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PROTECTED KATILIAL: NONSANTO INSURANCE COVERASE LITIGATION

1.

Xl - 26
.t Equipment
List
PMENT LIST, contd, CT-0MT-0770

Cloeed Tanks, contd.

2T-07€7 eontd.

CT-0768

CT-076§

oT-07T70

Steam traced vent to drum outdoors.

Manlid. Dipring hele with cap,

Pized cvarflowa st & levels back to diphenyl store tank
CT-0T48 by stean traced line with aight glass and rignt
angle c¢rosa risces with blank flanges.

Lower part of vessel Jacketad for ateam from the 70 1b.
salnR. Angle thermometer 30" long through side of vesesl.
Potton outlet to header lesding to the & chlorinators,

S. 0. at sach chlorimater,

# 3 Aroclor 1260 finiehed product storage tank. Made by
Orever. Dwg. C-509. Hori:. steel 10' dia, x 26' long
on atraight aide, dished heads, shell 4%, heads 5/16",
Test tank 6OF and cocil J0O¥ Hydro.Press. Ceil 2" xiy
pipe with 1" xHy risers. Velded construction throughout,
All inside and flg. surfaces, colls, supports, etc., o
be apraysd first 005" zinc and then .003" tin.

Sams a» OT-0769. Order B7711 on 4/17/36, Req. 65231,
m. out .1)85.@. CGCI. vent tIep.

# 4 proclor 1254 FPiniehed Product Storage Tank, Sams 88
CT-OT“.

Tudular heat exchanger mads by Nooter, Dwg. BES1, Plant A,
8iz¢ 12" dia. X 5'0" 1g. having 15 x 2" OD 11 ga. Monel
Tubes, Nonel tube sheets, Monel reducer and carbon steel
Jacket and back-up rings on flanges.

Order B5848 on 5/1/36. Req. 69605, Price $660.00

Above No. 1 still 8043, supported by 3rd floor steel,

Plant "B" (Xrummrich Plant) cortinue to recommend monel for

the condensers on the vacuum stills., See also item CT-01378.

Only monel in contact with the goods on the "descending”
silds of the conderaing systel,
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PROTICTED RATERIAL: WONSANTO INKSTRANCE COVERAOS LITIGATION

Closed Tanks, contd.

CT=0770,

CcT-0171

a1 - 27
e Equlpaent

List
€T-C770 - 0771

I=1. EQUITMENT LIST, contd.

contd,

Mr, Thrift, Decexber 5, 1539, ralsed the quistion of the
necedality of using msonel for the vacuum 83till condenasers
and subsequent vessesls. Mr. Ellenturg of Anniston replied,
15th Decezber, 194%, stating that iron oontanaton of

the Aroclers would have & bad effect on the resistivity

and the power factor of the products. Stesl also hastens
the darkening of Aroclors at temperstures of BO°C. or nighern

Neaars, Hodges and Barbre of thy Dmmmmrich plant replied
that monel was satisfactory for the condensers and recelivers
but thit there were nc reasons to believe 8teel would not

be satisfsctory. Although Oeneral Rlectric Company report
that steel 1p astisfactory for storage and treatment vessels,
Krummrieh plant do not care to risk the use of steel becsuse
of the high standards required by G. k., for Aroclors.

¥onel vacuum receiver made by Nooter. Dwg., C-T795.

(Plant ), 8ize 5'6" dis, x 5'6" str. side, 3/B" shell,

4" btottom and rescvatle head, 4 pupport brackets on cutside

of tank of stesl. 2" IP size Xy Monel ecll with 2" inlet

and 1" cutlst with Monel bars and U bolta. 3 turns 5' dias.

aleng sids and 3 turns spirsl on bottom., 60Ff Hyd. test on

tank and 300F on coil.

Order B39 on 3/28/36, RMeq. 65118, Price §3240.00,

On ssocond floor lavel, 12* level, Bldag. CA.

No. 1 still. Rsturn line, for spoilt material, to the ptildl
of the vacuul ptill receivers

Thne covers/carry the following oonnections:

Inlet from condensers CT-07T70, 01378 via sight glasses,
T™he cylindrical surface of the sight glase fitting
19 ateaz Jacksted and 5o 19 the Pipe from the cone-
denaer to the sight glass,

Maniid with hand hole and dipping cpening.
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PROTSSTIID MATIAIAL:Y  NCYPANTO INMURANCE COVELAOR LITICATION

it

xar - 2@
. Eguipment
. Lint
OI. ESUIPMENT LIST, contd. C1-0771-0775

C1-07T71

CT-07T79

Closed Tanks, contd.

contd,

IMal vacuum gauge and mercury U-gauge.
The=o Mecorder well,
Vent cock.

Stean col1l in and out, This coil goes well down inte
the bottom dish of the receiver,

Vacuurm line to the top of coks serubber CT-0753 and
.01396I

Bottos outlet to pump P-05B4 for delivery to the
Spariler press and to Blacimsr pumps, F-0565, -01037,
for delivery to thes blending tank, CT-077S,

Risctric strip haatars to drawing C-847, formerly used on
thess vesdels have been abandcned, 80 no ¢OPYy of the
drawing has besn requestad for MCL. Material 1268
requires M. P. ateam in the coll to keep 1t aolten,

There is only ons receiver for each vaouum still in the
crude roor,no fractionation being attempted,

There 1 Do gauge gless or level indicator, only & gauging
nole.® A receivar will held a full bateh from the still.

#1 blending tank made by Graver. Dwg. B-B62,

¥elded stes) tank 7' dis, x 7' high dished hesds §",
shell 3/B".: All inside purfaces and nozxles spraysd
.005 gine then .003 tin. 2" xRy pipe coll and supports.
Yoke and drive supports. Cast bronze turbine stirrer and
bronze shaft, Test tank 60F and coil JO00F,

hydrostatic Pressure.

Order BTT0T on 4/17/36, Meq. 65227, Ong. out $595.00, -
On 2nd floor level, 12' lsvel, Bldg. CR. Same a3 CT-O7TH0

*But see page 21, secticn VI,
0119222
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MOTICTED IATEIAL  RORMANTC IFITRANCE COVEAMAOR LITlaaTiON

II - 29
Eguipment

XII. RQUIPYENY LIST, eontd. €T-0779-0780 .

Closed Tanks, contd,

oT-07T78 eontd.
See also CT-01395, #2 Blender and CT-0780, Piltrate
Recelver.,

Drawings B-B62 and E-6838 sre essentially the saxe,
Drawings A-4%G and A-BB53 of the bearing have besen requested.
Drawings D-2076, 2077, show the agitater rotor and stator.

Anniston, Decexber 15, 1545, state that their blenders are
of steel, 3rrayed with 2inc than with tin and thet the
agitator in one case is of Tobin bronze (stated to be 6OE
Cu. 39.258 Zn, 0.7% Sn), and in the other oade 15 of Bteel,
sprayed with zinc then with tin,

The sprayed agitator is said to be satisfactory. Plant "B°,
January &, 1950, state 0.005" In then 0.003" 8n for the
tanks, and their agitators are of bronte of uninown ocmpo-
sition, probatly "ordinary comaarcial bronze”. Anniston
ang Plant "B” agree in distrusting plain steal for these
vedbels. Anniston suggest Alumsnium,

]

CT-0780 F1 filtrate recelver tank. Dwg. 3-862, Mads by Oravar,
Velded ptesl tank 7' dia, X 7' high, dished hasds §°,
shell /8%, 3ame a3 CT-0779.

Materials 1260 and 1254 can be run from the receivers
CT-O780 and 01800 to bulk store tanks. Other materials are
£i1lled off into drums.

To save t.:u, moat of the control tests are done on sargled
takan before filtration.

Materinl 1268 needs H.P. steam to kesp 1t fluld,

The filtrate receivers are like the blenders CT-0779 and
01399 except that the filtrate receivers heve no agitstors.

0135223
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. Bquipment raz
1. EGUTPMENT LIST, contd, cT-0705 - . @
0808 18
Closed Tarks, contd. Nnae
- "
CT=-0785 Middle acid tank scuth of CR on foundstion. Made by a5
Goodrich, Dwg. C-823. “Vulcalok” lines - stesl tk. g3
7'0" I x B'6", shell 5/16", dished head 5/16", bottom g
T/16%, 4" putlet for safety plyg on bottam. 18" manhole 5;5
and cover, 5 - 5" flgd. outlets in head, /16" Triflex
dining, rubber covered float and card for mesasuring device. .-
Head with 6 « 14" couplings for railings. I
Order BPSSE3 on 5/16/36, Meg, 65966, Chg. out $945 65,
Scuth of CA on foundation., 3ame as O7B4 and 0785, 8
CT-0786 VWest acid tank, same as CT=-078M and O75s. -
CT-0BOE  Storage tank and chlorinator with stirrer and gas burmer. 52
(Cas fired ehlorimater). Made by Xilpatrick and Sons My. W
Co. Dwg. .AD2%, Cast Iron, 6' ID x 4'11" deep inside,
wall 2" thick, bottom 3" thick and dished i D", D" outlat .
at lowver Tim. Marked 5-05G, weignt 12,675, Machining -
outside of tep flange but without holes and machining |
outlet in rim including drilling and wapping holes. Cost ;
of machine work $36.00. Order BBl162 on 4/24/36, Req. 65358, P —
Coat $517.65., On 12' leval 5w corner Bldg. CR. Draming ) - -t
CEMO gas heatar on sxit-line, ) :
Subsidiary drewings: [ |
Pr. relief docr on 6/0" CI storetank B-613
Clamp for electric strip heater B-654 U
Vent for C1 tank p-6BE -
Snsar pin unit -- for drive on agitater C-605
Brick setting 7867 "~
Drive for stirrer 2-888 -
8:3* x 10'11" steel shell for tank - B-88)
Vent stack for still hestar »-689
$:111 hester x-B86

This gas-haated chlorinator i3 also ealled B-0455, The
chlorine enters the gas-fired chlorinster through a per- f
forated pipe ring, and thers is & separste inlat pipe I

0139224
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PROTECTED MOTELIAL: NOEJANTO INBURANCE COVIRAOR LITIGATION

a1 - N
. Bgulpment
) . List
X1,  BCUIPMENT LIST, contd, €T-0808

Closed Tanks, contd, -

cT1-0808,

contd,
with a sizple open end for use when the perforated pipe
becomes choked.

The cover carries a wide neck through which material
recovered from the monel cateh vessel CT-01258 can be
returned by maans of a wide stes) funnel., There i»
ancother neck, wide entugh to admit a pampling bottle -
alse used as & gauging hele. Inlet from #1 chlorinater
CT-012E3 by 'a gas-heated gravity line or via pump P=0907
through lines with H. P. staam tracing.

9" monel guct, with cleaning flanges, rises at 45° from
the chlorinater cover, then descends at ¥5* to the monel
g5 chamber CT-01258. Prom thw monel chaxber onwsrds
the Cucting to the scrubber 15 of steel with cleaning
flanges.

