)

United States - Office of Science and Technology EPA-822-R-93-014
j Environmental Protection Agency Healch and Ecological Criteria Div. September 1993 -
i ' Office of Water & Washington, D.C. 20460 - :

Office of Ressarch and

Development

EPA Sediment Quality Criteria
. for the Protection of
* Benthic Organisms:

PHENANTHRENE




1)




CONTENTS
PAGE
Boreword . ... ... ... . . e e e e ii
Acknowledgments et ettt e iv
Tables ................ et et et e . vi
CRigures L L e e e e e et e e et Coowvid
Introduction . . . .. ...ttt it i i it et e 1-1
CParttitioning . ....... ... .. ... EE R R R 2-1
Toxicity of Phenanthrene: Water EXpOSUTES . . . .. o oo oo v'e v e e, 3-1
" Toxicity of Phenanthrene (Actual and Predxcted) Sediment Exposures cees.. 41
Criteria Derivation for Phenanthrene . . .................... 5-1
Criteria Statement . . ........... .00ttt ennnnnnennnnn. 6-1
References . . . ... .......... et e e e e ettt e e 7-1
Appendix A: Summary of Acute Values for Phenanthrene for Freshwater and . "
Saltwater Species . . . . ...ttt it e e et e : A-l
Appendix B: Summary of Data from Sediment: Splkmg Expenments with
Phenanthrene ............................... B-1 -
[of




FOREWORD

T

Under the Clean Water Act (CWA) the U.S. Environmental Protection Agency (U.S.. -
EPA) and the States develop programs for protecting the chemical, physical, and biological
integrity of the nation’s waters. Section 304(a)(1) directs the Administrator to develop and
publish “criteria” reflecting the latest scientific knowledge on: (1) the kind and extent of effects
-on human health and welfare, including effects on plankton, fish, shellfish, and wildlife, which
may be expected from the presence of pollutants in any body of water, including ground water,
(2) the concentration and dispersal of pollutants, or their byproducts, through biological, physical
and chemical processes, and (3) the effects of pollutants on biological community diversity,
. productivity, and stability. Section 304(a)(2) directs the Administrator to develop and publish’
information on, among other things, the factors necessary for the protection and propagation of
shellfish, fish, and wildlife for classes and categories of receiving waters.

To meet this objective, U.S. EPA has periodically issued ambient water quality criteria
(WQC) guidance beginning with the publication of "Water Quality Criteria 1972" (NAS/NAE,
1973). All criteria guidance through late 1986 was summarized in an U.S. EPA document

.entitled "Quality Criteria for Water, 1986" (U.S. EPA, 1987). Additional WQC documents that
update criteria for selected chemicals and provide new criteria for other pollutants have also been
published. In addition to the development of WQC and to continue to comply with the mandate
of the CWA, U.S. EPA has conducted efforts-to develop and publish sediment quality criteria
(SQC) for some of the 65 toxic pollutants or toxic pollutant categories. Section 104 of the CWA
authorizes the administrator to 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, wildlife, and recreation. U.S. EPA’s efforts with respect to sediment

criteria are also authorized under CWA Section 304(a). -

Toxic contaminants in bottom sediments of the nations’s lakes, -rivers, wetlands, and .
coastal waters create the potential for continued environmental degradation even where water
column contaminant levels meet established WQC. In addition, contaminated sediments can lead
to water quality impacts, even when direct discharges to the receiving water have ceased. EPA
intends SQC 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. : . TR

The criteria presented in this document are the U.S. EPA’s best recommendation of the
concentrations of a substance that may be present in sediment while still protecting benthic -
organisms from the -effects of that substance. These criteria are applicable to a variety of .
freshwater and marine sediments because they are based on the biologically available
concentration of the substance in sediments. These criteria do not protect against additive,
synergistic or antagonistic effects of contaminants or bicaccumulative effects to aquatic life,
wildlife or human health. ' o
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The criteria derivation methods outlined in this document are proposed to provide
protection of benthic organisms from biological impacts from chemicals present in sediments. -
Guidelines and guidance are being developed by U.S. EPA to assist in the application of criteria -
presented -in this document, in the development of sediment quality standards, and in other
water-related programs of this Agency.

~ These criteria are being issued in support of U.S. EPA’S regulations and policy
initiatives. This document is Agency guidance only. It does not establish or affect legal rights
or obligations. It does not establish a binding norm and is not finally determinative of the issues
addressed. Agency decisions in any particular case will be made by applying the law and
regulatlons on the basis of the specific facts
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Figure 3-2.

Figure 3-3. -

Figure 4-1.

* Figure 4-2.
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Chemical structure and physical-chemical properties of phenanthrene.

Organic carbon-normalized sorption isotherm for phenanthrene (top) and
probability plot of K, (bottom) from sediment toxicity tests conducted by Swartz -
(1991) The line in the top panel represents the relationship predicted with a log

Genus mean acute values from water-only acute toxicity tests using freshwater
species vs. percentage rank of their sensitivity. Symbols representing benthic
species are solid, those representing water column species are open. Asterisks
indicate greater than values. J = juvenile, L = larvae, X = unspecified life

_stage.

Genus mean acute values from water-only acute toxicity tests using saltwater
species vs. percentage rank of their sensitivity. Symbols representing benthic

_species are solid, those representing water column species are open Astensks

indicate greater than values. A = adult, J = juvenile.

Probabmty distribution of FAV difference statistics to compare water—only data
from freshwater vs saltwater (upper panel) and benthic vs. WQC (lower panel)
data.

Percent mortality of amphipods in sediments spiked with acenaphthéne or
phenanthrene (Swartz, 1991), endrin (Nebeker et al., 1989; Schuytema et al.,

1989), or fluoranthene (Swartz et al., 1990; De Witt et al., 1992) and midge in
sediments spiked with dieldrin (I-Ioke, 1992) or kepone (Adams et al., 1985)

. relative to pore water toxic units. Pore water toxic units are ratlos of .
. concentrations of chemicals measured in individual treatments divided by the

water-only LC50 value from water-only tests. (See Appendix B in this SQC’
document, Appendix B in the endrin, dieldrin, fluoranthene and aeenaphthene
SQC documents, and original references for raw data.)

Percent mortality of amphipods in sediments spiked with acenaphthene: or
phenanthrene (Swartz, 1991), dieldrin (Hoke and Ankley, 1991), endrin (Nebeker .
et al., 1989; Schuytema et al., 1989) or fluoranthene (Swartz et al., 1990; De

Witt et al., 1992) and midge in dieldrin spiked sediments (Hoke, 1992) relative

to predlcted sediment toxic units." Predicted sediment toxic units are the ratios .

of measured treatment concentrations for each chemical in sediments (ug/goo)
divided by the predicted LC50 (ug/go0) in sediments (Ko x Water-only LC50
(rg/L) x 1 Kgo/1,0008,c). (See Appendix B in this document and Appendix B
in the dieldrin, endrin, fluoranthene, and acenaphthene SQC documents for raw
data).
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Figure 5-1.

Figure 5-2.

Figure 5-3.

Figure 5-4.

Comparison between SQC concentrations and 95% confidence intervals, effect

concentrations from benthic organisms exposed to phenanthrene-spxked sediments -
and sediment concentrations predicted to be chronically safe in fresh water .
sediments. - Concentrations predicted to be chronically safe (Predicted Genus

Mean Chronic Values, PGMCYV) are derived from the Genus Mean Acute Values
(GMAY) from water-only 96-hour lethality tests, Acute Chronic Ratios (ACR)

and Ko values. PGMCV = (GMAV + ACR)K,.. Symbols for PGMCVs are

A for arthropods, O for fishes and [J for other invertebrates. Solid symbols are
benthic genera; open symbols water column genera. Arrows indicate greater than

values. Error bars around sediment LC50 values indicate observed range of

LC50s. - . ’ ‘ .

Comparison between SQC concentrations and 95% confidence intervals, effect
concentrations from benthic organisms exposed to phenanthrene—spiked sediments
and sediment concentrations predicted to be chronically safe in salt water
sediments. Concentrations predicted to be chronically safe (Predicted Genus
Mean Chronic Values, PGMCV) are derived from the Genus ‘Mean Acute Values
(GMAV) from water-only 96-hour lethahty tests, Acute Chromc Ratios (ACR)
and Ky values. PGMCV = (GMAV <+ ACR)K,.. Symbols for PGMCVs are

' A for arthropods, O for fishes and [J for other invertebrates. Solid symbols are
benthic genera; open symbols water column genera. Arrows indicate greater than

values: Error bars around sediment LC50 values indicate observed range of
LC50s. .

Probability distribution of concentrations of phenanthrene in sediments from -
streams, lakes and estuaries in the United States from 1986 to 1990, from the

STORET (U.S. EPA, 1989b) database, compared to the phenanthrene SQC values

of 18 ug/g in freshwater sediments having TOC = 10% .and 1.8 ug/g in

freshwater sediments having TOC = 1% and compared to SQC values for .
saltwater sediments of 24 pg/g when TOC =10% and 2.4 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 saltwater SQC
value of 240 pg/g,c.
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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 responsxble for protecting the chemical, physical and biological integrity of the nauon s
waters. In keeping with this respons1b1hty, 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 quahty documents that update criteria for selected consent decree
.- chemicals and new’ cntena have been publlshed since 1980. These WQC are numencal
concentration limits that are the U.S. EPA’s best estimate of concentratlons protective of human |
health and the presence and uses of aquatic life. Wthe these WQC play an important role in
.assuring a healthy aquatlc envn'onment they alone are not sufficient to ensure the protectlon of
" environmental or human health

