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POLYCHLORINATED BIPHENYLS AND THEIR USE IN CAPACITORS

1. INTRODUCTION

T ins pap er p re se n ts  an overview  of considerations involved in  the u se  of

polych lorinated  biphenyls (PCBs) in  the e le c tr ic a l industry , w ith p a rtic u la r
| *

re fe ren c e  to th e ir  em ploym ent in  cap ac ito rs . R ecently , is su e s  have been  

ra is e d  with reg a rd  to public health  and environm ental im pact. These is su e s  

a re  ad d ressed , and the response  of the industry  to th is challenge is r e -
i

view ed, w ith the aim  of providing p ersp ec tiv e  fo r the consideration  of 

ap p ro p ria te  contro l m e a su re s .

A capacito r is  a device that s to re s  elejctrical energy. It co n sis ts  of two 

conductive su rfaces  o r e lec tro d es sep ara ted  by an insulating m edium  such 

as  a ir ,  p ap e r, p la s tic  film , o r o il. 'When a voltage is  applied a c ro ss  the 

e lec tro d es , e le c tro s ta tic  energy  is  s to red  in  the insulating m edium . The 

c irc u its  in  which cap ac ito rs  a re  connected m ay be configured to b ring  about 

reg u la riz ed  sto rage  and re le a se  of energy in  ways calcu lated  to  con tro l o ri
m odify the perfo rm ance  of the c irc u its  and im prove the operation  of 

a sso c ia ted  e le c tr ic a l equipm ent, incluking power tran sm iss io n  and 

d istribu tion  sy stem s.

In  typ ical in d u s tria l cap ac ito rs  the e lectrode  m a te ria l is  alum inum  foil

and the insulating  m edium  (d ie lec tric ) is paper tissu e  a n d /o r  p las tic  H im ,

im pregnated  with a liquid d ie lec tric . F o r  the past four decades, the liquid 

im prégnant of choice has been --and  continues to be--po lych lo rinated  biphenyls.
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2. ADVANTAGES OF USING PCBs IN CAPACITORS

The F am ily  of P C B s--S tru c tu re  and U seful P ro p e r tie s  

The PC Bs a re  a c la ss  of a ro m atic , chem ically  in e r t , ch lorinated  hydro­

carbons. The fo rm s suitable fo r im pregnating  e le c tr ic a l equipm ent a re  

m obile oily liqu ids, bu t the  te rm  also  em b races som e sticky  o r solid  

re s in s  with a re la tiv e ly  high deg ree  of ch lorination . They a re  non­

oxidizing, perm anen tly  therm op lastic , of low vo la tility  and n o n -co rro sive  

to  m e ta ls . They a re  not hydrolized  by w ater, a lka lies o r  ac id s . They 

w ill not support com bustion when heated  alone. T heir exce llen t e le c tr ic a l 

p ro p e r tie s , f i r e  re s is ta n c e  and in e rtn e ss  have m ade them  use fu l in  m any 

applications (1) (2).

PC B s a re  m anufactured  by the chlorination  of biphenyl w ith anhydrous 

chlorine  using  iro n  filings o r f e r r ic  chloride as a c a ta ly s t (1). The degree 

of ch lorination  v a rie d  fro m  21% to 68% chlorine by weight in p roducts m anu­

fac tu red  in  the U .S . p r io r  to 1970.

P o lych lo rinated  biphenyls a re  deriva tives of the hydrocarbon , biphenyl,

which has the chem ical fo rm ula  C _H n F ro m  one to  ten  of the hydrogen1« l  u*
atom s in a m olecule of biphenyl can be rep laced  by chlorine  atom s, and the 

chem ical identify of the resu ltin g  compound depends both  on the num ber of 

ch lorine  atom s tha t have been in troduced (identifying the "hom olog") and on 

the  specific s ite s  in  the m o lecu la r s tru c tu re  a t which the substitu tion has oc 

(identifying the " iso m e rM).

The base  s tru c tu re  of biphenyl, showing a num bering sy stem  commonly 

u se d  fo r positions of substitu tion , is  the following: 773939
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5* 6*  2 3

Thus, the 2 ,4 f iso m er of th e  dichlor homolog m ay be d iagram m ed as:

C l

C l

The following is  the com position of the com m ercial grade of PCB 

(A roclor 1016) u sed  in  the U .S . capacito r industry» with the p rincipal 

iso m e rs  identified. (See also Appendix 2 fo r com position of other g rades. )
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N um ber of Chlorine 
A tom s Substituted F o r  

Hydrogen Atom s

0

1

2

3

T e tr  achlo r  obiphenyl

T ypical 
Com position, 

% (3)

L ess  than 0.1

1

20

57

Pentachlorobiph'enyl 

Hexachlo r  obiphe nyl 

Hep t achlo r  obiphenyl 

O cto chi o r  obiphenyl

21

L ess  than 0.1 

None detected  

None detected

P rin c ip a l
Isom ers

2 ,4 ';  2 ,2 '

2 ,2 ',  5*; 2 ,2 ',

2, 2 ', 3 '; 3,2»,

3 ,2 ',3 ';  2 ,3 ',

2# 2 ', 3 ', 5*

3 ,2 ',  3 ', 6'
2, 5, 5 ', 4'

C onsidering iso m e rs  and hom ologs, the te rm  "PC B " could identify any of 

210 possib le  (or 102 probable) (4) chem icals , each with d istinctive  propertie  

T his c ircum stance  has led  to considerab le  confusion and unw arran ted  gener; 

tion about the p ro p e rtie s  and effects of PCBs,

PC B s m anufactured  in the United States a re  re g is te re d  under the trad e  nam< 

A roc lo r of the M onsanto Chem ical Company. Only four A ro d o rs  a re  today 

being m anufactured fo r com m erc ia l applications. They a re  A ro c lo r 1221, 

A ro c lo r 1016, A ro c lo r 1242, and A ro c lo r 1254 (5). Of th ese , only A roclo r 1
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is  now u sed  in  e le c tr ic a l cap ac ito rs . T hese 'P C B s a re  m ark e ted  by the 

average  weight percen tage  ch lo rine. The la s t  two digits of the product 

num ber ind icate  the average  p e rcen t ch lo rine, except in  the case  of 

A ro c lo r 1016, which has a ch lorine  weight content of 41%.

The p ro p e rtie s  of p rinc ipa l in te re s t  with re g a rd  to e le c tr ic a l applications 

include the following: .

E le c tr ic a l P ro p e r tie s  (2) (3)

A ro c lo r D ie lec tric  
25 C

Constant 
100 C

Volume R esis tiv ity  
O hm -cm  a t 100 C, 
500 V olts D. C.

D ie lec tric
S trength

P ow er Facto: 
100 C,
1000 Hz

• 1232 5 .7 4 .6
q * G re a te r  than 

Above 500X109 35 KV
L ess  Qian 

0.3%
1016 5 .8 4 .7  to  4. 9 it it II
1242 5 .8 4 .9 ii ii II
1248 5 .6 4 .6 ii ti It
1254 5 .0 4 .3 ti ii II
1260 4 .3 3 .7 n n II
1268 2 .5 -  - - - -  - ...

Flu id

F lam m ability  R ating-(4)
U n d erw rite rs ' L ab o ra to ries  
F lam m ability  Rating_______

E th e r 
G asoline 
E thyl Alcohol 
K erosene (100 F . P . ) 
M ineral Oil 
A ro c lo r 1242 
A ro c lo r 1016

100
90-100
60-70
30-40
10-20
2-3
2-3
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A dvantages of PC B s fo r C apacitor Design

P r io r  to 1930 m o st liqu id -filled  cap ac ito rs  w ere m ade with m in e ra l oil. 