Carprepsed air connection into the chlorine inlat for
clearing (not very successful),

Agitator with water cocled stuffing box., Tharmo recorder
well, Bottem cutlet with gas flame hamting, to the
retort vesselp M-026 and R-027 in an adjeining lean—<:
building.

See Drawing 2-867 for the furnace setting,

2-881 for the steel casing of the setiing

2-888 for the drive

¢-605 for srear pir for drive

B-612 for pressure relief door on furnace

2-888 for vent stack, '

P=324 which shows a shallower vessel; the
crlorinator pot ds similar but ip 4'11"
deep.

The final chlerination te high chlorine content i3 mere

easily dore in this separate chlolinktor because higher
temperstures are neecded to keep the charlge molten,
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FAOTICTED JOTERIALI NCEBANTO INSURANCE COVIAMOER LITIGATION

oi1- d2
. Equipmsnt
. Iist
Xl. EQUIPMENT LIST, contd, cT-0808 -
obs2

Cloped Tanks, contd,

rT-0B08

CT-0E32

CT-0E33

CT-0B48

CT-0852

eoﬂtd.

Drawings B-5BU strip haster -
B-CBE clamp for strip heater
B-685 vent stack for furnace

have not besn requedted ad they are not of Iinterest,
Strip heaters are not now used.

Water condenser made by Heine Boiler Company., Dwg,
B4E3 (Pilant A), used ap temperature control for Arotlor
condenser CT-07T70. 12 tubes, 1” GD ~ 10 GA sesamless
steel tubing 10'-04™ leng, 10'0" oversll length of 67
std. pipe shell single paap, Order BOT?D on 5/11/26,
Req. €9576, Price $98.00,

Used on #1 wvacuum ptill,

Safety valve on shell,

Chlorinator puchased frox leader Iron Works, Size 3' dia,
X 16' made up complete including coils, inner shell, and
grating. Dwg. 5-880 and B-659. Ordsr B-2812 en 2/5/37,
Req. 75475 on 1/26/37, ehg. out $790.00 on 3/31/37.

East chlorinator. #3 chiorinator, 8See CT-0784,

TCH stg. Tank., Made by Oraver.

Tank dwg., B M3

Ccil CMA12 for stean

Oenerel BADES

Tank B' ID x 25'6" long welded. 3/B" ahell,

1/16* dished reads, 13-26" and 2-24" dia. mahhole
opanings on top.

2-1" xRy, V. 8. pipe coll, T1' approx.

Order B3634 on 2/17/37, Req. 76931 on 2/12,

Price $920.00 West of CA undergreund. Fyrancl Plant,

Raymcnd 2 stage cyclone dust collector sent to B by
Anniston Plant. Rach cyclone approx. 20° dia. - 21" »tr,
section 32" depth of cone, steel construction, used with
B=0105, 1In lesn-to of duilding CR. Mo dreswing.

0135226
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MOTICTED MATERIAL: BOESANTC INSTAANCE COVERAUE LITIGAT/ON

1 -3
. Bquipment
. List
3. IPYENT LIST, contd. €T-0968
L1. BCTIPYENT LIST, ¢ 01164

Closed Tanks, contd,

CT-0568

cT-01C1)

CT-01014

€7-01162

£T-01163

€T-01164

Scrubber liquer pump tank purchased from Nooter. -
Dwg. C-4616. Steel vertical jacketed, size 4'6" ID x
516™ long with Jecket.

Order BI5673 on B/2/37. Req. 81458 on B/2/37.

Price §575.00,

#1A scrubber liguor puEp tank made by leader. Dwg.
C-4616. Size #'6" ID x 5'6" vertical, steel, flange
quality, all welded. Jacketed.

Order B &164 on 4/25/38, Req. B702% on 3/5/38.
Price $5B82.00 On 38' level SE corner CA.

Serubber tanik mads by Beintz. Dwg. C-a8M5,

Steel 12" dia, std. wrought steel pipe 10'10" high,

4" dished end and other end fitted with 3/4" faced

and drilled fig. with 5/8" cover plate. Steel plate,
and distributer. Use 5 cu. ft. 1" CI Raschig rings pKkg.,
Order BE3933 on 3/0/3B, Req. BE521 on /03B, Price
$135.00. On tep of CT-01013, #1A scrubber.

Scrubber tank made by Heintz. Dwg. CS74D,

Velded pteel scrubber, oize 12" ID x 5°'.

Order B19519 on 9/27/39, RMag. 1577 on §/19

Price $102.00, Vent 1ine to CT-0848, (*)

-

Catch Tank 55 gal. stesl drum,
Por CT-0762. Pate to CT-01164, Chg. out
$11.80. 13/21/%9. (*)

(®) Both CT-01162 and CT-0116> are on vents of CT-01321
* M 02621. WI Hlnt. T
Catch Tank. 3Sase s CT-01162.

Por €T-01162, Pyrancl Plant
0l35227
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PROTECTED MATERIAL: MNONBANTO IBSTRANCE COVERLDR LITicatTioN

——

. Ol - 3%
K Equipment
list
CT-01258 -
1. EQUIFPMENT LIST, contd.. 03279
Closed Tanks, oentd.
CT-01258 Monel gas chamber made by Nooter. Dwg, C-5825. )
A' d1a, X &' high constructed of Wonal, Ordar BT7E25
on A/3/%0, Req. BOEl en 3/27,40, Req. 8061 on 3/27/M0.
. Chg. cut $B67.00. On gas exit from fire heated chlorinator.
Thie mcnel vessel i1 at the lowest point of the gas exit
line frok the gas-heated chlorinater. $0lid Arocler which
collects in it 1p removed by hand and returned to the
chlorinater with & sudseguant batch.
€T-03259 Cyclene Tank made by Heints. Dwg. BSB23,
2'6" d1a., x 6'7" high constructed of 3/16" stesl plate.
Order B7345 on 4/27/40, Req. BO62 on 3/27/80. Price
$92.00., Hang from rocf of Bldg. on 38' level.
OT-01289,01279, 01280, 01281, 01282, cyclones on chlorin-
ator off-gas, follow the scrubbing towers CT-0759 ete.
Drain through S. G's to the return sei] pipes betwesn
towers and circulation tanks., Off-gas to the main leading
to the BCl absorption systexs.
Sse draving B-2821 (This draw:ing not yet found April 5,
1947}, Ses drswing 2-660,
CT-012€3 Monel condenser made by Nooter. Dwg. C-61is,
42* ¢1a. x 63" high cone bottom condenser constructed
of 3/16 monel metal welded construction throughout. *
Order B-836A on 4/5/80, Req. 8198 on 4/1/40.
Price $928.00
This vessel 18 Objolete.
€T-N127% Cyclone separator made bty Noocter Dwg. 5821, 2°' dia. =z

6'7T" high cyclons separator msde of stesl and welded
throughout. Order B13177 on 6/12/40.

Reg. 10232 on 6/5/40. Cng. out $66.25,

Por use at CT-0968,

0138228
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PROTECTED MATRRIALI BONSANTC INSTAANCE COVEALSE LITIQATION

X1 .3
. Equipment
. N List
€T-01280 -
X1, EQUIPMENT LIST, centd. 01321

- - —

Closed Tanks, canitd,

cT-01280

€7-01281

C¢T-01282

cT-01283

¢T-01310

cT-01321

Cyclone separator made by Neoter. Dwg. B-5821,
2' dia, x €'7" high cyclone separator made of stesel -
and welded throughout. Order B1M77 on 6/12/40. Req.

10232 on 6/5/40. Price #66.25/ At CT-0762 east scrubber.

Cyclone separater. Same as C7T-01279 and 1282, at
CT=C759. 2nd from T scrubber,

Cyclote separator. Same as CT-01279 - 1280 . 1281,
Used st CT-0760. 3rd from I scrubber.

Chlorinator made by lLeader Iron Works, Inc. Dwg., BE205,
3 x 16* steel vertical chlor. welded const. Order
B-14119 on €/21/80, Req. JOMOE on £/11/80, Price $720.00
Rast of CT-0823.

#% chlorinator. See CT-0T44,

#5 Arvclor 1260 Storage Tank made by leader Iron Vorka,
Dwg. C=609. Horizontal 10' QD x 26' leng on str. shell,
incid, coils, etc. Omitted 2 - 3" nozzles changed 18"
noz. to 24" and added covers for 24" nox, Tanks, coils,
¢oll supports, insids of noz. and manholes and manholes
and noz. and inside covers must be sprayed with rinc
0.005" thick followsd by & sprayed ocat of 0.003" tin.
Order B13240 on €/11/80, Req. 10432 on 6/11/80

Price $2200.00, Underground § of CT-OB48, Pump P-0529,

Pyranocl Rixing Tank made by Neooter.
Drawing DEASS,

34° 0D x 10' high stesl tank with 3/B" shell,
1/2% std. knuckle radius heads, entire interior
sprayed with min. thickness of ,015" tin.
T 2" Quadruplex turbo mixer complete including
Turdo adaptor assently -+ off get from centre,

(1) Order B20976 on 9/27/30, Cng. out $2920.00
(2) order B21762 en 10/8/81, Reg. 13564, Cost §740.00

0139229
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OTETED KATERIALI  NCYAANTC INATRANCE COVERAOR LITIOATION
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I - 3%
. . Equipaent
list
Ol. EQUIPVENT LIST, contd. cT-01321
01397

Closed Tanks, contd,

tT-01321

€T=-01277

CT-01378

€T-01356

CT-01297

contd . -

Driven by MSC-01288, Moter MO1718,

14" steam coil, 45 turms, 18" diameter,through the cover.
9600 Irmp, gallons., Outdoors. XEverdur or galvanired
piping. Bronze valves,

Bottom outlet to Taber pump P-01540 delivaring to filter
press P-0159. Capped inlet &n cover for Attarulgus Earth.
Manlid. Steam coil. Dial therme. Vent to soda-lime
vent box, Hest insulstion (gons).

St11) receiver tank made by Nooter. Dwg. C-795, B.TOB2,
1ike CT=0771. PA #1485, 5'6" x 5'6" Nonel metal
rceiver, conplete with cover, coil, ete. Olass wool
insulstion 2" and " finished coat,

Order BA13T on 6/27/81, Req. 18315 en 2/17/41.,

Price $3295.00, NE corner of 12' level platforz in
Blag. CR. Is used on #2 atild 8-062,

Condenser tank made bty Nocter. Dwg. BES1.

12" I z %' long Monel metal,

Order BE13T on 10/20/81. Req. 18315 en 2/17/kl.
Price $650.00 W of CT-01A13 on 20'6° level platform,
Bldg., CR. Like CT-0770. Ussd on #2 still.

Vacvur scrubber purchased from Combustion Engineering Co.
Drawing C-807. 3* ID x 10' high, steel construction
including grating and screen.

Order BEMO on 4/8/8), Req. 19589 on &/A/A)

Price $260.00. N one on 29° platform.

Like £T-0753. On #2 still, coke ecrubber.