Toxic pollutants in bottom s'ediments of the nation’s lakes, rivers, wetlands, estuaries and
marine coastal waters create the potential for continued environmental degtadatibn even where
water-column concentrations comply with established WQC. In addition, contaminated -
. sediments can be a significant t)onutant source that may cause water quality degradation to
persist,A even when other nollutant sources are stopped. The absence of defensible sediment .
quality criteria (SQC) makes it difficult to accurately assess the extent of the ecological nsks ot"

contaminated sediments and to identify, prioritize and implement appropriate clean up activities
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and source controls. As a ’result of the need for a procedure to assist regulétory agencies in
making decisions conceming’ contaminated sediment problems, a U.S. EPA Office of Science -
and Technology, Health apd Ecological Criteria Division (OST/HEC) research team waé
established to review alternative approaches (Chapman, 1987). All of the appmaches i'eviewed |
had both strengths and weaknesses and no single approach was found to be applicable for SQC

derivation in all sitnations (U.S. EPA, 1989a). The equilibrium partitioning (EqP) approach was

selected for non-ionic orgamc chemicals because it presented the greatest promlse for generatmg |

defensxble national numencal chemical-specific SQC apphcable across a broad range of sediment
types The three principal observations that underlie the EGP method of establishing SQC are:
1. The concentrations of non-ionic organic chemlcals in sediments, expressed on an
' orgamc caxbon basis, and in pore waters correlate to observed biological effects
on sediment dwelling organisms across a range of sedlments
2. Partitioning models can relate sedlment concentrations for non-jonic organic
’chémicals on an organic carbon basis to freely dissolved con¢enuaﬁons in poré
water. | |
3. The distribution of sensitivities of benthic and water column orga.niéms to
chemicals are similar; thus, the currently established WQC final chronic values
(FCV) can be used to define the acceptable effects concentration of a chemical |
freely-dissolved in pore water. .
.. The EqP approach, therefore, assumes th;a’t: (1) the partitioning of the chemical bptween' o
sediment ofganic carbon and interstitial water is at equilibrium_; (2) the comqentxation in eithexr

phase can be predicted using appropriate partition coefficients and the measured concentration
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in the other phase; (3) orgamsms r'ecerve equivalent exposure from water-only exposures or from
any equilibrated phase: exther from pore water via respiration, sediment via ingestion, sedxment— | :
integument exchange, or from a mixture of exposure routes; (4) for non-ionic chemicals, effect
concentrations in sediments on an organic carbon basis can be predicted using the organic carbon |
partition coet'ﬁcient (Koc) and effects concentrations in water; '(5) the FCV concentration is an
appropnate effects concentration for freely-dissolved chemical in interstitial water; and (6) the
: SQC (p.g/goc) derived as the product of the Ko and FCV is protective of benthic orgamsms
- SQC concentrations presented in this document are expressed as ug 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 dissolvedl
organic carbon;_thus, ‘total chemical concentrations in interstitial water may overestimate -‘
exposure. . S ) - |
The data that support- the EqP 'approach for- derividg SQC for non-ionic organic
chemicals are rev1ewed by D1 Toro et al. (1991) and in the SQC guldehnes (U.S. EPA 1993a)
Data supporting these observatlons for phenanthrene are presented in this document
- SQC generated using the EqP method are suitable for use in providing guidance to -
regulatory agencies because they are:
1." numerical values; o
2. chemical specific;
3. applicable to most sediments;
4. predictive of biological effects; and

5. protective of benthic organisms.



As is the case w1th WQC, the SQC reflect the use of available scientific data to: (1) assess the .
~ likelihood of significant envrronmental effects to benthic organisms from chemlca]s in sediments; .
and (2) to derive regulatory requirements which wﬂl protect agamst-these effeets.

. It should be emphasized that these criteria are intended to protect benthic organisms from |
the effects of chenmiicals associated with sediments. SQC are' intended toj apply to sediments

,permanently mundated -with water, mtertldal sediment and to sediments mundated penodlcally '

for durations sufficient to permlt development of benthic assemblages. They do not apply to . -

ocwsionahy inundated soils containing terrestrial organisms. These criteria do not address the
‘ question of possible contamination of upper trophic level organisms or the synergistic, additive |
or antagomstxc effects of multiple chemlca.ls SQC addressmg these issues may result in values
lower or hrgher than those presented in this document. The SQC presented in this document
represent the U.s. EPA’s best recommendatlon at this time of the concentration of a chemical -
in sedlment that will not adversely affect most benthic orgamsms, SQC vaJlues may be adjusted
to account for future data or s1te speclfic consxderatlons | ' |
SQC values may also nwd to be ad_;usted because of site spec1fic consnderauons In spill
sxtuatlons, where chemical equmbnum between water and sediments has not yet been reached |
sediment chemlcal concentrations less than SQC may pose nsks to benth1c organisms. This is
because for spills, disequilibrium concentrations in interstitial and overlymg water may .be -
pr;)portionally higher relative to sedime;nt concentrations. Research has shewn that thesoixrce
or "quality” of TOC in the sediment does not efect chemical binding (De Witt et al., 1092),
However, the physical form of the chemical in the sediment may have an eft'ect. At some‘sites'

concentrations in excess of the SQC may not pose risks to benthic organisms, beciuse the
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.compound may be a component of a particulate, such as éoal or soot, or exceed solﬁbility such
as undissoived oil. In these :situations, the national SQC would be overly protective of - benthlc -
organismé and shoﬁld not be used uniess modified using the procedures outlined in the
“Guidelines for Deriving Site-specific Sediment Quality Criteria for the Protection of Benthic
Organisms" (U.S. EPA, 1993b). The SQC may be uﬁderbrote'ctive where the tdxiciiy of other
chemicals are gddiﬁVe with the SQC chemical or species of unusual sensitivity occur at the site.
| _ This document presents the thebretical.basis and the supporting data relevant to"ihe
derivation‘of the SQC 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 "Techmcal.-
Basis for Denvmg Sedxment Quality Cntena for Nonionic Organic Contammants for the |
Protection of Benthic Orgamsms by Using Equilibrium Pamuomng (U S. EPA, 1993a) is
-necessary in order to understand the following text, tables and calculatlons Guidance into the
acceptable use of SQC values is contained in "Guide for the Use and Apphcatlon of Sediment

Quality Cntena for Nonionic Organic Chemicals" (U.S. EPA, 1993c)

1.2 GENERAL INFORMATION: PHENANTHRENE

o 'Phex:lénthrene is a member of the polycyclic aromatic hyMn (PAH) group of organic
compounds. Phenanthrene is produced By fractional distillation of high-boiling coal-tar oil and
" the subsequent purification of the crystalline soﬁd (Hawley, 1981). Some uses of phenanthrene .
are in the manufacturmg of dyestuffs and explosives, in the synthesis of drugs and in

b10chem1ca1 research (V erschueren 1983). Some PAHSs are of environmental concern because
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they are known to be carcinogens and/or mutagens (Brookes, 1977). With an incrwsg in fossil
fuel consumption in the Uni;,:ed States an increase in emissions of PAisz to @e environment can
be cxpéctedﬁ over the next several decades (Eadie et al., 1982). |
Phenanthrene has a three ring structure and exists as colorless leaflets (Figure 1-1). -1t ha'xs
a solubility in water at 25°C of 1.18 mg/L and is a solid at room temperature (melting“point of
{OQ.SS"C) Miller et al., 1985). .Phenanthrene has a reported vapor pressﬁre of 69.3 - 110.6
mPa at 25°C (Bidleman, 1934). " Two significant processes which can ihﬂuence the fau;‘of
phenanthrene in the sediment are sorption and biodegradation (U.S. EPA, ﬁ198(i). Sorption of
phenathrene onto solids in the water column and subsequent settling, as well as partmomng onto
orgamcs in the sediment, can significantly affect phenanthrene transport. Bnoaccumulated PAHSs
with 4 rings or less are rapidly metabolized. Therefore, long-term parhhomng mto biota is not
considered a sxgmﬁcant fate process (U.S. EPA 1980). Other pmcesses found to have little or'
no effect on the fate of phenanthrene in the sediment are ox1dat10n, hydrolys1s and volatlhzatlon
(U.S. EPA, 1980). _
The acute toxicity of phenanthrene ranges from 96 to > 1150 ug/L fqr freshwater and
21.9 to 600 ug/L for saltwater organisms (Appendix A). Diffeninces beiween plienanthrene
concentrations causing acute lethality and chronic toxicity in iny'ertebratcs are small; acute-
chronic ratios range from 1.2 to 3.3 for two speciés. The only available acﬁte—chmnic ﬁtio for
a fish, rainbow trout, is 59 (Table 3-3). Although phenanthrene bioaccumulates in aquatic biota,'-

-
the associated health or ecological risks are unknown.

1.3 OVERVIEW OF DOCUMENT:




" MOLECULAR FORMULA CuHp,

MOLECULAR WEIGHT . 178.22

DENSITY . | : 1.179 glee (25°C)
MELTING POINT 100.85°C

PHYSICAL FORM . © Colorless leaflets
'VAPOR PRESSURE 169.3 - 110.6 mPa (25°C)
CAS NUMBER: 85-01-8

CHEMICAL NAME: Phenanthrene .

o]

FIGURE 1-1. Chemical structure and physical-chemical properties of phenanthrene.
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1.3 OVERVIEW OF DOCUMENT:

Section 1 provides a: brief review of the EqP methodology, and: a summary of the -
physical-chemical properties and aquatic toxicity of phenanthrene. Section ;2 reviews a variety
of methods and data useful in deﬁmg partition coefficients for phenanthrehe and includes the

Koc recommended for use in the derivation of the phenanthrene SQC. Secﬁen 3 reviews aquatic

- toxicity data contained in the phenanthrene WQC document (U.S. EPA, 1986) and new data that

were used to derive thé FCV used in this document to derive the SQCT concentration. In

.‘addition, the comparative sensitivity of benthic and water column species 1s examined as the

justification for the use of the FCV for phenanthrene in the derivation of tﬁe SQC. Section 4

reviews data on the toxicity of phenanthrene in lsediments the need %or organic carbon |
normalization of phenanthrene sed1ment concentratlons and the acc,uracy of the EqP prediction
of sediment toxicity usmg Koc and an effect concentrauon in wate-r Data from Sections 2, 3
and 4 are used in Section 5 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, 1989b) and

_ National Status and Trends (N OAA 1991) data on phenanthrene’ s envuonmental occurrence in

sedments Sectlon 6 concludes w1th the criteria statement for phena.nthrene ‘The references

used 1 in this document are listed in Sectlon 7.
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SECTION 2
PARTITIONING
.-'2.1f DESCRIPTION OF THE EQUILIBRIUM PARTITIONING METHODOLOGY:

Sedrment quality cntena (SQC) are the numerical concentxatlons of mdlvrdual chemlcals

which are intended to be predrctrve of biological effects, protecuve of the presence of benthxc
.orgamsms and apphwble to the range of natural sediments from lakes, streams, estuaries and . .
‘near 'coastal marine waters. As a consequence, they can be used in nmch the seme way as water -
: qua]ity criteria (WQC); ie. the concentration of a chemical which is protective of the intended -‘
use such as aquauc llfe protectron For non-jonic organic chemicals, SQC are expressed as pg
chemical/g orgamc carbon and apply to sedlments having = 0. 2% organic carbon by dry |
weight. A bnef overview follows of the concepts which underlie the equrhbnum partitioning
(EqP) methodology for deriving SQC. The melhodology is discussed in detail in the "Technical
Bas1s for Denvmg Numerical Sediment Quality Criteria for Non-lomc Orgamc Contaminants for ,
the protectlon of Benthxc Orgamsms by Usmg Equilibrium Pamuomng (. S EPA, 1993a), .-
hereafter referred to as the SQC Technical Basis Document.

