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FOREWORD 

The Exposure Assessment Group (EAG) of  EPA's Off ice of  Research and 

Development has three main funct ions:  1) to conduct exposure assessments;  2)  

to review assessments and re lated documents;  and 3) to develop guidel ines for  

Agency exposure assessments.  The act iv i t ies under each of  tnese funct ions are 

supported by and respond to the needs of  the var ious EPA program of f ices.  In 

relat ion to the th i rd funct ion,  EAG sponsors projects aimed at  developing or 

ref in ing techniques used in exposure assessments,  and at  apply ing these techniques 

to develop heal th-based advisory levels for  contaminant c leanup. This document 

is  one of  these projects and was done for  the Off ice of  Sol id Waste and Emergency 

Response. 

Polychlor inated biphenyls (PCBs),  commercial ly known as Aroclors,  consist  

of  mixtures of  chlor inated biphenyl  compounds. Many s i tes contaminated by PCBs 

remain contaminated because of  PCB persistence in the environment.  Al though 

commercial  PCB product ion has been banned by the Toxic Substances Control  Act ,  

cont inued use in previously exist ing commercial  equipment can resul t  in spi l ls  

which require c leanup. EPA has become increasingly involved in the discovery,  

assessment,  and c leanup of  these s i tes.  

The purpose of  th is document is  to provide advisory levels for  PCB c leanup, 

and to descr ibe the detai led technical  and scient i f ic  rat ionale and methods 

used in developing these advisory levels for  PCBs in contaminated soi l .  This 

project  required development of  exposure and r isk assesment methodology related 

to hazardous waste and spi l l  s i tes,  and analyses of  heal th ef fects data.  -The 

advisory levels and the assessment methodology thus developed wi l l  help EPA set  o 
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pr ior i t ies in PC3 spi l l  and c leanup management,  and address other PC3 contaminant 

problems .  

Michael  Cal lahan, Oirector 
Exposure Assessment Group 
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PREFACE 

The Exposure Assessment Group of  the Off ice of  Heal th and Environmental  

Assessment (OHEA) has prepared th is development document for  advisory 

levels for  polychlor inated bipnenyls (PC3s) c leanup at  the request of  the 

Off ice of  Emergency and Remedial  Response. This document summarizes the 

procedures concerning mult imedia exposure assessments for  PC3-contaminated 

s i tes,  and l i terature informat ion on chemical  and physical  propert ies and heal th 

ef fects pert inent to evaluat ion of  exposures to PC3s. The purpose of  th is 

document is  to serve as a technical  and scient i f ic  oasis for  developing heal th-

based advisory levels for  PC3s in soi l  at  spi l l  or  c leanup s i tes.  The l i terature 

search support ing th is document is  current to May 1986. 
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ABSTRACT 

This document presents background informat ion used in developing advisory 

levels of  PC3s in soi l  est imated to be permissible in protect ing publ ic heal th.  

The resul ts of  exposure assessment and heal th ef fects studies are combined to 

arr ive at  the permissible levels of  PCBs .  Health ef fects studies conducted 

using animals for  the durat ion of  10-30 days are used to determine the 10-day 

advisory levels for  PCB c leanup. The long-term advisory levels are based on 

the carcinogenic r isk evaluat ions.  

Exposure pathways considered in est imat ing the 10-day and long-term average 

dai ly intakes include soi l  ingest ion,  inhalat ion,  dermal contact ,  ingest ion 

of  contaminated food, and ingest ion of  water.  Exposure to dr inking water con­

taminants is  presumed to occur independent ly of  other pathways, because water 

could come from a c lean publ ic water system. The exposure pathways most per­

t inent to the evaluat ion of  permissible PC3 levels in soi l  are soi l  ingest ion,  

vapor inhalat ion,  and contaminant contact  wi th human skin.  

The current ly avai lable model ing techniques considered most appropr iate 

wi th in the constraints of  avai labi l i ty  of  input data are used to est imate 

exposures.  PCBs advisory levels are presented as ranges of  values to ref lect  

the di f ference in soi l -a i r  part i t ion coeff ic ients depending on soi l  type, 

d i f ferent types of  commercial  Aroclors,  and var iat ions in the soi l  ingest ion 

rate.  
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1. EXECUTIVE SUMMARY 

This report  has been prepared in response to a memorandum dated Apr i l  9,  

1985, f rom the Off ice of  Emergency and Remedial  Response (OERR), request ing 

that  the Off ice of  Heal th and Environmental  Assessment (OHEA) develop advi­

sory levels for  polychlor inated biphenyls (P'CBs) which can be used as guide­

l ines for  in i t iat ing removal act ion for  s i tes contaminated wi th PCBs. Inter­

ested of f ices wi th in EPA, including OERR, have advised OHEA that  these advisory 

levels for  PC3s c leanup should be developed based on considerat ions of  publ ic 

heal th protect ion from short- term and long-term exposures.  The advisor ies 

presented in th is report  include permissible levels of  PCBs in soi l  correspond­

ing to 10-day and l i fet ime acceptable intakes. 

Exposure routes considered in developing these advisory levels include 

dr i  nki  ng water,  ingest ion of  PCB-contaminated soi l  by chi ldren and adul ts,  and 

inhalat ion of  ambient a i r  contaminated wi th PC3s. Other exposure routes,  such 

as dermal exposure,  food intake, and ingest ion of  f ish which have bioaccumula-

ted PCBs, are considered in relat ion to their  importance and their  relevance to 

the present document.  In view of  the high bioaccumulat ion factor for  PCBs, the 

considerat ion of  bioaccumulat ion is  important in set t ing PC8 levels in surface 

water in which aquat ic animals l ive.  I f  one of  these routes is  a control l ing 

factor in relat ion to the exposure route or human intake considered, the advi­

sor ies need to be reevaluated. 

Commercial-grade PCBs marketed as Aroclors in the United States are mix­

tures of  many chlor inated biphenyl  compounds in var ious proport ions.  Each o 
2 
3 

PCB compound may exhibi t  i ts  own toxicological  character ist ics and physical  and 
o 

chemical  propert ies.  This fact  compl icates the exposure analysis in der iv ing S 

the al lowable concentrat ions in dr inking water and soi l .  I t  is  conceivable £ 
vo 
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that  chemical  and physical  propert ies reported in the l i terature for each Aro-

c lor  designat ion represent an average property for  the mixture.  To def ine the 

var iabi l i ty  of  safe levels for  contaminat ion by d i f ferent Aroclor designat ions,  

exposure analyses have been performed for  several  Aroclors:  Aroclor 1242, 

1243, 1254, and 1260. The steps used in developing the advisor ies include: (1) 

the evaluat ion of  toxicological  ef fect  studies,  (2) exposure analysis for  PCS 

intake from dr inking water,  soi l  ingest ion,  a i r  inhalat ion,  and dermal contact ,  

and (3) r isk assessment combining the toxicology studies and exposure analysis.  

Ten-day noncancer heal th advisor ies are based on the short- term acceptable 

intake (AI)  der ived from studies of  animals t reated with Aroclor-1254 for  no 

more than 30 days to examine noncarcinogenic ef fects.  This AI value, which 

forms the basis. for  establ ishing permissible levels of  PCBs in soi l ,  is  0.1 and 

0.7 mg/day for  a 10-kg chi ld and a 70-kg adul t ,  respect ively.  The permissible 

PCB concentrat ions for  each carcinogenic r isk level  are based on the potency 

factor of  4 (mg/kg-day)"1 rounded of f  f rom two independent evaluat ions based on 

an Aroclor-1260 study. 

I t  is l ikely that not a l l  of  the PCBs ingested or inhaled by humans are 

absorbed. Proper calculat ions of  absorpt ion rate and hence exposure should be 

based on real ist ic pharmacokinet ics-type models to determine intake. Lack of  

exper imental  data wi th which to est imate the parameters needed in the pharmaco­

k inet ics models has prevented their  appl icat ions to the analysis for  PCB absorp­

t ions through human exchange boundar ies.  Future work should consider these 

models.  Al though most animal studies ( in rats and mice) on the extent of  

absorpt ion in the gastrointest inal  t ract  show absorpt ion in excess of  90%, 

there are two exper iments on monkeys report ing less than 38% absorpt ion in one 

case and less than 13% and 40% absorpt ion for  a speci f ic  congener in another 

case, based on the analysis of  feces and ur ine.  Vehic les used in administer ing 

1-2 



PCBs were not speci f ied.  I t  is  l ikely t .nat  t r ie h igh adsorpt ion character ist ics 

of  PC3s on soi l  could retard the absorpt ion rate in the human intest inal  t ract .  

In tne r isk analysis performed in the present study, the absorpt ion rate for  

humans af ter  ingest ion of  PC3-contaminated soi l  is  considered to be 30%. 

Absorpt ion from dermal exposure has been reported to be as s igni f icant as 

f rom other routes of  exposure,  but  l i t t le informat ion is  avai lable for  the 

quant i tat ive evaluat ion of  dermal absorpt ion rates.  Five percent dermal ab­

sorpt ion is assumed for  soi l  contaminants in contact  wi th human skin.  The 

dermal absorpt ion rate of  contaminants present on soi l  is  presumed to be less 

than that  for  contaminants spi l led on skin in pure form. Inhalat ion studies 

using PC3 aerosols show that  the absorpt ion of  PCBs f rom inhalat ion exposure 

readi ly occurs.  In the present analysis,  an absorpt ion factor 'of  50% is  

assumed for  absorpt ion of  PCd vapors af ter  inhalat ion into human lungs. 

The c i rcumstances under which human exposure occurs are div ided into three 

classes depending on populat ion distr ibut ion:  (1) Exposure occurs on-si te.  

This can be fur ther subdiv ided into:  (a) s i tes which are readi ly accessible 

to chi ldren, and, hence, the soi l  f rom which wi l l  be subject  to ingest ion,  der­

mal contact ,  and inhalat ion,  and (b) s i tes for  which there is  no possibi l i ty  of  

soi l  ingest ion,  and,.hence, exposure is  only through inhalat ion;  (2) s i tes 

which no populat ion is  assumed to enter wi th in a radius of  0.1 km from the 

s i te;  and (3) s i tes which no populat ion is  assumed to enter wi th in a radius of  

1 km f rom the s i te.  

The soi l  ingest ion rates used for  Class ( l ) (a)  evaluat ions are 3 and 0.5 

g/day. The former is  a value based on data from a study of  an adul t  person 
so 
s? 

wi th pica,  whi le the lat ter  represents a long-term average value for  soi l  2  

ingest ion.  I f  s i tes are not accessible to populat ions at  distances of  0.1 § 
o\ 

k m  o r  1  k m  f r o m  t h e  s i t e ,  a s  i n  C l a s s e s  ( 2 )  a n d  ( 3 )  a b o v e ,  i t  i s  a s s u m e d  t h a t  M  
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no ingest ion of  contaminated soi l  occurs and t .ne exposure route is  that of  

i  nnalat  ion .  

The emission rate of  volat i l ized PCBs can be considerably reduced by 

cover ing the contaminated soi l  by low-porosi ty uncontaminated soi l  or  c lay 

mater ia l .  The reduct ion in the emission rate wi l l  resul t  in a decrease in 

ambient a i r  concentrat ions of  PCBs by the act ion of  blowing winds. When PC3-

contaminated mater ia l  is  di rect ly exposed to the atmosphere, the PC3 levels in 

soi l  required to maintain the same level  of  exposure wi l l  be less than those 

expected when the PC3-contaminated mater ia l  is  covered wi th low-permeabi l i ty  

mater ia l  of  appropr iate th ickness. The cover would a lso serve as a deterrent 

to soi l  ingest ion and d i rect  dermal contact .  

The deplet ion of  PC3s f rom soi l  caused by volat i l izat ion is accounted for  

in the exposure analysis by solv ing a part ia l  d i f ferent ia l  equat ion s imulat ing 

PCB vapor d i f fusion through the soi l  a i r -phase pores,  and the distr ibut ion of  

PCBs between a i r  and soi l  phases. Boundary condi t ions assume that  the air-phase 

resistance is relat ively smal l  compared to the di f fusional  resistance in the 

soi l  a i r -phase pores.  The avai lable exper imental  data reasonably fo l low the 

t ime-emission rate relat ionship predicted from the models based on th is assump­

t ion.  Since the deplet ion rate var ies over t ime, i t  is averaged over the 

exposure per iod.  Deplet ion averaged over a per iod of  t ime should lead to a 

lesser inhalat ion exposure than that  based on the model assuming that  deplet ion 

does not occur.  

The worst-case emissions would occur when the contaminated soi l  is .  in i t ia l ­

ly exposed to the atmosphere and the soi l  is  contaminated up to the condi t ions a 
a 

e x h i b i t i n g  s a t u r a t i o n  v a p o r  p r e s s u r e .  A  c o n s t a n t  e m i s s i o n  r a t e  c a n  b e  a s s u m e d  0  

o 
i f  the vapor-phase concentrat ion maintains a constant value at  the surface of  

M 
00 
ID 
00 
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soi l  contaminat ion for  t ime-varying emission rates.  Calculat ions corresponding 

to Classes (1) ,  (2) ,  and (3) for  exposure possibi l i t ies with surface contamina­

t ion are repeated at  an assumed 25-cm thickness of  a soi l  cover in i t ia l ly  free 

from PC3 contaminat ion.  Among many factors af fect ing the emission rate ( in­

cluding vapor pressure,  soi l -a i r  part i t ion coeff ic ient ,  Henry 's Law constant,  

etc.) ,  the value of  the soi l -a i r  part i t ion coeff ic ient  shows the most wide-

ranging var iat ion,  because of  the var iat ion of  the exper imental  soi l -water 

part i t ion coeff ic ient  avai lable in the l i terature for soi l  textures ranging 

from 40 to 1,000 cm^/g.  

The method for  determining the permissible PC3 levels in soi l ,  which com­

bines the routes of  soi l  ingest ion,  inhalat ion,  and dermal exposure,  has been 

computer ized to avoid the necessi ty for  hand calculat ions.  

The resul ts of  these computer calculat ions are summarized in Tables 1 and 

2,  which have been prepared using di f ferent combinat ions of  the fo l lowing 

var iables:  

(1)  Surface contaminat ion represent ing a s i tuat ion where the contaminated 

soi l  surface has been lef t  uncovered af ter  removal  act ion.  

(2) 25-cm (10- inch) c lean cover appl ied,  represent ing a s i tuat ion in 

which c lean soi l  mater ia l  is  used on top of  the contaminated soi l  

surface. '  

(3)  Two d i f ferent soi l  ingest ion rates (3 and 0.5 g/day) for  Class 

( l ) (a) ,  corresponding to s i tes accessible to chi ldren. 

(4) Di f ferent AI levels (short- term AI,  and AIs at  d i f ferent cancer r isk 

levels) .  

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

(6)  Two selected values of  the soi l -a i r  part i t ion coeff ic ient ,  repre- ® 
a\ 

sent ing the high and low values. 
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1ABLE 1 .  PEKMISSI8 IE  PCB SOIL  CONIAMINAI ION lEVLLS 
(UNCOVERED SUHIACE CONIAMINAI ION)  

• Pe rm iss ib le  l eve l s  (py  PC8 /y  so i l )  co r respond ing  t o  _  

N o n c a n c e r  s h o r t - t e r m 4  

accep tab le  I n take  (py /day ) * *  Cance r  r i s k  spec i f i c  doses  (py /day )  
Loca t i on  and  

rou te  o f  human  '  100  /OO 0 .00176  0 .01 /6  0 .1 /6  1  76  
exposu re  f o r  ch i l d  f o r  adu l t  ( 10 " '  r i s k )  (10 " '  r i s k )  (10 " '  r i s k )  (10 " '  r i s k )  

On  t he  con tam ina ted  s i t e  

-  S o i l  t n y e s t l o n c ,  

l n h a l a l l o n e  

-  S o i l  I n g e s t i o n 1 ' ,  

I n h a l a t  i o n e  

-  I n h a l a t i o n  o n l y e  

1 
c r>  

0 .1  km f rom 
con tam ina ted  s i t e  
-  I n h a l a t i o n  o n l y e  

1  km f rom 
con tam ina ted  s i t e  
-  I n h a l a t i o n  o n l y e  

4Shor t - t enn  »  10 -day  i n take .  
'Based  on  ave rage  we igh ts  o f  10  and  70  kg  f o r  a  ch i l d  and  an  adu l t ,  r espec t i ve l y .  
cCh i l d ren  ages  1 -S ,  w i t h  p i ca  ( consuming  I  g so i l / day ) .  
' 'Ch i l d ren  ages  1 -S ,  w i t hou t  p i ca  ( consuming  0 .6  g  so i l / day ) .  
e l nha la t l on  ra les  a re  assumed  t o  be  20  m ' /day  f o r  t he  sho r t - l e r i n  and  l onge r - t e rm  noncance r  exposu res ;  
a l l  o the r  (more  ch ron i c )  exposu res  assumed  t o  be  10  m ' /day  as  a  r esu l t  o f  182  days '  exposu re  pe r  yea r .  

'Ranges  resu l t  I n  each  case  because  1 )  f ou r  PCBs  (1242 ,  124B ,  I 2S4 ,  1260 )  a re  cons ide red ,  each  w i t h  a  d i f f e ren t  
vapo r  p ressu re ,  and  2 )  h igh  and  l ow  va lues  f o r  so i l - a i r  pa r t i t i on  coe f f i c i en t  a re  used  i n  the  ca l cu la t i ons .  

9vs  deno tes  no  t heo re t i ca l  uppe r -bound  l im i t .  P rac t i ca l  reasons  requ i re  no  f r ee - f l ow ing  PCB l i qu ids  f o r  t he  l im i t  

26-100' 

42 -420  

610 -710  

2100 -1000  

0.008-0.01 

0.01-0.06 

.08-0.1 

0.1 -0 .6  

0 .8 -2  

1 - 6  

8-17  

16-61 

47-vsO 

vs  

vs  

vs  

0.01-0 .2  0 .1 -2 .0  1-20 77-4 /0  

2 .0 -220  90 -2 .2x10*  / . / x i u ' - vs  8 .7x lO* -vs  

v s 9  VS 220 -1 . l x | 0J  2 .2x10*1 .1x10*  vs  VS 

006I 900 



I  

Loca t i on  and  
rou te  o f  human  

exposu re  

'ABLE 2 .  PERMISSIBLE PCB SOIL  CONIAHINAI  ION LEVELS 
(25 -cm- lH ICK CLEAN COVIN)  

N o n c a n c e r  s h o r t - t e r m *  

a c c e p t a b l e  I n t a k e  ( p g / d a y ) b  

Perm iss ib le  l eve l s  (pg  PCB/g  so i l )  co r respond ing  t o  

100  700  
for ch l I d  f o r  adu l t  

On  t he  con tam ina ted  s i t e  

-  S o i l  I n g e s t l o n c ,  

I n h a l a t l o n e  

-  So l  I  Inges t i on^ ,  
-  l n h a l a t l o n e  

-  I n h a l a t i o n  o n l y e  

0 .1  km f rom 
con tam ina ted  s i t e  
-  I n h a l a t i o n  o n l y e  

1  km f rom 
con tam ina ted  s i t e  
-  I n h a l a t i o n  o n l y e  

110-200 '  BOO-1400  

450 -vs9  3100 -vs  

vs  

vs  

vs  

vs  

vs  

VS 

Cance r  r i s k  spec i f i c  doses  (pg /day )  

O .OOI75  0 .0175  0 .175  1 ,75  
( 1 0 - '  r i s k )  ( 1 0 - 6  r ( s k )  ( i ( ) - 5  r | s k J  ( i q - 4  r ( s k )  

0.01-0.2 

0.02-0.6 

0.02-1.0 

l - v s  

vs  

0 .1 -2 .0  

0.2 -6 .0  

0 .2 -vs  

620 -vs  

vs  

1 -11 22-vs  

I . 0 -48  93 -vs  

2 .0 -vs  770 -vs  

vs  

vs  

vs  

vs  

*Sho r t - t e rm  s  10-day  I n take .  
bBased  on  ave rage  we igh ts  o f  10  and  70  kg  f o r  a  ch i l d  and  an  adu l t ,  r espec t i ve l y .  
cCh i l d ren  ages  1 -5 ,  w i t h  p i ca  (consuming  3  g  so l i / day ) .  
^Ch i l d ren  ages  1 -5 ,  w i t hou t  p i ca  ( consuming  0 .6  g  so i l / day ) .  
e l nha la t I on  ra tes  a re  assumed  t o  be  20  m^ /day  f o r  t he  sho r t - t e rm-and  l onge r - t e rm  noncance r  exposu res ;  
a l l  o the r  (more  ch ron i c )  exposu res  assumed  t o  be  10  m* /day  as  a  r esu l t  o f  182  days '  exposu re  pe r  yea r .  

'Ranges  r esu l t  i n  each  case  because  1 )  f ou r  PCBs  (1242 ,  I 24B ,  1254 ,  1260 )  a re  cons ide red ,  each  w i t h  a  d i f f e ren t  
vapo r  p ressu re ,  and  2 )  h igh  and  l ow  va lues  f o r  so i l - a i r  pa r t i t i on  coe f f i c i en t  a re  used  i n  the  ca l cu la t i ons .  

9vs  deno tes  no  t heo re t i ca l  uppe r -bound  l im i t .  P rac t i ca l  reasons  requ i re  no  f r ee - f l ow ing  PCB l i qu ids  fo r  t he  l im i t  

f 0 6 l  g f l n  
* 0 0  W W o  



(7) Exposures for  10 days af ter  cleanup or spi l l  of  contaminants for  

short- term advisor ies.  

Table 1 shows the range of  values for  permissible PC3 concentrat ions in 

soi l  when the soi l  is  contaminated up to the surface in contact  wi th the atmo­

sphere and is  lef t  uncovered. Table 2 represents the case where the contami­

nated soi l  lef t  at  the s i te,  or af ter  remediat ion,  is  covered wi th a 25-cm 

(10- inch) c lean soi l  layer.  The ranges in both tables resul t  f rom the use of  

four Aroclors and the use of  h igh and low values for  the soi l -a i r  part i t ion 

coeff ic ient .  Other factors ref lected in the ranges are di f ferences in vapor 

pressures and Henry 's Law constants for  each Aroclor.  The permissible PCBs 

levels in soi l  speci f ic  to each combinat ion of  the scenar ios are compi led in 

Appendix C, as obtained from computer s imulat ions.  

The symbol "vs" in Tables 1 and 2 indicates that  no upper-bound l imi t  for  

PC8 concentrat ions in soi l  can be der ived from the exposure evaluat ion,  because 

the PCB concentrat ion in soi l  is  above the vapor saturat ion concentrat ion.  

There are two reasons for  such a resul t .  F i rst ,  the emission rate cannot 

exceed the upper-bound value which can be expected when the air-phase concen­

t rat ion of  PC3s at  the contaminated soi l  surface is  maintained at  the vapor 

saturat ion point .  The concentrat ion at  the vapor saturat ion point  corresponds 

to the vapor pressure concentrat ion.  Second, when the cover is  appl ied,  not 

only is  the emission rate retarded, but a lso the concentrat ion of  PC8s in soi l  

being ingested is  control led by the amount of  PC3s adsorbed on soi l  in equi l i ­

br ium with the a i r  phase being emit ted.  Therefore,  the concentrat ion of  PCBs 

in the in i t ia l ly  clean soi l  mater ia l  cannot exceed the concentrat ion in equi­

l ibr ium with saturated vapor.  

In actual i ty,  the "no upper l imi t , " '  or  the level  above vapor saturat ion,  

designated by vs,  should be interpreted with great care.  The assumptions used 
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in tne exposure evaluat ion are cr i t ical .  They include but are not l imi ted 

to:  (1) no soaxing of  c lean cover by l iquid PC3s for  the thickness of  25 cm; 

(2)  no disturbance of  cover mater ia l  by construct ion act iv i t ies or chi ldren 

digging the ground; (3) no exposure to in i t ia l  spi l ls  when 25 cm of  'c lean cover 

(Table 2) is  assined; (4)  no populat ion enters the area wi th in the respect ive 

radius of  distances from the s i te;  and ( '5)  the cover mater ia l  is  at  least  

equivalent to soi l  mater ia l .  

From a pract ical  point  of  v iew, Assunpt ion 1 is  tantamount to requir ing 

the presence of  no f ree l iquids in the soi l ,  which may otherwise resul t  in the 

phenomenon of  "wicking."  Since the ranges shown in Tables 1 and 2 are depend­

ent upon the type of  Aroclors and the values of  the soi l -a i r  part i t ion coeff ic i ­

ent,  s i te-speci f ic  or Aroclor-speci f ic  informat ion should be used to establ ish 

an appropr iate level  of  PCBs for  that  part icular condi t ion.  The methodology 

for  performing s i te-speci f ic  exposure evaluat ions is  presented. Computer 

outputs for  the selected Aroclors under the ranges and condi t ions of  common 

environmental  concern are presented in Appendix C, and can easi ly be used to 

f ind the permissible concentrat ions in soi l  sui table to part icular s i tuat ions.  

Table 1,  for  example,  can be interpreted as fo l lows: 

( 1 )  W h e n  t h e  s i t e  i s  a m e n a b l e  t o  a c c e s s  b y  c h i l d r e n  w i t h  p o s s i b i l i t i e s  o f  

ingest ing the contaminated soi l  exposed to the atmosphere, and when exposure ^  
3  

occur ing to the chi ldren by inhalat ion and dermal contact  is  accounted for ,  the 3 

permissible PCB levels in soi l  should range from 25 to 100 ug/g and 42 to 

420 ug/g for  prevent ion of  noncancer ef fects from 10-day exposure for  a chi ld 

wi th an average weight of  10 kg ingest ing soi l  at  the rates of  3 and 0.5 g/day, 

respect ively.  For cancer ef fects,  permissible levels in soi l  for  a l i fet ime 
r 

exposure to PCBs resul t ing from ingest ion of  and dermal contact  wi th contaminated 

soi l  and inhalat ion of  contaminated a i r  should range from 0.08 to 0.1 ug/g 
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and 0.1 to 0.5 u9/g,  corresponding to an upper-bound r isk est imate of  10-5 at  

assumed soi l  ingest ion rates of  3 and 0.6 g/day, respect ively.  The speci f ic  

level  wi l l  depend on the types of  Aroclor present,  the l ikely ingest ion rate,  

and the extent of  soi l -a i r  part i t ioning. For s i tes in which there is  no possi  

Di l i ty  of  soi l  ingest ion,  PC3 levels in soi l ,  based on the inhalat ion route 

only,  should range from 47 ug/g to no l imi t  value for  a 10-day exposure for  a 

chi ld wi th an average weignt of  10 kg,  and correspond to no l imi t  value for  an 

adul t  wi th an average weight of  70 kg.  The permissible levels of  PC3s in soi l  

based on the inhalat ion pathway only,  range from 0.1 to 2 ug/g,  corresponding 

to a l i fet ime AI at  a r isk factor of  10~5. Again,  the level  wi l l  be d ictated 

by the types of  Aroclor present and the speci f ic  character ist ics of  the s i te 

i  nvolved. 

(2) I f  there is  no possibi l i ty  of  a populat ion enter ing the contaminated 

s i te wi th in a radius of  0.1 km f rom the s i te,  the PC3 levels in soi l  can remai 

at  no l imi t  value and 90 to 2.2 x 104 u9/9,  wi thout exceeding 10-day AI and 

l i fet ime AI at  10*5 r isk,  respect ively.  

S i m i l a r  i n t e r p r e t a t i o n s  c a n  b e  m a d e  f o r  t h e  r e s u l t s  a p p l i c a b l e  t o  s i t e s  

w i t h o u t  a f f e c t e d  p o p u l a t i o n  u p  t o  1  k m  f r o m  t h e  s i t e ,  a n d  t o  t h e  c a r c i n o g e n i c  

r i s k s  l i s t e d  a t  1 0 - 4 ,  1 0 - 5  a n d  i q - 7 #  

The short- term AI levels (100 ug/g  day for  a chi ld and 700 u9 /g day for  

an adul t )  used in th is report  to develop 10-day advisor ies based on noncancer 

ef fects are der ived from animal studies,  which col lect ively indicate that  

the exper imental  threshold for  adverse ef fects of  Aroclor 1254 is  at  or  near 

a dose of  1.0 u9/^9 body weight.  Using th is dose as a No Observed Adverse 

Effect Level (N0AEL) and a safety factor of 100, the 10-day AI levels for non-

cancer ef fects descr ibed above (100 and 700 u9 /day) were computed and serve 
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A d v i s o r y  l e v e l s  f o r  1 - d a y  a n d  l i f e t i m e  n o n c a n c e r  e f f e c t s  c a n n o t  O e  d e r i v e d  a t  

t h i s  t i m e  b e c a u s e  o f  t h e  i n s u f f i c i e n c y  o f  t h e  a v a i l a D l e  d a t a .  H o w e v e r ,  i n  v i e w  

o f  t h e  e x p e r i m e n t a l  d u r a t i o n ,  t h e  1 0 - d a y  a d v i s o r i e s  m a y  w e l l  b e  u s e d  f o r  t h e  

1 - d a y  a d v i s o r i e s .  

o 
3!  
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2. INTRODUCTION 

The purpose of  th is document is ' fourfold:  (1) to-  provide background 

informat ion compi led in the process of  developing permissible heal th advi­

sor ies for  polychlor inated biphenyls (PC3s) in soi l  and dr inking water,  in 

response to a request f rom the Off ice of  Emergency and Remedial  Response, (2)  

to out l ine the procedures used in developing the advisor ies,  (3) to l is t  per­

t inent input data necessary in carry ing out the exposure analyses and in set­

t ing the al lowable concentrat ion l imi ts,  and (4) to present an out l ine summary 

of  the resul ts obtained from computer s imulat ions of  the techniques used. 

The informat ion and methods presented are intended for  use in set t ing safe 

advisory levels to protect  publ ic heal th from short- term, longer- term, and 

l i fet ime exposures to PC3s re leased from hazardous waste faci l i t ies or f rom 
• * 

spi l ls  at  previously contaminated s i tes.  Part icular interests pertain to 

levels of  PCBs a l lowable in contaminated soi l ,  and the potent ia l  of  PC8 migra­

t ion to groundwater f rom PCB-contaminated or hazardous waste faci l i t ies.  These 

advisor ies are not concerned wi th set t ing PC3 l imi tat ions in sediments contami­

nat ing surface water,  which can be a source of  bioaccumulat ion of  PCBs in 

aquat ic animals.  

The analyses presented in th is report  provide the basis for  der iv ing PCB 

levels al lowable in soi l  and dr inking water,  which are l ikely to be pr imary 

sources of  exposure pathways. PCB problems that  may exist  in r ivers and estu­

ar ies because of  contaminated sediments are not deal t  wi th in these analyses. 

The analyses mainly address heal th concerns at  hazardous waste s i tes or at  

s i tes wi th contaminated soi l .  The pr imary heal th impacts considered include 3 

adverse impacts associated wi th ingest ion of  contaminated soi l ,  inhalat ion of  o 
o 

a m b i e n t  a i r ,  a n d  d e r m a l  c o n t a c t  w i t h  t h e  s o i l .  O t h e r  e x p o s u r e  r o u t e s ,  s u c h  a s  M  

vo o 
CTl 
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dr inking water,  food intake, and ingest ion of  bioaccumulated f ish are consider­

ed to the extent that  the pathways are relevant.  PCBs that  have migrated from 

contaminated s i tes to var ious exposure media are evaluated for  short- term and 

l i fet ime impacts to arr ive at  corresponding advisory level  values. 

The total  dose of  PCBs is  obtained by summing each dose f rom al l  major 

exposure pathways, and is  compared wi th acceptable intakes (AI)  judged from the 

heal th ef fects informat ion avai lable in the l i terature.  A longer- term AI 

considered most appropr iate in der iv ing 10-day noncarcinogenic advisor ies is  

used in the exposure evaluat ion.  Advisor ies for  protect ing against  carcino­

genic r isks are s imi lar ly der ived at  var ious r isk levels based on the potency 

factor.  

This report  is  not intended to address the achievabi1i ty of  the safe 

levels developed. Al though the report  contains a br ief  statement,  taken from 

the avai lable l i terature on analyt ical  capabi l i ty ,  control  technology, and 

environmental  d istr ibut ion of  PCBs, the data-base seems insuff ic ient  to make a 

general izat ion concerning the level  of  PCB c leanup achievable in pract ice.  

The Exposure Assessment Group d istr ibuted three ear l ier  draf ts of  th is 

document under the t i t le of "Development of  Heal th Advisor ies for  Polychlor in-

ated Biphenyls (PCBs)" for  internal  review and comment on May 9,  1985 and July 

25, 1985, and under the t i t le of "Development of  Heal th Advisor ies for  Poly-

chlor inated Biphenyls (PCBs) Cleanup" on December 15,  1985. As a resul t  of  

the comments f rom the Off ice of  Dr inking Water,  on the December 16,  1985 draf t ,  

the 1-day advisor ies have been replaced by 10-day advisor ies because no data 

could be found indicat ing that 3,4,5,3 ' ,4 ' ,5 ' -hexachlorobiphenyl ,  used for  

development of  the 1-day advisor ies,  is  a component in commerical  Aroclors.  

This f inal  draf t  ref lects changes made to incorporate comments f rom the Off ice 

of  Toxic Substances, the Off ice of  Emergency and Remedial  Response, and OHEA's 



E n v i r o n m e n t a l  C r i t e r i a  a n d  A s s e s s m e n t  O f f i  c e .  

2-3 

o 
o 
at 

vo 
o  
CD 



3. CHEMICAL COMPOSITIONS 

A polychlor inated Pi  phenyl  (P C B) is  any member in a fami ly of  organic 

compounds wicn two or more chlor ine subst i tut ions on biphenyl  r ings,  and can 

be typi f ied by the fo l lowing chemical  s t ructure:  

X X  X  X  

• 0 ~ 0 -
X X  X  X  

ibe symbol,  x ,  in the structural  formula represents possible posi t ions of  

chlor ine that can be subst i tuted for  hydrogen, which is  one of  the basic e le­

ments of  aromat ic hydrocarbons. Based on the possible d istr ibut ion of  subst i ­

tuted chlor ine atoms on two benzene r ings of  b iphenyl ,  i t  is calculated that  

there could theoret ical ly be 209 types (congeners) of  PC3s. 

Patents disclose that PC3s are prepared by the chlor inat ion of  biphenyl  

m the presence of  a catalyst .  The process y ie lds a complex mixture of  

cnlor i  nated biphenyl  compounds. I t  is  unl ikely,  however,  that  a l l  combinat ions 

of  chlor inated biphenyls would be formed in the chlor inat ion process. Al though 

the crude mixture is  pur i f ied to remove react ion impuri t ies,  the resul t ing 
o 

product is  s t i l l  a mixture of  chlor inated oipnenyls in var ious proport ions.  *  

Their  composi t ions depend upon the chlor inat ion condi t ions.  I o  
er> 

Commercial-grade PC3s, consist ing of  mixtures of  d i f ferent composi t ion,  M 

are sold under the t rade name Aroclors.  Impuri t ies such as chlor inated dibenzc S 

'urans and chlor inated naphthalenes are known to exist  in commercial  PCBs. The 

sole producer of  Aroclors in the United States for  the per iod 1957 to 1972 was 

the Monsanto Chemical  Company. Their  products are character ized by four-digi t  

numbers.  The f i rst  two numbers represent the type of  molecule (12 = b iphenyl-

- . 3 - 1  



based; 54 = terphenyl-based; 25,44 = b lends of  PCBs and chlor inated terphenyls)  

and the last  two d ig i ts refer to the percentage of  chlor ine by weight.  PC3 

products are also manufactured in other countr ies,  including Germany, France, 

Japan, and the U.S.S.R.-

Table 3 i l lustrates approximate composi t ions of  indiv idual  biphenyls for  

some Aroclors (U.S. EPA, 1976b).  Al though one might expect some 140 to 150 

separate congeners in an Aroclor,  the actual  analysis of  Aroclor 1248, for  

example,  ident i f ied less than 50 peaks in the high-resolut ion gas chromatograph 

using a typical  Aroclor 1248 sample (U.S. EPA, 1976b).  No compounds which can 

be formed by addi t ion of  chlor ine rather than subst i tut ion were found in a 

detai led study of  PCBs (U.S. EPA, 1976b).  I t  is  suspected that  the condi t ions 

prevai l ing dur ing industr ia l  manufactur ing of  PC3s do not favor the format ion 

of  addi t ion compounds, or  that  these lat ter  compounds might have been destroyed 

in the step used to pur i fy the Aroclor.  In constrast  to the analysis shown in 

Table 3,  another publ icat ion reports an analysis of  Aroclor 1221 to contain 

12.7% biphenyl ,  47.1% monochloropheny1s, and 40.2% dichlorophenyls (Hutzinger 

et  a l . ,  1974).  

