are available from a
number of experiments using both field and laboratory -sediments eonnmmated with mixtures
of PAHSs and other compounds which include phenanthrene. Data from these stud1es have not
beenhcmdedhembemuseitisnmwssibbmdaemmemecomibuﬁmofphemmmem
toxicity observed.

Swartz (1991) exposed the amphipods Eohaustorius m:anua and Leptocheirus
plumiulosus to three phenanthrene-spiked sediments with total organic carbon content (TOC) of
1.0%, 2.6%, and 4.4%. Sediments were rolled (1) for two hours in phenanthrenc-coated
bottle; (2) stored at 4°C for 72 bours; (3) rolled for an additional two bours, and (4) then
stored for 7 days at 4°C. In some of these experiments the concentration of phenanthrene was
not sufficient to cause S0% mortality in any of the concentrations tested. In these cases
additional experiments were performed with sedixﬁents from the same locations with similar
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TOC. concentrations as were used in the original experiments, but with oné or two treatments
. ‘ with higher phehanthrene concentrations and the appropriate controls (Tables 4-1, 4-2). When
there was a difference between the control mortality in one of the original experiments and in'
the follow up experiment with the couésponding sediment and species, Abbott’s correction was
performed on the data for each treatment separately using the appropriate control mortality.
Then the data for both expéﬁments weré pooled. The pooling of the data appears justified by
the similarity of the dose-response relationships in the original and the follow up experiments
(Appendix C). The 10-day LCS50’s for both species increased with increasing organic carbon
concentration when the phenanthrene concentration was expressed on a dry weight basis, but
decreased when concentration was expressed on an organic carbon basis. LCS50’s normalized
to dry weight differed by a factor of 3.1 (39.2 to 122 ug/g) for E. estuarius over a 3.3-fold
range of TOC and a factor of 2.8 (92.4 to 255 ug/g) for L. plumulosus over a 1.8-fold range
‘ of TOC. The organic carbon normalized LC50’s for E. estyariys differed by a factor of 1.1
(3,820 to 4,050 ug/g,c) while for L. plumulosus they differed by a factor of 1.3 (6,490 to
® 8,200 4g/goc)- |

Overall, the need for organic carbon normalization of the concentration of non-ionic
organic chemicals in sediments is presented in the SQC Guidelines (U.S. EPA, 1992a). The
need for organic carbon normalization for phenanthrene is also supported by the results of
spiked-sediment toxicity tests described above. Although it is important to demonstrate that
organic carbon normalization is necessary if SQC are o be derived using the EqP approach,
it is fandamentally more important to demonstrate that K. and water only effects concentrations
can be used to predict effects concentrations for phenanthiene and other non-ionic organic
chemicals on an organic carbon basis fora.mngeofsedimehts. Evidence supporting this

prediction for phenanthrene and all SQC chemicals follows'in Section 4.3. |
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4.2 CORRELATION BETWEEN ORGANISM RESPONSE AND PORE WATER
CONCENTRATION .

. One corollary of the EqP vtheory is th_at pore-water LCS0's for a given organism shouid
be constant across sediments of varyiqg organic carbon content (U.S. EPA, 1989a). Pore-
"water LCSO values are available for two species (Table 4-1; 4-2). Swartz (1991) found 10-
day LC50 values based én pore-water concentrations varied by a factor of 1.1 (138 to 146
ug/L) for E. estuatius and by a factor of 1.3 (306 to 387 ug/L) for L. plumuiosus. This
variability is somewhat less than that shown when dry weight (factors of 3.1 and 2.8)
normalization is used to determine LéSOswbased on phenanthrene concentration in sediments,
but similar to that shown when organic cgrboq_(factors of 1.1 and 1.3) normalization is used.
A more detailed evaluation of the degree to which the response of benthic organisms can
be predicted from toxic units of substances in pore water can be made utilizing results from -
toxicity tesfs with sediments spxked with other substances, inciudihg acenanphthene and
phenanthrene (Swartz, 1991), cadmium (Swartz et al., 1985), endrin (Nebeker et al., 1989;
v Schuytema et al., 1989), fluoranthene (Swartz et al., 199ﬁ), or kepone (Adams etﬂ-al., 1985)
| . (Figure 4-1; Appendix C). Tests with acenaphthene and_phenanthrene used t?vo saltwater
amphipods (L. plumulosus and E. estuarius) and marine sediments. Tests with cadmium and
fluoranthene used the saltwater amphipod (Rhepoxynius abropius) and marine sediments.
Freshwater sediments spiked with endrin were tested using the amphipod Hyaleila azteca; while
the midge, Chironomous tentans, was tested using kepone-sp:ked ‘sediments. Figure 4-1 .
presents the percentage mortalities of the benthic species tested in mdmdual treatments for each
chemical versus "pore water toxic units” for all sediments tested. Pore water toxic units are
the concentration of the chemical in pore water (ug/L) divided by the water only LCS0 (sg/L).
In this normalization, 50% mortality should occur at one interstitial water toxic unit. In
geneml this comparison supports the concept that interstitial water concentrations can be used
wpmdxctthemsponseofanorgamsmmachemxwthatmnotsedmem-spwﬁc This pore
water normalization was not used to. derive sediment quality criteria in this document because
45

