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FOREWORD

The Exposure Assessment Group (EAG) of EPA's Offfce of Research angd
fevelopment has three main functions: 1) to conduct exposure assessments; 2)
to review assessments and related documents; and 3) to develop guidelines for
Agency exposure assessments. The activities under each of these functfons are
supported by and respand to the needs of the various EPA program offices, In
relatfon to the third function, EAG sponsors projects atmed at developing or
reftning techntques used 1n exposure assesmments, and at applying these techniques
to develop hedlth-based advisory levels for contaminmant clegnup., This document
{s one of these projects and was done for the Office of Solid Waste and Emergency
Response.

Polychlorinated biphenyls (PCBs), commercially known as Aroclors, consist
of mixtures of chlorinated biphenyl compounds. Many sites contaminated by PCBs
remain contaminated because of PC8 persistence in the environment. Although
commercial PC8 production has been banned by the Toxic Substances Control Act,
continued use in previously existing commarcial equipment can result in spills
which require cleenup. EPA has become increasingly involved fn the discovery,
assessment, and cleanup of these sites,

The purpose of this document is to provide advisory levels for PCB cleanup,
and to describe the detatled technical and scientific rationale end methods
used 1n developing these advisory levels for PCBs in contaminated soil, This
project required development of exposure and risk assesment methodology related
to hazardous waste and spill sites, and analyses of health effects data, The

advisory levels and the assessment methodology thus developed will help EPA set

¥il
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priorities in PCB spill and cleanup management, and address other PCB contaminant

problems,

Michael Callahan, Dfrector
Exposure Assessment Group
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PREFACE

The Exposure Assessment Group of the Offfce of Health and Environmental
Assessment (OHEA) has prepared this development doCument for advisory
levels for polychlorinated biphenyls (PCBs) cleanup at the request of the
Orfice of Emergency and Remedial Response. This document summarizes the
procedures concerning multimedfa exposure assessments for PCB-contaminated
sftes, and literature information on chemical and physical properties angd health
effects pertinent to evaluation of exposures to PCBs. The purpose of thisg
document 1s to Serve as a technical and scientific basis for developing health-
based advisory levels for PCBS in soil at spill or cleanup sites. The ifterature

search sypporting this document 1S cyrrent to May 1986.

% NONS - 224385



o

ABSTRACT

This document presents background {nformation used in developing advisory
levels of PCBs in soll estimated to be permissible {n protecting public health,
The results of exposure assessment and health effects studies are combined to
arrive at the permissible levels of PCBs. Health effects studies conducted
using animals for the curation of 10-30 days are used to determine the 10-day
advisory levels for PCB cleanup. The long-term advisory levels are based on
the carcinogenic risk evaluations.

Exoosure pathways considered in estimating the 10-day and long-term average
daily tintakes incluce soil ingestion, inhalation, dermal contact, ingestion
of contaminated food, and ingestion of water, Exposure to ¢rinking water cone
taminants 1s presumed to occur yndependently of other pathways, becayse water
could come from a cledn public water systam, The exposure pithways most pere
tinent to the evaluation of permissible PCB levels in sotl are soil ingestion,
vaper inhalation, and contaminant contact with human skin,

The currently available modeling techniques considered most appropriate
within the constraints of availability of input data are used to estimate
exposures. PCHs advisory levels are presented as ranges of values to reflect
the difference in soil-air partition coefficients depending on soil type,
differant types of commarcial Aroclors, and variations in the soil ingestion

rete,
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1. EXECUTIVE SUMMARY

This report has been prepared in response to & memorancdum dated April 9,
1985, from the Office of Emergency and Remedia] Response (0ERR), requesting
that the Office of Health and Environmental Assessment (OMEA) develop advi-
sory Tevels for polychlorinated biphenyls (PCBs) which can be used as guide-
lines for initiating removal action for sites contaminated with PCBs. [nter-
ested offices within EPA, including OERR, have advised OHEA that these advisory
levels for PCBs cleanup should be developed based on considerations of public
health protection from short-term and long-term exposures, The advisories
presented in this report include permissible levels of PCBs in soi! correspond-
ing to 10-day and lifetime acceptable intakes,

Exposure routes considerad 1n developing these advisory levels include
drinking water, ingestion of PCB-contaminated soil by children and adults, and
inhalation of ambient afr contaminated with PCBs. Other exposurs routes, such
as dermal exposure, food intake, and ingastion of fish which have bioaccumula-
ted PCBs, are considered in relation to thetr tmportance and their relevance to
the present document. In view of the high bioaccumulation factor for PCBs, the
consideration of biocaccumulation is important tn setting PCB levels in surface
water in which aquatic animals live, If one of these routes is & controlling
factor in relation to the exposure route or human intake contidered, the advi-
sories need to be reeviluited.

Commarctal ~grade PCOs marketed 4s Aroclors 1n the United States are mix-
tures of many chlorinated biphenyl compounds in various proportions. Each
PCB compound may exhibit 1ts own toxicelogical eharactertistics and physical and
chemical properties. This fact complicates the exposure andlysis 1n deriving

the allowable concentrations in drinking water and soil, It is conceivable

1-1
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that chemical and physical properties reported tn the 11terature for eacn Arg-
clor designatton represent an average proparty for the mixture. To defing the
vartability of safe levels for contamination by gifferent Arocior designations,
exposure analyses have been performed for several Aroclors: Aroclor 1242,
1248, 1284, and 1260. The steps used in developing the advisories include: (1)
the evaluation of toxicological effect studies, (2) exposure analysis for PCB
tntake from drinking water, soil ingestion, air inhalation, and dermal contact,
and (3} risk assessment combining the toxicology studies and exposure analysis,

Ten-day noncancer health advisories are based on the short-term acceptable
intake (Al) derived from studies of animals trested with Aroclor-1254 for no
more than 30 days to examine noncarcinogenic effects. This Al value, which
forms the basis for establisning permissible levels of PCBs in sofl, 1s 0.1 and
0.7 mg/day for & 10-kg child and & 70-kg adult, respectively. Ths permissidle
PCB concentrations for each carcinogenic risk level are based on the potency
factor of & (ng/kg-dly)‘l rounded off from two independent evaluations based on
an Aroclor-1260 study.

1t 13 likely that not all of the PCBs ingasted or inhaled by humans are

”

"

hanz2 svoreyre chnyld he

absoroeo. Proper calculations of abscrpsicn rate
based on realistic pharmscokinetics-typa models to determine intake. Lack of
experimental data with which to estimate the parameters needed in the pharmasco-
kinetics models has prevented their applications to the analysis for PCB absorp-
tions through human exchange boundartes, Future work should consider these
models. Although most animal studies (in rats and mice) on the extent of
absorption in the gastrointestinal tract show absorption in excess of 90%,

there are two experiments on monkeys reporting less than 881 absorption in one
case and less than 131 and 401 absorption for a specific congener in another

case, based on the analysis of feces and uring. Vehicles used in administering

i-2
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PCBs ware not specified. It is 11kely that the high adsorotion charscteristics
of PCBs on soil could retard the absorption rate in the human intestinal tract.
In the risk analysis performed fn the present study, the absorption rate for
humans after ingestion of PCB-contaminated soil is considered to be 30%.

Absorption from dermal exposure his been reported to be as significant as
from other routes of exposure, but little information is available for the
quantitative evaluation of dermal absorption rates. Five percent dermal ab-
sorption is assumed for soil contaminmants in contact with human skin. The
dermal absorption rate of contaminants present on soil 1s presumed to be less
than that for contaminants spilled on skin in pure form. [nhalation studies
using PCB aerosols show that the absorption of PCBs from inhalation exposure
readily occurs. In the present analysis, an absorption factor of 50% is
assumed for absorption of PCB vapors after inhalation into human lungs,

The circumstances under which human expoture occurs are divided into three
classes depending on population distribution: {1) Exposure occurs on-site.
This can be further subdivided inte: (a) sites which are readily accessible
to children, and, hence, the 5011 from which will be tubject to ingestion, der-
mal contact, and inhalation, and (b) sites for which there 1t no possidbility of
s0il ingestion, and, nence, exposure is only through inhalation; (2) sites
which no population 1g assumed to enter within a radius of 0.) km from the
site; and (3) sites which no population 1s assumed to enter within a radius of
1 km from the site,

The sofl fhgestion rates used for Class {1){a) evaluations sre 3 and 0.6
g/day. The former 1s & value based on data from & study of an adult person
with pica, while the latter represents & Tong-term average value for sotl
ingestton., If sites are not accessible to populations at distances of 0.1

Wn or 1 km from the site, as in Classes (2) and (3) above, 1t 13 assumed that

1-3
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no ingestion of contaminated sotl occurs ana the exposure royte i1s that of
inhalation.

The emission rate of volattlized PCBs can be considerably reduced by
covering “he contaminated soil by low-porosity uncontaminated soil or clay
material, The reduction in the emission rate will result 1n & decrease in
ambient atr concentrations of PCBs by the action of blowing winds. shen PCB-
contaminated material is directly exposed to the atmosphere, the PCB levels in
soi] required to maintain the same level of exposure will be less than those
expected when the PCB-contaminated material 1 covered with low-permeadility
material of appropriste thickness. The cover would also serve as a deterrent
to soil ingestion and direct dermal contact.

The depletion of PCBs from soil caused by volatilization is accounted for
in the exposure analysis by solving a partial differentis]l equation simulating
PCB vapor diffusion through the soil air-phase pores, and the distribution of
PCBs between air and s011 phases. Boundary conditions assume that the alr.phase
resistance 1s'rclat1vuly small compared to the diffusional resistance in the
soil air-phate pores. The availablae expsrimental data reasonsbly follow the
time-amisS10N rate reidtionsnip predictes from tne moaeis oased On Lhis assump-
tion. Since the deplation rate varies over time, it is averaged over the
exposure period. Depletion averaged over a period of time should lead to a
Tesser inhalation exposure than that based on the model assuming that depletion
does not occur.

The worst-case emissions would occur when the contaminated soil 1s initial-
ly exposed to the atmosphere and the soil 1s contaminatad up to the conditions
saxhibiting saturation vapor pressure. A constant emission rate can be issumed

if the vapor-phase concentration maintains a constant value at the surfacs of
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soil contamination for time-varytng emission rates. Calculations corresponding
to Classes {1), (2), and (3) for exposure possibilities with surface contamina-
tion are repeated at an assumed 25-cm thickness of a soll cover initially free
from PCB contamination. Among many factors affecting the emission rate {in-
cluding vapor pressure, soil-air partition coefficient, Henry's Law constant,
etc.), the value of the soil-air partiticn coefficient shows the most wide-
ranging variation, because of the varistion of the experimental soll-water
partitton coefficient availatle in the literature for soll textures ranging
from 40 to 1,000 cmd/g.

The method for determining the permissible PCB levels in soll, which com-
bines the routes of soil ingestion, innhalation, and dermal exposure, has been
computerized to avold the necessity for hand calculations,

The results of these computer calculations are summarized in Tables 1 and
2, which have been prepared using diffarent combinat’ons of the following
variables;

(1) Surface contamination representing a situation where the contaminated

3011 surface has Daen left uncovered after removal sction,

'2) 25-cm (10-inch) clean cover applied, "epresenting 2 gituztisn in
which clean soi) material 15 used on top of tha contamtnated soil
surface.

(3} Two different sai) {ngestion rates (3 and 0.6 g/day) far Class
(1){a), corresponding to sites accessible ta children,

(8) Differant Al levels (short-term AI, and Als at different cancer risk
levels),

(5) Four Aroclors {Aroclor 1242, 1248, 1254, and 1260}.

{6) Two selacted values of the sofl-atir partitton coaffictent, repre-

senting the high and low values.

i=5
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TABLE 1. PERMISSTELE PCA SOTL CONTAMINATION LEVELS
(UNCOVERED SURFACE CONTAMINATION)

Permtssible levels (pg PCB/g 301)] corrsspanding te

Nencancer shori -tered

sccoptabie lmtske (pg/day)® Concer risk specific gpses (pa/day)
Location and
route of humsn 100 100 .08 0.0 a7 1,75
erpesure tor chlld  Tor adult (- risk) 08¢ rim) (105 ran)  (10-d risr)

0n the contyminetesd tite

- Soil ingestiont, -100' sio-130 0.008-9.0] 08-0.) 0.9-2 | N}
Inhalotiom®

- Seti ingastiend, 42-420 2.00-3000 0,01-0.06 0.1-0.§ -6 3-61
1ahalet lon® |

- inhglation enlyd 4-vs? v 0.0-9.2 0.1-2.0 1-20 1-4n

0.1 km frem v L, 2.0-109 -2, 22104 rIxietvs 3,.7210%-wy

contaninated tite
- Inhglation snly®

1 ks frem v " 0-1.32003  2,22108-0.0000% v "
contoninsted site

- Inhalation enly?

AShart-tarm ¥ 10=day intske,
baased on avarage weights of 10 and J0 ky or 2 child and en adult, respectively.
Chtldren agas -6, with pice {consuming )} 9 ulllhﬂ.
tidren agas |-$, witheut pica {consuniny 0.5 9 seil/day).
Slphalation rites ofe sasummd L0 be 20 o' /day Tor lh"m-tm and longur-ters MORCIRCEr eRpOIuret;
a1l sther (mere chremic) t atsulid Lo b 10 0F/dey a3 @ reselt of 102 dayi’ Qipesule per year.
franges ressit 1o s0ch case suse 1) Temr PCOs (1242, 1240, 1284, 1280) are considered, sach uith & diffarent
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(7} Exposures for 10 days after cleanup or spill of contaminants for
short-term advisories,

Table 1| shows the range of values for permissible PCH concentrations in
5011 when the 3011 13 contaminated up to the surface 1n contact with the atmo-
sphere and i3 left uncovered, Table 2 represents the case wherg the contami-
nated soil left at the site, or after remediation, 1s covered with a 25.cm
{10-inch) clean 301) layer. The ranges in both tables result from the use of
four Aroclors and the use of high and low values for the soil-air partition
coefficient. Other factors reflected in the ranges are differences in vapor
pressures and Henry's Law constants for each Aroclor, The permissible PCBs
levels in soil specific to each comoination of the scenarios are compiled in
Appendix C, as obtained from computer simylations,

The symbol "vs™ in Tables ] and 2 indicates that no upper-bound 1imit for
PCB concentrations 1n soil can be derived from the exposurs evaluition, because
the PCB concentration in sofl is above the vapor saturation concentration,
There are two reasons for such a result, First, the emission rate cannot
exceed the upper-bound value which can ba expected when the air-phase concen-
«ration of PCBS at the contaminated sofl surface is maintained at the vaoor
situration point, The concentration at the vapor saturation point corresponds
to the vapor pressure concentration. Second, when the cover 13 spplied, not
only 1s the emission rate retiarded, but also the concentration of PCBs in sof)
being ingested is controlled by the amount of PCBs adsorbed on soil in equili-
brium with the air phase being emitted., Therefore, the concentration of PCBs
in the 1nitially clean sof] material cannot exceed the concentration in equi-
l1ibrium with ssturated vapor.

In actuality, the “no upper li&it.' or the level above vapor saturation,

designated by vs, should be interpreted with great care. The assumptions used

1.4
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in the exposure evaluation are criticai. They include but are not limicaq

to: (1) no soaking ofﬂcloan cover by 1iquid PCBs for the thickness of 25 cm:
(2) no disturbance of cover material by construction activities or children
digging the ground; (3} no exposure to initial spills when 25 cm of clean cover
(Table 2) 1s assumed; (4) no population enters the area within the respective
radiys of distances from the site; and (5} the cover materia) fs at least
equivalent to soil matertal,

From a practical point of view, Assumption 1 13 tantamount to requiring
the presence of no free 11quids in the soil, which may otherwise resylt in the
phenomencn of "wicking.” Since the ranges shown 1n Tables | and 2 are cepend-
ent upon the type of Arociors ang the values of the sofl-air partition coeffici-
ent, site-specific or Aroclor-specific Information should be used to establish
an appropriate level of PCBs for that particular condition, The methodo)ogy
for performing site-specific exposure evaluations {s presented. Computer
outputs for the selacted Aroclors under the ranges and conditions of common
envirommental concern are presented in Appendix €, and can easily be used to
find the permissible concentrations in 3011 suitable to particular situations,

Table ', for example. can be interoreted as follows:

{1) wnen the site 1s anenable to access by children with possibilities of
i{ngesting the-contamtnated soil exposed to the atmosphere, &nd when exposure
occuring to the children by inhalation and dermal contact 18 accounted for, the
permissible PCO Tevels in sofl should range from 2§ to 100 ug/g and 42 to
420 yg/g for pravention of noncincer e¢ffects from 10-diy exposure for a child
with an average waight of 10 kg ingesting soil at the rates of 3 and 0.6 g/day,
respectively. Fof cancer effects, permissible levels in soil for 3 11fetime
exposure to PCBs resulting from ingestion of and dermal contact with contaainated

5011 and inhalation of contaminated air should range from 0.08 to 0.1 ug/9

1<

MONS - 224398



and 0.1 to 0,6 yg/9, corresponding to an upper-bound risk estimate of 10=% at
assumed soil {ngestion rates of 3 and 0.6 g/day, respectively. The specific
level will depend on the types of Arocior present, the likely ingestion rate,
and the extent of soil-air partitioning, For sites in which there 43 no possi-
bility of soil ingestion, PCH Tevels in sofil, based on the inhalation route
only, should range from 47 ug/g to no limit value for & 10-day exposure for a
child with an average weight of 10 kg, and correspond to no limit value for an
adult with an average weight of 70 kg, The permissible levels of PCBs 1n sof!,
based on the inhalation pathway only, range from 0.1 to 2 yg/y, corresponding
to a lifetime AL at a risk factor of 10=6. Again, the level will be dictatec
by the types of Aroclor present and the specific characteristics of tne site
invol ved.

(2) 1f there 1s no possibility of a population entering the contaminated
site within a radius of 0.1 km from the site, the PCB levels in s01] can remain
at no limit value and 90 to~2.2 x 104 ,9/9, without excesding 10-day ] and
11fetime Al at 10-6 risk, respectively.

Similar interpretations can be made for the results applicable to sites

IR LT X V.
Hiwtwme @ =

wlatian yp +o 1 m from the site, and to the carcinogenic
.risks 1isted at 10°4, 10-5 and 107,

The short-term A] levels (100 yg/g day for a child and 700 ,g/9 day for
an adult) used in this report to develop 10-day sdvisories based on noncancer
effects are derived from anims] studies, which collectively indicate that
the experimental <hreshold for adverse effects of Aroclor 1254 s at or near
a dose of 1.0 ug9/kg body waight. Using this dose as & No Observed Adverse
Effect Leval (NOAEL) and a safety factor of 100, the 10-day Al levels for non-

cancer affects described above (100 and 700 ,g/day) were computed and serve
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: Jevels for l-cay ang lifetime noncancer effects cannot be gerived at
Advisory
{ { i
his time because of the insufficiency of the available data, However, in view
this

r the
f the experimental duration, the 10-day advisories may well be used fo
]

1-day advisories.
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2. INTROQOUCTION

The purpose of this document is fourfold: (1} to provide background
fnformation comptled in the process of developing permissibie health advi-
sories for polychierinated Diphenyls (PCBs) 1n soil and drinking water, in
response to a request from the Office of Emergency and Remedial Respense, (2)
to outline the procedures used in developing the advisories, (3) te 11st per-
tinent input data necessary in carrying out the exposure analyses and in set-
ting the allowable concentration limits, and (4) to present an outline summary
of the results obtained from computer simulations of the techniques used.

The information and methods presented are intended for use in setting safe
advisory levels to protect pudblic health from short-term, longer-term, and
1ifetime exposures to PCBS released from hazardous waste facilities or from
spills at previocusly contaminated sites. Particular interests pertain to
levels of PCBs allowable 1n contaminated scil, and the potentisl of PCS migra.
tion to groundwater from PCB-contaminated or hazardous waste facilities, These
advisories are not concerned with setting PCB l1imitations 1n sediments contami-
mzting surfaze watar, chizh zan be 1 jourse of Mosccumulation of PCBS In
aquitic animals,

The analyses prasented in this report provide the basis for deriving PCB
levels allowable 1n 3011 and drinking water, which are 1ikely to be primary
sources of exposure pathways, PCB problems that may exist in rivars and esty-
aries because Of contaminated sediments are not dealt with in these analyses,
The analyses mainly address health concerns at hazardous waste sites or at
sites with contaminated soil, The primary heglth impacts considered 1nclude
adverse impacts associated with ingestion of contaminated soil, inhalation of

amdient afr, and dermal contact with the soil, Other exposure routes, such as

2=
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drinking water, food intake, and tngestion of biocaccumulated fish are consider-
ed to the extent that the pathways are relevant. PCBS that have migrated from
contaminated sites to various exposure media are evaluated for short-term and
ltfetime tmpacts to arrive at corresponding advisory level values.

The total dese of PCBs 1s obtained by summing each dose from al) major
exposure plthuly;. and 1s compared with acceptable intakes (Al) judged from the
nealth effects information available in the literature. A longer-term Al
considered most appropriate in deriving 10-day noncarcinogenic advisories 1s
used in the exposure evaluation, Advisories for protecting against carcino-
genic risks are similariy derived at various risk levels based on the potency
factor.

This report 13 not intended to address the achievability of the safe
lavels developed. Although the report contains & brief statement, taken from
the available 1iterature on analytical capability, control techmnology, and
environmantal distribution of PCBs, the data base seems insufficient to make a
generalization concerning the level of PCE cleanup achigvable 1n practice,

The Exposure Assessmant Group distributed three earlier drafts of this
:a:uﬁcnt ander the title of "Developmant of Health Advisories far Palyechlarina
ated Biphenyls (PCBs)" for internal review and cooment on Mey 9, 1985 and July
25, 1985, and ynder the title of “Development of Health Advisories for Poiy-
chlorinated Biphenyls (PCBS) Clesnup® on December 16, 1985. As a1 resylt of
the comments from the (0ffice of Drinking Water, on the December 16, 1985 draft,
the l-day advisories have been replaced by 10-day advisories becCause no data
could ba found indicating that 3,4,5,3',4' 5 -hexachlorobiphenyl, used for
development of the l-day advisories, 1s a component in cosmerical Aroclors.
This final draft reflects changes made to incorporate cosments from the 0ffice

of Toxic Substances, the Office of Emergency and Remedial Response, &nd DHEA's
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Environmental Criterid and Assessment Office.
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3. CHEMICAL COMPOSITIONS

A polychlorinates biphenyl (PCB} 1s any member in a family of organic
compounds with two of more chioring substitutions on biphenyl rings, and can

be typified by the following chemical structure:

Jas=!

The symbol, x, 1n the structural formulas represents possible positions of
chloring that can be substituted for hydrogen, which 1s one of the basic ele-
ments of aromatic hydrocarbons. Based on the possible distribution of substi-
tuted chlorine atoms on two benzene rings of biphenyl, 1t 1s calculated that
there could thecretically be 209 types (congeners) of PCBs.

Patents disclose that PCBs are prepared by the chlerinstion of bipheny!
in the presence of a catalyst. The process ylelds & complex mixture of
chlorinated biphenyl compounds. It 1s unlikely, however, that al) comoinations
of chlorinated biphenyls would be formed in the chlorination process. Although
the crude mixture 1s purified to remove reaction impurities, the resulting
proguct 1s sti11]1 a mixture of chlorinated biphenyls 1n various proportions.
Their compositions depend upon the chlorination conditions.

Commercial-grade PCBs, consisting of mixtures of different composition,
are 3old under the trade name Araclors, Impurities such as chiorinated dibenzo-
furans and chlorinated naphthalenes are known to exist in commercial PCBs. The
sole producer of Aroclors in the United States for the period 1957 to 1972 was
the Monsanto Chemical Company. Their product$s are characterized by four-digit
numbers. The first two numbers represent the type of molecule (12  biphenyi-

3=l
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based; 54 « terphenyi-blsod; 25,44 = plends of PCBs and chlorinated terphanyls;:
and the last two digits refer to the parcentage of chiorine by weight. pCB
products are also manufactured tn otner countries, including Germany, France,
Japan, and the U.5.5.R.

Table 3 11lustrates approximate compositions of individual biphenyls for
some Aroclors (U.S. EPA, 1976b). Although one might expect some 140 to 150
separate congeners in an Aroclor, the actual analysis of Arocler 1248, for
example, 1dentified less than 50 peaks in the high-resolution gas chromatograph
using & typical Aroclor 1248 sample (U.5. EPA, 1976D), No compounds which can
be formed by addition of chlorine rather than substitution were found in &
detailed study of PCBs (U.S. EPA, 1976b), It 1s suspected that the conaitions
prevailing during industrial manufacturing of PCBS do not favor the formation
of addition compounds, or that these latter compounds might Rave been destroyed
in the step used to purify the Aroclor. In constrast to the analysis shown in
Table 3, another publication reports an analysis of Aroclor 122] to contain
12.7% biphenyl, 47.1% monochlorophenyls, and 40.2% dichlorophenyls (Hutzinger
ot al,, 1974),

Major PCB components ia Toreign priducs

(L]

ss2ring the ~ames of Vanechlor
ahd Phenoclor for Japanase. and. French products, respectively, have been identi-
fied. The number of the major components separated from Kanechlor 400 is five,

and that from Phenoclor DPE 1S Seven.
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TABLE 3.

APPROXIMATE COMPCSITION OF ARQCLORS

Percent by weight for Arcclor designation

Chlorodtphanyl 1221 1242 1248 1254 1260 1016
C12M10 1 <0.1 <.l <0.1
Cy2HoC! 51 1 <0.1 1
C124C12 2 16 2 0.5 20
CyaHyCl3 ‘ 43 18 1 57
Ci2HgCle 2 28 40 21 21
CizhsCls 0.5 8 36 48 12 1
CizHaClg ND 1 4 23 38 .1
C12H3C1 7 ND <0.1 6 4 ND
Ci2M2C1g ND N NO 8 D
C12HClg N0 N N0 1 N
€12C110 ND ND ND ND

ND = non-detectable.
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4, PROOUCTION

Commercial production of PCBs from the starting material benzene was begun
in the 1320s by Swann Research, Inc,, of Annington, Alabama, which referred to
these products under the trade nime Araclor., PCBs were manufactured st that
location by Swann Research, Inc., and its successor, Monsanto Chemical Company,
until the plant was closed 1n 1971. Monsanto continued production at another
piant at Sauget, 1111nois, until 1977, The only other known manufacturer of
PCBs i3 Geneva Industries of Houston, Texas, which manufactured PCBS from 1572
through 1974.

The domestic sale of Aroclor products pedked to 33,000 metric tons in.
1970, and has declined since then due to restrictions on the use of PCBs
{Hutzinger et al,, 1974}. PCBs were available commercially as mixtures {(Aro-
clors) of 20 to 75 chlorinated biphenyls, and ware marked according to the
weight of chlorine contained in the mixtures. These commmrcial mixtures in-
cluded Aroclors 1242, 1254, 1248, 1260, 1262, 1268, 1221, 1232, and 1016, in
descending order iccording to domestic sales, In the year of pesk production,
$7L of the Aroclors produced were 'n the farm of Arpeleo= 1242 i, o2, toans)
The production 1n Japan and the annual consumption 1n Finland are estimated at
26 mi111on pounds and 0.5 million pounds per year, respectively, PCB~1016 (41X
¢chlarine) is & more recent product, and 1ts sales prevailed for the period
19721978,

PCBs may be formed as side-products 1n other manufacturing processes in-
volving the use of chlorinated benzene or diphenyl {in the reaction step. For
example, some of the trichlorobenzene used as & solvent in the manufacture of
the dry pigment phthalocyanine blue 13 converted to PCBs during the reaction,

PCBs farmed can contaminate the pigment product at concentrations from a few
.
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parts per million to as mucn as 0.1%, Similarly, dichlorobigheny) is formed
1n the manufacture of diarylide yelilow pigments as a product of side reaction
with the reactant dichlorobenzidine. The process of chiorinating water which
containg bipheny! 1n & compound used as a dye carrier in dyeing polyester
fibers can form PCBs a3 & side-reaction product which can contaminate the
water, No natural sources of PCBS have been identified,

PCBS have been imported into the United States for use 1n various applice.
tions, Oecachlorobiphenyl was imported from [taly for use as & wax filler in
the investment casting indystry unti) 1976, PCBs imported from France are used
in mining machinery cooling systems, The percentige of imported PCBs over the
tota) domastic sales for the period 1971 through 1975 1n the United States 1s
in the range of 1,6% to 2.7% (U.S. EPA, 1976b}.

1.2
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5. USES

Products containing PCBs have bDeen used in agriculture and industry for
decades. Thair use is are mainly attributable to high chemical stability and
physical properties desirable in certain applications. These properties include
nonflammadbtiity, high dielectric constant, plasticizing capabllity, and ease
of volatilization under heated conditions., Since 1930, PCBs have been exten-
sively used as dielectric fluids tn electrical transformers and capacitors,
and have also been used for a variety of other purposes, including use in heat
transfer and hydraulic systems, in the investment casting industry, and as
plasticizers and solvents in sealants and adhesives. PCBS are also used as
flame retardants in the manufacture of hard plastic products in which heat
resistance 1s desired, as a dys carrier in carbonless Copy. paper, and as a
plasticizer in paints,

Several published sources provide a comprehensive breakdown of uses for
different types of Aroclors (Hutzinger et al,, 1974; Nisbet and Sarofim, 1972;
Yersar, Inc., 1977). The most widely used Aroclors were 1242, 1248, 1254, and
1260, Aroclor 1016 was used after 1970 but in much smaller quantities than the
four types mentioned abave. A Monsanto alrtotiﬁ; bulletin on PCBs, published
in the 19560s, also described their possible use as gaskets and packing materi-
als; as vehicles 1in graphic arts; as impregnation agents; as moisture-proof
coatings; as wax substitutes; as de-dusting agents; in insecticides; 1n abra-
sives, lubricants, and cutting ofls; 1n inks; 1n mastics, and in tank coatings
(Monsanto Chemical Co,, undated). A number of other uses have been patented.