Major PCB components in foreign products bear ing the names of  Kanechlor 

and Phenoclor for  Japanese and French products,  respect ively,  have been ident i ­

f ied.  The number of  the major components separated from Kanechlor 400 is  f ive,  

and that  f rom Phenoclor 0P6 is  seven. 



TABLE 3.  APPROXIMATE COMPOSITION OF AROCLORS 

Chiorobi  phenyl  

Percent by weight for  Aroclor desi  gnat i  on 

Chiorobi  phenyl  1221 1242 1243 1254 1260 1016 

c12H10 11 <0.1 <0.1 <0.1 

C12H9CI 51 1 <0.1 1 

C12H8C12 32 16 2 0.5 20 

C12h7^13 4 49 13 1 57 

c12h6c14 2 25 40 21 21 

C12H5C15 0.5 3 36 48 12 1 

CI2H4C16 NO 1 4 23 38 <0.1 

c12 H3C17 NO <0.1 6 41 ND 

C12H2C18 ND ND ND 8 ND 

°12h1C19 ND ND ND 1 ND 

C 1 2 C I 1 0  ND ND ND ND 

ND = non-detectable.  

§ 
2r 

o  
o 
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4. PRODUCTION 

Commercial  product ion of  PC3s f rom the start ing mater ia l  benzene was begun 

in the 1920s by Swann Research, Inc. ,  of  Annington, Alabama, which referred to 

these products under the t rade name Aroclor.  PC3s were manufactured at  that  

locat ion by Swann Research, Inc. ,  and i ts  successor,  Monsanto Chemical  Company, 

unt i l  the plant was c losed in 1971. Monsanto cont inued product ion at  another 

p lant at  Sauget,  I l l inois,  unt i l  1977. The only other known manufacturer of  

PCBs is  Geneva Industr ies of  Houston, Texas, which manufactured PC3s f rom 1972 

through 1974. 

The domest ic sale of  Aroclor products peaked to 33,000 metr ic tons in 

1970, and has decl ined since then due to restr ict ions on the use of  PCBs 

(Hutzinger et  a l . ,  1974).  PCBs were avai lable commercial ly as mixtures (Aro-

c lors)  of  20 to 75 chlor inated biphenyls,  and were marked according to the 

weight of  chlor ine contained in the mixtures.  These commercial  mixtures in­

cluded Aroclors 1242, 1254, 1248, 1260, 1262, 1268, 1221, 1232, and 1016, in 

descending order according to domest ic sales.  In the year of  peak product ion,  

57% of  the Aroclors produced were in the form of  Aroclor 1242 (U.S. EPA, 1980a).  

The product ion in Japan and tne annual  consumption in Finland are est imated at  

26 mi l l ion pounds and 0.5 mi l l ion pounds per year,  respect ively.  PCB-1016 (41% 

chlor ine) is  a more recent product,  and i ts  sales prevai led for  the per iod 

1972-1976. 

PCBs may be formed as s ide-products in other manufactur ing processes in­

volv ing the use of  chlor inated benzene or biphenyl  in the react ion step. For 

example,  some of  the tr ichlorobenzene used as a solvent in the manufacture of  
£D 

the dry pigment phthalocyanine blue is  converted to PCBs dur ing the react ion.  3 

PCBs formed can contaminate the pigment product at  concentrat ions from a few § 



parts per mi l l ion to as much as 0.1%. Simi lar ly,  dichlorobiphenyl  is  formed 

in the manufacture of  d iary l ide yel low pigments as a product of  s ide react ion 

wi th the reactant d ichlorobenzidine. The process of  chlor inat ing water which 

contains biphenyl  in a compound used as a dye carr ier  in dyeing polyester 

f ibers can form PCBs as a s ide-react ion product which can contaminate the 

water.  No natural  sources of  PCBs have been ident i f ied.  

PCBs have been imported into the United States for  use in var ious appl ica­

t ions.  Decachlorobiphenyl  was imported from I ta ly for  use as a wax f i l ler  in 

the investment cast ing industry unt i l  1976. PCBs imported from France are used 

in mining machinery cool ing systems. The percentage of  imported PC3s over the 

total  domest ic sales for  the per iod 1971 through 1975 in the United States is  

in the range of  1.61 to 2.71 (U.S. EPA, 1976b).  

i 
Q> 

Q> 

£ 
UJ 
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5. USES 

Products containing PC3s have been used in agr icul ture and industry for  

decades. Their  use is  are mainly at t r ibutable to high chemical  s tabi l i ty  and 

physical  propert ies desirable in certain appl icat ions.  These propert ies include 

nonf 1 amniabi  1 i  ty ,  high dielectr ic constant,  p last ic iz ing capabi l i ty ,  and ease 

of  volat i l izat ion under heated condi t ions.  Since 1930, PC3s have been exten­

sively used as d ie lectr ic f lu ids in electr ical  t ransformers and capaci tors,  

and have also been used for  a var iety of  other purposes, including use in heat 

t ransfer and hydraul ic systems, in the investment cast ing industry,  and as 

p last ic izers and solvents in sealants and adhesives.  PCBs are also used as 

f lame retardants in the manufacture of  hard p last ic products in which heat 

resistance is  desired, as a dye carr ier  in carbonless copy paper,  and as a 

p last ic izer in paints.  

Several  publ ished sources provide a comprehensive breakdown of  uses for  

d i f ferent types of  Aroclors (Hutzinger et  a l . ,  1974; Nisbet and Sarof im, 1972; 

Versar,  Inc. ,  1977).  The most widely used Aroclors were 1242, 1248, 1254, and 

1260. Aroclor 1016 was used af ter  1970 but in much smal ler  quant i t ies than the 

four types ment ioned above. A Monsanto market ing bul let in on PCBs, publ ished 

in the 1960s, a lso descr ibed their  possible use as gaskets and packing mater i ­

a ls;  as vehic les in graphic ar ts;  as impregnat ion agents;  as moisture-proof 

coat ings;  as wax subst i tutes;  as de-dust ing agents; ,  in insect ic ides;  in abra­

s ives,  lubr icants,  and cut t ing o i ls;  in inks;  in mast ics;  and in tank coat ings 

(Monsanto Chemical  Co.,  undated).  A number of  other uses have been patented. 

In the United States,  there are 17 companies that  have used PC8s in the 

manufacture of  askarel  capaci tors,  and 13 companies that  have used PCBs in the 

manufacture of  askarel  t ransformers.  According to one study, in 1976 approxi­
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mately 25 investment cast ing foundr ies (out of  a total  of  135 in tne United 

States) used PC3-f i l led waxes in the manufacture of  metal  cast ings (U.S. EPA, 

1976a).  

In 1971, because of  environmental  concerns,  the manufacturer voluntar i ly  

restr icted the sale of  PC3 products for  use only in "c losed" systems, which 

include electr ical  t ransformers and capaci tors wi th insulat ing f lu ids that 

contain PCBs. These two appl icat ions account for  a l l  of  the current use of  

PCBs in the United States.  The company was on a schedule to phase out pro­

duct ion of  a l l  PCBs by 1979. The cessat ion of  the product ion wi l l  reduce the 

amount of  PCBs being released into the environment,  but  mi l l ions of  pounds of  

PC3s are s t i l l  being used in electr ical  insulat ion appl icat ions.  The environ­

mental  contaminat ion by exist ing PCBs, and their  environmental ly safe t reatment 

or  d isposal ,  cont inue to be of  concern.  



6. DISPOSAL 

A mater ia l  balance performed on the amount of  PC3s produced, sold,  and 

purchased provides an est imate of  the amount of  PCBs lost  or disposed of  in 

the manufactur ing process. The total  est imated amount reported to have been 

disposed of  or  lost  for  the year 1974 is  about 3.3 mi l l ion pounds (U.S. EPA, 

1976b),  of  which about 1.3 mi l l ion pounds are est imated to have been land-

disposed, and the rest  to have been incinerated. 

The 1.3 mi l l ion pounds of  PC3s in the land-disposed wastes generated from 

the manufactur ing process amounts to only a smal l  f ract ion of  the total  PCBs 

sent to land disposal  faci l i t ies.  The total  land-disposed amount of  PCBs for  

the year 1976 is  reported to have been about 12 mi l l ion pounds (U.S. EPA, 

1976b).  The most important source of  PC8 waste has been capaci tors that  have 

fa i led or become obsolete,  or  that  are contained in obsolete equipment.  Other 

PCB wastes include sol id wastes f rom PCB manufactur ing faci l i t ies and f rom 

operat ions using PCBs in non-electr ical  appl icat ions.  

The data base for  the WET Model,  prepared by SCS Engineers (Undated),  

shows that  PCB- f lu ids containing 5U» PCB—1254 sent to hazardous waste t reatment,  

storage, and disposal  faci l i t ies (TSDF) amount to about 4,500 tons per year.  

This waste competes for  the capaci ty of  TSDF regulated under Subt i t le C of  the 

Resource Conservat ion and Recovery Act .  Water ef f luents from PCB product ion 

and f i rst- t ier  use faci l t ies are relat ively smal l  compared wi th the amounts 

being disposed of  in landf i l ls .  Severe local  impacts are evident by the dis­

charge into r ivers of  these ef f luents.  PC8s are now found in the sediments,  

water column, and b iota in the r ivers.  A few examples of  current PCB problems s  
- s  

i n c l u d e  t h e  H u d s o n  R i v e r  a n d  t h e  N e w  B e d f o r d ,  M a s s a c h u s e t t s ,  h a r b o r .  A s  a  '  0  

o 
resul t  of  a strong tendency of  PCBs to adsorb on sediments,  and of  sediment 



m i g r a t i o n ,  P C 3  p r o o l e m s  a r e  i d e n t i f i e d  f a r t h e r  d o w n s t r e a m  f r o m  t h e  d i s c h a r g e  

p o i  n t s .  

T w e n t y  s p i l l s  i n v o l v i n g  P C 3  p r o d u c t s  h a v e  b e e n  i d e n t i f i e d  ( U . S .  E P A ,  

1 9 7 6 c ) .  T h e s e  s p i l l s  o c c u r r e d  i n  t r a n s f o r m e r  i n s t a l l a t i o n s  f r o m  t r u c k s  a n d  

r a i l r o a d  c a r s  w n i l e  t h e y  w e r e  e n  r o u t e  t o  t h e i r  d e s t i n a t i o n s ,  a n d  f r o m  l e a k i n  

d r u m s .  



7. CHEMICAL AND PHYSICAL PROPERTIES 

The chemical  and physical  propert ies of  PC3s can be div ided into two 

groups: (1)  those relevant to the commercial  and industr ia l  use of  PCBs, and 

(2) those that  are needed in exposure evaluat ion and hence in developing media-

speci f ic  safe level  advisor ies for  PC3s. The lat ter  propert ies wi l l  t ie br ief ly 

summarized herein.  

The widespread distr ibut ion of  ?C3s in the environment suggests that  the 

major route by which PCBs are t ransported from treatment,  storage, and d is­

posal  faci l i t ies is through the atmosphere in the form of  volat i l ized vapor 

and adsorpt ion on part iculate matter.  Vapor pressure is  one of  the important 

propert ies af fect ing volat i l izat ion.  The avai lable vapor pressure data for  

commercial  Aroclors,  as reported in the l i terature,  have been compi led and 

are presented in th is chapter.  Vapor pressure,  as d ist inguished from part ia l  

pressure or t rue pressure,  refers to the maximum vapor-phase pressure achiev­

able under equi l ibr ium condi t ions at  the soi l -a i r  interface. 

Exper imental  data (U.S. EPA, 1980a) suggest that  PC3s are strongly ad­

sorbed on earth mater ia ls,  including soi l .  PCBs adsorbed on soi l ,  or present 

in the soi l  mixture,  wi l l  be subject  to ingest ion i f  the contaminated s i tes are 

accessible to chi ldren or to adul ts wi th habi tual  p ica.  The b i  oacc'umul at i  on 

factor ( in the food chain and in aquat ic b iota) is  also an important physical  

parameter when there is  a l ikel ihood of  PCB t ransport  in water.  

As pointed out previously,  there are a number of  congeners for  each of  the 

Aroclors. Thus, the properties listed herein for Aroclors represent averages Q 
2 

o v e r  t h e  v a r i o u s  s p e c i e s  t h a t  c o n s t i t u t e  t h e  m i x t u r e s .  T h e  o b s e r v a t i o n  t h a t  2  

O 
e n v i r o n m e n t a l  s a m p l e s  h a v e  c o n t a i n e d  m o r e  c h l o r o b i p h e n y l s  w i t h  h i g h  c h l o r i n e  ^  

l e v e l s  t h a n  i s  c h a r a c t e r i s t i c  o f  f r e s h l y  m a n u f a c t u r e d  A r o c l o r s  i s  a t t r i b u t a b l e  i - 1  
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in large part  to tne possible metabol ism and volat i l izat ion of  lower chlor ine 

species,  coupled wi th ennanced sorpt ion of  species wi th more cnlor ine.  

The more common types of  Aroclors are shown in Table 4.  Thir teen Aroclors 

were l is ted in a manufacturer 's booklet  (Monsanto Chemical  Co.,  undated).  

These compounds range from oi ly l iquids to white crystals and hard t ransparent 

resins,  and general ly have s imi lar  chemica. l  and b io logical  character ist ics.  

The propert ies and parameters commonly needed in est imat ing the environ­

mental  fate and t ransport  of  a g iven chemical  are vapor pressure,  solubi l i ty  

in water,  soi l -water part i t ion coeff ic ient ,  and bioaccumulat ion factor.  These 

propert ies of  PC3s, and other relevant propert ies,  are shown in Table A (Burk-

hard et  a l . ,  1985; MacKay and le inonen, 1975; Hutzinger et  a l . ,  1974; Monsanto 

Chemical  Co.,  undated; Hwang, 1982; U.S. EPA, 1979a).  Informat ion on addi t ion­

al  physical  and chemical  propert ies 'such as v iscosi ty,  sof tening points,  and 

other factors,  can be found in references authored by Hutzinger et  a l .  (1974),  

Monsanto Chemical  Co. (undated) and U.S. EPA (1980a).  

The vapor pressure of  PCBs and their  solubi l i ty  in water are low, and 

tend to decrease as the number of  chlor ine subst i tut ions on the phenyl  r ings 

increase. Aroclors are soluble in most a l iphat ic and aromat ic solvents,  and 

are highly resistant to the act ion of  strong alkal i  or  acids,  or h igh tem­

peratures.  Aroclors subjected to bomb tests are reported to have shown no 

evidence of  oxidat ion (Hutzinger et  a l . ,  1974).  PCBs have been shown to adsorb 

re lat ively rapidly and strongly to var ious mater ia ls,  including soi l ,  wood, 

p last ic,  and glass (Hutzinger et  a l . ,  1974).  

Part i t ion coeff ic ients indicat ing a measure of  part i t ioning under equi l i ­

br ium condi t ions between PCBs at  the interfaces of  a i r -soi l ,  a i r -water,  water-

soi l  media are important parameters in exposure analysis.  Exper imental  data 

are scarce. Data for  the distr ibut ion between a i r  and water in the form of  



TABLE 4.  CHEMICAL AND PHYSICAL PROPERTIES OF PCBs 

Solubi l i ty^ Vapor Henry 's law 
Molecular Speci f ic  in water press.(mmHy) constant (atm. 

PCB weight KQW gravi ty (my/L) at  25°C m3/ymol)  

«vl 
a  (*> 

PCB-1016 
(Arochlor 
1016) 257.9 24,000 0.42 
PCB-1221 200.7 12,000 1.182 15.0 
PCB-1232 232.2 35,000 1.266 1.45 
PCB-1242 266.5 380,000 1.380 0.24 
PCB-1248 299.5 1,300,000 1.445 5.4x10 
PCB-1254 328.4 1,070,000 1.538 1.2x10 
PCB-1260 377.5 14,000,000 1.620 2.7x10 
PCB-1262 1.646 
PCB-1268 1.810 
PCB-1270 1.947 
PCB-2566 1.727 
PCB-4465 1.712 
PCB-5442 1.434 
PCB-5460 1.740 
2.2',5,5'-

tetra-
chloro-
biphenyl  4.6x10 
2,2' ,3,4,5,-
penta-
chloro-
biphenyl  2.2x10 

-2  
-2  
-3 

-0.03 

4xlO"4 
6.7xl0"4 
4,06xl0~3 
4.06x10 
4.94xlU"4 
7.71x10 
4.05xl0"5 

5.73xlO"4. 
3.SlxlO""| 
B.37x10 
7.13x10"^ 

aHutzinger et  a l . ,  1974; Monsanto Chemical  Co.,  undated. 
^MacKay and Leinonen, 1976. 
cHwany, 1982, and U.S. EPA, 1980c. 

Bioaccumulat ion factor:  31,200 L/ky.  

Soi l -water part i t ion coeff ic ient  (U.S. EPA, 1980a):  22 -  1938 L/ky.  Q£6T 900 WW9 



Henry's Law constant and water and soi l ,  exist  for  some selected Aroclors.  

Exper imental  data measur ing tne distr ibut ion of  PC3s between a i r  and soi l  are 

nonexistent.  Est imates of  a i r -soi l  part i t ion coeff ic ient  can be calculated 

based on Henry 's law constant and soi l -water part i t ion coeff ic ient  using one of  

several  empir ical  re lat ionsnips.  The Henry 's Law constant and soi l -water par­

t i t ion coeff ic ient ,  in turn,  are dependent on water solubi l i ty  and percent 

organic carbon in soi l ,  respect ively.  

The Henry 's Law constants shown in Table 4 are based on informat ion in 

MacKay and Leinonen (1975) for  PCB-1242, PCB-1248, and PCB-1260; and in a U.S. 

EPA research report  (1980c) for  PCB-1254. Burkhard et  a l  .  ( 1985) recent ly 

publ ished a l is t  of  calculated Henry 's Law constants for  PCB-1242, PCB-1248, 

PCB-1254, and PCB-1260. The value for  PCB-1254 is  an exper imental  value ob­

tained in the EPA laboratory in Cincinnat i ,  Ohio,  whi le others represent cal­

culated values. A comparison of  Henry 's Law constants for  PCB-1254 shows that  

the values in MacKay and Leinonen (1975) and Burkhard et  a l .  (1985) d i f fer  by 

a factor of  10,  whi le those in MacKay and Leinonen (1975) and the exper imental  

EPA value (1980c) d i f fer  by a factor of  3.  Since MacKay and Leinonen's value 

is  closer to the exper imental  value, Henry 's Law constants for  PCB-1242, PCB-

1248, and PCB-1260 are taken from MacKay and Leinonen (1975).  

In the absence of  exper imental  data,  the soi l -water part i t ion coeff ic ient  

Kd (cm^ water/g soi l ) ,  and the a i r -soi l  part i t ion coeff ic ient ,  Kas (g soi l /  

cm^ a i r )  can be est imated from water solubi l i ty  and percent organic carbon 

(%0C) in soi l ,  using correlat ions presented by var ious researchers.  For exam­

ple,  the values for  the octanol-water part i t ion coeff ic ient ,  Kow, can be used 

to est imate the values for  the soi l  sorpt ion coeff ic ient  based on soi l  organic 

carbon content,  KQ^ (cnr water/g organic carbon),  and the bioconcentrat ion fac­

tor  (BCF) by the fo l lowing formula:  



1°Q <0C = log Kow + 1 .377 (Kenaga and Goring, 1980) (1)  

log KQC = 1.00 log Kow -  0.21 (Kar icKhoff ,  1979) (2)  

log 3CF = 0.76 log.  Kow -  0.23 (Vei th et  a l . ,  1980) (3)  

The Kd and Kas values Chen can be est imated by 

%0C K = < (  ]  
d '0C v 1GCT (4)  

K M) 
a s  K d  

where H represents Henry 's Law constant.  Since the common uni t  for  H is  given 

in atm m3/g mol,  a conversion factor of  41 (=1/2.44 x 10-2) should be mult ip l ied 

in the r ight-hand side of  Eq. (5)  when the uni ts for  Kas, H, and Kd are g soi l /  

cm3 a i r ,  atm m^/g mol,  and cm^ water/g soi l ,  respect ively.  The mult ip l ica­

t ion of  Kas by the concentrat ion of  PCBs in soi l  wi l l  provide the concentrat ion 

of  PCBs in the a i r  phase above contaminated soi l  of  interest  under equi l ibr ium 

condi t ions.  I t  should be recal led that the a i r -soi l  part i t ion coeff ic ient ,  

Kas, has the uni t  of  g soi l /cm3 air .  This is  equivalent to the rat io of  the 

air-phase to soi l -phase concentrat ion,  or  (mg/cm^ a i r ) / (mg/g soi l ) .  The est i ­

mat ion of  Kas requires the Knowledge of  Henry 's Law constant and the soi l -water 

part i t ion coeff ic ient  as given by Eq. (5) .  

A l is t ing of solubi l i t ies of  each chlor inated biphenyl  is  shown in Table 

5 (U.S. EPA, 1976c).  

There has been much speculat ion as to the possible role of  photochemical  ,  a  

r e a c t i o n  i n  t h e  e n v i r o n m e n t a l  d e c a y  o f  P C B s .  T h e  r e s u l t s  o f  a  s t u d y  u s i n g  0  

o 
m e r c u r y  v a p o r  ( U V )  s o u r c e s  ( U . S .  E P A ,  1 9 7 6 c )  h a v e  b e e n  d i f f i c u l t  t o  e x t r a p o l a t e  w  
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to environmental  condi t ions because the radiat ion wavelength is  not wi th in the 

spectrum of  solar radiat ion at  tne surface of  the earth.  More recent exper i ­

ments have been reported using a l ight  source more c losely approximat ing the 

spectral  d istr ibut ion of  solar radiat ion,  but the values for  the photochemical  

react ion constants are not avai lable.  

The Monsanto Chemical  Company has reported vapor pressure data only for  

high-temperature condi t ions for  Aroclors 1242, 1248, 1254, and 1260 (Monsanto 

Chemical  Co.,  undated).  The temperature used in present ing the data ranges 

f rom 150°C to 300°C. These vapor pressure values may be extrapolated to the 

temperatures which are of  common environmental  concern,  but their  accuracies 

would be doubtful .  

An EPA report  presents k inet ic data obtained from biodegradat ion exper i ­

ments using water-soluble Aroclor 1242 (U.S. EPA, 1980a).  The rate constants 

are presented for  biphenyl  compounds wi th up to the three chlor ine subst i tut ions 

present in Aroclor 1242. The data c lear ly show that  many of  the chlor inated 

biphenyls wi th four chlor ine subst i tut ions do not biodegrade af ter  48 hours of  

degradat ion run. Inferr ing from the composi t ions of  Aroclors 1242 and 1254 as 

given in Table 3,  i t  is conceivable that  Aroclor 1242 may biodegrade to some 

extent because i t  contains a substant ia l  amount of  chlor inated biphenyls wi th 

two and three chlor ine subst i tut ions.  I t  appears that  biodegradat ion of  Aro­

c lor  1254 would be insigni f icant or may not  occur because most b iphenyl  com­

ponents have four or more subst i tuted chlor ine atoms. 

PCBs have several  propert ies which make them toxic in the environment.  

In addi t ion,  they can s igni f icant ly bioaccumulate and concentrate in the fat ty 

t issues of  a l l  organisms. For example,  the PCS concentrat ion in resident f ish 

is of ten many t imes higher than that  in the surrounding water.  PCBs are chem­

ical ly stable compounds that  are able to persist  in the environment for  long 
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TABLE 5.  SOLUBILITY OF CHLOROBI PHENYLS IN WATER 

Compound Solubi1i ty mg/L (ppm) 

Monochlorobi  phenyls 
2-
3-
4 -

5.9 
3.5 
1.19 

0 i  c h1orobiphenyls 
2 , 4 -
2 , 2 ' -
2,4'-
4 , 4  ' -

Tri  chlorobi  phenyls 
2.4,4 ' -
2 ' ,3,4-

Tetrachlorobi  phenyls 
2,2 '  ,5,5 ' -
2,2 ' ,3,3 ' -
2,2 '  ,3,5 ' -
2,2 '  ,4,4 ' -
2,3 '  ,4,4 ' -
2,3 '  ,4 '  ,5-
3,3 ' ,4,4 ' -

1.40 
1.50 
1.88 
0.08 

0.085 
0.073 

0.046 
0.034 
0.170 
0.068 
0.058 
0.041 
0.175 

Pentachlorobi  phenyls 
2,2 ' .3,4,5 ' -
2,2 ' ,  4,5.5 ' -

0.022 
0.031 

Hexachlorobi  phenyl  
2,2 ' ,4,4 ' ,5,5 ' -

Octachlorobi  phenyl  
2,2 ' ,3,3 ' ,  4,4 ' ,5,5 ' -

Decachlorobiphenyl  
4,4 ' -Oichlorobiphenyl  
+Tween 80 0.1% 
•Tween 80 1% 
+Humic acid extract  

0.0088 

0.0070 

0.015 

5.9 
>10.0 

0.07 

1 
o  
o  
<T> 
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per iods. Impuri t ies in commercial  3C3s could ampl i fy the PC3 problem because 

of  their  s imi lar i ty in chemical  structure and toxic i ty (Monsanto Chemical  Co.,  

undated).  

o  
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3. ENVIRONMENTAL DISTRIBUTION 

The release of  PC3s into the environment through disposal  on or  in land, 

and through ef f luent discharges into waterways, together wi th their  high at ten­

uat ion character ist ics and long hal f - l i fe,  has resul ted in detectable levels in 

ambient a i r ,  soi l ,  r ivers,  sediments,  and in t issues of  f ish,  wi ld l i fe,  cat t le,  

poul t ry,  and a large port ion of  the human populat ion.  Measurable amounts of  

PCBs have been found in Antarct ic ice,  showing that  atmospher ic t ransport  

over long distances does occur (U.S. EPA, 1976b).  Monitor ing shows that  the 

soi ls in the rural  and urban areas where there is  no record of  PCB d isposal  or  

contaminat ion,  contain detectable amounts of  PCBs (U.S. EPA, 1976c).  One study 

est imates that  70% of  the PCB load to Lake Michigan is  through atmospher ic 

t ransport  (Universi ty of  Wisconsin,  1980).  

The resul ts of  soi l  sampl ing show that  PCBs are more prevalent in urban 

sx) i  1 than in agr icul tural  soi l .  Data indicate that  PC3s are rarely detected 

in agr icul tural  soi l ,  whi le urban soi ls showed PCB contaminat ions up to about 

12 ug/g soi l ,  wi th averages ranging from 0.01 to 0.21 ug/g (U.S. EPA, 1976c; 

Carey,  undated).  Sixty- three percent of  the soi l  samples showed detectable PCB 

levels.  The most prevalent PCBs in soi l  were Aroclor 1254, and, to a lesser 

extent,  Aroclor 1260. 

T h e  P C B  c o n c e n t r a t i o n s  i n  a i r  s a m p l e s  o v e r  L a k e  M i c h i g a n  t a k e n  d u r i n g  1 9 7 7  

( U n i v e r s i t y  o f  W i s c o n s i n ,  1 9 8 0 )  w e r e  l o w e r  t h a n  i n . t h o s e  t a k e n  i n  t h e  u r b a n  

p o r t i o n  o f  M i l w a u k e e .  T h e  m a i n  c o m p o n e n t s  w e r e  i d e n t i f i e d  a s  A r o c l o r s  1 2 4 2  a n d -

1 2 5 4 ,  w h i l e  t h e  p a r t i c u l a t e - p h a s e  P C B s  c o n t a i n e d  A r o c l o r  1 2 6 0  i n  s o m e  i n s t a n c e s .  

T h e  a v e r a g e  c o n c e n t r a t i o n  o f  P C B s  i n  t h e  a i r  o v e r  L ' a k e  M i c h i g a n  w a s  0 . 8 7  n g / m 3  

o  
"7 3S  

(0.44 to 1.33 ng/m3).  The concentrat ions of  PCBs. in  the part iculate samples 2 

were s imi lar  to those in the ai r  samples.  Air  samples taken in later years § 
0\ 
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f rom Lake Michigan showed an average concentrat ion of  1 ng/m^. These concen­

t rat ions are lower than tnose reported in the ambient a i r  in the cont inental  

Uni ted States.  

The ambient a i r  concentrat ions of  PC3s for  urban Chicago averaged 7.7 ng/ 

m3. The average composi t ion in the a i r  sampled was 86% Aroclor 1242, 13% 1254, 

and 1% 1260. The part iculate-phase PCBs had a s l ight ly di f ferent composi t ion 

for  the same Aroclors.  The ambient a i r  in Mi lwaukee showed an average PC3 

concentrat ion of  2.25 ng/m^. 

i  a 
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9. ENVIRONMENTAL FATE AND TRANSPORT 

PC3s have been found in samples o-f  a i r ,  water,  soi l ,  sediments,  f ish,  

birds,  and mammals ( including humans) a l l  over the world (U.S. EPA, 1980a).  

Once released into the environment,  PC3s persist  and col lect  in animal t is­

sues. Environmental  problems caused by PCBs. were largely unreported unt i l  

1966, when PC3 contaminat ion of  f ish,  eagles,  and humans was detected. The 

best-documented incident concerning the ef fects of  ingested PC3s on humans is  

the case that  occurred in Yusho, Japan, in 1968 (U.S. EPA, 1980a).  Several  

other cases have also been reported (U.S. EPA, 1980a, U.S. EPA, 1976c).  

Sediments containing PC3s have been reported in r ivers,  estuar ies,  and 

harbors (U.S. EPA, 1981b),  in concentrat ions ranging from 20 to 50,000 ug/g.  

Leaching of  PC8s could occur,  a l though i t  wi l l  be constrained by the low solu-

b i l i ty  l imi ts.  Once PC3s d issolved in water enter the soi l  medium, i . t  is  

possible that  fur ther migrat ion wi l l  be severely retarded in view of  the high 

soi l -water part i t ion coeff ic ients.  The retardat ion factors calculated from 

these coeff ic ients can be used to simulate the arr ival  t ime and concentrat ion 

decrease in groundwater.  This wi l l  be fur ther explained later.  

Despi te their  low vapor pressures,  PCBs can volat i l ize into the atmo­

sphere.  The migrat ion of  PC3s through a i r  is  considered to be one of  the basic 

mechanisms by which the ubiqui tous presence of  PCBs occurs in nature (U.S. EPA, 

1980a).  The New York State Department of  Environmental  Conservat ion (NYSDEC) 

analyzed sample-s of  PCB-contaminated a i r  at  several  local i t ies.  These analyses 

are shown in Table 6 (NYSDEC, 1979; U.S. EPA, 1981b).  Concentrat ions of  PC3s 

in the ambient a i r  as h igh as 300 ug/m^ were reported at  the disposal  s i te.  

The average values ranged from 130 to 0.3 ug/m^. Concentrat ions of  suspended 

part iculates in the a i r  in the v ic in i ty of  dump s i tes were also monitored by 
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TABLE 6.  PC3 MONITORING IN AMBIENT AIR BY NYSOEC 

Si te 
Max. PC3 conc. 

(ug/m3) 
Average PC8 conc. 

(ug/m3) 

Caputo dump 300 130 

Fort  Mi 11er dump 35 24 

Remnant area 10 9 

Moreau s i te 15 5.6 

Buoy 212 s i te 0.7 (one sample) 

Old Moreau Si te (Summer 1979) 0.3 

o  
3  
3  

o o 
(Tl 
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NYSDEC, using nigh-volume air  samplers (NYSDEC, 1979 ;  U.S. EPA, 198 ID ) .  The 

geometr ic annual  mean concentrat ion of  part iculate matter was 36 to 63 ug/m^, 

whi le the 24-hour averages were 71 to 144 ug/m^. The amount of  PCBs adsorbed 

to the col lected suspended part iculates was not reported. 

Based on mass-transfer models,  MacKay and Leinonen (1975) calculated the 

hal f - l ives of  PC3s present in solut ion in a water column of  1 m depth.  Hal f -

l ives provide some indicat ion of  how fast  a compound can volat i l ize from 

solut ion.  The hal f - l ives 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 ,  respec­

t ively.  Hal f - l ives wi l l  be longer when depths are greater than 1 m. The cal­

culated hal f - l ives are for  evaporat ion from a calm, l iquid surface. Turbulence 

provides exchange of  contaminants between the surface layer and the bulk of  the 

water column. This exchange resul ts in increased emission rates,  thus pro­

viding shorter hal f - l ives.  

In addi t ion to the importance of  at tenuat ion mechanisms when PC3s inter­

act  wi th soi l ,  biodegradat ion is  also suggested as a potent ia l ly  important 

mechanism. Biodegradat ion Studies using pure and mixed microbial  cul tures,  

and the resul t ing metabol ic changes in PC3 compounds, have been summarized by 

Ht i tz inger et  a l  .  ( 1974) and Hwang (  1982).  Photochemical  degradat ion of  PCBs 

in the atmosphere is  also of  interest ,  s ince a number of  pest ic ide compounds 

have been shown to break down through the photochemical  route.  However,  very 

l i t t le informat ion is  avai lable in the l i terature to determine the extent of  

PCB degradat ion in the atmosphere. 

The safe disposal  and t reatment of  PCBs d iscarded af ter  their  use in 

electr ical  appl icat ions is  a matter of  great concern wi th regard to human 

heal th.  Incinerat ion techniques are f requent ly appl ied to PCB mater ia l  at  

e levated temperatures and high residence t imes. Several  exper iments involv ing 
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pyrolysis of  commercial  PC3s have been reported (3user and Rappe, 1979).  The 

PC3s used in the pyrolysis exper iments included tetrachlorobiphenyl ,  penta-

chlorobiphenyl ,  hexachlorobiphenyl ,  heptachlorobiphenyl  ,  and octachlorobiphe­

nyl  .  The analysis of  the pyrolysis residues showed the presence of  chlor inated 

furan compounds. However,  the researchers concluded that  the format ion of  

furan compounds is  the resul t  of  uncontrol led burning of  PC3s, and that  the 

emission of  these compounds can be reduced by control l ing the burning process. 

The high-temperature combust ion of  PCSs, such as in the case of  t ransform­

er f i res,  resul ts in the format ion of  polychlor inated dibenzofurans (PCDFs) and 

other toxic compounds. In an exper iment studying condi t ions favor ing the 

format ion of  polychlor inated dibenzodioxins (PCDDs),  researchers found that  the 

opt imum condi t ions for  the format ion of  PCDFs are a temperature of  near 675°C 

at  a residence t ime of  0.3 seconds or longer,  wi th 8" excess oxygen (Midwest 

Research Inst i tute [MR13. 1984).  No condi t ions for  the format ion of  PCDDs are 

represented. The report  states that  detect ion of  PCDDs was occasional  and at  

low levels.  



10. TOXICOLOGY 

The advisory levels for  PC3 c leanup presented in th is document ( i .e. ,  

the permissible PCB soi l  contaminat ion levels)  are heal th-based values. These 

advisor ies are der ived through calculat ions which f i rst  est imate human r isk-

speci f ic  (cancer end point)  or  acceptable intake (AI)  (noncancer end point)  

levels,  and then determine the exposure rates which wi l l  ef fect  these intake 

levels.  Risk-speci f ic  doses are der ived for  the cancer end point ,  and a 10-day 

AI level  is  der ived for  an approximate 10- to 30-day exposure consider ing only 

noncancer ef fects.  A detai led assessment of  the avai lable cancer and noncancer 

heal th ef fects data for  PCBs is  presented in Appendix D. Only a br ief  overview 

and major issues wi l l  be presented here.  

The determinat ion of  r isk-speci f ic  intake levels is  accompl ished through 

a mathematical  process which makes use of  a cancer potency factor and a 

ref lected r isk level  or  levels to est imate the intake level  that  would cor­

respond to such r isk levels.  Cancer potency factors for  PC3s have been 

determined through an exhaust ive analysis of  animal studies.  Values have been 

calculated by ORD (EPA, 1980b) to be 4.34 (my/kg«day)and by OTS (EPA, 1985b) 

to be 3.57 (mg /kg-day).  An average of  these values, or  4.0 (mg/kg-day)-1 

is  used in the calculat ions presented in th is document.  A d iscussion of  the 

data and methods used to est imate cancer potency factors for  PC3s is  included 

in Appendix 0.  The determinat ions made by ORD and OTS are both based on the 

same animal study (Kimbrough et  a l . ,  1975),  wi th only s l ight ly di f ferent 

assumptions being incorporated. 