The subsequent substitu tion  of PCBs fo r m in e ra l oil m ade p oss ib le  

sign ifican t techn ical im provem ents in  the  s ize , re liab ility , and life  of 

th e se  cap ac ito rs . In addition, d esig n ers  of equipm ent w ere  quick to 

se ize  upon the low flam m ability  c h a ra c te r is tic  to  apply cap ac ito rs  in  

ways th a t m ight have been  hazardous with o il-filled  u n its .

Size 773943

The single m o st im portan t p ro p erty  of a liquid to  be u sed  in  a capacito r 

is  i t s  d ie lec tric  constant (the ra tio  of i ts  ab ility  to  s to re  e le c tro s ta tic  

energy  re la tiv e  to a ir) . The d ie le c tr ic  constant of c a p a c ito r-g ra d e  askari 

(A roclor 1016) is  5. 85 while th a t of m in e ra l oil is  2 .2 5 . When capacito r 

t is su e  is  im pregnated  with these  liquids the d ie lec tr ic  constant of the pap< 

liquid  com posite is  6 .1  fo r PCB and 2 .9  fo r m in e ra l o il. F u rth e rm o re , 

because  of the re la tiv e ly  c lose m atch  betw een the  d ie lec tr ic  constants of 

ce llu lo se , (6 .6) and PCB (5.85) i t  is  possib le  to s t r e s s  PC B -im pregnated  

p ap er to  400-500 v o l ts /m i l . , while the s tr e s s e s  tha t can be applied to 

com parable p a p e r-m in e ra l oil capacito rs a re  lim ited  to 300-350 v o lts /m il 

The combined effect of these  techn ical advantages of PCBs has been to 

p e rm it a reduction  of capacito r s izes  to  le s s  than 14% of what they w ere 

in  1924. In 1965 a new d ie lec tric  system  consisting  of paper--polypropyl<  

film --P C B  was in troduced  with s t r e s s  capability  up to 900 v o lts /m il. 

o v e ra ll. B esides favorable s tr e s s  d istribu tions, the ability  of PCB to 

in c re a se  the d ie lec tric  s tren g th  of polypropylene is  p a rtly  responsib le  fo r  

th is  im provem ent. C T F N P  0 0 5 2 9 2
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R eliab ility  and L ife

PC Bs a re  th e rm ally  and oxidatively m ore  stab le  than  m in e ra l o ils ,

and d isch arg es , which can occur in capac ito rs , a re  le s s  likely  to generate

gases fro m  PCBs than  fro m  m in e ra l oils . The chem ical s tab ility  of
I

PCB in  the p resen ce  of capacito r tis su e  and p las tic  E lm s and the favorable 

s t r e s s  d istribu tions betw een solid  and liquid re fe r re d  to above have m ade 

i t  po ssib le  to design low -cost capacito rs with a life expectancy of m ore  

than  10 y e a rs  in  lighting applications and m ore  than 20 y e a rs  in  e le c tr ic  

u tility  app lications, , In each application the E rs t-y e a r  fa ilu re  ra te s  a re  

le s s  than 0, 2%, This level of life  and re liab ility  had  not been  achieved 

p r io r  to the in troduction  of PC B s. F u rth e rm o re , the re la tiv e  non-flamxnabili1
__ w

of PC B s significantly  reduces the E re  h aza rd  com pared to oil u n its .

The capacito r m anu fac tu rer has been able to "design  with" the p ro p e rtie s  

of PC B s and obtain significant techn ica l im provem ents along with im proved 

safety . A s a  re su lt, PC B s have supplanted m in e ra l o ils in  m ore  than 90% 

of the pow er and in d u stria l type capacito rs m ade today.

P r io r  to  1952 the liquid u sed  in  PC B -im pregnated  cap ac ito rs  was A roc lo r 125“ 

(54% chlorine); i t  was then rep laced  by A roc lo r 1242 (42% ch lorine), which has 

b e tte r  e le c tr ic a l p ro p e rtie s ; and, beginning in  Septem ber 1971» A roc lo r 1016 

with im proved environm ental com patibility , was substitu ted .

773944
A lterna tives C onsidered

B ecause of the high cost of PCBs (now m ore  than $4 p er gallon of capacito r 

g rade , com pared  to 58£ for refined  m in e ra l oil) th e re  has been a constant
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se a rc h  fo r a m a te r ia l to rep lace  PC Bs ever since th e ir  introduction. 

A dditional im petus has been added to th is  quest as a  re s u lt  of the d iscoven  

th a t  PC B s of som e kinds have becom e widely d isp e rsed  in  the environment 

(see  Section 4). S evera l m a te r ia ls  which have been the subject of study in 

the p ast a re  d iscu ssed  in  the re p o rt of the In te rd ep artm en ta l T ask F o rce  (■< 

M inera l o il is  unsu itab le  because  of low pow er fac to r leading to enorm ous 

penalties in  the size  of cap ac ito rs  and the in c re a se d  dem and fo r c r i t ic a l  

m a te r ia ls , and would in troduce a f ire  h aza rd . C asto r oil has a m oderately 

good d ie lec tric  constant but is  v e ry  unstable under A. C. d ischarges and in 

the p resen ce  of w ater derivab le  from  paper d ie le c tr ic . Dibutyl sebacate , ' 

u se fu l in h igh-frequency p a ra lle l p late  capacito rs w here i t  constitu tes the s 

d ie le c tr ic  m a te r ia l, i s  a lso  incom patible with the  u se  of p ap er. Silicone 

flu ids have a low d ie lec tric  constant and would generally  be subject to the s 

d isadvantages as m in e ra l oil.

In the period  since the evaluation given by the In terdepartm en tal T ask  F ore  

se v e ra l m an u fac tu re rs  have had a degree of success with designs based  

on dioctylphthalate as the d ie lec tric  (such as G E 's E conol). in troduced in 

1973). D ioctylphthalate (or DOP) capacito rs fo r general application in  the
/
" sm a ll in d u stria l"  category , m atch  or exceed the c h a ra c te r is tic s  of PCB 

cap ac ito rs  in te rm s  of s tab ility  with tem p era tu re  changes, power fac to r, 

and effect of overvoltage on capacito r life . Within c e rta in  lim its , the 

effect on life of o v ertem p era tu re  is  a lso  a m atch  fo r PCB designs, but t% 

allow able case  tem p era tu re  m ust be held down to 85 C (w hereas PCB

773945
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cap ac ito rs  m ay be used  at 95 C o r  h igher, with p ro p er derating . BOP 

designs have not found any general application in  the h igher voltage rating: 

such as req u ired  in  e le c tr ic  u tility  se rv ice , in p a r t  because of a propen s it  

to  undergo corona dam age a t low er vo ltages than  PCB cap ac ito rs .

T h ere  ex is ts  an in dustry  standard  fo r non-FCB cap ac ito rs , EIA 392-1, 

which can be m et by the u se  of DOP cap ac ito rs . Except fo r c e rta in  export 

app lica tions, custom er acceptance has not been good, due at le a s t in  p a r t  

to  concern  over the  h igher flam m ability  of DOP, and the u n it 's  possib ly  

d ifferen t behavior in  the p resen c e  of f ire  of ex te rn a l orig in .