Water heat exchanger made by leader lron Vorks.
Dwg. B-483. 6" dia. x 10’ leng, 12 tube.

Order BE32L on 8/4/8), Req. 19993, Price $115.00
North of CI-0€31. On #2 still. Spare.

0139230
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. Equipment
. List
III. PRGQUIPMENT LIST, contd. CT-013%8 -
01452

Closed Tanks, contd.
CT-01398 Cooler tank made by Leader. Dwg. BEAA.
2'6" ID x 3' nigh steel cocler tank complete with ccil,
Order BE32& on &/4/4), Req. 19993. Price $152.00
Scuth one on 29' platform
Used on F2 etill. Vented,
6839 and
CT-01399 #2 blending tank made by Nooter, Dwg./D-10290, genersl
arrangement, 7' ID x 7' high, complete with coll,
agitstor, and drive support, zinc and tin lined, seams
to be chipped and ground asocth.
Order BE325 on 4,/4/4), Req. 19990 on 4/8/M)
Cng. out $950.00. DPriven by N-021T70. Niddle one of
2, north end of 12' level platfomm.
Vertical bearing for agitetor shaftr, A-6853,
Compare CT-0779.
Newport experience shows the nesd for adesquate hutim
and agstation in blending higher Arcclors.

CT-01800 F2 filtrate Teceiver,made by Neoter.
7' ID x T* high incl. coil and supperting legs.
Inaide of tank zine sprayed, all seams chipped and
ground, 1" glasy wool insulstions 24" fin, cost.
Order BE32D on &/M/5), Req. 19992, Price $925.00
Westone of 3 north end of 12' level pPletforms, CR.
Mo 6-6363. “. H-DTBO-

CT-01413 Separstor tank made by Heintz Steel. Used on #2 still.
Dwg. C595T. 3' 1D x 6' high tangential eeparestor with
integral vepor pipe complete.

Order B10722 on 5/9/%1, Req, 20429 on 5/1/41,
thg. out $382.50. Morth one oo 26° level platforms
Rldg. CA.

CT-01432 5Sth chlorinater. See CT-OT44, Neooter. Drswing E62095.

CT-01491 Heat exchanger tank made by lLeader Iron. Dwg. B4ED,
CABI #217. 6" dia. x i0' long, 81l steel, 12 tubes
Order B21A79 on G/15/%1, Req. 24894 on 9/25/41.
Chg. cut $140.00. Used on #2 vacuun 8til) systenm,

0139231
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funnel fitted to an opening {with screw cap) Ain the top of
the tank.
0139232
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€T-02086 I
1. RCUIPMINT LIST, contd. 02621 gga
Closed Tanks, contd. 3 réda
-n
CT-02086 Alr blowing tank. Like CT-0750. :g
CT-0280% Tris store tank has been set up outdoors to hold the £
tri=tetra-chlore beniene mixture, which 18 bougit in 3 z
rail cars and unloaded by pump P-011ll, The tank i
8 vertical cylindrical veassel 13'0" ID, 200" high on -
straight side with dome top and bottom. I
Total capacity 20,000 U.S. gallons. It has a bottce c
cutlet, with & strainer box, to puxp P=02077 delivering o
to either of the Pyrancl blending tanks. The tank has
& Varec depth indicator with stainliess steel exposed anh
PArts, & vent pipe, & dip pPipe for air dlowing, an (&)
internal stear coil, and external heat insulation, (3]
- - [ Bl |
NOUTE: Mr. Barbre, 15%7, ssid that a hatch tank to hold :
filtered Myruncls, pending fi:nal appreval, would i
be 3 convenience, »'--_'
v -
CT-02621 An additional blender, CT-02621 has been installed out- o
deors for malcing Pyrancls. It 15 & vertical cyclindrieal ’ -
steel tank 10'G" ID 23'0" high with flat top and bottem, I
Total capacity 14,800 U.S. gallons. The bDottom Slopes .
2" to the bottom cutlet, which lsads through & strainer *
box to & Taber pusmp PF-02179, delivering tc the filter r—-
press, F-0172. -l
The tank has 3 74 H.P. Lightnin mixer ins:alled hori- .-'
zontally low dowr through the straight slde, the exposed -.'
parts of the mixer being metallized with 0.015" of :
sluripniuz, The vessel 2180 has 8 Varec depth gauge with )
stainless stee)l float etc, a vent pipe to & 8o0da lize vent
box, an internal steam coil with T.1.C.,iten I-01854,pet at
50°C. (tin-sprayed thermc well), and external hest insu-
lation. There 1s also 8 dip pipe through which dry air E
froe the lectrodryer PC-045 can be blownby 8 hose cone-
nection with Corty coupling to agitate and dry the contents
of the tank. Attapulgus earth 1s introduced through a e
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X13. EQUIPMINT LIST, ecntd.

! Kite: In MCC manuala the CT ane OT 1tems of equipment are
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D-012 B g o
X31. EQUIPMENT 1LIST, contd. B ) _.:
-
pryers g
>
D-012 Plaker, Devine, 48" dis. x 30" long, drum 5/8° thick, £3
rolled steel, machined and polished. Housing to be of , 1=
#16 ga, monel. i
Order B 7378 on 4/14/36, Req. 65124 on 4 /1036,
Price $1668.00 quet. 3/171/26. I
In lean-tc eon floer on found, of concrete, W)
Driven by W-0827 =~ 3 HP Wagner metor thru RSC-0€35, o
Jones Spesd Reducer. The pan 10 hested by gas flanmes,
S Y
Sketch showing drum side-knife, dip pan and essential (8]
dimensions on 48" diam. x 30" long steel drus, monel (0%
hood flaker -- drg. B-6T7%, chutes for finished praduct.
Irg. D-518B.
See dreving B-3T4. Oeneral arrangement, and C-827, ,““ )
weighing truck. |
Prysr for Attespulgus Earth. "!:_':l
1
In 1946 a vertical steel tank with interral steam coile )
wap installed st the Krummrich plant. It was still the ) ""I
only squipment for drying earth at the Xrummricsh plant L
in 1955, but reliance was pleced mairnly on supprlies :
drawn from Anniston. VWith the Iruxmrich piant dryer, the '-
earth was fed in through a hand-hele in the ccwver, and -—
withdrewn, a9 required, by means of a twin damper arrarge-
aent on the wide bottom outiet. -
I g

See hand sketch sent to MCL April 1647,

At Annieston the earth 19 screened, 20 pesn, then dried in

trays about 3" deep, FPlace in an electrically heazed

cupboard. Each tray containst a weighed amsumt, 8o that :
the correct charge of earth can be pul in%o the trsatment !

tank directly from the dryer. |

0139234
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XII. BCUIPKMENT LIST, contd. Dryers

Drysr fer Attaplugus Earth, contd,

In 1947 at the Irummrich plant the Attapulgus earth was
being dried in » vertical cylindrical steel vessel, with
cons bottam, and an intemal steas coll. The sarth wvae
£3d in through & hand hele in the eover and withirawn an
wanted through twin daxmpere in the bottom. BSee the sketch
sent to NCL with the drawings collected in 1947,

T™e cover of this dryer hag a vapour vent, but thare was
no positive movemsnt of 8ir through the vessel, and the
electrically heated ahelf dryer used st Anniston (sse page
5 of the report "lotes on the Anniston Arccler plant”
Havercroft and Mather, September 1647), would appear more
liksly to give thorough drying. The stean bheated dryer
was »till in uee ot the Krummrich plant Yarch 31, 1654,
T™he reference of Schwarting and others, November 12, 19%3,
page 10, to an slectrically hested dryer refsre to a still
sarlier unit which had been abandoned,

0139235
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1. BQUIPMENT LIST, contd. P-0106 - DIT2

Piiters

P-0106 Steel filter purchased from Nooter. Dwg. C-377%, -
‘ Size 12" dia. x 3'10-3/4" nigh. lag supports, glsss
wool packing. Order BPIS1l on 2/19/36. Mg, 67729 on
2/714/36, Price §56,00 quot, 2/5/36,

Pormerly used on chiorine gas, but used in 1946 to
filter out iren ste. Ampurities from the NC1 gas coming
from other depariments through & loag stesl line.

P-0113 Sperry 24" bronze filter press. Cover for electric
oven heater for press ~-- Drg. B-665. NReplaced by
Sparkier press P-0172,

Steel support and pan for Sperry filter B-7121,
3/4" pipe coil for filter catch pan -- A-T136,

p-C159 Oeneral Rlectric Pilter Press. Serial pE1B6968,
Typa FP30. Accessories included, 3 HP motor and 4
compartment Arying oven. JPorm O, Cap. 25/20 gal,
per ain. Rise 12", 20 champers. Neated and insulsted
steel cover®”with pullies, cabls, counter weight and
atrip hesters, Francl plant,

Order B13935 eon §/21/35. Meqg. 1991 on 2/20/39.
Chg. out $984.00 on 11/30/29.

r-0172 Sparider filter. Serial ABA, Nodel 18-412 81l bronze
conatruction wmth improved Scavenger plate, plates to
be Arranged 80 entire set can be removed. PStean tracing
insids the lagging, then s metal shield over all,

Stesl legs and floor flanges for bolting to floor.
Served by pump P-0554,

Order P103O2 on 4/2/41, Req. 20830 on 4/30/41,
Price $830.00 par guot. 3/19/41.

On ground floor center of Bldg. CA,

Installed for Arcclors, but later transferred to ure on
Pyrangls. Chain hoist, MSC-01455, provided for lifting
ocut the nest of plates,

s psc.02108, 0139236
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. ) List
XII.  BCUIPMDNT LIST, contd. F-0172 - 0239
Filters, contd,
P-OI"?. emtd.
SarTzles of filter paper for the Spariier press PF-0172,
which was then being used on Aroclore, bought under the
reference "#21-18 Pilter paper”, $2.75%5 per 100 sheets,
Sparkler Nfg, Co. Mundelein, were sent to leomdon, April
9., 1947,
F=-0172 wasp moved to the Pyrancl department and repleced
by a 33" Sparkler. See Operating Instructions E/10/54,
and Mr. Earden's notes of August 1950,
p-0238 Sparkler Pilter, 33D-12 cell type,304 Stainless neel,
with Jacket for 30 psig.
33* Sparkler press for Aroclers installed in place
of P-0172, F-0172 being used for Pyrancle.
P-0230 Sweetland, Size 10 KM, 54 lesves, 523 0q.1t, C.].
body, lined with thick nickel, Nickel valves and
cutlet line, with pusp P-01757. Out of use in 1985,
(Pyranol plant).
0125237
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XI1. EBQUIPMENT LIST, contd, Fo-043

FC-048 Gas hester for No. 1 still. Steel shell 3/16" x 3'9"
dia. x 4'10§" long, 1ined with insulating fire brick, ete.
1 coll 2" xHy pipe, 12 turne formed inte a 2' dia eoll
with spare blocks and legs. Drawing 3-885., Mg,
65859 on 5/14/36, Orcer PGEES on 5/29/36. Dsed to heat
material in S-043, pumped thru coil by P-0593,

Vent stack drawing D-685 (could not be found in 1946, )
Piping detaile, drawing C-81%, was sent to londeon April
28, 1947,

At plant P in 1946, there wers two natursl gas burners
aimed tangentially into the bottom of each furnace, and
thers wap some evidence of damage dus to overhsating of
the lowest part of the coil, The central "dummy” inside
the coll wap Bade 20 & 9011d cylinder of firedbrick and

- plastic refractory material bdullt up on & eircular plate
suspended on a central steel lifting bar. Haad reos and
& suspension hook are required over esch furnace, for
maintenance work.

