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REVIEW OF THE TECHNICAL AND 

REGULATORY A SP EC T S OF AROCLORS

On the b a s is  of the re su lts  obtained in the chronic studies on 

the variou s P C B 's  at B IO -T E ST , the conclusion has been reached that 

these m ate r ia ls  a re  not carcin ogen ic . The s lid e s have been review ed 

three tim es by D rs. D, Gordon and W. R ichter and their findings support 

th is conclusion.

C ertain  liv e r  changes occu r in varying degree with the different 

A ro c lo rs  .hat a re  subject to se v e ra l in terpretation s, a s  w ell a s  nom en­

clature and c lassifica tion .

In the c la s s ic a l  pathological sen se  the liv e r  a ltera tio n s seen with 

the A ro c lo rs a re  benign in ch arac te r . L esio n s of this type have been 

shown to be re v e rs ib le . F u rth er , the benign featu res include lack  of 

v a scu la r  invasion and lack  of m é ta s ta sé s  a s  w ell a s  lack  of transp lant- 

ab ility .

The liv e r  changes such a s  fo ca l h y perp lasia , hypertrophic 

nodules, and adenofibrosis m ay be induced by other chlorinated arom atic  

and aliphatic hydrocarbons. Some of the la tte r  m ate ria ls  that m ay 

produce these le s io n s, such a s  d ie ldrin , ald rin , and carbon tetrach loride, 

are  considered  to be carcinogenic by the EPA  and the N ational C ancer
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Institute. In fac t, these groups have redefined these term s a s  well a s  

the concept of benign and m alignant lesion s a s  they have been used 

traditionally .

The view of these groups is  that any tum or induced by a 

chem ical is  m alignant despite the absence of the c la s s ic a l  h isto log ical 

featu res of m alignancy. The le g a l division  of the EPA has en th usiastically  

em braced this approach and has u sed  it su cce ssfu lly  to cancel the 

reg istra tio n  of dieldrin and ald rin  and are  about to launch litigation  

aga in st chlordane and heptachlor. It i s  expected that the reg istra tio n  

of the la tte r  m ate r ia ls  w ill be in due co u rse  cancelled .

In the c a se  of liv e r  ch an ges, the EPA  and the N ational C a n c e r  

Institute have adopted the view that in the extrem e any m ate ria l which 

induces liv e r  m icro so m al enzym es i s  a  su sp ect carcinogen . In addition, 

fo cal h yperplasia  of the liv e r  produced by ch em icals i s  being c la ss if ie d  

a s  a prem alignant change and the ch em icals involved a re  being c la ss if ie d  

a s  su sp ect carcin ogen s. Additional h isto log ical e ffec ts such a s  nodular 

h yperplasia a re  a lso  considered  to be prem alignant. The philosophy 

that has been adopted by these agen cies is  that su bstan ces which cau se  

the above liv e r  changes a re  in fa c t  carcinogen ic. This philosophy 

p erm eates the extensive EP A  b r ie f in the lega l proceedings to cancel 

the reg istra tio n  of dieldrin  and ald rin  a s  w ell a s  in its  p re lim in ary  legal 

presentation on chlordane and heptachlor.
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The EPA  is  supported by the N ational C ancer Institute a s  

represen ted  by D rs. U. Saffio tti, R. Sq u ire s, and W. Heston. In 

addition, non-governm ent affilia ted  pathologists such a s  D rs. E . F a rb e r , 

and M. R euber, H. Popper and S. Epstein  support the agen c ie s ' view s.

On the other hand, a num ber of pathologists such a s  D rs.

J .  N ew bem e, W. B utler, G. Jo n e s , A. Stein, G. Kent, D. Gordon, 

and W. R ich ter do not ag re e  with the agency definitions o r with the 

presum ed end-point of the liv e r  le s io n s - can cer. In this re g ard , it 

should be mentioned that the FD A  had the B IO -T E ST  A roclor s lid e s  

fo r 3 y e a r s  and to this date no ad v e rse  com m ents have been received .

