STATEMENT BY THE COW TTEE ON TOXICI TY OF CHEM CALS | N FOOD,
CONSUMER PRODUCTS AND THE ENVI RONVENT ON THE HEALTH HAZARDS OF
PCLYCHLORI NATED BI PHENYLS

| nt roducti on

Backgr ound

1. Pol ychl ori nat ed bi phenyls (PCBs) are a group of 209

chl ori nated hydrocarbons which were wi dely manufactured from
the 1930s to the 1970s for a range of industrial applications.
They are environnmental ly stable, |ipophilic chem cals which
accunul ate in biological systens. The recognition that PCBs
have a substantial environnmental inpact has |led to severe
restrictions on their use and to international commtnents to
phase out the use of PCBs and of electrical equipnent
containing them Nevertheless, PCBS may still be released to
the environnment, mainly during the disposal of transforners
and capacitors, and, because of the properties of these

chem cals, they are likely to persist as contam nants of the
envi ronnent and of food for nmany years to cone.

2. We | ast considered PCBs in 1983, when we reconmended t hat
the PCB content of the average national diet was unlikely to
constitute a health hazard (1). Since then, a considerable
anount of new toxicity data has becone avail abl e and

devel opnents in the analysis of PCBs have produced nore
specific information on the levels of individual PCB congeners
in food. Therefore, we have updated our review of the human
heal th hazards of PCBs and our conclusions are given in this
statenent. W have al so been asked to advise on the health
significance of current intakes of PCBs fromthe diet and from
fish oil dietary supplenents by the UK population (2,3) and on
i ntakes of PCBs by breast-fed babies in the UK (4). This
advice is given bel ow

CGCeneral Cbservations

3. There is a large scientific literature on the toxicity of
PCBs which reports the results of conventional aninm

t oxi col ogy studi es and of nechanistic studies to investigate
further the action of PCBs on specific organ systens or

t oxi col ogi cal endpoints. There are also many reports
docunenting effects in humans follow ng high | evel exposure to
PCBs, either in an occupational setting or follow ng

acci dental exposures of the general population, such as in the
Yusho and Yu-Cheng contam nated rice oil incidents in Japan
and Taiwan, respectively (5,6). A few studi es have been
publ i shed on popul ati ons wi th background environnental or food
exposure to PCBs. This information was presented to us
largely in the formof detailed review papers prepared by our
Secretariat, summarising the data from approximately 700
references. The quantity of information is such that it is
not appropriate to make a detailed summary of it in this
statenment but we encourage the Secretariat to publish the
detailed reviews prepared for our consideration in an
appropriate scientific journal. 1In view of the |arge nunber



of references used, in this statenment we have only referenced
t hose papers which are specifically referred to or which are
key to our risk assessnent of PCBs!.

4. There are 209 individual PCB congeners. The chem cal
structures of PCBs are given in Figure 1, together with those
of the structurally simlar environnmental contam nants,

pol ychl ori nat ed di benzo- p-di oxi ns (PCDDs) and pol ychl ori nat ed
di benzofurans (PCDFs). From a toxicological viewpoint, it is
useful to subdivide PCBs into two categories:

di -ort ho-substituted PCBs, which are nostly non-copl anar, and
non-ort ho-substituted and other PCBs, which exist Iin a

copl anar configuration. PCBs were sold and used conmercially
as m xtures of congeners which varied in their conposition
according to the manufacturer and the intended use. The

m xtures were marketed under trade nanes such as Arocl or,

Cl ophen or Kanechlor. The nunbering system used to descri be
t hese commercial products usually includes a description of

t he percentage of chlorine present in the products eg Aroclor
1260 and C ophen A60 contain approxi mately 60% chl ori ne which
is present in a range of different congeners. Until recently,
nost toxicol ogical studies were carried out on these
comercial mxtures. The individual congeners and the

rel ative proportion of these congeners in the commerci al

m xtures are different fromthose found in food, because of

di fferential uptake and netabolism of individual congeners

al ong the food chai n. Al so, many of the comrercial m xtures
of PCBs used in these studies were contam nated with | ow

| evel s of other pollutants, such as PCDFs, which may have
confounded the results. A large nunber of studies are
avai l abl e i nvestigating aspects of the toxicity of individual
congeners but few of these are standard toxicol ogy studies
whi ch can be used in risk assessnent. Al'l these factors have
made the assessnent of the human health hazards of PCBs a

I engthy and difficult task.

Toxi ¢ _Equi val ency Factors

5. It is believed that PCDDs and PCDFs exert nost of their
t oxi col ogi cal effects by a common nechani smi nvol vi ng bi ndi ng
to an intracellular protein called the Ah (aryl hydrocarbon)
receptor. This has enabled the devel opnment of "Toxic
Equi val ency Factors (TEFs)" for individual PCDD and PCDF
congeners whi ch have been devel oped and accepted on an
international basis (7). This approach uses the avail able

bi ol ogi cal data and know edge of the structural simlarities
anong the PCDDs and PCDFs to generate a set of weighting
factors for each congener, which expresses the potency of the
congener as a proportion of that of the best studied PCDD
congener, 2,3,7,8-tetrachl orodi benzo-p-di oxin (TCDD).

Mul tiplication of the concentration of PCDD or PCDF congener
by its TEF gives a TCDD Equi val ent or Toxic Equival ent (TEQ.
The toxicity of any m xture of PCDDs and PCDFs, relative to

1 A list of al the references considered in this review is available from the Secretariat
on request.



TCDD, is taken to be the sumof the individual TEQs. Were
humans are exposed to that m xture, the risk to health can be
assessed by reference to the Tolerable Daily Intake (TDl) of
10 pg/ kg bw day for TCDD. It should be noted that the TEQ
approach is a sinplistic approach, in that it assunes that
there are no toxicological interactions between the individual
PCDD and PCDF congeners; synergistic interactions would
increase the toxicity whereas antagonistic interactions would
reduce the toxicity of the m xture conpared with that
cal cul ated usi ng TEQs.

