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In 15o6 uensen( 1) es‘.;a.xz hed that resilues of polycilorinated biphenyi:

(PCBs) were present in pike (Jsox lucius) ani a white-taziled eagie

(J-Ia.liaee..us albicilia) in Swedern., This ciscovery, iargcly erising by
ey

chance during studles in progress on 20D a=i otiker orgenochlorine

insecticides, Was tae first imlinction thes this group of synthetic

orgaric chezicals zay hc.ve becoue wilely distribuled in the envircazent.
Iz=ed :.atel,y following their idemtifisasica in Sweden a progriz=z of roscirch
was started in the United 2 .,.;ic:: ©o escertain i these seze coopounts - oire
also present in wild animals in the Sritisz Isies. Txis work not only
corfirzed that they were presexnt vut cliso that they vere wicdespread, -

>,

Follouing this discovery ilonsanto Chemicals Lid., +he sole manufacturer of

7]

. FC3s ir the Urited inzdea, Intrcduccd & ban early in 1971 on a1l

non=-concroiizdie use of the is. CTiic paper gives an account of the
-investigations carried out in the Unitca Kirgéom to 2eal with the PC3

proslenm, In the hope that ke cxperiexse gained may help ciher countries

vhich may be faced with this type of problem.arising from the manufactur> -
and use of these and other sizilar syuthetic organic cnexmicals which arc

. oW veing manufactured in increasing amounts in many parts of the world.

arn“ac ture e.rd Use

The panufacture of FC3s was First stzrteé by Xonmsanto in the United Stot.s

of szerica in the ecrly 16303 and iz the United {ingdoca, at one plant in

1"‘

donzouth in South Vales, in txe corly :v53s. Prior to 1951 all the ¥OI;

used in the United Kingdom were Izjpcruved, Initizlly {these coapounds wuc e

[0
[

used aluost exclusively in elccirical <rersforzers and then later also

!

- ca.pa.o:.tors.~— Because of their cutstontiing propertles as a cooling ard
* heat transfer £luid, combined wits extrczely low cozbustability, their
_gri.nc:Lpa.l use kzs remained in tae elect trical -industry where they replace ..

i e WL S e W o YT RY SN2

“Ife core cou.ous <ible oil producis. The po.ﬂtmn oefore the ban was int o=
duced in 1971 was that about half tiz FC3s so0ld in the United Xirgloz wic it .

into the electrical iniustry, taz r-iainier ceing used as adlitives irn p .astiecs,

e s i o mnn

a2

Jgesins, rubbers, adéhesives, seints ari in reat Transler systems and l'ydr-u.lc

fluids, There was also htterly SOC Use on an extrexely szall scale i.

vzcuum puzps ané in speciality ludricaiis.
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d:.i‘far:ncen ateazin: roa th

..Ja.rsa n..g,uber of hc:rbl‘ccue :...a seacrs wnick ere possible. ‘“hese il i-n:'lt

 koaologues a.nd iso:ners 32y hzve 8152 .an.. properties, Corzeroizl procicts
-contein larg o zm:.bers of »he differcs % couyounus in varyir: sroporiiczs.
FCBs are very steble chozical com pounds resistent to degrai:ision 'by

; oxidation both c"xem.ca.lJ end o.w"“" Lly.  They are relz=vely irzoiible -
in water but are misci"- .8
imomat on 1s avail.;b.Le on

usinga cozzercial product c..n..air.:;'i;.;,"' 'u.or"w, was Jcui to be ateiw

zztunil oils and' i‘ats. Crar Zimiteé

b il o
heir :c::icity._ _Tre acute 1D I value To zts,
<

sS4
[%
b
[=2

l+ ml/kg. In otzer % <s on smeil we=uals levels of 1-1C sm= in fecdsy 7
had no significant tfux;c alfects, Tuv et 100 zzm there wers :cze infic:c .lons

oi‘ lonv-ter" effects 2 ‘e Tho estimaiad 'uose rzte for 59 2 ..all‘.:y av
56 v.ays feeding Arochior 1254 to the Zcxjclese finch (loncinmu strista)
 has been showm to be 254 oz/xg/ézy, suzzesting %het in this szecies thi:
perticular PCB has orly 1/13 the %oxicity of 2V, In toieserine smomn

shrimp V(Cra,ngon erangon) tho LC 50 for zcute toxicity in LS :-zurs provel.

to be 0.3 pra for PC3 compared to 0.C03 ppa for HOIV/, It as also bign

--»,:4 -y T. T e

shown that at low levels B, like 231‘, can induce sterzo.,.c. '_"..rox....n..i
enzyzes in the liver of pigeons (Coiw livia) ard so [ay & &Teet taeir
J-ng capabllity( 5) - - ’
The FCBs taus hzve :na.:zy of the physical and chexzical propertizs of tre
bfganochlorine insecticides ané appecar o produce sizmilar toxic effects
in a nusber of animals, although generally apparently having a somerhat SR
lower toxicity. It should be apzreciaved, however, that bezzuse of the
large nuzber of FCB cozpounds, and coxbinations of these, Lz are now

available, the toxicity of different {yges =ay vary cor.siderabl,y.