In the United States, there are 17 companies that have used PCBS in the
manufacture of askarel capacitors, and 13 companies that have used PCBS in the
manufacture of askarel transformers. According to one study, 1n 1976 approxi-

5-1
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mately 25 1nvostmnﬁt casting foundries (out of a total of 135 in the United
States) used PCB-f11led waxes fn the manufacture of metal castings (U.5. EPA,
1976a),

In 1971, because of environmental concerns, the manufacturer voluntartly
restricted the sale of PCB products for use only 1n "closed” systems, which
include electrical transformers and capacitors with 1nsulating fluids that
contain PCBs, These two applications account for all of the current use of
PCBs tn the United States. The company was on a schedule to phase out pro-
duction of all PCBs by 1979. The cessation of the production will reduce the
amount of PCBs being released into the environment, but millions of pounds of
PCBs are stil] bdeing used in electrical 1nsulation applications, The environ.
mental contamination by existing PCBs, and their environmentally safe treatment

or disposal, continue to be of concern,
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6. OISPOSAL

A material balance performed on the amount of PCBs produced, sold, and
purchased provides an estimate of the amount of PCBs lost or disposed of in
the manufacturing process., The total estimated amount reported to have been
disposed of or lost for the year 1974 ts adout 3.8 million pounds (U.S. EPA,
1976b), of which about 1,B million pounds are estimated to have been land-
disposed, and the rest to have been inCinerated.

The 1.8 million pounds of PC3s in the land-disposed wastes gensrated from
the manufacturing process amounts to only a small fraction of the total PCBs
sent to land disposal facilities. The totai land-disposed amount of PCBs for
the year 1976 is reported to have been about 12 million pounds (U.S, EPA,
1976d). The most important source of PCB waste has been Capacitors that have
failed or become Obsolete, or that are contained in obsolete equipment. O(ther
PCB wastes {nclude s0lid wastes from PCB manufacturing facilities and from
operations using PCBs in non-electrical applications.

The data base for the WET Model, prepared by SCS Engineers (Undated),
shows shat P02 f1.ddg conenindng S0% 000.12€3 cant 42 hazirdous waste *reataent,
storage, and disposal facilities (TSDF) amount to about 4,500 tons per year.
This waste competes for the capacity of TSOF regulated under Subtitle C of the
Resource Conservation and Recovery Act. Water effluents from PCB production
and first-tier use facilties are relatively small compared with the amounts
being disposed of in Tandf11ls. Severe local impacts are evident by the ais-
charge fnto rivers of these effluents. PC3s are now found in the sediments,
witer column, and biota in the rivers, A few examples of current PCB problems
inclyde the Hudson River and the New Bedford, Massachusetts, harbor, As 2
result of a strong tendency of PCBs to adsorb on sediments, and of sediment

6-i
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migration, PC8 problems are fdentified farther downstream from the discharge
points,

Twanty spills involving PCB products have been fdentified (U.S. EPA,
1976¢). These spills occurred in transformer installatfons from trucks and
ratiroad cars while they were en route to their destinations, and from leaking

drums,
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T, CHEMICAL AND PHYSICAL PROPERTIES

The chemical and physical properties of PCBs can be divided fnto two
groups: (1) those relevant to the commercial and 1ndustrial use of PCBs, and
(2) those that are needed tn exposure evaluation and hence in developing media-
specific safe level advisories for PCBs. The latter properties will be bdriefly
summarized herefn,

The widespread distribution of PCBs in the environment suggests that the
major route by which PCBS are transported from treatment, storage, and dfs-
posal facilities 1s through the atmosphere in the form of volatilized vapor
and adsorption on particulate matter, Vapor pressure is one of the important
properties affecting volatilization, The available vapor pressure data for
commercial Aroclors, a8 reported in the literature, have been compiled and
are presented in this chapter. Vapor pressure, as distinguished from parttal
pressure or truo'prQSSuro. refers to the saximym vapor-phase pressure achiev-
able under aquilibrium conditions at the soil-air interface,

Experimental data (VU.S, EPA, 1980a) suggest that PCBs are strongly ad-
sarzed on zarth materials, including sofl, PCBS adsor=ad 3n 331, &F srosent
in the sof1 mixture, will be subject to ingestion {f the contaminited sites are
accessible to children or to adults with haditual pica. The bioaccumulation
factor (in the food chain and in aquatic biota) is 21so an important physical
parameter when there is a 1{kelihood of PCB transport in water.

As pointed out previously, there ire 2 number of congeners for each of the
Aroclors. Thus, the properties listed herein for Aroclors represent averages
over the various spectes that constitute the mixtures., The observation that
environmental samples have contained more chlorobiphenyls with high chlorine
levels than fs characteristic of freshly manufactured Aroclors 13 attributadle

7-1
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in large part to the possible metabolism and volatilization of lower énIorine
specties, coupled with enhanced sorption of species with more chlorine.

The mare common types of Aroclors are shown fn Table 4. Thirteen Aroclors
were listed {n & manufacturer’'s booklet (Monsanto Chemical Co., undated).
These compounds range from oily liquids to white crystals and hard transparent
resins, and generally have similar chemical and biological characteristics.

The properties and parameters commonly needed in estimating the environ-
mantal fate and transport of a given chemical are vapor pressure, solubdility
in water, soil-water partition coefficient, and bioaccumulation factor. These
properties of PCBs, and other relevant propertiss, are shown in Table 4 (Burk-
hard et al., 1985; Mackay and Leinonen, 1975; Hutzinger et al., 1974; Monsanto
Chemical Co., undated; Wwang, 1982: U,S, EPA, 1979a). Information on addition-
al physical and chemical properties such as viscosity, softening points, and
other factors, can be found in references authored by Hutzinger et ai. (1974),
Monsanto Chemical Co. (undated) end U.5. EPA (1980a).

The vapor pressure of PCBs and their solubility 1n water are low, and
tend to decrease as the number of chlorine substitutions on the phenyl rings
tncrease. Aroclors are soluble in most aliphatic and aromatic solvents, and
are highly resistant to the action of strong alkall or acids, or high tem-
paratures. Aroclors subjected to bomb tests are reparted to have shown no
evidence of oxidation (Mutzinger et al., 1974), PCBs have been shown to adsord
relatively rapidly and strongly to various materials, including soil, wood,
plastic, and glass (Nutzinger et al., 1974),

Partition coafficients indicating a measure of partitioning under equilt-
brium conditions between PCBs at the interfaces of air-soil, atr-water, water-
sot] media are fmportant parameters in exposure analysis. Experimental data

are scarce, Data for the distribution between air and water in the form of
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TABLI 4, CHEMICAL AND PHYSICAL PROPERTIES OF PCHS
Solubilftyd Yapor HeAry's low
Moiecular Specific in water press.(muig) ¢ ::int {ata.

(o ] weight X,, oravity (mg/L) at 25°%C wtg m0))
PCB-1016

{Arochlor

1016} 257.9 24,000 0.42 axjo-4

PCB-1221 200.7 12,000 1,182 15.0 §.7x10%4
PCR1232 212.2 35,000 1.266 1,45 4,06210"

PCB.1242 266.5 380,000 1,180 0.24 4.06x104 57310740
PCB-1248 2998 1,300,000 1.+48 542102 4,9411074 3.51x10°2°
PCB 1254 3284 1,070,000 1.538 1.221072 0,03  7.71x10°% 8.37z10°3¢
PCB-1260 377.% 14,000, 000 1,620 2.7110-3 4.05110-5 7.13x10-3¢
PCh-1 262 1.646
PCa 1260 1.810

PCE-1270 1.947
PCB-2565 127
PCB-4485 1,112
PCB-5442 l.a34

PCR-5460 ' 1.740

2,2' 5.8

tatra-~

chlorg=

b1 phany) 4,6210°2

2'2..3.‘.5..

panta~

chloro-

biphenyl 2, 210°2

Hutzinger et al., 1974, Monsanto Chemical Co., undated.

¢Kay and Lainonen, 1975,

CHwang, 1982, and U.S5. EPA, 1980c,
Bloaccumulation Tactar: 31,200 L/kg.
Sot]-water partition coefficfent (U.5. EPA, 1980a): 22 - 1938 L/xy.
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Henry's Law constant and water and sotfl, exist for some selected Aroclors,
Experimental data measuring the distridution of PCBS between afr and soil are
nonexistent. Estimates of atresof! partition coeffictent can be calculated
based on Henry's law constant and sofl-water partition coefficient using one of
several empirical relatfonships. The Henry's Law constant and soil-water par-
tition coefficient, in turn, are dependent on witer soludflity and percent
organic carbon in sofl, respectively.

The Henry's Law constants shown in Table 4 are based on information in
MacKay and Leinonen (1975) for PCB-1242, PCB-1248, and PCB-1260; and tn a U.S.
EPA research report (1980c) for PCB-1254. Burkhard et al, (1985) recently
published a 11st of calculated Henry's Law constants for PCB-1242, PCB-1248,
PCB-1254, and PCB-1260, The value for PCB-1254 1s an experimental value ob- -
tained 1n the EPA laboratory in Cincinnati, Ohio, while others represent cal-
culatad values. A comparison of Henry's Law constants for PCR-1254 shows that
the values in Mackay and Leinonen {1975) and Burkhard et a1, (1985) differ by
a factor of 10, while those {n MacKay and Leinonen (197%) and the experimenta)
EPA value (1980¢) differ by a factor of 3, Since MacKay and Leinonen's value
1$ closer to the axperimental value, Henry's Law scastants for PCR.1242, 200.
1248, and PCB-1260 are taken from MacXay and Lainonan (1975).

In the absence of experimental data, the sofl-water partition coeffictent
Kq (an3 water/g s0fl), and the air-sofl partition coefficient, Kas (g soil/
emd afr) can de estimated from water solubility and percent org|ﬁ1c carbon
($0€) in sofl, using correlations presented by various researchers, Fof exam-
ple, the values for the octanol-water partition coefficient, Ko, can be used
to estimate the values for the sofl sorption coefficient based on soil organic
carpon content, Koe (ca? water/g organic carbon), and the bioconcentration fac-

tor (BCF) by the following formula:
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109 Koe = 0.548 10g Koy + 1.377  (Kenaga and Goring, 1980) (1)
log Kgc = 1.00 log Koy - 0.21 (Kartckhoff, 1979) (2)
log BCF = 0.76 log Koy - 0.23 (Vetth et al., 1980) {3)

The Kq and Kyg values then can be estimated by

¢ * %oc ‘TR0 (4)

N ()

Kas [#

where H represents Henry's Law constant. Since the common unit for K s given
tn atm m3/¢ mol, a conversion factor of 41 (=1/2.44 x 10°2) should be multiplied
in the right-hand side of Eq. (5) when the units for Kiq, H, and Ky are ¢ sotl/
cmd afr, atm m3/g mol, and cad water/g sofl, respectively. The multiplica-
tion of K,q by the concentration of PCBs in sof] will provide the concentration
of PCBs 1n the air phase above contaminated soil of interest under equilibrium
condftions, It should be ~ecalled *hat *he sfr.coil ~artisinn rgefficient.
Kag» Dis the unit of ¢ soil/cn3 alr, This is equivalent to the ratio of the
air-phase to soil-phase concentration, or (mg/cad air)/(mg/q soll). The esti-
mation of K,q requires the knowledge of Henry's Law constant and the soill-water
partition coefficient as given by Eq. (5).

A 1{sting of solubilities of each chlorinated Liphenyl is shown in Table
5 (U.S. EPA, 1976¢).

There has been much speculation as to the possible role of photochemical
reaction in the environmental decay of PCBs. The results of 2 study using

mercury vapor {UV) sources {U.S, EPA, 1976c) nave basn difficult to extriapolate
73
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to environmantal conditions because the radiation waveiengtn is not within the
spectrum of solar radfation at the surface of the earth, More recent experi-
ments have been reported using 3 l1ight source more closely approximating the
spectral distribution of sglar radiation. but the values for the photochemical
reaction constants are not avatlable,

The Monsanto Chamical Company has reported vapor pressure data only for
high-temperature conditions for Aroclors 1242, 1248, 1254, and 1260 (Monsanto
Chemical Co., undated), The temperature used in presenting the data ranges
from 150°C to 300°C. These vapor pressure values may be extrapolited to the
temperstures which are of common environmental concern, but thelir accuracies
would be doubtful.

An EPA report presents kinetic data obtained from biodegradation experi-
ments using water-soluble Aroclor 1242 (U.5. EPA, 1980a). The rate constants
are presented for biphenyl compounds with up to the three chlorine substitutions
present in Aroclor 1242, The data clearly show that meny of the chlorinated
biphenyls with four chlorine substitutions do not biodegrade after 48 hours of
degradation run, Inferring from the compositions of Aroclors 1242 and 1254 as
dfuvan im Tanle 3, 1t 415 concelvable that Aroclor 1242 may biodegrade to soma
extent because it containg 3 substantial amount of chlorinated biphenyls with
two and three chlorine substitutions., It appears that biodegradation of Aro-
clor 1254 would be insignificant or may not occur beciuse most biphenyl com=
ponents have four or more substituted chlorine atoms.

PCBs have several properties which make them toxic in the environment,

In addition, they can significantly bioaccumulate and concentrate in the fatty
tissues of all organisms. For example, the PCB concentration in resident fish
is often many times higher than that in the surrounding water, PCEs are chem-

fcally stable compounds that are able to persist in the environment for long

T-b
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TABLE 5. SOLUBILITY OF CHLOROBIPHENYLS IN WATER

Compound

Solubility mg/L (ppm}

Monochlorobiphenyls
2-

a.
4-

Dichlorabiphenyls
2.4-
2.2.-
2,4'-
4,4«

Trichiorobiphenyls
2v‘-"'
2',3,4=

Tetrachlorobiphenyls
2.2.n5|5"
2.2'.3.3:-
2-2‘0305 -

2.,2' 4,4
2.3'.424'-
2,3',4" 5.
3,3 4,4 -

Pentachlorob{phenyls
2.2'.3,‘,5"
2,2',1,5.5'-

Hexachlorobiphenyl
2.2'.‘.".5.5"

Octachlorobiphenyl
2-2'o3'3'o‘-‘.0505.'

Decachlorobiphenyl
4,4'-01chlorcdipheny)
+Tween 80 0.13
+Tween 80 1%
+Hymic acid extracet

¢.0070
0.015
5.9

>10.0
¢.07

7=1
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periods. Impurities in commercial PCBs could amplify the PCB problem because
of their similarity in chemical structure and toxicity (Monsanto Chemical Co

undated).

73
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8. ENYIRONMENTAL DISTRIBUTION

The release of PCBs into the environment through disposal on or in land,
and through effluent discharges into waterwdys, together with their high atten-
uation characteristics and long half-1ife, has resulted in detectable levels in
ambient air, soil, rivers, sediments, and in tissues of fish, wildlife, cattle,
poultry, and a large portion of the human population, Measurable amounts of
PC3s have besn found in Antarctic ice, showing that atmospheric transport
over tong distances does occur (U.S, EPA, 1975b), Monitoring shows that the
sofls in the rural and urban aress where there is no record of PCB disposal or
contamination, contain detectable amounts of PCBs (U.S. EPA, 1976c). One study
estimates that 70% of the PCB load to Lake Michigan 1s through atmospheric
transport {University of Wisconsin, 1980),

The results of soll sampling show that PCBs are more prevalent {m urban
s011 than in agricultural soil. Data indicate that PCBs are rarely detected
in agricultural soil, while urban 3011s showed PCB contaminations up to about
12 ug/9 soil, with averages ranging from 0.01 to 0.21 wug9/g (U.5. EPA, 1975¢;
Carey, undated). Sixty-three percent of the s0i]1 samples showed detectaonle PCB
levels, The most prevalent PCBs 1n $0il were Aroclor 1254, and, to a lesser
extent, Aroclor 1260,

The PCB concentrations in afr samples over Lake Michigan taken during 1977
{University of Wisconsin, 1980) were Tower than in those taken ia the urban
portion of M{lwaukee. The main components were identified as Aroclors 1242 and
1254, while the particulate~phase PCBs contained Aroclor 1250 in some instances.
The average concentration of PCBs in the air over Lake Michigan was 0.87 ng/md
(0.44 to 1.33 ng/m3), The concentrations of PCBs in the particulate samples
were similar to those in the air samples. Air samples taken in later years

-2
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from Lake Michigan showed an average concentration of 1 ng/md. These concen-
trations are lower than those reported in the ambient air in the continental
United States.

The ambient air concentrations of PCBs for urban Chicago averaged 7.7 ng/
m3, The average composition in the air sampled was BES Aroclor 1242, 13% 1254,
and 1% 1260, Th; particulate-phase PCBs had a slightly different composition
for the same Arociors, The ambient air in M1lwaukee showed an average PCB

concentration of 2.25 ng/m3,
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9. ENVIRONMENTAL FATE AND TRANSPQRT

PCBs have baen found in samples of air, water, soil, sediments, fisn,
birds, and mammals (including humans) all over the world (U.S. EPA, 1980a).
Once released into the environment, PCBs persist and collect in animal tis-
sues. Environmental problems caused by PC8s ware largely unreported unti!l
1966, when PCB contamination of fish, eagles, and humans was detected. The
best-documented incident concerning the effects of ingested PCBS on humans is
the case that occurred in Yusho, Japan, 1n 1968 (U.S5. EPA, 1980a). Several
other cases have 2130 been reported (U.S. EPA, 1980a, U.5. EPA, 1976¢),

Sediments containing PCBs have baen reported ia rivers, estuaries, and
harbors (U.5. EPA, 1981b), 1n concentrations ranging from 20 to 50,000 ug¢/3.
Leaching of PCBs could occur, although 1t will be constrained by the low solu-
111ty 1imits., Once PCBs dissolved in water emter the soil medium, 1t 1s
possible that further migration will be severely retarded tn view of the high
soll-water partition coefficients, The retardation factors calculated from
these coefficients can be used to similate the arrival time and concentration
Jecrease in groundwater, This will Se furthar axplained latar.

Despite their low vapor pressures, PCBS can volatilize into the atmo-
sphere. The migration of PCBs through air 18 considered to be one Of the basic
mechanisms by which the ubiquitous presence of PCBs occurs in nature (U,5. EPA,
1980a). The New York State Department of Environmental Conservation (NYSQEC)
analyzed sampler of PCB-contaminated air at several localities. These anaiyses
are shown in Table & (NYSDEC, 1979; U.S. EPA, 19B1b}. Concentrations of PCBs
in the ambient air as high as 300 ug/m3 were reported at the disposal site.

The average vilues ranged from 130 to 0.3 uoln3. Concentrations of suspended

particulates in the air 1n the vicinity of dump sites were alsc monitored by
9.1

MONS 224423



TABLE 6.

PCB MONITORING IN AMBIENT AIR 8Y NYSDEC

Max. PCB conce,

Average PCB conc,

Site (ug/m3d) {ug/m3)
Caputo dump 300 130
fort Miller dump 38 24
Remnant aret 10 9
Moreau site 15 5.6
Buoy 212 site 0,7 {one sample)
01d Moreau Site (Summer 1979) 0.3

9.2
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NYSOEC, using high-volume air samplers (NYSDEC, 1979; U.S, EPA, 1981b). The
geometric annual mean concentration of particulate matter was 36 to 63 ug/m3,
while the 2a-hour averages were 71 to 144 ug/m3. The amount of PCBs adsorpec
to the collected suspended particulates was not reported.

Based on mass-transfer models, MacKay and Leinonen (1975) calculated the
haif-11ves of PCBs present in solution in a water column of 1 m depth. Malf-
tives provide some indication of how fast a compound can volatilize from
solution., The half-lives for Aroclor-1242, Aroclor-1248, Aroclor-1254, and
Aroclor-1260 are reported to be 12.1 hr, 9.5 hr, 10.3 hr, and 10.2 hr, respecs
tively. Half-lives will be longer when depths are greater than 1 m, The cal-
culated half-1ives are for evaporation from a calm, liquid surface. Turdulence
provides exchange of contaminants between the surface layer and the bulk of the
water column, This exchange results in increased emission rates, thus pro-
viding sharter half-l1ives,

In addition to the importance of attenuation mechanisms when PCBS inter-
act with soi1, blodegradation 13 also suggested as a potentially important
mechanism, Biodegradation studies using pure and mixed microbial cultures,
imd +he ~sgulting metabolic changes in PCB compounds, have been summarized by
Kutzinger et al. (1974) and Hwang (1982). Photochemical degradation of PCBs
in the atmosphers 13 also of interest, since a number of pesticide compounds
have been shown to bresk down through the photochemical route, However, very
little informetion 13 available in the 1iterature to determine the extent of
PCB degradatfon in the atmosphere.

The safe disposal and treatment of PCBs discarded after their use in
electrical applications 1is a matter of great concern with regard to human
health. [ncineration techniques are frequently applied to PCB material at

elevated temperatures and high residence times. Several experimants involving

33
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pyrolysis of commercial PCBs have been reported {Buser and Rappe, 1979). The
PCBs used 1n the pyrolysis experiments included tetrachlorobiphenyl, penta-
chlorobiphenyl, hexachlorobiphenyl, haptachlorobiphenyl, and octachlorobiphe-
nyl. The analysis of the pyrolysis residues showad the presence of chlorinated
furan compounds, Howaver, the researchers concluded that the formation of
furan compounds is the result of uncontrolled burning of PCBs, and that the
emission of these compounds can be reduced by controlling the burning process,
The high-temperature combustion of PCBs, such as in the case of transform-
er fires, results in the formation of polychlorinated dibenzofurans (PCDFs) and
other toxic compounds., [n an experiment studying conditions favoring the
formation of polychlorinated dibenzodioxins (PCO0s), researchers found that the
optimum conditions for the formation of PCOFs are & tnpontuu;e of near §75°C
at & residence time of 0.8 seconds or longer, with 8% excess oxygen (Midwest
Research Institute [MRI], 1984). No conditions for tha formation of PCODs are
represented. The report states that detection of PCDOs was occasional and at

low levels,
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10. TOXICOLOGY

The advisory levels for PCB cleanup presented in this document (i.e.,
the permissible PCB s0f) contamination levels) are hea!th-based values. These
advisories are derived through calculations which first estimate human risk-
spacific {(cancer end p;1nt) or acceptable intake (Al) {noncancer end point)
Jevels, and then determine the exposure rates which will effect these intake
levels, Risk-specific doses are derived for the cancer end point, and a 10-day
Al Tave! 1s derived for an spproximate 10- to 30-day exposure considering only
noncancer effects, A detailed assessment of the available cancer and noncancer
health effects data for PCBs 1s presented 1n Appendix D. Only a brief overview
and major 1ssues will be presented hers.

The determination of risk-specific intake levels 13 accomplished through
a mathematical process which makes use of a cancer potency factor and a
reflected rigk level or levals to estimate the intake level that would cor-
respond to such risk levels, Cancer potency factors for PCBs have been
determined through an axhaustive analysis of animal studies. VYalues have been
CAICUIaTRO VY URD \CFA, i30UL) U ve <.3% (mgikg-dly}'l ng Dy ST3 (cFA, 13350)
to be 1.57 {mg/kgeday)=l. An average of these values, or 4,0 (mg/kg-day)-!
is used 1n the calculations presented in this document, A discussion of the
data and methods usad to estimate cancer potency factors for PCBs 13 included
in Appendix D. The determinations made by ORD and OTS are both based on the
same animal study-(Kimbrough et al., 1975), with only siightly different
assumptions being incorporated.

A noncancer Al level was derived for PCBs during the preparation of this
report., It must be emphasized that this Al ignores the cancer end point and

is based on toxicity other than cancer. The 10-cday Al level of 100 ug/day

10-1
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for a child and 700 ug/day for an adult, derived for use 1n this documant,
is based on feeding studies with rabbits and rats 1n which a NQAEL for de-
creased reproductive rate, and effects on thyrold and liver, were evalyated.
These studies are described briefly below,

Villeneuve et al. (1971) found increased incidences of fet:} death, re-
sorptions, and abortions at 12.5 mg/kg/day of Aroclor 1254 in rabbits when
exposed on days 1 through 28 of pregnancy, A dose of 1,0 mg/kg/day appeared
to be without affect, Collins and Capen (1980a, b, ¢) 1n a series of studies
on thyroid effects in rats, determined that 50 ug PCB per g of diet {(~ 2.5
to 5.0 mg/kg/day) for & weeks was associated with clearly defined adverse
effects, but that doses of S ug PCB per g of diet {~ 0,25 to 0.5 mg/kg/day)
were not. Carter (1983} demonstrated 1iver hepatomegaly in rats at doses of
20 ug Aroclor 1254 per g of diet (~ 2 mg/kg/day) for 14 days; such an ef-
fect, in the absence of other signs of toxicity (e.g,, fatty infiltration of
the }iver), might not be considered adverse. Grant and Phillips (1974) ob-
served increased liver weights 1a rats at doses as low as 5 mg/kg/day Aroclor
1254 given in corn o) for 7 consecutive days. Collectively, these studies
1naicate tnat the experimental threshold for adverse effects of Aroclor 254
1h studies of JO days’ duration or less is at or near & dose of 1 mg/kg/day.
Thus, it seems reasonable to use this latter dose, a No Adverse Effect dose,

43 & basis for health advisories for Aroclor 1254 for short exposure durations.
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11. EXISTING STANDARDS AND GUIDELINES

The 1963 incident in which toxic symptoms were experienced by Japanese
people exposed to contaminated cooking oil gave rise to a great degl of concern
in the United States with regard to hazardous chemicals. The U.S. Food and
Orug Administration (FDA) started sampling foods for possible contamination by
PCBs 1n 1969, and detected levels of PCBs in fish from the Great Lakes, in mflx
caused by use of materials containing PCBs, and in chickans as a result of the
existence of PCBs 1n the feed. The temporary tolerance levels for residues of
PCBs proposed by FOA became effective June 29, 1979 (U,S. FDA, 1984),

In the sarly 1970s, EPA proposed the establishment of criteria for PCBs
being discharged in industrial effluents, but has not so far issued efflyent
limitations concerning PCBs.,

The Occupational Safety and Health Administration (OSHA) adopted standards
for PCB exposure by industrial workers. Subssquently, the National [nstitute
for Occupational Safaty and Health (NIOSH), after their extensive assessment,
recommended lowering the allowable concentration of PCBs in the workplace,
dowever, JSHA has not acted on this recommenddtion, Tiie iiew (UM JLdiv Geyal e
ment of Health 1ssyed an interim guideline for the allowable ambient air con-
centration of PCBs to which individuals may be exposed during the duration of
a PCB reclamstion project plannad for the Hudson River (NYSDEC, 1979),

The EPA promyigeted regulations relating to manufacture, processing,
distribution in commarce, use, diposal, storage, and markings of PCBs and PCB
items, The regulations originally became effective May 31, 1979, and were
later amended, A complete presentation of the effective regulations can be
found tn the latest edition of 40 CFR Part 761 (U,5. EPA, 1984b). The PCBs

referred to tn these regulations include any chamical substances or their
11-:
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mi xtures containing concentrations of chlorinated biphenyls of S50 ppm or
greater, The regulations pertain to prohibitions on manyfacturing, pro-
cessing, distributton in commerce, and use, and specifically apply to PCB
incinerators, chemical waste landfi11s disposing of PCBs, transformers,
pigments, electrical and heat transfer equipment, natural gas pipeline com-
pressors, microscopy mounting medium, capacitors, PC3 containers, and
hydraulic systems (U,5, EPA, 1984b),

The PCB standards and guidelines for numerical limitations of PCBs in
food, drinking water, and ambient atr existing at the present time are shown
in Table 7. Because of the complicated nature of the EPA’s regulations pro-

mulgated under TSCA, these regulations are not presented in tabular fora.
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TABLE 7. EXISTING PCB STANDARDS AND GUIDELINES

Exposure pathways

Maximum allowable PCBs

Food (FDA standard)?®
Milk fat and dairy products
Poultry
E9gs
Fish and shelifish

Finished animal feed
Drinking water {New York State)

Ambient air

Populated areas (New York State guideline)®
workplace (QSHA standard)

Work site (NIOSH guideline)®

1.5 wo/q9 {ppm)
3.0 vg/g (ppm)
0.3 ug/9 (ppm)
2.0 ug/g (ppm)
1.0 uw9/9 {ppm)

1.0 wo/L {ppbd)

1.0 ug/m3
500 ug/m3

1.0 wg/m3

8y,.5. FDA, 1984,
New York Stats Ospartment of Health, 198].
“NJUSH, i19/7.
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12, EXPOSURE ASSESSMENT METHGDOLOGY

The presance of PC8s in environmenti] media poses a potential health
risk te humans from the following sources of intake:

e tngesting contaminated soil

e inhaling contaminated atr

e ingesting contaminated food

e drinking contaminated water

e dermal absorption of PCBS in contact with skin
Other exposure pathways affecting ecological communities, such as phytotoxtcity
to plants, may 4130 need to be considered, 1f multiple-route exposures are
possible, the concentrations allowabdle for a single-royte exposure should be
adjusted to meet the acceptable levels of acute and chronic health ef fect
exposures from all sources of intake. The smounts of each medium subject to
human intake used in this analysis are as follows: datly intake of drinking
water, 2 L/day; datly inhalation of air, 20 m3/day (U.S. EPA, 1984b).

