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DEPARTMENT OF THE NAVY
_ NORTHERN DIVISION

NAVAL FACILITIES ENGINEERING COMMAND

PHILADELPHIA. PENNSYLVANIA 191' 2-5094 IN REPLY REFER TO.

5090
Ser 1196/1423/RF

MAR 2 1 1991

Ms. Linda Wofford, Senior Engineer
Division of Air and Hazardous Materials
Department of Environmental management
291 Promenade Street
Providence, RI 02908

Dear Ms. Wofford:

In response to your letter of January 22, 1991, please find
enclosed responses to your comments regarding the planned
verification sampling activities for sites 12 and 14 of NCBC
Davisville.

I would like to suggest the possibility of a conference call should
you have additional comments or questions.

Please notify me after your review of the attached responses.

Sincerely,

~
Remedial Project Manager
By Direction of the Commanding Officer

Copy to:
Mr. Lou Fayan NCBC Davisville, RI
Ms. Carol Keating EPA Region I
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RIDEMCOMMENTS ON·THE HEALTH AND SAFETY PLAN-ADDENDUM
I

1. Comment:
Page 3, Section 4.5: Decontamination Procedures.
"The addendum should specify the method of disposal
which will be ~tilized for the decontamination
fluids."

Reply:
Decontamination fluids will not be generated in the
field during the verification sampling. All
decontamination of the sampling equipment will be
completed in a lab~ratory ~ Dedicated sampling
equipment will be used for each sample.

2. Comment: ;
Page 4, Sect.ion.4. 18.3 and Page 6 , Section 4.19.3:
Personal Protection.
"The Department recommends that Level C personnel
protection be utilized durin.g the sampling
procedures. Furthermore the Department recommends
that air monitoring be conducted at the sites in
order to detect the presence of any volatilized PCB
carrier compound."

Reply:
The verification sampling will be conducted aft r
all ·of the suspected contaminated materials have
been removed from each site. Also given that the
organic compounds potentially related to
transformer fluids (e.g., trichloroben2ene, PCBs)
are semivolatile compounds with very low vapor
pressures , the inhalation risks associated with
the verification sampling are believed to be
minimal. However I TRC sampling personnel will
maintain the ability to upgrade to Level C
personnel protection if believed necessary by
sampling personnel (based upon visual observations
and odor).

BlOEM QQMMENTS QN THE QUALITY ASSURANCE PROJEC~ f~AN (OAPPl
ADDENDUM

1. Comment:
Page 4, 1st Paragraph, Section 3.4: frQject~cQpe.

The soil sample results will be used to confirm
that any subgrade materials contaminated by the
spills is cleaned up to 25 mg/kg PCBs by dry
weight.

"r.rhe f:tate of Rhode Island has a 1 ppm PCB cleanup
level policy. RIDEM will require that this clean
up level be met for all material above. or below
grade."
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Reply:
According to th US EPA TSCA PCB Spill.' Cleanup
Policy ,(40 CFR Subpart G, Section 761. 125), ~." the
allowable level of PCBs which can remain in the
soils' at the locations of the subject PCB cleanup
is 25 ppm., This allowable level is based on
characterizing the spill cleanup area as a low­
contact, indoor, industrial surface in a restricted
access location. It is important to note that the
25 ppm level is also significantly below an
applicable and appropriate EPA-developed advisory
PCB cleanup soil level range of 800 to 3100 ppm
(see Attachment A). This permissible PCB soil
cleanup range is for the most applicable scenario
consisting of short-term adult exposure to an area
having PCB soil contamination with 10 inches of
clean cover. Based on this guidance and the
required RlDEM 1 ppm cleanup leve~, the findings of
the verification sampling will be reviewed to
determine the adequacy of the PCB spill cleanup at
the sites., Attached for re~iew is a copy of the
EPA Project Summary titled "Development of Advisory
Levels for Polychlorinated Biphenyls (PCBs)
Cleanup II which presents the advisory EPA cleanup
levels.

2. Comment:
Page 9, 5th Paragraph, Section 6.3.1: Trip 21~nks.

Trip blanks Will not accompany the containers and
the samples collected during this phase of the
project.

"A trip blank should accompany the collected
samples and be analyzed to detect the presence of
any PCB carrier compound. II

OClOJ1CJtJH lStJ3 JCJ1 17 T:60 T6. Eo T CJtJl'J
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PCBs. However, soil samples will also be;collected
for 1,2,4-TCB analysis as discussed below in
response to comment #3. Trip blanks will not be
submitted with the samples since none of the
samples are being ,analyzed for volatile organic
compounds.

Comment:
Page 12'1 1st paragraph, Section 9.0: Analytigal
Procedures. The sample analyses will be performed
in accordance with EPA Method 8080 for PCBs
analysis (SW-846 Third Edition).

"Sample analyses should also be conducted for the
PCB carrier compound."

Reply:
As presented above, we are not aware of any so­
called "PCB carrier compounds". Although given the
potential for the presence of TeB in a transformer
spill area, soil samples will also be analY2ed for
1,2,4-TCB (EPA Method 8270, SW-846 3rd Edition).
Another change in the sampling plan is the
,collection of only three (not five) wipe samples
from each of the sites. This change will allow for
available funds to be used in the most effective
manner in the verification sampling effort.

4. Comment:
Figure A-2:
and Figure
Locations.

Site 14, Building 316 Sample Locations
A-3: Site 14, Building 38 Sample

~.

"The figures should indicate the location of the
PCB wipe results."