Without question the A ro c lo rs  a s  w ell a s  other P C B -like  

m a te r ia ls  a re  d irectly  involved in this situation. The opinion cf 

D rs. Gordon, R ich ter, C alan d ra, K eplinger and K inoshita, on the 

b a s is  of their own studies on A ro c lo r  and on their experience, is  that 

A ro c lo rs a re  not carcinogen ic. However, the attitudes and findings of 

others m ust be placed in p ersp ec tiv e  and weighed, each according to its 

own m e r its  in accord  with the data generated .

The findings of Ito, ^ Kim brough and others a re  relevant in 

this context. Ito conducted a study in m ice and found "h yperp lastic  

nodules and w ell-d ifferentiated  hepatocellu lar ca rc in o m as" at a dose 

level of 50 ppm of Kanechlor 500. However, hepatocellu lar carc in om as 

w ere not induced by Kanechlor 400 and K anechlor 300. No sp ec ific  

inform ation about the purity o r com position of the products tested  is
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av a ilab le . F o r  exam ple, w ere chlorinated dibenzofurans p resen t?
3

It has been shown by Vos that certa in  b io logica l changes can be induced 

by K anechlors that do not occur with A ro c lo rs .

Ito 's  w ork involved feeding leve ls of 500 ppm , 250 ppm and 

100 ppm of each  of the three te st  m a te r ia ls  fo r  32 weeks to groups of 

6-12 m ale  m ice . The a r tic le  i s  sketchy and it i s  not po ssib le  to evaluate 

the sign ificance of the findings. No h isto log ical d escrip tio n s a re  

presen ted . The study obviously does not m eet the scien tific  re q u ire ­

m ents fo r a m eaningful b io a s sa y  for carc in o gen esis a s  defined by the 

N ational C ancer Institute. The groups a re  much too sm all and only m ale 

m ice w ere u sed . Su rp risin g ly , the K anechlor 500 m ateria l produced 

hepatom as and the K anechlor 400 and K anechlor 300 m a te r ia ls  did not.

It is  not p o ssib le  from  the a r tic le  to a sce r ta in  that the hepatom as a re  

in fact h epatocarcinom as. In gen era l, th is study a s  presented is  not 

acceptab le and cannot be u sed  to p roperly  evaluate the carcinogenic 

activ ity  of P C B 's  without additional inform ation.

With referen ce  to the u se  of the m ouse in carcinogenicity
4

testin g , G r& sso and Compton have reviewed the value of this anim al 

in testing fo r  e ffec ts in the liv e r  a s  w ell a s  other v ariou s organ sy stem s. 

They note that a num ber of co v ariab le s  sign ificantly  influence the 

incidence of hepatom as in m ice . T hese include diet, p resence or 

absence of ’ 'g e r m s ,"  sex , age and stra in  su scep tib ility . They state ,

"It thus ap p ears  that fa c to rs  unconnected with the adm inistration  of the
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te s t  compound m ay have a con sid erab le  influence on the incidence of 

hepatom as in m ice , so that other evidence is  required  if c la im s of 

carcinogen icity  based  on the induction of this type of tum or a re  to be 

se r io u sly  considered . "

A study conducted by Kimura® on Kanechen 400 u tilized  20 ra ts 

aged 10 w eeks in the te st group and 10 ra ts  in the control group equally 

divided a s  to sex . The d ietary  level fo r the single te st  group v aried  

from  a low of 38. 5 ppm to a high of 616 ppm. L iv e r  changes included 

hypertrophy and fatty degeneration . "M ultiple adenom atous n od u les" 

w ere seen  in 6 te st fem ale ra ts  and in 2 control fem ale  r a ts . M ale ra ts  

in either the teat or control groups did not develop the nodules. The 

authors speculated that the nodules "in  the presen ce  o f other stim u li 

m ay p r o g r e s s "  to m alignant ch an ges. Once again , this study does not 

m eet the technical c r ite r ia  fo r ch em ical carc in ogen esis b io a ssa y  

procedu res despite the negative re su lts . The re su lts  confirm ed the 

higher degree of su scep tib ility  of fem ales to the developm ent of h yper­

p lastic  liv e r  nodules. No sp e c ific  conclusions, how ever, can be 

reached.

