i e m———
P ————

N )
o ot . P
L. v —
‘%
. ot
WY
r
.
/
B R e BN

|

' ?olychlorihated bipheny] residues an' silos in dw United States

LB Wiiterr® and J. F. Hrss, Ju®® 0
Contents [P,
. PCB-containing eflo ‘¢oating yew.v:s mpmal g -tuavpan 107
"Y1 - The dontamination process e hrawira |
1V, (Cows and PCD residins ocemivencea aneaean Sefeepilebecuadatatiocas 140
V. Hogulaton of OB ——.-..—_omo oo s fosmageisbonese oo 142
VI. Tupact of PCBcomtaminated sftos —...ccaeeeolan <143
Summary . reomanan e e mes o D148
References ... . : R - 145

o - L Introduction .~ . ..

. Polychlorinated biphenyls (PCB's) were dexcribed in the sclentific
Hterature in 1881 by Sainner and Suvctz, and suoocessful commercial
production was achieved in 1930 (Hunwano 1965). The manufacturer
of these compounds was Swan .and Company whe recothimended their
use In commercinl applications for protective cuatiigs, ‘waterproofing,
flameproofing, electrical fnsulation, and adhesives along with multiple
mistelluneous uses (Pensine 1930), PCR's were mutketed under the
tracde nume of Aroclors by Swan and Comipany and then by Monsanto
‘Company. Chemically the Aroclors are relatively inert: thus, they are
‘not hydeolyzed by water and they resist alkalics, acids, and other strong

corrosive chemicals. They are not appreciably volatile at normal ambient
~ temperatures and have boiling points which are in excess of 275° C (Mon-

santo Company ). They are stable to long perfods of heating snd can be
Aistilled at ordinaty pressure without aiy carboilzation of decomposi-

tion, PCR'’s are imoluble in aqueous inedin’ and very soluble in hydro-
carbon solvents. Therctore, these choml@l_cpnipdhnds have the chemical

" * Departinent of Dalry Solonce, Ohio Agricultural Research and Development
Loenter, Womster, Qhlo 44091, Approved as Journal Article no. 87-T4, Ohlo Agris
culiural Reszarch andt Development Center, YWonater, Ohlo 44001, - o
" Anmerioan, Burt and Jones Co,; 1..P.A., Canton, Ohlo 44702, -
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.- and physical (.humcterlstlcs to be persistent ln lhu enwlronmeut and ac-
, © cumulate up the food chaln (Peagaty and Livcen 1970).

* America between 1830 m

- Nessrr and SARGFIM, (‘5978) ‘estimatod that sales of PCBY ln ‘North
1670 totaled 8 X 10° tons. This large sales:

- yolume is Tindicative of the indusiriul versatility of the PCR'S, thelr liny

cnst, and luck of concorn for their daxicity, In fact, it was mgguted n

- 19:)0 (PenniNG 1830) that PCB's might be substituted for chicle in chew-
ing gum. Treon #t-al. (1856) investigatod the offects of the vapurs from

" heated Arotlor 1242 and 1254 on small antmals. The va of Aroclor

- 1242 were not showii tu be toxic and the vupors of Aroclor 1234 caused
.. histopathologgic Injury only when sufficiently concentrated (84 pxg/L).

However, Tittle was kuown bbout the biological signiBeavice of the Aro-

- "clors until after PCB residues were found in Bsh from Swedish waiters
* . 1968 (Jensex 1068). Since 1866, PCB's were fourid to have wide on-

virommental distribution and were fonnd as tissue residues in many animal

-species. The occurrence of these residues huve been reviewed ( Depart-

wment of Commerce 1972, Evwarie 1071, Jansex of al. 1909, Prrast et al.
1470, Rusennoucis gt o, 1068, Vermt and Lee 1070). ,
;. PCB residues enter. the enviroiment primarily through thc vaptwi/.u-
tlou of plutlpl/,mu. y:\)l:w‘v.utim\ during open hurning, Teaks and dis-
al of ingipat and the lntentional spreudiig such as through
Do Igido l‘gmmﬂutkms which contuined PCAY% (Newwer and
these uses have led to detectuble concontrations of
PCB residues ln he environment, these sources of residuc have contrib.
yted only small qm»tlﬂm of the PCB s consumed by human beings, With

" the exception of P!lon. ‘main gources of contamination for

. human befugs bxwe l)('ﬂl ln;

) 'appmxlnia

: | ) irom whlch tbc mldug‘

- that hud heeh oontnmlnntul durlng It “manufacture, Tt was estimated
L ;fmm tbls} ddent thx\t
-9k PCBY,