Reply:
The actual locations of the wipe samples will be
seleoted in the field by sampling personnel. Wipe
samples will be collected from locations adjacent
to the spill cleanup area. Wipe samples will be
collected from adjacent floors, walls, and/or
columns.
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EPA CQMMENTS QN~HE HEALTH AND s~eE~I PLAN ADPENDUM

1. General Comments
"Therefore, since the generation of PCB­
contaminated dust during the drilling is a
potential .c.oncern, .will TRC he monitoring for
airborne dust levels during drilling? Given the
possibility that PCB contamination is present, how
did TRC arrive at Level D Protection requir ments
and is there a contingency plan in place for
upgrading to Level C based on an established action
l~vel?

Reply: .
TRC willAO~ be monitoring for airborne dust levels
during the hand drilling associated with the chip
sampling. It is believed that insignificant levels
of dust will be generated and become airborne
during the drilling operations (especially from the
asphalt) which will be of very short duration. If
significant airborne dust is generated during the
drilling, TRC sampling personnel will wear Level C
protection. The level of protection selected (a
modified Level D) is based upon the very low
potential for exposure to contamination during the
sampling. Given the nature of the spill and the
extent of the spill cleanup beyond the observed
spill area, it is believed that the planned level
of protection (which includes protective gloves and
boot'covers) is sufficient to protect the sampling
personnel from any potential contaminant exposure
routes. No air monitoring will be conducted during
the sampling and thus no action level has been
established for upgrading to Level C. Any upgrade
to Level C will be based upon visual (e.g., dust)
and olfactory observations by sampling personnel.

~.

EPA CQMM~NTS ON THE QUALITY AS$URANC$ PROJECT PLAN ADDENDUM

1. Comment:
Section 3.4, Project Scope: The PCB cleanup level
of 25 mg/kg specified in the plan "is inconsistent
with the project specification. More specifically,
Section 2.6 of the Navy's specification states that
the PCB concentrations shall not exceed 1 ppm in
the concrete and soil."

Reply:
See response to RIDEM QAPP comment #1 above.

2. Comment:
Section 6.1, Selection of Sampling Locations.
"Figure A-3 identifies the soil sa~ple locations in
BUilding 38. Given the high levels of PCB-
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contamination identified in. samples co;llected
during the Confirmation Study activities, soil
sample· locations (8-2 and S-4) should coincide with
those areas of highest contamination (CW-14:2, CW­
14:3, CW-14:4, and CW-14:8)."

Reply:
~he locations of soil samples S-2 and S-4 will be
moved to the former sample locations of CW-14:8 and
CW-14:2, respectively.

Comment:
Section 6.2, Sample Collection, Handling, and
Shipping.
PIt is recommended that the holes to aid in
collected chip samples be drilled to a minimum of
two inches, not 1/8 inch as outlined in the project
specifications and amended QAPP. Although PCBs are
not very mobile, after further analysis of the time
period elapsed since the spills occurred (nearly
ten years ago) and the pervious nature of the floor
material, a near surface sample may not be
sufficient to adequately verify the absence of any
PCB contamination."

Reply:
All of the chip sampling will be conducted outsid
of the spill areas which were visually evident at
each site. The chip samples are not being
collected so much as to determine the extent of the
actual spill area, but rather to provide an
indication of the presenoe of any near surface
contamination related to the traoking of any of the
spill material before and during the spill cleanup.
However, the chip samples will be collected down to
a depth of 1 cm, as is recommended on page 42 of
the EPA guidance document "Verification of PCB
Spill Cleanup by Sampling and Analysis".

Comment:
Section 6.4, Field Decontamination Procedures.
UThere is a discrepancy between the QAPP and the
project specification decontamination procedures.
TRC states that a hexane (pesticide grade) rinse
will follow a tap water rinse, whereas the project
specification call for the use of an Acetone
(pesticide grade) rinse."

Reply:
A pesticide grade hexane will be used as the
decontamination solvent. PCBs are more soluble in
h xane than acetone, and therefore this change was
made to ensure better decontamination of the
sampling equipment.
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United States
Environmental Protection
Agency

Research and Development

Office of Health and
Environmental Assessment
Washington DC 20460

EPA/GOO/S6-S6/002 June 1987

&EPA Project Summary

Development of Advisory Levels
for Polychlorinated Biphenyls
(PCBs) Cleanup

Polychlorinated biphenyfs (PCBs),
commercially known as Aroclors, con­
sist of mbcturG$ of chlorinated biphenyl
compounds. Many sites contaminated
by PCBs remain contaminated because
of PCB persi$1:ence in the environment.
Although commercial PCB production
in the United States has been banned
by the Toxic Substances Control Act,
continued use in previously existing
commercial equipment can result in
spills Which require cle~"up. The En­
vironmental Protection AgencV (EPA)
has become increasingly involved in the
discovery, assessment, and cleanup of
these sites.

The purpose of this study is to provide
advisory levels for PCB cle~nup, and to
describe the technical and scientific
rationale and methods used in develop.
ing these advisory levels for PCBs in
contaminated soil. This required the
development of exposure and risk as­
sessment methodology related to haz­
ardous waste llInd spill sites. and
analyses of health effects data.

The currently available modeling tech­
niques considered most "ppropriate are
used to estimate exposures. PCBs ad­
visory levels ate presented as ranges of
values to reflect the difference in soil­
"ir partition coefficients depending on
soil type, different types of commercial
Aroclors, and variations in the soil
ingestion rate.

This PtOJ9Ct Summary was dsvelop4X!
by EPA's Office of Heelth end Environ..
m9n~1 AS$$s$ment, Washington, D.e.,
to gnnounce key findings of the feB88rch

project that /6 fully documented /n 8

separate I'6port of the same title ($ee
Project Report ordering Information ,t
back).

Introduction
The full report of this project summary

was prepared in response to a request
from the Office of Emergency and
Remedial Response (OERR). that the
Office of Health and Environmental As·
sessment (OHEA) develop advisory levels
for polychlorinated biphenyls (PCBs) which
can be used as guidelines for initiating
removal action for sites contaminated
with PCBs. Interested offices within EPA,
including OERR, have advised OHEA that
these advisory levels for PCBs cleanup
should be developed based on considera­
tions of public health protection from
short-term and long-term exposures. The
advisories presented include permissible
levels of PCBs in soil corresponding to
1O-day and lifetime acceptable intakes.

