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The principle use oo PCB fluid in the eloctrical industry is in trans-
forrers and cepaciters (both large and siell) as an insulator &nd
coolant. At the prosent tine there i: only one domestie maznufaciursr of
this fluid - Moasanio Chemicazl Company, ¢2lling its product Aroclor,

name ?§ranol. Throughout the trznsformer and capacitor industries it

is generically kucwn as an Askerel fluid. VWhatever the nume, this family
of‘insulants is choracterized by stabilily - high flash points and

evcn higher cozbusiicn temperziures essential to safe cperation,

PCB's, Aroclors, ars essenticl us dielectric fluids for capaciters and
transforrers. T hey have bezen used for.zbout forty years. They
possess a unique ccxbinaticn cf physiczl and chemical properties which
ellow these devices to operate 2t high voltages and high poéer levels, for
loaz poricds of tirz, uader extrem2ly varying conditiens, and with

reliability and safcty.

A brief d°scrip.101 of the Aroclors is warranted to explain their
usefulnace 1l An Areclor consists of a nivture of

Ging tce the formula:

x+y=1,2 3:1*5:01'6
(so=e 7, 8B, 9, 10)

with isom:rs of each chlorination level., All the bonds in these role-
cules ar: covelent. They are particularly strong, being eromatic

|

carboa-carbon, caibon-hydrogcn, znd carben-chlorine bonds. Table 1

lists somz of the compositisns of liquid chlorinated biphenyls.
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Because of their boud covulency end strenzthe, Arcclors heve 2 high

degree of thermal .,u‘-1w*v and chemical inariness, and they do not undergo

ionic dissoc iation. T-ese prerertias cive Lo Aroclors, with respact to

‘their use in electricul power devices:

(1) high voltzze capability

(2) good insulating quality (very lod ‘electrical conouctlv;ty)

{3) high thermzl stability, and ' -

()

compatibility with various selid dielcctric and metallic components

of capacitors and traaslorrers.

The chlorinme atoms of Aroclors are spzcifically bena2ficial in three

ways, because they give:

(5)

(6)

a relatively high dielectric coastant, . = 1,0-5.8 which is

particularly useful for capacitcrs, i

good corona propertics (since most of the products of corona dis-

charge ere chlorinated and ére.readily absorbed by the aielectric,

or reacted with relatively little inesrt gas that remazins as butbles

(7

and sustains corona - so they may be subjected to sporadic over-

(s} zeS .,
voltage (won't sunnort ccrbu*tloﬂ by itself)

the property non-flamzabiliTy,Y wiiiCh OCCLIS &y w<,, chlorination and

above (Aroclor 1242 or MIS 101%, aversge x + y = 3); thereby
the devices with which tney are used will not support cembustion,

Aroclors to 625 chlorination zare iicuids beczusc of their mixed molecular

compositzon, the isolated ind.vidual isomers being crystalline with

relatively hign melting poinis. This effect, to prevent crystallization

" (an effect which would cause loss of electric strength), extends to low

temperatures, where they go gradually intc a2 glassy state, Therefore, they

-(8) are effective over a broad temperature range, from as low a&s -60° ¢

No other insulating fluid is knowa that equals the Aroclors, with

respéct to all these eight properties., It is especially

to 150° ¢ .(where their vapor pressures are still relatively
low). ' ' -
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Table 3

" Alternate Insulating Fluids

Sdme Significant Propertics of Certain Candidate Insulating
Fluids to Replace Aroclor 12L2

Diclectric Constant, Cl-velond Open Cue Tlawmability

Cost.,
Fluid ., €',., ¢t 100 C jinsn vPoine - U - Jlrc DPoint Demanilc @ L
 Arocler 12L? | "5 194 333 137 12
Arucior ¥25 1016 - L.9 101 319 1.36 1%
. Aroclor }C3 1Ck3 ’ 'L.6 160 2kl .é9 2
U (lower chlorinated diphenyl) ‘ '
Wemco C 0il (Mineral Cil 2.1 145 150 .9 3
\l
w
[«)]
N
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N
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Use of oil impregnuted paper £ r capzcitors has jwen largely abandoned

througnoutl the werld, ir faver ¢f cne or the othir of the PCL systems.,
The only sifaillcant roaufacturer in ths verld is Juran, Tvea during
unf:vo-2tle palance of trode with Japan, this preduct
U.8, because of its cost (200-

pnb

the rccent most
was never consicarei fir export to
LOO% more) and te:nusc of th2 flarmable rating of the imprernant.