"’d .B uﬂriul ncé::lfontx r:;l;l::oglm}lmmm‘zﬁmw
food sowrces. from n & fanufactu or 1 ngi
{’C &t cbod iuto ll\c foodstull, . Pi ng :

ne

average paticnt received approximately two g
i _i__u"ﬁow “#o' duvimistrate 4 -toxic offeet was
ATENG ef al, 1073). Whereas o aignificant spill

. 5 '
“such as the ; 'Lm :has pocurred In the Unfted States, peveral

fndustriol ‘accidents and/or filstakes have ylelded contamtnated food.

~stuffs, The most costly incident which accurred in the United States was

. fn a Bshined] plaist 'ob the éast coust where fishical was contuminated
7 7 by o louky heat transfor system as the menl was heing prepared for live-
- stock Feed (Sravimxc and Wesser 1972). The wigal 'was subsequently

| ‘eggs which werc lmpounded and destroyed, Se

“e utf?'l“‘ ;J’I'f‘?b %q *W mqmv -R"ﬂ""- f@v rhm‘"' i

fed to Rsh and poultry, resulting in exteusive loua of fish, meat, and
it ﬂother cpisodes oc-

curred whese poultry and tudu-ys were M
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~ fornin; however, the source of the PCH's could not he determined in these
- ingidents {SravLnne und Wesser, 1972). ACHY from transtoriner fluid
I were used as a vehicle for herbicides sprayed nlo the highway right-
. of-\vnyb in the Murtinsburg, West Virginfa sroa. Through this route,
gc«n: contaminated the duiry cattle grazing area, nnd PCH residucs were
' ‘Hetected In the milk (Sravioine and Wessu 1972).
 The use of reeyded paper protucts Tor packngging of food ant feed
has also let to the contamination of human. foodstuffs with PCR's
(Sravianne and Wasser, 1972). The rhwjor enskee of PCRs in wcydcd
paper is carbonless self-duplicating paper {Trour 1972). :
, In March and April of 1970, the Ohio State Department of Agricul-
o ture detected a chlorinated hydmu\rlxm rexidue, presumexd to be » PCB,
in the milk from several dairy farms. Initially, the milk from one of these

was dotermined that this residue way a PCB. The vource of the PCB
rosidue. was determined to he an_Ingredient of the enating materinls
ustde the silos. Since that time it has been determined from regulnhwy
_, experience wud information supplicd by sito chmpanies thit TCB's had

- and New York (Wu.wrr 1973)

f . I P(‘B-contuinlng silo m!lng Ce

= The organde mids produced b} the cmﬂcd materiab in farm concrete
stlos canse considerable decompaosition and eroslon of fnside walls, There-
fore, conting materials have been used for many years to resist the ocor-
rosive: action of e silage fuices and thus extend the uscful life of the
silo, Through the years, muny products have been nsed to coat the inside
of silos including wax, mineral ofl, epoxy résins, and many other resinous
mutlng One such conting, Cunie’, was the emﬂng mpmulblc fu: most,
AL nat ol of the PCB-vontuminated silos, -+,

Cumar was formulated in the summer of 1941 for the Ooncrete Sllo.

- Company of Blooinfeld, Indinnn (Ecan 1971). The formula for the
Cunar sHo coutiag is shown in Table I, It was based on formulations
~developed by Senouvn (1841) for the protection of voncrete silos from the
+ atganic aclds produced during the ensiling process. Aroclor 1254 was
inmrpnmtod becmuw uf Iow cmt good nl)lllty to plnsticlr.e, and excellent

“iyam.

lvwls of l‘CBs These lmw m:wrrul in Mhun'wtu. Oklubhomg, and - Cali- -

iheen_ used in the coating materials in stlos kocated in Ohio, Tndiana, -
kvmmky Teunessee, Michigan, Winois, Alabaow, Goorgia, North Caro- - -
. lina, South Cnmllna. Pennsylvania, Mutyluud West Virgh\!n, Virginia, -

A7 Tarms was excludod from the markot by the Ohlo State Departiment of
Agtriculture for containing w DDT residue, Upon further investigation it

 UThe xilo conting calldd Cumar which onntlltu Amolor 1954 (Nmnnw Com-

. pany) should diot be donfused with Neville R-16-A resin which has the same name.
7 S 2 Aroclor 1254 8 & mixturp of ch lorinated Nphenyk mtalnlng ahnst 54%
e ’_l}n\»bdne(llmmo(:ommnv) S o ) ‘
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was a resin fortifier. The application of Cumar varied with various silo