6. The toxicological data for sonme individual PCB congeners
(notably certain non-ortho coplanar, nono-ortho copl anar and
di -ortho copl anar congeners) indicate that the
structure-activity relationships for a nunber of effects are
consistent wwth an Ah-receptor nedi ated nechanism (ie
"dioxin-like" activity). Therefore, as part of our review, we
consi dered whether it would be appropriate to assign TEFs to

t hese congeners and to assess the safety of a m xture of PCBs,
PCDDs and PCDFs by reference to the TDI for TCDD (8).

Toxicity Assessment

Toxi coki netics

7. PCBs are well absorbed fromthe gastrointestinal tract.
Sone congeners may undergo nmetabolismin the liver to

hydr oxychl or obi phenyl s and subsequent elim nation via the
faeces. There are wide differences in the rates and extent of
met abol i sm and el i m nati on anong i ndi vi dual congeners. Thus
there is a large range of elimnation half-lives, for exanple,
inrats, a range fromO0.15 days for PCB 4 to 460 days for PCB
153 (2,2',4,4",5,5 -hexachl ori nat ed bi phenyl). PCB congeners
whi ch are not readily netabolised accumulate in lipid-rich

ti ssues, predom nantly adi pose tissue. PCBs can cross the

pl acenta. They can also be elimnated in mlk, thus reducing
t he adi pose tissue stores. Because PCBs are both stable and
hi ghly fat-soluble, they accunulate in the food chain.

Toxic Effects of PCBs

8. A nunber of toxic effects of PCB m xtures and indi vi dual
PCB congeners have been docunented in |aboratory animals and
the major effects are described briefly here.

CGeneral Toxicity

9. At high doses, PCBs cause overt, non-specific toxic
effects in |l aboratory animals such as retardation of weight
gain and poor clinical condition, with nore selective effects
at | ow doses. More specific effects include skin |esions
(chloracne and/or lesions of the fingernails and guns); liver
toxicity; and inpairnment of the function of both the hunoral
and cel |l -nedi ated i nmune systens. Effects have al so been
reported on the neurochem stry of the central nervous system
in that treatment of animals with PCBs can cause a reduction
in the concentrations of dopamne and its netabolites in a
nunber of brain regions.



10. PCBs al so have effects on the endocrine system such as
reduci ng serum concentrations of the thyroid hornones

t hyroxi ne and triiodothyronine. The effect on thyroid

hor nones has been associated with induction by PCBs of the
hepati c enzynme thyroxi ne-uridine

di phosphat e- gl ucuronyl transferase (UDPGI). W note the
results of a recent human study on 105 nother-infant pairs
whi ch reports a correlati on between PCDD, PCDF and PCB | evel s
in human m 1k, expressed as TEQs, and | ower thyroid hornone
levels in maternal serum and with higher plasma | evels of
thyroid stinmulating hornone (TSH) in the infants (9).

Al t hough we have reservations about the nethods used to
estimate exposure in this study, these findings indicate a
need for further work in a larger population to define better
whet her current human body burdens of PCDDs, PCDFs and PCBs
are affecting thyroid hornone |evels.

Reproductive Toxicity

11. Studies in a nunber of different ani nal species indicate
that PCBs can affect reproduction and devel opnent. Anong the
ef fects seen are prolonged oestrus cycles in rats and mce and
menstrual cycles in nonkeys, inpaired fetal or postnatal
survival, and reduced birth weight in the offspring of
PCB-treated aninmals. Sone individual congeners are
teratogenic in mce, producing a simlar pattern of

mal formations to that docunmented in mce exposed to TCDD

I ncreased testis weight and daily sperm producti on have been
reported in nmale rats receiving comrercial PCB m xtures by
injection in the early postnatal period although studies in

ol der rats using dietary adm nistrati on have not reported an
effect on the testis. Effects on postnatal neurobehavi oural
devel opnent have been seen in rodents and in nonkeys, although
the interpretation of the findings in nonkeys is conplicated
by the fact that the offspring and/or their nothers were

exhi biting signs of severe PCB intoxication prior to testing
for neurobehavi oural performance.

12. Because of the inportance of effects on reproduction in
the animal toxicity profile of PCBs, we convened a sub-group
with additional, co-opted expertise in epidem ol ogy and
psychol ogy to exam ne the avail able data on PCB exposure and
reproduction and postnatal effects in humans. The sub-group
concl uded that accidental exposure to high |evels of PCBs, as
occurred during the Yu-Cheng and Yusho rice oil contam nation
i ncidents, were probably associated with adverse effects on
reproduction and postnatal devel opnent in humans. The
avai | abl e epi dem ol ogi cal studies of individuals exposed to
hi gh background dietary | evels of PCBs have been inadequately
conducted. There was no consistency in the effects on birth
wei ght and gestational age reported in these latter studies
whi ch woul d suggest a link with exposure to PCBs. It is not
possi ble to reach any conclusions regarding reported effects
on reflexes and nuscle tonicity in neonates as the nagnitude
of the reported effects was small and there are reservations
about the nethods used to assess these endpoints. Sone of the
epi dem ol ogi cal studi es have docunented effects on cognitive
performance in infants and children but it is not possible, in



vi ew of the inadequacy of the published studies, to associate
any of the findings with background dietary exposure to PCBs.
In summary, the sub-group's conclusion was that the avail abl e
exposure and epi dem ol ogi cal data are not of sufficient
quality to enable a quantitative estimate of risk of
reproductive dysfunction follow ng dietary exposure to be
made. We endorse the conclusions of this subgroup. W have
reviewed the report of a recent followup study on a group of
children born to nothers with high background dietary
exposures to PCBs (10), which concludes that in utero exposure
to PCBs in concentrations slightly higher than those in the
general popul ation can have a long-terminpact on intell ectual
function. W have concerns about the nethodol ogy used in this
study and the | ack of data on confounding factors and, because
of these uncertainties, consider that the report is not
sufficient to alter the sub-group's concl usions.