t B |



- (™D mua 10) SIOUANNYIL .

nduo pue ‘spuawnaop HOS Audgiydeudoe pue duatiueion)) ‘uppRip ‘uipud
i w ) xipudddy “peawmoop HOS s w1 ) xipuaddy 23y)  sisan juo-13em
wos) NeA O] AJuo-1aem g1 AQ PIPIAIP SILDUNEI [ENPIAIPUL Ul paINSEIW
S[RIMAYD JO SUONEIIUIIV0I JO SOURS DIE SHUN DNIXO) J1D)EM 0G  SHUN J1X0)
131em asod 01 danNes (GRE1 T 19 SwepY) suaunpas payids-auoday u 23piw
pue (0661 ‘"1v 10 ZuemS) ausyuelong 10 ‘(6861 "It 10 vwAhnyag (6861 ‘1 19
JRIGIN) ULIpud ‘(GRG1 It 19 ZUeMS) wnuped ‘(1661 ‘ZUems) audsgueusyd
10 avaygiydeuaoe gum payids suauipas. i spodiydwe jo  Anjensouws wacsdg  C§-p aundig

S1INN JIX0L H"3lvM 34HOd

001 ot : 3 | 1) 10°0
L1055 B B et S L AR R I 1 LA R LR B 1 L AR IR ER) | |
- Pyas OV o LO
i M o [Fudfetdabyf o n ]
v |, _ .wa\ a o
L eq* ot ® 8 o
- A s (174
\ w.gv i e
a K 4 .
= v OOﬂ.ﬂ- o Hov AmU“ “
[ n ¢ O >
_ & a O] o 109 “U
. _ —
- a WNIWOGVD - + 7 <
- _ ‘ . sa _ INOD3IN - © op
i v e q° 3NIHINVHONTYS - O
‘ o e 3 o 3INIHHENVYNIHD - &
- o o wmmfidowm p ANFHLIHDVN3OY - v oos
i "NIHON3 - O

U0 00 T Y | (5 W W T pittfl 3 i 10000 ¢ 8 8 4

-




of the complexation of non-ionic organic chemicals with pore water DOC (Sectic;n 2) and the

. | difficulties of Mle sampling pore waters. Data from the dieldrin experiments (Hoke
and Ankley, 1991) are not included because more knowledge of the pore water DOC will be
required because dieldrin has a high K. value.

4.3 TESTS OF THE EQUILIBRIUM PARTITIONING PREDICTION OF SEDIMENT
TOXICITY: :

i © Sediment Quality Criteria derived using the equilibrium partitioning approach utilize

| . partition coefficients and final chronic values from water quality criteria documents to derive

‘the sediment quality criteria concentration for protection of benthic organisms. The partition

coefficient (K,o) is used to normalize sediment concentrations and predict biologicaily available
concentrations across sediment types. Data are available to test the normalization for

phenanthrene in sediments. Testing of this component of SQC derivation requires three

‘ elements: (1) a water-only eﬁ‘eét éoﬁcenﬁaﬁon, such as a 10-day LCSO value in ug/L, (2) an

| | identical sediment effect concentration on an organic carbon basis, such as a 10-day LC50 value

in 4g/g.c, and (3) a partition coefficient for the chemical, Ko in L/kg,c. This section presents

¢ evidence that the observed effect concentration in sediments (2) can be predicted utilizing the

water effect concentration (1) and the partition coefficient (3).