A noncancer AI level  was der ived for  PCBs dur ing the preparat ion of  th is 

report .  I t  must be emphasized that  th is AI ignores the cancer end point  and 

is  based on toxic i ty other than cancer.  The 10-day AI level  of  100 ug/day 
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for  a chi ld and 700 ug/day for  an adul t ,  der ived for  use in th is document,  

is  based on feeding studies wi th rabDits and rats in which a NOAEL for  de­

creased reproduct ive rate,  and ef fects on thyroid and l iver,  were evaluated. 

These studies are descr ibed br ief ly below. 

Vi l leneuve et  a l .  (1971) found increased incidences of  fetal  death,  re­

sorpt ions,  and aDort ions at  12.5 mg/ '<g/day of  Aroclor 1254 in rabDits when 

exposed on days 1 through 29 of  pregnancy. A dose of  1.0 mg/kg/day appeared 

to be wi thout ef fect .  Col l ins and Capen (1980a, b,  c)  in a ser ies of  studies 

on thyroid ef fects in rats,  determined that  50 ug PCS per g of  d iet  (~ 2.5 

to 5.0 mg/kg/day) for  4 weeks was associated wi th c lear ly def ined adverse 

ef fects,  but that  doses of  5 ug PC8 per g of  d iet  0.25 to 0.5 mg/kg/day) 

were not .  Carter (1983) demonstrated l iver hepatomegaly in rats at  doses of  

20 ug Aroclor 1254 per g of  d iet  (~ 2 mg/kg/day) for  14 days; such an ef­

fect ,  in the absence of  other s igns of  toxic i ty (e.g. ,  fat ty inf i l t rat ion of 

the l iver) ,  might not be considered adverse. Grant and Phi l l ips (1974) ob­

served increased l iver weights in rats at  doses as low as 5 mg/kg/day Aroclor 

1254 given in corn o i l  for  7 consecut ive days. Col lect ively,  these studies 

indicate that  the exper imental  threshold for  adverse ef fects of  Aroclor 1254 

in studies of  30 days'  durat ion or less is  at  or near a dose of  1 mg/kg/day. 

Thus, i t  seems reasonable to use th is lat ter  dose, a No Adverse Effect  dose, 

as a basis for  heal th advisor ies for  Aroclor 1254 for  short  exposure durat ions.  
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11. EXISTING STANDARDS AND GUIDELINES 

The 1963 incident in which toxic symptoms were exper ienced by Japanese 

people exposed to contaminated cooking o i l  gave r ise to a great deal  of  concern 

in the United States wi th regard to hazardous chemicals.  The U.S. Food and 

Drug Administrat ion (FDA) started sampl ing foods for  possible contaminat ion by 

PC3s in 1969, and detected levels of  PC3s in f ish from the Great Lakes, in mi lk 

caused by use of  mater ia ls containing PC3s, and in chickens as a resul t  of  the 

existence of  PC3s in the feed. The temporary to lerance levels for  residues of  

PC3s proposed by FDA became ef fect ive June 29, 1979 (U.S. FDA, 1984).  

In the ear ly 1970s, EPA proposed the establ ishment of  cr i ter ia for PCBs 

being discharged in industr ia l  ef f luents,  but has not so far  issued ef f luent 

l imi tat ions concerning PCBs. 

The Occupat ional  Safety and Heal th Administrat ion (OSHA) adopted standards 

for  PC3 exposure by industr ia l  workers.  Subsequent ly,  the Nat ional  Inst i tute 

for  Occupat ional  Safety and Heal th (NIOSH), af ter  their  extensive assessment,  

recommended lowering the al lowable concentrat ion of  PCBs in the workplace. 

However,  OSHA has not acted on th is recommendat ion.  The New York State Depart­

ment of  Heal th issued an inter im guidel ine for  the al lowable ambient a i r  con­

centrat ion of  PCBs to which indiv iduals may be exposed dur ing the durat ion of  

a PCB reclamat ion project  planned for  the Hudson River (NYSDEC, 1979).  

The EPA promulgated regulat ions relat ing to manufacture,  processing, 

d istr ibut ion in commerce, use, d iposal ,  storage, and markings of  PCBs and PCB 

i tems. The regulat ions or ig inal ly became ef fect ive May 31, 1979, and were 

later amended. A complete presentat ion of  the ef fect ive regulat ions can be I  3  
3  

f o u n d  i n  t h e  l a t e s t  e d i t i o n  o f  4 0 '  C F R  P a r t  7 6 1  ( U . S .  E P A ,  1 9 8 4 b ) .  T h e  P C B s  0  

o 
referred to in these regulat ions include any chemical  substances or their  ** 
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VO 
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mixtures containing concentrat ions of  chlor inated bipnenyls of  50 ppm or 

greater.  The regulat ions pertain to prohibi t ions on manufactur ing,  pro­

cessing, d istr ibut ion in commerce, and use, and speci f ical ly apply to PC3 

incinerators,  chemical  waste landf i l ls  disposing of  PCBs, t ransformers,  

pigments,  e lectr ical  and heat t ransfer equipment,  natural  gas p ipel ine com­

pressors,  microscopy mount ing medium, capaci tors,  PCS containers,  and 

hydraul ic systems (U.S. EPA, 1984b).  

The PCB standards and guidel ines for  numerical  l imi tat ions of  PCBs in 

food, dr inking water,  and amoient a i r  exist ing at  the present t ime are shown 

in Table 7.  Because of  the compl icated nature of  the EPA's regulat ions pro­

mulgated under TSCA, these regulat ions are not presented in tabular form. 
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TABLE 7.  EXISTING ?C3 STANDARDS AND GUIDELINES 

Exposure pathways Maximum al lowable PC3s 

F o o d  ( F D A  s t a n d a r d ) 3  

Milk fat  and dairy products 1.5 ug/g (ppm) 

Poul t ry 3.0 ug/g (ppm) 

Eggs 0.3 ug/g (ppm) 

Fish and shel l f ish 2.0 ug/g (ppm) 

Finished animal feed 1.0 ug/g (ppm) 

Dr inking water (New York State) 1.0 ug/L (ppb) 

Ambient a i r  

Populated areas (New York State guidel ine)0 
Workplace (OSHA standard) 

1.0 
500 

u g / m 3  

u g / m 3  

W o r k  s i t e  ( N I O S H  g u i d e l i n e ) 0  1.0 u g / m 3  

aU.S. FDA, 1984. 
°New York State Department of  Heal th,  1981. 
cNI0SH, 1977. 
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12-.  EXPOSURE ASSESSMENT METHODOLOGY 

The presence of  PC3s in environmental  media poses a potent ia l  heal tn 

r isk to humans f rom tne fo l lowing sources of  intake: 

•  ingest ing contaminated soi l  

•  inhal ing contaminated a i r  

•  ingest ing contaminated food 

•  dr inking contaminated water 

•  dermal absorpt ion of  PCBs in contact  wi th skin 

Other exposure pathways af fect ing ecological  communit ies,  such as phytotoxic i ty 

to plants,  may a lso need to be considered. I f  mult ip le-route exposures are 

possible,  the concentrat ions al lowable for  a s ingle-route exposure should be 

adjusted to meet the acceptable levels of  acute and chronic heal th ef fect  

exposures f rom al l  sources of  intake. The amounts of  each medium subject  to 

human intake used in th is analysis are as fo l lows: dai ly intake of  dr inking 

water,  2 l /day;  dai ly inhalat ion of  a i r ,  20 m3/day (U.S. EPA, 1984b).  

Acute ef fects resul t  f rom short- term or long-term intakes. Carcinogenic 

ef fects are normal ly t reated as resul t ing from l i fet ime intakes. Safe levels 

of  PCBs in soi l  corresponding to 1-day and 10-day acceptable intakes should o 
3? 
3r 

be based on considerat ion for  prevent ing acute heal th ef fects from short- term 
o 

and longer- term exposures.  Levels of  PCBs in soi l  corresponding to acceptable of 

intakes for  long-term ef fects can be der ived from the acceptable dai ly intake 

(AOI) based on long-term heal th studies for  acute ef fects,  or f rom the car-  ^  

cinogenic potency s lope based on l i fet ime exposure for  carcinogenic ef fects.  

The long-term r isk level  for  ingest ion of  contaminated soi l  over a 70-year 

l i fet ime exposure can be obtained by 
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69 yrs 
"  (GI)  (SM) Co e (POT) ( IR) 

t=0 (3W) (LT) (5) 

where Risk = l i fet ime r isk;  GI = gastrointest inal  t ract  absorpt ion of  P C 3 s;  SM 

= exposure f requency over a l i fet ime; Co = in i t ia l  concentrat ion of  PCBs in 

soi l ;  k = b iodegradat ion constant ( I /day);  POT = potency s lope factor (mg/kg/ 

day)"^ for  PC3s; IR = dai ly ingest ion rate of  soi l ;  3W = body weight (70 kg for  

adul ts and 10 kg for  chi ldren);  and IT = exposure t ime over a l i fet ime (70 

years).  I f  the contaminant undergoes b io logical  or  chemical  degradat ion in 

soi l ,  and fo l lows f i rst-order k inet ics in i ts  disappearance under isothermal 

condi t ions,  the contaminant concentrat ion wi l l  change as a funct ion of  t ime 

according to C0e"Kt.  The summation in Eq. (6)  is  necessary in order to add 

a l l  the- r isks associated wi th the dai ly dosage over a l i fet ime. The in i t ia l  

concentrat ion of  PCBs in the soi l  is  calculated at  an assumed l i fet ime r isk 

according to Eq. (6) .  A computer is  convenient to use to sum a l l  the dai ly 

r isks.  The soi l  ingest ion scenar io wi l l  be appl icable to s i tes which are 

readi ly accessible,  especial ly by chi ldren. Since the populat ion is  l iv ing 

on or near the s i te,  the exposure to PC3s due to inhalat ion of  contaminated a i r  

cannot be neglected. In order to account for  the inhalat ion exposure in deter­

mining the al lowable PC3 levels in soi l  due to the combined routes of  ingest ion,  

inhalat ion and dermal absorpt ion,  the ambient a i r  concentrat ions at  the expo­

sure points are needed. The concentrat ion of  PCBs in the vapor phase is  the 

resul t  of  the volat i l izat ion of  the PCBs f rom the contaminated soi l  and their  

d i lut ion by winds. The d i lut ion factor for  ambient a i r  concentrat ions can be 

def ined as o 
\s  

o  =  Ca /cas  (7 )  % 
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where Ca (ug/m3) = the ambient a i r  concentrat ion at  an exposure locat ion,  

and Cas (ug/m3) = the concentrat ion of  ?C3s in air  at  the soi l  surface where 

the emission occurs.  The value of  Cas cont inuously increases as the PC3 con­

centrat ion in soi l  increases, unt i l  the concentrat ion of  PCBs in the a i r  phase 

corresponds to that  of  PC3 vapor pressure.  Beyond th is point ,  a fur ther in­

crease in PCS concentrat ion in soi l  wi l l  have a minimal ef fect  on the vola­

t i l izat ion rate.  

Once exposure pathways are ident i f ied,  exposure evaluat ion requires infor­

mat ion on the levels of  concentrat ion to which a g iven target populat ion may be 

exposed. Each pathway may require route-speci f ic  evaluat ion.  A general  method 

for  est imat ing exposures for  contaminated s i tes wi l l  be descr ibed f i rst .  The 

method can be s impl i f ied by e l iminat ing those pathways that  are unimportant or  

unrelated in the evaluat ion of  PC3 advisor ies.  The relevant assumptions for  

the s impl i f icat ion are descr ibed below. 

12.1 Est imat ion of  Exposures for  Contaminated Si tes 

The combined human intake of  contaminants f rom al l  exposure pathways 

should not exceed the acceptable intake (AI,  in mg/day) needed for  prevent ing 

adverse ef fects from short- term and l i fet ime exposures.  The intake from an 

indiv idual  route when soi l  is  contaminated can be expressed quant i tat ively as 

fo l1ows: 

i )  Intake by soi l  ingest ion (mg/day):  

I i  -  (CS)(IR x 10--3)(GI)(SM)(F) 
( 8 )  

o 
3  

T h e  t e r m  ( C S ) ( I R )  i n  E q .  ( 3 )  r e p r e s e n t s  t h e  d a i l y  a m o u n t  o f  a  c o n t a m i -  s  

O 
nant ingested resul t ing from soi l  ingest ion,  in ug/day, because Cs repre- °  
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sents t r ie contaminant concentrat ion in soi l  (ug/g) or ppm (both uni ts are 

equivalent) ,  and IR is  tne soi l  ingest ion rate (g/day) and GI is  def ined in Eq. 

(6) .  The factor 10~3 is  needed to convert  the uni t  f rom ug/day to mg/day. 

The f ract ion of  the ingested contaminants that  wi l l  enter human organs and 

systems to cause toxic i ty is  given as GI.  An indiv idual  may not  always oe 

present on the contaminated s i te over h is l i fet ime. The f requency factor of  

exposure over a l i fet ime, SM, represents the f ract ion of  a l i fet ime that an 

indiv idual  wi l l  be exposed to the contaminants under considerat ion.  The factor 

F is  necessary because soi l  ingest ion only occurs dur ing chi ldhood (1 to 5 

years of  age),  and the weight of  the human body changes f rom chi ldhood to 

adul thood. 

i i )  Intake by a i r  inhalat ion of  volat i l ized contaminants (mg/day):  

lZ 3 (Kas^CsHD)(IH x 103)(ABA)(SM) 
(9) 

In Eq. (9) ,  Kas, 0,  and IH represent the soiT-air  part i t ion coeff ic ient ,  

given by Eq. (6) ,  g soi l /cm3; the extent of  d i lut ion as given by Eq. (7) ;  and 

the average dai ly inhalat ion rate of  ambient a i r  (m3/day),  respect ively.  The 

term (Kas )  (Cs)(0)( I03) represents the ambient a i r  concentrat ion of  a pol lutant 

at  the exposure locat ion in mg/m3 when <as and are given in g soi l /cm3 and 

mg/kg, respect ively.  

The determinat ion of  the ambient a i r  concentrat ion at  an exposure loca­

t ion,  (Kas)(Cj)(D)(103),  or  the di lut ion factor in the term, requires the est i ­

mat ion of  t ransient emission rate,  and the use of  d ispersion model ing.  The 

emission rate wi l l  not only,  be t ransient,  but i t  wi l l  a lso be retarded by soi l  

or  equivalent cover mater ia l .  This phase of  the problem requires solut ion of  a 
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part ia l  d i f ferent ia l  equat ion,  as descr ibed in the Sect ion 16. 

I f  the concentrat ion of  PC3s in soi l  is  at  or  above saturat ion condi t ions,  

under which the a i r  phase concentrat ion of  PC3s is  equal  to the vapor pressure 

concentrat ion for  a part icular Aroclor or a mixture of  Aroclors,  the fur ther 

increase in Cs wi l l  not  increase the ambient a i r  concentrat ion,  assuming that  

other factors,  such as temperature,  remain constant.  Therefore,  the dai ly 

intake by inhalat ion remains constant above the concentrat ion of  PCSs in soi l  

providing saturated a i r  concentrat ion.  This concentrat ion of  PC3s in soi l ,  

or the saturated concentrat ion in soi l  for  a i r  inhalat ion,  wi l l  be denoted by 

^sm* 

i i i )  Intake by dermal absorpt ion (mg/day):  

I3 = (CS)(CR x 1Q~3) (A8S ) (SM) (10) 

There are many occasions when chi ldren playing in the yard or adul ts 

working in the garden wi l l  come in direct  contact  wi th contaminated soi l .  

Dermal contact  does not necessar i ly  const i tute adverse exposure.  The 

contaminant needs to be systemic to be absorbed into the human body and to 

exert  toxic i ty.  In Eq. (10),  tne term (CS)(CR) represents the contaminant 

contact  rate wi th skin in yg/day s ince Cs is  in ug/g (=ppm) and CR is  

the dermal contact  rate of  soi l  in g/day. The factor 10*3 is  used to con­

vert  the contact  rate from yg/day to mg/day, and SM wi l l  be 1 when the 

short-  or  longer- term (10-day) exposure is  est imated, and wi l l  be between 

0 and 1 when the l i fet ime exposure is  est imated. 3!  
: s  

o 
o 
o\ 
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iv)  Intake by dr inking water (mg/day) 

U » (Cw)(IW)(SM) 
(11) 

In Eq. (11) i t  is assumed that  the contaminant in dr inking water is  

completely absorbed into the human body at  the average dai ly water con­

sumption rate of  IW or  the absorpt ion f ract ion is 1.  In order to relate 

the contaminant concentrat ion in groundwater,  Cw, to the contaminant con­

centrat ion in soi l ,  Cs, a fate and t ransport  model can be used to est imate 

the concentrat ion in the leachate enter ing groundwater,  or  

C* s CL/fq, mg/L 
( 1 2 )  

where f g  represents a funct ional  re lat ionship descr ib ing contaminant t rans­

port  in groundwater.  This funct ion should be selected to sui t  the most 

appropr iate condi t ions for  the system. The leachate concentrat ion,  C|_,  

referr ing to the contaminant concentrat ion in l iquids just  before enter ing 

groundwater,  should not be confused wi th the contaminant concentrat ion in 

groundwater,  which resul ts f rom mixing of  the leachate wi th groundwater.  

Also,  care should be exercised in using groundwater t ransport  models,  be­

cause some models wi l l  t reat  the leachate concentrat ion as a boundary con­

di t ion,  whi le others require the contaminant concentrat ion in groundwater 

as a boundary condi t ion,  which should be obtained by groundwater monitor ing.  

When the uni ts of  Cw and are a l l  in mg/L,  then the funct ion fg becomes 

dimensionless.  Most leachate f rom hazardous waste land disposal  s i tes may 

enter groundwater over a f in i te surface area, favor ing area source models for  

s imulat ing pol lutant t ransport  in groundwater.  
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There is  no re l iable method of  predict ing the leachate concentrat ion 

from the contaminant concentrat ion in soi l ,  or v ice versa. For the exposure 

evaluat ion,  an equi l ibr ium relat ionship vetween soi l  and leachate wi l l  pro­

vide a f i rst  approximat ion.  Monitor ing data can also be used re lat ing the 

concentrat ions between leachate and soi l .  An equi l ibr ium condi t ion can be 

wr i t ten as 

Cs s  (<LS MC|_) ,  mg/kg (13)  

where KLs is  a part i t ion coeff ic ient  in (mg/kg)/(mg/L).  Eqs. (11),  (12),  and 

(13) are combined to get 

>4 = CS i  ( IWXSM) 
( fgM<|_S) (11) 

When the equi l ibr ium condi t ion is  not appropr iate,  i t  can be modif ied to 

include transport  processes between the soi l  and leachate.  

v)  Intake by f ish ingest ion (mg/day):  

At  the average dai ly f ish consumption rate of  IF (kg/day),  and under 

the assumption of  complete absorpt ion of  the contaminant associated wi th 

the consumption of  f ish,  the exposure can be est imated as 

15 3  (CF)( IF) (SM)  (15)  

o 
2 

where Cp is  the contaminant concentrat ion in f ish.  The use of  the b' iocon- > s  

centrat ion factor BCF, (mg/kg f ish)/(my/L water) ,  to relate pol lutant con- o 
O) 

centrat ions in f ish and water,  g ives 
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I 5  = (3CF) ( C W)(IF)(SM) ( 1 6 )  

where i t  is assumed that  contaminants are present in water in dissolved form 

and that  bottom sediments or  benthal  deposi ts on which pol lutants may be ad­

sorbed are not d i rect ly swal lowed by f ish.  Under the condi t ion of  equi l i ­

br ium between the pol lutant-containing soi l  and leachate which is  generated 

from the soi l ,  subst i tut ion of  £qs. (12) and (13) into Eq. (14) resul ts in 

y  ( B C F J C I F X S H ,  ( 1 7 )  

The t ransport  funct ions,  fg,  in Eqs. (14) and (17) may assume d ist inct  

mathematical  descr ipt ions,  because one pertains to t ransport  in groundwater 

and the other to that  in surface water.  

v i  )  Intake by inhalat ion of  contaminants adsorbed on part iculates 

(mg/day) may be expressed by 

I6 = (Cp )  ( IH)(Cs x 10"9 ) (AB? ) (SM) (13) 

Contaminant-containing soi l  can be airborne by blowing winds. In 

addi t ion,  toxic substances volat i l ized from contaminated soi l  can be ad­

sorbed on part iculate matter present in the ambient a i r .  Exposure to con­

taminants occurs because of  inhalat ion of  a i r  containing these part iculates.  

The exposure locat ion could be d istant f rom the source of  emission, or  in 

the v ic in i ty of  the emission source. Exposure concentrat ions wi l l  change, 

accordingly.  Another form of  exposure relates to inhalat ion of  a i r  con­
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ta in ing part iculate matter on which volat i le const i tuents are adsorbed. 

The intaxe rate can be est imated based on the concentrat ion of  contami­

nants in wind-dispersed soi l  or  on part iculate matter,  Cs yg/g (=ppm), 

and tne concentrat ion of  the part iculates in the ambient a i r ,  Cp ug/m3, 

as shown in Eq. (13).  The absorpt ion f ract ion,  ABP, is  used because 

contaminants present in or on soi l  (or  part iculate matter)  may be bound on 

the sol id mater ia l ,  reducing the contaminant 's absorpt ion rate.  Final ly,  

the factor 10~9 is  a conversion factor to make the uni ts consistent.  

v i  i  ) Intake by ingest ion of  vegetables (mg/day.) :  

The intake rate due to ingest ing IV kg/day of  vegetables,  p lants,  or 

agr icul tural  products containing Cv mg/L of  contaminants wi l l  be 

I? = (Cv)( IV)(SM ) 
(19) 

I f  i t  is assumed that  equi l ibr ium is establ ished between the contaminant 

concentrat ions in plant and soi l ,  then the exposure can be modif ied as:  

1/  = (Ksv)(Cs)( IV)(SM) 
( 2 0 )  

where KSv is  a part i t ion coeff ic ient  def ined as contaminant concentrat ion 

plant/ total  contaminant concentrat ion in soi l  (mg/kg p i  ant) / (mg/kg soi l ) .  

v i i i )  Intake by ingest ion of  food meat:  

The contaminant intake at  consumption rate of  IM (kg/day) of  meat con 

ta in ing Cm (mg/kg) of  pol lutant is  
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= (Cm} ( IM) ( SM ) ( 2 1 )  

Here again,  an equi l ibr ium re lat ionship is  assumed between the contaminant  

concentrat ions in  the animal  body and p lants.  Therefore,  the intake rate 

due to meat consumpt ion is  

1 3  3 ( K v m ) ( C v ) ( I M ) ( S M )  

3  ( K v m ) ( < S v ) (Cs)( IM)(SM) 
( 2 2 )  

where Kvm and KSv are the par t i t ion coef f ic ients used to descr ibe pol lu­

tant  d is t r ibut ion between meat and vegetables,  and the par t i t ion between 

vegetables and so i l ,  respect ively.  

12.2 Determinat ion of  Permissib le Pol lutant  Levels in  Soi l  

The to ta l  in take f rom a l l  possib le exposure pathways is  set  equal  to  

the acceptable in take (AI)  for  short - term and chronic heal th ef fects;  or  

A I = I i + l 2 * l 3 + » « «  ( 2 3 )  

Eq.  (23)  can be solved for  permissib le contaminant  levels in  soi l  correspond­

ing to each acceptable in take.  I t  is  possib le that  some exposure pathways 

occur independent ly  of  others.  For example,  a res idence which is  located on 

a contaminated s i te may use dr ink ing water  f rom a c lean publ ic  water  t reat­

ment system, and may thus be f ree of  contaminants found on the s i te.  I t  is  

also possib le that  domest ic  animals are not  ra ised for  food consumpt ion on 

the contaminated s i te under considerat ion.  Under such c i rcumstances,  a l l  

exposure pathways need not  be considered.  I f  exposure pathways of  s igni f icant  

concern are re lated to soi l  ingest ion,  inhalat ion of  contaminated a i r ,  or  
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dermal contact  wi th soi l ,  as is  the case for  development of  PC8 advisor ies,  

Eqs. (3) ,  (9) ,  and (10) can be added to solve for  Cs, 

(AD(IOOO) 
cs -

C(IR)(GI)(F) •  (Kas)(0)( lH)(ABA x 106) + (CR)(ABS)JSM 

(24) 

The emission rate is  l imi ted by the a i r  phase concentrat ion in equi l i ­

br ium with the contaminant concentrat ion in soi l .  Once the contaminant soi l  

concentrat ion reaches the level  at  which the vapor phase concentrat ion in 

equi l ibr ium with the soi l  is  at  the vapor pressure concentrat ion,  a fur ther 

increase in contaminant concentrat ion in soi l  (Cs > Csm) does not increase 

the emission rate.  At or  above th is concentrat ion,  the ambient a i r  concen­

t rat ion remains constant regardless of  the concentrat ion of  the contaminant 

in soi l .  Under such condi t ions,  Cs in Eq. (9)  is  no longer a var iable,  

and therefore Eq. (24) does not apply.  This s i tuat ion can be remedied by 

consider ing the intakes by the indiv idual  route of  exposure at  a constant 

value of  Cs [Cs = Csm in Eq. (9) ]  for  inhalat ion exposure,  and solv ing for  

C5. The form of  the equat ion wi l l  be s l ight ly di f ferent from that for  Eq. 

(24).  

c s (AI)(1000) -  (Kas)(Csm)(D)( lH x 103)(ABA)(SM) 

S [ ( IR)(GI)(F) + (CR)(ABS)]SM 

12.3 Incorporat ion of  Time-Varying Parameters 

The body weight of  a human constant ly changes unt i l  matur i ty.  The cal­

culat ion of  AIs f rom the safe dose level  (SL) given in mg/kg*day requires 
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an assumption of  body weignt.  For r igorous treatment ' ,  the est imat ion of  

l i fet ime exposure should take into account changes in body weight.  In th is 

case, i t  is convenient to work wi th SI instead of  AI for  exposure calcula­

t ions.  For carcinogens wi th a potency value at  POT (mg/ '<g-day)"1,  the 

equivalent SL at  an assumed r isk level ,  P (such as 10"6,  etc.) ,  can be 

obtained by 

(SL)eq. 3 _R_ ,  mg/kg«day (26) 
POT 

The r isk level  shown represents an upper-bound est imate.  An upper-bound 

est imate of  r isk of  10"^,  for  example,  means that  upon l i fet ime exposure 

to a contaminant,  a person exper iences an increased maximum r isk of  devel­

oping cancer in a probabi l i ty  of  1 in one mi l l ion.  

Snyder (1975) presented data on the change of  body weight as a func­

t ion of  age. A regression analysis on Snyder 's data for  average male weight 

provides the fo l lowing relat ionship.  

8W = 3.14 «• 3 .52 (age),  kg for  age 0 -  18 yr  (27) 

BW = 70,  kg for  age greater than 13 yr  (28) 

To obtain the dai ly exposure averaged over an indiv idual 's l i fet ime, 

intake rates given by Eqs. (8)  -  (10),  (10),  (17),  (18),  (20),  and (24) 

should be div ided by the body weight,  and the dai ly intake per uni t  body 

weight should be averaged by summing the total  intake per uni t  body weight 

over the per iod dur ing which exposure occurs and d iv id ing the resul t  by 

LT. For purposes of  i l lustrat ion,  Eqs. (8)  and (9) are repeated below: 
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i )  The average dai ly exposure by soi l  ingest ion per uni t  body weight 

in mg/kg«day can be determined as 

I ,  _ 25T50 days (C0e-kt)( ia X 103)(GI)(SM! 

3W 1 da* (3W)(LT) (29) 

Again,  in Eq. (29) [a lso in in Eq. (30)] ,  the contaminant present in 

soi l  is  assumed to disappear by biodegradat ion and other react ions,  accord­

ing to f i rst-order k inet ics.  Other processes af fect ing the concentrat ion 

in soi l  are considered in the exposure analyses for  indiv- idual  pathways. 

i i )  The average dai ly exposure by inhalat ion of  volat i l ized contami 

nants in mg/kg«day is  calculated from 

l2 = T50 d3yS (<as)(C0e"kt)(D)( IH x 103)(ABA)(SM) 

3W 1 day (BW)(LT) 
(30) 

Simi lar  expressions can be wr i t ten for  other exposure pathways. For conser­

vat ive contaminants,  the term C0e"Kt in Eqs. (29) and (30) can be replaced 

by Cs. The total  dose f rom al l  exposures should not exceed SL, or  (SU^ 

5i -  *1 + *2 + *3 + for  noncarcinogenic ef fects (30) 
BW BW BW 

(SL) = ii. + li + ll - t -  for  carcinogenic ef fects (32 )  
eq.  BW BW BW 
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As before,  Eq. (21) or  (32) can be solved for  the permissible concentrat ions in 

soi l ,  Cs. From Eqs. (3)  and (29),  one can solve for  the factor F for  use in 

Eq. (3) .  The use of  LT = 25550 days, and the assumption that  soi l  ingest ion 

occurs dur ing ages 1 through 5 ( t  = 365 to 1825 days),  y ie ld F = 0.323. The 

factor F does not depend on the soi l  ingest ion rate.  Eqs. (3)  and (29) use 

Eqs. (23) and (27),  respect ively,  for  BW. 

12.4 PCS Advisory Evaluat ions 

Under normal condi t ions,  s igni f icant soi l  ingest ion is  l imi ted to 

chi ldren ( lepow, 1975).  Al though very l imi ted informat ion is  avai lable on 

the ranges of  age subject  to soi l  ingest ion,  one invest igat ion presented a 

case study of  an adul t  wi th a h istory of  habi tual  eat ing of  garden soi l ,  

which may have been associated wi th a p ica i l lness (Wedeen et  a l . ,  1973).  

The f ract ion of  soi l  contaminant absorbed by humans is  dependent upon the 

type of  compound and i ts  soi l  contaminant adsorpt ion character ist ics,  and 

is  general ly smal ler  than that  which can be expected when contaminants are 

present in food or dr inking watder.  

PCBs can be removed f rom surface water,  leaving i t  sui table for  dr inking. 

Wel l  water that  comes f rom ground water could be a d i rect  source of  dr inking 

water.  The locat ion of  the dr inking water exposure does not necessar i ly  have 

to be at  the s i te of  the contaminat ion.  I t  is assumed that  the populat ion 

which may be subject  to PCB contaminat ion in dr inking water is  remote f rom the 

PCB-contaminated s i tes,  and the al lowable water concentrat ion is  separately 

calculated on the.basis of  not eat ing contaminated soi l  and not inhal ing con­

taminated a i r  in the immediate v ic in i ty of  the s i te.  The water concentra­

t ion for a s ingle-route exposure can be calculated as §  

o 
o 
o> 

V-* V£> 
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where Cw = concentrat ion'of  PC3s in water in mg/L,  and AI = the acceptable 

intake for  prevent ion of  acute and carcinogenic adverse heal th ef fects,  in 

mg/day. I f  f ish caught in PCB-contaminated surface water are eaten, and i f  

the same water is  the source of  dr inking water,  the al lowable concentrat ion 

of  PCBs (Cw mg/day) snould be determined as 

AI 

• Cw "  2 L/day + F •  BCF • (34) 

where F is  the dai ly f ish consumption, BCF is  the bioconcentrat ion factor 

(31,200 L/kg) (U.S. EPA, 1980b; U.S. EPA, undated).  The nat ional  average of  

f ish consumption is  0.0065 kg/day (U.S. EPA, 1984b).  However,  i t  is more 

appropr iate to use regional  values where such data are avai lable.  

The var iabi l i t ies of  input values needed in Eq. (24) (appropr iate for  PCB 

exposure pathways) are wide-ranging for  some values, and narrow for  others.  

The inhalat ion rate of  a i r  used for  calculat ion is 20 m^/day for  both adul ts 

and chi ldren (U.S. EPA, 1985d).  Soi l  ingest ion rates used for  evaluat ing 

short- term exposures are 3 and 0.6 g/day, represent ing condi t ions wi th and 

wi thout p ica,  respect ively ( fur ther explained in Sect ion 15).  One l i fet ime 

exposure evaluat ion is  based on an average dai ly rate of  0.6 g/day mult ip l ied 

by factors to correct  for  the changing weight of  the body as a person grows 

f rom a chi ld to an adul t .  This exposure is  assumed to occur f rom age 1 to 5 

years.  However,  the soi l  ingest ion rate of  3 g/day is  also used in long-term 

exposure evaluat ion.  The absorpt ion factors for  PCBs through the gastrointes­

t inal  t ract  for  ingested soi l ,  through the pulmonary organs for  inhaled a i r ,  

12-15 



and througn the skin for  contacted soi l  are assumed to be 0.3,  0.5,  and 0.05, 

respect ively (U.S. EPA, 1984a; U.S. EPA, 1985e).  The of f -s i te factor is  

assumed to be. 1 for  longer- term (10-day) exposure evaluat ions,  and 0.5 for  

l i f e t i m e  e x p o s u r e  e v a l u a t i o n s ,  u s i n g  t h e  c a r c i n o g e n i c  p o t e n c y  f a c t o r .  A 

simi lar  approach can be used for  short- term (1-day) and l i fet ime noncancer 

exposure evaluat ions.  However,  these evaluat ions are not performed because of  

a lack of  data regarding heal th ef fects.  

I f  a l l  intake routes,  including dr inking water,  soi l  ingest ion,  a i r  inha­

lat ion,  dermal contact ,  and intake of  PC3s by means of  f ish or other food are 

of  re levant importance, the al lowable concentrat ion levels can also be com­

bined in s imi lar  fashion. Since the scope of  the present study pertains to 

s i te cleanup, the appl icable formulas for  combining concentrat ions are not 

presented, but they should be considered as the s i tuat ion warrants.  

0  
1 
o 
o <r> 

v-1 
V© ui to 
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13. WATER QUALITY LIMITS 

The concentrat ion levels of  PC3s in dr inking water are based on s ingle-

route exposures that  are est imated to resul t  in acute and chronic toxic ef fects.  

This does not imply that  bioaccumulat ion in aquat ic organisms does not occur.  

The assumption pertains to absence of  f ish contaminated wi th PC3s in the diet .  

I f  other routes are of  concern,  the al lowable concentrat ions in water should be 

redef ined. The fo l lowing levels of  PCBs in dr inking water,  corresponding to 

10-day AIs,  can be calculated for  chi ldren and adul ts:  

•  10-day heal th advisory:  

1 mq/kq-daylO kq 
concentrat ion = lQO-i  L/day— = ° - l  m9/L (= 100 ppb) (chi ld)  

1 mq/kq*day70 kq 
concentrat ion = 100-2 L/day— * 0-35 mg/L (  = 350 ppb) (adul t  

Simi lar ly,  the concentrat ion levels at  the var ious upper-bound cancer r isks 

assumed are calculated, and the resul ts can be tabulated as fo l lows: 

Advi  sory 
Upper-bound level  
cancer r isk (ng/L) 

10-J 875 
10-5 87>5 
lO-o 8.75 
10-7 0.9 

E x a m p l e  c h r o n i c  t o x i c i t y  a d v i s o r y  l e v e l  ( a t  1 0 " 6  m a x i m u m  r i s k )  3  

1°, 6.unS  ̂ , = 8.75xl0"6 mg/L (=8.75 ng/L) 1  
4(mg/kg-day)_1«2 L/day 

v-* 
V£> 
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As indicated previously,  an Aroclor const i tutes a mixture of  many con­

geners.  Since each congener compound exhibi ts d i f ferent solubi l i ty  charac­

ter ist ics,  the appl icabi l i ty  of  these l imi ts to indiv idual  congeners is  ion 

quest ion.  In the absence of  short- term data for  non-carcinogenic ef fects,  the 

10-day heal th advisory may be used as tne 1-day heal th advisory for  commercial  

Aroclors.  
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14. LEACHATE CONTAMINATION OF GROUNDWATER 

Contaminated leachate wi l l  impact groundwater qual i ty.  To date,  ground­

water monitor ing data showing major contaminat ion of  groundwater by PCBs has 

been rarely reported. I f  the contaminated s i te is  located above an unsatur­

ated zone, soi l  through which leachate has to migrate to reach groundwater 

wi l l  adsorb PC3s and wi l l  great ly retard PC3 migrat ion,  as evidenced by the 

high soi l -water part i t ion coeff ic ients.  Exper imental  work (U.S. EPA, 1980a) 

has shown that  the adsorpt ion character ist ics vary depending upon the type of  

soi l  used. The exper imental  values are comparable to the part i t ion coeff ic i ­

ents est imated from the values of  Kow (water-octanol  part i t ion coeff ic ient)  

given in Table 4.  PCBs enter ing groundwater at  hazardous waste s i tes could 

also be retarded as they are carr ied along the f low l ines.  