Miut ageni city and Carci nogenicity

13. W sought advice fromour sister commttees, the

Comm ttee on Mutagenicity (COM and the Conmmttee on
Carcinogenicity (COC), on these aspects of the toxicity of
PCBs. The COM has advi sed that nost of the avail able data on
the nutagenicity of PCBs relates to commercial preparations,
principally Aroclor 1254, but al so Aroclor 1242 and Kanechl or
500. These products consist of mxtures of a |arge nunber of
conpounds, and trace anounts of other chem cal contam nants,
such as PCDFs. Very limted data are avail able on specific
PCBs. It concluded that comercial PCBs can be regarded as
essentially 'non-genotoxic' and that any carcinogenesis in
animal studies is likely to be produced by 'non-genotoxi c'
mechani sms. On specific PCB congeners, the COM advi sed t hat
there is limted evidence that PCB 77

(3,3 ,4,4" -tetrachl orinated bi phenyl) and m xtures of PCB 77
and PCB 52 (2,2'5,5 -tetrachl orinated bi phenyl), but not the
pure formof PCB 52, have clastogenic potential in an in vitro
assay using human | ynphocytes. There are, however, no
adequate in vivo data on specific congeners and the absence of
activity with the comercial PCBs in this regard woul d suggest
t hat these congeners do not have significant nutagenic
potenti al .

14. The COC noted that there was sone evidence that PCBs
acted as tunmour pronoters by a variety of nechani sns, possibly
involving the Ah receptor or by stinmulating cell proliferation
and enzyne induction. A nunber of commercial PCBs have been
shown to be carcinogenic in rats. Aroclors 1254 and 1260 and
Gl ophen A60 induce hepatocel lular carcinomas. Limted studies
in mce indicate that Aroclor 1254 and Kanechl ors 400 and 500
i nduce liver tunours in this species. The |lowest effect |evel
reported in these studies is 50 ppmin the diet (approximately
2.5 mlligranms per kil ogram bodywei ght per day (ng/kg bw day)
given for up to 2 years). Although the data suggest that the
| ess extensively chlorinated PCBs nmay be of | ower carcinogenic
pot ency, the COC has advised that it cannot be concl uded t hat
it is only the highly chlorinated PCBs that give rise to
concern. Individual comrercial PCB m xtures need to be



consi dered on a case by case basis when estimating
car ci nogeni ¢ potency.

15. The COC al so advised that there are few data avail abl e on

t he carcinogenicity of PCBs in humans. 1In all the avail able
studi es the nunbers involved were snmall and the results very
difficult to interpret. |Investigations on patients who

consuned PCB-contam nated rice oil suggest that there was an
i ncreased incidence of liver cancer. DMrtality studies in
wor kers exposed to PCBs at capacitor manufacturing plants in
the USA al so suggest an increase in nortality fromliver
cancer. A report froma manufacturing site in Italy was

uni nt erpretabl e because of the use of unrepresentative
controls and | ack of exposure data. The COC concl uded t hat
because of the inadequacies in these data it is not possible
to reach a definite conclusion fromthe epidem ol ogi cal data.

16. Several groups have investigated whether conmercial PCBs
(Arocl or 1254 and Kanechl or 500) have the potential to produce
pronoting effects in 2 stage in vivo nodels of chemcally

i nduced hepat ocarci nogenesis in rats or mce. |In all cases
evi dence of pronoter activity was obtained.

17. Overall, the COC concluded that it would be prudent to
assunme that all PCB congeners are potential human carci nogens.

Di scussi on

18. A nunber of toxic effects of PCB m xtures and i ndi vi dual
PCB congeners have been docunented in | aboratory ani mals.
Wth the exception of effects on brain neurochemstry and
certain effects on reproduction, the spectrum of toxicol ogical
effects seen with commercial PCB m xtures is simlar to those
previously reported for 2,3,7,8-TCDD and the structure-
activity relationships for a nunber of effects are consistent
wi th an Ah-receptor nedi ated nmechanism (ie "dioxin-like"
activity). There is evidence that effects on postnatal

neur obehavi our al devel opnent may be nedi ated t hrough anot her,
hor nonal nechani sm but there are insufficient data avail able
to specify the critical hornonal pathways which are affected.

19. After reviewng the animal toxicity data on comerci al
PCB m xtures, we conclude that the nost critical effects ie
those seen at the | owest |evel of exposure, are those on the
skin, the imune system reproduction and postnat al

behavi oural devel opnment. It was not possible to derive No
Adverse Effect Levels (NOAELs) for these effects fromthe
avai l able data but it is possible to derive Lowest (Observed
Adverse Effect Levels (LOAELs). A LOAEL of 5 m crograns
(Mg)/ kg bw/ day Aroclor 1254 has been identified for effects on
the skin and on the i nmune system (11, 12). The LOAEL for
effects of commercial PCBs on reproduction is considered to
lie in the range from5 to 30 pg/ kg bw day, derived from
studies in the nonkey (11,13,14). There are problens in
conparing the effects of PCBs on postnatal neurobehavioural
devel opnent observed in different species of |aboratory
animals. However, the data indicate that the nonkey is the
nost sensitive species and the LOAEL for this effect is 8



ng/ kg bw day based on a single generation study in the rhesus
nonkey using Aroclor 1016 (14,15). These LOAELs have been
derived after consideration of all the available toxicol ogical
data on commercial PCB m xtures.

20. W have considered whether to set a Tolerable Daily
Intake (TDI) for total PCBs by using the LOAELs for conmerci al
PCB m xtures and application of appropriate safety factors.
However, the pattern of PCB congeners present in foodstuffs
does not accord with that present in commercial m xtures. W
conclude that a TDI derived from studies on a conmerci al

m xture of PCBs m ght be of value in evaluating the
significance of occupational exposure to PCB m xtures, but not
in evaluating the significance of dietary exposures to PCBs.
Therefore, we have not set a TDI for total PCBs. W discuss
bel ow, in the context of advising on the health risk of
current dietary exposures to PCBs, how the toxicol ogical data
on the commercial m xtures can be used to assess the
significance of PCB contam nation of food to human health for
t hose congeners which are not "dioxin-I|ike".

