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L 1ntroduction

Polychlorinated biphenyls (PCB's) were descrfhed in the sclentific
literuture in 1881 by Scnnor and Stivire, and swoosssful commencial
production was achieved ipn 1000 (Humsano 1965). The manufacturer
of these compounds was Swan and Company who recommended their
) tse in conmercial applications for protective cvatings, '

fan ng, electrical inxulstion, and adhesives along with multip!

miseellunoons uses (Prxnine 1930}, PCR's were matketed under the
tracle uune of Aroclors by Swan and Company and then by Momanto
Company, Chemically the Aroclors are rélatively inert: thus, they are
not hydeolyzed by water aod they resist alkaticn, acids, and other strong
corrasive chemicals. They are not apprecisbly volatile st normal ambient
temperatwres and have boiling which are in excess of £73° C
santo Company ), They are stable to long periods of heating and

| Aatiljed at ordinaty pressure without ary parbonlzation of

: tion. PCR’x are insotuble in squeous media snd sohible in hydro.

! carbon salvents. Therviore, these chemical have the chemical

* Drpartiuount of Dulry Goloace, Obio Agricwitural Ressarch aad Development

1 1V78 by Spriagoy-Vorlag New York lac,
f’,;.;‘, :
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physical churucteristics to be persistent in the environment and no-
cumulate up the food chaln (Pxacait and Livcen WT0).

Nesarr and Sanovim, (197%) estimated that aules of PCBs in North
America hetween 1530 and 1970 totaled 8§ X 10° tons. This large salcs
wolume Is ladioative of the induatriul veratility of the PCB's, their low
onst, and buck of ooncern for thelr soxicity, In fact, R was suggentod in

g

histopathologlc b only when suficlently concentrated (84 pg/L).
i ' dlnz'w" about the bivkogical sigilemie of ’ll:"{\n»
clors witil after PCB residues were found in Bsh from Swedish waters
in 1008 (Jexsxx 1908), Since 1008, PCB's wure found to have wile on-
virownenta! distritartion and wore found as tissue rexidues in many animal
specits, The noowrence of these residues have Lieen veviewed { Depurt.
want of Commerce 1072, Eowares 1071, Joaxy of ol, 1900, Parssy of «l.
1970, Rsrmnoucet g2 ol. 1908, Vermi and Lax 1970). ‘
; PCB residues gpte e cnviroument primurily through the 'vaportz-
b u
the use of ocuudtations which costained s (Noary aid
Sanoent” \ ' : soncontrations of

maln sovrces of contamiwation for
utrial actidonts which dirrctly contaminate
g it ot el b

PR X
;

[
I

that h;: b«-iiﬂ nmmtcd dcrlulg-tl:“ nwﬂna.t‘?nm ted

t ent average t recetved & two g
m R ) iy fved $0' domemtrate a tomic offcct was
approxi sl & of ol 1973), \Whereas 10 signiicant spilt
such as the Yudhe'fmident hap ocurred i the Unjted States, seven
industrial aocideots and/or dilstakes have ylelded contaminated food-
stulfz. The most onstly incident which occurved in the United States was

. in s Rsluneal plant on the east et where slinoal was gontaminaticd

by a lesky heat traimsfor systom as the mon] was hoing prepared for live-
stock feed (Sravimnc and Wesses 1972). The sital was subsequently
fed to fsh and poultry, resulting in extensive Jossos of fish, meat, awl
oggs which were impounded and destroyed., _other opisodes oc-

curred where poultry and turkeys were [ high -

TR ST T L WG G IR <, oo ot g

MONS 208291




iemheahay

-

-

rth
b
nv
'
we
'™

ol

4

At Al WA H L A | v dea PCB's fn fllgy —~~mmrirtbur voris . s 1ox v o n o 4BT

leveds of PCR's, These have occurred In Miniewita, Oklahoma, aid Cali-

fornia; however, the source of the PCI's coukd nat he dotermingd in these
Iddonts (Sravumne und WeaseL 1972), PCHx frow trasloner Butd
¥y were used aa a vehicle for herbicidcs sprayed lm#:my right.