The material from the still is pumped dowhwards through
the ooil in the furnace of the nev still, but upwards in
the old still. The main rsason for this is thet this
arrangement snables the coll of the deep still to be on
the same level as that of the shallow one,

At Anniston the material 1s purped upwards bscause
this puts the coldest Arccler in at the bottom where the
toll 13 most in danger of overhesting. This car have
little advantage, except towarcs the end of the run, when
the texparature spread between the inlet and the cutlet
is greater.

There 13 3 thermo-recorder poctkst in the inlet ¢f sach
coil, and shother in the ocutlet. There are vilves or. the
circulation lines, by which the €011 can be sucked empty.
Sse Section VI, page 18, These alsc help in lotating any
blockage in the circulation system.

0115238
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EQUIPMENT LIZT, eontd. -
contd.
contd,

Mr. MPuriey reported, December 5, 1951, that the ccils
1sst sbout 12 months, but may require cleaning every
3 or 4 months to remcve plugs.

At Newport the still coil is interchangesble with that
of the diphenyl department still.

A temperature differsnce recorder controller was instslled
on the hester colil at Newport, and s C0O; connection made
to the furnmace for smargency use.

At Arniston thers 13 & 12-point Micromax tamperature
recorder on the chlorination system, and ore for each
of the twe vacuum stills.

Klectrie, Ar Drying Purnace purchased from Lectrodryer
Corp. Serial 270, Size BWC-2%50, Sual-absorbver type, &0#
pressure. 480 volts, single phase, 60 cy. 4-8 hours
opsration, 300 amp. heater on each 3ide tharmostati-
cally controlled, at 270°F. See T-0104, Order B7403 on
/1036, Meq. 65119 on 41436,

Price $1,350.00 on 6/30/36. Nas blower with Motor M-D14B6
for scavenging. Serves the air-blowing tanks CT-O0750 and
CT-02086, and the melter CT-O7€3, in the lstter case at
Pressurs enough to blov the charge to the chlorinater.
Mnc.; the dew point of the air to betwesn - 10'PF, and

+ 10°P.

Lyles, Soffrasnke and Miller {PyTanol report March 2i, 1937,
page 60) state that the dry air should be checked twize &
month for i1ts molsture content, And that the alunina reeds
renewal about onice » Yyear,

Stesl Nester Purmace for Ne. 2 still. Drawing C-347§,
Brick lining, ccil, burners and stack, S. ¥V, corner of
the 20'6" level plstform, Bldg. CR.

Oenerally like PC-045,

Drawing C-3479 (missing April 1946},

01392
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EXECUTIVE SUMMARY

The present study on the potential health effects i1n
human populations from exposure to commercial polychlorinates
biphenyl (PCB) mixtures under occupational or other environmental
conditions was conducted Dy a team of specialists in the medical,
toxicological, and epidemiologicsl sciences designated as the
Cstegocry [ team. Drafe material for the study report was reviewed
by a second group of spacialists designated as the Category 1I1
team, and other scientists, leading to comments and suggestions
for 1mprovement which were 1ncdtpo=n:.d ineo the draft repore.
The avallable body of scientific literature on health effects
of pCBs in humans and in test anjinal systems was reviewed and
analyzed with emphasis on the relationships linking sxzposurs,
dosage to the biological target, and occurrsnce of specifiec
health effects in the animal or human. B8oth the toxicological
and espidemiological data from acute and chronic animal and human
e1pogures were considered in genersting assessaents of the prob-
abilicy of occurrence of any specific healch effect in humans.
Ths results of these assessaents are summarized balow, ssparatsly
itemized under each major health effect. It should be noted
that sach assessasnt appliss to the potential for development of
that effect under the type and level of human exposurss actually
encountsred in the U.S. during the past decades, with the moat
intensive integrated exposures having oceurred in manufacturing

operstions that were terminated in this country in 1977,

MONS 221922
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. List
1. ECUIPFENT LIST, contd, 1-016 - OMM)
instruments
1.016 Taylor Temperature Controller. Drawing DANT,

Size 1, FI6JR323. Direct acting, selfl acting, with -
std. doutle sested valve incl, stsam strainer, Range
110°P. to 170°F., 8et 122°, 25' tuding 2/A° union hud
connection placed 7' from buldb end,

Order E3a43 on 3/10/37, Req. 75979 o 2/15/77.

chg. out 3/31/31, $76.57.

on CT-0B848, Pyranol blender.

1-0108 Rotameter Instrument purchased from Reonomy EQuipment
Co. Seria) #10166. Por scrubber MTW-01B2, No. 6,
Pig. 25 bronze with stainless stesl float calibrated for
max, cap. of 300 gph water.
Order 219959 on 11/10/37, Reg. EDOTS. Price $66.70

I1-0204 Poxbore., DPF cell. Stainless Steel body,
Ni diaphragm.

I-02%% TIC, L & N,
2 point Micromax. Range changed to 0-600°C, Used to replsce
Hsc-ﬁa.
1-0382 Palmer Bupercar Inal Therncmeter, 8" cone Mercury
actusted. Range 0-150"C,, 25' stainless steel connecting
tubing with ad). clamp, £1g. to be located 9' froe en?
of bulb.
Order B18385 on 8/23/40, Reg. 12533 on 8/23/%0,
on 1269 stg, tk. CT-01310, Price $56.50

I-0398 Falton Sulphon Tespersturs reguistor #5931 with 6A buld
and 20' of capillary - Rronze body stainless steel trim,
to De used on stean 3% 55¢ pressure. RMange No. TEK-150P,
to 250°PF. Size 1, press N, G. on CT-OT48 dsphenyl stg.
tk, Order B23310 on 10/28/40, Req. 14583 on 10/28/080.
Price $69.05

1-0ka) L & N 6 point temperature recorder. Serial #385329,
#FA0352M, Model S, micromax strip chart temperature
recorder. Type DC potrenticmeter - multi point eurve
printing, record rusdered and color dot for sach

oly9240
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X1. PCUIMMDIT LIST, contd.

Irstruments, contd.

1-0441

laCmk)

1.0577

1-0E35

1.01218

_ b g
o

"

4

]

1 - a7 =

ot Equipment ;
List §

I-0843-01128 - ?

x

bl

contd,

thermocouple. Time cycle « 30 see, norsal fer esch poirt.
Order B13260 on 6/18/41, Req. 21072 on £/17/M1.

Price $395.00,

In second floor control room, Bldg. CR.

ALTIVRO IHL 01 300 St 11 "3211084 SINL
NYML MVIT) SRIT St ADVNT W14 3Nl 3t

Wstt hour meter instrudent purchased from Osneral Electric. I
Serisl 21-220-T43, #85 x $05. Type V3A, 220 to 5 CT use.
Order B 9118 on 4/15/41. c
Req. 20313 on 4/14/51. Chg. out $51.40 on 6/30/41. 0
In cabinet outside I wull Rlég. CA. -
Palmer Dial Thermometer. CABI #217, Range 0-150°C. (344
in Pyranol Mixing Tank CT-01321. 15 ft. stainless steel ‘J)
special armor flexible tubing plain bulb. Order B20¥38
on 12/71/81, Req. 24425 on 9/9/M1. .
Chg. out $49.5% on 12/27/A1. -
Balley Integrating and Aecording Plov Steam Plcwmetsr, l
Serial #13996R. Order B1158Y on 9/25/45, Req. 67905 on ' -'
5/11/55, Price $348.00 -
In control rook E wall. PFor stesem from the 200 1b. main. !
Supplies the esJectors, ths high pressurs colls in the ;o
air-blowing tanks, and melter. See MSC-0682 fer the low ...' [
Pressurs stsam metsr. i
Taylor Pullscope recording contrcller on the No. 1 still L™
VACUUR SYStAR.
Chlorine flow recorder controller on No. 5 chlorinator,
-_—
Ses alsc MSC-0563, page 62. N
0568, page 61.
0675, page 61. .
0682, page 3. .
o705, page 63.
Poxboro steam flow eontreller, 0 - 2000 1bs. per howr.,
[
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I-01587 - 00N

XI1. EQUIPMENT LIST, contd.

Instruments, contd.

1-01547

1-01894

1-01941

1-02019
1-02045

Taylor PR, 2 pen, with alarzs and shut off walve,
Chlorins lines. O = 100 psig.

Teylor Pulscope T1 C. 0-150°C. workang st 50°C.
Tnesprayed thermo well. On blender CT-02621,
Controls Pieher diaphrage valve on steam to coll
in CT-02621.

MTanc) blender,

Poxtoro. D.P. cell for chlorine liquid in store
Taylor Pulscope LRC.

Worthington meter, gallons, well water.

See 2130 NSC - D663
0668
0675
0682
o705
o770
01353

0139242
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I . . Equipment
. ) List
1~031
Xl. EQUIPMENT LIST, contd,
Elevators

L-031 Bucket glevater from General Conveyor & Rfg. Co.

- Drawing X-870. 1lg. to be 22'4-11/16" OA ¢ to c take
up shafts and 20'6" casing and head section 3/16" and
boot 1/4", 6" belting, 4 pPly R covered pinched
10-7/32" for buckets of 44" x 3" chroms steel,

Oorder Bl1O455 on 5/15/3€, Req. TO140 en 5/25/26.
! Price $451.20. Driven by NM-0834,
Drive drawing B-661. 8c1id Aroclors (diszantled 1952).

See also Vi, 45, 46 conveyors from flaker D-012 te
slevator L-032, and chain hoist NSC-01495 over the
Spariler filter 3-0172, and electric holst NSC-0855 for
solid Aroclors.