The area-source groundwater model (Hwang, 1985) 'has been used to evalu­

ate the extent of  retardat ion and d i lut ion of  contaminants in groundwater.  A 

typical  precipi tat ion rate has been used to est imate a leachate generat ion 

rate which is  a source term in the groundwater rate and t ransport  model.  Two 

d i f ferent values of  the retardat ion factor cover ing the extreme var iat ions of  

the soi1-water part i t ion coeff ic ients were considered: Rd = 127, corresponding 

to Kd = 22 cm3/g;  and Rd = 5715, corresponding to Kd = 1000 cm3/g,  where Kd 

represents the soi l -water part i t ion coeff ic ient ,  and Rd is  the retardat ion 

factor (Rd = 1 + ^b Kd, Pd = bulk densi ty,  e = porosi ty) .  The resul ts of  
e 

model ing show that  when the concentrat ion of  PCBs in leachate is  maintained 

at  0.12 mg/L,  the vert ical ly averaged PCB concentrat ion in groundwater at  

1000 cm away f rom the center of  a d isposal  s i te af ter  two years of  release is  
. 7 3 

0.5 x 10" mg/L and 1.9 x 10" '  mg/L for  the low and high values of  the retar-  3 

dat ion factor,  respect ively.  Other parameter values used in th is s imulat ion o 
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were: leachate f low rate = 23.4 cm^/s,  groundwater seepage veloci ty = 5 x 

10~4 cm/s,  porosi ty of  groundwater medium = 0.35, depth of  the aqui fer  = 300 

cm, s ize of  disposal  s i te = 0.5 acre,  and the bulk densi ty of  the medium = 

2 g/cm^. The s imulat ion was repeated for  a d istance of  1 km away f rom the 

s i te.  The concentrat ion values at  that  distance were very smal l .  

The groundwater t ransport  analysis back-calculated al lowable leachate con­

centrat ions enter ing groundwater below a hazardous waste faci l i ty ,  given the 

maximum al lowable concentrat ions at  a compl iance point .  These calculat ions do 

not account for  " faci l i tated transport"  v ia dissolved organics,  cosolvents,  

etc.  As indicated previously,  the maximum al lowable concentrat ions were based, 

on the al lowable dai ly intakes designed to prevent acute and chronic heal th 

ef fects.  For the purposes of  s imulat ion,  the maximum al lowable dr inking water 

concentrat ions at  such distances as 1000 cm and 1 km from the contaminated s i te 

can be est imated. For acute toxic i ty,  the dr inking water concentrat ion of  0.1 

mg/U is  assumed; for  chronic carcinogenic toxic i ty,  the concentrat ion of  PCB in 

groundwater assumed was 8.7 ng/L,  corresponding to a 10"® l i fet ime r isk.  

The down-gradient groundwater concentrat ion is  a complex funct ion of  

leachate concentrat ion,  dispersion and retardat ion in groundwater,  in i t ia l  

di lut ion in groundwater,  b iodegradat ion ( i f  any),  and groundwater veloci ty.  

The funct ional  re lat ionship can be found elsewhere (Hwang, 1985),  and takes 

the form 

C L  •  f g  C *  ( 3 5 )  

where C|_ represents the leachate concentrat ion corresponding to the dr inking 

water concentrat ion Cw at  a point  of  interest ,  and f g  is  a funct ional  re lat ion­

ship which incorporates fate and t ransport  of  PCB in the groundwater medium. 

14-2 



At the lower end of  the retardat ion coef f ic ient  (Rd = 127),  the calculated 

leachate concentrat ions under s teady-state condi t ions are 570 mg/L and 4.3 x 

10"3 mg/L,  for  acute and chronic levels,  respect ively,  for  the concentrat ions 

mainta ined at  the d is tance of  1000 cm f rom the s i te.  

The solubi l i ty  values in Table 4 show that  the 10-day acute PC3 levels in 

leachate are above the solubi l i ty  l imi ts.  The solubi l i t ies for  most Aroclors 

are above the leachate concentrat ion necessary to prevent the chronic ef fect  of  

PCBs in groundwater.  In other words, the chances of  exceeding the level  of  

PCBs in groundwater which would cause acute toxic i ty would be smal l ,  whi le 

leachate can enter groundwater to exceed chronic concentrat ion levels.  I t  

should be noted that  the assumptions used in the calculat ions are that  the 

points of  exposure are 1000 cm and that  the concentrat ions at ta inable under 

steady-state condi t ions are used. For d i f ferent compl iance points,  the al low­

able leachate concentrat ions wi l l  change. In addi t ion,  steady-state condi t ions 

assume that  the t ransport  of  PCBs in groundwater occurred for  a long t ime, so 

that  concentrat ions at  the exposure point  are no longer changing. However,  the 

maximum al lowable leachate concentrat ions for  other condi t ions of  t ransport ,  

and for  d i f ferent locat ions of  exposure,  can also be evaluated. For indiv idual  

congeners,  the concentrat ion levels should be reevaluated because of  the d i f ­

ference in chemical  and physical  character ist ics between an indiv idual  congener 

and an Aroclor consist ing of  an array of  congener mixtures.  

o 
2 
2 

o o 
<Tl 
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15. SOIL INGESTION PATHWAY 

A l i terature search shows that  there is  very l imi ted informat ion on the 

rate of  l ikely soi l  ingest ion by chi ldren and adul ts which can be used in 

exposure assessment.  The s i tuat ion for which the informat ion is  der ived d i f ­

fers from study to study. Lepow (1975) studied the mouthing behavior of  ten 

2- to 6-year-old chi ldren in connect ion wi th invest igat ions into the pr incipal  

cause of  the excessive lead accumulat ion in the chi ldren. The total  soi l  

ingest ion rate for  a 2-year-old chi ld based on the average amount of  street 

d i r t ,  house dust,  and soi l  ingested by the chi ld by put t ing his hands and 

f ingers in his mouth,  can be summed as 0.6 g of  soi l  per day. 

Wedeen et  a l .  (1978) observed the lead concentrat ion in blood of  a b lack 

woman wi th a 12-year h istory of  habi tual  eat ing of  garden soi l .  Using the 

levels of  blood lead concentrat ion and the concentrat ions of  lead in the soi l  

analyzed, they est imated the amount of  lead the subject  had consumed each year 

f rom her garden soi l .  From th is est imate,  the soi l  ingest ion rate is  est imated 

to have been in the range of  between 1.96 and 3.9 g/day, wi th an average value 

at  aibout 3 g/day. The lead concentrat ion in the dr ied garden soi l  is  reported 

to be between 690 ug/9 and 700 ug/g of  soi1.  

Invest igators at  the Centers for  Disease Control  present the l i fet ime 

ingest ion rate of  contaminated soi l  according to age group (Kimbrough et  a l . ,  

1984).  The paper states that  the data presented are "based on work done study­

ing lead uptake from contaminated soi ls."  However,  the wr i ters of  th is report  

were unable to locate the or ig inal  exper imental  work or  i ts  source to c i te in 

th is evaluat ion.  The ingest ion rate is  assumed to change at  d i f ferent ages, 

and is  given as 0 for  the age group 0 to 9 months,  as 1 g/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 g/day for  
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t r ie age group 3.5 to 5 years,  and as 0.1 g/day for  a 5-year-old chi ld.  

The second column of  Table 8 shows the l i fet ime carcinogenic r isk posed 

by ingest ing soi l  contaminated wi th PCBs at  var ious concentrat ions.  This 

table is  prepared using Eq. (6)  at  the soi l  ingest ion rate of  3 g/day for  

chi ldren aged 1 through 6 and an average weight of  10 kg.  The values for  

other parameters used are SM 3 0.5,  GI 3 0.3,  and k 3 0.  The r isk values in 

the second column compare wi th those in the th i rd column, which are prepared 

using the soi l  ingest ion rate appl icable to di f ferent age groups, as suggested 

by the Centers for  Disease Control .  

TABLE 8.  MAXIMUM LIFETIME RISK FOR INGESTING SOIL CONTAMINATION 
AT DIFFERENT PC8 LEVELS 

L i fet ime r isk 
Age-dependent 

P C B  l e v e l  i n  s o i l  ( u g / g )  ( I R  3  3 )  I R a  

0.1 1 . 5 4  x  I O " 6  1.92 X I O " 6  

1 1 . 5 4  x  l O " 5  1.92 X 1 0 " 5  

5 7 . 7  x  l O " 5  9.6 X 1 0 " 5  

10 1 . 5 4  x  l O " 4  1.92 X I O - 4  

20 3 . 0 8  x  l O " 4  3.8 X  l O " 4  

50 7 . 7  x  l O " 4  9.6 X  I O - 4  

'  Gb 
aTaken f rom Kimbrough et  a l . ,  1984. j |  

o o <T> 
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A computer program was convenient to use in carry ing out the summation of  

dai ly intakes over a l i fet ime per iod.  The l i fet ime r isk represents an upper-

bound est imate of  the uni t  r isk that  can occur as a resul t  of  ingest ing PCB-

contaminated soi l  over a l i fet ime, and indicates the r isk posed by a s ingle 

exposure pathway; that  is ,  soi l  ingest ion is  the sole route for  PC3 intakes, 

and other pathways, including a i r ,  water,  f ish are assumed to be insigni f icant 

sources of  human intake of  PCBs. Since the populat ion that,  wi l l  be subject  

to soi l  ingest ion resides in the area and must breathe the a i r  af fected by 

PCB emissions, the magnitude of  PCB intakes by the ingest ion and inhalat ion 

routes needs to be compared to determine the s igni f icant pathway. The compari-

s ion is  presented in Sect ion 13. 

Simi lar ly,  in order to determine the dai ly heal th advisory levels for  a 

s ingle exposure pathway, the dai ly PCB intakes equivalent to ingest ing 3 g of  

soi l  in a day at  var ious PCB concentrat ions are calculated. The resul t -s are 

shown in Table 9.  

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

PCB level  in soi1 (ug/g) 
Dai ly PCB intake at  30% absorpt ion 

(mg/day) 

0 . 1  0.00009 

1 0.0009 

5 0.0045 

10 0.009 

20 0.018 
Q 
2 
2 

50 0.045 o o 
<T| 
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The exposure pathways for  soi l  ingest ion,  a i r  inhalat ion,  and other routes 

must be evaluated. I f  one pathway is  found to be dominant over the other,  the 

insigni f icant pathway based on short- term and long-term intake rates can be 

ignored. I f  they are comparable,  the concentrat ion levels need to be adjus­

ted to ref lect  the combined intake rates by using Eq. (24) or  combinat ions 

of  Eqs. (8)  through (22).  

o 
3: 

o  
o <7* 
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15. INHALATION PATHWAY 

15.1.  INTAKE 3 Y  AIR EXPOSURE ROUTE 

Exposure to PCBs occurs at  or  near contaminated s i tes through inhalat ion 

of  ambient a i r  contaminated wi th PCB vapors or part iculate matter on which 

PCBs are adsorbed. The PCB vapors emit ted from contaminated soi l  wi l l  be 

d i luted by the act ion of  winds before a person inhales the ambient a i r .  When 

PCBs are adsorbed on soi l ,  the vapor pressure of  the PCBs above the soi l  sur­

face wi l l  be always less than the vapor pressure exerted by PCBs when they are 

present in pure form. In other words, the adsorpt ior t  phenomena depress the 

vapor pressure that  can exist  under saturated condi t ions.  This t rue vapor 

pressure is  referred to as "part ia l  pressure."  When adsorpt ion reaches i ts  

saturat ion capaci ty on soi l ,  the part ia l  pressure wi l l  be £qual  to the pure POB 

vapor pressure.  

Est imates of  PCB concentrat ions in the ambient a i r  impact ing the popula­

t ion at  hazardous waste s i tes are discussed in th is sect ion,  as wel l  as com­

par ison wi th the intake rates of  PCB through soi l  ingest ion.  In calculat ing 

ambient a i r  PCB concentrat ions,  the f i rst  task was to est imate the emission 

rates of  PCBs f rom the bulk of  soi l  contaminated at  var ious concentrat ions of  

PCBs. The emission rate calculat ions can be r igorously performed by the 

methods summarized by Hwang (1982) for  steady state condi t ions,  and by methods 

presented in the Appendix for  t ransient condi t ions.  

Based on the inhalat ion'rate of  20 m^/day, and absorpt ion rates of  50% and 

30% for  inhaled and ingested PCBs (U.S. EPA, 1984b),  respect ively,  the concen­

t rat ions of  PCBs in inhaled a i r  and part iculates equivalent to the dosage 

causing acute and chronic toxic ef fects can be est imated. The purpose of  th is 

exercise is  to evaluate the concentrat ions of  PCBs in the a i r ,  which are compa­
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rable to the ingest ion dosage. TaDles 10 and 11 show th is comparison for  

intake rates corresponding to acute and chronic ef fects respect ively.  

Table 10, for  example,  shows that  a dai ly intake of  3 g of  soi l  contain­

ing 5 ug/g of  PC8s is  equivalent to a dai ly inhalat ion of  a i r  containing 0.45 

ug /m^. The concentrat ion of  PCBs on part iculate matter must be as h igh as 

7,500 ug/g for  the inhalat ion of  part iculates at  an assumed concentrat ion of  

60 ug/m^ to be comparable to the ingest ion of  soi l  and inhalat ion of  a i r  

descr ibed above. This concentrat ion is  used because the concentrat ion should 

not exceed the pr imary ambient a i r  qual i ty of  75 ug/m^ for  part iculate matter.  

Since the concentrat ions of  PC3s on soi l  under considerat ion are in the range 

which is  less than th is concentrat ion,  i t  can be assumed that  the PC8 intake by 

inhalat ion of  part iculate matter at  contaminated s i tes is  relat ively unimpor­

tant .  Simi lar  arguments can be made for  the resul ts shown in Table 11 for  

long-term intakes. The equivalent a i r  concentrat ions Ce shown in Tables 10 and 

11 are calculated by the fo l lowing formula:  

„  .  ,  •} ,  dai ly intake (mg/day) x 10^ ug/mg 
C„ (ug/mJ) = t  ,  1 3—* nf i l  

e 20 nr /day 0.5 (absorpt ion factor)  

16.2.  EMISSION EVALUATION SCENARIOS 

Emission rates are est imated for  four d i f ferent scenar ios:  Case l - -as 

the PCBs volat i l ize from the in i t ia l  contaminated soi l  column, they are depleted 

from the column of  soi l  by d i f fusional  t ransfer of  PCBs across the soi l -a i r  

interface, resul t ing in unsteady-state emission rates. ,  and the layer depleted 1 

of  PCBs acts as cover mater ia l  retarding the volat i l izat ion rate;  Case 2—the 

same scenar io as. in  Case 1 except that  the contaminated soi l  is  in i t ia l ly  

covered wi th 25 cm of  cover mater ia l ;  Case 3—PCBs are volat i l ized from the 
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TABLE 10. COMPARISON OF PC3 INTAKES BY INGESTION 
FOR ACUTE EFFECTS 

AND INHALATION ROUTES 

PC3 levels 
in soi l  
(ppm) 

Oai ly acute 
i  ntake 
(mg/day) 

Equiv.  a i r  
conc. for  
acute ingest ion 
(ug/m3) 

Cone, of  PCBs 
on part iculates 

(ug/g) 

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 0.0013 1.3 30,000 

50 0.045 4.5 75,000 

o 
3  
3  

o 
o 
cn 
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TABLE 11.  COMPARISON OF PCB INTAKES BY INGESTION AND INHALATION ROUTES FOR CARCINOGENIC EFFECTS 

Equiv.  a i r  conc. Cone, of  PCBs on 
PCB levels in soi l  L i fet ime r isk Average dai ly intake for  the r isk part iculates 

(ug/g) at  1R = 3 (mg/day) (ug/m3) (ug/g) 

0.1 1 o X
 

L
fi 

•
 

3.86 x 10"6 0.00039 6.4 

#—• 
1 1.54 x 10"6 3.86 x 10"6 0.0039 64.3 

5 7.7 x 10"^ 1.93 x 10-4 0.019 322 

10 1.54 x 10-4 3.86 x 10-4 0.039 643.7 

20 3.08 x 10"4 7.72 x 10-4 0.077 1287 

50 7.7 x 10"4 1.93 x lO-3 0.19 3217 
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surface of  contaminated soi l ,  and the PC3 concentrat ion at  the surface is  kept 

at  a constant value; Case 4.—the contaminated soi l  is  covered wi th 25 cm of  

c lean cover soi l  to retard the volat i l izat ion rate,  and the concentrat ion of  

PC3s at  the surface is  kept at  a constant value. 

As pointed out previously,  there exists a PC3 saturat ion point  above which 

the air-phase PC3 concentrat ion in equi l ibr ium with (or part i t ioned with) the 

contaminated soi l  remains constant,  and hence the emission rate of  PCBs wi l l  

a lso remain essent ia l ly  steady over t ime. Below th is point ,  a concentrat ion 

prof i le of  PCBs across the contaminated soi l  column start ing from the surface 

to the depth of  contaminat ion wi l l  be created as volat i l izat ion progresses. 

This wi l l  resul t  in unsteady-state emission rates which wi l l  vary over the 

per iod that  exposure occurs.  The per iod considered includes 10 days for  10-day 

advisory,  and est imated l i fet ime (70 years) for  long-term advisory.  

The concentrat ion of  PC8s in soi l  corresponding to the saturat ion point  

can be est imated from the knowledge of  vapor pressure and a i r -soi l  part i t ion­

ing.  For example,  s ince the vapor pressure of  Aroclor 1254 (7.71 x 10"^ mmHg) 

as reported in a publ icat ion,  corresponds to the saturat ion concentrat ion of  

1,362.7 ug/m-2, the PCS concentrat ion in soi l  at  the saturat ion point  is  

0 _ 1 ,362 .7 uq/m^ 
s [K,e(9 soi l /cm^ air)  x 1Q6 cm^/m3] Q 

=  1 . 3 6 2 . 7  ( 2 . 4 4  x  1 Q - 2 ) ( 1 , Q 0 0 )  3  4  ;  
.  (8.37 x 10-3 x 106) 

for  an assumed value for  of  1,000 cm^/g.  The saturat ion concentrat ion is  

dependent upon the value of  the a i r -soi l  part i t ion coeff ic ient .  PCB saturat ion 
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concentrat ions in ai  r^ and the corresponding concentrat ions in soi l  for  the 

Aroclors considered as part  of  th is evaluat ion,  are tabulated in Table 12, 

based on the soi l -water part i t ion coeff ic ient  of  1,000 cm^/g for  highly ad-

soroable earth mater ia l  (U.S. EPA, 1980a), 'which is  used in calculat ing the 

air -soi l  part i t ion coeff ic ient .  A s imi lar  table can be prepared at  the lower 

end value of  the soi l -water part i t ion coeff ic ient ,  which is  approximately 40 

cm^/g for  sandy mater ia l  (U.S. EPA, 198Ua) .  

Case 3 and perhaps Case 4 may be unreal ist ic,  because as volat i l izat ion 

cont inues, the PC3 concentrat ion in soi l  decreases and the surface layer,  

depleted of  PCBs, should act  as an uncontaminated layer decreasing the emission 

rate.  But th is est imate should provide upper-bound values for  emission rates.  

Cases 3 and 4 would be appl icable in real-case s i tuat ions when the concentra­

t ion of  PCBs in soi l  is  high enough so that  the air-phase concentrat ion in 

equi  1 ibr iun wi th soi l  remains constant unt i l  the concentrat ion of  PCBs in soi l  

decreases to the saturat ion point  (Csm> as def ined on p.  12-5).  Below the 

saturat ion point ,  the air-phase concentrat ion wi l l  no longer remain constant,  

but  wi l l  decrease in direct  proport ion to the soi l -phase concentrat ion.  In the 

emission rate calculat ion,  the part ia l  pressure of  PCBs as a resul t  of  part i ­

t ioning between the a i r  and soi l  phases is  used. Since the vapor pressures and 

Henry 's Law constants are d i f ferent for  most PCBs, some typical  PCBs are used 

for  the purpose of  i l lustrat ive calculat ions.  Table 13 sionmarizes the resul ts 

of  calculat ions for  emission rates for  soi l  containing 1 ug of  Aroclor-1254 

and Aroclor-1242 per g of  soi l .  The values shown for  Cases 1 and 2 are the 

averages for  one day emit ted af ter  the in i t ia l  contaminat ion at  the concentra­

t ion.  This is  for  i l lustrat ion only because Aroclor-1248 and Aroclor-1260 are 

also used for  emission rate calcual  at ions.  The models used for  the emission 

rate est imat ion and necessary calculat ions are shown in Appendix A. The emis-
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TABLE 12. CONCENTRATION OF P C 3 S  I N  S O I L  

B A S E D  O N  : < d  

AT SAT 
= 1000 

URAIION VAPOR PRESSURE 
cm3/g 

PC3 concen­
t rat ion in soi l  
wi th saturated 

vapor (ug/g) 

Saturated 
vapor 

concentrat i  on 
(ug/m3) 

Aroclor-1254 4 1362.7 

Aroclor-1242 250 5823.3 

Aroclor-1260 28.2 822.8 

Aroclor-1243 55.3 7962.8 

TABLE 13. PCB EMISSION RATES 
AT OIFFERENT CONTROL 

FROM 1 ug/g  PC3 SOIL 
LEVELS 

Emission rates (q/cm2-s) 

Scenar io Aroc 1or-1254 Aroclor-1242 

Case 1 1.03 x 10-H 2.7 x 10-12 

Case 2 3.67 x 10-13 2 . 8  x  1 0 - 1 4  

Case 3 1.13 x 10-1° 8.57 x 10-12 

Case 4 1.67 x 10"13a 1 . 1 4  x  1 0 " l 4 a  

aThe models for  est imat ing emissions f rom landf i l ls  underpredict  the emission 
rate in comparison to Case 2.  The est imates for  Cases 2 and 4 are based on 
the mathematical  model (descr ibed in Appendix A) and the empir ical  .model 
(Farmer et  a l . ,  1980),  respect ively.  
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sion rates at  var ious concentrat ion levels of  PCB in soi l  are made for  evalua­

t ing the impact of  volat i l izat ion on the exposed populat ion at  var ious loca- ^  

t ions.  Table 13 shows that  the emission rate of  Aroclor-1254 is di f ferent 

from that of  Aroclor-1242 at  the same soi l  contaminat ion level .  The table also 

shows that  the use of  cover mater ia l  is  very ef fect ive in reducing the emission 

rate.  The average emission rates over a per iod of  10 days, or  a l i fet ime, for  

Cases 1 and 2 can be s imi lar ly est imated by the r igorous mathematical  formulae 

provided in Appendix A. As PC3s volat i l ize,  the part ia l  pressure of  PCBs at  

the soi l -a i r  interface decreases, and the soi l  layer,  depleted of  PCBs, pro­

vides the barr ier  for  mass t ransfer,  causing the emission rates given for  Cases 

3 and 4 to approach values comparable to those for  Cases 1 and 2,  respect ively.  

The Thibodeaux and Hwang model (1982),  or ig inal ly developed for  land treatment 

faci l i t ies,  provides emission rates s imi lar  to those shown for  Case 1 and 2 in 

Table 13. (  

PCBs volat i l ized into the atmosphere f rom a contaminat ion s i te wi l l  im­

pact the populat ion in the surrounding region. The concentrat ions of  PCBs at  

the point  of  impact need to be determined in order to evaluate the s igni f i ­

cance of  the a i r  emissions compared wi th the soi l  ingest ion and dermal path­

ways. Acute and chronic impacts are based on the dai ly concentrat ions and 

the concentrat ions averaged over an annual  per iod.  Emission rates correspond­

ing to a l l  four cases of  maintenance levels are used to est imate the concen­

t rat ions of  PCBs in the ambient a i r  at  the s i te and at  distances of  0.1 km 

and 1 km. 

16.3.  AIR DISPERSION MODELING §  
% 

Dispersion model ing is  used to est imate the ambient a i r  concentrat ions o 
o <y\ 

which may be possible for  dai ly and annual  exposures.  Dispersion model ing for  
\—* 

est imat ing the annual ly averaged concentrat ions makes use of  s ix stabi l i ty  % 
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classes, s ix wind speed c lasses, and 16 sectors,  assigning the receptor point  

to one of  the 16 sectors.  The wind rose data consist ing of  6 x 6 x 16 = 576 

elements are compi led by the Nat ional  Cl imat ic Center in Ashevi l le,  North 

Carol ina.  The dispersion model for  the annual  concentrat ion sums the con­

centrat ion contr ibut ions over the ent i re range of  stabi l i ty  classes and wind 

speeds for  each exposure locat ion downwind of  the contaminat ion s i te,  and can 

take the fo l lowing form (3ruce, 1969):  

6 

C(X , k )  = 2.03 X  106g I 1 6 f i j k  

(«z) i ,X 2 u j  (37) 
j * l  

where C(X,k),  the annual  concentrat ion located in a sector k at  a d istance 

of  X downwind of  the s i te (ug/m3);(a) i ,x -  standard deviat ion of  the plume 

in the z-direct ion (vert ical  d i rect ion) at  d istance X for  stabi l i ty  c lass i ,  

Q = emission rate,  g/s,  Uj  = mean wind speed for  wind speed c lass j ,  m/s and 

f i jk  = f requency of  wind in stabi l i ty  c lass i ,  wind speed c lass j ,  and d i rec­

t ion in sector k .  Both X and the standard deviat ion have the the uni ts of  

meters.  

The values for  the standard deviat ion can be found in an a i r  pol lut ion 

textbook (Wark and Warner,  1981),  or  can be determined by a curve-f i t t ing 

equat ion of  the form 

(a2) i  fX = aXb + d (38) 

where a,  b,  and d are empir ical  constants varying according to stabi l i ty  i  jj j j  
3  

and distance X (Wark and Warner,  1981; Mart in,  1976).  The values for  these o 
constants are given in Table 14 (Mart in,  1976).  S 
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T A B L E  1 4 .  V A L U E S  O F  C O N S T A N T S  F O R  S T A N D A R O  D E V I A T I O N  E X P R E S S I O N  
A S  A  F U N C T I O N  O F  D O W N W I N D  D I S T A N C E  A N D  S T A B I L I T Y  C O N D I T I O N  

Stabi1i  ty 

X < 1 km X > 1 km 

Stabi1i  ty a b d a b d 

A 440.3 1.941 9.27 459.7 2.094 -9.6 

B 106.6 1.149 3.3 108.2 1.098 2.0 

C 61.0 0.911 0 61.0 0.911 0 

D 33.2 0.725 -1.7 44.5 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 est imat ion of  the on-si te ambient a i r  concentrat ion does not require 

the use of  a i r  dispersion model ing presented above. The ambient a i r  concen­

t rat ion is control led by the extent of  d i lut ion before dispersion occurs down­

wind of  the source. The d i lut ion can be est imated from the knowledge on the 

rate of  PCB emissions and volumetr ic rate of  wind being mixed wi th PCB vapors.  

The method for  est imat ing the on-si te ambient a i r  concentrat ions is  descr ibed 

in detai l  in Appendix A. 

16.4.  AIR EXPOSURE EVALUATION 

Table 15 summarizes the resul ts of  d i lut ion est imat ion and dispersion 

model ing to obtain the concentrat ion levels of  PCBs in ambient a i r  at  var ious 

locat ions considered for  emissions of  PCB-1254. This table is  a summary of  one 

set  of  calculat ions for  the PC8 concentrat ion of  1 ug/g in soi l  for  each 

scenar io.  The wind speed of  10 mph is  used for  both one-day and annual  concen­

t rat ion averages. The Cl imat ic At las of  the United States provides informat ion 
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on annual  average wind speed. A defaul t  value of  10 mph represents a typical  

annual  wind speed in the United States.  A s i te-speci f ic  evaluat ion wi l l  require 

detai led wind rose informat ion based on local  measurements.  

TABLE 15. AMBIENT PC8 CONCENTRATIONS AT 0IFFERENT LOCATIONS 
(PCB IN SOIL = 1 ug/g,  PC3-1254) 

Concentrat ions ( u g / m 3 )  

On-si  te 

0.1  km from s i te 1 km f rom s i te 

On-si  te Dai ly  Annual Dai ly Annual  

Case 1 0.61 0 .026 0 .0065 0 .0016 0 .0004 

Case 2 1 .4x10-3  5 . 9 x l 0 - 5  1.47x10-5  3 . 5 x l 0 - 6  8 . 9 x l 0 - 7  

Case 3 11 0 .48 0 .12 0 . 0 3  7 . 3 x l O - 3  

Case 4 0 .017 7 . l x l O " 4  1.8x10-4  4 .3x10-5  1 .1x10-5  

The standard deviat ion curve for  0 stabi l i ty  is  employed in est imat ing the 

ambient a i r  concentrat ions at  the distances of  0.1 and 1 km f rom the s i te as 

shown in Table 15, s ince 0 stabi l i ty  is  by far  the most f requent ly occurr ing 

stabi l i ty  c lass.  Al though 0 is  the most common s tabi l i ty ,  an exposure-weighted 

average stabi l i ty  should be used for  s i te-speci f ic  evaluat ions.  The f requency 

wi th which winds blow toward a sector of  interest  is  assumed to be 1 for evalu­

at ing the worst-case dai ly concentrat ions,  whi le i t  should be based on the most 

common of  the standard 16 wind direct ions for  est imat ion of  the average annual  

concentrat ion levels.  The concentrat ions in ambient a i r  on-si te and at  d is­

tances of  0.1 km and 1 km from the s i te are given in the table.  Calculat ions 

are performed for  the ambient a i r  concentrat ions of  PC8-1242, PCB-1248, and 
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PCB-1260, but  these are not tabulated here.  The values in the table should not 

be construed as represent ing f ixed ambient a i r  concentrat ions at  the locat ion 

and under the mode of  exposure.  The values are presented by way of  i l lustra­

t ion to compare the contr ibut ions to ambient a i r  occurr ing given the di f ferent 

assumed condi t ions.  

The concentrat ion of  PCBs in equi l ibr ium with soi l  containing 1 ug/g  

PCB-1254, which corresponds to the part ia l  pressure of  PCBs part i t ioned above 

the soi l ,  is  340 ug/m^. This represents the maximum vapor concentrat ion when 

PCB is  emit ted from the soi l  surface. Based on th is concentrat ion and the 

est imated ambient a i r  concentrat ions given in Table 15, one can calculate the 

di lut ion factors of  the emissions for  use in Eq. (9)  or  (24).  For example,  

the a i r  d i lut ion factor for  the on-si te exposure corresponding to the Case 1 

emi ssi  on 

rate would be 

0 = 0.611/340 = 0.0013 

The values shown in Table 15 can also be used to determine the dai ly in­

takes and l i fet ime r isk levels corresponding to breathing each ambient a i r  le­

vel .  For example,  the dai ly intake from the exposure to the ambient a i r  con­

centrat ions of  PCB-1254 at  0.1 km f rom the s i te for  the Case 1 emission rate 

can be based on a dai ly inhalat ion rate of  20 m^/day of  a i r  and 50% absorpt ion 

factor for  inhalat ion.  

Dai ly intake (mg/day) = C(ug/m3) •  20 m3/day •  (1/1000 mg/ug) 

= 0.026 (20) (1/1000) (0.5) = 0.00,026 mg/day 
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T h e  s a m e  d a i l y  i n t a k e  c a n  b e  o b t a i n e d  b y  u s i n g  E q .  ( 9 ) :  

D a i l y  i n t a k e  =  Kas* C S * 0 * I H * 1 0 +3(ABA)( S M )  

=  ( 3 . 3 7 x l 0 - 3 / 1 0 0 0 ) ( 1 / 2 . 4 4 x 1 0 - 2 ) ( 1 ) ( 0 . 0 2 6 / 3 4 0 ) ( 2 0 ) ( 1 0 3 ) ( 0 . 5 ) ( 1 )  

= 0.00026 mg/day 

Simi lar ly,  the l i fet ime r isk associated wi th Dreathing the ambient a i r  can 

be calculated as fo l lows: 

Risk = C(ug/m3) •  20 m3/day •  1/70 kg • 1/1000 mg/ug (4) (mg/kg/day)-1 (0.5) (0.5) 

where C is  the ambient a i r  concentrat ions shown in Table 15 and the value 4 

(mg/kg»day)"!  represents the potency factor for  PCBs, and an addi t ional  factor 

of  0.5 is  the of f -s i te factor under the assumption that  a resident stays in the 

area 50- of  the t ime. 

A ser ies of  calculat ions can be performed as shown above, or  the procedure 

shown above can be reversed to back-calculate the PCB contaminat ions in soi l  

which wi l l  provide the al lowable ambient a i r  concentrat ions at  the locat ions 

considered and at  the acute and chronic ef fect  levels.  
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17.  DERMAL CONTACT PATHWAY 

Deposi t ion of  contaminated soi l ,  d i r t ,  or dust on human skin can provide 

another pathway for  human intake of  PCBs. PCBs can be absorbed through skin 

when PC3-contaminated part iculates come into contact  wi th skin.  Exposure 

evaluat ion requires an est imat ion of  the amount of  the part iculates on skin,  

and the extent or  rate of  absorpt ion.  The absorpt ion rate is  dependent upon 

the type of  chemicals.  Some chemicals are readi ly absorbed, whi le others are 

not.  

There are many factors af fect ing tne amount of  soi l  which can be accumula­

ted on skin.  Factors include the exposed human skin area, contact  t ime, type 

of  soi l ,  soi l  condi t ions,  and type of  act iv i t ies.  For example,  the amount 

deposi ted on chi ldren playing in a contaminated area may be d i f ferent from that 

on adul ts,  working in a garden. 

OHEA (U.S. EPA, 1984b) has made an est imat ion of  the amount of  soi l  depo­

s i t ion on skin based on the studies by tepow (  1975) and Roels et  a l  .  (1980).  

Both invest igators,  using adhesive tape, measured the amount of  soi l  and d i r t  

accumulated by chi ldren on exposed areas such as hands, palm, and f ingers.  The 

measured amount of  soi l  ranges f rom 0.5 to 1.5 mg / cm2,  with an average value of  

1 mg/cm^. i t  should be noted that  th is is  an average value over the surface of  

the exposure area, and that  some parts of  the body may have more accumulat ion 

of  soi1 than others.  

The area of  human skin that  wi l l  come in contact  wi th soi l  or  d i r t  

depends upon the protect ive measures used dur ing the t ime that such contact  
c 

occurs,  as wel l  as the age group involved. The exposed surface area of  an 3 

adul t  is  est imated to range from about 900 to 2,900 cm^. The exposed surface ® 

area of  a chi ld may be smal ler  in proport ion to their  total  surface area. 
f- j  
to 



The ranges of  values associated wi th the factors ment ioned above makes i t  di f ­

f icul t  to arr ive at  an average value for  the amount of  soi l  and d i r t  accumula­

ted on soi l .  An assumption of  an average soi l  deposi t ion at  1 mg/cm^, and 

exposed surface area of  about 1,000 cm^ on a dai ly basis,  provides an average 

dai ly deposi t ion rate of  1 g per day. The var iabi l i ty  is  such that  th is value 

may be d i f ferent by a factor of  as much as two. 

Invest igators at  the Centers for  Oisease Control  present an est imated 

dai ly deposi t ion of  soi l  on skin according to age group (Kimbrough et  a l . ,  

1984).  Their  tabular presentat ion shows that  the dai ly amount of  soi l  de­

posi ted on skin is  0 for  the age group 0 to 9 months;  1 g for  the age group 

9 to 18 months;  10 g for  the age group 1.5 to 3.5 years;  1 g for  the age group 

3.5 to 15 years;  and 100 mg at  age 15 years.  

o  
3  
3  

o 
o 
o> 
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18. COMPARISON OF EXPOSURES BY SOIL INGESTION, INHALATION, AND DERMAL CONTACT 

Table 16 shows comparisons of  PCS intake by var i -ous exposure routes.  

Calculat ions apply for  PC8-1254 because the emission rate is  dependent upon 

the soi l -a i r  part i t ion coeff ic ient ,  which is  di f ferent for  each PCB. The 

ambient a i r  concentrat ion is  the on-si te value based on the emission rate 

averaged over 1 day af ter  soi l  is  contaminated up to the surface without 

cover.  

T A B L E  1 6 .  C O M P A R I S O N  O F  I N T A K E S  B Y  V A R I O U S  E X P O S U R E  R O U T E S 3  

Li fet ime 
Contact  Absorpt ion Oai ly intake intake 

Exposure route rate f ract ion (mg/day) (mg/70 yrs)  

Soi l  ingest ion 
3 g/day (wi th pica) 0.3 9 x 1 0 - 4  l d  

0.6 g/day 0.3 1.8 X
 o
 

0 .2 

Inhalat ion 2 0  m 3 / d a y d  0.5 6.1 X 10-3 7 8 e  

Dermal absorpt ion 1 g/day 0.05 5 x 10-5 0 . 6 4 f  

Dust inhalat ion 2 0  m 3 / d a y c  0.5 6 x I O - 7  7.7 x 10"3e 

3Used for  i l lustrat ion:  PC3-1254 at  concentrat ion of  1 ug/g in soi l .  
On-si te ambient a i r  concentrat ion based on 1-day average emission rate 
af ter  surface contaminat ion (no cover) .  