Bicavai]ability of a chemical at a particular sediment concentration often differs fmmcne |
| sediment type to another. Therefore, a method is necessary for determining a SQC based on the
bioavailable chernical fraction in a sediment. For non-ionic organic chemicals, | the
concentration—response relationshin for the biological effect of concern can most. often .be B
ccrrelated with rhe interstitiald_water (i.e., pore water) concentration (ug chemical/liter pcre

water) and not to the sediment chemical concentration (zg chemical/g sediment) (Di Toro et al.,
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1991). From a purely practical point of view, this correlation suggests that if it were possible
to measure the pore wate; cheelical 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
chemicals between the solid and liquid phases in a sediment is a neceseary component for
‘estabhshmg SQC It is for thls reason that the methodology descnbed below is called the -
equilibrium partitioning (EqP) methed | '
It is shown in the SQC Technical Basis Document (U.S. EPA, 1993:1) that the final acute
. values (FAVs) in the WQC documents are appropriate for benthic species for a wide range of
chemicals. (The data showing this for phenanthrene are presented in Section 3). Thus, a SQC |
can be estabiiehed using-the final chronic value (FCV) derived using the WQC Guidelines
(Stephan et al., 1985) as the acceptable effect concentration in pore or overlymg water (see-
Section 5), and the partition coefficient can be used to relate the pore water concentratlon to the
sediment concentration via the partitioning equation. This ecceptable concentratibn in sédiment
15 the SQC. L o |
The calculation is as follev}/s: .Let FCV (ug/L) be the acce;)table-eencenttation in .water

for the chemical of interest; then compute the SQC using the paftitien coefficient, (X;)
(A/KE, aimeed), between sediment and water: - -

‘ SQC = K,FCV ‘ e
This is the fundamental equation used to gen;taw the SQC. Its utility depequ ,upotl the _' '
existence of a methodology for quantifying the partition coefficient, K;. R S

Organic carbon appears to be the dominant sorption phase for nonionic organic chemicals
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‘in naturally occurring sedix}nents and thus controlg the bioavailahility of these,'coxhpounds in
sediments. Evidence for this can be found in numerous foxicity tests, bioaccumulation studies -
and cherhical analyses of pore water and- sediments (Di Toro et al., 1991). The evidence for
phenanthrene is discussed in this section and section 4. The organic carbon binding of a
chemiqil in sediment is a function of that chemical’s organic carbon partition coefficient XKoo

‘and the weight ,fraetion of organic carbon in the sediment (f,0). The relationship is as fo]lows:

Ky = foc Koc . (22
It follows that: . |
S_QCOC = Koc FCV . _ 2-3)

where SQCOc is the sedlment quahty criterion on a sediment orgamc carbon basis.

Koc is not usually mwsured directly (although it can be done, see section 2. 3)
. Fortunately, Koc is closely related to the octanol-water partition- coefﬁc1ent Kow) (equatlon 2-5)
which has been measured for many compounds, and can be measured very accumtely The next |

section reviews the available information on the Koy for phenanthrene.

2.2’ DETERMINATION OF Koy, FOR PHENANTHRENE: :

Several .approaches have been used to determine Kow for the derivation of SQC, as

)

" discussed in the SQC Technical Basis Document. At the U.S. EPA, Envuonmental Research o

' Laboratory at Athens GA (ERL,A) two methods were selected for measurement and two for

‘estimation of Kow- The measurement methods were shake-eentxifugaﬁon (SC), generatdr column
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(GCol) and the estimation methods were SPARC (SPARC Performs Automated Reasoning in
Chemistry; Karickhoff et al., 1989) and CLOGP (Chou and Jurs, 1979). Data were also
extracted from the literature. The SC method is a standard procedure in the Organization for
‘Economic Cooperation and Development (OECD) guirlelines for testing chemicals, theréfore it
bas regulatory preoedence.

. In the exagnination of the literature data primary references were found listing measqred :
Iog;Kow Values for phenanthrene ranging from 4.28 to 4.63 (Table 2-1). Primary references
were found in the literature for estimated log; Koy values raoging from 4.44 to 4:64 (Table 2-1).
‘ Although the range of reported values for phenanthrene is sigrﬁﬁc:mtly lowor than the range of
‘'values for some other compounds, it is relatively large, and we were not able to determine from
studying the pnmary articles that any value was more likely to be accurate than any. other

TABLE 2-1. PHENANTHRENE MEASURED AND ES'I'IMATED LOGmKOW VALUES

METHOD LOG,;Kow REFERENCE
Measured 4.28 . Haky and Young, 1984
Measured 4.46 Hansch and Fujita, 1964
Measured . 4.56 . De Bruijn et al., 1989
Measured 4.57 Karickhoff et al., 1979

, Measured ~ 4.63 Bruggeman et al., 1989
Estimated x : 4.44 : Kamlet et al., 1988
Estimated 4.45 Mabey et al., 1982
Estimated . 4.49 CLOGP* :
Bstimated 4.58 SPARC®
Estimated 4.63 Mackay et al., 1980
Estimated 4.64 1 Ya]kowsky et al., 1983

aCLOGP is an algorithm that is included in the database QSAR located at the U.S. EPA,
Environmental Research Lab., Duluth, MN (Chou and Jurs, 1979).

bSPARC is from SPARC Performs Automated Reasoning in Chemistry, (Karickhoff et al.,
1989).
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»IK(,w values for SPARC and CLOGP are also included in Table 2-1._ SPARC isa combuter o
expért system under dce_velop;xxent at ERL,A, and the Uhiversity of Georgia, at .A-thens. “The -
CLOGP algorithm is included in the database QSAR located at EPA’s Envimﬁmental Research
Laboratory (ERL,D) af Dulufh, Mipnesota. For more information on SPARC and CLQGP see
U.S. EPA (1993a). The SPARC estimated log,(Kovw value for phenanthrene is 4.58. The
CLOGP pi,-ogrq.m estimate of the log,iKow value for phenanthrene using structure activity | .
relationships 1s 4.49. We had little confidence in the available measured or estimated values-fdr
Kows thérefore the SC, GCol, SSF nhlethodswere used to provide additional data from which to
' define Ky for phenanthrene (Table 2-2). The SC method yielded a log;Kow = 4. 30 n=4),

the GCol method yielded a longQJw = 4.40 (n=4), and the SSF method ylelded a log,oKow

.- 4.54 (n=3). Companson of the results from the SC, GCol SSE and SPARC Kow determmatlon

methods for the five chemlca]s for which SQC are currently bemg developed (acenaphthene |
. dleldrm endrm ﬂuoranthene and phenanthrene) mdlcate that the SSF method provides the best

‘ estlmate of ch (U.S. EPA, 1993a) The SSF method had less vanablhty, less expenmental
| bias (Bias is defined as the mean dlfference between the best-ﬁt estlmate of Kow using all four
methods and the estimates from each method.) and was generally in the range of the SC, GCol,
and SPARC methods (U.S. EPA, 1993a). Therefore, the SSF value of 4.54_ is the value for
log,0Kow recommended for SQC derivation. This value agrees with the SPARC estimated value -
and the average of the valués | measured by tﬁhe three methods under caréfully controlled
conditions at ERL,A.-This AKow is the logarithm of the mean of three K,y measurements made

by SSF. The logs of the K,y values measured by SSF range from 4.50 to 4.57.
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TABLE 2-2. SUMMARY OF LOG,Kow VALUES FOR PHENANTHRENE MEASURED
BY THE U.S. EPA, ENVIRONMENTAL RESEARCH LABORATORY, ATHENS, GA.

SHAKE- T GENERATOR SLOW STIR
CENTRIFUGATION COLUMN FLASK
X 4.29 4.47 ~4.57
425 4.41 4.53
4.33 4.46 - 4.50
4.33 4.24
4,30° 4.40° C 4se

“« 4 Log,, of mean of measured values.

E 2.3 DERIVATION OF Koc FROM ADSORPTION STUDIES: |
' Several types of experimental measurement of the K are available. The first type
involves expenments which were' desxgned to measure the partmon coefﬁclent in parncle
suspensions. The second type of measurement is from sedlment tox1c1ty tests in wh1ch
measurements of sediment phenanthrene, sediment orgamc carbon (OC), and non-dissolved

orgamc carbon (DOC) associated phenanthrene dissolved in pore were used to compute Koc

2.3.1 Koc FROM PARTICLE SUSPENSION STUDIES:
Laboratory studies to characterize adsorption are generally conducted using partlcle‘ ‘
suspensions. ‘The high concentxatlons of solids and turbulent conditions necessary to keep the
mixture in suspension make data interpretation dl_i:ﬁcult asaresult ofa partlcle mtelactlon effect. -
This effect suppresses the partition coefficient relative to that observed for undisturbed seciiments o
(Di Toro, 1985; Mackay and Powers, 1987). -

Based on analysis of an extensive body of experimental data for a wide range of
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compound types and expenmental conditions, the partlcle interaction model (D1 Toro, 1985)
yields the following relatxonshxp for estlmatmg K;: .
KP = .

where m is the particle eoncentratlon in the suspension (kg/L), and vy = 1.4, an emplncal
constant. :

(2-4)

.In this expression.the KOC is given by:

longoc'# 0.00028 + 0.983 log,Kow ' 2-5) .

A sorption isotherm experiment that demonstrates the effect of particle suspensions was,

found in a contprehenSive literature search for partitioning information for phenanthrene (Table-
2§2) (Magee et a1 1991). The experiment showed an _observed Ky of 12.9 L/kg for a
‘ phenanthrene solution and sand with 0.11% organic carbon content. Calculated KI; using Ko
(Bquation 2-5) and foc is 21 L/kg. The difference between the observed and calculated K can
be explained by partlcle interaction effects. Particle interaction results in a lower observed
partmon coefficlent The particle interaction model (Equation 2-4) predlcts K; of 8 29 L/kg, :
which is in agreement‘thh the observed K;. Log;;K,c computed from observed K; and foc is
4.07. This value is lower than Ko from laboratory measurements due to particle interaction
| effects Th1s data is presented as an example ofsparticle interaction effects only, as 100 percent
reversibility is assumed in the absence of a desorption study and an actuel Koc can not be :
computed. | | o
| In the absence of particte effects, Koc is related to Kow via Equation 2-5. For log,;Kow

= 4.36 (ERL,A, mean measured value), this expression results in an estime.te of log,Koc =
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4.29,

TABLE 2-3. SUMMARY OF K, VALUES FOR PHENANTHRENE
DERIVED FROM LITERATURE SORPTION ISOTHERM DATA.