A chaln hoist i3 used also to 1ift bags ©f lime to the
still operuting platform.

o e S0 . i
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' . List
XI1. ECUIPMENT LIST, contd. M-0790 - OB34

Moters

Note: The motors are changed to Other duties from tine to
time, but the following detalls will sarve to indicate the
types of motors ussd,

1-0750 wastinghouse Motor 3 HP-1750 RPM. Serial 7825, Type (S,
8¢, cage induction motor, horiz., frame W225, 220/440 V.
3 ph., 60 cy., 8/% amp., £5°C. temp., rise, style BO1OEHY,
class 1, total snclosed, ball bearing, Rec'd. 8/20/35.
(#6058.5077) $78.96. On pump P-0D46, )

»-0B27 Notor 3 HP 1200 FPM from VWagnar Electric Co. Serial
#1718199, horizontal induction motor, totally enclosed,
fan cocled, ball bearing, 3 ph, €0 cy, 220/440 volts, B.2/4.)
amp., type CPI, frame 254, model Wi25198. Order BELEM
on 4/23/36, Req. 69376 on 4/23/36. Chg. out $94,16
A180 drives V-04€ thru second chaln en 1ink belt; drives
D-012 flaker thru NSC-O£39 speed Teducer And chain.

n-0E830 Motor 2 HP 1800 purchased frox Genersl Electric. Serial
HX-1407, Borizontal induction, totally enclosed, fan cooled
ball bearing, freame 225, ZHP 1740 NPM, 220/440 volts,
£.61/2.8) amp., type K, 3 ph., 60 cy., model SK.-225-A715,
Order BB1SS on 4/23/36, Req. 6S3TT on /2326, :
chg. out $73.84k on 6/30/36. Drives P-0565,

N-0832 Notor 3 HP 1200 RPM purchased from VWagner Electric.
Serial 171455k, Norizontal induction, totally enclosed,
fan oooled, ball bearing, 220/4%0 volts, frame 254, 3 ph.,
60 cy., type CPI, model Wh2J198, B.2/4.1 amp.

Order BEITE on 4/23/36, Aeq. 69378 on 4/23/36,
Chg. out $54.16 on 6/30/36. On blowsr B-0GA,

n-0834 Osared head motor 2 HP 1200 APM purchased from Master
Electric Co. Serisl HE-575, air Jacketed, totally enclosed,
fan cooled, 1140 to 220 RPM single reduction parallel
geared nesd, 220/440 volts, 3 ph., frame 254, type PA,
style 47476, 55° cont, rating, 6.2/2.) amp. Drives L-031,
Order BE1S6 on 4/24 736, Req. 65373,

Chg. ocut $1039.14,

0l3s244
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t List

! n-0835 . DBAB

X11. EGQUIPMENT LIST, contd.

Motors, contd,

M-0B25  Reeves vertical motodrive id NP 1800 RMM purchased frem
Bates Co. Motor serial 19146681, motodrive unit serial
Kb-llbﬁ. Size “253'5'18: model V 3“:223' hh. 60 €Y+
1.0 azp,, frame 224, & to 1 spesd variation and 50 to 1
geaT reduction, hand chain control and chain in place of
standard hand wheel,

Order B 7376 on 4/14/36, Reg. 65123,
Charged out $300.96. Drives v-O8,

M-0835 Reeves vertical motodrive, same as . M-OB35. Drives V.05,

N-0841 Oeared head vertical mounted motor § BP purchased from
Master Electric Co. Serial KE-GBB. 22C, M0 volts, 3 ph.,
60 ¢y., totally enclosed, fan cooled, ball bearing, type
- Pi, frame 11230 # 254 DP - 1725 to 80,2 RMM
Style 47478 - cont, 55°%C.
Order B B155 on 4/24/36, Req. 65375 on 4/23/26.
1 Cng. out $211.84 on 6/30.
4 Drives stirrer in blending tank CT-0779.

M.OB4E  Vertical mounted induction motor. 1 KP 1B00 purchased
froe General Electric. Serial EP-2773., Totally enclosed
fan cooled, ball bearing, thrust type with ring base and
drip cover, 3 pn., 60 ey., 220/440 volts, 1720 RPM,
Model S5X208A3550, Prame 204Y.

Order B B175 on 4/23/36, Req. 69371.
Chg. out $55.M4, Drives P-0573,

: N-0B4T  Vertical mounted induction moter 1 Hp 1800 purchased from
] General Flectric Co. Serisl EP-2779. Totally enclosed,
fan coocled, ball btearing, etc. same as M.OB46,

Drives r-0609,

N-0858 Vertical mounted induction motor 1 BP 1800 purchased from
Oenersl Electric Co. Serial EP-2777. Totally enclosed,
fan cooled, ball besring, thrust type with ring base and
arip cover, 3 ph., 60 ey. £20/440 volrs, 1720 RAPM, model
520441250, frame 204Y.

Order B8175 on 4/23/36, Req. 69371. Chg. out $55.44
Drives P-0DET4,

0139245
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Equipsent
- * List
n-0845 - 0BT

XI1. EQUIPMENT LIST, contd.,

Mctors, contd,

¥-0849

¥-0850

M-0B51
M-0853

M-085%
n-0856

»-0871

wsgner horiz. induction motor 5 EP 1800 Serisl #1714362,
totslly enclosed, fan cocled, ball besring, type CPI,
fraxe 254, podel W-30J16%5, 3 ph., 60 cy., 220/440 volts
1750 RPM, 12.6/6.3 amp.

Order B-B177, Req. 65372, cng. out $97.08 6/30/26
Drives P-057E. On purp P-05TE, on No. 2 ehlorinator.

Borizental induction Wagner motor 5 HP 1800 Serisl 1716376,
Same e M-0845 and 0851. Drives P-0573., On pump P-057%
on #3 chlerimator.

Motor same as M-DB4G and OBSO, Serial 1718377,

Vertical mounted induction motor 3 KP 1800 G. E. Makers.
Serial PP-1104, Totslly enclosed, fan cocled, bsll
besring, thrust type with ring base and drip cover, 3 ph.,
60 cy., 2207430 volts, 1730 RFY, model 5K225A2420,
B.5%/8.27 axp,,frame 225Y, type K.

Order B B174 on 4/23/36, Meg. 65367,

Chg. cut $95.92, Drivea P-0563

Motor Serial FP-35956 same 33 M-O852 and 3, on CT-O768.

Vertical mounted induction motor 3 HP 1800, Made by

G. E. Serial FP-2457, Thrust type and drip cover, ring
base, class 1, group 4, underwriters #54874727. Explosion
procf, ball besring, 1720 RMM, 3 ph., 60 cy., model
522542446, 2207440 volts, B,42/4.21 amp., frame 225Y,
trpe X

Order BB172 on 6/26/36, Rey. 69368 on 4/23/36.

Chg. out $115.58 on 7/13/36. Drives P-0585,

Vertical induction motor 5 HP - 1750 RMM from G. E.
Serisl PFP-2177. Totally enclosed, fan cocled, ball
bearing, thrust type with ring base and drip cover,
220/840 volts, 13.6/6.95 amp., frame 254 ¥, type K,
60 cy., 3 ph., model 5K254E1930,

Order BE173 on 4/23/36, Reg. 69369. Chg. out $124.21
on 7/31/36. 5till pump drive, drives P-0593,

0139246
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. Bquipment

’ List N
1. BQUIPMENT LIST, contd. ®-0873 - 091

Motors, eontd, -

n-0873 Vertical mounted induction motor S HP - 1750 RPM,
Purchased froe 0. E. Serisl) FP-2107., 220/480 volt,
60 cy., 3 ph., totally enclosed, fan cooled, ball
besring, thrust typs with ring base and arip cover.
Model S5K254B1530, 13.6/6.95 amp,, frums 254Y, type X,
Order BB176 on 4/23/36, Req. 65370,
Chg. out $124.21 on 7/31/36. Drives P=0592 in tank
thideo

K-0B7E Norizontal inducticn motor 1 WP 1200 made by 6. E.
Serial DF-5227, Totally snclosed, fan cocled, 60 cy.,
1130 KM, model SK204A1036, 220/480 v., 3/85/1.73 anmp.,
frams 204, type X, 3 phase.
Order RIJIEB on 7/2/36, Req. 71152, chg. out 7/21,
Drives P-0595,

K-088% Vertical mounted induction Boter 1 HP 1800 purchased
from Continental Egquipment Co. Berial 50498, Totally
enclosed, fan cooled, ball bearing, thrust type with
ring base and drip cover, 2.9 amp, 3 ph., 60 ey.,
220/440 v., 1750 APM, type RCU20,

Crdersd for apare, Drives P-0504, Price $43.00,
Orcer »-13196, Reg. T114T en 7/1/36.

K-090% Motor 3 HP - 1200 purchased frow Continental Electrie
Co. Berial 51708, Totally enclosed, fan cocoled, normal
starting current, squirrel cage induction moter, 2 ph.,
60 cy., 220/%40 volts, 1150 MAPM, 55° cont. rise, type
KP 254, B.0/4.2 axp.

Order BI7431 on §/i,236, Req. 72637, Chg. out $50.40 on
10/24. Drives B-0105 in Blag. CRA.

p-0512 Blackmer motor T4 HP 1800 made by Louis Allis. Berial
217543. Totally enclosed, fan cocled, type JX, 3 ph,
60 ey., 220/440 vclts, 1750 APM, frame 284, class 524,
form B, 18.4/9.2 amp.
Order B21241 on 10/22/36, Req. TR034, Chg. cut $123.12
Drives Naprthalene pump P.0E17 for CT-O347.

ol3s24?
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) last
XII. BQUIPMENT LIST, contd. K-0955 - 03229

Moters, eontd.

K-0855 Portable "Lightnin-Mizer” 1/4 RP 1725 purchused from
Mixing ZQuipment Co. Mixzer Serial 37108, Motor Serial
HE-4536, CARI 106/1936., Dlodel C-4, 3" folding monel
zetsl propeller menel shaft, 4/2 amp., 110/220 volts,
single phase, 60 ey., class 1, groap 4, explosicon proof,
underwriters P-519372, extension eord and attachment
plug.
Order B1340 on 1/15/37. Reg. 76212 on 1/18,
Chg. out $105.42 on 2/27/37. Used for drum shipments.

n-0575 Motor & EP 1800 purchased from Wagner Klectric Co,
Serial 1725356, Totally enclosed, fan cocled, ball
bearing, induction motor, type CPI, frame 254, modsl
Y30J247, 3 ph, 60 cy. 220/340 volta, 12.6/6.3
amp. cont. rating 55°C. .

Order B283% on 2/9/37, Req. 76765 on 2/5/37.
Cost $95.61. On 2-0629. On No, 1 chlorinator puep
”wag- »

K-0585  Wagner Vertical Motor T4 EP - 1800 RPM. Serial
#172B89€1. Totally enclosed, fan cocled, ball bearing,
t’" c’-?. rﬂ‘ 23.Y. “‘W. “ Cy.. 3 ph.' 18.‘/902
ANp,. 1750 RMM, model WAQOVLIAZ,
Order B3223 on 2/12/ 37 and Req. 76527,
Chg. out $133.98. 1Inst. to drive submerged purp in
TCP stg. tank CT-0848, on P-O346,

B-01229 Vertical mounted induction motor 1 HP 1800 purchaeed
from Louis Allis, Serial 265797. Totally encl. fan
eoocled, ball bearing, thrust type with ring base and
4rip cover, wesatherproof conduit connect.un dox, type
18, frame 204V, class L, form B, 220/440 welta, 3 ph,
60 cy., 3/1.5 amp, cont, 55°C,, 1730 RMM. Oder
B3853 on 3/4/38, Req. B6BS5 on 3/3/38,

Chg. out $55.20 on 4/29/38.
on pump P-0731.