21. W also considered whether to adopt the TEF approach to
estimate the risk of exposure to PCBs. W have reservations
about this approach for a nunber of reasons. As stated above,
not all toxicological endpoints of PCBs are nedi ated by an
Ah-receptor nechanism ©Many of the TEFs whi ch have been
derived for individual PCB congeners are based on limted
data. Also, it should be borne in mnd that nost of the
congeners found in food are not "dioxin-like". Interactions
may exi st between the "dioxin-like" and non-"dioxin-like" PCBs
in a mxture which would affect a risk assessnent based on
strict additivity of TEFs. Neverthel ess, the use of TEFs
offers a pragmatic approach to the evaluation of "dioxin-Iike"
PCBs and we conclude that they can be tentatively accepted and
used in a limted manner for this purpose. The TEFs
recommended by the WHO ECEH/ | PCS task force in 1994 (16)
represent a consensus of current expert opinion and we
recommend that these are used at present (see Table 1). The
TDI of 10 pg TEQ kg bw/ day can therefore be used to assess the
health risks of the intake of conbinations of PCDDs, PCDFs and
di oxi n-1i1 ke PCB congeners.

Heal th risk of current dietary exposures to PCBs
Adul t s

22. The recent data provided for our consideration are
derived froma survey by the Mnistry of Agriculture,

Fi sheries and Food (MAFF) of PCBs in UK Total Diet Study (TDS)
sanples collected in 1982 and 1992 (2). A total of 53

i ndi vi dual congeners were selected for analysis, after
consultation with us, on the basis of their biological
activity or distribution in food and ot her nedi a.

23. W welcone the large decline in the estinmted average UK



dietary intake of PCBs? from 1.0 pg/ person/day in 1982 to 0.34
png/ person/day in 1992. W note that estimated high |evel
(97.5 percentile) intakes have al so decreased consi derably,
from 1.9 pug/ person/day in 1982 to 0.6 pg/ person/day in 1992.

24. The 1992 figures are equivalent to an average intake of
PCBs of 0.006 pg/ kg bw day and a high I evel intake of 0.01
ng/ kg bw day for a 60 kg individual. These are approxi mately
900 tinmes and 500 tines, respectively, below the LOAELs for
effects of commercial PCB m xtures on the skin, on the i mmune
system and on reproduction in animal studies; and over 100, 000
tinmes lower than the | owest effect |evel for liver
carcinogenicity in rodents. Although, as stated above, the

m xtures of congeners in food and those tested in toxicity
studies are not the same, these |large margins are reassuring.

25. The upper bound® average dietary intakes of the individual
congeners which contribute nost to the overall intakes of PCBs
in 1992 are given in Table 2. For those for which toxicity
data are available, a conparison is made with the LOAEL
identified fromtoxicity studies. For the two congeners for
whi ch data exist, the margi ns between intake and LOAEL are
substanti al .

26. Anot her conparison which can be nmade is between the

| onest LOAEL identified in our review for an individual non-
copl anar congener and the 1992 intake figures for PCBs. A
LOAEL of 2.6 pg/ kg bw day was estimated for depletion of
dopamne levels in rat brain in a 13-week study on PCB 128
(2,2',3,3,4,4" -hexachl or obi phenyl) (17). This is over 400
times and 200 tinmes, respectively, above the average and high
| evel intakes of total PCBs in 1992. Again, these are
reassuringly high margins.

27. W have been given an estimate of the contribution of the
13 "dioxin-like" PCB congeners to the total intake of TEQs
fromthe 1992 UK TDS sanples. The WHO ECEH | PCS TEFs wer e used
to calculate the PCB TEQ. Average intake was 143 picograns
(pg) TEQ person/day, of which 50 pg TEQ person/day came from
PCBs. High level intake was 252 TEQ pg/ person/day, of which
90 pg TEQ person/day cane from PCBs. These are equivalent to
2.4 and 4.2 pg TEQ kg bw/ day, respectively, for a 60 kg adult.
Both figures are below the TDI for PCDDs and PCDFs of 10 pg/kg
bw/ day, which we set in 1992 and confirmed in 1995 (8, 18).

School chil dren (10-15 years)

28. W have al so been provided by MAFF with estinates of the
i ntakes of PCBs, and of the "dioxin-like" PCBs, PCDDs and
PCDFs, expressed as TEQs, by schoolchildren. The estimtes
are based on the 1992 TDS data, conbined wth food consunption

2 Expressed as the sum of 53 congeners in food.

® This estimate is calculated using the assumption that where levels of PCBs in food

are below the limit of detection (LOD), they are present at the LOD.



data froma national survey of 10-15 year olds (19). The
upper bound average PCB i ntake* was estinmated to be 0.007
ng/ kg bw/ day and the high | evel intake was 0.012 pg/ kg bw day
(Table 3). In terns of TEQs, the average intake was esti nated
to be 2.8 pg TEQ kg bw day, of which 0.9 pg TEQ kg bw day cane
from PCBs; and the high level intake was estimated to be 4.6
pg TEQ kg bw day, of which 1.5 pg TEQ kg bw/ day canme from PCBs
(Table 4). These figures are only slightly higher than adult

i nt akes.

Toddl ers (1% 4% years)

29. MAFF has al so provided us with provisional estimtes of
the intakes of PCBs, and of the "dioxin-Iike" PCBs, PCDDs and
PCDFs, expressed as TEQs, by toddlers (ie children aged

bet ween 1% and 4% . This was derived by cal culating the
average PCB content of the UK diet, in terns of the sumof the
53 congeners neasured, fromthe nean energy and PCB i ntakes of
adult consumers (1992 TDS data). Miltiplying this PCB content
by the average daily energy intakes on a bodywei ght basis
recorded in a recent dietary and nutritional study of toddlers
(20) gave the estimted PCB intakes by toddlers given in Table
3.

30. Taking the highest intakes by toddlers (ie those
estimated for 1% to 2% year olds), the intakes on a body

wei ght basis are approximtely tw ce those of adults. Average
i ntakes are approxi mately 360 tinmes bel ow the LOAELs for PCBs
in animal studies and 97.5 percentile intakes are
approximately 230 tinmes bel ow these LOAELs. Al though these
mar gi ns are not as high as for adults, they do not indicate
any nmmj or cause for concern.

