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DISTRICT OF NEVADA

NEVADA POWER COMPANY, a Nevada
corporation,

Plaintiff,
VS.
MONSANTO  COMPANY, a foreign
corporation ? GENERAL ELECTRIC
COMPANY, a foreign corporation;
WESTINGHOUSE ELECTRIC
CORPORATION, a foreign
corporation; and DOES 1| through
XXV, inclusive,

Defendants.
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U.o. - iFAP.TIEN7 r LA2CR
0:c-jp iitoud Sdftzy «nd h,ia ... Ac.Thniitmion

A o . . 1 F>Soce e
»_ Al &(»b( Z)oow— !(V\;‘)- \§vtl{ 3hUYI Ilﬁ‘]>>§£{|’(lk <*;( Fn&'ji

Require«! jncwr USOL Siiriy and Heiltb Re”ula”ons t0* Snip flcpiiring,
S?iotyjiUjino. »nd Shipprcikir™ (29 C?R 1S15, 1916, 1S17)

B — SECTION 1 &

Lmanuracturcri name . . .J OMCAGENCY TiLTPHONt NO.
General Electric Cotrosny Rome, ~Gt. 404-234-021 1 .
yoos liiifftumocr. Strctt, Clrj, Suit, md ¢ If Cod*) rittiiHto—Mit—413 404-1
100 Noodlavn Aye. ‘P!ttcfi eia vu-- e nionr *
YNONYIMVS

HtvT.CAU NAV.i ako synonyms TRADI UAMt ANO S
Chlorinated Bipnenyl/Chiorinated Bemen# Blend Pyranol, Aroclor
CnEUIiCHI rauiuV . - . %
AskareT/Chlorinated Aromatics ° ° -®

SECTION I - HAZARDOUS INGREDIENTS

TLV
PAIWTX, PRESERVATIVES, k SOLVENTI X (Uniti) ALLOYS AMO METALLIC COATINGS

PIGMENTS AAAI UETAL -.
catalyit ALLOTS

VEHICLE MCTALUC COATINOS

FILLER METAL 1*
SOLVENTS ‘ PLUS COATINO OR CORE PL»/X/

AOOQITIVES o X - ' * OTHERS * o -e*r

OTHERS . .o co e -

HAZARDOUS MIXTURES OP OTHER LIQUIDS. SOLIDS, OR OASES

SECTION 11l «PHYSICAU-OATA
410 -7ROR  SRCORCORAVITV (H,0-1) i

P OLATILE Rome, Ga. 4
VAROR RRCSSURE (MM>  p oo w111 104*F .ER\%H]ME( ROIme, 8

g EVAA)RATION RATE 6 Hrs. 8 2
VAROR OANSITV (AIR-1) Approximate! 6.5 ( »11

soLuailrrv in water Nil . f

eoiling point (V.)

aupcawancc ooow Clear Liquid with Yellov Tint, Slight acrid odor

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

| rcas=< pclist |y/ir.o4 ««a) Cleveland Ooen Cup iTAWWASLI LIMITS

Nona to HntHnr Paint None-
I"TXT.NSuillniNCi MEOIA .
None Required

i iPtC.AL CIAt PIGHTINQ PROCEDURES
liafjpy<aT It nnafhsanSU

AD*

j UNUSUAL RiAt ASO txPLOSION hAZ>«0OS

§

TL
(Un

., J'y

002 15T -

p-r\Anr*A hyg AllrTr&dr a inft rnnrain high pxrrxnr.ig» nf IIT1; .rhe_unp 1rn*ant ne.SS.

‘and irritation caused by MCI give amnle warning of its-oresence.

PAGE (1) (Continued on rov tid«)

Form CSHA-2C
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J SECTIONV < HEALTH HAZARD DATA
iioivie: LT TV, "
e _Vapor 0.5 - 1.0 ngm/cu. neter/SJHr. Da¥_
V> z-"zp a'ItNII|"Tj$Te * * oo
Dermatitus; "Possible Cloracne - Eye Irritation«
See ANSI C107.1 - 1974
c-MtnGCffcvANO first aio procedures
* Vv .0 2. Kash sVin: irrigate eyes. *
« . e \ **k K X ...
t, JLL Consult physiciail. v o —m
e L«r: SECTION VI - REACTIVITY DATA " . * m m
STAAIUTV UNSTABLE QONDITIONS TO AVOID o o
* STA”—E X oo ° o 1 .
INCOVPATABILITY (Warali toeotd) y
0

mA2AROOUS DECOMPOSITION PROOUCTS .
HCL when arced electrically-
CONDITIONS TO AVOID
HAZAPOOUJ MAY OCCUR
POLYMERIZATION

WILL NOT OCCUR

SECTION VII - SPILL OR LEAK PROCEDURES
STEPS TO 8£ TAKEN IN CASS MATERIAL IS RELE-ASEO OR SPILLEO
Use Fullerl1*® eaTfh-_t.rL_Avnid spread nf_ liquid Tmedi ati» _*weenir.g.nf rhe
erequired with disposal, into dnra container designated for Pyranol contaralL

Fuller's earth - see ANSI C-107.1-1974.
was: £ 0ISPOSAL METHOO
----------- Inrl a”r.ar Inn,

-See ANSI C1Q7,1-1974 "Guidelines for-handling and disposal.of C3?ati
transformer-grade askarels containing* polychlorinated biphenyls"”.

_"’_
SECTION VIII - SPECIALMPROTECTION INFORMATION
‘tespiratory protection (Sp«\fy typaj Laj Basic ot organic canmster type or si
meai-hing apnnr®rnrn ~e”sed *n *d r5fnr/ ~E j»Tps m hinh Eorrai
VENTILATION special !

mechanical (Generai) other

protective gloves USE g|0V€S Ot neoprene, EYE PROTECTION .
nolverhvlene nr Vifon Safety glasses or eye shield:

othXr Protective equipment

Use aprons of neoprene”. polyethylene .or... Viton'.,

SECTION IX - SPECIAL PRECAUTIONS

precautions to €€ taken in hanol.ng ano stori

Avoid open exposure of hot askarels ¥ 130 FI. Be alert for nossible allergic.
actions. Normally shipped in necal containers. After handling, wash hands with
A ThrAcTUAN< Mua?~befoTe earing —drinking, smoking ormac uf toilet IjI.iitica

2AGc (2) Form OSHA-2C
cmC >U.|R Her. My 72
ADM
2 002 158 Exhibit F-2

V.
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0 9—1 MQO*Qite\J
44, «l u

I>»>"-*'au>« TIK U.S. OEPARTr.’Ell  JF LA30R
Ju 30» ~NOw(?rkplace STANDARDS ADMINISTRATION

Bureau o( Labor Standards

MATERIAL SAFETY DATA SHEET

SECTION |
UANU» AC Tuaia S NA»e|
MONSANTO  COMPANY IYERY*CTI lutrnoNc ncT

(31*0° :Q~-
Acp*iss r.v»«e.f, tin»» Cii*. )««».. z/™ Colt}

000 North Lindbergh Boulevard, St. Louis, Missouri 6RI60

Ch V\{iC*C nam| ano »»NONtuj — TeaOE£nZm| ano S»NCN*

ixture Pyranol AI'>37B 2
CH(uicn fAwar »0 a**j1 a
Chlorinated arotratlc -Mixture

SECTION 1I' HAZARDOUS INGREDIENTS

PAINTS, t te JI «VaTIMS. ASOLVENTI * (JLM) ALLOTS AND*ET ALLIC QOaTINGS N
t iGumrS IASI UTAL *
CATALST allots
MVHA MTALLC QOATINGS
SAMNU ! a}:gg]c-ﬂlqg O« coaf »UX
ACOItt\M ] OTHas
OTHM

4

MAZAAOOU K XTURCS 0T OTHCt LIQUIDS SOLICE 0« CASCS

L= i »SECTION 1l PHYSICAL DATA

"mALING a0iNT (V) 700 mm B3 ) - A00° ASaccinc c«avitt ih2o=\y>Q " A
VAaoa aaosuai iRAv*H j - Availl %W}ollﬁili
VAS* GNSTY 1Aa=1» N Aval 1 £1Va»o*arim «am

0: Ava ="

SUBUTTINVATIS 6.0 6 gTigibTe

AF9(A*ANCt ano COOa COlOI’leSS Oil aromatiC odor

SECTION IV FIRE AND EXPLOSION HAZARD DATA

«11,1 11i sLAUMAS £ LimiTs Lai
Burn None to Bolling "Slav ::
UTINGUIJMING UfOIA Self
SMCial n«( »iGhTing r«OCEQU«ES

__Respiratory protection when fighting fires where exposure .to.

vapora or gases is possible
UNUSUAL #lAa ANO UrLOSION HAYAAOS

Highly toxic gases (hydrogen chloride)
can be evolved.

acy 002 1&T



SECTION V  HEALTH HAZARD DATA

Thal SmCKO VIWIT VACO! -y
" »  Hrt available

(MCTS 0# OMUMACSVIM

SVIn Irritation In the .form rc r.hin-.q-rp,

Intoxication leads to nausea, vomiting, loss of weight. edema and a

[ul*CANCH nO MST AO "*OCJOU*(J
Remove from exposure. Resnv« cnntaml raraf r_Tnthir?
Wash contacted area with large amounts of water and soap.

LT Refer to physician.
r

. SECTION VI REACTIVITY DATA
. jtajilite WNTAL QCATIONS ro av010
i

staili X
INCQU N aTAU TT (Untin.-ait un mnt4)

MAXAAOOuUS OICCWANOSITION NOOuC TS

—_ — tr-

CONDITIONS TO AVOIO
1 1 yaarcoor kaaT oCccu*

i "OLrUCAUATION

WILL NOT OCCUA X

Lo SECTION VI SPILL OR LEAK PROCEDURES

STIP'S TO 1C TAI(N IN Ca SC u a TCAial *S*(U~SiO CA

Absorb on clav, sawdust or other absorbant material. Place In

dominai

pal

1 r drums. Bury In approved chemical landfill in accordance with 1;

and state regulations.

«asti Ol3pcsal uiTHOO _ _ _
Burn In approved Incinerator in accordance with

and state regulations.

SECTION Vili  SPEC1AL*PROTECT ION INFORMATION
M iaatoat « otiction (ip*«ih it**/ . )
) Bureau of Mines approved_ respirator fo.
; MINTILLTION tocal IE _ for vapors. S

UGHANIGAL, (Ca**rml) omy*
OV «OTaCTION

«onerivi clovis

rubber
OTHCA « O fcc TIVI IQUIAWINT

chemical goggles

SECTION IX SFECIAL PRECAUTIONS

«(Cautions TO u tamn in hanolinC ano STOAjnc

I Avoid skin and eye contact, avoid inhalation of vapors.
; OTHA m(cau tigni

| t 1iTfiC — "We* N i om< 4m A

While the information and recommendations set forth herein are believed
to be accurate as of the date hereof, MONSANTO COMPANY MAKES NO WARRANT
WITH RESPECT THERETO AND DISCLAIMS ALL LIABILITY 73r~” °ELIANCD TWA"-~-

4 ADM

0021co



Approved OHB U.S. CEPAUlIL":E!!T Gr LACO2 Form No. 0
Ho. AA-R1337 Hay, 1571

*hproval Expires*.

C 'July 30, 1972

RIAL SAFETY DATA SHEET'
uré
SECTION |
W«l,. 1 *C- l1eee Nawts (uiailic) ' . xO.
MONSANTO CQMPANY (+\L) pea_imo
>0 e i . [im i kitf. 1i*m m>« 2<™ C««il, - . .
o0U Nonli Lincberph pouievard, St. Louis, Misaouri 63166 .
To|Ol x**“t «@O 1«80 rul
Pvarol &1 p
‘Chlorinated aromatic POPWws T Mixture
! SECTION 1 H.'7/p00US IhT~-0I1->*TS
»iiMti, m »in'ivii, aioltl mts * i *LV, ALLOTS AMO mCTallLIC COailmCS « iur.
*«CM X1J «All UIfAL
C 4t AKTTI Allori
I vfiCcuU 1 wit*mc coating»
SO.visti Mill» MITAI
>jui coatimg o» co*i not
400'* "Vi i OIM|tf
~ O'-1«i

C I

HtUIOOul iIHTuM | O' OTnH LIQUIOS. SOLIDS, 3« Oliti

SECTION 111 PHYSICAL DATA
i n; C>.i - o [N I13 oIz o "
760 nn 21i0-fa0C CPMC''Cc* v i°~" (15.5/15
vFE0» » MIluil -eel Not! Avail einc.rvoi.mi -
H ~ - I'» VO: vji*t ...
vrreed 1A= i'od Avan | oy,
! 200¢ neriicibil
I »'suusci Axo 003* colories: oil aromatic ocor
mm i«knrwTn<rTH:
SECTION 1Y FIRE AVO EXPLOSION HAZARD DATA
"Ui-< »0'M sva—2*lit iiMTi
None j-i
lillxculV«lxc u|Q{4 .

ei "C -»-x0 »<OC I3w»l»
r-:s:lratorv protection when H-hMrr
to vapors or gases is possible.

' AnV*¥c 21 B i1l15V*T4hloridcs and chlorine) can De
evolved in fires of this product.

iICM 002179



"7vranol A133 SECTION V HEALTH HA RD OATA

)Y eew i

hot available.

C gR L'f-.in irritation in the forr, of chloracne, systematic
leads to nausea”™ vomiting, icss oi weight, écer.l_aT7ri

V. C »»j *i*si aio 10 . .
remove from e/.posure. Pemove contaminated clothing.
contacted area' with large amounts or water and soap.

pnysician

N

SECTION VI PEACTIVITY DATA

UHJT 4 ]I( -wNv .i.vNt 10 AvO"U

HAtl X

*z 2V ** 1A It» [ «o» M«ll Te epce*<

-*,a.300i oico-"0siT.ON «oowct*Q » CC2, smoke, soot, chlorides and

cowomoNi t o
- AR*O0Ut WAT OCCu* e v

“ . «w| 11/ At tON
*U | **OT OCCO« X

U, ile the information and recommendations set forth herein

Intoxication
atter.ir.Si------
1 » B>
Wash
Rerer to"

chlorine

are believe

be accurate as of the date hereof, MONSANTO COMPANY MAKES NO WAR PAN

Ul11H RESPECT THEPETO ANO DISCLAIMS ALL LIABILITY FROM

JAC:HCH :JTG :VIEP
IS ]

f ANCE THEREON
1/ 26/72



Form Approved OM3 O L wit wuik,.p 1 AT 1npJin Fom No .
llo. 44-P1337 - Hay, 1971
Approval Expires:
July 30, 1972 2 110
y o °u IPI
u.\ oi
N— A
SECTION |
AIMANIUOACTV K (u(NSIn(T TIH5»mON( ko.
1 MONSANTO COMPANY (M A\ 604-1000
5”800 North LlndberdH'aBaénuigv%F(iJ, St. Louis, Missouri 63166
3 CrComi CM. »+>.( ih3 IthOmtu* Txaoc NI M( AMO ITtnOntul
i Mixture CAarnrs N 1sAN
\cOnTorinaVed aromatic CoALA T Mixture
¢ _--a.in_,_n«*.r.....,._SECT'ON_L'T HA7Apooy$jNn:*smsr-J!
_ ) _ B .
paimts, rtiietvAtivtv. a solvints |U]l1 ALLOTS AMO MfTALLIC COaT
“Comi ] | A METAL
cat Aitn ADT\]
VIHdI MI TALUC COATINGS
SMNIS ?ﬁ"](](:kﬁa%cmoa\mw
Aooi fvi s aHA
0T-1«S

HAZA«OOuS m*XTU«M OF OTmll LIQUIDS, SOLIDS. 09 CASES

SECTION
| endNCION @4 750 mm

1 WAO" issum = ""1q5_24 50C
* VAD* ANSTr iail » 11

!S SAUILt» INWAIT*-

P Ak tRiANCI ANO 000« yellow

SECTION 1Y

I 1LAIMIGONT iMIA

UTiNGui J*«iNG wtOiA

SMCial »A UChTihG FOOCICUAIS

None

8RB -p2(rjc 4

m-» .iir.i'.-u s
s*4ckic c*avilT intor- U. M£5 /2 5°C)

PHYSICAL DATA
-arsrrjTr t-

R rm VoA -

ot Avail
209(7 neRlifcible <e¢p 03*

soft

Peaplratorv nrotertlnn whp- r*

vapors or eaae3d is possible.*

IVADRTION *AT]|
i RnLn-——-- =u 1 1
resin

Sllg ht ar?éﬂﬁ—}-arrxrj*of:-l,

FIRE AND EXPLOSION HAZARD DATA

UAKMAKI LIMITI

n5 f«-ac

u e hivi'gox® 1. c"°gas¢y4(chlorides and chlorine) can be

evolved In fires of this

product.

40H CC2149 7

SAPPSLITS- 0-——-

G3r



roclor 1260 SECT IOM Y HEALTH HA  tD DATA

[MUtS-0l0 uwit VALLE Not avail.

j*Skin °irriltaWon in the form of chloracne, systematic intoxication
leads to nausea, vomiting, loss 0l weignt, edema .and aocldjlllnal piln

(yt*CINCT AND H*SI Aio NAOCtOuafs . .
emove from exposure. Remove contaminated clothing. Wash

contacted area witn large amounts 0l Water ana

soap”! Refer to physician.
SECTION VI REACTIVITY DATA
lit Am111Tv UNS7 AIK Tidn0 a AVOIO
STAILI X

minCOxaaTability (Hgiff1*1 io 0»jidl

HAIAAOOUS OIC OwaOJITiON «OOuCTS . .
¢ ©©  C02, smoke, soot chlorides & chlorine.

CONDITIONS TO AVOID

HAjJAHOOUS WAT OCCUk«
'Olyui*uaiioX
WIU not OCCU* X
J
SECTION YI | SPILL OR LEAK PROCEDURES
Xfe5¢é ri,on"«fayr*s'aiV«iiiSk,*S fc&«R«i absorbant material. Place in
| with local and state regulations. | 1
| nasti OUKISal uUmdD
Burn in approved incinerator in accordance with local
i and state regulations.
SECTION V111 SPECIAL PROTECTION INFORMATION B
UALSH*AJO"» "OICTIOT« (Sptaily iyptf
& (Sptbyurygau of Mines *=c'” 7 d der  "~7n '\- e -mr - m
=V NALATION local hhauji Yes - for vapors SClal vapors.
UCHANICAL Ol n
I NAOTIcTivi Clovis rubber I fAOTICTION chemical goggles M
g OMN »xOTICTIM iCUNUNT \Y
: SECTION IX SPECIAL PRECAUTIONS

* JONJ | TI| NIN INC AND SFOFNS
g%ﬁcﬁa scl)(ti]n ontact and eve contact.

Avoid inhalation of vapors. 1
iIOMA amcauhonj
Em - — . T

While the information and recommendations set forth herein are believe
.to be accurate as of the date hereof, MONSANTO COMPANY MAKES NO WARRAM
WITH RESPECT THERETO AND DISCLAIMS ALL LIABILITY FROM RELIANCE THEREON

JAG:HOH:JTG:WBP " 1/25/72
ADM 002130
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Form pcproved OMB i U.b.' ﬂﬂlL: 1T e LﬁJB - Form No.
Ho. &b~ R1387 : ‘ ’ :
,\pprcv»\ Expires: . '

O duly 30, 1372 "FﬁﬂTP:}ﬂs CnZETU Pﬂ?ﬂ QHSE?' S
e tHis 'tl ln Ceth l-‘ ¢ ] )ki‘l" U\(h - .
AT TR O D T A L SV AP A VP Lo

SECTION | =~ -

FFEYLER AL NS R T Y |

LuMCASEMCY tELLMNON, nE.
s CONS ANTO. (‘Q\'l‘i ANY (14) Rah.ynnn
SNawine, Stever, witn, diste. scg 1P Cane

:UJ Lorth Tindberah Bouicvard, St. I..ouu:, \{isaov_n 63166 -

camiw (b, “tw( RS dtROnrwd

) Ilhbt NAaWwl AmD IPNONYW) -
T M RS | A=ceYor 1244
““Thiorihated arcﬁ*tic ‘ "Pixtvre

4

SICNIOH U _H.TLAANS lf"""'"""'f‘ .
e EsArsnaTT ST e LT YR T T at SWIRURE 3 UL =1 L =
PamTyoneifevatives &otventy  « i SV ) ALLOTS AND METALLIC COLTINGS LI
[ EFAVIER] - | VAS] uiTalL
Satarvm l | Ators
7 ' A
vimicit b { strariic coanncs
Tovint ) nueslvgrag s
: . . PLUt CiGATING O COAL fLUT : . -
E' AT . Otreas : IR R P
oratng | |- ' =
) P ————
( ) MAZAR00US HIZTURES OF OTREL LIQUIDS, SOLIDS, O CASES

—l-..n.l'-c rQine r'.l 760 mm 36 nuoo sn‘mc Chawetr n-)o |( -.;-/ u-‘n( ) i ,
vO'OR PRILIUSE v mg.| rl-rul voLatig o " 3
180—??0°C - 3 mm IXSE u-ul AL - foe L ’1 ’
SePOa DENBITT jalasay ' |v.-ruuon aaly : 0
! "LL." — ] )
1tuenise in !
X 20YL nerlicttile £0.01% |
 #veLANanCl 44D 00 Vallmw vineann At | aromatic adar oo
RIS S TS IO ST LA B KT TS mu-——.x—-m;uwmﬂé

SECTION 1V - FIRE AID EXPLOSIQI HAZAPD DATA 'W

z:._‘vmrmv-\ra—r-" e (LA s gt P

Soalm '.c;-a.‘l I i”reg vesas

Nene _ l!\AwAul Aisait g } ;‘ ._:‘u. ‘ ‘!4:;':.:1

(ITINCUIlaIinG MLD1A ’ l

SPECIay s Hiimling MC.Cim.lll l
fesnirator” osrotcestion whean flehetne F{ina=-

c) ' S0 vapors or gases is possible. MR

|
i ”””%‘“““*3'““F*E?t‘“‘nlo-idcs and chlorinc) can .te evolved 17

B rcs of tnis procuct. \

whoma pynacyrn
L]

N 2 S




0o mr./ru of air

t Ovi»(iM . . .
Tn”S'I'CmV'I(r'rltat n In the Torn of chlcracne, systematic intoxlcatic
J leaot to nauscT"| vo.iiiin”, lota of vel ns, cue.:.a ana atciominai ;
NUP*C*»C» iVl aio mOOOOAH(S
( Henove from exposure. Remove contaminatori clntMrr v, v-tch

contacted area v/lth lar”c amounts of v/ater-anc soap. Refer to

phy5|clan
pots. = -2 Icg:

SECTION Y PEACHY ITY DATA
N _wE H wx>aid w W AVWwU
1 SIAIU X
IMa; AAOOui 0(C CwroiiT IOH «OOuCM
c COHOIiliO*i TO ¢(VOID
MA7 ADOU % vatoc Lum
*OL»U| *'7 Al lO*i
*hi wot occu« X

L SECTION YI1 SPILL (P. LEAK. PROCEDURES

'i 1-“| ||>|.tSCa ([(a))l’l'.T.J.J*e °lxrr|’|;‘"rk«CUk’E rcrm =3ccr____af*:~ g anagg jnaaeB ie .—

Absorb “on clav , sawdust or ocrer absorbant ratinai. Place In

drums. Bury In asprovec cremical landfill in accordance with
I local and state regulations.

»All . . . .
feir nw\n® an aooroved incinerator in accordance with local
and state regulations.
3
SECT TOH VI11 SPECIAL PROTECT IOif INFORMATION
rhij«il€Knoi
QUCfivH _Eureau of vinns r.pnroved rc,;n*ratnr I'nt ormoni
vimu aiion LOAL (IAAUN Yes —for vapors vmeal vapoj'j
0IHA
»QICM Lo hypper D rAd|cam®™  olicmical I'.orr.ifs

niiiu f»oiiciivi [Oui™tNt
uoactA rxcjiurLcaxncac& ixfnD kil

SECTION IX SPECIAL PRECAUTIONS

rccrrrrc-ic
vola ‘g™ir, ané’' eve” contact, avoid inr.alalien of vanors

*ICAU

0«»|A #«(C AuliONI

AOM  002156.

While the information and recommendations set forth herein arc belicy
to be accurate as of the date hereof, MONSANTO COMPANY MAKES NO WARRA.
WITH RESPECT THEPETO AND DISCLAIMS ALL LIABILITY FROM RELIANCE THEREO

JAG:HOH:JTC:WDP . 1/25/72

10
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» L .

Fo}m L-nroved QMo
No. £4-R11387
{ pproval Expires:

July 30, 1972

U.S. DEpAD

FiﬁTERt

L SL

i s ettt N

ET ur LAGOR

Ty 1m:"1 sz:in

» NP

SECTION |

wangg? bl " uN(0°) Rany

YVONSANTO COMPANY

[UHEAGENCY TELEPmONE NA.

.---r;‘ Navger, Stenar, City, Siate, ond ¥4
200 Nortn "Lindoereh

Cane

(314 Sol.100n -

Boulevard, St.. Lou:s. stsoun 63166 -

amlw v A, Nbul NS TNOqrup RACE WawE 4nmD i"-o-uul
Mixture - . | ~oclo
-t fa. fqeeo PO My, s
Thiorinated aromatic ° Mixture

— - s - — e - e T o . ety et = 2]
_SSCTICH 11 HIZARDOUS IF Gf‘-jp::*:;s'
Paiety, panztevatvey, asouvents | 8 | SRVl ALLovs amd mtTaLLIC COATINGS v,

o-lugnty

PAS] WiTaL

calagy

o a—

ALLOYE

 wvi=iCit

MiTaLLIC COATINGS

‘BREIRILAA]

FiLLIn SETAL
PLut COAtING OB CO®E FLUT

aToNivey L . Ofmiag
‘ T ' v l
| HaZaROOUS MIETYURES 0.' OTHER LIQUIDS, \QLIDS, OR CALLRS

SECTION 111

H 250 inG POIN? r‘!.u

760 mm

PHYSICAL DATA

365-“00°C $2(Z g c.nvun- o= |(45/25°C)
ot evl 180.9000¢ | 3 mp | ittt
BEAMLIEILINASEYNTERY) L fvarQealiON 8aTg
. . 1 Ayt Ty
g Pt sdY¥8 neglimible <0.01% '

Y o-'uu-c: a%0 0006

SECTION 1V

Ve1lou VISC““S otl

P"o—at*c cdor

FI1RE AND EXPLOSIO! HAZARPD DATA

AR Y XIS A AT X USSR

; G ASm PQINT Iveinsq waset : . FLabeapLi LTy Lot | P
None l : R
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sible.

E Nwlmuaqunc'ua \Jl'céhlonided and CnlO"inQ) csn be EVOlV"d in
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irocior 1254 SECTION V EDALTH HA™ D DATA

t:..,s»..,..:\.. -t C.5 - ;/-—-_‘, or airm
Higs af ovmncs. { X = - __:. 3
f Skin irritatlion in the form of chlecracne, svstematl

i' leads to nausea, vomiting, 10Ss C:i weighe, €CEna an
LWLaGI G AND iRyt A1Q PROCIOQWALY ) : - : . -—

Remove from exdosure. PRemove contaminated clothin~ Macw
| ° contacted area with larze amounts. of water and soap. Rerer to

phvaician.

SECTIOW vl

tadnae uNSTANLL Lene

RZ ACTIVITY DATA'

rw™) vAanJ - 1

$Tand X

l'-CQU'\ﬂanmv tdaienals ta everdi ) ) 1

Al $ O(COMPFOSITION PROOUCTS
risroow uro CO, €05, smoke, soot, chlorides and ¢hlorine

CONDITIOMS TO AVQID | E

“alAdDOUS MAY QCCUN
POLYMINIZATION

wiLL WOT OCCun X

SECTION VII SPILL OR LEAX PROCEDURES

P 1% T Pt datgti N Caul walibiay 32008300 Sn dhiaie s

ttsorb on ¢lav, Ssawdust or other ah orbant material. Place in
drums, 2ury in approeved ¢nemical lancfill in accordance with

lecal and state regulations.

~af? 504, WEInQD
ﬁurn noan a";roved inc‘"e-a ¢ 4n accordonce with local

~and state regulations.

i
]
;

n'llA'Cl' 'lolzcn.,'-i peETLys dnpe

Bu—eau of lines a::roved res: —ator fcr ore aﬂic

VINTILATION LOCAL tamausT Yes - for vapors srECian vapors., )
MECHMANMIC AL [Gearreill QTHEA
2ROTILTIVE GiOvLd Rubbér 3 ’ ~T o raotecion Chemical goggles
;- CTeis #20TICTIVE LQUIsMINT i l a
E~ SECTION IX SPECIAL PRECAUTIONS
AL KR And Yave Foaradt, avold inhalatian of vasnors (
Ho!-u PEICAUTIONS ' A - e

AOM Q02143

While the informaticn and recommendations set forth herein are believed
Lo be accurate as af the date hereof, MONSAMNTO COMPAMNY MAKES MO HAR@AHTY
WITH RESPECT THERETO AND OISCLAINMS ALL LIABILITY FROM RS' TANCE THEREOM.
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e c.0.C. 180°¢C . - S . O,
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srocior 1242 SECTION V¥ HEALTH HAZ D DATA ;

- T ) I i Y A M X O B - s LBt
Q(magamOu st varug 1.0 mp/m3 of air ) '

<{$f3PQus
'Sk inIrr{titton {n the form of chloracne, systematic Intoxication

leads to nausea, vomiting, loss ol weight, edema and abdominal
paliln.

[ML8CI NCY aNO $1A3T 410 PAOCIOVALY

Remove from exposure. Remove contaminated clothing. Wash
c?ﬁﬁfﬁ?ed area with large amounts of watecr and»soqp. Refer to
physiclan. ] ! i ?
s:crtna V1 nzncrrvxrv DATA f
yvvem . c;n;u: TRLhikT TG avoro e -rl]
srast X . . '

INCOMPATABILITY (Narwrall is svadd)

EnalasoOus DICOMPOITION MROALCTE ' )
€O, CQOo, smoKe, soot, chlorides and chlorine

wAZARDOVLE WAY OCCUS COMDITIONS TO AVOID A ' p

‘EPOLTRINILATION - !
"l MOY OCCum

, | . 1

SECTION VI SPILL OR LEAK paoczouass R

and bury in approved chemical landrill in accordance with local .-
and state regulations, N \

S e h ofn an avproved incinerator in accordance with
local and state laws.

SECTION VIl SPECIAL PROTEETIDR INFORMATION

o . . Ly

B {57 1aat1QaY PEQIECTIION [Speaily doped

VENTILA TION LOCAaL (tmavll? Yea - ror vapors Mclay
UMICHANIC AL [Conemi) . QTwgA
- 1
PEQT(CYIvE CLOVEYS Rubber (el PAQIECTION Chemical 'goggle s

Otxla 200t{C TVl (QUIMICNT?

i ' ¢

SECTION IX SPECIAL PRECAUTIONS

"(CAUII_Ol-S lou VAL 1% manOLING 40O 50N
Y Q1 £iln_anag antA AYoid nhals on of vapors

QTwta raiCautiong - . ..—
. 54
Aon 0021
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Khile the information and recommendations set forth herein are believed
to be accurate as of the date hereof, MONSANTO COMPANY MAKES NO WARRANTY.
WITH RESPECT THERETQ AND DISCLAIMS ALL LIABILITY FROM RELIANCE THEREON.
JAG:HOH:JTG:WBP . ) 1/24/72
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TABLE 2

COMPOSITION OF COMMONLY USED ' '
~ GENERAL zx.zc'rnc PYRANOL TRANSFORMER DIELECTRIC rwmlsﬂt

PYRANOL: SPEC. NO. COMPOSITION

1467 6% PGB (Aroclor 1260)
. 407 trichlorobenzene
0.125X tin tetraphenyl

1470 ) 45X PCB (Aroclor 1260)
: 40X trichlorobenzene

15X tetrachlorobenzene

0.125% tin tetraphenyl

1488 602 PCB (Aroclor 1260)
. 40% trichlorobenzene
1497 or 45% PCB (Aroclor 1260)

Al3B3B 4O trichlorobenzene
: 151 tetrachlorobenzene: -
0.125% diepoxide: ST

A13B3B2 " 45% PCB (Aroclor 1254) .
40 trichlorobenzene. &
153 tetrachlorobenzene '
0.125X diepoxide .

A133383 602 PCB (Aroclor 1254):"
40X trichlorobenzene
0.125X diepoxide

— r———

ASOPS24 80T PCB (Aroclor 1242) . [.
13X trichlorobenzene - ..
7T tetrachlorobenzene
0.125% diepoxide

. |

ASOP559 65X PCB (Aroclor 1256)
23 trichlorobenzene |
12X tetrachlorobenzene
0.125X diepoxide

ASOPS70 40% PCB (Aroclor 1254)
6@ trichlorobenzene
0.125% diepoxide

SROTE: The use of Pyranol was discontinued in 1977. i

¢ - 200638
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PCB - AROCLDR-PYRANOL COMPOSITIONS

v S5 A =n ae S e S G BN Se TG =k S0 G A S @0 e =4 4= GO SR BB oo V8 o S o8 o8 o0 RS

G.E. =

CAFACITOR MONSANTD | - :

PYRANOL PERCENT CHEMICAL AROCLOR GE-MAT’L BE-MAT’L !

DESIGN'N COMP’N  ABBREV’N DESIGN’N SFEC. NO. COCE -

! '

14599 100 PCB 1242710164 ALJEIC ARWH !

- : | ;

1492 ‘ ! 2?2 1

&7 PCB 1240 A13E1E 1777 4

33 —_— S350 277 277

1481 A13BZB AAWN |

75 FCB 1254 A13EL ARWF |

25 TCB -— DSB76 ,0R ]

DSOFC3& DAFA/DAFC

]

1478 100 TCB —_— D5B7& DK : ;

DSOPCI& DAFA/DAFC ¢

_— - :

15475 100 PCB 1254 A13B1 AAWF !

1434 i A13B2A AAWM !

75 PCB 1254 A13E1 AAWF !

25 TCB — DSB7& OR ; '

DSOFC3& DAFA/DAFC 4

1 BCA —— DSJ14 DAHA !

[ ]

PC43 OR | '

DC OIL ASOFCA3 ACAV |

75 FCB 124271016 A1TELIC AAWH

25 FCB 1221 ASOFCA2. ACAU ¢

1 BCA —_— D5J16 DAHA !

——— | - i L]
200634 |




PCB —~ AROCLOR-PYRANOL COMPOSITIONS

G.E. - ' A

‘)

- o® S we GO A6 A0 GG S0 =% YR on S5 Sn GO AC ©0 4 A0 Se o4 06 S5 Gs *S aw 9 o

: | '
CAPACITOR MONSANTO ! !
FYRANOL PERCENT  CHEMICAL AROCLOR BE-MAT'L  BE-MAT'L i
DESIGN’N COMP"N  ABBREV’N DESIGN’N SPEC. NO. CODE
P-I1 DR !
PYRANOL I1I ASOFCSA  ADARA
100 PCB 1242/1016 A13EIC AAWH !
0.35 4206 — DSD71A ’DAES i
P-11 OR :
PYRANOL 11 ASOPCSBA ADAA ¢
99 PCB 124271016 A13E1IC AAWH !
0.7 4221 — - DSD70A DAGW !
P-11 OR , 1
PYRANCL 11 ASOFCED . " ADAD i .4
99 PCB 124271016 AL3BIC AAKH Y 7
1.0 330 | — DSOPC26& (A)  DESL &
= ' | Vo
P-I OR T
PYRANOL I 100 FCB 124271018 . A13B1C CAAKWH 1§
- !
_— . -
MONSANTO ARDCLOR 1254 !

MONSANTD

MONSANTO

MONSANTO

MONSANTO

ARDOCLDR 1242

AROCLOR 1016

AROCLOR 1221

AROCLOR 5460

- PENTACHLORCBIPHENYL MIXTURE |

= TRICHLORDBIFHENYL MIXTURE

~ TRICHLOROBIPHENYL MIXTURE REDISTILLED TO
REDUCE PENTA- AND HIGHER CHLOROEIFHENYLS

= MAINLY HDNDCHLDRUBIPHENYL-HIXTURE

- CHLORINATED TERPHENYL MIXTURE

TCB -~ TRfCHLDRDBENZENE

BCA - BETA-CHLOROANTHRAQUINONE

UNIDON CARBIDE 42046 EPOXIDE = 4-VINYLCYCLOHEXENE DIEFOXIDE

UNION CARBIDE 4221 EPOXIDE - 3,4-EPDXYCYCLOHEXYLHETHYL—‘

3, 4-EFOXYCYCLOHEXANE CAREOXYLATE
OR DICYCLO-DIEFOXY CARBOXYLATE

DOW’S DER 330 - DIGLYCIDYL ETHER OF EISFHENOL-A !

200635 .,
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TABLE 2- 2 Available Data on Usage of PCB-Based Dielectric Fluids in

fludson Falls (HF) and Ft. Edward (FE) Plants and Temperatures of Exposure
to Plant Environment.

Pyranol \ of
Year Plant Grade Production Composition (see Key)
1946 FE . 1476 95 ' 100% 1254
1436 4 75% 1254, 2S5% TCB, 1\ BCA
) 1481 1 75% 1254, 25% TCB
1950 FE 1499 80 100% 1242
. 1476 15 1008 1254 N
1436 4 75% 1254, 25% TCB, 1% BCA
0 1481 1 75% 1254, 25% TCB |
1952 HF 1476 95 100% 1254 ’ '
1436 4 75% 1254, 25% TCB, 1% BCA
1481 i 754 1254, 25% TCB
1953 HF 1499 n2S 100% 1242
. 1476 . 70 1008 1254
1436 4 75% 1254, etc.
1481 1 75% 1254, etc. ,
1955 HF ,FE 1499 95 lo0% 1242 ‘ R
1436 5 75% 1254, etc.
1956-59 = Unconfirmed report of switch back to 1254
1964 HF ,FE PII 99 100% 1242, 0.35% 4206
1436 1 75% 1254, etc.
1965 HF ,FE PII 99 99% 1242, 0.7% 4221
1436 1l 75% 1254, ete.
1971 HF ,FE PII - 99 99% 1016
' 1436 1 75% 1254, etc.
1975 - Report of reintroduction of 0.7% 4221
1976 - Displacement of 1016 by DEHP commenced
L1977 . WF, FE PII 5% X 991 10}6, 0.7% 4221 .
SREUE b et 1Y ¥ il T e ﬁll”?tﬁﬁhgage'ﬁisconffﬂued"" TR RS e sl R e

Temperatures at Which Wet Units Fxposed to Air

Ar0clor 1254-based fluids, FE, 90-395°C . N
HF, 45-60°C |
Aroclor 1242 or 1018 fluzds, FE, 65-70°C
. HF, 45-60°C

Key: 1254, Monsanto Aroclor 1254, pentachlorobiphenyl mixture. - 1242),
Monsanto Aroclor 1242, trxchlozob;phenyl mixture. 1016, Monsanto
Aroclor 1016, trzchlorobxphenyl mixture redistilled to remove penta-
and higher chlorobiphenyls. TCB, trichlorobenzene mixture. BCA,
betachloroanthraquinone. 4206, Union Carbide epoxide 4206, 4-vinyl-
cyclohexene diepoxide. 4221, Unzon Carbide epoxide 4221,

3d,4~epoaxy- G-methylcyclohexylmethyl 3, 4-epoxy-6-methy1c1clohexane
carboxylate. DEHP, d;(2 ethylhexyl) phthalate.

Data courtesy of Earl Dunham, GFE Capacitor Products Dept.

- &
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PYRANOL TRANSFORMERS
AND

PYRANOL IMMERSED

CURRENT-LIMITING REACTORS

INTRODUCTION

Pyranol® is a cooling and insulatiag liquid
which is aoninflammable, chemically stable,
and sonsludgisg. Pyranol supplied for unse
in transformers is straw-yellow in color and
bhas a Saybolt viscosicy of about 54 seconds
ac 37.8 C (100 F).

Mineral oil is completely miscible in trans-
former Pyranol and affects its nmoainflamm-
able characreristics. Since it is pracrically
impossible to separate the two liquids after
they have been mixed, it is importanc that
contaminacion wich any petroleam oils be
avoided.

Macerials which are not soluble in Pyranol
have been sclected for use ia coastructing
Pyranol eransformers. No materials should
be used in contact with trassformer Pyranol
except those approved by the General Elec-
tric Company,

PYRANCL IMMERSED

CURRENT-LIMITING REACTORS |

A Pyranol immersed curreat-limiting reac-
tor differs from s Pyranol immersed trans-
former in that it usually bas ao core, genet-
slly coasisting of one winding immersed io
Pyranol in a standard transformer tank. The
following instructions, givea for traasfot-
mers, apply to these reacrors.

RECEIVING

Pytanol transformers are pressace-tight,
and are normally shipped completely assem-
bled in their taaks, ready to be installed.

Upon teceipt of the transformer, examiae
the equipment for any damage that might have
been sustained in transic. If injury or rough
bandling is evident, s damage claim should
be filed immediastely with the transportation
company, and the nearest General Electric
Apparatus’ Sales Office should be notified
promptly.

- LRy .

*Repitered trade-marx for G-F askare]

HANDLING

Lugs or eye auts are provided for likting
the complete transformer and, when aeces-
sary, additional lugs and eye auts are sup-
plied for lifting the various parts. When life-
ing the complete transformer, use proper
spreaders to obcain a vertical lift. Securely
fasten the cover of the transformer in place
to prevent buckling of the tank wall,

Whea necessary, transformers are provided
with means of lifting with jacks, either by
means of special jack bosses welded to the
eraasformer tank, or by an extension of the
base of the traasformer. [n no case should
the transformer be moved oc lifted by placing

8 jack or tackle under the drain valves, radi- - =~

ator coanections, ot other attachments.

STORAGE

Before storing s transformer, check it to
see that the Pyranol is ac the proper level.
Renewsl coils and insulacion should also be

.- 820ged . ader Pyranal, in 8 _container that can - -

be seaicd from the air. The storage room
should be clean and dry, and, ®hen possible,
free of extreme temperature changes.’

Before a transformer is placed in service
from storage, make sure thar the Pyranol and
interiot of the transformer are dry.

INSTALLATION

INSPECTION

Prior to installarion, carefully inspect the
external parts of the transformer for damagc
which might have been sustained in transit.
Tighten any parts that may have become
loose, such as auts and leads. Inspect the
lead seals which are used to seal the valves
act the base of the tank. They should be un-
broken when the transformer is received.

Pyranol used forfilling transformers should
bave a dielectric strenpch of 30 kv of hizher.

M ey Ty ey >
- & the Gicicotric strengen of FPyranoi in

transformers in setvice reaches 25 kv or

00(
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GEH-10938 Pyranol Transformers and Pyranol lmmcnlcd Current-limiting Reectars

lower, filter it in accordance with the see-
tion on DRYING AND FILTERING PYRA-
NOL.

If che dielectric streageh is low, or if there
is other endence of free water, dey the core
and coils in accordance with instructions on
DRYING PYRANOL TRANSFORNERS. Uader
certain temperature conditions the Pyranol
may condense into drops on the underside of
the pressure-relief diaphragm.. These drops
should not be mistaken for free water.

Methods of sampling snd testiag Pyranocl
are covered in the section entitled SAMP-
LING AND TESTING PYRANOL.

If the transformer is to operate at 2 high
altitnde (3000 feet or more above sea level),
open a fitzing above the liquid level, either
the top sampling valve on the side of the
tank or the filling plug in the cover, to equal-
ize the ipternal and external pressures at
approx:mue!y 25 C before the transformer is
placed in operanonJ If this is not practice
able, the tuns{ormer should be veated and
rescaled ata pressure according to the Table
ander PRESSURE TEST.

If & transformer must be opened for inspec-
tion outdoors, on a damp or stormy day, take
Proper precautions to prevent the eatrance of
moisture. :

FOUNDATION

R - o-.m!y—fqumnon Jnecessary for the in-
stallation of a Pyranol ‘transiormer 18 3 1€vel

floor strong enou;H to support the weight.

If the transformer is equipped with a dia-
phragm mounted in the side of the tank, place
the trans{ormer so chat the diaphragm is not
facing an aisle or passagewsy.

CONNECTIONS

Donot change connections on a transformer
that is under excitation, or make any connec-
tions czcepe those authorized by the diagram
or nameplate accompanying the transformer,

Tap leads oo some transformers are con-
nected 1o a tap changer, the handle of which
may extend through the cover of the trans.
former or through the side of the tank- or it
may be under the cover. Fhen the tap-changer
bandle is brought out through the main cover
or the ‘side of the tank, the exposed mech-
anism is prote¢tgd by a cover. If this cover
is removed o operate the tap changer, it must
be replacedto avoid the entrance of moisture.

4

Leads not in vse must be iasulated from

‘geound and from all ocher leads.

Regardless of the floor or foundation on
which the transformer is placed, ground the
tank permaneatly and effectively by connect-
ing td the grounding lug at"the boctom of the
tack. A good, permanent, loweresistance
ground -is essential for adequate procection.
A poor ground may be worse than no ground
at all, since it gives a false feeling of safety
to those working around the equipment, and
may result in loss of life or damage to the
apparatus.

When a transformer or sutotransformer is
lpecully designed for use on a system hav-
ing s solidly grounded neutral, be sure that
the neutul lead, as indicated on the name-
plate, is pemmemly and solidly grounded
without resistance, In transformers specxally
designed for this service, the neutral lead is
usually brought out through a bushing of a
lower voltage tating than the line” bushings.
If the aeutral is not solidly grounded, suffi-
cient voltage may appear from neutral to
ground to cause arc-over of the neutral bush-
ing.

A traasformer or an autotransformer is oce
casionally grounded through a low impedance
or a tuned impedance of a higher value, In
such instances, the aecutral bushing is of
sufficient insulacion nrength to meet the
lpccx’ T gopdmons. Special instrucrions ac-
compa""/ EThis a'esrznetf “tor=such- applicas:
tions.

A s:n;!e-pbase transiormer suitable for Y
operation. on either the high-or the lowevolt-
age side may be so connected on cither side,
but mot simultaneously on both sides unless
prccuu'ous are taken to suppress third-hae-

monic voltages.
Two transformers of identical volrage race

ing may be operated in multiple safely when
they have the same polarity, ratio,phase rota-

e

Sy St

tion, and angular displacement, and approxi-

mately the same percent impedance.

When desizing to operate,in multiple, trans-
formers that are not of identical design, com-
municate with the nearest Apparatus Sales
Oflice of the General Eleciric Company for
information. Be sure to state the serial num-
bers of the transformers thac are to be operat-
ed in multiple.

Every transformer shou'd be prote:ted from
lightning disturbances by some form o”
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stroke procection. Aa approved lighening ar~ COOLING COILS ON

rester installed as near as possible to the WATER-COOLED TRANSFORMERS

transformer to be prote_c:ed. is recommeaded. Cooling coils are :horoughly dried before

Provide the arrester with ag efficient ground. shipment, and all traces of moisture: are re-
Yhenever disconnecting switches, with or "moved by meass of a bot-ais blasz. Do pec

. without arciag horms, lrc‘noun:ed on top of temove the caps from the terminals of a coil
scructures, erect grounded. protective masts  guiii ready to install or test the coil. Never
.« . to give 245 degree-angle shield over the top circulate water througha coil unless the rank

of the horns or open switch, A procecting ;g filed wich Pyranol, as moisture might con-
screes is even more efficient than @asts  g.p.. on the coil aad later be absorbed by
(. eoly. T . . the Pyranol.

. PRESSURE TEST . After the tank is filled with Pyranol, make

: - ) a final pressure test oa the cooling coil ac

Pressure test all Pyranol transformers bes  gphout 150 1b per 3q is. The best method is

fore placing them .in service. Subject the  ¢o use dry air pressure so that aay leaks may

tanks to an internal pressure of five pounds be located by obsetving bubbles in the Pys

per square inch when the installation is com- ranol. If air is not available, fill che coil

pleted, using dry compressed air of dry git-  wich Pyranol and apply pressure. After ob-

rogen introduced through the filling hole in taining pressure, disconnect the supply, and

‘hf cover. Wben this pressure bas be',en at>  gfter a half hour determine whether any fall
tained, shut off ‘the supply and allow the 5 pressure is due to a leak in the coil or.in .
traasformer to stand for 12 bours. Observe  c¢he ficcings at the ends of the coil. )

the pressure readiag during chis period, and , SRTARE

. ‘examine the tank and firtings for.leaks. If GAS’FETS Lo

( thé: pressure holds constant, the joints are The standard material for gaskets used in -
making liquid-tight joints on transformers and

_satisfacrory. )
Leaks above the Pyranol level may be lo-  regulators is aitrile® rubber. However, some

* cated by applying a solution of soap and applicauons of camposmon-cor& gaske.s re-
water to all gasketed joints, pipe firtings, main. These instructions explain the proce-
and cable coanectioas. dure for making a liquid-tight seal with both

.Following the pressure tesc, and any time gitrile-rubber and composition-cork gaskets.

‘. that it is necessary to break the transformer NITRILE-RUBBER GCASKETS
s s so-soal ireseal <SR dranslozmer. ac: the propet. .. . . .
’ pressure, in sccordance with Table I. *Winidesrubbee sm&“r Tequire: ﬂa”'dﬁeﬂ‘nm"*
A to make a liquid-tight seal, although adhesive
TABLE 1. ] ASOP68 may be applied 2s a thin film in a
Pyranol Temperature Appfoximace Pressure (. g places, when required to hold the gase
Degrees C Lb Per Sq In. kets on a verrical surface. A small amount
25 - 0.0 of adhesiveis requiredto make scarfed joints
30 0.5 in a gasker.
( is 1.0 The resilience of nirtrile rubber makes pos-
‘ 40 _— 1.5 sible the reuse of these gaskets in forming 3 .

. . . scal if cthe gasket has not been damaged.

Use dey air or nitrogen if the pressure must
be incressed to an amount greacer than at-
mospheric pressure (zero Ib per sq in. gage

Storage

Store spare nitrile~rubber gaskets in a dack
room, away from places of high temperacure,

) pressure). .
( If the seal is broken when the Pyranol  such as steam radiacors.

temperacure is lower than 25 C, reseal the Application of Gasket
transfomer ac stmospheric pressure; chen N . .

. vent the seal to atmospheric pressure when . Fl"" the ‘a.ﬂ"'"‘d the surfacesto which

- the Pyranol temperature resches 25 C, to pre- ks to:be a.ppl.sed, of all rust, water, grease,
vent eizcessive pressuce 'hen the Pyranol insulating liquid, loqs_e painc, scale, or any
température exceeds 25 C. *A syntSetic runber compounded 5 G-E specifications
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"this is a vertical

other foreign marerial excepe thoroughly dried
oilproof paint. Denatyred alcohol is recom-

- meaded for use in eleaning the surfaces.

Place the gasket in the proper location, If
U surface, a thin flm of ad-
hesive ASOPS8 may be applied in afew places
to secure it. As grooves or metal-to-metal

_ stops are used on most gasketed joincs, it is

essential that gaskets of proper widith and
thickness be nsed so that correct bolt spac-
ing and pressure can be maintained. (To be

_assured of obtaining gaskets with the correct

dimensions and quality, order replacements

_from the General Electric Compaay.)

Tighten the boles, drawing cach dowa in

small increments. Proceed around the bole

. eircle several times until the metil stops are

reached, or, if no, stops are provided, uncil

" . the gesket is compressed.to 2/3 of the origi-

R Y

Th:ckn;:ss of Gasket

. nmutes).
" together and press the joiat firmly by hand

. nal thickness. Do sot compress the gasker

beyond this pomt. No :uhsequen: u;h:emn;
of the bolts is Decessary,

Propanﬁon of $¢arfod Joints -

" Place the gasketin the scarfing fixture-and
cut to the proper angle. The correct lengths
of scarf for various thicknesses of ;asket are
guen in TABLE . .

TABLE 2
Length of Sc:rf

B - R -;-*--: “=tincheshe=r-
77 D 11/2
4 . 1
/16, 3/4

Sand the surface patil it is perfectly flac,.
drawing the sandmg block towird the thin
edge ozly, ..

‘Vipe the sc:rfed a:e: vuh a clun cloch
dampcned in acetone, slcohol, de-greaser
solvent, or solvatone. . Leave no:hm; on the
scarf to interfere. with the bond. Even a* small

_amount of oil, sach as might be left from rub~

biag with the fingers, will m:erfcre vuh the
quality of adhesion.
" To the clean, scarfed surface, apply an

- evefi coat of ASOPE8 adhesive, and allow ‘the

sutfaces to sirdry unul .2 "tackiness’ de-
velops ‘to the point that the adhesive will not
tran'sfer to the fingers (usu:lly from 5 to 13
Then being the scarfed surfaces

with enough pressure to dxsplacc all aie. Do

' GEN:- 10938 Pyrandl ;;:nu'wmon and Pyrancl Immersed Currentolimiting Resctors

not distort the shapeof the gasket excessive-
ly. jomts caa be cured immediately, or at
any time within s week.

