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1. Introduction - . • ,
. Polychlorinated biphenyls (PCB's) were described in the scientific 

literature In 1881 by Sciimiut and Shultz, and successful commercial 
production was achieved in 1030 (Huiihaiu) 1905). The manufacturer 
of these compounds was Swan and Company who recommended their 
use in commercial applications for proitectivu coatings, Waterproofing, 
fliuncproofinR, electrical Insulation, and adhesives along with multiple 
mistvUum'mis uses (Pknnino 1030), PCB’s were marketed under the 
trade1 iiuiik* of Aroclors hy Swaii and Gnmnpny and then by Monsanto 
Cnmimny. Chemically the Arodore are relatively Inert; thus, they are 
not hydmty/cd hy water and tltey resist alkalies, acids, and other strong 
corrosive chemicals. They are not appreciably volatile at normal ambient 
temperatures and have boiling points which sire in excess of 275° C (Mon­
santo Company). They are stable to long periods of heating and can be 
disfityed at oidinuty pressure without any csttbonlzation oi* decomposi- 
tfon. PCfls are insoluble in aqueous media and very soluble in hydro- 
carlKui solvents. Therefore, these chemical compound* have the chemical
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and physical characteristics to be persistent in the enVlraijlment and ac­
cumulate up the food chain (Pkakall. and Lincer 1970). .

Nesarr and Samoam^ (197$) estimated that sale* of PCBV in North 
America between 1930 ana 1970 totaled 5 X 10* tons. This large talcs 
volume is indicative of tlte Industrial versatility of tin.11 PCB's, tlk'lr Imv 
cost, ami lack of concern for their toxicity. In fact. It was suggested In 
1930 (Penning 1930) that PCBs might be substituted for chide In diew- 
tng gum. Tiudon et eL (1956) investigated the effects, of the vaputs from 
hatred ArocloM242 and 1254 on small animals. The vapors of Aroclur 
1242 were not shown to be toxic and the vapors of Arocror 1294 caused 
histopathologic injure only when sufficiently concentrated (5.4 ytg/L). 
However. lHtk) was known about the biological signlRditice tf the Aro- 
cion until after f*CB residues were found in fish from Swedish waters 
in 1988 (Jensen 1966). Since 1666, PCB’s were found to have wide en- 
vinHiittuntul distribution ami wore found as tissue residues in many animat 
species. The occurrence of these residues have been reviewed (Depart* 
went of Commerce 1972, Eowaubs 1971, Jensen ct a!. 1909. Pkksst el til. 
1970, RisEMOU<j«tif of. 1968, Vtrnt and Lee 1970). 
t PCB residue* natter; tjte environment primarily through tlrevapori/n- 

tlon of 'yiwwsrfisaitfoiiV ’ fluriijg open burning, lenlcs and dis­
posal of Industrial flnjds, and the Intentional spreading such as through 
the use af^pcMl^fdQ fpnmfluUom which contained KJflV (Nnuwrr and 
SAnbriM ’ 107$}..'Afr these uses have led to detectable concentrations of 
FCB residues ln jjhe environment, these sources of residue* haw contrilr* 
iftcd only xt|usil (|wuitities of the PCB’s consumed by hiunan beings. With 
the exception of fish positnuoptloi1, thematn sources of contamination for 
human beings .have Inyo 'injutftrlal acddiuit* which directly contaminate 
food sonroes a^l from PftjSVJn etaanufactured food or feed packaging 
from which the resldue'h^s feactaxl into B*e foodstuff. . '

' ' ‘ ’* ’ " ' ‘ ' * itaminajtpn dta food source
..." ' ajMK (CVHATStlNE

uiui*™](£^ « mw. .ymgwpm jnddent
more titan Wl# pttrsom i^ved a taodc dose of rCB’$ through rice oil 
that hod lieeii contaminated during its manufacture. It was festimnted 
from this Jncjdeitf that the average patient received approximately two g