31. In terns of total TEQs, average intakes ranged from5.9
pg TEQ kg bw/ day for 1% to 2% year olds to 5.0 pg TEQ kg

bw day for 3% to 4% year old girls (see Table 4). 97.5th
percentile intakes ranged from9.3 pg TEQ kg bw day to 7.6 pg
TEQ kg bw/ day. These intakes are below the TD of 10 pg/kg
bw/ day.

Human M | k

32. As stated above, PCBs accunulate in lipid-rich secretions
such as mlk and thus human mlk is a major source of exposure
to these chemcals. Recent UK data (4) indicate that the nean
estimated i ntake of PCBs® by breast-fed babies is 930 nanograns
(ng)/ kg bw/ day at 2 nonths, falling to 460 ng/ kg bw day at 6
months. It should be noted that these are worst-case estinmates
for two reasons. Firstly, the mlk sanples analysed in this
study were collected fromnothers no nore than two nont hs

* Expressed as the sum of 53 congeners in food.

®> Expressed as the sum of 28 congeners.



after delivery® A nother's body burden of PCBs and ot her
fat-soluble contam nants will decrease during the severa
nmont hs of breast-feeding and, consequently, the levels in her
mlk will decrease. Secondly, all sanples were obtained from
not hers nursing their first child. Since breast-feeding
reduces the maternal body burden, |evels of contam nants in
mlk fed to subsequent children are expected to be | owner.

33. Conparison of these worst-case estinated i ntakes with the
LOAELs for non-carcinogenic effects of commercial PCB m xtures
shows that the safety margins are low - approximtely 5 at 2
mont hs and 25 at 10 nonths. |In conparison, the nmargin between
these intakes and the LOAEL for carcinogenic effects is 2700
at 2 nonths and over 10,000 at 10 nonths. As wi th other

di etary exposures, the m xture of PCB congeners present in
human mlk is different fromthat found in conmerci al

m Xt ures.

34. Conparison of the estimated nean intake of certain

i ndi vi dual PCB congeners by infants aged 2 nonths with the
rel evant NOAEL or LOAEL identified fromtoxicity studies are
given in Table 5. These margins range from1, 700 to 800, 000,
whi ch is reassuring.

35. W have al so been provided with nean estimated intakes by
breast-fed infants of the 13 "dioxin-like" PCB congeners,
expressed as TEQs (see Table 6). The TEQ were al so

cal cul at ed using the WHO- ECEH | PCS TEFs. Estinated intakes
range from58 pg TEQ kg bw day at 2 nonths of age to 13 pg
TEQ kg bw/ day at 10 nonths of age. The nmean total intake of
PCDDs, PCDFs and dioxin-like PCBs is estimated to be 170 pg
TEQ kg bw/ day at 2 nonths, falling to 39 pg TEQ kg bw day at
10 nonths. These intakes exceed the TDI of 10 pg TEQ kg

bw/ day.

36. It is clearly a matter of some concern that the margin of
safety between the LOAELs for comrercial PCB m xtures in
animal s and i ntakes of PCBs by breast-fed babies is so small
and that intakes of TEQs exceed the TDI, in some cases
substantially. W have commented previously on the health
significance of PCDDs and PCDFs in human mlk (8,18, 21, 22) and
have advi sed that, despite the presence of these chemcals in
m | k, breast-feeding should continue to be encouraged. In
formulating this advice we took into account the fact that
infants may be nore susceptible to these conpounds, and that a
hi gh | evel of exposure during a critical period of early

post nat al devel opnment nmay have adverse effects whereas
exposure to the sane level in later |life would not. However
we al so took into account the fact that the period of breast-
feeding is short conpared wth the tinme needed to accunul ate

t hese conpounds in the body. W took into account the known
benefits of breast-feeding: that it confers inmmunol ogi cal
protection on the infant, it is less likely to cause

gastroi ntestinal disturbances, and that breast-feeding

® Details of sample collection are given in reference 21



protects against the devel opnment of allergies in famlies
where there is a history of allergies. Studies have shown
that there is a cognitive advantage for breast-fed babies over
formul a-fed babi es’, even after adjustnent for socio-biol ogical
confounding (23). After consideration of all these factors,
we reaffirmour previous advice that, despite the presence of
PCDDs and rel ated conpounds in human m |k, breast-feeding
shoul d continue to be encouraged on the basis of convincing
evi dence of the benefits of human mlk to the overall health
and devel opment of the infant. Neverthel ess, we recomend
that the PCB, PCDD and PCDF |l evels in human m |k are surveyed
at regular intervals and, if levels do not continue to fall,
that a reviewis instigated to investigate whether inputs of
these pollutants to the environnment can be reduced further, so
as to reduce human exposure. It would be desirable to

i nvestigate the potential for accunulation of those PCB, PCDD
and PCDF congeners which occur in breast mlk, that is their

di sposition in and elimnation fromthe body, especially in
early life.

Survey of fish and fish liver oil dietary supplenents and
i censed nedicines, 1994 and 1996

37. As previously discussed, PCBs, PCDDs and PCDFs accumnul ate
inlipid-rich tissue, and this is particularly apparent in the
livers of certain marine fish. Fish body and fish liver oils
are popul ar dietary supplenents and nedi cinal products in the
formof either liquid oils or capsules which are consuned for
their vitamn and long chain fatty acid content. Fish oi
products are avail able as unlicensed dietary suppl enents and
as licensed nedicinal products on general sale. W have been
provi ded by MAFF with data froma survey of the |evels of

PCBs, PCDDs and PCDFs in fish and fish |iver oils purchased in
1994. These data confirned findings that fish body and fish
liver oils contain relatively high I evels of PCBs, PCDDs and
PCDFs. The survey was repeated in Decenber 1996 to establish
whet her the |l evels of the contam nants had declined as a
result of reported changes in the manufacturing process (3).
The |l evel s of PCBs, PCDDs and PCDFs in certain recently
manuf act ured sanpl es of salnon oil and halibut liver oil

suppl ement s appear to have declined, though it is difficult to
draw firm conclusions due to the limted nunber of sanples
anal ysed. However, the levels of the contam nants present in
ot her contenporary sanples, particularly of cod liver oil,
have not changed significantly since 1994. Data fromthe
survey are summarised in Table 7.