To cure the join:, place :h: gasket in a
heated press or vulcacizer and clamp together.
Apply oaly enough presSure to insure a joint
of uniform contact. Avoid excessive distor-
tion of the gasket. Cure the joiat in the press
for 35 minutes at 130 C, or 20 minutes at
150 .C. Do not heat over 160 C. Remove the
gasket at the end of the curing cycle and dip
io cold water uatil cool.

A properly prepared joint is sufficiently
strong to withstand sharp bending, twisting,

- snd elongation of 100 percent. There should

be.no gaps at either end of the scarf, and the
adhesion should be uaiformly good.

COMPOSITION-CORK GASKETS

Composmon-cork gaskets will not hold
liquid unless treated or coated; thar is, the
liquid will seep very slowly through the cork
aad will {low along the joint. Fot this rea-
son, & suitable compound is essential with
composition-cork gaskets. (Ezxceptions: Use

.no compound or sticker on the smaill gaskets

in a bushing terminal cap, or on gaskets
scround a movable shaft.)

Application of Gasket

The follo-m; procedure applies particulare
10 the joint betweea the cover 'and tank,
"Sut 3¢ should B¢ "u%e
the formation .of eother liquid-seal jeints.
Clean the metal surfaces of black scale,
oil, grease, water, rust, or any foreign ma-
terial ocher than choroughly dried oilpeoof

-paint, preferably with denatured alcohol.

Cut and ‘scar{ the gaskets to [it the tank
“-flagge. If the gaskets are to be mounted in a
groove, place themin the center of the groove,
Make sharp corners, such as in junction box-
es, with angle pieces of cork..

Remove the gaskets from the flange and
thotoughly coac them with G-E compound 880
of fairly hcuy cons:stency. then suspend the
gaskers in the air to drain until they are per-
fectly dry for handling. Such drying usuaily
tequires less than four bours. (If necessary,
a small amounc of talc may be sprinkled over
the dried compound as an added precaution
sgainst sticking when handling.)

Apply one fairly heavy coat of compound to
the flange and underside of the cover, and

00C
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allow to dry.

Before essembly, apply a light coat of com-
pound 880 to the tank flagge and underside of
the gasket. After the compound has dried
sufficiently so that it will not adhere to the
fingers (about 15 miauces), assemble the gas-
kets on the tank flange. Place the gaske:
betueen the bolt holes and inner edge of the
flange. Vhen full widech gaskets are nsed,
make sure they are assembled with ac least
3/4 in. of gasker widch inside the bolt holes.
Locate scarfed joints between bolt holes.
Work each gasket section back and forch a
few times over the compounded metal surface.

Make the scarfed joints as explained in a
subsequent section.

Weight or clamp-the gasket ar frequent in-
tervals to obtain the best possible adhesioa
to che metal surface. Use extra pressure at
the scarfed joints and at curves. Leave the
clamps or weights for at least 30 minutes.
After this period, the compound should be
quite '‘gummy’® but aot hard.

1f full-width gaskets are used, ream opea-
ings through the gasket for the bolts, and
cover all exposed gasket surface at the holes
with compound 880. This should be done with
the clamps in position.

Apply a light coat of compound to all ex-
posed surfaces of the gasket aad to the vo-
derside of the Cover. Phen the tompstad Is”
tacky, ss previously explained, mount the
cover.

Tighten the bo!ts, drawing down all bolts
in small increments. Proceed around the bolt
circle several times uneil che gasket is com-
pressed to approximately oge-half its original
thickness. Allow several hours (2 to 6) to
elapse. then retighten the bolts aatil the gas-
ket is compressed to about one-third its origi-
nal thickness. A third tightening, a few hours
later, is also recommended.. Keep the in-
sulacing liquid away from the joinc until the
final tightening.

Preparation of Scarfed Joints

Place the gasket in a suitable fixrure and
cut to the proper angle. The correct lengths
of scarf {or various thickasesses of gasker
are given in TABLE IIl.

-

TABLE 3
Thickness of Gasket Leagth of Scarf
(Iaches) (Inches)
3/8 . 2
1/4 * 11/4
3/16 a ) 3

Saand or file the surface until it is smooch,
drawing the sanding block or file toward the

.thin'edge only.

Apply a thin coat of G-E compound 880 to
boch scarfed surfaces and allow to dry un:il
tacky.

If the gasket is not to be used for several
hours, clamp the scarfed joint togecher fiemly
and sllow the clamps to remain for at least
30 misutes.

Valve-stem Packings

Packings for radiator and conservator valve
stems are made of nn;s of composition cork,
3/8 ia. thick and 1/8 in., wide. They are in-
serted edgewise into the stuffing box, in
which they fit saugly. Use oo compound in
applying these gaskers. The method of in-
sertion is as follows:

Rémove che haadle and glaad, snd clean
all surfaces. Place the cork rings sround the
stem and force them iato the stuffing box
with a piece of standard 3/8 in. pipe. Repeat
wncil the scuffing box is full; then screw the

gland down hard. Remove the gland and add

tland Assemble the handle and adjust the

27 i e
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gland until the valve stem turns quite hard. -

PIPE FITTINGS

When assembling pipe fitrings, clean the
threads thoroughly to remove all oil, grease,
Pyragol, old compound, and dim. Apply a
coating of G-E compound 880 to the threads
and screw the mating pares cightly in place.

MAINTENANCE

In general, from the standpoint of mainten-
ance, operation, overvoltage protection, and
overcurrent protection, Pyranol transformers
should be treaced the same as oil-filled trans-
formers. Specific instructions on items pecy-
liar to Pyranol transformers are given in the
sections which follow.

HANDLING PYRANOL
Trans/ormer Pyrano! may be handled in the

00C #
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w2 e < pedafilledewith. Pyranol, it may. be L pecessary
to refill a transformer. [f so, proceed as fol- "

- the

same manner as mineral oil. However, con-
tinued exposure to liquid Pyranol may pro-
duce local skia irrications. Cleaaliness amoag
wotkmen handling Pyruol constitutes az
adequate safeguard agaiax such effects. Or-
dnury medicinal washes will remove any
imitation caused by Pyrancl coming in cen-
tact with an open cut or skia abrasion. A
drop of castor oil will aeutralize any irrita-
tioa caused by eoatact of liquid transformer

- Pyranol with the eyes. As with most volatile

natetuls, exposure to conceatrated Pyranol
vapors iz usventilated rooms should be avaoid-

Pyranol mast be haadled in concaiaers,
pipes, all-metal bhose, etc, which are free
from oil, grease, pitch, or other foreign ma-
terials, since they contaminate the liqnid snd
decrease its noninflammable properties. It
is desirable that ‘all such apparatus msed in
storiag or transporeing Pyranol be maintained
for exclusive use with Pyrasol, as it is ex-
trzemely difficult to remove all traces of oil,
ot other Pyragol contaminants, from equipe
ment of this type.

All-mezal hose, instead of rubberlined
hose, must be used in handling Pyrancl, since
rubder is affected by Pyraaol.

FILLING TRANSFORMERS
Although all Pyranol transformers are ship-

lows: Before filling the transformer, make
sure thar the joints are tight aad opea all air
veazs. [a order to prevent aeration of the
Pytanol, it is preferable to fill the tzansiormer
through the draia valve, with a [iltee press.
Fill to the 25 C mark on the gage, or up to
the lower sampling valve if no gage is pro-
vided.

Baked-on Glypeal® paine is resistant to the
action of Pyranol. Air-cured Glypeal paint
used for touch-up work in the factory and for
tepaiating ia the field, however, requires a
tather long curing period. Therefore, care
should be taken 1o remove all traces of Py-
ranol thart are spilled or dripped 0n the oute

-side of the transformer.

PERIODIC INSPECTION

After the first few days of opeunon. test
‘°p lﬂd_bq‘ fas dipalamsel,~

*Trade~mart Reg. U.5 Pat Of,

streagth.  Refer to the section SAMPLNG
AND TESTING PYRANOL.

Pyranol samples may be drawa and tesced
sémiannually or annually, except in water-
cooled transformers, where ¢ests every four
months are recommended. Accurate tecords
of these tests should be kepe. If, at any time,
the Pyranol tests below 25 kv at room temp-
eracure, & filter press may be used to rescore
the dielectric a.reageh to 30 kv or more,

Mainain che level of the Pyranol in cthe
transformer up to, or above, the mark on the
Pyranol gage, or up to, or above, the lo'er
.sampling valve,

Note thatr with a low operating temperature
one of the consticuents of No. 1467 Pyranol
bas a teadency to separate and appear on the

* surface as a light deposit. Whesn the operate

ing temperacure returns to normal, this com-
pousd recombines with the Pyranol.

Ezxamine the conditios of the external trans-
fotrmer surfaces at regular intervals. If it is

. found that weathering is taking place, clean

the surfaces thoroughly and repaint with a
good grade of durable paint recommended by
the General Electric Company.

It is recommended that a pressure test be

made once s year, or more often for severe -

operating conditions, to make sure that a
complete seal is maintained., See iastruc-
tions under heading PRESSURE TEST.

~Alshe.wraosformer, is equipped with 2 pres-

-

sure-vacuum gage, observe the gagé read’mg
periodically. If it contisues to read approxi-
mately zero lb per 5q iz, with varying Pyra-
nol temperatures, a leak in che seal is indi-
cated, sad a pressure test should be made,

WATER-COOLED TRANSFORMERS

The ingoing cooling water should have a
temperature of approximately 25 C. Supply
eaough water so rhat the difference in temp-
eracares between the ingoing and the out-
going is not more than 10 C. It is recom-
mended that thermometers be permanently
installed in the ingoiog and outgoing water
coanections so that the difference in temp-
eratures may be readily’ observed. Vhere
multipie cooling coils are employed, see that
the flow through each section is such as-to
produce the same remperacure rise in each.
To prevent condensation, never allow wacer

e I

- ln[iuu"s ally rc‘ﬂrbﬂ—v-r - uv\-.u'ls [T

that has been exposed by lowerir= +he Py
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tanol level of the transformer.

Nearly all cooling water will, in time, form
scale or sediment in the cooling coil, which
matecially decreases the efficieacy of the
coil. This is indicated by a high Pyranol
temperature sad a decreased flow of water,
load conditions and water pressure remaining
the same.

Scale and sediment can be removed from a
cooling coil without removing the coil ‘from
the tank. Disconnect both inlet and outles
pipes from the water system and temporarily
pipe the coil to a point several feet away
from the transformer, whete the éoil cam be
filled and emptied safely. Take special care
to prevent any acid, dirt, or water from eater-
ing the transformer,

Blow or siphon all the wacrer from the cool-
iag coil, sad pump it full of a soluticn of
hyderochlorc (muriatic) acid, specific gravity
1.10. (Equal parts of commercially pure, con-
centrated hydrochloric acid and water will
give this specific geavity.) A petcock locat-
ed on the elbow at the upper ead of the coil
must be gsed to vent & coil in a closed sys-
tem whea siphoning the water. The chemical

" sction which takes place whea the acid esn-

ters the coil may be very vioclent and oftea
forces acid, sediment, etc. from both ends of
the coil. Therefore, it is advisable to'leave
one end partially opea to prevest abaormal
pressure. ’

After the =solution has stood ia the coil
about aa hour, flush it thoroughly with clean
water, If all the scale is aot removed the
first time, repeat the operation until the coil
is clesn, using a nev solution each time. The

aumber of times it i3 necessary to repeat the
process will depend on the condition of the "

coil, although ordinarily oge or two fillings
will be sufficient. .

If a waterscooled transformer is to be te-
moved {rom service, it is recommended thac
the cocling coil be drained choroughly, dried
by hor air, filled with Pyranol, and sealed.
OPERATION WITHOUTCOOLING

MEDIUM
Do not run an artificially cooled transfor-

mer continuously, even at no load, without
the cooling medium. If the circulation of the
cooling medium is unavoidably stopped, im-
mediately reduce the load as much as pos-
sible and keep a close watch on the winding

temperacure (if a winding-temperature indi- -

cator is svailable) and on the Pyrano!l temp-
erature,

SAMPLING AND TESTING PYRANOL

Follow the procedure outlined herewith to
obtain coasistent results from simples taken
for either field or laboratory tests. )

Sampling from Transformers

1. Take samples preferably when the temp-
perature of the transformer isnear 25 C. Take
samples- from outdoor apparatus on a clear
day only aad guard against contamination by
wind-blown dust, etc.

2. Use glass bortles as sample containers.
A onc-quart bottle will bold sufficient Pyra-
nol for complete tests.

3, To cleza the bottles, rinse with non-
leaded, oil-free gasoline; thea wash with
strong soapsuds, rinse choroughly wich wacer,

. and dry‘in ah oven at 105 C to 110 C for ac

least eight hours. After drying the bottles,
sea! cightly wizth a glass stopper or a clean
cork. Prozect the cork by wrapping with clean
metal foil.

4. Iopurities cteading to affect the dielec-
tric streagch of Pyranol will, ia general, be
at the top of the liquid. Therelfore, take the
sample from the top through the small valve
or plug, and allow enocugh Pyranol to run out
80 that any moisture or forcign material which
may have collected in the drain pipe, valve,
or plug will be removed.

3. Draw s sample iato the bottle, leaving
sufficieat air space to allow for possible ezx-
psnsion of thé Pyranol. Carefully seal the
container to prevenr any exposure of the Py-
ranol to the atmosphere, using the stopper
temoved from the bextle.

6. After taking the sample, reseal the ap-.
pararus s=s described in PRESSURE TEST.

If the sample js taken when the tempera-
tare is lower chan 25 C, reseal the apparitus
at aamospheric pressure. However, when the
temperature reaches 25 C, vear the apparatus
to atmospheric pressure to avoid excessive
internal pressure at higher temperatures.

Sampling from Drums

Take samples from drums after the Pyranol
has remaised undisturbed for at least eight
hours, and when the Pyrano! is at least as
warm as the surrounding air. I the drums are
outdoors, take sampies on a clear day only
and guard against wind-blown dust, etc. Take
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s sample from the top of the drum by means
of a chemically clean thief.
sampliag precautions outlined before.

Clean the ;lass thieves, wsed for taking
the samples, in the same manner as the bot-
tles, and dry, preferably at a temperacure not
less than 37.8 C {100 F).

Teating for Dielectric Strength

For testing the dielectric szreagth of Pyra-
gol, the techaique as specified by the Ameri-
can Society for Testing Materials in the test
method encitled, *'The Standard Method of
Testing Electrical Insulating Oils'’ shall be
followed. The following precautions and mod-
ifications should be observed:

1. Set the spacing of the two l-inch disk
electrodes at 0.100 inch.

2. Wipe the tesc cup aand electrodes clesa
with dry, calendered tissues, or clean, dry
chamois and rinse thoroughly with clean, non-
leaded, oil-free gasoline.

3, Fill the cup with dry gasoline and make
8 breakdown test under standard conditions
of voltage application (3 kv per second rise).
If the dielectric sereagth is pot less than
25 kv, the cup is considered suitable for
testing purposes. The asual precautions in
bandling gasoline should be observed.

4. Immediately after the final rinsing with
gasolipe, rinse the test cup with the Pyranol
udder investigation and proceed with the test
at once.

S. The temperature of the Pyranol, whea
tested, should be the same as that of the
room, which should be between 20 C aad 30 C
(68 F 2ad B6 F).

6. After filling the test cup, allow the Pyra-
wol tastaad for three minuces before testing, to
allow entrained air bubbles to escape.

7. Test. oaly once per filling. Fill at least
five times and average the resules.

Pyranol testing [ower than 25 kv should be
filtered or replaced.

PYRANOL TESTING SERVICE

For convenieace in sampling and testing
Pyranol, the General Electric Company will,
upon receipt of order st an Apparatus Sales
Office, furnish one-quart containers [illed
with clean, dry Pyranol. Afier emptying the
container into the apparatus, immediately re-
fill with the liquid to be tested. This ob-
viates Step 3 uander SAMPLING FROM AP-
PARATUS, but the subsequent steps should

Observe the

be followed to insure obtaining 2 sample re-
presentative of the original Pyranol.

Sead the samples to the Field Engincer,
Power Traasformer Engineering Division,
Pittsfield, Massachusetts, for tescing. Re-
commendacions for continued &seor treatment
will be fumished, in addition to a complete
feport covering the following cests:

1. Diclectric streageh 3. Acxd:ty
2. Color _4. Coadition

To assist in furnishing the most useful
comments on the results of the tests, reques:
for this informacion should:

1. Sctate why the tests are considered de-
sirable. .

2. Give the gerial number and catiag of che .
apparatus,

3. Scate wherher or not the sample repre-
senrs the Pyranol originally furnished with
the apparatus. If not, when was the Pyrasnol
replaced.

4. State the temperature and weather con-
ditions at the time the sample was taken.

'S« Give any other information that might -
have a bearing on the coadition of the Pyr:-
nol. ‘

6. State ro whom the report should be sent. .

FILTERING AND DRYING PYRANOL

Transformer Pyrancl will seldom require
filcration because the tank of a Pyranol crans-
formec is sealed. Exctensive filtering with ful-
les’s earth will remove a portion of one of the
constituents of Pyrasol. Should much filter
ing be done itis recommended thac 2 one-quare
sample of the Pyranol be sent to the Field

‘Engiaeer, General Electric Company, Picts-

field, Massachusetts, for test and recommean-
dations for treatment of the Pyranol. f

. When it is necessary o filter Pyranol ¢o 're-
move moisture or foreign macerial, the follow-
ing is therecommended procedure: Use a Py-
ranol purifier coasisting of a specially pro-
portioned [ilter press, a positive-volume gear
pump, driving motor, combined drip pan and
mizing tank, snd the necessary piping, valves,
strainer, gages and drying ovens. Thoroughly
clean the equipment to temove foreign ma-
terial, including oil. Avoid cil contamination
because oil is completely miscible in Pyra-
nol and cannot be separated by any practical
method. It is recommended that, wherever
possible, separate equipment be reserved for

the exclusive ose of Pyranol.
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TO REMOVE MOISTURE FROM PYRA-
NOL OR ANY OTHER INSULATING LIQ-
UID A THOROUGHLY DRY FILTERING

MEDIUM 1S ESSENTIAL. Filter paper aad
fuller's earth are ased for this purpose on the
Pyranol purifier, and the effectivencas of the
filtering process is proportional to the care
and thoroughness with which these macerials
ace dried iaicially. :
DRYING THE PAPER
~  The individual sheets of filter paper should
be separated 1/8 inch or more when huag oa
the rodsin the ovea,to permit free circulation
of air and to iasure rapid dryiag., Dry the pa-
per from six to twelve bours (depending upon
the condirion of the paper and the separation
of the sheets) at a temperacure of 95 C to
105 C. After drying the paper, take it from
the oven directly to the filter, or, if this is
not convenient, store it vnder moisture-free
Pyranol (ia a sealed container) for future use.
Vhen transferring the paper, take care to han-
dle it as little as possible to avoid the ab-
sorptxon of moisture [rom the haads and to min-
imize the time that the paper is exposedtothe
air.
When the filter paper has been dried, do aoc
" permit it to cool to room temperature uaul aec-
tually clamped in the [ilter press or ocherwise
shielded from contact with the air, because a
thoroughly dried sheet of paper will, when
cooled, takeupan appreciable amount of mois-
ture {rom the air in a matter of seconds.

In many cases, it is considered preferable
to provide special coatainers holding ene or
more compleze charges of predried peper, the
paper in this case being dried ac a central
point where it can be done effectively and e
conomically. After drying, the paper is placed
in the conctainer while still hot, covered with
moisture-free Pyranol; and the container
sealed. Thus, a stock of moisture-free paper
is always available for immediate ase.
DRYING FULLER'S EARTH

Fuller's earth, a clay-like material with
tiny pores having the ability to take up mois-
ture and other impuricies, should be thorough~
ly dried before being used in the filter, be-
cause pores already partially filled with mois-
ture have only a limited capacity for taking
up additional impurities.

Ualike filter paper aad similar cellulose

material, fullet's earth can withstand tem-
peratures far in excess of the boiling point -
of water. Therefore, by beating the eacth to
200 C or 300 C (400 C is abouc the top limir),
the moisture can be changed to steam and ef-
fectively driven from the-microscopic-pores.: -
The leagthof time required to do this depeads
upon the depth of earth in the container and --
the temperature. For example, two-hours at
250 C will be satisfactory if the earth is-in
shallow pans not more cthan two inches deep.
Dry fuller’s earth, like dry filter- paper,
should not be permitted to cool ¢o -roem tem- -
perature before it is sctually mized wich the " -
Pyranol. This .avoids reabsorbicg moisture -
from the air. The importaace of this precau-
tion can be most readily appreciated by con- -
sidering the fact that Pyranol-is dried during .
the few secoads it takes for the Pyranol-to

" pass through a layer of prnperly prepsred ful-

ler’s earth and filter paper. S ee e
Then s high-tempesature oven is not. an:l- -
able at, or near, the filtering job, the exrth
can be dried simply and effectively by using-
the familiar plumber’s furnace and a‘shallow,
clean pan. A fourinch section cut from the -
bottom of a 14- or l6-inch distribution-trans-
former rank makes a satisfactory pan, ora
pan may be fabricated with a heavy base see~
tion that will discribute the heat uniformly
over the eatire bottom surface. A single
charge of earth (siz pouads) for the Pynnol
filter will be about 1-3/4 inches deep in a
pan with a diameter of 16 inches. '

Regulate the furaace to about the pom:
where che bortom of the pan begins to take
on a blue color (this valueis aot critical) and

stir tbe €arch slowly with a paddle to main-

tain a uniform temperature throughout. A
charge of earth can be dried on the job just
prior to being transferred inco the [lilter, s0
that, being hot, it will not reabsorb moisture
from the air during the charging operacion.

CHARGING THE FILTER

The frames and plates-should be placed
alternately and so positioned that, when facing
the pump or head end of the equipment, the
small projections, on their top edges are at¢
the right-hand side. -

Place three sheets of. dry [ilter paper be-
tween each plate and adjacear frame, taking
care thar the holes in the paper coor===-- 0
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. those in the plates. As soon as they are po-

sitiooed, push the plates and frames togecher
to prevent {ree circulation of sir past the pa-
per while the remaining sheets are being ia-
serted. Whea all the sheets are in positios,
clamp the press securely by meaas of the com-
pression screws st the back of the assembly,

- The charge for the filter shogld coasist of
siz pounds. of 80/300 mesh fuller's earth
(the equivalent in volumeto a little more than
oae galloa ia liquid measure). Mix abour a
third of this charge with five or six gallons
of clesa Pyrazol in the mixiag taak. Whea
the charge is thoroughly mixed, opea the valve

" leadiag from the mixing tank to the pump, aad

the valve betweea the press outles and the
drip paa, and make surc the other valves are
closed. Thea start the motor to circulate the
Pyraaol and fuller's earth mixzture through
the press so as to deposit a layer of fuller's
earth oq the surface of the filter paper. After
the pump has beea runaiag about five miautes,
the remaioder of the six-pouad charge of earth
may be added gradually to the mixisg taak.
At the same time, stir the mixture thoroughly
to prevent any dry lumps of earth being drawn
into the pump. The addition of the remainder
of the earzth will take from 10 to 15 miautes.
It is recommended that the parifier be rua at
leasc five minutes after the last of the earth
is added to make sure that all earth is de-
posited in the press and that the cake is of
proper depeh. The purifier is thea ready for
use.

OPERATION

The most effective procedure for filtering
is to pump the Pyranol throggh the filter and
into a clean taok. Whes this is aoc practics-
ble, the circulation method may be used,
whereby the impure flaid is pumped directly
from the traasformer taak through the filter
aod back to the same taak. Ia such cases, it
is recommended that the traasformer be de-
eaergized.

Since most of the free water and sediment
are asually found near the top surface of the
Pyraool, the ialer to the filter should be con-

,aected to the top of the transformer rank and

the return fluid deliveredinto the bottom. Dur-
iag the hlcena; operstioa, aay. air which has
been drawn iato the filter press will be dise
charged into the bottom of the traasformer

tack. Therefote, allow sufficient time (two
hoursor more) for this air to escape before the
transformer is re~energized. [f these iastruc-
tioasare followed, there should beno difficul-
ty in obtaining a dxelecmc strength of 30 kv
or bigher, as measured with oae-iach disks
set 0.1 inch aparc.

CLEANING THE FILTER

Compressed air passed through the press
will release a considerable amount of Pyranol
that would otherwise be recained in the earch
aad filter paper.

To do this, first close all valves excepe
the one leading from the filter-press oucles
to the drip pan. Then coanect a supply of
dry. oil-free compressed air to the connec-
tion at the pressinler and pass the airthrough
the press uatil ao further Pyranol is dis-
charged into the drip pan. Air pressures as
high as 100 pounds can be used; the higher
the pressure, the more rapidly the Pyrano] is
forced out.

Ia addition to saving Pyranol, this opera-
tion sioplifies the subsequent removal of the
carth and filter paper. After blowing out the-
press, the individual frames, with the filcer
paper held in position on each side, can be
lifted from the press intact, and the earth
aad paper discarded with misimum effort.

PUMP

The purifier is equipped with a coastants
volume gear pump having s built-in relief
walve adjusted to limit the output pressure to

- 100 pounds per square inch. The higher spe-

cific gravity of Pyraaol does not permic loag
or bigh “*suction’’ lifts; heace it is desirable
to 8o locate the filtering apparatus that the
inlet ¢coanections will be as short as possi-
ble. The Pyranol should preferably flow into
the pump by gravity. Where long russ cannot
be avoided, the vse of large hose will give
bes: results.

Where it is necessary to filter Pyranol in
transformers located in subway manholes or
street vaules, space limitations usually make
it impractical to lower the purifier inco che
vault. To maintzin full-capacity operaticn
under these ceonditions, it is recommended
that a portable auxiliary motor and pump uasit
be installed in the vault to pump the Pyr:nol

up to the filter.

After the equivalent ¢f several moaths of
coatinuous service, the abrasive action of
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the fuller’'s earth passing through the pump
gears may cause coasiderable wear, particus
‘larly if the Pyranol and fuller’s earth are aot
well mixed, The filter is designed for con-
veaient pump teplacement, and whea this
wear has advaaced to the exteat that the out-
put of the spparatus is sppreciably below
asormal, install & sew pamp. While iadividual
tepair parts can be obtained for these pumps,
the wear will be found to be 30 generally dis-
tributed over the whole pump chat a complete
replacement is advisable.

MOTOR

The 1.S-horsepower motor is geared directs
ly to the pump. Ordinarily, a siogle-pbase,
110/220-vole, 60-cycle iaduction motor is
supplied, but motors for other voltages and
frequencies, or for direct curreat may be ob
taiaed.

STRAINER

The strainer is pro'nded to preveat any-
th:n; of sppreciable size from eatering and
injuring the pump. It is casily accessible and
should be thoroughly cleaned at regular ig-
tervals.

ELECTRIC DRYING OVEN

The oven for this purifier requires approx-
imately 1400 warts and is designed to oper-
ate from either 100-volt or 220-volt, siagle-
phase alternating curreae. The ovea is pro-
vided with as automatic beat control to avoid
overbeating the paper and earth, and is di-
vided into four compartmeats, each. with rods
for suspeading the filter paper for dryiag.

DRYING PYRANOL TRANSFORMERS

Dry Pyranol translormers by the short-
- eircuit method. Before applyiag voltage,
blanker the traasformer, beginaing at the bot-
tom of the corrugations, tubes, or radiators
and wrapping the tank with heavy paper,
cloth, or buildiag felt uatil sufficient surface
bas been covered (judged by trial). To pre-
vent condensacion, thoroughly la g the cover.

Ventilate the cover by raising the manhole

covers, etc, and protect the opeaings if the
transformer is out-of-doors. If the drying is
carried on indoors, good ventilation or ocher
means should be provided to exhaust the
vapors [rom the room. *
"For two-wiadiasg transformers, short-circuit
-one winding and apply voltage to the other

wiading to give the percent of full-load cure
rent for mazimum allowable top-Pyranol temp-
eratures in accordaace with Table [V, Lower”
top-Pyranol temperatures may be used, but
the leageh of the drying run will be inereased.

Table IV gives the values which apply to
the SELF-COOLED rating of type OA (self-
cooled) as well as ¥C (water-cooled with
daternal cooling coil) trassformers. The lac-
‘ter may not need blanketing of the tank, al-
though the cover should be lagged.

Before dryiag three-winding traasformers,
or any of the forced-liquid-cooled types, ob~
tain advice from the nearest Apparatus Sajes
Office of the Geaeral Eleczric Company.

TABLE 4

Maximum-allowable Short- Mazimomeallowable

Circuit Amperes in Per~ Top-Pyranol
ceat of Full Load,  Temperature
Bused oa Sell-Cooled
Hating (see preceding
puragraphs.) ;
50 < 1000C
Fe 90°C

Do not allow the top-Pyranol temperazure
to exceed the specified value for the given
pecent load, becausé the windings are at 2
higher temperature than :the Pyranol, nn:i
damage to the insulation may resule.

Continue the drying uatil seven coasecus
tive tests of samples of top Pyranol taken
every four hours show a dielectric strength
of 30 kv or higher. Allow the Pyranol' sam-
ples to cool to room temperature (not higher °
than 40 C) before testing.

SPARE TRANSFORMERS

Time and expense will be saved if spare
wnits dre kepe in readiness for instant use.

lospect the following items during periods
of idleness: Pyranol level, Pyranol dielez-
eric serengeh, relief diaphragms, fan control
asd conduit, mercury seals, and load-ratio
coatrol. Also make periodic pressure tests,

LOCAL CONDITIONS AFFECTING

THE OPERATION AND LIFE
OF TRANSFORMERS

-IMPURE AIR

Ualess special care is taken, troudie may
be experienced with transformers that are in-
stalled where abnormal conditions prevail.

Bushiogs must be kept clean, since the
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formation of conducting deposus may cause
bushing arc-avers.

Traasformers aear the seacoast should be
kepc well painted to prevent the corrodm; of
any metal parts by the damp salt air.

Conduic piping leadiag from the station to
the cerminal box at the :nnsformer should be
sealed to prevent warm air flowing to the box
and condeasing.

ALTITUDE

1f a traosformer is moved to a location of
a higher aldtude, the effects due to the de-
creased air deasity are to incresse its temp-
erature rise (if:self-cooled) and its pressure,
and to lower the sparkover voltage of the
bushings. These effects must be considered
if a ctansformer is operated at a highet alti-
tude than that for which it was designed.
After moving the transformer, seal it at 25 C
with zero Ib per sq in. pressure,

Standard bushiags may be used at any alei-
tude up to 3300 feet. If transformers ace to
be moved to an elevation higher than 3300
feet, ficst communicate with the aearest Ap-
paratus Sales Office of the General Electric
Company relative o saitability of the bush-
ings.

TRANSFORMFR HOUSING

.¥hen large,| self-cooled Pyranol trans-
formes are installed in vaults or compare-
meats, it is necessary to thoroughly ventilate
the compartment. Provide cool-air inlets ia,
or near, the floor and outlets in, or pear,
the roof{. Have che latter siz feet or more
above the top of the transformer, The num-
ber aand size of the air ouclets required
will depead on their distance above the trans-
former, aad on the efficiency and load cycle
of the apparatus. [a general, provide about
20 square feet each of inlet and ourlet for

each 1000 kva of transformer capacity.. If

the transformer will be required to operacte
for considerable periods at coatinuous full
load, the areas of openiags should be in-
creased to about 40 square {eet per 1000 kva
of transformer capacity.

Arrange the air inlets and outlets so that
they are permaneatly open. Do not use as
ventilators, windows or doors which can be
opened and closed by atrendams because of
the danger of e1c
are inadverteacly left closed during periods

14

of heavy load or high temperature,

If forced ventilation is used, supply about
5000 cubic feet of air per minute for each
1000 kva of traasformer capacity, aad conduct
the mcomng air directly to-the transformers
8o that it will flow up through aad around the
radiating members of the tank. If this caanoe -
be dene, and the air is merely moved through
the reom, provide abour 10,000 cubic feet per
ainute for each 1000 kva.

Do not let the temperacure of the room in
which the transformer is installed exceed the
temperature of the air entering the room by
more than 5 C. The enceriag air should come
from a source not much warmer than the out-
side air. , .

LIQUID-TEMPERATURE INDICATOR
ﬂPES P-z’ M-13.A-1°

The liquidstemperature indicator provides
a means of reading the top-liquid temperature
of a traasformer. Such readings, if taken fre-
quently, will indicate abnormal conditions
affecting the transformer. However, the read-
ings musc not be relied upon as an indication
of permissible load.

DESCRIPTION

General

The ‘scale of the P-2 mdz:a:or reads 0 C-
120 C; while the scales of the M-13 and A-10
indicators read 20 C-100 C. Each indicator
has an iadicating needle (white} and maxi-
mum-reading needle (red), a Bourdon tube,
and s lengeh of capillary tubing that extends
from the Bourdon tube to a bulb. The cipil-
lary systems of the P-2 and M-13 indicacors
are of the liquid-filled type; whereas the
system of the A-10 indicator is of the vapor
pressure type. In either system, 8 change in
top-liquid temperacure causes a3 change in
pressure which actuates the Bourdon tube,
thereby rotating the indicating needle.

The bulbof each type of indicatoris mount-
ed in a liquid-tight well in the top liquid of
the transformer. Thus, an indicator can be
temoved without lowering the insulacing lig-
uid in the cransformer.

A stop on the indicating needle moves the
mazximum-reading needle up -scale so as (o
|ndxcue the highest mp-hqmd temperature

e
imum-reading needle can be reset by turning
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the knurled knob os the front of the P-2 aad
M-13 indicators, or the reset lever extending
below the case of the A-10 indicator,

Each isdicator contaias s small saap-
action switch with normally open conracts
that can be usedin 2a salarm or signal cireuic.
These contacts sre sdjusted ac the facrory to
clese at 75 C on water~cooled aad forced
Pytanol cooled traasformers, aad ac 80 C oa

other types.
Type P-2 Indicator

The P-2 indicator is furmished oa trans-
formers, regardless of ratng, where the
mounting height is 120 inches, ot less, above
the floor level, The bulb is mounted ina well
located ia the tank wall, or in 8 tube header.

To coasect the alarm leads of this iandi-
cator into an alarm circuit, remove the cap
showa in Fig. 1. Uoncoil cthe lesds is the
bousing and remove the threaded bushing aad
housing. Te the threaded bushing, solder s
12-inch maximum length of flexible conduit;
then reassemble the threaded bushing aad
conduit aver the leads and into the indicator
case.

T™PE P2
/ LIGUID TEMPERATUAL INDICATOR

THREADED
PUSHING

THREADED BUSIHMING
soLoER

\ AYNITEN
ALLIWLE CONDLAT
Fig. L Liguid-temperature indicator, Type P-2 lead

protection nd coaoection

'

Type M-13 Indicator

The type M-13 iadicator is furnished on’
transfomers 5001 kva ¢to 7500 kva when a
local-type windingetemperacture indicator is
aot furnished. [t is also fumished on trans-
formers 501 kva to 7500 kva when the mount-
ing beight does not permic the use of the P-2
indicator (i.e. mounting heights over 120
inches).

The indicator dial is mounted 2t eye level
above the base of the traasformer,

The alarm leads of the M-13 indicator are
brought out of the case through flexible leid-
‘covered cable,

Type A-10 Indicator

This indicator is furnished on all trans-
formers rated above 7500 kva znd on crans-
formes 5001 kva to 7500 kva when 3 local-
type 'mdmg-tempen:ure indicator is also
furnished.

The indicator dial is mounted it eye level
above the base of the transformer.

Coanections to the alarm-switch leads are
made in 2 similar manner to those on the P-2
indicator, as previously described.

PRESSURE-RELIEF DIAPHRAGMS

A pressure-relief diaphragm is standard
equipment oa all Pyranol transformers above
25 kva. This diaphragm is made of frangible
material and is held in place by flanges.

A diaphragm brezker is normally used on
transformers under 200 kvato rupture the dia-
phragm when the maximum sale pressure in
the transformer tank is exceeded. The break-
er coansists of a springoperated plunger
which is set by haand and is released by a
bellows that operates the release pin when
the pressure inthe tank exceeds the pressure

_ setting of the device. (See Fig. 2.)

Older types of diaphragms do not have the
breaker mechanism. In one type, the dia-*
phragm is held between two flanges with
cushioning gaskets, all assembled as a unic -
in apress so that uniform pressure is applied
to the circumierence of the diaphragm. The
assembly is held together with flit-head
screws, and the complete unit is bolted to a
flange on the transformer. In bolting this as-
sembly to the tank, a gasker is placed on the
tank {lange. The oldertype gasket is cork
composition. [t requires a covering of G-E
compound 880 oa both sides; whereas the

00 33 °°



c

. GEH. 10938 ﬁ;u-;;’_:rnmfemm and Pyranol Immersed Current-limiting Resctors

Fig. 2. Outline of peessure relief bor mslomm
wader 200 kva

sitrile~rubber gasket requires no compouand to
make a gas-and l:qu:d-u;h: joist. The dia-
phragm assembly is bolted to the tank flange
with cap screws fitted with lock washers, as
jast described.

Ia another type, the diaphragm is held be-
tweea one flange welded ¢o che transformer

- sad a separate flange held by cap screws,

The diaphragm is protected on boch sides of
the cushioaing gaskets. The techaique em-
ployed in bolting down this type of diaphragm
aad making the seal is of prime imporeance,
since the ropture strength of the frangible
material depends macterially oo the care with
which this operacion is performed.

¥hen replacing diaphragms of the latter
type, clean the gasket surface of the tank
flange thoroughly. If the inner gasket is cork,
coat both sides with G-E compound 880. Lay
the gasker on the rank flange and place the
diaphragm over the gasket, being careful to
ceacer i¢ properly. Lay the cushion gaskee
over the-diaphragm and assemble the clamp-
ing ring over the cushiog, holding it in place
with cap screws,

<

The diaphragms are usually .protec:ed by a
spun-metal cover snapped ia place over the
diaphragm flange

_ EIGHT-INCH PRESSURE REL!EF

Recselving

Vhea the eighe-inch pressure relief is ship-
ped assembdled in place on the traasformer, -
‘one temporary woodea block under the free
cap snd another berween the free cap and re-
tained hood firmly suppore all parts. These
temporary blocks are wired together at one
ead and marked with redj paint, Remove the
blocks before putting the transfotmer into
operation.

For separate shxpment of the pressure-re~
lief device, 8 temporary cover is placed over
the opeaing. The removable spider is lefr in
pllce inthe cover openiag, and the diaphragm
is packed separately. The top flagge, free
cap, asd recained hood are shipped assem-
bled.

Description

Fig. 3 shows the parts of this device with
s plate which represcats the caak cover. The
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relief diaphragm is a thin disk of molded ma-
terial (G-E compound 2029B) firmly held be-
tween clamgin; tings with 3 gasketed joint.
These clamping rings are cthe boctom flange
on the maia cover and the top flange. Lo-
cated in the cover opening . directly below the
diaphragm is & removable spider which sup-
ports the diaphragm in case of vacuum in the
tank. [a the top flange is & crossbar rigidly
held in place by a setscrew ar each end. The
lower side of the crossbar holds a blade with
a knife edge a short distaoce above the dia-
phragm. A grid, whick is restricted in its
vertical movement by two screws, is fasteaed
to the crossbhar by a relief pin, so that the
edges of the grid are located just above the
diaphragm. A metal cap (free cap) fits down
over the top flange and is held in place by
two spring clips, chus providiag weatherproof
protection for the diaphragm. If the device
is provided with saa alarm switch, two sup-
porting clips are mounted on the top flange
to prevent the free cap from tilting. For a
complete description of the alarm seethe sub-
sequent chapter on PRESSURE RELIEF
ALARM. Assembled over the free cap is a
retained hood with six feet bolted to che edge
of the top flange. VWhen required, a special
shieldis mounted on one side of the pressure-
relief device to deflect aay oil that may be
ejected when the device operates. This shield
is held in place by three long bolts and three
spacers: bolted to three of the boles in the
edge of the top flange.

Should a suddea pressure occur within the
transformer tank, the relief diaphragm will be
forced up against the boctom edges of the
grid, btezkmg the relief pin and allowing the
grid to rise to the top of the screws. This
permits tbe diaphragm to contact the kaife
edge, which uamedute!y rapturcs the dia-
pheagm. The escaping gas raises the free
cap and relieves the intemal pressure, after
which the free cap drops back in place to
close the diapbragm opening, reducing the

possibility of moisture entering the trans-’

former tank.

The number ''10"" stampcd on the head of
the relief pin indicates a diaphragm rupturing
pressure of 10 pounds per square iach; the
sumber "*15'* signifies a diaphragm rupruring
pressure of 13 pouads per square inch.

Instailation

If che pressuresrelief device was shipped’
on the transformer, it is only necessary to re-
move the temporacy wooden blocks and make
certain che diaphragm is incact to prepare the
device for operation. Tu inspect the dia-
phragm, remove the retained hood and the free
cap, then replace these parts.

If cthe pressuce-relief device was shipped
separately, remove the temporary shipping
pln:e over the opening. Make certain the gas-
ket is in place in the bottom flange, then
place the diaphragm over the gasket. Assem-
ble che top flange over the diaphragm, boltmg

it firmly in place. Fit the free cap firmly in

place on top of the flange. If the device is
equipped with an alarm swicch, make sure the
two supporting clips rest firmly against the
free cap. Install the retained hood over the
free cap by boldmg it to the edge of the :op
flange with six hex head screws,

If a shield is provided, assemble it in the
desired lotation, using the long bolts and .
spacers. : et

On Sealed Tnmformor:

Installthe pressure-relief device on- se:led
transformes when the liquid temperature .is
between 25 C and 40 C. The pressure at
which the transformer is sealed is dependent-
oa the temperature of the liquid and should

‘be in accordance with msrucuons under

PRESSURE TEST.

Chen this pressure-relief device is used
on a sealed mansformer to be installed in-
doors, a gas absorber or a vent pipe to the
outside atmosphere can be installed directly

-over the relief diaphragm, if required. If this

installation is to -be made, it is necessary to
remove the retained hood aad the free cap
from over the relief diaphragm. Six capped
boles (1/2 inch- 12) are provided in the top
flange, to which the flange of the gas absorb-
er or the vent pnpe can be bolted. The outer
end of a ven: pipe should be procected from
the weacther.” -

Renewal of thhngm

To renew the relief diaphragm after it has
been rupeured, it is necessary to remove the
retained hood by taking out the six hex-head,
screws around the rim of the top flange. If 2
shield is provided on one side of the pres-
sure-relief device, nore its POOﬁ



it can be replaced in the same location. Re-
move the retained hood and lift off the free
cap. Take out the six hex-head screws hold-
ing the top flange sad remove the top flange
together with the reswicted grid. Remove the
broken diaphragm. Note that a removable
spider is located in the openiag below the
diaphragm. This spider must be left in place.
However, it can be removed if it is aecessary
to use the opesing as a handhole for any pur
pose. Whea replacing the spider, be sure the
sotched ends are dowa,

Make certain the gasket is in place in the
groove in the top flange, then place a new
diaphragm overthe gasket.Remove the broken
part of the relief pin from the crossbar’in the
top flange. (The bottom part of the relief pin
is slotted to facilitate removal.) Remove the
beoken part of the relief pin from the top bar
of the reszricted grid by removing the small
brass locking screw and washer, The new
relief pin must have the same oumber (10 or
15) stamped on the head as the one being re-
placed. [astall the new relief pin by insert-
ing it chrough the ceacral hole in the top bar
of the restricted grid and czrefully screwing
it into place, using a very light twisting ef-
fort on the screw. For this reason, the relief
‘pin is designed to be screwed in with the
fmgers Replace the washer and small brass

T s-gerww- toNogk-eho-zeliaf pin....Azsgmble the

top flange over the diaphragm, bolnn; it firm-
ly in place. Fi: the free cap firmly in place
on the top flange. On devices provided with
an alarm switch, make sure the two suppore-
ing clips rest firmly against the free cap to
prevent it from tilting. Install the retained
hood over the free cap by bolting it to the
edge of the top flange wicth the six hex-head
screws. If a shield is provided on the pres-
sure-relief device, assemble it in the proper
place, using the.  long bolts aad spacers.

Pressure-reilief Alarm

A pressure-relief alarm switch can be
mounted on the transfocmer cover adjacent zo
the pressure-relief device, The switch is as-
sembled inside a weatherproof housing and
has a shaft procruding and bent at a right
aagle. A coil spring on the shaft exerts con-
siderable twisting effort, and a cam mounted
near one end of the shalft acts as a stop, al-
lowing the shafr about 90 degrees rotation.
At one ead of its travel the cam comes

5
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agzinst the . actuating member of the small
snap-action switch mounted inside the hous-
ing, closing the switch, The switch housing,
fitted with a wex:herproof cover, has provi-
sion for conduit connection. .

The switch is rated 5 amperes ar 250 volts
a-c, or 10 amperes at 125 volts a~c. The d-c
rating is approxxmuely 0.05 ampere at 250
volts maximum.

There is also a visible alarm mounted on
the shafe. This indicator (painted red) turns
up to the vertical position wher the shalc
rotates. ,

To set the switch in the normal open posi-
tion it is necessary to lift up the free cap on
the pressure-relief device. Then use the re-
ser pin to tum the shaft so as to bring the
bent end to a vertical position. The free cap
should then be pressed down in place with
the vertical end of the shalt engaging in the
hole in the angle bracket atzached to the free
cap. .In chis way, the switch is held in the
open position.

TEN-INCH PRESSURE RELIEF
Receiving

For shipping purposes, the relief pin is
removed and shipped separately with an extra
telief pin, gasker, and diaphragm. Also, the
reliel cover is securely wired in place. When
lnstalhng the transformer, remove the ship-

relief pin as described under INSTALLA-
TION. .

Description

Fig. 4 shows the outline of the 10-inch
pressure relief and the internal construction
in two sectional views. The diaphragm is a
thin disk of G-E-compound No. 20298 f[irmly
beld between a recessed gasket in the pipe
flange and clamping flange. The grid in the
pipe flange enables the diaphragm to with-
stand full vacuumin the rank, and a gasketed,
metal cover, closed firmly over the diaphragm
by spring tension, protects it from the weather
and mechanical injury. The relie{ pin ex-
tends through the edge of the cover opposite
the hinge, and is screwed into the diaphragm
clamping ring to hold the cover closed. The
treated aluminum composition of this pin pres
cludes corrosion. One of two numbers will
be found stamped on the head of the relief
pin. The aumber "'10" indica:chloi 36
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rupruring pressure of 10 pounds per square
inch; the number *"153"" siganifies s diaphragm
rupruring pressure of 15 pousnds per square
inch.

A sudden pressure within the transformer
tank will force the diaphragm ouat against the
cover, exerting tension on the relief pin,
which is designed to break when the teasion
reaches the predetermined value. As soca as
the relief pin breaks, the diaphragm is re-
leased sgainst a knife edge ceacrally located
over the front of the diaphragm. The knife
edge cuts throughthe diaphragm, which breaks
open to relieve the pressure. Immediately
after relief of the pressure, the cover is clos-
ed by spring action, shutting firmly against a
gasker to reduce the possibility of moisture
entering the traasformer.

Instailation

¥hen. inszalling the transformer, remove the
shipping wire from the relief cover. lasen
the aluminum relief pin through the steel pin
in the edge of the cover, and screw it into the
steel clamping ring. Use a aail in the hole
just above the threads of the relief pin to
screw itz into place, and tighten the relief pin
only unzil the head touches the steel pin in
the cover without scraining the relief pias Do
not turn the relief pin by its top end. After

s ox s theweliefspin d3-gderewed Joco-place; -Sead:ar- +=ui4 Wi pﬁ-;ﬁ%s-_"ﬁ-w S e

to prevent tampering by using a piece of cop-
per wire through the hole in the head of the

. pin and passing the wire around the steel pin

as shown in section A-A of Fig. 4.

VENT PIPES AND GAS ABSORBERS

Pytanol transformers raced 15,000 voles or
less can be installed in a- building without a
firepeoof vaule in accordance with the require-
ments ‘of the 1947 National Electric Code®,
sincein sizes above 25 kva they are equipped
with pressure-relief diaphragms or veats. This
diaphragm meets the code requirements for
transformers inscalled in well-vencilated areas.
The upper steel clamping ring which fastens

‘the diaphragm to the transformer is provided

*4522. “"Askarel-insulated Transformers Installed Indoors.
Askarel-lnsulated transformers rated {n eicess of 25 kva
Ehall be fumished with' s pressure-rellef vent If installed
in & pourly venulated piace hey shall be fumished with &
means for absorting any gases genersled by arcing Inside
the case, or the pressure-rellel vent shall De eonnected Lo
S Chimnaey or flue walen will carry such gases outside the
ulding, Askarel-nsulsted transformers rated more than
15,000 volts snall be insualled 10 & vault’', .

"Fig. 4. Pressure relief with 10<och diaphragm

with tapped holes, arranged to permitthe easy
attachmene of 3 vent pipe thatr can be carried
to the outside air, to a chimaey, or to some
other ventilating flue.

VENT PIPES
When a venr pipe is provided for carrying

gases wway from a poorly ventilaced area, it

LAY 1Py
P oA e
”’A

veNT-8wg FLanGl

Cismug Asv3
FOR gaoCu DiaPumAGH

000 737

Fig. 5. Vent-pipe-Nlange outlines and dimensi

.
N .]
oy
T e W,

- ’u{«.ﬂ ‘;. [ e o



isrecommendedthatits diameterbe no smaller
than the clear diameter of the frangible dia-
phragm to which it is attached; thar is, either
six or eight inches, as showa ia the outliae
(Fig. 5). It isalso recommended that the met-
al of which the veat pipe is made shall acc be
lighter than No. 16 gage and thae it shall be
icstalled with the minimum of bends is order
to provide a free passage of gas. [t is further
tecommeaded that provision be made for in-
specting the diaphragm aad for removing any

moisture that may accumulace oa it. It is pre- -

ferable that the pipe be so arranged that mois-
ture caanot collect on the diaphragm.

GAS ABSORBERS

Where the installation of a vent pipe is aot
practicable, s gas absorber caa be iastalled
oa the flange over the fraagible diaphragm, as
showa io Figs. 6 aad 7. An absorber is de-
sigded to absorb the gases produced by arc
disintegration of part of the Pyranol in the
transiormer, =two percest of the Pyranol in
distribution aad power transformers, and five
percent for a~c asetwork traasformers.

This absorberhas a steel tank with 2 morat-
iog flagge at the bottom for attachment to the
relief vent of the transformer task., At the top
is a diaphragm with protecting cover.

« -+ v-{oaide shesabspoher tank ate several trays, 1 \:

oce above the other, each of which has s per~
forated steel bottom. The trays are fasteaed
together by a ceater bole to facilitate assem-
bly, aad the enatire group is secured to the ab-
sorber taak by two scuds. The bottom tray is
filled with chipped marble; the umpper trays
coataia G-E Compound ASOP9. For traosform-
ers rated over SO0 kva, all trays conrain che
compouad. .

Whea as arc in the trassformer generates
gas sod raises the pressure sufficieat to
break the diaphragm on the transformer, the
gAs passes iato the absorber and is absorbed
by the compouad. Liquid carried aloag with
the gas is stopped by the chipped marble and
drains back ioto the transformer. If the gas
exceeds the capacity of the absorber, the top
diaphragm breaks.

APPLICATION

Uader the provisions of the National Elee-

« P R ke e - g oS~
tric Code, it'is the respoasidtilty ol e 10cai
code aucthority to determine whether vent pipes
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Fig. 6. Pymisol ganalommer with gas absorber

or absorbers are required for a given installa-
tion. Important factors to be considered are:
the esergy available in the circuic to which
the transformers are connected, the tvoe of
protective equipment, the area and volume of
the room in which the transformers are in- (
stalled, (he veatilation [acilities in tne foom,
the aumber of people employed in the =~c=-
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and the proximity of the employees to the
transformers. .
If absorbers are used, it is recommended
thatoae absorber be used with esch traasform-
er. If one absorber is connected to two or
more transformers by meaas of a header pipe,
there is the possibility that if ose traasform-
er fails aad sufficieat gas is generated to
break the glass diaphragm ia that transformer,
the pressure in the héader pipe may also be
sufficient to break the diaphragms inthe other
transformers. Furthermore, if more than oae
transformer were simultancoasly involved ia
trouble, sufficieat gas might be produced to
exceed the capacity of one absorber.
. The absorber should be inspected ar in-
tervals to make certain thar the diaphragms
are incact aad thac the compound ia the ab-
sorber trays has not become damp or caked.
Then a gasabsorber is supplied, a separate
iastruction book, which describes the iastalla-
tion, operation and care of the device, accom-
panies the spparacus.

