Sheboygan River and Harbor
Floodplain Terrestrial Ecological Risk Assessment

November 15, 1999

Prepared for

United States Environmental Protection Agency, Region 5
77 W. Jackson Blvd.
Chicago, I 60604

Prepared by

James Chapman, Ph.D., Ecologist
USEPA Region 5




Tablé of Contents

SUMMALY . . o .o e e e e e 1
1.0 Site History and Floodplain CharaCteristics . . . . .. .. .o oo vutttt oo e eeee e 2
L1General Ste HIStOLY . . .. ..o e 2
I2Floodplain History . . . . ..o ottt e e 2
13FloodplainHabitat . .. .. ... ... .. 3
14Floodplain Soils . . . . ... oo 3
1.5Floodplain Wildlife ... ... ... ... ... 3
2.0 Ecological Risk Assessment (FRA) Introduction . . .. ...ttt 4
3.0Problem Formulation . . . ... ... .. 6
3.1 Chemicals of Concem (COC) . ...ttt e e e e 6
311PCB Structureand Names ... ..o i e 6
302PCBECOOKICILY - . . o o vttt et e e e e e e e e 7
32 Conceptuial Model . .......... SO 8
33 Assessment Endpoint . . . . . oo 10
34 Measurement Endpoint . . . . .. ... O 10
40Study Design . . ..o e 11
ALOVEIVIEW . . . oottt et e e e e e e e 11
42FeldSamples . ... ... 11
42.1 Field Sampling Objectives ... ...... ..ottt 11
422 Field Sampling Designand Rationale . . ........ ... .. ... ... ... ......... 11
4.2.3 Soil and Earthworm Tissue Chemical Analysis. . .. ........ ... ... ... ...... 13
424DataReduction . . . ...t e 13
425 TCDD Toxic Equivalents (TEQ) . . .. ... ..o 14
A3Modeling . .. ..o R 16
4.3.1 Robin Dietary Composition and IngestionRate . . ... ........ ... ... ... .. ... 16
4.3.2 Prey Contaminant ConcentrationModel ... c........ ... ... ... ... ... ... 17
4.3.3 Robin Contammant Dose Model .. ...... ... ... . ... . ... ... 19
4.3.4 Robin Egg Contaminant Concentration Model and Diet-to-Egg Biomagnification Factor
BME) .. 20
4.4 Characterization of Ecological Effects . ........ ... ... . . 22
44.1 Ingestion Toxicity Reference Values(TRVs) .. ... ... .. .. ... ... .. ... 2
4411 Total PCB Ingesion TRV . ... ... . o 22
4412PCBTEQIngestion TRV ... .. ... ... 24
4413 DioxinIngestion TRV . . ... ... ... ... . 24
442 Egg Toxicity Reference Values(TRVs) ....... ... ... .. ... ... ... ...... 25
4421 Toal PCBEgg TRV . .. ... 25
4422 Congener 126 Egg TRV ... ... . 25

4423 Congener 77Egg TRV ... o 25



ii

4424 Congener 1I0SEgg TRV . . ... ... o 26

4425Dioxin Egg TRV . ... o 26

443 Hazard Quotients (HQs) and Hazard Indices (HIs) . ....................... 27

4.5 Ecologically Protective Soil Preliminary Remedial Goals PRGs) . ... .................. 27

45.1 Total PCB-based Soil PRGs and Soil-to-Earthworm Bioaccumulation Factor (BAF) . 27

452 Congener-specific Sol PRGsand BAF ............. ... ... .. ... ...... 28

46 Area Use Adjustment to PRGS . . ... ..o i e 29

461 RobinForagingRange .. ........ ... .. ... 29

4.6.2 PCB Distribution Pattern in Targeted Sheboygan River Floodplain Soils. . .. ... ... 30

463 AreaUse Adjusted PRGS ... ..ot e 31

4.6.3.1 Nestling-stage Foraging Area PRG ... ......................... 31

4.6.3.2 Fledgling-stage Foraging AreaPRG ........................... 31

5.0 Characterization of EXPOSUIE . . ... . ... it e 31
5.1 Quality Assurance ReVieW . . .. .. ... e .. 31

52 Floodplain Soils . .. ... e 32
SIEathworms . .. ... e 33
540therInvertebrates .. ... ... .. e 35
55RobinIngestion DOSe . ... o 35

5O RODIN EGES ..o e e 36

6.0 Risk Characterization . . . . . ...\ttt t et ittt e e 36
6.1 RobinIngestion Dose .. ... .ot e 36
62RobINEggs ... ... e 37