^Concentrat ion of  suspended part icular matter:  60 u g / m 3 .  

d183 days/year for  6 years.  
e0f f -s i te factor = 0.5.  
fAn average exposure of  1.5 mg/cm2 and the exposure surface area of  1000 cm2 
assumed; of f -s i te factor = 0.5.  
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Evaluat ion under the scenar io of  the use of  cover,  or  longer- term emission 

averages, may. change the dai ly intake by inhalat ion considerably.  For example,  

a calculat ion shows that  the use of  25-cm clean soi l  cover wi l l  reduce the 

dai ly intake by inhalat ion to 1.4 x 10"5 mg/day instead of  6.1 x 10~3 mg/day. 

On the other hand, exposures by soi l  ingest ion,  dermal absorpt ion,  and dust in­

halat ion wi l l  be l ikely to decrease because c lean soi l  is  used. The ingested 

soi l  or  the soi l  on the surface of  the cover that  may be accumulated on skin is  

in i t ia l ly  clean. Hence, the dai ly intakes by pathways other than inhalat ion 

also become smal l .  However,  the concentrat ion of  PCBs in the in i t ia l ly  clean 

cover mater ia l  could increase as the PCBs in the a i r  phase being emit ted are 

adsorbed on the cover mater ia l  as the l iquid PCBs r ise toward the surface due 

to capi l lary potent ia l .  The table suggests that  soi l  ingest ion and inhalat ion 

are two compet ing exposure routes for  PCB intake. The dermal contact  can also 

become a contr ibut ing route for  some condi t ions of  exposure durat ion.  When a 

h igh concentrat ion of  part iculate matter in the ambient a i r  is  prevai l ing,  the 

comparison shown in Table 16 can no longer apply.  Consequent ly,  the contr ibu­

t ion to PC8 intakes by inhalat ion of  part iculate matter wi l l  increase. There 

are a range of  other possibi l i t ies which may resul t  in a comparison d i f ferent 

from that shown in Table 16. 

o  s  
s 

o 
o 

vo 
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19. RESULTS 

19.1.  DERIVATION OF PERMISSIBLE SOIL CONTAMINATION 

Determinat ion of  the permissible PCB levels in soi l  for  intake through 

the combined exposure routes makes use of  1) Eq. (24) when the soi l  concen­

t rat ion,  is  below the saturat ion point ;  and 2) the summation of  Eqs. (3) ,  (9) ,  

and (10),  equated to the acceptable intake otherwise. For each Aroclor under 

considerat ion,  a separate exposure evaluat ion can be made for  the fo l lowing 

classes of  exposure locat ion and route:  1) Exposure occurs on-si te.  This 

can be fur ther subdiv ided into:  (a) s i tes which are readi ly accessible to 

chi ldren, and hence for  which soi l  ingest ion is  a possibi l i ty ,  and (b) s i tes .  

for  which there is  no possibi l i ty  of  soi l  ingest ion,  and hence exposure is  

only through inhalat ion;  2) s i tes which no populat ion is  assumed to enter 

wi th in the radius of  0.1 km from the s i te;  and 3) s i tes which no populat ion is  

assumed to enter wi th in the radius of  1 km f rom the s i te.  

Two c lasses of  soi l  ingest ion rates are evaluated when exposure occurs on-

s i te (Class 1 above).  For the f i rst  c lass,  est imates of  exposure are calcula­

ted for  a person wi th pica who consumes 3 g per day between the ages of  1-5 

years.  For the second c lass,  est imates of  exposure are calculated for  soi l  

ingest ion of  0.6 g per day between the ages of  1-5 years.  For both c lasses, 

f requency of  exposure is  assumed to be every other day for  l i fet ime exposures.  s  

For a 10-day exposure,  soi l  consumption is  assumed to occur consecut ively for  °  
<y> 

10 days. No soi l  ingest ion is  assumed for  s i tes which are not accessible to 
M 
VO 

populat ion wi th in 0.1 km or 1 km from the contaminated s i te.  The route of  

exposure in these cases is  by inhalat ion only.  For l i fet ime inhalat ion expo­

sure est imates,  i t  is assumed that  the populat ion is  exposed 50% of  the t ime, 

i .e. ,  12 hours/day, or  6 months/year.  
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The emission rate of  volat i l ized PCBs can be considerably reduced by 

cover ing the contaminated soi l  by low-porosi ty uncontaminated soi l  or  c lay 

mater ia l .  The reduct ion in the emission rate wi l l  resul t  in a decrease in 

ambient a i r  concentrat ions of  PC3s by the act ion of  blowing winds. When PC3 

mater ia l  is  direct ly exposed to the atmosphere, the PCB levels in soi l  required 

to maintain the same level  of  exposure wi l l  be less than those expected when 

the PCB mater ia l  is  covered wi th low-permeabi l i ty  mater ia l  of  appropr iate 

th ickness. The cover would also serve as a deterrent to soi l  ingest ion and 

d i rect  dermal contact .  

The worst-case emissions would occur when the contaminated soi l  is  in i t ia l ­

ly exposed to the atmosphere and the soi l  is  contaminated up to the condi t ions 

exhibi t ing saturat ion vapor pressure.  Models are used to est imate emission 

rates which can be constant or  t ime-varying depending upon the degree of  soi l  

contaminat ion.  The constant emission rate can be assumed i f  the vapor phase 

concentrat ion maintains i ts  constant value at  the surface of  contaminat ion.  

There wi l l  be a prof i le along the layer of  soi l  contaminat ion for  t ime-varying 

emission rates.  The models for  constant and t ime-varying emission rates are 

appl ied wi th or wi thout cover mater ia l .  Calculat ions corresponding to Cases 1,  

2,  and 3 for  exposure possibi l i t ies are repeated at  an assumed 25-cm (10- inch) 

th ickness of  a soi l  cover in i t ia l ly  free of  PCB contaminat ion.  

The ambient a i r  concentrat ions given in Table 15, and the resul t ing air  

d i lut ion factors calculated, are based on an annual  average wind speed of  10 

mph. When wind speed is  lower than th is,  i t  is possible that  the dai ly d i lu­

t ion factors could be higher than the values in the calculat ions ( less d i lu­

t ion).  The combined soi l  concentrat ion values based on Eq. (24) wi l l  be lower 

when the di lut ion factor is  higher.  More accurate considerat ions of  meteoro­

logical  condi t ions wi l l  require s i te-speci f ic  evaluat ion.  
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Among many factors af fect ing the emission rate ( including vapor pressure,  

soi l -a i r  part i t ion coeff ic ient ,  and Henry 's law constant) ,  the var iabi l i ty  

associated wi th the soi l -a i r  part i t ion coeff ic ient  is  more pronounced than any 

other chemical  and physical  propert ies.  This is  caused by the wide var iat ion 

in exper imental  values for  the soi l -water part i t ion coeff ic ient  reported in 

the l i terature (U.S. EPA, 1980a), .  ranging from 22 to 2,000 cm^ water/g soi l .  

For c lay and sandy mater ia ls,  the range includes about 40 to 1,000. The 

values of  K(j  h igher than 1,000 are obtained from exper iments using coal  chars.  

For each Aroclor considered, the evaluat ion is  performed for  each set  of  

condi t ions.  The combinat ion of  these condi t ions can be summarized as fo l lows: 

(1) No cover is  used. This is  designated as the case of  "Uncovered 

Surface Contaminat ion."  Contaminated soi l  surface is  lef t  uncovered 

af ter  removal  act ion in th is case. 

(2) Soi l  cover of  25-cm thickness in i t ia l ly  free of  PC8 contaminat ion 

is  used. This is  designated as the case of  "25-cm-Thick Clean Soi l  

Cover".  Contaminated soi l  surface is  covered wi th 25-cm-thick soi l  

cover.  No soaking by l iquid PCBs is  assumed, which wi l l  reduce the 

ef fect ive cover th ickness. ,  

(3) On-si te exposure evaluat ion is  conducted at  two di f ferent soi l  

ingest ion rates:  0.6 and 3 g/day. The higher rate is  reported for  g 
s 

an indiv idual  wi th the habi t  of  eat ing soi l  (p ica).  For l i fe expo-
o 

sures,  soi l  is  consumed every day for  ages 1-5 years.  For 10-day cn 

exposures,  soi l  is  consumed every day for  ages 1-5 years.  £ 
00 

(4) Inhalat ion rate is  20 m^/day for  both an adul t  and a chi ld.  Popula- M 

t ion is exposed for  50% of  the t ime for  l i fet ime exposure durat ions.  

Ten-day evaluat ions are based on a dai ly inhalat ion rate of  20 m^/day 

for  10 consecut ive days. 
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(5) Noncancer and cancer ef fects are evaluated at  the acceptable intakes 

corresponding to 10-day exposure on the f i rst  day of  c leanup and 

af ter  10 days of  elapsed t ime upon c leanup, and l i fet ime permissible 

exposures.  

(6)  Two extreme values of  the soi l -a i r  part i t ion coeff ic ients are used 

in the evaluat ion.  The high values of  (soi l -water)  correspond to 

low values of  Kas (soi l -a i r ) .  

(7) Area contaminated is  45 m x 45 m or  approximately 0.5 acres.  

The combinat ions of  these evaluat ion condi t ions are presented in tabular 

form in Table 17. The soi l  ingest ion rates of  both 3 and 0.6 g/day are used 

in the evaluat ion pertaining to the longer- term (=10-day) intakes. The 

soi l  ingest ion rate of  0.6 g/day between ages 1 and 5 is  used for  l i fet ime 

exposure evaluat ion,  and th is value is  averaged wi th respect to soi l  ingest ion 

and changing body weight over a l i fet ime. For each Aroclor,  there are 120 

d i f ferent s i tuat ions demanding d i f ferent permissible levels of  PCBs in soi l  

depending upon the locat ion,  route and durat ion of  exposure,  elapsed t ime 

af ter  s i te cleanup, and the type of  heal th ef fects to be protected. Table 

18 shows the corresponding values for  (soi l -water part i t ion coeff ic ient)  

and Kas (soi l -a i r  part i t ion coeff ic ient)  for  Aroclors considered. The high 

values of  correspond to the low values of  Kas, and v ice versa. 

19.2.  SUMMARY OF RESULTS 

The method for  determining the permissible PCB levels in soi l  is  programmed 

in a personal  computer to avoid hand calculat ions.  Tables 19 through 22 summa­

r ize the resul ts of  computer ized calculat ions for  the case of  "Uncovered Surface 

Contaminat ion,"  and Tables 23 through 26 are for  the case of  "25-cm (10- inch)-

Thick Clean Soi l  Cover."  The ranges are presented because the low and high 

values for  the soi l -a i r  part i t ion coeff ic ient  are used in the evaluat ion.  
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TABLE 17. EVALUATION CONDITIONS EOR EACH AROCLOR 

Locat ion and route 
of  exposure 

Intake rates 

Values for  part i t ion coeff ic ient  (*d Cl" /Q) and cover depth (L cm) 

On-si te 

Soi l  ingest ion 
(3 g/d) 

inhalat ion 
dennal  

Soi l  ingest ion 
(0.6 g/d) 
inhalat ion 
dennal  

Inhalat ion 
only 

0.1 km 
from s i te 

Inhalat ion 

1 km 
from s i te 

Inhalat ion 

Ten-^day intake, K d d  1,000 40 1,000 40 1,000 40 1,000 40 1,000 40 
chi ld (100 ug/d) L 0 b  2 5 c  0 25 0 25 0 25 0 25 

Ten-day intake, Kd 1,000 40 1000 40 1,000 40 1,000 40 1,000 40 
adul t  (700 ug/d) L 0 25 0 25 0 25 0 25 0 25 

10"^ r isk Kd 1,000 40 1,000 40 1,000 40 1,000 40 1,000 40 
(0.00175 u9/d) L 0 25 0 25 0 25 0 25 0 25 

10~6 r isk Kd 1,000 40 1,000 40 1,000 40 1,000 40 1,000 40 
(0.0175 ug/d) L 0 25 0 25 0 25 0 25 0 25 

10"^ r isk Kd 1,000 40 1,000 40 1 ,oou 40 1,000 40 1,000 40 
(0.175 ug/d) L 0 25 0 • 25 0 25 0 25 0 25 

10"^ r isk Kd 1,000 40 1,000 40 1,000 40 1,000 40 1,000 40 
(1.75 ug/d) L 0 25 0 25 0 25 0 25 0 25 

aKd = soi l -water part i t ion coeff ic ient  in uni ts of  cin^ water/g soi l  (= conc. in soi l /conc. in water) ,  h igh 
values c lose to clays,  low values c lose to sand. 

bMeans no cover designated as "surface contaminat ion."  
cMeans 25 cin (10")  c lean soi l  cover appl ied immediately af ter  remedial  act ion.  
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TABLE 13. LOW AND HIGH VALUES OF AIR-SOIL PARTITION COEFFICIENT 
USED.IN THE EVALUATION 

PCB type 
Kd (cm3 w a t e r / q  s o i 1) a  Kas (q soi  1 / c m 3  a i r ) 1 3  

PCB type Hi gn Low Low Hi gn 

1242 1,000 40 2.35 x 10-5 cn
 

00
 

X 1—
» o
 1 

1243 1,000 40 1.44 x i o - 4  3 . 6  x  I O " 3  

1254 1,000 40 3.43 x i o - 4  8.58 x 10-3 

1260 1,000 40 2.92 x 1 0 - 4  7.31 x 10-3 

aKd is  the soi l -water part i t ion coeff ic ient  and has the uni t  of  cm^ water/g 
soi l  which is  equivalent to concentrat ion in soi1/concentrat ion in water.  

bKas is  the soi l -a i r  part i t ion coeff ic ient  and has the uni t  of  g soi l /cm4 
air ,  which is  equivalent to concentrat ion in air /concentrat ion in soi l .  
This is  calculated by (H/Kd) (1/2.44 x 10" ' ) .  

o 
3 
3 

o o 
<T> 
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TABLE 19. PERMISSIBLE PCB-1242 SOIL CONTAHINAIION LEVELS 
(UNCOVEKED SOKE ACE CONTAHINAIION) 

1X3 
—4 

Location and 
route of human 

exposure 

Permissible levels (ug/q) corresponding to 

Noncancer short-term4 
acceptable Intake pq/dayb 

100 
for child 

700 
for adult 

On the contaminated site 

-  Soi l  inyest ionca 55-60* 

inhalat ione 

-  Soi l  Ingest ion**,  92-247 

inhalat ione 

- Inhalation onlye Il6-vs9 

0.1 km from vs 
contaminated site 
-  Inhalat ion onlye 

1 km from vsB 
contaminated site 
-  Inhalat ion onlye 

S10-690 

2100-2000 

vs 

vs 

Cancer risk specific doses (ng/day) 

0.0017S 0.0I7S 0.17S I.7S 
(10*7. risk) (10 6 risk) (I0'5risk) (I0"4 risk) 

0.03-0.06 

0.04-0.2 

4.0-20 

310-430 

0.000-0.01 0.00-0.1 

0.3-0.6 

0.4-2.0 

110-200 

3.1x10* 

0.0-1.0 0-13 

3.0-6.0 35-61 

4.0-20 110-200 

1.1x10* vs 

vs vs 

4Short-tenm s 10-day intake. 
''Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 mVday for the short-term an<* longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of 1B2 days exposure per year. 

'Ranges result in each case because 1) four PCBs ( 1242, 124B, 1254, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

Dvs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 
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I AM. I 20. PEHMISSIBLE PCB-124B SOIL CONIAMINAIION LEVELS 
(UNCOVEKEO SUM ACE CONIAHINAIION) 

Permissible levels (ug/g) corresponding to 

Noncancer short-term'1 
acceptable Intake pg/dayb Cancer risk specific doses (tig/day) 

Location and 
route of human 100 700 0.001 IS 0.01/S 0.17S I.7S 

exposure for child for adult (lo*; risk) (I0"6 risk) (10*5 risk) (10^ risk) 

On the contaminated site 

- Soil ingestion', 32-BO1 612-/10 0.01 
inhalat ione 0.1 1.0 B-IO 

- Soil Ingestion*1, 42-330 2600-2900 0.02-0.04 0.2-0.6 2 0-S 0 37-49 
inhalat ione 

InhalatIon onlye 4/-vs9 vs 0.02-0.08 0.2-O.B 2.0-8.0 

1 from ws vs 260-270 2.4xlO«-2.6xlO< 
contaminated s i te 

-  Inhalat ion onlye 

vs 

B7-II0 

0.1 km from vs vs 
contaminated site 2.0-B.0 90-110 B./xlO^ 8.7xlO*-vs 
-  Inhalat ion onlye 

aShort-term ? 10-day intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages 1-S, with pica (consuming 3 g soil/day). 
"Children ages 1-S, without pica (consuming 0.6 g soil/day). 
eInhalation rates are assumed to be 20 m^/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m3/day as a result of IB2 days exposure per year 

'Ranges result in each case because I) four PCBs (1242, 124B. 12S4, 1260) are considered, each with a'dtfferent 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 



TABU 21. PERMISSIBLE PCB-l?t>4 SOIL CONTAMINATION UVUS 
(UNCOVEHTO SURE ACE CONIAMINAIION) 

Permissible levels (pg/g) corresponding to 

Noncancer short-term* 
acceptable intake pg/dayb Cancer risk specific doses (pg/day) 

Location and 
route of human 

exposure 
100 700 

for chlId for adult 
0.0017b 0.017b 0.17b 1.7b 

(10"' risk) (10-6 risk) (10 * risk) (10*4 risk) 

On the contaminated site 

-  Sol i  tngest lonc, 90-1001 

tnhalat ione 

-  Soi l  Ingest ion11, 370-420 

inhalat ione 

- Inhalation onlye vs0 

720-730 

2980-3000 

vs 

0.009-0.01 0.09-0.1 1.0-2.0 12 

0.01-0.04 0.1-0.4 3.0-4.0 36-S9 

0.01-0.OS O.I-O.S S.0-7.0 460-470 

to 
to 0.1 km from vs 

contaminated site 
-  Inhalat ion onlye 

I km from vs 
contaminated site 
-  Inhalat ion onlye 

vs S.0-7.0 

1.3*10J 

460-470 

1.3*10* 

4.7*10' 

vs 

vs 

vs 

aShort-term 2 10-day Intake. 
^Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages 1-S, with pica (consuming 3 g soil/day). 
^Children ages 1-S, without pica (consuming 0.6 g soil/day). 
elnhalatton rates are assumed to be 20 mVday for the short-term and longer-term noncancer e«posures; 
all other (more chronic) exposures assumed to be 10 mVday as a result of 182 days exposure per year. 

'Ranges result in each case because 1) four PCBs (1242, 1248, 12S4, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 
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TABLE 22. PERMISSIBLE PCB-1260 SOIL CONTAMINATION LEVELS 
(UNCOVERED SURFACE CONTAMINATION) 

Permissible levels (uq/q) corresponding to 

Location and 
route of human 

exposure 

Noncancer short-term'1 
acceptable Intake uq/day1* 

100 700 
for child for adult 

Cancer risk specific doses ( u 9 /day) 

0.00175 0.0I7S 0.175 I.7S 
(I0"; risk) (I0"6 risk) (10"5 risk) (10"4 risk) 

l£> I  

On the contaminated site 

-  Soi l  Ingest ion' ,  25-87'  

lnhalat ione 

-  Soi l  Ingest ion'1,  61-360 

inhalal ione 

- Inhalation onlye vs9 

0.1 km from vs 
contaminated site 
-  Inhalat ion onlye 

1 km from vs 
contaminated site 
-  Inhalat ion onlye 

640-710 

2670-2900 

vs 

vs 

V S  

0.01 

0.01-0.04 

0.01-0.06 

6-220 

220-240 

0 .1  

0.1-0.4 

0.1-0.6 

1.0 

1.0-4.0 

1 .0 -6 .0  

2.2x10* vs 

12-17 

40-4B 

77-91 

90-2.2x10* 7.7X I 03-V S  V S  

vs 

'Short-term : 10-day Intake. 
^Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages 1-5, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
e!nhalatton rates are assumed to be 2U mfyday 'or the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of 182 days exposure per year. 

'Ranges result in each case because 1) four PCBs (1242, 1248, 1254, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for sol I-air partition coefficient are used In the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 



TABLE 23. PERMISSIBLE PCB-1242 SOIL CONTAMINATION LLVLLS 
(25-cm-THICK CLLAN SOIL COVIN) 

ui i  

Permissible levels (pg/g) corresponding to 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake ng/dayb 

100 
for chlId 

700 
for adult 

On the contaminated site 

- Soil lngestionc, 170-201)' 1200-1400 
lnhalat1one ' 

-  Soi l  ingest ion*1, 4S0-B20 3IOO-S7UO 

inhalat ione 

- Inhalation onlye vs9 vs 

Cancer risk specific doses (pq/day) 

0.0017b 0.0I7S 0.17b 
(10*7 risk) (I0"6 risk) (|05 risk 

0.03-0.2 

O.l-O.b 

0.9-1.0 

1.75 
)  (to4 risk] 

0.3-2.0 

1 . 0 - 6 . 0  

9-vs 

3-17 

12-48 

B6-vs 

170-vs 

260-vs 

vs 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

85-vs vs 

vs vs vs 

aShort-term H 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChlldren ages 1-b, with pica (consuming 3 g soil/day). 
^Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalatlon rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 mVday as a result of 182 days exposure per year. 

'Ranges result in each case because 1) four PCBs (1242, 1248, 1254, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used In the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PC8 liquids for the limit. 
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TABLE 24. PERMISSIBLE PCB-I24B SOIL CONIAMINAIION LEVELS 
(25-cm-TMICK CLEAR SOIL COVER) 

Permissible levels (ug/g) corresponding to 

Location and 
route of human 100 700 0.00175 0.017S O.l75 I 75 

exposure for child for adult (|0*7 risk) (10* risk) (10*5 risk) (I0:* risk] 

Noncancer short-term3 
acceptable Intake pg/dayb Cancer  r isk specific doses (u9/day) 

-  Inhalat ion onlye 

1 km from vs vs 
contaminated site 
-  Inhalat ion onlye 

On the contaminated site 

-  Soi l  Ingest ion' ,  I60-I901 1100-1300 0.01-.09 0.1-1.0 t-10 26-460 

inhalat lone 

- Soil Ingestion*1. 650-vs9 4500-vs 0.02-0.1 0.2-1 2.0-10 93-2 500 
inhalatione ' 

f - Inhalation only® Vs ys 0.02-0.1 0.2-1 2.0-14 1.9x10* 

(N3 • ~ / 
0.1 km from ys ys 2-14 1.9x10* vs ys 

contaminated site 

V S  y s  y s  y s  

'Short-term * 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages 1-5, with pica (consuming 3 g soil/day). 
^Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalatlon rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of IB2 days exposure per year. 

'Ranges result in each case because 1) four PCBs (1242, 1248, 1254, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 
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TABLE 25. PERMISSIBLE PCB-1254 SOIL CON1AHINAIION LIVELS 
(25-cm-IHICK CLEAN SOIL COVER) 

Location and 
route of human 

exposure 

Permissible levels (uq/g) corresponding to 

Noncancer short-term4 
acceptable intake iig/dayk 

100 
for chlId 

/00 
for adult 

Cancer risk specific doses (ng/day) 

0. 001 l b  0.01/5 O.l/S I . l b  
(I0"7 risk) (10"6 risk) (10 s risk) (10"* risk) 

so i  

On the contaminated site 

-  Soi l  Ingest ion' ,  140-180 

inhalat ione 

-  Soi l  Ingest ion*1, 520-vs9 

inhalat ione 

- Inhalation onlye vs 

9/0-1300 

4000-vs 

vs 

0.01-0.09' 0.1-0.2 2.0-/.0 vs 

0.02-0.06 0 .2 -0 .6  B.0-9.0 vs 

0.02-0.OB 0.2-0.8 10-14 vs 

0.1 km from 

contaminated s i te 

-  Inhalat ion onlye 

vs 10-14 vs vs vs 

1 km from 

contaminated s i te 

-  Inhalat ion onlye 

vs vs vs vs vs V S  

aShort-tenm ? 10-day Intake. 
''Based on average weights of 10 and 10 kg for a child and an adult, respectively. 
''Children ages 1-5, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
e|nha)atlon rates are assumed to be 20 m4/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of 182 days exposure per year. 

'Ranges result In each case because 1) four PCBs (1242, 1248, 1254, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for the limit. 
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TABLE 26. PERMISSIBLE PCB-1260 SOIL CONTAHINATION LEVELS 
(25-cm-THICK CLEAN SOIL COVER) 

Permissible levels (ug/q) corresponding to 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake i ig/dayb 

100 
for child 

700 
for adult 

Cancer risk specific doses (uq/day) 

0.0017b 0.017b 0.17b 1.7b 
(I0*; risk) (10*6 risk) (10s risk) (I0< risk) 

I  

On the contaminated site 

-  Soi l  Ingest ion0, 110-184' 

inhalat lone 

-  Soi l  Ingest ion* ' ,  SS0-800 

tnhalattone 

- Inhalation onlye vs9 

0.1 km from vs 
contaminated site 
-  Inhalat ion onlye 

1 km from vs 
contaminated site 
-  Inhalat ion onlye 

BOO-1 300 

4000-bOOO 

vs 

vs 

vs 

0.01-0.02 

0.02-0.07 

0.02-0.08 

1-8 

vs 

0 .1 -1 .0  

0.2-0.7 

0.2-0.8 

620-770 

vs 

1.0-2.0 22-360 

1.0-7.0 120-bSO 

1 .0 -8  

vs 

vs 

620-770 

vs 

vs 

•Short-term 2 10-day Intake. 
''Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChlldren ages 1-b, with pica (consuming 3 g soil/day). 
^Children ages 1-b, without pica (consuming 0.6 g soil/day). 
elnhalatton rates are assumed to be 20 m4/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m'/day as a result of 182 days exposure per year. 

'Ranges result in each case because 1) four PCBs (1242, 1248, I2b4, 1260) are considered, each with a different 
vapor pressure, and 2) high and low values for soil-air partition coefficient are used in the calculations. 

9vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquids for. the limit. 
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The symbol "vs" indicates that  no upper-bound l imi t  f o r  PCS concentra­

t ions in soi l  can be der ived from the exposure evaluat ion.  This resul ts mainly 

for  two reasons. F i rst ,  the emission rate cannot exceed tne upper-bound value 

which can be expected when the a i r  phase concentrat ion of  PCSs at  the contami­

nated soi l  surface is  maintained at  the saturat ion point .  The concentrat ion at  

the saturat ion point  corresponds to the vapor pressure concentrat ion.  Second, 

when the cover is  appl ied,  the emission rate is  not only retarded, but a lso the 

concentrat ion of  PC3s in soi l  being ingested is  control led by the amount of  

PCBs adsorbed on soi l  in equi l ibr ium with the a i r  phase being emit ted.  Hence, 

the concentrat ion of  PC3s in the in i t ia l ly  clean soi l  mater ia l  cannot exceed the 

saturat ion point  concentrat ion.  The PC8 concentrat ions in soi l  corresponding to 

vapor saturat ion concentrat ions are 250, 55,  4,  and 23 ug/g when Kd = 1000; and 

10, 2.2,  0.2,  and 1.1 when Kd = 40; for  PC3-1242, PC8-1248, PCB-1254, and PC3-

1260, respect ively.  

I n  a c t u a l i t y ,  t h e  " n o  u p p e r  l i m i t , "  o r  t h e  l e v e l  a b o v e  v a p o r  s a t u r a t i o n ,  

d e s i g n a t e d  b y  v s ,  s h o u l d  b e  i n t e r p r e t e d  w i t h  g r e a t  c a r e .  T h e  a s s u m p t i o n s  u s e d  

i n  t h e  e x p o s u r e  e v a l u a t i o n  a r e  c r i t i c a l .  T h e y  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  

t o :  1 )  n o  s o a k i n g  o f  c l e a n  c o v e r  b y  l i q u i d  P C B s  f o r  t h e  t h i c k n e s s  o f  2 5  c m ;  

2 )  n o  d i s t u r b a n c e  o f  c o v e r  m a t e r i a l  b y  c o n s t r u c t i o n  a c t i v i t i e s  o r  c h i l d r e n  

d i g g i n g  t h e  g r o u n d ;  3 )  n o  e x p o s u r e  t o  i n i t i a l  s p i l l s  w h e n  t h e  v a l u e s  a p p l i c a ­

b l e  f o r  2 5 - c m  c l e a n  c o v e r  ( T a b l e s  2 3  t h r o u g h  2 6 )  a r e  c o n s i d e r e d ;  4 )  n o  p o p u ­

l a t i o n  e n t e r s  t h e  a r e a  w i t h i n  t h e  r e s p e c t i v e  r a d i u s  o f  d i s t a n c e s  f r o m  t h e  

s i t e ;  a n d  5 )  t h e  c o v e r  m a t e r i a l  i s  a t  l e a s t  e q u i v a l e n t  t o  s o i l  m a t e r i a l .  T h e  

e x i s t e n c e  o f  f r e e  f l o w i n g  P C B s  l i q u i d s  w h e n  p l a - c i n g  c l e a n  s o i l  c o v e r  m a t e r i a l  

w i l l  h a v e  a n  e f f e c t  o f  w e t t i n g  t h e  c o v e r ,  r e s u l t i n g  i n  t h e  r e d u c t i o n  o f  e f f e c -  ;  

i 
t ive cover th ickness. Hence, Assumption 1 wi11 be tantamount to requir ing 

the presence of  no f ree l iquids in the contaminated soi l .  
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Since tne ranges shown in these tables are dependent upon the values of  

the soi l -a i r  coeff ic ient ,  the s i te-speci f ic  or contaminant-speci f ic  informa­

t ion wi l l  help f ind an appropr iate level  of  ?C3s for  that  part icular condi t ion.  

This can be done e i ther by using the procedure out l ined in the main body of  the 

report ,  or  can be convenient ly done by looking up the values l is ted in the 

Appendix for :  each Aroclor at  low and high values of  soi l -a i r  part i t ion coef­

f ic ient .  

The resul ts in Tables 23 through 26 for  each Aroclor assune that  the 25-cm 

clean cover mater ia l  is  placed on top of  contaminated soi l .  In th is case, the 

intake rate by exposure to soi l  ingest ion is  calculated based on the est imated 

concentrat ion prof i le exist ing in the cover mater ia l .  This prof i le exists 

because of  the establ ishment of  the vapor-sol id adsorpt ion equi l ibr ium between 

the vapors being emit ted and the soi l .  The concentrat ion prof i le,  which changes 

as a funct ion of  t ime, is  est imated by mathematical  models,  the concentrat ion 

used for  soi l  ingest ion is  the average concentrat ion along the thickness of  the 

in i t ia l ly  clean cover mater ia l .  

I f  the prevai l ing contaminants at  a s i te are PC8-1242, for  example,  Table 

19 can be interpreted as fo l lows: 

^ (1) When the s i te is amenable to access by chi ldren with possibi l i t ies 

of  ingest ing the contaminated soi l  exposed to the atmosphere, the permissible 

PC8 concentrat ions levels in soi l  should range from 55 to 60 ug/g,  and 92 to 

247 ug/g for  prevent ion of  noncancer ef fects from 10-day exposures at  soi l  

ingest ion rates of  3 g/day and 0.6 g/day, respect ively.  

When the s i te is  accessible to chi ldren and the populat ion has the poten­

t ia l  of  on-si te exposures to the contaminated soi l  and a i r  over a l i fet ime, the 

permissible PC8 levels in soi l  should range from 0.008 to 0.01, 0.08 to 0.1,  o o 
0.8 to 1.0,  and 8 to 13 ug/g,  corresponding to the best est imate of  an upper-

19-16 £ 
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bound oncogenic r isk at  10"7,  10"6, 10-5 and 1G-4,  respect ively.  The speci f ic  

level  wi l l  be dependent upon the l ikely soi l  ingest ion rate and the extent of  

soi l -a i r  part i t ioning. Because of  the PC3 concentrat ion prof i le being esta­

bl ished in the soi l  column as volat i l izat ion occurs,  the PCB concentrat ion 

averaged over the depth wi l l  gradual ly decrease over t ime. Hence, i f  the popu­

lat ion is al lowed to enter the s i te at  some t ime af ter  s i te cleanup, the per­

missible levels for  prevent ing 10-day noncancer heal th ef fects can change. 

Again,  the speci f ic  level  wi l l  be dictated by s i te-speci f ic  character ist ics 

such as the soi l -a i r  part i t ion coeff ic ient .  

(2)  I f  there is  no possibi l i ty  of  populat ion enter ing the contaminated 

s i te wi th in a radius of  0.1 km from the s i te,  the PC3 levels in the soi l  can 

remain at  the no theoret ical  upper-bound l imi t  value (vs ug/g) wi thout exceed­

ing the 10-day AI upon inhalat ion exposure for  10 days; and at  110-200 ug/g 

wi thout exceeding the average dai ly dose corresponding to a 1U~6 r isk for  l i fe­

t ime exposure.  Simi lar  interpretat ions can be made for  the resul ts appl icable 

to the carcinogenic r isk l is ted at  10"4,  10"5,  and 10"7,  and to s i tes without 

af fected populat ion up to 1 km from the s i te.  

o 
2 
2 
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20. LIMITATIONS OF APPLICATION 

I t  is assumed that  the 25-cm (10- inch) c lean cover mater ia l  used remains 

undisturbed in the process of  human act iv i t ies on the s i te.  At t imes th is 

assumption may be found arbi t rary,  because an opportuni ty could exist  that  

would expose the contaminated soi l  surface in contact  wi th the atmosphere by 

inadvertent disturbances of  soi l  surfaces, construct ion act iv i t ies,  ut i l i ty  

instal lat ion,  precipi tat ion,  or chi ldren playing on the s i te,  to name a few. 

In th is case, addi t ional  th ickness of  cover mater ia l  should be used, or  the 

s i te should be made inaccessible to chi ldren or should be kept f rom any act iv­

i t ies that would lead to disturbance of  the soi l  surfaces. Spi l ls  on top of  

the clean cover wi l l  resul t  in a s i tuat ion equivalent to the surface contami­

nat ion case, requir ing a more str ingent concentrat ion l imi t  in soi l .  In th is 

case, the resul ts given for  the 25-cm-thick c lean cover mater ia l  do not apply.  

The tabulated resul ts are intended to be appl icable under certain speci f ic  

condi t ions.  Under condi t ions s imi lar  to those used in prepar ing the tables,  

the values can be used wi thout addi t ional  evaluat ions.  A part icular s i tuat ion 

may warrant a s i te-speci f ic  evaluat ion which may require the use of  condi t ions 

di f ferent from what has been assumed in prepar ing the tables' .  I f  the analysis 

is  avai lable to show the speci f ic  type of  Aroclor contaminat ing the soi l ,  the 

indiv idual  table should be used. I f  the value for  the soi l -a i r  part i t ion coef­

f ic ient  can be better def ined, the range of  the permissible PCB concentrat ion 

should be fur ther narrowed. 

o 
3 
3 

o o 
<Ti 

M 
KO 
KD 



21. REFERENCES 

Binder,  S. (1985) Est imat ing the amount of  soi l  ingested by young chi ldren 
through t race elements.  Report  by the Centers for  Disease Control .  

Bruce, D.3.  (1969) Workbook of  atmospher ic d ispersion est imates,  U.S. Depart­
ment of  Heal th,  Educat ion,  and Welfare.  Pub. No.:  999-AP-26. 

Burkhard,  L.P.;  Armstrong, D.E.;  Andren, A.W. (1985) Henry 's Law constants 
for  the polychlor inated biphenyls.  Environ. Sci .  Tecnnol .  7:590-596. 

Buser,  H.R.;  Rappe, C. (1979) Format ion of  polychlor inated dibenzofurans from 
the pyrolysis of  indiv idual  PCB isomers.  Chemosphere 3:157. 

Carey,  A.  (Undated) Chemical /e lement concentrat ions in surface soi ls of  
selected U.S. urban areas. U.S. Environmental  Protect ion Agency, pr i ­
vate communicat ion.  

Carter,  J.w. (1983) Onset of  hepatomegaly in PCB (Aroclor 1254)- t reated rats.  
Bul l .  Environ. Contam. Toxicol .  31(2):183-187. 

Col l ins,  W.T.;  Capen, C.C. (1980a) Bi l iary excret ion of  thyroxine-I-125 
and f ine structural  a l terat ions in the thyroid glands of  gunn-rats fed 
PCBs. Lab. Invest.  43:158. 