S ev era l of the m ajo r chem ical com panies a re  cu rren tly  offering v arious , 

candidate  d ie le c tr ic s  fo r evaluation by capacito r m an u fac tu rers  (in addition 

to  DOP). It is  not known a t th is  w riting  w hether any of these  w ill tu rn  out 

to be p re fe r re d  over PC B s in  te rm s  of capacito r perfo rm ance  p a ra m e te rs  

alone. A ll m u st go through an extensive period  of proof tes tin g  fo r re liab ili, 

and be sc reen ed  in  th e ir  tu rn  fo r environm ental e ffec ts . Then, if one of 

th e se  is  to  com e into general u se , production a rrangem en ts m ust be made 

fo r the fluid and fo r the  capacito rs and som e accom m odation w ill have to  be 

achieved on the question of flam m ability . Thus, although m uch has been don 

and is  he ing  done. to. qualify  a  substitu te  (or substitu tes) fo r PCB, the b e s t 

answ er m ay well co n sis t in  reso lv ing  the  con troversy  th a t has a risen  over 

PCBs in a m anner justify ing th e ir  continued long range u se . This p o ss ib ili ' £ 

is  fu rth e r add ressed  in Sections 4 and 5. »

773946 <<
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3. DESCRIPTION OF THE CAPACITOR INDUSTRY

P ro d u c ts: Types and A pplications of P C B -im pregnated  C apacito rs 

The p rinc ipa l types of FC B -ixnpregnated cap ac ito rs  and th e ir  applications 

a re  d esc rib ed  in  Appendix 1. Some 80 m illion  to 100 m illion  such capacitc 

a re  m anufactured  annually, m ost of them  fo r f i r s t- t im e  u se .

M anufacturing p la n ts , em ploym ent and value of shipm ents 

The N ational E le c tr ic a l M anufacturers A ssocia tion  l is ts  six  m an u fac tu rers  

of pow er cap ac ito rs , a ll of which u se  PCB d ie lec tric  sy stem s (6):

F e d e ra l P ac ific  E le c tr ic  Company, C o rne ll-D ib ilie r 
E lec tro n ics  D ivision, New Bedford, M assachuse tts

G eneral E le c tr ic  Company, Hudson F a lls , New Y ork
m

M cG raw -E dison Pow er System s D ivision, Greenwood,
South C arolina

Sprague E le c tr ic  Company, N orth  A dam s, M assachuse tts  

W estinghouse E le c tr ic  C orporation , B loom ington, Indiana

In addition to the above, the following com panies m anufacture  in d u stria l 

c ap ac ito rs  u tiliz ing  PCBs (7):

A erovox In d u strie s , In c .,  New B edford, M assachusetts 

C apacito r Specialists,- Escondido, C alifo rn ia  

E le c tr ic a l U tilitie s  Company, LaSalle, Illinois 

High E nergy, I n c . , M alvern, Pennsylvania 

J a rd  Company, In c ., Bennington, V erm ont

773947
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PR  M allory , I n c . , Indianapolis, Indiana

U n iversa l M anufacturing C orporation , B ridgeport,
Connecticut

York E lec tro n ics , Brooklyn, New York

In a ll, th e re  a re  14 m an u fac tu re rs  operating  16 p lan ts in  9 s ta te s . T otal 

d ire c t em ploym ent in  the m anufacture  of PCB cap ac ito rs  is  believed to 

lie  in  the range of 2, 000 to 5, 000 w orkers (8). (This estim ate  includes 

a num ber of tra n s fo rm e r  w o rk e rs , but a t p re se n t th e re  a re  only two 

m an u fac tu re rs  lis te d  by NEMA as producing PCB t r a n s fo rm e rs .} Con­

sid e rin g  re la te d  secondary  jobs and the fam ilies of w orkers,' th e re  a re  

fro m  13, 000 to 34, 000 people dependent upon the PCB capacito r industry  

(8). If, fo r  any reason , the e n tire  PC B -using  segm ent of the e le c tr ic a l 

in d u stry  should m ove off-shore, the unfavorable im pact on balance  of 

paym ents in te rnationally  would be som ew here betw een $68 m illion  and 

$170 m illion  annually (8).

The to ta l value of U .S . PCB capacito r shipm ents has been es tim ated  as 

ranging  fro m  $130 to $160 m illion  annually (9), broken  down as  follows:

$ M illion

Pow er C apacito rs 50 to 60
Sm all In d u stria l C apacito rs 80 to 100

T otal 130 to 160

Oo
to
vo
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4. ORIGINS AND NATURE OF CONCERN 

Swedish F ish  and C aliforn ia  B irds

Polych lo rinated  biphenyls (PCBs) w ere f i r s t  m anufactured  com m ercial!

in 1929, and found in creas in g  application to a  b road  sp ec tru m  of industr

u se s  over the  ensuing fo rty  y e a rs . Beginning in the la te  n ineteen -six tie

and e a rly  sev en ties9 evidence began to 'ap p e a r tha t these  m a te r ia ls  had

been  widely d isp e rsed  throughout the environm ent. B ecause they a re  a

m an-m ade , ra th e r  than  a  n a tu ra l fam ily  of chem icals , concern  a ro se  ov

the im plica tions of th is d ispersion . Evaluation of PCBs as possib le

environm ental pollu tants has spawned, since 1970, a rap id ly  expanding

sc ien tific  l i te ra tu re , with the re s u lt  tha t a bibliography published  in

e a r ly  1972 contained 870 e n tr ie s , m ostly  of recen t o rig in  (10).
•

D uring m ost of the h is to ry  of the in d u s tria l u se  of PC B s, they  w ere  not 

generally  reg a rd ed  e ith e r  as hazardous chem icals or as po ten tia l enviror. 

m en ta l contam inants (1). The identification  of PC Bs as po ten tia l food 

contam inants was f i r s t  rep o rted  in -1966 when they  w ere d iscovered  in  fisl 

fro m  Swedish w a te rs  (3) but a ttrac ted  l it t le  general concern  a t the tim e (1 

The growth in public concern  m ay be sa id  to date from  the publication in 

a w est coast new spaper, in  F e b ru a ry  1969, of a m ajo r fea tu re  about 

"a  m enacing new pollu tant" found in  the San F ran c isco  Bay a re a .

The a r tic le  was based  on m arin e  life  re s e a rc h  c a rr ie d  out by D r. R obert 

R isebrough of the U n iversity  of C aliforn ia . The following is  N a tu re1 s 

synopsis of D r. R isebrough1 s paper:

77394g

e -*

ri
 /

''7
T

 A
/A

 _
T 

k 
I *

3



13 -

Polych lo rinated  biphenyls a re  widely d isp e rsed  in  
the global ecosystem , and a re  pow erful inducers of 
hepatic  enzym es which degrade e s trad io l. T ogether 
with o ther ch lorinated  b iocides, such as DDT, they 
could account fo r  a la rg e  p a r t  of the ab e rra tio n  in  
calcium  m etabo lism  which has been observed  in  m any 
species of b ird s  since th e  Second W orld W ar.

The Yusho incident

Although a se rio u s  food poisoning episode a ttribu ted  to PCBs o ccu rred  in 

Japan  in  1968, i t  was not repo rted  in  the Japanese  l ite ra tu re  un til Ju ly  

1969» and rem ained  generally  unknown in  the  United States u n til 1971 (10). 

M ore than 1, 000 people w ere m ade i l l  th rough ingestion of g ro ss ly  con­

tam inated  r ic e  oil. F o r  m any, reco v ery  has been painfully slow. T heir 

s ick n ess  was nam ed "Y usho ,11 o r " r ic e  o il d ise a s e ,"  and has been fully  

rep o rte d  in  E nvironm ental H ealth  P e rsp e c tiv e s  (11).. S tric tly  speaking, 

th is  episode is  not a  p ro p er p a r t  of the l i te ra tu re  on environm ental o ccu rren ce  

and consequent hum an exposure, because the PC Bs w ere  in troduced  d irec tly  

in to  the food through an in d u s tria l accident (leaks in a heat exchanger), and 

did not follow a path  through the environm ent. N ev erth e less , Yusho is  

im portan t in the h is to ry  of the developm ent of concern about PC B s, con­

trib u tin g  espec ia lly  to the sentim ent in Japan leading to a ban of PC Bs in  

th a t country.