Acute effects result from short-term or long-term intakes, Carcinogenic
effects are normally treated 43 resuiting Yrom inretiMe Intaxes. 3are ievars
of PCBs 1n so01l corresponding to 1-day and l0-day acceptable intakes should
be based on consideration for preventing acute health effects from short-term
and longer-term exposures. Levels of PCBs in sofl corresponding to acceptable
intakes Tor longsterm effects can be derived from the acceptable daily intake
{AD]) based on Tong-term health studies for acute effects, or from the car-
ctnogenic potency slope based on 1ifetime exposure for carcinogenic effects.

The long-term risk Tevel for ingestion of contamimated soil over & 7d-year

11fetime exposure can be obtained by
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§9 yrs -kt
Risk = | 61) (SM) Co e (POT) (IR

t=0 W) L (6)

whare Risk = 1}fe:im¢ risk; GI = gastrointestinal tract absorption of PCBs; SM
= gxposure ‘requency over 2 lifetime; Co = initial concentration of PCBs in
sofl; k = biodegradation constant (1/day); POT = potency slope factor (mg/kg/
day)-! for PCBs; IR = dafly ingestion rate of soil; BW = body weight (70 kg for
adults and 10 kg for children}; and LT = exposure time over a 1ifetime (70
years). [f the contaminant undergoes bio0logical or chemical degradation in
soil, and follows first-order kinetics in its disappearance under isothermsl
conditions, the contaminant concentration will change as a function of time
according to Coe~*t, The summation in Eq. (6) 1s necessary in order to add

all the risks associated with the daily dosage over a lifetime. The initial
concantration of PCBs in the soil 1s calculated at an assumed l{fetime risk
according to Eq. (6). A computer 13 convenient to use to sum a1l the daily
risks, The 3011 ingestion scenario will be applicable to sites which are
readily accessible, aspecially by childran. Since the population 1s living

wi ol adal thé 3itd, the exposure to PC2Zs Zue to inhalation of contaminated air
cannot be neglected. In order to account for the inhalation exposure in deter-
mining the allowable PCB lavels in soil due to the comdined routes of ingestion,
inhalation and dermal absorption, the ambient air concentrations at the expo-
sure points are nesded. The concentration of PCBs in the vapor phase 1$ the
result of the volatitization of the PCBs from the contaminated soil and their
dilution by winds, The dilution factor for ambient air concentrations can be

defined as
D= C./C., (7)

12-2
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where C, (ug/m3) » the ambient air concentration at an exposure location,

and C ¢ (ug/m3) = the concentration of PCBs in air at the soil surface where
the emission occurs. The value of C,q continuously increases as the PCB con-
cqntration in soil increases, unti] the concentration of PCBs in the air phase
corresponds to that of PCB vapor pressure. Beyond this point, a further in-
crease in PCB concentration in 5011 will have a minimal effect on the vola-
tilization rate.

Once exposure pathways are identified, exposure evaluation requires infor-
mation on the levels of concentration to which & given target population may be
exposed. Each pathway may require route-specific evaluation, A general method
for estimating exposures for contaminated sites will be described first, The
mathod can be simplified by eliminating those pathways that are unimportant or
unrelated in the evaluation of Pcﬁ advisories. The relevant assumptions for
the simplification are described below,

12.1 Estimation of Exposures for Contaminated Sites

The combingd human intgke of contaminants from all exposure pathways

should not exceed the acceptable intake {(Al, 1n mg/day) needed for preventing
adverse effects from short-term and lifetime exposures. The intaxe From an
individual route when s0i1 13 contaminated can be expressed quantitatively as

follows:
1) Intake by soil ingestion (mg/day):

[, = (€g) (1R x 1073)(GI}(SM)(F) ®)

The term (Cg)(IR) in Eq. (B) represents the daily amount of a contdmi-

nant ingested resulting from soil ingestion, in ug/day, bacause Cq repre-
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sents the contaminaﬁt concentration in soil (ug/qg) or ppm (both units are
equivalent), and IR is the sofl ingestion rate (g/day) and Gl 1s defined !n Eq.
(6). The factor 1073 s needed to convert the unit from ug/day to mg/day.

The fraction of the ingested contaminants that will enter hyman organs and
systems to cause toxicity is given as GI. An individual may not always be
present on the contaminited site over his lifetims. The frequency factor of
exposure over a lifetime, SM, represents the fraction of a lifetime that an
individual will de exposed to the contaminants under consideration, The factor
F {s necessary because soil ingestion only occurs during childhood (1 to §
years of age), and the weight of the hu,an body changes from childhood to

adulthood.
11) Intake by air inhalation of volatilized contaminants (mg/day):

Iz = (Kyq)(Cg)(D)(IH x 107)(ABA)(SM) )

In €q. {9), Kag. D, and IH represent the soil-air partition coefficient,
given by €q. (6), ¢ s0f1/cm3; the sxtent af Aflutinn as ivaen by €q. (7): 1ng
the average daily inhalation rate of ambient air (m3/day). respectively, The
term (K.,)(C,)(D)(lﬂ’) represents the ambient air concentration of a pollutant
at the exposure location 1n ng/uJ when K o and Cg are given 1n g s0i1/cm? and
mg/kg, respectively.

The determinasion of the ambient air concentration at an exposure loci-
tion, (x,,)(c,)(n)(103). or the dilution factor in the term, requires the esti-
mation of transient emission rate, and the use of dispersion modeling. The
emission rate will not only dbe transient, dut it will also dbe retarded by soil
or sguivalent cover material. This phase of the prodlem requires solution of 2
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partial differential equation, as descridbed in the Section 16,

If the concentration of PCBs in sofl 1s at or above saturation conditions,
ynder which the air phase cancentration of PCBs fs equal to the vapor pressure
concentration for a particular Aroclar or & mixture of Aroclors, the further
increase 1n Cg will not incredse the ambient air concentration, assuming that
other factors, such as temperature, remain constant, Therefore, the daily
intake by Tnhalation remaing constant above the concentration of PCRs 1n sofl
providing saturated afr concentration, This concentration of PCOBs in soil,
ar the saturated concentration in soil for afir inhalation, will be denoted by

C,m.
i11) Intake by dermal absorption {mg/day):
Iy = (€g)(CR x 10°3)(ABS' (sM) (10)

There are many occasions when children playing in the vard or adults
working in the garden will come in direct contact with contaminated soil,
Dermal ~pntact does not necessarily constitute adverse exposure. The
contaminant needs to be systemic to be absorbed into the human body and to
exert toxicity, In EQ. (10), the term (Cg)(CR) represents the contamimint
contact rate with skin in ug/day since Cq 1s in ug/g (=ppm) and (R 1s
the dermal contact rate of soil in g/day. The factor 10-3 13 used to con-
vert the contact rate from ug/day to mg/day, and SM will be 1 when the
short= or longer-term (10~day) exposure 1s estimated, and will be between

C and ] when the 11fetime exposure is estimated,
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iv) Intake by drinking water (mg/day):

Ig = (Cy)(IW)(SM)
(11)
In Eq. (11) it 1s assumed that the contaminant 1n drinking water {s
completely absorbed into the human body at the average daily water con-
sumption rate of [W or the absorption fraction 1s 1. In order to relate
the contaminant concentration in groundwater, C,, to the contaminant con-
centration in soil, Cq, & fate and transport model can be used to estimate

the concentration in the leachate entering groundwater, or

Ge = CL/fg, mg/L (12)
where fg represents a functional relationship describing contaminant trans-
port in groundwater, This function shoyld be selected to suit the most
sppropriate conditions for the system. The leachate concentration, (i,
referring to the contaminant concentration in 1igquids just before entering
;tcundwater, should not be confused with the contaminant concentration in
groundwater, which results from mixing of the leachate with groundwater,
Also, care should be exercised 1n using groundwater transport models, be-
cause soms models will treat the leachate concentration as a boundary con-
dition, while others require the contaminant concentration in groundwater
as a daundary congition, which should be obtained by groundwater monitoring,
when the units of C, and € are all {n mg/L, then the function fg becones
dimensionless. Most leachate from hazardoys waste land disposal sites may
enter groundwater over a finite surface arsa, favering area source models for

simulating pollutant transport in groundwater.
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There 13 no reliadle method of predicting the leachate concentration
from the contaminant concentration in soil, or vice versa. For the exposure
evaluation, an equilibrium relationship vetween sofl and lTeachate will pro-
vide a first spproximation, Monitoring data can also be used relating the
concentrations between leachate and soil. An equilibrium condition can be

written as

Cs = (Xpg)(CL), my/kg (13

where X ¢ 13 & partition coefficient in (mg/kg)/(mg/L). Egs. (11), (12), and

{13) are comtined to get

Ie*__ Cs  (m)(n
) "q”’ELS) A (14)

when the equilibrium condition 1s not appropriate, 1t can be modified to

include transport processes betwaen the soll and leachate.

v) intaxe by Tisn ingestion (mg/day):
At the average daily fish consumption rate of IF (kg/day), and under
the assumption of complete absorption of the contaminant associated with

the consumption of fish, the exposure can be estimated as
lg = (Cp)(IF)(SM) (15)

where Cp 13 the contaminant concentration 1n fish. The use of the biocon-
centration factor BCF, (mg/kg fish)/{(mg/L water), to relate pollutant con-

centrattont in figh and water, gives
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Is = (BCF)(Cy) (IF)(SM) (18)

where ft {3 assumed that contaminants are present in water in dissolved form
and that bottom sediments or benthal deposits on which pollutants may be ad-
sorbed are not directly swallowed by fish. Under the condition of equili-
brium between the pollutant-containing soil and leachate which is generated

from the soil, substitution of Eqs, (12} and {13) into Eq. {14) results in

.« __Cs
Ig T7;TTIEET (BCF)(1F)(SM) (17)

The transport functions, fg, 1n Eqs. (14) and (17) may assume distinct
mathematical descriptions, because one pertains to transport in groundwater

and the other to that 1n surface water.

vi} Intake by inhalation of contaminants adsorbed on particulates

(mg/day) may be expressed by
Ig = (Cp)(IN)(Cg x 10°9)(ABP)(SM) (18)

Contaminant-containing 3011 can be airborne by blowing winds, In
addition, toxic substances volatilized from contaminated soil can de ad-
sorbed on particulate matter present in the ambient air. Exposure to con-
taminants occurs because of inhalation of atr containing these particulates.
The sxposure location could be distant from the source of emission, or in
the vicinity of the emission source. Exposure concentrations will change

accordingly. Another form of exposure relates to inhalation of air con-
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taining particulate matter on which volatile constituents are adsorbded,
The intake rate can be estimated based On the concentration of contami-
nants in wind-dispersed soil or on particulate matter, Cq ug/g (=ppm),

and the concentration of the particulates in the ambient air, Cp uq/m3,

as shown in Eq. (18). The absorption fraction, ABP, 's used because
contaminants present in or orn sofl (or particulate matter) may be bound on
the solid material, reducing the contaminant's absorption rate. Finally,

the factor 10~ is a conversion factor to make the units consistent.

vif) [ntake by ingestion of vegetables (mg/day):
The intake rate dus to ingesting 1V kg/day of vegetables, plants, or

agricuttural products containing C, mg/L of contaminants will be

17 = (Cy)(Iv)(SM)
{19)
If 1t 1s assumed that equilibrium is established between the contaminant

cancentrations in plant and soil, then the exposure can be modified as:

17 = (Kgy)(Cg) (T¥)(SM)
7 svilvg (20)
where Kgy i3 & partition coaffictent defined as contaminant concentration in

plant/total contaminant concentration in soil (mg/kg plant)/{mg/kg soil).

viii) [ntake by ingestion of food maat:
The contaminant intake at consumption rate of INM (kg/day) of meat con-

tatning Cy (mg/kg) of pollutant {s
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lg = (Cm)(IM)(SH) (21)

Here again, an equilibrium relationship is assumed between the contaminant
concentrations 1n the animal body and plants. Therefors, the intake rate

due to meat consumption is

[g = (Kyn}(Cy)(IM)(sM)
= (Xym}{Kgy)(Cg)(IM){SM)

(22)
where Kym and Kgy are the partition coefficients used to descride pollu-
tant distribution between maat and vegetables, and the partition detween
vegetables and 3011, respectively,

12.2  Datarsination of Permissidle Pollutant Levels in Sotl!
The total intake from a1l possible exposure pathways is set equal to

the acceptable intake (Al) for short-term and chronic health effects: or

Al ol +13 4134 oo (23)

Eq. (23) can be solved for permissible contaminant levels in soil correspond-
ing to sach acceptable intake. It 1s posstible that some exposure pithways
occur fndependently of others. For example, a residence which 13 located on

4 contaminated stte may use drinking water from 4 clean public water treat-
ment system, and may_.thus be free of contamminants found on the sfte. It 1
also possidble that domestic antmals are not ratsed for food consumption on

the contaminated sfte under consideration. Under such circumstances, all
exposure pathways need not be considersd, If exposure pathways of significant

concern are related to soil ingestion, tnhatation of contaminated air, or
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derma) contact with soil, as 1s the case for development of PCB advisories,

Eqs. (8), (9), and (10) can be added to solve for Cg,

(Al1)(1000)

COIRM(GIN(F) + (Kyg)(D)(IH)(ABA x 108) + (CR)(ABS)IsM

Cs-
(24)

The emission rate ts limited by the air phase concentration in equilt-
orium with the contaminant concentration in so0il, Once the contaminant sofl
concentration reaches the level at which the vapor phase concentration in
equilibriym with the $0i1 1 at the vapor pressure concentration, a further
tncrease 1n contaminant concentration in soil (Cg > Cyp) dows not increase
the emission rate. At or above this concentration, the ambient air concen-
tration remaing constant regardless of the concentration of the contaminant
in sofl. Under such conditions, Cg 1n Eq. (9) 13 n0o longer a vartadle,
and therefore Eq. (24) does not apply. This situation can be remedied by
considering the intakes by the individual route of exposure at a constant
value of C, Cc = Ccm in Eo. (9)) for innalation exposure, and solving for
Cq. The form of the equation will be slightly different from that for Eq.
(24),

(A1)(1000) - (Kyq)(Con) (D)(IH x 10%) (ABA)(sM)
C(IR)(GT)(F) + (CR)(A8S) ]S

C,'
(25)

12.3 Incorporation of Time-Varying Parameters

The body weight of a human constantly changes until saturity. The cal-

culatton of Als from the safe dose level (SL) given in mg/kg+-day requires
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an assumption of bcdy-ucight. For rigorous treatment, the estimation of
lifetime exposure should take into account changes 1n body weight, In this
case, 1t is convenient to work with SL instead of Al for exposure calcula-
tions. For carcinogens with a potency value at POT (mg/kgeday)-l, the
equivalent SL at an assumed risk level, R (such as 106, etc.), can be

obtained by

(SL)eg. « R, mg/kg+da 26
mmer (26)

The risk leve! shown represents an upper-bound estimate. An upper=-bound
estimate of risk of 10'5. for example, means that upon lifetime exposure
to a contaminant, & person axperiences an increased maximum risk of devel-
oping cancer in a probability of 1 in one millfon,

Snyder (1975) presented data on the changa of body weight as & func-
tion of age. A regression analysis on Snyder's data for average male weight

provides the following relationship,

B = 3.14 ¢ 1,52 (age), kg for age 0 - 18 yr (27)

BW = 70, k9 for age greater than 18 yr {28)

To abtain the daily exposure averaged over an individual's 1ifetime,
intake rates given by Egs. (8) - (10}, (10), (17}, (18), (20}, and (24)
should be divided by the body weight, and the daily intake per unit body
weight should be averaged by suswming the total intake per unit body wetght
over the period during which exposure occurs and dividing the result by
LT. For purposes of 1llustration, Eqs. (8) and (9) are repeated below:
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t) The average dajly exposure by soil ingestion per unit body weignt

in mg/kgeday can be determined as

1, BP0 e o R x 10%) (6D (sM)

B2 ay (Bw) (LT) (29)

Again, in Eg. (29) [also in in Eq. (30)], the contaminant present in
soil is assumed to disappear dy biodegradation and other reactions, accord-
1ing to first-order kinetice, Other processes affecting the concentratfon

in soil are consfdered in the exposure analyses for individual pathways.

i1) The average daily exposure by inhalation of volatil{zed contami-

nants in mg/kgrday is calculated from

1, S350 A8 icge ) (0) (1M x 10%) (ama)(sn)

BW - 1 day (BW)(LT)

(30)
Similar expressions can be written for other exposure pathways. For conser-
vative contaminants, the term coe‘k‘ in Eqs. (29) and (30) can de replaced

by Cg. The total dose from all exposures should not exceed SL, or (SL)gq,

SL * Il ¢ 22 4 Iy . for noncarcinogenic effects (30)

. I . 13 . for carcinogenic effects {32)
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As before, Eq. (31) or {32) can be solved for the permissible concentrations in
soil, Cg. From Eqs. (B) and (29), one can sclve for the factor F for use in
Eq. (B). The use of LT = 25550 days, and the assumption that sofl ingestion
occurs during ages 1 through 5 (t = 365 ta 1825 days), yleld F « 0,323, The
factor F does not depend on the soil ingestion rate., Eqs, (8) and (29) use
Eqs. (2B) and (27), respectively, far 8W.

12.4 PCB AJ;1sory Evaluations

Under normal conditions, significant soil ingestion is limited to
children (Lepow, 1975)., Althoygh very limited informstion fs availadle on
the ranges of age subject to soil ingestion, one investigation presented a
case study of an adult with & history of habitusl eating of garden soil,
which may have been associated with a pica 111ness {Wedeen ot a1., 1978).

The fraction of soil contaminant absorbed by humans 1s dependent upon the

type of compoynd and its soil contaminant adsorption characteristics, and

is generally smaller than that which can be expected when contaminants are
present in food or drinking watder,

PCBs can be remcved from surface water, leaving 1t suitable for drinking,
Well water tnat comes Trom grounc water coyia oe & girect source uf Jdrinking
water. The location of the drinking water exposure does not necessarily have
to be at the site of the contamination, It is assumed that the population
which may be subject to PCB contamination 1n drinking water is remote from the
PCB-contaminated sites, and the allowable water concentration is separately
calculated on the Bisis of not eating contaminated soil and not inhaling con-
taminated air in the immediate vicinity of the site. The water concentra-

tion for a single-route exposure can be calculated as
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c Al
¥ 2 L/day (33)

where C, = concentration of PCBs in water in mg/L, and Al = the acceptable
tntake for prevention of scute and carcinogenic adversa health effects, in
mg/day. If fish caught in PCB-contaminated surface water are eaten, and if
tre same water is the source of drinking water, the allowable concentration

of PCBs (C, mg/day) should be determined as

Al
“w " 3 L/day « F * BCF (34)

where F is the datly fish consumption, BCF is the bioconcentration factor
(31,200 L/kg) (V.S. EPA, 1980b; U.S, EPA, undated). The national average of
fish consumption is 0.0065 kg/day (U.S. EPA, 1984b). Howaver, it 1s more
appropriati to use reqional values where such data are available,

The variabilities of 1nput values needed in Eq. (24) (appropriate for PCB
exposure pathways) are wide-ranging for some values, and narrow for others.
Tee ianalaticn ~ate of 2¢r used for zaleculation is 20 w3/day for both adults
and children (U.S, EPA, 1985d), 5011 ingestion rates used for evaluating
short-term exposures are J and 0.5 g/day, representing conditions with and
without pica, respectively (further explained in Section 15). One 1ifetime
exposure evaluation 1% based on an average daily rate of 0.6 g/day multiplied
by factors to correct for the changing weight of the body as a person grows
from a child to an adult, This exposure {s assumed to occur from dge 1 to §
years., However, the soi11 ingestion rate of 3 g/day 1s 4130 used in long-term
exposure evaluation. The absorption factors for PCBs through the gastrointes-

tinal tract for ingestad soil, through the pulmonary organs for inhaled air,
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and through the skin for contacted soil are dssumed to be 0.3, 0.5, ana 0.08,
respectively (U.S. EPA, 1984a; U.S. EPA, 1985¢). The off-site factor is
assumed to be ] for longer-term (10+day) exposure evaluations, and 0.5 for
Ttfetime exposure evaluations, using the carcinogenic potency factor, A
similar approach can be used for short-term (l-day) and lifetime noncancer
exposure evaluations, Howaver, these evilustions are not performed because of
s lack of data regarding health effects,

If all intake routes, tncluding drinking water, soil ingestion, air inha-
Jation, derma] contact, and intake of PCBs by means of fish or other food are
of relevant importance, the allowable concentration levels can aiso de com-
bined in stmtlar fashion. Since the scope of the present study pertains to
site clesnup, the applicable formulas for combining concentrations are not

presented, but they should be considerad as the situation warrants,
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13, WATER QUALITY LIMITS

The concentration levels of PCBs in drinking water are based on single-
route exposures that are estimated to result in dcute and chronic toxic effects.
This does not imply that bioaccumulation in squatic organisms does not occur.
The assumption pertains to absence of fish contaminated with PCBs 1in the diet.
If other routes are of concern, the allowadle concentrations in water should de
redeftined. The following levels of PCBs in drinking water, corresponding to

10-day Als, can be calculated for children and adults:

e 10-day heaith advisory:

Safe kgeday=10 &
concentrattion » SEREIEMEEEL L 0 4 ng/t (= 100 ppb) (ent1d)

Safe . ko+day70 k
concentration = l"*ﬂuszstfaiy“'i = 0,35 mg/L (= 350 ppd) (aduit)

Sitmlarly, the conCentration igveis 4t tNe various UPPEr-d0uUNG CANCEr risks

assumed are calculated, and the reasults can be tabulated as follows:

Advisory
Upper-dbound level
cancer risk gngle
10-4 875
10-5 87.5
10-6 8.7%
107 0.9

Example chronic toxicity advisory level (at 10-6 maximum risk)

10°% risk 70 kg « 8.75x10°5 mg/L («8.75 ng/L)
4(mg/kg-day)=1.2 L/day
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As indicated previously, an Aroclor constitutes & mixture of many cone
geners, Since each congener compound exhibits different solubility charac-
teristics, the appltcability of these limits to individual congeners ts ton
question. In the absence of short-term data for non-carcinogenic ef fects, the
10-day health advisory may be used as the l-cay health advisory for commercial

Aroclors,
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14, LEACHATE CONTAMINATION OF GROUNDWATER

Contaminated ledchate will impact groundwater quality, To date, ground-
water monitoring datd showing major contamination of groundwater by PCBs has
been rarely reported. If the contaminated site is located sbove an unsatur-
ated zone, 3011 through which leachate has to migrate to reach groundwater
will adsord PCBs and wilil greatly retard PCB migration, as evidenced by the
htgn soil-water partition coafficients., Experimental work {(U.5. EPA, 1980a)
has shown that the adsorption characteristics vary depending upon the type of
soil used. The experimental values are comparable to the partition coeffici.
ents estimated from the values of Koy {water-octénol partition coefficient)
given in Table 4, PCBs entering groundwater at hazardous waste sites could
2130 bs retarded as they are carried along the flow 1ines.

The arsa-source groundwater model (Mwang, 1985) has bsen used to evaiu-
ate the extent of retardation and dilution of contaminants in groundwater, A
typical precipitation rate has been used to estimate & leachate generation
rate which 1s & source term 1n the groundwater rate and transport model. Two
oi1fferent vaiuss Of the retardation factor covering the extreme variattons of
the soil-water partition coefficients were considerad: Ry = 127, corresponding
to Ky = 22 CIJIU; and Ry = 5715, corresponding to K4 = 1000 cu’/n. where X4
represents the soil-water partition coefficient, and Ry is the retardation
factor (Ry = 1 ¢ fg Kgs Pp ® bulk density, e = porosity). The results of
modeling show tha: when the concentration of PCBs 1n lgachate is maintained
at 0.12 mg/L, the vertically averaged PCB concentration in groundwater at
1000 cm away from the center of & disposal site after two years of relesse fs
0.5 x 10°4 mg/L and 1.9 x 10°7 mg/L for the low and high values Of the retar-

dation factor, respectively. Other parameter values used in this simulatton
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were: leachate flow rate » 23.4 ¢m3/s, groundwater seepage velocity = § x
10-4 ¢m/s, porosity of groundwater medium = 0,35, depth of the aquifer = 300
cm, stze of disposal site = 0.5 acre, and the bulk density of the medium =

2 g/em3. The simulation was repeated for a distance of 1 km away from the
stte. The concentration values at that distance were very small,

The groundwater transport analysis back-calculated allowsble leachats con-
centrations entering groundwater below a hazardous waste facility, given the
maximum allowable concentrations at & compliance point. These calculations do
not account for “facilitated transport” via dissolved organics, cosolvents,
etc, As indicated previously, the maxisum allowable concentrations were based
. on the allowsble daily intakes designed to prevent acute and chronic health
effects. For the purposes of simulation, the maximum allowable drinking water
concentrations at such distances as 1000 cm and 1 km from the contaminated site
can be estimated. For acute toxicity, the drinking water concentration of 0.1
mg/L is assumed; for chroni¢ carcinogenic toxicity, the concentration of PCB in
groundwater assumed was 8.7 ng/L, corresponding to & 106 11fetime risk.

The down-gradient groundwater concentration is a complex function of
igacnate concentratisn, dGisgarsicn and ratardat T prounduater, ‘nitdal
dilution in groundwater, biodegradation {{f any), and groundwater velocity.
The functional relationship can be found sisewhere {Hwang, 1988), and takes

the form

CL » fg Cw {35)

where C, represents the leachate concentration corresponding to the drinking

water concentration C, at a point of interest, and fg 1s a functional relation-

ship which ifacorporates fate and transport of PCB tn the groundwater medium,
142

HONS 224451



At the lower end of the retardation coefficient (Rq = 127), the calcuiated
Teachate concentritions under steady-stite conditions gre 570 mg/L and 4.3 «x
10-3 mg/L, for acute and chronic Tevels, respectively, for the concentrations
matntatned at the distance of 1000 cm from the site.

The solubtlity values in Table 4 show that the 10-day acuce PCB levels in
leachate are above the solubility limits. The solubdlities for most Aroclors
are above the leachate concentration necessary to prevent the chronic effect of
PCBs tn groundwater. [n other words, the chances of exceeding the level of
PCBs in groundwater which would cause acute toxicity would be small, while
leachate can enter groundwater to exceed chronic concentration levels, It
should be noted that the assumptions ysed in the cdlculations are that the
points of exposure are 1000 cm and that the concentrations attainable under
steady-state conditions are used, For differeant compliance points, the allow-
able leachate concentrations will change. [n addition, steady-state conditions
assuma that the transport of PCBs in groundwater occurred for & long time, so
that concentrations at the exposure point are no longer changing. However, tne
maximum 3)1owable leachate concentrations for other conditions of transport,
ano ror oiiferent iocacions Of exposure, cdn ais0 O¢ evaiuatea. For ingiviguai
congeners, the concentration levels should be reevaluated because of the dif-
ference in chemical and physical characteristics between an individual congener

and an Aroclor consisting of an array of congener mixtures.
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15. SOIL INGESTION PATHWAY

A literature search shows that there 1s very limited {nformstion on the
rate of likely soi] ingestion by children and adults which can be used in
exposure assessment. The situation for which the 1nformation 18 derived dif-
fers from study to study. Lepow (1975) studied the mouthing dehavior of ten
2- to Geyear-old children in connection with investigations into the principal
cause of the excessive lead dccumulation 1n the children, The total sol)
ingestion rate for a 2-year-0ld chilg based on the average amount of street
dirt, house dust, and 3011 ingested by the child by putting his hands and
fingars in his mouth, cén be summed as V.6 g of so01l per day.

wedesn et al, (1978) odserved the lead concentration 1n blood of & black
woman with & 12-year history of habitual eating of garden soil, Using the
levels of blood lead concentration and the concentrations of lead in the soil
analyzed, they estimated the amount of lead the subject had consumed each year
from her garden soi1. From this estimate, the soi] ingestion rate i3 estimatea
to have been in the range of between 1.96 and 3.9 g/day, with an average value
at about 3 g/day. The lead concentration in the dried garden 3011 s reported
to be between 690 ug/g and 700 wg/9 of soil.