N S N .-

...companies which were involved with its use. The wide distribution of -
- this coating materia! on silos in the castern half of the United States was
. the result of varlous mergers and dishursements of the silo opmpanies

- gan Silo Company. After acqquisition of Concrete Silo Company, the head-
. quarters for the entire operation were in Bloomfield, Indiana. In 1966, a

Michigan Silo Company, founded in 1808 and Incorporated in 1916,
had initial production facilities located in Charlotte, Michigan, White
Marsh, Maryland, and Massitlon, Ohio (Ecan 1971). Conercte Silo Com-.
pany, with silo production factlities in Bloomfield, Indiana and. Monteagle,

Teunesses, was later acquired and was operated as a subsidiury of Michi-

corporate reorganizntion plit the company’s assets: thux, the Massillon

~ plant became the Michigan Silo Co., Inc., and likewise the Bloomfield
- $ilo Co., Tuc. was formtd in BloomBeld, Indinnu and the Monteagle Silo
'+ Company, Ine, was formed in Monteagle, Tennessee,

PP

©add

kst Pergonnel of the Michigan Silo Co., Inc. have .slutod-tﬁét ’thc- purpglsc.‘ . | - ,

N iy

of Cumar on new construction was ¥ ’}umldon stalant. to retain moisture
in the é;int niortur during curing and to protect the mortar from silage
AN 1971). On rocuating, the material wus applied to the foint

_'mortar and In some fustances on the entire sutface of the silo. Cumar had
" bren used for recoating of silo interiors since 1948 throughout the entire ,
*+ territorics sctved by the old Michigan Silo Company. Stlos constructed ,
by the Monteaitle Silo Company, inc.'and the southem division of Michi- ‘

gan Silo were primarily of a waxed stive constrnction. Therefore, the use

of Curhar by these companies was limited to the mortar between the

", stave blocks as ‘it would not bond to the waxod surface, - .-

this material prior to 1968 arce cither nonexistent or unavailable. To fur-

“It 1s difficult to cstimate the exnct number of silos which have been
treated with the Cumur stlo coating. Records of the company which used

» Acockr 8460 is a mixture of chlorivated lcml@k zéo.tmlt-dnu about. 000h
chlorine ( Monsantv Company ). o oL .

e b . cmm—n e
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* ther complicate number cstimates, many of the sflos which were couted

with Cumar have been torn down or are no longer in use.
" .~The Michigan Silo Co., Inc. reported 108 sales of Cumar. during tho

.., /period 1006 through the end of 1968 (Ecan 1071 ). Records for Monteagle
**".or Bloomfield Silo Companies are not complete for the Cumar sales or
8:“11\0 best estimate to date as to the number of sflos constructed by

prosent or predecessor companies and to which the PCB-containing

~ Cumur voating was applied is from 5,000 to 6,00 silay {U.s. Department

. of Agriculture 1973). - -

.. DL The contamination process .
~ “Cumnar was just one of many coating materidls which have been ap-
plicd to silos in order to 8 tho pores of ohnerete and reduce the surface
vulnerable to acid attack. When Cumar was applied to a stlo wall, sol-

“twonts {n the coating material penctrated finto the donercte, thus carrying

‘the PCB’s and s into the sifo wall. After the cdrriér solvents evapo-
rated, a inm coating material was 1éft o aid-in'the Tnside walls of the
silo. The. mechanisms hy which the PCB’s frot this Atoclor-containing

coating were transferred to silnge was originally thought to be ‘only
-mechanical, as by Baking off of chips of th‘o‘comlng. It is not uncommon
for these chips to contain 5,000 to 20,000 ppm of Aroclor 1254. How-
evor, recent work hus shown that this Aroclor Is soluble in siluge juices
(Sxnexwny ot al. 1971). The solutes may well be lactic and acetic acid,
which arc important organic acids formed when silage ferments (Prarr

ct al. 1938). Aroclor 1254 has heen shown to be soluble in acetic acid

(Monsanto Company). After PCB’s are dissolved by the silage juices,

they diffuse into the silage: therefore, the residue concentrations are sig-
.. uificantly higher in the silage adjncent to the silo wall as compared to
that in the central portion of the silage. SkrenTNY et al, (1671), WoierT
..ol Connao (1973), and Wirrerr (1974) have shown that most of the
. Aroclor residue was within the first 15 cm from the silo wall. Residues
- were not detected beyond 120 em from the sflo wall, One might expect

:this to be a typical distribution in mdst stlos; however, the distribution .