Estimated i ntakes of PCBs, PCDDs and PCDFs fromfish oi
dietary supplenments and |icensed nedicines.

38. The intake of PCBs, PCDDs and PCDFs from consunption of
bottl ed or encapsul ated fish oil dietary supplenents and

" There are no data on the concentrations of PCBs, PCDDs and PCDFs in UK milk
formulas. A very limited German study suggests that the TEQs ingested by infants
fed milk formula will be less than 5% of those ingested by breast-fed infants.



medi ci nal products has been estimated fromthe data obtained
by MAFF (see Table 8) using the daily dosage recomended on

t he product packaging ("the recommended dose"). This ranged
from2.5to5mM (2.3 to 4.6 g) for infants, 5to 10 M (4.6
to 9.2 g) for toddlers and one capsule (0.1 g) to 10 m (9.2
g) for adults and school children. Wen calculated on a TEQ

basi s, the data show that:

Breast-fed i nfants

i) Consunption of the recommended dose of fish oi

di etary suppl enents and nedi ci nal products would increase
the margin by which breast fed infants exceed the TDl of
10 pg/ kg bw day for PCBs, PCDDs and PCDFs. The maxi mum
estimated intake fromfish oil supplenents is 11 pg

TEQ kg bw/ day as conpared to an intake of 39-170 pg

TEQ kg bw/ day from breast m | k.

Toddl ers (1% - 49

ii) Consunption of the recomended dose of certain
bottled fish oil dietary supplenents or nedicinal
products, either alone or in conbination with the diet,
could lead to the TDI of 10 pg/ kg bw day for PCBs, PCDDs
and PCDFs bei ng exceeded by toddlers. The maxi num
estimated intake fromfish oil supplenents is 12 to 16 pg
TEQ kg bw/ day as conpared to a dietary intake of 5.2 to
5.9 (nean consuner) or 7.6 to 9.3 (97.5 percentile
consuner) pg TEQ kg bw day. The maxi num estimated t ot al

i ntake of PCBs, PCDDs and PCDFs is 19.6 to 25.3 pg TEQ kg
bw day for toddlers aged 1% - 2% and 3% - 4%
respectively.

School chi |l dren

iii) Consunption of the recommended dose of certain
bottled fish oil dietary supplenents or nedicinal
products, in conmbination with the diet, could |ead to the
TDI of 10 pg TEQ kg bw day for PCBs, PCDDs and PCDFs
bei ng exceeded by school children. The naxi mum esti nat ed
i ntake being 9.1 pg TEQ kg bw/ day in addition to an
intake of 2.8 to 4.6 pg TEQ kg bw day fromthe diet. The
maxi mum esti mated total intake of PCBs, PCDDs and PCDFs
is 13.7 pg TEQ kg bw day.

Adul ts

iv) For adults, the maxi mum estimated intake of PCBs,
PCDDs and PCDFs from fish oil dietary supplenents or
medi ci nal products is 6.6 pg TEQ kg bw day conpared to an
intake of 2.4 to 4.2 TEQ kg bw day fromthe diet. Thus,
adults who were 97.5 percentile consunmers woul d j ust
exceed the TD, consum ng a maxi mum of 10.8 pg TEQ kg

bw' day.



Di scussi on of PCB, PCDD and PCDF intake fromfish oi
suppl enent s

39. Consunption of the recommended dose of encapsul ated fish
oils (which are not recormmended for infants or toddlers) does
not lead to the TDI being exceeded by adults or
schoolchildren. This is a result of the smaller quantity of
oil present in the recomended dose of encapsulated oils
conpared to bottled oils, rather than any difference in the
oils used in the two types of product.

40. The levels of PCBs, PCDDs and PCDFs present in the
recommended doses of fish oil dietary supplenents and
medi ci nal products are unlikely to pose a risk to the health
of breast-fed infants, toddlers, schoolchildren or adults.
Consunption of the nore highly contam nated oils by toddlers
and school children could lead to the TDI bei ng exceeded for a
sust ai ned period and woul d thus reduce the safety margin

bet ween i ntake and the toxicity observed in aninmal studies.
This is undesirable but it is reassuring that the margin by
which the TDI is exceeded decreases with age as the body

wei ght i ncreases.

Concl usi ons

i PCBs produce a w de spectrum of adverse effects in
experinmental animals, including reproductive toxicity,
I mrunot oxi city and carcinogenicity.

ii. We accept the advice of the COMthat PCBs do not have
significant nutagenic activity and that any carcinogenesis in
animal studies is likely to be due to a "non-genot oxic"
mechani sm

iii. We accept the advice of the COMand COC that it would be
prudent to assune that all PCB congeners are potential human
car ci nogens.

iv. W note the results of prelimnary work which indicates
that current human body burdens of PCBs may be affecting
thyroid hornone | evels. W consider that further work in a
| arger population is required to investigate this further.

V. We concl ude that the avail abl e epi dem ol ogi cal studi es of
i ndi vi dual s exposed to high background dietary |evels of PCBs

are not of sufficient quality to allow a quantitative estimte
of risk to be nade of reproductive dysfunction follow ng

di etary exposure.

vi. Most ani mal studi es have been conduct ed usi ng conmerci al
m xtures of PCBs. The individual congeners and the relative
proportion of these congeners in these m xtures are different
fromthose found in food. There are only limted data on

i ndi vi dual congeners. For these reasons, we have not been
able to set a Tolerable Daily Intake for total PCBs.



vii. W are of the opinion that, despite the limtations in
the derivation of the TEFs (see paragraphs 5 and 21 of the
main text), the use of TEFs to assess the health risks of
certain coplanar ("dioxin-like") PCB congeners offers a
pragmati c approach to the eval uation of these conpounds and we
reconmend that TEFs be tentatively accepted and used in a
limted manner for this purpose. W recomend that the TEFs
proposed by the 1994 WHO ECEH | PCS task force are used at
present and that a TDI of 10 pg TEQ kg bw/ day can be enpl oyed
to assess the health risks of conbinations of PCDDs, PCDFs and
di oxi n-1i1 ke PCB congeners. Considerable further work is
necessary to inprove the scientific basis for validating TEFs.

viii. Further work is needed to devel op an approach to
assessing the health risks of the non-coplanar PCB congeners.

iXx. We welcone the new data on UK dietary intakes of both
total and individual congeners of PCBs provided by MAFF. W
note that the data on intakes by toddlers are provisional and
suggest that further work is carried out to give nore reliable
estimates of intake by this age group. W consider that there
is unlikely to be a health risk fromcurrent intakes of PCBs
from f ood.