Fig. 7. Gas absorber

tol 2

aitrogean.

SAMPLING YALYVE

Some traasformers are provided with a sam-
pling valve by meaas of which the heigh: of
the iatake cas be varied to coincide with the
rise and fall of the Pyranol level, correspond-
ieg to temperature changes. This type of
valve makes itpossible to obtain a sample at
the surface of the Pyranol at any time.

Tbe valve is placed iz the tank wall at a
poiant about one inch below the 25 C Pyranol
level. The iatake pipe is a tube inside the
tank aod located parallel to the tank wall, the
end of which may be raised or lowered by ro-
tating the outside partof the valve by moving
the haadle which exteads below iz. Note that
whea the handle points straight dowan, the ia-
take pipepoints straight up aad is in position
for mazimum. Pyraaol level. The valve is
ficted with akourled aut which can. be opened
by hand, or by the use of a coia or screw-
driver. .

To take a sample, set the operating haadle
pointing down, open the valve, and rotate the
operating handle slowly un:il the liquid be-
ginsto {low,atwhick poinc therocation should .
be stopped to assure getting a sample of the
surface liquid. i

Some tragsformers do not use the rotating
feature, in which case the sample is taken by

;araly-opening-.the-ralve and allowiog . the .

liquid to flow out. .

Pyrasol transformers are sealed, and no
breathing takes place with the rise and fall
of the Pyranol level. Thus, whes the Pyranol
is at 2 temperature other than 25 C, there is
either a pressure or a vacuum wichin the tank,
depending upon whether the temperature is
above or below 25 C. For this reason, it
is advisable to take a sample caly when the
Pyranol level gage is rescing on, or slightly
above, the 23 C mark. If the valve bas been
opened at any other rime, and the vacuum or
the pressure has been relieved, the valve
should again be opened when the Pyranol
sext resches the 25 C level so that no ab-
acrmal pressure or vacuum will be developed
during subsequent changes in temperature.
If the transformer is resealed while the Py-
ranol is at a temperature that is above 25 C,
the pressure in the air space can be restored
to the proper value by dry compressed air or
The proper sealing press 39
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- 'ing correct assembly.

—

various temperatures are listed ia a Table
ander Pressure Test.

TAP.CHANGERS FOR
DE-ENERGIZED OPERATION

There sre several types of tap changers
T "pllln‘ef"
““crad’’, sad "‘wedge'.

All tap changers hue indicacing marks on

stationary sad rotating parts which must be’

in aligament whea the cap chaagers sare on
positioa No. L.

NOTE: DO NOT ATTEMPT TO CHANGE
CONNECTIONS BY MEANS OF THE TAP
CHANGER VWHILE A TRANSFORMER IS
EXCITED. E\

DRUM TYPE

A change in volrage ratio with a drum-type
tap changer is made by a pareial tum of the
handle. Remove the two bolts that hold the
bandle ia place, or the cover over the handle,
and tura uatil the index line points directly
to the desired figure on the dial. After the
bsadle is in the proper positica, lock secure-
ly by replacm; the two bolts or the cover.

Before removiag & power-traasformer cover,
take out the bolts that actach the tap changer
to che cover flange, thea lift the bandle and
lhl.ft out of the cover. Do aot replace a cov

.

operating cap does not force the rod down on.

the rod slightly up and dowa and rotate it an
equal distance to either side after the assem-
bly is completed; otherwise,"the mechdaism
might be damaged. If this vestical play is not

the mechanism. It should be possibletoJﬁwveA

obraiced, remove the mecal sleeve from ane .

ead of the rod, cut & small amouat from the

rod, aad replace the sleeve.

PLUNGER TYPE

The plunger-type tzp chaanger provides sol-
id insulation between the tap coonections.
This insulation must be lifted over the con-
tactmembers each time the taps are changed.

To change taps, remove the two hex-head
bolts ia the cap and lift off the cap. Pull up
thebandle as far as it will come (about seven
iaches). Rotate the handle uatil the poiater
ead is over the desired tap position, aad then
push dowa into che ocigindal positica. Tighten
the gland and bolt dowa the cap.

Tbe contactor is of the scraping type and

is self-cleaning. If it is considered desirable -

to make a0 iaspection, proceed as follows:
Remove the cap, lift up the handle as in
changing taps, and tura the contactor to a po-
sition between taps. [t will stand ia chis po-
sition. Thea remove the chree studs and take
off the clamping riag., Life scraight up on che
* bandle. This will removre the small cover

ef 06 & fank Witk the B tpsthangeT -operatisg. szhfp.ug.h which_the, shaft passes nnd al;o the

‘tods in place. First, assemble the cover and
lower the rods through théir respective opea-
iags, soting that they eagage properly with
the tap chaagers, and fiaally add the cover
operating mechanism.

¥hen more than oae operatiog rod is fur
Bished, the rods are numbered in accordance

. with the aameplate, and are not interchange-

able, Match marks on the operating rods and
the iaternal coressnd-coil strucrure indicate
the proper assemblyof the operating rods sand
tap changers. The slot and pia joiniag the
rod to the operatiag cap are larger oa one
side’of the rodthan oathe other 10 aid in mak-
A vemier coupliag is
gsed between the rod and the operating cap
to assure that the indicator points directly to
the dial sumber when the mechagism is in a
cortect operatiag position. Sometimes, in fee
assembling, it may be decassary to change

- the vernier coupling in order to obtain proper

slignment of the shafts. Be sure that the

operatiog shaft aad concacror.

Whenit is desired toremove the transformer
cover, the tap-changer contactor should firse
be removed {rom the traasfomer.

CRAB TYPE

This type of tap changer is so named be-
cause of the snique action by which the ec-
ceatric drive shaft and thé contact arm, which
it sctuates, totate ia opposite directions.

The coastruction consists essencially of a
aumber of round contact rods with scuds, co
which the tap leads are coonected. These
coatact rods are mouated between insulating
beads of molded compound with Herkolice®-
tube inserts. A cenerally mounted crankshafe
that actuaces the movable=contact arm is op-
erated through a Herkolite tnsulating cou-
pling. The contact arm has fingers which
eoatact the individual coatact rods at the
outer end, and, at the inner eadi-a-cylendrical
copper collector which is placed over the

*Trade-marx Reg. U.S. Pat, OF. O O 40
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Folding bande

1. T 9, Tank of gansformer - 13, Balf cylinder

2 Shant 8. Vernier coupling 14. Index paint mark

3. Gasxet 9. Index merks 15. Gasket

4. Nut 10. Iasulating shaft 18. Numbersd disk

5. Follower 11. lndez llne - 17. Disk

4. Caskets 12. Tap~changer coupling 13. Cam . -

Fig. 8. Operating mechacism for wedge-type tap changer

drive shaft. Extending from chis collector is
a copper arm which concects to s separace
stud similar to che contact rods. Tlhis seud
forms a common terminal, completing the cir
cuit through the tap chagger from any of the
contact rods.

WEDGE TYPE

Folding-handle Operating Mechanism

The operating mechanism for the wedge-
type tap chaager has a folding handle. (See
Fig. B.) To change taps, take out the two

bolts in the mechanism cover aad remove the
cap. This completely uncovers the folding
crank, which can be unfolded by grasping the
oeares: section aad lifcing out. Fhen the

crank is gafolded, the position aumber is ex-

posed. Turn the tap changer by means of the
crank to the desired position, fold the crank
tothe "'locked’’ position, and replace the cap.
¥hen the cap is bolted over the mechanism,a
metal pointerwill be in alignmeatr with 2 num-
ber on the rim. of the cap ro indicate the tap
position on which the tap changer stasds, One
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of the belts inthe cover bas a hole into which
a pndlock caa beiaserted tolock the operacing
mechanism in pos:uon.

If the operatiog mechanisa sad iasalariag
rod are shipped separate from: the traasformes,
they musct be carefully assembled to assure
satisfactory opération. Operating mechanisms
and rods are ideatified by the tap-changer

~ aumberandthe lastthree sumbersof the serial

asumber of the traasformer, as showa on the
aameplate,

Operatiag mechanisms wich insulatiag rods
attached must be assembled to the tap chang
ers whea both are on positioa 1. Oa this po-
gition the contact wedge of the tap changeris
always between-thetwo coatact rods that are

., connected totheleadstagged A and B. Check

to see that the tap changer is oa position 1.
On this position oaly, the large end of the
driving pin lines gp with the line on the cyl-
inder or clamp. Nest, check the connection of

" the vernier coupling at the top of the insulat-

ing rod. Themarks osthetwo coupling halves
should line up. .laserc the iasulaciag rod
through the opening in the taak or cover onto
the driviag pia oo thetapechanger shaft. If the
tap chaoger and insulatiag rod are ia the cor
rect positioa, the mark oa the insulatiag rod
will be in an exact line with the mark o the
top core clamp of the traosformer. The op-

. se ~efatiag ;Qd. should. be eosizely us_g_gnded feom

A

the operating mechanism; noae of its vel;hz
should be carried by the tap chasger.

Tte bolt holes in che mechanism glaad
should line up with those on the tank or cover
flagge. VFhen bolriag the mechanism to the
flange on the cover, the poiater for the po-
sitiod indicator must be assembled usnder the
flange bolt or bolts which are located nex: to
the zank wall. Where the operatiag mechanism
is mounted oca the side of the tank, the po-
sition-indicator poiater should be assembled
under the boit or bolis on the lower side of

. thetank flaoge. Scart one or two boles by hand

to prevent the gland from rurning, then tighten
the others.

After completing assembly, check to see
that the wedges makethe best concace ia each
position by observiog the torque as the tap
changer is operated ia both directions ioto a
tap position. Starting [rom an operating po-
sition, the contact pressure isreduced to zero
duriag the first 30-degree movement of the
skhaft. To shift the wedge to a poiat enteriag

* wp the coatact pressure.

the nextoperating position requires about 2/3
of a tevolution. As there is little ot no frie-
tion to overcome, the torque will be aotice-

ably small. A 30-degree movement is then re-
quired to drive the wedge home and to build

The degree of contact of the wedge canalso
be determined by using a 115-volt lamp in
series with the windiag coataining the tap
changer. (Shorr-circuic the opposite vxndmg
oc che lamp will noc light.) The best position
is amidway in the band in which the lamp
shows lighz. The design is such that 3 few
degrees either sideof the dial marking is pere
missible,

I ic is gecessary to move the wedge con-
tact slightly, this is done by meass of the
veraier coupling, After making the adjusc-
ment, put the bolts :hrough the holes that line
up aod recheck positioniag as described
above, After serting the tap chaager, lock in
position by mounting the cap and bolts before
energiziag the transformer.

The caste-iren cap and folding erank are
sometimes removed for shipmeat. When this
is done, a temporary metal cover p:.in:ed red
is used over the ead of the operacing shaft.
This cap locks the tap changer ca position 1,
and it should aot be removed until the foldxng
erank can be installed. Do aot turn the shaf:
nanl the crank is installed. To assemble the

TetabE, 1t 1S WSS Aty oaly B remove - rherr oo

screw through the shaft andreplace the screw
through the crank bub and shaft. These parts
can be assembled only one way.,- Fold over
the crank and bolt on the permanenc cast-iron
cap. The temporary cap and three screws can
be discacded.

When the cap changer is mounted in a verri-
cal position, and the operating mechanism is’
mouoted in a horizontal position, a position
indicator is provided on the bracket for the
bevel gears inside the transformer tank., Then
it is necessary to reconnect the drive shaft
inside the tank to the operating mechanism,
¢his incernal position indicator must be ob-
served and ser on che same pasitioa number
as the operating mechanism.

Ca'p-t'ype QOperating Mechanism

Older designs of the operating mechanism
for a wedge-type tap changer have a cap in-
stead of a [olding handle. To operare the tap
changer, remove the two bolts whick ' '
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cap, remove the cap, and invert it. Fir the
inverted cap to the end of the operating shafe
snd use it as a handwheel to ser the tap
changer. To lock the tap chaager in position
after serting, replace che cap and boles.

Operation of Wedge-type Tap Changers
from Floor Lavel

Floor-level operation is accomplished on
large transformers by extending the shaf
through a liquid seal on the taak wall o a
pair of bevel gears, from which the shafr de-
scends toa handwheellocated at a convenient
height above the floor. '

This seal affords a continuously high de-
gree of protection against leakage, with the
minimum amount of attention and mainceaance.
A powerful spring exens a continuous, heavy
pressure upon the packing material so that no
periodic tightening is required. The shalts
are supparted in the housing by self-lubricar
ing bearings.

The bandwheel is equipped with a position
indicator and & locking pin which engages
only on operating positions, and which ¢can be
padlocked. The handwheel can be provided
with & key-interlock, if desired.

inatallation of Floor-level Drive
The tap changer with cperating mechaaism

o o st door devel is.pivally shipped.ia placs on.

the cransformer and set on position [,

1f the operating mechanism and insulating
shaft are sh:pped sepautely. they must be
assembled in cthe correct poesition to assure
proper operation. Operating mechanisms aad
tods are identified by the tap-changer aumber
and the last three figures of the waasformer
serial aumber ss shown oa the tap-changer
pameplate. Some parts are nor iaterchange-
able between tap changers.

Before attempting to assemble the mech-
anism and rod, see that the dial indicator on
top of the bevel-gear drive inside the tank,
and the position indicator for the handwheel,
are on position I.

Refer to the Qucline drawing furnished with
the transformer, and bolt the liquid seal and
long shaft to the flange on the ourside of the
tank. Insert the steef shaft of the handwheel
drive mechanism intothe lower end of the long
¢oupling, and mount the mechanism in place
on the tank.

Inside the tank, installthe shorteshaft coup-

ling between the stub shaft of the liquid seal
and the transformereshaft assembly, Two dif-
ferentesize slots in the metal coupling permit
assembly in only one position. The shafts
are also marked to indicate.proper alignment.

After completing the assembly, check the
contacrof the wedges as described in YVEDGE-
TYPE TAP CHANGER.

TEST OF TAP CHANGERS

It is good policy to test each tap changer
to make sure thac the positions are correct and
that the voltage steps are progressive. This
can be done by applymg a low voltage to one
winding and measuring the vol:a;e across the
other winding for each position of the rap
changer,

. BUSHINGS

Replacement bushings for Pyranol trans

. formers should be ordered especially for use

in Pyranol. Since [astruction books are ship-

ped with bushings, oaly brief, general instruce
tions are given here.

INSTALLATION

See that bushings are clean and dry when
installed. To expose the insulating marerial
other than the porcelain to dirz or moisture is

.20 invite deterioraction and possible failure in

. e
BRI QW e AT 3 TR e 4 R LT e s fa STt

Do not attempe to install 2 bushing in the
transfomer during damp or stormy weather
without providing adequate means for excliud-
ing moiscure.

A bushing not having a detachable conduce
tor should be installed inthe cover of a tran s~
former by first mounting the bushing upon the
cover and subsequently connecting the ter-
mina] at the lower end of the ¢cable conductor
to the proper lead from the transformer wind-
iag.

The gasker beneath the terminal cap should
be in perfect condition and should be made
sbsolucely tight. A defective gasket or leak
from any source at cthis poiat will allow wacer
to enter the central cube from where it can run
down into the transformer.

LINE CONNECTIONS

Yhen connecting bushings to the line or
external circuit, mspec: the terminals or coup-
lings after the connecctions are made to make
sure that they are tight. The line cc
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must not bring any strain oa the teminals

which will cause the joints or contaces to be-
come loose. Sufficiear flezibility in the con-
necting Iends must be provxded to avoid mech-
anical strains due to expansion or contraction
which may break the porcelain. The bushings
will support a reasonable weight of connect-

ing conductor, but long spans of unsupported
conductor, especially if oucof-doors, should

be avoided.

Bushiags should be mspec:ed ac regular in-
tervals and kept reasonably free from dust and
In locations where abaormal conditions

dirt.

prevail, such as salt deposits, cement dust,
acid fumes, etc., it should be recognized that
a special hazard exists, and the bushings
sbould be cleaned regularly to avoid accumue-
lations on the external surface which may re-

sult in flasbover.

CONNECTORS

A standard line of terminal ecnneciors for

nse with both solid and liquid-filled bushings
bas been developed and these parts may be
ordered as accessories tothe bushings. These
connectors provide for artaching cables, rods,
tubes, and bars to the various standard bush-

ings.

BUSHING- TYPE CURRENT

TRANSFORMERS

T me =B'mh£n=g- transformers. azethase-.in _which:.
the secoadary coil and core surround a bush-

ing, the conductoc of which forms the primary.
This secondary coil and core are located

either is an adapter on the main transformer
cover or ina cradle suspeanded from the inside

of the cover. These current transformers may
be used to actuace either relays or ammecers.
See the nameplate on the secondary outlet for

turn ratios.
INSTALLATION

Bushing curreat transformers are usuwally
shipped completely assembled in the power
transformer, or at leasz in place in the high-
voltage bushing adapters. It is chen only aec-
essary to inspect them to seo that they are
dry. If evidence of moisture is found, the cur
rent transformers must be removed and dried
by hot air, not exceeding 3 temperature of

90 C.
If the bushing

’Ar-l-' :

chime

ed separately, assemble it in place with T
sulation ss shown in Fig. 9. Be sure that the
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Fig. 9. Carent-transformer support

tor insulation will not be injured.

Ceonnect the leads to the inside termmals

coil is right-side up, as indicated by the word (
““TOP’’ or the letter ''H;'" painted thereon.

Handle the coil carefully so that the conduc-

~af-tie"oetlet bluck~making-surs thatthenlats ..

ters on the inside and outside leads corres- -

pond.

To assemble the current transformer into
the bushing adapter, remove the top of the
adapter, fit the transformer into place, and -
replace the adaprer top.

Bolt the top down

squarely to compress the gasket evenly.

On double-section tanks it is sometimes
aecessary to remove this type of current trans-
former from the underside of the cover for
shipment. In such cases, reassemble with the
ead marked “"TOP’’ or '"H}' uppermost in ac-
cordance with Fig. 9. The insulating tube can
be pushed up while tighcening the jam nuc.
New plate washers are futnished and should
be bent to lock in place, as indicated. Main-
tain the 3/8-inch overhang of the current
transformer msxde the supporting plate open-

CONNECTIONS AND POLARITY

lnsulate all Ieads no¢ in use from all ocher
leads and ground Do not allow the ===~ Amry

(

00

44



Pyranol Transformers aad Pyrane! Immened Current-limiting Rescters GEHM- 10938

circuit of a current transformer toremain open,
It must be closed through a burden or by the
shont-circuiting links provided for the pur
pose.

The relative instantaneous directions of
primacry and secondary currents are showa in
Fi‘o 100

PYRANOL IMMERSED,
AIR-PRESSURE-COOLED
TRANSFORMERS

These Pyranol immersed transformers are
cooled by a freeeair discharge applied ta the
cooling surface. Air for cooling the erans-
former is supplied by a unit blower and motor
or by small, weatherproof, outdoor fans which
may be provided with band or automatic coa-
trol.

All equipmen:t is designed for outdoor ser-
vice.

The fan motors require the care usually
. given such apparactus.

1f thermal devices are furnished for fas
conctrol, they are adjusted at the factory zad
should not be discurbed. If changes need to
be made, recommendations should be obtained
trom the nearest Apparatus Sales Office of
the General Elecuric Company.

Yhen fans are not in use, they should be
operated periodically to make sure they are in
satisfactory condition.

FORCED PYRANOL COOLED
. TRANSFORMERS
In forced Pyranol cooled transformers, the

Pyranolis cooled by foreed circulation chrough
an external cooler,

WLAD *4° — i 4
Lao “e* ! LLAD ‘D*
ag'c” L AD ' C°*

Fig. 10. Schematic diagram of bushiag lru;sforma,
showing method of marking leads and tapping
secondary winding

NOTE:- The Pyranol must be circulaced and
cooled at al! times on an excited transformer
regardiess of whether or noc the transformes
is carrying load.

A special Pyranol cooler is generally fur-
nished as well as a pump. and motor. The
cooler is designed for outdoor iastallacion,
and can be installed ia either the vertical or
horizontal position. :

The piping coanection should be such that
the water passes through the tubes in the op-
posite directioa to the Pyranol flow., This is
essential in order to obtaia maximum effi-
ciency of heat transfer. It is also essential
that the water pressure be kepc below the
Pyranol pressure to preveat any water eater-
ing the Pyranol should a leak develop ia the
cooler. The coolers in most cases are de-
signed so that this differeace will always
ezist when raged Pyranol {low and water flow
are mainraised. '

One ead of the cooler is provided with a
floating head, and sufficient space should be
sllowed in the piping for the removal of this
bead.

Vhen forced-air coolers are used instead of
water coolers, special insiructions will be
fumished.

The quantity of Pyranol circulated has a
direct bearing upon the heatiag and tempera-
ture rise of the transformer. It is very de-
sirable, therefore, thar the inlet and outlet
temperatures of the Pyranol be measured and
recorded to check the quantity of Pyranol
flowing.

The top Pyranolis cooled about 15 C during
passage through the cooler and the water
temperature increased about 5 C. Usually the
water flow is 30 perceanc greater than the Py-
ranol flow,

The tubes in the cooler should be kept
clesn. To cleana them, remove thecover plates
from each end of the cooler and clean the in-
side surface with 8 wire brush.

The external surface of cthe tube bundle
may be cleaned by flushing out with a vola-
tile cleansing fluid. The jobes must then be
dried by passage of hot air through this sece
tion of the cooler. :

Coolers may be tested at a pressure of 100
b per square inch to determine whether there
is any leakage.

It is possible to coo! the Pyranol from a
bank of transformers by using one ) !
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one Pyranol pump, but chis pracrice is aot
{avored. In such isstallations, equalizers
must be used to obtain proper Pyranol distri-
bution, which is difficult to obeaiz and une
certain. Also, ia case of trouble in oae uait,
damaged Pyranol would be pumped directly
into the good traasformers. A separate cooler
sad Pyranol pump for eachk cransformer are
tecommesnded.
IF TRANSFORMER DOES NOT
OPERATE

The procedure to be followed if a trans-
former fails to operate depends oo which of
two Pyrasols, No. 1488 or No. 1467, is uvsed
in the transformer. Transformers shipped prior

to November 20, 1944 were filled with No. 1488
Pyranol. Transformers shipped after this date

were filled with No. 1467 Pyrasol Trass~

formers containing No. 1488 Pyranol require
differeac Bandling from those coataining No.
1467 Pyraaol.

To determine which Pyranolcthe transformer
conrains, refer to the transformer nameplace.
Nameplates of traasformers containing No.
1467 Pyruaol bear this namber preceding the
quantity of Pyranol shown in the tabulation
of weights. No Pyranol aumber is given on
the nameplates of the transformers containing
No. 1488 Pyranol. Should there be any doabe
as tothe Pyrauol contained ia the trassformer,
bandle it as if it were No. 1488.

TRANSFORMERS IMMERSED

_IN NO. 1488 PYRANOL

If & tracsformer filled with No. 1488 Pyra-
ool fails to operate, it is recommended that
the unit be sealed immediately from the at-
mosphere and the pearest General Electric
Apparatys Sales Office norified.

Take a sample of Pyranol from the top of
the traasformer and inspect it for discolora-
tion and the presence of water.

Xeep the transformer sealed; do not remove
the ioterior for examination uacil recommen-
dations are received from the General Elec-
tric Company.

TRANSFOQRMERS IMMERSED
IN NO. 1467 PYRANOL

If the transformer coatains No. 1467 Pyra-

nol, it may bé handled in the same maoner as

a tragsformer containing 10-C oil with excep-
tions as noted below,

CENERAL PROCEDURE (With either
No. 1467 or No. 1488 Pyranol)

The following instructioas concerning re-
pnrs presuppose chat s transformer contain-
ing No. 1488 Pyranol has beea prepared for
uncanking in accordaace with recommenda-
tions obtained from the General Electric Com-
paay.

1. Filter the Pyranol aad store in thorough-
ly dry, clean, and oil-free conctainers. All
pumps, filters, and piping used ia this pro-
cess must also be thorou;hly clenn, dry, and
oil-free. See previous instructions covering
filtering.

2. As soon after the filtering as possible,
sead s one-quart sample of the purified Pyra-
sol, together with the serial sumber and rating
of the transformer, and the results from the
examination of the original Pyranol sample
{if Pyranol is No. 1488) to the Field Engi-
neer, General Electric Compasy, 100 Wood-
Jawn Ave., Piusfield, Mass., so that asalysis
and recommendation for repairs can be made.

3, Thomughly clean the top yoke aad -top
core laminations to prevent tackiness which
would binder reassembly. No. 1478 Pyrasol
is the most satisfactory cleaning agent. Naph-
tha may be used, but presents ¢ fire hazard.

4. Uatilrepair macterials are available, store
the core and coils in 2 clean, dry room. Pyra-
nol film becomes acky, making dust or dirt
difficult to remove. If the core and coils have
got been disassembled, resubmersioa in the
filtered Pyranol is recommended. pronded an

. adequate conzainer is available.

5. Yhea reassembled, Pyraac!l cransfomers
can be dried by the shortecircuit method. (See
DRYING PYRANOL TRANSFORMERS.) Due
ing drying, the top Pyranol temperature should
be from 90 C to 100 C.

JUNCTION BOXES

A transformer is sometimes cquipped witha
jusction box, s metal housing that complecely
encloses the connection between the trans-
formet bushing and the cable. A juoctioo box
should be kepr filled ta the proper level with
the insulating medium specified: Pyranol, oil,
or petrolatum. For the lower voltages, air is
sometimes used.

The junction box c¢an usually be rcmovcd
from those transformers so equipped, to facili-
tate lowering the (raasformer tank into the

vaule. 0 O ‘6
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-connections.

Before makxng the connections, refer to the
special instructions furnished with the cable
ead or cable terminal.

TRUCKS

Bearings, whether bushed or of the roller
bearmg type, have a 1/8-inch pipe plug pro-
vided in the end of the joumal. To lubricate
the bearing, temove the plug and iasert aa
Alemite ficting, Trucks are shipped with the
bearings filled with grease, but the bearings
should be inspected snd refilled from time-to-
time to prevent corrosion.

LOAD-RATIO CONTROL

Transformers which are equipped with load-
ratio control, that is, those arranged to permiz
a change of taps without disconnecting the
load, tequire the addition of a aumber of mech-
anical parts, and call for special electrical
Their iastallation, therefore,
needs special strention. For this reason, all
'such transformers are covered by a special
instruction book which should be thoroughly

)

read before any attempt is made to assemble
or operate such transformers.

RENEWAL PARTS

Yhen ordering renewal pafts or Pyrancl, or
whea requesting informacion regarding a par-
ticular transformer, always state the serial
number of the transformer. This number will
be found on the pameplate of the transformer.
Oa large transformers, it will also be found
stamped on the top core frame; the zop band

" of the tack, and on the cover directly above

the aumber on the tank baad. A sketch show-
ing the exact location of coils, insulation or
other parts required will greatly facilitate the
filling of the order. This sketch must always
state which side of the transfermer is shown.

Any addizional information a5 to the elee
teical or mechanical censtruction, eperation,
or installation of a particular transformer may -

be obtained by application tothe nearest 'sales; - -
office of the General Electric Company, meg-""_ .

tioging the serial oumber and the rxting;- -
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GENERAL ELECTR

- Pyranol*, the ¢ooling and insulat-
ing liquid of General Electric Pyranecl
transformers, is noninflammable

From this one {act spring many benefits to users
of these transformers—direct benefits, including
substantial savings realized not only during inszalla.
tion but, in most cases, throughout subsequent
operation as well.

On these benefits ia based the mdmu-y 1 wide ac-
ceptance of G-E Pyranol transformers, an acceptance
which is best indicated by the fact that more than
7500 units, ranging in size from 114 to 12,000 ¥va,
and totalling more than 2,000,000 kva, have been
installed.

This bulletin outhnes the principal advantages
of General Electric Pyranol transformers and
shows’ typ:czl instailations, selected from the
wide range of service to which these transforme:s
: . . ‘are applied. 5
ON THE FLOOR in a motor room, Pyranol trans- = - ‘Rc‘utcfvd :rndcmcrk far G-E askarel.
formers bring primary power right to the load. C

-UNDERGROUND—mth no costly enclosing vault re-
qu:red Pyranol - transformers eliminate long runs of
secondary copper, -

OVERHEAD and out of the way, at the center
, of the lighting load—in a modern industnal
3 plant.

o - — - | —————— — - — —— s - A
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For Convenient, Economical Installations

Indoors or Outdoors

Pyranol transformers are ideslly adapted for
indoor installations in apartment, office, hospital,
bote!, school, and theater buildings, where the
aoninflammable characteristies of Pyranol con-
tribute to increased safety for ocsupants.

In addition, contractors and builders find that
Pyrano! transformers make possible many direct
savings in time, materialy, and expense in such
installations. Contractors can install Pyranol
transformers with only a simple protective metal
fence or grille, and yet meet the full requirements
of the National Electrical Code, whereas the use
of ocil-immersed equipment usually requires the
construction of fireproof enclesing vaults, together
with glls for these vaults sufficdent to ¢onfine
al! of the liquid contained in the largest transformer
in the vault. In addition, doory or ventilating ducts
leading from the vault into the building may re-
quire special safety construction. QObviously, Py-
ranc! transformers make possible a great saving
in initial installation cost in such cases.

Fig 1. Pyranol tramfiormer

Single-phote
showing lowevoligge tonk.wmall bushingy Rar-
ing 25 kva, 2400 4160Y o 120 240 eoins

Becaause of this freedom from installation re-
strictions, Pyranol transformers can often be in-
stalled in out-of-the-way locations, usually close
to the center of the electrical load. By eliminating
long—and expensive—runs of secondary copper.
they oot only effect important savings in this eniti-
cal material, but also pay daily dividends in the
form of improved voltage conditions for lighting,
appliances, and similar equipment. »

These same factors also make Pyranol trans.
formers a money-saving selection for many out.
of-door installations. The degree of safety these
units provide makes it possible to save valuable
outdoor space by placing them in spaces formerly
uniused because they are not suttable for oil.
immersed units—on roofs, for example. In like
manner, pole-type substations can fréequently be
eliminated from urban areas by installing Pyranol
units in out-of-aight locations suitable for eonly
these noninflammable units.

trans/ormes -

Pyrana!
with reliel digghiagm on cover shgwing hign-

Fig 2. Single-phate

vollage tana.wall buthings Ranng SO iva.
2400 4150 Y 10 120, 240 woity
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PYRANOL TRANSFORMERS werc selected by a Cal-
fornia industrial plant because the use of oil-filled
units would have required the digging and lining
cf an underground vault in the production area of
the piant. Furthermore, there were savings in in-
stallation time and costs.

An increasing number of industrial-plant man-
agers and electrical superintendents are taking ad-
vantage of these distinctive economic benefits
that Pyranol transflormers offer for many types of
duty:

INSTALLED QUICKLY
AND INEXPENSIVELY

Because Pyranol transformers tan be quickly
and safely installed indoors without a fireproof
enclosing vault, an open pipe railing often con.
stitutes the only protection required. The trans-

INDUSTRIAL PLANTS SA'

formers can be installed close to the [oad, eliminat.
ing the cost of long heavy-copper secondary runs.

These transformers require a relatively smail
floor space. [n many cases, they can be located in
convenient out-of-the.way places which do not
provide adequate space for installing oil-immersed
units in vaults. Many users place them on overhead
beams when foor space is at & premium.

These combined savings in instailation cost alone
often make them a money-saving choice for indcor
installations.

POWER WHERE IT IS NEEDED

Because Pyranol transformers can be installed
where they are most needed—at load-center points—
they make possible the most economical disir-
bution of power to lamps, moters, and other factory
loads. Plant engineers call this “locad-center diszni-
bution™; they know that by bringing primary
power to the ceater of the electsic load they gain
savings in reduced secondary losses. They also
gain by improved voltage conditions, which enablc
electric equipment to operate at higher efficiency.

[DEAL FOR PLANT-EXPANSION PROGRAMS

-The distinct advantages of Pyranol transformers
make these units valuable 2o plant superintendent:
who are faced with a pressing need for increased
power capacity. New installatidbns can be mad:
quickly at plant load centers. Their Bexibility o
application also permits locating them where they
will faclitate the flow of materials,

In addition, the load on existng circuits car
sometmes be greatly increased by installin
Pyranol transformers at load.center points tha
are not suited for oil-immersed equipmen:. I
some cases the capacity of factory lighting an
power circuits has been doubled, and even trebles
by dividing them into sections and supplying eac
section from its load cemter wath a Pyranol wran:
former.

- 00 st
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Fig. 5. " Three-phate, 150-kve Pyr.uncl

Fig. 3. Single-phase, 150-kva Pyronol tram-. wansormer, with high-voitage terminal
( 0 former with coverstype high-voltage buthings compartment aranged for conduit
and diaphragm on tank wall connecton
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FOR CONFINED LOCATIONS THE EXTRA DEGREE OF SAFETY s
PROVIDED BY PYRANOL TRANSFORMERS IS
ESPECIALLY VALUABLE

NETWORK VAULTS—SIDEWALK AND STREEY

The duty imposed upon a network transformer
may be severe, because the inherent operating char-
scteristics of low-voltage a-¢ network systems
usually require secondary short drcuits to burn
themselyes clear. Furthermore, because there is
no means of automatically removing an individual
aerwork transformer from the power supply, the
unit may be subject to high overloads and high
ternperatures, Because of these’ conditions, and
because underground installation reduces the
accesaibility of these units, the extra safety offered
by the noninflammable characteristics of Pyranol
transformers i3 especially desirable for this type of
service,

MINES AND TUNNELS

For meeting the strict safety requirements for
mines and tunnels, Pyranol transformers are often
a wise choice, because neither Pyranol nor its
gases can be ignited by an internal arc or an
external fre,

Although these safety features alone often
result in the choice of Pyranol transformers, users

_also find that the savings which attend installing®

them in sbove-ground substations can also be
obtained by using them for underground service,
Placed at the load center in underground areas,
they save coatly vault construction and shorien
runs of secondary copper. This mesns reduced
copper losses and better voltage regulation.
Because the Pyranol transformer is completely

‘sealed against the entrance of dust and moisture,

it is ideal for underground service.

The ease with which Pyranol transformers an
be installed and removed makes them especally
valuable to mine operators when changing loads
make it necessary to move transformers to new
locations. -

RAILWAY CARS, LOCOMOTIVES,
DOCKS, SHIPS

The same considerations that affect the install:
ton of transformers in mines, tunnels, and sub-

ways naturally apply to insiallations on railroad

cary, locomotives, docks, and ships, where the
advantages of Pyranol transformers are similarly
important. .

Since 1933, Pyranol transformers have been
used, with a remarkable service record, for heazn
and lighting railway cars.

fig 7 Pyrancl namfommen (left) in yndergrouad mune «ault {ceater) .a g-¢ Aermors voulr.
(rght) being inuciied in 1ailmay locomotive

UU 53 -



h e _—

. EXTERIOR CONSTRUCTION IS BASED ON PROVED
GENERAL ELECTRIC DESIGN FEATURES '

[ 3

. RELIEF DIAPHRAGM (under protecting cover) HANDHOLE COVER cas be removed o pro-
- provides aa opesiag for relesss of guses \Vide ewsy access to interoal cocnections.
o \Beoerated is event of an iareraal arc, Yy

' CLOSELY SPACED HINGE-
TYPE COVER CLAMPS, or
cover bolts, bold the cover
firmly is poiitice, compressiog -
thecover gaskets evenlyto form
a liquidetight aad airtighte joiot,

GASKETS of resilient com.
positioa-cork wre clamped be.
tween smooth, wide, fat gasket'
¢ surfaces. SAMPLING DEVICES provide

foc resdy sampliag of Pyrasol.

rLOW-VOLTAGE CONCEN.
TRIC BUSHING. Two blade-
termicalsencerthetankthrough
a siogle bushiog. This means
small gasket zrea and reduces
the possibilicy of leakage. Fur-
thermore, betause they are
cooceatrically positioaed, the
magnetic fields of both ter.
@ioalsareseutralized. This pre-
veots tank losses, yet permiu 2
simple, dependsdle coostruc-
= == {-tipa, The aeuyral sud ia showa
st the left of the low.voltige =
hbusbin;.

o TANK AND COOLING

TUBES are made of corrosions
resisting, copper-bearing steel.

L

Ciee . .
b TWesTa e .y . 1 TN Ty

4

%

‘ALL OUTSIDE SURFACES OF TANK AND

COVER are prepared for paioting by sand-

or shot-blastiag. A primiog coat of Giypeal®
( basic lead chromate is firat baked oo the 120k,

{followed by a baked-on fiaish cost of blue DRAIN PLLG
gray Glyptsl psint. This provides s taugh
and abrasion-resistant faish.

Fig. 1. Single-phose 75-kva Pyranol trandormer

0

T G-E regisiered tradamark.
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¢ ' " DESIGN FEATURES ¢

Fig. 10. Ausembled core-and-coils of single-

TR T Yemasm - L 3x - HgafcaComelate Lintegee of (15 bye, 240Q- L L phose, 333-kva Pyrancl montiormer, shawing
' w?n ranformer baving Spirakors® Comtugnan ~ - 8 FE e v ey G5 gk tie tanruenon:ailarger si1e . - o mnae,

Operating experience since 1932 has proved the dependability of Pyranol transformers under widely varyin;
, conditions of service. They have all the [eatures that have made liquid-filed transformers the most neasl;
trouble-free electric apparatus in service today. For example: ‘
A. They have high dielectric streagth at both normal and impulse frequencies—important as a safeguar
against damage to transformer from voltage surges caused by switching operations or by lightning.
B. The heat-storage capacity inherent in liquid-filled transformers makes Pyranol units ideai for sus
T tained emergency overioads, *
Q. Their pressure-tight tanks protect vital parts of the transformer against moisture, dust, dirz, an
sabotage. =~
- D. Immersion of the transformer interior in the liquid Pyranol prevents drying and cracking of the winc
ing insulation, and retains the high dielectric strength originally built into the wransiormer.

* CORE AND COILS TANK

- The internal construction follows closely that of All Pyranol transformers are compietely seaie
( correspanding ¢ii-immersed G-E transformers de- to prevent evaporation of the Pyranol. A frang?!
scribed in Bulletin GEA-2600. diaphragm, described! on the succesding page
. This means that the benefits of Spirakore con- protects the transformer by relieving overpressa:

struction, using cold-rolled high-permeability silicon - in event of an internal arc. )
steel cores. are likewise being made .available for Sampling valves permit ready sampling of
single phase Pyranol transformers as large as 500. Pyranol. Because the high specific gravity ¢
kva. Figures 9 and 10 tllustrate typical construc Purunol causes most contaminants o floaz. the!
tions [or smail and large kva ratings. respectively. sampling valves are located near ' *level

°s.B ﬂ'(nf:r’_pr! lr.il:fncri O 0 55
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Fig. 11, Coreand-coil assembly for three-phawe Pyrancl om.

Pyranol is noninflammable, chemically stable,
and inert. Tests and field experience prove that
it shows no development of corrosive acidity or
sludge even after long periods at high tempera-
tures.

Pyranol and its vapors have no effect on the
metals and other matenals used in Pyranol equip-
ment. The life of these materials, when immersed
in Pyranol, is approximately the same as that
when they are immersed in oil. :

The dielectric strength of Pyranol is of a high
order. Standard commercial-test values higher than
30 kv are customarily obtained. Like insulating
oil, however. Pyranol follows the usual gas-solu-
bility laws. Exposed to wet air, it will absorb some
water and, for this reason. every care is taken to
assure the airtightness of the tank.

Liquid Pyra-ol can be handled at room tem:
perature without fear of toxic efiects. During the

TR ETITNE BT AL v DX G - e e, D T Y P S N 5 rated 300 kva
e ST R TR e et oy R S P
’ PYRANOL twelve yeary' experience of the General Electric

Company in manufacturing Pyranol, there i3 no
record of any workman's requiring first aid er
medical assistance because of Pyranol vapors.
Because of the nonoxdiring characteristics of

Pyranol, fltration of the liquid will in general be
required less often than is required with insulating
oil, If it should become necessary to filter the
Pyranol used in transformers, it can be done in a
manner similar to that used in filtering insulating
oil; that is, by the use of cither a filter press or a
specially arranged centnfuge.

BUSHINGS '

The bushings furnished on Pyrano ! transformer
are pressure-tight and are located in the cover or in
the tank wall. The standard arrangement for any
particular rating is shown in the tabulation at the
botzom of each data page ‘12 to 1
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VENT PIPES AND GAS ABSORBE?

Pyranol transformers under normal operation
produce no gases. Under sbnormal conditions, in
the event of an arc inside the tank, gases will be
generated by disintegration of Pyranol. Because
these gasey are nonmﬁamable. it is practical to
provide a relief vent in the form of a frangible
diaphragm. This diaphragm, regularly furnished on
Pyranol transformers above 25 kva, is designed to
burst at- an internal pressure of 11 pounds per
square inch, and meets the National Electrical
Code's requirements for transformers installed in
well-ventilated areas,

YENT PIPES

. The upper stezl clamping ring, which fastens

"the diaphragm to the transformer, is provided

with tapped holes to permit the easy attachment

ix holes

- Clemptnq Rig

For e inch Diaphragm

—  Six holes
eo'//\’; 20" [~ V2-13tap

rex ha bolts
Clemping nmq

R ,_.,‘yggf.-_al% F'Innqe

"‘"1_ Sin moles
60 20’
R

of a vent pipe for discharging gases into the ocutside
air, into a chimney, or into other ventilating Ques.
(See Fig. 13.) In some cases the Code requires
that a vent pipe be connected to such a veaulatmg
flue for units above 25 kva installed in pooriy
ventilated places.

It is recommended that the diameter of the
vent pipe be no smaller than the clear diameser
of the frangidble diaphragm from which it ia ex.
tended; that ix, either 6 or 8 inches, a3 thown in
(Fig. 12). It should be made of material not
lighter than No. 16 gage, and there thould be as few
bends as possible so that gases can flow fresiy
through it. Provision should be made for inspecting
the diaphragm and for removing any moisture
that may accumulate on it; proper arrangement
of the pipe will generally prevent such accumula-
tion of moisture.

&ix holes
L 916" drill

=T NS

9/|° dgeitl
!

Fig. 13. Close wo of reliei-dic
phragm omemoiy

Vent-pip pe flange
For 8-inch Diaphragm

Fig. 12. Derarly of flonges for vem diaphragmi and vent pices
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GAS ABSORBERS

Where it i3 not economical to instail a vent pipe,
& gas absorber can be installed on the Sange over
the frangible diaphragm, as shown in Fig. 14 and
15. It is designed to absorb the gases produced by
arc disintegration of pert of the Pyrancl in the
transformer; 2 per cent of the Pyranol in distribu-
tion and power transformers, and 5 per cent for
a-c aetwork transformers.

The abscrber has a steel tank with a mountiag
flange at the bottom for attachmeat to the relief
vent of the transformer tank, and, at the top, a
separate diaphragm with a protecting cover, This
tank contains several perforated.bottom steel
trays, {astened together, one above the other, by a
center bolt to facilitate assembly. The bottom
tray i3 filled with chipped marble. and the
upper trays contain soda lime. Should an internal
arc generate sufficient gas to break the diaphragm
on the transformer, the gas will pass up into the
tank and be absorbed by the soda lime. Any liquid
carried by the gas will be stopped by the chipped
marble and will drain back into the transformer.
If the quantity of gas exceeda the absorber capadry.
the top diaphragm will break to relieve the pressure.

APPLICATION

Under the provisions of the 1940 National Elee-
trical Code, cither vent pipes or absorbery may be

tory are: the energy available in the circuit to which
the transformers are connected: the type of pro-
tective equipment: the area, volume, and ventila-
tion facilities of the room in which the transformen
are installed: the number and proximity of em-
ployees in the areas.

When absorbers are used. it is recommended that
one be used with ezch transformer. If a snngie
absorber is connected to two or more transformers
by means of 2 common header, it is possible that
if more than one transformer should experience
trouble simultaneously, the gas produced might ex-
ceed the capacity of the one absorber.’ -

The absorber should be inspected at intervals
to see that the diaphragms are intact and that the
compound in the abserber has not become damp or
caked.

—— ——

""—-- '- -
T Ve e e mTeT

Flg 1‘ Single-phate 75-kva Pyranc! tans.
former with gay abierber

Fig 15 Thiee-dhase $0-keg Pyranol nens-
former with gos atiarber
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Monsanto Company

" BOO N Lingderph Boulevard
St. Louws. Miizour: 83i66
{314, OXxtora 41000

March 3, 1969

Mr. Edward L. Raab

General Electric Company

100 Woodlawn

Pittsfield, Massachusetts 0])201

Dear Mr. Raab:

On February 24, the San Francisco Chronicle carried a major
feature about "a menancing new pollutant' found in the San
Francisco Bay area. The article was based on marine life re-
search carried out by Dr. Robert Risebrough of the University
of California.. It stated that residues of polychlorinated biphenyl
(PCB) were killing certain marine birds and posed a long- term
threat to humans.

This story has caused considerable comment on the West Coast
=224 its claims may be repeated elsewhere, As youkpow, ... . _
Monsanto manufactures polychlorinated b;phenyl and markets it
under our Aroclor trade name, We, therefore, would like to
present some additional facts.

The work done by Dr. Risebrough dates back to earlier research
by other scientists to analyze the amount of pesticides in wildlife,
soil and water. The initial pesticide research was extremely
difficult since any search to detect materials in the parts-per-
billion range also brings out other "interferring" substances.

20
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Several years ago, two Swedish scientists a: Stockbolm University's
Institution of Analytical Chemistry, Proiessor Gunnar Widmark
and Soren Jensen, reported they had identiflied the other substances
. which were appearing during analysis of chlorinated pesticide resi-
[ ' dues. They said some of the materials were polychlorinated biphenyls
-or PCB. The amount reported was in the parts-per-billion range, or
less. Since PCB's are not "broadcast” or spread around the land as
‘are pesticides, the scientists theorized that the source must be the
industrial wastes of PCB users.

Dr. Risebrough's more recent work reports the identification of PCB,
along with DDT and DDZ pesticides, in the tissues of birds and {ish
on the West Coast.

The conclusionsof these scientists are puzzling from several aspects.
Polychlorinated biphenyls are stable chemical compounds which are
essentially insoluble in water. Their use does not make them easily
released into the natural environment.

( A principal market for PCB is in electrical applications where they
are used as insulating fluids for transformers and capacitors. In
this use, the chemical is completely sealed in metal containers.
Another market is for heat transf{er applications where the PCB f{luid
functions in a closed system.

-;_L.u.-- < ia-mm BGBIS a7e alsg used in several plastic type" anpplzcgt:onih Here the
chemical is incorporated ‘into the polymer as-an. integral part of the T
solid material., This applies whether the polymer is used as an

acdhesive, an elastomer or a surface coating.

The Swedish and American scientists also imply that polychlorinated
biphenyls are "highly toxic' chemicals. This is simply not true.

The toxicity of any material, whether it be chemicals, drugs, natural
plants or even foods, is relative. Compared to the thousands of
industrial chemicals and home products, PCB's are not toxic unless .
they are mishandled or misused. During more than thirty years of
U.S. production and use, cases of any toxic effect have been extremely
rare -- and then only where the simple precautions recommended for

L- use were not followed.

20 60
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To our knowlecge, polycnlorinated biphenyls are not sprayed or
dusted on crops, woodlands or any other areas, as are pesticides.
It is, therefore, not only puzzling, but extremely difficult to con-
ceive how commercially produced PCB can show up in wildlife as
DDT and other pesticides appear to be. This raises the question
whether the substance identified in the Swedish work, and now in
California, is actually PCB -- or whether they are materials which,
due to the metabolism of other materials in the marine environment,
appears to be PCB.

Unfortunately, even though techniques for analyzing tissue samples
have become quite precise, the ability to analyze the possible
impact of naturally occurring substances in the food cycle of living
organisms has not made comparable advances.

Monsanto has a research program to confirm the identity of the

compounds reported to be PCE by the Swedish and California

scientists. We also cooperate, on a regular basis, with federal,

state and university laboratories in their analysis of chlorinated

hydrocarbon resicaes. : .

Additionally, Monsanto will continue to exercise the highest degree
of ¢ontreol in its manufacturing, shipping and storage of PCB -- as
we do with all products. In the functional fluids market, we have
carried out a program for several years {or the reclamation of
used PCB's to avoid disposal of these valuable materials.

T BRGE N T =t B e T T O e e SR S Sy TR e e T AT, AT R D T ¥R Yier D T ATt semelorat.

The source of the marine life residue identified as PCB is not yet
kanown. It will take extensive research, on a worldwide basis, to
confirm or deny the initial scientific conclusions. We will keep you
advised of our own research and are available to answer Questions
as they may arise.

Very truly yours,

UL

Elmer P. Wheeler
Manager Environmental Health

lecd
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D, E. M. Kline
Desr Ed: ’

I have beer 4n telephone conversstion vith Dr. Ezmet Kelly and

- EQ Wheeler, Medicel Director ané Industrisl Bygienist respectively
of Monsanto Chexzicel Co. in St. Louls. They are.concerned over sone
recent technical and pewspaper srticles relating to the presence of
polycrlorobiphenyl products in widely dispersed fish and wildlife.
The incressing interest in the eflfects of-pesticides, especislly
chlorinated ones, on the ecosystem has raised the question of vwhat
adverse effects, even the pico-gras gquactities of the polychlorobi.
phenyl cozpounds found in birds' livers aand eggs and in fish livers,
cen kave on the normzl development of these species. At present,
there is little to indicate whether these cocpounds have been dis-

( persed atzoszlrericslly or have beern waterborne.

The Gererel Electric Cc. purcrheses its crlorinated polyphenyls from

Monsaato Co,, modifies it, enc uses it under the naze of Pyrenol.
. ) ~ I believe the melor spplicetion for this material in our Compsny is

a5 8 dielectric for certain types of trsnsforzers and capacitors.
: Dr. Kelly was not sounding a tocsin, but thought that the proper
‘ P .peozle in our organizetion shoulé be alerted to the possibility that :
A E e L 2R SR TEE By e~ 131’:56*'*‘“ I OS LA P e mdn§ - wa s T e ke oomeTatenpE o st

to determine to vhat degree the Cocponeats using this material dis. .

charge 1% as either liguid or solid weste, or as an air contazipant.

I am attaching seversl articles on this subject vhich Yyou may wish'to
pess on to0 the proper person or persons. One individual vho 1s highly
knovledgeasble ebout the uses of Pymanol is A. Rasd at the Laborstory
in Pittsfield, Massachusetts. Dr. Reab may be & good person to
contact first,

Best personal regards,

2.0

/\. ) : I. Matelsky .
. < Jodostrial Rygienist
~ #:16.2¢C,
IV:esr
Attachmernts

cc: Jw Loaey, M.D. . i

/
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o terminsted and the completa! chain released

e ribosome-mRNA complex to w Lich it is bound
“ e (RNA molecule carrying the Sast amino-acil
. 'I‘“"d‘ There must be 3 mechanium for reading
~ Lain terminsting codun (three codons LAA, UAG,
N BATHYIL code for chain termination) and elcaving
v § 7 0 peptidyl-tRNA bond. In Biochem. Miophys,

& emm., 8, 773 (1067) he describes an experimental
. :,. devisad to give & rapid sssay for chain termina.-
. "l L wlin Proc. US Nat. Aead. Sci, 88, 1144 (1967)
o [, wpets the discovery of an enzyme requirud for
- ...uuliiﬂ. )

v sy for termination employs the RNA from
o ouler mutant of the cost protein genc of the RNA
~ wtaphage R17. This mutent bas an amber eodoo,

we. sl the position of the sixth amino-acid, & gluza.
. mvidue, in the R17 coct protein molccule. In s
. twe systern the mutant RNA divects the synthesis
+o umall N-lerminal peptide of the coat protein with
« ayurnce N-formylmet.ala.scr-aspn.phe.thr; the
oot amino-acid in the coat protein is glutamine, but
.k the mutant RNA the amber codon eauses pre.
+oun fcemination of synthess and the release of the
~ujeptide. The great virtue of this system is that
«watcrminated peptide atill attacbed to the peptidy!.
£\ carbe distinguished from the terminated peptide
sbend from the (RNA and the amounts of each
- esutrl. Furthermore, starving the system for any onc

b (ihe aix amino-acids in the peptide arresis the trans-
: o'enn machinery before it reaches the UAG ocodon so
( semination ean be controlled.