A  sh ort term  study in m ice (26 weeks) by Nishizum i^ did not 

rev ea l liv e r  changes consistent with either prem alignant o r  m alignant 

hepatocellu lar le s io n s.

A study by Kim brough^ in m ale and fem ale  Sherm an ra ts  fed 

A roclor 1260 and 1254 a t le v e ls  in the diet ranging from  0-1000 ppm for
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8 months did not indicate the p resen ce  of h epatocellu lar carcinom a. 

Under light m icroscopy  the changes seen w ere hypertrophy of the liver 

c e lls ,  inclusions in the cy top lasm , brown pigm ent in the Kupfer c e lls ,  

lip id  accum ulation, and at the higher d ietary  le v e ls , ad en o fib ro sis.

Another study by Kimbrough® with A roclo r 1260 (Lot No. AK-3) 

in fem ale Sherm an ra ts  at a d ietary  level of 100 ppm w as conducted for 

21 months. The re su lts  w ere strik in g ly  d ifferent than those obtained 

e a r lie r . In the la tte r  study a high incidence of hepatocellu lar carcinom a 

was seen which i s  contrary  to the findings of B IO -T E ST . It i s  note­

worthy that the incidence of h epatocellu lar carcinom a ap p ears to be 

re lated  to the new c la ss ific a tio n  of liv e r  le sio n s by NCI.

The re su lts  have som e relevance in the resolution  of the 

carcinogenic potential of P C B 's ;  how ever, the study does not m eet 

the c r ite r ia  fo r a  valid  ra t  carcinogen icity  b io a ssa y . The evidence 

presented  at this tim e i s  a t  b est presum ptive and does not take 

precedence over the chronic stu d ies conducted in m ale  and fem ale ra ts 

at B IO -T E ST . The liv e r  s lid e s  from  the la tte r study have been 

review ed by a num ber of path o log ists including D rs. Sq u ires and 

Kim brough, who agreed  with the a sse s sm e n t  that no h epatocellu lar 

carcin om as w ere p resen t.

A number of questions can be ra ise d  about the Kimbrough

study which ra ise  se r io u s doubt a s  to the value of the study a s  presently

constituted. In and of i t s e l f ,  it  i s  not the final an sw er and does not

per se prove that P C B 's  a re  carcin ogen ic . *
NfcV 011088
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Kim brough and Lender^ conducted a study in B A L B /c j m ale 

m ice fed 300 ppm A roclor 1254 fo r 11 and 6 m onths. The 6 months 

feeding group w as m aintained fo r an additional 5 month recovery  period 

(tran sferred  to control diet). The two sign ificant h isto logical findings 

w ere ad en ofib ro sis of the liv e r  and hepatom as. A denofibrosis is  not 

considered by experts in the fie ld  (Stew art and Snell*®) to be a p re ­

cancer ous le sio n . The hepatom as w ere w ell d ifferentiated  and the 

authors (Kim brough and Linder) a re  of the opinion that these are  

potentially carcinogen ic; how ever, no d irect evidence of m alignancy 

w as noted.

To further add to the confusion of the findings and relevance of 

the Kim brough studies a re  the re su lts  obtained in s t ill  another experim en t.* 

F ifty  m ale Sherm an strain  ra ts  w ere fed 500 ppm A roclo r 1254 for 6 months 

and at monthly in tervals th ereafter 5 ra ts  were sac r ifice d  and the liv e rs  

exam ined by light and electron  m icro sco p y . Ten months a fte r  exposure 

1192 ppm PCB was p resen t in the ad ipose tissu e  and 22. 65 ppm in the 

liv e r . In th is study which u sed  m ale  Sherm an ra ts  only, no specific  

mention of fo ca l h yperp lasia  o r  h yperp lastic  nodules i s  m ade. The 

principal lesion  d escrib ed  i s  ad en o fib ro sis . No evidence of hepatocellu lar 

carcinom a i s  presented .