Observed n Solids
LogoKoc - . - (g/L) References
4.07 1 100 Magee et al., 1991

* 2.3.2 Koc FROM SEDIMENT TOXICITY TESTS:

Measurements of Koc are avaﬂable from sediment toxicity tests usmg phenanthnene
(Swartz, 1991) These tests are from three marine sediments havin ving a range of organic caxbon
contents of 0.82 to 3.6 percent (Table 4-1; Appendix B). Phenanthrene cqncentrations were |
measured in the sediment and pore waters providing the data nebessz;ry to céiculat_e the partition
-coefficient for an undisturbed bedded sediment. |

The ‘upper panel or Fxgure 2-1is a plot of the orgamc <arbon—normahzed sorptlon
isotherm for phenanthrene, where the sediment phenanthrene concentration (pg/goc) is plotted
versus pore water concentration (ug/L). The data used to make this p]lot are mcluded in
Appendix B. The line of unity slope corresponding to the log,Koc = 4. 46 derived from SSF |
is compared to the data. A probability plot of the observed experimental longoc values is -
shown in lower panel of Figure 2-1. The log,(Koc values are approximately normally dlstnbuted '
with a mean of 10g,0Koc = 4.33 and a standard error of the mean of 0.016. This value agrees

with the log, Ko of 4.46, which was comi)uted from the SSF determined phedanthrene log,cKow

2-8




Figure 2-1.
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probability plot of K, (bottom) from sediment toxicity tests conducted by Swartz
(1991). The line in the top panel represents the relationship predicted with a log
KocOf 4.46, that is CS,OC = KOC ® CD° ’
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of 4.54 using Equation 2-5.
2.4 SUMMARY OF DERIVATION OF Koc FOR PHENANTHRENE:
‘The Ko selected to calculate the sediment quality criteria for phenanthrene is based on ,‘
the regression of log,;Koc to log;;Kow (Equation 2-5), using the phenanthrene log,Kow of 4.54
recently measured by ERL,A. This approach rather than the use of the K, from the toxicity
test was adopted because the mgrgssion equation is based on the most robust data set .available
thélt spans a bn;ad range of chemiéals and particle types, thus encompassing a wide range of Kow
and fo.. The regression equation yields a log;oKoc of 4.46. This value is in agreement with the

log;cKoc of 4.33 measured in the sediment toxicity tests.
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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 (EqP) method for derivation of sediment quality criteria
(SQé) uses tixe phenanthrene Qamr quality criterion (WQC) Final Chronic Value (FCV) and
partition coefficients (Koc) to estimate the maximum concentrations of nonionic organic
_ chemicals in sediments, expressed on an organic carbon basis, that will not cause adverse effects
to benthic organisms. For this document, life etages of species classed as bentﬁic are either
,. species. that live in t]ie 'sedidxent‘ (infauna) or on the sediment sm;faee' (epibenthic) and ebtain
their food from elther the sedment or water column (U.S. EPA, 19890) In this sectlon ¢)) the |
FCV from the phenanthrene WQC document (U.S. EPA 1980) is revxsed using new aquatlc :
- .toxicity test data and ) the use of thls FCV is justified as the effects concentratlon for SQC i
derivation. o |
3.2 ACUTE TOXICITY - WATER EXPOSURES:

Fourteen standard acute toxicity tests with phenanthrene have 5een conducted on 9
ffeshﬁvater species from 8_ genera (Appendix A). Overall genus mean acute values (GMAVs).-
range from 96 to > 1,150 pg/i.. The acute values for all species tested, except for fathead
min’n_ovirs, differed by only- a factor of 5; 96 to 490 ug/L. Three tests on three benthic species =
from three genera are contained in this database (Figure 3-1; Appendix A). Benthic organism;

were similar to water column species in sensitivity to phenanthrene; GMAVs range from 126
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Figure 3-1. Genus mean acute values from water-only acute toxicity tests using freshwater

species vs. percentage rank of their sensitivity. Symbols representing benthic
species are solid, those representing water column species are open. Asterisks
indicate greater than values. J = juvenile, L = larvae, X = unspecified life
stage. ' . ) ‘ '
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to 490 ug/L. One epibenthic species was tested, the amphipod, Gammarus pseudolimnaeus
@LC50 = 126 ug/L). Infaunal species tested included the annelid, Lumbriculus variegatus -

(LC50 = >419 pg/L) and the midge, Chironomus tentans (LC50 = 490 pg/L). The Finalr

Acute Value (FAV) derived from the overall GMAVs (Stephan et al., 1985) for freshwater |
orgamsms is 59 63 pg/L (Table 3-2).
Fourteen acute tests have been conducted on 11 saltwater species from 11 genera
-(Append:x A). Overall (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 thirteen tests on benthic life-stages of nine species from nine genera (Figure -3-2;
Appendix A).A Behthic organisms were among both the most sensitive, and most resistant,
saltwater genera.-tc phenanthrene The most sensitive benthic species is the mysid, M. ysidgpsi '
bahia, with an average flow-through 96 hour LCSO of 21 9 ,ug/L based on two tests with
mwsured concentranons Other benthic species for which there are data appear less sensitive;
GMAVs range fmm 145 to 600 pg/L The FAV derived from the overall GMAVs (Stephan et
al 1985) for saltwater orgamsms is 16.61 ug/L (Table 3-2).
3. 3 CI-IRONIC TOXICITY - WATER EXPOSURES:
Chronic toxicity tests have been conducted with phenanthrene using a freshwater
" cladoceran (Daphnia magna) and rainbow trout~(Oncorhynchus gly_lg_ss) and a saltwater mysid
(Mysidopsis bshia), (Table 3-1). The D. magna and O. mykiss were tested in life-cycle o
exposures. Q. mykiss 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. D. magna exposed 21 days to a mean
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Figure 3-2. Genuis mean acute values from water-only acute toxicity tests using saltwater
species vs. percentage rank of their sensitivity. Symbols representing benthic
species are solid, those representing water column species are open. Asterisks
indicate greater than values. A = adult, J = juvenile.
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phenanthrene concentration of 163 pg/L experienced 98% reduction in reptoduction.aod 83%
reduction in survival relative to controls (Table 3-1). There was no :statisticaily significant effect :
on survival or reproduction of daphnids in phenanthrene concentrations from 46 to 57 yg/L; |
©. mykiss exposed to phenanthrene 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 percentage of abnormal and dead fry at hatch was signiﬁcantly
increased at the highest exposure (66 png/L). Sac fry were underdeveloped from hatching until
test termination and swim-up delayed in > 14 pg/L. At test termination, wet weights and
standard lengths were reduced in > 32 ug/L. Survival was reduced in > 8 ug/L.

M. bahia exposed to phenanthrene in a life-cycle toxicity test (Kuhn ‘and .Lussier, 1987)
were affected at phenanthrene concentrations similar to those affecting the 5Q mykiss (Table 3-
1). Sumval growth and reproduction were not affected in < 55 ug/L At the hlghest‘
concentration of phenanthrene (11.9 pg/L) all mysids died.

Derivation of the FCV for phenanthrene is complicated because Acute-C;hronic Ratios
(ACR) differ in the three specxes tested by a factor of almost 50 ('J[‘able 3-2) The final ACR h
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.
ACRs are 1.214 for the freshwater (D. magna) and 3.333 for the saltwater M. bahia, meeo ratio
of 2.012. The ACR of 59.29 for O. mykiss (Call et al., 1986) probably should not be used to
derive the final ACR -or chronic values for untested fishes because (1) itlis over 10 x ttte ratio .
for tested invertebtates, (2) the O. mykiss 96 hr LC50 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

3-6




7T/B sST°8 = enyea ofuoayd TRUTSA
C10°Z = OFIWY DFUOAYD-SINOY SIVIGSIISAUT
: T/61 T9°91 = enyeA @3INdY TeUT

TIGIVAITES

: © . 71/Bd gzE'9 = enTwA SFUOIYD TRUFJ
a\ma SCE°9 = INOIY AOQUIRX IOF ONTeRA D TUOIYD
T/61 %9°6Z = SNIVA DTuUOIYD TRUTI TRTITUI

N.no ¢ = OTaWY DTUOIYD-9INDY 8JvIqeIILAUT

7/61 €9°6S = enyeA eINdY TRUTS

R CEVDUEES £
) . Tueq #T00opTEAR
EEE"E 621°8 : : 0T°LT : ‘PYBAR

. .
62765 SZE°9 : o SLE . A ~ '3anoxy - soquyey
. ‘ : . vubvd vTOqaed
.«..nu..n 6€°96 S LTIT ‘uRIdd0PRID

\ qI08d5 HALUMH mmum .

orIey ‘ (71/61) entep oFuoay) . (1/61)entea .m.u....ﬁﬂ SWRN DFFTIUSTOS
oTUAYD-BINOY Ca. . o ‘dureN uownno)

* ANSYHINYNIHd d0d
SINTYA UHZONEU TUNId ANV ‘SOIIVY DINOYUHD-ZLNOY TUNId ‘SEOTVA JL0OY TUNI4d 40 NOILWAIYEd
az< SOILWY DINOMHD-SLOOY ‘SHOTVA DINOYHD ONV HINDV YHLUMLTYS GNY HIIVMHSTY4 40 AUVWANS - °Z-€ FT4YL



may be conservative based on tests with other fish species. In non-standard chronic e;xpOSUres,
sensitivities of early life-stages of largemouth bass (Micropterus gmoijdes) ancl" O. mykiss -
(Black et al., 1983; Milleman et al., 1984) were less than observed by Calll‘et al. (1986). These
chronic exposures lasted frém fertiiization to four days after hatching, abouf 7 days for bass and
27 days for trout. "Hatching and survival of O. mykiss were reduced in 38 pg/L but not in 31
pg/L; in oon@st to the effect concentrétion of 8 ug/L was observed by Call et al. (1986). The
LC50 for these tests was 40 ug/L for O, mykiss and 180 pg/L for bass (Black et al., 1983;
u‘Milleman et al.,, 1984). Because the most acutely sensitive species toj phenanthrene were
invertebrates, the FAV, 59.63 pg/L for freshwater and 16.61 ug/L for saltwater, was divided
by the invertebrate mean ACR of 2.012 to erive an initial estimate of the FCV. These initial
ECVs were 29.64 yglL for fteshwater and 8. 255 png/L for saltwater aquatlc life. The initial -
freshwater FCV was lowered to 6.325 pg/L the chmmc value from the Q mykiss ea:ly hfe-
stage test with mtergravel benthic embryomc and sac-fry life stages of this important species.
The initial saltwater FCV of 8.255 ug/L was not lowered because the. chronic sensitivities of
sa]twater fishes is not known and should not be estimated using the ACR for trout which may
not be appropnate for other fish species. The initial FCV for sa]twater aquahc 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 82129 pg/L for the M. bahia. 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 gundehnes o

reqmrement that the criterion be consistent with sound sc1ent1ﬁc evidence.
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5.4'APPLICABILITY OF THE WATER QUALITY CRITERION AS THE EFFECTS
- CONCENTRATION FOR DERIVATION OF THE PHENANTHRENE SEDIMENT
QUALITY CRITERION:

"The use of the FCV (the chronic effects-based WQC concentration) as the effects |
coneentration for calculation of the EqP-based SQC assumes that benthic (infaunal and |
epibenthic) species, taken as a group, have sensitivities similar to all benthic and water column
species tested to derive the WQC concentration. Data supporting the reasonableness of thxs
| assutn'ptionlover all chemicals for'which there are published or draft WQC documents are
presented in Di Toro et al. (1991), and the SQC Technical Basis Document (U.S. EPA, 1993a).