Esploiting thia proocdure, Capecchi isclated s
~aplrz of ribosome, mRNA and pentapeptide

X

€. HOLMES

H. SIMMONS

0'G. TATTON

:::-r.y of the Govgmm.n! C.r:mfit.

wildlife.

- -0

Mers wild birds® egge or the livers of British wililife aev
Trwied by gas-iquid ehromatwgrsphy (GLC) using

L Puiapture dotoction, poaks nding to such
“N-rldurm? posticides as BHC, darldrin and VDT, and
:" Antnabolites and broakdown producta, oftru appoar
L 2 b raultant ghromatograms. Thowo praks sometimes
i‘;-'n} amounts which ore signifscant from a touiconlo-
“1*unt of view, but the aonsitivity of modern inatru-
;":"' sleo anables complataly insigmificant amounts to bs:

| . 1l “Anslysts concermed with she dotnrmination of
.:"':Morm. posticidos in wildlife, however, Junie Jong

' .‘.“um that it is not unisus! for an slditional aniice
— any as ton ponks, enrrospondig to unidentilied
.'.L'ﬂl"dl. alss L0 apmwar on thrwe chromutoprannt=e,
foa ‘@ known of tho atmicture and ornigin of thume com.
le. but Roburn' cetallmind that thoy am nrgann.

by - SUPEE- & JEIF L TAPRS S TR L WY, T SO el X RN NP Y S P

" TChlorinated Hydrocarbons in British Wildlife ™

quantities than organochiorine pesticide residues,
biphenyls are known to be toxic, and their detection in wildlife
raises the question of the adverse effect they may have.

sttached by the phenylalanyl (RNA droply by starving
for throonine. Vith this ho has boen able to define the
cond.tions necemary for terminatios; incubating the
eonpiex under suitoble conditions with or without
tkreorine or supernatant enzymes showed that to got
relcase it is necossary but not safficient to scomplcte the
peptide by incorporating threonine and that relesse

i5 pot solcly dependent oo the transfer eazymes

requircd 1o move the ribosome from the threony! codon
to the UAG terminsting codon. Release docs, howerver,
depend upon the preacnce of a superuatant factor, This
factor, with a molecular weight of betweca 40,000 and

50,000, sedimenta bet ween 355 and 4-55. Because jts

releasing sctivity is not aflected by RNase, it cannot
be an RNA-protein complex. Apparestly the substrate
of the relcase enzyme is the ribosomo.mRNA-peptidyl
tRNA complex so that it must act direetly at the ribo-
sorue and pot cleave the tRNA from peptidyl-tRNA
slrcady released into the supernatant, which waa the
other possibility.

Capeechi dos not yet know whether the release
enzymc works alone or in conjunctian with other factors,
in particular & hypothetical chain termination {RNA
which reads the termination codon but docs not carry
an amino-acid. Many people, including Capeechi, have
searched in vain for such a SRNA specics, snd although
negative results csn bever exclude the possibility that
such tRNA exists it is reasonable to think about
alternative models in which the terminating eodons
arc read eithier by the ribocome ar the relessc enzyme |
or in which nonsense codons function simply becaunc
they cannot be read at all. Further characterization
of the releasc enzyme could well decide the issue.

Polychlorobiphenyl compounds have been detected In British
In birds' livers and epgs they are ofen in grester

Polychloro-

ehlorine in nature, with a substantial ehlorine eontanl.
and eonsoquently prsacua electron-cspturing proportion.

On silicone o “Apicznn’ GLC oolurons, the sames of
poake fur theso eamponnds normally begina at the. pnint
st whirh pp"-TDE and pp'-DDT are emorging from tho
eolumns and oxtonda, in torrma of retention times. to four
or fivo limce that of pp’-DDT, which is the last of the
eommonly occurring pusticidre to emorge.

Bofuro nxnamination by GLC, mmpis have normally
been subjecicd to 8 fairly rigorous eloan-up frocrdurse.
such me that of do Fuubort Maundes o al ., which irlndes
& dimathyifnrmamide-hoxane partition and peumage
through a eoliunn af prepard alumina. Brcaum: {lew:
unknown enmpnunds are arnilat in nature and pmpertes
0 the argunochlorine praticidon, they also pas through
this and aiinilar rlran.up prootuse; conarquently, they

20
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often interforo soriously with detorminssions '
of pp"-TDE and pp’-DDT in wild!ifc bocsues
of cvorlapping of the chromawogruphic poaws.
Buitablo prooudurcs have boon devisold W
ovorcome this difficulty of intorfonng pocis.
Onc mothod is o offcct & botter realition of
thoso particular penks by choice of a suitsbio
stationary phuso for GLCY.  Anoihier methec,
which also demonxtratos the prescnos of b
thess ocompounds in tho samply, is the us
of & proliminary thin-layor chromacograghic
treatment’. The cleancd.up extracia are
examinod on silica gel chromatoplaies usicy
8 1 por oent solution of scotons in hexans es
mobile phass'. Spous corresponding o tha .
corapounds can then be found at Ry values
betwssn 0§ and 10, whorocs the oom-
monly occurring orgunochloring posticides
and their meatabolitos produeo spots of Jowar
R, valuos. A eimilar soparaiion ean aiso bo
shown with reverso pharo paper chromcio-
graphy® whereby "the unknosn ecompouncs
move only & very short distance from tks
bass line compared with the posiicides and
their matabolites,

. Gas.liquid chromatography wmaing dual
channel detoction sysioms with scpirste
eloctron-captuto and flamoa-ionizetion detec-
tors has also besn used o domonstrate the
pressnce of Jarge amounts of wezlly alactron- @
oapturing material, in addition to known
pesticide rosiducs, in tho egmy of oymar
oatchers (Husmalopus osiracgus)t. :

Ezperionce in this laboratory has glowa
thsti those compounds occur mas: frequonily
and 1n the largrel proporiions in the livena,
fat and eggy of birds, particuiarly torreainal
predators such a3 spurrowhowiks (Adecipir
nww) and kestrols (Faleo finnureaus) cad

NATUF

——
Meonas faisgnid
-

Maspae (satsent}

” O0L
T.22% ag

L T1}

o

hy

marine feoders such as guillemous (Ura
oalze) and kittiwekes (Kum tndesyla);
they also commonty oosur in freshwealer
fish. We have dowected smull ar=sunis
in human and snimal fat smdles, but lem
frequently and in much smaller proportions
than in svian samplea. '

A smilar series of chromatographic pooks has beon

and fish wakon in Boottish watars. He found that the poaks
given by the extracia of freah and soa-water fish reproson-
ted fairly low concentrationa, but thioso given by extracta
of soal blubbor corrmsponded to taueh larger proportions,
of the ordor found by this laborstory in buds’ eggs.

Dospite considerable curiosity about the identity of these
oormpounds, little progrem has been made in idontifying
thon, but thoro has long been a general supposition that
they wore sither further breskdown or condenaction
products of the orgunochliorioe pesticides or possibly
Jooss ocompounds of these with natural products such as
protein matier.

Jonaon, howevor, sucoondad in identiflying & sories of
such poaks aa corresponding W polychilarobiphenyl eom-
pounda, in 200 pikea takou in diffcsent pary of Swedon,

‘and in an eagle''. We have now bonn ebio 1o aliow that
the long retontion timhe compounds oceurming in British
wildlife arc slec polyohlorebiphanyl compounds.

Polychlorinatod biphonyl has boon i1 common eommor-
cial uas for mome timo an a plastieizor in painta, resins and

. plustica. It also hos eloctrical inmilating proportion and
can Lo usod for & numbar of othor protoclive purposon.
Commareiul preparations of this material aro waually
gredod accomling to tha degroe of chlonnation, Lut all of
thom are aubstuntially complex mixturos of palychloro.
Liphonyi compounds that could bo orpociod to Fewnibla
tho organochloring preticidee in their chomscal and pliymical

Fii- 1. Gaslbquid chromatncren: of (s) ratract of Sesirel Lver sad (M » asmawwre

16, _brons. these mixtures produce & sorios of chromatosm

e T 0% e T AL S

«© & ' 0
Reteslica Une (min)

puiyciloraliphenyl reala.

propertioa. In tho proseribed extraction and GIL ~e
peaks of thie tyPo in question.
The coropounds oecurring in British wildlifo curmep*
to thu more highly ehlorinated Lipheny! comaponmds 1o+
than the moro lighuly chiorinated types. Thebe *
chlorinated biphenyls alro occur to sote extent » °
silogois polyclloroterpheny! preparstions wluch 1=
commarcial usos similar to thosse of palyehlorlspin I

OL 216. OCTOELA 3, |;<:‘

(

It is posaiblo that somo of the éompounds with vwr¥ b= }

rolontion titws oceurring in British wildhfo ar Is' 4
shlorinated polyclilorotorpbenyl compounds. .
¥ig. la shiows tho gua.liquid chromatoprsm o
extmet from & kostrel livar, The Zwrl"-l-"“"l"
PP’ -DDE (0-43 ng), bota-DHC (0:33 ng) end grav™ °
(0-03 ng) wro laluilod. The othor poaks farm t1# *,
roforrod to abovo end until now would have bovw "'l"
simply as “‘unknown organochineine eom{==r® ' |
cornwponding L any known posticids or ke mecal*® ™
Fig. 16 showa the anslogous chromat of l.l'":'”
cial polyehlorobiptwnyl rosin. Bo far as rotont™®
aro cuncorned and apart from the pusticude l"“"‘r,,
is exact mateling for all but & fow posks 8 ¥
ehronuilogruma. ) .‘
Tho chromatocmma shown wero obiained. by ¥ °
silicnno gum (CA'-SE §2) ovlumnn, but thee prr™ v
spondonon Lotweun tho retontiun timos of L I,
tha unknown compniusda and thoso frem ehe P20
hiphonyl resin has alao born demonatraind on “Al™

20w -

l";.
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TTYE AETITHON Mgy oF THASE DIVTTLAY: 0ié QoLTUWS

- po b T (Bscluding Les Jof heown preliciues)
g~SZ 8 @tﬁa‘.;- lzn ' Craponilicone
# gros presoc L rapos
! .ugu - soluk s OF-4F 60 et
0ns <s TLE RIiLC, mro
i 142 231 233 4] -84
13 123 1< $e? 13, 1-33
o 160 S 22 2
' 3% 465 [ 7 gc2 e
Y LR 311 L& M i 3 | &H
i 370 (3% [ 211 E Y] $-80
s 44 . 4L (S~ 1N
s gg‘l-' i T
w . .
|:I. Eeusi Lvs? srtnci; PCB, palyciiarcbiphenyl rents. .

. od eysucailicono columns. The actusl retention timos
. snechd for ll.he poaks on thesc three typos of column are
wnm Jablo 1. '

l ' ;':‘ﬁ'h}; confirmazion as 1o the identity of these com.

wals s boen obtained by & etudy of their boheviour
o« thunlayer chromaioplates, alumins and silica gel
vevplion columns and reverss phese paper chromato-

. In nddition, thess compounds have buen shown
s mamblo the polyshlorabipheny] compounds in their
seunenl inertness. Thus they are not sasily modified by
eyl chemical reaciions to produce readily identifislle
«.0Ls 10 their retention times on GLC s can bo done, for
sotance, 0 pp-DDT by hydrolysing it to pp’-DDE or to
ol by ezidizing it 10 dicidria.

A number of livers and ezgs teker from birds in tha
: Mroimh Iales or their coastal waters have boon examined
! o this laborstory with resulws similar to thoss obtainod
1 r il kestre! lives referred 1o earlier. Whiletheidentifica.
+ w of these compounds in Britich wild!:fo may solve the
swsiery’ of thoso peals on GLC ehromatograms, it raises,
Lisevrr, many vther questions. Wty for exemple, do
Uems compaunds seom 10 be sccumulated, most frequently
wel in the largest proportions, in ecertain types of wild.
4% such as birds, seals snd Sch, and only. at the most in
sery' small proportions in maun or his dorsestic animals such
@ vy or shecp ! Id this respect they secm to difiar
* § ~windly from tho ergwanochlorine pesticides which scem
* Juve invaded nearly ali sapects of our snvirenmant and

R

s &

to which they bear a srong rosemblanco chemically snd
phyuically, ,

Eome of the samples of birds exarained in this laborstory
have scomed 1o contain higher proportions of polychloro.
bipheiyl compounds than organochiorino prsticides, For
exaronle, the peaks on the clyomatogram for tho kestrel
liver shiowr in Fig. 1 wore estimatod to bo equivalont to
about 12 ng eof polyetlorobipheny! eoropounds. Thie
must be contrasted against the orgnnnchionne posticide

" rosiducs listed above. These total only sbout -8 ng of

which 0:3 ng is beta.BHC, an isomer of BHC which 1

. genernlly regarded as ot toxic to wildiife.

Great concern has ofioa bern expressed by conservation-
ists about ihe oJecta of pesticides on wildhife, particulariy
birds. The ident:beation of these othor organochlonne
eso=pounds in wikllifo prompts enquiries as 10 the possible
toxic eflects they ooy be having. That thesc conipounds
are toxic is generuly agreed!ss; the polychlorobi.
phenyls are in fact regarded a3 an industrial bazard and
shreshold limits for them in air bave been sdvised'®,

We thank ths Nature Conservancy for samples of
wildl:fe asd Monsanto Chemicals L:id. for samples of
poiychlorobiphenyl remina. -

Rareived October 3, 1947,
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o ipQuaskestellar.Sources, Supernova
)

\ ' By consldering the opacity of n.'sqr!ace layer of u star, the nuthbr
conciudes that quasi-stellar sources, supernovae and novae may be

‘P F. BROWNE
' [}

o § Lorenuty of Manchester Institute of
1] ¥ ot sd Technoiogy \

1* @ wsually considerad that the odtburste of novee and
! p-moves are fundamentally different proocsees; but I
“«ll horo propose & mochanien which ean account for
,"" phenomens, and which at ths sarae time can acoount
Y B “wthrr problema concerned with quasi-stellar sources
Fesin).  In particular, T suggest that theso outbursta
- : kikely to be anisotropic (aa indeod they are observed
. = fur novas). Bocauso-she encrgy raleascd during o
Arnmewa outburst is comparable with tho siollar rest
o X¥. AR anisotropic outburst could mean thas the etar
T werlarated to relativistic velocity in order to conserve
“tenium, thus affording s Doppler sxpisnation of the
":_" M -shifis of tho quani -stollar sourrss.  «
'.'----dur the opacity of a layer. L. at tho surface of a
el Lst AR Lo Lhe thicknres and 2 the radius of L, and
oo in plasma at temporature, T, with elrctron
q I™=itiva ion densities N, and N respeetively, L will
TR Ius to radiation of wavelengthi 2 provided that tis
o whor ¢ ig tle optical depth uf L. A major eun.
1" v s 1y, the optical Lhirkness diio U6 frro-(ros

olag,
o 1 ‘adlq,

different manifestations of the mme mechanism.

absorptions. ItiaLknswa that tya MT<AN N AR (rel. 1),
where induced emissions are inciuded. Suppose, now, thst
L is compressed of dilawad without ehanping the total
numbers of ions; that is, AR is vaned under conditions
which maiatain constant §=R'ARN,, s0 that ARN,m

eonsiant. Evidently sya NN ARaNx1/3R. Thus
compreasion of L iocreeses ita opacity, while dilation
reduccs the opneity. .

Of course, tho total number of ions will not remain
eonstant in pructice, becauwss the recombinstion rate is
proportional to N,N.. If the parcentage of atomus iopited
is Inrgn, tho density of unionized stoms. N, will therefore
be propertional to XX'. Thu mesos that the coninbu-
tion to the apacity made by bound.bound end bound-(reo
transitinas within unisnited atame is alac pmportional to.
NN 32, This effect. recognited to ‘bo iraportant for
atellar pulsation', further incresses the opacity of L on
eompresaion. .

Sumo consequences of this variable surfaco operity will
now e eaamined. Under eqqulibeium eonditinn °

— -
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‘. Fractions and Multple
fraction pre= symbol Nyrecal’
10 deci d P ety
10 e=3 ¢
10~ mis Y lengih
10~ ni=-o »
10-* [ %) n
o= = P
10-1s Lu 4
10~ ato s
Aroa
muyltiple prex symbdol
1o dala de* .
2 L ]
i A veie
104 - o !6{
104 oS
10 = T masm
*Ts bu Pesirictad & Bch & pCile, "‘.h‘i‘,
Compound prafixes should aot be used. Thus 10~ meire )
is represanted by ! am, not ! mum. Tos sticching ol a focce
prefix 1o & unit 1o effoct consiituias a now wnit, 80 that
Jkm' = | (km) = 10*x*
a ]
not 1 k(z®) = 1042 pevesre

Where poasible any

aumerswor of an sxpression.

oumericad prefx ahould appear in ths

NATURE. VvV’

unit
angtrdm
nch
foot
yard
mule
nautica! mile
square ineh
square foot
squaro yard
square mals
cubie inch
cubic foot
UK. gullon
pound

alug
pound/eubic inch
pound/eubic foot
dyns 0
poundal
und.florce
silogramme-fores

atmosphare

torr .
pound (f)/sq.in.

' Organochlorine Pesticides in Seals

and Porpoises

(A. Y. HOLDEN

K. MARSDEN

Freshwater Fisherles Laboratory,

Pitlochry, Perthshire

Tax prasence of organochlaing residues in masine lifo sn  Barp scals (Phoce groenfandico) on the Canadian .&ul-
any sreas of the world, includiog the Antarctic, has been  ecas: have also been examined and tho results of
reported recontlyt. In Brisish waters the secumulation acalyscs aro reported here. Examinatios of sanyd
gy _of mea birds’ and the process of seal blubler fr

- of residue in the eggy ies, anc o >
* 7 GopteBIAASE of- Potlitides TRARh GeRtAin Tood ~

Seals and porpoises in Scotland and Canada, far from the sites
spplication of pesticides, can sccumulate high concentrations
residues in their blubber. These chemicals are spreading thr
the long food chain which ends with seals and porpoises and obri
cannot be confined to their place af discharge.

in the marine eavironment* have been studied. Anclyses environment.

of various species of marine Eah and mammals from
Boottiah waters during the past 5 yean's bavo shown &t =18°C until required for analysis. Thy {arel
that orgsnochloring residuca are now s Dormal occur-
rence, the highest conceptrstions being found in orgona whowed no evidence of muy i
or tissues with the highwst lipid content. Thus the muscle

sammples wers proserved in 10
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Examples of Units Contrary to 5i,
with their Equivalests

of e 3 Othor_sress. is,
T dimexy Lhe variation beswecn diffore

All tissue samples from Bcottiah waters wen b

aquivaleng
10710
0025¢m
038 m
O%ldsm
1609 34
1-853 18 ks
516 mme
0092 503 mt
0838 127 ;o
238000 e

168 Mw o ne®

o028 Jisx fad
0-004 540 oy (0
0433 892 374}
14593 9 &g

SITMx 100 Mg . o

160185 kg m {-
10* N

0138238 N
444822 N
RSN
101-326 N m-¥
133 322 N m-*
645474 Nen ¢

santiquing ol

roat rogions of L i

188)

nf
o

Dug?
Sulie

eznt formalin, =i=*

timuo of salmonids, the livers of cod and the blubber of -pot affected the efticiency of recovery of 1=
residucs. Aliquots of tho samples (S g) wero gran=if

seals aci as storage sites for those reaiduce.

Tbho squatic mammals, sueh as whales, soals and por-
ises, hove & relatively high proportion of the body weight

powder with anhydrous erystalline sodivm suljd='s
grade) and extracted in & Soxhlet spparoius B¢t

in the form of subcutanacus fst (blubber). Gocals feod distilled AR grode m-hexane (previcualy tested ami f

‘ehisly on gudoids and salmoaids, and porpoises chiafly on  to bo frec of oloctron-espturing matarisls by g
small gadoids and clupsoida The proasss of conceatrution  tography). The hoxane extracts were mado v

of peaticides through their food chain might be oxpocted and 25 m!. aliquots wure subjected to elranvl

to result ia high pesticidelovels ip the fat of thess marmals,
and sarcples x-:dyud at thia laboratory confinn this Faubert Maundor o al', followed by eol
.x?ecutioa. tooontl yesra, spocunens of the groy
Valichotrus grypus), cormmon soal (Phocs wituling) and  pesticide residuos from fal extrects 80 treaind
+poisa (PhAocarna phocaena) bave beon smmpled from 20 por cont, but, as is customary in
wasts of Bcotland. Bamples of blubber wore available

s all the rpecirnens examinsd, and in & fow coacs other
organs wero also availabla As well as recognized pesticido
substancce have been
detected by gua-liquid ehroatogriphy end, in arder to )
sstabliah whothor such submtancoss are as widely distributed  outor diameter. Ono eolumn was packed wil
as the pesaticidas, blubbor samplas fromo gy acals and sarb W A W/DNCS 80-100" mesh scatod w1

residucs, other

sloctron un

the hoxano—dimethyllormamido

saal using aluminn containing 8 por

uance on tho snah}:©
roccdure, and in this und other caacs involviuyg i °

| Y
"
. -

clne-
Pt lere-

ount watel:

po ecorrection has been mado for such
proxcnted hero.

Tho cluaned-up bexane
Jiguid- clironwtograpliy on a Varian ‘AoruEm™
instrumont employing two glam columns s

ek ml-'l ol ‘
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The b *
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-0 vilicone oil, and tho othor with the same suppost

o with § por eont DC-20) 4+ 7-5 per evnt @21

alicone.  The oven tempzmriyre wes 260° C, the

an gns flow 80 rml./min and tho eolumn resvittion

suidnin onuivalent w 1,600 thoorotical pites. Thero

« tipuScant degradation of DDT on tho cvicmrs.
Li. complete separution of tho eommmorn pestizide
jwre i posaiblo on ono or ehor of these columna.
L loronce by polychlorinatod bizhenyl (I'UB) ressduest-*
+ .9 TDE snd p.p"-DDT pealia nocessitated & further
L ieal slage, Aliquots (S mil.} of somo of the estroaia
. aporsiod o drymess in a stroar of cold filiered air,
[ the residues refluxed with 2 ml. of 2-5 per cent
1falic potassium hydroxide for 15 min on & wom
-bath. Aftor eocling, 5 mJ. of m-hexane was addad,
- mizing, foliowed by <0 mlL of 2 por cent sodium
sl solution. The supernziant hexano lsyer was
[: analysed by goa-liquid chrometography, By this
wique, quantitative econverzisa of p,p’-DDT to »,2"
<. ond of p,p’-TDE o p,p-2DE (= DDLL), is ob-
«d. ard the conversion pruducig confismtheidentity of
) arginal residuea. Tho residusd poaka in the p.p-DOT
2.0 TDE pos.tions, whero preaent, ean be subtrazicd
= the values of tho pesticides orfiginally determined
wec positions. Hydrolysiz al=o deatroys a and v-BHC,
E:ﬁpnnnt.. but polychlorincted biphonyls are un.

1',:,,,;, vOL. 216, DECEIABER 32, 1.67

o A mw

. A eyonoailicone (X £-G0) eolurnn'® has also
-¢ used to separsts 2,9 -DDT aad p,2°TDE from PCB
Lference, confrming the latter.
Te principal pesticido rosidoea found in all samples
pizined were those of the DDT group, with dieiinn
zuzh amnlice quantities. Canadisn seals ocnisined
rt sonoentrations of dieldrin than Scottish sonis, wkile
wak porpoises contained rermarkabiy kigh concontra.
of !l posticide rosidues (soe Table ). Inter(oronee on
( 7.200 silicons columys; inthe p,p". TDE position caused
non-hydrolysable residue wzs responsiblo for about
per cent of the total esiZmated p,p’-TDE in the
adiar and Seottish samples examined. In tho z.p':
~T position, the non-hydrolyt=blo recidue constituted
«: 10 par cent in the Canclian scmples and about
pot cant in the Scottish samples examined for ‘this
‘ermnoe, tho towal! amouz: of noa-hydrolysable
Zenal being smallor in the Cansdian scmmples. The
hues in Table 1| have not boen corrected for this inter.
- oce, for only s proportion of the tamplca were hydro-

; b-oeably difforent in & given area, e

"Fabinad in Table 1.

T g%l CORCRATRATIOF RANOKS OF CCGLFOCTLOMITE AESDTE &X Jar
oF L1124 AFD POSFOSTLS (D.PA.)
(lsass |3 parvacieees )
dres 004 We.la .
Irw ol ample  sampls DicMirts p»-DDE py'TDE »y-DDT

§ Touaad, adult 1§ 61511 1o-11-1 ©27-3-0 1233
o 1) pES—8L) (0T IS (-2 a8
“t W Acoilapd ¢ $08-030 1279 P17-0-3 1917
At prala (1 065-04) {0-20) a4 (041 (- 3 1]
“-l'W jooiland, 006=0d4 10D S13-0-M 1:3-3-7
% P pw (1608, (©18) [+ 3} (O3 T3
‘ela Uegdalen In, § $C3-004 $E€Y-1-3 SONDIG =003
p ';“-,-u adult sealy [ 2~} i4-8) oi12) -3 1%
“wia CabotStraia, 6 80010 1-2-113 #3311 21=138
:_:T:’m aduly &%) & {O38) [« 23]
)
‘hac Orepey. 1 *n 11 bus 2]
1 porpoiee (1067}
=150 6153 F3-142 191-837
[y 2] otre) (-9 @11)

lesnd aduli
‘ T¥ars (190D, 1047)

tamination Ly pesticidos ia greater in the scals on
<44t const of Scotiand (taken in an arca roughly from
“=rdeon 1o the Tay sstuary) than in specimens from the
™ arnd north ooasw, includiog the Orkney Jalands.

{1 meunds contained only slighdy lower roaidues than
' from tho same arcas. By comparisnn, the Canadian
“piew [rom the “&gdslen Talands (Gulf of St. Lawrence)

“Pd Rosulualromshe yemoun FRecica ol seala werpnot . . . ... © )
il ol u-:iq‘ﬁ. ¢ ‘y"’a"‘h‘bﬂ‘ﬁ-&Mﬁiﬁ‘orﬁnw&mmuﬁm\:.--:-..—:.«.e.;_-.-.- SF

"X puzs from tho Orknoy and Harria (west cocat) breed.

1275

coniziznel very low fevels of both dicldrin and the DDT
Frovp, while wuls froin the Cabut Straite (GW(l of St.

wnunec) contwacd htde diddrin Lut lagher DDT
Foup resrducs, similng 10 theme of Scottish senis. Of the
fow porjones examined, that from Orincy waa the legst
CORLeimiives, bul the three taken on the east coast of

" Beciland lad murked!y higher contents of all the residisca

rmeasund. Oue specinien coidained a total pesiduc eon.
ecriraton (dicddnin and DDT group) of 733 pp.m.
Arzlyzes of & few tissucs other than the blubber have
bocn mede. lait concentrations in the bubbier have always
becn found to be the highest (Table 2). Concentrations 1n
other titsues seem likely to bo consistont with their bwer
lipid contenta.

Tedls & POTLS PD? CONCEXTRLTIONS QLML) IF VARIODS DMTE

| & T Batdcr Liver Drda Xikdaey Spiem  Mucle
Gt (2] o7 (-3 -— - -
[+ E AT (33 o3 &5 -— - -—
[f, Jyres | T3 [-2-H o2 - &L -
Cry sl [ X1 0-¢b &7 -— *13 L d
G= el 4 on - 3724 - oo -—
o as E 9 -3 o002 [ ] [ JT) [ 27

The propecting of blubber extractable by bezane was
dacmiae for seme samples. Values ranged fromm 72 to 88
Fer ceat (mean 60 per aont) for tho Canadian seals, and

rora 25 to 88 por cont (mean §3 per cunt) for Scottish soals

samplei on the brecding grounds off the weat ecoast.
(Vclues for other seal semples were pot estanated.) Corie
ecatrutions of pesticides in terma of extraciable fat for
these s=mpies would thus bo up w 40 per ceot greater
then the vilucs in Table J, but the genera) comparison is
not significootly affected. The lower extructable fat values
for the Crrsdurn samples may posibly bo a result of
being preserved in formalin.

Corcentrations of pesticide residues in the extractable
fas of verious organs and tissues of ons porpoise ahow sn
izapostant relstionship (Tsble 3). While the eoseentra-
tionz of the DDT group in the onginal tissues vary widely,
thoce exprezsed in terrma of extractable fal arv in much.
elozer sgrrement, with the sole execption of the brain.

A similer anomaly for tissues of trout was described by

Holdents. It seerza likely that s large proportion of the
Jipid fraction of the brain may not eontam pestieides, and
the brain lipid comperition is known to difler sonsiderably
from that of depot fat.

Taue of orpas Blubler Muschs Livwr fJpims Kideey Rria
Cooantrailon s Liseus LX) oM [ 4] 12 &0 | 002
Pereous estacis 70 [ 3 u3 | 3 i< [ 3

abie (sl
Cencagiraiios In 12} " (] ] [ 2 (2 1]
ractabis fat

[T 73

The unidentified on the chromatogrims seomn
to be similar to those produeed by polychlonnated bi-
phenyls and, to cnable eomparison to be made, the ratics
(Rx) uf thre retention Limes of all mgularly occuming peaks
{relative to dieklrinw 100) have been esleulsted for the
operating tolumn temperature of 200° C, theas valuey
boing temperature-dependent. The Rz wulues of PCB

-componnds from commrreisl PCD formulations wore also

dotermined for botl types of eolumn (Tablo 4). At foast
scven PCB-type prake wers frind, including thass which
interfero with p.p TDE and »p-DDT. Hceplachior
epoxide and p.p"-MDE eould not be eonfirraed e both
oolumns and aro not thercfore recorded. .

The most significant aapeet of the results i that,
although arals and porpoiscs inlabit an environment far
removed from the sito of spplication o dischargo of
posticiden, they ¢on confain much groater conerptralions
of dividnn snd DDT group rosiducs than thass rocorded
for most other apccics, including man. Rolirson and
RKunter®® fuinnl 1 maan eonsontration of dicldnn of 022
p-p.m. (range 0:10-073 p.pom.) and » mean tocal con-

oan
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The North Paﬁiﬁc: an Example of Tectonics on a Sphere

11

b,
by - ‘tl
D. P. McKENZIE %
R. L. PARKER H

Tnatitute of Geophyics and Panetary Physics,
University of Caliddorna at an q.egn

Tuz linsar magnetic snomaliect® which paralle! all sctive
ridgoes can only be produced by roversals of the Earthi'a
magnetie field' if the oooanic erust is formad close to the
ridge axis’. Modcls* have shown thai the anomalics
cannot bo obsorved in the North Atiautic unjoss most
dyko intrusion, and henco crustal production, occurs
within 8 km of the ridgo axis. The cpreoding sea floor?
then carrics these anomalics for grost horizontal distances
with littlo if any doformation. The epicentruw ol earh.
quskes aleo socurately fulluw the axia and are WfTart with
it by traneform foultet o, The structuce of inlasw) ares is
loma ‘clouz, though the narrow bard of shallow carthijuakes
sugscata that crust is coniumed alonp e lincar feuture.

——
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cuntrativn of DDT wof 4-0 p-p-m. (renge 10 11-1 ppa.) Grey mals o Ut cusst of the Seattish muiidn,, |
in sunples of humwo depot (a2 i Englund bu16us. Ny Pty on salmen (Nuliny salar) and e I v
evideocr of any sigriicant change wur {unind durig  riomiise . The highest concentrations of p-m“.:
1962-05. Naiisduds i Lhe puriee environment have s fay I’ *

. foontiti i mea traul (N frutfa) an the oast coant wny h u..l
Tale 4. BLLATIVE BETEYTION YaLUES (M7, CF BiailL D (pitsvaiv micyy U5 jubuan fdicldrin 4 tuta! DDT) in musclo trmign .
030 olumn Do G eulurn selze froen the aamic arce would probably hawve o, .
rnutue Sacole Lecicur © ek enutenis. (ud oxamined frum the east const hurg .
badl ) =- a3 & ME e 6 ] taiod up 1o 0-35 popam. (dicidrin + Wt DDT) iy
“UDE . ST DDE = 4 f ! Mot
ﬂy‘éggx. : .:u: :z _ i;f;;& ) M Gzauc (nguts 612 ]a.g;‘m.) snd frum the wost comyt ::;...
=12 = LTOE = 13Y HH 56 p.p.o. -22 p.p.m.). whi iv *
. TDL =129 12a {'."3. =12 il o6 P? ™. (moan (:1 lnp‘ P m ). while eod livers E011lanes
g =15 15 »oL -iits g up 10 30 p p.m. and 120 p.pim., rosprctively. Gy .
p-DDT w=il0 171 . {v‘-DDT -l4d 1 are strnied Lo cut about 18 1h. of food daily, sl 1
.17 375 2 -t = . N : . . L e
yon -2 =3 na -asa T adi:ll sec! conld consume its own weight in fond iu 24 3
;CCE- "ﬁi ; 3 d=ys. Amsuming a high proportion of the pestiex): y,..,
= 10 be sicred tn hody fat rather than o be excn.
S . e roluindized. an inerease of two veders of magirtug, |
The senlf_ and parpuiscs fruin the esat cuast of Scotland pesticide concentration f.am food o body fat with., ,
Wore weitniiy mure seriously ¢°“=_"-—'n-'=”-“'d f-'?_-'-l'- “‘oPN’ few yean s fewnilic. This degroo of ascurmdating, .-
from ihe north a1.d4 went cocats. 1:,“”- a3 least in respect  pegicic :n ai. onvironment not deliberately contaminat..s
9! srals, may be becaws, s is believed, the populations.  gnd in speries ecologically for distant from v tur,
in the two arcas come from dn!’.’ere;.: _brwdmg stes. Tue org=uisra of prreistent pesticides, underlines the o,
soals ~ath of Abcrdec[- breed prmc:p':.!!y on th-.-.Fs.-:..- posulility of confining such chemicals 10 the amve. .
Ialonds. off the|north-¢ast coast of England, while the spzlicaticr..
scals gf north and west Scotland are primarily from the We thank Dr B. B. Rae for obtuining the Swure.-
brecding grounds of the Orkiey Jalands in the norh,  geryies, and Dr €. J. Keruwill for the Canadian sam;s.
and other islands off the weat coast of Scozland. The s o .
off eastern Scotlond i aiso likely to receive frome egn. Beerised Drormber 13, 1007, )
tamination from! estuarine discharges than that ol noml vy Fwsirars Si. Ade. Comam (US Gavi. Pristing OB, Weanay o
and west Scotland.  Similarly, the two separate scal 19:3,.

. 4 * AL N .ns. g
populations sampled off the ecat coast of Canda may  ,imond OC. and Xuncls. 3. ). &, Namee BY. e ™™
inbabit areas with diffecen levels of cONMATIEStion, PUPS Lk racr 3. Ruharinn A Crabime. 4. Ko Couhon, J. €= and 1w
contain pesticide residues in conevnlratons only siightly to b, Nature 4. 1307 KT
lowes than in the parent populaiion. Common scals in "“L"?’!‘“?‘:‘:;'r.‘fi’,"l“,'é';" and Fuhetws (or Scotlsad, Veawrws of o
Ho[.lund have Leen found with cuiierutrations of reviduie -n,,:,;,.,.,_. o Agricultury 806 Fialwries for Scoliead, Faderbs of .
sumiler 10 those of scals on the Scottish aoct eoant'?, mne. Sronrt for IB;G Eosn K. Godh T ¥ N Lr s

M : ; i ST iy Maunder, M. J., Evan, M. (asiv E. ¥ Hommenl, ).
While the residue :one.efursuo‘ns Jin l\.ahrutmeou- far P b A otvans T 4 iyl B0, 14 IO
are hugh. those of uther Lissues n:.d orpLis are fou'nd W s tenarn. S, Nove Srwarens. 22 812 (1084,
he much lower, This sugzcsts that there s no risk 0f o Kotiee, N Nmmous. 4. N smed Tatton, J. 0°0., Kataw 4 257 1w
physiological eflects, unlexs the metebolicn of much of  *Scmwzs. ). Ko and Tatiou. J. UG J. Ciname,, £7, 233 (1982
the fat in times of stress loads to & considerable incroase :: Hodea. A, Vo Asa. Aoy Lud...00. 167 (19421, eizh 11 Bp (1w
" i the concentration of the residue in circulating lipide, ..h."'""""" I, at3 Yunwr. €. .. ‘;‘b':m'_'; .,,i,"u -
& thus in residue concentralions in other organs or Komac d. ) and van Genderea B . J. dpad B )
an g ® Rar b, Mar. Koo, Nn 2,30 (1500).
Hsses. 8 Ueaite, A V. S Sppl. Lrel , B (Sup.), 43 (1064),
g h i, T v W T AT T v R w LT LT R s SUAS] ST R TR e e i T ST TR L T S e S Eindadeld

Individual aseismic areas move as rigid plates on the surbee of o
sphere. Appliation of the Mercator projection to slip vecter
that the paving stone theory of world tectonics is correct 3
to sbout a quarter of the Earth's surface.

' ghnes
“ .?rl "

'y
Thewe oharrvations are rxplained if the ers B 1".,.
as & rigul plate, and interacts with other Fh'~u—m- .
mically sctive regiuns which also "”'.W"| e w*
activity,  Fur tho purposes of this anmicle, relt7
trenches ame preapoctively defined as finre abusy -t
erust 1s produced and destroyed. They vl eed , oo
topugraphic fratums.  Transfurm fauls ﬂ.";: L
anc! arc line of puro alip. They are always jufts
fore, o the rrlativo volocity, veetor betwren ius |-‘. P
mont wncful property. We havo tceted the paves
theory of wurld tectonics in the North Taorw- e 5°
woras well. Jows detaried studics of othee FFx¥

suppurt the theory.
20 s
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Postizidesy Trameotia=ti- Movemests
2 ths Nomti=s: Tredas

Abstrect. Concenirciiors of ehlori-
ratzd hydrocerbors in airborre dust
cerrisd by 1i:: wede wirds from the
European-African land areas to Bar-
bedo: rargpe from less then 1 1o 164
parts per bill:on. Tle lower limit of the
everzge content of 1 cubic ineter of air
i3 7.8 x 10=1i gran:. The contributions
of riverborne end euuaspherically
trarsporied pasticides to parts. of the
m=rire environment gre colculsted
epprozimetely ard compcred. The
emoun:s of pesticides contribuied to the
tropical Atlzriic by the trade winds
eppear 10 be conmparchle to those cors
vied to the sea by msjor river systems.

The tramsport and distribution of
pesticides through the world ecosystem
have been attributed 10 a ¢combination
of aimospheric and hydrospheric (oce.
e and fluvizl) curreats (/), yet their
relative cozinibutions remaia unclear,
Tne high mnc:ntyatioas of residues of

_pesticides found in shearwaters Puffinus
_tenuirostris and P. grisews from the

" PRGBE- Oedih "and kBT ChdraEre” > TRE T talecting <sereen = (51 fttm’g—

skua from Antarctica suggest that
coastal arcas sre pot the sites of io-

gestion (1),
Various Jines of evidence indicate air
tnnsport: (i) the codistillation of

eblorinated hydrocarbons with water
{(2), and (ii) their detection in air and
ruinwater (J) and in atmospheric dust
originatiog in Texas and subsequently
depasited in Ohio (4). These observa-
tions, however, are not sufficient to
support the hypothesis 1hat much of the
pesticides pres<nt in marnine organisms
wras atmospherically transported to the
oceans from the continents.
Complementing such work is the ob-
servation that the mineral tale that s
used as i carrier and diluent for pesti-
eides occurs in the solid-mincral phases
of rains, glaciers, and rivers and in dusts
precovercd from the aimosphere in cone
ceotrations much higher than expecied
from natural occurrences (3); its eviu-

ence in airbomc particulate mauer over

= == (6) spz=1 2 link with the
;'.:'.:! dopersion of peuicides.

AlZouzh ke A perhaps dmgnosnc
af b= prc enee of insecticides. its use
£ & gu=2titalive traer is not fully war.
g0 it ds gradslly being displaced
 p=ticides by water or Iight petroleum
t=="Furtkermore, som: insacticides
&= dsporsed @ Fuller's canh, & mix-
t== of minerals not readily analyzed by
%2y diflraction.

Lerge-sczle  tropospheric  transpent
e continents lo oceans can best be
sgproached by investigation of the three
£=in zones of movement of air masses:
the equalorial easterlies, the temperate
vesterlics, and the polar easterlies,
Gram quaatilies of airborne particulate
e=tter carried by the equaiotial easter-
B, the trade winds, over 6000 km
from Europe and Africa across the At-
katic t0 Birbades were collected (7).
Prosounced seasonz! variations io the
masnetic aad biologizal fractions core
related with wind patiemns. ofl the Afri-
&n coast. Mineralogical and biological
observations pointed 1o & contineatal
origis of the solids, with Europe and
Alrica as the most Likely sources. Each
emple comprised a large fractioo of
the particulate material in several mil-
Eon cubic meters of air. An input rate
of solid phases to the tropical Atantic
s=liments of 0.6 X 10—¢ an/year was
suppested (6). Knowledge of the pesti-
tide levels ip such maserials would per.
mit similar caleulations of their inputs,
for which purpose the Barbados sam.
Pples have been analyzed .

/ f

the wind, were made of 0. S-mm-dmm— .

etér monofilament pyloa woven (o give
abott 50 perceat woads; they were
coated with a 50-percent water wlution
of plycerin for our work; collection
effciency was about 50 percent for
particles harger than 1 . Rigoerous
standards of cleanliness minimized con-
tamination by local dusts, which has
abways proved to be trivial, For blask
runs for the pesticide analysex, scetone-
washed dust was applied 10 screzns,
with subsequent treatment as for the
sea! samples. Less than 100 pg of any
of the DDT compounds {&) or other
pesticides per gnm of sample was
found.

The dust samples were Soxhlcl-ex-
tracied for 6 hounn with a 2:1 mixture
of bexane and accicoc. Blank runs,
-nn; the same solvent volume,, extracs
tog. times, and glassware, wcre made

before aod several timer wvuring the

coune of the amalycs; kew than 230

4,
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Fig. 1. X-ray difiractozrara (CuXa raliaiion) of atmospheric dust collected over the

Coral Sca, with Wlc predociizasing,

Pg of any pesticide per gram of sarcpls
was presspt io the conotrol.

The extracts‘were copeentrated a=dt
analyzed with a Micro Tek-220 g=x
chromatograph equipped with Ni63
and H-3 elesiron-capture detestors, Two
columns, 4 S-percent QF-! and 2 10
perceat DPC-200, beth oa hexamethy!
disilar: ne—treated Chromezorb W, 50-

100-mesh, were used simulsneons
~iflereoces in retention lime betwesn
the polar add noopolar columas, eosie
bined with occasicnal spikins of ex-
tracts with standards, initially cosfirmed
the idestities of sevenal of the pezks
observed. Paks of unknown com-
pouads fluctuatiog io inteasity over the
year were present in ;u Barbados x-

r

trasts anJ oscasionally interfered with
determizatioa of p,p-DDE and o'~
DDT.
Extracts of tamples detween Jacuary
lnd September were pooled and placed
t thin-layer plate covered with silica
f o3 G that had been washed unti] chro-
m::ognphically clezn. A small fraction
of the sample extract, mixed with stand-
ards, was =pplied to another area of
the plate, After development with 10
percent ethyl ether ia hexage, the plate
was divided jnlo two sets of 13 l<m
strips which were scraped off and
washed with' petroleum ether. A ¢on-
centraie of the petroleum ether was
then injected into both columns of the

SR TE eI ke \'...’* PATTT o oA 2 e L T

* pecovered, but a small pea

Dizléria, p.#-DDT, and p.p-. DD!.])
were guastitatively nmvt:l'nl from the
eorresponding areas of the plate occu-
picd by 15 suandards. In several ex-
tracts Urs interfering pc:kJ made mea.
suremsats of pp’-DDE and'o! op-DDT
impazsdle; the thin-layer x)ccoscms of
these compound; were lSO ‘pereent. A
trace amount of & compound having the
retention times of o0.7-DDE was also
provisiog-
ally attributed to heptachlor epoxide in

oD¢ exract was aot confirmed by thin-
layer techniques. None of the usiden-
tificd peaks had reteotion times equiv-

alent 1o those of the polychlorisaled

biphroyls (PCB). industrial pollutants

widely dispersed in marioe |ecosysterns
(?). No attempt was made 10 isolate
chemically pure pesticides| from the
thin-layer extracts ia ordes) to obtaia
mirared spectna; instead, several of the
thin-layer extracts were treated with
aleodolic KOH under ¢conditions such

that »,2-DDT, 0.p-DDT, and p.p-

DDD are coaverted o their dehydro-
chlorinated derivatives, which have
characteristic retention times oa QF.1
and DC-200 columas..

The thin-layer extracts containing
mos2 of the p.7-DDT, 2.7-DDD, 0.p-
DDT, aad dicldrip peaks were evapo-
rated almost 1o dryness in 3 graduated
test tube to which 1 ml of 10 percent
KOH in ethyl aleohol was added. Alter
heating for § mioutes in & steam bath,
water and bexane were added and. the
solution was swirled. Apalysis of the
hexane layer showed that the p.-DDT,

Tabls 1, PunudnhMmﬂanluhhtanunw:usbmmwuwwmmdmmmND.

ot detecit
Winterial dry wt () Patcide conctrauons
Date “A“hﬂ 1s amples (ppd) Tetal da Sis
(1965=56) (x 10wy Teal Aniyd v ples (pp N (s x
‘ p2DDT po-DDE 00.DDT DDD  Dielia  Tou! 30-4/m?)
46 Oct. , 23 on 52 12 1 7 34 n 150-380°
26-28 Ot 23 173 <12 ND ND ND ND . €13 <13t
7-21 Nov, 103 (T .67 n 1 ND ND ND ]
1=13 Dex, 161 1 - ¥ 10 ND ND ND ND 40 L]
23-35 Dec. 23 . 133 [T ] 1} ] ¢ 164 pe
2628 Jan PR} 18 oy’ 30 ND ND 107, il ® Q
15-17 Fei 22 L} n 18 1 6 ND ND n n
L %19 Feb. .29 1A, 142 o« ND 1 ND v ” e
27 Mas. 24 13 104 14 21 ND (%] 21 23 n
14 Adr, 28 . 47 310 11 ND ND ND ND n n
1416 May 135 90 3.0 27 ND ND ND 13 w a
1113 June 21 24 269 73 ND ND ND 31 10 n
2125 July 13 (4 229 5.4 2.4 o 1.1 13 121 110
36-12 Aug 19 T 499 43 MM A 1.4 12 10.4 bod
1311 Scpe. - 19 11 41 a3 15 1 10 13 13.4 120
*Toal dry welght st messasd ¢ Lore dun sslictird s 12 prrvican days. 1Pk, Wb memios Ume of g e ol presem:, 13
~ . . 2 0; 7r'0~ :
K 1 SCIENCE. YOL. 1Y
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© acid was sdded to the evaporzied exe

41 pab of inzesiiallis i ths dust yick's
602 k2/y

Tas isput of pexiziZss into San
Francisto Bay, macuesd by the aver-
8ge total edpeaniriizn ia 1he Saa Joae
quin River at Azizcl (20) O pz/
liter) -and  tns cuifiow ol

dizsppeared, but pezks havins th. .e-
{entiza times of 2.7-DDE, p.p-DDNIU,
and 0,7-DDE had appsared in ths re.
~neclive extracts. The recovesic: of

22 dchydrochlorinated dcrivatives
wert equivalent fo those obtained in the
s=poaification of chromatozrsshicslly

o= o nm
vt mmny

purc standards. No other bre=idowa  18.9 X 169 liter/yesr, smsunts to 1960
products producing peaks in the eice- kg/y:iar. A similis mlsultisa for the

Mississippi yields an izt iato the Gulf
of Mexico of 10* ky/year (11).
These rates ¢f inpxs indicate the rela-
tive signifizanes of wizd and river trans-
port to the mzrir: eaviroament. The
atmospheric rate is elszrly an underes-
timoie inasmuch 23 itz method of col-
leclion of the dusis frestiorates 23ainst
materials earried on panticles of less
than several micrcns o as vaposs. We
must conclude that the atmosphere ea
transport sisnifican: quzntities of pestie
cides to the opsa-occan ecosysiem;
where ocean currents tad river dnaio-
ages esnnot expliic th: prescoce of
residues, wind systemms may provide
conveyance from cogplicenti,
Similarly we have examined amples
of airborne pasticulats matier from the
"central Pacific eoiiecied on glycerio-
coated nylon nets mountsd on the mast
of RV, ALrpo (12) 21 12 stations be-
tween J7°N and 18°S near 180° longi-
tude during the summer of 1967. No
sample carried' 3 dstectable pesticide
residue, but the weight of each sample
did not exceed 1 or 2 mz and less than
1 part per miilion or 1 ng of a pestic
eide would have been undetectable.
However, the presence of tale, the most:

troo-capture detector were idsmiificl.
Tbe dicldrin peak was not aflecied by
the altalioe.alcohol treatment but could
aot be found after concentrated sulfuric

tract,

All extracts were analyzsd with both
DC-200 and QF-1 columns, and each
value presénted (Table !) is ths aves.
age from two or more injections of a
sample. The total concentrations of the

- chlorinated hydrocarbons in the dust
were higher during the winter misiks,
but the total pesticide conten: ¢f the
air diplayed no evident seison:l
changes during | year. A relatively high
conteat of magnetic dust had bezn re-
ported (6) for September, October, and
April when the wind circulations sugsest
that the dust originales in Morocco: on
the other hand, the content was less be-

sa Oclober and March, whea the
wust probadbly comes from tropical
Alrica south of the Sshara. Most of the
biclogical material was present in
the winter samples; fungal hyphae
sbounded, and bacteriz, frazmenis of
vascular plants, and marine and freshe
water diatoms were observed. Among
the last were Melosira pranuiais, which

the presence of pesticides (Fip. 1).

Dust eoliccted from an ocean pier at
La Jolla, California, between June and
October 1967 yiclded total pesticide
eontents in air masging from 6 to
270 X 10~1% g/m® and averaging 7.0
X 10=31 g/m?¥; the prevailing winds are
fandward, with an uaknown admixiure
of air from neighboring apricultural
areas. This average value s 1000 times
preater than its Barbadian counterpan.
Such is the diflercace in pesticide load
between marine air adjacent to agricul-
tural areas in which pesticides are used
intensively ‘and marine ait remote {rom
sites of application.

Extracts of the La Jolls dust samples
were pooled, concentrated 0 a volume
of about 1 mi, and refluxed for 10 min-
utes in 100 ml of § percent KOH in
ethyl aleshol before 100 ml of hexane
and 300 ml of concentrated aquepus
solution of NaCl were added, The: hex-
ane layer, aftcr.consentration 10 a amall

-ticula elegans, which is found in the
runsing waters of cold mountinous
regions. There was ao correlation be.
tween the pesticide content of the air
and cither the miagnetic content or the
punber of fungal hyphac reported
(6).

The pesticide concentratioa in 8ir
averages 7.8 X 10-3¢ g/m?3, or 41 ppd
(parts per billion) by weight ia the dust.
Ulilizing the sedimentation cakeulations
on this dust (6), we can caleulate the
introduction of pesticides 10 the equa-

ris} Atantic by stmospheric transpont

the following way. We assume that
t “iurea involved in dissemination by
e trade winds lies between the equator
.8ad 30°N lalitude, covering 1.94 x 107
em®, The reported (6) rale of sedimene
tton for this area it 0.06 em/1000
yecan, equivalent to an snnual inpul of
dust solids of 9.70 x 10'® g (demtity of
dat, 2.5 g/em?®; water content of the
sediments, 30 percent). The wvalue of

28 MARSTE 1%
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welume, was &xo analyzed for PCB.
Suzh uesle==r of axtracts of marine
fish from e=mat waters in California
reveals the e=nacteritic profile, oo fas
chromaiogra==, of the PCB peaks (9):

PCE are pr==st in bigher concentra. -

Uoas in ==5= birds, and the profils
of the vari=s peaks is usually evident

in vnssporii=d extracta No PCB, how- ‘

ever, was clectable in the La Jolla
et sampl=s if PCB was present, its
maximum a=xxotration in the airborne
particulata was § ppb—10,000 times
Jower thas U=t of total pesticides. The
PCB are t=i= compounds widely used
in ingustry B the manufaciure of plas-
tics, pains, asd many other products,
and are co=ponents of industrial air.