Exposure routes considered in develop­
ing these advisory levels include drinking
water, ingestion of PCB-<:ontaminated
soil by children and adults, and inhalation
of ambient air contaminated with PCBs.
Other exposure routes, such as dermal
exposure, food intake, and ingestion of
fish which have bioaccumulated PCBs,
are considered in relation to their im­
portance and their relevance to this pro­
ject. In view of the high bioaccumulation
factor for PCBs. the consideration of bio­
accumulation is important in setting PCB
levels in surface water in whiCh aquatic
animals live. If one of these routes is a
controlling factor in relation to the ex­
posure route or human intake considered,
the advisories need to be reevaluated.

Chemical Compositi n
Comrnercial-grade PCBs, consisting of

mixtures of different composition, are
sold under the trade name Aroclors.
Impurities such as chlorinated dibem:o-

OC:!O_:UCJtJH lStJ3 JCJl L1: 60 T6. f, T dtJi·j
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furans and chlorinated naphthalenes are
known to exist in commercial PCBs. The
sole producer of Aroclors in the United
States for the period 1967 to 1972 was
the Monsanto Chemical Company. Their
products are characterized by four-digit
numbers. The first numbers represent
the type of molecule (12 =biphenyl.baS43d;
54 0= terphenyl-based; 25 or 44 = blends
of PCBs and chlorinated terphenyls): end
the last two digits refer to the percentage
of chlorine by weight. PCB productS are
also manufactured in. other countries,
including Germany, France. Japan and
the U.S.S.R.

Although one might expect some 140
to 150 separate congeners in an Aroclor,
the actual analysis of Aroclor 1248. for
example, identified less than 50 peaks
using high-resolution gas chromatog­
raphy. No compounds which can be
formed by addition of chlorine rather than
substitution were found in a detailed
study of PCBs published in 1976. It is
suspected that the conditions prevailing
during industrial manufacturing of PCBs
do not favor the formation of addition
compounds, or that these latter com­
pounds might have been destroyed in the
step used to purify the Aroclor. The
literature data show that even fOI" the
same type of Aroclor, the compositions
of individual biphenyls vary slightly.

Major PCB components in foreign pro­
ducts bearing the names of Kanectllor
and Phenoclor for Japanese and Franch
products, respectively, have been identi­
fied. The number of the major components
separated from Kanechlor 400 is five,
and that from Phenoclor ope ;s seven.

Exposure Assessment
It is lik.ely that not all of the f'CBs

ingested or inhaled by humans arEI ab­
sorbed. Proper calculations of absorption
rate and hence exposure should be based
on realistic pharmacokinetics-type models
to determine intake. Lack of experimental
data with which to estimate the param­
Elters needed in the pharmacokinetics
models has prevented their applications
to the analySis for PCB absorptions
through human exchange boundaries.
Future work should consider these
models. Although most animal studies
(in rats and mice) on the extent of 8b~;orp­
tion in the gastrointestinal tract show
absorption in excess of 90%, there are
two experiments on monkeys reporting
less than 88% absorption in one case and
less than 13% and 40% absorption 10r a
specific congener in another case, based
on the analysis of feces and ul'ine.

2

Vehicles used in administering PCBs were
not specified. It is likely that the high
adsorption characteristics of PCBs on soil
could retard the absorption rate in the
human intestinal tract. In the risk analysis

. performed in the present Study, the ab­
sorption rate for humans after ingestion
of PCB-contaminated soil is considered
to be 30%.

Absorption from dermal exposure has
been reported to be as significant as from
other r~l.Ites of exposure. but little in­
formation is available for the quantitative
evaluation of dermal ;:Ibsorption tates.
Five percent dermal absorption is. as­
sumed for soil contaminants in contact
with human skin.

Inhalation 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..

100 circumstances under which human
exposure occurs are divided into three
classes depending on population distri­
bution: (1) Exposure occurs onsite. This
can be further subdivided into: (a) sites
that are readily accessible to children,
and, hence, the soil from which will be
subject to ingestion, dermal contact. and
inhalation, and (b) sites for wh ich there is
no possibility of soil ingestion. and, hence,
exposure is only through inhalation; (2)
sites which no population is assumed to
enter within a radius of 0.1 km from the
site; and (3) sites which no population is
assumed to enter within a radius of 1 km
from the site.

The soil ingestion rates used for Class
(1 Xa) evaluations are 3 and 0.6 g/day.
The former is a varue based on data. from
a study of an adult person with pica.
while the latter represents a long-term
average value for soil ingestion. If sites
are not accessible to populations at dis·
tances of 0.1 km or 1 km from the site, as
in Classes (2) and (3) abo....e, it is assumed
that no ingestion of contaminated soil
occurs ;:Ind the exposure route is that of
inhalation.

Emission Evaluation
The emission rate of volatilized PCBs

can be considerably reduced by covering
the contaminated soil by low-porosity
uncontamin3ted soil or clay material. The
reduction in the emission r~te will result
in 8 decrease in ambient ... ir concentra­
tions of PCBs by the action of blowing
winds. When PCB-eontaminated material
is directly exposed to the atmosphere.
the PCB levels in soil required to maintain

the same ·level of exposure will be les
than those expected when the PCB-COil
taminated materia'l is covered with 10....
permeability material of appropriate thic~

ness. The cover would also serve as ;
deterrent to soil ingestion and direc
dermal contact.