X. W wel come the new data on |l evels of PCBs in human m |k
Al t hough i ntakes of PCBs by breast-feeding babies are higher
than is desirable, we reaffirmour previous advice that
breast-feedi ng should continue to be encouraged on the basis
of convincing evidence of the benefits of human mlk to the
overall health and devel opnent of the infant.

Xi . We note the data on |levels of PCBs, PCDDs and PCDFs in
fish oil dietary supplenents and nedici nal products. The

i ntake of such levels is undesirable, since it potentially
leads to the TDI for PCBs, PCDDs and PCDFs bei ng exceeded by
toddl ers and school children for a sustained period and thus
reduces the safety margin between intake and the toxicity
observed in animal studi es. However, we consider that this
intake is unlikely to pose a risk to health.

Xii. W reconmend that it would be desirable to carry out
studies to inprove the understandi ng of PCB, PCDD and PCDF
accumnul ati on and disposition in humans in the first year of
life, eg by physiologically-based toxicokinetic nodelling.

Xiii. W consider that it would be prudent to seek action to
ensure that consumer exposure to these contam nants i s kept
bel ow the TDI. However, we recognise that PCBs are likely to
persi st as contam nants of the environnent for many years to
cone. Therefore, we reconmend that levels in food and i n human
m | k should continue to be nonitored at regular intervals to
confirmthat the downward trend continues. |If it does not, we
recomend that a further reviewis instigated to determ ne how
human exposure can be reduced.

April 1997
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FIGURE 1

CHEMICAL STRUCTURES OF POLYCHLORINATED BIPHENYLS (PCBs),
POLYCHLORINATED DIBENZO-PARA-DIOXINS (PCDDs) AND
POLYCHLORINATED DIBENZOFURANS (PCDFs)
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TABLE 1

TEF VALUES PROPCSED BY AHLBORG et al .

Type of
Congener
Non- ort ho

Mono- ort ho

D -ortho

*Ref erence 16.

PCB
Congener

77

126
169
105
114
118
123
156
157
167
189

170
180

1994*
Congener TEF Val ue
Structure
3,3 ,4,4'-tetraCB 0. 0005
3,3 ,4,4 , 5- pent aCB 0.1
3,3 ,4,4",5, 5 -hexaCB 0.01
2,3,3,4,4" -pentaCB 0. 0001
2,3,4,4" ,5-pentaCB 0. 0005
2,3 ,4,4" ,5-pentaCB 0. 0001
2',3,4,4" ,5-pent aCB 0. 0001
2,3,3 ,4,4" ,5-hexaCB 0. 0005
2,3,3,4,4 ,5 -hexaCB 0. 0005
2,3',4,4',5,5‘-hexaCB 0. 00001
2,3,3,4,4",5, 5 -heptaCB 0. 0001
2,2',3,3 ,4,4 5 hept aCB 0. 0001
2,2',3,4,4 ,5 5 -heptaCB 0. 00001



TABLE 2

COMPARI SON OF ESTI MATED DI ETARY | NTAKES OF | NDI VI DUAL PCB CONGENERS BY ADULTS W TH TOXI COLOG CAL
DATA

Congener Upper bound i nt ake NCAEL or LOAEL Mar gi n bet ween exposure
(ng/ kg bw day?) (ng/ kg bw day) and t he NOAEL or LOAEL

28 (2,4,4' -triCB) 0.2 8 x 10° (LOAEL)? 40, 000, 000

41 (2,2',3,4-tetraCB) 0.2 - -

47 (2,2',4,4' -tetraCB) 0.9 - -
0.3

138 (2,2',3,4,4',5'

- hexaCB)

153 (2,2',4,4", 0.4 16 x 10° (LOAEL)? 40, 000, 000
5, 5" - hexaCB)

180 (2,2',3,4,4", 0.2 - -

5, 5" - hept aCB)

1. For a 60 kg individual.

2. Mat er nal dose on days 10-16 of pregnancy, reduced body weight in offspring (rats)
(Ref erence 24).

3. Mat er nal dose on days 10-16 of pregnancy, increased |iver weight in offspring (rats)
(Ref erence 24).



TABLE 3
ESTI MATED DI ETARY | NTAKES OF PCBS BY SCHOOLCHI LDREN AND TODDLERS | N 1992
I nt akes of PCBs (ng/kg bw day)

Sub- group Mean consurmer 97.5th percentile consuner
School chil dren (aged 10-15)* 7 12
Toddl ers aged 1% to 2% 14 22
Toddl ers aged 2% to 3% 13 20
Toddl ers aged 3% to 4% (boys) 13 18
Toddl ers aged 3% to 4% (girls) 12 18

* Assum ng a bodywei ght of 43.6 kg for each individual.