‘Unlike the ckiorinated-hydrocarbon pes.

ficides, wth they raemble somewhat
in chemid structure, they apparently

perntist to a greater extent in the vapor |

phase. Tk coceentration ratios of total
PCB 1o &) DDT i many seabirds,

including two species of Pacific sheare

waiters it pest i Alaska, and in
petrels and resident peregrine falcons
from remcs sreas of Baja California
are of thr mme order of magnitude
(9): this fact supgests that PCB and
pesticides are similarly dispensed, With
other polhzents, including products of
atomic explosioas (17), they are prob-
ably univer=Dy present in air: thus

their distie=ion in marine and terres. -

trial ecasys==5 rvemcte from sites of
application e20 be expected fo depend
on the prevaSog patterns of wind cir-
culation ‘and the ﬁg,u_pf_ _f,;l!pp_:._a e
7T RW. RisEsxouc
Institute of Marine Resources,
Depariment of Nutritional Sciences,
Universiry of California, Berkeley

R L Huccery, 1. J. Gaurrin

: E. D. GoLoazro
Scripps Imstimtion of Oceanography,
University of California at '
San Dicgo, La Jolls 52037
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Investigation with Ultrathin Sections -

Abstract. Examinection of ultrathin E:eﬂimu of “undisturbed™” murine sediments
from the Gulf o Mezico indicates that they are characterized by a loose, open,
random arrangement of particles. The microstructures do not appear to confonn
ntirely to either cardhouse or lmr)iomb strictures.

¢ microstructure (~fabric™) of
marine scdiments has received littie a_}-
lemi"qn from peological occanosraphess.
Two popular theories prevail as to ﬂic
nature'yof the panicle arraagement ™

sedmnents. Terzaghi (1) suggested
a “honcytomb™ structure, with adhesive
forces cauiyng the particles of clay min-
eral 1o stick topether on contact; each

-_——

I b e I ! ; .

Bt BT ey B "B RvES T REHT <poaida ThEiinall Samplas wire Treeses ==
X of the microsiructure. Most informas-. '

Fig. 1. (A) Honeycomb structure (aflér
(B) Cardhouse strug-

&

Termaghi (1))
ture {after Lambe (J)J, (<)
bouse structure [after Tan 14)L

and 3 contincntal shclf (C),

e .

Il of the siruciure consists of many
acChering particles (Fig. 1A). Later was
sufjested (2, 3) a somewhat different
strudiure in which the clay-mincral ag-
gregatss, having a platy morphology,
were arranged gencrally in an edge-to-
facc fashicn forming a "cardhousc™
structure (Fig. 1B). Tan (4) presented
a three-dimcnsional idealization of
eardhouse sthucturc (Fig. 1C).

While somie oricatation studies, using
polarized light and x-ray diflraction
techniques (5), can reveal pross trends
toward prefcrred or random orientation

tion has come from the eleciron mi-
croscope. Rosenquist (6) used the elec-
fron microscope and the replication
techaique to obtain stercomicrographs

G 1

= o

3 3

Fig. 2. Ulirathia scctivns showing the microsiructiures of undisturhed scdiments from an abrualél

showing ‘the microsiructure of undise -

turbed marine clays; he concluded that
the mictosiructure of such clays “cor-
responds 1o the ardhou structure sug-
gosied by Goldschmidt and later by
l.-'u_abc. and in faet exactly corresponds
to the imaginative drawing of Tan.”
Use of the wme techaique for studying
illinic Plcistocene clays Jed 10 a similae
eoncluion (7).

Whereas the efcstron micrescope of-
fers. the best means available for study
of sediment microstiructure ia detail,
the replication technique does not pro-
vide easily ; interpretable resulis. My
purpose is 10 illustrate the microstruc-
ture in samples of sediment from the
Gulf of Mexico as revealed by ulira-
thin sections‘of the sediment, and to
point out that this technique provides
more easily imerpretable results.

The samples (Table 1) came from
cores taken by R.V. Alaminor (8).
Only cores were sclected that had.been
properly sealed and stored 1o preserve
as well as possible the aatural state of
the sediment. From each core a cubic
sample of 2 10 § em was. carefully cut
with 3 thin-bladed knife or spatula, A
larger portion was eut initially in order
fo retain an undisturbed portion in the
center of the saniple; likewise, the same
ple itscll was taken frop the center of
each core. From each mmple, smaller
samples (1 to 2 em by 2 to 3 mm?)
were cut with a tawt, very thio wire;
the outer, distucbed portion. of each
large samiple was first trimmed with the
wire 10 expose the inner, undisturbed

dried; this technique is recommended
(6. ®) beause it ennails less particle
disturbance duc 1o eflects of surface
tension than do standard oven- or aite
drying sechaiques.,

)
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wtinental slope (D).

I TV IO VE U RTY ]

,
i

.
Y
4



PC3: AN INDUSTRY FRO3Ii>r7

Polina

1. Origin of Currant Concern - Ecological Effects

2. Tbxidty, Fire and Other Health Hazards

3. General Electric Usage

SK

U* Disposal Practices

5. Qiestions to be Answered

6. A Proposed Progran

J. S. Nelson
Corporate lhgineering

October 30# 19u9

2( 73



3

PC3: AN INDUSTRY PROEIIM?

1. Origin of Current Concern -~ Ecmlosical Effects

Late in February, 1969, a test Coast newspaper carried a major feature
about fa menacing nes pollutant”™ found 4in the San Francisco Bay area. The
article was based on marine 1ife research carried out by Dr. Robert Risehrough
of. the University of California. The article stated that residues of pesticides
(DDT end DDE) and polychlorinated biphenyl (PCB) were thredtening the welfare of .
certain birds and posed long-term threat to bumans,l

The following is Hature's synopsis of Dr. Bisebrough's paper:2

Polychlorinated biphenyls are widely dispersed in the global
ecosystean, and are powarful inducers of hepatic enzymes which
degrade estradiol. 7JTogether with other chlorinated biocides,
sach as DDT, they ecould account for a large part of the aberration
in calcium metabolism which has been observed in many species of
birds since the Second Horld War,

These excerpts are representative of press coverage:3

PCB's are produced under the trade name Aroclor by Honsanto
Chemical Cormany, St. louis. They were first identified in
European birds by Swedish scientists. They apparently are
Teleased into the atmpsphere and waterways by vaporizing, from
factory smokestacks, by discharge into rivers and oceans....

A tean of University of California and Cornell University
scientists has determined that PCB's are five times more power-

ful than DIT in horrone—destroying activity. like DDI, they are
. found throughout the environment and their quantities are increasing

¢

2 -z v DADEAIF.-v-Fhep have been. found.in-the sdlk of -oyrsing-mathers N, .. c o crvmst

Colorado and in marine life off California, as well as in Zuropean -
birds.eee )

vhat effects PCB's will hzve on man is mot known, although in \
vapor form thess chenlicals are hizhly toxic....the federal govern-
ment has not set tolerance lirits....fonsanto Company spokesnen
say only that their scientists end sales executives are studying
the problex.,..

-

2.‘ Toxicite, Fire and Other Health Hazards

Corpany literature hzs long contained cautionary notes on the handling
of Pyranol (the G. K. registered tradezark for chlorinated dipheayls). For

exanslesd

1, From a Statement by the Honsanto Corpany, St. louis, ¥o., 3-3-49

2. "Polychlorinated Biphenyls in the Global Ecosystea", by Risebrough, Rieche,

Peakall, Herman, and Kirven, Mature, Vol. 220, Dec. 1L, 1968.

3. Gainea'd.lle, ﬂ.orida, am, Apl'il 25’ 1969 PO

4. Instructions GEI-65080 (Ll-454 1M): Pyranol Insulating Liquid and Tra
Drvino. Y o a



PC3: An Industry Prodlen? - ' -2 -

Transformer Prrandl can be handled Sn the sams manner as mineral
oil. Although continued exposure to liquid Pyvrenol may produce
local skin {rritation, cleanliness among workmen constitutes an
adequate safeguard against such efiects.... As with rost volatile
materials, exposure to concentrated Pyranol vapors in unventilated
roons should be avoided. .

CAUTION—Hydrogen chloride gas is formed when Pyramcl is decorposed
by an alectrical arc.... )

Early this year, an inquiry was received by Mr. Johm J. Ferry,
Specialist-Fovirommental Health Engineering, Schenectady froz an
industrial hygienist at Ford Motor Cozpany, as to the toxicity and
fire hazard of transformar askarel, The following is extracted
fron tl;e Eedium Transformer Departzent's reply to the Ford question-
naire: ' '

Material: _Pyranol ASP52L

Components:  trichlorobiphenyl 803
trichlorobenzene 14,53
tetrachlorobenzene 5,.5%
diepoxide scavenger 0,125%

Toxiclty: ° 4dngestion — highly toxic
inhalation - poderate
respiratory tract —= moderate

Skin Sensitizer: ¥No.

Is materia) flammable? No,

What products might be formed in the event of f£ire or
atror=al tempsraturs? In an incinerator burner designed
for the disposal of chlorinated solvents, the products of

corbustion will be HCL and CO2.

In considering the question of flazmability, it should be kent in mind
that askarels are chosen for insulation applicaiions partly because they are,
*by definition®, non-flarmable liquids which, when decomposed by electiric are,
evolve only non-explosive gaseous rixtures. Recently discovered exceptians
have beea reported, and Medium Transforaer Department has at least teporarily

abandoned the use of A50P52, based on Aroelor 1242, in favor of the "classical”

Aroclor 1251, (E#Is AL3E3B).5

Some people have sensitivity to Pyranol such that their skin erupts in s
rash upon axposure. Vhen discovared in the factory, they are transferred to

5. Transmitted with letter from F. J. McCann, Medium Transformer Departmant
to B. G. Anderson, Ford Motor Company, 2-5-69.

€. Ses letters from G. G. Poulasen, Mgr.-Engrg., MDT to Classanos 2 5
Haywood, Pozafsky, and Deck, under dates of 5-27-69 and 8-5-69.

) |
! 1
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PCB: An Industry Problem? -3

other* lines of wark and their symptoms disappear .

The broad class of materials we are dealing with here, polycyclic aromatics,
contains known or suspected carcinogens. This aspect has been considered in the
industrial hygiene or medical review of operations in at least one plant.

3. General Electric Usage

EHPIS speciCications list aervea different formulations of Pyranol. The
basic material is chlorinated diphenyl purchased from Monsanto under the desig-
nation Aroclor 1254, Aroclor 1242, and Aroclor 1260. These are blended with
other chlorinated aromatics, Inhibitors, and scavengers to produce other askarels
with different characteristics, all designated by the GE registered trademark,
Pyranol. Product responsibility is assigned to the Medium Transformer Department,
Rome, Georgia, presumably because HID sells Pyranol to customers who fill their
transformers or other equipment in their own «hops.

The following is a list of departments assumed to be using Pyranol in
the dielectric systems of products manufactured in-house:

Industrial and Power Capacitor Department

Specialty Transformer Department?

Wire and Cable Department?

Commercial Distribution Transformer Department

Lighting Systems Department?

Medium Transformer Department

Power Transformer Department

Canadian General Electric Company

'Service Shop's - -Vr.v,-

Ibtal usage has not been ascertained. The Transformer Departments have In recent
years cut their relative use of Pyranol, limiting it to cases where the non-
~mmrcability property is very important, such as indoor applications. (They axe
using aliphati e .hydrocarbons, especially one known as ~G-C*.) As a result of this
trendy the Power Transformer Department at Pittsfield uses Pyranol in only about

of i1ts units, and Residential Distribution Transformer Department, at Hickory,
uses none.

bo search has been made for non-dielectric applications of Pyranol. Such
may conceivably include use as a hydraulic fluid (e.g. iIn airo*aft or materials-
handling systems); heat transfer applications; and as a plasticizer in the
production of polymers used as adhesives, elastomers, or surface coatings.

The largest user is the Industrial and Power Capacitor Department, Hudson
Kalis, N. Y., which uses 10 million pounds per year — probably more than the
rest of the Company, combined.
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L» Disposal Practices

The Industrial and rower Capacitor Department purchases approximately
10 million pounds per year, of which 9 million pounds are accounted for in terms
of products shipped. Waste is handled in the following manner:

Reclaimable material returned to rbnaanto 200,000 Ih./yr.

Badly contaminated material hauled away by
a New Jersey acavenger (recomended by
Ib nsanto) 000,000

Contained in scrapped small industrial
units disposed in town dump, where daily
burial is thought to be the practice 60,000
Total waste and scrap, approx. TJb60,000 Ib./yr.,

At various times in the past, other disposal methods have been used, including
sale to a manufacturer of insecticide; in the recent past, at least one repre-
sentative of the lbnsanto Company was re coranending its use, alone or in
combination with mineral oils, as a road spray to allay dust.7

At Pittsfield, there has been some experimentation with a decomposition
chamber which fires at JOOO P., but the bulk of contaminated material is sold;
at Dome, waste is buried on the Cocpany site. Although nearby neighbors have
shallow wells, no complaints have been registered.”

5. Q-iestlons to be Answered

It is apparent from the above discussion that our knowledge of chlorinated
dipheryl fornilations and possible deleterious effects is not as complete as is
desirable in today*m climate of concern for maintaining and improving the quality
of life in its environmental aspects, with regard to worker protection, and in
terms of product safety. Nevertheless, it is not responsive to suggest that
“other materials be substituted” until all doubts are resolved. It must be-*
remembered that virtually *I*1 applications of Pyranol are the end product of
intensive research directed toward finding the best material for the application;
that substitution would involve trade-offs, not only with performance factors
and economic factors, but with product safety considerations themselves — i.e.,
flam abilit7 and explosion possibilities.

While it is desirable to attain a better quantitative expression of the toxi
effect of PCB and its various additives, and a better understanding of the
flarmability of degradation products, the most important question, long range,
appears to bo, "does industrial use of PCB represent a credible ecological threat?8

7. Letter from T. W Oneaon, Ksnsanto Sales Representative, to V. R. Mulhal I,
Canadian General Electric Co., Ltd., Peterborough, 11-12-68.
8. Letter, Dr. J. S. Anderson (RECO) to Mr. 7. R. Milhall, CGE, 12-20-68.
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One circumstance which makes it diffieult to answer the question of

ecological effects 1s that PCB has not been found alone in any of the reported

. observations of nature, but always accozpanied by larger quantities of DDT or DN3.
In the work previously cited, Dr. Rissbrough has shown, by direct intra-miscular
injection, that PCB has "the capacity to produce sublethal .physiological effscts

: in birds" — but this s not the same thing as saying that it does, én fact, do .

‘ so cutside of the laboratory. Scientific eramination of this question degansrated
at the Wisconsin hesrings on DIT, into a shouting contest betwsem partisans of ’
conservation (who seem willing to ban amy chem{cal, regardless of its otherwiss
beneficent results, 4f 4t is suspected of harm); the makers of insecticides (e.g.,
Shell -Cocpany); and the producer of PCB (Monsanto)., The same witnesses have been
quoted on both sides of the question. The reader may choose between the following
statenments, each attributed by the press to Dr. Risshrough: .

(a) (PCB is) spparently playing a role in the decline of the
. peregrine falon and it may have abetted the disappearance
fron the Gulf Coast of the browm pelican., (San Prancisco .
Exaxiner, Feb. 25, 1549).

(b) Tests with eggs...showed mathemtically by correlation with
( eggshell thickness that DIE and not PCB'a were to blane,
(¥ilwaukee Sentinal, May 13, 1969).7 Ironically, tbe second
statenent wvas made vhen Dr, Risebrough was called to the stand
by the attorney defending the insecticide interests.

Should it be established that PCB is to bdlame for ecological damage, 4t
remains to trace the transport mechanism and determine at least plausible sources:
.( _ and sets of conditions for propagation into the environment, Estimating from GE
T E T doueitof Gwage; - todalndndustryusage-pight.be 20 to 4O million pounds, most of -
vhich ends np in closed systens from which disversion {8 at & Very 15w rates = Tiis:
contrasts wdth much larger usage of DDT — 180 million pounds in 1963, 103 millien
pounds in 1967 — most of which is broadcast on the ma‘:%fx the atrosphere. f

: . Monsanto has a ressarch program to ifdentify the compounds
" - reported to be PCB by the Swedish and (alifornla scientists, .
) This inwlves precise analysis of environmental sarmples of - |
water, air, soil and wildlife, including metabolic studies,
Also under way are studies to determine the biological effects
of del{berate dosage of PCB's on .fish, birds, and mammalian
animals, Special erphasis is being paid to endocrimlogical
effects, minerzl metabolism and reproduction physiology.l

( As we become more pollution conscious, we wish to know xhat
vyolucms of umsed Askarel is being buried, sewered or incinerited
on the Korth American continent, particularly, and what hazards
does it present. What degree of responsibility should lonsanto
shoulder in this affair? Will it be necessary to diligently
collect wmseable Askarel, including Asiarel-saturated fuller's
earth, and develop techniques to destroy it? Should we retum
4t to our factories for chemical decomposition? We must

answer these questions mn. 7 2( e
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C

The above cuotations indicate iHons2nto's concern with the ecological
effects and state some of the questions to be answered. lonsanto is the only
U. 8. supplier, but additional information may be sought from Buropean and
Japanese. suopliers. Prodelec, in France, {s the principal continental source

. of PCB, and rmaintains a large toxicological laboratory. About three manths
. ago, Kr, K. E. Soville, Product Safety Aepresentative of.the Industrial and
{ Fowver Capacitor Departnent, wrote to Mr. Pierre Jaoy, Henager-Dielectric

Fluids Developzent for Prodelec, calling attention to ths Risebrough ressarch
end asking for commeats and further information. Yo resly hos been received
&8 m. .

6. A Proocosed Program

The Coxpany'!s stance on the PC3 situation mmust take into consideration not
only the need for tecimical assessent of hazards, but ths need to guard against
. well-gotivated ut possibly needless or precipitate legislative ection, e.g.,
- - to tack a PCB rider onto an anti-DDT hill. .

As a first step, it is suggested that an cutside consultant, with more
_ - freedon to operaste than our own people, be engaged to sort throuzh the conf{licting
( evidence, touch base with the people doing the research at iwnsanto, and give us
his views es to whether the lomnany needs to do anything further at this time.
This c-nsultant would cozmbine, ideally, the disciplines of analytical chenistry,
ecology and toaxicology. He would be esked to spend not rore than two weeks
on this injtial survey, and report informally to interested deparicents and
Corporate functional components, ) .

Depending upon his findings, a possible second step would be to engage

ez v hhe electrdcal dndustry in.cooperative investigation of the problem, through en
‘ oppropriate industry technical body (e.g., the diele'ic‘tx‘fé"&'f:dtﬁeo of WEIA). J

The above recormmendation is the outconme of discussions between Drs, Anderson
and Murphy of REQ (enviromsental pollution); Mr. E. N. Deck (Safety and Plant
Protection); end iessrs. Marquis and Nelson (Product Safety). It h2s baen reviewsd

-+ at length with Dr, Pozefsky, Dr. George, Mr. Scoville and others at Hudson Falls,
and briefly with Mr, Alimansky and Dr, Osthoff at Pittsfield, all of uhom have

exoressed general agresnent.

\ Mr. Deck has suggested that we consider Dr. Horace W. Geraxd, a toxicologist

at Pairleigh Dickirison University for the assignment as our liaison scientist.
‘Dr. Cerard is a hydrocarbon expert who does much work for the Hobil Cozpany and

has carried out assignzents for GE in the past.

C

J. S. Belson
October 30, 1949
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. THE USE AND DISPOSAL OF ELECTRICAL INSULATING LIQUIDS
C -

Abstraet

. Eleectiical insulating liquids (EIL), thoir application and dispocal °
arc studicd against a background oi similar information relating to
-petroleum products in totzl. Llubr:cating oils arc selected for
. particular attention because of thelr chemical and physical simi-
: larity to petreleum {nsulating liquids. - .

‘Naphthenic mincral of{ls are found to comprise over 80 perceat by
volume of the toral usage of EIL, Polybutcnes arc second, at almost
10 percent. Thus, 90 percent of EIL are petroleum-based, Being
,relatively nontoxic and biodegradable, they represent no environ-
. mental threat vhen subjected to conventional secondary waste
treatient,

The triyd largest-volume EIL group is the askarcls, or polychloro-
- bipheryls. This group his seme toric propertics and contains
" members which have recently become suspect ecologically. Accorde
ingly, the report contains recommendations teguaing the control
and d!sposi:ton of askarels,

1 .
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Tais stuly of the use and disposal of electrical insulating liquids has baen
undertaiicn in support of the objectives of the Eleectric and Nuclear Sub-Council
of the National Industrial Pollution Control Council, Its purpoesc is to
exanine cleetrical insulating liquids (EIL) for their possible touicolegical or

. ecological impact and, as appropriate, to provida information which may lecad zo
* advice concerning government programs which would facilitate private sector
) 4 efforts directed at environmental improvement, or voluntary actions by indust:y.

Specifiec arcas of interest include pollution which may occur from the plancs
vhere EIL are used in wmanufacture of electrical appara:us, and that which may
occur during use or disposal,

A variety of {nsulating l{quids i{s used in electrical apparatus such as
A transformers, eircuit breakers, ecapacitors, and nigh-voltage cable in order
"to optimize, for each spplication, a range of design paramaters typified by
diclectric strength, losscs, discipation factor, arc and flame suppression,
heat transfcr coefficlent, and product life expectancy, Requircments and
conditions to be wmet will, in a given instance, quickly narrow the practical
options available to the designer down to & very fev or even to a single
£luid., For this reason {t should be borne in mind that, even though a
1 . particular clectricel {nsulating liquid may be characterized as containing
: the poteatial of contributing to the pollutien vf the eavironmanc, the
cocially-dcsirabla and economically correct action may lie in the adoption
.. of przsautions and control messures rather than in the substitution of
e waterial which would not perform the required function as well,

(: ' Representatives of many organizat{ons, both in {ndustry and i{n government
: (sce, SQURCES OF INFORMATION), have contributed information and suggestiouns;
their cooperation and helpfulness are acknowledged with thanks,

.
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1.0 ‘rot'.-.l Flow.of Petroleum Products
Bccausc a high parcentage of the total volume of cleetrieal insulstiag

liquids is petroleum based,. the use and disposition of EIL can bect be understoed

against a background of the quantities of petroleum products uscd throughout

the economy, and lhiou they are disposed of, R :

Table No. 1 dxsplays the quantitics and uses of pctroleum preducts in

- ' the U.S. for 1963 (the most recent ycar for which relatively conmlote data
could be scarched out). The quantity on this table of greatest intecrest is
item 3,12, Electrical Insulating 0il. The quantf{ty shown, 1.4 millien
barrels, 1: the total of ncphthenic nnd polybutene EIL, and corrcsponds to
0. OAZ of “all ofils." - -

1.1 Lubricating 041 et e

Lubricating oil (Table 1, Item 3.7) was :choscn for a comparative study
because of its similarity to elecctrical f{nsulating grades of petrolevm oil,
and because data sre available from vhich a reasonable estimate can be form:d
of what happens tc lubricants throughout their life history.

. Lubricants may be classified conveniently ¢n two groups: automotive and
. . industrial., Table No, 2 {s an estimate of the usage, waste generation, and
"digposition of automotive lubricants throughout the country, and Table Ko, 3
presents similar data for industrial lubricating oils, A large portion of <he
waste pencrated is ecoliected by scavenging firms, and the fate of cthis portioa
_4s indicated 4n Table Ro. 4. Table No. 5 summarizes the results of the
( “investigation of lubricating eil waste practices., It will be noted that
a little over half of all lubricating oil ends as waste, &nd of this half,
wore than half is simply dumped on the ground in one way or another --
as locally disposed waste, as road 011, in ‘toua dumps, etc.

2 0 Quantities and Usage of Elcctricll InSulacing Liqutds a-‘ . ) ¥

. Table No. & contains a breakdown of the principal uses of naphthenic )
) - wineral oil as an insulating liquid, The information on transformer and eable
.» ' oils vas derived from the market estimates of several ofl producers (Referecnce: !
T Ra L L SR - WheTSQUREES GF INPORFIATION, < FReR - ae LN ‘Suttehpeasi-(g Srrura-broaker) dusa  Fmg s sowmms
capaciteor data vers estimated from General Electric usage and assumed market L
position. The second column of data, that on ficld use, is a measurc of the ;

generation of wvasta oll during the use of the apparatus. The tocal, 8 ;/Q (

1

willion gallons, is equivalent to 0.8% of the wasts lubricant oil shown en
* tha previous Table (No. 5). ; . .
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Table No. 7 is similarly derived and presents an analysis of the total
quantity of LIL according to the apparatus in which- it is used. The first e
entrics, naphthenic oil and polybutene liquid, were added togcther to produce
the total veconled a5 Itewm 3,12 fn Table No. 1 (i.e., 57.26 million galloas
s equal to 1.36 million petroleunm barrels). %his subtotal is 91% of the totzl

estimated anaual usage of EIL, The total is 63 million gallens, or 1.5 million
barrels, . '

Tae chlorinated benzenes shovn'are not wsed alone, but as diluents for
the askarels, ia some applications. The categery, “other”, inecludes relatively
s7all quantities of such materials as dibutyl scbacate and silicone oil, used
in tgccializcd apparatus of low production quantities, .

Specificaticns and general characterization of the principal EIL are
shoun in Table No. 8. . - ’ . .

3.0 toxicélogy

Mineral oils and polybutenes are essentfally noatexic. The only reported
danger {3 from finhilation of vapor or mists, in which the maximum allewable
concentration is S5 parts per million, o .

The askarels are regarded as somewhat toxic with regard to inpestion, skin
absorption, and inhalation. The maximum allowahle coacentration for inhalgtien |
is 0.5 parts per million, Becausc of the low volatility, there is little chanece
of hermful stuisspheric concentration being developed at ovdinazy - Sy
temperatures. Askarels may produce local siiin irritations ia susceptible
individuals, but ordinary cleanlinecss constitutcs an adequate safeguard apainse

such effocts. A drop of castor ofl will necutralize any irritation caused by i
contect with the eyes. The response to excessive ingestion is to induce
vomiting and see a physician, . T

[ 3

4.0 Ecolopy

Mr, Clawde E. ZoDcll has written, .

“Mineral olls are susceptible to microbial oxidation, and certain frac-
tions underpo autoxidation. This secms to be Nature's way of remedying oil
pollution i{n zo0i{l as well as in sea water,., In controlled laboratory experi- ‘

e S TR <L 2% i teedBED Uy, Ve £Ind cEbAS ol nexddizdap- bastaria coqvers anzancrage. oL 3040 percont=-

of the carbon content of hydrocarbons into bacterisl cell substance or proto- i
plasa." (Raf. b-12). . . .

Mineral oils and polybutencs are aot known to have a long time effect - 4
upon the ecology. In the short teim, the effect of large secale dumping of B
hydrocarbons has been well advertised in the press, Small amounts have no
detrimental effcces, The materials, in short, are biedegradable, exist
paturally ia the ecology, and arc not thought to be & prodlem in the context
of this study. . -

apn 007724
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The askareus, particularly-those with more than 50% chlor;na:;on, have !
vecently been identificd as a possible écological threat to marine and bivd
life. The attertion of the fudustry was called to this subject in 3 widely
distributed letter from the Monsanto Chemical Company (sole U.S. producer),
under the date of February 15, 1970, Ashkarels introdueccd into the ecolopy
arc belicved to act in & manner somewhat analagous te the persistent pesti-
eides, being coicentrated {n successive links of the food chain,

For the shrrt term, effects of askarcls may be kept from the environsent
by application cnly in closcd syctems (of which transformers and capacito:s
are examples) and by the exercize of suitable precautions in the disposition
of vastc, as outlined belov. For the longer term, the manufacturcr is working
to develop modificd chlorinated pznkcnyls uhxch will be bjpdezradable. This
means that even {£ minute quantities drc releascd to the environment by acci-
dental spills, it will be possible to remove them from waste water strezms {n
conventional secendary treatment facilities. (Refercnce b-15, quoting a .
letter froa Monsanto to Congressman Ryan, June 30, 1%70.)

5.0 Recommendations °

In view of the suspected ecological hazard presented by polychlorina-ed
biphenyls, it {s recommendcd that the olectrical industry employ the Iolluuxng
guidelines in thzir use:

1, Provision {s to be wade for qualified destruction of PCB waste usterials
such that there will be no release of materials to the atmosphere or to
ground or surface water significant from the ctandpoint of toxicity c¢r

. ‘ adverse ccological impact. Inftizlly, the only process which anpears to
tect these vequirvements is incineration under carcfully coantrolled cen~
ditions, With proper adjustment of temperaturse,” residence time in thle
fneinerator, and other parameters, products of combustion will be 1linited
‘to NCl, €02, and H20 (in the form of steam). The hydrochlorie acid ray
be aobsorbed in a scrubber and the resultant solution neutralized with
line to form calcium chloride solution, CaClz. In the process desecribed,
the only effluecnts to the eavironment will be a plume of steam, carben

=  dioxide, and brine. '

2. All li{quid waste 1is to be held in impervious eontaincrs pending g

] disposal, . . |
3. Solids contaminated by PCB's are to be held in inpervious containers .

o W, L G TR IE . Thaed e oot RERGINE diapesal e purginge = Putsing.pay. he-Accomplished. by .cleandiog ce vz,
A . with proper fluids, The resultiog contaminated liquids cay be incincra:ed{

as .abova, . i} | 1

" As. a result of the Monsanto letter to the industry cited above, the industry s
belicved to have progressed a long vay :avnrd the izplementation of thesc 1
tecmendations,
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JOMM STRETT, HUDSON FALLS, NEW YORK 12837 . . . AREA CODE S0, TELEPMONE 7473341
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Mr. R.

¢ Mr. E.

Mr. A.

r~

April 12,
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F.
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L.
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T

COMPANY INDUSTRIAL AND POWER

CAPACITOR DEPARTMENT

1972 _ :

Benignus, Monsanto Company :

Clark, Universal Manufacturing company

Doty, P. R. Mallory Co., Inec.

Harmer, McGriw-Edison Power Systems Division

Kuzela, Sangamo Electric Company -
Lengefeld, Union Electric Company ' } -
McClain, Westinghouse Electric Corp. '
Moore, Electric Utilities Company

Papageorge, Monsanto Company

Rollins, Jard, Ine,

Reab, General Electric Company .
Salazar, NEMA

Mr. John Sodalski, Electronic Industries Assoc.

Enclosed is vhat I hope will be the final revised Guideline for the Capacitor
( Croup on Askarel Disposal.

- The Preface has been taken from the Transformer Guideline,

There are areas vhere both the Transformer and Capacitor Guidelines read . :
essentially the same. However, I anticipate that both Guidelines will be ° :
{ssued and used separately in many cases, so that there should be no problem

i -

in redundancy. : - } : X

k)
FEWE R Wi . ST £ ST, T LN A 27 TR S S, L L AT AL S SR L5 XS T e T e, ATOE ST IIRG S AT T v VT TR S e

I have discussed with Al Salazar the possibility of using the Guideline on an
interim basis under NEMA snd/or EIA sponsorship until such time as the Guide-
. line 1is fssued officially by ANSI. We should sttempt to reach a decision on 4

this at the next meeting. . 4

I expect that the full ANSI Committae should be geeting within about a non':h

s

to finally spprove the guidelines !or reviev by govermment and other members

of the comaittes. ———

7

A. Pozefs
Manager-Engineering

C =
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bee: “J. P. Stapleton

e

Nay 2, 1973 O X ﬂ,u}"<
DY

?;; l.lhurnb . ‘

erel Kleotrie Coapany . .

Industrial & Power Capacitor N A
Products Departaent

John Street

Rudson Palls, New York 12839

"r. . L. Fasd

Genersl Kiectric Compiny
Transforwer Pivision

Building 11-223 -

100 Woodlaswn Avenue

Pittafield, Kasaachusetts 01201

Gentlenan:

A recent incident in wvhieh sskarel flui¢ in a3 transforwmer
on its way to the customer wes permitted to d&raim onto
faraland dramatically highlights the need for specifie
instructions that can be made availadle te private and
public carriers to instruct them fa the proper handling
of askarels during emergency cooditioms. ¢

) ! - EYR 'YF P eGCRBENT .'WPWWW"mtmwxﬂﬁ}’wim- YoaT TARE TR S '—-:-»;;r’.'-'a
- sppropriste guidelines that would 1y te this pe !
of situation and whish would be oded in the ANSI '
Cosmittee C-107 askurel guidelines.

Sinserely, L

¥. B. Mpagoorge
Chairmaa
ARSI Cosmittee 0-107

¥ /bt

set Jar. P. D, Beaigrws . . .
Steering Comittee Chalirmem C
ARBI Committes C-107

Rr. A. N. Ssalaczsr, Secretary
Transformer Sestisn
and ANBX C-107V

» k)
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QENERAL ELECTRIC COMPANY, ONE RIVER ROAD, BCHENECTADY, NEW YORX 123¢S OPERATION
Phone (518) 374-2211

November 21, 1973

Dr. C. Hugh Thompson, Chairman

Hazardous and Toxic Substance
Regulation Task Force

Office of Water Program Operations

Environmental Protection Agency

Washington, D.C. 20450

SUBJECT: COMMENTS ON TOXIC POLLUTANT EFFLUENT
STANDARDS (38 FR 21342, Sept. 7, 1973)

Dear DOr. Thompson:

In the above Federal Register announcement, the Environmental
Protection Agency {nvited comments that might assist it {n setting
effluent standards for the pollutants on EPA's first list of toxic
pollutants. On tehalf of the General Electric Company, 1 am pleased
to submit for your considaration the following comments that we believe
are relevant to the establishment of effluent standards for polychlorinated
biphenyls (PC8s). The General Electric Company is a major manufacturer v
of sealed capacitors and transformers that incorporate PCBs as insulating °
tiquids. . . ;

i

COMMENTS L ]
T e ST R w el A NN e SRR T vy TR S e e g, STy ST IUS T T A e T s S il

. H
In promulgating 1ts 1ist of toxic pollutants] EPA stated that 'K
- "Polychlorinated biphenyls are on the 1ist because of their hich order

of toxicity to man and 2quatic orcanfsms, and because of their bio- {k

[

accumulative potentiai. i1he data are acécuate, and the point source
discharges require promot control.® (ungerlinings added) ' N,

In an earl{er section of this same promulgation (I, 3), which -
explains the criteria of toxicity, appears the statement that “"substances ;
which have an oral LD50 of 50 mg/kg of body weight or less ... are defined;
as hichly toxfc to mawmals ...". This definition would seem to exclude |
PCBs, because the LL39's of all commercial preparations are many timii) A
greater, that of a typical material (Aroclor 1242) being 8650 mg/kg . :

\i)pcgs and the Environment, Interdepartmental Task Force on PCBs, May 1972,

(.. p. 131,

. -1

] . SEAYING
w PROGRESS

L
E I
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~bases than water quality should be used and are discussed later on in

SENERAL ¢ ELECTRIC
br. €. Hugh Thompson | T November 21, 1973

The low order of toxicity to man s supported by several decade
experience {n the U.S. electrical industry. Y § of

In addition, the foregoing statements about PCBs quoted from
the promylgation receive 11ttle support from EPA's subsequent publg ation
in October of {ts "Proposed Criteria for Water Quality - Vol, I.“ s '
These criteria "are defined as the acceptable limits of constituents in
recefving waters based upon an evaluation of the latest scientific’
ifnformation by the Environmental Protection Agency” (p. 12) and "are
based upon current knowledge of the effects on heaalth and welfare of
the presence of various pollutants in receiving waters* (p. 18).
Criteria for PCBs are discussed under four categories of water use
(pages 121, 180, 224, and 320) along with the raticnale for the
recormended 1imits. None of these discussfons suggesis biological
effects that could be described as a "high order of toxicity to man
and aquatic organisms"; most of the rationales represent far from
®adequate" data; and none of them leads to the conclusion that “point
source discharges require prompt control.”

“ . The only numerical value suggested {s a maximum acceptable
concentration of PCBs in fresh water of 0.002 4 g/1 (0.002 ppb) (p. 121).
The rationale given for this level is based upon an exceedingly tenuous
chain of reasoning beginning with a PCB residue level that has been
suogested (not demonstrated) as the threshold for salmon egg mortality -
and continuing through several other vaguely defined multiplicative
factors. Further, this number has no operational significance because
no znalyt{cal techniques are available for the reliable determination ‘
of so low a concentration of PC3s in water. F

Section 304 (a) (1) of The Federal Hater Pollution Control Act e
Amendments of 1972 requires that criteria for water quality should (-
accurately reflect the Tatest scientific knowledge "on the kind and

e . v JBCCUPAtely reflect the Tatest scientific knowledge "en the kind and
T TR S ex?eﬁt"o?‘aﬁﬂ'a*ﬁ‘ﬁfﬁb*ﬁ*efﬁtfs”bn-ha‘ﬂﬂrf&ﬁﬁzetﬁn:::‘ﬂhfch*m‘ay-’"j;‘“

be expected from the presence of pollutants in any body of water ...".

We submit that none of the water quality criteria proposed for PCBs, ¢
which presumably reflect the latest scienti{fic knowledge, provides an
adequate basis for establishing effluent standards for PCBs. Cther -

§

this letter. In our opinion, however, the recommendation that “the bedy
burdens of PCB's {n birds and mammals should not be {ncreased over present
levels in order to maintain acceptzble levels” does represent a reasonabie

. i

goal for any PCB control program (Ref. 2, p. 180). 3

4
The Proposed Criteria for Water Quality acknowledge (Ref. 2, pp 17-18)
that other considerations are important in "establishing particular
standards and control measures” for pollutants that "may be listed as
toxic pollutants under subsection 307 (a).*

{2) proposed Criteria for Mater Quality, Yol. I, U.S. Environmental
Protection /gency, Octover 1973,

ADM 007261

89



~ -

GENERAL £ ELECTAIC

Or. C. Hugh Thompson - 3= November 21, 1973

projections for 1972 indicate an even lower volume * (Ref. 1, pp. §-10).

“Some of the more important considerations are:

(1) The nature of the environmental effect of the presence
of pollutants in water (e.g., long or short term, temporary
or permanent, locaiized or widespread, etc.).

(2) The economic and social {mpact of the standards and control.
n?gsu;e: ;nd the {mpact of the environmental damage to be
alleviated. ’ '

. (3) The practicality end enforceabil{ty of the standards and
control measures, fncluding the availability of techniques and
{nstrumentation for determining whether particular standards
are being met,.”

Regarding the third cons{deration, we have already {ndicated
that there 1{s no practical method of enforcing a standard based upon
th: recommended max{mum concentration of 0.002 ppb of PCBs for fresh

The following additional points, which we believe shouid be
consfdered in establ{shing effiuent standards for PCBs, are germane
to the other two considerations.

(1) 1In 1971 the Honsanto Company (tha sole U.S. producer of 7
PCBs) began a program that has led to a total ban on sales of PCBs '
for a1l uses excent the manufacture of sealed electrical equipment
(capacitors and transformers). As a result there has been a large ‘
decrease {n the number of point source discharges of PCBs. Since .

. there. ars probably.not.mose.than 25 major.users,QE-RLBS .tATOUGhOUS. < nxsrmidu

the country, current procuction-type discharges of PCBs are no longer N
as ubiquitous as when PCBs were a component of paints, inks, plastics, {
adhesives, textile coatings, hydraulic and heat transfer fluids, etc. }
Indeed, "production and sales figures for PCBs in 1571 were roughly )
half of these for 1970, when these volumes were at their peak ...(and) L

J

Thus, even apart from the {ntroduction of improved control

measures by present PC3-users, there has been 3 major decrease in the

amount of PCEs to which the environment can possibly be exposed. Although !
current PCB discharges can and should be more carefully controlled, the T
s{tuation {s one whose magnitude is decreasing. There is, therefore, .
no need for emergency-type controls, which might be reflected in

technically infeasible standards and complfance schedules.

ADM 007262
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. Dr, c'. Hugh Thcmps‘.on ' .4- November 21, 1973

(2) PCBs are not 2 unfque chemical species. More than 100
{somers are possible, and major commercial products may contain’as
many as 18 distinct compounds. As pointed out by the Interdepartmental
Task Force on PCBs:

C : “Full evaluatfon. of actual or potentfal effects in the
environment is hampered by the complex nature of the
mixtures that compose PCBs, and by the inclusion of = |
contaminants in these mixtures. As experimental studfes
have been conducted with the unaltered products, &s sold,
the results may not properly reflect the effects of the
coamponents as they exist {n the environment.* (Ref. 1, p. 19).

Furthermore, 1t was reported to the Interdepartmental Task Force

",.. that a1l PCB products cannot be lumped together i? serms
of either their environmental fmpact or persistence.” (3}

LI Other points made {n this report to the Task Force are:
(1) As the degree of chlorination (of PCBs) decreasés; the
bacterial degradation rate increases. (Ref. 3, p. 4). .

!: (2) The residue storage levels (in albino rats) decrease
exponentially as the weight percent chlorine decreases.
(Ref. .3. po 5) . : . !

(3) PCB residues found in wild 11fe are dominantly penta-,
hexa-, hepta-, and octa- chloro biphenyls. (Ref. 3, Chart 4). o
. el

In recent years the Monsanto Company has developed a special ﬂ

e sammem ch 2oz <PPOAUCY . Aroclor . 1016, whish-As -tha only gradesof--Aroclor Aow-used<tp= rm==
. - capacitor manufacture. Although its gross chlorine _content is almest

the same as that of Aroclor 1242 ({.e. about 42% of C1), Aroclor 1016

has been specially distilled to remove most of the higher boiling

homolegs, which are found fn wild 11fe residues. Indeed, more than g

99% of Aroclor 1016 cemprises homologs with 4 or less chlorine atoms "

per biphenyl (Ref. 3, Chart 1); and these homologs have not been '

found 1n wild 1ife residues. :

o |
In 11ght of the foregoing we recormend that the specific commercials
preparation, Aroclor 1016, not be considered as.a toxic poliutant. We S
are encouraged to see that in promulgating its 1ist of toxic pollutants,
EPA has recognized that not all ccmpounds of cadmium and cyanide are
toxic and has stated that distinctions will be made when the final

w,

(;- | Tucker, £.5., "Assessment of the Bfological Persistence of Po1ychlorinase<
' Bi{phenyls,” from Presentation to the Interdepartmental Task Ferce on PCSs
by Honsanto Company, lay 15, 1972, p. 2. ' :
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effluent standards are published. We recommend that similar distincti
be made in writing effluent standards for PCBs. tions

(3) The "economic and social {mpact" (consiceration mumber 2) of

& uniform effluent standard would be much more severe upon an existing
plant than upon a new plant. Most of the existing plants that manufacture
sealed electrical equipment containing PCBs were in operation for many
years before there was any recognition of the possible environmental
hazards of PCBs, and during these years no special precautions were

taken concerning the handling and disposal of these liquids. Thus,
accumulations of PCBs over the years in and around the drainage systems

* of these plants could result in continued discharge of PCBs even if the

plants were to eliminate PCBs from their current operations. Elimination
of such reservoirs of PCBs might well require a major and prohibitively
expensive renovaticn of plant and site. However, with the institution of
internal control meaigses such as described in proposed American National
Standard Guidelines « Older plants are preventing further buiid-up

of such reservoirs.

WHAT EFFLUENT STANDARDS ARE FEASIBLE FOR THE ELECTRICAL MANUFACTURING iNDUSTi

We have already noted that the Monsanto Company now sells PCB8s onl
to manufacturers of sealed electrical equipment, such as capacitors and
transformers. The soundness of this decision {s supported by the findings
of the Interdepartmental Task Force on PCBs (Ref. 1, p. 4) and the regulatior
promulgated by the Food and Drug Administration (38 FR 18096, July 6, 1973).
These documents recognize the unique combination of fire safety and design
efficiency that the use of PCBs imparts to capacitors and transformers and
the minimal risk of environmental contamination associated with such use.

We believe that the special conditfons pertaining to the past and ',
present use of PCBs in the electrical industry warrant recognition in the
setting of effluent discharge standards. These should not necessarily be |

mrn Sameom Ly od  YEREITAT O thusE Yeened EPSTOR A BEE T thE ChERICAT TRATS Ry = =™ = =

. The manufacture of transformers and capacitors fnvolves 8 multiplicity
of operations i{ncluding vacuum impregnation, heat treatment, filling, k
sealing, washing operations and the 1ike. Provision must be made for the

handling of large apparatus containing up to 1500 gallens/unit (in the case;"
of transformergg and for the filling and sealing of millions of small units
per year (in the case of capacitorsg. ' ’ ,

Control of PCE discharges in such electrical manufacturing plants }
requires a combination of process design and good housekeeping. For .
example, waste 1ines and operating procedures may be designed to eliminate
contact between PCBs and water not directly used in the PCB operations
themselves (e.g. cooling water). No effective end-of-line treatment has been

deronstrated on a plant scale.

V4] official Standards Proposal. Proposed American Mationa) Standard Guiceli
for Handling and Disposal of Capacitor- and Transformer-Grace Fskarels

Containing Polychlorinatcd Biphenyls, £107.1- ( ), National Electrica
Hanufactirers issociatinn Fub,. l'o. CP-P1-1973 and Pub: llo. TP=-PC-1973,

January 25, 1973.
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Segregation of operations and waste 14ines {s feas{ble in the
design and construction of ‘a new plant but would be prohibitively
expensive for an old plant. If such controls are {ncorporated into

" 8 new transformer or capacitor plant on a new site, {¢ should be
possible to limit the discharge of PCBs to Tess than 5 pounds per day
gepending upon the volume and complexity of the production processes.
The attainable discharge from an existing plant that had already been

w {n production before the mid-60's may be as much as 15 pounds higher

as the background level, depending on the size of the plant, 1ts age,
and the nature of {ts earlier operatfons, all of which would have
affected the location and extent of {ts reservoirs of PC8s. Such

a plant could install the control measures mentioned above and still
be unable to reach the discharge levels for a new plant at a new site.

We believe that the foregoing numbers can provide the basis for
realistic effluent standards because they reflect the actual technology-
of the capacitor and transformer industry. As we have mentioned earlier,
the recommended water quaiity standards provide no practical basis for

tffluent»standards.i

SWARY L .
In the foregq1ng comments we have raised the following points:

(: 1) Available data do not support categorizing PCBs as a "highly
toxic" material, nor setting standards on the basis of thjs arbitrarily

assigned hazard rating. .

2) The max{mum recommended concentration of 0.002 ppb of PC8s &
{n fresh water is an operationally meaningless number that s unsupported
by convincing ecological data. Any effluent standards based upon such |
. a water quality standard could not be attained in existing plants and
t . could Jead to shut-down of q;paqit%; and transformer operations. 8
T AR S T M T TR, 2L TR RSt T Tk 2t R e TOL e SO S S TR T R e -j..%.-a:._:_.';'e‘.;:_ e T LR R -wm_]:ad-
3) Actions already taken by Monsanto and PCB users in the electrical
industry have substantially reduced the exposure of the eavironment to * &
PCBs and should result fn a decreasing impact of PCBs in the environment. \

- 4) Existing data suggest that Aroclor 1016 should not be considered}
a toxic pollutant. - ' A :

5) Older plant sites will continue to have significant background
levels of PCBs in their discharges because of accumulated reservoirs from .
years of operation before anyone recognized the possible envirormental s
hazards of PCBs. These background levels should be considered apart from
those levels contributed by current operating procedures.
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Dr. C. Hugh Thompson e7- November 21, 15873

! ¥e apprectate the opportunity to submit these comments and hope
that they will be of assistance to EPA {n setting effluent standards

" for PCBs.

Very truly yours,
74
il PP PPV
+.Dr, E, L, Simons, Manager
Environmental Protection Operation
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QENERAL ELECTRIC COMPANY, 1 RIVER ROAD, BCHENECTADY, NEW YOAK 12345 STAFFE
Phone (518) T4z L

Subject: Effluent Limitations for Itams on
Toxic Substances List: Economic
Impact of a Ban on PC3

November 21, 1973

= Dr, Martha Sager
‘Chairman, Effluent Standards :
and Water Quality Information
Advisory Committee ,
Envirormental Protection Agency
Room 821, Crystal Mall, Bldg. #2
Washington, D. C. 20460

Dear Dr. Sager:

With reference to your forthcoming meeting (38FRI0577) and pursuant to
‘our understanding that the Committee has expressed an interest in knowing the
economie {mpact of a polaible ban of polychlorinated biphenyls (or a restrictior
tantacount to & ban), we have the following comments to offer:

The value of the annual production of PCB transformers in o
the U.S. 1s spproximately $45 million and that of capacitors o
$140 million. Neither of these figures forms an appropriate {
base for assessing the soclo-economic effect of regulations o
having the force of a-ban-on. fprsher-productdon; ~sShould-suh-=:<wr s
8 ban occur in the near future (i.e., within five.years) the '
impac: of PCB transformer unavailability would be felt primarily
in terns of disruption of building construction, elactric distri~
‘bution, and railroad equipment projects; and interruption of the
supply of PCB capacitors would impact most heavily on the slectrical
supply situation, exacerbating the “energy crisis."”

Most PCB transformers are .installed in industrial, commercial,
and residencial substation applications, A considerable number are
ingtalled on electric railway passenger commuter cars serving major
metropelitan areas., In all applications, these tranformers distribute
electric powvar reliably without .risk of fire and explosion, and in
compliance with spacific laws, codes, and {nsurance restrictions
mandating non-flammable liquid content., There i3 no readily available
alternative for many applications vhere construction i{s under way oi
(“ plans are complete, As much as §1 billion of construction projects

could be seriocusly delayed, involving schools, factories, office
buildings, spartment houscs, and commuter trains.

I
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Dr, Marths Sager - 2 .

Thc PCB capacitors produced in the U.5. annually hnvc a =gjor
“ effect in reducing the electric current which would otherwvise have

to be generated to serve industrial and public needs. The saving
may be approximated by sizming up the incremental cost of ovarsize
generators and that portion of transmission and distribution system
equipment wvhich i{s thermally limited, Equipment in these classes,
corresponding to the 44 million kilovars of new capacitors inszalled
annually, has a valua of approximataly §1 billion. A forced conversion
te a non-PCB capacitor would be hampered by shortages of basic capacti-
tor materials and factory production capability, thus placing in jeopardy
about half of this snnual saving. Additionally, there would be serious
dislocations in the lighting and eir-conditioning {ndustries due to
shortages and mismatches of capacitors raquired in those systems,

The enclosed paper, "The Role of Polychlorinated Biphenyls in Electricasl
Zquipzment", Pebruary 4, 1972, wvas prepared originally for the Office of Science
and Technology and is ircluded here for further information on the economic
value of thesc devices. . In addition, we have updated the informstion about
‘[' _capacitors and addressed ourselves specifically to the consequences of
unavai{lability of PCB capacitors in the enclosed new study entitled, "“The )
Impact of a 'Ban' on the Use of PCB in Capacitors,' November 19, 1973, &

Important as are nconcmic considerations, we feel that the case for :
continued use of PCB's {n capacitors and transformers rests less on these -
factors than upon the lack of substantisted need for any tighter constraints
.on the handling of these materials :han those algeadz,tn use or sssumed &8 .l

N T8 k~‘1aat1"byétﬁt-‘ietttfuir“iﬂaus::y TTeie lap.c:s ‘ate discussed {n the enclo-ed
lactter from Dr. Simons of General Electric to Dr, Thompson of E.P.A., cmunen:ing
upon toxic pollutant effluent standards (reference, 38?3213&2) \

{
~
o

Ve hope this discuszion will be of use to your ecnni::ee.

Vary truly yours,

8 S. Nelgon, Consultant-
toduct Envirormental Compatibility
- JSN:ev

Enclosuras

(__ ' ec: pr. C. Hugh Thompson
' Chairman-Hazardous and Toxic Substance
Regulation Task Force
Office of Water Program Operations
* Environmental Protection Agency
Washington, D. €. 2046C ;e AOM Go1250
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THE IMPACT OF A "BAN" ON THE
USE OF PCB'IN CAPACITORS

EUIOURY

!ho PCB-impregnated capacitors produeed in the U.S.
sonually have a major effect in reducing the elsctric
current vhich must be genarated to serve industrial and
public needs for pover., The annual saving may bs viewed
as squivalent to 44 large electric generators, each of

the 1000 megavatt size, which do not need to be installed -
an aggregation comparsble to the nation s annual growech
Tequirement, :

The following consequences will result from a PCB effluent standard
so strict as to have the effect of a ban: o

= If the industry is forced to convert to a non-PC3 impregnant,
lov dielectric-constant liquids, such.as mineral oil, offer
the best initial fallback position.

= Mineral oil would roughly double the pounds of capacitor .
grade dielectric paper and aluminum: foil needed to produca

" prescnt capacitor requitements., Current world-wide lhortlges
of capacitor paper and foil would hot support. this,

- Materials availablility would suppor: about 507 of tha current
capacitor requirements usiang mineral oil.