The depletion of PCBs from soil causel
by volatilization is aCCOunted for in tho
exposure analysis by solVing· a partia
differential equation simulating PCB vapo
diffusion through the soil air-phase pores
and the distribution of PCBs between ai'
and soil phases. Boundary condition~

assume that the air-phase resistance il
relatively small compared to the dif­
fusional resistance in the soil air-phast
pores. The available experimental dau
re;:lsonably follow the time-emission ratf.
relationship predicted from the model~

based on this assumption. Since th"
depletion rate varies over time, it i~

averaged over the exposure period. Deple­
tion averaged over a period of time should
lead to a lesser inhalation exposure than
that based on the model. assuming that
depletion does not occur.

The worst-case emissions would OCCur
when the contaminated soil is initially
exposed to the atmosphere and the soil is
contaminated up to the conditions ex­
hibiting saturation vapor pressure. A
constant emission rate can be assumed if
the vapor-phase concentration maintains
a constant value at the surface of soil
contamination for time-varying emission
rates. Calculations corresponding to
Crasses (1 I. (2), and (31 for exposure
possibilities with surface contamination
are repeated at an assumed 2S-cm thick­
ness of a soil cover initially free from PCB
contamination. Among many factors af.
fecting the emission rate (including vapor
pressure. soil-air partition coefficient.
Henry's Law constant, etc.), the value of
the soil-air partition coefficient shows
the most wide-ranging variation, because
of the variation of the experimental soi/­
water partition coefficient available in
the literature for soil textures ranging
from 40 to 1.000 cm~/g.

PCB levels In Soil
The method for determining the per­

missible PCB levels in Soil, which Com·
bines the routes of soil ingestion.
inhalation, and dermal exposure, has been
computerized to avoid the necessity for
hand calculations.

The results of these computer calcu­
lations are summarizedln Tables 1 and
2. which have been prepared using
different combinations of the following
variables: .

a~OjJ.C!tJH lStJ3 JCll l... T:60 TEo, Eo T ;:JtJl··J

furans and chlorinated naphthalenes are
known to exist in commercial PCBs. The
sole producer of Aroclors in the United
States for the period 1967 to 1972 was
the Monsanto Chemical Company. Their
products are characterized by four-digit
numbers. The first numbers represent
the type of molecule (12 =biphenyl.baS43d;
54 0= terphenyl-based; 25 or 44 = blends
of PCBs and chlorinated terphenyls): end
the last two digits refer to the percentage
of chlorine by weight. PCB productS are
also manufactured in. other countries,
including Germany, France. Japan and
the U.S.S.R.

Although one might expect some 140
to 150 separate congeners in an Aroclor,
the actual analysis of Aroclor 1248. for
example, identified less than 50 peaks
using high-resolution gas chromatog­
raphy. No compounds which can be
formed by addition of chlorine rather than
substitution were found in a detailed
study of PCBs published in 1976. It is
suspected that the conditions prevailing
during industrial manufacturing of PCBs
do not favor the formation of addition
compounds, or that these latter com­
pounds might have been destroyed in the
step used to purify the Aroclor. The
literature data show that even fOI" the
same type of Aroclor, the compositions
of individual biphenyls vary slightly.

Major PCB components in foreign pro­
ducts bearing the names of Kanectllor
and Phenoclor for Japanese and Franch
products, respectively, have been identi­
fied. The number of the major components
separated from Kanechlor 400 is five,
and that from Phenoclor ope ;s seven.
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ingested or inhaled by humans arEI ab­
sorbed. Proper calculations of absorption
rate and hence exposure should be based
on realistic pharmacokinetics-type models
to determine intake. Lack of experimental
data with which to estimate the param­
Elters needed in the pharmacokinetics
models has prevented their applications
to the analySis for PCB absorptions
through human exchange boundaries.
Future work should consider these
models. Although most animal studies
(in rats and mice) on the extent of 8b~;orp­
tion in the gastrointestinal tract show
absorption in excess of 90%, there are
two experiments on monkeys reporting
less than 88% absorption in one case and
less than 13% and 40% absorption 10r a
specific congener in another case, based
on the analysis of feces and ul'ine.
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and, hence, the soil from which will be
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no possibility of soil ingestion. and, hence,
exposure is only through inhalation; (2)
sites which no population is assumed to
enter within a radius of 0.1 km from the
site; and (3) sites which no population is
assumed to enter within a radius of 1 km
from the site.

The soil ingestion rates used for Class
(1 Xa) evaluations are 3 and 0.6 g/day.
The former is a varue based on data. from
a study of an adult person with pica.
while the latter represents a long-term
average value for soil ingestion. If sites
are not accessible to populations at dis·
tances of 0.1 km or 1 km from the site, as
in Classes (2) and (3) abo....e, it is assumed
that no ingestion of contaminated soil
occurs ;:Ind the exposure route is that of
inhalation.

Emission Evaluation
The emission rate of volatilized PCBs

can be considerably reduced by covering
the contaminated soil by low-porosity
uncontamin3ted soil or clay material. The
reduction in the emission r~te will result
in 8 decrease in ambient ... ir concentra­
tions of PCBs by the action of blowing
winds. When PCB-eontaminated material
is directly exposed to the atmosphere.
the PCB levels in soil required to maintain

the same ·level of exposure will be les
than those expected when the PCB-COil
taminated materia'l is covered with 10....
permeability material of appropriate thic~

ness. The cover would also serve as ;
deterrent to soil ingestion and direc
dermal contact.

The depletion of PCBs from soil causel
by volatilization is aCCOunted for in tho
exposure analysis by solVing· a partia
differential equation simulating PCB vapo
diffusion through the soil air-phase pores
and the distribution of PCBs between ai'
and soil phases. Boundary condition~

assume that the air-phase resistance il
relatively small compared to the dif­
fusional resistance in the soil air-phast
pores. The available experimental dau
re;:lsonably follow the time-emission ratf.
relationship predicted from the model~

based on this assumption. Since th"
depletion rate varies over time, it i~

averaged over the exposure period. Deple­
tion averaged over a period of time should
lead to a lesser inhalation exposure than
that based on the model. assuming that
depletion does not occur.