Ana]ysis for FC3a has been by use of ges caroast tography, using eleciron
Qapturp detection with occesional 1dentification ard structurs confl_i'-;:a:.zz;x-
by gas chrb.mtog‘auhy zass spectrocetry. DSeczuse of the neel to measur:
PC3s_et extremely low leveis _(e.g. 1 in 107 .or less); and the similerify=ic:
?thelr cnemical ;.;;;:. dreﬂto that -;_:'*;"organoch...ome insecticides
which were frequently aiso present in tka tissues of wild arizals unéerg< ing

analysis, great care wzs needed in the devalopzent of a reliadle standert

teonnigue thet could e exployed by sepzrate leboratories to give coarar: sle

results. This wes achieved in the Unitzd Kinglom by close ilzison detucwn

the laboratories of tze latural Envircnzent Research Council; the wiristy
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of Agriculiure, Fisteries ani Fcod, thc Depzrmzent of Azriculfure anl

~methods 1o be followed was a zajor

u
‘

Tisheries in Scotlar.:i;‘ and tka centrul La‘oora.:ary,oi‘ the covernment Cho. st

'in London. This close liriscn ‘betwsen the analytical chemists engaged ‘n

the investigatory work and the ecrly establisizent by them of standard

)

is
actor in the rapid confirmaotion and

subseaaen.. aurvelllanca of th istrizution and levels of PCBs in the ~

“Britisa .lees.

Distribution ) ,

+3 they are persistent and fat sciubis tae r{Zs, like the organocrlorin:
ir.sect:.c...aes, ars re.,a::.ned in ;r.e _tissuss of animals, It was decile
trerefore that a gocd :.rLc:‘.tio.. ol Tie extext to which trhey nzi beccac
ispersed in the Britisz Isles cou:.d te cobtained froa an exacination of

fish, marire invertebrates and predatory tirds (predators, because of ii.ir

- position a2t the top of fool chnains 2xni because their diets include a wii.
P

as

renge of different organisms, can be used to iniicate wrhether or rnot

residues are present in 2 very wide range of organisas).

% a T a

Ano..ner i‘actor w..zch 1nf'1ue sced t‘xe t'r*e ol aurveys Lnae*ta..(en was tha

s .Jés already in pro*re s in severl _of tze governmen‘r. laboratories

to investizate the levels of org:.nw...Lc.; e irsecticides present in fish

-- and predatory birds, It wes, therelcre, a relatively siraightforwerd

m atter to extend the analyticali prccedure ‘o incliude the Pi3s, .

_-During the late 1960s over 500 predatory birds and their egss, togetier ‘

with large numbers of {'ish and im’er"ebmtes froz cany parts of the

-British Isles were examined for PC5 residues. Some residues of PC3

were found o be present in most of the specizens examined froz a wide
variety of localities, inclucding remote :x:our.ta.:.n regions of Wales arnd

Scotland as well as ipdustrial arees., Jhe amounts present wefe not fouw &

- . to be correlaved with any particular geographical locality, but with

nabitat, the larger residues deing yrasent in aeuatic S ecles - bota
’ [ ? P

— Preshwater and marine.  ibus the azounts present in the tissues of the

"essentially freshmater fish~-feeding heron (Ardea cineree) irciuded one

—=srecimen with oa 900 pin=of FCB5Tin AteLivhr; Xhe -arithtetic-zean of-the

L.~

16 adults exaained being 98 ppu., The levels present in 101 eggs of ini

species rarged froz O to 80 ppm with ax arithmetic mean of 5 ppx.