0135248
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R-0137T « 01572

l. ISUIPMENT LIST, contd.,

H-01377

S —

[ M~01456

M-l 469

K-01485

M-015%01
4 n-01572

Motors, tontd,

0. E. Motor 2 HP - 1800 XMM. Serial MR-B569.
Totally enclosed, fan cooled, 8q. cage, induction
motor, type X, ball bearing, 220/M0 ¥, 60 cy.,

3 ph., frame 254, 1760 RPM, model SEREAPS1, 5.4L/272
amp. Order B159SS on $/26/38, Meq. 51711,

Chg. out $75.00, oOn P-011l1,

Westinghouse horizontal motor 3/% NP 1200 Serzal 5125,
Totally encl. fan cooled, low starting current, 340
volts, » ph., 60 cy,., 1160 APM. Type £S5, frame 204,
2.6/1.3 amp., style 1707136,

55°C. rise, Chg, out mach, $81.03 on 12/29/39

Order B17367 on 12/18/35. Req. 1357 on 8/31/29

on Blower B-0148,

G. . Motor 3 EHP-1200., Serial #KT-10671.
Totally encl. fan cocled, modsl SK254A102%,
frane 25.. tm K. 220/“07, J Pb-; 60 E¥e» -
1165 m' 9-%/“-53 ARD ., ceant. 55’0. rise,
Order B18535 an §/21/3%, Req. 1551 on §/20/29.
Chg. out $72.47 an 11/30/3%.

On gear pump to P-0155.

Osneral Rlectric Moter 1/4 EP 1800, totally encl.,
nodel & XHATADGEA, type KM, 110 volts, single phase,
3-‘ &P ., 55. gcont.

Order B17923 on 10/A7/35, Meq. 1531 on §/8/29.

Cost $24 .25,

On lactrodysr FC-O6,

Replaced by N-01706.

Motorized car spotter 5 HP 1640 RPM purchased from link
Balt Co, motor serial 207525, spotter serial S252.
220/840 volts, 60 cy., 3 ph, type IK, frame 225 VY,
class 3, form B, 17.2/B.6 armp., 55°C.

Order B2674) on 12/26/39, Req. 5128 on 12/29/29.

Cng. out $373.86. On track 1l at load doek.

013524%
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Yusho Disease

Separate consideration was deveted to the Yusho episode
recognizing the special character =f the human eXpOSures to nigh
concentrations of mixtures of PCAs and their thermal degradation
products, polychlorinated dibenzocfurans {(PCDFs) and polychlori-
nated quaterphanyls (PCQOs). Several conclusions ceached by the
Category I team are of rmportance: (a) it is impossible to
stipulate whether any of the health effects obssrved is causally
related to PCB exposure, since the other halogenated compounds
ars also biologically active:; (D) the dosage patterns experienced
by Yusho patients and U.5. industrial workers (pPCB-exposed) are
not at all co-pitablo: the latter group experienced low level,
long time period exposures primarily via inhalation and skin
contact, with only ainimal orsl ingestion; (¢) the similar health
effacts ssen in Yusho petients from the Japanese and Taivanese
episodes of exposure to contaminated cooking oils point to the
same type of toxic mixztures resulting from thermal heat ex-
changer action in the two events; (d) because of points (a)-(c)
above, and the fact that at least the PCDFs in the Yusho oils
are potentially more toxic than the PCEs on the basis of animal
data, it is not possible to extrapolate the Yusho experience to
prediction of agute and sub-chronic effects of commercial pCB
miztures in the human; (e) finally, with respect to predic-
tions of human carcinogenesis from the Yusho type of exposure
the data are 80 incomplete that conclusions regarding any
types and amounts of excess cancers attributtable to those

exposures have to awvait further definitive study.

MONS 221923
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List g

:

Motors, contd.

M-01£22

M-01629

R-C1650

n-01£€56

N-01660

H-01622 - 01660 .

General Electric mctor 74 HP, 3600 RPM, Serial BUT108.
Totally enclosed fan cocled, type P, node] SKFE5LL2E,
frame 254, 220/440 v,, 3 ph., 60 cy., JAY5 RPN, Drives
ML-O45, Order B4118 on 2/20/40, Req. 6737 on 2/E2,
Cng. out $114.56,

ALITYAG ANl OL 3N ST LI ‘IJTLON SIHL
NYHL Wvy31) S$$37 SI IDVHT WILA 3Ind AT

Vertical zotor T4 HP purchassd free Turbe., Msde by
VWestinghouse, Serial 2640. Totally enclosed, fan cooled,
frame 284, class 1, KPM at full load 1735, cont. rating
at full losd S5°C. rise, 220/440 volts, 3 ph, 60 cy.,
18.8/6.5 amp., style 1071192. Order BE3ZDT on 5/20/40,
Req. Bii) on 4/9/40, chg. out $112.66. On NSC-01205,
priving agitator in CT-0808, final chlorinator.

€Sl OdH

louls Allis motor § HP, serial 25E334, 1750 RPM, type JS,
frame 254, class ABN, form B, 220/440 v,, 3 ph, 60 cy., tm L
13/6.5 amp., full locad 55°C. cont, }

Order B2€263, Reg. 85432 on 12/2M/27. |

On 3parkler press pump. l---- -

Vvagrner Electric Motor 5 EP 1800 KM Serial 1758959, ;
Bori:ontal totally enclosed, fan cooled, ball bearing, '

leas base and pulley, type CPI, frame 254, 220/4%0 v,, ] |-'|
3 ph., 60 cy., 1750 KPM, cont. rating 55°CP, model -
1BEJ24TR, 13.2/6.6 amp. Order Bl2802 on 7/8/40, .

Req. 10231 on 6/5/80, chg. ocut $67.52. '-l-.
Drives P-01056 Taber Borisontal pump. -! 1

Osneral Electric Motor 1 EP 1800 RPM purchased from Taber P
Serjal OU1502. Totally enclosed, fan cooled, vertical .
sounted, ball bearing, thrust type, with ring base and .

drip tover, 3 ph, 60 cy., 2207440 vnlts, 1720 RPN,

Bodel SK204A1550, frame 204Y, type K, 3.11/1.56 amp..

cont, 55°. rise :
Order B131) on 6/10/40, Req. on 6/10/40, chg. out
#50.19. Drives new Taber sud, pump P-0909. 1

0139250
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X1l. REQUIPMENT LIST, contd,

Motors, contd,

M-01£97

M-01706

M-01718

N-01752

H-01772

Motor made by Wagner 1/3 EP, CABI 169, 30" dia, type
S-60WS, style 1249-4E22 portadle eirculating fan,
single ph., 60 cy., 115 volts, completse with guards,
‘flocr column, and cord. B16528 on 7/26/80. Req.
11797 on 7/26/40. Chg. out $60.58, TUsel on cpersting
platforw near chlorinator., .

Vertical mounted induction motor 3 EP 1800 made by

6. E. serial JUMLG8, Totally enclosed, fan cocled,
ball dearing, thrust type with ring bise and drip cover,
model SK225A4264, frame 225VY, type X, 220/440 v,,

X ph., 60 ¢y., 1730 RPN, 8.54/4,27 amp., cont, 55°C,
Tise, .
Order B18443 on 8/23/40, Req. 12560 on B/23/40,

Chg. cut $92.2% on 10/31/40, On P-092% Tader,

Replaced by M-01501.

louis Allis Motor T} EP-1B00 RPM, Serial 235985,
Totally enclosed, fan cooled, weatherproof condult
connection box, Typs JX, frame 284, 220/4M0V, 3 ph.,
60 ey., 1750 RPM, Class D, fors R, 15.6-9.8 amp.,

full load temp. rise 55°C., trine hours cent. Order B21(0T71
on§/30/50, Req. 13674, .

Chg. out $113.00 on 10/31/%0,

Drives (Palk Reducer MSC-01288) on Turbo Mixer for
CT-01321. .

Motor 1 HP-1B00. Serial TT6MD,

Totally enclosed, ball Desring, squirrsl cage, westher-
proe! threaded type connection dax, type CS, frame W-204,
220/80 v., 3 ph., 60 cy., 1750 RPM.

Order B2E350 on 12/4/40 and Meq. 15836,

cng. out §36.58. On B-C34.

lewis Motcr 1/2 EP 3600 made by G, X. Serial J23,

CABI 166, totally encl., model SK4GBCTSEA, type K. Tise
65'3.. 'NO Var 3 ’hul 3“50 ”!j amp . 7.

Chg. out $25.00, Req. 16663 on 12/30/40.

Dse with P-O3TE on 0T-0640, '

0139251
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XI1. ECUIPVMENT LIET, contd. M-01811 ~ 01995

Motors, contd.

M-C1811 louls Allis Motor 2 MP 1800 APM Serial 385335, -
Totally encloeed, fan cooled, normal starting current,
CI conduit connection bax, less base and pulley. 220/k40
volts, 3 ph., 60 cy., 1750 RPM, type JB, frame 225, class M,
fors R, code l'l, 5.6/2.8 &P .
Order B4136 on 3/7/41, Req. 18313 on 2/17/M1
Chg. out $€5.36 on 6/30/41. .
On ground floor N, E. of P-0172 on P-01037.

¥-01B50 Louts Allas Motor 1 HP 1800 KPM Seris)l 395205
Totally enclosed, fan cocled, ball bearing, 220/4k0 v.,
3 ph., 60 cy., 1740 RPN, type IS, frame 204, class L,
form B, 3.1/1.55 amp.
Order ET411 on 3/26/41, Req. 19E34 on 3/26/381,
Cng. out $36.68. On ground floor.

M.01856 Louts Allis motor & EP 1800 RPM Serial 351009,
Totally enclosed, fan cooled, vertical flgd. mounted
(€1 conduit connection box) normal starting current, 3 ph,
60 cy., 220/880 v., 1750 RPM, type JS, frame 255 VB,
cians N, form RN, code B, 1.3/6.5 amp. full load temp.
rise 53°C.
Order B380 on 3/13/%1, Req. 15213 on 3/13/41.
Chg. ocut $109.7% on 6/30/k1. On P-0997 tep of s.-062,

M-C1859 Unit heater from Am, Blower Corp. Serial 1929.
Drder BBG3E on 4711741 and Req. 20240,
Chg. out $48.73,
In MSC-01353.