The worst-case emissions would OCCur
when the contaminated soil is initially
exposed to the atmosphere and the soil is
contaminated up to the conditions ex­
hibiting saturation vapor pressure. A
constant emission rate can be assumed if
the vapor-phase concentration maintains
a constant value at the surface of soil
contamination for time-varying emission
rates. Calculations corresponding to
Crasses (1 I. (2), and (31 for exposure
possibilities with surface contamination
are repeated at an assumed 2S-cm thick­
ness of a soil cover initially free from PCB
contamination. Among many factors af.
fecting the emission rate (including vapor
pressure. soil-air partition coefficient.
Henry's Law constant, etc.), the value of
the soil-air partition coefficient shows
the most wide-ranging variation, because
of the variation of the experimental soi/­
water partition coefficient available in
the literature for soil textures ranging
from 40 to 1.000 cm~/g.

PCB levels In Soil
The method for determining the per­

missible PCB levels in Soil, which Com·
bines the routes of soil ingestion.
inhalation, and dermal exposure, has been
computerized to avoid the necessity for
hand calculations.

The results of these computer calcu­
lations are summarizedln Tables 1 and
2. which have been prepared using
different combinations of the following
variables: .
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Permi$sihle PCB Soil Contsmination Levels (Uncovered Sut1ece Contsminerion)

Permi,sible Levels (1IfI PCB/g soil) Corrtl&ponding to

Noncsncei Short-Term-
AcuprBble Intll*e (pg/dBY! C.ncer Ris* Specific DOMn; (I'll/day)

Locetion end

1.76
Route ofHumBn 11)0 700 0.00176 0.0176 0.176Exposure for Child for Adulr (1(T7 Risle) (10..... RIt:Jc) (10-5 RIs*) (10-' RI$I<)

On the conteminsted ,ire

-Soil inge$rjonC
, 26-100' 610-730 O.OO8~.Ol .08~.1 0.8·2 8-17i"helillion-

-Soil ingefillond
, 42-420 2100·3000 0.01-0.06 O.1-().6 1-6 36-61inhalation-

~/fJhfJlBtiononly·, 47·v$G vs O.07~.2 0.1-2.0 l-iti ... "77-470

0.1 lemfrom "$ vs 2.0-220 90·2.2xI0~ 7.7M1~.v$ 8.7xI0o.vscontllm;nllt.d siUt
-lnh819tion only·

Ilem from vso
VI 220-1.3I1:1rr 2.2xl~.1_3x105 V$ vscontam;nlJtK sittl

-Inhalation only·

·Short-tttrm ~ lO-dBY inttJlt.e,
b8ast!d on a'lerlt!Ja welghls 0110 lind 70 leg for a child 8nd Itn tldulr. respectively.cChildren '/Ie, 7-6. with piC8 (consuming 311 $oil/dsy}.
dChildren ages 1-6, without picB (con,uminll 0.6 g soil/dBy}. .
·Inhalation ral8S IIrB assumlJd 10 btl 20 m /dBY for thtt short4.erm snd longer.term noncancer eltposure8: sll othttr (mom Chronic) e}(posul8S/'Jumed t(l be 10 m'/day 1M a result of 182 days' expOSure per resr.
'RMges result in t1Bch case because 11} four PCBs (1242. 1248. 1254. 1260) ere considtlr.d. IIttch with e different vapor fJlsss/Jre. end Ihigh and low vlllues fDr soll·ttir ptlrt;rion coefficitlnt Brtt usad in the calculsticlf7s.°V$ denotes no theorelicellJpper-IJound limit. Practicel resSons require no fr6ft-flowing PCB IiQllids far the limit.
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(1) Surface contamination represent­
ing a situation where the con­
taminated soil surface has been
left uncovered after removal action,

(2) 25-cm (1 O-inch) clean cover applied,
representing a situation in which
clean soil material is used on top of
the contaminated soil surface.

(3) Two different soil ingestion rates (3
and 0.6 g/day) for Class (1) (a),
corresponding to sites accessible to
children,

(4) Different acceptable intake (AI)
levels (short-term AI. and Als at
different cancer risk levels).

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

(6} Two selected values of the soil-air
partition coefficient. representing
the high and low values.

(7) Exposures for 1adays after cleanup
or spill of contaminants for Short­
term advisories,

Table 1 shows the range of values for
permissible PCB concentrations in soil
when the soil is contaminated up to the
surface in contact with the atmosphere
and is left uncovered. Table 2 represents
the case where the contaminated soil left
at the site, or after remediation, is
covered with a 25-cm (1 a-inch) clean soil
layer. The r:!nges 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 Lew
constants for each Aroclor.

Results
The symbol "vs" in Tables 1 and 2

indicates that no upper·bound limit for
PCB concentrations in soil can be derived
from the exposure evaluation. because
the PCB concentration in soil is above the

\'apor saturation concentration, There ar
two reasons for such a result. First. th
emission rate cannot exceed the upper
bound value which can be expected whel
the air-phase concentration of PCBs 8
the contaminated soil surface is main
tained at the vapor saturation point. Tho
concentration at the vapor saturatiol
point corresponds to the vapor pressun·
concentration. Second, when the cover i!
applied. not only is the emission ratt
retarded, but alSo the concentration 0'
PCBs in soil being ingested is controlle,
by the amount of PCBs adsorbed on soil
in eqUilibrium with the air phase being
emitted. Therefore, the concentration 0\
PCBs in the initially clean soil material
cannot exceed the concentration in eQuili.
brium with saturated vapor.