W ithout in any way discounting the tragedy of Yusho for those affected , i t  

is  n ev erth e less  n e ce ssa ry  to point out c e rta in  fac ts  that lim it the re levance  

of th is  episode to the p rob lem  of evaluating the app rop ria teness of continued 

u se  of PC B s in  the e le c tr ic a l industry .
773950
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1. As noted above, Yusho stem m ed from  an accident in a food plant. 

T ra n sfo rm e rs  and cap ac ito rs  w ere not involved; n e ith e r was 

tra n s p o rt  through the n a tu ra l environm ent.

2. The r ic e  oil was contam inated g ro ss ly : 2 p a rts  p e r  thousand (not 

p e r  m illio n  o r p e r  billion) (11).

3. Those m ade se rio u sly  i ll  consum ed an average of 30 m ill ig ra m s / 

day (4); and although som e w ere rep o rted  to be se rio u sly  afflicted  

two y e a rs  la te r , none appears to  have died (1) (11).

4 . The Japanese  product figuring  in the episode, K anechlor 400, was 

ch lo rinated  to about 48% by weight (com pared to 41% fo r the  U .S . 

cap ac ito r grade). T es ts  on chickens have indicated  th a t i t  m ay  have 

been unusually  toxic com pared to A m erican  PCBs (1), possib ly  due to 

p resen ce  (not confirm ed) in the form ulation  of the contam inant chlorin  

dibenzofuran, which has been identified  in se v e ra l fo reign  products. 

(K anechlor has not been  m anufactured  since 1972.)

Toxicity

The acute tox ic ity  of com m erc ia l PCBs in  experim en tal an im als appears to 

be low (4) (1). L ike the usefu l p ro p e rtie s  of PC B s, the biological

p roperties- a lso  v a ry  with the p a rtic u la r  hom ologs and iso m e rs  p resen t.

The following, graph, constructed  from  da ta  in the  In te rdepartm en ta l T a s ‘ 

F o rc e  rep o rt, i l lu s tra te s  the varia tio n  of acute toxicity  as a function of

degree  of ch lorination  of liquid PCB form ulations (4)
773951
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The I*D is  the single dose (exp ressed  in m illig ra m s p e r  k ilogram  of

the re c ip ie n t 's  body weight) th a t w ill re s u lt  in the death of h a lf of the 

te s t  population within a sta ted  tim e , usually  two w eeks. Thus, a high 

num ber ind ica tes low o ra l  tox icity  and a low num ber re p re se n ts  high 

tox ic ity . The te rm , "highly toxic" has been  rig o ro u sly  defined by the
i

EPA in  conjunction with the  Food and D rug A dm in istra tion  and the 

D epartm en t of T ran sp o rta tio n  as an LD^q of 50 m g/K g (12). F ro m  the figu 

on page 15, i t  is  apparen t th a t the of a 42% -chlorinated PCB is

approxim ately  8, 650, indicating th a t i t  is  le s s  toxic than  the defined 

lev e l by a fac to r of m ore  than 170.

FDA T o lerances

U sing  anim al te s ts  s im ila r  to that described  above, the Food and Drug 

A dm in istra tion  iden tified  a  no -effect leve l of 10 ppm  in  ra ts  and dogs, 

in troduced  a rb i tr a r i ly  a safety  fac to r of 100 to 1, and a rr iv e d  a t a "no effec 

leve l fo r m an of 2 .5  to 3 m ic ro g ram s p e r  k ilog ram  of body weight. This 

p ro ced u re  y ields an allowable level of PCB ingestion  of approxim ately

0.175 m illig ra m s p e r  day fo r a 70-Kg individual (13). T his is  reg a rd ed  as 

a lev e l th a t "could be exceeded" if  a com bination of foods containing the  

m axim um  to le rance  lev e ls  is  reg u la rly  ingested  (14), p resum ab ly  with 

sm a ll likelihood of h a rm . 773953

To se t a  m axim um  intake level based  on hum an data , th a t should never be 

exceeded, FDA tu rned  to  the Yusho episode for inform ation . Of the 1, 00» 

o r so Yusho p a tien ts , the one showing overt sym ptom s with the  le a s t in ­

gestion  of K anechlor was chosen fo r the calculation . T his w as a  50-Kg rA
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individual who ingested  500 m illig ram s over a period  of 50 days. The 

FDA em ployed a 10 to 1 safety  fac to r to go from  an effect leve l in  the 

m o st sensitive  individual to a p e rm issab le  no-effect level, allowing an 

ingestion  of 20 m ic ro g ram s p e r  k ilog ram  of body weight p e r  day. T h is

is  equivalent to 1 .4  m g p e r  day fo r a 70-Kg m an, based  on a to ta l p e rio d  

of exposure of 50 days (equivalent to the Japanese incident) (13).

We have com m ented above on the u n rep resen ta tiv e  natu re  of data  based  on 

Yusho; how ever, the FDA had no o ther p lace  to tu rn  fo r hum an da ta , a s  

th e re  is  no o ther reco rd ed  instance  of hum an d isease  a ttrib u ted  to PC B s (4).

With re fe ren c e  to  the above calculations of allowable in take, the FDA 

estab lish ed  the following " tem p o rary  to le ra n c e s ,"  ex p ressed  as p a r ts  

p e r  m illion  (14):

M ilk (fat b asis) 2 .5

D airy  products (fat b asis) 2 .5

P o u ltry  (fat basis) 5 .0

Eggs 0 .5

Com plete and fin ished anim al feeds 0. 2

A nim al feed com ponents 2 . 0
F ish  and shellfish  (edible portion) 5. 0

Infant and jun io r food 0 .2

P ap e r food-packaging m a te ria l 10. 0

773954
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T here  appears to be a reasonab le  rela tionsh ip  betw een the food lim its 

shown and the allowable ingestion  lim its  d iscussed  above. F o r  exam ple, 

if  a p e rso n 's  supply of f ish  is  contam inated to the action lim it of 5 ppm, 

he could ea t 0.28 k ilog ram s (or 0 .6  lb. ) - -s a y , a no rm al se rv ing  a t one 

m e a l—every  day w ithout exceeding the allow able ingestion based  on the 

Yusho overt-sym p tom  calculation . He could eat such a serv ing  about • 

once p e r  week without exceeding the allow able intake ex trapo la ted  from  

an im al stud ies . An additional leve l of p ro tec tion  is  afforded by the 

exp lic it and im p lic it safety  fac to rs  contained in  the derivation  of allowable 

ingestion  lim its .

EFA L im its

I t  is  not known a t th is w riting  wKat b a s is  the EFA w ill u se  finally  fo r 

calculating  toxic pollutant effluent standards fo r  FC B s. H ow ever, in  a 

d ra f t S ta tem ent of B asis  and P u rpose  issu ed  e a rly  in  1975, EFA proposed 

to  base  its  chronic c r i te r ia  on the FDA to le ran ces :

"C hronic c r i te r ia  a re  norm ally  based.upon b ioassays conducted 

over longer periods, p re fe rab ly  se v e ra l life  cycles, and 

estab lished  at lev e ls  tha t w ill su sta in  physiological functions 

of aquatic o rgan ism s, i . e . , reproduction , growth ra te , etc. 