« toodc cffr*ct was
approximately Oj g (KuitATitJ^t et ah 1W3). Whereas Ho Significant spill 
such «s the; :lw^..’jP00OcnHl In the United States, several
Industrial accidents and/or mistakes have yielded contaminated food­
stuffs. The most costly Incident which occurred in the United States was 
in a fishmeal plutit oh the east coast where fishmeal was contaminated 
by n leaky beat transfer system ns the metd was being prepared for live­
Stock feed (Spaulding and Wesskl 1972). The r^Eal was subsequently 
fed to fish and poultry, resulting in extensive losses <bf fish, meat, and 
eggs which Were impounded and dcstroysd., Sevttll E4her episodes oc­
curred where poultry and turkeys were foun$ fo^^^gtoesslvely high
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levels of PC!V». T1k‘mi have occurred in Minnesota, Oklalioum, und Cali- 
fnmiit; however, the source of the PCB’s nut l>o determined In tliese 

.. Incidents (Si'AUUiim; und YVksskl 19/2). PCllx from transformer fluid 
f*- '-^were used at o vehicle for herbicides sprayed glongthc highway rlght- 

v ~ of*\vuys in tlie Murtinsburg, West Virginia Urea. Through this route, 
... ‘ _ PCB’x contaminated the duliy cattle graying urea, and PCB residues were 

\ -detected In the milk (Si*auu>ing ami Wgsskl 1972).
. The iiw of recycled pajx'r products for packaging of fond nntl fiH.il 

hus also led to the contumlnutlnn of htmtrin foodstuffs with PCB's 
(Si'AUWUNO und VVkhni-:i. 1972). Ilie iiiu|Or ttniru' of FClix in recycled 
paper is carlxmlcKS self-duplicating paper (Tnoirr 1972).

In March and April of 1970, the Ohio State department of Aprlcul- 
turn detected u chlorinnUHl bydrocnrlion residue, presumed to l>c n PCB, 
in the milk from several dairy farms. Initially, the milk from one of these 

' farms was excluded from the market liy tlie Ohio Stute Pv/mrltneiU of 
ARrtcttlture for containing u DOT residue. Upon further investigation it 
was determined that this residue was a I*CB. Tlw source of the PCB 

■ Tcsldnewns determined to lie nn Ingredient iff the coating materials
, inside tho silos. Since that time it has been determined from regulatory

experience and information supplied by x|h» ctonponlex that PCB's had 
lieen used in the coating materials in sillos located in Ohio, Indiana, 

v Kentucky, Tennessee, Michigan, Illinois, Atabuiim, Georgia, North Caro-' 
... linn, South Carolina, Pennsylvania, Maryland; West Virginia, Virginia,

I and New York (Willett 1973). - .

- II. FCD-contuinlng silo coating , •

/ The organic acids produced by the ensiled inuteriul in farm concrete 
silos cause considerable decomposition and erosion of Inside walls. Tbere- 
fore, coating materials have lieen used for many years to resist the oor- 
rosivc action of tlie silage (nfccs and thus extend the useful life of the 
silo. Through the years, mail)' products have been used to coat the inside 
of silos including wax, mitkerul oil, epoxy rfeslus, and many other resinous 
routing. One such coating, Cuninr1, was the coating responsible for most, 
If not all, of the PCIkcrmtumiuuted silos. ' ,

Gumar was formulated in the summer of 1941 for the Concrete Silo 
■ Company of BloomRcld, Indiana (£gan 1971). The formula for the 

Cnimir silo coating is kIhiwm in Tame I. It wus liused on formulations 
develo|X'd by SeaouL (1941) for the protection of concrete silos from the 

' otgmiic acids produced (hiring the ensiling process. Aroclor 1254* was 
incorporated liecause of low cost, good ability to plasticize, and excellent

.' 1 Hh1 silo cmtlnft calk'd Cotnar which oonUlni A root or 1254 (Hon*onlo Com-
’ pony) should hot bo confuted with Neville R-l<hA resin which has the same name. 

'.'h * Annlitr 1254 Is a mixture of chlorinated htphenyh containing ahoot 54%
iiSMorine (Momente Company). ; , . '
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".............  *t«W* I. Permutation of Cumar oBo eoolhvt <Eoam1971).

' ' ' •' ' ' "• Ingredient ' Amount ■,■ :

in H‘." 
If

'PaisdeoeNo. S(rlariclUked)
. R-IO-A NcvlIU rain (flalcml) .