Ito 12 confirm ed this in a study in which m ale ra ts  w ere fed 

K anechlor 300, 400 and 500 fo r  up to 52 w eeks. These substan ces 

produced nodular h yperplasia  but did not induce h epatocellu lar carcinom as 

in r a ts .
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1 ̂Norbeck and Allen fed m ale ra ts  100 ppm of A roclor 1248,

1254, or 1262 fo r up to 52 w eeks and did not find evidence of hepato­

ce llu lar  carcinom a. However, hepatocellu lar hypertrophy a sso c ia te d  

with pro liferation  of the endoplasm ic reticulum  w as seen. Mixed 

function oxidase  m icro so m al enzym es w ere in creased .

Additionally M a k iu r a ^  fed ra ts  P C B 's  alone and in conjunction 

with acety lam iaofluorene, diethylnitrosam ine and 3 'm ethyl-4-dim ethyl- 

am inozobenzene and found that "P C B 's  inhibited developm ent of nodular 

h y perp lasia , oval ce ll in filtration , and bile  duct p ro life ra tio n " (adeno- 

f ib ro s is ) .

Of sp e c ia l in terest is  the inform ation that focal nodular h y perp lasia  

15is  seen  in the human being. It is  a ra re  benign tum or that h as been 

studied and followed clin ically  in m an without evidence of subsequent 

m alignant tran sform ation .

The is su e  of c la ss ific a tio n  of the liver tum ors and the presum ption

that focal hyperplasia  and nodular h yperp lasia  a re  pre-m alignant liver

le sion s and that these in variab ly  lead  to hepatocellu lar carcinom a needs

to be d isc u sse d . A num ber of contrary  opinions to this philosophy are
#

availab le  so that this consideration  need not be d ecisive . . However, it is  

im portant to note that the le g a l branch of EPA  h as c le a r ly  adopted these 

definitions.
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When the question at is su e  is  reviewed in the light of the 

regu latory  agen cies that m ay be involved, se v e ra l points m ust be 

considered.

The EPA , based  on the dieldrin  and aldrin  reg istra tio n  

cancellations and the impending litigation  on. heptachlor and chlordane, 

a re  com m itted to the NCI philosophy of liv e r  tum origenesis and a lso  

that chem ical agents which produce benign tum ors are  considered  to be 

carcinogenic fo r  the purposes of regu latory  p roced u res.

In addition, ^  the following 9 p rin cip les a r e  being followed at 

the p resen t tim e by the EPA  to evaluate the cancer hazard of environm ental 

ch em ica ls:

1. A carcinogen  is  any agent which in c re a se s  tum or induction 
in m an or an im als.

2. W ell-estab lished  c r ite r ia  e x is t  fo r  distinguishing between 
benign and m alignant tu m ors; how ever, even the induction 
of benign tum ors i s  su fficien t to ch aracterize  a chem ical 
a s  a carcinogen .

3. The m ajority  of human c an ce rs  a re  caused  by avoidable 
exposure  to carc in ogen s.

4 . While ch em icals can be carcinogen ic agen ts, only a sm all 
, percen tage actually  a r e .

5. C arcin ogen esis is  ch arac te r ized  by its  ir re v e r s ib ility  and 
long latency period follow ing the in itial exposure to the 
carcinogen ic agent.