In actuality, the "no upper limit," or the
level above vapor saturation, designated
by vs. should be interpreted with greal
cllre. The assumptions used in the ex-
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(1) Surface contamination represent­
ing a situation where the con­
taminated soil surface has been
left uncovered after removal action,

(2) 25-cm (1 O-inch) clean cover applied,
representing a situation in which
clean soil material is used on top of
the contaminated soil surface.

(3) Two different soil ingestion rates (3
and 0.6 g/day) for Class (1) (a),
corresponding to sites accessible to
children,

(4) Different acceptable intake (AI)
levels (short-term AI. and Als at
different cancer risk levels).
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(6} Two selected values of the soil-air
partition coefficient. representing
the high and low values.

(7) Exposures for 1adays after cleanup
or spill of contaminants for Short­
term advisories,

Table 1 shows the range of values for
permissible PCB concentrations in soil
when the soil is contaminated up to the
surface in contact with the atmosphere
and is left uncovered. Table 2 represents
the case where the contaminated soil left
at the site, or after remediation, is
covered with a 25-cm (1 a-inch) clean soil
layer. The r:!nges 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 Lew
constants for each Aroclor.

Results
The symbol "vs" in Tables 1 and 2

indicates that no upper·bound limit for
PCB concentrations in soil can be derived
from the exposure evaluation. because
the PCB concentration in soil is above the

\'apor saturation concentration, There ar
two reasons for such a result. First. th
emission rate cannot exceed the upper
bound value which can be expected whel
the air-phase concentration of PCBs 8
the contaminated soil surface is main
tained at the vapor saturation point. Tho
concentration at the vapor saturatiol
point corresponds to the vapor pressun·
concentration. Second, when the cover i!
applied. not only is the emission ratt
retarded, but alSo the concentration 0'
PCBs in soil being ingested is controlle,
by the amount of PCBs adsorbed on soil
in eqUilibrium with the air phase being
emitted. Therefore, the concentration 0\
PCBs in the initially clean soil material
cannot exceed the concentration in eQuili.
brium with saturated vapor.

In actuality, the "no upper limit," or the
level above vapor saturation, designated
by vs. should be interpreted with greal
cllre. The assumptions used in the ex-

3

..__JI!!I&!!II& ~0i!.1!;., ,.:i'dill'__••=..E l!I!!R_""'L...wa......liO""'_'-!!!IX""""'....n=,.,."'''''''''.",,--=~_9_a~~leltiHlStl3 Jell 8T.: 50 15. 51 eltil,j



Tilble 2. Pormissible PCB Soil Cont6'min8tion Levels (25-cm.Thick Clee" Cover)

Permissible Levels (1'9 PCSlg soil) CO!:..;f~:..:'s:.:::p.:.o.:...n.:.dl~·n;;:g_t.:.CI _

Locetio" and
Rovte ofHvm~n

£Xf)os (J{(!

On the cantamin8,ed sitl1 .

-Soil ingestiont.
inhalation~

-Soil ingestion e
•

inluJlali!)n-

-Inhalation only'

0.11<11'I from
corlt:Jminated site
-Inhelerion only·

Noncancer ShCln-Term'
AUfJptabfe Inrake lpg/dey;" CanetH Rfsk. Specillc D~es (llg/dey)

100 700 0.00175 0.0175 0.175 7.75far Child for Ad"lt (10- 7 R,Sk) flO· GRis~) (10'~ RI~dl (10'· Risk.1

110-200' 800·7400 001·0.2 0.7·2.0 7-17 22·vs

450·vso 31oo·vs 0.02-05 0.2·6.0 10·48 53-liS

vs v.~ o Q2.f.O 0.2-vs 2.0-vs 770,11$

vs vS l·vs 620-1'$ vS vs

1 km from
conraminllted site
-Inhalation only·

"s 1'$ 1'$ vs vs Vs

"Shor/·rerm 2!: 10.d:Jy Intake.
cBased on average weight:; 0110 Bnd 70 kg for f) cllild anC 1M advlt. resper;tively
"Children Ilges 1·5. with f)ice Iconsvmill.9 3 I; soil/duYI.
~Children I'Ige5 1·5. withovr f)iC8 (consvnlin~ 0.6 g sot/"'day),
·lnhtJlation r"res are assvmed 10 be 20 m 'day for the short·term tJnd longer·lflrm nanCftnCt:f e1l!Jusvrcs. all other (more chronic) (Jllp(lSvresassumed 10 be 10 m'..-d8Y 8S 8 resvlt af 182 days' eXlJosure pC" y~'ur.
·RBngfl.~ result in each cilse becl/"se (1) fovr PCBs (T 242. 1248. T254. T250/ arc cconsidered each with e different vspor preSsure, and (2)high tJnd low 1I{))ucs for soil·{)ir ptJrlitiofl coefficient Bre used III (he ctJlcultJtions.°vs denoles no theore/lcal upper-bound timit. PrIJcricsl rC/'lSOIlS require no fr"Jp.-flovoIing PCB liQuids .'or rhe limIT.

posure evallJation are critical. They
include but are not limited to: (1) no
soaking of clean cover by liquid PCBs for
the thickness of 25 ern: (2i no disturbance,
of cover material by construction activiiies
or Children digging the ground; (3) no
exposure to initial spillS when 25 cm of
clean cover (Table 2) is assumed; (4) no
populatIon enters the area within the
respective radius of distances from the
site; and (5) the cover material IS at least
equivalent to soil material.

From a practical point of view. the first
assumption is tantamount to reqUiring
the presence of no free liqUids in the soil.
which may otherwise result in the
phenomenon of "wicklng" Since the
ranges shown in Tables 1 and .( are
dependent upon the type of Aroclors and
the values of the soil-air partitIon coef ..!
fic/ent. site-specific or Aroclor-specifiC
information should be used to establish

. an appropriate level of PCBs for that
'particular condition. Computer outputs

4

for the selected Aroclors under the ranges
and conditions of common environmental
concern can be used to find the permiS­
sible concentrations· in Soil suitable 10
partiClllar situations.