= 1f adequate materials supplies were somehow sttained, current ;
capacitor manufacturing facilities could produce at bcst only
50% of capacitor unit requirements.

hth e % T < SR s Yorcad Sonversion. to. 8,000 PGB would -Taeuls 40 eapacitor-ahortages stz

and major production cutbacks in the lighting, air conditioner, .
and power supply industries, and in their customer operations, '

« Doudbling the size of esﬁnci:or. vould present seriocus replacement

problems where PCB capacitors had been used. N
= Ballast and air conditioner manufacturers would have to tedelign .

esrtain productl to accept the larger capacitors. .
= Pover system stability would be adversely 2ffected by a shortage 1&

of capacitors, and black-outs could be expected, 4 -

= New non-PC3's, such as CG.E.'s Eé@%bl eould subtantially reduce
the magnitude of the materials problen. However, Ecuhol still
. represents an unknown risk in reliability. and safety in the major
(~_ consumer applicat{ion areas, A mass conversion is not juscified
at this tima. '
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.3«  JINTRODUCTION

This {s & forecast of the consequences of Y PCB effluent standard
vhich cannot be met by capacitor manufacturers, and consequently becomes
an effective ban. It {s submitted by the General Electric Company to
assist in the determination of appropriate oftlucn: standards relative
to capacitor grade PCB. . -

I1. BACKGROUND

Ia the U,S., an inpregna:ed capacitor can be very simply desczribed

= Alusinum foil (around 0, 22 mil thiek) vhich serves as
the alectrodes.

= Sheets of dielectric consisting of eapacltor,;rnde.
. paper or combinations of this paper with plastic £ilm,
The dielectric is positicned between the aluminum
electrodes as it is wound inZo zolla. - - :

e An appropriate 1iquid inprggﬁnn:. A
£

A sesled container for the capacitor roll and- tmpregnant.

The cholce of dielectric materials, the number of sheets, and :heir
thicknesses are all the result of many years of research and testing for
reliability and consumer use safety. About 90-957 of liquid inpregnICed

2% w7 -wma-dCAp8Citors -contatn: PChy-andr-ars Brisleslcunporentys=ts the 'fluarrkeﬁt“‘['"
and mercury vapor lighting, the slectric motor and air conditiening '
industrics, and pover transmission by electric utilities. The diclec:ri:
paper and plastic films (primarily polypropylene), aluminum foil, and PC31
bave all been specially developed and con::olled for capacitor use and lte

produced as "specialty” materials. . K

K]

[ i, Pt A - WL Ty

4

, Capacitor grade PCB is Aroclor 1016, manufactured only by Monsanto.’
It {s primarily trichlotobiphenyl., It differs from all previously used .|

formulations in that practically all of the higher boiling homologs-- Y
wvhich have given rise to reports of PCB in wild-life residues--have been ‘%

removed. - Introduced in 1971, it is nov the only PCB used by the U.S. =
capacitor induscry. Compazed to other formulations,
e it has a higﬁer degree of biodegradability;

‘;, : - £t has a lover degree of persistence in the enviroament.

ADM 007252

" 98



III. CONSEQUENCES OF A "BAN" TO THE CAPACITOR INDUSTRY

This evaluation eddresses {tself to the situation wvherein the
capscitor industry {s effectively banned from using PCB's.

A, Altarnative Imgregﬁlntl

Alternative impregnants are unproved in the U,S., capacitor {ndustry.
Mineral oil was the msjor impregnant before PCB's, and it appears to
tepresent the best {mmediate fsllback position. Even though miperal
oil technology would put the industry back 30-40 years in progress, it
still represents the best combination of known technology, materials
availability, and reliability., For these reasons, mineral oil impregnant
bas been selected at this time as the basis of comparison with PCB's.

Thera have been 2 number of very active programs to develop non-PCB
izpregnants, especially after the environmental problem was recognized. -
These programs are continuing in the industry, and {t is expected that
sn improvement will be found which would be more acceptable than mineral
oil. As an example, ral Electric {3 using & phthalate ester as the
base for its non-PCB EcofMol impregnant. Eebhiol capacitors are being
sold commercially where special gituations require a non-PC3. This is
the case wvhere U.S. electrical -equipment, such as computers, is to be
shipped to Japan where PCB's ara banned.

!cgaol has a higher dielectzic constant (see next Section 3 for
discussion of this property) than zmineral oil, and consequently will

require less sddicional materials and manufscturing capacity. However,
limited svailability of the phthalate ester, lack of appropriate manu-
facturing facilities, need for developing new pfficient.qanufacturing. o=

BT T T L S%CE g EEdetes, and particularly the unknown factors of.reliability and saféty

in the broad consumer use areas such as lighting and air condizioners are
some of the problems that pravent & near-term substitution. \
1
Unless conaiderable time for the development and avaluation of alternati
liquids is permitted, the most suitable {rmediate stratagem sppears to be
the use of aineral oil. .

The virtuas of PCB fimpregnant and the disadvantages of mineral oil
have been discussed in detail in a number of recent documents. Among these
documents aze the report of the Interdeparcuental Task Force on PCB's
(COM~72-10419), a paper titled, "The Role of Polychlorinated Biphenyls in
Electrical Equipmenc' présented by General Electric on Pebruary 4, 1972,
and NIMA's Official Standards Proposal CP-P1-1973/TR-P6-1973, daced
Janusry 25, 1973.

All of these documents have pointed out that PCB-impregnated
capacitors are significantly smaller, more reliable and safer than mineral
oil impregnated capacitors and that use of mineral oil would return

ADM 007253
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capacitor techaology to its pre-1932 level. The substitution of mineral
oll for PC3 {mpregnants would necessitate radesign of ead equipment to
utilize the larger capacitors, large increases in capacitor nhnufac:uring
. facilities (both plant snd equipment) and would result in increased use o
. basic materials which are presently in short supply.

C The following is an attempt to quantify some of the consequences
relaced to the use of minaral oil as sn alternative impragnant.

B. Gspacitor Manufacturing Capacity

Mineral oil impregnated capacitor sizes relative to PCB capacitors are

C shown in ZTable 1.
Table 1 - Relative Sire Compar{sons
Types# " AROCLOR 1016 Minersl 0i)
¢ . Sxzall Industrial 1.0 2-2.5
Pover 1.0 2.5-3.2
i *Small Industrial - Used in lighting, air conditioning, motors
( and .electronics,

Pover = Large capacitors uysed by electric utilities and by .
industry for induction furnaces and power factor correction.

The dielectric constant of a capacitor's dielectric system 1is the
ratio of its ability to store electrostatic energy relative to air, The-
e b, L 2y ana-dblscrric copstant. p§.PLE. impgegnant. is-Sa85 shile-that-of -mineral: ofl-t=x-
- ' i1 2.25. Use of the lower dielectric coastant mineral oil in a paper
dielectric system, sssux=ing no change in the thickncss of the paper
dielectric, would result in a capacitor which is 607 larger than the PCB 3
impregnated design, Additionally, however, use of mineral oil requires j;
that the thickness of the paper dielectric be increased to reduce the t
operating stress on the system if equal l1ife and reliability are to be |
attained. In the case of lower voltsge industrisl type capacitors, such
as those uged in flucrescent ballast and air conditioning applications, the
dieleccric thickness must be {ncreased 10 to 25%. In pover capacitors
operating at higher voltages, the dielectric thickness must be increcased \
25 to 40Z. The lorger incrcase in the high voltage units {s related to the
fact that corona i{nitiztion and extinetion voltages of mineral qil impregna.
dielectric systems are lower than those of PC3 impregnated systems.

~

The approximace doubling of physical size results in sbout half the _
(\_ : throughput of capacitors in existing manufacturing equipment. The capacitor
industry currently has i{ttle {f any excess capacity to handle this, even i:
adcquate capacitor matcrials supplies are assumed to be available.

ADM 00725«
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CORSEQU?NC = THE CAPACITY AND OUTPUT OF THE CAPACITOR INDUSTRY
WILL BE CUT APPROXIMATELY IN HALF,

C. Capscitor Materisls Availsbility

The followving Table 2 estimates the capscitor industry tequirementcs
for paper, foil, and impregnant based on the currently used AROCLOR 101§
and for mineral oil, . ' .

Table 2 - 1974 Cngcitor Materials Requirements (1bs. in miilions).

AROCLOR 1016 Minersl 0{1 Change
Paper 26 ' 52-65 100-150%
Al Yoil 18 32-36 80-100%
Iepregnant 26 35-42 35-60%

ere iz & worlduide ghortage of capnscitor grsde paper and
aluminum foil. The capacitor paper supply is expeccted to continue at
its present level of availabilfity. Mineral oil impregnation will require
at least tvice the smount of materisls to produce the same capacitance
as vith PCB's. Using the most optimistic of the above numbers, the total
capacitor industry's requirements of Kraft paper dieleceric, all of it |
using imported pulp for {ts production, would increase by 2 to 2.5 times
and its requirementas for aluminum electrode foil would increage by I.BO}J
to 2 times. : !

B g R e e a8 R R N AR e "" S BT, SIS D R A
Total industry requirements fn 1974 for paper dielectric in PCB k )
impregnated capacitors 1is estimaced at 26 million Boundl. Based on recent

expericnce, this requiremcnt s the limic that ‘suppliers of this E
type of paper can produce with existing squipment. Adding facilities N
to more than double the present domestiec output of paper 1s a task that
could not be completed {n less than 4 to 5 years and the total i{nvestment:
required by the paper manufacturers is estimated to exceed $200 million, 4
1t {s questionable that the paper industry would make this investment, faci:
"the probability that future f{mpregnant and design developments would negdge

its need, - . ) Y
Aluminum foil is also in short .uéply. Some investment in toll-rolling‘
equipment is already under way at General Electric to alleviate the shortag:
but an adequate continuing supply of reroll aluminum stock from which the tn
gauges of aluminum elccctrode material are madé cannot presantly be asgured.

The supply of dielectric-grade mineral oil required to replace PC3
impregnonts {s also unassured. Doubling the size of capacitors would
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aspproximately double the volume of i{mpregnant required. Tha sole manufact
of dielectric-grade mineral o{l has recently annsunced that ity manufactur
is being discontinued. The feasibilicy of supplying the capescitor industr
on a timely basis vith 35 million pounds annually, starting from a product
rate of sero, is doubtful to say the least,

CONSEQUENCE - THE CAPACITOR INDUSTRY WOULD BE ABLE TO SUPPLY ONLY
ABOUT 50% OF THE CURRENT CAPACITOR DEMAND BECAUSE OF MATERIAL SHORTAGE!

D. Cos ts

U.S5. impregnated capacitor sales for 1974 ars shown in Table 3,

Table 3 - Zstimated 1974 Total Impregnated Capacitor Sales

$ Millions
Saall Industrial 100
Povar ' 55

About 90-95% of these are PCB impregnated capacitors. It is estimated
that the cost of capacitors would increase by at least 100% in going to
mineral oil. It {s likely that there would be an added inflacionary force:
with demand fsr axceeding supply.

CONSEQUENCE « COST OF CAPACITORS WOULD AT LEAST DOUBLE, AT CURRENT '
AR - camcn'ox $ALES LEVELS, THIS WOULD ADD ABOUT..$1465 MILLION-IN . .o
TToE TR TR CAPACTTOR COSTS T EQUIPMENT MANUFACTURERS. 10 THIS WOULD BE ADDED
AT LEAST ANOTHER $200 MILLION IN COSTS AT THE END-CONSWMER LEVEL. |

L}

\

l; Reliabiliey and Warranty

The 1ife expectancy of capacitors exceeds 10 years for lighting
applications and more than 20 years i{n electric utility power transmission
applications, Although cspacitors sre considered long-lived products,
there is an ever present danger of short life and early failure. This can
be caused by a number of factors such as poor process control, materizls
quality, mis-application, snd newv product introduction with inadequate
knowledge and expsrience of reliability,

The Ceneral Electric Company wvarrants its capacitors for one year,
(‘— and has extonded this warranty where capacitor failures have been

excessive and due to shortcomings in cspacicor quality. The major
reliabilicy and varrancy problems lie i{n thé small industrial type capacitor
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sucli as used for lighting, motors, and pover supplies. The capacitor
industry produces in the order of 100 million capacitors per yaar.. The
majority of these units sell {n the price range of 50¢ to $4. The servic:
cost for replacing a failed capacitor is $20 to $25. The in-varranty
failure rate of General Electric capscitors during the first year i{s well
under 0.5, We believa that this reliability is typical of the capacitor
indusctry in general. This performance has been attsined after many years
of developing the PCB capacitor, and establishing expected norms for failt
Tatas and service lifas.

Tha capacitor industry historically is very careful in introducing
product and process changes because small changes in failure rate, vhich
are extremely difficult to determine without years of service experience
and ptatigtics, could result in excessive complaint and replacement costs.
Yor example, Table & shows the raplacement cost {f the failure rate during
the warranty period increased by different levels.

Table 4 - Replacement Costa for arly Failures

2 of Annually Installed Capacitors Pailing, over Existing Rate

Increase in’ Millions Cost at
Percentage Points Replaced $25/service Call
1.0 .0 . $25 million
2.0 2.0 g0 i
3.0 3.0 815 ;

|
[

‘ : . ‘ i
1w % e WL 3% - Seed oI -order-tooavoidStihe ‘consequences “of Ssuch-varTanty eosts;-the-capasit

17,

industry would design any new non-PCB products on the conservative side!
However, there would still be a substantial visk asscciated with a nnss\
changeover to a nev impregnant, especially in the end-consumer. product aze.
with essentially no experience on reliability and safety. ‘\

CONSEQUENCE = IF THE FAILURE RATE OF THE 100 MILLION CAPACITORS 1

- PRODUCED IN ONE YEAR WERE TO INCREASE BY 1 TO 3 PERCENTAGE POINTS, °
THE REPLACEMENT COSTS AT $25 PER SERVICE CALL WOULD RUN FROM $25 to /|
$75 MILLION. THIS IS THE MAGNITUDE OF THE CAPACITOR INDUSTRY'S .
EXPOSURE IN GOING TO A. NEW, UNTRIED IMPREGNANT ON A MASS BASIS,

CONSEQUENCES OF A "BAN' TO CAPACITOR USERS

This section estimates the effect of & PCB ban on customers and users

.of capacitors.
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RESI- 4 “JEFTINE S vt o

CRITICAL COMPONENT AVATLABILITY

Capacitors are & critical and necessary component in end-user
equipaent, particularly in small industrial spplications. Without the
capscitor, the and product would not operate as designed. The capacitor
shortage resulting from a "dan'" on PCB capacitors would force a reduction
by at least balf from the mormal production rate in the plents of capacitor
users.

CONSEQUENCE ~ INCREASED LAYOFP AND UNEMPLOYMENT AS
MANUFACTURERS ADJUST 10 THE SHORTAGE, )

"RIZCTRIC POWER SYSTEM SAVINGS

The magnitude of the energy levels under discussion can be assessed
from the following: ..

= The U.S, capacitor industry produces the equivalent of
35 million kilovar per ysar,

= 4 kilovar {s squivalent to at least ) kilovatt of genersting
capacity (some estimates place this rstio of kilovatt/kilovar
at up to 1.4)-

About 207 of the capacitors are for replacement purposes, and the
Tezaining 802 are for ney gervice. Thus, 44 million kilovars are installed
on new systems. Without these capacitors, the stean turbines and fuel .
requirements would be relatively unaffected, but generators would be -
larger to handle more current, and certain components of transmission and
distribution systems (e.g., step-down transformers) would have to be lqrgg;’.
to prevent burn-out. The additional generating capacity for 44 wmillion °*-
kilovolt-amperes, priced Incrementally, would amount to about $300 million;
the additional tyansmission end.digtribution. equipment would gmount to ...

about’ $500 mi11ion,

| CONSEQUENCE ~ REDUCED AVAILABILITY OF CAPACITORS WOULD
ADD FURTHER SUBSTANTIAL BURDEN T0 THE ENERGY SUPPLY
SITUATION, - .

| POWER_SYSTEM STABILITY ' ;

The preceding discussion i{ndicates that electrical energy rnquiremen:stﬁa
- could theoretically be met by using fever capacitors and building oversize |
generstion, transmission and d{stribution components (&t a severc economic

penalty). Such a system would be operating at lov powver factor -- or, in
other wvords, the system would be ecarrying a large component of useless
rezctive volt-amperes in addition to the in-phase c¢coponent that represents
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energy delivery. Systems studies have shown (see Economics of Rilovar
Supply by Cx=pbell, Ros, and Tice, General Elsctric Company, June 20, 197
that lov power factor severely lini:s the capsbility of a power pool to
imaport pover from its neighbors during a loss-of-gensration emargency.

CONSEQﬁENCE = CAPACITOR SHORTAGES WOULD MAKXE LARGX
POWER SYSTEMS SUBJECT TO CASCADING OUTAGES, OR
"BLACK-OUTS,"

S$IZE AND REPLACEMENT

As pointed out sarlier, the size and cost of mineral oil impregnated
capacitors would bs at least tvice that of PC3 capscitora. The lighting
industry has designed their ballasts for the small size PCB capacitors.
Approximately 207 of ballast capacitors are used in the replacement market
Many room air conditioners have no spaca for a larger capacitor if &
replacement ig required. The capacitor industry has continually moved to
reduce the size of capacitors. [Equipment manufscturers have taken advanta;
of these asize reductions, and have no room for size increases. In certain
cases, aize limitations in the replacement markst uould force the scrapping
of good light fixtures and air conditioners. .

CONSEQUENCE ‘= UNAVAILABILITY OF SMALL SIZE CAPACITORS
- WOULD FORCE THE EARLY OBSOLESCENCE OF GOOD, FUNCTIONAL
EQUIPMENT.

General Electric Company
November 19, 1973 ‘ i _ . - &\
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John F. Welch
Vice-President, General Electric Company

January 14, 1876

General Electric welcomes the opportunity to participate in
today's proceedings and wishes to cornphrnent Mr., Train and the
EPA for the constructive manner in which they have approached
this very complex PCB issue. A cooperative effort between gov-
ernment and industry can avoid the delays brought about by adver-
sary proceedings and should truly benefit the public at large.

As the leading industrial user of PCB's in the manufacture of
capacitor and transformer products, we have pursued a parallel
course both to reduce the PCB discharges from our manufacturing
plants and to find an acceptable substitute for their use in electrical
apparatus.

- . 1
B ] - 4 W
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The public record shows that we have made excellent progress
in lowéring PCB discharge levels at all related manufacturing
sites, Our technological developments have positioned these facili-
ties to achieve discharge levels in the ounces-per-day range. How-
ever, progress has been more difficult in the search for a PCB
substitute.

General Electric for the past 30 years has attempted to find a
suitable substitute. In the early years, this effort was directed to
improving the economy and performance of its electrical apparatus,
but in the past several years, the emphasis has been to provide a
more environmentally acceptable substitute. We have tested over a :
hundred fluids representing the full spectrum of chemical sub-
stances, and although there are promising leads, they all require ( ‘
additional long-term testing for reliability, safety and environmental !/
compatability.

For example, in capacitors, all known potential substitutes,
unlike PCB's, are flammable. This characteristic presents a sig-
nificant problem to the users of capacitors: the appliance, lighting
and several other consumer-related industries.

Consumer product safety is just one of the many complex ‘
issues which have to be resolved in evaluating a PCB substitute, ,
Environmentally, as a minimum, we must be satisfied that any sub- l
‘substitute considered is a significant improvement over PCB's. ’ x

As we stated at the outset, General Eectric is most willing
and indeed anxious to cooperate with EPA in their goal of finding
a satisfactory substitute for PCB's in electrical apparatus, How-
ever, we urge that the complexity of this issue and the potential
consequences of precipitous action be thoroughly and thoughtfully
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considered. Industry and government have the opportunity to

demonstrate, on this highly visible PCB issue, that they can work

together in solving environmental questions in the best interest of
R the public,. '
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. GEXN RAL:L:C:MC
' : FACILITIES .
GEXERAL !uc*rmc COMPANY, 1 RIVER ROAD, SCHENRECTADY, NEW YOAK 12343 ’SERVIQES
Phone (512) 314-3211
) . : : January 15, 1974

Hearing Clerk
U. S. Eavironmental Protection Agency
~ Washington, D. C. 20460

Re: 40 CFR 129 (Subpartl)
Gentlemen:

On December 27 (38 FR 35388), EPA proposed an efflucnt standard for
" polychlorinated kiphenyls, and made the proposal applicable to capacitor and (we
infer) transformer manufacturers. Persons adversely affected by the proposal
werse instructed to fle objections by Janunxy 18, {a accordance with 40 CFR 104
(39 FR 1027).

The General Electric Company (G.E.) 18 engaged in the manufacture of
fadustrial and power eapacitors, as well as power and distribution transformers,
PCBEBs are widely used as {nsulating liquids {a both categories; b.cnce. our operzdon.s
will be vitally aflected by tha final regulations,

The degree of cur rbuance upon PCBs, their essentiality, and the economic

impact of an effective ban on their usage have been addressed in our recent letters

. to Dr. Martha Sager (Chairwoman, Effluent Standards and Water Quality Information :
" Advisory Committee) and Dr, C, Hugh Thompson (Chalrman, Hazardous and Toxic e
Substance Régulation Task Force), Copies of both lettars are attached hereto, - ¥

The preposed standard was spparently based solely on toxdeological data that
appear in EPA's Proposed Criteria for Water Quality (38 FRR 29646). I so, we are -
concerned about the paucity of data upon which the standard was based, the rclevance
of existing data to the creation of a toxde pollutant standard, 2nd indeed - the valldity
of EPA's extrapolations {rom such data. More specifically, we find (1) an unnecessaruy
stringent standard, (2) a failure to distinguish among dilferent PCB compounds, and
() a failurc to consider the examption of residual PCBs from the standard,

»
.
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U, 8. Environmental Protection Agency -=2- - January 15, 1374

Nonetheless, we cannct render responsible comments or objections as
required by 40 CFR 104.6(d) in the absance of EPA's "statement of basis and
purpose.” A cspsule summary of the stutement was presented in 38 FR 35388,
along with an acknowledgment "that there may in soma cases be {nadequacies in
the underlying data base.' However, the completa text was not publiely avatlable,

as of January 11. Federal Regulations (40 CFR 104.4) would seem to have required
availability by December 27.

EPA statas that "the attached standards sre not based upen economic
considerations, " although its own eriteria document acknowledges that such cou=
siderations are important in "establishing particular standards and control measures"

_for pollutants that “may be listed as toxic poliutants under subsection 307(a)." Ses

Proposed Criterin for Water Quality, Vol I, U.S.E.P, A. October 1973,

EPA then claims that "the impact ot the standards upon the economy has been
examined and does not appear to be great." We disagres. In our judgment EPA's
proposed standards would have a major economic impaet. Presumably the rationale
of EPA's sxamination also appears {n the "statement of basis and purpose." Our

. ln.a.lysis of such examination must await our receipt and review of that document.

Por the sakes of continuity, we plan to maks an economic and Ieasibﬂ.lty ,
presenta.ﬂon in conjunction with our toxicological comments, At that time, we will
address the question of relevance, as required by 40 CFR 104, 6(d).

In v!ew.of the unzvailability of essential d'atn it {s unreasonabla to require G.E,

40 formulate detailed objeptions at this time. Therefore, on behalf of G.E., ] bereby

flle a general objoction to 40 CFR 129 (Subpm 1) and request that the Presiding
Officer: - .

=¥ B RN S 4O TR 104, 8%, ﬁﬁd‘thnt Yeasonable cause ewdafed for.

our failure to submit specific objections to 40 CFR 129 (Subpart I)by
January 18;

) purlumt to 40 CFR 104.6(a), authorize cur subsequent submission of
. specilic objections to 40 CFR 129 (Subpart 1), said authortizatton to
tarminats no soonar than one month after the aforementioned "statcment
of basis and purpose” {s made available to G.E.; and :

)] pursuant to 40 CFR 104.8(a), desiguate G.E. as a party {a the subject
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GENERAL { cLECTRIC

.

U. S. Eavircamental Protection Agency =3- *  January 15, 1974

Please contact me (AC 518/374-2211, ext. 5-5058) if the Presiding Cfficer
rules adversely on any or all of the above requests. Regardless, you may expect
my attendance at the January 25 hearing. 1 will be ready at that time to assist in
1aying the gromdwork for the future conduct of this procecding,

(&
Sincerely yours,
Su&a&@
Stuart M. Richel
Attorney-Eavironmental Protection
SMR:a
Euclosures
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GENERAL ELECTRIC COMPANY
877TH MEETING OF THE BOARD OF DIRECTORS
NEW YORK, NEW YORK - SEPTEMBER 12, 1975
A meeting of the Board of Directors of General Electric Company
was held, pursuant to due notice, at the offices of the Company, 370 Lexington
Avenue, New York, New York, on Friday, September 12, 19‘)5. at 10:55 A. M.,
Eastern Daylight Savings Time.

.+ There were present:

Messr;-.. ‘Reginald H. Jones, Chairman John E. Lawrence

]. Paul Austin Ralph Lazarus

James G. Boswell, I Edmund W. Littlefield
Silas S. Cathcart Jack S. Parker

Walter D. Dance _ Samuel R. Plerce, Jr.
Charles D. Dickey, Jr.. Gilbert H. Scribner, JIr.-
Henry H. Henley, Ir. Herman L. Weiss

Henry L. Hillman . Walter B. Wriston
Frederick L. Haovde Robert M. Estes
Gilbert W. Humphrey Secretary

' Mr, Thomas S. Gates did not attend the meeting. j

t
i

9018 Appgovm. OF THE MINUTES OF; THE BOARR OF -DIRECTORS o simmrn s mniis
SN e S S SO ING - AUGUST 1, 1975 .
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The minutes of the moetlnq of the Board of Directors held on August

1, 1975, copies of which were distributed, were reviewed and appxioved.
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will be known as "GE Supply Company of Saudi Arabia.”

Vice Chairman Weiss reported that for the first eight months, sales
of the Components and Materials Group were 16 per cent under 1974 and
earmnings were 40 per cent == or $35 millon -~ below 1974. Inventories
were $76 million lower than the first of the -Yeal; and casﬁ generated after
dividends for eight months totalled $73 million, an improvement of $154 million
over 1974, Orcier rates for most of the Group's short cycle businesses
centinued to strengthen in August. !.v{r. Weiss also reviewed the impact of
reqently announced raises in prices of steel and aluminum.

Vice Chairman Weiss noted that Industrial Rasearcﬁ Magazine has

selected the 100 most significant new technical ﬁroducts each year since

-.1963. General Electric led the field in 197.5: and its total since the

incepticn of the awards 1s more than twice as high as the next hl'qhest
company;‘ Vice Chairman Weiss referred particularly to the development
of a 'supe;—mtcrobe" which may be useful in the safe‘and rapid disposal
of oil spills. He 'statod that Dr. Ananda Chakrabarty of the R&D Center
had been salected by Industrial Research Magazine as scientist of the
year.

Vice Chairman Weiss reviewed in datail the background of recent
charges aq‘ainst the Company relating to discharges of PCB from its plants

at Hudson Falls and Ft. Edward, N.Y. Mr. Weiss explained the reasons

' for use of PCB In transformers and capacitors, steps taken by the Company

September 12, 1975 -6
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(including capital gxpenditures) to reduce discharges since PCB was first

ass ciate;:l with effects on health, the compliance with requirements of the
Federal Environmental] Protection Agency and the progress to further reduce
discharges. He stated that the N. Y. Sltate Commissioner o;f Environmental
Conservation had insisted on a Company commitment to a zero discharge,

a commitment the Company could not make in 'qocd faith becaa:xse we know
of no feasible way to achieve such a discharge. Mr. Weiss stated that the
" Department of Environmental Conservation had served a formal complaint

demanding a zero discharge and outlined the further stéps expected in the

proceeding.

9022 REPORT ON MANAGEMENT DEVELOPMENT

AND COMPENSATION COMMITTEE MEETING
The Chairman of the Management Development and Compensation
Committee reported on the highlights of its meeting held earlier this day,
A summary of the proceedings {s contained in the minutes of that meeting.,

9023 . REPORT ON AUDIT AND FINANCE
COMMITTEE MEETING

The Chairman of the Audit and Finance Committee reported on the

highlights of its meeting held earlier this ‘diy. A summary of the proceedings

is contained in the minutes of that meeting. '

September 12, 1975 e -
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IN RE GENERAL ELECTRIC COMPANY. File No. 2833 (N.Y.
Dep(. of En»ir. Conservation Feb. 9, 1976)

In this interim opinion, the hearing officer holds that General
Electric Company’s (GE) discharges of PCB’s fpolychlorinated
biphenyls) into the upper Hudson River violate the New York En-
vironmental Conservation Law fECL). The record over-
whelmingly establishes violations of ECL provisions prohibiting
discharges into state waters which cause violation of applicable
water quality standards, these include a proscription on waters con-
taining “toxic wastes and deleterious substances . in amounts that
will be injurious to wildlife or whicn m any manner shall adversely
affect tne flavor, color or odor thereof, or impair the waters for any
best usage" assigned, including fishing GE’'s PCB discharges are
toxic substances, capable of causing skin lesions, destroying body
cells, adversely affecting reproduction, and inducing cancer and
death. The Department of Environmental Protection, which must
establish violations by a preponderance of the evidence, has shown
beyond a reasonable doubt the G E is responsible for the heavy con-
centration of PCB’s in the upper Hudson which violate water
quality standards by injuring fish and making them dangerous to
consume, thus destroying fishing. GE responsibility is shown by
the size of its discharges as compared with others in the same area,
and by the fact that PCB concentrations downstream of the GE
plants are far higher than upstream As an affirmative defense. GE
asserts tnat us conduct is immunized from state law penalties by
virtue of its being specifically authorized in a senes of permits
granted under the Federal Water Pollution Control Act. This
defence must fail, for all GE permits have contained language spe-
cifically prohibiting violation of state water quality standards The
hearing officer also rejects GE’s claims that its current, reduced
levels .. PCB discharges are too small to violate the ECL. and that
no injunction will he respecting the high emission levels which GE
has areads voluntarily abandoned The claim that GE violated a
crimma. water pollution provision of the ECL. however, is dis-
missed. for it wj* not intended to cover acontinuous course of con-
duct like respondent's Further hearings will be held to determine

what level of PCB discharge GE may be ordered to achieve, to wh3t ,

extent GE should be required to rectify the damage caused by us
past discharges, the availability of PCB substitutes and their ade-
quacy anc environmental acceptability and whether GE should be
required to post a S2 million performance bond

Counsel for Dept of Envir Conservation
Robert M Hallman. Dep Coniji rand General Counsel
Philip Gulen *
Philip V*ardwell
N Y State Dept of Envir Conservation
50 Wolf Road
Albanv NY 12233
(518> 474-212!

Counsel for Respondent GE
D Earle Evans. Jr
Anthony R Pittarelli
Bond. Scnoeneck & King
One Lincoln Center
Syracuse NY 13202
(315) 422-012!

Counsel for Intervenor N Y. State Dept of Commerce
J Bruce McDonald. Counsel
N Y State Dept of Commerce
9d Washington Ave
Albanv \> {2225
(517- 474-2121

Counsel for Intervenor

Natural Resources Defense Council
Saran C.
Rosemarv Nichois
Naiura: R™.'urces Defense Council
15 W est -um Street
New York NY ICC36
(212) S09-0;50

Sofaer. Hearing Officer

Tins proceeding was ucMiuucuwed on September 3. 1975 by the
Department of Environmental Conservation ("Department”) to

6 ELR 3000

enforce against the General Electric Company("GE™) §8]7-0501»
17-0511' and 11-0503 of the Environmental Conservation Law of
the State of New York (“ECL") and of water quality and purity
standards promulgated pursuant to ECL 17-0301. The complaint
alleges that GE is polluting the waters of the Hudson River by
directly and indirectly discharging a toxic substance, polychlori-
nated biphenyls ("PCB’s"). into the river from the Company’s
facilities at Hudson Falls and Fort Edward (ECL 17-0501 17-0511)
and that the discharged PCB'’s are injurious to fish life of the Hud-
son River (ECL 11-0503 1) The Department seeks far-reaching
relief, including an order that G E cease ns discharge of PCB’s from
all point and non-point sources.4 that GE restore the health of the
Hudson River and other natural resources to the extent its PCB dis-
charges have despoiled them. 3nd that these objectives be attained
through a procedure under Department's supervision, including a
requirement that GE file a surety bond of S2.000.000 to guarantee
its compliance

GE answers that its discharges do not violate the ECL and
raises as an affirmative defense compliance wuh its permit under
the National Pollutant Discharge Elimination System (NPDES).
now a State Pollutant Discharge Elimination Permit (SPDES).
issued originally by the L'S Environmental Protection Agency
(EPA). GE argues that no basis exists for the imposition of any
remedy At the same time, the Company represents that “it is going
forward voluntarily with a program to achieve maximum treatment
and containment “ Reply Brief, p | (Jan 12.1976) At the hearing,
ns manager of Engineering and Product Development. Dr. Michael
Modan. testified that GE was in the process of reducing its dis-
charge of PCB's from a claimed daily average of about two pounds,
to a maximum daily amount of one hundred grams by the end of
1976 Tr 1322 These amounts are m sharp contrast to the com-
bined daily discharge level of 30 pounds from the plants at Fort Ed-
ward and Hudson Falls described in GE’'s SPDES permit.

The hearing commenced on October 6. 1975. when petitions to
intervene were made by the New York State Department of Com-
merce (“Commerce ") and the Natural Resources Defense Council
("NRDC") in behalf of itself and others’ After oral and written
argument, the pennons to intervene were granted on certain condi-
tions. as outlined in an opinion fled on November 19 1975 * The
parties engaged m extensive discovery after which nine additional
days of hearing were held All witnesses were available for cross-
examination. and the parties offered direct as well as rebuttal
testimony A substantial record has been compliled. consisting of
several thousands of pages of transcript, prefled testimony,
reports, studies, articles and miscellaneous other exhibits8

1 ECL [1*-0501

li shall be unlaw ful for an» person directs or indirectly, to throw drain,
run or otherwise discharge mo Such waters organic or inorganic mailer
that shall cause or contribute to a condition in conira*ennon of ;ne stan-
dards adopted b» me department pursuant io secnon 17-0301

p'<yyit>'hon jtamu poilunon

2 ECL 1'-0511 Rr\ifKi,.ir\.in /< 0i w««Ki ijuurai *u>ieumih, r «owes

The use of existing or -.r* /uiiets or oomi sources which discharge sew-
age industrial w<>ie or one- wjsies mio waiers of this slate is prohibited
unless such use is in compliance wuh ail xiandards criteria, limitations,
rules and regulanons promulgated or applied b> the department pursu-
ant to this article

J ECL 11-0503 Polltiimt jiiromi prohibited

No dvesiuffs. coal tar -efuse from a gas house cheese factory, creamery,
condensary or canning factor». sawdust shapings, lan barx. lime acid,
oil or other de'ete-'Ous or poisonous suDsiance shall be ihro»n or al-
lowed 10 run mm an» waters eiiher private or public, in quantities in-
jurious io fish life protected wildlife or «nerfowi inhabiting those *a-
ters or m/urious to the propagation of fsh proiecied wildlife or waier-
fowl iherem

4 ECL 1*-0105416*
"Pomt Aource” means an» discernible, confined and discrete con-
veyance, including but not limned io an» pipe ditch, channel tunnel,
conduit-well, discrete fssure. comaine- 'O'Img stock, concemrated
animal feeding operation o- vessel or other floating sioca from which
pollutants art or may be discharged
5 The others are the Hudson Riser Fishermen's Association Inc .the Hudson
River Sloop Restoration. Inc and the Federated Conservationists of
Westchester County. Inc In addition a statement bv the L nited Electrical
Workers wu made without objection from me parties
6 16 ELR 30001 For moving papers, see ELR 65296 - ii | The opinion and
other papers and document in this litigation ire on file wuh the Ne» Yore
Slate Department oi Environmental Consefvaiion. Office of the General
Counsel. 50 Wolf Road. Alban*. Ne» Yore
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The filing of this enforcement action necessitated findings and
conclusions on whether GE has violated any or all the statutes in-
voked. On the other hand, it became clear to all those involved Lhat
a hearing and judgment concerning the remedies that should be im-
posed would become necessary only if GE was found 10 have acted
unlawfuily. The parties therefore agreed to defer the complicated
remedial issues in this case until violations of law were found.”

[n summary, the record in this case overwhelmingly demon-
strates violations of ECL 17-0501 and 170511, within the applicable
statutory period. PCB’s are toxic substances, capable in sufficient
quantities of causing skin lesions, destroying cells in vital body
organs. adversely affecting reproduction, and inducing cancer and
death. GE has discharged PCB's in quaniities that have breached
applicabie standards of water quality. The PCB’s have injured fish,
and have destroyed the viability of recreational fishing in various
parts of the Hudson River by rendering its fish dangerous 10 con-
sume. Fish analyses in evidence present a grim picture in which
PC B contamination reaches over 100 times the temportary tolerance
Jevel established by the US. Food and Drug Administration
("FDA"™) in 1971

These unlawful consequences are the product of both corpor-
ate abuse and regulatory failure: corporaie abuse in that GE caused
the PCB’s to be discharged without exercising sufTicient precaution
and concern; regulatory failure in that GE informed tha responsible
federal and state agencies of its activities, and they too exercised in-
sufficient caution and concern until this action was instituted by
New York's present Commissioner of Environmental Conserva-
tion.

GE is responsible for its conduct and must be compelled 10
abide by the law It will at a minimum be ordered drastically to limit
its discharges, as il claims itself willing and able to do: \o consider
and use substitute products wherever feasible: 10 take other sieps
that may be appropnate 10 prevent tnientional and non-intentional
future discharges; and 10 rectify the effects of its prior violauons
where lawlully proper. and economically and environmenially
practicable. The public must not be made 1o pay a continuing price
for past bureaucratic nsufficiency. But nesther should the
legislature and public be decaived by this focus on GE's activities
into assuming that government has otherwise dealt in a
meaningful, instututional fashion with PCB's. or with other hazard-
ous subsiances being discharged in10 our environment.’ Effective
regulatory surveillance would have prevented much of the harm
that GE has inflicted. The remedial order ulumately imposed in
this case will therefore be constructed with a (ull and fair apprecia-
uon of the fact that, while the damage must ccase and be rectified.
GE has operated openly and negligently rather than in secret or in
distegard o PCB discharge limits set in 1ts permits, For this reason,
among others, the charge under ECL 110503 is dismussed

{. PCB's and the Hudson River
A Composion and Properies of PCB's
PCB is the abbreviation. for a group of chemicals known as
polychlonnated biphenyls. Their composition is based on the

“biphenyl,” a substance made by healing benzene under apprapnate .

conditions. The biphenyl consists of iwo phenyl molecules, each
having six carbon atoms attached in a chain with its two ends
hooked together 1o form a ring. and each’ with six hydrogen atoms
attached 1o its six carbon atoms.* A biphenyl ning 15 formed by

7. The Depariment objected when the Hezring Officer aoted that any opimon
and Mindings filed prior 10 a delermunation of the relief 1o de a{Torded wauld de
tentztive and 1ntenm Tr 1949-1950 The objeciion was overruled since final
and appealable findings and conclusions wil and should be filed with the Com-
missionee only after the procesding s compiete.

8 New York e¢nacted q 1971 2 tone substances control bjlt which pves the
Depariment-authonty to promulgate within “not less™ than one vear rules and
regulations [~ cyniral the discharge and storage of subsiances determined to be
hazardous to the eaviconment. L 1973, C. 400, ECL }70101 o5 1eq No officral

- Department acuon has vet deen aken.

EPA, pursuant 1o (he 1972 amendments of the FWPRCA, s responsible for
setting effluent standards ior toxic pollutants FWPCA §307taitly, 3) USC.
1317210 An :mitial st of sollulans. proposed in 1973 inciuden PCB's I8 FR
18044 1 July 6, 1973) The Ac1 mandates (hat the Admunistraiae “ocus on these
“most wrous hazards 10 man :ad clher organisms 1ahaditing or CunsumIAg
wates;" NRDC.sued EPA 1. 1973 to require it 0 promulgaie §3U7f3) standards
EPA 1hen proposed sundards ard hearings were held 1 1974 Sea Tr (143 No
efMuent s1andards have as vet been promulgated.

9 Each carbon atom. has the adility 10 form four links, or bonds. with ather

. Mo, Che wiy in which six €arbon 410ms> cunbine 18 for each 1o have one
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breaking the links between one carbon and hydrogen a1om on each
of two pheny! molecules and making instead a new carbon-tocar.
bon bond The result is a compound empitically described -ag
CusHue, or by the following structural diagram:

H H H H
.\C / N, C :’
H—~C{ T—c" X-H
Je—c_  x=C
H H H H

To chlorinate a biphenyl one must replace s hvdrogen atoms
with chlonine. When only one chlonne atom is added in place of a
hydrogen atom, the resulting compound is called a monochlor-
biphenyl. When more than one chlorine atom s added. 3
polychlorinated biphenyl is formed. Since each bipheny) has ten
hydrogen atoms, PCB's may have any number of chlonne aioms
up to ten, and PCB's with anywhere from one 10 ten chlonne sioms
are called homalogs of each other. In manufacturing PCB's, it 15
generally not possible exclusively to create molecules with a specifie
number of chlorine atoms. lnsicad., when chiorine gas and
biphenyls are mixed., many homologs of PCB's are formed, and the
average number of chlonne atoms with ¢ach biphenyi varies wiih
the temperature,

PCB mixtures not only contain difTerent homologs, they also
consist of different “isomers.” Each bipheny! has several possible
sites for chlorine atoms, and the different arrangements of atoms
are called isomers of each other, For example, dichlorobiphenyl
{two chlorine atoms added) has 12 possible isomers, each with the
chiorine atoms at dilTerent places on the two phenyl nngs. The em-
pirical formula CinHiCl would apply to all these isomers, but
structurally they would be different. Chemists express these differ-
ences either diagramatically or more succinctly by describing the
location of the chlorine atoms in accordance with the following
position numberning sysiem:

I=2 l"r—y\f

« DLl /
N—¢ =5

Thus, lor example, if the chlorine atams in a letcachlorobiphenyl
(4C1-PCB) were located at the *2" and *$" positions of each phany!
moiecule the resulting compound could be descnbed a5 1,5, X', &
tetrachlorobiphenyl.

The sole manufacturer of PCB's in the United States is the
Monsanto Chemical Company. Domestic sales of all PCB's by
Monsanto have ranged from 26,061.000 pounds in 1958 10 73.061.-
000 pounds in 1970; in 1974, sales totalled 34.306.000 pounds GE
Exhibit 19. Unui 197], PCB's were soid [or numerous commercial
purposes. Monsanto limied PCB sales in 1972, however. (o0 so-
called closed applications. The sole application for which PCB's
have been used In recent years, according to Monsanto data, are
transformers and capacitors. The GE plants at Hudson Falls and
Fort Edward manufacture transformers and eapacitors, and use
PCB's in their prepacation. Since 1966, GE has purchased 82,213.-
Q00 pounds of PCB's of all types [rom Monsanto for use in its pro-
duets. Dep't Exhibu 6.

PCB's, especially mixtures with relatively high percentages of
chlorine, have useful physical propernies. They are essenually non-
flammable. Tr. 1136=37 (Dr. Simons). They are extremetly stable,
for exampie. a mixture with an average of five chlonnes released
only traces of degradation when treated with concentrated suifuric
acid for 255 hours or bailing 10 percent sulfunic acd for (50 hours.

band with the carbork un one side of W, and & Joudle BONd +sih LAE C4rron oA
its other side Tho ¢unliguranan lcaves each cardan «ufhl an¢ unused ns,
which in the phenyl rulecule 1s occupied by 2 hyd.ogen stom The resuits wan
be descnbed as CoHa 31 9y the followiag stemtural diagtam

H H
e=—c’
T— >C—H
T g—C;
N
Y H

See Lept Extabit 15, p. L The description of PCI's i3 drown “-.m %o
testimony of Dr. Gilman ©. Vesth. Dep't Exlubit 14 12d Or. E
Te. 1118-26
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Dep't Exhibit 14. p 7 (Dr Venh) Finally, electric current can pass
through PCB's without alTecting or being affecied bv them.

These properties have made PCB's desirable for use in capaci-
tors and transformers Transformers are used to change one type of
current into another, and consequently dispense with the need to
create generating and transmission capacity in all useful forms of
current Capacitors also save considerable electrical energy Many
motors and other electrical devices have parts that must be mag-
netized to operate, when such a motor draws current, only part of
the current is used m rotating the shaft, the rest is required simply
to maintain the magnetic Hied Without a capacitor, electricity
would flow back and forth from the generating station and the
motor, as it does in other applications With a capacitor hooked
jeross a motors terminals, however, the magnetizing current is
captured, rjther than sent back to the generating source, and
returned to the motor during the next electrical cycle The net sav-
ing of power by using capacitors was estimated without rebuttal as
30 percent, or. to run three air conditioners with capacitors would
require the same electrical power required to run two such air con-
ditioners without capacitors Tr. 1127-35 (Dr Simons).

Monsanto has sold, and GE has used. PCB’s with a variety of
chlorine percentages These mixtures have been merchandized
under the trade name “ Aroclor." followed by a numerical designa-
tion such as Aroclor 1254 The "12" represents the 12 carbon atoms
in the biphenyl ring, and the last two digits. “54" for example, indi-
cate the average percent chlorine of the particular mixture Aroclor
1254 ("A54"). therefore, would have an average of five chlorine
atoms for each biphenyl ring, though the mixture will contain
PCB's with anywhere from 3to 7chlorines Dep't Exhibit No. 14,
p 6 (Dr Venh) Until 1971 Monsanto sold large quantities of
various Aroclors. especially 1242 1254 and 1260 In 1971 the com-
pany introduced a new mixture, which u designated Aroclor 1016
(“A-1016") Since then. A-1016 has accounted for an increasing
proportion of PCB sales, until in 1975. A-1016 sales are running at a
greater rate than the sales of all other Aroclors combined GE Ex-
hibit 19 p 3 G E purchases of PCB's from 1965 to 1975 indicate an
almost total shift from A-1242 and 1254 to A-1016. and to a minor
extent A-1221 Dept Exhibit 6

Aroclor "1016" is a deceptive numerical designation for that
compound The chemical has 12 carbons, not 10 and contains over
41 percent chlorine, not 16 Monsanto's Manager of Product Accep-
tability testified that there was no scientific reason for the designa-
tion "1016." and conceded that "following the old nomenclature it
should be called Aroclor 1241 plus'" Tr 1232-33 There is a differ-
ence between A-1016 and 1242 but it is not in the percent of
chlorine Rather, it is in their homolog composition. Monsanto spe-
cifications show a maximum of 4 percent of homoiogs with five or
more chlorines in A-1016. whereas the t>pical A-1242 mixture con-
tains o to ' percent of such homologs Dep t Exhibit 19(2) (Letter
of W B Papageorge. Monsanto to Dr David L Stalling. US Dep t
of Interior. Oct 17.1973) The extent to which this difference has
any bearing on toxicity is discussed below

B Presence of PCB's m the Hudson River

The Hudson River is some 305 miles long, from ns source at
Lake Tear of the Clouds to the George Washington Bridge at New
York City This case deals primarily with that part of the river near
and downstream of the GE plants at Hudson Falls and Fort Ed-
ward The plants are only about one mile apart

To determine the amount and type of PCB's in a body of
water, or in any other matter, is no easy task. All the evidence pro-
duced at this hearing was derived through gas chromatography, the
science of separating chemicals by heating them to the points that
they become vapors." The parties recognize that this method is not
perfect. Furthermore, the fact that analyzed material is found to
contain a particular PCB configuration, for example A-1242, does

10 Chemical* introduced in a gas chromatograpn »ill move n different rates
depending on their respective boiling pomis. and will separate from the
chromatograph at different times Each separation i$ recorded by a detector,
which then draws a pea« on a chart paper recorder resulting eventually m a
"g*s chromatogram " The intensity of peaks on the chan recorder is propor-
tional to the quantity of the particular chemical escaping from the
chromatograph By companng a chromatogram of an unknown mixture with
those of matures whose contents were known, an analyst is able to identify the
types ar.d amounts of chemicals in the unknown mature with those of mix-
lures »hose contents »ere known Sec generally Dep 1Exhibit 14. pp 43 (Dr
Venh)
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noi necessarily mean that thr material originally discharged was
A-1242, since PCB homologs have different rates of btoaccumuia-
lion and degradation. Further, chromatograms of mixtures wuh
similar chlorine content tend strongly to resemble each other, acir-
cumstance particularly true of A-1242 and 1016 But none of the
parties objects to chromatography as a scientifically adequate way
of measuring for PCB's.

The record contains substantial evidence of PCB's m the
water, sediment, organisms and fish of the Hudson River During
August 1974, emplovees of the US Environmental Protection
Agency ("EPA T conducted an investigation of PCB contamination
in the Hudson They found a concentration in water at the outfall
from GE's Fort Edward facility of 2800 ppb (parts per billion or
ug/1) A-1016 Sediment at the same sampling station yielded 6700
ppm (parts per million or rngAg) A-1016. indicating the absorptive
capacity and constant exposure of the sediments nearest the outfall.
At another station, one-half mile downstream, sediments contained
2980 ppm A-1016. or an accumulation 10* times greater than the
recorded outfall concentration Dep't Exhibit 28 R J Nadeau k R
P Davis. Investigation of Polxrhlormated Biphenyls m the Hudson
River, p 9 Composites of snails found below the GE discharges
were found to contain up to 45 ppm of a PCB analyzed as either
A-1242 or 1016 G. D Venh to R J. Nadeau. Oct. 23 1974. m Dep t
Exhibit 28 appendix Shiner minnows had 78 ppm. and a rock bass
set what was then regarded as "a new record for PCB contamina-
tion of fresh water fish." with 350 ppm. 1d. 14, 18

The Department has for several years been aware of the pre-
sence of PCB's in New York's waters, including the Hudson. An
analysis of fish in 1972 indicated a concentration of PCB's in
largemouth bass of 066 to 1462 ppm. in white perch of 0338 to
15 8! ppm. and in stnped bass of 3.70 to 49 63 ppm Data compiled
in 1973 on striped bass indicated that most fish tested contained
more than 10 ppm PCB's. ranging up to 49 63 ppm in one sample
Fish from other waters also had high concentrations GE Exhibit
11 appendices Beginning on December 4. 1974, the Department's
Division of Pure Waters initialed, in conjunction wuh EPA, a more
systematic monitoring program of PCB's m the Upper Hudson
River Basin, an area including GE's plants Water and sediment
samples were taken from several sampling stations Special precau-
tions were taken to assure quality analysis, including a series of in-
terlaboraiorv comparison studies A-1016 was found in water below
the GE plants at a rate of 3 ppb during mid-wmier 1974-75. indicat-
ing a river load of that PCB of about 94-97 lbs per day 1L Bv late
August 19?5 when the studv terminated, sampling at the same sta-
tion reflected 006 ppb A-1016 in the river indicating a river load of
less than 14 Ibs per day Sediment and core samples" below the GE
plants showed concentrations of A-1016 ranging as high as 100
ppm. 201 ppm and 1850 ppm as well as high concentrations of
A-1221 and 1254 Dep't Exhibit 9 pp 6-7 (R Mt Pleasant) This
water and sediment monitoring studv included no collection and
analysis of fish and other organisms On the basis of the water con-
centrations observed (not including the effects of sediment, runoff
or other sources of PCB’s). however, the report predicted that fish
flesh concentrations of 3 ppm to 150 ppm of A-1016 would result
Dep't Exhibit 5 pp 25-26 The Department's contemporaneous
study of Hudson River fish overwhelmingly confirmed this antici-
pated result

The Department initiated a statewide Hsh sampling program
in August 1975 to ascertain the extent of PCB concentration.
Numerous samples were taken from the Hudson River, prepared
and analyzed, once again, precautions were taken for quality
assurance Fish captured at stations below the GE plants contained
higher amounts of PCB's than previously found Concentrations of2

11 The nver load of PCB s s the total «<mount of PCB* from «1 discharge
points that enter th$ river daily This figure is derived b» r-eisuring the total
PCB s suspended in ihe waier column from dail* samplings -nuiiipiyrg ihis
total by the daily volume of river flow which is expressed in cubic feei/second.
and ihen multiplying b> 86.400. the number of seconds m « d«v

12 Sediment samples «re obtimed from ihe top level of ihe nver sediment The
Department sei this depih «( five centimeiers for iheir program The sed.ment
is scooped up. with suitable equipment, libeled and later analysed for PCB con-
tent Dep i Exhibit 5 p 3 Core samples are taken wiih equipment which can
penetrate ihe surface of river sediment or land formation Those core samples
taken by ihe Department ranged from three to eleven inches m depth Pie core
samples were analysed for PCB content in one inch sub-sample-* <see r | h *
onunally extracted core Id App C. figure 6.
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over 20 ppm A-1242/1016 were found common. A composite of 12n
Yellow Perch had 236.42 ppm A-1232/1016, as well as 62.88 A-1254,
a total of 299.30 ppm PCB's. An American eel, captured at Still-
waler, was found 1o contain 403.38 ppm A-1242/1016 and 155.87
pPpm A-1254, 1otating 559.25 ppm PCB's. Dept Exhibit 13, Monitor-
ing of PCB’s in Fish Taken from the Hudson River (Qct. 1975). This
{igure is over 100 times greater than the temporary lolerance limit
sel by the FDA in 1971 for PCB’s in the 2dible poruon of fish,

GE does not challenge these data, Dunng the hearing the
Company sought 10 introduce evidence gathered by Ecological
Analysts, Inc., a firm that engages for profit in preparing testimony
for corporations in environmental liugaton. Tr. 1426-1427. The
evidence ga2thered was anafvzed by the Woodson-Tenent Laborato-
ries of Memphis, Tennessee, and some inihal results were placed in
the record Lhrough the testimony of Dr. Gerald 1. Lauer, Vice Presi-
dent of Ecological Analysts. Inc. These results showed in 13 fish
samples, several of which were taken below the GE plants, not 2
single sample with over 5 ppm PCB’s in the edible flesh. After
cross-examunation, it became apparent that these data were unreiia-
ble. GE ultimately terminated its effort 1o introduce the material
and agreed (0 request the laboratory involved to prepare a complete
analysis of all its Hudson River sampies.'* The new findings, based
in part upon reanalysis of the same samples earlier analyzed, are
consistant with the Depariment’s conclusions. Several fish had con-
centrations of A-1016/1242 gver 100 ppm in their edible flesh. Con-
centrations in what GE termed “non-<dible™ tissue ranged as high
as 1178 ppm. NRDC Exhubnt 1.