' ' Clay ' .' ' ■ ■; .•
■ ' tenon' ■ 1 . - . -1 ;; ■:■.< 1! v

i-- ■:» AmolorSMO ■■■ ,‘C
■ ’ • Aioolor 1854 . -
... ... . Xylol .... . . , , • r

■. 8.C. SolvM-lfl) '. ' ,
S.C. Solvetit-S ■

: i'Cr %?•.*,
J-* ' ‘ . . ,-••• ,:,Sr y • ' 'V. ' . .

40 lb 
40 lb 
10 lb 
88 B> 
*0 D> 
70 lb
13 ftal
8 gal 
* *sl

i? f • r ■ ■' . «,

chemical resistance. Aroclor 'S460Y* polychlorinated terphetiyl (1*CT), 
was a resin fortifier. The application of Cumar varied with various silo 

. companies which were involved with its use. The wide distribution of 
this coating materia! ou silos in the eastern half of the United States was 
the result of various mergers and .disbursements of the silo companies 
involved. - i : : . . : •

Michigan Silo Compuuy, founded in 1909 and Incorporated in 1916. 
had initial production facilities located in Charlotte, Michigan, White 
Marsh, Maiylund, and Massillon, Ohio (Ecan 1971). Concrete Silo Com­
pany, with silo production facilities in Bloomfield, Indiana and Monteagle. 
Tennessee, was later acquired and was operated as a subsidiary of Mlchi- 
gan Silo Company. After acquisition of Concrete Silo Company, the head­
quarters for the entire operation were $n Bloomfield, Indiana. In 1906, a 
corporate reorganization split the company s assets; thus, the Massillon 
plant became the Michigan Silo Co., Inc., and likewise the Bloomfield 
Silo Co., Inc. wus formed in Bloomfield, Indiana and the Montiuglu Silo 

: Company, Inc. wns formed in Monteagle, Tennessee. ■ •
, Personnel of the Michigan Silo Go., Inc. have stuted that the purpose

«f Cumar on new construction Wo* In provide a attthuit. to retain moisture 
■; In the joint mortar during caring ana to protect the mortar from silage 

add (Ecan 1971). On rocoatiug. tlie material %vu* applied to the faint 
mortar and in some instances oii the entire sntface of the silo. Ciunar had 

' been used for reooatinu of silo interiors since 1948 throughout the entire 
1' territories selVed by the eld Michigan Silo Company. Silos .constructed 
>; by the Monteugle Silo Company, Inc. and the southern division of Michi­

gan Silo wen* primarily of a warn) stave construction. Tliercforo. the use 
of Cuihar by these companies was limited to the mortar between Hie 

. Stave blocks as it would not bond to the waxed surface.
' it Is difficult to cstimnte the exact mtmlxrr of silos which hove been 
treated with the Cumur silo coating. Records of the company' which used 
this material prior to 1966 arc either nonexistent or unavailable. To ftir-

i
*

i
i
i
«

■«

* Arcelor 5400 h a mixture of chloriuntcil terphruyla eootahUnR about . 00% 
chlorine (Monsanto Company).
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titer complicate number estimates, many of the sHus which were coated ■:
with Cunmr have been torn down or are no longer in use. •' ' "

.The Michigan Silo Co., Inc.' reported 108 sales of Gumar during the 
; period 1006 through the end of 1009 (Egan 1971). Record* for Monteagle ,

or Bloomfield Silo Companies are not complete for theCumar sales or 
- We. The liest estimate to dnte as to the number of eilos constructed by 

the present or predecessor companies and to which the PCB-contalnlng 
Cmnur coating was applied U from 5,000 to 6,000 slhw { V. S. Detriment 
of Agriculture 1973). • ' 1 - ,

HI. The contamination process

Cuinnr was fust one of many coating materials uliioh have been ap­
plied to silos in order to All tho pores of efctcrrto and reduce the surfaoe 
vulnerable to odd attack. When Cumor was applied to a silo wall, sol- 
‘vents in tlso coating material penetrated into the concrete, thus carrying 
tfie PGB’s and PCTs into the silo wall. After the carrier solvents evapo­
rated, a firm coating material was left on and in the Inside walls of the 
sflo, Themechanisms by which the PCB’s from this Afoclor-oontainlng 
coating were transferred to silage was originally thought to be only 
mechanical, as by Baking off of chips of tho coating. It is hot uncommon 
for these drips to contain 5,000 to SO,000 ppm of Arodor 1254. How­
ever, recent work has shown that this Aroclor is soluble in silage juices 
(Skrentny et at. 1971). The solutes may well be lactic and acetic odd, 
which are important organic adds formed when sllase ferments (Pratt 
et aL 1958). Aroclor 1254 has liecn shown to lie soluble in acetic add 
(Moneanto Company). After PCBs are dissolved by the silage Juices, 
they diffuse into the silage: tlierefore, the residue concentrations are slg- 
niflcantly higher in the silage adjacent to the slio wall as compared to 
that in the central portion of the silage. Skaentny et of, (1971), Wojjbtt 
and Conrad (1973), and Wiixktt (1974) have shown that most of the 
Aroclor residue was within the first 15 cm from the silo wall. Residues 