The conclusion of similarity ot‘ sensitivity is supported by comparisons between (1) acute values
| for the most sensitive benthic and acute values for the most sensitive water column species for |
all' chemicals; (2) acute values for all benthic species and acute values for ail specxes in the - |
wQC documents across all chemicals after standard1z1ng the LCSO values, (3) FAVs calculated
for benthic species alone and FAVs calculated for all species in the wWQC documents; and (4)
individual chemical comoaxisons of benthic species vs. all species. Only in this Iast comparison
phenanthrene—specxﬁc comparisons in sensitivity of benthic and all (benthm and water-
column) specles conducted. The following paragraphs examine the data on the similarity of
sensitivity of benthic and all species for phenanthrene.
For phenanthrene, benthic species accoutit for 3 out of 8 genera tested in freshwater, and.
10 out of 11 genera tested in saltwater (Figures 3-1, 3-2). An initial test of the difference
between the freshwater and saltwater FAVs for all species (water column and'beuthic) exposetl |
to phenanthrene was performed using the Approximate Randomization method (Noreen, 1989). "

- The Approximate Randomization method tests the significance level of a test statistic when

39




TABLE 3-3. RESULTS OF APPROXIMATE RANDOMIZATION
TEST FOR THE EQUALITY OF THE FRESHWATER AND
SALTWATER LC50 DISTRIBUTIONS FOR PHENANTHRENE
AND APPROXIMATE RANDOMIZATION TEST FOR THE
EQUALITY OF BENTHIC AND COMBINED BENTHIC

AND WATER COLUMN (WQC) LC50 DISTRIBUTIONS.

Compar-

ison ~ Habitat or Water Type* AR Statistic®  Probability®
Fresh - Fresh (8) Salt (11) 43.03 72

vs Salt o .

Benthic  Benthic (13) WQC (19) 7.35 80

vs Water '
Column +

Benthic (WQOC)

) ‘Values in parentheses are the number of LC50 values used in the comparison.
AR statistic = FAV difference between original compared groups.
‘Probability that the theoretical AR statistic. < the observed AR statistic given
that the samples came from the same population. -
compared to a distribution of s_;atistics generated from many random subsampies. The test
statistic in this case is the difference between the freshwater FAV, computed from the freshwater
(combined water column and benthic) species LC50 values, and the saltwai:er FAV, computed
from the saltwater (combined water column and benthic) species L.C50 vallues (Table 3-1). In |
thc Approximate Randomization method the fréshwater LC50 values and the saltwater LC50
valuas are combined into one data set. The data set is shuffled, then sepa.rated back so that
randomly generated “freshwater” and "saltwater” FAVs can be computed. The LC50 valueq ‘ .
are separated back such that the number of LC50 values used to calculate the sample FAVs are

the same as the number used to calculate the original FAVs. These two FAVs are subtracted
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and the difference ixsed as the sample "statistic. This 1s done many times so that the sample
statistics rriake up a distribui:ion that is reoreseniative of the population of FAV difference“s.ﬂv
(Figure 3;3). The test statistic is compared to this distribution to determine it’s level of
significance. The null hypothesis is that the L.C50 values that comprise the saltwater and
freshwater data bases are not different. If this is true, the difference between the actual
 freshwater and saltwater FAVs should be common to the majority of randomly generated FAV
differences For phenanthrene the test-staustrc falls at the 73 percentile of the generated FAV
differences. Since the probability is less than 95%, the hypothesis of no significant difference
in sens1t1v1ty for freshwater and saltwater specres is accepted (Table 3-3).

Smce freshwater and saltwater species showed similar sensmwty, a test of difference in
sensitivity for bentlnc and all (benthic and water column species combined, hereafter referred |
to as "WQC") organisms combmmg freshwater and saltwater species usmg the Approximate
Randomlzauon method ‘was performed. The test statistic in this case is the difference between
the WQC FAV, computed from the WQC LC;, values, and the benthic FAV, compli_ted from '
the benthic oréanism LCy \ralues. This is slightly different then the ﬁ&ious_ test for saltwater
and freshwater species. The difference is that saltwater and freshwater specres represent two
lseparate groups. In this test thelbenthic organisms are a subset of the WQC organisms set. In
.the' Approicimate Randomization method for this test, the number of data points coinciding with

the number of benthic organisms are selected from the WQC data set. A "benthic® FAV is

computed. The original WQC FAV and the "benthic” FAV are then used to compute the ..

difference statistic. This is done many times and the distribution that results is representative

of the population of FAV difference statistics. The test statistic is compared to this distribution )
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to determine its level of significance. The probability distribution of the computed FAV o
differences are shown in the bottom panél of Figure 3-3. The test statistic for this aﬁalysis‘ falls .
at the 80 percentile and the hypothesis of no difference in sensitivity is accepted (Table 3-3).
This analysis suggests that the FCV for phenanthrene based on data ﬁom all tested species is an

appropriate effects concentration for benthic organisms.
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SECTION 4
TOXICITY lOF PHENANTHRENE (ACTUAL AND PREDICTED):
‘ SEDIMENT EXPOSURES :

4.1 TOXICITY OF PHENANTHRENE IN SEDIMENTS: |

| "I‘h,e toxicity ef phenanthrene spiked into sediments has been tested with two saltwater
amphxpod species. Freshwater benthic species have not been tested in pheMﬁmne#@med
‘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 concentratlonsk
reported in th1s document. Details about exposure methodology are provided because, unlike
aquatic toxi:cityv. ‘ tests,‘ sediment - ﬁesting methodologies have mnot _been standardxzed '
Generaljzatiens acress species or sediments are hmlted beeause of the limited number of
experiments. Therefore, msxghts into relauve sensmvmes of aquanc species to phenanthrene can

only be obtamed from results of water-only tests (Section 3). Data are avaﬂable fmm many

expenments usmg both field and laboraxory sediments contaminated w1th mixtures of PAHsand -

other compounds which include phenanthrene. Data from these studies have not been mcluded
here because it is not possible to determine the contribution of phenanthrene to the observed
toxicity. v
Swartz (1991) exposed the amphipods Eohaustorius estuarius and I._&ptocheirus:_ _
plumulosus to three phenanthrene-spiked sediments with total organic carbon contents (TOC)' -
ranging from 0.82 to 3.6%. Sediments were rolled (1) for two hours in phenanthrene-coated

bottles; (2) stored at 4°C for 72 hours (3) rolled for an additional two hours, and (4) then
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stored for 7 days at 4°C. In some of thes¢ experiments t{xe concentration of phénaﬂthrene was
not sufficient to cause 50%’ mortality inv any qf _the cohcentrations tested. In these cases .
additional experiments were performed with sediments frqm the same locations with similar TOC
" concentrations as were used in the original experiments, but with one or two treatments with
higher phenanthrene concentrations and the appropriate controls (Tabie 4-1). When there was
a diffefence be;weexi the control mortality in one of the original expeﬂmenﬁ and in the follow
ﬁp experiment with the corresponding sediment and species, Abbott’s correction was perfon"n'éd

on the data for each treatment separately using the appropriate control mortality. Then the data |
. for both expenments were pooled. The poohng of the data appears justified by the s1m1lanty
of the dose-response relationships in the ongmal and the follow up experiments (Appendxx B). .
The 10-day LCS__O’s fo; both species mcreased with increasing organic carbon concentra_tlon when |
the phenantixrene concentration was expre;sseci on a dry weight basis, but decreased when
conéentration was expfessed on an organic carbon basm LCSb’s norz.nalized to dry weight
differed by a factor of 3.1 (39.2 to 122 pug/g) for E. m over a 3.3-fold range of TOC and
a factor of 2‘.8. (92.4 t0 255 pug/g) for L. plumulosus over a 1.8-fold fangé of TOC. The organic
. carbon normalized LC50’s for E. m ius differed by a factor éf 1.1 (3,.8'20 to 4,050 ug/g.0)

while for L. plumulosus they differed by a factor of 1.3 (6,490 to 8,200 p.g/g;,c).
| 6Vera]1, the qeed for organic carbon n?umalization of the concentration of non-ionic

organic chemicals in sediments is presented in the SQC Technical Basis Document (U.S. EPA,

'1993a). The need for organic carbon normalization for phenanthrene i is also supported by the ..

results of spiked-sediment toxicity tests described above. Although it is 1mportant to

demonstrate that orgamc carbon normalization is necessary if SQC are to be derived using the
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EqP approach, it is fundamentally more important to demonstrate that Koc amd water only effects
concentrations can be used to predict effects concentrations for phenanthrene and other non-ionic -
organic chemicals on an organic carbon basis for a range of sediments. Evidence supporting this
prediction for phenanthrene and all other nonionic organic chemicals follows in Section 4.3.

4.2 CORRELATION BETWEEN ORGANISM RESPONSE AND PORE WATER
CONCENTRATION:

One coi:ollary of the EqP theory is that pore-water LC50’s for a gi\}en organism should
be constant across sediments of vafying organic carbon content (U.S. EPA, 1993a). Apprqpﬁate
* pore-water LCSO values are available for two benthic species (Table 42). Swartz (1991) found
10-day LC50 values based on pore-water concentrations varied by a factor of 1.1 (138 to 146
rg/l) for g m and by 'a .factor of 1.3 (306 to 387 rg/L) for I_, plumgloshs. Thls
variability is somewhat less than that shown when dry weight (factors of 3.1 and 2.8)
normalization is used to determine LC50s based on phenanthrene concentratipn in sediments, but
similar to that shown when organic carbon (factors of 1.1 and 1.3) normalization is used.