1wl probably ‘be influenced by time and-temperature, Supcrimposed on

"the diffudon distribution of the Ardlor tesiduein 'thé silage was the -

confounding elfect of precipitation and the downward migtation of the
silage juloes, This cffect tends to cause an accumulation of the Aroclor

. residue near the base of the silo (Wrnerr 1974). - '
_Faflure of the Cumar coating occurs with time, and flakes of the ma-
“tertal fall into the silage. Theoretically, when vnimals consume these
..oontaminated chips of coating they could receive substantial doses of

- the Aroclor rexiduc. Throwgh continned use of the sflo.all of the coating
- aaterin] will eventually flake off of the silp walls, At this point, many

. .- vAalrymien are unaware that they have » PCB mesidue problem, as there

~. .2 380 visible coating left on the silo wall. However, organic acids from -
R - ' . S S

DSHW
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the sﬂuge dissolvod PCB's which hud penelmted In%o "he'gonclete.
. sealdues sl

- mdllnsed Into. ,t:)\z gilme Silos last coated wlth rcs
compounds 16 ychrs ‘ago still caux ant contamination of the

slln%e long aftor tritoes of the coating lmd appeared {Winerr 1973 a).
' e

ported lovels of Aroclor 1234 from serupings of contaminated xilos
have & range betweeri 100 to greater than 20,000 ppm (Sxrextsy 1971,

WirLerr 1974).- Amﬂor 1254 in silage adjnoent to these contaminated

than one to granm' thnn 7,000 Erm Most
Y

.

< eRAIRRT ‘on“m fhuhe pme«lnne tisedd for

nl

v eluted at th¥ maximum temperatures of the
g ];quld olmm va TOLC) coliiin imed - fur sintine analyacs of
* Aroolor 1254 { Froes and Marrow. 1972) Faues and Mannow ( 1972) were

‘able tv detect PCT residucs’in’ sllnﬁ: and silo’ wall sorapings; however,
-methodology prohiems prevented

ir quantitation, The relative GLC
peak arcas for standard, Aroglor 1254 and those extrected from silages
were essentially the same (Friks 1972 b, Sxrentny ef o, 1071, Wlu.m

" .1974). Thesc results sndicoted that fnicroorgauisms and/or juices in the

silage do not seloctively alter or extract the Aroclor. components (Faies
1972 b), Figures 1 A and B show typical chromatograms of Aroclor 1954

) v ol ':\.-' L3 .
J“‘” .7{ ' 'l‘ “’ ' n: i

IV Oom and PCB mldues 2

- When cows were fod PCR's orally or consumed PCB-contnminated

~ vilnge, reslducs were detected in the milk within six hours (Wireerr

1673 ¢). \Whon coustant bevels of PCB's. wore continually fed to cows

* the concentration ‘In milk fat dncreased rapidly for the Arst Bve to ten

- <days. The conconteation in milk fat. continued to Increase and approached

& steady state in 40 to 60 days (Frues 1972 a). Puatonow et al. (1071)

- showed that the PCB’s fed to gows, were deposited In thé fat pﬂrﬂm of

:the milk. Thy slso showed & strong predilection of the PCB l'u!dues for
“the lipid phnse of varlous products produced from milk, =~ -..

Upon GLC anlysis, PCB residues found in milk after oows hnd con-
stuned Aroclor 1254 wore quite different in wreamnoe ‘from the standard
Arodlor 1234 (Fig.4 (.) Funs ot ol, (W73) observed that lh;' wanks with

i shorter scteution times did ot oceur in the milk samples, whereas the
“infater peaks Wute morc progominant, Bysed oi the work of Smsoxs and
“WWELTE (1971), Prams ¢t al,:(1973) determined that the major mmpmmu
- of the PCB residues which pceur in milk were the |Pmm¢,hloro henyls
““and the hexachlorobipheiyls. Thase componcnts o

* did not appear in the milk as resldues were ﬂnmﬂud to be tetrachloru-

he standurd which

biphenyls and some of the pentachlorobiphenylts.'i2: -
Furs et al. (1073) estimated that cows that were tlnuousl) fed