M-01995 Motor 1/3 EP 1800 RPM mads by 0. K.
Explosion Proef, class 1, group ¢, underwriters Neo,
PAIS2-00%, Totally enclosed, fan cooled, ball besring,
type K, frame 454, model SK4SACLOZ4A, terp. rise 55°C,
trine rating cont,, 40 v,, 3 pn, 60 cy, 1725 RPM 5% amp.
Order B4E25 on 2/21/41, Req. 18520 on 7/21/31,
Chg. ocut $29.75 on §/30/41. On P-0L0SN,

0139252
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YROTECTED KATTAIALT NORBANTO INSULANCE COVERAOR LITICATION
Il -
-t Eguipment
‘o List
‘i XI1. ECTIPMENT LYST, contd. M-02170 -
i Motors, contd.
M-02170 Oesared head motor 5 HP 1800 RPM, Made by Master Klec.
Serial PD-5. Parallel, atr Jacketed, fan cooled, -
totally enclcsed, frame f 254, 80 APN on mixer shaft,
barrel mounting for vertical operation, style 103543,
220/440 v., 3 ph., 60 cy., 1725 XOPN, type PA, amp.
13/6.5, 3 ph, trine hours cont. YIUOR 55°C.
Order B2580 on 4/B/42, Req. 30060 on 2/10/82.
Chg. out $256.25, On CT-0129%, #2 blender.
M-02175 Office Pun.
M-02877  Drives P-01111 at loading dock - 5 MP.
j M-0313% Drives P-01540.
3 M-04552 Drives Side antering agitator in §2 mix tank CT-C2621,
. M-04€91 Drives P-02077 at TTCE storage,
94 .
N-0ME17 Exhaust fan - located in pyrancl press room,
[
E
N-08025 Drives P=02077.
E
N-D51 Drives P-02251,

e e
-

0138253
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FROTEICTID EATTAIAL: BONSAFTO IFSTLANCE COVELAGE LITIQATION

——

List
ML-0h%

ECUIPVMENT LIST, contd.

Mille

M- Ok5

"Helix-Seal” impsct mill purchased from Williams P. C.
& Pul. Co. Serisl #5304, Size #1.

Less ¢rive pulley.Driven at 5500 RMM thru V belt drive
furnished by Mensanto.

Order 32371 on 2/1/37. Neq. 7657E. Price $420.00.
West lean-to,

Hangd fed.
Yor scli¢ Aroclors,

Dismantled 1952,

0135254
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PROTICTID IGTERIALD FONIANTCO IFSCLANCE COVERAGE LITICATION
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a:r - &1
Equipment
List

X1. EQUIPMENT [IST, contd. MSC-0E36 - OETS

Piacellanecus uipment

MSC-0E29

MSC-0€E5

MSC-0662

RSC-0H68

KSC-0675

"INIHND0Q TYNTIITWO dHl S0

Speed reducer made by ¥W. A, Jones Poundry, Serial 859_57,
#105DW, assemtly #1, style &, 36 to 1 ratio, low apeed
shaft to be 74" instead of 4" extension.

Order BE242 on 4/24/36, Req. 65806 on 4/24/36,

Price $156.00

Driven by N-0827, érives D-012. CR, lean-to..

NYHL W¥3ITD S$S53T SI JOVWI W14 Tl 41

ALITYAD JHL OL 3MD ST LY

Shepard Zlectric Liftabout Hoist. Sersal 3£306,
MO volts, AC, 3 pn, €0 cy., singls speed contrel
with motor drive trolley. Hoist speed 18' per min.,
12t 19', Moist motor 3 HP, Travel motor /4 BP.
Order B7405 on 8/14/36, Req. 63120,

Chg. out $506.70.

¢Sl OAH

Rultiple temperature recorder #0112-291 Ricromax

Nodel S strip chart, 2 prints, surface panel $300.00,

Made by leeds and Northrup, Serial 27€758B. -—
Order 29975 on 5/19/36, Req. 65970,

In lean-to, Blag. CA. |

L & N Texp. Recorder made by leeds and Northrup. e (
Dwg. B-666, Serial 276807. . ;-
(1) #30354.29] Micromax model S strip chart, multiple .
temp. recorder, 4 point. (Multiple coleored dote inetead L™
of mmbsre on print wheel). Surface panel mounting -
$465.00, i
{2) BExtra for high contact for operating alarm $20.00 -
Order PSS76 on 5/15/36, Meq. 69969, Chg. out $491.82, L
South wall, weet instrument, Ridg. CR.(See note on naxt pg.)

Meplaced by 1-0244, -
Tempersture Recorder purchased from lesds and Northrup. Li
Sarial) 276784, #80353.201 Micromax, model S, etrip

chart multiple point temperaturs pecorder for 3 prints, .
(Multi-colored dote instead of numbers on print wheel.)

Surface panel mounting $400.00. Pxtrs for high contact '
for operating slarm, $20.00. J thermocouplee to fit

wheels. Our Dwg. B-6£6. l

Order BS577 on 5/16/36, Req. 69968, Crg. out $324,05, l

South wall, eaet :instrument, Bldg. CR.
{See note on top of next page.)

0139255
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FROTECTED KATIAIAL: NORIANTC INSTRAANCE COVIRAGE LITIGATION

I - 62

Bquipmsnt
lLast

X31. EQUIPVENT LIST, contd. NSC-0668 - 0676

——

Miscellanecus Pquipment, contd,

MSC-0668
-0575

nes-0676

Note:
Record the fellowing terperatures:
Batch temperatures in chlorinators: CT=-0744
0745
o833
01283
0808
Oocde temperature in diphenyl etore tank CT-0748
Coil inlet texperature on the etille B-043 and 062,
L] th.t n - L] n » » n
Vapour tamperature sntering the condenser.
Gocde tempersture in recelver.
Goode texperature in blending tank, CT-0779.
Goods temperature in finiahed product receiver,CT-0780.
Drawing B-666 showe thermo-couple wells.
Drawing B-6868 shows monel thermo-couple welle as used
in dietilled Aroclors,
Oas Rlectric Water Cocler for drinking water. Made
by O. L. Compreeeor 6541356, cabinet 6600807,
Nodel MM-51, preesurs type, 110 v., single phase,
60 cy.

Order B1AOMS on 7/18/36, Req. T1432.
Chg. out 7/31/31, $176.00. On 12' level, Midg. CR.

0139256
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PROTECTED KATIRIAL: ROBSANTC INSTAANCE COVERADE LITIGATION

X31. EGUIPMENT LIST, contd.

1 - €3

Equipment

1det
MSC.0681 - =T34

Miscellaneous EFquipment, contd.

wsC-06€1

MS5C-0682

MSC-0705

nsc-Cc718

nsc-0725

MSC-0734

Rail truck purchased from Nutting Truck Company.

Dug. C-827. Welded construction, wheele egquipped with
Hyatt Roller Bearings. Used ae waigh truck for etill
pots on SC=065, Includes track.

Order Bl1134 on 6/3/36, Req. B70395.

In lean-to Bldg. CR,

Brown mech, flowmeter, Serial 115565, Recording and
integrating steam at &5 ga. press. Dry sat. orifice
monel in 4" std, horiz, line, (used on 80 1b, main).
Yax. flow 000 /mr, Model 2221-x40, 2 lgs. 25' of
4" copper tubing and connecters - Moncoeter valves,
Elec. clock for 110 v - 60 ey.

Order B1460% en 7/22/36, Req. 71548 on 7/20, chg. out
$280.00

Palmer Industrial Thermometer CARI #B89, #245 - 45°
reclining industrial ther=. 12" scale, steel separaktle
socket - 30" long with 1" std. pipe thread, Ranges 0-200°C,
No nickel plating, case painted reg, lacquer.

Order B18261, chg. out $28.05 on 10/31/36,

Oon Buffer tank CT-0750.

lab and Office of Dept. CARI #89 - 1§36,
20' x 10* x 10' high includes partiticn and elec.
lights en W corner of CR.

laborstory testing equipment, See reports on G. K.
testing,

Rlectric drying oven. CABl B9-1936, Cat, 7764, 3 heat
oven with cne shelf an) 9325 thermopeter fon 110 v,,

AC current, DPalongs to the Myrancl Dept.

Order B230BO en 11/16/36, Req. 74628, Chg. out $26.60,

0139257
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PROTICTID KATENIAL: NOFBANTC IFSURANCT COVERAOE LITICATION

p—

. X - 6
. Bquipasnt

1det

Miscellaneous Equipment, contd,

rsc-0760

»sC-0770

RSC-0503

Vacuum jet made by Worthington.

#24 JFD-5 std. 3 stage steam Jot ejector with 2nd
stage condensing and fitted with Jet type intercocler,
Jet to be CI broenze noirles, bheads, mons] noszles.
Order B7H04 on 4/14/36, Req. 65211 on 4/14,

Cng. out $796.00 on 6/30/36, -

N of MSC-01352 Bldg. CR.

Rjectors RSC-0760, 01352, and 01686 are in a rov running

north and eocuth in the dbullding, and they are inter-
connected eo that the centres one CAN SETVe A8 A EPAre
for either of the other two, to esrve the vacuum stills
8~043 and 052, Cast iron bodies with manel Jets.
Iardate ejectors were to be trried, (Anniston wers using
sjectnys with two stages of Kardbate jJets, then a wet
condenser, and then two more Karbste etages.)

Faulty behaviour, dus to ercsicn or corresicn, or to
wet or dirty steanm, 1s very cbjectionsble as allowing
water to get back into the goods. Karbate units have
to be very carefully supported to prevent strains fros
the pipe lines.

More recently procelain units have besn installed st
the Krusmrich plant.

Buper Tank Cauge made by Varer.
Pig. 68, Oastight. Use on tank sccording to
3/? B-A356, NMonsanto Drewing.

All materisl to be standard, aluminum fleat, stainless
stesl tape and flcoat guide wires.

Order 83569 on 2/16/37' Req. T7025. mt out
$174.80. oOn CT-0B48. TCP store tank.

Steel cabinet made by Medart. CABI £#135. 1 unit 48"
wide and 24" desp x 6'3" high 5" ledge,bin fronts,
dividers and 2 doors on lower part with lock,

Order B3013 on 2/18/38, Req. BES?S on 2/17/38.

Chg. out $50,.51.

0139258
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FADTECTED KATERIAL: NUFIANTO INMURANCE CUVERLOR LITIGATION

X1 - 65
-t Byulpment
last
XII. EQUIPMENT LIST, contd, MSC-0571 - 01362

Miscellaneocus Equipment, contd.

MEC-0571 10 steel box lockers made by Medart. CABI 125. Olive ™
green steel arranged 2 wide x 5 high. Complete with
loeks, 2 keys for each lock x ) master keys commen to
8ll, lockers 12 x 12 x 15" deep,

Order 215781 on §/23/38, Req. 51603 on §/21/38. Cest
$25.75.

MSC-0106) fTwo loading ramps made by Monsanto, Por one ton chloerine
cylinders, using 1-bean supports and concrete footings
with }-beam rails. East side, ocutside Ridg. CR.

MSC-01004 Drying Oven purchazed from O. E.
Used with P-0159 in the Pyranol plant.
A compartmert electric drying oven with 115-230 volt
heating elements,
3 HF motor,
Order B18535 on 9/21/39, Req. 1591 en 5/20/3%.