of-ways In the Mortimsburg, West Virginia aroa. this route,
o FOB's contaminated the dalry cattle i ares, and PCH roniducs wore
: ted In the milk {Sravioing aid Wessst, 1972},

The v of recyched paper products for pockagging of fond and Foed
hus ako Jed to the contamination of hwwman F s with PCB's
(Sravianne and Wiaswn. 1072). The mmjor sonioe of 1'CHY's in recyciod
puper is carbonless mlf-«luplientlnﬁem {Taowre 1072).

tn March and Apeil of 1970, t State Dopartmen? of Agricsl-

ture detected a chiorinated hydrocarhon residue, presumed to bo a PCB,

in the milk from several dairy farms. Initially, the mifk from one of these

" Tarms wax oxchuded from the markot by the Obio State Department of

Agriculture for containing & DDT residue. Upon fiether it

was dotorminod that this rosidue wus a PCB. The source of the PCB

residue was deternined to e an lngrediont of the costing matorials

inslde the silos. Since that time it has hoon determined from regulatory

experiencr and bforinution supplicd by sile chmpanies that PCB's had

"’ hren usexd In the coating materinls in silos Toentod W Ohia, Tndiana,

" Rentucky, Tenessee, Michigan, 1linois, Alsbama, Gourgla, North Caro-

lina, South Caroline, Pennsylvania, Muryland, West Virginia, Virginla,
anct New York { Wiweerr 1073). )

- 1. PCBcontsining sile testing .

The organic acids produced by the ensilod snaterial in farm conerete

allow cvnree considerable deotaponition and exvsion of iskle walls. There-

_ fore, couting materials have been used for ml::c{un to resist the oor-

rumive: action of the sflage juices and thus extend the naeful life of the

silo. Through the yoars, muny products have been wed to cost the inside

of xilus including wux, mhieral ofl, epoxy resing, snd many other resinous

omutiug, One onating, Cumar', was the coating respovisiblc for most,
W ot all, of the PCB-contuminated sifos. . ‘

Cumar was formuiated in the summer of 1941 for the Concrete $ilo

“ Company of Bloombeld, Indiuna (Ecan 1071). The formula for the

Cunar slke couting is shown in Table 1. It way based on Formulations

devedupnd Iz&m { 1941) for the protection of concrete silos from the

' otgamic aclds produced during the ensiling process. Aroclor 1854* was

Y=o

1 The sfle conting colicd Comer whith containg Amolor 1354 ( Mussawte Com-
-pany) vheuld ant be confnsed with Nevills R-16-A vesin which has the same same.
S FArmdor 1354 & & mistew of chlorioated biphenyls containing shoet B4%

5 dilorios (Afsnsento Company ). . ' .
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Table 1. Formulation of Cumer sl coaling {Eoan 1WT1).
“ Ingeliewt ' S, Amoust
~ Parsdess No. § {dark Reked ®w
R-18-A Neville l(ﬁa (Ilhd)). “t
%' ”0H
‘e IR i 3
*Avoclor 54800  ...0 .0
+ Aveclor 1254 ‘:: :l
. £C. Solvent-100 8
oW ‘2C folvest-3 - 3 o
PRSI EIASF A L A ¥ NI ":“_'"“ Firgapn [(EWIR] ot -rw.,un‘p .o
oy v . TR apihgy 1 e J PR
chemical rosistance. Arvclor 5480, s polychlorinated wl {ICT),
was a resin fortiier. The ldamwMW\Mdh
ies which ware with its use. The wide distribution of

this ocoting material ou silos in the castern half of the Unitod States
the result of varlons morgers and disbursements of the slo opmpanies

Michigan Stkr Compauy, foundmd in 4008 and Inonrporated in 1018,
bed initial production facllities jocated in Charotte, Michigan, White
Marsh, Maryland, and Massilion, Ohlcm 1). Comerete Silo Com-

, with silo production facilities in Indians and Monteagle,
'sunesses, was Iater scquired and was operated as a subsidiury of Michi-
gan Silo Company. After aonuisition of Concrete Silo Company., the head.
quarters for the entire op;li“lImbm in Bloombleld, mmul:.' In lﬂﬁ. Y
reorgantzntion the company’s assets; the Mamsilion