63 Risk Summary . ... ... e 37

6.4 Ecologically Protective Soil Preliminary Remedial Goals PRGs) . .. ................... 38

6.5 Area Use Adjusted SOl PRGs . ... ..o 39

6.5.1 Nestling-stage Foraging AreaPRGs ........ ... ... ... ... ... ... ...... 40

6.5.2 Fledgling-stage Foraging AreaPRG . ......... ... ... ... ... ... ... ... .... 41

6.6 PRG Summary and DISCUSSION . . . . . o« ottt et e 41

6.7 Feasibility Study (FS) Surface-weighted Average Concentration (SWAC) ................ 42
TOUNCEIAINLY . .+« . ot et ettt e e e e e e e e e e et e e e e e e 45
7.1 Overestimate Risk . .. ... ..o o 45

72 Underestimate Risk . .. ... 46

7.3 Unknown Effect on Risk Estimate ... ......... .. .. ... ... . ... .. .. ... . ...... 47

8O Literature Cited . . . .. ...t 47
List Of FIgUIES . . oo iil
List of Tables ....... P iii
List of Appendices . ... ... v

List of Acronyms and Abbreviations .. .. ... .. v




List of Figures
1.RobinPCBExposure Model . . .. ... o 19
List of Tables
1. Earthworm and Soil Sample Locations, 11/3-597 ... ... .. 12
2. World Health Organization Toxic Equivalency Factors forBirds ... ............ ... ... ....... 16
3. PCB Diet-to-Egg Biomagnification Factors (BMF) . .. ... .. D 21
4. Composition of Selected PCB Congeners in Targeted Floodplain Soil Samples . ................... 33
5. Concentrations of Selected PCB Congeners in Targeted Floodplain Soil Samples . . ................. 33
6. Composition of Selected PCB Congeners in Targeted Floodplain Earthworm Samples ... ............ 34
7. Concentrations of Selected PCB Congeners in Targeted Floodplain Earthworm Samples . . . ......... .. 35
8. Summary of Rounded Hazard Quotients (HQs) for Central Tendency (Mean) Exposure Scenarios to Robins in
- Targeted On-Site Floodplain Segments . . . . ......... ... .. ... e 38
9. Summary of Rounded Hazard Quotients (HQs) for 95 Percent Upper Confidence Level (95%UCL) Exposure
Scenarios to Robins in Targeted On-Site Floodplain Segments . .......................... 38
10. Ecologically Protective Soil Preliminary Remedial Goals PRGS) . . . ... n. .. 39
11. Mean Horizontal Distribution of PCBs in Targeted Floodplain Soils, 1992 . . . .................... 40
12. Targeted Floodplain Soil Surface-weighted Average Concentration (SWAC) as Reported inthe FS . . . . . . 42
13. Number of Potential Robin Foraging Areas (Assumed to be Non-overlapping) in Targeted SWAC Areas as
Reportedinthe FS ... ..o 43

14. Number of Potential Nestling-stage Robin Foraging Areas (Assumed to be Non-overlapping) Potentially at Risk
 in Targeted SWAC Areas Under Selected Remedial Options . . ... ....................... 44



iv

List of Appendices

A. 1997 Floodplain Soil and Earthworm Sample Location Maps
A.1. On-site Locations
A.2. Reference Location

B. Terrestrial Vermivorous and Insectivorous Receptors Potentially Present in Sheboygan County
B.1. Terrestrial Vermivores |
B.2. Terrestrial Insectivores (Excluding Birds or Invertebrates). |

C. 1997 Analytical Data in Targeted Floodplain Segments
C.1. Soil ‘
C.2. Earthwomm
C.3. Toxic Equivalents (TEQ)

D. Dose and Risk Estimates in Targeted Floodplain Segments
D.1. Ingestion
D2 Egg

E. Soil Preliminary Remedial Goals (PRGs)

F. 1992 Contaminant Distribution in Targeted Floodplain Segments
F.1. Horizontal Distribution of Soil PCB Concentrations in Targeted Floodplain Segments, Normal Scale
F.2. Horizontal Distribution of Soil PCB Concentrations within 200 ft of Nearest River Bank in Targeted
Floodplain Segments, Logarithmic Scale