A more detailed evaluation of the degree to which the respotise of benthic organisms can |
be predicted from toxic units of substances in pore v(rater can be made utlhzmg results from
toxicity tests Lwith sediments spiked with other substances, including écenanphthene énd
phenanthrene (Swaitz, 1991), endrin (Nebeker et al., 1989; Schuytema‘et al., 1989), dielciﬁn
(Hoke 1992), fluoranthene (Swartz et al., 1990, De Witt et ai., 1992), or kepone (Adams et al,
1985) (igure 4-1; Appendix E). The data included in this analysis come from tests conducted
at EPA laboratbries or from tests which utilized designs at least as rigorous as those conducted

at the EPA laboratories. Tests with acenaphthene and phenanthrene used two saltwater
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amphipods (L. plumulosus and E.es us) and marine sediments. Tests with ﬂuoranthene used
the saltwater amphipod (R_he,pg__m_ ronius) and marine sediments. Freshwater sediments :
spiked with endrin were tested using the amphipod Hyalella azteca; while the mldge,_

 Chironomus tentans, was tested using kepone-spiked sediments. Figure 4-1 presents the

percentage mortalmes of the benthic species tested in individual treatments for each chemlcal
versus "pore water toxic umts" (PWTU s) for all sediments tested. PWTUs are the concentration
. of the chemical in pore water (ug/L) divided by the water only LC50 (ug/L). Theoretlcally,
50% mortality should occur at one interstitial water toxic unit. At concentrations below one .I
PWTU there should be less than 50% mortality, and at concentrations above one PWTU there -
‘should be greater than 50% mortality. Figure 4-1 shows that at concentrations below one
PWTU mor«ta]itjf was »generally low, and increased sharply at approxiinately one PWTU. -
Therefore, th1s comparison supports the concept that mtersntial water concentrations can be used
to pred1ct the response of an organism to a chemlcal that is not sedlment-speciﬁc Th1s pore
water normahzation was not used to derive SQC in this document because of the complexatlon
of nonionic organic chemicals with pore water DOC (Section 2) and the dxfﬁcnities of adequately -
, sainpling pore waters. |
4.3 TESTS OF THE EQUILIBRIUM PARTITIONING PREDICTION OF SEDIMENT
o TOXICITY . -
SQC derived using the equilibrium partitioning approach utilize partition coefﬁcients and . )
FCV from WQC documents to derive the SQC concentration for protection of benthic .
organisms. The partition coefficient (K,c) is used to normalize sediment concentrations ami

predict biologically available concentrations across sediment types. The data required to test the
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organic carbon normalization for phenanthrene in se&iments are avajlablle for two benthic
species. Data from tests witil watér column species were not included in th1s analysis. "I‘es'ting‘ :
of this component of SQC derivation requires three elements: (1) d water-only effect
concentration, such as a 10-day LC50 value in pg/L, (2) an identical sediment effect
concentration on an organic carbon basis, such as a 10-day LC50 value ih pg/goc, and (3) a

‘partltlon coefficient for the chem1cal Koc it L/kgoe. This section presents ev1dence that the '

observed effect concentration in sed1ments (2) can be predicted utlhzmg the water effect o

concentration (1) and the partition coefficient (3).
Predicted 10-day L.CS0 values from phenanthrene—spiked sediment with E. estuarius and
L. nmmg_gs_u_s were mlculated (Table 4-2) using the longc,c value of 4. 46 from Section 2 of
this document and the sedlment LC50’s in Swanz (1991). Ratios of actual to predicted LC50s
for phenanthrene averaged 1. 05 (range 1. 04 to-1.07) for E. gsm_lqg and 1 42 (range 1.22 to "
1. 54) for L. plumulosus. The ovemll mean for both specles was 1.22.

A more detailed evaluation of the accuracy and precision of the BqP prédiction.of the
.Iesponse of benthlc organisms can be made usmg the results. of toxmlty tests with amphlpods '
exposed to sed1ments splked with acenaphthene phenanthrene, dieldrin , endrm or fluoranthene.
The data mcluded in this analysis come from tests conducted at EPA laboratones or from tests
which utilized designs at least as rigbrous as those conducted at the EPA laboratories. Data fmm '
the kepone experiments are not inciuded because a measured Kow obtainedz using the slow-stir
flask method 1s not available. Swartz (1991) exposed the saltwater amphipods E. g_s_t_uﬂg and .' '
L. plumulosus to gcenaphthene in three marine sediments having organic carbon contents rangmg

from 0.82 to 4.2% and to phenanthrene in three marine sediments having organic carbon
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contents ranging from 0.82 to 3.6%. Swartz et al. (1990) exposed the saltwater amphipod R.
abronius to fluoranthene in three marine sediments havmg 0.18,0.31 and 0.48 % organic carbon '
Hoke and Ankley (1991) exposed the amphipod H. azteca to three dieldrin-spiked fneshwater
sediments having 1.7, 3.0 and 8.5% organic carboh, and Hoke (1992) exposed the midge C.
M to freshwater dieldrin spiked sediments having 2.0 and 1.5% organic carbon. Nebeker
et al. .(1989) and Schuytema et al. (1989) exposed H. azteca to three endrin-spiked sediments
having 3.0, 6.i and 11.2% organic carbAon.‘ Figure 4-2 j:resents the percentage mortalities.'l of
amphipods in individual treatments of each chemical versus "predicted sediment toxic units" for |
each sediment treatment. PSTUs are the concentration of the chemical in sediments (ng/goc)
" divided by the predicted LC50 (4g/goo) in sediments (the product of Koc and the 10-day water-
only LC50).. In thls normahzatlon, 50% mortahty should occur at one PSTU. At concentratlons .
below one PSTU mortality was generally low, and increased sharply at one PSTU. The means
of the LC50s for these tests .calculated on a PSTU basxs were 1.90 for acenaphthene, 1.16 for
dieldrin, 0.44 for endrm 0.80 for fluoranthene and 1.22 for phenanthrene. The mean value for
the five chemlcals is O 99. Th1s illustrates that the EqP method can account for the effects of
different sedlment properties and properly predict the effects concentratlon in sediments using

the effects concentratmn from water only exposures.
Co ]
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SECTION 5
CRITERIA DERIVATION FOR PHENANTHRENE
5.1 CRITERIA DERIVATION: |
| The Qater quality criteria (WQC) Final Chronic Value (FCV), without an averaéihg
period or lreturn frequency (See section 3), is used to calculate the sediment quality criteria
(SQC) because it is probable that the concentration of contaminants in sediments are relatively
stable over time, thus exposuf_e to sedentary benthic species should be chronic and nelativéb
constant. This is'in contrast to the situation in the water colun‘m,‘ where a rapid c@ge in
exposure and expdsufes of Timited durations can occur due to fluctuations in effluent
con.centrations dilutioﬁs in receiving waters or the fnee-swxmmmg or planktonic nature of water
column orgagisms. . For some p#rﬁcmhr uses of the SQC it may be lapprop_riate to use the areal
extent and vertical smﬁﬁcagic;n §f contamination of a sediment at a site in much the same way .
tﬁat averaging periods or mixing zones are used with WQC.

The FCV 1s the value that should protect. 95% of the tested spécies included in the
cal'cqlation of the WQC fr_om.chronic effects ofﬁthe substance. The FCV is the quotient of 'the
Final Acute Value (FAV), and the final Acute Chronic Ratio (ACR) for the substancef The
FAV is an estimate of the écute LC50 or EC50 concentration of the substance corréspoxiding to .
a cumulative probability of 0.05 for the genera from eight or more families for which acceﬁtablé:

acute tests have been conducted on the substance. The ACR is the mean ratio of acute to
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chronic toxicity for three or more species exposed to the substance that meets Mum database .
requirements. For more in;'onnation on the calculation of ACRs, FAVs‘, and FCVs see the -
National Water Quality Criteria Guidelines (Stephan et al., 1985). The FCV used in this
document differs from the FCV in fhe phenanthrene WQC document (U.S. EPA, 1980) because
it incorporates recent data not included in that document, and ‘omits some ‘data which does not

meet the data reqmrements estabhshed in the WQC Guidelines (Stephan etal., 1985).

The equilibrium partitioning (BEqP) method for calculating SQC is based on the followmg

‘pmcedure. If FECV (ug/L) is the chronic concentration -from the WQC for the chemical of

interest, then the SQC (ug/g sediment), is computed using the partition coefficient, K, (L/g

.sediment), between sediment and pore water:
. SQC =K, FCV . ‘ “ a : -1
Since organic .carbon is the predominant soxp'tion'bhase for nonic-mic organic chemiCalS
in npaturally occurring sediments, (salinity, grainsize .and oti;er sediment pammeteré have

inconsequential roles in sorption, see sections 2.1 and 4.3) the organic carbon partitidn

_ coefficient, (Koc) can be substituted for K;. Therefore, on a sediment orgame carbon basis, the

SQCoc (#g/800), is

SQCoc = Koc FCV : (5-2)
Smce (X0 is presumably independent of sedlment type for non-ionic organic chemicals, so also
is SQCOC Table 5-1 contains the calculation of the phenanthrene SQC.

~ The organic carbon normahzed SQC is applicable to sediments thh an organic carbon .

fraction of foc = 0.2%. For sediments with f,c < 0.2%, organic carbqn normalization and

SQC may not apply.




TABLE 5-1. SEDIMENT QUALITY CRITERIA FOR PHENANTHRENE

Typeof . LogiKow  LogiKoe  FCV SQCoc
Water Body (L/kg) L/kg) - (pg/L) © (ng/goc)
Fresh Water ~ 4.54 4.46 6.32 180°
Salt Water 4.54 4.46 8.26 240"

© 28QCoc = (10** L/kgoo)*(10° kgoo/200)*(6.32 774 phenanthreneIL) 180 ug
‘phenanthrene/g.;,c '

*SQCoc = (10** L/kgoc)*(10°® kgoc/20c)*(8.26 pg phenanthrene/L) = 240 pug
phenanthrene/gqc :

Since organic carbon is the factor controlling the bioavailability of nonionic organic

compounds in sedxments SQC have been developed on an organic carbon basxs, noton a dry s

welght ba31s When the chemlcal concentrations in sediments are repoxted as dry welght
concentration and organic carbon data are available, it is best to convert the sedlment
concentration to pg chemical/gram organic carbon. These concentrations can then be directly
coxﬁpared to .the SQC value. This facilitates comparisons ‘betWeen the SQC and -field -.
concentrations relative to identification of hot spots and the degree to ‘which sediment |
concenu'atlons do or do not exceed SQC values. The conversion from dry weight to organic
carbon normalized concentration can be done usjng the following formula:
| pg Chemical/goe = pug Chemical/gpiywr <+ (% TOC <+ 100)
| = pg Chemical/gppy wr ® 100 + % TOC
For example, \a freshwater sediment with a concentration of 6.00 ug chemical/gDRY-wf
and 0.5% TOC has an organic cgrbon—normalized concentxation of 1,200 pg/goc (6.00 pg/ orywr

® 100 + 0.5 = 1,200 ug/goc) which exceeds the SQC of 180 ug/g,.. Amnother freshwater
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sediment with the same concentration of phenanthrene (6.00 wg/gomy wr) but a TOC
concentration of 5.0% wquléi have an organic carbon normalized concentration of 120 ﬁg'/goc. ‘
(6.00 pg/gprywr ® 100 + 5.0 = 120 pg/god), which is below the SQC foi' phenanthrene.
- In situations where TOC values for particular sediments are not a&ailable, a range of
TOC values may be used in a "worst case" or "best case" analysis. In th1s case, the organic
mcarbon-nonnahzed SQC values (SQCOC) may be "converted" to dry wexght-normahzed SQC '
values (SQCpry wr)- This "conversmn must be done for each level of TOC of interest:
SQCorvwr = SQCoc(1g/goc) ® (% TOC + 100).
where SQCpgy wr is the dry weight normalized SQC value. - For example, the SQC value for
freshwater sed:ments thh 1% organic carbon is 1.8 pg/g |
SQCDRYWT = 180 pg/goc ® 1% TOC + 100 = 1.8 Fg/gmwwr

This method is used in the analys1s of the STORET data in section 5.4.