; became the Michigan Stlo Co., Inc., and Hkewise the Bloomfield

- $ito Cu., Ino, was in Bloomlield, indisua and the Monteugle Site
* Company, Inc. waz formed in Monteagle, Tennesson. :

A Parsonnel of the Michigan Silo Co., inc. have stuted that the purposc
" of Cumar on wew onstruction was b & stalant 40 retain molsture
" In the joint mortar during curing and’ to piotect the mortar from silage

aoid (Ecan 1071). On recoating, the material mmglicdmlhem
mortar and In some instances on the entire mtface of the sito. Crunar had

* ‘been used for recoating of silo interions sinve 1948 throughout the entire

*s togrttorics svived Dy the pld Michigan SHo Company. Silos constructed

' by the Monteajtle Silo Company, ine and the southem division of Michi.

gan Silo were primarily of & waxed stavee comstruction. Therefoee, the wse
of Cumar by these was limited to the mortar tetween the
stave blocks as it would not bond to the waxod surface,

T "t is difficult to cstimate the exact number of silos which have been

troated with the Conwr silo coating. Records of the company which used
thix material prioe to 1988 are cither nonexistent or unavailable. To fur.

& Arockr 5400 &= a mixture of chiorisated terphewy’s cootalming abhot 0075
chiorine { Mowsantv Company ).
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ther complicate number cstimates, many of the sflus which were coutod
with Cumar have besn torn down or are no in use.

“The Michigan Sile Co., Inc. ed 108 of Comar during tho
.poriod 1008 through the end of 1900 ( Ecan 1971). Records for Monteagle

" o¢ BloomBeld Silo Companies are not complete for the Cumar sales o

E.‘rho liest estimate to date as to the number of silos cowtructed by
prosent or prediecessor companies and to which the PCB-containing
Cumar conting was applied Is from 5,000 to 6,000 sl (U. S, Depurtment
of Agriculture 1973). - .

L The contamsinstion procsss ,J

Cunar was just one of many couting materials which have been
plicd to silos in order tu M) the pores of vhncrrto and redice the
vulnerable to acid attack. When Cumar was applied to & stlo

fvonts in the onating material pettrated fnto the ooncrote,
the PCB's and s into the silo wall, After the

b
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(SxrxxTiy ot @ol. 1071). The solutes may well be lactic and scstic acid,
which arc important organic scids formed when forments (Paarr
a’ al. 1998 )bhnwlur )I&:l' h'P|C? shiwn to he uby ;‘;n ackd

onsanto Co. . After s are dimsolved silage juioes,
they diffuse lntmﬂluﬂ*. therefore, the resihie concontrations are sig-
wiicantly higher in the silage adijacent to the siio wall as compared to
that in the central portion of the silage. Sxaxnmvy of ol, (1971), Woastr
and Coxnan (1973), and WiLLerr (1974) have shown that most of the
Aroclor residue was within the Arst 15 om from the silo wall. Residaes
were it delected heyond 190 cm from the sik wall, Owe might expect
Abls to be a | distribution in madst silos; however, the distribution

, will influenoed by time and Superineposed
the diffusion distribution of Am'tu!d-e"h'kd silage was
omfounding effect of precipitation snd the downward migration of
silage jnicex. This clfcct tonds to ciiuse an accumulation of the
rusidue near the base of the silo {(\WWnauzrr 1974).

Faflure of the Cumar coating ocours with timee, and flakes of the
tertal fall into the sflage. Theoretically, when animals consume
.pontaminated chips of coating thcy could receive substantial
the Arrcdor sesidue. Through continied nse of the sflo all of the
-qterinl will eventually fake off of the silp walls, At this point, many