G. Field Sampling Procedures

H. Quality Assurance Review Summary
H.1. Chemical Analyses of Soil Samples
H.2. Chemical Analyses of Earthworm Samples
H.3. Chemical Analyses of Soil and Earthworm Samples




v

List of Acronyms and Abbreviations

95%UCL - 95™ percent upper confidence level
a - animal '
| AERA - aquatic ecological risk assessment
| AHH - aryl hydrocarbon hydroxylase enzyme
} ~ AhR - aryl hydrocarbon receptor
| Am - alluvial land
| An - wet alluvial land
} ARNT - AhR nuclear translocator
| ASRI - altemative specific remedial investigation
BAF - bicaccumulation factor
Be - Bellevue silt loarn soil
Bf - Bellevue fine sandy loam soil
BMF - biomagnification factor
BSAF - biota-soil accumulation factor
bw - bodyweight
BZ# - Ballschmiter and Zell PCB congener number
C - concentration
~ Cl - chlorine
COC - chemical of concem
CR - concentration ratio for PCBs in soft- or hard-bodied invertebrates compared to that in earthworms
CYP1A1 - gene that controls the pmducuon of one of the P450 enzymes
d-day
D-dose
DL - detection limit
DNA - deoxyribose nucleic acid
dw - dry weight
E - analytical data exceeded calibration range and therefore required dilution
EPC - ecologically protective concentration
ERA - ecological risk assessment
EROD - 7-ethoxyresorufin-o-deethylase enzyme
ew - earthworms
fd - fraction of robin diet
~ ff'- fraction of robin foraging area
FPL - floodplain left
FPR - floodplain right
fr - fruit
FS - feasibility study
FSP - field sampling plan
ft - foot
fw - fresh weight (same as wet wexght)




vi

g - gram

GC/MS - gas chromatography/mass spectrometry

GR - glucocorticoid receptor

hi - hard-bodied invertebrates (beetles)

HI - hazard index (sum of HQs)

HQ - hazard quotient

HSP - heat shock protein

i - individual PCB congener

ip. - interperitoneal

IR - ingestion rate

[UPAC - Intemational Union of Pure and Applied Chemistry

kg - kilogram

L - detected concentration less than minimum specified level

LOAEC - lowest observed adverse effect concentration

LOAEL - lowest observed adverse effect level

m - meter

Ma - made land

mc - moisture content

mg - milligram

MS/MSD - matrix spike/matrix spike duplicate

NOAA - National Oceanic and Atmospheric Administration

NOAEC - no observed adverse effect concentration

NOAEL - no observed adverse effect level .

o,p’-DDD - ortho, para-dichlorodiphenyldichloroethane, or 1,1-dichloro-2~o-chlorophenyl), 2-p-
chlorophenyl)ethane

o,p’-DDE - ortho, para-dichlorodiphenyldichloroethylene, or 1,1-dichloro-2<(o-chlorophenyl), 2-(p-
chlorophenyljethylene

p,p-DDD - para, para-dichlorodiphenyldichloroethane, or 1,1-dichloro-2,2-bis(p-chlorophenyl)ethane

P450 - an enzyme system that catalyzes oxidative reactions

PB-PK - physiologically-based pharmacokinetic

PB-TK - physiologically-based toxicokinetic

PCB - polychlorinated biphenyl

PCB-TEQ - TCDD (dioxin) toxic equivalent of a mixture of PCB congeners

pg - picogram

pH - measure of acidity

ppb - parts per billion

ppm - parts per million

PRG - preliminary remedial goal

QA/QC - quality assurance/quality control

QSAR - quantitative structure-activity relationship

R - rejected data

REFL - reference location

RI - remedial investigation

RPD - relative percent difference




1.3 Floodplain Habitat

Only the approximately two-mile section of the floodplain sampled for the TERA is described because this includes
the majority of the sections with soil PCB levels above 10 ppm (Appendix A.1). The river is bordered on both
sides by strips of deciduous trees and shrubs for approximately the first one-half river mile downstream from the
confluence of the Onion River. Grassy fields (some mowed or grazed) are beyond the wooded riparian corridors.
The river loops clockwise for the next three-quarters of a mile around three sides of a mostly deciduous woods
(approximately 35 acres), which is on the right side of the river facing downstream. On the left bank, the vegetation
changes from a riparian wooded comidor with grassy fields for about one-quarter mile, to mixed trees and shrubs for
one-quarter, to grassy fields for another quarter mile. The river then makes a counter-clockwise loop with steep
slopes on the left side (outside bank) and scrub-shrub on the right (inside bank). Deciduous woods are on the  right
bankandgtassyﬁeldsontheleﬁatRlverBendDanLﬂ]cﬁnﬂmtﬂoodplmnsamphnglocauonforﬁleERA,almost
2 miles downstream from the Onion River confluence.