5.2 UNCERTAINTY ANALYSIS: . , '
| Some of the uncertainty m the calculatiphtof the phenanfhreneSQC can be estimated from .
the degree to which the BqP model, which is the basis for the cﬁt?eria," can rationalize the
available sed1ment toxicity data. The EqP model asserts that (1) the bloavaﬂablhty of nonionic
orgamc chemicals from sedlments is equal on an organic carbon basis, and (2) that the effects '
concentration in sediment (ug/g,o) can be estimated from the product of the effeg:ts concentration
from water on}y exposures (ug/L) and the partition coefficient Ko (I./kg). The uncerfaint; o
associated with the SQC can be obtained from a quantitative estimate of the degres to which the

available data support these assertions.




~ The data used in the uncertainty analysis-are from the water-only and sediment toxicity tests
that have heen conducted to hllfill minimum database requirements for the development of SQC B
(see Section 4.3 and Technical Basis Decument, US EPA, 1993a). These freshwater and
saltwater tests span a range of chemicals and organisms; they include both water-only and
sedixhent 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
uncertamty (i.e. the variance) associated with varying the exposure media and that assocmted
with experimental error. If the EqP 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 analysxs are illustrated in Figure 4-2. 'I'he data for
phenanthrene are summarized in Appendix B. LC50s for sedlment and water-only tests were
computed from these data. The EqP model can be used to normahze the data in order to put
it on a common basis, - The LC50s from water-only exposures (ILC50y; ug/L) are related to the
organic earben-nermalized LCSOs from sediment exposures (LCSOSOC, pg/ggcj v1a the

partitioning equation:
LCSOS,OC = Kochsow (5'3) ’ :

' The EqP model asserts that the toxicity of sediments expressed on an organic carbon basis equals

the toxicity in water tests multiplied by the Koc. Therefore, both LC50; o and KOCOLCSO;,‘

are estimates of the true LC50,c for each chemical-organism pair. -In this analysis, the




uncertainty of Ko is not tre’eated separately. Any error associated with Koc 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 v#ﬁaﬁons is tequlred
As discussed ab?ve, experiments that seek to validate equation 5-3 are subje@:; to various mu@s
of random variations. A number of chemicals and organisms have been testc;d. Each chemical -
JOrganism pair was tested in wate;—only‘exposures‘ and in different sediments. Let o represent
the random variation due to this source. Also, each experiment is replicated. Let € repre.sént '
the random variation due to this source. If the model weré perfect, there woul& be no random
‘ variations other than that due to experimental error “thich is reflected in the ;eplimﬁons. Hence
o represents the uncertainty due to the approximations inherent in the modél aﬁd € represents
the experimental error. Let () and (o¢)? be the variances of these random variables. Let i
index a specific chemiéal—organism pair. Let j index the éxposql:e media'l;. wa{te'rfoﬁly, or th'e.'
individual sediments. Let k index the replication of the experi;ntent. Then the équation that
describes this relationship:

In(LC50;5) = p; + o5 + €55 ‘ O '(5".")
where lh(LCSO); x> are either ln(LC50w) or In(LC50s0c) corres_éondin‘g to a wéter-o'nly or
sediment exposure; y; are the population of In(LC50) for chemicgl.-orga’nisin pair i. The error
structure is assumed to be lognormal which ﬁcorresponds to assuming that the erfors are
pmportional to the means, e.g. 20%, lither than absolut_:e quaritities, e:g. 1 pg/goc. The
statistical problem is to estimate g;, (0,)?%, and (o¢)?. ﬁe maximum hkehlhood method 'is used .

to make these estimates (U.S. EPA, 1993a). 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
(1g/goc)
Exposure media . o, 0.39
Replication e 0.21
Sediment Quality Criteria Osoc* 0.39

"Osoc = 04

_ The Iast line of 'I‘able 5-2 is the uncextmnty associated with the SQC i.e., the vanance associated
with the exposure medla vanabmty
| The confidence lm_nts for the SQC are co_m'puted using this estimate of t;ncertainty for SQC.
For the 95% conﬁdence interval limits, the significance level is 1.96 for normally distributed
errors. |
chcé:
In(SQCoc)upper = ﬁ(SQCoa + 1.96050c ’ o -5
In(SQCodower = IN(SQCy0) - "1.960‘3Qc (5-6) |
The confidence limits are given in Table 5-3. o
The organic carbon normalized SQC is applicable to sediments with an orgamc carbon
fractlon of f,o = 0.2%. For sediments with foc < 0.2%, organic carbon normalization and) '

SQC do not apply.



5.3

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

Sediment Quality Criteria
95% Confidence Limits (ug/go0).
Type of - 8QCoc
Water Body 1e/8oc Lower Upper
" Fresh Water 180 85 390
Salt Water 240 110 510

COMPARISON OF PHENANTHRENE SQC AND UNCERTAINTY
CONCENTRATIONS TO SEDIMENT CONCENTRATIONS THAT ARE TOXIC OR
PREDICTED TO BE CHRONICALLY ACCEPTABLE.

Insight into the magnitude of protection afforded to benthic species by SQC

concentrationis and 95% confidence intervals can be determined from effect ¢oncehﬁaﬁons from

toxicity tests with benthic species exposed to sediments spiked with phemx@mne and sediment

concentrations predicted to be chronically safe to organisms testted in water-only exﬁosures

(Figure 5-1). This is because, effect concentrations in sediments can bé predicted from water- ]

" only toxicity data and Ko values (See Section 4). Chronically accgptablé concentrations are

extrapolated from genus mean acute values (GMAV) from water-only, 96-hour lethality tests

using acute-chronic ratios (ACR). Therefore, it may be reasonable to combine these two

predictive procedures to estimate for phenénthrene, chronically acceptable sediment

concentrations (i’redicted Genus Mean Chronic Value, PGMCV) from GMAVs (Appendix A), '

ACRs (Table 3-2) and the Ko (Table 5-1):

PGMCV = (GMAV + ACR)K,. - -7)

In Figures 5-1 and 5-2, each PGMCY for fishes, arthropods or other invertebrates tested
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; Figure 5-1. Comparison between SQC concentrations and 95% confidence intervals, effect
concentrations from benthic organisms exposed to phenanthrene-spiked sediments
and sediment concentrations predicted to be chronically safe in fresh water
sediments. Concentrations predicted to be chronically safe (Predicted Genus
Mean Chronic Values, PGMCYV) are derived from the Genus Mean Acute Values
(GMAV) from water-only 96-hour lethality tests, Acute Chronic Ratios (ACR) -
and K¢ values. PGMCV = (GMAV + ACR)K,.. Symbols for PGMCVs are
A for arthropods, O for fishes and [J for other invertebrates. Solid symbols are
benthic genera; open symbols water column genera. Arrows indicate greater than
values. Error bars around sediment LC50 values indicate observed range of
LC50s.
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PREDICTED GENUS MEAN CHRONIC VALUE (1g/goc)
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PERCENTAGE RANK OF SALTWATER GENERA

Comparison between SQC concentrations and 95% confidence intervals, effect
concentrations from benthic organisms exposed to pht..nanthrene-splked sediments
and sediment concentrations predicted to be chronically safe in salt water
sediments. Concentrations predicted to be chronically safe (Predicted Genus -
Mean Chronic Values, PGMCV) are derived from the Genus Mean Acute Values
(GMAV) from water-only 96-hour letha.hty tests, Acute Chronic Ratios (ACR)
and K, values. PGMCV = (GMAV < ACR)K,c. Symbols for PGMCVs are
A for arthropods, O for fishes and [J for other invertebrates. Solid symbols are
benthic genera; open symbols water column genera. Arrows indicate greater than
values. Error bars around sediment LC50 values indicate observed range of
LC50s.
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m water is plotted agamst the percentage rank of its sens1t1v1ty Results from toxwrty tests with
benthic orgamsms exposed to sediments spiked with phenanthrene (Table 4—l) are placed in the- B
PGMCV rank appropriate to the test-specific effect concentration. (For example, the 10-day |
LC50 for E. estuarius (3,929 ug/goc) is placed between the PGMCV of 3,514 1g/goc for the
snail,l Nassarius, and the PGMCV of 6,155 18/goc for the minnow, erinodont) Therefore,
LC50 .or other effect concentrations are intermingled in this figure with concentrations predicted
to be chronically safe. Care should be taken by the reader in interprefing these data with
dissimilar endpoints. The following discussion of SQC, organism sensitivities and PGMCVs is
not intended to provide accurate predictions of the responses of taxa or communities of benthic
organisxhs relative to specific concentratiohs of phenanthrene in sedirnents in the ﬁeld. Itis,
however, intehded to .gilide scientists and managers through the Ycomplex.ity of available data |
relative to potential risks to benthic taxa posed hy sediments contaminated with phenanthrene.
The freshwater SQC for phenanthrene (180 ug/ goc) is less, tha.n ahy of the PGMCVs for
freshwater genera. In fact, PGMCVs for all 19 freshwater genera are greater than the upper -
95% confidence mterval of the SQC (390 ug/goc). For phenanthrene the PGMCVs range over |
an order of magmtude from the most sensitive to the most tolerant genus. Chronic effect
concentratlons may, however, occur at cone\entratrons below saturation. A sediment
V-lcohcentre;ﬁon 20 times the SQC would include the PGMCVs of one-half of the 12 benthic genera
tested including stoneflies, rhayﬂies, isopods and catfish. Tolerant benthic genera euch as the
’anlphipod Gammarus. and the crayfish Orconectes might be expected to not be chronically -

1mpacted in sediments with phenanthrene concentrations 1000X the SQC. This large margm.

of safety between’ all PGMCVs and the SQC results from the need to lower the FCV to protect




intergravel dwelling embryos and sac fry of rainbow trout, quorhynchu __u Benthic ‘
orgamsms in hab1tat where salmomds early life stages are absent may be over protected by this
criterion unless species with similar sensitivities are resident at the site. .
The saltwater SQC for phenanthrene (240 ug/goc) is less than any of the 11 PGMCVs

for saltwater genera. Only the PGMCV for the mysid shrimp Mysidopsi bahia (314 p.g/goc) .

lS lower than the upper 95% confidence interval for the SQC. For phenanthrene, PGMCVs
from the most sensmve to the most tolerant saltwater genus range over an order of magmtude

A sediment concentration 11 times the SQC would include the PGMCVs of one-half of the 10
benthic genera tested including four arthropod genera and one polychaete genus. Other genera
' of benthic polychaetes and fishes are less sensitive and might not be expected to be chronically
impacted in sediments with phenanthrene concentrations 2(lX the SQC. Data fro.m lethality tests
with two saltwater amphipods, Bohaustorius ‘ estuarius and Lmt_g_chem le_m_r_x_Lo__s_u_s, substantiate
this projection; the 10 day LCS50s from three tests with each species range from 16 to 17 times

the SQC for E. estuarius and from 27 to 34 times the SQC for L. plumulosus (see Section 4).