' Sizilarly, the fish-eating Great Crezted Grebe (Podiceps cristatus) and

Kingfisher (Alcedo atthis) contzired up to 40 ppm. In contrastthe levc.
in tissues of non-predatozy caniverous cné herviverous terrestirial sneci 3

rzrely exceeded 5 ppm, with the bird-Iciling terrestrizl predators counirn

" betwecen the two 3
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Further coni‘umt:.on nf ..ne urese.‘.ca el 3 rcs*d..es in the sea was obi. ined

(2708

_in the autumn of 1965 dunng an inve nr'..uon into the mass mortality of
over 12,000 seabirds in the Irish Sea. ®nile no single cause Tor these
deaths vas es..abl:.shed t)*a repore of u..ﬂ incidernt concluded that "one ¢l
tke most stn.king finds of the a.na‘y‘.'.‘c:.l programze was the presence in :he
livers of most of the dead zuillexmoi:z \U“r aalgee) of unusually higi levels
of FCBs", During this investizetion the levels found in seawater (53 « -
“%as <0, O]}le, in zcoplaricen (7 sa..o‘es)<lo-30 yafis; in mussels (- :ole,
"less shell, ¢ 100 specicens) 10~-3C0 yafig; ard in 11 specizens of noric”
rlo'oster (Ziephrops) < 16-150 };3/3&5. Tz levels in the livers of fich an:
sezbirds (expressed as pg/<g) went us te 2,800 in nerring (Clupea hsren, is);
27,000 in whiting (Nerlangius ...cr.u...c..._?; 5 ' 52,080 in cod (Trisopte

minutus) ard up to £00,000 iz suillemoi'®/.  During the same period en
investigation was carried out ofl the Corzish coast in the south-west of
Englard into the deaths of about LO grey seals (Falichoerus grypus) pupes.

The FC3 levels in 1l specizens exacinci were found to be relatively nigh

{17-90 ppz= in the liver, and 123-187 pps in the blubbver), It was -

corcluded however that FCSs werc not 2 contridbutcry cause of death, which

(7

a
-wag-attriouted to normal juvenile mortality

roilutiosn ar? Yerufacturing R -

These discoveries led to consideration as to how the residues of FC3 wer:
gett:.ng into the envirorment. The nighest levels being found in freshw:.ter _' -
‘a.nd marine species suggested that contazination of inland waterways end
diract contamination of the see must be wajor factors, The most obviou:n
‘ways in which this could coms about are through pipelines from factories,

as a result of atmospheric pollution ollowing inefficient incinerztion.

(the FCB residues eventually being waszed out with rain and azain endire

up in va."'e:*rays ard the sea), erd in sauege sludge du:ped‘into the sea(s' .

The results of the surveys of the disirizution of FCB residues however
_gavam indiocation-as-to which; if any; of ‘these’ part:.c&lar sources Tay .ove N
“been primarily res,,ons.lble for ihe existing nol.x.utlon of the Bntlsn Isles
and mlle hlsl"er J.ev?_li “nfjg:’g_ef_’ f‘ou.r. 4n-the-estuery of -the. rives Ciydy

“and off the south wess coast of Scotlcnd generally, there is no outstandiag
use of PCB products in this area to explain tais.
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The Tasidues most cczmozly foumd im erimel £issues have been of the kiz

cnlorinated type. It should ros de concludcd roa this however that 4he ¢

hes been a greater use of thisJorz of r(C3 ani thus by using less chiorin: .cd

types pollution by FC3s could be avoided. Txcse results are more pmba‘u.;y

& reflecticn of the pattern of decozposition of FUBs once they enter tre
nat ural envirorment a.nd. probably all the rCZs com.nbu‘.e to environzantal

gollu‘.:lon. s S

The mnufa.ct"ring process of PC3s is "ary", so that aqueous effluent is
not & by-product. Contimization ol walcrways fror irndustry zust T. erslce

Lave cone about as & rasult o carelessriess or accident, or poss...o...y tecavze

until recently those ccacarned werd Gnzunle thol these ‘coopeunis could
resuit in envirozzmental contazinction and so made no special provision fo:-
€ealing with wastes coztaining C5s. Zrovided that sullicieny care is

taken to contain spilleges and leakiges during manulacture, and alter

‘-”-‘m-“-—m-_q.--.‘, SN A e o e S A

al
carnufacture during nn.r.aL_‘g Ce3. Wien vuie rC3s are being loazded into druxms

¢ wrawe W D . e . -w— ot wn-

or tarkers, losses into drairs cnd watervays can oe evoided, The

installation of sumps and irterceptor pits in itne factory Crainage systes,
coupled with a regular monitormb of aa... ef‘fluent, snoulé er.able any loss ;’rc.,. .