1.4 Floodplain Soils

Floodplain soil descriptions are based on the Soil Survey for Sheboygan County (USDA 1978). Most of the
floodplain sections with elevated PCB levels occur on Bellevue silt loam (map symbol Be) or Bellevue fine sandy
loam (Bf). Both are nearly level (0 - 2 % slopes), well drained and moderately well drained alluvial (deposited by
running water) soils. Both are subject to flooding and streambank erosion. The soils are commonly 2 - 3 ft deep.
For Be, the surface (A) horizon is a dark brown silt loam about 10 in deep, over a reddish brown silty clay loam
subsoil (B) horizon. Be has moderate permeability and neutral pH (6.6 - 7.3). Bf differs in having a greater
proportion of sand - dark grayish brown fine sandy loam surface horizon, over a dark brown fine sandy loam
subsurface. Bf has moderately rapid permeability, greater than that of Be because of the increased sand, and mildly
alkaline pH (74 - 84). The native vegetation on these soils was dominated by elm, basswood and maple.

A few floodplain sections with elevated PCB levels occur on Alluvial land (Am), characterized by layered loamy,
sandy, and sometimes gravelly flood deposits. The soils are usually long and narrow, nearly level (0 - 2 % slopes),
well drained to moderately well drained. Permeability varies depending on the nature of the deposits. The reference
location for the TERA is on wet Alluvial land (An), which is poorly to very poorly drained. Other than drainage,
An is similar to Am. .

Other soils along the upper Sheboygan River downstream of the Tecumseh facility include Rough Broken land .
(Ry) on steep slopes (20 - 45 %), and Made land (Ma) comprised of fill (Roch&ster Park). PCBs at or above 10
ppm have not been reported for these soils.

1.5 Floodplain Wildlife

The terrestrial wildlife present along most of the upper Sheboygan River would be species adapted to mixed open,
shrub, and wooded habitats that are tolerant of human disturbance. Species dependent on forested habitat may be
present in the approximately 35-acre wooded “peninsula” formed by a clockwise loop of the river. This forested
area 1s less disturbed by humans because it is surrounded by the river on three sides with no easily fordable
approaches, and is backed by a steep slope on the fourth side with controlled access.
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Birds that include earthworms in their diets (vermivores) are of particular concer, since this is the probable pathway
of greatest exposure to floodplain PCBs (Appendix B.1). Vermivorous robins and eastem bluebirds are present
along the Sheboygan River in open and mixed habitats. Ovenbirds, another vermivorous species, nest in forested
habitats. Ring-billed gulls also include worms in a highly varied diet, and forage far inland. Many species of birds
feed on terrestrial invertebrates (beetles and other insects, spiders, etc.), such as brown thrashers, wrens, killdeer
(especially beetles), young wood duck, blue jays, northem flickers (especially ants), common grackles (also steal
food from robins), and spotted sandpipers (Bellrose 1976; Johnsgard 1981; Ehrdich, et al. 1988; Kaufian 1996).
These species could be exposed to soil PCBs through their prey (although probably not as much exposure as
vermivores), but also may opportunistically include earthworms in their diets when readily available.

Two highly vermivorous bird species, woodcock and snipe, are not likely to be abundant along the upper
Sheboygan River because of habitat limitations, although some have been recorded in near-by surveys.

Vemivorous species other than birds that have been recorded in Sheboygan County include short-tailed shrew, star-
nosed mole, skunk, raccoon, opossum, fox, five species of salamanders, American toad, two species of frogs, four
species of snakes, as well as ants, ground and rove beetles, and centipedes (Appendix B.1). Species recorded in

~ Sheboygan County that feed on terrestrial invertebrates, but not usually worms, include six frog, two shrew, and four
rodent species (Appendix B.2).

2.0 Ecological Risk Assessment (ERA) Introduction

Thereaxetvmmamgoalsofanecologmlnskass&ssment(ERA) 1) to determine whether harmful effects are likely
~ for wild animals or plants, and 2) if there is risk, to calculate a protective remedial goal that would reduce the risk to
wild animals or plants. Only wildlife is considered, domesticated animals or plants are excluded from ERA. The
process for performing an ERA is described in the Superfund guidance for ecological risk assessment (USEPA
1997). The main steps of an ERA are outlined below.

An initial step of an ERA is to decide which components of an ecosystem (the sum of the living organisms and
physical factors in a particular area) should be protected, that is, which species should be the focus of the ERA. This
is different from human health risk assessments in which the species is predetermined (human). The decisions of
what to protect and how to measure it are made in the Problem Formulation step of the ERA.