The observed 10-day LC50 values from phenanthrene-spiked sediment tests on a ug.goc
basis with B, estuarius and L. plumulosus were predicted (Table 4-2) using the value of K¢
(10*™) from Section 2 of this ‘document and the 10-day water-only LCS0 values in Swartz
(1991). Ratios of predicted to actual LCS0s for phenanthrene averaged 1.54 (range 1.50 to
1.59) for E, estuarius and 2.10 (range 1.80 to 2.27) for L. plummloms. The overall mean for
both species was 1.80. :

A more detailed evaluation of the accuracy and precision of the EqP prediction, of the
response of benthic organisms can be made using the results of toxicity tests with amplnpods
exposed to- sediments spiked with acenaphthene, phenanthrene, dieldrin , endrin, or
fluoranthene. Data from the kepone.’.t.:xperiments are not included because ‘we do not have a
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Kow for kepone from ERL, Athens. Swartz (1991) exposed the saitwater amphipods E,
restuarius and L. plumulosus to acenaphthene and phenanthrene in three marine sediments
having 1.02, 2.61 and 4.37% organic carbon. Swartz et al. (1990) exposed the saltwater
amphipod R, abronius to fluoranthene in three marine sediments having 0.18, 0.31 and 0.48%
organic carbon. Hoke and Ankley (1991) exposed the amphipod umug‘ azteca to three
dieldrin-spiked freshwater sediments having 1.7, 3.0 and 8.5% organic carbon. Nebeker et al.
(1989) and Schuytema et al.. (1989) exposed H, azteca to three endrin-spiked sediments having
3.0, 6.1 and 11.2% organic carbon. Figure 4-2 presents the percentage monalities of -
amphipods in individual treatments of each chemical versus "predicted sediment toxic units” for
~ each sediment treatment. Predicted sediment toxic units are the concentration of the chemicai
in sediments (ug/g,o) divided by the predicted LC50 (ug/goc) in sediments (the product of Ko
and the 10-day water-only LC50). In this normalization, 50% mortality should occur at one
predicted sediment toxié unit. Endrin and fluoranthene data indicate a slight under prediction, -
and dieldrin, acenaphthene and phenanthrene a slight over prediction, of the observed mortality.
In general, however, this comparison illustrates that the EqP method can account for the effects
of different sediment properties and properly predict the effects concentration in sediments using
the effects concentration from water only exposures. These are two fundamental propositions
that underlie the EqP method for deriving sediment quality criteria.

4-9
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® | SECTION 5
CRITERIA DERIVATION FOR PHENANTHRENE
5.1 CRITERIA DERIVATION:

The equilibrium partitioning method for calculatmg sedlment quahty criteria is based
on the following procedure. If FCV (pg/L) is the Final Chronic Value which is the chronic
effects concentration from the water quality criteria for the chemical of interest, then the
sediment quality criteria, SQC (ug/g S&liment), is computed using the partition coefficient, K,
(L/g sediment), between sediment and pore water: B

5QC = K, FCV e

On a sediment organic carbon basis, the sediment quality criteria, SQCo. (ug/g00), is:
SQCoc = Ko FCV 6D

where K, is the organic carbon partition coefficient for the chemical. Since this quantity is
presumably independent of sediment type for non-ionic organic chemicals, so also is SQC .
() Table 5-1 contains the calculation of the phenanthrene sediment quality criteria.

TABLE 5-1. SEDIMENT QUALITY CRITERIA FOR PHENANTHRENE

Type of Log, Kow Log,Koe FCV SQCoc
Water Body (L/kg) - (L/kg) wel)  (#g/Rod)
Fresh Water 436 . 4.29 6.32 123°
Salt Water 4.36 4.29 8.26 161°

: *SQCye = (10* ngoc)O(IO" KBoo/80c)*(6.32 ug phenanthzenell.) 123 ug
phenanthrene/g,.

' "sqc(.c (10*® L/kg,)*(10° kg, /28,0%(8.26 ug phenanthrene/L) = 161 pg
phenanthrene/g,. '

5.2 UNCERTAINTY ANALYSIS: .
Some of the uncertainty in the calculation of the phenanthrene sediment quality criteria can
" 5-1




be estimated from the degree to which the equilibrium partioning model, which is the basis for R

the criteria, can rationalize the available sediment toxicity data. The EqP model asserts that (1)
the bioavaﬂabﬂity of non-ionic organic chemicals from sediments is equal on an organic carbon
basis, and (2) that.thé effects concentrition in sediment (ug/g.c) can be estimated from the
product of the effects concentration -froin water -only exposures (ug/L) and the banition
coefficient Koc (L/kg). The uncertainty associated with the sediment quality criteria can be
obtained from a quantitative estimate of the degree to which the available data support these
assertions. | . | |

The data used in the uncertainty analysis are the water-only and sediment toxicity tests that
have been conducted in suppon of the sediment criteria development effort. ‘These freshwater
and saltwater tests span a range of chemicals and qrganisms; they include both water-only and
sediment exposures and they are replicated within each chemical-organism-exposure media
treatment. These data were analyzed using an analysis of variance (ANOVA) to estimate the
uncertainty (i.e. the variance) associated with varying the exposure media and that associated
with experimeatal error. If the EGP model were perfect, then there would be only experimental
error. Therefore, the uncertainty associated with the use of EqP is the variance associated with
varying exposure media. .