Investigators at the Centers for Disease Control present the 1ifetime
tngestion rate of contaminated soil according to age group (Kimbrough et al,,
1984), The papsr states that the data presented are "based on work done study-
ing lead uptake from contaminated soils.” However, the writers of this report
were unable to locate the original experimental work or its source to cite in
this evaluation. The ingestion rate 1s assumed to change at different ages,
and is given as O for the age group O to 9 months, as 1 ¢/day for the age group

9 to 18 months, as 10 g/day for the age group 1.5 to 3.5 years, as 1 9/day for
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the age group 3.5 to 5 years, and as 0.1 g/day for a S-year-0ld child,

The second column of Table B shows the 1ifetime carcinogenic risk posed
by fngesting sotl contaminated with PCBs at various roncentrations. This
table ts prepared using Eq. (6) at the soi) tngestion rate of 3 g/day for
children aged 1 through 6 and an average weight of 10 kg, The values for
other parameters used are SM = 0.5, G] = 0.3, and k = 0. The risk values in
the second column compare with those in the third column, which are prepared
ustng the soil ingestion rate applicable to different age groups, as suggested

by the Centers for Oisease Control,

TABLE 8, MAXIMUM LIFETIME RISK FOR INGESTING SOIL CONTAMINATION
AT OIFFERENT PCB LEVELS

Lifetime risk

PC8 level 1n soil (ug/9) (IR = 3) Agl;::pcndcnt
0.1 1,54 x 10°6 1.92 x 10-6
1 1,54 x 10-5 1.92 x 10-5
5 7.7 x 10-% 9.6 x 10°5
10 1,54 x 10-4 1.92 x 10°4
0 3.08 x 104 3.8 x 10-4
50 7.7 x 10-4 9.6 x 104

ATaxen from Kimbrough et al., 1984,
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A computer program was convenient to use in carrying out the summation of
datly intakes over a lifetime pertod, The lifetime risk represents an upper-
bound estimate of the unit risk that can occur as & result of ingesting PC8«
contaminated 3ot} over & lifetime, and indicates the risk posed by a single
exposure pathway; thlt.il. 3011 ingestion 1s the sole route for PCB intakes,
and other pathways, including air, water, fish are assumed to be insignificant
sources of huyman intake of PCBs. Since the population that will be subject
to soi1 ingestion resides in the area and must bredthe the air affected by
PCB emissions, the magnitude of PCB intakes by the ingestion and tnhalation
routes needs to be compared to determing tﬁc significant pathway. The compari-
sion is presented in Section 18,

Similarly, 1n order to determine the daily health advisory levels for a
single exposure pathway, the daily PCB intakes equivalent to ingesting 3 g of
sofl in a day at various PCB concantrations are calculated, The results are

shown in Table 9.

TABLE 9. MAXIMUM DAILY PCB INTAKE BY INGESTION OF SOIL
AT VARIOUS PCB CONCENTRATIONS

Dally PCB {ntake at 30% absorptton

PCB level 1n soil (ug/9) (mg/day)
0.1 0.00009

1 0.0009

5 0.0045%

10 0.009

20 0.018

50 0.04%

15.3
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The exposure pathways for soil ingestion, air {nhajlation, &nd other routes
must be evaluated. If one pathwdy is found to be dominant over the other, the
ingignificant pathway based on short-term and long-term intake rates can de
ignored. If they are comtarabie, the concentration levels need to be adjus-

ted to reflect the combined intake rates by using t£q. (24) or comdinations
of £qs. {8) through {22).
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16. INHALATION PATHWAY

16.1., INTAXE BY AIR EXPQSURE ROUTE

Exposure to PCBS occurs &t or near contaminated sites through inhatation
of ambient atr contaminated with PCB vapors or particulate matter on which
PCBs are adsorbed. The PCB vapors emitted from contaminated soll will be
diluted by the action of winds before a person inhales the amdient air, When
PCBs are adsorbed on soil, the vapor pressure of the PCBs above the soil sur-
face will be always less than the vapor pressure exerted by PCBs when they are
present in pure form, In other words, the adsorption phenomena depress the
vapor pressyre that can gxist under saturated conditions, This true vapor
pressure is referred to as “partial pressure.” ihen adsorption reaches fits
saturation capdcity on s0il, the partial pressure will be equal to the pure PC8
vapor pressure. |

Estimates of PCB concentrations in the ambient air impacting the popula-
tion at hazardous waste sites are discussed in this section, as well as come
partson with the intake rates of PC8 through sol] ingestion. In calculating
ambient atr PCB concentrations, the first task was to sstimate the emission
rates of PCBs from the bylk of soil contaminated at various concentrations of
PCBs., The emission rate calculations can be rigorously performed by the
methods summarized by Wwang (1982) for steady state conditions, and by methods
presentad in the Appendix for transient conditions.

Based on the innalatton rate of 20 m3/day, and absorption rates of 50% and
30% for 1nnaled and ingested PCAs (U.S5. EPA, 1984b}, respsctively, the concen-
trations of PCBs in inhaled atr and particulates eguivalent to the dosage
caustng acute and chronic toxic sffects can be estimated. The purpose of this
exercise is to evaluate the concentrations of PC8s in the atr, which are compa-
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rable to the ingestion dosage. Tables 10 and 11 show this comparison for
intake rates corresponding to acute and chronic effects respectively.

Tadie 10, for example, shows that g datly intake of 3 g of soil contatne
ng 5 ug/g of PCRs 1s equivalent to & datly tnhalation of air containing 0,45
ug/m3.  The concentration of PC8s on particulats matter must be as high as
7,500 ug/g for the tnhalattion of parttculates at an assumed concentration of
60 ug/m3 to be comparable to the ingestion of soil and inhalstion of air
described above. This concentration is used because the concentration shoyld
not exceed the primary smbient air quality of 7% ug/n3 for particulate matter,
Since the concentrations of PCBs on soll under consideration are in the range
which is less than this concentration, it can be assumed that the PCB intake by
innalation of particulate matter at contaminated sites is relatively unimpor-
tant, Similar arguments can be made for the results shown in Table 11 for
long-term tntakes. The equivalent air concentrations Cq shown in Tables 10 anc

11 are calculated by the following formula:

3
3 o daily intake (mg/day) x 107 ug/mg
Ce (ua/n7) 20 nzlday 0.5 (absorption factor) (36)

16,2, EMISSION EVALUATION SCEMARIOS

Emission rates are estimated for four different scenarios: Case l-<as
the PCBs volatilize from the initial contaminated soil column, they are depletec
from the column of soil by diffusional transfer of PCBs across the soil-air
interface, resulting in unsteady-state emission rates, and the layer depleted
of PCBs acts as cover material retarding the volatilization rate; Case 2--the
same scerario ag tn Case 1 except that the contaminated soil is initially

covered with 25 cm of cover material; Case 3--PCBs are volattlized from the
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TABLE 10, COMPARISON OF PC8 INTAKES 8Y INGESTION ANO INWALATION ROUTES
FOR ACUTE EFFECTS

Equiv. air

PCE Tevels Datly acute conc, for Conc. of PC8s
tn g0t tntake acute_ingestion on particulates
(ppm) (mg/day) {ug/m3) {v9/9)
0.1 0.00009 0,009 150

1 0.0009 0.09 1,500

5 0.0045% 0.45 7,500

10 0.009 0.9 15,000
20 J.0018 1.8 30,000

50 0,045 4.5 75,000

16-3
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TABLE 1. COMPARISON UF PCB INTAKES &Y INGESTION AND INHALATION ROUTES FOR CARCINOGENIC EFFECTS

Equiv, air conc. Conc, of PCBs on
PC3 levels tn soll Lifetime risk Average daily intake for the risk particul ates

{vy/9) at IR =) (mg/day) (vg/nt} (v9/9)

0.1 1,54 2 106 3,85 2 j0-6 0.00019 6.4

i 1,54 x 10-5 3,86 x 10-5 0.0039 64.)

5 7,7 n 1075 1.93 x 10-4 0.019 122

ie 1.54 x 10-4 2,86 x 10+4 0.019 641,17

20 3,08 x 1074 .72 x 10°4 0.077 1287

50 1.1 x 10°4 1,93 x 10-3 0.19 ny
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surface of contaminated sotl, and the PCB concentration at the surface fs kept
at a constant value; Case é--the contaminated soil ts covered with 25 cm of
clean cover spil to retard the volatilization rate, and the concentration of
PCBs at the surface is kept at a constant value,

As pointed out previously, there exists & PCB saturation point above which
the air-phase PCB concintration in equilibrium with {or partitioned with) the
contaminated scil remains constant, ang hence the emission rate of PCBs will
also remain essentially steady over time. Below this point, s concentration
profile of PCBS across the contaminated soil column starting from the surface
to the depth of contamination will be created as volatilization progresses.
This will result in unsteady-state emission rates which will vary over the
period that exposure occurs, The period considered includes 10 days for 10-day
advisory, and estimated lifetime (70 years) for long-terw advisory,

The concentration of PCAs in s0il corresponding to the saturastion point
can be estimated from the knowledge of vapor pressure and air-soil partition-
ing. for example, since the vapor pressure of Aroclor 1254 (7.71 x 10-5 mmig )
as reported in & pudlication, corresponds to the saturation concentration of

1,362.7 ug/n3. the PCB concentration in soil at the saturation point i3

. 1,362.7 ug/m’
[k g (9 sof1/cad air) x 106 cnd/ad)

. 1,362.7 (2.44 x 10°3)(1,000) , 4 /¢
(8.37 x 10=° x 109)

for an assumed value for Kg of 1,000 cm’/g. The saturation concentration is

dependent upon the value of the air-soil partition coefficient, PCB saturation
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concentrations in air, and the corresponding concentrations in soil for the
Aroclors constdered as part of this evalustion, are tabulated in Table 12,
based on the soil-water partition coefficient of 1,000 cm3/g for hignly ad-
sorbable earth material (U.5, EPA, 19B0a), which 1s used in calculating tne
air-soi)l partition coefficient, A similar table can be prepared at the lower
end value of the soil-water partition coefficient, which is approximately 40
cm3/g for sandy material (uU.S. EPA, 198ua).

Case 3 and perhaps Case 4 may be unrealistic, because as volatilizatign
continues, the PCB concentration in soi) decreases and the surface layer,
depleted of PCBS, should act 83 an uncontaminated layer docriasing the amission
rate. But this estimate should provide upper-bound values for emission rates.
Cases 3 and 4 would be applicable in real-case situations when the concentra-
tfon of PCBs in 5011 is high enough so that the air-phase concantration in
equilibrium with s04] remains constant until the concentration of PCBs in soll
decreases to the saturation peint (Cem, 83 defined on p, 12-5). Balow the
saturation point, the air=phase concentration will no longer remain constant,
but will decrease in direct proportion to the soil-phase concentration. In the
emission rate calculation, the partial pressure of PCBs as 2 result of parti-
tioning between the air and soil phases is used. Since the vaper pressures and
wenry's Law constants are different for most PCBs, soms typical PCBs are used
for the purpese of #1lustrative calculations, Table 13 summarizes the resuits
of calculations for emission rates for soil containing 1 yg of Aroclor-1254
and Aroclor-1242 per g of soil, The values shown for Cases 1 and 2 are the
averages for one day emitted after the initfal contamination at the concentrae.
tion, This {s for {l1lustration only becsuse Aroclor-1248 and Aroclor-1260 are
also used for emission rate catcualations, The models used for the emission

rate estimation and necessary calculations are shown in Appendix A. The emis-
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TABLE 12. CONCENTRATION OF PCBS IN SOIL AT SATURAS[ON YAPOR PRESSURE

BASED ON Kg = 1000 cm/9
PCB concens Saturated
tration in soil vapor
with saturated concentration
vapor {ug/9) (ug/m)
Aroclor-1254 4 1362.7
Aroclor-1242 250 5823.3
Aroclor-1260 28.2 822.8
Aroclor-1248 §5.3 71962.8

TABLE 13, PCB EMISSION RATES FROM 1 ug/9 PCB SOIL

AT DIFFERENT CONTROL LEVELS

Emission rates (g/cm?-s)

sScenario Aroclor-1254 Aroclor-1242
Case 1 1.03 x 10-11 2.7 x 10°12
Case 2 3,67 x 10-13 2.8 x 10-14

Case 3 1.13 x 10-10 B.57 x 10-12
Case & 1.67 x 10-13a 1.14 x 10148

2The models for estimating emissions from landfills underpredict the emission
rate in comparison to Case 2. The estimates for Cases 2 and 4 are based on
the mathesaticd] model (described in Appendix A) and the empirical mode)
(Farmer et al., 1980), respectively.
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sion rates at various concentration levels of PCB in soi) are made for evalua-
ting the impact of volatilization on the exposed population at various loca-
tions, Table 13 shows that the emission rate of Aroclor-1254 is different

from that of Aroclor-1242 at the same soi) contamtnation level. The tasie also
shows that the use of cover material is very effective in reducing the emission
rate. The average emission rates over 3 period of 10 days, or a lifetime, for
Cases ! and 2 can be similarly estimated by the rigorous mathematical formulase
provided in Appendix A, As PCBs volatilize, the partial pressure of PCBs at
the soil-air interface decreaSes, and the soil layer, depleted of PCBs, pro-
vides the barrier for mass transfer, causing the emission rates given for Cases
3 and 4 to approach values comparable to those for Cases 1 and 2, respectively.,
The Thibodesux and Hwang model (1982), ortginally developed for land.treatment
facilities, provides smission rates similar to those shown for Case 1 and 2 In
Table 13,

PC8s volatilized into the atmosphere from a contamination site will im-
pact the population in the surrounding region. The concentrations of PCHs at
the point of impact need to be determined in order to evaluite the signifi-
cance of the air emtssions compared with the sotl ingestion and dermal path-
ways. Acute and chronic impacts are based on the datly concentrations and
the concentrations averaged over &n annual pertod. Emission rates correspond-
ing to all four cases of maintsnance levels are used to estimate the Concen-
trations of PCBS ih-the ambient atr at the site and at distances of 0.1 km
and 1 «m,

16,3, AIR OISPERSION MODELING

Dispersion modeling 1s used to estimate the amdbient air concentrations

which may be pessible for datly and annual exposures, Oispersion modeling for

estimating the annually averaged concentrations makes use of six stadility
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classes, stz wing speed classes, and 16 sectors, assigning the receptor point
to one of the 1§ sectors., The wind rose cata consisting of 6§ x § x 16 = 576
elements are compiled by the National Climatic Center in Asheville, North
Carolina. The dispersion model for the annual concentration sums the con-
centration :éntributioﬁs over the entire range of stability classes and wing
speeds for each exposure location downwind of the contamination site, and can

take the following form (Bruce, 1969).

[
C(x,k) = 2.03 x 106Q 1 § _fijk
hlﬁnfr_Jﬂ op (37)
-

where C{X,k), the annual concentration located in g sector k at & distance
of X downwind of the site (u9/m3);(a)i,X = standard devistion of the plume
in the z-direction (vertical direction® at distance X for stability class i,
Q = emission rate, g9/s, Uy = man wind speed for wind speed class j, m/s and
f,Jk = frequency of wind in stability class 1, wind speed class j, and direc-
tion in sector k, Both X #nd the standard deviation have the the units of
meters,

The values for the standard deviation can be found in an air poallution
textbook (Wark and Warner, 1981), or can be determined by a curve-fitting

equation of the fors

(ag)g x = ax® + ¢ (38)

where 8, b, 4nd d are empirical constants varying according to stability |
and distance X (Wark and wWarner, 1981; Martin, 1976). The values for these

constants are given 1n Table 14 (Martin, 1976),
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TABLE 14, VALUES OF CONSTANTS FOR STANOARD OEVIATION EXPRESSION
AS A FUNCTION OF OOWNWIND DISTANCE AND STABILITY CONOITION

X <1 km 1 » ] km

Stability : b d . b d

A 440.8 1.941 9.27 459,7 2.094  -9.6

8 106.6 1.149 1.3 108,2 1.008 2.0

¢ 61.0 0.911 0 61,0 0.911 0

0 33.2 0.728  -1.7 4.5 0.516 -13.0

E 22.8 0.678  -1.3 55.4 0.305 -34,0

F 14,35 0.740  -0.35 62.6 0.180 -48.6

The astimation of the on-site ambient air cancentration does not require
the use of air dispersion modeling presentad above. The ambient air concen-
tration ts controlled by the extent of dilution before dispersion occurs down-
wing of tne source. The dilution can be estimated from the knowledge on the
rate of PCB emissions and volumetric rate of wind being mixed with PCB vapors,
The method for estimating the on-site ambient air concentrations is descrided
in detail in Appandix A,

16,4, AIR EXPOSURE EVALUATION

Table 15 summarizes the results of dilution estimation and dispersion
modeling to obtain the concentration levels of PCBs in ambient air at various
locations considered for emissions of PCB-1254, This table is & summary of one
set of calculations for the PCB concentration of 1 ug/9 in soi) for each
scenario. The wind speed of 10 mph is used for bOth one-day and anmual concen-

tration averages, The Climatic Atlas of the United States provides information
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on annual average wind speed. A default value of 10 mph represents a typical
annual wind speed in the United States. A site-specific evaluation will require

detailed wind rose information based on local measursments,

TABLE 15. AMBIENT PCB CONCENTRATIONS AT OIFFERENT LOCATIONMS
(PCB 1N SOIL = 1 ug/9, PCB-12%4)

Concentrations (ug/m3)

0.1 km from site 1l km from site
On-site Oaily Annual Oaily Annual
Case | 0.61 0,026 0.0065 0.0016 0.0004
Case 2 1.4x10-3 5.9x10-5 1.47x10-5 3.5x10°6 8.9x10°7
Case 3 11 0.48 0.12 0.03 7.3x10°3
Case & 0.017 7.1x10-4 1.8x10-4 4,3x10°5 1.1x10°5

The standard deviation curve for O stability is employed in estimating the
amptent air concentratioms at the distances of 0.1 and 1 km from the site as
shown in Table 15, since D stability is by far the most frequently occurring
stability class. Although D is the most cosmon stability, an exposure-weighted
sverage stability should be used for site-specific evaluations, The frequency
with which wind: blow toward a sector of interest is assumed to be 1 for evalu-
ating the worst-Case datly concentrations, while it should be based on the most
common of the standard 18 wind directions for estimation of the average annual
corcentration levels. The concentrations in ambient air on-site and at dis-
tances of 0.1 km and 1 km from the site are given in the table. Calculations

are performea for the amdient air concentrations of PCB-1242, PCB-1248, ana
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PCB-1260, but these are not tabulated here, The values in the table should not
be construed as representing fixed ambient air concentrations at the location
and ynder the mode of c:pos‘ro. The values are presented by way of 11lustra-
tion to compare the contributions to ambient ait occurring given the different
assumed conditiong,

The concentration of PCBs in equilibrium with sot1 containing 1 ug/g
PCB-1254, which corresponds to the‘pcrtial pressure of PCBs partitioned above
the soil, is 340 ug/m3. This represents the maximum vapor concentration when
PCB 43 emitted from the soil surface. Based on this concentration and the
estimated ambient air concentrations given in Table 15, one can calculate the
dilution factors of the emissions for use in Eq. (9) or (24), For example,
the air dilutton factor for the on-site exposure corresponding to the Case |
emission

rate would be
D e 0.611/340 « 0,0018

The values shown in Table 15 can 4130 be used to determine the daily in-
takes and lifetime risk levels corresponding to bresthing each ambient air le-
vel, For example, the daily intake from the exposure to the ambient atr con-
centrations of PCB-1254 at 0.1 km from the site for the Case ] emission rate
can be based on a daily inhalation rate of 20 m3/day of atr and 50% absorption

factor for inhalation.
Oaily intske (mg/day) = C(ugllia) « 20 n3lday « {1/1000 "glug’

= 0,026 (20)(1/1000)(0,5) = 0.00026 mg/day
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The samg daily intake can be obtained by using £q. (9):

Datly tntake s K, °C.*0°IH-10*3(ABA)(SMH)
« (8,37x10-3/1000)(1/2.44x10-2)(1)(0.026/340)(20)(103)(0.5)(1)

= 0.00026 mg/day

Similarly, the 1ifetime risk associated with breathing the ambient air can

be calculated as follows:
Risk « C(ug/m3) - 20 m3/day + 1/70 kg - 1/1000 mg/up (4) (mg/k9/day)~! (0.5)(0.5)

where C 13 the ambient air concentrations shown in Table 15 and the value 4
(mg/kg+day )=l represents the potency factor for PCBs, ang an additional factor
of 0.5 ts the off-site’factor under the assumption that & resident stays in the
ares 50% of the time,

A sgries of calculations can be performed as shown above, or the procedure
shown above can be reversed to back-calculate the PCA contaminations in soil
which will provide the allowable ambient air concantrations st the locationsg

considered and st the acute and chronic effect levels.
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17. OERMAL CONTACT PATHWAY

Deposittion of contaminated soll, dirt, or dust on human skin can provide
anotrer patnway for human {ntake of PCBs. PCBs can be absorbed through skin
when PCB-contaminated particulates come into contact with skin. Exposure
evalustion requires an estimation of the amount of the particulates on skin,
and the extent or rate of absorption. The absorption rate is dependent upon
the type of chemicals. Some chemicals are readily absorbsd, while others are
not. ,

There are many factors affecting the aiount of soil which can be accumula-
ted On skin, Factors include the exposed human skin area, contact time, type
of soil, sotl conditions, and type of activities, For example, the amount
deposited on children playing in a contaminated area may be different from that
on adults working in a garden,

OMEA {U.5. EPA, 1984b) has made an estimation of the amount of sofl depo-
sition on skin based on the studies by Lepow (1975) and Roels et al, (1980).
Both investigators, using adhesive tape, measured the amoynt of soi) and dairt
accumylated by children on exposed areas such as hands, palm, and fingers, The
measured amount of soil ranges from 0.5 to 1.5 mg/cm?, with an average value of
1 mg/em, It should be noted that this ts an average value over the surface of
the exposure area, and that some parts of the body may have more accumulation
of soil than others.

The ares of human skim that will come in contact with soil or dirt
depends ypon the protective measures used during the time that such contact
occurs, as well as the age group involved. The exposed surface area of an
adult 1s estimated to range from about 900 to 2,900 cm?. The exposed surface

ares of a child may be smaller in proportion to their total surface ares.
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The ranges of values associated with the factors mentioned above makes it dif.
ficult to arrive at an average value for the amount of 011 and dirt accumula-
ted on soil, An assumption of an average soil deposition at 1 mg/cmz, and
exposed surface area of about 1,000 cm? on a daily basis, provides an iverage
daily deposition rate of 1 g per day. The vartability is such that this value
may be different by a factor of as much as two.

Investigators at the Centers for Disease Control present an estimated
daily deposition of s0i1 on skin according to age group (Kimbrough et al.,
1984). Thelir tabular presentation shows that the datly amount of soil de-
posited on skin i3 O for the age group 0 to 9 months: 1 9 for the age group
9 to 18 months: 10 g for the age group 1.5 to 3.5 years; 1 9 for the age group

3.5 to 15 years; and 100 mg at age 15 years,
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18, COMPARISON OF EXPOSURES BY SOIL INGESTION, INHALATION, AND OERMAL CONTACT

Table 16 shows comparisons of PCB intake by various exposure routes,
Calculations apply for PCB-1254 decause the emission rate is dependent upon
the soil-air partition coefficient, which 13 different for each PCB. The
ambient air concentration is the on-site value based on the emission rate

averaged over ] day after soil {s contaminated up to the surface without

cover.,
TABLE 16. COMPARISON OF INTAKES BY VARIOUS £XPOSURE ROUTESS
Lifetime
Contact Absorption Daily intake intake
Exposure route rate fraction (mg/day) (mg/70 yrs)
soil ingestion
3 g/day (with pica) 0.3 9 x 10-4 1¢
0.6 g/day 0.3 1.8 x 10~ 0.2
Inhalation 20 m3/day? 0.5 6.1 x 10-3 78¢
Oermal absorption 1 g/day 0.05 5 x 10-% 0.64f
Oust innalation 20 m3/dayS 0.% 6 x 10-7 7.7 x 10-3e

Ssed for 11lustration: PCB-1254 at concentration of 1 ug/9 in soil,

Y0n-site ambient atr concentration based on l-day average emission rate
after surface contamination (no cover).

CConcentration of suspended particular matter: 60 uﬂ/mJ-

9183 days/year for § years.

eoft.site factor = 0,5,

TAn everage exposure of 1.5 mg/cm? and the exposure surface area of 1000 cme
assumed; off-site factor = 0.5,
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Evaluation under the scenario of the use of cover, or longer-term emission
dverages, may change the daily intake by inhalation consideradbly, For example,
a calculation shows that the use of 25-cm clean soil cover will reduce the
daily intake by inhalation to 1.4 «x 10-% mg/day instead of 6.1 x 10-3 mg/day.
On the other hand, exposures by soil ingestion, dermal absorption, and dust in-
halation will be 1ikely to decrease because clean soil is used, The ingested
soil or the soil on the surface of the cover that may be accumulated on skin is
initially clean, Hence, the caily intakes by pathways other than inhalation
4130 become small, However, the concentration of PCBs 1n the initially clean
cover material could increase as the PCBs in the air phase being emitted are
adsorbed on the cover material as the liquid PCBs rise towdrd the surfice due
to capillary potential, The table suggests that sol) ingestion and 1nhalation
are two compating exposure routes for PCB intake. The dermal contact can also
become & contribﬁtlng route for some conditions of exposure durstion., When 3
high concentration of particulate matTer in the ambient air is prevalling, the
comparison shown in Table 16 can no lTonger spply. Consequently, the contribu-
tion to PCB intakes by inhalation of particulate matter will increase, There
are a range of other possibilities which may result in 4 comparison di fferent

from that shown in Table 8.
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19. RESULTS

19.1. DERIVATION OF PERMISSIBLE SOIL CONTAMINATION

Oetermination of the permissible PLB levels in soil for tntake through
the combined exposure routes makes use of 1) £q. (24) when the soil concen-
tration is below the saturation point; and 2) the summation of Eqs. (B), (9),
and (10), equated to the acceptable intake otherwise. For each Aroclor under
consideration, a soparlio exposure evaluation can be made for the following
classes of exposure location and route: 1) Exposure occurs on-site. This
can be further subdivided into:. (a) sites which are readily sccessible to
children, and hence for which soil ingestion 13 a possibility, and (b) sites
for which there 15 no possibility of soil ingestion, and hence exposure is
only through inhalation; 2) sites which no population is assumed to enter
within the radius of 0.1 km from the site; and 3) sites which ro population is
assumed to enter within the radius of 1 km from the site,

Two classes of soil ingestion rates are evaluated when exposure occurs on-
site (Class 1 above). For the first class, estimates of exposure are calcula-
ted for & person with pica who consumas 3 g per day between the ages of 1-5
years. For thg second class, estimates of exposure are calculated for soil
ingestion of 0.6 g par day between the ages of 1-5 years. For both classes,
frequency of exposure ts assumed to be every other day for lifetime exposures.
For & 10-day exposure, 30t1 consumption is assumed to occur consecutively for
10 days. No soil ingestion is assumed for sites which are not accessible to
population within 0,1 km or 1 xm from the contamineted site. The route of
exposure in these cases is by inhalation only, For lifetime inhalation expo-
sure estimates, it is assumed that the population is exposed 50% of the time,
{,e., 12 hours/day, or 6 ion:hs/yolr.

19-1 MONS 224474



The emission rate of volatilized PCBs can be considerably reduced by
covering the contaminated sofl by low-porosity uncontaminated soil or clay
material, The reduction in the emission rate will result in a decrease in
ambient air concentrations of PCBs by the action of blowing winds. When PCB
material 15 directly exposed to the atmosphere, the PCB levels in 3011 required
to maintain the same level of exposure will be less than those expected when
the PCB materia]l is covered with low-permeability material of appropriaste
thickness, The cover would also serve as & deterrent to sotl ingestion and
direct dermal contact,

The worst-case emissions would occur when the contaminated soil s initial-
1y exposed to the atmosphere and the 301l 1s contaminated up te the conditions
exhibiting saturation vapor pressure, Models are ysed to estimate emission
rates which can be constant or time-varying depending upon the degree of soil
contamination, The constant emission rate can be assumed if the vapor phase
concentration maintaing its constant value at the surface of contamination,
There will be a profile along the layer of soil contamination for time-varying
emission rates. The models for constant and time-varying emission rates are
cpplied with or without cover material, Calculations corresponding to Cases 1,
2, and 3 for exposure possibilities are repeated at an assumed 25-cm {10-inch)
thickness of a sotl cover initially free of PCB contamination.

The ambient air concantrations given in Table 15, and the resulting air
dilution factors calculated, are based on an annual avarage wind speed of 10
mph, When wind speed is lower than this, it is possible that the daily dilu-
tion factors could be higher than the values in the calculations (less dilu-
tion). The combined soil concentration values based on Eq. (24) will be lower
when the dilution factor is higher, More accurate considerations of metecro-

logical conditions will require site-specific evaluation,
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Among many fictorsrlfflcting the emission rate (including vapor pressyre,
sofl-air partition coeffictent, and Henry's Taw constant), the varfability
associated with the sofl-air partition coefficient is more pronounced than any
other chemical and phystcal properties., This is caused by the wide variation
in experimental values for the soil-water partition coefficient reporied in
the 1iterature (U.S. EPA, 1980a), ranging from 22 to 2,000 cm3 water/9 soil.
For ¢lay and sandy matertals, the range includes about 40 to 1,000. The
values of K4 higher than 1,000 are obtained from experiments using coal chars,

For each Aroclor considered, the evaluation is performed for each set of
conditions, The comdbination of these conditions can be summariled as follows:

{1) Mo cover i3 used. This is designated as the case of “Uncovered
Surface Contamination.® Contaminated soil surface is left uacovered
after removal action in this case.

(2) Soil cover of 25-cm thickness initially free of PCB contamination
1s used, This is designated as the case of “25-cm-Thick Clean Soil
Cover”, Contaminated soil surface {s covered with 25-cm-thick so1!
cover, MO sosking by liquid PCBs is assumed, which will reduce the
effective cover thickness.