1o
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ted Birhenyls, Pohs, corint thwe pzst {uu yiars hove been

Chlorinz e,

included crmons poseitle pollutirs of
od use

.e

with ID's, This Yo roised the cusdiing ghiout Lhzir centin
in the electrivil inuvstry, where they nive ba2on serving es insulaling

‘fluids for cup:zitors and dransformers for alaott forty years.

“Chlorinated biphenyls wors firet identified in the envirows.ont alony
with ﬁbT's aidi the contrcls oa the levels set by the FDA urc "Action
levels", vhich are the «::2 as for I'DT. They are not levels for which

FCBs have shso nn to b harriful to rrwmirnls, See Table b for "Action

Levels",
Table & ;

Generally Pernitited "Acticn" Levels
of PCRs (same &s these issu2d for DY)

. Parts per Millien

Medium PCB Permitied

Vater 5

Butter fat 5.0

Milk 2K

Fisa 5.0

Egss o5

*#for UY buttir fut.

Tests by Morsanic and others of chlorinatzd biphenyls, FCBs,
in tne enviroament n.ve rhorn a cencentration of higher chlorinated
copeunds ané 2 reduted cr no presenze of compounis with three chlorinas

or lesas.

Chlorinated biphznyls &z1:¢ considered about 1/10 as tozic as DDT for
mammals. Vhite rets fei i to 100 ppm of FCBs in their food steadily
over a period of 2k mont i Jire healiky (See Table 5 for accunulative
level). Dogs red up to i( ) ppm of the PCBs over 24 months shoend a

slowed weight gain with ih> higher chlorinatcd cozpourds, but not with
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the Arocclor 12h2v(9cz Teble 4 vor nceurulztive Jevel). There were no
deatiis, The higher ctlorin 4 rosapounds accumulnied in their fatty
tiscue to an cquilitr:in Jeval.

are -eporisd to

- rm—— 4 ® . ® c—— ————

Chlerinated tiphonyls - "Tect Lhe cpp shell and hatchability of some
birdsz., Other br22ds of birds have not shown any effects, Birds are
more susceptibl: to the lower chlorinated compounds, di and tri
chlorirated, 'farz2e prm of PCR in chicken feed affects the hatcha-

bility of ILueptorn chickins, but not some other breeds of chicken.

One incident of inges ion of PCBs by humans hus been reported from Japen.
In 1.is case, a rice oil with 2000 ppm of PCEs vee ccnswaed by 1000
people., Severe casce of chleracne, nauses, heada'Jes, and weeknszss

vere cxperienced, S:.ze babies of these pzeple were born with brown
Pigmented skin, but tr piomantaticn lu-ers disappcérad. There vere no
deaths, "It is suspect:i that the X3 involveé contained a chlorinated

iibenzofuran e, a tozic impurity fouund in sowe Zurop:zan chlorirnated

o)

- Artifically controlled stulies of biodzpredation using a semi-continuous
activated sludge test, £2.0, und 2lso single bacteariz culture tests have
shown that ths lover chiarinnted compounds are biodogrzded, but the rate
of biodegradation decrcases as tho percent chlorinstion increzses, and

is very low for paatzchloro compounés ané higher (Sze Teble 7
for results of thise tests), Monsanto scirntists siziz that thzy do not
know thc correlation of tiiwcs. artificial biodegradati-n tests tn

environmental conditions,
Chlorinated biphenyls appcar to ciffuse very slowly threugh soil,

. Monsanto feels that their znew grads of chlorinoted biphenyl, MC3 1016,

is biocegradadbls, since it cont=ins only 0.16% of penta and higher
chlorincted bipheinyls. Thay recommend itz use over 12Lz, vhich contains
6.7 penta ~chlorobipasnyl, for capacitors or whnercver the waste material is
not strictly ccntrolled. '
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"Storape" o! Ch,n inated i, ,ln.n/]f'»nu. Albino P..ts R
Ao 24 "w"m' Pupaaure

PN 4 % AL MO ALON BIPAR S 10 S 05 ) ir. 'eed

— e S ——— - ————

hote: Couacontyatian in 1ipid beea:

ipd ¢ spproniiately coustant
at about

C-12 neaths; except fcn f\*o;lo* 1254 und 1229
expcsures ot hithor concentrations, "noted by where

it tended (o iucreane coatinucus? y with time, :md the

liver to brain woight ratie inercancd,

Concentration in Lipid, ppin,

Aroclor = in Teod  at _1 _10 100 ‘L‘:—‘
- ) , feed
1242 10 70 200
1254 50 200 i 1,500
. *
1260 ? ? ~5,000-10,009
TALLL 6