How ever, the PCB chronic c r i te r ia  a re  based  on bioaccum ulation 

of F C B 's  by aquatic o rgan ism s and are  estab lished  at levels th a t

should p ro tec t'h u m an  consum ers of aquatic o rgan ism s from  the ^
*

ingestion  of F C B 's in  excess of FDA to le ra n c e s ."  (15, page 26) ;
<

773955 *
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T hereupon, EPA (Op. C i t . , p. 30) p roceeds to compound two m ore  

"safety  fac to rs"  on top of those a lready  contained in the FDA derivation . 

One of these  is  im p lic it, in  the  choice of what some b io log ists  feel to be 

an ex trem e b io-accum ulation  fac to r, and the  o ther is  explicit and
i

a rb i tra ry , i . e . ,  2:1.

"B ased  on a possib le  accum ulation fac to r in fresh w ate r 

o rgan ism s of 225, 000 as exhibited by the  fathead minnow, 

a m axim um  FOB am bient w ater concentration  of 0. 02 ug/1  

would be possib le  without exposing hum an consum ers to levels 

in  ex cess  of the PCB to le rance  of 5 ppm  in  edible po rtions of 

fresh w a te r f ish  and she llfish . A chronic PCB leve l of 0. 01 u g /1  

in  fresh w a te r should provide an additional 2:1 safety  fac to r, and 

is th e re fo re  recom m ended for the p ro tec tion  of hum an consum ers 

of fresh w a te r aquatic life . "

I t  is  an in te res tin g  e x e rc ise  to follow the sam e logic, but substitu te  

d ifferen t, although perhaps equally reasonab le  num bers: In calcu lating  

allow able ingestion  fro m  anim al data , u se  an a rb itra ry  safety  fac to r fo r 

no -effec t of 10 (instead of 100). Use a b io-accum ulation  of 3-, 000, as 

exhibited  by-blue g ill and largem ou th  b a ss  (instead  of 225, 000) in  a w ell- 

docum ented study of an actual lake (23). Omit E F A 's proposed 2:1 

additional fac to r. With these  num bers, one a rr iv e s  at an FDA to lerance  

of 50 ppm and a m axim um  PCB am bient w ater concentration  of 15 u g /1 . 

The "best"  answ er m ay w ell re s id e  som ew here inside th is  range of
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1500 to  1. The need fo r m o re  re s e a rc h , to  take the guess-w ork  out 

of the setting  of lim its , is  obvious.

B iodegradation and M etabolism

It is  p a rtic u la rly  im portan t when d iscussing  b iodegradation, m etabolism , 

and environm ental bu rdens to d istingu ish  betw een g rades of PCB. In an 

activa ted  sludge te s t  pe rfo rm ed  to p red ic t the fate  of various com m erc ial 

g rades in the environm ent, A ro c lo r 1016 (used today by the e n tire  U .S . 

c ap ac ito r industry) was found to biodegrade m ore  than tw ice as fa s t as 

A ro c lo r  1254 (the p rinc ipa l capacito r im prégnant fro m  the m iddle ninetee 

th ir t ie s  un til the ea rly  n ineteen fifties). It a lso  degrades 15% fa s te r  than 

A ro c lo r 1242 (used fro m  the e a rly  fiftie s  u n til la te  in  1971). The re su lts  

of a  key te s t  a re  shown on the accom panying ch art fro m  a 1972 M onsanto 

p resen ta tio n  (3).

The m o re  highly chlorinated  species have been consisten tly  rep o rted  in 

environm ental re s id u es  in  w ildlife (4). R ecent Swedish re s e a rc h  support; 

the th e s is  that an im portan t fac to r contro lling  the ra te  of m etabo lism  is  

the  num ber of ch lorine  ^atoms in the  m olecu le . PC B s containing le ss  thaj 

five ch lo rines , the  study finds, a re  not found in  hum an fat; the low est 

ch lo rinated  Compound p ré se n t in  significant am ounts is  the 2 ,4 , 5 ,2 r, 5' 

pentachlorobiphenyl (24).

À com parison  of PCB homologs produced in the fac to ry  and those found i 

na tu re  strongly  ind icates se lec tive  rem oval fro m  the environm ent of lowi

ch lo rinated  hom ologs (3). 773957
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[ Semi-Continuous Activated Sludge
Degradation of Polychlorinated Biphenyls

►
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T here  is  as ye t insufficien t data to  l is t  the h a lf-life  of v a rio u s  grades of 

PC B s in  the n a tu ra l environm ent, but th e re  is  abundant evidence that 

the  substitu tion  of a m ix tu re  th a t is  re la tiv e ly  f re e  of hom ologs higher 

than te t r a  (i. e . , A e ro c lo r 1016) w ill play a significant ro le  in  reducing 

the  u ltim ate  environm ental burden and lev e ls  found in  the tis su e  of 

w ildlife.

E nvironm ental Burden

In 1972, N isbet and Sarofim  published a  study of ra te s  and ro u tes  of 

tra n s p o rt  of PC B s into the environm ent, based  on the situation  p revailing  

in  1970 (16), Since tha t y e a r , m uch has changed. In an affidavit befo re  

the  EPA la s t  y e a r  (17), a M onsanto spokesm an sta ted :
9

. .  the situation  today is d ra s tic a lly  d ifferen t fro m  conditions 

which existed  only th ree  y e a rs  ago. Today about 40 m illion  

pounds p e r  y e a r  a re  being carefu lly  used  in  the United S tates 

by le s s  than  50 M onsanto custom ers in the m anufactu re  of 

sea led  e le c tr ic a l equipm ent. P r io r  to 1971, close to  80 m illion  

pounds w ere u sed  by thousands of c u s to m e rs .11

The figure on page 23 is  from  N isbet and Sarofim . The sharp  downward t r  

in  applications o ther than capacito rs and tra n s fo rm e rs  has continued to 

extinction, as p red ic ted  by the au thors. The only rem ain ing  applications ij 

th is category stem  from  possib le  unauthorized  sa les  of u sed  m a te r ia l and 

from  uncontro lled  im p o rts . These ca tegories a re  believed  to be sm all. 

The EPA has estim ated  that to ta l im ports in  1974 w ere  le s s  than  200 tons (

773959 GENP 005308
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With im proved p ro c e sse s  and w aste con tro l, the introduction of waste

PC B s into the environm ent from  m anufacturing ac tiv ities has slowed to

a  tr ic k le . It is  e s tim ated  that only 0. 014% of the approxim ately  79, 000

pounds of PC B s u sed  daily  by the capacito r industry  a re  d ischarged  to

w a te r effluent; th is  sm all am ount is  only 10. 7 pounds p e r  day from  the

com bined to ta l of the 16 p lan ts in  the industry  (19) and th e re  is  reason

to  believe that the to ta l d ischarge  from  the tra n s fo rm e r in d u stry  is even

le s s .  F a c ilitie s  now being in sta lled , and p ro ce ss  changes tha t a re

continuing, w ill s t i l l  fu r th e r  reduce th is effluent, but a lread y  it  is  a t

a  leve l th a t is  to ta lly  insign ifican t com pared  to the existing burden  placed

in  the environm ent m ain ly  by the fo rm er open applications.