(3} On-site exposure evalustion i3 conducted at two different soil
ingestion rates: 0.6 ang 3 g/day. The higher rate is reported for
an individual with the hadit of eating sotl (pica). For life expo-
sures, soil 1is consumed every day for ages 1-5 years., For 10-day
exposures, sotl *s consumed every day for ages l-% years.

(4) Innalation rate +s 20 m3/day for both an adult and a child, Populae
tion is exposed for 50% of th§ time for lifetime exposure duritions.
Ten-dsy evaluations are based on a datly inhalation rate of 20 mi/cay

for 10 consecutive days.
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(5) Noncancer and cancer effects are evaluated at the acceptable intakes
corresponding to 10-day exposure on the first day of clesnup and
after 10 days of eldpsed time upon clesnup, and lifetime permissible
exposures,
(6) Two extrems values of the soll-air partition coefficients lri used
in the evaluation, The high values of K4 (soil-water) correspond to
Tow values of Kye (soil-air),
{7) Area contaminated is 45 m x 45 m or approximately 0.5 acres.
The combinations of these evaluation condjtions are presented in tabular
form in Table 17. Tha soi) ingestion rates of both I and 0.6 g/day are used
in the evaluation pertaining to the longer-term {gl0-day} intakes, The
soil ingestion rate of 0.6 g/day between ages 1 and 5 1s used for lifetime
exposure evaluation, and this value 1s averaged with respect to soil ingestion:
and changing body weight over a lifetime., For each Aroclor, there are 120
different situations demanding different permissible levels of PCBs in sofl
depending upon the location, route and duration of exposure, elapsed time
after site cleanup, and the type of nealth effects to be protected. Table
18 shows the corresponding values for Kyq (soll-water partition coefficient)
and Kyg (soil-air partition coefficient) for Aroclors considersd., The high
vilues of K4 correspond to the low values of Kyq, and vice versas.
19.2. SUMMARY OF RESULTS

The method for determining the permissible PCB lavels in soil i3 programmed
in a personal computer to avoid hand calculations, Tables 19 through 22 summa-
rize the results of computerized calculations for the case of “"Uncoversd Surface
Contamination," and Tables 23 through 26 are for the case of “25-cm (10-incn)-
Thick Clean Soil Cover.” The ranges are presented becsuse the low and high

values for the sofl-air partition coefficient are used in the evaluation.
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TABLE |

.

EVALUATION COMDITIONS FOR EACH AROCLOR

Locstton and route

Values for partition coefficient (Rg "’f!) and covar depth {L cm}

On-sits

of exposurs Soil ingattion Setl ingastion 8.1 ke 1 m

() g/d) (0.6 9/¢) from 3ite from site
Intek® rates inhalation inhalation Inhalet!ion R

dorsal dermalt only nhaistion Inhalation
Ten-day inteke, [ 1,000 1,000 0 1,000 @ 1,000 &0 1.000 40
enritd (100 wg/e€) o 25¢ ) 43 0 0o 0 25
Ten-day intake, Kq 1,000 @ 1000 ] i,000 & 1,000 40 1,000 40
adult (700 wg/€) L 0 1] 0 43 0 25 o 0 25
10°7 risk Ky 1,000 % 1,000 «w 1,000 & 1,000 40 1,000 40
{0.0017% »o/d) L [ ] Fy ] e 5 0 4] 0 o) 0 2
10°% risx Ky 1,000 40 1,000 © 1,000 40 1,000 4 1,000 4
(0.0175 po/d) L 0 2 0 o3 o 0o 3 0 5
107% risk K, 1,000 4 1,000 w0 1,000 4 000 4 1,000 40
{0,175 we/d) L 0 F+1 ) ] MR 0B 0 25
1074 13k ke 1000 4 1,000 © 1,000 4 1,000 4 1,000 %
(1.75 wo/e) L 0 25 0 4] a5 o B 0o

'l‘ = 30f l-watar pertition coefficient in wnits of o’ weter/g soil (= comc. In soll/conc. In water), high
valups close ta clays, low valves close te Sand,
a3 no caver designated o8 “swrface contaminstion.”

SHpans 25 cm (10") clean soil cover applied lamediately of ter ramadied actiom.

NONS 224478



TABLE 18.

LOW ANO HIGH VALUES OF AIR-S0IL PARTITION COEFFICIENT
USED IN THE EVALUATION

Kg (emd water/g soil)d

Kas (g soil/cmd air)b
L

PCB type High Low ow

1242 1,000 40 2.35 x 10-% 5,87 x 10-4
1248 1,000 40 1.44 x 104 3.6 x 10-3
1254 1,000 40 3.43 x 10-¢ 8.58 x 10-3
1260 1.000 40 2.92 x 10-4 7.31 x 10-3

'Kd is the soil-water partition coefficient and has the unit of cmd witer/g
soil which is equivalent to concentration in soil/concentration in ultos
is the soll-alr partition coafficient and has the unit of g sofl/ca

afr. which is equivalent to conCentration
This is calculated by (Hlld) {1/2.44 x 10"

19-8

én atr/concentration in 011,
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SABLE 19, PERMISSIOLE w1242 SOIL CONTARINATION LEVELS
(UNCOVERED SURFACE CONTAMINATION}

Prealystble tevels (pp/g) corrarpimding te

Nenconcer«ihert-tera?

scceptoble intshe pyidey® Concor ri 1§tc doses

Localton snd

rouly of human 108 08 o.Qo11% l.!l 11 !.lu l.‘i
srpaserd for child for aduit {1077 rish) {40-® cosh) (0977 rish) (10°F rise)

On Lhe contemtnstled $4le

- Setl lagastien®, 5860 10490 0.908-8.01 0.08-8.1 0.8-1.0 13
Innatat lon®

. Setl (ngestiend, 2.1 2108- 2000 9.03-0,08 0,)-0.4 3.0-4.0 »-0
Inkalation®

= Inhptation entyt 116-v39 " n.04-8.2 0.8-2.0 100 119- 20

0.1 ke frem " n 4.0-20 1e-200 1. 1n10¢ "

contqminited stte

« lahalatlion gnly®

1 s frem »wt " 0. 430 aiaet v "

contominsieod 2ily
- Inhglation gaily®

*Short-terw 5 10-doy inlote,

Msted o0 sverage veights of 10 sad 70 kg Tor o chile ond on sduit, respectiveiy.

Cntldren sgut 15, wilh pice (consuming ) § seli/dey).
ACnileren sges 1%, withewt pics (¢ ny 0.6 ¢ sotisdey),
Sinhaistteon retes sre sstumed Lo be 20 o'/day for Lihe ~Lorm sad LORGET-LOTE RORCONCAT SEPOTUreS;

oll othar (mere chrenic) enposures sttumed Lo e 10 w'/day ot 2 resell of 102 days expoteve par yeer.

fnanges rosuit 1 okth Coss becouse 1) Tamr PCBs (4202, 1240, 1734, 126Q) sre contidured, 00ch with & differemt
vapor presiure, ond 1) high and low valves for uli-olr partition confficiont are osed In Lhe colcutetions,

vt denetes ne Lheoretical epper-bound timit. Practics! ressons roquire wi free-Tiowing PCH Tiqulids for the llmit.
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IMILE 20, PEAMISSIALE PCO-1240 SOIL CONTAMINALION LEVILS
[COVEREN SURFACL CORIAMIMATION)

Pormlssible tevels (yy/q) corresponding te

Nencancer thort-tpred

arceptasie intate vg/dey® Concar rish spacific dntes {pg/day)
Location and
route of husan 100 oo 0.§ulrs 0.017% A7% t.13
peture lor chilg for agult ] MY (008 risn) (1073 risk) 107 riany

On the contaainated Lite

- sotl ingestient, 12-n' 2110 0.0 [ R I-0 8-10
tohalat ion®

- Solt tagestiend, 2% 2500- 2900 .42, 04 0.2-0.% 1.8.5.0 17-1%
1nhatoston®

- nhglation eniy? 47-v29 1] 0.42-0.08 0.2-0.0 2.0-0.0 87-110

9.1 &= from " (11

contaninated site 1.0-0.0 0-110 ol 0. 7at0%.vs

. tnhgtation eniy®

1 sm from " " 258-210 2.42104-2 50004 " "
contaminated site
- innststion eniy?

IShert-term v Hday Imtte,

Bgased on average vatghts oF 10 snd 70 59 for o child ang on Miulk, rospectively.

Chitdron igas 1-5, with pice (conseming 3 9 sell/dey).

Childron squs 1-3, witheuwt pica (e-u:-g 0.6 ¢ sell/eay).

Anhatatlon rotes ora sttumnd Lo by 20 o'/day Tor the ~Lerw oand [Engar -Lerm POACORCAT SapRINrey;

at! other (mere cthronic) oxpoteres Sstumnd Lo b 10 m¥/day 80 o Posuit of 102 doys eapesury por yoor.

Ranges Feselt (n sich cote becowie 1) four PCBs (1242, 1240, 1294, 1200) are considered, a0ch wilh & @i 1furent
vapor prossure, oad 1) high and Iow valeet for tell-olr portitien conflfictent ore vied o the colculations,

Syy danetes ne Lheoreticel upper-bound fialt. Practical rassoms roguire ae free-flowing PCA Tlgutdsr for the tialt.
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VABLE 20. PEOMISSEOLE PCO-12%4 SO COMIAMIMALION LEVELS
(UNCOVERED SURFACE CONSAmINALION)

Permissibly fevels (pa/g) sorrespanding 1o

fanconcer thert-tarm®

scenpsable imphe ppidar® Concer rish specific dpves (pasder)
Locat bon and '
route of humsn 108 L0 ] [ X 1} ] oS ‘.ns L. 1%
aspature for chité for aduit -t rrsny (00% pagk) 110-F risk) (1079 rign)

On the contimtnsted glte

- Sell tagesiiont, % 108f ne-1m 0.009-8.01 *0-8.1 1.e2.0 1”?
Emhatat tent®

- Setl tmgestiont, Ne-0 79900 W00 0.01-0.04 0.1-0.4 1.8-40 -39
iahplotion®

- tahalstion enly? n " 0.01-0.0% s1-0.4% 5.0-1.8 a48-410

0.1 bm frem v " $.0-1.0 “o-s10 ot "

contiminated gila
- tahatation saly?

! um Trem " " ' tIue? 13008 " "
contominsted site
- lakalotton enly?

Tnert-tarm ¢ [0-diy Intake.

Bosred on averog velghts of [0 ond 10 kg Tor 5 child ond on adulk, respectively.

KChlidron spges 1-3, with plce {consuming ] g tall/dey).

cnlidren pgas 1-3, withewt plce “.‘ﬂ.. 0.6 9 salb/dey).

Oinhatation retos are stowind t0 b 20 o'/day Tor She 5870 ond !ORGET-LOTD RORCONCEr IPOISFeL:

st} other laors chrenic) axposures artumid 1o be {0 af/dey 05 & resell of LOT doyt qupetery por Juar.

Tasngis resulit |s coch cose bucawse ¢) fewr PCBY (1262, 1200, L254, 1298) ere considared, wach with & 4 fferemt
vopor pravsuce, snd 2) high and lew values for setl-elr portition cosfliciont org wied in She cotcatotions.

vy denstes ne Lhoorstice) wpper-beund Hlait, Prociicel ressens Tequire ne frea-flowing ICB iiguida for the llmty,
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IABLE 22, peRmIASIOLE PCO-1260 SOIL COMTAMIMATION LEW(LS
{UNCOVERCO SURTACE CONIANIMATEDR)

Parmissible lovels (ph/g} cocrespengding to
Bang pacid thart -t oret
sccopiable tatahe pg/dey® risk Hic o
Lecation ang
routs of hemgn 108 00 O.rl” l:!"! '.ll! |.‘S
aaparere for child for aduit (o= risa) {10°% risk) (18 riakt  (10-Y risk)

On the contominsted tile

« Suil Ingustiont, -1 $40- 710 (X ]} [ B '@ [TRY]
inhalotion®

- Seli Ingastiont, 612360 H19-2900 0.01-0.04 084 1.0-4.0 “w-48
innalotlion?

- Inhatetion only® nt L1 0.01-0.08 .,1-0.8 ).0-6.0 n-e

0.1 ta fres " n &0 w-2.20"  IIsiedwn "

conteninated site
« lnbpletion onip®

! tm trem L " -1 2.2u104 " "
centaninatod ity
~ inhatotion only?

Shert-torm 5 Lh-day !mtabe.
sed o0 average walghis of 10 ond 79 dg for & chiid ond on adult, respactivaly.

SChildron pgus 1-5, with pica (eonsuming ) g Seitider).
AChtidron sgus 1-%, withewt pica (C ny 0.6 ¢ sait/dey).
Utnbalotion relas ore ostumnd ta o 2V o'/dey lor lu.‘l-n-tm ond TORgEr-Lora NORCOACET SEPRISFeS:

oll athee [mmre chreaic) expeteres sssumed sa be 1§ 0¥/ dey 1 o resnit of LBT doys expusare por poor.

Tnangus rovuts I aoch cose bucowsa |} fumr PCBS (1262, (200, 1734, 1260) sre comidered, vach wilh o ¢ifferent
vopor pressure, and 2) Nigh ond [ow salues 10 20FI-0br partitien cosfficiant 30 wied In the colcalotions,

Uys donotes %0 Lheorstical wppar-bound Vistt, Practics! resvens reguire me frae-flouing PCO Liquids for the Ilmit,
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TABLE 2). PEDMISIIOLE PCO-1242 SOM CON{AMINATION LEVELS
{25-co-1NICK CLLARN 301t COWXR)

rermipeinty levely (ppfal correspending t9
fancoacer shert-terad
steoptabie Intake pg/doy? Soncor rize spueitic swey (ynfoey)
T — 100 » wugmn [ X 1,2 s )
route of hemen N B .1 f.
oEpRsers for chile for sduit (IO'P:MI' ﬂ"’iﬂlﬁ' (l." rik) n.“‘rlnl
On the contaminsted site
« Sall Ingastient, 17e-reef 1209 | 400 0.0-8.2 0320 311 10-v
Iagtotion®
- tet) ingustiond, 4-509 108-3708 0144 1.0-5.8 - 240-n
I aalot lon®
- Inhaiotion ealy® nl ] 0.9-1.0 n [ ) L]
A.] s fres [ " [ 1, ] L] " "
contapineted site
- inhatotion mmiy®
1 e fre ” ” " s » L)

contaninaled 21t
= inhalotien ealy®

Sghart-tetm o 1i-doy tatohe,

"ated = mor -l'ru of 10 ont 20 g Tor o child ond o0 aduit, renpactively,

Chtloren sgus |-§, with pica (consuning J 9 se!)/dey).

AChiteron sgus 1-%, vithat pica { ny 0.6 g 30/ day).

Tiahstation rotes ore ssvumnd 1o be 20 w'/day for the =~LONE Nl JERNDF-10rn RORCINCHT SRPOIUreS )
1l pthar {mere chremic) w sstumid to bu 10 o¥/day ot 4 reusit of LT Goys empetere por poar,

fhanges resett In sach cose botons |) four PCBs (1202, {200, 1204, 1200) ore comsidorad, soch with & ¢ifferom
voper prastere, snd 1) Mgh snd fow veless Tor soti-sir partition conlfficiont are esed e Lhe calinletions,

S8 denotes ne Lhoretics) sppor-beund 1imit. Proctlice! reatens rogwtre oo free-flewing PCO Viguids for the Himit,
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TABLE 20, PERMISSIGLE PCO-1240 SOIL COWTANIPATION LEWELS
(25-ca-INICK CLEAM SQIL COWER)

forwissibie tevels (yg/g) correspanding te

fanceacer shert-tera®

sccaptanle Intsie py/day® risk 141
Lecation ang
route of humsn 1. ros 0. oL re .:’Iu '.l" idl
LRpture for child for aduit (107 rtek) (00°% piak) (M=% riek) (10°% rina)

On the contoninated site

- Soll mgestleat, 160- 190! Jige- ooy o8-8 0.1-1.0 1-30 24-440
Inhg Lot fen®

= Seit tagestiont, 58-nl 4500- v 0.02-0.1 [ R 531 2.0-10 93-2,909
Inhalatlon?

~ [nhglation aaly® " ”n 0.62-8.1 8.2-1 1.8-44 1.%104

0.0 tm frem ” [ ] 2-18 1.t ” "

contaminated site
- [nmalstion eniy®

1 ke frem L] 1] ” o " ”
contaninated ity
- Inkalotion enly®

Shert.tere ¥ lo-ug tntoke,

ited oa sver s of 18 ond 78 kg for o chil6 sad on advit. respectively.

CCnl1oren pom s. - th pln {consuwing ) ¢ seil/day}.

Iidron ages |-5, nithont plcs { ng 0.6 @ vellrdey),

Slahpiotion rotes ere spsumd to be 1O o'/day lor IM =term and longer-Lere ReacIncer om,

s1l sther {mere chranic) anpotures sttumed te W )0 of/dey o3 o reseit of JOT dops expesure por

TRonges result In soch cose becouse 1) four PCBs {1242, 1248, 1294, 1260) ore contidered, ooch vm a "t raremt
vopor pressyre, dad 2} high and tewr velves Tor Seli-eir portition canffictant sre vaee in the cotcuiotions,
vy donetes ne Lhoorst icol spper-bound [lait, Prectical ressons require an frog-fliowing PCB liquida for the limit,
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IABLE 23. PEOWISSIOLE PCR- 1254 SOHL CONTANIMANLOR LEWELS
(25-co-THICK CLEAR SQIL COWR)

Permisyintg tevels {va/q) Corretpandtog te
Nencontar thert -terad
sccaptably Intate pgidny? Concar risk e [0
Lecetion and
reuts of humen 108 ] o.perrs .S A1 1.]%
rapeIere for chilé for aduit e’ rink) (18°% rigd) 1109 rant) (10" rinky
On Che conteminsted site
- Selt Ingestiont, 140 100! $70-1300 oel-e.00f 0102 2.0-7.8 "
Iohalat lon?
- Sotl Ingestiond, .l 4000-v4 0. 01-0.8 0.20.4 ".0-9.0 "
Inhglatlon?
+ Ishatation eniy® " " P.02-9.00 0.2-0,0 j8-14 "
Ll tafrm ] L} 1914 " [ ] "
contoalnated Sita
- Inkalation enly®
I ke frem ” ” ” ” ”» "

contaminated site
- lopalation enty®

Schert-Lore 3 10-day Inlshe,
ated o8 aversgs walghts of 10 and 78 dg Tor o chllé ang an aduit, respactively.
Sl ldron sgas -5, wilh pice (conmuming ) g seli/dey).
KNl ldron pgas -5, wilhewt phee { ny 0.6 ¢ selljdey).
*Innalation retes sre sstumid Lo be 20 oF/dey for Lhe =LOrD 0d langeT-LOTE RORCINCEr QRPOtUraS;
ol sther (mpre chrenic) esporures situmnd 10 be [0 o/day 1 5 reweit of 162 doys spmrury per yoor,
Nonget resull In each cose Secsuse | lowr PCBs (1242, 1240, 1264, 1260]) ore comidured, soch wilh & @4fforent
vapuer prossure, il 7) Aigh ond low valwas for soil-alr partition canffictont sre uted [n Lhe colculations,
vy derotes ne Inaeretice] spper-beund Himit, Practice! resvens roguire ap Tree-fleming PCB Higuids for Lhe lieit,

NONS 224486
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TABLL 78, PORMISSIOLE PCD-1260 SOIL COMTAMEMAY 10N LEVELS
(25-cm- IMICK CLEAR SOIL COVER)

Permissibie favels (pg/g) corresponding {9

Ranconcer shert-Lermd

sccaptible Intave py/siay® Concor rish specific duses {yp/dey)
Lacatlon and
roule of hymen 19 roe o.rlu .:!ln Nii) I.‘i
cipasure for chivé for aduit 1107 ryeb) (W riskl (0% risl (1079 rist)

On Lhe contmninsied tile

- St Lagestieat, 110-jou! #00- 4 300 0.01-0.02 ei-1.0 1.0-2.0 -0
Lahaiationt .
- salt ingestion?, $50-000 *088-3008 0.02-0.07 [ RER 1.8-2.0 120-5%
Iahal st ion®
- Imhslotion enly? nt » 0.02-9.00 0200 1.8-8 $20-170
0.} ke frem " ” 18 2e-rm " "

contaninated site
« Inhalotion onty?

| ta fre; L, [ ] ] L] ” L4 ]
contaninetod sile
- inkalation eniy®

Mhert-tere v !0-doy ‘atake,

Dated on aversgy waights of 10 snd 70 Ry for o chil¢ and o sduit, respuctively.

Conlidrom dgus §-5, wilh ptcn (consuming ) g seil/dey),

denttdren o908 14, withowt piee [comy 0.8 9 seil/gey).

jahplation rotes ore sstumd Lo 0 N nq for the t-term Md JORQEr-Lerw RORCORCHr Srpotares

sl stngr (mery chrenic) sspoteres sssumed Lo he 10 a?/day o & resuiL of (BT doys dxputare por peor,

Toanger ragwit 10 each cose becowse 1) Towr PCBs (1242, 1200, 1294, 1268) are comitdured, wach with ¢ ¢ifforem
apor prassure, ond 2} high ond fow values Tor soti-elr portition confficiont sre vied (o the catcelotions,

vy denetes ne Lhoorstical wpper-bound tiait, Practicel reasans roguiry no free-fiowing PCD tiquids for the tialt,
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The symbol “vs" indicates that no upper-bound l1imit for PCB concentra-
tions in sofl can be derived from the exposure evaluation, This resylts mainly
for two reasons. First, the emission rate cannot exceed the upper-bound valye
which can be expected when the air phase concentration of PCBs at the contami-
nated soll surface is maintained at the saturation point, The concentration at
the satyration point corresponds to the vapor pressure concentration. Second,
when the cover 1s applied, the emission rate is not only retarded, but also the
concentretion of PCBs 1n soil being ingestad {s controlled by the amount of
PCBs sdsorbed on s0il in equilibrium with the air phase being emitted. Hence,
the concentration of PCBs in the initially clean soil material cannot exceed the
saturation point concentration, The PCB concentrations 1n soil corresponding to
vapor saturation concentrations are 250, 55, 4, and 28 ug/g when K4 = 1000; and
10, 2.2, 0.2, and 1.1 when Ky = 40; for PCB-1242, PCB-1248, PCB-1254, and PCB.
1260, respectively.

In actuality, the "no upper 1imit," or the level above vapor saturation,
designated by vs, should be interpreted with great care. The assumptions used
in the exposure evaluation are critica). They include, but are not limited
to: 1) no soaking of clean cover by 1iquid PCBs for the thickness of 25 cm;

2) no distyrbance of cover material by construction sctivities or children
digging the ground; 1) no exposure to initia) spills when the values applica-
ble for 25«cm clean cover (Tables 23 through 26) are considered; 4) no popu-
lation entars the ared within the respective radius of distances from the
site; and 5) the cover matarial is at lesst squivalent to soil material. The
existence of free flowing PCBs liquids when placing clean so0il cover material
w111 nave an effect of wetting the cover, resulting in the reduction of effec-
tive cover thickness. Hence, Assumption 1 will be tantamount to requiring

the presence of no free 1iquids in the contaminated soil.

19-15 NOMS 224488



Since the ranges shown in these tables are dependent ypon the values of
the sotl-air coefficient, the site-specific or contaminantespecific informs-
tion will nelp find &n appropriste level of PCBs for that particular condition,
This can be done either by using the procedure outlinodoin the main body of the
report, or can be conveniently done by looking up the valuos'listod in the
Appendix for each Aroclor at low and high values of soil-air partition coef-
fictient,

The results in Tables 23 through 26 for each Aroclor assume that the 25-cm
clean cover material is placed on top of contaminated 041, In this case, the
intake rate by exposure to soil ingestion is calculated based on the estimated
concentration profile existing in the cover material, This profile exists
becsuse of the establishment of the vapor-solid sdsorption equilibrium between
the vapors being amitted and the soil, The concentration profile, which changes
as & function of time, i3 estimated by mathematical models. the concentration
used for soil ingestion is the average comncentration slong the thickness of the
initially clean cover material,

If the prevailing contaminants at a site are PCB-1242, for example, Table
19 can be interpreted as follows:

(1) When the site 1s amenable to access by children with possibilities
of ingesting the contaminated soil exposed to the atmosphere, the permissible
PCB concentrations levels 1n soil should range from 55 to 60 u9/9, and 92 to
247 49/9 for prevention of noncancer effects from 10-day exposures at soil
tngestion rates of 3 g/day and 0.6 9/day, respectively,

wnen the site is accessible to children and the population has the poten-
tial of on-gsite exposures to the contaminated soil &nd &1ir over & lifetime, tne
permissibie PCB levels in soil should range from 0,008 to 0.01, 0,08 to Q.1,

0.8 to 1,0, and 8 to 13 ,9/y, corresponding to the best estimate of an upper.

19-16
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bound oncogentc risk at 1077, 1076, 10-% and 10-4, respectively, The specific
level will be dependent upon the likely soil ingestion rate and the extent of
sotl-air partitioning, B8ecsuse of the PCB concentration profile being ests.
blished tn the soil column as volatilization occurs, the PCB concentration
averaged over the depth will gradually decrease over time, Hence, 1f the popu-
lation is allowed to enter the site 4t some time after site clesnup. the per-
missible levels for preventing 10-day noncancer hesith effects can change.
Again, the specific lavel will be dictated by site-specific charactaristics
such as the soil-air partition coefficient,

(2) 1If there 13 no possibility of population entering the contaminated
site within & radius of 0.1 km from the site, the PCB levels 1n the s011 can
remain st the no theoretical upper-bound 1imit value (vs ug/g) without exceed.
ing the 10-day Al upon inhalation exposure for 10 days; and at 110-200 ug/9
without excesding the average datly dose corresponding to a 10°6 risk for 1ife-
time exposure, Similar interpretations can be made for the resuits applicadble
to the carcinogenic risk listed at 104, 10°9, and 10-7, and to sites without

affected population up to 1 km from the site.

MONS 224490
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20, LIMITATIONS OF APPLICATION

It is assumed that the 25-cm (10-inch) clean cover material used remains
undisturbed in the process of human activities on the site. AL times this
assumption may be found arbitrary, because an opportunity could exist that
would #xpose the contsminated $011 surface in contact with the atmosphere by
inadvertent disturbances of soil surfaces, construction sctivities, utility
tnstallation, precipitation, or children playing on the site, to name § few,

In this case, additional thickness of cover materis) should de used, or the
site should be made insccessible to children or shoyld be kipt from any active
ities that would lead to disturbance of the soil surfaces. Spills on top of
the clean cover will result in & situation equivalent to the surface contami-
nation case, requiring a more stringent concentration limit in soil. In this
case, the resylts given for the 25.cm-thick clesn cover materisl do not apply.

The tabulated results are intended to be applicable under certdin specific
conditions, Under conditions similar to those used in preparing the tables,
the values can be used without additiona) evaluations, A particular situstion
may warrant 3 site-specific avaluation which may require the use of conditions
diffcrent from what has been assumed in preaparing the tadbles, [f the analysis
is available to show the specific type of Aroclor contaminating the s0il, the
individual table should de used. If the value for the sell-air partition coaf-
ficient can ba better defined, the range of the parmissible PCB concentration

should be further narrowed.
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OERIVATION OF MOQELS FOR ESTIMATING VOLATILE EMISSIONS

FROM CONTAMINATED SOIL COLUMNS UNDER TRANSIENT CONDITIONS

Because af the limited aqueous solubility and high soil affinity of PCBs,
it has been assumed that these compounds move vertically 1n sotls, primarily
by diffusion in the vapor phase. 1f transport of PCBs is by vapor phase dif-
fusion through interstitial spaces bdetween s0il particles, & mass balance over

an infinitesimal vertical elemant of soil can be written as follows:

AE(-0g13C) - AE(=0g43€) » Aazyc ¢ AazF %s (A1)
o2 2.t F}H 1*az,t it ®
where:
A = cross-sectiona) ares of interest, cmd
C = concentration of PCBs 1n the vapor phase in soil pores, g/ca3
Cg = concentration of PCBs in 5011. 9/9
Dy = molecular diffusivity, cml/s
Dgy * effective aiffusivity, cmé/s (=D1-£l/3)
é * pore porosity
Fe = bulk density of sofl = true density of sofl, Ps, sultiplied by
{1«E), g/cm
t = time, seconds

2 = depth measured from the soil-gir interface, cm

In Eq. (A-1), the effective diffusivity, Do,, 13 used in place of gl/3-0,
to account for the tortuosity effect in porous media, The use of effective
diffusivity 1s consistent with the findings which describe emission rates of
volatile chemicals from landfi1ls and soils (Hwang, 1982; Thibodeaux, 1979;
Farmer et al., 1980). The effective porosity for dry soil is used for sime
plicity. The effect of moisture can be incorporsted in the porosity term as
shown by Farmer et al. (1980).