Col l ins,  W.T.;-Capen, C.C. (1980b) Ul t rastructural  and funct ional  a l tera­
t ions of  the rat  thyroid gland produced by polychlor inated biphenyls 
compared wi th iodide excess and def ic iency,  and thyrotropin and thyrox­
ine administrat ion.  Virchows Arch. 8.  33(3):213-231. 

Col l ins,  W.T.;  Capen, C.C. (1980c) Fine structural  lesions and hormonal 
a l terat ions in thyroid glands of  per inatal  rats exposed in utero and fed 
by the mi lk to polychlor inated biphenyls.  Am. J .  Pathol .  99( 1 ) :125-141. 

DuPont,  R.R. (1985, Nov.)  Evaluat ion of  a i r  emission release rate model pre­
dict ions of  hazardous organics from land treatment faci l i t ies.  Presented 
at  American Inst i tute of  Chemical  Engineers meet ing,  Chicago, IL.  

Farmer,  W.J. ;  Yang, M.-S.;  Letey,  J . ,  Dept.  of  Soi l  and Environmental  Sciences, 
Universi ty of  Cal i fornia-Riverside; Spenser,  W.F.,  Science and Educat ion 
Administrat ion,  Federal  Research, USDA. (1980) Land disposal  of  hexa-
chlorobenzene wastes:  Control l ing vapor movement in soi l .  EPA-600/2-80-
119. Prepared for  U.S. Environmental  Protect ion Agency, Municipal  
Environmental  Research Laboratory,  Cincinnat i ,  OH. 

Grant,  D.L. ;  Phi l l ips,  W.E.J.  (1974) The ef fect  of  age and sex on the toxic i ty 
of  Aroclor 1254, a polychlor inated biphenyl ,  in the rat .  Bul l .  Environ. 
Contam. Toxicol .  12:145-152. 

Hwang, S.T.  (1982) Toxic emissions f rom land disposal  faci l i t ies.  Environ. 
Prog. 1:46. 

21-1 



Hwang, S.T.  (1985, Hay) Assessing exposure to ground water contaminants 
migrated from hazardous waste faci l i t ies.  Proceedings, Conference on 
Management of  Unconf ined Hazardous Waste Si tes,  Cincinnat i ,  OH. 

Hutzinger,  0. ;  Safe,  S. ;  Zi tko,  V.,  eds. (1974) The chemistry of  PCBs. CRC 
Cleveland, OH: CRC Press.  

Jury,  W.A.;  Spencer,  W.F.;  Farmer,  W.J.  (1983) Behavior assessment model for  
t race organics in soi l .  I .  Model descr ipt ion.  J.  Environ. Qual.  4:558-
564. 

Kar ickhoff ,  S.W. (1979) Sorpt ion of  hydrophonic pol lutants on natural  sedi­
ments.  Water Res. 13:241-248. 

Kenaga, E.E.;  Gor ing, C.A.I .  (1980) Relat ionship between water solubi l i ty ,  
soi l  sorpt ion,  octanol-water part i t ioning, and bioconcentrat ion of  chem­
icals in biota.  In:  Aquat ic Toxicology. (Eaton, J.C.;  Parnish,  P.R.;  
Hendr icks,  A.C.;  eds.) .  American Society for  Test ing and Mater ia ls,  in 
press.  ASTM STP 707. 

Kimbrough, R.D.;  Falk,  H.;  Stehr,  P.  (1984) Heal th impl icat ions of  2,3,7,8-
tetrachloro-dibenzodioxin (TCDD) contaminat ion of  residual  soi l .  J.  
Toxicol .  Environ. Heal th 14:47. 

Kimbrough, R.D.;  Squire,  R.A.;  Under,  R.E.;  Strandberg,  J.O.;  Montal i ,  R.J. ;  
Burse, V.W. (1975) Induct ion of  l iver tumors in Sherman strain female 
rats by polychlor inated biphenyl  Aroclor 1260. J .  Nat l .  Cancer Inst .  
55:1453-1459. 

Lepow, M.L.  (1975) Invest igat ions in sources of  lead in the environment of  
urban chi ldren. Environ. Res. 10:415. 

lorenz, H.;  Neumeier,  G. (1983) Polychlor inated biphenyls:  prof i le of  a group 
of  substances. MMV Medizin Ver lag Munchen. 

MacKay, D. ;  le inonen, P.L.  (1975) Rate of  evaporat ion of  low-solubi l i ty  
contaminants f rom water bodies to atmospnere. Env. Sci .  Technol .  
9:1178. 

Mart in,  0.0.  (1976) The change of  concentrat ion standard- deviat ion wi th 
istance. J.  Air  Pol l .  Control  Assoc. 26:145. 

Monsanto Chemical  Company. (Undated) The AR0CL0RS—physical  propert ies and 
suggested appl icat ions.  

MR I .  (1984, December) Thermal degradat ion products f rom dielectr ic f lu id.  
Prepared for  U.S. Environmental  Protect ion Agency, Off ice of  Toxic Sub­
stances. EPA-560/5-84-009. 

Nat ional  Inst i tute for  Occupat ional  Safety and Heal th (NI0SH).  (1977) \  
Cr i ter ia for  a recommended standard:  occupat ional  exposure to polychlor i ­
nated biphenyls (PCBs).  DHEW (NI0SH) Pub. No. 77-225. U.S. Government 
Pr int ing Off ice,  Washington, D.C. 

21-2 



New York State Department of  Environmental  Conservat ion.  (1979) New York 
State a i r  qual i ty report ,  cont inuous and manual a i r  monitor ing system. 
DAR-80-1.  Aloany, NY. 

New York State Department of  Heal th.  (1 '981, March 16) Memorandum from John 
Hawley.  

Nisbet,  I .C.T.;  Sarof im, A.F. (  1972) Rates and routes of  t ransport  of  PC3s in 
the environment.  Environ. Heal th Perspect.  1:21. 

Roels,  H.A.;  3uchet,  J . -P.;  Lauwerys,  R.R.;  Bruaux, P; CIyaeys-Thoreau, F. ;  
Lafontaine, A. ;  Verduyn, G. (1980) Exposure to lead by the oral  and the 
pulmonary routes of  chi ldren l iv ing in the v ic in i ty of  a pr imary lead 
smelter.  Environ. Res. 22:31-94. 

SCS Engineers.  (Undated) W-E-T model hazardous waste data base. Final  draf t .  
Prepared for  U.S. Environmental  Protect ion Agency, Off ice of  Sol id Waste,  
Washington, D.C. Reston, VA. 

Snyder,  W.S. (1975) Report  of  the task group on reference manual.  Inter­
nat ional  Commission of  Radiological  Protect ion No. 23.  Pergamon Press,  
New York,  NY. 

Thibodeaux, L.J. ;  Hwang, S.T.  (1982) Landfarming of  petroleum wastes:  
model ing the a i r  emission problem. Environ. Prog. 1:42-45. 

Universi ty of  Wisconsin-Madison, Water Resources Center and Water Chemistry 
Program. (1980, March) Atmospher ic chemistry of  PCBs and PAHs. Prepared 
for  U.S. Environmental  Protect ion Agency, Chicago, IL.  

U.S. Environmental  Protect ion Agency. (Undated) Guidel ine for  assessing human 
exposure.  Off ice of  Sol id Waste.  

U.S. Environmental  Protect ion Agency. (1976a, January) Development of  a study 
plan for  def in i t ion of  PCB usage, wastes,  and potent ia l  subst i tut ion in 
the investment cast ing industry.  NT IS No.:  PB251342 C. l .  

U.S. Environmental  Protect ion Agency, Off ice of  Toxic Substances. (1976b, 
February) PCBs in the United States:  industr ia l  use and environmental  
d istr ibut ion;  Task 1.  Prepared by Versar,  Inc.  NTIS No.:  PB252402. 

U.S. Environmental  Protect ion Agency. (1976c, March) Nat ional  Conference on 
Polychlor inated Biphenyls.  NTIS No.:  PB253248. " 

U.S. Environmental  Protect ion Agency. (1978, March) Microeconomic impacts of  
the proposed PCB ban regulat ions.  NTIS No.:  PB281881 C. l .  

U.S. Environmental  Protect ion Agency. (1979a) Water-related environmental  
fate of  129 pr ior i ty pol lutants.  Vol .  1.  EPA-440/4-79-029a. 

U.S. Environmental  Protect ion Agency. (1979b, May) Polychlor inated biphenyls 
1929-1979: Final  report .  Off ice of  Toxic Substances. NTIS No.:  PB256559. 

21-3 



U.S. Environnental  Protect ion Agency. (1980a) At tenuat ion of  water-soluble 
polychlor inated biphenyls by earth mater ia ls.  EPA-600/2-80-027. 

U.S. Environmental  Protect ion Agency. (1980b) Ambient water qual i ty cr i ter ia 
document for  PC3s. Environmental  Cr i ter ia and Assessment Off ice,  Cincin­
nat i ,  OH. EPA-440/5-80-063. 

U.S. Environmental  Protect ion Agency. (1980c, Apr i l )  Determinat ion of  Henry 's 
Law constants of  selected pr ior i ty pol lutants.  Municipal  Environmental  
Research Laboratory,  Cincinnat i ,  OH. (Authors:  Warner,  H.P.;  Cohen, 
J.M.;  I re land, J.C.)  

U.S. Environmental  Protect ion Agency. (1981a, Apr i l )  Evaluat ion of  PCB 
destruct ion ef f ic iency in an industr ia l  boi ler .  EPA-600/2-81-055a. 

U.S. Environmental  Protect ion Agency. (1981b, May) Environmental  impact 
statement on the Hudson River PCB Reclamat ion Demonstrat ion Project .  
Region I I ,  New York,  NY. 

U.S. Environmental  Protect ion Agency. (1983) Analysis of  adipose and blood 
sera samples for  indiv idual  PCB isomers.  Draf t  Final  Report  on EPA 
Contract  68-01-5915, 11/30/81 -  5/31/83. 

U.S. Environmental  Protect ion Agency. (1984a, Nov.)  Risk analysis of  TCOD-
contaminated soi l .  EPA-600/8-84-031. 

U.S. Environmental  Protect ion Agency. (L984b) Code of  Federal  Regulat ions,  
•Ti t le 40, Part  761. 

U.S. Environmental  Protect ion Agency. (1985a) Dr inking water cr i ter ia docu­
ment for  polychlor inated biphenyls (PCBs).  Environmental  Cr i ter ia and 
Assessment Off ice,  Cincinnat i ,  OH. Final  Draf t .  EPA-600/X-84-198-1.  

U.S. Environmental  Protect ion Agency. (1985b, June 12) Personal  communica­
t ion,  Don R. Clay,  Director,  Off ice of  Toxic Substances. 

U.S. Environmental  Protect ion Agency. (1985c, Nov. 7) Personal  communicat ion,  
Mart in,  P.  Halper,  Director,  Exposure Evaluat ion Div is ion,  Off ice of  Toxic 
Substances. 

U.S. Environmental  Protect ion Agency. (1985d, Aug.)  Development of  stat ist ical  
d istr ibut ions or ranges of  standard factors used in exposure assessments.  
Prepared by GCA Corporat ion for  the Off ice of  Heal th and Environmental  
Assessment.  NTIS No: PB85-242667. 

U.S. Environmental  Protect ion Agency. (1985e) Personal  communicat ion wi th ) 
Of f ice of  Toxic Substances. - Is  

' 3 
I  

U.S. Food and Drug Administrat ion.  (1984) Code of  Federal  Regulat ions,  T i t le 
21, Part  109.30. o  

o\ 

K) 
O 
O 
O 

21-4 



Veith,  G.D.;  Macek, K . J . ;  Petrocel l i ,  S.R.;  Carrol l ,  J .  (1980) An evaluat ion 
of  using part i t ion coeff ic ients and water soluPi l i ty  to est imate biocon-
centrat ion factors for  organic chemicals in f ish.  J.  Fish.  Res. Board 
Can. (Prepubl icat ion copy).  

Versar,  Inc.  (1976) Assessment of  wastewater management,  t reatment technology 
and associated costs for  abatement of  PC3 concentrat ions in industr ia l  
e f f l u e n t s .  P r e p a r e d  f o r  U . S .  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y ,  O f f i c e  o f '  
Toxic Substances. NT IS No.:  P8251433 C. l .  

Versar,  Inc.  (1977) A f i rst-order mass balance model for  the sources, d istr i ­
but ion,  and fate of  PCBs in the environment.  Prepared for  the U.S. 
Environmental  Protect ion Agency, Off ice of  Toxic Substances, Washington, 
D •  C •  

Vi1leneuve, O.C.;  Grant,  B.L. ;  Khera,  K. ;  Clegg, O.J. ;  Baer,  H.;  Phi l l ips,  
W.E.J.  (1971) The fetotoxic i ty of  a polychlor inated biphenyl  mixture 
(Aroclor 1254) in the rabbi t  and in the rat .  Environ. Physiol .  1:67-71. 

Wark,  K. ;  Warner,  C.F. (1981) Air  pol lut ion:  i ts  or ig in and control .  New 
York:  Harper and Row. 

Wedeen, R.P.;  Mai l ik ,  O.K.;  Baiuman, v . ;  Bogden, J.D. (1973) Geophagic lead 
nephropathy:  case report .  Environ. Res. 17:409. 

o 
% 

o 
o 
a\ 

to 
o  
o 

21-5 



APPENDIX A 

MODELS USED IN AIR RELEASE RATE CALCULATIONS 



DERIVATION OF MODELS FOR ESTIMATING VOLATILE EMISSIONS 

FROM CONTAMINATED SOIL COLUMNS UNDER TRANSIENT CONDITIONS 

Because of  the l imi ted aqueous solubi l i ty  and high soi l  af f in i ty of  PC3s, 

i t  has been assumed that  these compounds move vert ical ly in soi ls,  pr imari ly 

by d i f fusion in the vapor phase. I f  t ransport  of  PCBs is  by vapor phase d i f ­

fusion through interst i t ia l  spaces between soi l  part ic les,  a mass balance over 

an inf in i tesimal vert ical  element of  soi l  can be wr i t ten as fo l lows: 

AE(~°eii£.) - AE(-DeiiC) = AAZ3C * AazFsdCs (A-l) 
32 2 3z 2+AZ St 3t  

where:  

A = cross-sect ional  area of  interest ,  cm^ 
C = concentrat ion of  PCBs in the vapor phase in soi l  pores,  g/cm^ 

Cs = concentrat ion of  PCBs in soi l ,  g/g 
D.j  = molecular d i f fusiv i ty,  cmWs 

Dej = ef fect ive di f fusiv i ty,  cnr/s (=0" i"E '  ) 
E = pore porosi ty 

Ps = bulk densi ty of  soi l  = t rue densi ty of  soi l ,  Ps, mult ip l ied by 
(1-E),  y/cmJ 

t  = t ime, seconds 
2 = depth measured f rom the soi l -a i r  interface, cm 

In Eq. (A-I) ,  the ef fect ive di f fusiv i ty,  Dg^ ,  is used in place of  E^^ 'D^ 

to account for  the tor tuosi ty ef fect  in porous media.  The use of  ef fect ive 

di f fusiv i ty is  consistent wi th the f indings which descr ibe emission rates of  

volat i le chemicals f rom landf i l ls  and soi ls (Hwang, 1982; Thibodeaux, 1979; 

Farmer et  a l . ,  1980).  The ef fect ive porosi ty for  dry soi l  is  used for  s im­

pl ic i ty.  The ef fect  of  moisture can be incorporated in the porosi ty term as 

shown by Farmer et  a l .  (1980).  

Since changes in soi l  and vapor phase PCB concentrat ions occur s lowly,  i t  

can be assumed that  vapor phase concentrat ions and soi l  concentrat ions of  PCBs 

A-l 



are in local  equi l ibr ium. I f  ?C3 concentrat ions in soi l  and in interst i t ia l  

vapors approach equi l ibr ium, they are related by the fo l lowing equat ion:  

C = Ik  • C 
s H (A-2) 

where 

K(j  s  soi l /water part i t ion coeff ic ient  

H = Henry 's constant 

Rearranging Eq. (A-1) and subst i tut ing Eq. (A-2) into the resul t ing rela­

t ionship y ie lds 

Dei i i l  = (1 + Ps'*d) (A—3) 
3Z- E'H at  

or  

a a2c s ac (A-3) 
a z 2  3 t  

where 

a ^ei  (A-4) 
(E+P- ' IL-EJ-K./H) 

a can also be def ined as 

1 + K»S 

A-2 

a 
3: 

o 
o 
<n 

a = °ei  (A-5) S 
o 



where 

Eq. (A-3) can be solved to est imate PCBsoi l  concentrat ion,  vapor 

phase concentrat ion,  and emission rate into air  above soi l  for  the var ious 

cases descr ibed in th is report  i f  in i t ia l  and boundary condi t ions are speci­

f ied for each of  these cases. 

Case 1.  Surface is  exposed to the atmosphere. The boundary and in i t ia l  

where C$Q is  the in i t ia l  concentrat ion of  PC8s. in soi l .  The solut ion to Eq. 

(A-3) for  the above in i t ia l  and boundary condi t ions is  

condi t ions are 

1.  I .C. C 3 (H/Kd)Cso, at  t  » 0,  .z > 0 

C = (H/Kd)Cso» at  z ® • ,  t  > 0 2.  B.C. 

3.  B.C. C « 0,  at  Z = 0,  t  > 0 

C -  (H/Kd)CSQ • er f  (__£ 
(A—6) 2/at  

where 

2 n 
e r f  ( n )  =  e r r o r  f u n c t i o n  -  7 n  J  exp(-n2) dn 

o o 
s 
s 

The f lux rate at  the soi l -a i r  interface (N^) can be est imated as a 

funct ion of  t ime from equat ion (A-6) by using the concentrat ion gradient 

o o 

to o o 
en 
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as fo l lows: 

Na = -E'D . i£ .  
H ei  3z 

= E Dei  H C„ 
7=n ~ "  7  * SO 2 U /Hat Kd 

(A—7) 

The boundary condi t ions used here are super ior  to those used by Jury et  

a l .  (1983),  assuming that  the vapor-phase boundary layer is  rate-control  1 ing.  

Exper iments by DuPont (1985) on emission rates from contaminated soi l  show 

that  when the emission rates for  volat i le organics are plot ted against  the 

reciprocal  of  a straight l ine is obtained. This observat ion is  consis­

tent  wi th the relat ionships given by Eq. (A-7),  and Thibodeaux and Hwang 

(1982).  The model der ived by Jury et  a l .  (1983),  based on the boundary con­

di t ions of  the control l ing boundary layer in the ai r  phase, does not provide 

a straight-1ine relat ionship between emission rate and l/7t. For th is 

reason, the relat ionship der ived in th is report  is  used for  exposure,  evalua­

t ion.  

The average f lux rate,  NA, over an exposure interval ,  T,  can be calculated 

using Eq. (A-7).  

T 
-  '  NA dt  2-E-D 
Na = -2 = JL CS0 (A-3) 

T /naT Kd 

or 

NA(T) = 2 NA(T) (A-9) 

To est imate the total  average emission rate,  Q, the f lux rate def ined in 

Eq. (A-9) must be mult ip l ied by the area of  soi l  contaminated. 
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Q  =  A  •  N a  ( A - 1 0 )  

F u r t h e r m o r e ,  w n i l e  E q .  ( 1 7 )  i n  S e c t i o n  1 6  c a n  b e  u s e d  a t  a n y  d i s t a n c e  

X  f r o m  t h e  s i t e  t o  e s t i m a t e  a i r  c o n c e n t r a t i o n s  o f  P C 3 s ,  i t  c a n n o t  b e  u s e d  o n -

s i t e .  A l t h o u g h  a t  p r e s e n t  t h e r e  i s  n o  g e n e r a l l y  a c c e p t e d  m e t h o d o l o g y  f o r  

e s t i m a t i n g  o n - s i t e  ' c o n c e n t r a t i o n s  f r o m  a n  a r e a  s o u r c e ,  o n - s i t e  P C 8  a i r  c o n ­

c e n t r a t i o n  w a s  e s t i m a t e d  b a s e d  o n  a  " b o x  m o d e l "  a p p r o a c h ,  b y  u s i n g  t h e  e q u a t i o n  

a 

c = _9 . 
I S - V - H  ( A — 1 1 )  

where 

H  3  mi xi ng hei ght =  2  m •  

V  3  average w i n d  speed within m i x i n g  zone 

3  0 . 5  w i n d  s p e e d  a t  t h e  m i x i n g  h e i g h t  =  0 . 5  x  4 . 5  m e t e r / s e c  =  2 . 2 5  m / s  

L S  =  w i d t h  d i m e n s i o n  o f  c o n t a m i n a t e d  a r e a  p e r p e n d i c u l a r  t o  t h e  w i n d  d i r e c ­

t i o n  =  r k  =  4 5  m  

A  need exists for development o f  a more r igorous approach to est imat ing 

on -site ambient air concentrat ions .  Time constraints did not al low development 

a n d  v a l i d a t i o n  o f  a  r i g o r o u s  m o d e l .  

Est imat ion of  ingest ion o f  contaminated s o i l  required the calculat ion o f  

an ap p r o p r i a t e  s o i l  concen t ra t i on .  Th i s  c o n c e n t r a t i o n  w a s  c a l c u l a t e d  b y  d e t e r ­

min ing  t he  a v e r a g e  concen t ra t i on  o f  P C 8  i n  s o i l  t o  a d e p t h  o f  o r  2 5 . 4  cm ( 1 0  
o 

inches )  for a per iod of 6  years beginning at t ime 0 .  Because the error func -  H 
t i o n  h a s  n o  c l o s e d - f o r m  s o l u t i o n  i t  w a s  a p p r o x i m a t e d  b y  °  

<n 

fo 
o 
o 
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2 2 
"  a(2n+l)  jTt  

r  -  4 CS0 -  e L2 *  ^nJ(2n+l)n z i  (A-12) 
— T "  "  Z ^ l  1  ~ ~ 2  L J  

r t=Q 

where L isa depth which was selected such that  

(A-13! 

Cs ( l , t )  -  C50 

for  a l l  exposure durat ions.  In calculat ions reported in th is report ,  L was 

set  equal  to 250 cm. Integrat ing Cs of  the exposure durat ion tg (5 years) and 

depth % (25 cm) y ie lds an equat ion for  average PCB soi l  concentrat ion,  Cj  

-  t 0  Z  3  -  -  a  ( 2 n + l ) 2 r T 2 i - n  

t k  ! 0  ! 0 c * d z  *  i r a r 1 2  I  | 1 - C 0 S ( ^ - "  £ > 1  •  t - ^ — — - 1  t Q  I  0  0  n  a Z t g  n s Q  2  L  ( 2 n + l ) 4  

Case 2.  The contaminated surface is  covered wi th PCB-free soi l  mater ia l .  Let  
l  = thickness of  cover,  cm, and L 3 the depth of  contaminat ion mea­
sured f rom the top of  cover mater ia l ,  cm. The in i t ia l  and boundary 
condi t ions become: 

1.  I .C. C 3 0,  0 < 2 < i ,  at t  s 0 

2.  I .C. C 3 CQ, l  <  z  < L,  at  t  = 0 

3.  B.C. C 3 0,  z 3 0,  at  t  > 0 

4.  B.C. _3C 3 0,  z 3 L,  at  t  > 0 
3z 

where Cg is  the in i t ia l  concentrat ion of  PCBs in the vapor phase, which can be 

obtained by Cg 3 (H/K^Csq .  Eq. (A-3) wi th these in i t ia l  and boundary condi-  % 

t ions can be solved using the Four ier  Ser ies technique. The solut ion is  
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«  - a ( 2 n + l ) 2  

C = 4CQ I e 41- .  sin |  2n+l n z \  cos ;2n + l_ .1 r .  (A-14) 
H  n = 0  2  I '  '  2  L ;  

The f lux rate at  the soi l -a i r  interface (NA) can be est imated as a func­

t ion of  t ime from equat ion (A-14) 

r  ™ — 3 (2n-*•  1)  ̂  n2 t  
NA = E-0ei  i£. |  = 0_ei  £ e 4L2 Cos (<A"15) 

3 Z | Z - u  L  n = 0  2  L  

The average emission rate over a t ime per iod,  T,  can be obtained by inte­

grat ion of  Eq. (A-15).  The resul t  is  

_ nni ' i r  ) - r  - r -n - i  "  °  (2n+l)2 n2)t i  
n a  =  d  s o E  ° e i  1 1  j l  c e -  r u  

an2T n=0 (2n + l  

- e 
a (2n + l )2 ; i2) t?. .  cos!(2n + l )  IU I  

-  J 2 L 

or 

,  • -  DjEU:Wl)2 I2)t ,  
-  .  8(H/Kd)-Cs0-E-(HK-S)-0e) I  T !  r.-  -4 *  

t t 2 T  n = 0  ( 2 n + l ) 2  

-  e 

D l E  ( 2 n * i , 2  n 2 ) t  ( 2 n + 1 )  

"  (H-K-s)- f i  -4 3 C0Sl — IT'  

(A- iS) 

o 
2 
2 

o o <y» 

K) o o 
1/3 # % «> 

(A-17) 
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The summation of  terms given in Eq. (A-15) can be convenient ly carr ied out 

by means of  computer s imulat ion.  The t ime interval  t2- t ]_ should be set  equal  

to the exposure interval .  In calculat ing exposures,  the maximum average expo­

sure was est imated. This was achieved by calculat ing as a funct ion of  t ime 

and determining the t ime at  which the maximum value of  occurred; t^  was then 

set  equal  to th is t ime. 
2 2 

I t  should be noted that  when the value of  the expression a(2n+l)  n 
4 1 2  

the exponent ia l  term of  Eq. (A-I6) is  smal l  or  considerably less than 1,  the 

average of  the exponent ia l  term over a t ime, t ,  wi l l  be c lose to I .  In th is 

s i tuat ion,  averaging of  the exponent ia l  term of  Eq. (A-15) by the integrat ion 

formulae given by Eq. (A-16) or  Eq. (A-I7) may easi ly resul t  in an erroneous 

answer because one has to evaluate very precise numbers of  many decimal points 

for  the values of  the exponent ia l  term. I t  is  more pract ical  to numerical ly 

average Eq. (A-I5) than to obtain the average value by using the integrat ion 

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

\r r  n *  *2 a (2n+l)2 n2t 
"A •  cP SO e i  l  cf e- —^ 4M7 ]  dt-cosl<2!!£iMl 

(A—18) 

The steps of  the summation and the integrat ion with respect to n and t ,  respec­

t ively,  need to be carr ied out by means of  a computer.  

As in Case 1,  Eqs. (A-10) and (A-11) are used to est imate emissions rate 

and on-si te a i r  concentrat ion of  PCBs. However,  Eq. (A-17) or  (A-18) is  sub­

st i tuted into Eq. (A-10) as an est imate of  f lux rate.  

Also as in Case 1,  the average soi l  concentrat ion used to est imate inges­

t ion of  soi l  must be calculated. This can be accompl ished by not ing that  C$o 
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= Cg * Kd/H, subst i tut ing tn is relat ionship into Eq. (A-14) and integrat ing 

tne resul t ing equat ion over the depth interval  l  and over the t ime interval  

t^  to t i  + tg.  The resul t  is  

t l+t0 i  
I  f  f  C .  d z  =  3 2 l 3 c S O  7  r ,  _  . _ , ( 2 n + l ) . i z -  i  - a  ( 2 n  +  l ) 2  n 2 ) t ,  
t 0 z  t L  0  n - a i t 0  n = 0  Z ~  L ~  e  T T 2  1  

cos I  (2n+l)n> i  
-  (2n+l)2 a2(t i>tn) '> 2 L 

4*LZ (2n + l . )*  (A -19) 

where tg = 5 years and t  = 25 cm. 

When the in i t ia l  PC8 soi l  concentrat ion used in est imat ing exposures ex­

ceeds the concentrat ion at  which the vapor pressure of  PC3 is  achieved, a 

d i f ferent model must be used in both Case 1 and Case 2.  The vapor phase PC8 

concentrat ion that  can be achieved in the interst i t ia l  voids in soi l  is  

l imi ted to the concentrat ion corresponding to the vapor pressure.  Whi le th is 

l imi ts the emission rate,  i t  should be noted that  as the soi l  zones nearest  

the a i r -soi l  interface become depleted of  PC8, the emission rate decreases. 

I f  PCB is  present in soi l  concentrat ions that  produce the vapor pressure in 

the vapor phase, the average emission rate may be increased because soi l  near 

the surface is  depleted less rapidly.  

In model ing th is phenomenon i t  has been assumed that  at  any given t ime, I §  
3 

the concentrat ion prof i le of  PC8 in soi l  as a funct ion of  depth is  a steady- '  
o 

state prof i le.  As in the previous models,  the concentrat ion of  PCB in the 

interst i t ia l  soi l  void space is  assiumed to be in equi l ibr ium with PCB soi l  o  
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concentrat ions.  Given these assumptions and tne in i t ia l  condi t ions that  

H .  C„ 
c0 - —ir-5i 

d 

Cs '  CS0 

where 

Css s PCB soi l  concentrat ion at  which the vapor pressure is  achieved. 

A mass balance can be wr i t ten to determine the rate of  deplet ion from 

soi l .  I f  the soi l  concentrat ion prof i le is  as def ined in Figure A-I ,  th is 

mass balance is  

AC 
E'Del"  TF 

dz = (A-20) 
dt  I  

7  I  CssCP( l -E )+E*K d/H] l  + Ps( l -E ) (CSo-Css )  

Because we assume that  any any t ime the soi l  and vapor PCB approach 

their  steady-state concentrat ions,  

iC , ̂0 (A-21) 
3 Z  Z  

subst i tut ing equat ion (A-21) into equat ion (A-20) and integrat ing the resul t ­

ing equat ion over the t ime interval  0 to t  and the corresponding depth inter-  s  
IS 

v a l  0  t o  z  y i e l d s  t h e  r e s u l t  0  

o 
" I  
to o 
M 
fo 
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Figure A- l .  Model of  chemical  vapor movement through soi l  when 
part ia l  pressure is  equal  to vapor pressure.  to o 

M U) 
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z = 2 /  E * Dei  * Css* r  (A-22) 
E * C S S  •  2  * P  * ( 1 - E ) * C $ 0 * K d / H  -  C 1 - E ) - P - C s s  * K d / H  

As in the previous case, the f lux rate can be calculated as'  

NA = E'O — = E*0 Cq = 
e i  3x e i  2 e i  z ( A - 2 3 )  

or  

{2 ' (1-E)-P'CS0 •  E-Css-H/Kd -  (1-E)*P*CSS} 

2 •  t*Kd/H 

C  A — 2 4 )  

I f  the average f lux is  determined for  the t ime interval  T,  i t  is easy to 

As indicated previously,  Eqs. (A-10) and (A-11) can be used to est imate emis­

s ion rate and on-si te a i r  concentrat ions.  However,  Eq. (A-24) is  subst i tuted 

into Eq. (A-10) as an est imate of  f lux rate in th is case. 

The average soi l  concentrat ion to a depth of  25 cm over the exposure 

durat ion of  up to 5 years of  exposure must be determined to est imate ingested 

dose of  PCBs. The equat ion used to est imate th is average depends on whether 

the depth z in Eq. (A-22) is  less or greater than (25 cm) at  the end 

of  the ingest ion exposure per iods.  The t ime T5 at  which 2 = is  easi ly 

show that  

NA  (T) » 2 N A ( T )  ( A — 2 5 )  
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calculated using the fo l lowing equat ion:  

T5 = 0.25'L^* (E *CSS -  2( l -E)P*CS0'Kd/H -  P*(1-E)-Css*Kd/H)/(E*Dei"Css) (A-25) 

I f  the ingest ion exposure per iod,  T,  is  less than T 5 ,  the depth,  z,  wi l l  

always be less than ,  and the average soi l  PC3 concentrat ion,  Cs, can be 

calculated as fo l lows: 

1/2 
-  2'(Css-2-CS0) {E'Dei-Css-T/[E-Css*2(I-E)-P-CS0-Kd/H -  (1-E)*P *CSS *Kd/H]}  

/3Lj_ + C$o 

(A-27) 

I f  the ingest ion exposure per iod is  greater than T 5 ,  the depth,  z,  wi l l  be 

greater than at  the end of  the exposure per iod,  and the average soi l  PCB 

concentrat ion can be calculated as fo l lows: 

Cs = 2-(Css-2'CS0) {E-Dei-Css/[E-Css+2( l -E)-P-Cso-Kd/H 

° .S 1 c 
- (1-E)-Css-P-Kd/H]}  *T5 / (3-L^T) + CSQ-T5/T 

o 
s 
2 

• 2-<C„-4) {[E-Css*2(l-E)-P-Cso - (1-E)-P-C5S-Kd/Hl /  '  g 

CE'0el 'css^ "5 (f5,5 - T5°-5}/T (A—28) 

Ol 

NJ 
O 
<J1 

A-13 



When c lean cover is  placed over contaminated soi l ,  a s imi lar  model can 

be developed as in the case where soi l  is  contaminated to the surface. For 

such s i tuat ions,  assuming that  local  equi l ibr ium between vapor and sol id 

phases and steady-state concentrat ion distr ibut ions at  any t ime are at ta ined, 

the fo l lowing mass balance which y ie lds relat ionships i l lustrated in Figures 

A-2 and A-3,  which def ine the concentrat ions of  PG3 in soi ls as a funct ion of  

depth 

l 4  =  { 2 - L 1 - ( 1 - E ) ' P ( C S 0 - C s s )  •  { A - C d - E j - l ^ C s o - C ^ - P ] 2  

+  4 l ^ 2 ,  ( E  * H / K d  •  ( l - E ) - P ) ' C s s - [ 2 ( l - E ) - P - ( C S 0 - C s s )  •  E ' H / K d  •  ( 1 - E ) - P )  ' C s s  ) ] } 0 ' 5  

/  {2-[2-( l -E) 'P-(CS0-Css) •  CE-H/KdMl-E) 'P]-Css] |  (A-29) 

The t ime at  which PCB reaches the a i r -soi l  interface, Tb, can be est imated 

by rearranging Eq. (A-22) and subst i tut ing I 4  + for  z,  as fo l lows: 

Tb = (L4H1)2-{E-Css+2-( l -E)-P-CS0-Kd/H -  ( l -E) 'P-C.ss-Kd/H| 

•{4-E'D^-Css}"1 (A-30) 

Integrat ing Eq. (A-24) over the exposure t ime interval  To to T+fb and 

d iv id ing the resul t  by T y ie lds the fo l lowing expression for  the average f lux 

over the exposure per iod:  

A-14 
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o 

DEPTH ( z )  to  
o 

Figure A-2. Model of  chemical vapor movement through soi l  when part ial  
pressure is equal to vapor pressure. 
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D E P T H  

Figure A-3. Mass balance for vapor movement through soi l  when 
part ial  pressure is equal to vapor pressure. 
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•  E ' O g i  ' c s s  ( 2 - ( l - E ) - P - C S 0  > E ' C S S ' H / K d  -  ( 1 - E )  • P . * C S S  

/ Kd/H 

^ (  (Tb>T)l /2.  Tbl /2 (A-31) 

As before,  Eqs. (A-10) and (A-11) can be used to est imate emission rates 

and on-si te a i r  concentrat ions.  
* 

Final ly,  the average soi l  concentrat ion to a depth of 25 cm over the 

exposure of durat ion up to 5 years must be determined in order to est imate 

i n g e s t e d  d o s e  o f  P C B s .  T h e  e q u a t i o n  u s e d  t o  e s t i m a t e  t h i s  a v e r a g e  i s :  

We want to f ind the average concentrat ion of PCBs in soi l  over the expo­

sure period. As t ime progresses, the concentrat ion in soi l  decreases because 

of volat i l izat ion. First ,  we want to f ind the t ime when the emission rate at 

any t ime equals the average emission rate. We equate Eqs. (A-7) and (A-8).  

Cs *  Css-l- iV^KVT)1/2 -  T^2, /  (T* (Lj+L^) ( (A—32) 

Calculat ion of  the Depth-Averaged Concentrat ion for  Uncovered Surface 

Then 

(A—33) 
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The emission rate equals the average emission rate at  t  = T/4,  where T is  

the exposure t ime (1 day, 10 days, or  70 years),  and t  is  any . t ime. From Eq. 