Problem formulation begins with development of a conceptual model, which is a representation of how the
particular contaminants at a site are expected to behave in the environment. The conceptual model is based on fate
(e.g., does a contaminant break down in the environment or is it persistent?) and transport (how does a contaminant
move through the environment and in which compartments does it reside?). The conceptual model is used to
narrow attention to the animals and/or plants likely to be exposed to the contaminants at the site. In risk
assessment language, the species that may be exposed to contaminants are called “receptors”. The contaminants are
called “stressors”. Stressors may also be physical factors (e.g,, temperature, water supply, light levels, storms,
erosion, floods, fire, etc.) or biological factors (other species that compete with, prey on, parasitize, or cause disease
in the receptor species).

It is not possible to evaluate every species that is potentially at risk at a site. In the Great Lakes region there are some
75 species of amphibians and reptiles, 80 species of mammals. over 200 species of breeding birds (and a nearly
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equal number of nonbreeding and accidental species), a couple of hundred species of fish, several thousand species
of terrestrial plants, at least 20,000 species of insects, and so forth. The purpose of the problem formulation is to
focus attention on a few species or groups of species that are appropriate for answering the question of whether an
ecological risk exists at the site. '

Different terms are used to refer to what should be protected (assessment endpoint) and what will be studied
(measurement endpoint). Assessment endpoints are explicit expressions of the environmental value that is to be
protected, that is, a short explanation of why anyone should be concemed about potential ecological impacts at a site.
Measurement endpoints are measurable ecological characteristics that are related to the assessment endpoints, and
may include measures of effects (caused by a stressor) and/or measures of exposure (to a stressor). Inoﬁlerwords,
what will actually be investigated to determine the level of risk.

Assessment and measurement endpoints may be one and the same, or different but related to each other. For
example, fish production could be an assessment endpoint. A possible measurement endpoint would be to perform
a field study of fish productivity at the site (measurement and assessment endpoints are the same). Another
approach would be to measure the impact of contaminants on benthic invertebrates (measurement endpoint), which
are related to fish productivity (assessment endpoint) because benthic invertebrates (the insects and other small
creatures that live on the bottoms of streams and other bodies of water) form the base of the food chain that supports
freshwater fish populations. Inthlswse,eﬂ‘ectsonbent}ncmveﬂcbtatmateaswssedforﬂerRA,bmmemsonfor
doing so is concemn over potential impacts on fish. ,

An individual measurement endpoint is often described in terms of a single species, but it should be kept in mind
that the measurement endpoint represents a larger group of species that would be expected to be exposed to
contaminants in a similar fashion. For example, robin reproductive effects may be selected as a measurement
endpoint for a site with contaminants that are known to bioaccumulate in earthworms. The resulting risk _
determinations should not be interpreted solely in terms of robins, but should also be considered indications of
possible risks to other species at the site that include worms or other terrestrial invertebrates in their diets
(Appendices B.1 and B.2). Ifﬂnmmnemmtendpommatnsk,ﬂnenmeoﬁxerspemsmpmentedmﬁerthe
assessment endpoint are also potentially at risk.

The next steps are Chalactenmnon of Ecological Effects and Characterization of Exposure.

In Characterization of Ecological Effects, the potential adverse effects of the contaminants are described. The
information is taken from literature of field and laboratory studies performed for the particular contaminant, and, if
available, from investigations of ecological impacts at the site. An important part of this section is to calculate the
dose that is associated with adverse effects, that is, how much of a contaminant must be absorbed to cause an
adverse effect (or what level of environmental exposure is associated with adverse effects)?

ChaxactenzaﬂonofEmosmesmnmanz&swhatlsmownoftheextentofcomammuonatthemte and the
- measured or estimated uptake of the contaminants by the ecologlcal receptors.

The next step is Characterization of Risk in which the amount of exposure of the ecological receptors to the
contaminants is compared with the dose associated with adverse effects to determine whether the contamination at
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the site presents a potentially significant risk. If risk is indicated for the site, back-calculations are performed to
determine ecologically protective cleanup goals, such that exposures would be reduced below levels of concem.

An Uncertainty secﬁonbﬁmhﬁedmﬁskamnmwd&ﬁbeﬁﬁmﬁainﬁmmmmmﬂwasmmﬁom
extrapolations, and limitations of lmowdedge, and the possible effects of these uncertainties on the outcome.

3.0 Problem Formulation

ThetetmuialecologiwlﬁskasmnemﬂERA)waspafomedmasm&nmmnﬁdﬁdswmuial&ologiwl
receptors associated with the contaminated floodplain soils, and to calculate ecologically-protective preliminary soil
remedial goals (PRGs).