<lalryimon mm'mthnmhwn PCB rpsidue pmhlem,um

i: gﬂ'a

H
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the silage dissolved PCBs which had penetrated inkd the soncrete, Theso
residues subtoquenply . diiused Lito she, slage. Stlos Tast costed with PCH
compounds 18 yoars age still cau loant contamination of the
long alftor traoes of the onating had disa (Wiaxrr 1973 8).
. levels of Aroclor 1334 fram scrupings of contaminated silox
hwumgbo!wmlmhmthmmlap- {SxngxTxY 1971,
Wiistr IV74).-Avocior 1854 In sllage adjacent to these contmminuted
surfaces than one 1o greater than 7,000 Most

e T

for , Arodior silages
were emsentially the sow { Fruns 1972 b, Scmenrny of o, 1971, Wiixrr
1974). Thesc results {ndicated that microorganisms and/or julces tn the
sllage do not seloctively shter or extract the Aroclor cumpxmenis ( Faes
1972 b), Figwres 1 A and B show typical chromatograms of Aroclor 1854
standard aud slisge extract (Waiarr 1973 ).

"In! "1' . ] - Ly o

When cows were fod PCR's onally or consumed PCB-contaminated
vilage, residuce were detected i the milk within six hours (Weessrr
1973 c). Whon comstant Jevels of PCB's were oontinually fed (o covs
the concentration In mitk fst dncreased rapidly for the first Bve 10 ten

days. The ootomnteation in milk fat continued to fucreanse and approached

& stoady state in 40 g0 00 days (Frss 1078 a). Puitonow et ol (1971)

showed that the PCB's led to, crws, were in ¥hé Tat pdrtion of

g‘:mm?m'!mwwdf ﬂmmm'!u
phase of various rom .

U GlﬂmmmwhumﬂleMm
pmsl:mdofm&mquludﬁ_mln nﬂﬂmm&m&ummlnrd
Arvclor 199 (Fige 1 €). #vs of o, (1923) olmorved that the poaks with
shorter retoution timps did not ocour in the milk samples, the
ofater peaks Wave morc proginminant. Besed on the work of Smeons and
WLt (1971), Peuzs of of - { 1073) dotermined that the major components
dthePCBmklwwhlchmurlnmllkmtbedpmhda 1s
" and the hozachlorobiphmgls. Thse compuncnts of the standard which

Aid not appear in the milk as residves were theorézed to be tetrachloru-
bipheuyls and sotme of the pentachlorobiphenyl. -~ -

Frrs of al. (1973) estimated that oows that were nuously fed
Aroclor 1254 excreted about 21% of the duily fntake {n milk. {low-
ever, these data werp obtained whon cows were fed 300 mg of Arockw

. v

e L e S

-
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. lﬁl/&t“:or o0 ‘21{:. This qn?tity of Aroclur was st le:t ‘w:‘;h“‘t:
_—— higher wou sxpected from an average PCB-contaminated sf
- Based on the rolilits of Wiisrr (1974), ene can celoulate that a wmore

reasonable fgurd for dally intake of PCB's might be in the runge of one
to 20 mg/day. Currently, rescarch is wnderway to determive if similar
mlt:nmum“whmmmmmmu*dmm (Wi
18TY c). . - :

Upon withdrmwal of PCB residues from dairy cattle, there was a rupid
decline in conovmtration of the residues in mifk fat (Fuxe ot o 1971,
Frues 1972 o). Fums of ol (1973) demonsteated with cows fed Aroclar
mmmmmmm“&mmmmm hth#:c watcly
described by a two-componcnt, system equation, or
ﬁstoomp::mhdmwmwnbouusdnnlukumhudthuﬂue
concentration deciinod sbout 30%. The scomul component or stow.rate
of declinc was much slower, representing & dally declive of 1%. This
slow-component remained Tinoar throughout the duration of the afore-
mentionod expesinents. The mtes of decline for Aroclor 1254 concentra-
tions perform very similarly to those of DDE which is the most prrsstent

product of DDT when fed to cnws ( Fruxs 1972 o, Fuues of ol .

transferred to body fat and milk fat at much lower rates than DDE and
PCB (Fwms 1973). Activatexd charooa! (Fross of of. 1070, Wison ot of.
1988) and certaln barbiturstes (Famxs of el 1089) have bren used to
influence the rate of oxcrotion of vardous organochlorine oomponnds.
$iowever, the uss of activated carbon and phenobarbital were hueHective
in reducing the fnal concentration of PCB’s in milk fat (Fwiss 1972 a).
can increase the rate of excre-

I ]