6. There is  g reat variation  in individual su scep tib ility  to 
carc in ogen s.

7. The concept of a  •'threshold”  exposure level fo r  a  ca rc in o ­
genic agent has no p rac tic a l sign ificance b ecau se  there is  
no v alid  method fo r  e stab lish in g  such a level.
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8« A  carcinogenic agent m ay be identified through an a ly sis  of 
tum or induction re su lts  with lab oratory  an im als exposed 
to the agent, or on a p o st hoc b a s is  by properly  conducted 
ep idem iological stu d ie s.

9. Any substance which produces tum ors in an im als m u st be 
considered  a carcinogen ic hazard  to man if the re su lts  
w ere achieved accord in g  to the estab lish ed  p aram eters  of 
a valid  ca rc in o gen esis te s t . ■ .

17In co n trast to th is, the FD A  in a le tte r  written by the A sso c ia te  

C o m m ission er of Science to Senator H art, indicated, "Although the 

Agency (EPA) stated  that ’ the above p rin cip les rep re sen t the m o st 

advanced re se a rc h  findings and po licy  of both national and international 

can cer exp erts and a g e n c ie s , ' it should be em phatically  em phasized  

that there is  by no m eans u n iv e rsa l acceptance of m any of the above 

p rin cip les * s  w ell a s  c la ss if ic a t io n  of tu m o r s ."

18A review  of the sta tu s of P C B 's  by L . L . R am sey , A sso c ia te  

D irector of R egulatory P ro g ra m s of the FD A , includes a  num ber of 

im portant observation s which have a  bearing on the range of stra teg y  

and the p o ss ib ilit ie s  that a r e  av a ilab le  to reso lve  the is su e  of P C B .

1. The o vera ll av erag e  of P C B 's  in a ll  packaged food w as 
0 .1  ppm.

2. T h is survey  probably re fle c ts  sam p les of at le a s t  one 
y e a r  old  and the industry  h as furnished us with data on 
m ore  recent sam p les indicating that the co rrec tiv e  
action  they have taken is  a lread y  effective: these PC B 
resid u e  data ap p ear to be sign ificantly  low er both in 
food and in its  paper packaging.

3. In ligh t of a l l  av a ilab le  data including an im al feeding 
stu d ie s , the human data from  the Ja p a n e se  Yusho 
incident and a h isto ry  of use fo r  about 40 y e a rs  with­
out deleterious e ffec ts  in m any being reported , the 
FDA h as concluded that there i s  no im m ediate h azard
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to the public health fro m  the low level of environm ental 
contam ination leading to re sid u es in food, but that it is  
prudent to reduce the long term  exposure of m an. Steps 
have been taken which w ill reduce the long term  exposure 
of m an and a l l  evidence to date points to a su ccessfu l 
outcom e.

The m ost recent m ark et basket survey  by the FDA did not show 

P C B 's  to be p resen t in any of the foods analyzed.

Another very  im portant a sp e c t of the regu latory  question can 

be in ferred  fro m  the reco m m en d atio n s^  proposed  by the EPA  fo r dieldrin 

and ald rin  which they have concluded is  a  carcinogen  according to their

r ia T . .The -EP-AJhas recom m ended Jh e continued nee o f these m a te r ia ls  

fo r  application  d irectly  to so il  in m a te r ia ls  buried  in so il , e . g . , term ite 

control in foundations and seed  treatm en ts when properly  applied .

Gn the b a s is  of th is attitude it  i s  apparent that P C B 'a  m ay 

continue to be u sed  in controlled  situations including su perv ised  d isp o sa l 

w here the benefit to r isk  i s  obvious desp ite  the outcome of the questions 

ra ise d  about the liv er  ch an ges. The recen t additional evidence concerning 

b iodegradability  lends fu rther support to this approach . F o r  the presen t 

it  i s  recom m ended that the FD A  and EPA  (if n ec e ssa ry ) be provided with 

the final A ro c lo r  rep o rts  on the chronic o ra l toxicity  studies including 

the la s t  addendum  of the path o logists without additional comm ent.

J .  C . C a lan d ra , Ph .D ., M.D.

Jun e 27, 1975
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