3.1 Chemicals of Concem (COC)

The TERA focused solely on polychlorinated biphenyls (PCBs) because they were previously identified as a
potential contaminant of concem in floodplain soils. Chlorinated dioxins and dibenzofirans were not included
because they were shown to make only a minor contribution (less than 10 %) to the toxicity of fish contaminant
loads in the Sheboygan River (AREA 1998). The PCBs in the upper river floodplain were deposited by floods, so
the contarninant composition of the upper floodplain soils should be similar to that of the river sediments.
Exclusion of dioxins and furans may result in a modest underestimation of floodplain contaminant risks.

3.1.1 PCB Structure and Names

The term “polychlorinated biphenyls” (PCBs) refer to a class of chemicals comprised of two six-carbon rings
(phenyls) attached together by a single carbon-carbon bond with various numbers of chlorine (Cl) atoms attached to
the outside of the rings. There are 209 types of PCBs differentiated by the number of Cl atoms and their positions
on the rings. The different types are referred to as “congeners”. The congeners have been numbered for
convenience, 1 through 209, according to a system described by Ballschmiter and Zell (1980). In the TERA, the
numbers are referred to as congener or BZ numbers. In the literature, they are also called [UPAC numbers, for
International Union of Pure and Applied Chemistry, or PCB numbers. The structures and numbers of the PCB
congeners are presented in Eisler and Belisle (1996). Another term used in the literature is “homolog”, which refers
to the congeners with the same number of Cl atoms that differ only in the positions of the Cl atoms on the phenyl
rings (e.g,, all 46 five~chlorine congeners are homologs).

Commercial PCBs mixtures were marketed under several names, Aroclor is best-known in the U.S.2 Aroclors are
congener mixtures designated by four numbers - the first two are usually “12" to indicate biphenyls, and the second
two give the overall percentage by weight of Cl atoms in the mixture,’ for example, Aroclor 1248 has 48 % CL
Unfortunately, Aroclor batches with the same number may differ in the specific oongener composition so long as

the overall Cl percentage remains the same.

" Other names for commercial PCB mixtures include Clophen, Phenoclor, Pyraiene. Kanechlor, and Fenclor.

¥ With the exception of Aroclor 1016, a PCB distillation product, for which 16" does not indicate CI percentage.
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A small subset of PCB congeners cause dioxin-like toxicological effects because the geometry of these congeners is
similar enough to that of dioxin so they behave similarly at the sub-cellular level. An important characteristic for
dioxin-like behavior is that the two phenyl rings orient in the same plane, referred to as planar or coplanar PCBs.
The coplanar congeners that best mimic dioxin behavior have no Cl atoms attached to the closest positions on the
~ phenyl rings to the bond holding the two rings together. This is called the ortho position, and congeners with no
ortho Cl are called non-ortho (coplanar congeners 77, 81, 126, and 169). Another class of coplanar PCBs have one
Cl in the ortho position, and are called mono-ortho (coplanar congeners 105, 114, 118, 123, 156, 157, 167, and 189)
(Van den Berg, et al. 1998). Each of the twelve non- and mono-ortho congeners listed here also possess the
remaining characteristics required for dioxin-like activity: 2 Cl in the para positions (attached to the phenyl rings
directly opposite from the point of attachment of the two rings) and 2 or more Cl in the meta positions (located
between the ortho and para positions).

3.12 PCB Ecotoxicity

Recent reviews of the ecotoxicity of PCBs include Bosveld arid Van den Berg (1994), Barron, et al. (1995), Eisler
and Belisle (1996), and Hoffiman, et al. (1996). Effects on birds are emphasized in this summary consistent with the
selected assessment and measurement endpoints (Sections 3.3 and 3.4). See Sections 4.4.1 and 4.4.2 for detailed
discussions of selected toxicological studies.

~ PCBs have been associated with a range of adverse effects in wildlife including growth, neurobehavioral, hormonal,
reproductive, embryotoxic, immunotoxic, and lethal effects. Many, but not all, adverse effects appear to be

mediated through the same mode of action as for dioxins, and are therefore attributed to the dioxin-like coplanar
congeners (Sections 3.1.1 and 4.2.5). However, non-dioxin-like congeners also may be responsible for toxic effects
through different modes of action (Fisher, et al. 1998; Johansson, et al. 1998). Certain PCBs have been shown to be
mutagenic, and to promote hepatic (liver) cancers in rodents, but cancers in wildlife have not been correlated with
environmental PCB exposures.