*
F ro m  published figu res on p ast production of PC B s (4), i t  is  possib le  to

es tim ate  tha t, since the in troduction  of PC B s in  the 1930's, U .S . dom esti
5

usage  has am ounted to 4. 3 x  10 tons. The e le c tr ic a l industry  u sed  63%

of th is to ta l, a lm ost en tire ly  fo r "c lo sed11 applications (i. e . , fo r sealed

appara tu s). The rem ain ing  37% went into "open" applications, such as

p a in ts , p la s tic iz e rs , specia lty  inks, e t c . , o r  fo r sem i-open  applications e

as  h e a t- tra n s fe r  system s and hydrau lic  sy s tem s. A reasonab le  assum ptic

is  tha t 10% of the e le c tr ic a l industry  usage  and 80% of the n o n -e lec trica l u

m ay have leaked into the environm ent. (F o r a descrip tion  of p lausible pat

see  the a rtic le  by N isbet and Serofim  cited ab o v e .) Thus, if  one m akes nc

allow ance for the destruction  of th is environm ental input by natu ra l proces

such as b a c te ria l degradation  and m etabo lism , the estim ated  to ta l burden
c

the  U nited S tates becom es 1. 5 x  10 tons. 773961
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The following p rem ise s  and conclusions will be u sed  to calculate  the 

in crem en t in th is burden resu ltin g  from  c u rre n t and p ro jec ted  u se  of 

PC B s.

1. F ac to ry  w aste is  being rap id ly  reduced and is  a lready  down to about 

2 tons p e r  y e a r.

2 . P ro c ed u re s  fo r the  serv ic ing  and rebuild ing of tra n s fo rm e rs  a re  

tigh t enough v irtu a lly  to elim inate  lo sse s  to the environm ent from  

th ese  opera tions.

3. The d isposa l of la rg e  pow er capacito rs is  being m anaged in  such a  way, 

by the u tilitie s  which use them , as to .p reven t significant d is ­

charge to the environm ent.
m

4. The m illions of sm all in d u stria l capacito rs u sed  in fluo rescen t b a lla s ts , 

a ir  conditioning u n its , e t c . , p robably  w ill never be fully accounted fo r. 

How ever, as m ore  and m o re  com m unities a re  adopting im proved w aste 

d isposa l p ra c tic e s , i t  seem s reasonab le  to  assum e tha t leakage of 

PCBs fro m  failed  and d iscarded  capacito rs w ill be cut in ha lf in  each

of the next sev e ra l decades.

5. The to ta l usage of e le c tr ic a l energy --and  consequent em ploym ent of
os

' ' - N?PCB tra n s fo rm e rs  and cap a c ito rs --w ill not exceed the c la ss ic a l growth n* 

ra te  of approxim ately  7% p e r  y e a r , i. e . , doubling every  ten  y e a rs .
(

Growth in  u se  w ill be o ffset by im proved w aste control p ra c tic e s , and [

the resu ltin g  annual contribution to the environm ental burden w ill rem ain  

constant and w ill come alm ost en tire ly  from  the d isposal of failed  cap ac ito rs .
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The rep lacem en t capacito r m ark e t m ay be taken as a m easu re  of annual 

fa ilu re s , and the amount of PC B s now going into rep lacem ent capacitors 

is  e s tim ated  as 345 tons p e r  y e a r . C apacito rs a re  so constructed  that 

approxim ately  80% of the im prégnant is  absorbed  by the solid  portions 

of the d ie le c tr ic  sy stem , with only the rem ain ing  20% free  to  leak  out 

of a  ru p tu red  o r eroded capacito r case . If a ll of th is  residue  should 

rea ch  the environm ent, the  annual contribution would be 70 tons.

Adding in  the two tons fro m  our f i r s t  p rem ise , the m axim um  in c re ase  in  

the ex isting  environm ental burden to be expected from  the continuation 

of e le c tr ic a l applications of PCB is  th e re fo re

72 tons 
150, 000 tons 0.; 00048

T hat is ,  le s s  than one one-thousandth of the amount p resum ed  to be already 

in  the environm ent.

Since the  fa ll of 1971, capac ito rs have been  m ade with A roc lo r 1016, which 

only ha3 about one-ten th  the environm entally  p e rs is te n t h igher ch lorinated  

frac tio n s  found in  the p re d e c e sso r fluid. A s 'th e  percen tage  of these  new- 

generation  cap ac ito rs  among the failed  population in c re a se s , the ecological 

sign ificance  of the in d u s tr ia l u sage  of PCB w ill be* correspondingly  reduced

773963
E nvironm ental Unknowns

A com plete a sse ssm e n t of the environm ental burden includes not only quant: 

ta tiv e  analysis  of the United S tates PCB m anufacturing and using industry .
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but an e s tim ate  of other sou rces of PC B s, a b e tte r  understanding  of the 

fa te  of P C B s that reach  the environm ent, an identification  of the degradation 

p roducts , and b e tte r  data  on the b iological effects tha t specific form ulations 

and th e ir  m etabo lites have upon specific  living species in the na tu ra l en­

v ironm ent as w ell as in the labo ra to ry .

T here  a re  som e other sou rces of PCB in  the  environm ent, th a t have th e ir  

o rig in  outside the PCB m anufacturing industry . At one tim e, the degradation  

of DDT/DDE was .suspected  as a possib le  sou rce  of PCBs in  the environm ent, 

but we a re  not aw are that th is hypothesis is  being pursued  any longer.

T h ere  a re  som e chem ical m anufacturing  operations (e. g . , silicone p ro ­

duction) that produce biphenyl and som e chlorinated  biphenyl as a w aste 

byproduct that m ust be in c in era ted  o r o therw ise  destroyed . In tex tile  m ills , 

the biphenyl u sed  as a  dye c a r r ie r  fo r synthetic dyes m ay re a c t with ch lorine  

gas u sed  to con tro l odor and effluent c h a ra c te r is tic s  to  fo rm  polychlorinated  

biphenyls (20) and i t  is  possib le  that s im ila r  side reac tions m ay occur in 

o ther p ro c e sse s .

The im ported  P C B s, m entioned prev iously , while sm all re la tiv e  to dom estic 

production , a re  la rg e  re la tiv e  to the portion  calculated  to be reaching the 

environm ent. If i t  is  tru e , as suggested by the EPA , that the 200 tons of 

im ported  m a te r ia l a re  going into open applications, they a re  m o re  significant 

to the environm ent than the 70 tons possib ly  reaching the environm ent fro m  

d iscard ed  cap ac ito rs . The la tte r  amount is  believed to be situated  la rge ly
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in  contact with so il, w here i t  is  re la tive ly  im m obile . The im ported  

m a te r ia l  p robably  co n sis ts  in  la rg e  p a r t  of m a te r ia l  containing pentachloro 

homo logs and above. Much of th is can be kept fro m  the environm ent 

through ex isting  NPDES p e rm it ro u tin es , bu t the EPA be lieves th a t i t
I

re q u ire s  additional leg isla tion  in o rd e r  to  p reven t rem ain ing  open 

applications of the type discontinued by M onsanto and i ts  cu sto m ers .

Much of the conflict surrounding the u se  of PCBs can be reso lv ed  only 

by continued p riv a te  and governm ent-supported  re s e a rc h ..  Industry  

so u rces  have pointed out th a t m o st of the a la rm s  ra ise d  about PCBs in 

the  environm ent have orig inated  in determ inations of p re sen c e  in  the 

environm ent ra th e r  than determ inations of actual h a rm :m
"The extensive h a rm  p red ic ted  by som e th eo rie s  h a s  not 

been found and docum ented. This lack  of evidence ind icates 

th a t a ll of the PC B s do not p e rs is t  in  the  environm ent as a 

re su lt of fac to rs  such' a s . . .b io d eg ra d a tio n .. • One c h a ra c te r is tic  

which undoubtedly is  of significant im portance  is  the ability  

of PC B s to  a d so rb 1 tenaciously  to  p a rticu la te  m a t t e r . . .  P re se n c e  

(in the environm ent) should not be assum ed  to im ply  ad v erse  

effect; To our knowledge, no published re p o rt ex is ts  which 

conclusively re la te s  the m o rta lity  of any w ildlife spec ies to the 

p resen ce  of P C B s .. .  " (17)
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I t  has been shown, in  the  preced ing  ana ly sis , th a t the input of PCBs to 

the  environm ent is  now v e ry  sm all re la tiv e  to p a s t inputs, and it  has been  

pointed out th a t l it t le  evidence ex is ts  to  indicate  th a t the  p re se n t burden 

is  doing h a rm . One m ay, how ever, co n stru c t a  w orst*case  scenario  th a t 

would hypothesize the d e s irab ility  of try ing  to clean up what is  out th e re . 