Table 1, for example. can be inter­
preted as follOWS'

(1) When the site is amenable to access
by children with possibtl1ties of ingesting
the contaminated soil exposed to the
atmosphere. and when eXpOSlJre occur·
ring to the children by inhalation and
dermel contact is accounted for, the per·
missible PCB levels in soil should ranoe
from 25 to 100/-19/9 and 42 to 420 119ig
for prevention of noncancer effects from
10-day exposure for a child with an
average weight of 10 kg ingesting soil at
the rates of 3 and 0,6 g/day. respectively
For cancer effects. permissible levels in
soil for a lifetime exposure to PCBs re­
SUlting from ingestion of and dermal
contaCt with contaminated soil end in­
halation of contaminated air should range

from 008 10 0.1 119/9 end 0.1 to 0.6
j.(9 "g. corresponding to an upper·bound
risk eStimate of 1a( at assumed soil
Ingestion rates of 3 anel 0.6 gday.
respeclively The specific {evel will depend
on the types of Aroclor present. the likely
ingestion rate. and the extent of soil-air
partitioning. For Sites in which there is no
possIbility of soil Ingesllon. PCB levels In
soil, based on the inl1;:llatlon route only.
should range from 47 I,g 9 to no limit
value for a 1a·day exposure for a child
with.an average weIght of 10 kg. and
correspond to 110 IImll value for an adult
with an average weight of 70 kg. The
permissible levels of PCBs in soil. based
on the Inhalation pathway only, range
from 0 1 to 2 /.19 g. corresponding to a
lifetime AI at a risk factor of 10 6 Again.
the level will be diclated by the types of
Aroclor present and tl1e specifiC char­
acterrStlcs of the sile rnvolved.

(2/ If there IS no possibilHy of a popula­
tion enterrng the contaminated SIte within
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~Children I'Ige5 1·5. withovr f)iC8 (consvnlin~ 0.6 g sot/"'day),
·lnhtJlation r"res are assvmed 10 be 20 m 'day for the short·term tJnd longer·lflrm nanCftnCt:f e1l!Jusvrcs. all other (more chronic) (Jllp(lSvresassumed 10 be 10 m'..-d8Y 8S 8 resvlt af 182 days' eXlJosure pC" y~'ur.
·RBngfl.~ result in each cilse becl/"se (1) fovr PCBs (T 242. 1248. T254. T250/ arc cconsidered each with e different vspor preSsure, and (2)high tJnd low 1I{))ucs for soil·{)ir ptJrlitiofl coefficient Bre used III (he ctJlcultJtions.°vs denoles no theore/lcal upper-bound timit. PrIJcricsl rC/'lSOIlS require no fr"Jp.-flovoIing PCB liQuids .'or rhe limIT.

posure evallJation are critical. They
include but are not limited to: (1) no
soaking of clean cover by liquid PCBs for
the thickness of 25 ern: (2i no disturbance,
of cover material by construction activiiies
or Children digging the ground; (3) no
exposure to initial spillS when 25 cm of
clean cover (Table 2) is assumed; (4) no
populatIon enters the area within the
respective radius of distances from the
site; and (5) the cover material IS at least
equivalent to soil material.

From a practical point of view. the first
assumption is tantamount to reqUiring
the presence of no free liqUids in the soil.
which may otherwise result in the
phenomenon of "wicklng" Since the
ranges shown in Tables 1 and .( are
dependent upon the type of Aroclors and
the values of the soil-air partitIon coef ..!
fic/ent. site-specific or Aroclor-specifiC
information should be used to establish

. an appropriate level of PCBs for that
'particular condition. Computer outputs

4

for the selected Aroclors under the ranges
and conditions of common environmental
concern can be used to find the permiS­
sible concentrations· in Soil suitable 10
partiClllar situations.

Table 1, for example. can be inter­
preted as follOWS'

(1) When the site is amenable to access
by children with possibtl1ties of ingesting
the contaminated soil exposed to the
atmosphere. and when eXpOSlJre occur·
ring to the children by inhalation and
dermel contact is accounted for, the per·
missible PCB levels in soil should ranoe
from 25 to 100/-19/9 and 42 to 420 119ig
for prevention of noncancer effects from
10-day exposure for a child with an
average weight of 10 kg ingesting soil at
the rates of 3 and 0,6 g/day. respectively
For cancer effects. permissible levels in
soil for a lifetime exposure to PCBs re­
SUlting from ingestion of and dermal
contaCt with contaminated soil end in­
halation of contaminated air should range

from 008 10 0.1 119/9 end 0.1 to 0.6
j.(9 "g. corresponding to an upper·bound
risk eStimate of 1a( at assumed soil
Ingestion rates of 3 anel 0.6 gday.
respeclively The specific {evel will depend
on the types of Aroclor present. the likely
ingestion rate. and the extent of soil-air
partitioning. For Sites in which there is no
possIbility of soil Ingesllon. PCB levels In
soil, based on the inl1;:llatlon route only.
should range from 47 I,g 9 to no limit
value for a 1a·day exposure for a child
with.an average weIght of 10 kg. and
correspond to 110 IImll value for an adult
with an average weight of 70 kg. The
permissible levels of PCBs in soil. based
on the Inhalation pathway only, range
from 0 1 to 2 /.19 g. corresponding to a
lifetime AI at a risk factor of 10 6 Again.
the level will be diclated by the types of
Aroclor present and tl1e specifiC char­
acterrStlcs of the sile rnvolved.