Chlorinated D -nfn, is in Dogs,
After 2 ! Deponvre in Teed

Veathe
— e e 22l

. Ceacertration dn Lipid, opm,
Aroclor = in Feed at _1 10 109 _ l:g"
B ‘ : E feed
1242 3 5 . 6
' ' . ®
1254 6 18 109
1260 13 86" 579"

i

reduced weight gain, inerease in liver to brain weight ratjo
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Table 7

Diedopradanilivy of Diffciont Crlorinated 2irhenvls
A . , Ve o . 8
= Semi Conlinuous Activated Sludze Test, 2 x 107 cells/ce -
(obeervaticns ofter precenditioning siulpe to Aroclor tested)

] troclor . 4 _Chloving .l_étauumnrnn&c"in 48 hrs
Monou-chlorobiphenyl N Jé.s | 100
1221 | _ 21 88
© MCS 1043 . 30 | 85
MCS 1016 41 - 35"
1242 | 42 | 25 .
- pistillate of MCS 146 51 o 15
1254 | ' 15
DD . ‘ : <10
iinoar Alkyl Sulfonete-Standard 100

Noted concentrating of 4-, 5-, and 6- chloriuated isomers

/
- Single Cultures, (- and C-3, with spucific iscmcrs (Curope). -

Both cultures hove (pproximately the sane effect..

Chlorinated liphesxl  Time for S0% hizappearance
di and tri ~26 days
tetra - ~30 days
\
-10-
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Vhere are ve toduv?

In the past twelve yerrs 611 rillion pouuds of Arcelors have been used
by U.S. induciry in t..dr prefasts (Soc Table 3 for deteils). 231
nillien pounis hi & ot used ir proluct: ‘4Lzt muy be clissified es
open systems, i,2. pniﬁt forcwleticns, pl osticizers, hydrsulic fluids,
and seni-closzd system: such 28 heat exchangers, During this same
period of time tie elaotriczl imdusiry u 5Q0 cmillion pounds of the
-Aroclors in clcsed sysiams vhich are esec ;ally cepacitors and trans-
fermars, In tha elecwuriesl Indusiry thi Aroclors are confincd to A

equipment whare the coitziners are seuled and the system is considersd

-to have a "eclosed" cyrle.

An estimate of ihc totzl Aroclor used in ths U,S. in closed system

electrical usags since 193L is acout (S0 million n*unds. The closed

" systefus czn be brokea iito two categorizs estima ted at LhO million

pounds for capacitors .»d 250 million pounds for transformers. Most
of this 660 million pruands is still in use in closed systems today.
Some of this amount hes escaped into tne eaviroamant, and this will be

analyzed a little later, ::t the major impact on the enviroamont has

- been throu open systuny uoge, or sami-clesed systen usz2re (hea
Rt A ) J

exchancers).

The ratio of usage in oru. systems to u:zge in clozed systems over the
past twelve years was €1, . llsing a conscrvutive rziio of 3035 for the
earlier years, 19341920, v:11d4 add approximately S3 million pounis in

open systems prior to l;z:'c- o tetal to date in oron systers of 32k

million pounds maximum corrz ‘@3 to (SO rdillion poa:ds in clozed

electvxcal systoms,

Calculations show that tho trouat of Aroclor that has poésibly escaped
from tne closed electrical &, :tsms is srall, Based upon worst case

failure modes and failure 11 +s a maximum of ,0257% % or 110,000 lbs. from —
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" Locking at tho =osbl rooint clectrical vsay

capacitor failures and o manivum of LCYC3)5 or 101,250 1lbs. from trans-
forner failwres cculs have b:

193h, This amount

introduced into Lhe environment since .