TABLE 4

ESTI MATED DI ETARY | NTAKES OF PCDDS, PCDFS AND PCBS | N TERVM5 OF TOXI C EQUI VALENTS
BY SCHOOLCHI LDREN AND TODDLERS I N 1992

Esti mat ed PCDD and PCDF Estimated PCB i nt ake Total estimated
i ntake (pg TEQ kg bw day) (pg TEQ kg bw day) i nt ake
Sub- group (pg TEQ kg bw day)
Mean 97.5th Mean 97.5th Mean 97.5th
percentile percentile percentile
School chi I dren 1.8 3.0 0.9 1.5 2.8 4.6
(aged 10-15)
Toddl ers aged 3.7 5.8 2.1 3.2 5.9 9.3
1% to 2%
Toddl ers aged 3.4 5.1 1.9 2.8 5.5 8.1
2% t0 3%
Toddl ers aged 3.4 4.7 1.9 2.6 5.4 7.6
3%2to0 4% (boys)
Toddl ers aged 3.1 4.7 1.8 2.6 5.0 7.6

3% to 4% (girls)



TABLE 5

COMPARI SON OF ESTI MATED MEAN DI ETARY | NTAKES OF | NDI VI DUAL PCB CONGENERS FROM HUMAN M LK BY
BREAST- FED | NFANTS W TH TOXI COLOG CAL DATA

Congener Aver age intakes from human m |k NOAEL or LOAEL Mar gi n bet ween

exposure (ng/ kg bw day) (ng/ kg bw day) and t he NOAEL/ LOAEL
I nffants aged 2 no I nffants aged 10 no

28 22 5.2 8, 000, 000( LOAEL) * 360, 000- 1, 500, 000

128 3.3 0.8 260, 000( NQAEL) 2 80, 000- 300, 000

153 45 11 16, 000, 000( LOAEL)* 800, 000- 3, 300, 000

156 46 11 81, 000( NQAEL) * 1, 700- 7, 400

Mat er nal dose on days 10-16 of pregnancy, reduced body weight in offspring (rats);
(Reference 24).

13 week study, hepatic effects reported above this level (rats); (Reference 17).
Mat er nal dose on days 10-16 of pregnancy, increased liver weight in offspring (rats);
(Ref erence 24).

13 week study, several effects reported above this |evel including reduced body wei ght
(rats); (Reference 25).

ko wnN e



TABLE 6
ESTI MATED | NTAKES OF PCDDS, PCDFS AND PCBS I N TERMS OF TOXI C EQUI VALENTS BY BREAST- FED BABI ES

Age (nont hs) Mean consunption of human Mean i ntakes via human m |k
mlk by nursing infants (pg TEQ kg bw day)
(g/ kg bw day) PCDDs and PCDFs PCBs Tot al

2 160 110 58 170
3 140 100 51 150
4 124 88 45 130
5 103 73 37 110
6 79 56 29 84
7 63 44 23 67
8 42 30 15 45
10 37 26 13 39

Not es:

1. I ntakes are given to two significant figures. These figures may over-estimte the actua

mean exposure to PCBs, PCDDs and PCDFs via human mlk, for the reasons given in paragraph
32 of the text.
2. The TDI for PCDD, PCDF and PCBs with dioxin-like activity is 10 pg TEQ kg bw day.



Table 7: Concentrations of dioxins, furans and PCBs (ng TEQ/kg oil) in fish oil dietary supplements and licensed medicines

Concentration (ng TEQ/kg oil)

Cod liver oil 5 Cod liver ail 7 Caod liver ail Caod liver ail
Compounds (bottled) (capsules) * 8 9
(capsules)® (capsules)®
1994 19962 1994 1996 1996 1996
Mean Range
Dioxins and furans 11 7.1 3.6-10 - 6.2 15 9.2
Non-ortho-PCBs 21 17 11-24 44 26 17 21
Ortho-PCBs 15 7 44 -99 - 8.1 12 8.4
Total** 33 31 20 - 43 44 41 30 38
Concentration (ng TEQ/kg oil)
Compounds Cod liver oil Cod liver ail Halibut liver oil 1 Halibut liver oil 3
with fish oil with fish oil (capsules) * (capsules) * Salmon oil (capsules)
5 (bottled)™ 6 (bottled)®
1996 1996 1994 1996 1994 1996 1994 1996
Dioxins and furans 4.5 0.6 6.8 17 40 6.1 17 25
Non-ortho-PCBs 10 4.1 2.7 3.5 16 7.3 14 11
Ortho-PCBs 31 35 0.3 2.2 - 15 - 1.0
Total** 18 8.1 9.9 74 56° 15 31° 4.7
Notes: See Reference 3 for descriptions of the samples

Mean of 6 batches. Single sample in 1994

Does not include a contribution from dioxins, furans or ortho-PCBs
Does not include a contribution from ortho-PCBs

Not included in the 1994 survey

Samples of 2-3 batches of these products were pooled prior to analysis
Totals differ from sum of concentrations due to rounding errors

*O O T QD
I TR TR (TR

*

*



TABLE 8: | ntakes of PCBs, PCDDs and PCDFs by infants, toddlers, school children and adults from
sanples of fish oil dietary supplenents and |icensed nedicines taken in 1996 conpared with
i ntakes from other dietary sources.

Sub- group (body wei ght) I nt akes of PCBs, PCDDs, and PCDFs (pg TEQ kg bw day)
Fish oil dietary Q her dietary sourcesP
suppl enments and |icensed
medi ci nes?®
Low Hi gh Mean 97.5 percentile consumner
Breast-fed infants (8.7 kg) 4.3 11 170 (at 2 nonths)

39 (at 10 nonths)

Toddl ers aged 1% to 2% (12.3 kg) | 6.0 16 5.9 9.3
Toddl ers aged 2% to 3% (14.6 kg) |5.1 14 5.5 8.1
Toddl ers aged 3% to 4% (16.5 kg) | 4.5 12 5.2 7.6
School children (43.6 kQ) 0.02 9.1 2.8 4.6
Adults (60 kg) 0.01 6.6 2.4 4.2
Not es
a) I ntakes fromfish oil products were cal cul ated by sel ecting the sanples containing the

hi ghest and | owest concentrations of PCBs, PCDDs and PCDFs and nultiplying by the
recommended dose as stated on the packaging of the product:

Low (halibut liver oil, 7.4 ng TEQ kg oil) H.gh (cod liver oil, 43 ng TEQ kg oil)

| nf ant s 5mM oil (4.6 g) 2.5mM oil (2.3 Qg)
Toddl ers 10 mM oil (9.2 Q) 5m oil (1 tsp, 4.6 Q)
Adul ts 1 capsule (0.19) 10 mM oil (2 tsp, 9.2 Q)

and school chi |l dren

b) Estimated from concentrations of PCDDs, PCDFs and PCBs found in the UK Total Diet Study
sanpl es collected in 1992.