; • were not delected lieyond 120 cm from the silo wall. One might expect 
/this to lie a typical distribution in most silos; however, the distribution 

; will probably be influenced by time and temperature, Superimposed on i
the diffusion distribution of the ArGdOr tesMue'Irt 'ih4 silage was the <
confounding effect of precipitation and the downward migration of the 
silage juices. This effect tends to cause ail accumulation of the Arodor 
residue near the bnse of the silo (WnxETr 1974). ' •

Failure of the Cumar coating occurs with time, and flakes of the ma- 
tertai fall into the silage. Theoretically, when animals consume these 

, contaminated chips of coating they oould receive substantial doses of 
tin* Aroclor residue. Through continued use of the silo all of the coating 
material will evcutuully flake off of the silo Avails. At this point, many 

^ddr)-meu are uuawnre that they hnve a PCB residue prolJem, as there 
. no visible coating left on the silo wall. However, organic adds from

, DSW 032134
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tlie itliige dissolved PCD’* which had penetrated Ihro the concrete. These 
residues rtbsequeurfyidilused Iwio rfw. jtilage. Silos last,coated with PGB 
Compounds 16 yean ago still emitted significant contamination of the 
silage long after traces of the coating had disappeared ( Willett 1,973 a).

_ Reported levels of Aroclor liil from scrapings of contaminated silos 
have a range between 100 to greater than 20,000 ppm ( Skbkntny 1971, 
Willett 1974).;Ar6clor 1254 in silage adjacent to these contaminated 
wrface* Jia*re9l!^J[r^1 than one to greater than 7,000 ppm. Most 
~ ' 1 * ' Wt levelsketween ien and 60 ppm.

-Although the )fl|£Fs w* fhe!litifie procedure lisctl for
Aroclor 1254. rejw fluted at tW Maximum temperatures of the 
gus liquid olirwi>atoj^)V jt^X^) coliitnii used for routine analyse* of 
Aroclor 1954 <Fw».(M»d,MARBOw lff72). FiUE* and Maanow (Wfe) were 
able to detect FCT residue* in silage and silo Wall ncrapiugx; liowever. 
methodology proMcms prevented their quantitation. The relative GLC 
peak areas for standard, Arodor 1254 and those extracted from silages 
were essentially tho same (Fries 1972 b, Skuentnv et of, 1971, Willett 
1974). These results indicated that microorganisms and/or fuices in the 
siiage do not selectively alter nr extract tlie Aroclor component* (Ftm* 
1972 b). Figures 1 A and 8 show typical chromatograms of Aroclor 1254 
standard and silage extract (Willett 1973 c). v :: ■ ,

IV. Cows and PCS residues

When cows were fpd PCB’s orally or consumed PCB-contamlnated 
Silage, restdues were detected in the ht% within six hours (Willett 
1973 c). Whon constant levels of PCB’s wore continually fed to cows 
the concentration In milk fat Increased rapidly for ihe Brat five to ten 

! days. Tlie concentration in milk fgt continued to Increase and npnmnched 
a steady state in |0|o 69 days (Fiues 1972 a). Platonow et of. (1971) 
showed that the FCB’s fed to,cpws.w<m deposited In fh4 fat portion of 
die milk. They also showed a strong predilection of the FOB residues for 
the lipid phase of various products produced from milk. ■'' :

Upon GLC nnu!ysls,PCIi residues found ip milk after cow* had con- 
finned Aroclor 1254 wore quite different in appearance from, the standard 
Aroclor 1254 (Fig. 1C). Of«/. (1973) ufwerved Hint ilK’ Pcoks with 
shorter retcnitioii times did not occur in the milk templet, wliereas the 