JroocomdaseG to Lotr) dntrodeced Ly open sysiems is

very small 211,037 or 0.C15.
30,0.0,000

t3

32 figurez (Reference Table 7)
. that could be ex-
pected from co:tinuing use of Aroclors-in clozed electrical syst
would b2

and projectirn 2uezd

, lie maximun emaovnt of leakeg

w

ems
0.02% or 9,0:) 1ts, par year assuming no inerezse in pre-
cautions, handalins-, s-ocemturcs, ete., This amount when compared to

vhat is alrzady in t:2 envirommznt is very small _ 9,000 or .003$l
: 32h,Ell,ZSO

Z

e

)

3
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Moasanto Proedattion o0d Szles of froclors for 1960-1577,
with Preand-on Saowing loctrical Genge
(Frea GOl Ngss, Deenntor 6, 1971)

Donizatic Sales

U.S. lusulating ‘
Producticn ' Ligquide”™ '0l‘hf-rsb Exporis
Arouiiciacel) 2 AR KL athers LYpores .

Figuras in sicot tons

1960 20,786 12,444 5,163 . 1827
1961 T 20,353 11,108 7,661 2076
1962 20,985 11,683 7,339 1809
oo . . I .
1963 22,367 11,448 72618 1824
1964 25,417 13,769 | 8,666 " 2048
1965 30, 240 16,203 9,695 ;117 |
1956 32,925 18,897 10,642 3426
1967 37,655 20,387 1o;saé 4062
1968 4427 .+ 20,568 11,990 5312
: ‘ |
1969 38,194 18, 564 15,034 5312
1970 | 42.525 20,2¢8 16;263 6826
——1971° 20,236 2,47 4,401 4938

-
’

@ ¥Yor closed electrical systens - transforrmers and capacitors.

b Includes heat-transfer systens, hydraulies/lubricants, and plasticizers
¢ Estiuated.

Source: Moasanto

i - 736760
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: Exictin= Contrels
' Monzanto has already ta«en Lhe rolloving cctions: )
(2) Stepr2d sales to “Lnza' uoors (puint Jovadetors, plasticiners,
hydrawdic fluid nooifuctursre, etc.)
(b) Stopp2d sales for use in heat exchan;irs - particularly 7ood
proceusors.,
(c) Alerted 21l recipicnt manufzcturers Lo exercise care in use of
: fluids, ’ ’
(d) Provided for wazt: fluids incinoraiicn, _
(e) Modified capacilfur fluids, eliminating the more highly chlorinzted
and enviroaxent: 117 more cbjeclionsble fractione.
A1l of tnese actions laove gr2ally imnroved the conlrol of PCR:z to
prevent future envirc:mzntal damage by eliminatin: fulurce open system
- usage which has provioel over G356 of PCus introduced into the enviroamsni.
. . N | .
The electriczl industry is aware and hgs been zlerted to the enviroumentally
hazardous naturs of PC32s, The industry in generzl exarcises high
standcrds of contrul s it inccrrorates the fluid into its caparcitors
and transformers., Safe Fruct'cc Procedires for use 2ad handling of PCBs
" have been in use for mzny yﬁa_,. The recent (1955) knowledge of PCBs
being possible envircur2ntal hazards has resulted in vurnings and
spacial instructions ic¢ customers and handling perscninel about ihe
hazavdous nature of P:Za. In additien, when scaled systems coaizirning
IC3 nust be opened aus ura;n=4 for repairs, tae insiructions call for
collection of 21l w.~ie liquld PCp ang eontmninzied mnterialc for cpeaeial
destructive incireration. ’
L] . —
~ . Z
-
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_Recom endations , .

‘Althoush the clectrical industry hos recognized and is implementing

cocni
contrel systems o decr. s the arount of ICEs entecring the environ-
pent from its nzndling oni use, it supports federal legislation

designed to protect the eaviroament. %he industry is working with

ANSI a2nd other stundard crganizations to prepare high standards for
the use, handling, und €éisposzl of FCEs, however, it is vitally -
éoncerncd that PCRs net he pre-empilorily bsnnzd from manufacture and

use in closed electrical systems, since it is felt that the public

can be cdeguately prot cted without =uch'nﬂt*on end there are other

hazards, porticul:arly live, associzted with “ncun substitute material,

ANSI C-107 committee ¢ the use and disposel of PC3s in electriczl

equipment is workinw ¢n a plan to contrel PC3s, The developmant of

this plan in conjunctio: with Federal legislation and regulation of

the manufactuire, use, and disposzl of FLR5 should bring the PC3 situvaticen

to a point where regulated electrical industry usaze cen repressnt no

more threat to the enviroament thza thet for nuserous other necessary

and beneficial matzrials likewise requiring precauticns in use, dis-

: tribution, and disposal.

E.R. Boquist
1/3/72
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