Sl e
s -

fectories to be kept at an “Zosolute :ir.:::.\.,. cztlcte aestmcnon oy

inci:ceration can be achieved if a tozperzture of BOC°F:is maintained for
at least 10 seconds,

<he Ban

Following the discovery of FCBs in the ernvironzent, the Monsanto Cozpeny

itseif is pelieved to have spent well over nalf a million pounds on iis Ovi
® v, L 3 o i UL AT T ad = RBanl T - TX 0 ML TS

programae of research into x:e..r.oas of enzlysis, identification and measurcuent

e w e . wIi - Lave

W ACATET .V AN e IR rxn- vas Faw b —;4—\‘_

of CBs., <rcam the beginning the co speny nmaintained close liaison with .z

Central Unit on Enviro::menta.l Pollution of tne Departzent of the Zavironzent,
the Tatural Environzent Research Council of the Department of Education arl

Science, the Ministry of rlculture, ‘:.s..enes ard Food and the Deparizer’

agriculture and Fisheries in Scot " the Goverzment Departments most
directly concerned with the conirol of environmental pollution and for

conduoting- -researsh dnto. snvirdtoentalproblenas:= ZrIn-aafitiontonsairte SLRFLT

visited the lavoratories of these Goverrzexnt Cepartaents vhere the actual
field investizations and analyses were teing carried out and discussed
pi’ogress and methods with the scientizis enzeged in the work, They wer
thus informed of the developaent and progress of the investigations and

were able to drav conclusions froa he results at an early stags.
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Tne«need for some fora of ban becazd €pparent once it had been dezonsirceod

tnat the PC33 were w:.de::p*c‘.d in the ratural eaviromment and that tae lcvels

present particularly’ 1n certain aquatic spacies, had reached the point whiere

undesirable effects nay bo expected., Becatuse o their stability and th.@ir

nisclbﬂity with matural oils and fats, it could reasonably be concluced that
ont:muat:.on of their use, even om the presert scale, would result in Jurther
increases in the levels preseni in a wide range of animals, ircluding sc:e

used &5 food by man, . - e

he faét recained however that because of their indusiriel properties,

J

articularly their low 3 inflazzobility, they still hed scame important

~~ k3

possibly vital) uses in industry, Sor eza::-ple in certain e:.ectr;cal

eq’uiyme t covered oy safety rejulaticns which require the use of
norn~flazmable fluids. A suéien comzzlete withlrawal for all uses, in t e
A T W AT A GRS, T P @ B g . S W e Ak s * P - W e T

sosence of suiteble repiacement rprolueis, ca.uc trerefore nave serious

VOGN JeR W TR ) T W

consecguerces to industry and to huzan sal etj. .

Forttmb.‘.:ely, for most uses of this tyne, the rCBs can be enclosed in seal:d

‘—-

systexs, uu.;, couulea :...n the “..c...'c‘. 1% o,,' exercls*r.g care curing._., . ..

L

“menufecture a.rd tra.nsnort los e3 coul.l ¢ largely avoideé and also thot
&

b
sat “actory metnoas of both biocegraicticn and incineration have secn

DSW 282553

developed, led to the corcluslion that & purtial ban affecting only

nor=controllzable uses would ve suf‘ﬁ‘zc.::,'m.. to safeguard the envirorzent.
Accordingly from lst iarch 1971 lonsay nto, ¥ :thou.. ary Cirective froz the

L TR T e A e @ oy

UK Governzent, introduced a voluntary ban on all uses where FC3s were nos
"""""""i-"' it Gl s TS e

s - C————
confired to a closed system. [ They aisc mai€ ATrangenents Whercby in toc e "}\

cases wnere rCBs would continue to be used the responsibility for final ’
disposal, after working lif'e was over, would remein with the konsarto Corpany

ard arrengements have been instituteld wkLeredy {he eguipment is retumed. to

D)

Lozsanto for destruction of the ¥CBs under controlled conditions.
-

— . -—

ity S ¥ |

T

STLCOPCB4063882



iacucsion.