Orne of the most sensitive adverse effects in birds related to PCB exposure is reproductive. Reduced reproductive
suocess results from increases in embryo mortality (reduced hatchability), deformities, and chick mortality; hatching
delays; and growth rate reductions. These effects may occur at PCB doses below the levels causing overt parental
toxicity, however, sublethal neurobehavioral effects (parental inattentiveness) has been shown to contribute to the
reduced reproductive success in addition to the direct effects on embryos and chicks. Common extemal deformities
- include beak, leg, toe and neck abnormalities. Intemal effects include increased liver weight and abnormmalities in
thyroid, bursa of Fabricius (an organ in birds that functions similar to the thymus), and pituitary weights. Growth
rates of chicks may also be depressed. Although PCBs may affect eggshell thickness at very high doses, this effect
usually does not play a role in impaired reproductive performance because the embryo and chick adverse effects
occur at much lower doses. Edema (excessive accumulation of fluids) in embryos results in embryo or chick
mortality, but there are questions whether this effect is caused by PCBs or by other environmental contaminants.
PCBs have also been associated with impaired immune functions, endocrine (hormonal) disruptions, altered
vitamin A regulation, and behavioral effects.

There are significant differences in PCB sensitivities between species. Of the bird species tested, chickens are the
most sensitive, followed by pheasantsturkey, ducks, and gulls, in descending order.
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PCBs are deposited in the floodplain during flood events. The possible environmental fates of soil PCBs are:
e

1) adsorption to soil organic matter, usually measured as total organic carbon (TOC), and other soil fractions

2) absorption by soil invertebrates through demmal and/or ingestion pathways

3) uptake by plant roots through adsorption to root surface and/or absorption into root tissue; and uptake by
mushrooms ‘

4) “incidental” soil ingestion by terrestrial vertebrates (inadvertent or intentional soil ingestion)

5) volatilization

6) leaching

7) erosion

8) degradation

9) formation of tightly-bound soil residues (not extractable with standard techniques)

Fates 1 and 2 are expected to predominate. Fate 3 is unlikely to be significant because soil PCBs are poorly taken
up by plant roots (Pur, et al. 1997), but information on mushroom uptake of PCBs was not located. Fate 4 may be
a significant exposure pathway, but is unlikely to appreciably reduce soil PCB levels. Fates 5 - 7 act to decrease
local soil concentrations by redistributing PCBs to other environmental compartments and localities. They are
significant for evaluating floodplain soils as potential sources of contaminants to other media and locations, but, over
the past decades, these processes have not reduced the floodplain soil PCBs to acceptable levels.

Fate 8 represents a true decrease in PCB levels in the environment. Aerobic degradation appears to be limited to the
lower-chlorinated PCB congeners, which are not associated with the main toxic effects of PCBs. Anaerobic
(without oxygen) degradation preferentially targets many of the higher-chlorinated congeners (Unterman 1996), but
sustained anaerobic conditions are unlikely to occur in surficial floodplain deposits, except for brief periods during
flood events. In a study of bioremediation of soil PCBs at a racetrack in upstate New York, “There was no
evidence of any PCB biodegradation in the soil samples from an adjacent control plot” (Unterman 1996), that is,
natural rates of degradation of soil PCBs were too slow to be measured over the 4-month duration of the study.

Fate 9 is often overlooked. Over time, a portion of PCBs becomes tightly bound within the soil such that it is not
extractable by standard analytical techniques. Possible mechanism include binding within cavities of organic
molecules or within soil micropores (Alcock, et al. 1996). Although the tightly-bound fractions appear to have been
“lost”, their presence may be demonstrated by pretreating soil samples with acids (to disrupt organic molecules), or
by crushing soil samples (to break down soil micropores). The long-term fate and availability of these fractions are
poorly known.

Most investigations of biodegradation of PCBs have been short-term studies that did not distinguish between true
degradation and other losses. Some research indicates that volatilization may be mainly responsible for most of the
apparent degradation of soil PCBs (Alcock, et al. 1996). A long-term field study (>20 yr) of PCBs in sludge-
amended soils (silt-loam with 2 % total organic carbon) showed half-lives of soil PCBs for all forms of loss ranging
from 6.5 to 8.5 years on two plots, and 2 to 5.5 years on a third plot (Alcock, et al. 1996). These correspond to
projected times for 99 % loss of soil PCBs of 43 to 56 years for the first two plots, and 13 to 37 years for the third.
However, the loss was slower for higher chlorinated (and generally more toxic) congeners than for lower
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chlorinated congeners. For example, the percentage of total PCBs contributed by the dioxin-like PCB congeners 77
and 118 approximately doubled over the two decades of the study.*

Terrestrial biota may be exposed to soil PCBs through the following pathways:

1) direct ingestion of soil (usually referred to as incidental soil ingestion in the case of vertebrate species)

2) indirect ingestion through feeding on soil invertebrates including worms (vermivory) and insects (insectivory)

3) dermal absorption, especially in soil invertebrates and in burrowing (fossonial) vertebrate species

4) indirect ingestion by predators feeding on vermivores/insectivores (potential prey for this pathway includes toads,
salamanders, frogs, shrews, moles, or vermivorous birds, and their eggs)

5) adsorptiorvabsorption of volatilized PCBs by above-ground plant tissues

6) indirect ingestion through feeding on plant tissues (herbivory) or mushrooms (fungivory)

7) absorption of volatilized PCBs through equilibrium partitioning between air, blood, and body fat compartments.

Pathways 1 - 3 are the primary exposure routes for soil invertebrates (worms, insects, spiders, centipedes, millipedes,
etc.). Pathway 2 is the primary pathway for vertebrates (mammals and birds) because PCBs are lipophilic (fat-
loving) and persistent, which mean they bioaccumulate through food-chain exposures. Pathways 1 and 3 also
contribute to terrestrial vertebrate exposure, but less so than pathway 2 because of the associated bioaccumulation.
However, pathway 1 may be significant in animals that eat soil for mineral nutrition, but do not have large
foodchain exposures, for example, evening grosbeaks (Ehrlich, et al. 1988; see also Jones and Hanson 1985).
Predators may be exposed through feeding on PCB-~contaminated prey or their eggs (pathway 4). Some
opportunists that feed on earthworms (pathway 2) may be additionally exposed by feeding on eggs (cophagy) laid
by vermivorous birds (pathway 4) (e.g., raccoon, skunk, opossum).

Although pathway 5 is the primary route of exposure to terrestrial plants (Schwarz and Jones 1997), and therefore is
the main route of exposure to herbivores (pathway 6, along with pathway 1) (Fries 1995), the exposures are usually
much less than those occurring through pathway 2. For example, DDT accumulation (DDT bioaccumulation is
similar to that of PCBs) has been shown to be as much as an order of magnitude greater in shrews
(vermivores/insectivores) than in voles and mice (herbivores) (Talmage and Walton 1991). A potential pathway of
unknown importance is mushroom uptake. Mushrooms were shown to be the main route of exposure for
accumulation of radioactive cesium from the Chemobyl accident in the milk of grazing animals in Norway (Hove,
etal. 1990). Information on bioaccumulation of PCBs by mushrooms was not located.

Pathway 7 is a postulated global equilibrium among PCBs in water, atmosphere, blood, and body fat (Duursma and
Camoll 1996). The basis of this hypothesis is an exchange of inhaled and circulatory system PCBs, and exchange of
PCBs between the circulatory system and body fats (equation 1).

PCBS sediments or soil © PCBS surface water or pore water = PCBS atmosphere = PCBS blood © PCBS fat [1]

* Congener 77 was co-eluted with congener 110. The soil PCB concentrations were low even at the on-set of the study 02t
0.4 ppm following sludge application in 1972, which declined to 0.02 to 0.05 ppm by 1990 (Alcock. et al. 1996).
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If correct, this pathway may account for most or part of the “background” PCB levels in wildlife and humans
throughout the world, but is not relevant to the present risk assessment which is concerned with the additional risks
associated with foodchain and other local exposures above and beyond the globally distributed exposures. A
possible exception may be inhalation exposure in burrowing animals in highly contaminated soils, however, even in
this situation dermal and foodchain pathways are probably more significant, especially since the source of soil
contamination is flood deposition which means that contaminants should be surficial (not distributed through the full
depth of a burrow).

3.3 Assessment Endpoint

The assessment endpoint for the TERA is reproductive performance in temestrial vermivorous and insectivorous
species (feed on earthworms and insects, respectively). The endpoint selection was based on fate and transport of
PCBs, bioaccumulation potential, and likely ecotoxicological effects.

3.4 Measurement Endpoint

. The measurement endpoint is modeled reproductive performance in robins. Robins feed predominantly on insects,
earthworms and other invertebrates during the breeding and nesting season, and therefore should be representative

of a variety of birds that have similar diets (Section 1.5 and Appendix B.1). Woodcock would be expected to show
greater risk than robins since they feed almost exclusively on earthworms (earthworms accumulate higher levels of
PCB:s from soil compared with most insects). However, USEPA and WDNR biologists agreed that the habitats
along the floodplain sections with elevated soil PCBs are not favorable for woodcock or snipe. Robins were
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