C. GE's Responsibility for PCB's in the Upper Hudson

GE "has not contested that it has been a source of certain
PCBs in the Upper Hudson River in the vicinity of its discharges.™
GE Reply Bref, p. 1. But 1t claims that "1)e evidence does not per-
mit. ... by the legal standards which exclude conjecture as a basis
for penalties, a linding that the high levels of PCB’s reported in
these fish are altributabie 10 Respondent’s discharges.™ In particu-
lar, the company asserls there is "no evidence™ excluding other
PCB sources earlier than September 1975, "no evidence™ relaung
downstream fish concentrations 10 Respondent’s discharges, and
*no evrdence” as to when Lhe accumulations occurred. /d.

The Depariment has the burden of proof in this proceeding
ECL 17-090516). The burden involved 15 thal normaily applied n
civil and admanistrative proceedings to prove the alleged violations
by a preponderence of the evidence.* [t may be that, 1n order (0 ob-
tain some especially onerous and punitise remedy. the Department
would be required to mee! 2 hugher standard of prool.'* But GE's
argument that, merely because this 1s an enforcement proceeding,

resiits of the sampling program condunled 5y Ecolopical Analssts, Inc This in-
¢luded dats from the Upper Hudson, Lower Hudson. Long Island Sound and
Chesapcake Bay GE ob.ected on various grounds [niually its objection was
Lthat the request was {or the “furnishing of addwsonal substaanve evidence™ and
therefore not praper within the scope of proceedings where the gosernment has
the burden of proof Tr 1583 More particutarly GE argued it had presenied no
evidence with respect 10 whote (ish in the Upper Hudson nor any evidence
“whalsoever  wilh respect [0 any type of inveshgation concermng PC8s 1
fish elsewhere ™ Tr 139} GE also claimed the maienai was privileged, even
though 1t had onginaily sought to introduce the resulls of the inveshigation

The Hearing Officer ruied that the matenal requested for Chesapeahe Bay
and Lang Island Sound samples was outs:de the scope of the ssues raised by
the complant, dul directed GE 10 produce all evidence relaling 1o fish in the
Hudson River Tr 1660-61 Respondent requesied 3 48.hour stay of the order
10 allow s determimation as 10 whether 2 teview of what amounts (0 a sub-
poena order shauld be taken a1 this ume ™ A siay was granted, Tr. 1664, but on
ihe following yay GE wiihdsew us objections

14, McCormick, Evrdence $5329, 388 (1972) The authonties cited by GE for a
more evacuny burden ace ingpposite For example. Beckett v, Plaeffle, 157
NYS 247 {15t Dep't 1916}, indicates thal statules “penal in nature™ require
strcler proof, dut it dealt with 2 statute that pumshed its violation with fines
and impnsonment Professor Jalfe's article hikewise discusses cases where
serious, personal cansequences are imposed, such as deportation of long-nme
resident aliens L. Jaffe, qdmmsirgrive Lan Bueden of Proof and Scope of Review,
79 Hary L Rev 914, 919 (1964).

15, The test for a penal statute 1n New York s whether the remedy chosen is
“impressed for punishmens or for tedress of injury . ™ Sicolo v Prudential
Savings Bank of Bkly'n. SN Y 2d 254, 248, 184 N Y S 2d 100, 103 (19§9) Evena
revovery that exceeds Jciual loss may ot amouni 1o a penal sanction, But the
courls have held that an arbitrary exaction. unrelated 10 actual 0ss. 15 3 penal
sancion £, Verana Central Cheese Co v Munaugh, SO0 N Y 314 (187D
These standards make clear that the remedics sought against GE are non-penal.
The only violaton charged that could justify any sanction that could be charac
temzed as penal is ECL 11-050), discussed delow, which has been dismissed.
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the Department has to prove its case on the ments by clear 3aq
convincing evidence. is untenable.
In any event, the Department has in fact carried its burden on
this issue beyond any reasonable doubt. The evidence thar GE .5
responsible for the high concentrations of PCB's in the Upper Hug-
son's water, sedimenl, organisms and fish is overwhelming To
begin with, GE has wnuil recently been discharging very large
amounts of PCB’s inlo the Upper Hudson. GE applied for 3 drs-
charge permit on December 18, 1972, s1ating that it was directly dis-
charging an average of 30 pounds per day of “chlorinaled hydrocar-"
bons™ {measured using the test for PCB's), and a maximum of 47 6
pounds per day (rom its two plants. Dept Exhibit 4, p. 3 GE's
Manager of Environmental Operations, Dr. Simons. testified that
these figures represented what he believed to have been the aciual
discharge from the plants. Tr. 1166. At the ume, GE was purchas-
ing about 7,900,000 pounds of PCB’s each year from Monsanio
Dep't Exhibit 6. Purchases of even greater quantities had occurred
at least as [ar back as 1966. Since the record indicates that GE's dis-
charges have decreased rather than increased in recent years. it is
reasonable 10 assume that it discharged PCB’s in 30 Ib. per dav
quantities throughout the 1366-1972 period.'® In any event. GE ob-
lained the permit it sought. and makes no contention that 1t signufi-
cantly altered its discharge levels until carly 1975.7
In March 1975, Clark, Dietz Associales, an engineering firm re-
tained by GE, performed a wastewater moninonng program at
GE’s plants, and reported total average daily discharge levels of be-
Iween 5.06 and 7.81 Ibs. of PCB's. Dept Exhibut 8. During late
August 1975, both GE and the Department (with EPA) measured
the discharge levels. and found a further reduction: GE's data indi-
cate an average discharge from the two most important discharge
sources of 5.54 1bs., a figure that includes days in which excep-
tionally high discharges were recorded: the Depariment’s data are
roughly equivalent. Dep’t Exhitit 7B{|5); Dep't Exhibits 4. 29, 31
and 32. These findings show substantial reductions in PCB dis-
charges as compared 10 earlier peniods. Yel, the amounts are sull
sipmificant especially when considered as supplementing the large
quantities aiready released. and he totals probably understate total
discharges because some sources were nol measured, and dis-
charges caused by run-oiT and percolation were not measured.'*
After this action was commenced. GE made further measure-
ments of its dischargss. These indicate a combined average of 3.36
Ibs. per dav direcily discharged from its two plants, through the two
main discharges (discounung an unusually high discharge of 116
Ibs. on Sepiember 13-14: Tr. 1245-48). In addition, howerver, daia
collected by GE indicate average discharges of 1.42 pounds PCB's
per day into the Hudson Falls Village Sewage Treatment Plant.
. which in turn discharges 1n10 1the Hudson. The otal daily discharge

“durlfig e Feandg'in (id case, then. s foughly $ §81bs.

Not only has GE been shown to have discharged large quan-
tities of PCB's into the Hudson over tong penods of ume, the
Department has established that other sources contridute neghgible
amounts of PCB's to the river. During September 1975, as part of
ils water and sediment study, the Department tested effluent from
28 municipal and industrial discharges in the Upper Hudson. The
Hudson Falls Village Treatment Plant showed 3 discharge of 2.45
Ibs. PCB's per day, which has been shown to be attnbutable to GE.
Four other sources had amounts of 0.005, 0001, 0 22 and 0 095 Ibs.
per day (of which the 0.22 figure may be overstated, see Tr.
355-56). All the remaining sources indicate no recordabie amounts
of PCB’s. In stnking contrast is the study’s finding that GE effluent
for a virtually ¢antemporaneous period averages a gross discharge

16. 30 Ibs. per day would mean over 34,000 (bs. between 1966 and 197)

12. On February 2 1974, 3 GE enpneer esumated then current aversge PCB
Jischarges at 21 41bs perday. and maumum discharge 3t of Ids per day Dep't
Exhibn 16, A, Porglsky 1o Dr Simons On May 8. 1974 Dy Simons testfied
under oath at EPA heanngs an Proposed Siandards for Tat¢ Subsiances that
GE was discharging 25-30 105, per day PCB’s from 1ts two plans Tr 116366
Monsanto sampled the two largest of several discharges a1t GE's .plana on
December 12, 1974, and reported a combined 1otal of 187 1bs per day ‘Deplt
Exhibit 7(h) (12}

18 See Dep't Exhitit 4, p. 8. Dep't Exmbit 7A and B, Tr 1279-3). A GE wit-
ness tesuified that run-off discharge through sources oihes than (hose
monitored was uniikely, butl this was dased on & cursory visusl examifaton,
and was not a1 all addressed 10 possible discharge by percolstion. See Tr. 1242
Compate Tr 134-35: 131011, 1316-17, and the steong evidence thar M Bl im
the sa1l around GE's plants (ind their way talo the river duang b

e.g.. Dep’t Exhibit §, Table 6
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of 2.12 Ibs. per day of A-1016. GE protests that this study shows
only that it was the major source of PCB's during August and Sep-
tember 1975. But it makes no effort 1o prove that other sources of
PCB's etsl than those studied by the Department, or that those
companies that use PCB’s used them in greater quantities in past
years.

Thejstrongest avidence of GE's responsibility for existing PCB
levels is tn the contrasting results obtained, in ail the studies in evi-
dence, of PCB concentrations upsiream as opposed o downsiream
of GE plants. Thus, in the EPA study during August 1974, a read-
ing of 2800 ppb PCB's 1n water was taken al the junction of GE’s
Fort Edward-Plant's discharge and the Hudson River, The con-
centraliof at a station one-half mile above Bakers Falls, upsiream
of the GE plants, was less than 1 ppb. The concentrations ai sta-
tions located .25, .S and .75 miles downstream of the Fort Edward
discharge|were 2.2, 3 and less than | ppb respectively. Dep’t Exhibit
28 p. 17| The Department's water and sediment monitoring pro-
ject, fromh December 1974 10 August 1975, developed simddar
results. Water concentrations of PCB's upstream of the GE plants
were unifprmly (with one anomalous excepuon. see Dep’t Exhubnt
S. pp 17418) less than 0.1 ppb; beiow the plants, concentrations
declined (fom 3 ppb 1o 1.5 ppb. but were much higher throughout
than upsiteam concentrauons. /4. Appendix C, Table I

Sediment samples taken above the GE plants also had con-
centrations of PCB's that were much lower than those below the
plants. At the nine upstream stations, PCB's were found in quan-
tities below 3 ppm with one exception at the Glens Falls landfill,
where 4.9 ppm A-122]1 was recorded Sediment taken 1500 feet
above GE Hudson Falls plant ¢ontained 9.6, 2.0 and 2.2 ppm
A-1016, 1221 and 1254 respectively. Some of these ypsiream ¢on-
centralions ¢annot be regarded as insignificant, in that they shouid
cause concern for fish and other living things in the river. But the
five downstream siations revealed PCB's in much higher quan-
tities, that render the upstream concentrations insignificant by
comparison. A sample taken in the vicinity of the Fort Edward dis-
charge contained 100, 6 and 8 ppm A-1016, 122} and 1254 respec-
lively: a sample from near the Thompson Island Dam, about 13
miles downstream of the Fort Edward discharge. revealed 1850,
1720 and 137 2 ppm of the same Aroclors. Dep't Exhibit 9, pp. 3-8
{R. M1, Pieasant): Dep't Exhibit 5, Appendix C. Figure 6.

Plenuful evidence gathered concerning PCB concentrauons in
fish also shows that GE’s plants are the only important sources of
PCB contamination n that area. The August 1974 EPA study
showed PCB conceniration above the GE plants (but below the
Hudson Falls sewage treatment plant) of 17.0. 7.0 and 1.9 ppm
PCB's (A-1016/1242, 1248 and 1234} in samples of Yellow Perch,
Shiner Minnows_and snails respectively. Stations below the GE
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A-1242/1016. as well as Shiner Minnow and two snail samples of
78.45and 27 ppm respecuvely. Dep't Exhibit 28. p. 18, The Depan-
ment's siudy duning 1975 revealed 1hat, in 29 samples taken from
upstream siauons (above the Hudson Falls sewage plaat), all con-
tained less than | ppm PCB's. In contrast, the average concentra-
tion for the numerous fish sampled at Fort Edward was [76.83
ppm PCB's for the whole fish, and other, very high concentrations
were found at most downsiream stations. Dep’t Exhibit 12, appen-
dix B-1. An experiment was conducted during October 1975 by the
Department 1in which fish in “live cars™ were placed upsiream and
downstream of the GE plants. After 14 days of expasure, the fish
upstream accumulated at most only trace amounts of A-1016 {less
than 0.1 ppm) while those downstream accumulated from 1.66 10
376 ppm A-1016. Dep’t Exhubit 12 {J. Spagnoli). GE’s data are no
less supportive in proving its responsibility. All fish tken at
upstream stations contained less than 5 ppm in both their edible
Nesh and “non-edible™ parts; fish laken below the GE plants had
an average PCB content in their edible fMlesh of 94.66 ppm, with
much higher amounts :n therr “non-edible™ portions (ranging to
658 ppm in one Common Sucker sample). See NRDC Exhubit |
and Dep’t Exhibu 52,

By any reasonable standard, then, GE has besn shown to be
responsible for the PCB contamination of the Upper Hudson. If
others have contnibuled (o that contamination, their contributions
are inconsequential by companson, and they in any case might also
be heid legally answerable (or their actions. The Department can-
not be required to prove that specific PCB molecules, discharged by
GE, reached specific fish or parts of the river. Comoars GE Reoly

h
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Brief, p. 12. Given the natural flow of rivers, and the nature of the
issues, the evidence of GE's responsibility s more than sulficient.

{l. Legal Consequences of GE's PCB Discharges
A. The Violotions Charged

The State of New York, and our federal government, have
d}mically revised common law doctrine that allowed pollution of
fivers subject only to the rights of other users and the limited no-
tion of public nuisance. As early as 1881, New York prohibited the
discharge of any “noxious, offensive or poisonous substance into
any public waters...." Penal Code, §390 (1881}, In 1892, the
prohibition was expanded to private waters, but Himited 10 “quan-
lities destructive of the life of, or disturbing the habits of fish in-
habiting the same.” Laws of 1892, c. 488, $100. The “habits™ ap-
parently in mind during that more decorous time bacame clear in
1912, when the phrase was changed to “propagation of fish.™ L.
1912, ¢. 318, $247. In addition, a 1903 statute prohibued discharges
injurious 10 human health, aiming particularly at sewage contral.
Public Health Law, §76 (McKinney 1943).

Major reform was initiated when the legislature in 1936, by
concurrent resoiution, established a Special Cornmittee of Pollution
Abatement. That well-rounded and distinguished group' under-
100k field work and conferences throughout Lhe state, and i1ssued an
interim repott noting that Americans have been “fouling their own
nesis,” and that public health is the state's “greatesi asser” which
the legislature should not permit 10 be endangered or jeopardized,
Leg Doc. No. 59, pp. 22, 25 (1947). The commutlee considered ex-
isting laws inadequate. The provision aimed at protecting fish, by
then §213 of the Conservation Law. was too limited. since it re-
Quired proof thal certain specific substances, discharged by a spe
cific person. actually injured fish life. The sewage conteol slatule was
found inadequate because actual injury to health had to be proved,
and industrial wasies s2idom direcily injured public health. The
committee also reminded the legislalure that proposed federal
legislation would preempt state control uniess New York assumed
its own pollution abatement responsibilities. fd. 78,

After [urther study, and with recommendations from the State
Conservauon and Health Depariments, the commutes filed a sec-
ond report containing a proposed Water Pollution Control Act. The
bill had a statement of overall public policy calling for use of the +
state's waler resources in “the besl interests of the people,” and 2
waler classification system for determining the best public usage.
Industrial wastes were “inevitable,” the commultes concluded, but
they must be conditioned 10 avod detsrioration of public waters
“for the other purposes for which they are utlized. ..." Leg Doc.
No. 50, p. 17 (1948). ¢

Hearings followed. Industry spokesmen expressed a

“.x Tpleferciteefon deaiaga i RatE-2uthories T thera hatrfede i —gs =~

they wanied the legislature 10 determine the specafics of water clas-
sification rather than an administrator An engneenng consullant
ta the cammuttee, Morris M Cohn, defended the proposed system
as realisuc and Nlexible. Pure surface waters 1s only an ideal, he
wrote, which if achieved might result in “no industries or munici- .
palities around to enjoy the beaunes of such streams.™ He therefore
saw “polluton™ in relative terms, as a “condilion which con+
travenes reasonable standards of quality which have been set up.
with full consideration of the many lappropriate] f‘actors....“"JT
Resume of Hearing on Proposed Pollution Abatement Legslationg
<

19. Members Assemblyman Harold C Ostentag. Charrman, Commuttee on ln-“
terstale Cooperation. Senator Chauncey B Hammond. Chairman. Senator -
Flovd E. Anderson, Vice Charman. Assemblyman Wheeler Milmoe, Secre- -,
laty, Senator Watier J Mahoney. Assemdlsman Ehsha T Barreut, Assembly- °
man George W. Foy; Assemblyman Jonn S Thompson, Anorney Generat
Nathanad L Galdsiein: C. Chester Dumaend, Commusianer af Agneulture and
Markets; Alger B Chapman, Commussionet of Tazanon and Finance [n addi-
tion, there were several advisory members from a sanewy of public and private
orgimzations gee Leg Doc. No. SL.p. Il (1948}
20. He explained further:
“Pollution™ 15 not a hard and fast charsctensuc It s not hike black and
white A seandle defimmon of pollytion takes inte considesation what s
being polluted. It recogaites thal what 15 pollution ai one point of a
siream may nol be pollution at another point, ot ceftainly nat on anather
itream.

Is 1 not sensible o define “poll “asa di which cone
travenes reasonable siandards of quaiity which have been set up =ith full
consideration of the mans facton descnbded above?, . if the standards
are sensibly eswabhshex, the catera of poliutan are ser
Lainly 18 1wo plis lwo makm (our
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pp- 13-15 (Albany, N.Y. Aug 11, 1948) (Legslative Reference of
the New. York State Library, Albany, New York).

The legislation was adopied. [t established a pattern that is
with us stil; a system with the avowed purpose of protecting the
environment, but through a methodology (hat explicitly accepts
various degrees of contamination. The act was consolidated with
others in 1960, and entitled the Environmental Law. L. 1970, ¢, 140,

In its present form, the ECL's declaration of policy is "o con.
serve, improve and protect” New York's natural resources and en-
vironment, and to “control™ water and other pollution “to enhance
the health, safety and welfare of the people of the staie and their
overal] economic and social well being. ™ ECL 1-0101({1). Coordina-
tion and cooperation at all levels of government are called for, and
the state is to foster and maintain conditions under which men can
thrive in harmony and achieve “socal, economic and technological
progress” by assuring healthful and pleasing surroundings: guaran-
teeing the “widest range of heneficial uses of the environment ...
withou! risk 1o heaith or safety, unnecessary degradation or other
undesirable or unintended consequences:” and “promoting pat-
terns of development and technoiogy which minimize adverse im-
pact on ihe environmeat. .. ." ECL 10101(2) & i}). The message
conveyed is hardly onesided. It is basically an expression of cone
cern for the enviroament, but mixed with strong concern for
economic well being and maximum uuhzation.

Atthe heart of the ECL’s provisions relaling to water pollution
is the water classification system adopted in 1949, and revised in
various respects from lime to time. The ECL recognizes, as the en-
gineer Cohen and his committee would have had it recogruze, “that
Jue to vanable factors, no single standard of quality and purity of
the waters is appiicable 10 ail waters of the state or to different seg-
ments of the same waters.™ ECL 17-03011]1). To obtain the law's
objectives, therefore. the Department is instrucied to group desig-
nated waters into classes, after nouce and heaning. ECL [7-0301(2).
Then, after proper study and further hearings, the Department is to
“adopt and assign {necessary) standards of quality and purity for
each such classificanion....™ ECL 17-03Q1(4). Acting pursuant 1o
this mandate, the Depariment classified the waters at and im-
mediately below Fort Edward and Hudson Falls as “Class D" wa-
ters further downstream are classified " A" and "B™. Class D waters
must be “suitable for fish survival,” though they need not “support
the propagation of fish." among their best usages 1s “secondary con-
tact recreation,” which s defined to include fishing. but only
minimal contact and “improbable™ ngestion. § NYCRR 701. Since
1966, the "best usage™ of Class A and B waters also includes fishing.
Finally, an overall standard. apphcable to walers classified A
through D, is that they shall not contain “toxic wastes and
defetenous substances ... in amounts that will be injurious o

(ishlife or which in any manner shall adversely affect-the-Nayotiamens
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assigned. § NYCRR 70L.§,

Comphiance with these standards is mandated by ECL i7-
0501, which GE has been charged with violating That saction
makes 1t unlawiul to discharge, “directly or indirectly.” any matter
that shall “cause or contnbuie™ to a condition in contravention of
the water quality standards estabiished pursuant to ECL 170301,
The issues posed by this provision, therefore, are whether PCB's in
the quantities discharged by GE have “caused or contributed™ o a
breach of standards that (1) prohibit the discharge of “toxic
wastes™ or “deleterious substances” in amounts “injurious o fish
hfe™ or (2) “impair the walers for any best usage,” in particular
fishing. -

The federal government long ago moved 10 regulate water
pollution through effluent limitations, rather than merely the set-
ting of stream standards.'* fn 1972, the Federa) Water Pollution
Contral Act (FWPCA) was amended to give the siates primary
responsibility for pollution abaternent, but only if they adopted a
program based both on stream standards and efMluent limitations.
33 US.C. §81251 er.seg. New York adopted a State Pollution Dis-
charge Elimination System (SPDES), essentially 10 avoid a federat
akeover, Se¢ memo to Governor from Law Depariment, Senate
6394-A (June 21, 1973); 4d. (May 31, 1973} (H. L. Diamond).

Resume of Heanng on Proposed Polluton Abatement Legistauon at [4-13
(Aug 11, 1948).

2} For a history of federal water pollution regulation see § F Grad, Treonse on
Favironmenial Law §303 (1975).
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The resulting legal structurs requires any would-be discharger
of pollutants to seek a certification from ihe suate in which the wa.
lers are involved are located. 33 U S.C. §1341. After stite approval,
the applicant must obtain a federal discharge permit for the ac.
tivities permitted by ihe state. Discharging without a state permit
violates ECL [7-0505. and increasing or altening a permitted dis-
charge violates ECL 17-0507. In additron, ECL 17:0511. the second
statute under which GE has been charged. prohibits any industnial
discharge (rom ouliets or point sourcas “unless such use is in com-
pliance with all standards, criteria, limitations, ruies and regulations
promulgated or applied by the department pursuant to this arucle.”
The artucle involved, 17 ECL. includes provisions that make
unlawful vialations of both the permit and water ¢lassification
syslems.

B. Effect of SPDES and NPDES Permut

GE applied (or a federal permut 10 discharge into the Hudson
River from 11s plants at Hudson Falls and Fort Edward as early as
November 22, 1971. See Refluse Act, §13, 33 US.C. §407. Alter the
FWPCA amendments of 1972, GE submitted a revised application
1o EPA on January 18, 192). Onr August 23, 1973, the Department
received GE's application under its new SPDES system. The ap-
plication indicated that a daily average of 30 pounds of “chiorinated
hydrocarbons™ were being discharged, and in a footnote explained
ihat the st for the determination of the pounds or concentration
from which the pounds were derived, was determined by analysis
for PCB's.” Tr. 401. This was an unecessarily obtuse way of indicat-
ing its PCB discharges, since GE had been 10ld by Monsanto on
July 1, 1970, that “polychlorinated biphenyls ... may be an en-
vironmental contaminant,”™ and advised to use its best efforts 10
prevent them from entering the environment. Tr. 1171 (Dr. E. L.
Simons). Nevertheless, the Depaniment does not expiicitly contend
that it was misled. Department personne! appear to have been well
aware by August 1973 of GE's PCB discharges, having already con-
ducted siudies of their effects. See GE Exhibut 11,

The Department acted quickly on GE’s application. On Sep-
tember 11, 1973 the Department’s Acling Assistant Director,
Bureau of Industrial Wastes, wrote 10 an afficial in the Regional
Office of EPA stating that the Depariment had reviewed GE's per-
mit application, and that “certificauon will be recommended since
the present discharge complies with water quality standards.™ The
letter goes on to specify areas tn which the application should be
tightened, but does not menuon PCB's or “chlorinated hydrocar-
bons.” GE Exhibit 2. On November 13. 1973, the Department ces-
tified that no federal effluent limtations or standards under
$5301(6), 302, 306 and 307 of the FWPCA were applicable 10 GE's
proposed discharges. [t suated, however, that “the classification and

“"7 State” are applicable, and set forth certain specific and some general

limitation o assure compliance. Among the speaifics, for example,
was a limit of 75 1bs. per day of Kjeldahl nitrogen, nothing was said
specifically concerning PCB's. A general qualificauon, however, is
clearly pertinent. The cerufication imited 2ffluent of “toxic wasies™
or “deleterious substances™ in the (ollowing manner: “None Jslone
or in combinaiion with other substances or wastes in sullicient
amounts or at such temperatures as (o prevem fish survival or im-
pair the walers for agricultural purposes or any other best usage as
determined for the specific walers which are assigned 1o thes class.”
The carufication then went on 1o limit discharges “at all times 5o as
to be in full compliance with all applicable requiremnents of sections
701, 702 and 704 of title 6," NYCRR. the regulations establishing
the classification and standards governing New York waters. Dep't
Exhibit 2.

The EPA regonal office issued a draft NPDES permit to GE
on March 22, 1974, and invited comment. The draft proposed
authorizing a daily "average discharge of “chlonnated hydrocar.
bans” from the Hudgon Fails plant (Discharge 002) of L0 pounds,
and from the Fori Edward Plant {Discharge 004) of 20 pounds. it
also proposed that chlorinated hydrocarbon discharge be reduced 10
zero within 21 months of the permit's issuance. GE Exhubut 3, pp.
4-7. The Depariment filed its comments on April $, 1974, snd a3
GE asserts did not mention the “chlorinated hydrocarbon™ dis-
charges. On the other hand, the Department specifically requestad
inclusion of the general condition it had placed inits cerufication re-
quiring compliance with water quality standards. GE Ex»~* * =
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EPA issued an NPDES permit to GE on December 20, 1974,
Though it contained no provision specifically requiring compliance
with state water quality standards, it did comply in s;ubsunce (as
did the lemporary permit) with the requirement that conditions of
state certification must appear in he federal permit. FWPCA,
§401(d), 33 US.C. §1341(d). In paragraph 6, it warns that its is-
suance does not “autherize . . . any infringement of Faderal, State or
local laws or regulations... ™ And before dstaiing the applicable
limitations in paragraph 9, it recites: “~Nothing in this permit shall
be deemed to preclude the institution of any legal action nor relieve
the permuttee from any responsibilities, lhiabilihes or penalties to
which the permutes is or may be subject ... under any other
Federal or state law or regulations.” The permit authorized “chlori-
nated hydrocarbon® discharges of 10 and 20 Ibs. from outfall num-
bers 002 and 004 respecuively At the same time jt ordered thal dis-
charges from the same points of “Polychlonnaled Biphenyls™ be
limited to 4 54 and 95.3 grams per day for 3.52 oz.) by May 31,
1977, GE has appeaied this limitation, though it represented at the
hearing in this case that it intends to withdraw s appeal and will
meet this standard by December 31, 1976,

GE claims that it has ¢complied with its state certification and
federal permit. Consequently, it asserts, it cannot be found 1o have
violated any statute for its discharges until the permn is duly
modified in accordance with the applicable regulations. “If the
SPDES permit program s to be meaningful and effective, ... it can-
nol. by its very nature as a permit systzm. allow the imposition of
penalties for permitied discharges. It is aviomatic that penalties
may not be imposed by a governmental agency flor acts permitied
by law.” GE Bnef. p 21 GE notes that the Department was [ully
aware of GE’s PCB discharges, and thus suggssts that it implicitly
found them lawful

GE’s argument has more than superficial appeal The effluent
limitation system 15 intended and well designed to serve as a sup-
plement to the water classification svstem. Bath the state and
federal governments are presanted, when a discharge apphcation 1s
filed, with an opportunity 1o regulale so as lo insure that water
quality objectives are autained. Thus, when GE (iled 1ts application
the Department should have been made aware that GE proposed
1o conitnue discharging PCB's at an average rate of 30 [bs. dardly. A
relatively simple calculation at that potat would have indicated that
such a discharge rate was desuned 1o cause the present situatron.
Had this anticipated result been unaccepiable. the Department
could then have denied or conditioned its ceruficauon. From the
vigwpoint of the regulated, as well as of the public, a system that
mandated such inquiry —and. incidentally, provided the resoutces
10 fulfili the mandate —would make much more sense than one

certain (o yndermine legislative objectives.

The first answer to GE's contention, however, is that nesther
the federal nor the state gosernment has esiablished such a system.
Admumisirators are accorded power to include in the very certifica-
tions Lhey issue condsuons that might in effect preclude the ac-
tivities apparently permitted, This is not because the legislature in-
tended 1o sllow admenistralors to avoid making difficult decisions,
though that may someumes be a consequence. Flexibilily is
preserved because of the numerous ways in which administrators
may be unabie, despite the best intentions, 1o regulaie efTectively
through the effluent limitatons system. Inadequate information,
eapertise, personnel or knowledge about the particular discharge,
are only some of the reasons a permil might be issued authorizing
activity that would contravene some other part of the state or
federal government'’s regulatory scheme. The system seems clearly
10 piace on the wouid-be discharger, whase influence with the agen-
cy might itseil cause or contribute 1o regulatory insufTiciency, the
burden of insuring that the discharge violates no other federal, state
or local prohibitions Tt would defeat the legislature's objectives o
impose the costs of such falwres on the public rather than upon the

ischarging party.

The FWPCA informs us explicitly of another reason why GE
cannot treat its NPDES or SPDES as part of a grant of immunily
from other proscripuons. The act places great pressure on the states
to adopt an e(fluent limitation system, but at the same time it
guaranteed that the states would be free 10 impose additional limita-
tions, including those implicit in a water classification approach.
Section 40] of the federal act requires that a state's conditions to its
own permt become a part of the federal permit because Congress
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intended to allow states 1o include their other prohubitions in the
general, undefined way that New York did so in this case, The
Senale Report explamns:

The provision ($01) makes clear that any water quality re-
- quirements established under State [aw, more siringent than
those established under this Act. also shall through cerufica-
tion become conditions on any Federal license or permit.
The purpose of the cerufication mechanism provided in this
law 15 1o assure that Federal licensing or permitting agencies
cannot averride State water quality requirements. ..

Senate Rep. No. 92-414, 92d Cong.. 15t Sess. 69 11971). This provi- .

sion, moreover, was only part of an overall philosophy favoring a
local option to go beyond the lederal program’s limuations, as $310.
33 USC. §1370, makes abundantly clear:

Except as expressly provided in this chapter, nothing in this
chapter shall (1} preclude or deny the right of any slate . ..
to adopt or enforce fa) any standard or limuation respecting
discharges or pollutants, or (b) any requirement respecung
control or abatement of polfution: except that if an effluent
limitation, or other limitation ... or standard of perflor-
mance is in efTect under this chapter, such Siate . . . may not
adopt or enforce any effluent limitaton, or other kimitation
. which 15 less stringent than the efMtuent limitauon or
other limitation ... under Lhis chapter; or (2) be construed
as impairing or in any manner aflecting any right or jurisdic-
_ lion of the States with respect to the waters {including boun-
dary waiters) of such States.

The only New York casé on this question clearly supports the
view that a permit may be conditioned in Lthe manner that GE's is
conditioned, and that these conditions become part of the permt-
tee’s obligations despite the permut’s other terms In Biexdne v. Cuy
of Lackawanna, 80 Misc.2d 816, 365 N.Y S.2d 107 (Sup. Ct. 1974),
att'd withour oprugn, — N.Y 5.2d — (4th Dep'1°1973)_ the com-
missioner of Environmental Conservauion sought an injunction and
penalties for defendant’s discharging sanitary sewage ino a w.ler-
way without giving it “effective secondary treaiment™ as required
by ECL 170509, The defendant City moved to dismiss the com-
plaint, asserung that it had. and was complyving with, an NPDES
permut (which, of course, was 1ssued only after state certification).
The permit, however. contained the following language. identical in
all maienal respects 1o paragraph 9 of GE's NPDES permut.

Nothing in this permit shall be construed 10 preclude the in-
sulution of any legal acion nor relieve the permitiee from

ANy cesponsibibuies. iabrlities or penallics egtabhshed durspe .

DRI ] in i bt Yi B :_QW‘ di e TV ey THeied e b £ s el Al Lahd o lae
’ l tharRaves A¥miRisMatory it "Wiscraddinvzo 18e plind “3fil to any applicable Sidte law or regulalion Under authority

preserved by Section 310 of the Act

The court rejected the City's argument. “The requirements of
obtatning a {NPDES-SPDES) permit (Environmental Conserva.

tion Law Secuons 170701 and 17-0803)." said the court, “and the °

prohibitton agawnst discharging sewage which has not been given
efTective secondary treaiment (Environmental Conservation Law
Secuion 17-0509) are separate and distinct.” [ndead, even had the
permit contained no language generally incorporating other state
prohibitions, the court suggests it would have reached the same
result: “regardless of whether 1t has a permit it cannot ‘discharge
sewage which had not been given ‘elfective secondary treatment.’ ™
The same reasoning applies to GE's obligations under ECL 17-
0501, 170511 and 110503." .

C. The Toxicuyof PC8’s

A questior» flundamental to GE's liability under all the viola-
tions charged is, whether PCB’s are “toxic™ or “deletenious™ sub-
stances. The law does not permit this question (o be isked in the
abstract. The fact, for example, that humans have been severely
harmed by certain quantities of particular PCB's proves it 1s touc 1n
the ordinary sense of the word. but not necessanly toxic 1n the
sense used by the legislature. A person violates the law only by dis-
charging PCB's in quanuties suficient to cause the proscribed

22. In light of this conclusion, there 18 na need 1o consider whether GE vrolated
is NFDES permit by exceeding ats limuts for PCB discharges, by diswharging
PCB's from autlets other than those specified in the permit, of
manner See Dep't Reply Brief pp S 9 If such violations o
mught 1n themselves constilute a wiotauon of ECL 17051
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effects—in Lhis case, injury to fish or an adverse effect upon the
protected usage of fishing

The potential 1oxicity of subslances is ascertained in terms of
standards accepted in both the scientific and legal worlds. The
legislature provides the following definition. which is essentially in-
distinguishable from the FDA standard, and from the standard
propounded by GE's witness, Dr. Golberg:

*[Thoxic pollutant™ means those pollutants, or combination
of pollutants, including diseasecausing agents, which after
discharge and upon exposure, ingestion, inhalation or
assimilation into any orgarusm, either directly from the en-
vironment or indirectly through food chains, will, on the
basis of information available 10 the Department, cause
death, disease, behavioral abnormalities, cancer. geneuc
mutations, physical malfunctions. including malfunctions in
reproduction, or physical deformations, in such organisms
or their offspring 1?

If consumed in sufficient quantities by fish, animals or men,
there is no doubt that PCB's can have the effects described in the
ECL as “ioxic." 4ccord, GE Reply Brief 16. Just as PCB's have
qualities that make them useful in indusiry, they have qualities that
make them hazardous in the environment. That they are non-
biodegradable, [or example, may be useful in capacitors, but it also
makes them persistant. They are virtually indissolvabie tn water,
and their effects in the Hudson are feil long after their discharge
inlo the river, PCB’s also bioaccumulate. They are highly soluble
in lipids (fats and oils), and therefore are in ellect autracted to
arganisms relatively high in lipid content. They tend 10 remain sus.
pended in water, attached 1o plankion and other organisms. or they
fall into the river sediment. In eithar case. they pass into snails and
other aquatic orgamisms, including fish, and become stored in their
bodies, particularly in areas with high lipid content. The sigmifi-
cance of bicaccumutation is that the PCB's are accumnulated in fish
and other high lipid orgamisms to paints far higher than the PCB
concentrations 10 which the organisms are exposed. Experimental
results introduced at the hearing showed, for example, that Fathead
Minnows accumulate A-1234 10 a point 200,000 times greater than
the concentrations in which they are placed Dep’t Exhibit 36, pp.
8-9. Dr Venh esumated thal the bicaccumulation factor for A-1016
and 124210 small fish would be about 50,000. This means that, in
waler contuning | ppb PCB 101671242, such a Mish could be ex-
pected 1o accumulate PCB 101671242 10 a level of abowt 30 ppm. Ace
cumuiabon can also occur from PCB's in sediment. Dr. Veith
showead that Fathead Minnows placed in a 1ank with PCB-lree
waler, but wuh Hudson Ruver sediment containming 166 ppm
A-1016. accumulaled a concentration of 109 ppm after 6 days. Dep’t
Exhibit 13, pp. 18-19. Agquatic orgacusms accumulate PCB's from
sediments tn direct proporiion to the PCB concentrations. Dep't
Extobtit 26¢13, p ¢ (Hansen).

Bioacvumulanon oceurs rapidly in fish, and then levels off.
The evidence shows that when (ish are exposed 10 a constant con-
centration of PCB’s, they accumulate the chemical for about 20 to
3O days, and then congentrauon reaches a “steady state.” The
steadv<tate concentration is directly proportional to the water con-
centration:f the concentration is increased, accumuiation resumes.
See Tr. 399. The svidence indicates that the lesser chlorinaled PCB
homologs bioconcentrate 1o a lower degree than the highér chloni-
nated homologs. This would mean. for example, that A-1254 would
accumulate to a higher point than A-]1016, making the former more
toxic in general. The difTerence 1n steady-state levels among the
Aroclors, however, is mnsignificant relative to the high levels of ac.
cumulauon in them all. Dep't Exhibit 14, p. 16. Also, lower chleri-
nated homologs tend to accumulate {aster than higher ones. be-
cause of their relatively greater sclubility. Here again, however, the
difTerences are relatively insigruficant (they all accumulale quickly)
and would matter only in special circumstancas.

23 170105119 “Polluant™ is defined to include any “chemical™ ot “industial’
waste, ECL 170108017

Dr Koidy e tesufied that he could perceive no difference between the ECL
defimitron and that applhed to the FDA Tr. 1030

Dr. Golberg said {Te 1768

We generally consider the 1ovicity 1o be 2 manfestation of the injunous
¢fText of & chemical or physical agenat on 3 living organism as manifested
In ¢ vanety of passible ways, such a5 <tructurally, functionally of wn
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Fish also accurnulate PCB's through the food chain, by means
of biomagmiicauon. A1 each level of the food chain, organisms ab-
sorb the collected agcumulations of PCB's in Lhe lower-level organ-
isms, Fish are relatively high on the chain. Humans are highe.
Consequently, PCB levels in fish predicied on the basis of con-
cenlration in waler aione wiil tend to understate the actual level of
PCB's because of accumulation from sediment and by biomag:
nification {rom the food chain. Little wonder that (ish wera
described by the Chief of the Department's Bureau of Environ-
mental Protection as a “sink™ for PCB's. Tr. 579 (). Spagno).

Due 1o these characteristics. PCB's have besn observed to
cause tovic effects in fish food. a vanety of estuarine organisms.
fresh watet Mish, dirds, rats. mink, monkeys and humans. in one
series of tests, for exampie, population growth of a ciliate protozoan
was reduced significantly by exposure to | ppb A-1254, growth in
oysters was significantly reduced after 25 weeks of exposure (o §
ppb. various estuarine shrimp were killed by exposure to 0.9, 1.4
and 4.0 ppb; a dose of 1.0 ppbh was lethal after two weeks 1o
Longnose Killifish and 5.0 ppb was lethal 10 Pinfish and Spot Re-
searchers observed structurail changes in tissues of the oysters, fish
and shrimp exposed 10 A-1254, including abnormal invasion of
Leukocytes (while blood cells), atrophy. abnormal cell distribution.
and the formation of crystalloids in the nucle of shrimp digestive
glands.!* PCB’s were found in olher experiments (o be lethal in low
concentrations to the waier flea, scud and midge. all important fish
foods, as well as to the Falhead Minnow and Flagfish: ish {¢y and
epgs were found particularly susceptible.?? e

Time of exposure is an especially important factor in ascertain-
ing the effecis of PCB's. The LC-50 value for A-1242 (the con-
centration that will kill S0 percent of the Lest organisms) was calcul-
ated to be 15 ppb for newly haiched minnows in a 96-hour tesi, bul
after eight months all the fish were kilied at this level. Dep't Exhibit
37(2). p. 566. Rainbow 1rout showed a decline in LC-50 values {rom
156 ppb A-1254 a1 3 days, to 8 ppb at 10 days. Dep"1 Exhibit 19(5),
p. 162, table 4 In an acute (short-ierm) test, A-1254 was shown 10
be one-tenth as toxic as DOT 1o shrimp, in that 100 ppb Aroclor
1254 was necessary 10 achieve the same lethal effect (100 percent)
as 10 ppb DDT. Butin a chronic {longer-term). flowing waler test,
oniy 0.94 ppb A-1254 was necessary to kill 51 percent of all juvenile
shrimp within 1§ days, and 3.5 ppd A-1254 kfled 50 percent aduit
shrimp in the same peried. Dep’t Exhibit 24(5), A-125% repsiered

an LC-50 on Rainbow Trout of 136 ppb in § days:in just five more ¢

daws, the LC-50 was % ppb.** Stress is another important vanable
The toxic effects of PCB's seem consistently greater when the con. |
taminated organism is under some form of stress. such as a change |
in waler lemperature or in the process of reproducing?’ i
Studies of the effects of PCB’s on rats indicale that, at various
levels, they affect reproduction, cause eniargement of the liver, in.
terfere with normal metabaolism, ¢reate geowths, some mahgnant,
and can be lethal.* Mink are especially sensiuve animals, and ex-

24. D R. Nimmo er o/ “Toucity of Arocior 1254 and is Physologieal Aty

1n Several Estuanine Organisms,” 3 Archives of Eav Contamination and Tox-
wolagy 22 (1975), Dep’l Extsbat 24(2) The authars spéculale that the

and refer to another siudy adicating that “PCB eahinced the pathoyenig

3

£
crysiallowd inclusions were possidly groduced by a wrus, because of PCB stress, {
1

effects of hepantis viruy in ducks.™ /d. 38, see M Friend & D O Tramner,
Polvehiorinated biphearts imieraction wuh duck hepotss wrus, 17 SCierce 1314 7
(1970) A table of the effects of PCB’s an vanious salt waier orgacisms, as
reflecied 1n the lterature, prepased by Os. David §. Hansen, 13 1 Dept Exhubn
26¢1). .

25. A V Nedeker & F A Pulles, £/fect of Polwehlonagied Biphenvis ¢ PC B on
Sunvval and Reproduction of Daphma Gommarus, and Tamvearius, 103 Traasac-
tions of the Am. Fishenes Soc. 122 (1974); A. V Nebeker et af . Effect of
Polychlonnated Biphenvt Compounds on Survival and Reproductiun of the Fathead
Minnow and Flagfisn, 103 Transacuons of the Am Fishenies Soc. $82 (1974)

Dep't Extubnt 37..

26. D L Staling XFL Mayer, Jr. Toxecines of PCBi 10 Fish and Enviroamental
Residues, Environmental Health Perspecuives, p 162 Tapr 19720 Dep't Extubut
37(8). The authors found bioconcentrauon factors 1a fish of over 40,000 tmes
expasure levels, and tawd that adverse effects on reproduction may ocsut ot §
ppb or less. /d 163

27, Dep't Exhubnt 377(2), p. 567 (flagfish exposed 40 days 10 PCB's died when
watet lemperature dropped 4°C ), Dep't Exhibit 3793, p 1) (low diclary con-
centrations of PCB's affect thyrord activity); Dept Exhsbut 28, p § and Exhubet
26(14). p 428 (shamp exposed to sub-lethal quanuties of PCB's died when
water salimity graduaily decreased over 3 hour penoad}. Dep'l Exhiba 5,'p. 194
{iuvenile shamp exposed to PC8's died afler malting).

A

A\

\

12
i

resard 10 the response of the organs, for instance, Behavior 28 Dr Renale Kimbrough, who has conducied of parikipated in much o
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periments demonstraie that a diet of a 30 ppm proportional mix-
ture of A-1241, 1248 and 1254 is lethai, and levels of .57 ppm and
0.164 ppm A-1254 fed in the meat of cows placed on PCB diets
were delermined respectively 10 be lethal and embryotoxic at the
100 percent level ™

The most dramatic—and tragic—known evidence of PCB tox-
icity i1s the so<called Yusho {“oil disease™ incident. In 1968, an
epidernic of a skin disease was reporied in parts of Japan. Investiga-
tion proved n related 10 the consumption of cooking oil contami-
nated with Kanechior 400 fequivalent 10 Aroclor 1248). A totai of
1.291 reported cases have been counted as of Apnl 1975. The
affected individuals consumed an average of 2 grams of the PCB,
with the mimimum dose esumated as 0.5 grams. The victims had a
variety of symptoms, especially acne-like eruptions, pigmentation
of skin, intreasea eye discharge, swelling of upper evelids and
weakness. Nine of ten bubies delivered by pregnant victims had
unusually gravish, dark-brown stained skin: mosi had increased eye
discharge and less-than-average weight, indicating placental
transport. Many of the symptoms have continued to the present in
many viciims, indicating the persistence of PCB’s in the human
bady. A report of 22 deaths of victims as of September 13, 1973 in-
dicales that 9 “were caused by malignani neoplasms. suggesting a
possible excess of deaths {rom cancer,” though more informiation is
needed 1o test that hypothesis.?®

The Yusho incident triggered further investigations of PCB's,
including some involving Rhesus monkeys. An imtial study, in
which monkays were fed 300 ppm A-1248, ted withun three to four
weeks to therr exhibiling sympiloms simtlar to those of Yusho vic-
ims- severe acne, swelling of eyelds and loss of hair. Many devel-
oned ulcers, and all died within thre2 months. The same results oc-
curred when monkeys were fed 100 ppm A further study tested
the effects of a diet of 25 ppm. and within one month the primates
exhubited the symptoms of PCB intoxication. After two months
they were removed from the diet 10 2avond unnecessary death, one

of six died of PCB poisontng two months later, and the infams of”

those who survived were less-than.iverage in weight and had detec-
table lesels of PCB's tn their nssue at birth, which increased lollow-
ing nursing on thext mothers’ contamunated rutk. Two vears tatee,
the animals continued to exhibit some of their onginal symptoms.
and had detectable levels of PCB's in their tissues. A third study
was iminated. involving a much lower dosage—5.0 and 2.5 ppm

exshing research oA s subiect. testilied at the heanng A dose of 20 ppm
41238 entarged the ivers of rats. affecung the cytoplasm of hver cells 3nd in-
ducing Jangerous meiabold actnaty Den's Exhubu 35, pp J=-4 Aa 24t studh
showed 3 tumor i ihe dladder of one rat, Sausing an atensive follow.up 1a
which 1) Sherman Straa rats were fed 100 ppmy 21260 for almost 21 months
O1 183 evpenmentat rats 1°0 Nt sbnormal or Julonomows growihs on (herr
g™, 20 aerg Sengbwetalar catcinomas imghynanal lesiens? Sone of the 173
wentral raig had such growihs Dr Kimbrough concluded that the PCB had
elieited 4 specirum of respanye similae 1o established carcinogens. R O
Kimbraugn et 0! “Industion of Liver Tumors in Sherman Strain Female Rats
by Pohvintorinaed Bighens!l Acoctor 1260." in Dept Evhibn 35t8) tun.
pudblivhed papes). discussed in \Meeting Report. Report of a Work hnp oa Clasie
to artoa wi Speciin Hepotoetlaidr Lesions i Rars. 35 Cancer Research )14
tNoy |9°70)

39 Dr Robvert X Ringer. who conducied and participated in most eusung re.
vearch done regarding PCE's and munk. testified that the expenments vieided
similar symptoms impaired reproduction, wmternal bleeding, loss of appenle,
Jegenergtian of the hver and cthers Sce R T Aulench, R K Ringer & §
Iwamate Repoduction Faurr and \origiiy i Mink Fed vn Grear Lakes Fisb 19
J Reprod Fert Supp! 165 t1973), a study caused by the (hreat that coho
selmon digts pased for the mink renyhing indusiry. The study relating 10 cow
medt is N S Plaonow & L H Xurstad, Owrary Eltects v PohviMlorsnared
Ripticmrds on \Moak, 37Can } Camp Med 91119130, Dep ¢ Extubu 34

30 M Kuratsune ¢ of, Eprdemioioesc siudy on Yusho, a Paisoming Cdused by la-
gestion of Rice Ovt Contamingted wuh a Commercial Brand of Pulschlonnated
B.phensis Environmental Health Perspectives 119 (Apr. 1972), Dep’t Exhibil
4205 : M Xuratsune er af. "Some of the Recent Findings Concerming Yusho.”
papce presenied a1 Nat'l Conf an PCB's. Chicago, N, Nov 19-21, 1975 1GE
Exhibit JU11 The ravesigatars alsa reported on a chick edema disease n
western Japan. caused by Ine <ame fice o, 1 wdich over 400,000 chickens were
reporiedly k.dled Thewr heers were sellowish and mottied

GE presented teshimony concerning the srecent discavery that the Kanechlor
involved 1n \he Yuwsho incident contaned polychlonnated dibenzolurans
(RCOF ). a4 hghly tonic chemical Tr 17734Dr Gotderg) This information 13
discussed By Dr Kurawsune, ¢f af n theie [975 paper above. They find the evi-
dence interesting and worth (otlowing up. but provide ne support for GE's wse
of the dals to yndermne the fact that PCB's were the principal causitive agent
tn Yusho They note. for example. that evidence of the expected effecss of
PCDF s on the livers of deccased victims is Jacking, and they also speculate thal
ihe PCDFs, if indead present, may have been produced from the PCB'S them
sclves when used a3 4 heat transfer agent of 1a coaking. GE Echubu 11
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A-1248 10 two sets of animals, Within two months, atter coasum:ng
from 35 t0 50 mg PCB, some of the lemale monkeys began 10 ex-
hibit the typical symptoms of PCB inloxication. al s1x months all

. the females were 5o affected. Their menstrual cycles were

“decidedly altered™ after consuming 60 to 120 mg PCB, and thair
reproductive capabilities were drastically lessened: only S of 8 on
the 2.5 ppm diet and 1 of 8 on the S ppm diet had normal births,
whereas 12 of 12 control animals had normal births, The infants
were smaller than average, and conlained PCB's; they accumulated
more PCB’s from their mothers’ milk and, within four months. 3 of
the 6 died of PCB poisoning. One female adull on each diet also
died, and the tissue and organs of both were substannally alterad,
including widespread necrosis in the- liver. Males also exhibited
symptoms, but less severe ones, perhaps because their greater body
weight provided more faity ussue 1o store PCB's.»®

GE contends that, whatever the toxicity of PCB's in general,
A-1016 is far less toxic than the mixtures used in most experiments
of PCB efTects. A-1016 15 said 10 be less 10vic, not because it can-
tains a lower percentage of chlorine than other PCB's, but because
it contains a relatuvely low proportion of PCB homologs with 4 or
more chlorine atoms. For example, A-1016 contains only | percent
homologs with 5 or more chlorines whereas A-1242 contains 9 per-
cent of such homologs, A-)1248 contains 40 percent and A-1254 con-
tains 77 percent. Dep’t Exhubit 39, p. 7: GE Exhibit 1). The evi.
dence in general establishes that the higher homologs are less
biodegradabie, that they bicaccumnulate to higher levels, and in par-
ticular that a PCB isomer with 4 chlorines (2, 5. 2. §
tetrachiorobiphenyl) may be metabolized into highly toxic hvdrox-
ylaied PCB's. Tr. 1782-178) (Dr, Golberg). Dr. Kimbrough also
testified that, whereas homologs with 5 or more chlocines were gar-
cinogenetic to rat livers, it was not vet known whether those with
four or less chlonines caused such tumors. See Dep't Exhibits 33(8)
and 46(8), p. 14, . .