Since changes 1n soi)l and vapor phase PCB concentrations occur slowly, it

can be assumed that vapor phase concentrations and soil concentrations of PCBs
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are in local equilibrium, If PCB concentrations in soil and in interstitial

vapors approach equilibrium, they are related dy the following equation:

| ] K L]
Cs .Hd. c (A-2)

where
Kg = soil/water partition coefficient

H = Henry's constant

Rearranging Eq. (A=1) and substituting Eq. {A-2) into the resyiting rels-
tionship yields

Pk
alc $ 'dy & Ae3
Def ;-;f {1+ W-) 3 ( )
or
L (A-3)
328 ot

where

Dot € (Ae4)

a
a can also de defined as

S 1 (A-5)
BEAOS
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where

KIKJ'
H o Ps

£q. (A=3) can be solved tq estimate PCB soil concentration, vapor
phase concentration, &nd emission rate into air sbove soil for the various
cases described in this report 1f ipitial and boundary conditions are speci-
fied for each of these cases.

Case 1. Surface i3 exposed to the stmosphere. The boundary and initia)
conditions are

1. I.C. C L (H/Kd)Cso. .t t - 0' l2? 0
2. B.C. C = (H/Kg)Csg, At 2 = =, ¢ > 0
3. B.C. €t =g, st 2=0,t>0

where Cgg 1s the init1a)l concentration of PCBs in soil. The solution to €Eq.

(A-3} for the above initial and boundary conditions s

C e (H/Xg)Cgg = orf (2
a’“so (2(‘:) (A-6)

where

4 n
erf (n) = error function = /v [ exp(-nZ) dn
o

The flux rate at the soil-air Interface (Nj) can De estimated as 8

function of time from equation (A-6) Dy using the concentration gradient

A-3
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as follows:

ED
Ny = «f° _a.c_ - _e_1 . _,'i . ¢
A g D|1 a1 | 100 /ligt Kg 50

(A7)

The boundary conditions used here are superior to those used by Jury et
al. (1983}, assuming that the vapor-phase boundary layer is rate-controlling,
Experimgnts by DuPont (1985) on emission rates from contaminated soil show
that when the emission rates for volatile organics are plotted against the
reciprocal of /¢, & straight line is cbtained. This observation is consis-
tent with the relationships given by €q. {A-7), and Thidbodesux and Mwing
{1982). The model derivaed by Jury et a1. (1983), based on the boundary con-
ditions of the controlling boundary layer in the air phase, does not provide
s straight-line relationship between emission rate and 1/7,. For this
reason, the relacionsnip derived in this report 1s used for exposure evalua-
tion,

The average flux rate, Nj, over an exposure interval, T, cén de calculated

using Eq. (A-7).

T
Nj dt
" - o 2 Det 4 Cg (A-8)
T /0l Kg
or
Fa(T) = 2 Mp(T) (A-9)

To estimate the total average emission rate, Q, the flux rate defined in

Eq. (A9) must be multiplied by the ares of soil contaminated.
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Qe=A-K (A-10)

Furthermore, while £q. (17} in Section 16 can be used st any distance
X from the site to estimate air concentrations of PCBs, i1t cannot be used on-
site, Although at present there is no generally sccepted methodology for
estimating on-site concentrations from an area source, on-site PCB air con-

centration was estisated based on & "box model” approach, by using the equation

¢ BQV_F (A-11)

where

=
| ]

mixing height = 2 m

V s average wind speed within mixing zone

0.5 wind speed st the mixing height = 0,5 x 4.5 meter/sec = 2,25 m/s
LS » width dimension of contaminated ared perpendicular to the wind direc-

tton s /y = 45 m

A need exists for development of & more rigorous approach to estimating
on-site smbient air concentrations. Time constraints did not allow development
and validation of & rigorous model,

Estimation of ingestion of contaminsted soil required the calculation of
an appropriate $ai1 concentration. TMs concentration was calculated by deter-
mining the sverage concentration of PCB in soll to & depth of or 25.4 cm {10
inches) for 3 period of 6 years beginning at time O, Becasuse the error func-

tion has no closed-form solution 1t was approximated by
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2
) - _ al2nel) plt
C. = CSO r e L2 " ’*n{(Zﬂ"l nz

A-12
st om0 ¢t el T! (A-12)
n=Q

where L 1$ a depth which was selected such that
Cgy (Lst) = Csp
for all exposure durations. In calculations reported in this report, L was

set equal to 250 cm. Integrating Cg of the exposure duration tg (5 years) and

depth ¢ (25 cm) yields an gquation for average PCB soil concentration, c;

% s 3 - - a (2ne1)2 5
Gl [ ] coare 2t Ss0 g cosnelngy) . (o Gl 2,
T’ 0 0 T alty.  nep T i ' (2ne1)¥

(A=13)

Case 2. The contaminated surface 1s covered with PCB-free 504’ material, Let
t = thickness of cover, cm, and L = the depth of contamination mea-
sured from the top of cover material, cm, The initial and dboundary
conditions become:

1. I.C. C=0, 0<¢zecp,atte=Q
2. I.C. CesChy 2T CL,atts=D
i, 8.C. C=0, 280, itt>0
4, 8,.C. %-0. 1 =L, itt>0

where Co 1s the initial concentration of PCBs in the vapor phase, which can be
ootained by Cg = (H/Kg)Cgn. Eq. (A=3) with these initial and boundary condi-

tions can be solved using the Fourier Series technique. The solution is
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- -u!Zn*l!z nlt
E . - gin {_215_1. 1 & cos{gl 1 & (A-14)

n={)

The flux rate at the soil-air interface (Ny) can be estimated as a func-

tion of time from equation (A-l4)

e _a LZMI)Z llz
2% B0 ¢ 7T cos | (2251001} (A-15)

NA . £ 0.1 'c !.o L ned

The average emission rate over 4 time period, T, can be obtained dy inte-

gration of Eq. (A-15). The result is

2 gl
a(H/Kd) Cso E* 0.1 L I 1 E - !%_Ll

e he0 (Zne1)Z |

2n+1)2 A2lta,, (2n+1) N1
e LL-%,F.J_Z] cos | S t_l (816"

Np =

or

06! 2(2ne1)2 23t

o AN/R)Coo B (10KS) gy Ly ) [, TRSITT R

22T n=0 (Zml)i
- e " TIEZTLT A 1 =<1 (A-17)
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The summation of terms given in Eq. (A=16) can be conveniently carried out
by means of computer simulation. The time interval ty-t; should be set equa)
to the exposure interval, In calculating exposures, the maximum average expo-
sure was estimated. This was achieved by calculating Ny as a function of time
and determining the time at which the maximum value of Xy occurred; t; was then
set equal to this time,

It should be noted that when the value of the expression ¢(2ﬂ‘1)2“z 1n
the exponential term of Eq. (A-16) 13 smal) or consideradly less :kan 1, the
average of the exponential term over & time, t, will be close to 1. In this
situation, averaging of the exponential term of Eq. (A-15) by the integration
formulae given by €£q. (A=16) or Eq. (A=17) may easily result in an erroneous
answer because one has to evaluate very precise numbers of many decima) points
for the values of the exponential terw, It is more practical to numerically
average £q. (A-15) than te obtain the average value by using the integration

formula given by Eq. (A=16) or Eq. (A-17):

Ry o 2H/Kg)Cso €20

t2 c_(zﬂ_*pi,!‘_t.
ef - L . (2n+1)Me
[f . ] dt-cosi 5= T)

17
L T n=0 tl
(A-18)

The steps of the summation and the integration with respect to n and t, respec-
tively, need to be carried out by means of & compyter.

As in Case 1, Eqs. {A=10) and (A-11) are used to estimate emissions rate
and on-site air concentration of PCBs. However, Eq. (A-17) or (A-1B) is sub-
stituted into Eq, (A-10) as an estimate of flux rate.

Atso as in Case 1, the average soil concentration used to estimate inges-

tion of soil must be calculated. This can de accomplished by noting that CSO
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* Cp ' Kq/M, substituting this relationship into Eq. (A-14) and integrating
the resulting equation over the depth interval ¢ and over the time intervyl

t) tot; + tg. The result is

t1etD 2 -
Coad T ¢y dze3¥so T (2nel)my) | -g (20e1)2 82)t,
STttty 0 T atty ne0 T L e :

cos [(2nel)ne)

:_.Lq*_lg_‘i’(trto)' < T
.-e ‘L (aneT]® (A-19)

where tg = 5 years ang r = 25 cm,

When the initial PCE soi) concentration used in estimating exposures ex-
cesds the concentration at which the vapor pressure of PCB 1s achieved, a
different model must be used in both Case 1 and Case 2. The vapor phase PCB
concentration that can be achieved in the interstitia) voids in soi1 s
1imited to the concentration corresponding to the vapor pressure. While this
14mits the emission rate, it should be noted that as the 30fl1 zones nearest
the air-soil {nterface become depleted of PCB, the emission rate decreases.
If PCB is present in soil concentrations that produce the vipor pressure in
the vapor phase, the average emissioh ragte may be increased because sofl near
the surface is depleted less rapidly.

In modeling this phenomenon it has baen assumed that &t any given time,
tne concantration profile of PCB 1n 301} as & function of depth is & steady-
state profile, As in the previous models, the concentration of P(B in the

interstitial soi1 void space 15 assumed to be {n equilibrium with PCB soil
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concentrations. Given these assumptions and the initial conditions that

H . Cyy

Co--'———-—

Kq

Cs = Cso

where
Cgs * PCB s01) concentration at which the vapor pressure is achieved.
A mass balance can be written to determine the rate of depletion from
soil. If the so0i) concentration profile is as defined in Figure A-1, this

mass balance is

aC

E0t ™ 1
9 . (A-20)
T 31 CeglP(1-E)E"Kg/H]! o Pg(1-E)(Csp=Css)

[}

Secause we assume that any any time the soil and vapor PCB approach

their steady-state concentrations,

{A-21)

substituting equation (A=21) into equation (A-20) ang integrating the result-
ing equation over the time interval O to t and the corresponding depth inter-

val O to z yields the result
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CONCENTRATION IN 30IL

e 3 et

4
: ' g > Yy ta>1y

e § e

c.. L L T T D N T W g P N L-----------

DEPTH (2)

Figure A.1, Model of chemica)l vapor movement through sofl when
partial pressure is squal to vapor pressure.
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ra2? E ' Dy " Cyg” ¢ (A=22)
Elgg » P (L-E) Cgg Kg/N = (I-E] P Ty Kg/N
As in the previous case, the flux rate can be calculated as
w0 € «gep Coa EPeiCseH .
I T T T Ky (A=23)

or

If the

show that

As indicated previously, £qs. (A=10) and (A=11) can be used to estimate emis-

sion rate and on-gite air concentrations.

, T EDgyCyq * {2°(1-E) P Cgg # E-Cyy WKy = (1-E)P-Cy.]

Na
27 t'ld/H

(A-24)

average flux is determined for the time interval T, 1t s easy to

Wa (T) @ 2Ng(T) (A-25)

tnto Eq, (A-10) as an estimate of flux rate in this case.

The average soil concentration to a depth of 25 cm over the exposure

duration of

the cepth z

up to 5 years of exposure must be determined to estimate ingested

dose of P(C8s,

The equation used to estimate this averige depends on whether

in £q. (A=22) is less or greater than L) (25 cm) at the end

of the ingestion exposure periods. The time Ty at which z = L) 13 easily
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calculated using the following eguation:

Ts L 0.25'L12'(E'Cs’ - Z(I'E)P'CSo'KdIH - P'(I-E)'c’s‘xdlﬂ)/(E'O“ 'C’s) {A=26)
If the ingestion exposure period, T, is less than Tg, the depth, 2z, will

always be less than Lj, and the average sofl PCB concentration, Cg, can be

calculated as follows:

1/2
Eg = 2°(Cge-2°Cqp) {E-o.i'C’s-T/[E-c,,¢2(1-E)°P-cso'xdju - (I-E)-P-C,‘-xd{H]}
/3Ly + Cgo
(A=27)
If the ingestion exposure period is greater than Tg, the depth, 2, will be

greater than Ly at the end of the exposure period, and the average soil PCB

concentration can be calculated as follows:

tg - 2'(Cs‘-2'cso) {5‘0.1'C,,/[E'C“*Z(I-E)‘P’Csu'ldlﬂ
0.5 1.5
- (I-E)'C“'P'Kdlﬂll 'Ts . /(3'L1'T) * CSo'Tsz
+ 2°(Cggeby) {[E'Cygv2(1-E)°P*Cgq ~ (1-E) P Cyy*Ky/M] /
[E.De1.cssji .3 {TO.5 v T50'5}/T (A+28)

A=13
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when clean cover 15 placed over contaminated soil, a similar model can
be developed 4s in the case where s0il 15 contaminated to the surface. For
such situations, assuming that local equilibrium between vapor and solid
phases and steady-state concentration distributions 4t any time are attained,
the following mass balance which yields relationships §1lustrated in Figures
A-2 and A«3, which define the concentrations of PCB im sofls as a function of

depth

Lo ® {201 (1-E)"P(Cqp=Cqg) + {4-((1-E) Ly *(CgpeCyy)PI2
o 4Ly 2 (EH/Kg + (1-E)°P) Cyg [2(1-E) P+ (Cp=Cyq) + E'H/Kg + (1-E)°P)Cy()]]0%5
7 {2:[2°(1-E) P (CgpeCyg) + [ErH/Kge(1-E)*P)*Cyq ]} (A=29)

The time at which PCB reaches the air-s0i) interface, Tp, can be estimated

by rearranging Eq. (A-22) and substituting Lg + Ly for z, &3 follows:

Ty @ (LgsL )2 {E2Cy 424 (1E) P Ly Kg/M = (1-E)*P*Cyq Kg/H}
-{4-5-0.,1“]'1 (A-30)
Integrating Eq. (A=24) over the exposure time interval Ty to T+Tp and

¢ividing the result by T yields the following expression for the average flux

over the exposure period:

MONS 224510
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CONCEMTRATION In SOIL

DEPTH {2)

Figure A-2. Model of chemical vapor movement through soil when partia)
pressure 15 equal to vapor pressure.
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PCO 230IL CONCENTRATION

ORPTH

Figure A-3, Mass balance for vapar movement through soil when
partial pressure 1s equal to vapor pressure.

MONS 224512
A=18



_ TytT
NpA® = | Ng dt
T T

' E-Dei -CSS {2'(1'5)'P'CSO + E'C“'H/Kd - (I'E)'P'c’s
|

i

v Kg/H

(Tb,T)llz. Tbllz
T

{A-31)

As before, Eqs. (A-10) and (A-11) can be used to estimate emission rates
and on-site air concentrations.

Finally, the average soil concentration to a depth of 25 ¢m over the
exposure of duration up to 5 years must be determined in order to estimate

ingested dose of PCBs, The equation used to estimate this average is:

Calculation of the Depth-Averaged Concentration for Uncovered Surfice

We want to find the averige concantration of PCBs in s0il over the expo-
sure period., As time progresses, the concentration in sofl decreases because
of volatilization, First, we want to find the time when the emission rate at
any time equals the average emission rate. We equate Eqs. (A-7) and (A-8),

Then

- —— . °
/st K /RaT Ky S (A-33)
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The emission rate equals the average emission rate at t = T/4, where T s
the exposure time (1 day, 10 days, or 70 years), and t is any time. From fq,

(A=6), the vertically-averaged concentration over & depth of 2 cm is:

- 2
c=4 . 1 L4 .
Ry csu: IO erf( _)dz (A-34)
2/at
or
1 : z
. yY f d .
Cy CsozIO"( _) z (A-35)
/ot

The integral should be numerically evaluated at t = T/4, T befng the exposure
period for developing health advisories, and at an appropriate depth within

which the concentration average is desired.
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APPENOIX 8

EXAMPLE EMISSION RATE CALCULATIONS FOR FOUR STUDIED SCENARLDS
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Example caleulations for estimating volatile emissions of PCBs based
on the models presented in Appendix A for unsteady-state conditions, and

Jnder steady-state conditions are presented below,

Case 1. Unsteadvastate emission: no cover.

The contaminated soi) i3 exposed to the atmosphere, and no clean 301
cover is applied on top of the contaminated surface. PCB-1254 13 used as zn
example. The average emission rate, which is obtained by averaging the

instantaneous emission rate over & time period, t (sec), can be obtained by:

2 001 (E) ¢ ()

d cm® M ealemdit(s)
)

E 0.1

where a " T
E+ Ps(l'E) ﬁ‘

o Vet

* « K
1-E K
.-mas-..g_.mu:-“a»s

Det = 0.08 (0.35)1/3 o« 0,0352 cm/s

3

H soi) . 8.37 x 1073 ., o3 Mg/cm air
E?ﬂh'—m——l‘l-O-maa%r
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Hence:

& — 0.0123 : = 2,45 x 10°5 cmi/s
. +r 2. 0.6
2-65(0.65)emrmryay

The average emission rate when the 1nitial concentration in soil,
CS) . 106 g/g (= 1 ppm) can be obtained by averaging over 10 days or

70 years:

e 10 day ;- 86,400 sec) average:

-6
- 0.0352) (10
Ny ® 0.00034(0.35) 200382010 ) . 3,26 x 10722 gcales

73,14(2.45x10" ¢)(864,000)

. 2,2075 x 109 sec) average:

-6
- 0.0
Ny = 0.00034(0.38) 2(0.0352)(10 ) « 6.4 x 10714 g/em? ¢+

73,14(2.45x10"7)(2,.2075x10%)

Case 2. Unsteady-state emission--s0i1 cover applied.
Clean sof) 1s applied on top of contaminated soil surface. Emissions
wil) occur through the cover material, and will remain unsteady below the vapor

saturation point, The average emission rate under the assumption of the initial
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contamination depth, L ® 200 cm, can be obtained by £q. (A-13):

. e t _a ()2
N o ZHRGICog E-DRt Ly g g T Tt o (20e )M
Na . : néo fo a dt-cos{ _n!-)l._l ]

For an average emission over a period of 10 days (864,000 sec)

- 2(0.0003a2)(10'6)(0.35)(0.0352)
Np @
(200)(864,000)

-6
s6a,000 _ 2458107 @ne1d 1o @ - 2n+1)0(25.4)
- * - Cos
] !0 * 4(200)¢ { ]
ns0

* 7.6 x 10°14 g/cmlss
Similarly, the average emission rate over & period of 70 years
« 5 x 10°14 g/cml.s

NOTE: The emission rate equation is programmed 1n & computer, and the sum-
mation i¢ carried out using the orogram,
Case 1. Steady-state emission--no cover.

The same scenario assumes thit the contaminated surface s exposed to the
stmosphere, ond its surface is maintained at the concentration of interest over
the period of emission, This will apply to the case where a large reservoir of

PC8s is available for emission unti)l the concentration at the surface reaches

8-3
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the saturation valye. This will be the upper-bound emission rate for contami-.
nated soil with no clean cover applied.

pCB-1254

[ . 0.34 g/emd air/g/cmd water
K¢ " % 1000 mg/g soil/mg/cm® water S

3 air
0.0003¢ BarEEtrt 0,001 mg/g sof)

3.4 x 107 mg/emd afr o 3,4 x 1077 x 10-3 x 10-6 ng/m3

340 ng/m3

Partitioned vapor concentration: 340 wg/md

Vapor pressure at 259C = 7.71 x 10 =5 mmHg

C* » PMW = 14,7 (7.71x10°5/760) + 328.4 = 8,5x10-8 #/fe3
LA . +

1.8 (25) + 32 » J7OF,

saturstion concentration of PCB-1254 in #/ft3d or wg/md,
vapor pressure,

molecular waight,

gas constant,

w
2 08 KB

8.5x1078 (454) x 106 g = 1362.7 wg/md
(0.3048)° m

wWhen PCR=1254 is greater than 4 ppm in soil, the partial pressure in the air
phase 1S equal to vapor pressure. An average temperature of 25°C is used for

evaluating the saturation concentration in the vapor phase. Since the vapor
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pressure {s dependent upon temperature, & specific evaluation will require a
temperature of interest. The temperature in the subsurface s0il may not flyec-

tuate consideradly over the average value.

PCB-1242

Concentration in air above s0i1 with 1 ug/g PCB

340 x 5.73x10-% = 23.3 yg/md
8.37x10

Saturated vapor concentration

1362.7 4.06x10°4 266.5 = 5823.3 ug/md
7.71x10°% 328.4

Note: When the PCB concentratian in sofl » 250 ug/g = 5823,3 the
(75-5-, ),
vapor phase is saturated,
In order to calculate the emission rate, the values TOr gas-phase massg
transfer coefficiants are estimated using the relationship given by Mwang

(1982).

PCB~1254; kg = 5.8x10°5 18 0.5
(TWT) = 1.36x10°5 g mol/cwd - s

PC8-1242; kg » 5.8x10-5 18 0.5 o 1,51x10*5 g mol/cm? . 3
(7BE.3)

Mole fractions of PC8s in the gas phase (y) when the concentrations are
retained at 340 yg/m3 and 23.3 ug/m3 for PCB-1254 and PCB-1242, respec-

tively, are:
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PCB-1254 y = 340 ug/m3 - 0.0742 ppd/(ug/m3) x 10°9 = 2,82x10-8
PCB-1242 y » 23.3 yg/md + 0.0916 ppb/(ug.m3) x 10-9 = 2,13x10-9

The emission rate, Q, can be obtained from the formula Q  Mirkg-y,
where MW = molecular weight (Hwang, 1982). Thus, the emission rate for each

Aroclor is:

PCB-1254 Q= 328.4 (1,36x1075)(2,52x10-8) » 1.13x10°10 g/5 cm2
PCB-1242  Q = 266.5 (1.51x10-3) (2.13x10-9) ¢ 8,57x10-12 g/5 cm2

Case 4, Steady-state emissione-cover applied,

It is assumed that the contaminated site is covered with PCB-free soill
cover, and that the concentration at the top of the contaminated soil 1s main-
tained at 1 ug/9 over the period of emission. The emission rate can be obtained

from the formula (Hwang, 1982).

Q= 0y pT4/3 %1" , g/emiss

diffusivity, cmzls,

whars 01 .
Pt = total porosity, 3
C? = true vapor pressure in equilibrium with soil, g/ca’,
h = cover thickness, cm,

using the diffusivity value of 0.05 cm/s, one can get for PCB-1254, an

emission rate of

Q = (0.05)(0.35)4/3 340 ug/m3 10°6 g/ug x 10-6 cmi/md
+&% Cm

e 1.67 x 10-13 gsem?-g
MONS 224522
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Similarly, for PCB-1242:

Q = (0.05) (0.35)4/3 23,3x10-6 x 10-6 » 1.14x10-14 g/em2 - ¢
75.4

8.7
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APPENDIX C

SUMMARY OF COMPUTER RUNS FOR EACH AROCLOR AND
AT EACH VALUE GF SOIL-AIR PARTITION COEFFICIENTS
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TALE C-1. PERNISSIBLE PCB1242 SOML COMTANIMATION LEVELSY
(URCOVERED SURFACE CORTANIRAL ION, 1y = (088}

Perwioaivis levels (yy/y) corrviponding te

Nencancer IhOry-tersd

sceptable Intate py/iday® rish specific dases a“
Location snd
reute of human 100 Jog I.Plﬂ [N 114) '.l"
supature for chlld fTor syt (187 rivh} {10°® risa) {(40°® rimk} (10

(1Y
-8 risk)

on the contamingtod site

= Sell ingestient, " e ..008 [N ] [ X L}
Inhal st lomt®

- Sall lagrstiond. ” 2100 .08 0 [} 1]
Tnkalationt

= Inhalotion enly? ne " 8y 2 N 4

0.1 ia frem

contaninsted site ! L4 . J t, ] et 14 )

- Innalation emiy®

1 beirom

contaminptod 3ite " " [+, ] FRTYL n "

- Inhalation enly®

Shert-Larn v I0-day Inlate.
ss0d on average welghts of 10 ond 10 kg Tor 4 <hild snd on aduit, respectively,
CChildran sges 1-5, wilh plce (consuming ) ¢ s0ll/day).
SChildren agus 1+5, without pier (¢ ng 0.6 ¢ setl/dey).
Sinhaletion rates #re s3yumnd Lo be 20 o/day for i otorn snd longur-Lere RORCancEr tapasures:
sll ethar (mare chromic) erpusures ssvumnd ta be 30 ad/dey ¢0 ¢ reseit of 102 duys anpetire por year,

v denotas ne thearstical vwoper-bownd 1Init, Precticel ressans roquire ne free-flowing PCB llguid for the )imit,

Sell-oir .:rml- confficiont « 2,98 1 10°% ¢ soll/cal? alf {= N 01/%g = 5.00 5 107 (1 )/10e8 -
.35 1 10°Y).,
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FABLE C-7. PERMISSIBLE PCB- 1247 SRIL CONTAMIMATION LEVILSY
(URCOVERCE SURIACE CONTARINATION, 24 » 40}

zernlssibig lovels

Menconcar shert-termd

ssceptonie Intete yo/der® Concor rish specific dones (upfese)
Locatl lon ond
rouly 8/ mmen e oo .01 7% .:’Ill '."i 1.1%
e1pature for chilg for adutt (e’ rish) (0% risk) (19°% risn) 11070 st

On Lhe contaminated site

- Sndl ingestiont, “ 0 .. 0.9 [ ] 13
fkalat ion®

- Sall [mgastiont, HH 00 ) 0.) 1.0 »
Inngi gt lon® .

- Inhalation enly® vl " "». A ] ue

8! kn fram

contamtagted siie ’ v 4 119 1. baiet "

- Inhaletion enly®

1 bt frem

contaminetod site " v e Linet v "

« |nhalation enty®

Short-term v 10-doy Intake,
Dsted on avaroge welghts of 10 snd 70 kg for o child ond o sdult, renpackively.

SChildron oges 1-3, with plee (comsuming ) ¢ ulluu:.
SCh ldron ages |-5, withowt plcd | ng 0.6 ¢ sold/deyl.
Tinhglstion raLes are sssemd L0 be 20 of/day for the Lorm snd Ionger-Lers RORCINCEr FRpeterti;

sil sther (morp chrmnicl guperares essunnd (o he 10 2%/doy 42 ¢ rosglt of 02 doyy expisure rf ror,
Tei canotes ap thoarstical wpper-bonnd lintt, Practical ressans require me froe-fltowing PCR Dlgmid for the dimit,
%otlair partition comfficlont + 2.3 s 19°% g sali/cnt olr (= N41/Kg 8 5,23 2 107 (411/1088 «
2.9% ¢ 19°%).
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TABLE €-). PERNISSIDLE PCO-1248 SOIL CONTAMIMATION LEVILSY
IURCOVERLD SARFACE CONTARINALIOR, 24 « LOOC)

Rancancer Sherisiered

sceprable Imshe yy/dar®

Pernipyible levels {pa/g] corresponding to

Concer risk specific duset {ub/gey)

Localion amd
route of pmen 100 Jog | B .."n !."‘ |.‘§
capalere for ¢hild ter aduit 1] (30-% riga) (V"% risk) (10°Y rica)
On Lha contamingted site
- Sofl ingastiont, n (1} .01 2.1 ] 9
inhaletion®
- Soll Ingestiend, 'H 7500 .0 o8 $ .“"
innalat ion?
. Inkalat ton onliy® 4] v [ B ] [ N ) 4 ne
0.1 s fram
contaningied 2ite n! n .. e 0. 700 0. 108
= |nhgtat ion eniy®
1tafrm
contamingted 3ite ™ s m 250104 " "

- Inkalation eniy®

Ishertstere 1 IB-d0y Intike.
beared on everagn wetghts of 10 and 70 Ly for o chiid snd sn aduit, retpectively,
Cohildren ages 1-5, with pice {consuming 3 ¢ soll/dey).

Chilgran aqus 1-3, withowt plce {com
Tinhaistion rotet are Sstomnd t0 be M
all sther (mnra thremic] enpotures ssemd Lo be 10
Tys denalos ne thourarical upper-bound |imit,

oy 0.6 3 soil/day).
fday lor L o

stern dnd longur -Lere neacincer tipetures;

Iday ot ¢ resuit of 102 doys erpeture pEr yaar,

Practical rocsent roquire ne frou-flewing PCO Vieuid for the llwit,

aii-air partition confliciomt » 2.3% 5 107 g sold7ca? olr {= W03/, « 5,73 o 187 (91)/1008 <

2.0 AntY),
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TAMUE -4, PEORISSEBLE PCO-0240 SOIL CONTANINATION LEvi(S?
(1MCOVERLD SURFACE CONIAMIBATION, Ly +» &)

Peraissibie lavels {(pa/gp) correiponding Lo
None sncar short-terad
sccapteble imshe py/diy® Concor risk specific dogen (yq/der)
Lecatie and
route ol pmen 100 Too D.Plﬂ :::m .'.l" l._p
enporNre for child fer sdult (10°7 risk) (10°% rist) (30°% rist} {(10°% rhan)
0n the contaninated site
« Soll ingestiont, [ ] tHo 0.0t 0.1 ] [ ]
inhalationt
+ Sull tagestiontd, % 2900 0.8 0.2 20 b
inhat et iom®
- Innalation only® "y " 0.82 0l 2.0 [}
0.1 ke from
contaalnsted sile vi L] .0 L] 0,100 "
- innaletion only®
1 4w from
cant aminated 3ite " " ne 1.500t " "

- Inhalation eniy®

isnert-tere ¢ 10-day Intake,

baased on sverage weighis of 10 ond 70 dg for § chlld ond om adylt, respectively,

CChildran oges 1-5, with plco (consyming ) ¢ uilun{.

Schlideon syes 1-3, withowl plce (consvaing 0.9 ¢ soll/day).