" Aroclor 1254 excreted about 21% of the duily intake {n the milk. How-

ever, these data were obtalued when cows were fed 200 mg of Aroclor

R

ORI e et T

DSW 032135

STLCOPCB4016097




srgon-methane (95:5) a3 car- "

from an F & M model 402 with a ©N¢ detector, ;- -

= Aloddor 1254 extracted from stlage . and C = the
COWE. were an

grade Aroclor 1254 stendard, B
chromstograms
on Gas Chrom

Aroclor 1254 residue estracted from the milk of .. These

A 244-m giaes cohson of 4% DC-200 and 8% QF-1 (3:1)

and gas flow 40 to 50 ml/min

Q (50/100 mesk) with
210° C, detector 300° C,

" rier and parge. Opesating conditions were: fiash heater 230° C.eohnnnqver

(WnixtT 1973 ¢).
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_PCB's (Davizs 1072). The Federa

) i.;;';\'5'-';51"3‘&'37'5:_5"?7:!'6'1@\;;‘;;:;ii"‘ﬁniﬂ:fail_\;i_ﬂf,:-;@‘,"‘,'A_g“‘g;‘\-_;,; PR Y
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' lm/da{nl:t 00 days. This quantity of Aroclor was at Jeast four tinws

higher than would be expected frum an average PCB-contaminated silo,
Based on the rafidlts of WiLterr (1974), one can calculate that a more
rensouable figuré for dally intake of PCB's might be in the runge of one
to 20 mg/day. Carrently, research is wndenwvay to determine if similnr
excretion rates oocur when cows are fed the lower levels of PCB's (WiL-
Lerr }78e). a0 L ;. o

Upon withdrawal of PCB residues from dalry cattle, there was a rupid

| decline in concentration of the residues in milk fat (Fues 6t al. 1971,

Fiugs 1972 a). Fues et al. (1973) demonstrated with cows fed Aroclor
1254 that the decline tu .concentration of PCB's in milk fat fs udequately

- describod. by a two-conponent, frst-order system equation. The it or
- fast component in this system was nbout 15 days in length and the residue

concentration declinod about 50%. The second component or slow-rate

. of declinc was much slower, representing a daily decline of 1%. This

slow-component remained linear throughout the duration of the afore-
mentioned cxperiments. 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 (Fms 1972 a, Fues of al.
1972 and 1973). In contrust, DDD and pp”-DDT and op-DDT were
transferred to hody fat and mitk fat at much lower rates than DDE and
PCB (Fnies 1972). Activated charcoal (Fruxs et al. 1970, WiLsox et al.
1968) and certain barbiturates (FruEs et al. 1969) have been used to
influence the mte of éxcrction of varlous organochlorine compounds.
However, the use of activated carbon aud phenobarbital were Iueflective
in reducing the final concentration of PCB's in milk fat { Fues 1872 a).
As yet there is no known treatment which can increase the rate of excre-

. tion of PCB residues from luctating dairy cows.
N T

AP }V Rogu!atloﬁ of PCB’s | L

At least ton Fedetal laws are rnte'nmlly relevant for regulation of
] Food, Drug, and Cosmetic Act (21

U.S.C. 301 et 2eq.) is applicable for regulating the movement in com-

- merce of dairy and livestock ‘products contuining PCB residues from

farm silos, aid action hay boen taken by the U, §. Food and Drug Ad-
ministration {FDA ) under its rule-making authority provided in this Act.
: ./The FDA In 1969 first established ap “internal guideline” or “work.

: gtg level” of 8.2 ppm iu shole itk and declared that whole mitk with
B

residues exceeding that level would be excluded from commeérce
(Kouwye 1672). Regulntions pursuant to the Food, Drug, and Cosmetic
Act [21 U.S.C. 342(a), 348, 348, 371] were published on July 6, 19873
(Department of Health, Education, and Welfare 1973) and became of-
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 souroes by which PCB's

et e e
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22 Jo the gonersl public (U 5. Depa

© way contaminate anfinal £éed, fmdnnd Toad-packaging materials during.
*". nanufactuving, handling, and n_tfw‘g":“ rd limit “levels of PCB's that -
, at

.. pesnlt of unavoidable; environmental contamination.” :
7 =temporary tolerances” for residues of PCIVY l'milk (fut busis) and in
C iunafactured dalry products (Il Tosis) “at 23 ppim;. in Anished anting!