No technology now e x is ts  th a t would afford  a  p ra c tic a l approach. D redging 

of w a ter bodies would probably  do m ore  h a rm  than good, as i t  would re* 

in troduce  th a t portion  now believed to be seq u es te red  in  so il p a rticu la te s . 

The in e r tn e ss  of PC Bs would appear to ru le  out chem ical trea tm e n t. The 

m o s t p rom ising  p o ss ib ility  seem s to  be the augm entation of b a c te r ia l 

degradation . D egradation stud ies have been c a r r ie d  out on som e se lec ted

PCB iso m e rs  with two species of A chrom obacter iso la ted  from  sew age,
*

and the suscep tib ility  of com m erc ia l polychlorinated biphenyl m ix tu res  to 

p r im a ry  degradation  by activated  sludge m ic ro o rg an ism s has been investi; 

I t is  possib le  th a t the  new sc ien tific  specia lty  of m icrob io log ica l genetics 

have im portan t contributions to  m ake in  th is  fie ld .

A "long shot” po ss ib ility  is  botanical w ater purification . R ecent w ork a  

M ax P lanck  Institu te  o f  Lim nology involving the bu lrush  Scirpus la c u s tr  

(o r, Schoenoplectus la c u tr is  P a lla ) m entions the absorp tion  of pentachl 

in  connection w ith " su rp r is in g  p o ss ib ilities  for the u tilisa tio n  of higher 

p la n ts ."  (22)
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4. INDUSTRY ACTION LIMITING ENVIRONMENTAL IMPACT

A rev iew  of the chronology of significant events in  the recognition and 

con tro l of possib le  environm ental dam age fro m  PC B s i llu s tra te s  the key 

ro le  played by vo lun tary , cooperative industry  in itia tiv es . The following 

ch ron ic le  l is ts  the m a jo r  industry  and governm ent actions that followed 

upon recognition  tha t PC B s a re  widely d isp e rsed  in  the environm ent and 

capable of ad v erse  effects on various o rgan ism s:

F e b ru a ry  1970 M onsanto, the only m anufactu rer of PC B s in  the
United S ta tes, a le r te d  i ts  cu stom ers to the po ten tial 
p rob lem  of environm ental contam ination. M ajor 
e le c tr ic a l equipm ent m an u fac tu rers  re lay ed  th is 
inform ation  to end-use cu sto m ers fo r e le c tr ic a l 
ap p ara tu s , w ith advice a s  to  p ro p er destruction  of 
w aste  PC B s. m

June-A ugust 1970 H ereto fo re , PCB form ulations had been u sed  in  a wide
v a rie ty  of applications open to the environm ent, such 
as p la s tic iz e rs  fo r p la s tic s , coatings, and adhesives; 
in  sem i-open  applications, such as hydraulic  and heat- 
t r a n s fe r  flu ids; and in  sea led  e le c tr ic a l apparatus, 
nam ely tra n s fo rm e rs  and capacito rs (also te rm ed  
eondensors). During th is  pe riod , M onsanto in itia ted  
the w ithdraw al of PC B s from  a ll m ark e ts  except the 
closed  application in  tra n s fo rm e rs  and cap ac ito rs .

O ctober 29, 1970 The P es tic id e s  R egulation D ivision (then in  the D epart
m en t of A gricu ltu re) issu ed  PR  Notice 70-25 to the 
effect that "F o rm n la to rs  and m anufactu rers of eConors 
poisons containing polychlorinated biphenyls and poly­
chlorinated  terphenyls- should change th e ir  forzzxulatioi 
to  elim inate such chem icals e ith e r as active o r in a c tv  
in g red ien ts ."
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June 1971

A ugust 1971

Septem ber 1« 1971.

May 1972

O ctober 28, 1972 

D ecem ber 18, 1972

F e b ru a ry  14, 1973

The National In d u stria l Pollu tion Control Council 
(E lec tric  and N uclear Sub-Council) published "The 
U se and D isposal of E le c tr ic a l Insulating L iquids" 
and included in  th e ir  re p o rt recom m endations to 
m in im ize the po ss ib ility  of en try  into the env iron­
m en t of PC B s u se d  in  capacito rs and tra n s fo rm e rs .
T hese regulations w ere  la te r  developed by a 
com m ittee of ANSI.

M onsanto announced the com m ercial availab ility  of 
A roc lo r 1016, a new PCB form ulation  to m ee t the 
requ irem en ts  of the capacito r industry . This new 
m a te r ia l is  substan tia lly  f re e  of the h ig h er-ch lo rin a ted  
iso m e rs  that have been found in the environm ent, and 
h as a  h igher ra te  of b io -degradation  than  o ther com ­
m erc ia lly  availab le  PC B s. The capacito r industry  
prom ptly  com pleted conversion  to the new m a te r ia l.

R ep resen ta tives  of se v e ra l agencies of the F e d e ra l 
Governm ent estab lished  an In te rdepartm en ta l T ask 
F o rc e  to coordinate  the scien tific  effo rts of the 
G overnm ent re la tiv e  to understanding PC B s and 
estab lish ing  p ro tec tion  fro m  actual o r potential h a z a rd s .

The In te rdepartm en ta l T ask  F o rce  on PC B s, r e p re s e n t­
ing five F e d e ra l A gencies, issued  i ts  final re p o rt, 
"P o lych lorinated  Biphenyls and the E nvironm ent. "
Among other conclusions, the re p o rt found ju stifica tio n  
fo r continued u se  of PCBs in  tra n s fo rm e rs  and cap a c ito rs .

The F e d e ra l W ater Pollu tion  Control A ct A m endem ents 
of 1972, P L  92-500, becam e law.

The Food and Drug A dm inistration  announced (in an 
environm ental im pact.sta tem ent) tem p o rary  to le ran c es  
for PCBs in  food (to becom e p a rt of a new " F a r t  122").

The O rganization for Econom ic C o-operation  and 
Developm ent (OECD) announced a decision  of m em b er 
countries to contro l the m anufacture and trad e  of P C B s, 
stating: "The decision  allows for production of PC B s 
fo r use  in closed  sy stem s, such as condensers and 
tra n s fo rm e rs  in  la rg e  e le c tr ic a l equipm ent, which 
p re sen t m inim al r isk s  fo r the env ironm en t."
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Ju ly  6, 1973

1973

D ecem ber 27, 1973

Jan u ary  9, 1974

Ju ly  2, 1975

The Food and Drug A dm in istra tion  issued  ru les 
lim iting  the so u rces by which PC B s m ay contaminai 
an im al feed, food, and food packaging m a te ria ls . 
T ra n sfo rm e rs  and condensers (capac ito rs) were 
specifica lly  exem pted fro m  the re s tr ic tio n s .

A t v arious da tes, se v e ra l m an u fac tu re rs  of capacitc 
in troduced  a non-PCB d ie le c tr ic  based  on dioctyl 
ph thalate , capable of fulfilling a portion  of the m ark  
p rev iously  se rv ed  exclusively  by P C B s.

The EPA proposed  effluent standards fo r various to: 
po llu tan ts . P roposed  standards fo r PC Bs w ere in ­
cluded.