(A-6),  the vert ical ly-averaged concentrat ion over a depth of  2 cm is :  

_ z 
C *  1  .  C L f  erf(_* ) dz (A-34) 

K d  S O  z  J 0  v  ;  

2/at  

or 

^  '  C S 0  z ' O  e r f ( - L - )  d Z  ( A " 3 5 )  

2 /  a t  

The integral  should be nuner ical ly evaluated at  t  » T/4,  T being the exposure 

per iod for  developing heal th advisor ies,  and at  an appropr iate depth wi th in 

which the concentrat ion average is  desired. 

o 
2 
2 

o o 

to o to o 
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APPENDIX B 

EXAMPLE EMISSION RATE CALCULATIONS FOR FOUR STUDIED SCENARIOS 

1 
o 
o <y> 

to 
o  
to 
to 



Example calculat ions for  est imat ing volat i le emissions of  PC3s based 

on the models presented in Appendix A for  unsteady-state condi t ions,  and 

under steady-state condi t ions are presented below. 

Case 1.  Unsteady-state emission: no cover.  

The contaminated soi l  is  exposed to the atmosphere, and no c lean soi l  

cover is  appl ied on top of  the contaminated surface. PC8-1254 is  used as an 

example.  The average emission rate,  which is  obtained by averaging the 

instantaneous emission rate over a t ime per iod,  t  (sec),  can be obtained by:  

Na = !L (3 soi l  
A Kh 3 ^  d cmJ ai  r  /naf  cm2It(s)  

s 

where a 
E • P (1-E) JSd 

H 

l-E 
with S = -

Dei = 0.05 (0.35)1/3 = 0.0352 cm2/s 

3 

o o 
<y\ 

B-l 

to o to 
u> 



Hence: 

°  = 0.0123 -  2.45 x 10"® cm^/s 
0.35 + 2.65(0.65 )__1__ 

0.000343 

The average emission rate when the in i t ia l  concentrat ion in soi l ,  

= 10"^ g/g (= 1 ppm) can be obtained by averaging over 10 days or 

70 years: 

10 day (= 86,400 sec) average: 

2(0.0352)(10"6) , ,  o 
3 0.00034(0.35) ; 3 3.25 x 10"^ g/cm^'s 

^3.14(2.45x10" 6)(364,000) 

70 years { -  2.2075 x 10^ sec) average: 

N a  =  0 . 0 0 0 3 4 ( 0 . 3 5 )  2 ( 0 - 0 3 5 2 1 ( 1 0  6 )  ^  ̂ ^  ̂  $  

/3.14(2.45X10"7)(2.2075X109) 

Case 2. Unsteady-state emission--soi1 cover appl ied. 

Clean soi l  is appl ied on top of contaminated soi l  surface. Emissions 

wi l l  occur through the cover mater ial ,  and wi l l  remain unsteady below the vapor 

saturat ion point.  The average emission rate under the assumption of the in i t ia l  
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contaminat ion depth, L = 200 cm, can be obtained by Eq. (A-13):  

-  ^ 2(H/Kd)Cso-E-D.1 .  i  JQC/% "  dfcos(<l2£i.>JLi| 

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

2 ( 0 . 0 0 0 3 4 2 ) ( 1 0 " 6 ) ( 0 . 3 5 ) ( 0 . 0 3 5 2 )  
N a 3 

( 2 0 0 ) ( 3 6 4 , 0 0 0 )  

-6  2 
„  8 6 4 , 0 0 0  2 . 4 5 x 1 0  ( 2 n+l7 n 2 t  dt . CQS ,f2n+l)H(25 . 4 )  ,  

I I e 4(200)2 2 200 
n = 0  0  

3 7.6 x 10*14 g/cm2»s 

Similar ly,  the average emission rate over a per iod of 70 years 

] 

o 
3 
3 

3 5 x 10-14 g/cm2•s o 
o o> 

to 
NOTE: The emission rate equat ion is programmed in a computer,  and the sum- S 

U1 

mation is carr ied out using the program. 

Case 3. Steady-state emission—no cover.  

The same scenario assumes that the contaminated surface is exposed to the 

atmosphere, and i ts surface is maintained at the concentrat ion of interest over 

the period of emission. This wi l l  apply to the case where a large reservoir  of  

PCBs is avai lable for emission unt i l  the concentrat ion at the surface reaches 
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the saturat ion value. This wi l l  be the upper-bound emission rate for contami­

nated soi l  with no clean cover appl ied. 

PCB-1Z54 

0.34 q/cm3 air /q/cm^ water 
i  c # 

1000 mg/g soi1/mg/cmJ water *  

mg/cm3 ai  r  
3 0.00034 mg/g soi l  0.001 mg/g soi l  

•  3.4 x 10-7 my/cm3 a- j  r s 3^4 x JQ-7 x ^g-3 x ig -6 ,,g/m3 

3 340 ng/m^ 

Part i t ioned vapor concentrat ion: 340 ng/m3 

Vapor pressure at 25°C 3 7.71 x 10 "5 mmHg 

C* 3 PMW 3 14.7 (7.71x10*5/760) •  328.4 3 8.5x10*8 #/f t3 
RT 10.73 (460 > 77) 

where F 3 1.8 (25) + 32 3 77°F, 
C* 3 saturat ion concentrat ion of PC8-1254 in #/f t3 or ng/m^, 

P 3 vapor pressure, 
MW 3 molecular weight,  

R 3 gas constant.  

When PCB-1254 is greater than 4 ppm in soi l ,  the part ial  pressure in the air  • 

phase is equal to vapor pressure. An average temperature of 25°C is used for 

evaluat ing the saturat ion concentrat ion in the vapor phase. Since the vapor 

8.5x10-8 (454) x lp6 uq 1362.7 . .g/m3 
(0.3048)3 m3 
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pressure is dependent upon temperature, a specif ic evaluat ion wi l l  require a 

temperature of interest.  The temperature in the subsurface soi l  may not f luc­

tuate considerably over the average value. 

PCB-1242 

Concentrat ion in air  above soi l  with 1 ug/g PCB 

3 4 0  x  5 . 7 3 x 1 0 " ^  =  2 3 . 3  u g / m 3  

8 . 3 7 x l 0 3  

Saturated vapor concentrat ion 

1362.7 4.06xl0-4 266.5 = 5823.3 ug/m3 
7.71xlO-5 328.4 

Note: When the PCB concentrat ion in soi l  = 250 ug/g = 5823.3 the 
( 23.3 ) ,  

vapor phase is saturated. 

In order to calculate the emission rate, the values for gas-phase mass 

t ransfer coeff ic ients are est imated using the relat ionship given by Hwang 

(1982). 

a 
3 
3 

PCB-1254; kg = 5.8x10-5 18 0-5 
(328.4) = 1.36x10-5 g mol/cm3 • s 2 o 

PCB-1242; kg ® 5.8x10*5 18 0*5 » 1.51x10-5 q mol/cm3 • s 
(25F75) "  

Mole fract ions of PCBs in the gas phase (y) when the concentrat ions are 

retained at 340 ug/m3 and 23.3 ug/m3 for PCB-1254 and PCB-1242, respec­

t ively,  are: 
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PCB-1254 y = 340 ug/m3 .  0.0742 ppb/(ug/m3) x 10-9 = 2.52xl0-& 

PCB-1242 y 3 23.3 ug/m3 •  0.0916 ppb/(ug.m3) x 10-9 =2.13x10-9 

The emission rate, Q, can be obtained from the formula Q •  MW-kg-y, 

where MW = molecular weight (Hwang, 1982). Thus, the emission rate for each 

Aroclor is:  

PCB-1254 Q = 328.4 (1 .*36x10-5)(2.52x10"®) 3 1.13x10-10 g/s cm2 

PCB-1242 Q -  266.5 (1.51xl0-5) (2.13x10-9) = 8.57x10-12 g/s cm2 

Case 4. Steady-state emission—cover appl ied. 

I t  is assumed that the contaminated s i te is covered with PCB-free soi l  

cover,  and that the concentrat ion at the top of the contaminated soi l  is main­

tained at 1 ug/g over the period of emission. .The emission rate can be obtained 

from the formula (Hwang, 1982). 

Q 3 Di  PT4/3 C* ,  g/cm2-s 

where 0^ 3 d i f fusivi ty,  cm2/s, 
Pj  3 total  porosity,  
C* 3 t rue vapor pressure in equi l ibr ium with soi l ,  g/cm2, 
h 3 cover thickness, cm. 

Using the di f fusivi jy value of 0.05 cm2/s, one can get for PCB-1254, an 

emission rate of 

Q 3 (0.05)(0.35)^/3 34Q. ug/m3 1Q-6 q/uq x 10-6 ctn3/m3 

cn 
3 
3 

25.4 cm o 
<7i 

1.67 x 10*13 g/cm2--s ^  
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Similar ly,  for PCB-1242: 

Q  -  ( 0 . 0 5 )  ( 0 . 3 5 ) 4 / 3  2 3 . 3 x 1 0 - 6  x  1 0 " 6  =  1 . 1 4 x l 0 " l 4  g / c m 2  .  s  

2 5 . 4  

o 
3 
3 

i ° 
1  o  

<T> 

to 
o 
to 
>x> 
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APPENDIX C 

SUMMARY OF COMPUTER RUNS FOR EACH AROCLOR AND 

AT EACH VALUE OF SOIL-AIR PARTITION-COEFFICIENTS. 



JAIILE C-l. PLNHISSI8LE PCB-1242 SOIL CONIAMINAIION IEVILS9 
(IJNCOVEHEO SUHFACE CONIANINAI ION. K(| = IOOO) 

Permissible levels (uy/y) correspondiny to 

Location and 
route of human 

exposure 

Noncancer short-term' 
acceptable Intake py/dayb 

100 
for chlId 

700 
for adult 

Cancer risk specific doses (py/day) 

0.0017b 0.0176 0.17S 1.76 
(I0"? risk) (I0"6 risk) (I0*5 risk) (I04 risk) 

0 1 

On the contaminated site 

-  Soi l  inyest lonc,  66 

inhalat ione 

-  Soi l  inyest iond,  9? 

Inhalat  ione 

S10 

2100 

0.008 

0.06 

0.08 

0.6 

0 .8  

61 

-  Inhalat ion onlye 116 vs 0.2  20 204 

0.1 km from 
contaminated site 
-  Inhalat  ion onlye 

I km from 
contaminated site 
-  Inhalat ion onlye 

vs' 

vs 

vs 

vs 

20 

428 

204 

J.lxlO4 

l.lxlO4 vs 

vs vs 

aShort-tenn * 10-diay intake. 
bBased on averaye weights of 10 and 70 ky for a child and an adult, respectively. 
cChlldren ayes 1-6, with pica (consuinlny 3 y soil/day). 
^Children ayes 1-6, without pica (consuminy 0.6 y soil/day). 
elnhalation rates are assumed to be 20 m*/day for the short-term and lonyer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m'/day as a result of 182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowiny I'LU liquid for the limit, 
^Soil-air partition coefficient » 2.36 x I0"s y soil/cm1 air (- li.4l/Kj - 6.73 x IO"** (41)/I000 = 
2.36 x 10"5). 
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IAULE C-2. PERMISSIBLE PCB-1242 SOIL CONIAHINAIION LEVELS^ 
(UNCOVERED SURFACE CONIAHINAIION, » 40) 

Permissible levels (uy/q) corresponding to 

Location and 
route of human 

exposure 

Noncancer short-term4 
acceptable Intake uq/day** 

100 
for child 

/OO 
for adult 

Cancer risk specific doses (pq/day) 

0.001 7S 
(10*7 risk) 

O.OI/S O.l/S l./S 
(I0"6 risk) (I0"5 risk) (I0'4 risk) 

0 1 CO 

On the contaminated site 

-  Soi l  ingest tonc,  

tnhalal ione 

-  Soi l  Ingest ion^,  

inhalat lone 

-  Inhalat ion onlye 

60 

24/ 

690 

2B00 

vs 

.01 

.01 

0.04 

0.1 

O.J 

1.0 

1.0 

II 

IS 

110 

0.1 kin from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 110 

110 

J. lx lO4 

l.lxlO4 vs 

vs vs 

aShort-term 2 10-day Intake.. 
''Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages l-S, with pica (consuming 1 g soil/day). 
^Children ages l-S, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m7/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 ma/day as a result of IU2 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
^Soil-air partition coefficient - 2.IS x I0~s g soil/cm1 air (= 11.41/K^ « S.71 x I0"11 (41)/1000 = 
2.IS x lO"5). 
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IABLE C-3. PEMHISSIttLE PCB-124B SOIL CONIAMINAIION LEVELS'/ 
(UNCOVEMEO SUM! ACE CONIAMINAI ION, Kj 2 10(H)) 

<-> I OJ 

Location and 
route of human 

exposure 

Noncancer short- term* 

acceptable Intake uy/dayb 

-  Soi l  inyest lonc,  

inhalat lone 

-  Soi l  Ingest ion' ' ,  

inhalat  ione 

-  Inhalat ion onlye 

100 
for child 

On the contaminated site 

32 

42 

4/ 

/00 
for adult 

612 

2600 

vs 

Permissible levels (py/y) corresponding to 

Cancer risk specific doses (wg/day) 

0.001/6 0.01/6 0.1/6 I./6 
(10"' risk) (ID*6 risk) (10"5 risk) (10*4 risk) 

0.01 

0.04 

0.08 

0.1 

0.6  

O.H 

10 

41/ 

110 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

I km from 
contaminated site 
-  Inhalat ion onlye 

vs' 

vs 

vs 

vs 

B.O 

2/0  

110 B./00 B. /x lOs 

2.6xl04 vs vs 

*E0S 900 

*Short-term = 10-day Intake. 
bBased on average weights of 10 and /0 kg for a child and an adult, respectively. 
cChlldren ages 1-6, with pica (consuming 3 g soli/day). 
dChildren ages 1-6, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m*/day as a result of 182 days exposure per year, 

fvs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCIi l iquid for the limit. 
^Soil-air partition coefficient = 2.36 x III"'' g soil/cm1 air (»<ll.4l/K(j « 6./3 x 10 "• (41)/10(10 = 

2.36 x HI"5). 
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1 ABLE C-4. PEKHISSIBLE PCB-I24B SOIL CONIAHINAIION LEVEL 
(ONCOVtHEO SUKfACE CONIAHINAIION, Kd - 40) 

Permissible levels (MV/O) corresponding to 

Local to and 
route of human 

exposure 

Noncancer short- terma 

acceptable IntaLe uy/dayb 

100 
for child 

IOO 
fo r  adult 

Cancer risk specific doses (ug/day) 

0.001 IS 
(10"7 risk) 

0.01IS 
(10*6 risk) (10 

Q.l/S 
5 risk 

l.IS 
) (I0*4 risk) 

On the contaminated site 

-  Soi l  ingest ion0,  

lnhalat ione 

-  Soi l  Ingest ion**,  

Inhalat  ione 

-  Inhalat ion onlye 

80 

330 

vs' 

110 

2900 

vs 

0.01 

0.02 

0.02 

0.1 

0.2  

0.2 

2.0  

2.0 

3/ 

81 

0.I km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

2.0 

2S0 

90 8,100 

2.Sxl04 vs 

vs 

vs 

aShort-lerm H 10-day Intake. 
bBased on average weights of 10 and 70 kg to r  a child and an adult, respectively. 
°Children ages l-S, with pica (consuming 3 g soil/day). 
^Children ages l-S, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m*/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 ma/day as a result of 182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-llowing PCB liquid fur the limit. 
^Soil-air partition coefficient = 2.3S x I0"5 g soil/cm* air (- 11.41 /KH * S.73 x lO"*1 (41)/1 OUi) = 

2.36 x 10-*). 



IABIE C-S. PEKHISSIBIE PCB-1254 SOIL CONIAHINAI ION LEVELS^ 
(UNCOVEHE0 SUHfACE CONIAMINAIION, Kj * 1000) 

o 
cn 

Location and 
route of human 

exposure 

Nuncancer short-terra* 
acceptable Intake nq/day** 

100 700 
for chlId for adult 

On the contaminated site 

-  Sol i  Invest lonc,  90 

inhalat loue 

-  Soi l  ingest ion^,  370 

inhalat ione 

- Inhalation onlye vs' 

0.1 km from 
contaminated site vs 
- Inhalation onlye . 

1 km from 
contaminated site vs 
-  Inhalat ion onlye 

720 

29B0 

vs 

vs 

vs 

Permissible levels (pg/g) corresponding to 

_ Cancer risk specific doses (u9/day) 

0.00175 0.0175 0.175 1.75 
(I0-7 risk) (I0"6 risk) (10s risk) (10"4 risk) 

0.01 

0.04 

0.05 

0.1 

0.4 

0.5 

460 

12 

59 

460 

4.7x10* •4.7x10s 

1.2xl03 1.3x10s vs vs 

*Short-term » 10-day Intake. 
bQased on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 <u3/day for the short-term and longer-term nuncancer exposures; 
all other (mure chronic) exposures assumed to be 10 m3/day as a result of IU2 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
^Soil-air partition coefficient » 2.36 x ll)"5 g soil/cm1 air (= l!.4l/Kd » 5.73 x lO'1" (41)/10U0 = 
2.35 x lO'5). 
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TABLE C-6. PEMHISSIBLE PCB-1254 SOIL CON1AHINAIION LEVELS9 
(UNCOVEHEO SUKEACE CONTAMINATION. Kd * 40) 

Permissible levels (M9/9) corresponding to 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable intake uq/dayb 

100 
for child 

TOO 
for adult 

Cancer risk specific doses (nq/day) 

0.001/5 0.01/5 0.1/5 
risk) (10"6 risk) (I0"5 risk) (10* risk) 

1./5 
(10 

0 1 
OS 

On the contaminated site 

-  Soi l  ingest tonc,  

tnhalat lone 

-  Sol i  Ingest  I  on11, 

lnhalat lone 

-  Inhalat ion onlye 

100 

420 

vs' 

/TO 

3000 

«s 

0.009 

0.01 

0.01 

0.09 

0.1 

0.1 

2.0 12 

36 

4/0 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

I km from 
contaminated site 
-  Inhalat ion ontye 

vs 

vs 

vs 

vs 1300 

4/0 

1.3x10s 

4./xl04 vs 

vs vs 

4Short-term a 10-day Intake. 
bBased on average weights of 10 and 10 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
dChlldren ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 in'/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to he III m4/day as a result of IH2 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
^Soil-air partition coefficient - 2.35 x I0"s g soil/cm' air (* H.4l/Kd = 5./3 x 111"11 (4I)/1000 -

2.35 x 10"5). 
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1AULE C-7. PERMISSIBLE PCB-1260 SOIL CONIAMINAIION LEVLLS^ 
(ONCOVERED SUREACE CONIAMINAIION. Kd - 1000) 

Permissible levels (uy/g^ corresponding lo 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake pg/Jayb 

100 
for child 

700 
for adult 

Cancer risk specific doses (py/day) 

0.0017b 0.017b 0.17b 1.7b 
(10-' risk) (10"6 risk) (10"5 risk) (10* risk) 

<-> I 

On the contaminated site 

-  Soi l  Ingest lonc,  ?b 

inhalal ione 

-  Soi l  ingest iond,  61 

inhalat  ione 

- Inhalation onlye vs' 

640 

26/0 

vs 

0.01 

0.04 

0.06 

0.1 

0.4 

0.6  

12 

40 

91 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 240 

91 7.7xloJ VS 

2.2x10* vs vs 

900 

4Short-terra s 10-day Intake. 
bflased on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
•^Children ages l-b, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed lo be 20 m4/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of .182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid fur the limit. 
^Soil-air partition coefficient = 2.3b x I0"s g soil/cm1 air (= H.4l/Kd = 5.73 x lO'"1 (4l)/10l)i) = 
2.35 x 10"5). 

who 



TABLE C-B. PEHMISSIBLE PCB-1260 SOIL CONTAMINATION LEVELS? 
(UNCOVEHEO SUHEACE CONIAHINAIION, Kd = 40) 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake ug/dayb 

100 
for chlId 

TOO 
for adult 

Permissible levels (uy/g) corresponding to 

Cancer risk specific doses (uy/day) 

o.ooi;s 
(10-' risk) 

0.0175 0.175 i.is 
(lO"6 risk) (10-* risk) (10** risk) 

R» 
co 

On the contaminated site 

-  Soi l  Ingest  Ionc,  

!nhalat ione 

-  Soi l  ingest  I  on**,  

Lnhalat ione 

-  Inhalat ion onlye 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

87 

360 

vs' 

vs 

vs 

710 

2900 

vs 

vs 

vs 

0.*01 

0.01 

0.01 

1.0 

220 

0.1 

0.1 

0.1 

7b 

2.2x10* 

1.0 

1.0 

1.0 

7600 

vs 

17 

40 

77 

7.6x10* 

vs 

aShort-term a 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages l-S, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalatlon rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m'/day as a result of 182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
?Sol 1 -air partition coefficient = 2.35 x I0"5 g soil/cm1 air (» li.4l/Krf * 5.73 x lO"11 (4i)/|000 = 

2.J5 x lO*5). 



IABLE C-9. PLHMISSIBIE PCB-1242 SOIL CONIAMINAIION LEVELS9 
(25-cm-lHICK CHAN SOIL COVIN, Kj = IOOO) 

Permissible levels (py/y) corresponding to 

O 
LO 

Location and 
route .of human 

exposure 

Noncancer short-term' 
acceptable Intake ny/dayh 

100 
for chi Id 

/00 
for adult 

On the contaminated site 

Soi l  ingest ion*1,  

inhaldl ione 

Soi l  ingest ion**,  

inhalat  ione 

Inhalat ion onlye 

200 

B20 

vs' 

1400 

S/00 

vs 

Cancer risk specific doses (u9/day) 

0.001/S 0.01/S 0.1/5 I./5 
(10"; risk) (I0"6 risk) (|0"5 risk) (|04 risk) 

0.2  

0.6 

0.9 

1 /  

40 

86 

I/O 

260 

vs 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

I km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

US 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

'Short-term » 10-day intake. 
bfiased on average weights of 10 and /0 kg fur a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
^Children ages 1-5, wilhuut pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m'/day fur the short-term and longer-term noncancer exposures; 
all other (more chronic.) exposures assumed lo be 10 m'/day as a result of 182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid tor the limit. 
ySoil-atr partition coefficient = 2.35 x 10~5 g soil/cm! air (= M.41/Kj • 5./3 x 10"'' (4I)/K)00 = 
2.35 x I0"5). 
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TABLE C-IO. PERMISSIBLE PCB-1242 SOIL CONTAMINAI ION LEVELS!) 
(26-cm-ItilCK CLEAN SOU COVER, Kd - 40) 

Permissible levels (pg/g) corresponding to 

Noncancer short-term' 
accept able Intake pg/dayb Cancer risk specific doses (pq/dav) 

Location and ——— 
route of human 100 TOO 0.001/S 0.01/S 0.1)5 I./6 

exposure for child for adult (10:' risk) (I0"6 risk) (10s risk) (lO"4 risk) 

On the contaminated 

-  Soi l  lngest tonc,  

inhalat ione 

-  Soi l  Ingest ion*) ,  

Inhalat lone 

-  Inhalat ion onlye 

O.I km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

'Short-term ? 10-day Intake. 
bBased on average weights of 10 and )0 kg for a chll-d and an adult, respectively. 
cChl)dren ages 1-5, with pica (consuming 3 g soli/day). 
^Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalatton rates are assumed to he 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m^/day as a result of IB2 days exposure per year. 

*vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid tor the limit. 
^Soi l-air partition coefficient = 2.35 x I0"s g soil/cm1 air (= M.4I/K,, =• 5.)3 x I0"** (41)/1000 = 

2.35 x 10'^). 

site 

DO 

460 

vs' 

1200 

3100 

vs 

0.03 

0.1 

1.0 

0.3 

1.0 

vs 

3.0 

12 

vs 

vs 

vs 

vs 

vs VS vs vs vs vs 

vs vs vs vs vs vs 



I ABLE C -11. PERMISSIBLE PCB-I24B SOIL CONIAMINAI ION ILVllS'J 
(25-cm-llllCK CLEAN SOIL COVER, Kj » IOOO) 

Permissible levels (py/y) corresponding to 

N • 

Location and 
route of human , 

exposure 

Noncancer short-term' 
acceptable Intake tig/day** 

100 
for child 

700 
for adult 

On the contaminated site 

-  Soi l  ingest ion0,  

inhalat ione 

-  Soi l  Ingest ion' ' ,  

inhalat ione 

-  Inhalat ion onlye 

190 

6S0 

vs' 

1300 

4500 

vs 

Cancer risk specific doses (ug/day) 

0.001/S 0.0175 O.l/S 1.75 
(I0"? risk) (I0*6 risk) (I0"5 risk) (10"4 risk) 

0.09 

0.1 

0.1 

10 

10 

14 

26 

93 

19,000 

0.1 kin from 
contaminated site 
-  Inhalat ion onlye 

1 kin from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

14 

vs 

19,000 vs 

vs VS 

vs 

vs 

aShort-tenn » 10-day intake. 
''Based on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m'/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 ma/day as a result of IH2 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-Mowing PCB liquid for the limit 
aSoil-air partition coefficient = 2.35 x I0"'J g soil/cmJ air {- ll.4l/Kj = 5.73 x 10"'' (41)/1000 = 
2.35 x lO*). 

Z t O Z  900 
I 
I 



IABU C-12. PERMISSIBLE PCH-1248 SOIL CON(AHINAI ION LEVEIS9 
(26-cm-IMICK CLEAN SOU COVEN. Kd = 40) 

0 1 
RO 

Location and 
route of human 

exposure 

Noncancer short - term'  

acceptable Intake ug/dayb 

Permissible levels (u9/q) corresponding to 

-  Soi l  ingest lonc,  

inhalat lone 

-  Soi l  Ingest ion*1,  

inhalat ione 

-  Inhalat ion onlye 

100 
for chiId 

On the contaminated site 

160 

»s' 

vs 

700 
for adult 

1100 

vs 

Cancer risk specific doses (ug/day) 

0.00176 0.0176 0.176 1.76 
(10"' risk) (10*6 risk) (I0"5 risk) (|0"4 risk] 

vs 

0.01 

0.02 

0.02 

0.1 

0.2 

0 .2  

1.0 

2.0 

2.0 

4b0 

2600 

I .VxIO4 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

2.0 

vs 

1.9x|04 

vs 

vs 

vs 

vs 

vs 

'Short-term * 10-day intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
^Children ages 1-6, with pica (consuming 3 g soil/day). 
"Children ages 1-6, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m3/day for the short-term and longer-term noncancer exposures-
all other (more chronic) exposures assumed to be 10 m3/day as a result of IB2 days exposure per year, 
vs denotes no theoretical upper-hound limit. Practical reasons require no free-flowing PCB liquid for the limit 

«So.l-air partition coefficient . 2.36 x 10"* g soil/cm* air (= H.4l/kd . 6.73 x 10- (41J/100U = 
2.36 x 10"*). 
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I ABLE C -13. PERMISSIBLE PCB-1254 SOIL CONIAHINAI ION LEVELS'J 
(25-cm-IHICK CLEAN SOIL COVER. Kj - IOOO) 

Permissible levels (uq/q) corresponding to 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake ng/dayb 

100 
for child 

/OO 
for adult (10 

Cancer risk specific doses (uq/day) 

fl/S 0.0175 0.176 1.7S 
risk) (10"6 risk) (10"S risk) (10"4 risk) 

On the contaminated site 

-  Sol i - Ingest ion0,  

inhalat lone 

-  Soi l  Ingest  Ion**,  

inhalat ione 

-  Inhalat ion onlye 

I BO 

620 

vs' 

1300 

4000 

vs 

0.02 

0.06 

0.08 

0.2 

0.6 

0.8 14 

vs 

vs 

vs 

0.1 km from 
contaminated site 
-  Inhalat ion onlye 

1 km from 
contaminated site 
-  Inhalat ion onlye 

vs 

vs 

vs 

vs 

14 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

4Short-ten* 2 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages l-S, with pica (consuming 3 g soil/day). 
''Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 m'/day for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m4/day as a result of 182 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
^Soil-air partition coefficient - 2.35 x 10~3 g soil/cm1 air (s 11.41/K^ * 5.73 x 10'** (41 )/1000 = 

2.35 x lO*3). 
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TABLE C-14. PERMISSIBLE PCB-1254 SOIL CONTAMINATION LEVELS? 
(25-cm-THICK CLEAN SOIL COVER, Kj = 40) 

Permissible levels (ug/q) corresponding to 

Noncancer short-tera4 
acceptable Intake ug/dayb ' Cancer risk specific doses (py/day) 

Location and 
route of human 

exposure 
100 

for child 
700 

for adult 
O.OOI75 

(10"' risk) 
0.0175 

(10"6 risk) 
0.175 

(10"5 risk) 
1.75 

(1U< riskJ 

On the contaminated site 

-Soil ingestion'. 
Inhalation' 

140 970 0.01 0.1 7 vs 

- Soil Ingestlond. 
Inhalation' 

v s vs 0.02 0.2 9 VS 

- Inhalation only' vs vs 0.02 0.2 10 vs 

0.1 km from 
contaminated site 
- Inhalation only' 

vs vs • 10 vs vs vs 

1 km from 
contaminated site 
- Inhalation only' 

vs vs vs vs vs vs 

4Short-terw z 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
'Children ages 1-5, with pica (consuming 3 g soil/day). 
^Children ages 1-5,- without pica (consuming 0.6 g soil/day). 
'Inhalation rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m'/day as a result of IH2 days exposure per year. 

*vs denotes no theoretical upper-bound limit. Practical reasons require no free-flowing PCB liquid for the limit. 
?Soil-air partition coefficient = 2.35 x 10"J g soil/cm' air (* ll.4l/Kd » 5.73 x I0"H (41)/IDOli = 
2.35 x 10-s). 



TABLE C-IS. PERMISSIBLE PCB-1260 SOIL CONIAHINAIION LEVELS^ 
(25-cm-IHICK CLEAN SOIL COVLR, Ld = IOOO) 

Location and 
route of human 

exposure 

Noncancer short- term4 

acceptable Intake py/dayb 

100 
for chtId 

700 
for adult 

Permissible levels (pq/g) corresponding to 

Cancer risk specific doses (pg/day) 

O.OOl/S 0.0I7S 0.175 I.7S 
(I0-7 risk) (I0"6 risk) (10*5 risk) (10"4 risk] 

On the contaminated site 

c~> 
• 

-  Soi l  Ingest lonc,  

lnhalat ione 

-  Soi l  ingest  ion11, 

inhalat lone 

-  Inhalat ion onlye 

104 

550 

vs' 

1)00 

4000 

vs 

0.02 

0.07 

0.00 

0.2 

0.7 

0.0  

2.0 

0.0 

22 

120 

770 

0.1 km from 

contaminated s i te 

-  Inhalat ion onlye 
vs vs 8.0 770 vs vs 

I  kin ( rum 

contaminated s i te 

-  Inhalat ion onlye 
vs vs vs vs vs vs 

aShort-term s 10-day intake. 
bBased on average weights of 10 and 70 kg for a child and an adult, respectively. 
cChildren ages 1-5, with pica (consuming 3 g soil/day). 
^Children ages 1-5, without pica (consuming 0.6 g soil/day). 
elnhalation rates are assumed to be 20 mVday for the short-term and longer-term noncancer exposures; 
all other (more chronic) exposures assumed to be 10 m'/day as a result of 1B2 days exposure per year. 

'vs denotes no theoretical upper-bound limit. Practical reasons require no free-tlowing PCB liquid for the limit. 
^Soil-air partition coefficient = 2.35 x Irt"5 g soil/cm1 air (» ll.41/Kd = 5.73 x lO"1* (4I)/I000 = 
2.35 x I0"s). 
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'ABLE C-16. PERMISSIBLE PCB-1260 SOIL CONIAMINAIION LEVELS9 
(25-cm-IHICK CIEAN SOIL COVER. Kd » 40) 

<~i 

CR> 

Permissible levels (ug/g) corresponding to 

Location and 
route of human 

exposure 

Noncancer 
acceptable 

short- term* 

intake ug/dayb Cancer risk specific doses (uo/dav) 
Location and 

route of human 
exposure 

100 
for child 

700 
for adult (10"' 

)OI75 
' risk) 

0.0175 0.175 
(10"6 risk) (lO"5 risk) 

1.7;  

( I0-4 

On the contaminated site 

-  Soi l  Ingest ion0,  

inhalat lone 
NO BOO 0.01 0.1 1.0 360 

-  Soi l  ingest ion* ' ,  

inhalat  ione 
BOO SOOO 0.02 0.2 1.0 550 

-  Inhalat ion onlye vs' vs 0.02 0.2 1.0 620 

0.1 km from 

contaminated s i te 

-  Inhalat ion onlye 
VS vs 1.0 620 vs VS 

1 km from 

contaminated s i te 

-  Inhalat ion onlye 
vs vs vs vs vs vs 

aShort-tenn 3 10-day Intake. 
bBased on average weights of 10 and 70 kg for a child and an adolt, respectively. 
cChildren ages l-S, with pica (consuming 3 g soil/day). 
^Children ages l-S. withoot pica (consoming 0.6 g soil/day). 
elnhalat ion rates are assomed to be 20 m' /day for  the short- term and longer- term noncancer exposures;  

a l l  other (more chronic)  exposures assumed to be 10 m' /day as a resul t  of  182 days exposure per year,  

jvs denotes no theoret ical  upper-bound l imi t .  Pract ical  reasons require no f ree-f lowing PCB l iquid for  the l imi t  

ySoi  l -a i r  part i t ion coef f ic ient  = 2.3S x 10"5 g soi l /cm1 ai r  (= I I .41/K, .  = S. /3 x 10" (41 1/1000 -

2.3S x 10"5).  a 
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EXISTING GUIDELINES, RECOMMENDATIONS, AND STANDARDS 

The manufacture, sale, and distr ibut ion of PC3s have been restr icted 

under Sect ion 6(e) of the Toxic Substances Control  Act (TSCA) (P.L. 94-469). 

PCBs were restr icted to sealed systems as of 1977, and manufacture and distr i ­

but ion were banned in 1979. Rules for the disposal of  PCBs were proposed in 

1978 (43 FR 7150). 

The U.S. EPA (1980) has set ambient water qual i ty cr i ter ia for PCBs for 

the protect ion of humans from increased r isk of cancer over a l i fet ime of 10~5, 

10~6 and lO"? at 0.79, 0.079, and 0.0079 ng/L. As a result  of  the large bio-

concentrat ion factor in f ish, these cr i ter ia apply regardless of whether expo­

sure occurs through consumption of 2 L of water and 6.5 g of f ish/day or 

through consumption of f ish alone. The Food and Or'ug Administrat ion (FDA) has :  

set temporary tolerances for PCBs in food and food related products, as shown 

in Table 0-1. 

Occupational exposure l imits for PCBs have been recommended by the American 

Conference of Governmental Industr ial  Hygienists (ACGIH, 1980), and cr i ter ia 

have been set for PCBs in workplace air  by the National Inst i tute for 

Occupational Safety and Health (NI0SH, 1977). The t ime-weighted average (TWA) 

and short- term exposure l imit  (STEL) for Aroclor 1254, are, respect ively,  0.5 

and 1.0 mg/m3, and for Aroclor 1242, 1 and 2 mg/m3 (ACGIH, 1980). The NI0SH 

(1977) cr i ter ion is 1.0 ug/m^ for a 10 hours/day, 40 hours/week exposure. 

The Nat ional Academy of Sciences developed a 24-hour suggested no adverse 

response level (SNARL) for PCBs of  350 ug/L based on the induct ion of § 
3 

m i x e d - f u n c t i o n  o x i d a s e  e n z y m e s  i n  t h e  l i v e r  o f  r a t s  a d m i n i s t e r e d  A r o c l o r  a t  0  o 
doses of 1 to 2 mg/kg (NAS, 1980). For this analysis,  an uncertainty factor of ** 

TO 
100 was used, since only enzyme induct ion was reported in this dose range. S o 
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TABLE 0-1. FDA REGULATIONS FOR PCBs 

Commodity 
. Temporary tolerances 

tppm) 

Mi lk ( fat  basis) 1.5 

Manufactured dairy products ( fat  basis) 1.5 

Poultry ( fat  basis) 3.0 

Eggs 0.3 

Finished animal feeds 0.2 

Animal feed components of  animal or igin 2.0 

Edible port ion of f ish and shel l f ish 5.0 

Infant and junior foods 0.2 

Paper food packaging mater ial  '  10.0 •'  

SOURCE: 21 CFR 109.30. 

O 
3 
3 

o o CTL 

(O o <J1 
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NONCARCINOGENIC EFFECTS 

Tests of the acute lethalf ty of PC3 products in laboratory animals, with 

the except ion of the guinea pig, suggest that,  in general,  PCB products have 

simi lar toxici ty regardless of route of administrat ion, species, or age of 

animal.  The s ingle dose oral  LD50 value in rats,  rabbits,  mice, and mink 

ranged from 0.5-20 g/kg bw (Grant and Phi l l ips, 1974; Bruckner et  a l . ,  1973; 

Kimbrough et a l . ,  1978; Fishbein, 1974; Garthoff  et  a l . ,  1981, Auler ich and 

Ringer,  1977). Route of administrat ion also had l i t t le effect ( less than one 

order of magnitude) on lethal i ty,  with the lethal dose for dermal administra­

t ion in rabbits ranging from 0.7-3 g/kg bw (Nelson et a l . ,  1972), whi le the 

lethal dose in mice administered PCBs by intraperi toneal in ject ion ranged from 

0.8-1.2 g/kg bw (Lewin et a l . ,  1972). 