The data used in the uncertainty analysis are the LCS0s from the water-only and sediment
exposures illustrated in Figure 4.2 in Section 4. The EqP modél can be used to normalize the
data in order to put it on a common basis. The LC50 for sedimeat on an organic carbon basis,
LCS50,4c, is related to the LCSO obtained from a water-only exposure, LCS0, via the

LCS0ye = KolLCSO, , 6
Therefore, Koo can be used to define the equivalent sediment toxicity based on free
concentration in pore water:

5-2




LCs0 : :
LC50,, = ¢ 59

® Ko

The EqP model asserts that toxicity of sediments expressed as the free pore water concentration
equals toxicity in water only tests. |
 LCS0p, = LCSO, o (5-5)
Therefore, either LC50,,, or LC50,, are estimates of the true LCSO for this chemical - organism
pair. In this analysis, the uncertainty of K, is not treated separately. Any error associated - -
with K, will be reflected in the uncertainty attributed to varying the exposure media.
In order to perform an analysis of variance, a model of the random variations is required.
As discussed above, experiments that seek o validate equation 5-5 are subject to various sources
of random variations. A number of chemidals and organisms have been tested. Each chemical
- organism pair was tested in watet-only. exposures and in different sediments. Let o represent |
the random va;‘iation due to this source. Also, each experiment is replicated. Let € represent
the random variation due to this source. If the model were perfect, there would be no random
. variations other than that due to experimental error which is reflected in the replications. Hence
« represents the uncertainty due to the approximations mhetent in the model and € represents
the experimental error. Let (0,)’ and (o¢)’ be the variances of these random variables. Let i
index a specific chemical-organism pair. Let j index the exposure media, water-only, or the
individual sediments. Let k index the replication of the experiment. Thea the equation that
describes this relationship:
In(LC50,) = m + a; +€;, : o (5-6)

. where In(LCS0),, are either In(LCS50,) or In(LC50,0c) corresponding to a water-only or
sediment exposure; u, are the population of ln(L.C50) for chemml—orgamm pairi. The error
structure is assumed to be lognormal which corresponds to assuming that the errors are
proportional to the means, e.g. 20%, rather than absqlute quantities, e.g. 1 mg/L. The
satistical problem is: estimate y ind the variances of the model error, (s, and the
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measurement error, (o.)’. The maximn_xm likelihood method is used to make these estimates
(U.S. EPA, 1992a). The results are shown in Table 5-2.

Table 5-2: ANALYSIS OF VARIANCE FOR DERIVATION OF
SEDIMENT QUALITY CRITERIA CONFIDENCE LIMITS FOR

PHENANTHRENE.
Source of Uncertainty Parameter  Value
(12/800)
Exposure media . 039
Replication Oe 0.21
Sediment. Quality Criteria Osc " 0.39

Oy = 0,

The last line of Table 5-2 is the uncertainty associated with the sediment quality criteria; i.e.,
the variance associated with the exposure media variability, -

The confidence limits for the sediment quality criteria are computed using this estimate of
uncertainty for sediment quality criteria. For the 95% confidence interval limits, the
significance level is 1.96 for normally distributed errrors.

Hence: .
In(SQCourrm = IN(SQCo0) + 1.9605 5-7)
In(SQCodowven = IN(SQCy0) - 1.9605 . ' - (58

The confidence limits are given in Table 5-3.
Theorganicearbonnormalizedsedimentqualitycriteﬁai&applimbleto sediments with
an organic carbon fraction of f,. = 0.2%. For sediments with f,o < 0.2%, organic carbon

normalization and sediment quality criteria do not apply.




TABLE 5-3. SEDIMENT QUALITY CRITERIA
CONFIDENCE LIMITS FOR PHENANTHRENE

S;diment Quality Criteria

Type of SQCoc

Water Body  p1g/8oc Lower Upper
Fresh Water 120 56 260
Salt Water 160 74 340 .