- meal and other by-products of marine origin and in Bnished ani

may be present in animal fecd, : ’f&(ﬂ-pncka;gl‘i‘l:g' materfals as 2’

e regulations set

foed or fod produciug animals {except the following: finished antmal

foeds, feett concentrates, feed supplements, amlt feed premixes) at 0.2

ppm; and in animal feéd componeuts of ‘animal origin, lnclu':l'i:f fish
feed

* _contentrates, supplements. and premixes intended for food producing

antmals at two ppm. The regulations alsa provide that “coatings or paints

" for use on the contact surfaces of food # rafia dreas may not contain

| (Koums 1872) a R
7% of the samples assayed contaluned detectable traces of PCB’s, Many

PCB's or any other harmful or deleterfous sithatn .
feed”. (Depurtment.of Ucalth, !_Sclnaa?tl@@;:lam Wclfam 1973). - -

noes likely to contaminate

. .. VL impiwt of PCBebblanﬁnduﬁ_dlu '- o
" Sutveys of milk produced in various milksheds conducted by the FDA
n(r in our lnboratory {Waeerr 1973 ¢) indicated that

of the “positive” samples had levels below the cirrent FDA-established

" tolernce of 25 ppm on a fat basts. This Agure may be quite varfable as

- Fres (1972) has shown that milk from & farm with a. PCB-contaminated

“silo sy be ubove or below the “temporary tolorance” level ding -

" 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 -
feedstuffs, Since producers having PCB-contaminited stlos are dispersed
within any milkshed, there 1s n natusal dilution' of restdye with the milk

. prduced on other dairy furms. A gecopdiry dilution occurs when the

wilk is pooled at the vardons handler plints prior o shipinent to the con-
sumer, Therofore, there does not appear to be a signiBicant hoalth havard

: . ( .
LN Ry “}"‘

»e i possible henlth hurard for the Jadiiias ',‘.-‘ui’nﬂyﬂin!wmu

“the milk produced on the fann, Assumiing consamption of one ‘quart/

" ‘person/day with an average contamination of 7.5 ppm of PCB's in the .

- defects ns observed in the Japanese experienc {
" (Kuratsune: et al. 1971), Data are not aviilable to ‘determine whether

milk fut, an individual could consuine as. much as ten mg of PCB's/year

(U. 8. Department of Agriculture 1972). This Jevel is equivalent to about

one-tenth of the mivimum short-tenn dose r‘mluimj lt\b pnﬁl:co dlinical
yerlence with Yusho poisoning

the offects are the sane for short-tenm or Youg-team exposure; however,

.4 “‘the FDA has concluded that in no cdse should the daily intake of PCB's
Z 4 Vifrom all food wources oxcced 1.4 m;n&ieba .
"~ and Welfare 1972 and 1973). Long-terni ¢xposure would seem less harm- -

rimitns of Health, Educetion,

 RCBainstles - 0 . s

(ture 1872), There may -

v

~ ful considering that PCB-contnmlngtegzlx;‘i;llq,.; ],”e been on famms since ». e

R
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1041 and fam fnn;lliesmwwmlly consume the milk produe;d on their
farm, There have not been reports of serious ilhiesses umong nildwestern
and mideastern United States farm families such as those documented by

_ the Japanese Yusho incident (Kuratsune 1972, Kuratsune ef al. 1972).

grentest havard from a silo that has fesidues of PCB's is a Rnan-
cial one to the dairyman iuvolved, If the milk market is determined to
contain PCB’s by a regulatory :g'«mcy. the producer suffers a loss ns the
product must be impounded and destroyed. The producer must also re-

place the feedstuff stored in the contaminated silo, These losses nmy well -

exoeed $14,000 in a single year (\Winagrr 1973). Frurs (1973) found
that when cows werg produciug unmarketable milk due to PCB residues,
the PCB concentrations ln.’thd_r body were also high. Therefore, a dalry-

- man cannot minimize his Tosses by selling contaminated gows and replac-

- have not been sufficlent to raise the conventration of PCBS dn milk- of

ing them until sufficient time us clapsed for decontamination, An
additional cost is that of decontaminating or replacing the silo, ©- .
WiLrerr and Conrap (1973) and WiLLert (1974) have demonstrated
that silos with PCB yrestdugs can be decontaminated and returned to use
by carefully cleaning and recuating the silo surfuges with.a protectivo
barrier coating. Whercas ‘thése ‘barrfer voatings have not been 10054
offective, the small quantities of vesidue that can hie detected in the silage

animals fed this siluge to the actionable tevel prescribed by the FDA, On

_sflos that are in good repair the prooedure of carefully cleaning the silo

surfaces anid recoating praved to be a practioal approach as the cast was
only ten to 15% of the cost of replacing the silo. WiLLerr (1973 b) has
outlined recommendations for procedures to be followed Ix-fore recoating

_ shlos and has deseribied the important propesties of coating materials i

they are to be effective barriers, Some of the properties of a good barrier -

- coating include adeyguute adherence to the concrete surface, dcid resist

B3
Vv

. management dajrymen shoul nany
;. <sopvice from a stla thaf'awnx once tontsminated with PCB's through cure-

ance, temperature resistance, durability, watemproof characteristics, and
a0 oantent af argapichlorine conipaunds or toxic chemicals which can

% . Py .