L
3
g
L
]
§
:
g
-
i

Yu ( Kownve 1U78). ntions pursusit to the Food, Drug, awd Cosmetic

Act [21 USC. 342(a), 348, M8, 371] were blkhodon"JuIy&lwa

(Depertment of Health, Education, end Wdf:lc 1973) and became of-

foctive after Septembcer 4, 1973, amending 81 Code of Federal Regula. -

tions Parts 3, 128, and 135 and adding new Past 122, p
These rogulations are futended to limit “the souroes by which PCBs l

e L TR T T S R B -
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umy contaminate aniinat feed, fuod, and Iu‘hdﬁmhsma materinls

during -
' mamfacturing, handling, apd * mit “Jevels of PCB’s that ..
e o, ol b oo achang -

may be present in animal focd,

1 = remilt of unmoklakle. environmental contamination.” The regulations set

" “vemporary tolerances™ for residues of POWY Ty wifk (st busis) snd in
mantifactured dairy prodiuts (fot hasig) pt 235 ppin; in Binisherd anbinel
ford or food produciug suimals {except fhe 1 nR: Hutthoed aninal

foeds, food conventruteg, {oed sppienwats, aml feed promines) st 0.3

F

; and in animal feéd components of animal origin,
mmduthtby- ucts of marine ovigin and in Snished foed
concentrates, )

and premixes Intendod for food producing

animals The lntions also That ©
at two ppm. d“lo«fm: ‘contings or paints

fur use on the contact m

PCRB's or any other harmful or deleterious Tikely to contaminate

feed” (Depertment of Health, Eduyiﬂou; enid Welfare 1973). -

, . V1 Impect of PCB-contaminated ofles ,
Sutveys of milk produced in various milksheds conducted by the FDA

{Xoumx 1972) in our labom szuxrt 1073 o) tudioated that

% of the samples amayed contah
of the “positive” samplos had levels below the curreut FDA-establiched

i

traces of PCP's. Many
of 13 ppm un u fat basls, This Agure may be quite variable ax

Frass (1072) has shown that mitk from o farms with & PCB-contaminated

st may be shove of below

the W {olorance” level
on the amonnt of contaminated dlun'?:‘?%u amount of mm
ally varies with the season of the year sid the availability of alternative

feodstuffs, Stwe neers having PCR-contamindted sios are
within any mi

there is a patural Jilution of residye with the milk

pemn/dnywﬂhm%mhﬂnﬂh:d?.ﬁppmdm‘sh&o

itk fat, an Individual con
(U. 8. Department of Agriculiure 1978). This jevel ks aquivalent w0

onestenth of the ‘minimwn short-denn dose pequingg to produce chinical

_ dricets as oheerved in the Japanose ]
{Kumarsvwr of ol. 1071). Dats are st avillable b
the olfcots are the same for short-tenn o lougderm exposire; however,

ence with Yusho polson
Mmm&‘

the FDA has concloded that in 10 &8 MNWimthCB‘;

* vpom al} food wourcos oxcced 1.4 Departmirnt
* and Welfere 1972 and 1973).1401;?‘!!!1

eulth, Educetion,
seem Joss haroyr

mmumhulmmgd?@'a/nu ’

ful considering that PCB-contaminated slios have been on famms since

T . 3
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sreports of werious Mhaconx among widwestern

and mideastern United States farm families such as those documented by
the Japaness Yusho incideit (Kumatsune 1978, Kunatsune of al. 1072).
greatest barzard from a sllo that has residucs of PCB's is & finan-

contain PCB's by « regulatory , the sulfers 2 loss »s the
Mmuhmmw must also
Diace the foudem iored i fhe contaminaisd ol Theoe Somms v woll

axceed $14,000 In & single year (\Witxyr 1973). Frms (1973) found
Mwhmmpmdudumﬂmlbhnﬂ)kdnw mkhu.