5.3 COMPARISON OF PHENANTHRENE SQC TO STORET DATA FOR SEDIMENT
. PHENANTHRENE:

A STORET (U.S. EPA, 1989a) data retriéval was performed to obtain a preliminary
assessment of the concentrations of phenanthrene in the sediments of the nétion’s water bodies.
Log probability plots of phenanthrene concentrations on a dry welght basis in sediments are
shown in Figure 5-1. Phenanthrene is found at varying concentrations in sedunents from nvers,
lakes and near coastal water bodies in the United States. Median concentrations are generally
about 0.1 ug/g in each of the three water bodies. There is significant variability with

‘ phenanthrene concentrations in sediments ranging over seven orders of magnitude within the

country. _

The S'QC for phenanthrene can be compaied to existing concentrations of phenanthrene
in sedimexits of natural water systems in the United States as coﬁuinedinmesronsr database -
(U.S. EPA, 1989a). These data are generally reported on a dry weight basis, rather than an
organic carbon nonnalized basis. Therefore, SQC values corresponding to sediment organic

" carbon levels of 1 to 10% are comparedtophenanthrenesdlstﬁblmonmsedmentsas

examples only. Forﬁuhwatersedxments SQCvaluaarelzug/gmsedmentshavmg 1%

organic carbon and 12 ug/g dry wt. in sediments having 10% organic carbon; for marine

sediments SQC are 1.6 pg/g and 16 ug/g, respectively. -Figure 5-1 presents the comparisons

of these SQC to probability distributions of observed sedimenxfphenantlmenc levels for streams
| 5-5




PHENANTHRENE IN SEDIMENT (ug/g)

PHENANTHRENE IN SEDIMENT (ug/g)

Figure §-1.

_.STﬁgAM LAKE
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_ 9.00003
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X LESS THAN OR EGUAL T0 % LESS THAN OR EQUAL TO

ESTUARY

10000

0.4 ¢ 1020 00 0 WN.3

X LESS THAN OR EQUAL TO | . _
Probability dimibmionofcmmu'atimsof " in sediments from
streams (n=584), lakes (n=50) and estuaries 111-87) in the United States from
1986 to 1990, from the STORET (U.S. EPA, 1989c¢) database, compared
threne SQC values of 12 ug/g in freshwater sedi =
0% and I.Zpglginﬁuhwmrsédimahavﬁ:‘roc = 1%; SQCvaluaf:r
L §

!
:
8s

. saltwater sediments are 16 ug/g whea TOC =10 :ledl.ﬁuﬂgwhaTOC-I .

The dashed line on each figure represents
10%, the lower dashed line represents the SQC when TOC = 1%.
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and lakes (fresh water systems, shown on \the upper panels) and estuaries (marine systems,
lower panel). For streams (n = 584) the SQC of 1.2 ug/g for 1% organic carbon sediments.
is ekceeded for 10% of the data and the SQC of 12 ﬁg/g for sediments having 10% TOC is
exceeded by 2% of the data. For lakes (n = 50) the SQC for 1% organic carbon sediments
is exceeded for almost 20% of the data and data for sediments with 10% orgasic carbon exceed
the SQC 2% of the time. In estuaries, the data (n = 87) indicate that the criteria of 1.6 ug/g
dry weight for sediments having 1% organic carbon is exceeded for about 5% of the data while
the criteria of 16 ug/g dry weight for sédiments having 10% organic carbon are not exceeded
by the'post 1986 samples. | ) _

A second database developed as part of the National Status and Trends Program (NOAA,
1991) is also available for assessing contaminant levels in marine sediments that are
" representative of areas away from sources of contamination. The probability distribution for
these data, which can be directly expressed on‘an organic wrbbn basis, is compared to the
 saltwater SQC for phenanthrene (160 ug/goc) on Figure 5-2. Data presented are from sediments
with 0.20 to 31.9 percent organic carbon. The median organic earbon normalized phenanthrene
concentration (about 5.0 ug/g..) is a factor of 32 below the SQC of 160-ug/g,.- About 2% of
these samples (n = 900) exceeded the criteria. Hence, these results are consistent with the
. preceding comparison of the marine SQC to STORET data

Regional differences in phenanthrene concentrations may affect the above conclusions.
concerning expected criteria exceedences. This analysis also does not consider other factors
such as the type of samples collected (i.c., whethet samples were from surficial grab samples
or vertical core profiles), or the relative frequencies and intensities of sampling in different
study areas. . It is presented as an aid in assessing the range of reported phenanthrene sediment
concentrations- and the extent to' which they may exceed the sediment quality criteria. -
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. : : SECTION 6
CRITERIA STATEMENT

The procedures described in the "Guidelines for Deriving Numerical National Sediment
Quality Criteria for Nonionic Organic Chemicals for the Protection of Benthic Organisms” (U.S. .