R o R loritions for lonatipg selection include
ly ¢ n’ ipattonal Sdfoty h’nd-li*a!th Act (Dupart-

- ment of Lubor lD‘l?.)Jnmlardn for the protection of the environment

and workers who may be ap'pl&'mg or handling the materinls, With curcful
be able to get many additional years of

ful use of o harfer coitiig wnd ronthic mmintenance,

. ‘The munber of silos ¢contributing PCB résidues to homan food is de-

' dlnlng.-Unfortuuntoly.‘- the rate of decline is unknown, Several factors
-are responsible for fewer of these problem silos. Compantes previously

i
-y

formulating and using Gunar discontinued the use of this coating as soon
as silos were identified as sources'of PCB residues in milk. Similarly, Mon-
sauto Congrmy will uo longer sell Aroclors for nse in surface coatings.
Dairymen have heen advised by rogulatory agencles, the U, 8. Depurl-
ment of Agriculiure, the Agricultural Extension Serviee, and field repre-

OSW 032139
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L PRy fa silos R 145
numlves fmm cooperatlves t‘o have their dllnge analyzed for mlduu if

K g +; they supect a PCB problem. As a nesult, s :’y of the contaminated silos -
* T T have heen dismantled, others havie heon aliahdoned, and wany have been -
N g ively decontaminated with a barrior confing. Efforts to Jocate and e -
ST i buate contaminated strictuits are contiulng Such activitics should - A )
- " reduce further the number of farm llloc re«phm!bio lor ﬂue mntry of PCB " -
e resldm-s tuto the human food chuln :
: E S o ’ Suminary _
N 1 Polychloﬂnnted blplwnyls ( PCB's) haVe Ixeen al%)ﬂod unnmevch!ly iy
L. . to a wide range of products for over 40 yoars, SInoe Ih are chemically _ B
i o~ )| ivort thoy resist degradution and gre, ther ofore, found. throughout the -
N t globat ecotrum and o accumilate up ‘the’ food ‘t:blln. Many of the - H
' 4 PG which are widely spread in our saviroiment fuwr little importance :
| when considering the accumulation of PCB's-fn man, The direct con-
e - tamination of. food products with PC restducs Is the main contamination
w 4 source for human beings. One nse of PCH's that led to the contamination
: f . of dairy products was n coating used on the insido of farm silos.
e 1 - The conting responsible for most, if not afl, of the PCR-contaminated
) i Mlos was called Cumar and was used in the eastery half of the United
) | States between 1841 and 1970, The PCB (Arvotdor 4254) that wax a com- L
" ¥ ponent of this coating was dissolved by organic acids produced during S
w - | the cusiting provess. The PCB restdues then diffusod into the silago, De- o
wo tected residue concententions ln :llage adjncent to tﬂo wulls have been r
R (O ‘geeater than 7,000 ppni. - 1
e ; -When PCB-contuminated alla\go was fed to livestock the residues accu-
L mulated in the body fat and deposited in the Tat portion of milk, When
b “the source of PCB's awas withdrawn from: duiry cattle the concentration
-l fn milk fat doclined rapidly and oqn he dﬂanﬁlx'd by a hvo-oomponent
" . Brstorder system equation.
. e Jpir- At s been elnimnt«l that 5,000 o 60(!) lllos bnve been treated \:‘1‘& ‘ ,
e L watings coitain ng vl tnand TS
| T stxdeclining ax they are "liaﬁ "% tﬂtM‘mﬁ or. taminated -
P with harrier coatings. Surveys have indicated that CB resldues could be C
ul detected fn milk from about 7% of the farny hivestigated."Many of the .
L ~deteetable restdues were lx-low lhe «FDA u‘mpnmry uﬂemncf of 25 ppm '
g '(mufut basls.  ~ . L fuad st e
‘I, N ’e . . . _TI'; .
i ) | .
Ay o e : ‘ ke
w3 Davies, Ta lmoryactlooon B's. anS rhnentof&mmuwm-‘
T g "'-‘f‘,d.lminaw r yls end ﬂgc envlronmonc g:?"l'o&. lnformntion Sewl:v
* gFs . o Qomm, TS10419, 173 (1972), -~
vy N . Department of Commoros; Pob'dtloﬁnahd # thonnﬁmmont Nat. 'l'eob.
L ® B Information. Sorvice Comm. 7820419, 173(1 R). e
L 3 T qu!mm of Ncallh. bduwbn. cnd We!,‘nra. Food nnd Dmg Mmhhmm l'lml R
: .
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Aatram and Aatrex, see Amﬁné"_ .
Abate, c&onated analyses ‘87