m them until oulﬁehnt timo has olapacd for decostuminalion, An
itional cost is that of decuntaminating or replacing the silo, .
Wirerr and Ogxmad (1073) and Wtaery (1974) have demonstrated
that sihos with PCH resbitues cwn e decontnminated and setumed to e
by carsfully cleaning and recnatiug the silo surfaces with a protectivo
barrier coating. Whercas these barrier coatlngs bave not heen 1005
offcctive, the amuﬂ aquantities of residue that can Wi detected in the silage
have not been suficient to rabre the cunceotration of PCE's I milk: of
anbinals fod this silage: tv the actioualle kvl Jm'uﬂhul by the FDA. On
lllathtaulnmodupﬁnbe carefully cleaning the sllo
n:hn-mdnuntlx. .pnuioulmwnchulln«ntw
m'r'hnwlsﬁof ocndteplovlutl:edb. nervr (1973 b) hus
ned recommendations for procedures 1o he followed before nucnath
sihos and has dencribidd the hyportant properties of coating mnlwlah“ﬁ
they are to he effective harriers. Some of the properties of a gond barrier
lo the conerete surfuce, acid resist-
ance, temperature resistance, nbﬂlty. dmmtrddia. and

25 AW mnds or !nxk. ehmﬂcnk which can
i e

ooVl ﬂl‘cty and Sloalth Act (Dopart-
mcfhhorll‘f!)mtdaﬂhforlhr of the environment
end workers who ma the materdals. With careful
nnqrmmt dnimneu dwu be nble o gt many additional years of

~seevice fram a siia thaf was once bonteminated with PCB's theough cure-

ful mee of a tarder o wnd rontine nmbideinwe.

The munher of silos contributing PCB resicues to human food! is de-
clining. Uunlortunately, the rate of decline is unknown. Seveenl favtors
are responsible for fewer of these probiem silos. Coinpantes previously
foanulating and using Crnmar discontinued the use of this costing as soon
as sllos were identified as sources of PCH rusidues bn mitk. Similarly, Afon-
sunto Company will uo Jonpger sell Arockors for wse tn surface onatluys.
Dairymen have hoen wivised by rogulatory agencies, the U, 5. Depert-
ment of Agriculture, Ilw Agricultura! Extension Scrvice, and fickd repre-
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sentatives from cooperatives o have their silage analyzed for residues ff .

Ahey muspect a PCB groblom. As a result, many of the contaminated silos
“have bren dismantiod, others have heon dhandoned, and misny have been

. ﬂ'nmwly dacontumninated with a barrior contiug, Efforts to locste snd
“minate contaniinated structurid are contisiuing. Such sotivitics should
reduce further the number of farm stios Jor the eutry of FCB
residucy intn the buman food chain, I . :

- . -
v w v evbopoan L !

Polychlovinated biphenyls (PCR's) have heen led commaercially
mawldewdpmdumfwnmmmsm lmohanlul'ly
nort thoy resist %ﬂ. thtoughout the
giohal and oun ueumﬂau thain: Many of the
PCis which are widely specwd in our ¢ mvlmum-t ve Uttle importance
when considering the aconmulation of PCBs in man, The direct con-
twmination of food products with PCHI residues is Lhe maiw contamination
source for human beings. One use of PCE's that led o the contamination
of dairy products was a ooating used on the Inside of farm silus.

The voating resporatbic for most, if not all, of the PCB-contaminated
slios was cafled Cumar and was used in the eastorn Jalf of the United
Bisles h(}wti'u: 184] andd 1050, 'l‘ln-?:l (Aracblor 1854) thot wax a com-
ponent costing was dissolve mﬁomm during
the ensil pnm-.’l‘hel'CBrddm Jdiffuscd ke the allage. De-
tocted conoontrations in silage adjacent to ofio walls have been
greater than 7,000 ppm.

L\'Iu-u l'("'lul-?:':;n;lmm lm fed 'l:l}vnm the ‘?klllkfl mm“
mulated in the w In the lat oo of itk Y
the source of PCH's was withdrawn from dairy le“e the concentration
n itk fat doclined rapidly and can lwduuﬁmlbynlwompumut
first-orcder gystem equation. e
4y, fthes M%memdhhw been treated with

comtt ; of

'hd:xun;uthc) ake

with harrier coatings, Surveys have indicated that PCB residues could be

deteotedd in mitk frons wbowt 79 of the frrins Svostigated."Many of the

detectable residues umhﬂnwlhmk Wtﬂmmdum
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