EPA, 1992a) indicate that, except possibly where a locally important species is very sensitive
1 or sediment organic carbon is < 0.2%, benthic organisms should be acceptably protected in
}I freshwater sediments coataining < 120 ug phenanthrene/g organic carbon and saltwater
sediments containing < 160 ug phenanthrene/g organic carbon.
These concentrations are the U.S. EPA’s best scientific judgement at this time of the
acceptable concentration of pheaanthrene in sediments. Confidence imits of 56 t0 260 yg/goc
.. for freshwat ‘ ‘ |
. er sediments and 74 to 340 ug/g, for saltwater sediments are provided as an estimate of the
! uﬂcenainty associated with the degree to which the observed conccntwiqn_ in sediment (ug/ go,;),
which may be toxic can be predicied using the Ko and the water-qniy effects concentration.
Confidence limits do not incorporate uncertainty associated with water quality criteria. An
understanding of the theoretical basis of the equilibrium partitioning methodology, uncertainty,
the partitioning and toxicity of phenanthrene, and sound judgement are required in the I
regulatory use of sediment quality criteria and their confidence limits. The upper confidence
limit might be interpreted as a concentration above which impacts on benthic specics would be
liighly likely. The lower confidence limit might be interpreted as a concentration below which
impacts on beathic specm would be unlikely.
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APPENDIX B: THE OCTANOL-WATER PARTITION COEFFICIENT, K, FOR
: - PHENANTHRENE.

\

. B.1 GENERAL INFORMATION:
| Partitioning between water and natural soils, sediments, and aquifer materials is an
important process affecting transformation rates, toxicity, and the ultimate disposition of organic
| chemicals in the environment. Extensive research, focusing on the partitioning of neutral
organic compounds, has shown that adsorption of these compounds generally is controlied by
hydrophobic interactions. Asa resutt, the affinity that a ngtural sorbent has for neutral organic
sdiutes, in most cases, can be reliably estimated from the hydrophobicity of the solute .and the
sorptive capacity of the sorbent. Orga-n‘ic" ;arbon content has been used almost exclusively as
a measure of the sorptive capacity of natural sedimentary material. (Ofganic matter or volatile
solids content has also been used but not as widely.) To quantitatively chamctenze the
hydrophobic nature of organic compounds researchers have used various masurable
parameters, including octanol/water partition coefficients (Kow), water solubility (corrected for
- crystal energy), i"everse.phase HPLC retention, and topological parameters of the compounds -
@ such as calculated surface area. Generally, octanol/water partition coefficients have been used
more extensively, not only for estimating the partitioning of organic compounds to sedimentary
materials, but also for estimating bicaccumulation of organic compounds to aquatic organisms.

The Ko is defined as the ratio of the equilibrium concentration of a dissolved substance

in a system consisting of n-octanol and water and is ideally dependent only on temperature and
pressure:

Kow = Cocr/Cy I B-1)
where C.,c, is the concentration of the substance in n-octanoi and C,, is the concentration of the
substance in water. The Koy is used in estimating the organic-carbon- normalized sediment-
water partition coefficient (Koc) and. is frequently reported in the form of its logarithm to base
ten as log P. ‘ |
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B.2 LITERATURE DATA:

An extensive literature search was performed for phenanthrene and two standard reference
compounds, biphenyl and pyrene. Generally, problems encountered in compiling and reporting
fate constants from publi_shed daté and from databases during the last several years have ranged
from retrieval of misquoted numbers to resolution of nested citations (Kollig, 1988). Some
citations were three or more authors removed from the original work or contained data that
were referenced as unpublished data or as personal communication. The sa;ne problems were
experienced dm:ing this literature search. The largest difference in misquoting numbers was §ix
orders of magnitude. For these reasons, ERL-Athens obtains data from'the primary sourc;es

- and relakes values oqming only from these primary sources. Unﬁublished data or data which
" originated through personal communication are rejected as well as data that are insufficiently
documented to determine their credibility and applicability or reliability.

Tables B-1 and B-2 show the measured and estimated K, values, respectively, retrieved |
by this ﬁtémmre search. Each of the measured values was experimentally determined by the
researcher using one of several laboratory methods. The ihdividual experimental methods are
not identified here. The estimated literature valus. were computed by the researchers by one
of several published techmquu The individual computational techniques also are not identiﬁed
here. '

B.3 ERL-ATHENS MEASURED DATA:

To enhance confidence in the measured K., values, two independent experimental methods,
[shake-centrifugation (SC), generator column (GCol)}, were used to determine a Koy, value for
phenanthrene at the U.S. EPA laboratory at Athens, Georgia. The SC method is routinely used
to measure the parﬁﬁmmé of compounds with Ko, values on-the order of 10° to 10°. The
method involves adding a layer of octanol containing the compound of interest onto the surface
of water contained in a centrifuge tube. Both phasa' ate-mutﬁally presaturated before beginning
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the measurements. Equilibration is established by gentle agitation and any emulsions formed
are broken by centrifugation. The concentration in each phase is determined usually by a
. ‘ | chromatographic method and the K, value calculated using Bquation‘ B-1.
TABLE B-1. MEASURED LOG,K,w VALUES FOUND IN THE LITERATURE

Chemical LogKow value Reference
Phenanthrene 4.28 Haky and Young, 1984
4.46 Hansch and Fujita, 1964
4.562 De Bruijn et al., 1989
4.57 Karickhoff et al., 1979
4.63 Bruggeman et al., 1982
Biphenyl 3.16 Rogers and Cammarata, 1969
' - 3.63 De Kock and Lord, 1987 '
3.75 Veith et al., 1979
3.76 Miller et al., 1984
3.79 Rapaport and Eisenreich, 1984
3.8 Woodbum et al., 1984
4.008 De Bruijn et al., 1989
4.01 Eadsforth, 1986
4.04 Banerjee et al., 1980
. 4.09 Ellington and Stancil, 1988
:ég Bruggeman et glél 1982 R~
ne . Rapapaport and Eisenreich,
Fyre 5.05 Ellington and Stancil, 1988
5.09 Means et al., 1980
5.18 Karickhoff et al., 1979
i gg% Bruggeman et al., 1982

Burkhard et al., 1985

The original GCol method, limited 1o compounds with Kow values of less than 10* was
modified (Woodburn et al., 1984) and used to determine Koy values up to 10°. Briefly, the
method requires the packing of a -24-cm length of tubing with silanized Chromosorb W.
Octanol, containing the chemical in a known concentration, is then pulled through the dry

| support by gentle suction until the octanol appears at the exit of the column. Water is then
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pumped through the column at a rate of less than 2 ml per minute to allow equilibration of the
chemical between the octanol and water. The first 100 ml are discarded followed by collection
of an amount of water sufficient to determine the chemical concenn-atiop. The K,y is calculated .
using Equation B-1.

TABLE B-2. ESTIMATED LOGKow VALUES FOUND IN THE LITERATURE

Chemical Log,Kow value Reference
Phenanthrene 4.44 Kamletetal,, 1988 -
T 4.45 Mabey et al., 1982 .= - -
4.63 Mackay et al., 1980
. ‘ 4.64 Yalkowsky et al., 1983
Biphenyl 3.79 Yalkowsky et al., 1983
o 3.95 Miller et al., 1985
3.98 Kamlet et al., 1988
4.14 Mackay et al., 1980
4.25 Arbuckle, 1983
4.42 Doucette and Andren, 1987
Pyrene 4.50 D’Amboise and Hanai, 1982
4.85 Kamiet et al., 1988
4.88 IL.I;E::! et al., 1982
4.90 y et al., 1982
2 Yalkowsty e5al 1983
. etal., 1
5.32 ' .

Callahan et al., 1979

When repetitive measurements are made in the Athens laboratory, a protocol is established
to assure compatibility -with future experiments. These protoéols describe the emiré
experimental scheme including planning, sample.fequizements. éxpetimental set up and chemical
analysis, handling of data, and quality assurance. Only atabhshed analytical methods for solute
concentration measurement are applied and the purity and identity of- the chemical are’
determined by spectroscopic means. The name on the label of the chemical’s container is not
proof of the identity. _

Standard reference compounds (SRCS) are tested with each experiment. SRCs are
compounds that are used as quality assurance standards and aS references in intér-laboratory
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generation of data. The value of the process constant(s) has been established ‘by repetitive
m&surénients for an SRC and serves as baseline information for evaluating all experimentai
techniques ahd all aspects of quality assurance. Because the SRC is taken through the.éntire
experimental scheme, its acceptable result will assure the experimenter that 'equiprnent and

measurement methods are functionihg satisfactorily. Tabte B-3 shows the K., values for

“phenanthrene and the SRCs, biphenyl and pyrene, measured at the Athens laboratory by the

SC methods. The SRCs were not measured by the GCol method.

TABLE B-3. LOG,K.,w YALUES MEASURED BY SHAKE-

CENTRIFUGATION (SC) AND GENERATOR COLUMN (GCOL).

FOR PHENANTHRENE AND CONCURRENTLY ANALYZED -
STANDARD REFERENCE COMPOUNDS.