Ciahalation rates sre s3tumed Lo be N oiday Tor the toLorn and lowgur-Lers ROnCancer S150%ures;

all ather {aore chronic) esposures assvand Lo be 10 w¥/dey o5 & reseil of 102 days anporure per your,

Tys denotos ne theoretical wpper-baund tiait. Practicel ressoms requice ne frov-flowing PCB Viguid for ihe Jimit,
%otl-alr .:rmu- confliciomt « 2,38 & 107" g sell/ca? alr (= N.4I/Bg + 8,70 4 107 (4i)/1008 »

2.3 o 1D°%),
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TAuLE C-9. PERNISSIBLE PCB-1254 SOIL CONVANERAY UM LEVELSY
(WNCOVERE® SURFACE CONIAMIBATION, Eg + 1000)

Permissible levals {vafa] corrergending te

Menc ncer shart-terwd

sccoptoble latse wysday® Concor cish specific doses [pq/day)
Locstion ond
routs of bumen 109 o0 L 0.0115 g.ns |,js
sapesure Tor calld for asyit (197 risk) (8% rlax) (109 risk} (10°% ¢yqa)

On tha contaminated slile

- Sai) Ingestiont, » m .0 L M ] 12
Inhalotiont
- Seit ingestion?, o 900 .4 8.4 4 (1]
Inhalationt
i " - Inhplation entyt ! ] .08 s H 40
o
0.1 be frem
‘ contamingsted slte n " ! 40 a.rnet (RN
' - Inkglation enly?
: 1 ke frem
| contaninated Site s v 1.2x003 t.Inlob " "

» Inngletion only®

hert-tarw ¢ 10-day Inldke,

Pgases on average waights of 10 snd 70 &g for 3 child snd on sdult, respectively,

SChilgron opes 1-5, wilh pice (comsuming ) g ulllﬁy:.

dchligren apes 1-5, withowt plie (comuming 0.6 § 3eti/day),

Synhglation raten ore #3smmmd Lo be 20 of/day for U ~tern dnd longer-Lern honcliCer Supasure:;

all sther (@are chrenic) szpesures essumnd Lo b 10 a'/dey 08 o result of 102 doys enpesurs par yeor,

lyy sonotos e Lhoereticel wppar-bound llait, Practice] resstont roquire ne free-Tlouing PCB tiguid for the lipit,
Sollair p:c'-um- confficiont = 2.5 o 18°% g soti/ead oir (o MAI/Rg « £.73 = 197 (41)/1008 »

7.3 2 10°%),
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TABLY C-6, PEMMISSIBAL PCB-4254 SOIL CONTANIMATION LEVELSY
(UMCOVERED SURFACE CONTAMIMATION, K4 = 40}

~Lermispibia evels (we/q) cerretpendiog to

Nenconcer thert-terw?

sccoptonle Inuste pg/dey® Soncer risk speciftc dorey {pg/dey)
Lication and
route #f bumen 100 ne ..Pl” g !."l |.‘§
sLposuTe for calid for adyit (197 risk) (10-% rist) (0% risk) (00°Y risk)

On the contaminetod site

- So1i Ingastiont, 100 ™ 0000 0.0 10 12
- inkpigtion?
5 + Seil tngeyt lond, @0 2000 " 0. 1 »
Inkhaletiont
« Inkalotton oniy? nl " 0.0 [N H e
9.1 ks fram
contaninstod site " " $ e 4 70t ve
- Inhalation oniy®
I ktn from
contaminated site " v 1380 R v n

- Inkplation oniy®

Shert-term ¢ H8-day Intore,
Sgrad o sversge waighis of 18 ond 10 ke for o child ond sn oduit, respecilvely,
Contidron apes 16, with pice {comtoalng ) g satl/dey).
Iidren sgon 1-5, withowt pica (consuming 0.4 ¢ seil/day).
Snhalation reids ofe sssummd ¢ b 20 '/dey for tm ~torm ond IORpEr-LErn SONCIACEr S1petures;
all othar (wave chronic) sxpotures dstumd Lo be 10 ol/dey o3 ¢ resuit of IA2 doyt Sapiure par yeof,
Tvs senstes nm Lheorsticel wppar-buund llsit, Practicel reasons require ne free-fiowing PCH liquid for the limit.
Sell-alr p:rtluu confficiont = 2.0 ¢ wi g soll/cat olr {o N.4L/Rg = 5,73 & 107 (41}1 1900 «
.75 o 10°Y),
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TABE C-1, POWKISSIBLE PCH-1260 SOIL COMIMRINATION LEVELSY
(MCOVERED SURFACE CONTARINATION, Ky « 1098}

Farmisyivie tevel) [xq/g} correspunding e
Mncancer 9ert-Lyre
sccaptable Intsbe py/day® Camcor risk specific smas (pp/dor)
Lac ot ton and
rout s of huamen 198 00 n.rm l:!"l L1718 1.1%
P for chiid for sdult (197 risn) 0% i} (18°F rian) (008 righ)
o8 the comtaminptad Slte
« ol ingestiont, 43 e [ N ] el ] 12
tnhalat lont a
- Satl tagestiont, 6l nre (X ) 0.t 4 ™
Inhalotion®
< Inhplotion emiy® nf " o.% s 6 "
0.1 kn frem
contantasted site n " 4 1] 1 1x10? "
- lwhstiotion miy®
I kn frem
contamtiasted slte - n " F1 1) 2. 2004 v v

= Inkalation eniy®

Ishart-torm ¢ I8-day Inidke,
Vated ok everage wilghts ¢f 19 ant 70 g for o chiid and sm sdulit, cespactively,
Lot larun sgus (-5, otth plca (comening I ¢ sotl/day),
Snlloren agus 1.5, withuut pics (consuning 0.6 ¢ wall/dey),
dimnpistion rotas dra mreand L4 Do 10 av/dey for tim terw and longar-Lara ASRCIRCOT Sapatures;
2l sther (mure coremic] siposures sisvmnd (0 S0 10 2¥/40y 48 ¢ resultl of |2 days S2posure per yior,
fvy denates »o thoorsticat yppar-baund Visit, Practical restons reduice oa (roe-llowing PCD tiquid ter the limit,
Bietleoir partition cofficiont = 2.5 0 1977 g woll/em? ofr (= MAT/Ry + $.70 ¢ 107 (Q1)}/1ug0 «
2.3 = 10°%},
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TADLE €-0, PENMISSIBLE PCO-1268 SOIL CONTAMIRATION LEWELSY
(UNCOVERED SURFACE CONTANIMATION, S5 « 40}

feraissinie lovels {pa/g) correipending ty
Nancancer (hert-tore?
sccoptable o [] Loncpr risk spociiic duses (pas/day}
Locotion ami
rout ¢ of PpmER L J 00 !.rlil l;!lll !.lll I.P
sxpitere’ for child for atuit (%7 rigs} (10~® risa) (1% risk) {1074 riun)
On the contaminited site
- 3otl | tiont, [ 1} e [ 1 [N} e 1
Inhaletlon®
- Setl Ingoigiont, e e 0,01 [ N 1.0 o
Inhglationt
- Inkalation saly® ! " 00l . te n
il ks frem
contanineted 1ite " n 1.0 » 1000 1.6u10%
« Inhglation eniy®
1 e frem
conkonineted 3ite L1 ;) e t.a100 " s

- lakalagten saly®

Shert-term 0 {0-doy intake.

Sased on average wolghts of 10 o 28 3o for 114 and o sdult, respectively.

*eh
Lent ldron ages 1.5, with pice (comuning 1 § wit/dey).
) lgren sgus |-3, withewt pice (v ng 0.6 § seil/dey),
Sinhalatton retes are s33amd to Wt 20 o'/day for the ~L0rm and 1onger-1are AGRCINCEr enpotares;

al} sther (mere chrenic) sapeturst dssumnd to be 18 9¥/dey os o rosuit of 102 doys ezpeture per year.

fvs dansten e theoreticel wppar-biund n-n‘ Prosticel rodsons roquire ne fres-flowing PCO liguid for the linlt,
et lair p:nluu conffictont = . 3% x 10° g soll/ea? bir (= 241/ = 5,73 0 167" (41)/0000 =

2.0% x It}
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TAULE C-9. PEMMISSIBLE PCR-1247 SOIL COMIARINATION LEVELSO
{2%-cm-THICK CLLAN SOIL COVER, Ky » 4009)

Permissibly levels [
Nanc aacer shart -Lerwd
accoplable Imtake pg/dayt Cancor rish spectiic deses (pe/dey)
Locat ton and
routa of honsa 108 o0 o.@n [ K 31 A8 .18
suposars for chile for stwit (10=7 r1sk) (1078 riak)  (10°% riak) (104 rine)
On the contaminotod Bite
» Sol! tngestient, o0 1400 0.2 ? 1 7o
inhatationd
- sall nnrm.-‘. " e 0.4 & L] .1
inhalation®
- Inkalation eaiy® ! = .0 . ("3 ™
0.1 o trem
conteningted site L] L, »n " " ]
+ tahsistion enty®
Lte frem
contoninated site e [, ] ] [, ] ] L,

- (ninglation enily®

aart-lorm o 10-doay imtake.

P3as0d on sversge waights of 10 and 70 G for o child ond oo adult, fespectively.

CCnilgren ages <8, with plce {contuming ) g sattldey).

SCniteren agrt |-, withewt ptco {tonsumjng 0.6 ¢ soil/dey).

Clnhatotion rates pre atsumnd 6 M 28 w'/doy Tor the t-tore 0nd lonyar-term ROACORCEr QEPOINFES;

shl sthar (mere chreaic) axposures sstumed to be 10 ad/dey o8 & resuit of 182 days sapoture per yuar,

Tys denstes ne theoratics) upper-bound lisit, Practical ressens reguire o fres-(laving PCB liwig for the timit,
Helt-air p:rtll.ln confficiont » 2. 06 x 1075 g sell/ca? oir (» I.ll.ll‘ o 8.7 & 107 (41)71009 =

2.1 0100,
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TASE C-10. PERRISSIBLE PCH-1242 SOIL CORtAMINATION LEVELS?
{Z5-co-THICK CLEMN SOIL COVER, Ky = 49)

Permissible levals

Neacshcar shert-tera?
Lpte ye/dar®

6i-2J

stcoptinie n Concar rist spucitic duses {pn/dey}
Lecatton ond
route of humen 148 nm [ K 1R wen A8 1.7%
stpmrure tar cnild tor sguit {10=7 risk) (108 rist) {10-% rised (10" rlqa)
On the contoninated site
- 581l Ingastient, 170 1200 9.0} 9. 1.0 v
innaiation®
- Sall ingestiond, 0 nhos .1 1.0 12 v
inhalation®
- 1nhadation enly? vl v L8 n n "
4.1 to ftrem
contontastiod site ] " L] [, ] [, ] ve
- inhalation saly®
1 ke freom
contaminated sits . " " " " ) [}

- tahalistion eniy®

Sshort-term o 10-day Intake.
Dased sa average welghte of 10 and 10 tg for 2 child and on adult, respectively,

Cunlldran sgee 1.5, with pice (Cumiuaing 3 § sall/eer),

dChiigron apes 1-5, witheut pics (cantuming 0.8 ¢ sai)/dey),

Tinhgtation rates sre sssumed to be 20 mi/dey for tann-nu and 1ORQEr-Lare SORCANCOT Sposures

all sther (mmre chramic) onposures assumpd te be 10 27/day 23 & reseit of 182 doys exputure per yoor.

‘vt sanstes me theeraticel upper-beund 14mit, Practicel reasens requirs ne free-iissing PCB 1iquid for the iiait.
Fell-sir portition contficiont = 2.26 2 1075 g sail/ea? oir (o N.4H/Kg = .73 2 107 (43)/1000 =

.Y s 107Y).
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TAE C~11. MARISSINLE PCB-1240 SQIL CONVAMINATION LEVELSY
(28-cm-THICR CLEAR SOIL COWEN, kg = 1009}

Perwissiple Jevely Sxsia) coreaspamttog te

Mpacancer thert -terw®
acceptoble imade pg/dey® Comcor risk specific deses {pp/tay)

Locaton and
rovte of umbn 1 ] oLpin .:2"' z.m 1.6
speswre for catid for st (0077 rlgk) (1079 risn) (10" ctak)  (10°Y ctar)

O the cantaniasted site

- Safl tagesiipet, e 1308 .9 1 1o ]
inhalotion®

« Se!l togastisad, () 4500 0"l 1 ] ”
1anslstion®

- Inbalotion enly® ! v 01 1 " 19,000

4.1 ke frem

Contaninstad stite L. " " 19,00 1] "

- tostatlon enly®

t ko frem

conl udiadted site L. " ] L. " L.

« inhalotion ehly®

Shertetore b 1840y Intake.

Wieted on averagr meighis of 10 and 18 by for o chilg aodl on aduit, Tespectively.

CCnitgron apes 1+5, with pics (camvming ) g soil/dey).
Catidren ages -6, without plce (¢ u-.‘n 0.6 g satlienm).

Sinhalatton rotes ore ss3emnd 10 be 20 for the «tovm and 1angar-tare AERCIntsr om

all sther (mire chrenit) espeserss au.l o ve 10 ad/day an & resit of 14T days S3panacs per

Tvs denoter ne Looreticel wpper-baad Vinit, Practics] resssns requirs os free-flewing PCS Iluld l'or the tait,
'm‘; olr n;mm conftictont » 2.35 2 107 g sabl/ca? oir (o N.AN/Ey + 573 o 107 (41)/1008 ¢

7.3 a2 19°%),
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TABLE C-12. PERMISSINCE PCR-1248 SOIL CONTAMIMATION LEVILSY
{79-co-tMICR CLEAN SOIL COVER, Ky = 49)

Permitaidle lovels [pa/g) corrgypomdiog te
Nancancer 8l ort-torwd
Bizatable tetake pi/dey®  ____  Cemcer risk speeific deses (ynidey)
Lecotion and
routh of huasn ] by o.rns LN !.!IS I.,Is
sxpesure for eaild for suit (10°7 rtak) (10°% rtan)  {10°% rtad)  (10°% risk)
On Lhe contiinsind site
+ Setl ingestiont, L] 1100 9.00 8.1 1.9 “ws
inhalat ten®
- Sol} Ingestiond, v! v . 0.2 2.0 2508
tahsl ot tan®
- inhalstton saly? " " 0.0 0.2 X ] 19104
0.l ke 1rem
contaninoted site " n 2.0 Lexiot - v
« jnhalation saly?
1 ke frem
contaninsied site ] " " " - 11}

- inhalation enly®

SShart-tove § 10-day tatele,
bgased wn tversge walghts of 10 and U ko for o child snd s sduit, respectively.

CChtldren apm -0, with pica (consaming ) 9 unu.:n.

Children ages 16, withowt pice (com 0.8 g satizeny).
*ianalotion rotes ore nssumpd Lo be T8 ¥/ for the ~tore snd Ionger-tore ABACONCEF SEPOTUFSS;

a1 sther (amre Chrgalc) anpotures srsumpd Lo Do 10 ' /doy o1 o roselt of 102 dayy enpesure por year.

fvs conctes ne thoeretiCal uppor-bound (1@it. Practicel rsesene roguire na free-fieming PCB 1iguid for the Itail,
Welt-alr ':n'-mm confficiont » 2,06 & 197% g sati/cm® olr (= W4L/Rg = .73 2 107% (4i)/1008 -

1.3% & 1BY).
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TARIE C-1). PERMISSIOLE PCH-12%4 SOIL CONVARIMATION LEWELSY
{2%-cm-THICR CLEAN $O00L COVEQ, Ly *» 1009)

Permissibls lovels (ve/al corevroanting iy

Nencancer shart-tered

sccopyobly intoke pasdey® . . Coscer riek spestéic epves feniter)
L““'f“; 19 e .mmn [ X 1%, ] 11, ) $
rute ® o o e .
sEpeswre tor child for st |I|‘rrltl) (”" rish) (”J rlsk) "u risk)

On the Contaninated 3ite

- soll uru!-‘. 108 1308 [N - § 0.2 ? n
tahslatimn®
- Satl yagestiond, s @ 0.0 [ N} (] n
ianslat e
- 1ans)atiee saly® n! " .. .2 10 n
0.1 ko frem
cont apinated site " " 1" » " "
- inhglation ealy?
1ke trem
contoninatod site ] n ] L] n n

+ Ishsistion enly®

Shert-tove ¢ 10-day intoke,
Rated on sverage uwnights of 10 ond 10 L for & child and on adult, respaciively.
SCnlidren sges L+, wildh plcs (comuning 3 ¢ sotl/dey),

SCnilgron sgee 1-6, withawt pica (c ng 0.8 9 sol 1 /dey).

Slansistion retes are Sapumind to be 20 o'/doy for U -torm snd 1onger-torm NORCINCEr sxpttures;

si) sther (were threnic) caposures disumnd 10 b 19 Ilnnonundlllﬂnomrtm.

fys donntos on thesrntichl uppor-bound Limil. Preciicel restsns roguire on fm-fl-u’ 3 Liquid for the 1tmit.
';o;l’-u:.!:r'lltlu confficiont « 2. 00 & I¥°" g sel)/ca? olr (o LAY, S 8,73 5 187 (41)/1009 =

- | -
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TARLE C-34. PEMISSIBLE PCB-1254 SOIL COMTAMINATION LEVELSY
(25-ca-THICK CLEAN SOIL COVER, K4 = 40}

Pereissibie levels [pg/g) corraspomiing te

Rancancor thert-tered

accepteble imate yy/deyd _Comcor risk specific doves (pgidey)
Lacation and
rout e of humbe L L . qon LN z.lli 1.1%
enpature for chile  for sunlt (e-? e1sk) (108 riak) (W% rtan) (1074 ran)

On Lhe contaninated site

- Sail ingeatient, 140 70 .n [ N1 ! ]
1ahalation®
+ Set) Ingestiond, " " (K 0.2 1] v
1nnalationt
= iahalation enliyd " L .8 0.2 10 "
0.1l ko frem
contantasted 2ite L] " 1 " L] L]
- inhslstion enly?
1te frem
conlaminated site [, ] L] L, ] L e 1,
- inhalation ealy?

HKhart-torn ¢ 10-day Intake.,

D9as0d on average waights of 10 sni 70 kg 1or o child and on aduit, respactively.

CChtfldron apes 1-6, with plca (comvmlag 3 g soll/dey).

SCni fgren sgus 15, uithewt pica (~omsuning 0.0 g sailidey).

Ciamalation rates are Sttumed te - 20 o'iday for Lbe ~tore snd 1ORQET-LOre RORCOACEr YRPOLUIES;

all mthar (mmrs chronic) enpesure. 25sumed to Do 19 07/day o1 & reselt of 162 dayr aspeture par year.

Tys oumelus »o theorsticel wppar-buund 14adt. Practice! reasams roquire as fras-flowing PCO 1lguid for the 1imit.

Heti-str partition contfictont = 126 & 1077 g soll/em abr (= H.41/Kg = $.70 3 107 (41371000 »
.35 1 ).
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TARILE C«15. PEMMLSSIBLE PCO-1260 3OIL COMTANINATION LEVELSY
(25-cm-THICR CLEAN 3OTL COVER, kg = 1009)

— Permisglble levels (sp/g) correspamding te
Renc ancar shert-ters?
' (i ic
Locat ion ond
routs of embh 100 00 .o|n .iin '.II! I.P
sipature for caite tor asyit (10~ rimn) (10°® risk) {10°7 rien) (10°% risk)
On the contapinaied site
= Soll ingestionS, 14 1300 .02 0.2 1.0 !2
inng latiom®
- Seti tagestiond, 558 000 0.8 0.7 ! 10
Innatation®
« Inkalotion saly? ! " (N ] .n 0.0 e
0.1 km frem
contaniasted site 13 " [ N ) N LY "
= Inkalation enly®
1o frem
cantoninated site L, " L} L] v vy
« tansiation sniyd
SShert-tarm o 10-day 1atake,
bgsted on sversgn waights of 10 anu /0 kg for & child and on sduit, retpectively.
Centtdren apes 1-6, with pice (comuming 3 g 30tlfdey).
Stnilgres sges 1-6, withewt pice [« ng 0.6 g to1l/day),
"inhal ot 1on 78001 Sre Assumnd t0 e I8 a'/dey tor the ~torm and Jonger-Larm nencancer sapeIufas;:

all sthar (mere chrgnic) enpesurer ttustd T4 be 10 o'/doy 03 & resuls of 102 days sapeturs per yoor.

vy danoles oo theerstical wpper-buynd Jisit, Practical ressons rewuire as free-lfiowing PCR Viguid for the fimit.
Ysablapir n‘n;mm contticiont = 2 .36 » 1079 g safl/ca? atr (= W41/  + 5,73 2 107 (41)/1008 =

.25 1 10°}%),
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CABIE C-16, PERNISSIBLL PCB-1260 SOLL COMIANMEMATION LEVELSY
(25-ca-THICK CLEAN SO1L COVER, Kg = 40)

Porafssinie favels {pg/y) corresponding teo

Rencanc :F shart -tered

scceptabi: latake py/doy® rrl
Location one
route of humbn 190 e o.rm [ X1}, !.us 1.1%
sapeture for chile  for amyiy (10°7 risn) 0(10°6 rion)  (10°% pimny 1104 riany
On the contamindled sits
- Sott ingestion®, (11 ] "o .0 0.1 5.0 e
Inhatatton®
- Sotl ingestiend, (] 3008 .0 0.2 1.0 350
inhglation?
« tnhatotion sely® wnlf " .0 0.2 1.0 [+, ]
0.1 ke frem
contaminated site » ] 1.0 20 " [,
= Inhalation enlyl
1 ke frea
contominstod sits L) L, " L, L) 1]

- inhalotion ealy®

hart=torm o 10-duy intake,
ated on aversgn waights of 10 and 10 hg for o child and on sdult. respectively,
CChitdren sges L-6, with plce (consuming 3 g sailt/day),
Chilaren sget 1-6, uithewt piea (¢ ny 0.6 g satl/dey),
Slanafation rotes are stsumd te be 28 0¥/doy Tor the ~Lorn ond longar-Lerm nencancer Supeseres;
otl sther (wore chronic) exposures dstuand to B¢ 16 o/ /doy 08 o result of 182 days osupeture por peor.
fvs donstes ne theurstical upper-bownd fimit, Practical ressens roquire ae free-flowing PCH [igwid for the limit,

Hellanir .:;Ntlu camfticiont = 2,08 » l.'; o selizem? olr (o N.41/R, = 5.7 « 107 (41)/1008 «
.2 k),
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MEALTK ADYISORIES FOR PCBs IN SOIL

Prepared by

michael L. Dourson
Environmental Criteria and Assessment Office
Office of Health and Environmenta] Assessment
U.S. Environmental Protection Agency
Cincinnati, Onio
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EXISTING GUIDELINES, RECOMMENDATIONS, AND STANDARDS

The manufacture, sale, and distribution of PLBs have been restricted
under Section &(e) of the Toxic Substances Control Act (TSCA) (P.L. 94-489),
PCBs were restricted to sealed systems as of 1977, and manufacturs and distri-
bution were banned in 1979, Rules for the disposal of PCBS were proposed in
1978 (43 FR 71950}.

The U.5. EPA (1980) has set ambient water quality criteria for PCBs for
the protection of humans from increased risk of cancer over a lifetime of 10°5,
10°6 ang 10-7 at 0.79, 0,079, and 0.0079 ng/L. As 2 result of the large bio.
concentration factor in fish, these criterta apply regardless of whether expo-
sure occurs through consumption of 2 L of water and 6.5 g of fish/day or
through consumption of fish alone. The Food and Drug Administretion ‘FDA) has
set temporary tolerances for PCBs 1n food and food related products, as shown
in Table D-1.

Occupational exposure 1imits for PCBs have besn recommanded by the American
Conference of Governmental Industrial Hygienists (ACGIN, 1980), and criteria
nave been set for PCBs in workplace air by the Matisnel Instituty for
Oécupational Safety and Health (NIOSH, 1877). The tims-weighted average (TWA)
and shortsterm exposure limit (STEL) for Aroclor 1254, are, respectirvely, 0.5
and 1.0 mg/m3, and for Aroclor 1262, 1 and 2 mg/m3 (ACGIN, 1980), The NIOSH
(1977) criterion i3 1,0 ug/m3 for a 10 hours/day, 40 hours/week exposure.

The National Academy of Sciences developad a 24-hour suggestad no adverse
response level (SNARL) for PCBs of 350 ug/L bassd on the induction of
mixed-function oxidase enzymes in the liver of rats administersad Aroclor ag
doses of 1 to 2 mg/kg (NAS, 1980)}. For this enalysis, an uncertainty factor of

100 was used, since only enzyme 1nduction was reported in this dose range,

U2
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TABLE D-1. FDA REGULATIONS FOR PCBs

Temporary tolerances

Commodity (ppm)
Milk (fat basis) _ 1.9
Manufactured dairy products (fat basis) 1.5
Poultry (fat basis) 3.0
Eggs 0.3
Finished animal feeds 0.2
Animal fesd components of animal origin 2.0
Edible portion of fish and shellfish 5.0
Infant and junfor foods 0.2
Peper food packaging matertal 10.0

SOURCE: 21 CFR 109.30.

n-3
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NONCARCINOGENIC EFFECTS

Tests of the acute lethality of PCB products 1n laboratory animals, with
the exception of the guinea pig, suggest that, in general, PCB products have
similar toxicity regardless of route of administration, species, or age of
animal, The single dose oral LDgp value in rats, rabbits, mice, and mink
ranged from 0,5-20 g/kg bw (Grant and Phi111ps, 1974; Bruckner et al,, 1973;
Kimbrough et al,., 1978; Fishbain, 1974; Garthoff et al,, 1981, Aulerich and
Ringer, 1377}, Rout® of administration also had 1ittle effect (less than one
order of magnitude) on lethality, with the Tethal dose for dermal administra-
tioa ia rabbits ranging from 0.7-3 g/kg bw (Nelson et al., 1972), while the
Tethal dose in mice administered PCBs by intraperitoneal injection ranged from
0.B-1,2 g/kxg bw (Lewin et al,, 1972).

There are only two indications of major differences in the acute toxicity
of PCBs, First, there is 11mited evidence that the guinea pig may be more
sensitive to the lethality of PCBs than other specias. Miller (1944) observed
a 100% mortality in a small group of guinea pigs receiving two oral doses of
PCB {43% chiorime) at levels of &7 mg/animal at an interval of 7 days aspart;
and McConnell and Kinney (1978) reported an LDgg.3g of 0.5 mg/kg for the PCB
isomer 3,4, 5-sys=hexachlorobiphanyl (MCB) in guinea pigs. This indication of
possible large interspecies differences in sensitivity is of concern in
species-to-spacies extrapolation when thers is insufficient dats to indicate
which experimental animal most accurately reflects the sensitivity of humans.
The second problem concerns the possible large difference in toxicity of speci-
fic isomars of PCBs. There are indications, on the basis of limited data
available from Biocca et al. (1981), that four different hexa-PCBs differ in
L0gg value from 19 mg/kg to >64 mg/kg after oral administration to mice. It

0-4
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would not be unreasonable to assume that even larger differences will be en-
countered as more isomers are tested, Variation in toxicity of the different
isomers 1s not of great concern in defining acceptible environmental levels,
since ind{vidual {somers were not commercially made and released to the envi.
ronment. The analytical methods used to measure environmental PCBs determine
the levels, in mg, of specific Aroclors. Since, as described above, the
Aroclors do not differ greatly 1n acute toxicity, using data from the most
toxic Aroclor should be protective without overly penalizing the other
Aroclors.

Some data are available on the nonlethal acute toxicity of PCBs admini-
stered by the oral route for periods of 36 days or less. The effects described
in these studies were alterations of the 1iver, thyroid, and reproductive
system, Rosin and Martin (1983) reported that a dose of 500 mg/kg of Aroclor
1254 fotr 14 days to CD-1 mice decreased pentobarbits) sleeping time, fndicating
a substantial induction of microsomal enzymes. At lower doses, Sanders ot al.
{1974) reported that exposurs of ICR mfce to diets containing 250 to 62.5 ppm
of Aroclor 1254 for 14 days resulted, respectively, in hepatomegaly and eleva-
ted serum corticosterons (the latter presumsbly as & result of altered 1iver
steroid metabolism). These exposures would result in doses of 32.8 and 8.1
rng/kg bw/day, assuming that & mouse consumes 13X of {ts body weight per day.

Similarly, Narbonne (1979) reported decreases in phenodarbital sleeping
time 1n Sprague-Dawley rats maintained fro 8 days on a diet containing 100 ppm
of Phenoclor DPE (dose of 5 mg/kg bw/day, assuming that a rat consumes 5% of
i1ts body weight/day). PCB-induced increases in liver enzymes were suggested as
the reason for the increase in testicular acid phosphatase observed by Dikshith
et al, {1975) 1n Sprague-Qawley rats fed Aroclor 1254 at a dose of 50 mg/kq

bw/dsy for 7 days. Increases in liver-to-body weight ratio appear to be one of

0-S
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the sensitive indicators of PCB exposufe, Carter and Mercer (1983) reported
that 64 mg/kg bw/day of Aroclor 1254 caused increased liver weight, while.Grant
and Phillips (1974) observed increased liver weight at doses as low as 12.5 and
S mg/kg bw/day in male and female Wistar rats, respectively, receiving Aroclor
1254 in the diet for 14 days. cCarter {1983) observad hepatomegaly in rats tn-
gesting diets containing ;s Tittle as 20 ppm Aroclor 1254 (1 mg/kg bw/day) for
14 days. Ooses as low as | ppm in diet of 3,4,5,3',4" 5 -hexachlorobipheny)
(345 HCB) for 28 days caused liver microabscesses and an increased liver weignt
in 18-20 g S-week-0ld C5781/6J mice (Blocca et al,, 1981). Although adverse
this study, 0.3 pom 1n diet could be considered a Towest observed adverse
effects were observed at concentrations as low as 0.3 ppm 1n diet 1n this
study, there 1s no documentation indicating that commercial Aroclors contain
345 HcB. Hence, this study for 345 HcB cannot be used for establishing the
short-term Health Advisory (HA), corresponding to an acceptable intake (Al)
level.