Plater peaks i<t«re more predominant. Bqsed on tin? work of Sissons and 
■ Welti (1971),FmES #fof. (1973) determined that the major components 
of tlie PCB residues which occur in milk were the pentuchloroblnhenyls 
and the hoMchlond>ipb0iyb< Those component* of the stamlnrd which 
did not appear In die milk os residues were theorised to be tetrachloro- 
biphenyls and tome of die i»entachlorobiphetiyix. ^ v

Fiura et at. (1973) estimated that cows that were continuously fed 
Aroclor 1254 excreted about 21% of the dully intake In the milk. How­
ever, these data were obtained wltcn cow* were fed 200 mg of Aroclor

IfyjV+VAVI. asqisA ism*.
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1254/dav for 00 days. This quantity of Aroclor was at least four Miik>» 
higher than, would be expected from an average PCB-contamlnnted illo. 
Based oil the roKItt of Willett (1074), one can calculate that a more 
reasonable figurtfor dally intake of PCB s might be in the range of one 
to 20 ing/day. (hirmitly. research is underway to determine If similar 
excretion rates occur when cows are fed the lower levels of l'CU's (Wil­
lett 1873 c). - -

Upon withdrawal at PCB residues from dairy cattle, there was a rapid 
decline in concentration of the residues in milk fat ( Fkjks el al. 1971. 
Fiues 1972 a). Fmes et at (1973) demonstrated with cows fed Aroclor 
1254 that the decline iu concentration of PCB's in milk fat is adetiuulely 
descrlbod by a Two-conjponcnt, first-order system equation. The first or 
fast component in this system was about 15 days in length and the residue 
concentration declined about 50%. Tltc second component or slmv-ratc 
of decline was much slower, representing a daily decline of 1%. Ibis 
slow-component remalued linear throughout the duration of tlie afore­
mentioned experiments. The rates of decline for Aroclor 1254 concentra­
tions perform very similarly to those of DDE which is the most persistent 
degradation product of DDT when fed to cows (Fnns 1972 a, Fiues et ul. 
1972 and 1973). in contrast, DDD and p,p'-DDT and o.p'-DDT were 
transferred to body fat and milk fat at much lower rates than DDE and 
PCB (FmtS 1972). Activated charcoal (Fiues et of. 1970, Wilson- et of. 
I960) and certain barbiturates (Fans et of. 1969) have been used to 
influence the rate of discretion of various orgnnochlorine compounds. 
However, the use of activated carbon and pheuobarbital were ineirective 
in reducing the final concentration of PCB's in milk fat (Fates 1972 a). 
As yet there is no known treatment which can increase the rate of excre­
tion of PCB residues from luctuting dairy cows.

V. Regulation of PCB’s

At least toil Federal laws ore potentially relevant for regulation of 
PCB’s (Davies 1972). The Federal Food, Drug, and Cosmetic Act (21 
U.S.C. 391 et teq.) is applicable for regulating the movement in com­
merce of dal# and livestock products containing PCB residues from 
farm silos, and action has been taken by tbc U. S. Food ami Drug Ad­
ministration (FDA) under its rule-making authority provided in this Act 

. . .The FDA in 1909 first established an "internal guideline" or "work­
ing level" of ppm In whole inllk and declared that ivhole milk with 
PCB residues exceeding that level would lie excluded from commerce 
(Kolhye 1972). Regulations pursuant to the Food, Drug, and Cosmetic 
Act [21 U.S.C. 342(a), 346, 348, 3711 were published on fuly 6, 1973 
(Department of Health, Education, and Welfare 1973) anti became ef­
fective after September 4, 1973, amending 21 Code of Federal Regula­
tions Parts 3,128, and 135 and adding new Part 122.