Chemical SC . GCol

Phenanthrene 4.30  4.40
Biphenyl 4.06 :
Pyrene 5.17

The log,, of the average of eight previous measurments of Koy by the shake-centrifugation

method for biphenyl is 4.09. The log,K.w of the average of thirteen previous measurements

. by the shake-centrifugation method for pyrene is 5.05. These are in good agreement with the
- SQC shake-centrifugation ~measurements made ooncuxréntly with the phenanthrene

measurements.
B.4 ESTIMATED DATA:

A promising new computational method for pmdzctmg chémiml mcﬁvity is the computer
expert system SPARC (SPARC Performs Automated Reasoning in Chemistry) being developed
by Samuel W. Karickhoff, at ERL-Athens, and other scientists at the University of Georgia
(Karickhoff et al., 1989). The system has the capability of crossing chemical boundaries to
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cover all organic chemicals ang uses algorithms based on fundamental chemical structural theory
to estimate parameters. Organic chemists have,in the past e;tablished the tjrpes of structural
groups or atomic arrays that impart certain types of reactivity and have described, in
“mechanistic” terms, the effects on reactivity of other structural constituents appended to the
site of reaction. To encode this knowledge base, Karickhoff and his associates developed a
classification scheme that defines the role of structural constituents in affecting or modifying
reactivity. SPARC quantifies reactivity by classifying molecular structures and selecting
appropriate "mechanistic® models. It uses an approach that combines principles of quantitative
structure-activity relationships, linear free energy theory (LFET), and perturbed molecular
orbital (PMO) or quantum chemistry theory. In general, SPARC utilizes LFET to compute
~ thermal properties and PMO theory to describe quantum effects such as delocalization energies
or polarizabilities of pi elecu'ons. ' |
SPARC computes Kow values from act:mty coefficients in the octanol( L) and water (~1,)
phases using Equation B-2.

- Log,Kow = l0g,, (~lo/~ 1) + 108 (Mo/Ms) (B-2)
where M, and M,, are solvent molecularities of octanol and water, respectively. SPARC
computes. activity coefficients for any solvent/solute pair for which the structure parser can
process the structure codes. Ultimately, any solvent/solute combination can be addressed. New
solvents can be added as easily as solutes by simply providing a Simplified vMolecular
Interactive Linear Entry System (SMILES) string (Anderson et al., 1987, Weininger, 1988).
Activity coefficients for either soivent or solute are compufed By solvation models that are built
from structural constituents requiring no data besides the structures.

AgoalwaPARC:stoeomputeavaluematlsasaccuramasavalueobtamed
expenmemally for a fraction of the cost required to measure it. Because SPARC does not
depend on laboratory operations conducted on compounds with structures closely related to that
of the solute of interest, it does not have the irherent problems of phase separation encountered
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in measuring highly hydrophobic compounds (log,;K.w > 5). For these compounds, SPARC’s
' computéd value should, therefore, be more\ reliable than a measured one. Reliable experimental
data with good documentation are still necessary, however, for further testing and validation
of SPARC. ” |
CLOGP (Chbu and Jurs, i979) is a computerized program that estimates the log,K,w,
. based on Leo’s Fragmerit Constant Method (Lyman et al., 1982). CLOGP provides an estimate
of log, Ko using fragment constants (f) and structural factors (P) that have been émpirically
derived for many molecular groups. The ‘estimated 1og, Koy is obtained from the sum of
constants and factors for each of the molecular subgroups comprising the molecule using
Equation B-3. | ' |
n .
LogKew = C(f + F) < ' (B-3) .
i=1
The method assumes that log,Kow is 'a linear additive function of the su'uciuie of the solute
and its constituent parts and that the most important structural effects are described by available -
factors. The structure of the compound is specified using the SMILES notation. The CLOGP
algorithm is included in the database QSAR' located at EPA's Environmental Research
Laboratory at Duluth, Minnesota. All CLOGP values reported here were obtained through
QSAR. | | |
Table B4 shows the estimated log,Kow values that were computed with SPARC and
CLOGP. |
\Quantitative Structure-Activity Relationships (QSAR) is an interactive chemical database
and hazard asmt system designed to provide basic information for the evaluation of the
fate and effects of chemicals in the environment. QSAR was developed jointly by the U.S.
EPA Environmental Research Laboratory, Duluth, Minnesota, Montana State University Center
for Data System and Analysis, and the Pomona College Medicinal Chemistry Project.
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TABLE B-4. LOG,K.w VYALUES ESTIMATED BY SPARC AND CLOGP

Chemical SPARC  CLOGP

Phenanthrene 458 4.49

Biphenyl 4.25 4.03

Pyrene 5.13 495
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