Absorption of vapors LITH. . . - 7
Adsorption of vapors 115K,
Acrosols, contrifuging 134 . - .
e elcctrontatic pmclplhtion ll!
e Qlitention 108 .
comacee {mpingemant 107 .
e gumplingt 105 ff,
e gedimentation 112 -
e thirrm) preciphtation IN
Afalon, pee Linurun .

Alr samples, analytical dulcmilnlllon 127

LT sampling, alterations of oonm

onts 101

: e sampling, unal,ylk-d llwﬂhﬁmn
101

mrnplinn. en\kw.ﬂon llmnntinm

e gaplingg, er»»bhm m«nu .
125

- e——— mnplluuo(hut‘tkm lyﬂenu l!l
- -——-—-mmp!lng dumtion 48 .

umplmu effetivencm 100

e gatiplingt, ux!m'](mnh‘ duml i

o1 AT
— sampiing, lmumu! 121 :
e ganplingg, ol mamplens 121 .
sawmpling, metering devices wa
sapling, Nyloh octs 123 -
e gRMPTHNIE, pucl:ed obmmtkm
- colwuns 11911
e SAMPHINK, Npl‘r strips 124

[ e stmplingg, pesticilos In (nee alnn

“apeeife compounds) 95 I
:mmpllnx. qmmmy nmummnt
dovices 2 -

e umpung. ratcs and mo mouuto-

mont devices 97, 104

e gPlingg, uxuu-utlnl samplers
100-1112

o gampling, size of sample 90

e guinpling traton 128

sampling, units of measure 97

sampling. vactium sowrces 102

Aldrin in air 107, llO 120, 124, 125

Alfatfa 51

Alvit, soe Dieldrin

Anunonin anulygers amd auhnnmml
analyses 19, 63

Ausrone, see 2.4 D

Anderson sawplers 110, 311

Anilines, automated analysos 11

- sampling, samplers va. dmc{on '
a2 ,

Anofex. sco DDT .7

Anti-ChE analyzees 3 ‘
Antimony. attonuted unnlym 30
Apholute, antomatidd sialyses 23

. AP"ORM!'. see Tepa

Appls 13, 98 o
Arodors, see PCB '
Anwnaticc amines, mtmmtcd nm\‘y’u ll

; Arsanific acld, autoniated snalyses 33
H R m a

nalyzers 30
sutonateil nmlym 30
Asparapn 268 ,
Ativan, see l.tmmw\m
Atrazine, automated ana
) mll sutama

. ration 38

:_ Autonated ammonia maalyrers 10

e gnilyscs, advantagos 2, m
analyses, future 08 IF, "

ical vystems (see also

. wwedfic compounds) 10§,
e gualyzers, reongmition '" “
e anti-CHE analyzen 3.
s grsenic anulyrers 30
i uvln]l'umnu'ﬂt)! amb'nm w
— azivkdine amalyzen 28 -

| ~=m—— hiphenyl analyrer. 28 -
: —-—-—tarluu)l sunlyrcer 28

—— carbon dilfde. mlm' u

muon

——-—Lyauldg‘ analyecn 30 WL e

nowmr— duta hamntling 57 K.
’ diarotization and unmlhm
: una\\m . :
digqnat anatyzer 28

| = dithiocarhamate anatyzer 27

——— clotunt unafyzers 30 .
.—.—43 :zr-.u chromatography 18, 40
s | R Qebection BG -

e fowd atialyzery 38
e Hepuil dummomphy 41 n‘.

s ialathions analyzer 28
fwreury analyzers 34

e aplittud wiialyzer 25
nicotine anulyzer 28

e, g dromine smhzers 17
e ovgianirchlurine woalyzers 13

—— organonitrogen analyrers 17 - .

~— orgaixiphtsp
- orgtanosnlfur analyzers 18
——— paraduut analyzer 28
pestickle analyzers (see alsg
specific compounds) 1 K,
phenols analyrer 30
polurostraphy 86

— nmple pnspamtkm a8 ﬂ'
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