These regulations are intended to limit "the sources by which PCB's

STLCOPCB4016099
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uiay contaminate nniinnl fc^xl, food, and food-packaging materials during, 
manufacturing, handling, and storage^ and limit “levels of FCBVthat t 
may be present in animal feed, food, arid f6ftd-pnckaglng material* a» a 

; jenilt of unavoidable,* environmental contamination.” The regulations set 
.“temporary tolerances” for rcslduesof PCfi’fc itrtnilk (fat basts) and in 
inimofariuivd dairy products (fnl lmxlx)at 2,5 ppm; in finished nnimnl 
feed or food producing nniinnts (except the following: finished aninml 
feeds, fix'd conccitlrutcs, fmi supplements, ami f^xi premlxc*) at 0.2 
ppni; and in animal fetid components of animal origin, including fish 
meal and other by-product* of marine origin end in finished animal feed 
concentrates, supplements, and premlxe* Intended for food producing 
animals at two ppm. The regulations also provide that “coatings or paints 
for iwe on the contact surfaces of food ttorngo area* may not contain 
PCB's dr any other harmful or deleterious Substances likely to contaminate 
feed” (DcpuitmctU of Health, Education, anti Welfare 1273). ■

. VI. Impaet of PCB-contaminated silos

Surveys of milk produced in various mtlkshcds conducted l»y the FDA 
(Kolbyk 1972) unu in our lulxiratory f Wuxctt 1973 c) indicated that 
7% of the samples assayed contained detectable traces of PCB’s. Many 
of the “positive** samples had levels l>cluw the current FDA-established 

. tolerance of SL5 ppm on o fat hosiif. This figure may lie ipiite variable as 
Frigs (1972) has shown that milk from a farm with a PCB-contaminated 
silo may be alxivc or l>clo\v the "temporary tolerance" level depending 
on the amount of contaminated silage fed. The amount of silage fed usu­
ally varies with the season of the year and the availability of alternative 
foodstuffs. Since producers haring PCB-oontumfndted silos are dispersed 
wit) i iu any mtlkshed. there is a natu{id dilution'of residue with the milk 
produced on other dairy furms. A ,*ecpf)dary dilution occurs when the 
milk is pooled at the various handler plants prior to'shipment to the con­
sumer, Tlicroforc, therivdocii imt appear to.be a.significant health haxanl 
lo the general public Wif. . Thera may
lie a possible health husard (or Qirilt ’jth>harunses
the milk produced on the fann. Assuming consumption of one quart/ 
person/day with an average contamination of 7.5 ppm of PCB's in the 
milk fat, an individual could consume as, much ns ten mg of PCB’s/year 
((/. S. De)Htrtment of Agriculture.1972). This level is. equivalent to about 
one-tenth of the minimum short-tenn dose required to produce dinical 

, ilefccts ns observed in the Japanese experience >rith Yusho poisoning 
' (Ki'raisunk et at. 1971), Data are obt available to determine whether 
: the effects are the same for short-term or long-term exposure; however, 

the FDA has concluded that in oocct«e4hould die dolly intake of PCB's 
v ’from all food sources exceed 1.4 mg {Dejpartment of Health, Education, 

and Welfare 1972 and 1673). Long-term exposure would seem less harm­
ful considering tliat PCB-contaminated silos have been on farms since

' ‘ . . • - t • . • • ' • ' '
► - ‘ .Ol < • v j. ;

V;
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1041 and farm families generally consume the milk produced on their 
(aim. There have not keen reports of wjrlous illnesses umoiig nildwestern 
and mideasteru United State* (aim families such as than* documented by 
the Japanese Yusho incident (Kvratsune 1972, Kuratsunk et at 1972).

The greatest huraird from a silo that has residues of PCB’s is a finan­
cial one to the dairyman Involved. If the milk market Is determined to 
contain PCBs by a regulatory agency, the producer suffers a loss ns the 
product must be impounded aha destroyed.. The producer mutt also re­
place the feedstuff stored in the contaminated silo. Tliese kisses muy well 
exceed $14,000 In a single year (Willett 1973). Frits (1973) found 
that when cows were, producing unmarketable milk due to PCB residues, 
the PCB concentrations in. their bpdy were also high. Therefore, a Ualry- 
man cannot mlntmfre his losses by selling contaminated cows and replac­
ing them until sufficient tiino bus clupscd for decontamination, An 
additional cost is that of decontaminating or replacing the silo. !