5.4 COMPARISON OF PHENANTHRENE SQC TO STORET AND NATIONAL STATUS
AND TRENDS DATA FOR SEDIMENT PHENANTHRENE:

A STORET (U.S. EPA, 1989b) data retrieval was performed to obtain a preliminary
assessment of the concentrations of phenanthrene in the sediments of the'nation’s water bodles
Log probability plots of phenanthrene concentrations on a dry weight bas1s in sedlments are.
shown in Figure 5-3. " Phenanthrene is found at varying concentrations in sedlments from rivers,
lakes and near coastal water bodies in the United States. Median conceptranons are generally

about 0.1 pg/g in each of the three water bodies. There is significant variability with
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Probability distribution of concentrations of phenanthrene in sediments from

streams, lakes and estuaries in the United States from 1986 to 1990, from the:

STORET (U.S. EPA, 1989b) database, compared to the phenanthrene SQC values,
of 18 ug/g in freshwater sediments having TOC = 10% and 1.8 pg/g in
freshwater sediments having TOC = 1% and compared to SQC values for
saltwater sediments of 24 ug/g when TOC =10% and 2.4 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%. :
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phenanthrene concentrations in sediments ranging over seven orders of maghitude within the

’y

country. . .

The SQC for phenanthrene can be compared to existing concentrations of phenanthrene
in sediments of natural water systenis in the United States as contained in the STORET database
(U.S. EPA, 1989b). These data are generally reported on a dry weight basxs, rather than ah
organic carbon normalized basis. Therefore, SQC values corresponding to sediment orgamc
carbon levels of 1 to 10% are compared to phenanthrene’s distribution in sediments as examples

‘only. For fresh water sediments, SQC values are 1.8 ug/g dry weight in sediments having 1%

organic carbon and 18 ug/g dry weight in sediments having 10% organic carbon; for marine

sediments SQC are 2.4 pg/g dry weight and 24 pg/g dry weight, mspecﬁvely. Figure 5-3 |
presents the. comparisons of these SQC to probability distribuiione of observed eediment
phenanthrene levels fer streams anci lakes (fresh wetei' sys&ms, shown éﬁ the upper panels) and
estuaries (marine systems, lower panel). For streams (n = 584) the SQC of 1.8 uglg dry weight
for 1% organic carbon fresh water sediments is exceeded for*4% of the dani and the SQC of 18
uglg dry weight for fresh water sediments havmg 10% TOC is exceeded by less than 2% of the

data For lakes (n = 50) neither the SQC for 1% organic carbon ﬂresh water sediments nor the

SQC for fresh water sediments with 10% organig carbon are exceeded by the post 1986 samples.

S.imilarly, in estuaries, the data (n = 87) indicate that neither the criteria of 2.4 ug/g dry weight
for salt water sediments having 1% organic carbon nor the criteria of 24 pg/g dry weight for |
salt water sediments having _10% organic carbon are exceeded by the post 1986 sﬁmpleé.

The phenanthrene distribution in Figure 5-3 includes data from some samples in

which the phenanthrene.concentration was below the detection limit. These data are indicated




‘on the plot as "'less than" symbols (<), and plotted at the reported detection hmltsBecause
these values represent upper bounds and not measured; vallles the percentage of samples in which ,
the SQC values are actually sxceeded may be less than the percentage reported.

| A second database deyeloped as parf of the National Status and Trends Program (N OAA,-
1991) is also a\'railable for assessing contaminant levels in mariné sedirhents that are

represéntative of areas away from sources of contamination. The probability distribution for

these data, which can be directly expressed on an organic carbon basis, is compared to the . -

saltwater SQC for phenanthrene (240 ug/g.o) on Figure 5-4. Data presented are from sediments ‘
with 0.20 to 31.9 percent organic carbon. The median organic carbon normalized phenanthrene

boncentration (about 5.0 ug/g,o) is a factor of 32 below the SQC of 240 ug/g,.. Less than 1%

of these samples (n = 900) excwded the criteria. Hence, these results are cons1stent with the .

precedmg companson of the marine SQC to STORET data.
Regional differences in phenanthrene concenttatlons may affect the above conclusions

concerning expected cntena exceedences. This analysis also does not consider other factors

such as the type of samples collected (i.e., whether samples were from surficlal grab samples .

or vertical core pmﬁles), or the relatlve 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 SQC.
5.5 LIMITATIONS TO THE APPLICABILITY OF SEDIMENT QUALITY CRITERIA:
Rarely, if ever, are contaminants found alone in naturally occurring sediment.s:-
Obviously, the fact that the concentration of a particular contaminant does not exéwd' the 'SQC:

‘does not mean that other chemicals, for which there are no SQC available, are not present in
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concentrations sufﬁc1ent to cause harmful effects. Furthermore, even if SQC were available for _
all of the contammants in a parucular sediment, there might be additive or synergistic effects :
that the criteria do not address. In this sense the SQC represent "best case" criteria.
The _conceins about mixtures of contaminants are particularly important with the PAHSs,
Which almost invariably occur as complex mixtures. Some guidance on interpretations of PAH
concentratlons 1s possxble given the presence of SQC for phenanthrene and other md1v1dua1
PAHs This is because much is known about the toxicity and structure-activity relat10nsh1ps of
the so-called narcosis chemicals, a group of nonionic organic chemicals to which the PAHs |
belong. The toxicity of the narcosis chemicals is additive (Broderius and Kahl, 1985) The
tox:mty of these chemicals increases with increasing Koy (Velth et al., 1983) and their .
bloavaﬂabﬂxty in sedxments decreases asa functlon_ of its Kow. Therefore, the toxicities of many |
PAH:s in sedlments are likely to be sxmﬂar Thls explains why SQC values for fluoranthene
(fresh 620 ug/goc, salt 300 ug/god), acenaphthene (fresh 130 pglgoc, salt: 230 ug/g,0 and
phenanthrene (fresh: 180 ug/goc, salt: 240 ug/g,c) differ little and why it is theoretically
possible to develop an SQC for total PAHs. EPA is currently cohdheting research aimed at
- development of SQC for~combined PAHs. | ¥ |
It is theoretically possibie that antagonistic reactions between chemicals could reduce the
‘to'xicity :6f a given chemical such that it might not cause unacceptable effects on benthic
qréa.gisths at concentrations above the SQC when it occurs with the antagonistic chemical;v
" However, antagonism has rarely been demonstrated. What should be xhuch more cCommon are ..
instances where toxic effects oceur at concentrations below the SQC because of the additivit;r

of toxicity of many common contaminants (Alabaster and Lloyd, 1982),e.g. heavy metals and




3
2

PAHs, and instances where other toxic compounds for which no SQC ex%st occur glopg with
SQC chemicals. |
‘Care must be used in application of EqP-based SQC in disequilibrium conditions. In |
some instances site-specific SQC may be required to address this condition. EqP-based SQC
assume that nonionic organic chemicals are in equilibrium with the sediment and IW and are
a_s;ociated with sediment primarily through adsorption into sediment organic carbon. -In order
fof these assumptions to be valid'; the éhemiw.l must be dissolved in IW and partitioned mto |
sediment organic carbon. The chemical must, therefore, be associated wiﬂi the' sediment for a
‘ sufficient length of time for equilibrium to be reachgd. In sediments wher,ekparticles like cinder,
%oot, or oil droplets contain PAHs, disequilibrium exists and criteria are over‘ protective. In
liquid chemical spill situations dlsethbnum concentrations in interstitial and overlymg water
may be proportionately higher relative to sedlment concentmtlons In thls case criteria may beb
underpmtectwe. | |
In very dynamic areas, with highly erosional or depositional bedded sediments,
equilibrium may nbt be attained with contaminaiits. However, even high K.y, nonionic organic
compounds come to equilibrium in clean sédimexit in a period 6f days, weeks or months.
Equilibrium times are shorter for mixtures of two sediments each previously at equilibrium.
This is particularly relevant in tidal situations where large volumes of sediments are eroded and
deposited, yet near equilibrium conditions may predominate over large areas. Except for spills
and particulate chemical, near equilibrium is the rule and disequxilibxiu'ml;is uncommon, In o
instances where it 'is suspected tﬁat EqP does not apply for a particular sediment becauée oi;
disequilibrium discussed above, site-specific methodologieé may be appliéd (U.S. EPA, 1993b).




SECTION 6

CRITERIA STATEMENT

| The procedures described in the "Technical Basis for Deriving Numerical Sedinrertt
Quality Criteria for Nonionic Organic Contaminants for the Protection of Benthic Organisms by
. Using Equilibrium Partitioning” (U.S. EPA, 19932) indicate that benthic organisms should be
acceptably proteeted in freshvrater sediments containing < 180 pg phenantltrene/g erganic
_'carbon and saltwater sedxments contammg 240 174 phenanthrene/g organic carbon, except ¥
possibly where a locmlly 1mportant species is very sensitive or sedlment organic carbon is < |
0. 2%
, Confidence hmJts of 85 to 390 ug/goc for freshwater sedJments and 110to0 5 10 :

#g/goc for saltwater sedJments are prov1ded as an estimate of the uncertamty assoclated with the
degree to which the observed concentrauon in sediment (ug/goc), which may be toxic, can be
predicted using the organic carbon partition coefficient (Koo and the water-only effects

concentration. Confidence limits do not incorporate uncertainty associated with water quality -

criteria. An understanding of the theoretical basis of the equilibrium partitioning methodology, .

uncertajrlty, the partitioning and toxicity of phenanthrene, and sound judgement are required in* .
the regulatory use of SQC and their confidence limits. |

These concentrations represent the U.S. EPA’s best judgement at this time of the levels of
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phenanthrene in sediments that would be protective of benthic species: It 1s the philo;)'sbphy of
the Agency and the EPA Sciénce Advisory Board that the use of sediment quality criteria (sQCs) y
as stand-alone, pass-fail criteria is not recommended for all applications and should frequently
trigger additional studies at sites under investigation. The upper confidence limit should be
interpreted as a concentration above which impacts on benthic species should be expected.
Conversely, the lower confidence limit should be interpreted as a wncenﬁaﬁon below which .

ithpacts on benthic species should be unlikely.
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