The A m erican  N ational S tandard G uidelines fo r Hand 
ling and D isposal of C apac ito r- and T ra n s fo rm e r-  
G rade A skar els C ontaining-Polychlorinated Biphenyl 
C107.1-(1974) was approved.

Culm inating y e a rs-lo n g  effo rt, EIA announced thè 
achievem ent by the  capacito r in d u stry  of a daily d is ­
charge leve l, fro m  the 14 com panies and 16 p lants 
com prising  the industry , of le s s  than 5 Kg, 0. 014 
p e rcen t of daily u sage .
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A ppend ix  1

Types of FC B -Insulated  C apacito rs

(R eprin ted  from  The Role of Po lych lo rinate  Biphenyls in E le c tr ic a l 
Equipm ent. G eneral E le c tr ic  Company, Feb . 4, 1972)

H igh-V oltage Pow er

G en era lly  AC cap ac ito rs  a r e  u sed  to im prove the pow er fac to r of 
a  c irc u it . Pow er fac to r i s  the ra tio  of tru e  pow er in  w atts to  the 
ap p a ren t pow er a s  obtained by m ultiplying the c u rre n t flowing to the 
load  by the c irc u it  voltage. The pow er fac to r c o rrec tio n  can be m ade 
d ire c tly  a t the load o r  a t u tility  substa tions. In the  la t te r  case  high 

' voltage un its w ill be designed fo r 4, 800 to 13, 800 volt se rv ic e . To the 
u tility  eng ineer the u se  of cap ac ito rs  is  purely  a  m a tte r  of econom ics. 
The m ain benefits  th a t re s u lt  fro m  the u se  of capacito rs a re :

1. R eduction of lo s se s  a sso c ia ted  with the  de livery  of e le c tr ic a l  
pow er to the point of u se .

2. R eduction of the investm en t req u ire d  in  equipm ent fo r  de livering  
e le c tr ic a l  pow er to the point of u se , which m ay be broken  down 
into:

a . R eduction of c u rre n t fo r the sam e kilow att load.

b. R eduction of the kva ra ting  of equipm ent req u ired  to handle 
the sam e kilow att load.

c . R eduction of the voltage drop fo r a  given kilow att load .

d. C ontro l of de liv ered  voltage if the capacito r kva is  v a ried .

.E lec tric  u tilitie s  a lso  u se  capacito r banks in s e r ie s  w ith d is tr ib u ­
tion c irc u its  to im prove voltage regu lation . High voltage u tility  capa­
c ito rs , low voltage power c ap ac ito rs , and induction heating  cap ac ito rs  
a r e  m anufactu red  a t th e -ra te  of 200,000 p e r y e a r, about 2 to 3% of 
w hich a re  fo r rep lacem en ts; the balance a re  fo r new in s ta lla tio n s .

B. Low V oltage P ow er

Capacitors* installed , in  in d u s tria l plants* a t the dem and s i te  (typi­
ca lly  la rg e  m o to rs  and w elders) a re  designed for 230-to 575-volt s e rv ic e . 
C ap ac ito rs  in sta lled  n e a r the loads a re  the-m ost efficient way to supply 
the m agnetising  c u rre n t to produce the flux n e c e ssa ry  fo r the opera tion  
of inductive dev ices . R ates fo r the sa le  of power a re  g en era lly  s tru c ­
tu re d  to encourage power fac to r co rrec tio n  a t the s ite , e lim inating  the
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need fo r the e le c tr ic  u tility  to tra n s m it both pow er-producing  cu rren t 
and m agnetizing c u rre n t a ll  the way from  the g en era to r to the plant site .

The sam e considera tions apply to induction heating applications» 
the  p rin c ip a l d ifference  being tha t cap ac ito rs  fo r th is  rap id ly  growing 
application  a re  designed fo r operation  a t  960 to 9600 Hz.

C. L ig h ting
C apac ito rs im prove the efficiency of lighting  sy s tem s. A flu o res­

cent o r m e rc u ry  vapor lam p can be b a lla s ted  w ithout the u se  of a  capa­
c ito r . but the power fac to r of the  lighting sy s te m  would then be in the 
range of 50 to 60%. F o r  com m erc ia l o r  in d u s tr ia l lighting w ith e ith e r 
f lu o re sc en t o r  high in tensity  d isch arg e  lam p s, the  u se  of a  capac ito r 
in the c irc u it  provides p a rt of the lam p b a llas tin g  and b rings sy s tem  
pow er fac to r into the range of 90 to 95%. The c u rre n t m a rk e t fo r th ese  
app lica tions is  about 44 ,000 .000  un its  annually  of w hich about 10% a re  ' 
e s tim a ted  to be rep lacem en t b a lla s ts .

D. A ir  Conditioning

As in the lighting ap p lica tió n s, the cap ac ito r im proves sy s tem  effi­
c iency . A ir  conditioners could be m ade to o p e ra te  w ithout c ap a c ito rs , 
a s  do hom e r e f r ig e ra to r s ,  but because  of the h igher capacity  req u ire d  
fo r a i r  cond itioners, the re su lta n t line  c u rre n t would v irtu a lly  e lim inate  
hom e "p lu g -in s"  and would s ti ll  fu r th e r  overburden  a  se rio u s ly  
th rea ten ed  national power netw ork. A lm ost a l l  a i r  conditioner pump 
m o to rs  a r e  of the sp lit-w inding type on which the cap ac ito r provides 
phase d iffe ren tia l fo r the so -c a lled  s ta r t  winding, thus delivering  good 
s ta r tin g  torque. The p ro p er s ize  cap ac ito r p e rm its  high (90%) power 
fac to r a f te r  s ta r t-u p . The c u rre n t m ark e t fo r th is  application  is  about 
12, 000, 000 units annually, w ith about 5% of th ese  e s tim a ted  to be fo r 
rep lacem en t u sage.

E . In d u s tr ia l E lec tro n ics

T h is m a rk e t .category is  a ca tch a ll covering m any v a rie d  app lica­
tio n s , two im p o rtan t ones being m otor run and pow er supply app lica tions. 
M otor run applications a re  fo r pum ps, fans, and. fa rm  feed equipm ent, 
and do not d iffer significan tly  from  a ir  conditioning app lica tions. The 
power supply m ark e t u se s  cap ac ito rs  p rinc ipally  to provide high power 
fac to r, but through ca re fu l design the cap ac ito r can a lso  provide wave 
shaping w here  d e s ire d . The m ark e t is  e s tim ated  a t  23 ,000 ,000  units 
p e r y e a r  w ith no es tim ate  as to the re la tiv e  s ize  of the rep lacem en t 
m ark e t.
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Com position of D ifferent .Liquid C hlorinated Biphenyla

Components 
eiven as %

M onsanto A roc lo rs

1221 .1232 1242' 1016 1248 1254 1260

Chlorine 21 32 42 41.3+0 .5 48 54 60

Biphenyl 14.8 . 02 < 0.1

Mono- chlorobiphenyl 56.5 .72 1.0

C i- chlorobiphenyl 26.9 ^ 5 5 15.6 20

Tri-ichlorobiphenyl 1.42 54.5 57

T etra-ch lorob iphenyl .06 2Î.S" «.1
-22. Sr 55

Penta-chlorobiphenyl 6 .7* 1 .0 60

Hex a*, chlorobiphenyl < 0.1 70

H epta-chlorobiphenyl 4 None det. ' •

Oc to-chlorobiphenyl None det. -

* Includes h igher than pen ta - chlorinated  iso m ers ,

** No longer in com m erc ia l production.

Source: A ll data except 1016, Ref. (4) 
A ro c lo r 1016 - Ref. (3)
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