There are only two indicat ions of major di f ferences in the acute toxici ty 

of PCBs. First ,  there is l imited evidence that the guinea pig may be more 

sensit ive to the lethal i ty of PCBs than other species. Mi l ler (1944) observed 

a 100% mortal i ty in a smal l  group of guinea pigs receiving two oral  doses of 

PCB (43% chlor ine) at levels of 57 mg/animal at  an interval of 7 days apart ;  

and McConnel l  and Kinney (1978) reported an ID5Q_3O of 0.5 mg/kg for the PCB 

isomer 3,4,5-sym-hexachlorobipheny1 (HCB) in guinea pigs. This indicat ion of 

possible large interspecies di f ferences in sensit iv i ty is of concern in 

species-to-species extrapolat ion when there is insuff ic ient data to indicate 

which experimental  animal most accurately ref lects the sensit iv i ty of humans. 

The second problem concerns the possible large di f ference in toxici ty of speci­

f ic isomers of PC8s. There are indicat ions, on the basis of l imited data 

avai lable from Biocca et a l .  (1981), that four di f ferent hexa-PCBs di f fer in 

LD50 value from 19 mg/kg to >64 mg/kg after oral  administrat ion to mice. I t  

0-4 



would not be unreasonable to assume that even larger di f ferences wi l l  be en­

countered as more isomers are tested. Variat ion in toxici ty of the di f ferent 

isomers is not of great concern in def ining acceptable environmental levels,  

since individual isomers were not commercial ly made and released to the envi­

ronment.  The analyt ical  methods used to measure environmental PCBs determine 

the levels,  in mg, of  specif ic Aroclors. Since, as described above, the 

Aroclors do not di f fer great ly in acute toxici ty,  using data from the most 

toxic Aroclor should be protect ive without overly penal iz ing the other 

Aroclors. 

Some data are avai lable on the nonlethal acute toxici ty of PCBs admini­

stered by the oral  route for periods of 30 days or less. The effects described 

in these studies were al terat ions of the l iver,  thyroid, and reproduct ive ^ 

system. Rosin and Mart in (1983) reported that a dose of 500 mg/kg of Aroclor .  

1254 for 14 days to CD-I mice decreased pentobarbital  s leeping t ime, indicat ing 

a substant ial  induct ion of microsomal enzymes. At lower doses, Sanders et  a l .  

(1974) reported that exposure of ICR mice to diets containing 250 to 62.5 ppm 

of Aroclor 1254 for 14 days resulted, respect ively,  in hepatomegaly and eleva­

ted serum cort icosterone (the lat ter presumably as a result  of al tered l iver 

steroid metabol ism). These exposures would result  in doses of 32.3 and 8.1 

mg/kg bw/day, assuming that a mouse consumes 13% of i ts body weight per day. 

Simi lar ly,  Narbonne (1979) reported decreases in phenobarbital  s leeping 

t ime in Sprague-Dawley rats maintained fro 8 days on a diet containing 100 ppm 

of Phenoclor DP6 (dose of 5 mg/kg bw/day, assuming that a rat  consumes 5% of 

i ts body weight/day).  PCB-induced increases in l iver enzymes were suggested as 

the reason for the increase in test icular acid phosphatase observed by Dikshith 

et al .  (1975) in Sprague-Dawley rats fed Aroclor 1254 at a dose of 50 mg/kg 

bw/day for 7 days. Increases in l iver-to-body weight rat io appear to be one of 
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the sensit ive indicators of PC3 exposure. Carter and Mercer (1983) reported 

that 64 mg/kg bw/day of Aroclor 1254 caused increased l iver weight,  whi le Grant 

and Phi l l ips (1974) observed increased l iver weight at  doses as low as 12.5 and 

5 mg/kg bw/day in male and female Wistar rats,  respect ively,  receiving Aroclor 

1254 in the diet for 14 days. Carter (1983) observed hepatomegaly in rats in­

gest ing diets containing as l i t t le as 20 ppm Aroclor 1254 (1 mg/kg bw/day) for 

14 days. Ooses as low as 1 ppm in diet of 3,4,5,3*,4' ,5 *-hexachlorobiphenyl 

(345 HCB) for 28 days caused l iver microabscesses and an increased l iver weight 

in 18-20 g 5-week-old C57B1/6J mice (Biocca et a l . ,  1981). Although adverse 

this study, 0.3 ppm in diet could be considered a lowest observed adverse 

effects were observed at concentrat ions as low as 0.3 ppm in diet in this 

study, there is no documentat ion indicat ing that commercial  Aroclors contain 

345 HcB. Hence, this study for 345 HcB cannot be used for establ ishing the 

short- term Health Advisory (HA), corresponding to an acceptable intake (AI) 

level.  

Besides changes in the l iver,  other effects reported for exposure to low 

levels of PCBs were increased thyroid act iv i ty in Sherman rats maintained on 

diets containing 250 ppm of Aroclor 1254 (12.5 mg/kg bw) for 14 days; in 

Sprague-Oawley rats,  administrat ion of Aroclor 1254 by gavage for 21 days at 

a dose of 0.05 g/kg bw/day resulted in weight loss and decreased body tempera­

ture (Komives, 1979; Komives and Alayoku, 1980). Enlarged thyroid has also 

been found in Osborne-Mendel rats maintained on diets containing 5 ppm of 

Aroclor 1254 (0.25 mg/kg bw/day) for 4 weeks (Col l ins and Capen, 1980b). This 

exposure level also resulted in increased l iver enzymes in Holtzman rats '  

(Garthoff  et  a l . ,  1977). 

The toxici ty of PCBs result ing from exposures of between 30 and 90 days 

has been more extensively studied. Alterat ions in l iver histopathology 



occurred at doses as low as 5 ppm in diet for 5 weeks in Holtzman rats (Kasza 

et a l . ,  1973b). In the mouse (MNRI),  a dose of Clophen A-60, as low 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 in 

l iver steroid metabol ism (Orberg and Kihlstrom, 1973). At higher dietary con­

centrat ions of 167 ppm (22 mg/kg bw) for 6 weeks, Aroclor 1016 and 1242 de­

creased the immunologic capabi l i t ies of 3ALB/CJ mice (Loose et a l . ,  1978). 

Species other than rats and mice have been tested to a lesser extent for 

this durat ion. Rabbits exposed to diets containing 3 ppm of Aroclor 1254 (0.15 

mg/kg bw/day, assuming that a -rabbit  consumes 4.9% of i ts body weight per day) 

for 8 weeks developed hepatomegaly and i i ranunosuppression. In the guinea pig, 

Vos and van Genderen (1973) reported that diets containing 250 ppm of Clophen 

A-60 (7 mg/kg bw/day, assuming that^a guinea pig consumes 2.8% of i ts body '  

weight per day) for 4-7 weeks was lethal,  whi le diets containing 50 ppm of 

Clophen A-60 or Aroclor 1260 (1.4 mg/kg bw) for 4 to 7 weeks produced immuno­

suppression. Al len et a l .  (1974) and Al len (1975) observed comedones and 

facial  edema in rhesus monkeys ingest ing diets containing 25 of ppm Aroclor 

(1.1 mg/kg bw, assuming that a monkey consumes 4.2% of i ts body weight per day) 

for 2 months. 

Studies of subchronic and chronic exposure ( i .e. ,  >90 days) to PCBs have o 
~ 2 2 

fai led to use suff ic ient ly low doses to def ine a no observed adverse effect 
o 

level (N0AEL) in rats.  In Sprague-Dawley rats,  Al len et a l .  (1976) and Al len £ 

and Abrahamson (1979) reported that a 52-week exposure to diets containing 100 to 
Ln 

p p m  o f  A r o c l o r  1 2 4 8 ,  1 2 5 4 ,  o r  1 2 6 2  ( 5  m g / k g  b w / d a y )  f o l l o w e d  b y  a  1 3 - w e e k  0 1  

observat ion period resulted in hepatomegaly and l iver necrosis.  At a lower 

exposure of 75 ppm in the diet (3.75 mg/kg bw/day) for 36 weeks, Sprague-Oawley 

rats developed focal necrosis (Jonsson et a l . ,  1981). Elevated l iver porphy-
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r ine levels were detected by both Kimbrougn et al  .  (1972) and Zinkl  (  1977) 

af ter exposure of Sherman rats for 3 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).  In a study employing near- l i fet ime exposure (2 years),  Morgan 

et a l .  (1981) reported an increase in mortal i ty (331 as compared with 81 in 

controls) in Fischer 344 rats at the lowest dose tested (25 ppm; 1.25 mg/kg 

bw/day).  The subchronic studies demonstrated increasing l iver pathology over 

the dose ranges studied, 0.5-5 mg/kg bw/day; whi le 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/kg bw/day) for periods from 23 weeks 

to 11 months produced hepatomegaly ( I to et a l . ,  1973; Bel l ,  1983; Kimbrough and 

Under, 1974). Kol ler ( 1977) used groups of BALB/CJ mice which were maintained 

for 9 months on diets containing 0, 3.75, 37.5, 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 lowest 

chlor ine content (1221) produced no l iver lesions, whi le exposure to Aroclor 

1242 resulted in increased l iver weight in the high-dose group. In mice ex­

posed to Aroclor 1254, increased mortal i ty was observed in the high-dose group, 

mi ld hepatopathology was observed in the median dose group, and no l iver lesions 

were detected in the low-dose group. The no observed effect level (NOEL) in 

this study in mice of 0.45 mg/kg bw/day is nearly ident ical  to the lowest ob­

served effect level (L0EL) of  0.5 mg/kg bw/ day associated with porphyria in 

rats (Kimbrough et a l . ,  1972; Zinkl ,  1977). 

The only other species tested in chronic bioassays was the monkey, and i t  

proved to be highly sensit ive to the toxic effects of PC3s. The most common 
S 

observat ions in monkeys exposed to Aroclor 1248 in the diet for a period of O o 
f rom 8 to 39 months were skin lesions, palpebral edema, and erythema (Barsott i  

NJ 
D-8 S. 

o \  



and Al len, 1975; Al len and 3arsott i  ,  1975; Al len et a l . ,  1980; Becker et  a l . ,  

1979). These effects were observed at the lowest doses tested, ranging from 

2.5 to 3 ppm in the diet (0.095-0.126 mg/kg bw/day).  In addit ion, Becker et  

a l .  (1979) reported that monkeys fed diets containing 3 ppm of PC3s had gastr ic 

lesions, 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 N0AEL can be derived or to indicate 

how close 0.1 mg/kg bw/day is to the N0AEL for monkeys. 

Although PCBs have not been demonstrated to be animal teratogens fol lowing 

oral  exposure, these compounds have been demonstrated to adversely affect 

reproduct ion. When adminstered to pregnant Wistar rats at a dose of 100 mg/kg 

bw/day on days 6 to 15 of gestat ion, Vi l leneuve et al .  (1971) observed no 

adverse effects; however, using the same treatment schedule, Spencer (1982) 

reported that Sprague-Dawley rats were infert i le after receiving 15 mg/kg 

bw/day, that animals receiving 5 mg/kg bw/day had reduced l i t ter weights, and 

that 2.5 mg/kg bw/day was the NOEL. Rabbits had resorpt ions, abort ions, and 

fetuses at s imi lar dose levels of 12.5 mg/kg bw/day administered on days 0 

to 28 of gestat ion; however, s l ight ly smal ler doses of 10 mg/kg bw/day were 

reported to be the NOEL. The Hart ly guinea pig, which has been shown to have 

greater sensit iv i ty to the toxici ty of PCBs than most other species, had 

macerated fetuses after receiving 2.2 mg/day (6/5 mg/kg bw/day) of  Clophen A-50 

on days 10 to 60 of gestat ion (8runstroem et a l . ,  1982). 

Effect ive doses of PC8s were lower than exposure occurred before and dur­

ing gestat ion. In a two-generat ion study, Sherman rats maintained On diets 

containing 20 ppm Aroclor 1254 (1 mg/kg bw/day) had reduced l i t ter size, and at 

100 ppm (5 mg/kg bw/day) the pups that were born died during nursing (Linder et 

a l . ,  1974). In this study, 5 ppm (0.25 mg/kg bw/day) was the NOEL. Complete 
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loss of fert i l i ty was observed in male and female Wistar rats caged together 

for 9 weeks whi le ingest ing 6.4 mg/kg bw/day of Aroclor 1254 emulsi f ied in 

their  dr inking water (Baker et  a l . ,  1977). Males regained normal fert i l i ty 

after removal f rom treatment for 2 weeks. When Aroclor 1254 was administered 

to lactat ing Holtzman rats at 32 mg/kg bw/day on days 3, 5 and 7 of  lactat ion, 

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 species tested, the mink and the monkey are the most sensit ive to 

the reproduct ive toxici ty of PCBs. Bleavins et a l .  (1980) maintained mink on 

diets containing 5 ppm Aroclor 1242 or 20 ppm Aroclor 1016 (doses of 0.75 and 

3 mg/kg bw/day, assuming that a mink consumes 15% of i ts body weight per day) 

for 13 months and observed complete reproduct ive fai lure in the Aroclor 1242 

group and 251 mortal i ty and infert i l i ty in the Aroclor 1016 group. A more 

recent study by Auler ich et al .  (1985) tested yet lower doses fed to 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 '-hexachlorobiphenyl (245 HCB) at  2.5 or 5.0 ppm; 

or 2,3,6,2' ,3 ' ,6 '-hexachlorobiphenyl (236 HCB) at  2.5 or 5.0 ppm of diet were 

fed to groups of 10 standard dark mink (proven breeders).  A group of 20 ani­

mals served as controls.  Al l  of  the mink fed 0.5 ppm 345 HCB died within 60 

days, whi le those fed 0.1 ppm showed 50% mortal i ty after 3 months. One st i l l ­

born k i t  was whelped in the Aroclor 1254 group. 245 HCB and 236 HCB did not 

af fect reproduct ive performance at ei ther dose. 

In a l imited study (8 animals/group),  Al len et a l .  (1980) maintained 

rhesus monkeys on diets containing 2.5 or 5 ppm (0.1 or 0.2 mg/kg bw/day) of 

Aroclor 1248 for 18 months. In the low-dose group, increased abort ions were 

observed, whi le in the high-dose group, the mothers showed overt  signs of 

toxici ty and no l ive bir ths occurred. After removal f rom exposure for 1 year,  
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fert i l i ty had st i l l  not returned to normal,  and some pups died during nursing. 

I t  is apparent that frame effects in reproduct ion were observed in mink at 

lower doses than in monkeys and st i l l  lower than the NOEL in rats,  rabbits,  and 

guinea pigs fol lowing repeated exposure to PC3s. 

QUANTIFICATION OF SHORT-TERM HEALTH ADVISORY LEVELS 

PC3s belong to a c lass of chemical ly stable, mult i -use industr ial  chemicals 

that have been widely distr ibuted in the ecosystem. Technical preparat ions con­

sist  of complex mixtures of discrete PC3 isomers. Because of their  physicochem-

ical  propert ies, PCBs have been used as heat exchangers, d ielectr ic,  hydraul ic 

and lubr icat ing f luids, piast ic izers, pest ic ide extenders, adhesives, pr int ing 

inks and surface coat ings. 

T h e  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  a n d  t h e  c h e m i c a l  f o r m u l a t i o n s  o f  P C B s  

v a r y  c o n s i d e r a b l y ,  d e p e n d i n g  o n  t h e  a m o u n t  a n d  p o s i t i o n  o f  c h l o r i n e  s u b s t i t u ­

t i o n .  S u c h  p r o p e r t i e s  a s  s t a b i l i t y ,  v o l a t i l i t y ,  a n d  w a t e r  s o l u b i l i t y  a r e  p a r ­

t i c u l a r l y  i m p o r t a n t  i n  r e g a r d  t o  f r e q u e n c y  o f  o c c u r r e n c e  i n  t h e  e n v i r o n m e n t .  

T h e  h i g h e r  c h l o r i n a t e d  b i p h e n y l s  a r e  l e s s  v o l a t i l e  t h a n  t h e  l o w e r  c h l o r i n a t e d  

b i p h e n y l s  ( M i e u r e  e t  a l . ,  1 9 7 6 ) .  P C 3 s  a r e  e x t r e m e l y  i n s o l u b l e  i n  w a t e r .  T h e  

s o l u b i l i t y  o f  c o m m e r c i a l  m i x t u r e s  ( f o r  e x a m p l e ,  t h e  A r o c l o r s )  r a n g e s  f r o m  2 5  t o  

2 0 0  p p b  ( 2 5  t o  2 0 0  u g / L ) ,  d e p e n d i n g  o n  t h e  c h l o r i n e  c o n t e n t  ( N i s b e t  a n d  S a r o -

f i m ,  1 9 7 2 ;  H a q u e  e t  a l . ,  1 9 7 4 ) .  T h e  s o l u b i l i t y  o f  d i s c r e t e  P C 8  i s o m e r s  h a s  1  

I 
been examined, and ranges from 1 to 600 ppb (1 to 600 ug/L) depending on the 

degree of chlor ine subst i tut ion in the biphenyl r ing (Haque and Schmeddig, 

1975). 

PCBs e l ic i t  a var iety of adverse health effects. This is true of even 

part ial ly wel l-def ined composit ions such as Aroclor 1.254. For example, toxi-
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oology studies on Aroclor 1254 of less less than 30 days'  durat ion report  

l iver toxici ty (Grant and Phi l l ips, 1974; Carter,  1983), thyroid toxici ty 

(Col l ins and Capen, 1980a, b,  c) and reproduct ive toxici ty (Vi l leneuve et a l . ,  

1971), as wel l  as other types of toxici ty (U.S. EPA, 1985b). At f i rst ,  i t  

would seem that this variety in el ic i ted adverse effects would make i t  di f f i ­

cult  to dist inguish the cr i t ical  toxic effects of PCBs. However, i t  appears 

that the experimental  thresholds for these effects may be s imi lar,  at least for 

studies of 30 days'  durat ion or less. 

Vi l leneuve et a l .  (1971) found increased incidences of fetal  death, re­

sorpt ions, and abort ions 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 ef fect.  Col l ins and Capen (1980a, b,  c),  in a ser ies of studies 1 
.13 

on thyroid effecs in rats,  determined that 50 ppm of diet (~ 2.5 to 5.0 

mg/kg/day) for 4 weeks was associated with clearly def ined adverse effects, but 

that doses of 5 ppm of diet ( -  0.25 to 0.5 mg/kg/day) were not.  Carter 

(1983) demonstrated l iver hepatomegaly in rats at doses of 20 ppm Aroclor 1254 

of diet (~ 2 mg/kg/day) for 14 days; such an effect in the absence of toxici ty 

(e.g.,  fat ty inf i l t rat ion of the l iver) might not be considered adverse. Grant 

and Phi l l ips (1974) observed increased l iver weights at doses as low as 5 mg/ 

kg/day Aroclor 1254 given in corn oi l  for 7 consecut ive days. Col lect ively,  

these studies indicate that the experimental  threshold for adverse effects of 

Aroclor 1254 in studies of 30 days'  durat ion or less is at or near a dose of 1 

mg/kg/day. Thus, i t  seems reasonable to use this lat ter dose as a basis for 

health r isk assessments for Aroclor 1254 for short  durat ions. 1 o  
3 
3 

Uti l iz ing a dose of 1 mg/kg/day weight as a No Adverse Effect dose, a 10- o 
day exposure level for PCBs may be calculated as fol lows: <r> 

to' o 
<J\ o 
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10-day exposure level = 1 mq/kq/day x 10 kg = 0.1 mg/day for a 10-kg chi ld.  
100 

where 

10 kg = assimed body weight of  a chi ld,  and 

100 = uncertainty (safety) factor chosen in accordance with the 

National Academy of Sciences guidel ines, in which a N0AEL 

from an animal study is employed. 

For a 70-kg adult  the 10-day exposure level would be 0.7 mg/day. 

CARCINOGENIC EFFECTS 

A number of  short- term assays predict ive of carcinogenic potent ial  have 

been performed using the Aroclors and individual isomers of PCBs. Negative 

results have been obtained in the reverse nutat ion assay using S_. t 'yphimurium 

(Schoeny et a l . ,  1979; Schoeny, 1982; Heddle and Bruce, 1977), and in the 

dominant lethal assay in rats (Green et a l . ,  1975). PCB products also did not 

produce chromosomal changes in CL melanogaster (Ni lsson and Ramel ,  1974) or in 

the sperm and bone marrow cel ls of rats (Green et a l . ,  1975; Garthoff  et  a l . ,  

1977; Dikshith et a l . ,  1975). Wyndham et a l .  (1976), however, observed 

increases in reversion frequency in S_. typhimurium exposed to 4-chlorobiphenyl 

and to a lesser extent with Aroclor 1221, whi le the more highly chlor inated 
, O 

2,2' ,5,5'- tetrachlorobiphenyl and Aroclor 1254 were negat ive. The posit ive , s  

response was observed in one strain, TA1538, in the presence of a metabol ic § 

act ivat ion system derived from rabbit  l iver.-  In addit ion, a weak posit ive NJ 
o 

response was observed by Peakal l  et  a l .  (1972) in an assay of chromosomal £ 

aberrat ion in the embryos of  r ing doves fed Aroclor 1254. The var iable data 

observed with PCBs is consistent with the poor response and lack of correlat ion 
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with animal carcinogenici ty data reported for many highly chlor inated compounds 

in short- term assay. 

Early bioassays of PC8s were inadequate as a result  of  smal l  group size 

or periods of exposure extending for ' less than 1 year.  These studies fai led to 

demonstrate that PCBs were carcinogenic when fed to rats or mice (Kimura and 

8aba, 1973; I to et a l . ,  1973; I to et al . t  1974; Kimbrough and Under, 1974). 

The study by Kimbrough and l inder (1974) in which 50 BALB/CJ male mice were fed 

diets containing 300 ppm of Aroclor 1254 for 6 or 11 months was suggest ive that 

Aroclor 1254 was a l iver carcinogen. Of the 22 animals surviving PCS treatment 

for 11 months, a l l  had areas of adenofibrosis in the l iver,  and seven had his­

tological ly ident i f ied hepatomas. In animals surviving 11 months which are 

maintained on PCB-contaminated diets for 6 months, and in control  animals, i  

there were, respect ively,  only 0/24 and 0/58 l ivers with areas of adenofibrosis 

and 1/24 and 0/58 animals with hepatomas. There were no histological ly ident i­

f ied hepatocel lular carcinomas in any group. 

In a later study in rats using a larger group size and a longer exposure 

period, Kimbrough et a l .  (1975) reported an increased incidence in hepato­

cel lular carcinomas in animals exposed to PCBs. In this study, 200 female 

Sherman rats were exposed to diets containing a nominal 100 ppm (range 70-107 

ppm) of  Aroclor 1260 for 630 days. The incidence of hepatocel lular carcinomas 

in the treated group compared with control  animals was 26/184 and 1/173, 

respect ively;  whi le the incidence of hepat ic neoplast ic nodules was 144/184 

and 0/173, respect ively.  

In the only other chronic bioassay performed (NCI, 1978), 24 male and 24 ! Q 
! 3 

female Fischer 344 rats/group were maintained on diets containing 0, 25, 50, or © o 
100 ppm of Aroclor 1254. Although dose-related increases in nodular hyper-

plasia were observed, there was no s ignif icant increase in neoplast ic lesions. o 
<N TO 
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With respect to the tumor incidence reported by Kimbrough et a l .  (1975), the 

number of  rats/group in the NCI study may have been too smal l  to detect a 

carcinogenic response. 

Very l imited information is avai lable on the carcinogenici ty of PCBs in 

humans. In a survey of 1,200 pat ients in Yusho, Japan, 5.5 years after expo­

sure to PCBs, 41i  of the 22 deaths were attr ibuted to neoplasia (Kuratsune, 

1976; Urabe, 1974). The relevance of these f indings is unclear since the 

tumors were at var ious common s i tes, and comparable incidences for an unexposed 

populat ion were not presented. In two let ters to the editor,  Bahn et a l .  

(1976, 1977) described suspected increas.es in mal ignant melanomas in a smal l  

group of workers exposed to Aroclor 1254. In the 31 "heavi ly exposed" workers, 

there were two cases of melanoma, whi le in the 41 " less heavi ly" exposed 

workers, there was one melanoma. The International Agency for Research on I 
Cancer ( IARC) est imates that only 0.04 cases would be expected in this number 

of  individuals (IARC, 1978). The only epidemiologic study (Davidorf  and Knupp, 

1979) examined the associat ion between ocular melanomas and populat ions resid­

ing in areas of known high environmental levels of PCBs. The authors concluded 

that a causal relat ionship between PCBs and ocular melanomas was not demon­

strated. The IARC (1978) considered the associat ion between exposure to 

Aroclor 1254 and mal ignant melanomas described in the two let ters to the editor 

of the New England Journal of  Medicine (Bahn et a l . ,  1976, 1977) to be sugges­

t ive evidence that PCBs are human carcinogens. 

O 
3 
3 

o o 
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QUANTIFICATION OF CARCINOGENIC RISK 

WEIGHT OF EVIDENCE FOR HUMAN CARCINOGENICITY 

The l ikel ihood that a chemical such as PC3 is a human carcinogen is ex­

pressed through a character izat ion or strat i f icat ion of the "weight of  evi­

dence" (human, animal,  short- term test)  and a f inal  indict ion of the "overal l  

weight of  evidence" for human carcinogenici ty.  

The IARC has character ized the evidence for the carcinogenici ty of PCBs in 

humans as " inadequate," the evidence for carcinogenici ty in animals as "suff i ­

c ient,"  and the support ive evidence from short- term tests as " inadequate," 

( IARC, 1982). The overal l  weight-of-evidence designat ion for PCBs under the 

IARC scheme is 2B (probably carcinogenic in humans; evidence inadequate in 

humans and suff ic ient in animals),  the EPA has recent ly proposed a s imi lar 

scheme, which is an adaptat ion of the IARC scheme (U.S. EPA, 1984a). There are 

some di f ferences in the two schemes; however, for PCBs the requirements for 

inadequate evidence of carcinogenici ty in humans and for suff ic ient evidence in 

animals are essent ial ly ident ical .  Simi lar ly,  the overal l  weight-of-evidence 

under the new EPA scheme would be designated as 82, which has the same require­

ments as the 2B designat ion of- the IARC scheme. 

To comply with the EPA proposed guidel ines for carcinogen r isk assessment 

(U.S. EPA, 1984a), any f inal  r isk est imate developed or used in r isk charac­

ter izat ion should be coupled with the EPA c lassi f icat ion of the qual i tat ive 

weight-of-evidence. Thus, those r isk levels used in this paper are understood 

to carry the "82" designat ion; for example, 1 x 10-5 (82),  1 x 1Q"6 (B2),  etc.  

POTENCY SLOPE FACTORS 

The use of a potency slope factor,  necessary in calculat ing r isk or back-

calculat ing permissible PC3 soi l  concentrat ions from selected r isk levels,  does 
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not def ini tely indicate that the chemical is a human carcinogen. The l ikel i ­

hood that the agent is a human carcinogen is a funct ion of the weight-of-

evidence described above. The proposed EPA guidel ines for carcinogen r isk 

assessment (U.S. EPA, 1984a) suggest that agents fal l ing into Groups A and 3 

are sui table for quant i tat ive r isk assessments. 

The U.S. EPA Carcinogen Assessment Group (CAG) has used the data from 

female rats in the study by Kimbrough et a l .  (1975) to quant i fy the carcino­

genic r isk from exposure to PCBs (U.S. EPA, 1980). In this analysis,  the TWA 

concentrat ion of PCS (Aroclor 1260) in the diet was determined to be 88.4 ppm, 

associated with a dai ly dose of 4.42 mg/kg bw/day, by assuming that an adult  

rat  consumes food equal to 51 of i ts body weight per day. In addit ion, for 

this analysis,  the incidence of hepatocel lular carcinomas (26/184 in treat id 

animals and 1/173 in controls) and neoplast ic nodules (144/184 in treated f  

animals and 0/173 in controls) were combined to produce tumor incidences of 

170/184 and 1/173 in the treated and control  groups, respect ively.  Using these 

data and the l inearized mult istage model,  a cancer potency value (q*) for 

human exposure to Aroclor 1260 of 4.34 (mg/kg/day)"1 was calculated using the 

data in Table 0-2. The U.S. EPA Off ice of Toxic Substances (0TS) has also used 

the data from the same study, but by al ter ing two of the variables (see Table 

0-2),  calculated a-qj  of 3.57 (mg/kg/day)~ l  (U.S. EPA, 1985a). The average 

of these two values is 4.0 (mg/kg/day)"!• ,  and this value has been adopted by 

this health advisories appendix for use in developing advisory levels for PCBs 

c lean-up. 

Using this q^, a r isk-specif ic dose (RSD) of  Aroclor 1260 that would 
O 

result  in an increased l i fet ime r isk level of 10"5 for a 70-kg man can be , I  

calculated as fol lows: °  o 

TO o CTL 



TABLE 0-2. DATA USED AS THE BASIS FOR THE 

Species 

Strai  n 

Sex 

Body weight (assumed) 

Length of exposure 

Length of experiment 

Tumor s i te 

Tumor type 

PCB product tested 

Dose 
(mq/kg/day) 

rat  

Sherman 

female 

0.4 kg (0.35 kg)a 

645 days (730 days)3 

730 days 

1 i  ver 

combined hepatocel lular carcinomas 
and neoplast ic nodules 

Aroclor 1260 

I8SS35S: S3333332 

0 

4.42 

Incidence 
(No. respondinq/NQ. tested) 

1/173 

170/184 

aThe data in parentheses indicate the al ternat ive values used by OTS in 
computing a cancer potency factor.  

SOURCE: Kimbrough et a l . ,  1975. 
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RSD = 1 x 10"^ x 70 kg bw + q^ (mg/kg/day)"^ 

= 0.175 ug/day. 

Thus, using the q^ for humans of 4.0 (mg/kg/day),  the RSOs corresponding to 

l i fet ime r isks of 10"4, 10"®, and 10"® are 1.75, 0.175, and 0.0175 ug/day, 

respect ively.  The adopt ion of these potency and concentrat ion levels for al l  

PC3s requires a further assumption that al l  PC3 compounds are carcinogenic and 

that the potency of Aroclor 1260 is representat ive of any mixture of any other 

PCB compound. 

SPECIAL CONSIDERATIONS 

HIGH-RISK SUBPOPULATION / 

Two separate groups of high-r isk subpopulat ions for exposure to PCBs may 

be ident i f ied. The f i rst  group includes those persons with the potent ial  for 

frequent or high exposure, namely, occupat ional ly-exposed workers and breast­

fed infants, as PCBs are excreted in the breast mi lk of lactat ing humans 

(Mi l ler,  1977; Rogan et a l . ,  1980; Wickizer et  a l . ,  1981; Mes and Davies, 1979; 

Kuwabara et  a l . ,  1979; Hofvander et  a l . ,  1931). The second group includes 

those persons with an inabi l i ty to oxidize PCBs v ia glucuronidat ion to faci l i ­

tate detoxi f icat ion and el iminat ion of these toxicants, such as embryos, 

fetuses, and neonates (2 to 3 months old) (Calabrese and Sorenson, 1977; 

Gi l let te,  1967; Nyhan, 1961), especial ly breast-fed infants who receive a 

steroid via human-breast mi lk that inhibi ts glucuronyl t ransferase act iv i ty 
c  

(Calabrese and Sorenson, 1977; Gartner and Arias, 1966), chi ldren simultane-,  s  

ously exposed to the ant ibiot ic novobiocin (Lokietz et a l . ,  1963; Calabrese °  
<Y 

and Sorenson, 1977), persons with Gi lbert 's syndrome or Crigler and Naj jar 
N 
C 
a 
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syndrome (Lester and Scnmid, 1964; Calabrese and Sorenson, 1977), or persons 

with hepat ic infect ions such as infect ious hepat i t is (Calabrese and Sorenson, 

1977). 

COCARCINOGENESIS, INITIATION, AND' PROMOTION 

DiGiovanni et  a l .  (1973) demonstrated that Aroclor 1254 had weak tumor 

in i t iat ing act iv i ty in the mouse two-stage tumorigenesis models. Promoting 

act iv i ty was not indicated for this Aroclor in a study by Berry et a l .  (1978). 

Using.other experimental  systems, I to et a l .  (1973) observed an increased inci­

dence of l iver tumors in rats co-administered PC3s and benzene hexachlor ide as 

compared with benzene hexachlor ide treatment alone. Co-administrat ion of other 

potent l ive carcinogens, 3'-methyl-4-dimethylaminoazobenzene, N-2-f1uorenylace-

temide and diethylni trosamine, with PCBs, however, has resulted in the inhibi­

t ion of the tumorigenic response ( I to et a l . ,  1973). Simi lar ly,  ant ineoplast ic 

effects were reported by Nishizumi (1980) for pups of dams administered 

Kanechlor-500 and diethylni trosamine. These studies make i t  apparent that expo­

sure to PCBs can affect the carcinogenici ty of other xenobiot ics. 

SUMMARY 

For the purposes of sett ing advisory levels for PCBs contaminat ing soi ls,  

acceptable intake (Al)  levels have been developed which are based on both the 

toxici ty and the carcinogenici ty of PCBs. The 10-day health advisories (HA) 

for toxici ty other than cancer have been developed. The 1-day and l i fet ime HAs _ O S 
could not be evaluated. Advisories for the cancer end point are expressed in 1 s  

terms of 10"4 to 10"7 l i fet ime individual excess r isk levels.  See Table D-3 for '  © 

a summary of  these AIs and r isk-specif ic doses. ^  
o 
CO 
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TABLE U-3. SUMMAKY UF RISK SPECIFIC UUSES (RSUS) FOR CANCER 
RISKS OF PCBs, OR OF ACCEPTABLE INTAKES FOR PROTECTION 

AGAINST THE NUNCARCINOGENIC EFFECTS OF PCBs 

Descript ion Value (uy/day) 

10-4 RSO 1.7b 

10"5 RSO 0.17b 

lO"6 RSU 0.017b 

Short- term AI (1-oay) Not est imated 

Lonyer-term AI ( lo-day) loo for a chi ld 

70U for an adult  

Li fet ime AI Not est imated 
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The toxici ty and carcinogenici ty of PC3s have recent ly been cr i t ical ly 

evaluated in a number of  EPA documents (U.S. EPA, 1980, 1983, 1984b, 1985b). 

The approach taken here in developing a 10-day exposure advisory for non-

cancer toxici ty has been to select from the avai lable l i terature the animal 

study that addresses the cr i t ical  toxic effect and y ields the most appropriate 

no observed effect,  no observed adverse ef fect,  lowest observed effect,  or 

lowest observed adverse effect level.  This dose was then divided by an appro­

pr iate uncertainty factor to obtain the 10-day HA. 

The calculat ion of a 10-day HA for noncarcinogenic toxici ty should make 

use of animal data derived after an exposure period ranging from 10 to 30 days 

The l i terature contains several animal studies which address this length of 

exposure. The studies chosen as a basis for the 10-day HA (Vi l leneuve et a 1. ,  

1971; Grant and Phi l l ips, 1974; Col l ins and Capen, 1980a, b,  c;  Carter,  1983) 

y ield a No Observed Adverse Effect Level (NOAEL). These studies involved the 

feeding of Aroclor 1254 to rabbits and rats.  Col lect ively,  in these studies, 

NOAEL can be ascr ibed to a dose of 1 mg/kg/day).  Dividing this NOAEL by an 

uncertainty factor of 100 y ields a 10-day HA of  100 ugAg/day for a chi ld,  

and 700 ug/day for a 70-kg adult .  

The 1-day HA could not be est imated based on animal data derived from 

studies with an exposure durat ion of 1 to 5 days. The l i fet ime HA noncancer 

toxici ty,  l ikewise, could not be est imated. 

The cancer r isk specif ic doses ( intake levels) have been calculated by 

solving for exposure in the equat ion 

Risk *  Potency x Exposure 

and mult iply ing by 70 kg. A cancer potency factor of 4.0 (mg/kg/day)"^ was 
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adopted for use in these calculat ions. This value is the mean of  the values 

determined by OTS ^3.57 (mg/ '<g/day) "^ and by ORD (4.34 (mg/kg/day) "1) for 

PCBs. 
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