(2/ If there IS no possibilHy of a popula­
tion enterrng the contaminated SIte within



8 radil,ls Of 0.1 km from the site, the PCB
levels in soil can remain at no limit value
an<l90 to 2.2 x 104 /lg/g, without exceed­
ing 10-dey Al and lifetime AI at 10.6 risk,
resp@ctively.

Similar interpretations can be made for
the results applicable to sites without
affected population I,Ip to , km from the
site, and to the carcinogenic risks listed
at 10 4 , 10·!. and 10 7 .

Conclusion
The short-term AI levels (100 /l9/g day

for 8 child and 700 /-<g/g day for an adult)
used to develop 1O-day advisories based
on noncancer effects are derived from
animal studies. which collectively indicate

that the experimental threshold for ad·
verse effects of Aroclor 1254 is at or near
a dose of 1.0 /-<S/kg body weight. Using
this dose as a No Observed Adverse
Effect Level and a safety factor of 100,
the 1O-day AI levels for noncancer effects
described above (100 and 700 /lg/day)
were computed. The permissible con­
centrations of PCBs in soil are calculated
from multimedia exposure assessments
by requiring that the total PCBs intake
rate from pertinent exposure -pathwayS
do not exceed these Als. Advisory levels
for 1.day and lifetime noncancer effects
cannot be derived at this time because of
the insufficiency of available dat<t. How­
ever. in view of the experimental duration,
the 10·day advisories may well be used
for the 1-day advisories.

'il.Wi

The EPA authors Seong T. Hwang (81so the EPA Project Officer. see belOW),
James W. Falco, end Charles H. NaumBn ar8 with the Office of Health and
Envir()nment~fAssessment. Washington, DC 20460.

The complete report, entitfed··Development ofAdvisoryLevels for Pofychlorinated
Biphenyls (PCBs) Cleanup." (Order No. PB 86-232 774/AS; Cost· $22.95,
subject to changel will be available only from:

National Technic81lnfotm~tionService
6285 Port Roylll Roed
Springfield. VA 22161
Telephone: 703·487-4650

The EPA Project Officer cen be contBcted at:
Office of Heslth end Environmental Assessment (RD-689)
U.S. Environmental Protection Agency
Washington, DC 20460
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No. 365

MATERIAL SAFETY DATA SHEET liP
"

TRICHLOROBENZENE.
GENIUM PUBUSHING CORPORATION DIELECTRIC GRADE

1145 CATAtYN STREET REVISION A
SCHENECTADY. NY 12303·1836 USA

(518) 377-8855 ClNIUM PIIllUSHINO COIlS'. Date December 1979

SEeTI ON I , MATERIAL IDENT{ F1CATl ON
IHATERIAL NAHE: TRICHLOROBENZENE, DIELECTRIC GRADE

OES1CNATION: This material is a specific technical mixture (see Sec. II). based mainly
on 1,2.4-trichlorobenzene and its isomers.

OTHER DESlGNATIONS: CE Material D5B76
MANUFACTURER: Standard Chlorine Chemical Co •• Inc.

1035 Belleville Turnp~ke Telephone: (201) 997-1700
J{.;\ynv NJ 07032

SECTION It. INGREDIENTS AND HAZARDS ~ 1'1AZARO DATA

Trichlorobenzenes: > 97--
I,2.4-Trichlorobenzene, >70% (CAS tI 000 120 821) 8-hr TWA 5 p.p~*

or 40 mg7m
l,2,3-Trichlorobenze.ne, >20% (CAS # 000 oe~ 6~6) No TLV established**
1,3.5-Trichloroben~ene

, t.·····. No TLV established"
..

Other Chl~~inated BenzeneS: " <4
Dichlorobenzenes, ca 1% " - 8-hr TIiA 50 ppm (C)*

(g-isomer)
Tetrachlorobenzenes. ca 1% No nv established
Pentachlo'rohenzene, Trace No TLV established
t'i\cr.IIl (1979) l'LV~ flO OSHA TLV.

to"USSR (Russian) TLV ~.3 ~pm.p~?~) .
.....a.vJACGlJ,i.,I;l~d OS1;/.A CpWI ... o ID'"

SEeTl ON 11 I. PHYSICAL DATA
Boiling point. 1 atm, deg F -..-- ca 415* Specific gravity (HZO=l) ----- 1.46-'
Vapor pressure at 104 F, mm Hg - 1 VolatUes, 7. (when heated) ~---- ca 100
Vapor density (Air-l) ----------- 6+ Melting point. deg F --_ ....._---- <50*
Solubility in water, 25 C,% ---- 0.003 Molecular weight, approx ----- 182

APpearance &Odor: A clear, nearly colorless liquid with a characteristic aromatic
odor.

*EX3ct properties depend on the mixture used.

SECTION IV, FIRE AND EXPLOSION DATA LOWER UPPER
nash l'oint and ~cthod I i\utoignition Temp. I Flammabilitv Limits In Air

ca 230 F (CC) I Unknown I Unknown
Extinguishing Media: C02' dry chemical, foam or water spray.
When this material is in n fire situation, it can therm~lly and oxidatively decompose

to yield phosgene, hydrogen chloride. carbon monoxide and other toxic gases and
vapors. Firefighter.s should use self-contained breathing apparatus to fight this
kind of £ire.

This material is a slight fire hazard when heated.

SECTION V, REACTIVITY DATA
This is a stable material under norm31 storage conditions. It doea not polymerize.

It will thermally decompose above 575 F. Contact with an open flame or an electric
arc can yield phosgene and hydrogen chloride.

Avoid contact with oxidi?~llg M:,entS •

.. ".

Conrtabl © J9lW Gmh,lI'l J"ublblll~ Co!-pllndon
All} «>mtMtdll .... ..1lh""l publ~·.~\t ptntlls-slon" problblUd. GENIUM PUBLISHING
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