Willett and OdsitAO (1973) and Willett (1974) have demonstrated 
that silos with POD residue# can Ik* decontaminated and returned to use 
hy carefully cleaning and recoatlug the silo surfaces with u protective 
barrier coating. Whereas tliese barrier coatings have not lieeu lOOCr 
effective, the small quantities of residue that can lie detected in the silage 
have not been sufficient to raise the concentration of PCB* in milk'of 
animals fed this silage to the .actionable level preserilicd hy the FDA. On 
silos that are in good repair the procedure of carefutly cleaning tlie silo 
surfaces mid recoating proved to he a practical approach as tin? cost was 
only ten to 1S% of the cost of replacing the slip. Willett (1973 b) has 
outlined recommendations for procedures to lie followed liefore n-coating 

. silos and lius dost-rilied the. important proiiertta of coating materials if 
they are to lie effective Iwririert. Some of the properties of a good Itarrier 
coating include aderjuato adliercuce to the 'concrete surface, Add resist- 
Alice, temperature resistance, durability, waterproof characteristics, and 

. .,410 opn]»i>t .dtmpounds or toxic elu-mientx which can
for kjoatfpg selection include 

environmental quality 4ikI*Qocupattib$iid Safety irtulHealth Act (Depart- 
went of Labor 1972) standards for the protection of the environment 

, and workers who may be applying or handling the materials. With careful 
. management dairymen should be able to get many additional years of 

- service from a dip thatijvns once contaminated with PCBs through care­
ful use of a Iniriier coating trod routine umiittcnunc-c. .

The munlier of silos contributing PCB residues to human food is de* 
dining. Unfortunately, the rate pf decline is unknown. Several factors 
are responsible for fewer pf these problem silos. Companies previously 
formulating and using Q]p)ar discontinued the use of this coating as soon 
as silos were identified as spurocs of PCB residues in milk. Similarly, Mon* 
mu to ConifHioij will no longer sell Arodors for use In surface coatings. 
Dairymen have been advised by regulatory agencies, the V, S. Depart­
ment of Agriculture, the Agricultural Extension Sendee, and field repre­

sent;
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jeutatlves from cooperative* to have thdr Allege analyzed for residues If - 
^theysuspeot« PCB problem. As a result, many of the contaminated silos 
’ bave lrcen dismantled, others haveltt&idlMtkfoitfed, and many have been 

jufrifoctively doeontamlirated with a barrier cutdhig. Efforts to locate and 
JSrWmhinto contaminated strurturW are <*mtlfniJng.Soch activities should 

reduce further the riumlter of farm si|os resptmiflMefor die entry of PCB 
residues into ihe human food chuin. ...  / ; -

■ . v:'• \ v. ,, V.:

... -'oaft-a*-V*•• 

, V* '

Tr;':

Summary.

Polychlorinated htphonyi* (PCB’s) haye lyeen wpplietl commercially
10 a wide range of products for over 40 years, Since PCOV are cliemieally 
inert they resist degradation and .Aire,, {jberefore, found throughout the 
glnlml ecosystem and ciui accumirlute up ‘the food ’chain, Many of the 
PCB's which are widely spnyd in our; iNiviroriirteiit «mVe little importance 
when considering the accumulation of PCBs in man. The direct con­
tamination of food products with PCI) residue's is tiro main contamination 
source for human beings. One use of PCB’s that led to the contamination 
of dairy products was a coating used on the inside of farm silos.

1 The coating responsible for nwwt, if not atl, of the PCB-contaminated 
silos was called Cumar and was used in the extent half of the United 
&tnlc* Icitvci'n UM1 and 1M70. TltcPCB (ArnooJor JiVl) that was a com­
ponent of this coating whs dissolved by organic add* produced during 
the ensiling process, llic PCD residues tlten diffused into the silugo. De­
tected residue concentrations in silage adjacent to silo walls have been 
greater than 7,000 ppni. ’

When PCB-contiiniiontcd silage was fed to livestock the residues accu­
mulated in the Imdy fat and deposited in the fat portipn of milk. When 
the source of PCIVs was withdrawn from dairy cattle the concentration 
in milk fat declined rapidly and cqti Ik* descriltcd by a two-oomponent 
first-order system equation. ■
jj(.,( ft has 1>een estimated that 5,000 to 0,000 siloj Jjave been treated with

with barrier coatings. Surveys have indicated that PCB residues could be 
detected hi milk from aland 7% of the farinS.JnVesHgftted. hfany of the 
delcctnbh* residues were below the .FDA temporary tolerance of 2A ppm
011 U fat llttsis. ' : ' •••’ : ' 'A It:., . ;•
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