Besides changes in the 1iver, other effects reported for exposure to low
levels of PCHs were increased thyroid activity in Sherman rats maintained on
diets containing 250 opm of Aroclor 1254 (12.5 mg/kq bw) for 14 cdays; in
Sprague-Dawley rats, administration of Aroclor 1254 by gavage for 21 days at
8 dose of 0.05 ¢g/kg bw/day resulted in weight loss and decreased body tempera-
ture (Komives, 1979; Kowives and Alayoku, 1980). Enlarged thyroid has alse
besn found in Osborne-Mende! rats maintained on diets containing 5 ppm of
Aroclor 1254 (0.25 mg/Xg bw/day) for 4 wesks (Collins and Capen, 1980b). This
exposure level also resulted in increased Yiver enzymes in Holtzman rats
(Garthoff et al., 1977).

The toxicity of PCBs resulting from exposures of between 30 and $0 days

has been more extensively studied. Alterations in 1iver histopathology
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occurred at doses as low as 5 ppm in diet fbr § weeksS in Holtzman rats (Kxasza
et al,, 1978p). In the mouse {MNRI), a dose of Clophen A-60, as tow as 0.025
mg/mouse (0.8 mg/kg bw/day, assuming a mouse weight of 0,03 kg) for 62 days,
increased the estrous cycle, probably as a result of PCB-induced changes tn
liver sterotd metabolism (Orberg and Kihistrom, 1973). At higher dietary con-
centrations of 187 ppm (22 mg/kg bw) for 6 weeks, Aroclor 1016 and 1242 de-
creased the immunologic capabilities of BALB/CJ mice (Loose et al., 1978),

Species other than rats and mice have been tested to & lesser extent for
this duration, Rabbits exposed to diets containing 3 ppm of Aroclor 1254 (0.1%
my/kg bw/day, assuming that a rabbit consumes 4.9% of {ts body weight per day)
for 8 weeks developed hepatomegaly and immunosuppression. In the guinea pig,
Yos and van Genderen (1973) reported that diets containing 250 ppm of Clophen
A-50 (7 mg/kg bw/day, assuming that a guinea pig consumes 2.8% of 1ts body
weight per day) for 4-7 weeks wis lethal, while diets containing 50 ppm of
Clophen A=-50 or Aroclor 1260 (1.4 mg/kg bw) for 4 to 7 weeks produced {mmuno-
supprassion, Allen et al. (1974) and Allen {1975) observed comedones and
facial edema in rhesus monkeys ingesting diets containing 28 of ppm Aroclor
(1.1 mg/kg bw, assuming that a monkey consumes 4.2% of its body weight per day)
for 2 months.,

Studies of subchronic and chronic exposure (1.e., 290 days) to PCBS have
fatled to use sufficiently low doses to define & no observed gdverse effect
level (NOAEL) in rats. In Sprague-Dawley rats, Allen at al, (1976) and Allen
and Abrahamson (1979) reported that 8 S2-week exposure to diets containing 100
ppm of Aroclor 1248, 1284, or 1262 (S mg/kg bw/day) followad by 2 li-week
observation period resulted in hepatomegaly and 1iver necrosis. At a lower
exposure of 75 ppm in the diet (3.75 mg/kg bw/day) for 36 weeks, Sprague-Dawley

rats developed focal necrosis {(Jonsson et al,., 1981)., Elevated 1iver porphy-
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rine levels were detected by both Kimorough et al. (1972) and Zink) (1977)
after exposure of Sherman rats for 8 months to 20 ppm of Aroclor 1254 or 1260
{1 mg/kg bw/day}! and of CD rats for 20 weeks to 10 ppm of Aroclor 1254 (0.4
mg/kg bw/day). 1In a study employing nears1ifetime exposure (2 years), Morgan
et al, (1981) reported an increase in mortality (33% ss compared with 8% in
contrals) in Fischer 344 rats at the 1owest dose tested (25 ppm: 1.25 mg/kg
bw/day). The subchronic studies demonstrated increasing liver pathology cver
the dose ranges studied, 0.53-5 mg/kg bw/day; while in the only chronic study,
the lowest dose tested (1.25 mg/kg bw/day) resulted in early deaths.

In mice, dietary exposure levels to Kanechlor-300, 400 or -500 or Arochlor
1254 of between 100 and 500 ppm (13-65 mg/k9 bw/day) for periods from 23 weeks
to 11 months produced hepatomegaly (Ito et al., 1973; Bell, 1983; Kimbrough and
Linder, 1974}, Koller (1977) used groups of BALB/CJ mice which were maintainad
for § months on diets containing 0, 3.7%, 37.%, or 375 ppm of the Aroclors 121,
1242, or 1254 (0.46, 4,57, or 47.75 mg/kg bw/day). The Aroclor with the lowast
chlorine content (1221) produced no liver lesions, while exposure to Aroclor
1242 resulted in increased liver weight in the high-dose group. In mice ex-
posed to Aroclor 1254, increased mortality was observed in the high-dose group,
mi1d hepatopathology was observed in the median dose group, and no liver lesions
were detected in the low=dose group. The no observed effect level (NOEL) in
this study 1n mice of 0.45 mg/kg bw/day {s neerly identical to the lowest obd-
served effect level (LDEL) of 0.5 mg/kg bw/ day associated with porphyria in
rats {Kimbrough et_sl,, 1972; Zinkl, 1977).

The only other spacies tested in chronic bicassays was the monkey, and it
proved to be highly sensitive to the toxic effects of PCBs. The most common
observations in monkeys exposed to Aroclor 1248 in the diet for 8 period of

from 8 to 39 months were skin lesions, palpebral edems, and erythems (Barsotti
0-8
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and Allen, 1975; Allen and Barsotti, 1976; Allen et al,, 1980; Becker et ai.,
1979), These effects were observed at the Jowest doses tested, ranging from
2.5 to 3 ppm 1n the diet (0.095-0.126 mg/kg bw/day). In addition, Becker et
al. (1979) reported that monkeys fed diets contdining 3 ppm of PCBs had gastric
lestons, body weight loss, and reduced hemoglobin and leukocytes. In the
monkey, doses as low as 0,1 mg/kg bw/day produced frank toxic effects; no
studies have been conducted from which a NOAEL can be derived or to indicate
how close 0.1 mg/kg bw/day 1s to the NOAEL for monkeys.

Although PCBs have not been demonstrated to be animal teratogens following
oral exposure, these compounds have been demonstrated to adversely affect
reproduction. When adminstered to pregnant Wistar rats at a dose of 100 mg/kg
bw/day on days 6 to 15 of gestation, Villenayve et al. (1971) observed no
adverse effects; howaver, using the same treetment schedule, Spencer (1932)
reported that Sprague-Dawley rits were infertile after receiving 15 mg/kg
bw/day, that animals receiving 5 mg/kg bw/day had reduced 1itter weights, and
that 2.5 mg/kg bw/day was the WOEL. Rabbits had resorptions, abortions, and
fetuses at similar dose levels of 12.5 mg/kg bw/day administered on days 0
to 28 of gestation; howsver, slightly smaller doses of 10 mg/kg bw/day ware
reported to be the NOEL. The Martly guinea pig, which has been shown to have
greater seasitivity to the toxicity of PCBs than most other species, had
macerated fetuses after receiving 2.2 mg/day {5/5 mg/kg bw/day) of Clophen A-50
on days 10 to 60 of gestation (Brunstroewm et al., 1982),

Effective doses of PCBs were lower than exposure occurred before ang dur-
ing gestation. In a two-generation study, Sherman rats maintained on diets
containing 20 ppm Aroclor 1254 (1 mg/kg bw/day) had reduced litter size, and at
100 ppm {5 mg/kg bw/day) the pups that were born died during nursing (Linder et
al., 1974). In this study, S ppm {0.25 mg/kg bw/day) was the NOEL. Complete
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Toss of fertility was observed in male and female Wistar rats caged together
for 9 weeks while ingesting 6.4 mg/kg bw/day of Aroclor 1254 emylsified in
their drinking water (Baker et al.. 1977). Males regained normal fertility
after remava) from treatment for 2 weeks, Whan Aroclor 1254 was administered
to lactating Holtzman rats at 32 mg/kg bw/day on days 3, 5 and 7 of lactation,
the future mating behavior of nursing male pups was adversely affected (Sager,
1983). A lower dose of 8 mg/kg bw/day was a NOEL.

Of the spacies tested, the mink and the monkey are the most sensitive to
the reproductive toxicity of PCBs. Bleavins et al, {1980) maintained mink on
diets containing 5 ppm Aroclor 1242 or 20 ppm Aroclor 10156 (doses of 0.75 and
3 mg/kg bw/day, assuming that a mink consumes 15% of its body weight per day)
for 18 months and observad complete reproductive failure in the Aroclor 1242
group and 25% mortality and infertility in the Aroclor 1016 group. A more
recent study'by Aulerich et al. (1985) tested yet lower doses fod te mink via
diet. Aroclor 1254 at 2.5 ppm: 3,4,5,3",4°,5 -hexachlorobiphenyl (345 HCB) at
0.1 or 0.5 ppm: 2,4,5,2'.4',5 -hexachlorobipheny] (245 HWCB) at 2.5 or 5.0 ppm;
or 2,3,6,2°,3',6"-hexachlorobipheny! {236 HC8) at 2.5 or 5.0 ppm of diet were
fed to groups of 10 standard dark mink (proven bresders). A group of 20 ani-
mals servad as controls, All of the mink fed 0.5 ppm 345 HCB died within 50
days, while those fad 0.1 ppm showed 50% mortality after 3 months, One still-
born kit was whelped in the Aroclor 1254 group., 245 HCB and 236 WCB did not
affect reproductive performance at either dose,

In a limited study (B animals/group), Allen et al. (1980) maintained
rhesys monkeys on diets containing 2,5 or 5 ppm (0.1 or 0.2 mg/kg bw/day) of
Aroclor 1248 for 18 months., I[n the low-dose group, increased abortions were
observed, while in the high=dose group, the mothers showad Overt signs of

toxicity and no live births occurred. After removal from exposure for 1 year,
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fertility had sti)) not returned to normal, and some pups died during nursing,
It 1s apparent that frank effects in reproduction were observed in mink at
lower doses than in monkeys and still lower than the NOEL in rats, rabbits, and

guinea pigs following repeated exposure to PCBS,

QUANTIFICATION OF SHORT-TERM HEALTH ADVISORY LEVELS

PCBs belong to a class of chemically stable, multi-use industrial chemicals
that have been widely distributed in the ecosystem, Technical preparations cone
sist of complex mixtures of discrete PCB {somers, Because of their physicochem-
icsl properties, PCBs have been used as heat exchangers, dielectric, hydraulic
and lubricating fluids, plasticizers, pesticide extenders, adhesives, printing
inks and surface coatings.

The physical and chemical properties and the chemical formulations of PCBs

very considerably, depending on the amount and position of chlorine substitu-
tion. Such properties as stability, volatility, and water solubility are par-
ticularly important in regard to frequency of occurrence In the environment.
The highar chlorinated biphenyls are less volatile than the 1ower chlorinated
biphenyls (Meure et al., 1976). PCBs are extremsly insoluble in water. The
solubility of commercial siatures (for example, the Aroclors) ranges from 25 to
200 ppb (25 to 200 wg/L), depending on the chlorine content (Nisbet and Saro-
fim, 1972; Heque et al,, 1974), The solubility of discrete PCB isomers has
been examined, and ranges from 1 to 600 ppb (1 to §00 ug/L) depending on the
degree of chlorine substitution 1n the biphenyl ring (Haque ana Schmeddig,
1975).

PCBs elicit a variety of adverse health effects, This is true of even

partially well-defined compositions such as Aroclor 1294, For example, toxi-
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cology stuaies on Aroclor 1254 of less less than 30 days' duration report

liver toxicity (Grant and Phillips, 1974; Carter, 1983), thyroid toxicity
(Coltins and Capen, 1980a, b, ¢) and reproductive toxicity (Villeneuve et al,,
1971}, as well as other types of toxicity (U,5. EPA, 1985b), At first, it
would seem that this varfety in elicited adverse effects would make it diffi-
cult to distinguish the c;1t1c|l toxic effects of PCBs. However, it appears
that the experimental thresholds for these effects may be similar, at least for
studies of 30 days' duration or less.

Villgneuve et al, (1971) found increased incidences of fetal death, re-
sorptions, and abortions at 12.5 mg/kg/day of Arcclor 1254 in rabbits when
exposed on days 1 through 28 of pregnancy. A dose of 1.0 mg/kg/day appedared
to be without effect. Collins and Capen (19802, b, ¢), 1n a series of studies
on thyroid effecs in rats, determined that 50 ppm of diet (~ 2.5 to 5.0
mng/kg/day) for 4 weeks was associated with clearly defined adverse effects, byt
that doses of S ppm of diet (~ 0.25 to 0.5 mg/kg/day) ware not. Carter
(1983) demonstrated 1iver hepatomegaly 1n rats at doses of 20 ppm Aroclor 1254
of diet (~ 2 mg/kg/day) for 14 days; such an effect 1n the absence of toxicity
{e.9., fatty infiltration of the 1iver) might not be considered adverse. Grant
and Phillips {1974) observed increased 1{ver waights at doses as low as § mg/
kg/day Araclor 1254 given 1n corn ofl for 7 consecuttive days, Collectively,
these studies indicate that the experimental threshold for adverse effacts of
Aroclor 1254 in studies of 30 days' duration or less s at or near & dose of |
mg/kg/day. Thus, it seems reasonable to use this latter dose as a basis for
health risk assessments for Aroclor 1254 for short durations.

Uti1izing a dose of 1 mg/kg/day weight as a No Adverse Effect dose, a 10-

day exposure level for PC8s may be calculated as follows:
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10-day exposure level = 1 MQ/kQISAy % 10 kg = 0.1 mg/day for a 10<kg chilg
. 1 0 -

where
10 kg = assumed body weiynt of a child, and
100 = uncertainty (safety) factor chosen in accordance with the
National Academy of Sciences guidelines, 1n which a NOAEL

from an animal study s employed,
For a 70-kg adult the 10-day exposure level would be 0.7 m9/day.
CARCINOGENIC EFFECTS

A number of short-term assays predictive of carcinogenic potential have
been performed using the Afoclors and individual {somers of PCBS. Negative
results have been obtained in the reverse mutation assay using S. typhimurium
{Schoeny et al., 1979; Schoeny, 1982; Haddle and Bruce, 1977), and 1n the
dominant lethal assay 1n rats (Green et al., 1975). PC3 products also did not
produce chromosoms] changes in 0. melanogaster (Nflsson and Ramel, 1974) or in
the sperm and bone marrow cells of rats (Green et al., 197%; Garthoff et al.,
1977; Ofkshith et al., 1975). Myndham et al. (1976), however, observed
increases in reversion frequency in §. typhimurium exposed to 4-chlorobiphenyl
and to a lesser extent with Aroclor 1221, while the more highly chlorinated
2,2',5,5" ~tetrachlorobiphenyl and Aroclor 1254 were negative. The positive
response was observed in one strain, TA1S38, {n the presence of a metabolic
activation system derived from rabbit liver. In addition, a waak positive
response was observed by Peakall et al. (1972) 1n an assay of chromosoms!l
aperration in the embryos of ring doves fad Aroclor 1254. The variable data
observed with PCBs 1s consistent with the poor response and lack of correlation
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with animal carcinogenicity data reported for many highly chlorinated compounds
in short-term assay.

Early dloassays of PCBs were inddequate as & result of small group size
or periods of exposurs extending for less than 1 year, These studies falled to
demonstrate that PCBs were carcinogenic when fed to rats or mice (Kimura and
Baba, 1973; Ito et al., 1973; Ito et al., 1974; Ximbrough and Linder, 1974).
The study by Kimbrough and Linder {1974) in which 50 BALS/CJ male mice were fed
diets containing 300 ppm of Aroclor 1254 for 6 or 11 months was suggestive that
Aroclor 1254 was & 1ivar carcinogen, Of the 22 animals surviving PCB treatment
for 11 months, 411 had areas of adenofibrosis in the 1iver, and seven had his-
tologically identified hepatomas. In animals surviving 1l months which are
maintained on PCB-contaminated diets for 6 months, and 1n control animals,
there ware, respactively, only 0/24 and 0/58 1ivers with areas of adenofibrosis
and 1/24 and 0/58 animals with hepatomas. There were no histologically {denti-
fied hepatocellular carcinomas in any group.

In a later study in rats using a larger group size and a longer exposure
period, Kimbrough et al. (1978) reported an increased incidence in hepato-
cellular carcinomas in animals exposed to PCBs, In this study, 200 female
Sherman rats wers exposed to diets containing a nominal 100 ppm (range 70-107
ppm) of Araclor 1260 for 630 days. The incidence of hepatocellular carcinomas
in the treatad group compared with control animals was 26/184 and 1/173,
respectively; while the 1nacidence of hepatic neoplastic nodules was 144/184
and 0/173, respectively,

In the only other chronic bioassay performed (NCI, 1978), 24 male and 2¢
femaie Fischer 344 rats/group were maintained on diets containing O, 25, 50, or
100 ppm of Arcclor 1254, Although dose~related increases in nodular hyper-

plasia were observed, there was no significant increese in neoplastic lesions.
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With respect to the tumor incidence reported by Kimbrougnh et al. (1975}, the
number of rats/group in the NCI study may have been too small to detect a
carcinogenic response.

Very limited information is available on the carcinogenicity of PCBS in
humans, In a survey of 1,200 patients in Yusho, Japan, 5.5 years after expo-
sure to PCBs, 41% of the 22 deaths were attributed to neoplasia (Xuratsune,
1976; Urabe, 1974). The relevance of these findings s unclear since the
tumors were at various common sites, and comparable incidences for en unexposed
popuiation were not presented., In two letters to the editor, Bahn et al,
(1975, 1977) described suspected increases in malignant melanomas in a small
group of workers exposed to Aroclor 1254. In the 31 “heavily exposed” workers.
there were two cases of melanoma, while 1n.tho 41 "less helﬁily' exposed
workers, thare wes one melanoms, Tha International Agency for Research on
Cancer (IARC) estimates that only 0,04 cases would be expected in this number
of individuals (IARC, 1978). The only epidemiologic study (Davidorf and Xnupp,
1979) examined the association between ocular melanomas and populations resid-
ing 1n areas of known high envirormental levels of PCBs. The authors concluded
that & causal relationship betwaen PCBS and ocular melanomas was not demon-
strated, The IARC (1978) considered the association between exposure to
Aroclor 1254 and malignant melanomas described in the two letters to the editor
of the Naw England Journel of Medicine (Bahn et al., 1976, 1977) to be sugges~

tive evidence that PCBs are hyman carcinogens,
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-QUANTIFICATION OF CARCINOGENIC RISK

WEIGHT OF EVIOENCE FOR HUMAN CARCINOGENICITY

The 11kelihood that & chemical such as PCB s a human carcinogen is ex-
pressed through 8 characterization or stratification of the "weight of evi-
dence” (human, animal, short-term test) and & final indiction of the “overall
weight of evidence” for human carcinogenicity,

The [ARC has characteriZed the evidence for the carcinggenicity of PCBs in
humans as “inadequate,” the evidence for carcinogenicity in animals as “suffi.
cient,” and the supportive evidence from short-term tests as "inadequate,”
{IARC, 1982). The overall weight-of-evidence designation for PCBs under the
IARC schame 18 28 (probably carcinogenic in humans; evidence 1nadequate in
humans and sufficient in animals). The EPA has recently proposed a similar
scheme, which 1s an adaptation of the IARC scheme (U.S. EPA, 1984a), There are
some differences !n the two schemes; however, for PC8s the requirements for
inadequate evidence of carcinogenicity in humans and for sufficient evidence in
animals are essentially fdentical., Similarly, the overall weight.of~evidence
under the new EPA scheme would be designated as 82, which has the seme require-
ments as the 2B designation of the [ARC schame.

To comply with the EPA proposed guidelines for carcindgen risk assessment
(U.S. EPA, 19843), any final risk estimate developsd or used in rigk charac-
terization should be coupled with the EPA classification of the qualitative
weight-of-avidence. Thus, those risk levels used 1n this paper are understood
to carry the "82° designation; for example, 1 x 10°% (82), 1 x 106 (82), etc.
POTENCY SLOPE FACTORS

The use of a potency slope factor, necessary in calculating risk or back-

calculating permissible PCB sofl concentrations from selacted risk levels, does
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not definitely indicate that the chemical is @ human carcinogen, The likeli.
hood that the agent 1; & human carcinogen 15" a function of the weight-of.
evidence described above. The proposed EPA guidelines for carcinogen risk
assessment (U.S. EPA, 1984a) suggest that agents falling into Groups A and 8
are suitable for quantitative risk assessmonts,

The U.5. EPA Carcinogen Assessmant Group (CAG) has used the data from
female rats in the study by Kimbrough et al, (1975) to quantify the carcing-
genic risk from exposure to PCBs (U.S. EPA, 1980). 1In this analysis, the TWA
concentration of PC8 (Aroclor 1250) in the diet was determined to be 88.4 ppm,
associated with a dafly dose of 4.42 mg/kg bw/day, by assuming that an adult
rat consumes food equal to 5% of its body weight per day, In addition, for
this analysis, the incidence of hepatocellular carcinomas (26/184 in treated
animals and 1/173 in controls) and neoplastic nodules (144/184 in treated
animals and 0/173 1n controls) were combined to produce tumor incidences of
170/184 and 1/173 in the treatad and control groups, respectively. Using these
dats and the linearized multistage model, a cancer potency value (q{) for
human exposure to Aroclor 1260 of 4.34 (mg/kg/day)=l was calculated using the
data in Table D-2. The U.S. EPA Office of Toxic Substances (0TS) has also used
the dats from the same study, but by altering two of the viriables (see Table
D-2), calculated a q; of 1.%7 (ngllg/dqy)'l (u.S. EPA, 1985a). The average
of these two values 1s 4,0 (mg/kg/day)=l, and this value has been adopted by
this health advisories appendix for use in developing advisory levels for PCBs
clean=up, ‘

Using this q;. a riskespecific dose (RSO) of Aroclor 1260 that would
result fn an increased lifetime risk Iovil of 10-% for & 70-kg man can be

calculated as follows:
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TABLE D-2. DATA USED AS THE BASIS FOR THE q)

Spectes

Stratn

Sex

f8ody waight {assumed)
Length of exposure
Length of experiment
Tumor site

Tumor type

PCB product tested

Dose

(mg/kg/day)
0

4,42

rat

Sherman

female

0.4 kg (0.35 kg)8
645 days (730 days)d
730 days

1iver

combined hepatocellular carcinomas
and neoplastic nodules

Aroclor 1260

Incidence

{No. responding/No. tested)
1/173

170/184

The deta in parentheses indicate the alternative values used by OTS in
computing & cancer potency factor,

SOURCE: Kimbrough et al., 1975.
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RSD » 1 x 107° x 70 kg bw + q] (m9/kg/day)"!
» 0.17% ug/day.

Thus, using the q] for humans of 4.0 (mg/kg/day)~), the RSDs corresponding to
1ifetime risks of 10°4, 10-5, and 10°6 are 1.75, 0.175, and 0,017% ug/day,
respectively, The adoption of these potency and concentration levels for all
PCBs requires a further assumption that all PCB compounds are carcinogenic and
that the potency of Aroclor 1260 is representative of any mixture of any other

PCB compound.
SPECIAL CONSIDERATIONS

HIGH-RISK SUBPOPULATION

Two separate groups of high-risk subpopulations for exposure to PCBs may
be identified, The first group includes those persons with the potential for
fraquent or high exposure, namely, occcypationally-exposed workers and breast-
fed infants, as PC3s are excrated in the breast milk of lactating humans
{Miller, 1977;: Rogan et al,, 1980; Wickizer et al., 1981; Mas and Davies, 1979;
Kuwabara et al., 1979; Hofvander et al,, 1981). The second group 1ncludes
those persons with an 1nability to oxidize PCBs via glucuronidation to facili-
tate detoxification and elimination of these toxicants, such as smbryos,
fetuses, and neomates (2 to J months old) (Calabrese and Sorenson, 1977;
Gillette, 1967; Nyhan, 1961), especially breast-fed infants who receive a
steroid vig human breast milk that inhibits glucuronyl transferase activity
{Calabrese and Sorenson, 1977: Gartner and Arias, 1966), children simyltane-
ously exposed to the antibiotic novobiocin (Lokietz et al,, 1963; Calabrese

and Sorenson, 1977), persons with Gilbert"s syndrome or Crigler and Najjar
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syndroma (Lester and Scnmid, 1964; Calabrese and Sorenson, 1977), or persons
with hepatic infections such as infectious hepatitis (Calabrese and Sorenson,
1977).
COCARCINOGENESIS, INITIATION, AND PROMOTION

DiGiovanni et al. (1978) demonstrated that Aroclor 1254 had weak tumor
fnittating activity in the mouse two-stage tumorigenesis models. Promoting
activity was not indicated for this Arocler in a study by Barry et al. (1978).
Using other experimental systems, Ito et al, (1973) cbserved an increased inci-
dence of 1iver tumors in rats co-auministered PC8s and benzene hexachloride as
compared with benZene hexachloride treatment alone. Co-ddministration of other
potent live carcinogens, 3'-mnthyl-4-&1mnthylau1nolxobdnzcno. N-2-fluorenylace-
temide and diethylnitrosamine, with PC8s, however, has resulted in the inhibi-
tion of the tumerigenic response (Ito et al,, 1973), Similarly, antineoplastic
effects ware reported by Nishizumi (1980) for pups of dams administersd
Xangchlor-500 and diethyinitrosemine. These studies make 1t apparent that expo-

sure to PCBS can affect the carcinogenicity of other xenobiotics,

For the purposes of setting adviscry levels for PCBS contaminating soils,
accaptadble intake (Al) levels have been developed which are based on both the
toxicity and the carcinogenicity of PCBs, The 10-day health advisories (MA)
for toxicity other than cancer have been developed. The l-day and 11fetime HAs
could not be evaluated, Advisories for the cancer end point are expressed {n
terms of 10°4 to 10°7 11fetime 1ndividual excess risk levels. See Table 0-3 for

a summary of these Als and risk-specific doses.
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TABLE D-3. SUMMARY UF RISk SPECIFIC UUSES (RSus) FOR CANCEN
RISKS UF PCAs, OR OF ACCEPTABLE INTAKES FOR PROTECTION
AGAINST THE NONCARCLNUGENIC EFFECTS OF PCos

Description Value (yy/day)
1u-% Rso 1.75

U= RSO U.17%

108 RSO u.017%

Short-term Al (l-day)

Lonyer-term Al (1U-day)

Lifetime Al

NOt estimateq
10U for a chilg
JOU for an aqult
Not estimated

u=21
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The toxicity and carcinogenicity of PCBs have recently baeen ceitically
evaluated in a number of EPA documents (y.S. EPA, 1980, 1983, 19846, 1988b).
The approach taken here in developing a 10D-day exposure advisory for non-
cancer toxfcity has been to select from the available litersture the animal
study that addresses the critical toxic effect and yields the most appropriate
no observed effect, no observed adverse effect, lowest observad effect, or
iowest observed adverse o;foct level, This dose was then divided by an appro-
priate uncertainty factor to obtain the 10-day HA.

The calculation of a 10~-day HA for noncarcinogenic toxicity should make
use of animal data derived after an exposure period ranging from 10 to 30 days,
The literature contains several animal studies which address this length of
exposure. The studies chosen as & basis for the l0~day HA (Yillenauve ot al.,
1971; Grant and Phillips, 1974; Collins and Capen, 1980a, b, ¢;: Carter, 1983)
yield & No Observed Adverse Effect Level (NCAEL), THese studies involved the
feading of Aroclor 1254 to rabbits and rats., Collectively, in these studies, &
NOAEL can De ascribed to a dose of 1 mg/kg/day). Dividing this MOAEL by an
uncertainty factor of 100 yields & 10-day HA of 100 ug/kg/day for a child,
and 700 ug/day for a 70-kg adult,

The l-day HA could not be estimated based on animel data derived from
studies with an exposure duration of 1 to 5 days, The lifetime HA noncancer
toxicity, likewise, could mot be estimeted.

The cancer risk specific doses (intake levels) have been calculated by

salving for exposure 1n the equation
Risk = Potency x Exposure

and mi1tiplying by 70 kg. A cancer potency factor of 4.0 (mg/kg/day)=-! was
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adopted for use in these calculations. This value 1s thre mean of the values
determined by OTS (3.57 (mg/kg/day)=l) and by ORO (4.34 (mg/kg/day)-l)_for

PCBs.
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