The evidence shows, however, that the relative toxicity of PCB
mixtures vanes depending upon the organisms affected. The lower
homologs are mote soluble than higher ones. and are therefore
more avalable to. and more rapidly absorbed by, fish swimming:n
the water. Dep’t Exhibst 15(9): Tr. 936-37. Furthermore. A-1018
has been observed 10 cause effects similar 10 those caused by other
mixtures in many contexts. After a series of expenments designed
specifically 10 test the tovicity of A-1016, because of 11s ncreased
use, Dr. D. J. Hansen and his coauthors concluded that “Aroclor

1016 is similar to other PCB's 1 its toxscaty to, and uptake and re-’

tention by estuarine ammals.” In a chromc exposute (42 days), for
¢vample. Pinlish accumulated 51 ppm A-1016 in edible lesh and
11 0 ppm in their whole bodies Most of those 1hat died exhibied
symptoms of posonung, ncluding changed appearance and

behavior. “Acute towicines of Aroclor 1016 to ovsters, brown:

shamp, and puinfish.” the researchers concluded, “were similar 1o
that of Aroclor 1242 and Aroclor 1354 ™™

The Department ntroduced. through Dr Alan V. Nebekar,
data showing the effects on the water flea of PCB homologs with .
4 und 5 chiorines, tested separately. He {ound “not much difference
in toxiciy between trichlorobiphenyl and 1etrachlorobiphens|

3t D I R allen, who conducted or participated i1n these experiments.
1estified at the hearing that the levels chosen for the most recent experiment
were designed 1o test those set by the FDA as tolerable henits for certain foods
Dept Exhibit 41 He cunciuged (/d =02

Qur studies have demonsiraled 3 sthking similanty detween the signs .

and tesions produced By PCB's in man and in nonhuritan pnmaies As it
Lthe case with maa. we have (ouad that the PCB'S are extremely 10uc to
nonhuman primales over a wide range of dosages Even at levels ac-
cepred in ceitain foods desuned for human consumpnen, PCB's are
capadle af producing obvious skin changes within (wo monins, and
reproductive abnormahies withen four 10 18 months Ia addiuon, it has
been shown that PCB's transfer through ihe placenta and are Jeposited
1n the fetus. Infants darn 10 expoted mothers are smaver than aserage
and show 18creasing tissue levels of PCB's followang Dirth due 10 the con-
sumption of mothers’ milk thal Sontaing relatvety high levels of the
compounds Sufficient PCB’s were consumed via theit mothers mulk to
cause morbidhly and martabiv in infanta.

32 D ] Hansen. P R Parnsh & ] Forester, droclor 1018 Tauciy 1o and Lp-
take by Estuarne damals. ~ Env Research 363 (1974) Dep't Exhibut J6(8) The
authors refer to comparause studies of the othee Atoclars A subsequent studv
showed that A-1016 was much less 1oxic to Sheepshead Minnows (han A-1254,
but the former was aeveriheless lethal 1o adults a1 32 ppb Dep't Exribrt 26t 21)
Furthermare. in expeniment conducted al the Natonal Water Qu-*
Laboratory in Dulyth, Minnesata, shows a strong sumulaniy In the fethal ef

of A-1016 and A-1242 on Fathead Minnows Fry Dep’t Exhubu 37761

-
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homologs which suggests that mixtures such as Aroclor 1016 and
Aroclor 1242 would be similar in toxicity." Dep t Exhibit 36. p 6
Further tests of the relative toxicity of A-1242 and A-1016 on Rain-
bow Trout and Bluegills made it "apparent" that their toxicity is
“similar "I5Other reliable and unchallenged data show that the tox-
icity of PCB's to some species (including Catfish and Bluegills) can
vary inversely with the percent of chlorines or high homologs u
Finally, the evidence that tetrachlorobiphcnyl may be metabolized
into an hydroxylated derivative is inconclusive. A-1016 contains 21
percent tetrachlorobiphenyl. much of which has the isomers that
are suspected of being particularly toxic A*

Even if A-1016 is less toxic to some fish than other Aroclors.
that fact fails to help GE in this case The sediment, water and fish
of the Hudson downstream of GE's plants are contaminated with
substantial quantities of A-1242 and 1254. which have a continuing
effect on living organisms in the river Dep't Exhibit 5 p 1920
(sediment heavily contaminated) The evidence shows that GE has
in prior years purchased and used large quantities of higher chlori-
nated AroclorsJ* Dr Simons testified that he began planning PCB
abatement steps in 1972 There is every reason to believe, therefore,
that GE discharged higher chlorinated PCB wastes into the Hudson
throughout the time the company was using those products.
Assuming that substantial quantities of the higher chlorinated
PCB's were discharged by persons or companies other than GE (of
which there is no proof). GE's discharges of A-1016 are added to
the PCB's already present and therefore have a greater toxic effect
than they other*-sc would have For the same reason, it mailers
not at all that some of the PCB's were discharged more than three
years before the complaint in this case, when GE claims the statute
of limitations began to run.” or before March 24. 1974. when the

33 1J Den i tehiCi- ?ri5

Comparative loxictiv of Arcvtor 17*2 and 1016.
based on data from the Fish-Pesiivde Lab Columbia. Mo.
in «.onimuous-flow exposures

\2i2 1ug/l 1 10161ugM «

Tex: $6 nr LC50 LC50 \Hues 96 hr LC50 LC50 values
Organism salues after- v after-
Rambo» Troui 6" 10da>s » 39 100 isac fry 1 17 days - *9

109 **0 '2 S«e 23 days - I
8lucgi 1l 125 15 dass - 5% *6 «18 < 35 davs - *3
15% *20 '0 9 gi 22 days m 1*

«J Inicrm.licni rto» bioasvax» oi A-12*2 12%i jnJ j2{* -ixiiiled m 1'da>
LC-59 va.uc* .0 9:-eg''m of 5* '6 and 20* pro rtfsne*tivetv. and m Channel
Cjif-nui 100 12'jnJ "1 nrb fevrecnvei» D L S.ileng i F L Maser )r

r\ \ PCS >« Ft* arj Em.ranmemj: R? JuCi -n Env Health Perspec-
tives nr >5* 'f*2 exrr [°'2'. Deni E«h mi The -.«me inverse correia-
turn »4' observed O' Dr Finger m connevt.or *>th single Joses given io mink
See Der ' Exhibit *3 p *. Tr 1079

35 Dr C*th.'rc te»:'led tor C»C that ie'j»hioro6iphenvl isomers *iih
»hliirme jinrrs in the * position had special properties apparently meaning
hex were poteniullx more toxic than oihers Tr 1805-06 Dr Stalling testified
that lour of si» of the mosi abundant isomers m PCB s contain chlorines in the
J position

An jnule vO-authored bx Dr Golberg notes that "lower Chlorinated
biphenyl» are of special mieresi because their biological degradability might
le id to metabolites of increased loxicm w Greb a at In Suro Metabolism of
P 1 1 neffi/ 8rh*n>J 13 Bull of Env Conuminjuon k Toxicologv *2*
<W <> Den i Exhibit 61 See also Dep t Exhibits 0Ok 62 Dr Allen identified 2.
5 2 5 leirjkhiorohiphenvi as capanie of altering DNA and RNA. and nere-
fore as linked with mutagenic, carcinogenic and necrogemc effects Dept Ex-
hibit *1. p 6. Tr 10*7

36 Dept Exhibn 6 reflects GE's purchases from Monsanto since 19*6

Lbs m
thousands Aroclor,
Years TOTAL 1016 1242 1221 1254
1975 (Jan-Sepii *162 *1*6 16
74 8’29 sow 30
73 9653 923* 38* 35
72 7901 *881 20
7 5561 132+ *223 14
70 9682 9589 93
69 8323 8219 104
68 9939 9839 100
67 9*96 9395 101
66 8767 8667 too

37 NRDC argues ihat jhe applicable statute of limitations is CPLR 213(5).
« hich allows ihe stale to sue for misappropriation of public property either
» 'thin in years from ihe lime the cause ol action accrues or wiihm two yejrs of
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definition of Class D waters was amended to include fishing as a
best usage The higher PCB's continue to have an effect-continue
to contaminate and pollute-and the toxicity of the more -jcent
discharges must be judged along with the PCB's already present, es-
pecially since GE is responsible for their presence Counting m the
effects of all existing PCB mixtures in judging GE's liability is espe-
cially necessary, since the record indicates that mixtures of A-1016
and higher chlorinated Aroclors are more toxic than the comomed
measures of their individual toxicmes See Dep t Exhibit 43 p 5.
Dep t Exhibit 37(]). pp 723-24. 726 Finally, it is entirely possible
that A-1254 has been discharged by GE in the very recent pa*i. be-
cause of accumulations in pipes, some of which have been moved
in GE's abatement efforts See Tr 1279

D. Violations of ECL /"-0.'0Ol and | '-0<I1
GE has violated ECL 170501 and 17-0511 as charged, by
causing or contributing to a condition in comrjvennon of the *aier
quality standards adopted pursuant to ECL 17-0301 Two separate
standards have been violated GE has discharged wastes in>jrious
to fish, and the company's conduct has caused and contributed to
the impairment of a protected usage of the waters —fishing.

/. Injury to fish

GE argues that the toxic wastes discharged have not been
shown to injure fish in that the evidence relied upon is largely
based on laboratory tests concerning organisms other than species
of fish found in the Hudson, no fish have been shown to have been
directly affected, and GE in any event has brought its discharges to
the point where no violation is continuing, making inappropriate
the imposition of any penalty, including an injunction.

The argument against laboratory testing is inconsistent wuh
the best scientific practice Dr. Donald 1 Mount. Director of the En-
vironmental Protection Agency's National Water Quality Laborato-
ry in Duluth. Minnesota, commented generally th3t the results of
laboratory toxicitv work wuh fish or other organisms correlated
within a factor of two to conditions actually found m the field Tr.
964-66 Dr Lauer testified for GE that the most accurate way of
determining toxicity to fish was through controlled experiments,
rather than by examining individual Hudson River fish Tr 1635.
Dr Golberg's observation that care must be exercised in tests be-
cause fish foods often contain contaminants is a well taken gener-
ality. but the evidence clearly shows that the scientists who
testified, and whose findings were introduced, exercised adequate
care in this regard GE has voiced no challenge against any
laboratory test in evidence on this or any other substantive ground

Reliance hy the Depariment on evidence concerning organ-
isms and animals other than species of Hudson River fish is also
proper See. eg Synthetic Organu Cheni Manufacturers 4ssn \
Brennan 503 F 2d il55. 116061 (3d Cir ]9”4i (upholding use of
tests show mg carcinogenic effects of ethy leneimme in rats and mice
to show potential effects on men). Enumnmentul Defense Fund »
EP.4. 489 F 2d 1247, 1253-54. [4 ELR 200311 (DC Cir 1973)
(reliance on general data, laboratory experiments on animals, etc.
sufficient basis to prohibit uses of DDT concerning which no spe-
cific evidence was presented) Manv experiments involved fish,
some that are found in the Hudson Others involved creatures Simi-
lar to those found in the Hudson and others used animals or o-gjn-
isms available in sufficient numbers and conventionally used to test
for toxic effects The range of PCB effects *as such, testified Dr
Mount, that tests involving a vanetv of organism* was appropriate,
and values concerning salt water species, for example, would be
predictive of effects in fresh waier species Tr 963-69 To the ex-
tent some creatures were especially sensitive, as mink are. or par-
ticularly resistent. as rats may be. the evidence of their reactions
may be given lessor more weight but is admissible and probative
See generally Judge Leventhal's instructive discussion upholding an
extrapolation of tht effects of aldrin/dieldrm "from rrvee to men."
Environmental Defense Fund vV EP4. 510 F 2d 12/2. 1298-99. (5 ELR
202431 (DC Cir 1975).

The record contains ample evidence from which an inference
may be drawn that GE has discharged PCB's in quantities injurious
to fish The nature of this case makes it unnecessary that the
Department prove that specific fish were directly affected or. as GE
puts it. what "actually" took place not what "could" or "might"

the State s discover* of the facts »hivhever is later GE's discharges duntvg ilv
lasi three »ears violate ECL t'-*"01. so no need auses io deede iho ououon
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have taken place. GE Briel 29 ECL 170301 sets a water quality
standard, and is part of a plan adopted in part 10 avoid the rnigidities
of the law aimed at punishing for harm done to idenufiabie fish. See
discussion supra, pp. J0011-12. The expenimenial results in evi-
dence show that fish, among other living things. have suffered toxic
effects from PCB exposures equal to or lower than those 10 which
fish taken from the Hudson were subjected *

~Inthis regard, no weight need be grven 10 the FDA (olerance
limit of S ppm for the edible portion of fish. That siandard 15
designed to protect consumers of fish, not the fish themselves, It
would appear. on the one hand. that PCB levels of § ppm in fish
miy not be harmiul to the fish themselves. Important vanables
would have [0 be weighed. including at what places in the fish the
PCB’s are localed. and how sensiuve is the parucular species On
the other hand. when injury 1o fish is the relevant inquiry, the edi-
ble poriions are far less sigrificant than other areas and organs,
such as the liver. The record shows that concenitrauons in the non-
edible poruions of fish are consistently higher than in the edible por.
tions. angd that the rnon-<dible parts include vital argans. See Tr.
1625-39 An ample basis is therefore present in the record 10 sub-
stanuate the uarebutied testimony of Dr. David L. Stalling that.
“from whal we know about the response o levels, certainly the
concentrations 1n the fish exceeding the 100 micrograms per gram
[parts per million] would have a very marked decreased chance for
survival if mortality had not already occurred.” Tr. 673. Applying
GE's proposed 1est for proof by circumstantial evidence (even
though in this context the evidence is scientific rather than based
on unienliable observauan or speculstionl, the circumstances are
indeed such “as to lead faicly and reasonably 1o the conclusion
sought to be established and 10 exclude any other hypothesis lairly
and reasonadbly " Ruppent v. Brookiva Heighis R R. Co.. 154 N Y. 90,
93 (1897). The hypothesis of non-njury has been fairly and
reasonably excluded .

GE would have this charge dismissed on the ground that it is
now complying with the law [ts argument s doth factually and
legally unsound The Department and NR DC demonstrate in therr
briefs that, even at present discharge levels, some fish wili biocon-
centrate PCB's 10 3 level in excess of § ppm (rom the water alone.
GE"sy computations completely exslude, furtharmore, the very sub-
stantial PCB contaminanon of sediment, which the evidence shows
leads 10 fish contaminauon swiftly and 1o very high levels.® GE
also charactenzes as “anomolous™ some substantial discharges that
have occurred since September 1975 because of heasvy rain or be-
cause of work assocrated with abatement efforts, such as moving
contamingted pipes The ECL may allow or even require the
Departmenn to disregard discharges caused by an “act of God™ or
other uncontrollable factors in considening GE's acuivities, bul the
relevant section does not exempt GE from 1ts own negligence or
wilfuliness See ECL 71-1935. The PCB's cannot be aunbuted to

J8 See ths souries ced in tuotnotes 1332, snore particularly ihe fow dosage
Rhgsuy mamyys eApenments Dr Nebevar lt\‘llll‘\.'\’ thal cONCEniranons as low
as 1 3 ppt PCBs il or retard the growid and reproducucn of Minnows. Flag-
fish ond mosqu:to latrae’ Dep’t Exnetnt ¥6.p 9 Dr Nimmo and oihers found
A-12%3 ovic to shamp inthe § ppd range Dep't Exdtudit 24t5), p 197 Waier
coneealration acar the GE plants ranged from 1 310 J 0 ppd A-1016 between
Decenper 1974 and August 1975 Dr Stalling referred tn 1972 to the fact that
residues of S00=-600 ppm were associated wilk fish mortality wn chronig ¢on.
unuous Now evposures Dep't Extmbit 19(5), p 16) Hudson River fish were
found with lesels this high, and 11s safe to assume thal even higher levels have
been reached in fish that were killed, and that same lish with lower cancenira-
uons were injured

39 Dept Exlbu 1528) containg the experiment run by Dr Ve on the
effect of Hudyon River sediments on fishin a tank with the sedinent. as well as
10 & 1ank with just the water over(Tow fram the first (ank.

Cnocentranua of PCB's «in Fathead Minnows
Afier & Davs in Lake Superor Water and Hudson River Sedimenus

PCB’s tug/gm}
as Aroclar 1016

Number of
Samole Fish

6 Days in Tank Concaining

Huwdson Rivet Sediments 3 109
6 Dayt in Tank Recerning Over-
Now from S2dimem Tank® 6 364

Conirol Figsh 1 Lake Supeniar

Walgri . ¢
a Sediment . antaned 116 ug/ym 1des w&e™ “- L) Aroclor 1)
b Ysumate. “CD'sun tank B oo was 038 51 tas Acocler 10460

Not detectable

~ LR G

God, only to GE. and He has provided heavy rains 3t suffic-anrh
regular intervals (0 have made prediciable those that dranea PCR's
from the land around GE's plants GE’s abalement actisilies are
commendable, but GE made them necessary and is responsisla fur
consequences -that could be expected 10 occur. There is ng reason.
moreover, 10 consider only GE's discharge rate afier thus sut was
brought, GE is responsible for all its discharges for at least the three
years preceding the complaint, the penod covered by the statute of
limuauons the company contends s applicable CPLR {3t

The theory on which GE argues in efflect that its unlaw ful con-
duct should go unremedied 15 that no injuncuon may be :ssued o
require a level of dischargs that has alresdy been achieved This is
simply incorrect. The Department 1s nol required (0 acceat GE's
representations —madinly unsupporied and equivocyl*®—as a
substitute for an order requinng discharges al a lawiul level
Furthermore, while GE's promised discharge sate of 100 grams per
day may be lawful if the use of PCB's 15 commercially necessary.
the Department s enutled to attempt lo show that adeguale
substtules are available. Nor 1s the Depariment precluded by any
equilable principle from attempting to require GE 10 take steps 1o
recufy its prior violanons, However negligent the Departiment mas
have been in granung GE a permit to discharge those large
amounts, the permit and the ECL required GE to conform us
effluent 10 stream classification standards, This proceeding s
designed to protect public resources. and cannot be made into a
forum for determin:ng the relauve fauit of GE and the Depariment

2 Imparement of best usage—recreational fishing

The ECL and us regulanons are also violated by discharges
thal cause or contribute 1o an impairment of recreational fishing A
viglauon of water standards sufficient to imure fish would or-
dinarily seem to impair fishing. This is true here, since GE's dis-
charges are at least “coninbuting”™ to a condition 1 which fishing 1s
tmpaired. The proscriptions do not entirely overlap, howeser, singe
fishing may be impatred even though fish have not been myured :n
the sense legally required.

Recreanional fishing 1s mpaired when fish. though healths
enough 10 survive, are dangerous 1o use as food. GE argued at the
hearing that recreanonal fishing does not require fish that are eas-
ble. Te. 986~93. Thus mayv be true as a matter of abstract theory, but.
in reality recreauonal fishermen frequently consume the fish thet
catch. 1s the testimony shows, Tr 1875, |880-81 (J. Pickett), Tr
1885 (E. Nash) Fisting in the Hudson has in fact been graatly
reduced since Comnussioner Ogden Reid informed the pubkc’ of
PCB contamination, Tr, 1870-13, 1879, 1886, which demonsirates
that the activity 15 undertaken by some oniy if the fish they hape Lo
catch can safely be 2aten The reeulavons themselves contemplate
fish consumption by prohibrting the discharge of substances that
adversely affect the “Mavor, color and odor™ of fish 6 NYCRR
701.5. The regulations were therefore intended 1o prolect the fish-
ing activities of fish<ating anglers as well as those wha cach ffish
purely for sport.

Hudson Raver fish have been rendered inedible by GE's PCB
discharges. The Depariment properly relies 1n proving this fact':.‘m
part upon the FDA's iemporary 10lerance limat of § ppm for the
edible poruon of fish Dr Kolbye testlied that the FDA derivedjits
present standard 10 a large exient from the Yusho incadentBin
which the vicums “recetved an exposure of approximately ' two-
grams of PCB's, which is translated to 2.000 miligrams of PCBf%"‘

40 When GE received 18 \POES permit on December )1, 1974. the mazimyrmy
daily discharge of PCB's was set «f 100 grams 1o be acheered be Mas 31,1977

GE filed wuh EP A a request (or an adyudicaion heanng on tus effuent imua-
tion=—n effect staving 18 applicatihity unul the quesion was htigared GE Fu-
hibit 17 Since filing the request, on the basis of “new expenimental dats.” GE
:ontends that an adatement $ystem can be designed that will keep 1he PCB
Jaily discharge delow the (00 geam level Tr 1144 [n addinan GE coniemss
that, bul for 1he uncerainty presenied by the PCB hmit 1hat myy be imposed n
this proceeding. thev ir2 now Sredared 10 withdfaw (heir heanng “equest O°
Modan, responsible for “«caping the iteaiment sasiem teshificd ihat Nased oo
his engineening judgment, the bench scale siudies of *he wvytem indicaie 1hat
the |00 gram daity maximuim s achievadie Tr 1305 These siudies and aiher
matet.al developed in connesticn w th s sys1eM have Not » et Deen sgen A
the Hesting Utfcer ar tne niner 2artigy, odhough (herr prowtucladfs was cr -
wed Tr 1321=22 Nenner Aud UE waubdrawn iis reguest (or o acanag o8 EPA
an the (00 gram level s €8 Drmngey 39Te Tlectralun Corp v Vataunin o &
TN YSIZw Lan ' other simaler Cases aT€ JuSt Nguishar
e ot o8 Ay O E S KU JiTg JISCRIFREY 3N LHE SONURuIng
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He said the FDA émployed a safety factor of 10, and therefore esti- beerydealt with abose The contzanon 1s particularly inappropriate
mated that hurman beings could tolerate “without adverse effects in connection with the impairmant of hHshing Fishing has been 3
on health ... roughly 200 mulligrams spread out over 1,000 protected use in Class D waters sunes March 24, 19°3 Furthermore,
days...." Tr. 993. In adopting this standard dunng Sepiember 1971, fishing was a protected use in Class A and B walers long before ‘
( the FDA contemplaled that consumplion of PCB’s would 1aper off then. and the waters into which GE has discharged PCB's Now
and cease after 1000 days, as PCB discharges were reduced or elimi- into Class A and B waters.** The act requires that GE be found lia-
nated. It recognized that exposures over a longer period would ble for imparring that protected use, and ordered 16 cease <ontnbut-
enhance the possibility of toxic effects Dep't Exhibil 39, p. 4. The ing to the condilion it has caused.

standard promulgated by FDA concerning fish was unchallenged
by any party when issued. and was not meaningfuliy attacked by
GE n this proceeding. Dr. Kolbve said the standard 15 under
review in hight of new evidence of PCB's carcinogens effects and of
its vontinued persisience in the environment at high levels. Tr.
1023-24. His conclusion regarding Hudson River fish was unam-
guous. “The FDA is extremely concerned sboul the problem of
PCB's in Hudsan River fish.™ he testufied, “since the repular inges-
tion of fish comarning PCB's above § ppm represents a potenuat
public health problem with unknown long range consequences.™
Exhibit 39, p 10 A single 200 gram meal of fish containung 100
ppm PCB's, according to his esiimates. would resull in the ingestion
of 20 mg. PCB’s. or 10 percent of the total 1000 day exposure
::egedrenzlféa:‘klf'?;ra:hu:Ls;e:nc;c-leO’ge;ccsr:l ‘:‘;.l;:: t:glallh:”:’n::ii century roots, and is an isolated provision aimed speaifically al pro-

posure 120 mg ) ! ’ ; gn ’ tecting fish and wiidlife. The latter are relatively modern parts of an
PCH content of fish samplied by GE downstream of is plants was

94 66 ppm in therr adible flash. which excluded the PCB's in their ?l‘a:;?fl'al c:fisc::r;rg;.r:an:e\:;l?;g;i:gt;trg;I:e:oh:‘;;:r;?ﬂé:i c\:;::r
skin A smgle, 200 gram meal of the eel captured by the Depart.

ment at Stliwater and found to contain 539 23 ppm PCB's in its edhe ?::d;::‘onﬂlﬁiicg :::r?:rtng: ;?ihrla;:;:;cifieozﬁﬁl‘ ]rlo-gl‘%f‘ ilr:-
ble parts wauld contaruinate an adult with over 50 percent of the M g * * d gp

. : . , - Car jury by a specific substance on a parucular occasion. is hardly en-
{; ?:‘J:‘HF::: el::: :":;ﬁr":m”" and a child with 200 percent of s 4l utled 10 binding weight Bul a relauvely narraw purpose for the pro-

1sion i : I5(35 i
A Gous el he eidnc n s rcord conering 5005 50 ronh suusid by, ECL MOV whien e
the FDA siandard indicaie that it is dangerously low rather than fine of from SO0 10 51.000 “for each offense and)an asditwnal on-
higt. The FDA relied on an esumate of PCB consumption by o : P

Yusho vicums of 2 grams. The published anaivsis of the inaident :::\“ﬁg ‘:‘;;‘:“::;2’ ;"::eg';?ck;::“’laa\;;:hfx?s}.',‘::,;o.f.'dr'rén;l;:.e.
by members of the study group that examined its consequences '

t mur i h
taports, however, that 2 grams was the average consumption. The hat inure or kill fis ‘

E. Alleged Vwlgtion of ECL 11-0303

The Department clams GE has viclated ECL 110503t 1) by
discharging a poisonous or deleterous substance into a public w gter
in quannues “injurious” 10 fish or wildlife, of \o the propagation of
fish or protected wildhfe. The evidence that proves a violauon of
ECL 170301 and 1790311, (he Depuriment contends. likewise
proves a wiolation of ECL 11-0503t1), Further. n offers proor thal
‘mink reside in the Hudson River basin. and that they are widhfe
that would be injured and whose propagation would be adversely
affected 1f they consumed fish with the quanitiies of PCB's shown
10 exist in the river,

ECL 11-0503(]) is. howes er. very dilferent in background and
purpose than ECL 170501 and 170311. The former has nineteenth

<ame répurt estimates-that the minimum consumed b a “patient” ‘ A lj‘;’rz;er fhara..ler:suc olr.ECL IEll-{):\o.,(ljrus ll‘;;]l.ll_ls violauon

was 3 grams. or 300 milligrams PCB's Moreover, the average con- » pu::d’a ¢ andd:pparenl_\ én ! eﬂ;ase af wiidhle must be
( sumption of o1l by Yusha sicuims was 800 ml., but Lhe researchers pums as a musdemneanor. ECL 710919 incorporates by refer-

founag thal “the attach rate” for consumers of less than 720 mi of

on was 85 persent, for those who consumed over 720 ml. oul. that

Jttack rate was 100 persent Finally, while the Yusho results find a

strong correlation between amount of PCB’s consumed and clinical

scev2nly, il s aimporiant o note that 38 T percent of these who con-

aumed levs than “20 ml o1l contracted “severe”™ is opposed 10

“hght™ cases of poisoning. M Kuratsune e al., sipra, pp 12325 It 4

o uclear. tharefore, that the ten-fold margin of safety adopied by . e
FDA 15 based on a statistical average. and affords much less than %15: D waters need not be suitable for reproduction 6 NYCRR
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other, similar contexts ¢! ciarg ¥ parlic e  ha ¢ non

. . . . . themseives to be injuricus to fish or wildlife Unlihe ECL 170301, :
GE's argument that it is now 1n compliance with the ECL has moreover. under ECL 110503 GE's insistence that inyury 10 spe. ’
cific fish be shown has considerable memt. GE's acuvines were in
addition revealed to the relesant state and {ederal agencies The

¢nce this penal remedy in ECL 7140921(d). and the punishment for

¢ach offense is up to a S500 fine and | year impnsonment, ECL 71- o
0921131a). Thus, ECL 1103031) seems aimed. not only at '
episodes of toxic discharge, but also wilful or grossly negligent
episodes, where severe penalues are appropriate The potential un-
fairness 1s compounded by the fact that ECL 11030311 makes o
unlawful adversely to affect the reproducion ol fish or wildlfe,
whereas the water classification regulations specifically provide that

31 SerSoviety of Plastics [nd v QSHA, 509 F 2d 1301, 1308 (S ELR 20157129
Cir 19%3r nigyumons by De Kras bill of 1he Nau1 Cancer lastitute that ¢ $0-fold

standard was snsufficient for the highis (aae carcinogen vinyl chlonde, since 3 company may be have acied at us own risk, but its conduct could
100-foid margin was used for non-carcincyens! hardly be charactenized as wilful in the cniminat sense Circum-

The Mstory of vinyl chlonde regulation 13 generally insiructive Evidenge of stances may anse where ECL 110503 should be apphed although
tatatie effects ied Dow Chemwal Company to recommend « maumum ex- no specific fish can be dennfied u nured. and even in conjune-

pomare 10 workers of 0 ppm The industry refused to gise up its 300 ppen stan-
aacd then. and even is further evidense of carcinogenicits acsumulated. partly

tion with ECL 170301, but the present case does not (it the anuci-

wi the ground 1hat esirapolations tom expenments involving rals was ime p§led pauern. Cf. People v. Consousared Ed. Co . 34 N 'Y Id 64n, 335 :
peaper Be 1972 when the industes agreed to finanie 3 study, the first deaths of N.¥Y.S.2d 379 (1979

Amenian workers due 10 VCM evposure were recorded. By 1974 tneen The Department has shown inpury 10 fish, but not in a contex:
warkeny had heen hilled No sooner had the federd, government deen led 19 1o which ECL 110303 should be appliet. As to the prool concarn-

s1901 the SO ppm slandard than evidence established 1t was too high After 3
=eafing berore an admumisiralis € judge. 3 3tandard of | ppm was proposed, wiih
sume varrance dllowed [ndusirs protested [Ne standard was unnecessary and

ing wiidlife, the Depariment’s case. as GE properly notes. 1s based
entirely upon hearsav evidence 3 Depantment witness tesufiad

ateasidie The DC Cirzuit upheis the standare, Aoweser, notiag thi no that he had read books staung :=at mink eusted in the Hudson
‘ waite Tevens had been eslablished, thal human fines were 2t siahe. and that eve River basin, and that umdenufisg qitizens of unascertained evper-
pefignos nad shawn thal theangustes hag greatiy urderssimated s technofogrs use had reporled s|gh“ns min:. Trus s not only hearsav, but hagr.

<l capaciiv 10 reduce exposure levens Q9 F X4 ar 1308-10
Tas gresent C13¢ and insalves 2 caedinggen of uakngwa potential effedis. and
LmaA R~ 3 stake GOF Nas raraped 10 reduwe e 2 hargg . Tom g s -

sayv of unproven reliability. Eve- if beheved. 1l would prose ¢ty
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that mink ewusied, in unknown quanuues, in a very large area en-
compassing many thousands of potential food sources other than
the Hudson River, An inference of injury cannot as readily be
drawn in this context as in the case of fish, essentially trapped in
the PCB contaminated walers, and actually shown 1o have ab-
sorbed PCB's in quanlities demonsirably high enough 10 be in-
jJurious to themselves and potentiailly to their consumers The
allegation must be dismissed as inappropriate and unproven.

{1l Outstanding Remedial Issues

The Department has proven violations of ECL 170501 and
170511, It has also shown itself entitled at the very least 1o an order
requinng GE to reduce its PCB discharges 10 a lawful level.
Whether the fesels GE represents it has and can attain are lawfui is
only the first of several issues to be examined when this proceeding
reconsenes. Other 1ssues include:

1. The exient 10 which GE should be ordered 1o rectify the
effects of 1ts prior discharges. including whether any prac-
ucable and environmentally safe method exists or can be
devised 10 remove PCB's Mrom the river botiom, and the ex-
pected durauon and extent of PCB contamination if no
remedial steps are taken;

2. The axtent o which GE should be required to remove
PCB-<ontaminated earth and equipment from around its
plantc ard the manner in which this operation should be
condu.ied.

3. The existence of substitutes for PCB, including their
adequacy and environmental acceptability,

ADMINISTRATIVE PROCEEDINGS

4, Whether GE is presently uvulizing proper care in ils manu-
facturing and sales processes Lo avord PCB contamination,
including what controls GE has in effect ([ any to insure thal
PCB-impregnated eguipment is not being permilied (o
become a hazard lo the environmen after use; and

5. Whether the system of supervision proposed by the
Department would be lawful and adequale, particularly the
legality and necessity for 2 bond as requested.

An aspect of all these questions is the cost involved in proceed-
ing in one way or another. The Deparimenl of Commerce il
hpefully provide assisiance in this regard, by analyzing the costs of
alternatives, The Depariment of Commerce should, in \bis connec-
lion, note that the extreme prospect of closing down GE’s planiy
has nol been suggesied by any party as warranted or necessary. the
Department and NRDC have heretofore rehied 10 advocating a zero
PC B discharge on their claims that adequate aliernatives exist.

These are complicated matters that will require technical
proof. The Department will have 10 go forward on these wssues. GE

6ELR 3019

is hereby ordered, however, 10 provide the parties and the Heanny -

Officer. within two weeks of the date of this opinion, with as com-
prehensive as possible a description of its present abalement plans.
The hearing should procesd with a full appreciation for what GE 1y
prepared to accomplish withoul compulsion. The Department
should inform the parties as soon as possible when it will be pre-
pared 10 present its prool. Aflter the forthcoming hearing, a pro-
posed order will be prepared and submitted to the Commissioner,
containing all the findings made and conclusions drawn at both
parts of this proceeding Meanwhile. this opinion shall constilule
the interim findings and conclusions on GE's liability.
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Spirometric Findings in Capacitor Workers
Occupationally Exposed to

*Polychlorinaied Biphenyls (PCBs)

Richcrd W. Lawton, MD; Marie R. Ross, RN; and Joseph Feingold, MD

Spirometric findings (forced vital capacity [FVC], forced

f expiratory volume at one second [FEV,), FEV,/FVC) In a

population of capacitor workers with occupational exposure to
polychlorinated biphenyis (PCBs) are described during active
PCB use (1976) and following the PCB ban (1979 and 1983 ).
The initial finding. of restrictive impsirment (16%) (o 1976
was not supported by chest roentgeaogram fladings, por con-
fircied ic 1979 aod 1983, and was interpreted as artifactual
‘o test operator inexperience and inadequate expiratory
5. Obstructive impairment was coasistently found in 15%
of the total population jn 1976 aad 1879. A history of respi-
ratory illness and/or syciptomatology and reduced FEV,/FVC
was correlated with PCB exposure and serum PCE levels
(lower homologs) in females in 1276, but not in males. Smoking
was correlated with reduced FEV, valuves. No correlation of
spirometric variables with pas: cxposure or serum PCB levels
was found for either sex in 1979.

n spirometric studxes'of & group of capac:tor workers
{N = 243), some of whom had high direct occupa-
tional exposure to PCBs, Warshaw et al' found a sub-
stantial prevalence of reduced vital eapacity (FVC <
79.5% of predicted value). The prevalence (14%) was

From the Biclogical Sciences Braach., Corpo~atsa Research and
Development, Genernl Electric Company, Schenectady, NY (Dr Law.
toa. RAD stal); Capacitor Producta Department. General Electric
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reported by them as equivalent to that of asbestos
workers (12.1%). Of those showing FVC reductions,
80% showed & restrictive pattern (FEV,/FVC > 0.70)
without radiologic changes. PCBs were not reported as
acute direct pulmonary irritants, although eight-hour
time-weighted average air levels in the workpiace areas
of PCB use varied from 0.6 to 11.0 mg/m?®*?

The present paper reports a spirometry study of
capacitor workers, drawn {rom the same plant popula-
tion as that of Warshaw et al, but involving only workers
with current occupational PCB exposure in 1976. Spi-
rometry was repeated in 1979, 1981, and 1983 and
provided longitudinal data on a selected population.

Methods and Matenals

The' stuay populnhon cnus;sted ol'"a.ll capamtor Work-
ers with direct work-related PCB exposure in two plants
in upper New York state. This population, when selected
in 1976, coasisted of 194 workers (152 males, 42 fe-
males) representing approximately 10% of the work
force. Ages extended from 22 to 66 years and service
times from ] to 35 years. The cohort was examined in
1876, 1979, 1881, and 1983. Exposure was defined in
three categories: (1) high exposure: jobs requiring der-
mal contact in high wir level zooes (handling and sealing
wet capacitors, capacitor salvage and repair); (2) me-
dium exposure: jobs requiring brief high exposure and
contact such as maintenance men; and (3) low exposure:
jobs not Involving dermal contact but in or at the
periphery of the high-exposure zone.

The initial examination consisted of a medical history,
physical examination, chest roentgenograms, ECG. se-
quential multichannel autoanalyzer {SMA-26) blood
analysis, hematology, urinalysis, and spiremetry. Body
weight was obtained in light indoor clothing and height
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was determined without shoes, _ubsequeant examina-
tions consisted of blood workup, changes in body weight
and blood pressure, and spirometry. Chest roentgeno-
grams, ECG, and physical examination were repeated
( in 1983. Smoking classification (smokers, ex-smokers
"ind nonsmokers) was obtained in 1976. Detailed smok-
ing histories (cigarettes per day, years smoked, etc)
were not obtained until 1979 (N = 165). These were
generally confirmed in 1983 and the 1979 data were
used throughout the analysis with no account taken of
the few reports of change in habit over the period, Chest
roentgenograms were ¢lassified according to the Inter-
pationa]l Labor Organization classification of radi-
ographs (form OMB No. 68-5 1322), With two excep-
tions all roentgenograms with positive findings were
classified io sectioa 4.
Serum PCB levels were obtaiped in 1976 and 1978
(analysed by Hazleton Laboratories America. Inc, Mad-
ison, WI) using methods previously described.’ Pulmo-

nary function was evaluated in 1976 using & Vanguard,

spirometer with a disposable filter paper {low sensor
(Life Support Engineering Corp, Woburn, MA). In 1979
an updated version (Vanguard DS502) with a prepro-
grammed computer printout was used. Measurements
were made in the standing position and the nose closed
with the fingers. The calibrating source was a VS300 3-
1 syringe and calibration conducted at various volumes
and rates as recommended.’ For each worker the max-
imum expiratory volume-time curve was recorded and
examined for freedom from test artifacts. At least three
trials were performed by each worker and reproducibil-
( ity of the expiratory effort was accepted at the 10%
vel.

Measurements were made of forced vital capaecity
(FVC), the forced expiratory voiume at ope second
(FEV,) and the ratio (FEV,/FVC) using the highest
test of the three trials. The data were evaluated as the
percent of predicted values using the tabulated predie-
tions of Knudson et al."” The spirometric patterns were

classified as restrictive (FVC < 80% of predicted, FEV,/

FVC > 70%); obstructwe (F'VC > 80% of predicted,

ce T FEY/FVE < 70,o). or mzxedTFVC.'< “Bo%% ofpred:cted

FEV,/FVC < 70%).

Initiaily (1976) the nurse conductmg the test bad
had little spirometric training and ogly subsequently
was certified (1978) for pulmonary screening. Retro-
spective review of the 1976 expiratory spirograms in-
dicated 15 tests (7.7%) to be unacceptable due to tech-
nical error. Subsequently, oaly two workers' test results
were unacceptable: one due to thoracic arthritis and
another due to poorly fitting dentures. Nine workers'
test results were unacceptable in 1976 but were accept-
able in 1979.

Statistical analysis was performed on a Honeywell
Series 609/6000 computer using available time-sharing
applications programs.® Regression analyses were con-

ucted using STATPAC, a versatile statistical package’
L ¢ distribution plotting and the derivation of coeffi-
1ta and correlations by multiple stepwise regression.

An incremental F-ratio of 3.9 was used for entering and

{ removing variables so that variables significant at the

5% level were included. Only one marginal association
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was {ound and this was treated as significant. }.’CB
exposure was described {n terms of the exposure cate-
gory, treated as a dummy variable. or the serum PCB
level, either as reported, or as the concentration in totaj
serum lipids.®

As a consequence of dropouts due to retirement or
employee separation, rejected tests, refusal of the pro-
cedure, or death, the number and compusition of the
participating population changed during the three ex-
amination periocds. For these reasons, and because of
incompleteness of detailed smoking data, the analysis
focused on 136 workers for whom complete data were .
available for the 1976, 1979, and 1983 time periods. In
addition, 83 workers were examined at some point in
1881 so that s total of 80 workers had four sets of
mesasurements. These subgroups provided a longitudinal
assessment of the spirometry changes with time and of
the reliability of the procedure. The entire available
population was used to assess abnormal spirometric
findings and for the relations with serum PCB levels.

Results

Workers in the study population were overweight
(50% of the workers bad body weights above the normal
“desirable” range for large-framed individuals'®) and
beavy smokers. Those who smeked or had smoked
(71.4% of males, 54.2% of females) averaged a pack a
day for 18 to 20 years.

In 1976 there were seven cases of clinically recognized
emphysema and 12 workers were told by their physi-
eians they had chromic bronchitis, although enly two

" complained of current shortness of breath, cough, or I

sputum production. Past histories of significant pulmo-
pary infections were reparted in 16 cases. Chronic upper
respiratory tract infections and allergies were preva- ,
lent. Four workers (heavy smokers) reproted leuko- N
plakia anéd/or laryngeal polyps. Oa chest roentgenogram '

examination emphysema was suspected in six cases. The %
ewsRTEROMingat Jnding was,evideage-for-past-pulmonany Ry
infection (granulomata, calcifications, scarring). A coin \
lesion (malignant) was discovered in one worker. Evi- N

dence for fibrosis was found in only two workers. One
worker (with carcinoma of the lung) showed bilateral 3
circumscribed pleural thickening: another worker {.
showed old healed pleural thickening at the left base, t

Mean 1979 serum PCB levels were elevated 35 to 40

times the normal background community levels in hu-

mans. The levels for PCBs were higher in the {emale
subgroup.

The Figure shows spirometry data converted {o per-
cent of predicted value for 80 warkers who had meas-
urements made at four periods during this study. The
plotted points are means * the 95% conlidence limits
for the population average, For the males, (N = 75) the
mean FVC value rose between 1976 and 1979 (4.53 L to
4.90 L) and then declined (4.70 L in 1983). With the
smaller accompanying change in FEV,, the FEV,/FVC
ratio fell in 1979 and then returned to its 1976 value.
However, as indicated in the Figure, only the FEV,
population averzg: appearad to be significantly less

B
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Y -r. 100'c of the predicted value i  ?76. These data

..-.dicated a continuing improvement ... the reliability of

the measurements with experience of both the operator
and the workers.

Using the predictions of Knudson et al." workers were

ifed in restrictive (FVC < 80%; FEV,/FVC > 70%)

a..» obstructive (FEV, < 80%; FEV,/FVC < 70%) cat-

1976 1979 1931 1980

Figure. FVC. FEV,. and FEV,/FVC as percent of predicted value*
for portion of study population with four spirometry tests (N - 80).
Means and 95% confidence limits.

egones (Taoie). In i for the total population (N =
179) we found that (6.2% of the population showed
restrictive impairment. In 1979 the percent of the pop-
ulation showing this finding declined to 2.9%. In con-
trast. the obstructive category was relatively constant
(15.6% and 15.3%) with 2.2% to 3.4% of the population
showing a mixed result (FVC and FEV, both < 80% and
FEV,/FVC < 70%). Obstructive defects were more prev-
alent in smokers and ex-smokers. Of those with FEV,/
FVC < 70% about 70% had values between 65% and
70% and the ventilatory Impairment was considered
mild. Four of the 25 workers not returning for the test
In 1979 were known to have clinical chronic obstructive
lung disease. Because the study dropouts in 1983 made
up such a large percentage of the population (21%),
scoring for these data provided a lower estimate of the
obstructive category.

Using multiple stepwise regression we examined the
significant partial correlations of the measured spiro-
metric parameters with the conventionally used varia-
bles (sex, age. body height), as well as those of interest
in this study (smoking, respiratory history, and PCB
exposure). Although the number of workers with satis-
factory spirograms and complete data varied for the
three examinations, we found strong and complete
regressions for FVC and FEV,, but incomplete and
weaker equations for FEV,/FVC. Spirometric variables
were inversely associated with smoking in all cases
except FEV,/FVC in 1976. Body weight was inversely
associated with FVC in 1979 and 1983. This latter
relation was characteristic of the male subpopulation.
The presence of a history of respiratory infection and/
or symptomatology was significantly associated with a
decreased FEV, and FEV,/FVC in 1979 and 1983. High
exposure to PCBs in the workplace, as measured either
by the exposure category or the serum PCB level, was
significantly associated with a decreased FEV,/FVC in
1976. a period of active PCB use. However, this associ-
ation of exposure and FEV,/FVC was found only for the
female subpopulation. There were no significant associ-
ations for the serum PCB level and the spirometric
parameters in 1979 for either sex.

The Pearson product-movement correlation coeffi-

TABLE
Restrictive obstructive ana mixed soeametnc findings n total poo>ation n 1976 and ]979using predictions of Knudson et ai'
1976 1979
Male Female Total Male Female Toiai
Smokers e ~ . ~
and Nokrl- and NO:- WO‘ % Sma?]ld " smN;):ers Smapnd ° smN;I?ers A
Es-smokers SMOKETS gy smokers amoxers Ex-smokers Ex-smokers
N 103 39 22 15 179 100.0 94 38 22 16 170 1000
Restrictive 19 6 2 2 29 162 2 0 1 2 5 29
FVC < 80%:;; a 70-/.
( ™ FVC )
Obstructive 14 3 9 2 28 156 14 2 9 1 26 153
TVC >80%:g *
/ C >80%;5+.T 0Kk |
f . 4 0 1 1 6 34 2 0 2 0 4 24
FVC <80%. 2 * s 70%
C <80%. 2, 0)
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cients for the constant populatic (XN = 138) in 1976
and 1979 indicated an association of exposure with
respiratory history and symptomatology in females, al-
though the relation was marginally significant (P =
7.12%). In males we found the respiratory history to be

.gnificantly associated with smoking. Smoking was also
associated with a reduced FEV,, in males in 1976 and
1979 but only for females in 1979,

Discussion

Medical surveillance of a group of capacitor workers
directly exposed to' PCBs was undertaken in 1976 to
assess the workers’ genera] health. The medical exami-
pation included spirometry, which was repeated in 1979
and 1983, and on a part of the group in 1981. We found
pulmonary-function testing to be one of the most difficult
procedures to perform well in the industrial medical
setting. The procedure requires a trained and certified
nurse or technician, functional and properly calibrated
equipment, and motivated and cooperative workers If
adequate data are to be obtained. These conditions were
pot fulfilled at the inception of this study: the nurse had
little spirometric training and testing experience and
worked in cramped quarters with new equipment. The
test was new for the workers whose motivation wes
uncertain, given the intense media coverage of PCBs at
the time. As a consequence only 179 out of 194 workers
tested (92%c) had apparently satisfactory forced expir-
atory volume-time curves on retrospective review, Fol-
Jowing nurse certification and repeated worker experi-
ence with the procedure, unsatisfactory data were ob-

sined in 1% or less of tested cases in 1979, 1981, and
J83.

Because of the technical deficiencies in the spirometry
procedures and the uncertainties associated with the
serum PCB meausrements in 1978, we were inclined to
reject the data. However, these observations were ob-
tained during the period of active PCB use and were
characterized by bigh serum FC3S levels in the workers.

"In addition, the observations coincided in time with

those of Warshaw et al.' In their studies (1376), as well
as in ours, reduced FVCs were observed, FVCs < 80%
of predicted with normal FEV,/FVC (>70%) were found

" in 14% of the population studied by Warshaw et al and

in 16./2% of our study population. In both studies there
were no radiologic svidences of pulmonary Gbrosis to
account for the restrictive impairment observed.

In our study, based on longitudinal observations, we
believe the finding to be artifactual. FVC values as
percent of predicted for the population In 1976 were
normally distributed over the range, indicating a sys-
tematic decrease, which couid have resulted {rom gen-
erally poor conching and inodequate expiratory effort.
In addition, regression studies indicated subsatantial di-
vergence of the prediction coefficients and a bigher
degree of variability of the 1976 data compared with
that found on subsequent testing. We know of no re-

Tsible restrictive pulmonary pathology that could ac-
~ount for these {indings.

The principal and consistent respiratory finding [n
this work force exposed to PCBs was obstructive im-

pairment which wus found in approximately 15% of th
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population. In th= iemale subgroup we found a signifi-
cant relation between exposure in the workplace and
respiratory history and symptomatology in 1976. The
serum PCB levels in females were 11% higher than in
the males in. 1976 and 50% higher in 1979. These
elevated levels were related initially to the women's
employment as capacitor sealers (solderers) and in
salvage and repair, jobs with relatively high exposure
levels. and subseqeuently perhaps to a diminished PCB
metabolism compared with that of males. The associa-
tion of serum PCB level and/or exposure and reduced
FEV,/FVC in females {n 1976 sppeared as aa isolated
finding, and no other correlation with spirometry in
males or females was found.

The present study provided no compelling evidence
that PCB exposure, as measured by exposure category
or serum PCB levels, was correlated with the occurrence
of persistent spirometric abnormalities. The restrictivc
impairments obsarved in 1976 ‘were transient and were
interpreted in terms of inadequate expiratory effort
rather than pulmonary {ibrosis. The past histories of
respiratory illness and symptomatology, and the ob-
served obstructive Impairment by spirometry appear
most likely to be coupled with heavy smoking, a complex
of industrial exposures both prior to and during em-
ployment,}’ and rural upstate New York demorgraphic
factors.'®? Qur 1976 data, however, are suspect and
this study serves to emphasize the importance of nurse/
technician training in the conduct of spirometry.
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A partial list of laboratories available for PCB analysis
is provided in Table IV-1.

C. Handling PCB Materials

Detailed information on the handling and the exposure to
PCBs should be obtained from the GE-Pittsfield Medical
Center (Building 11).

General handling information is as follows:
e Always wear rubber or vinyl gloves.

e Wear a face shield or safety glasses as appropriate
when handling hazardous material or drilling.

e Wear disposable shoe covers and coveralls when
handling large quantities of PCB-containing material.

e Wear an approved respirator as specified by the
Medical Director.

e Do not touch or contaminate anything to be eaten.

e If skin is contacted with PCBs, clean off with
paste-type waterless hand cleaner and wipe off with
paper towels. Dispose of towels as a PCB solid waste
(refer to Section VI of this manual).

e If PCBs get in the eyes, fTlush with water.
e Report any exposure or contact with PCBs to the

Medical Ce.iter.
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PCS YEARLY SALES TOTALS

GENERAL ELECTRIC - ALL LOCATIONS

1954

9,799,459 1bs
1955

10,779,019 1Ibs
1956

13,711,535 1Ibs
1957

10,375,310 Ibs
1958

8,813,870 |Ibs
1959

9,639,679 Ibs
1960

9,849,831 Ibs
1961

8,929,560 Ibs
1962

7,743,100 Ibs
1963

8,267,202 Ibs

ALL PCB PRODUCTS

1954 - 1977
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1964
\ 10, oy, 525 |lbs
A20 ]

14,4*22,371 Ibs
1966

\ 16,658,107 Ibs

1067

15,258,874 1bs
1968

15,243,031 Ibs
1969

11,472,988 Ibs
1970

13,384,352 lbs
1971

9,349,428 Ibs
1972

., 511,841,805 Ibs

1973

13,688,365 Ibs
1974

12,905,681 Ibs
1975

12,888,722 1Ibs
1976

8,858,605 Ibs

AOH 008970
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