l‘he :Lnit;al discovery that the onvi-or..:ent vas becoming polluted with 25 ..
resiaues ca:xe about hrgcli_;s“a_. ;esult of chance. Until Jersen's
_discovery, nobody had suggested or even su;pected that these compounds i 1y
“be a possidle source of environmertal pollution snd had the research on tx
“organochlorine insecticiles - during the course of which the discovery ¢’ . -
the PCBs was made = not been in pro;réss, it is most probable we would '
still not yet be aware that a PCB problez exists. As the aarulzcture o
FCBs is now undertaken in a rumber of countries, this leads to the cuesilon:
what other countries.r kave a FCB nréble::? This guestion can only Ye
answered iay &n approprisie scier ti:t‘:.c investisg ti;n. 20 carry out an
irnvestigaticn of tais type is an elabosraie procedure, invoiving ine
-ecployment of highly trained scientisis and expernsive, complex apparatuc.
Zven vhen and where these are already aveilable, there is the need to
-develop & new analyticel and evaluation procedurs, vhich must thern be
agreed arnd adopted by different laboruto“:l.es so that their resylts can Teo

coapared, .- S ST e _ : -

T

In the UK the relatively rapid manner-in nﬁich the investigation:-of this
provlez was accemplished was vory largely due to certain existing
circuzstznces. These included the fzct thet (a) investigations into
‘sizilar 'pro’blems involving trhe organocnlorire insecticides were alrcady
in progress in several Govemment labomtories, with the important resuls

that chemists and appropriate apoar atus were already available; (b) a

1181301’1 comittee representing analytical cne:ists in the UK wes already

in’ existence, so that agreement over a standard method of analysing the

FCBs was established et an early stege; and (c) theis was in existerce

a well-established scheme for the collection of suitable biological pate-~ial

for analysis from a large ruaver of different geographical localities,

including areas affected by uzusual irciients involving 1e.i~ge numﬁers of
casualties,, Without these ¢circumsiarces, even an industrialised country

Aike the UK would have had to undertals extensive time-consuming and

expensive procedures before :.nvestlga..lon.s could be started, _In the ccse. . _ . __

i iR AT e w —_— -.P—ﬁw-:mx*-‘m.:‘:"_.ﬂm

bFEdﬂelopi’nE cotn "ﬁ“ﬁﬁe task v:oCIE‘ 38 ;or""da.bi’e‘:
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TiTe 0losa co—opemm;a::aen Inﬂsxsuy and qovertmant tlat exiats in the

- —-—m-—m««- - m‘_ ¢ Fin e, C i v~

UK was arother maort:an"*i‘nx:tv' in g anp*bae‘.d to~ ‘I;his pro’m.e:n. TIn ihis

. —— a0 S | Pt v AU 1 PO S

__;pa.r‘:.cu.'lar case sonsanto were 2ble te sake indenende_nt actmn at & much .

P AT 0T AR A BN o W@ e T - - R A Y R

earlier stage than would Lave been ')osezble hod the necesaan.sy pro«..‘.\,tcd

. TRUP T A

-w---r-'-n. o B N s P PR e e STt s T A

nezotiations had to be urlertaken with Governzent Departments before - - -

el T L Y ey

._lregislo.t:.on could have been introduced. One espect that may require

further-attention exists because ¥C33 are manmactured in a nuzber of other
states, includ:.ng bo.,h ves tern a.nd. Com.t.m.st comtnes. _ It woald. - '
obviously be unacceg ble if the l;a'x irsu:.tuted. in the UX by lomsanio was
rendered useless by the importation of FiBs froz elsewnere. 4 furiher

cozplicating factor m this guestion ol imports ard expor:is could arice
because PCBs are o“ten ircorooratea. in electrical and other goods, If

P

country barned the use of FCBs, including their importation, this weulid
Vhave the result of discualifyirg a whole renge of products {roa beinz
izported into that country. _D_iscussiona have already been held betiween
sone of the international manufacturing companies and in Britain the
Goverrment is vatching the situation. . But the trade implications of
this specific problem, ard the possibie creation of non-tariff barriers _
if Governments find it necessary to inpose statutory controls, merit
discussion at-intergovernnental level: - OECD has alraady :_m,s’ci"utea,

for a trial period, an "Zarly Tarring Systex" forrcont*ols or restrictions
instituted by Goverrments on the sale or use of certain chemicals, although
this does not cover unilateral acticn by industry unsupported by statute.
The United Kirgdom would welcome a discussion with other member Governzeats
of'th_e FCB problem, and a consideration of whether the “early wamming"
scheme could usefully be extended to this type of industrial policy.

OZCD has, in add-ition, sﬁpported a working party on the analysis of
organochiorine substé.nces in {the environzent, and this group aight be
invited to consider what -progra..'.'z.-.ies of ::onitdring are desirable tb deteruine
how far the ban applied in the UK (anﬁ like],y to ba followed by othera
elsenhere in "urope) :I.s effect;ve in r.ducmg the levels of PCB in the

——-environnent,

e9m
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