MSC-01161 Metal Desk and Stool. Desk 36.5/32" wide, 42" high front,
SA" nigh back, 31" deep. Stocl 30" high.
Order P5169 on 3/2 /40, Req, T148 on 2/29/40,

MSC-01205 Speed refucer made by Palk, Serial M0127-528,
Sixe 28IZX, MMM 1750 to 180, ratie 9.7,
Order BE3I37 on 5/20/00, Req. 8541 en 4/9/40. Chg,
out $169.94, Driven by K-0162% on CT-0BOS,

¥8C-01288 Pulk Motor Meducer 74 EP, Serial MO131-BAz,
FAIRX, output speed 1750 to 41.5 APM, service factor
14, matic »1.5,
Order B21071 on 5/30/%0, Req. 13674 on 5/30/40.
Cng. out $341.94 on 10/31/40, On CT-01221, PyTwnol
blender.

¥SC-01352 #2¢4 Worthington vacuun Jet 3 stage. Type 5-10-11.

North of MSC-0760,
Same a3 MSC-01686.

0139259
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sody Burdens, Mecadbolism, and Kinetics

Some general cbservations derive from consider-
atian of the data on the storage, distribution, metabolism, and
excretion of commercial PCB miztures (with associated impurities
such as the PCOFs) in mammalian systems. The dynamics of the
pathways by which these processes ocCur in test animal models
have been explored intensively and have been fairly well worked
out., The variadility of PCB effecte with species of test animal
model has been investigated for a numbar of iaportant effects.
and some general structure versus activity rulee have emerged from
these studies, There thus exists a conceptual framework, but
not experimental data, for descridbing such phencmena in humans.
Purther. important daca on the biochemical interactions of PCI.Z
PCDPe, and metabolites with tissues have been obtained that bear
directly on interpretation of tozic effects in these tiseues.
Ganeral Toxicity

From acute, subchranic, and chronic studies of PCB
effects in test animal models, a general sumsary of health
effects encountered includes: (a) a low order of acute texicity:
{b) skin lesions; (a) effects on liver tiseue that are generally
Yeversible at lowar doses but that trend toward irreversibilicy
vith increased dosing: (d) effects on the gastric mucosa)

(e) effects on the menstrual cycle and on reproductiony

MONS 221924
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F2OTECTID MATEAIAL! EONBANTC IBSTRABCE COVERAOR LITIcaTION

Xl. ECUIFMENT LIST, contd,

xI1 - 66
Equipment

list

¥iscellaneous Bgquipment, contd.

¥SC-01392

MSC-01495

nsc-01686

nsc~-01659

NSC-01877

nsc-01879

MsC-01916

MSC-02071

nsc-02108

Control Room. Drawing C-9646.
Structural steel, floor plste, Bldg. tile 12 x 12 x 3.
Pyrobar roof, door and instrument panel for I-044l,

£ ton Peerless hoist and trolley. Model ©, 11' 1ift,
Model J trolley.

Order B17508 on B/6/81, Req. 2309% on 8/6/41.

Chg. cut $72.7% en 11/27/41.

Used to remcve plates of filter P-0172 for cleaning.

#24 Vorthington 3 stage vacuum Jet. Type 9-10-11.
North of MSC-01392. Same as MSC-01)82,

Lockers (4) made by Medart. CABI 152,1939.
2 only 1% x 18 x 60 dark green. #14 and #15.
2 only 15 x 15 x 36 double tier. #12 and #13,
Order B34435 on 3/8/39.

Canvas tent for tank car. Approx, 7' dia. X 7' high
with swing boam, to rasise and lower tent into & wooden
box along west wall of CS. To bs located st load dock
at track £11, 5W corner CS. Also elec,. light in tent.
order B20696 on 9/7/83, Req. 48541 on §/4/43,

South dock, wood, puriatic loading. Alsc swing plank
and wood decking.
On trmck 11 west of CS. 5°' x 5'6™, 1943, .

North load dock made of steesl with swing plank, 5' x 7!
long, 9'6" high, 5 x 5 angle columns with 6" channels
to support £" stesl decking. 11" pipe ratlings.

North of MSC-01879. &5W of CS on track 11. 1936,

Stonewars sink,
Steel Hood and Duct, 2' x ¥' counter dalanced with 6"

dis, steel duct to ocutside of Bldg. Hood located over
F-0159 G. E. PLlter Press,

0139260
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PROTECTED KATRATALI MNOEBANTC IBSURANCE COVERAOL LITIGATION

1. PMENT 1LIST, contd.

1 - 67
Equipment

Last
MSC~02426 - ObdA2

Piscellaneocus Eguipment, contd.

MSC~02426
MSC-03417

psSc-C3523

MSC~C3611
MSC-03683
nsc-C3706
MSC-C374)
MSC-C3E3E
MSC-04018
KSC -04109

MSC-04132
WSC-DA b2

Ducts, hoods, dampers.
Alr cond, unit.

Vac. sjector. Worthington, Porcelain, Xarbate.
10" Porcelain condenser. 10 1b, hr. air at 2 ms cbs.
150 paig steam, 65°F. well water.

Duct and hood.
Baveg 8ink. &' 8™ x 15" x 18",
Water cooler, Drinking water.

1/2 T chain hoist abeve P-0172, pyrancl plant

1/2 T chain hoist - #2 mix tank,
Work bench

laghtrin mixer (only - not motor) 74 HP side entering
metallized with 0.015" Al. Bes CT-02621.

Water cooler,
Bard Mi.tb

Reatera for plant cffice and for instrument and control
Cas mpply and metering. roon,
Wster hose with stear =2ixing Jet for clsaning the floor.
Desks .

Clothes lockars.

Test bench,

Mione.

Clock.

Pramed instructions for special pieces of equipment,
Drinking water supply.

Parst atd catinet,

Pire alarc & extinguishers.Scrinklers installed in ell) . -
Hose connections for casual gas hesting. Tooms .
Waste cans,

Used water collection, 0135261

Lighting.
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. X11 - 68

- . Equipment
last
0T-0640 - 0751

XII. EQUIPMENT LIST, contd.

Open_Tanks

OT-0640 Drum, 110 gsl. ICCS, CARI #217-19%1. With float wvalve on
city water line, Cconnect 3 OPX pump P-0376., To pump from
drum through rotometer to scid absorption system.

Rlsck Iron
$18.30 as trans from Dept. 360,

Seal cans for barometric legs of the ejectors.
MSe-0760, -012%2, =01685. On the ground floor.

OT-0751 Steel vessel 40" I.D. x 6’0" high, for city water, to
conforn to state law.

0135262
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PICTICTID MATERIAL: ROFEANTO INEURANCE COVERAGE LITIGATION

) a1 - €%
- Equipment
List

X131. EGQUIPWENT LIST, contd. ] ?-0346.0575

Purps

P-0346

r-c378

P-04&27

P-05E5

P-0571
P-0572

P-0574
P-0575

Note: The puzps are changed around from one duty to
another, in the course of ordinsry maintenance work, but.
the details given below will serve to show what type of
pump is used for any given duty. Oversised pungps may be
used in some cases to diminish the pumber of types re-
Quired in the derariment, .

Swaby Sutmerged Pump made up 11/18/29. Size #14, Cast
Iron. On CT-CB4B, In TCB store tank, CT-084B,

Chas. lewis pump Serial 4557, Type Ba-4Bl, cast iron
vertically split shell cent. punmp. CI bed plate
connected with flex, coupling, direct to 1/4% HP 3600

RFM motor. GE M-046&, 3 gal, PM - 35' head, 3450 RPM,
Order BES3 on 1/15/31. Price $6B.00 incl.motor, M-01772.
Boosts city water to HC1l adsorbar,

Horizontal cast iron pump 14 EF Monsanto Design. Direct
connected, cold rolled steel ahaft, includes base, courling
and ¢ guard,

Blacioner pump, Serial 157023, type PA-50L bronze rotary
pump, brenie lining, bronza steam Jacketed heads, monel
shaft, CI base, 1.65 sp. gr., temp. 350 to 500°P, - 50 gal,
Order B-B170 on 4/23/36. Chg. out $155.45 en 6/30/36,
Distillate trargfer pump.

Obe rdorfer gear pump for filter press. Motor M-01650.

Vartical submerged centrifugal pump purchased froa

The Engineering Equipment Co. Serial 22007, Size L-OB
with 14" inlet and 1" outlet, Compars P-060L, which is
a Taber pump on #4 scrubber CT-0755.

Pitto.

Taber subzmerged puxp. Serisl 33008, Order B7517 on
4/16/3€, Req. 51€1, Cng. out $177.80 on 6/30, Direct
to vertical M-OB48 2n €T.075€ on #1 scrubber. Same as
P-0573 and 0574,

0129263
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PLOTECTED IQTEAIAL: ROBBANTC INSTRASCE COVERAGE LITIGATION

X1 . 70
' Equipment
lLiat
XI1. ECUIPMENT LIST, contd, P-0578 - 0580
Pumps, contd,
P-0578 Taber horizontal centrifugal pump, Serial 33040, Type -

r-0579

?-0580

1-2, 24" snlet 2" outlet connections, Semi-ateel with
monel shaft and water Jacketed atuffing boxss. Bed plate
ready to receive motor., 20' ststic head, rate 80 g.p.m.
1.5 sp. gr. st 500°F. Uses M-0BAS, On #2 chlorinator,
CT-W‘“'.

Order BB237 on 4/24/36, Req. 65401,

chg., out $152.52 on 6/30.

There are four pumps P-0578, 0579, 0529 and 0907, one
for sach main chlorinater.

liquor in froc chlorinator bottox cutlet and out back to
the chlorinator. The charge can be pucred, if necessary,
fron one chlerinator to another, or to the air-dlowing
veasels CT-0750 and CT-2086,

¥o. 1 chlorinator can be erptied by gravity to the gss-fired
chlorirator CT-CBOS, and there is &lsc & pump line fer the
same service (diaused). The charge from No, 1 chlorirator
can be pumped directly to No. 1 vacuum still 85-043,

There 15 a line by which partly chloerinated diphenyl can
be pusped from & chlorinator to ANy scrubding tank,
CT-0759, 0760, -0T€1 or 01014,

™ere 18 & sargling cock on sach punp delivery, with a
sasll box toO hold the used sample materisl, and to deliver
it back to the pump intake,

Taber horizontal centrifugal pump. Serial 33041, Same
as 057E-80, Per middle chlorinator CT-074%, uses M-0850,
on #3 chlorinator CT-0E33,

Taber hor:izrontal centrifugal purp. Serial 33042, Same
sa 057B-79, Proz blow tank CT-07%0. Uses M-OBE1,

0134264

"ADTANN SIHL

TINTWNI00 TYNTOITHO TUL 40
NYINE BYT1D S5F1 ST IWHT WITd 3L 47

ALTIVYAD Il O nd ST LT

¢Sl OAH




— A m ot

-l i

Al se gl Prgeerm waw — e e Al o el Sy ity -

PAOTECTED NATEZRIALI KEOBSANTC IFSTRANCE COVIAAGE LITIcaTiON
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.t Equipment
' r-0sE2"" o593
X11. EGUIPWENT LIST, contd. ' B
Purps, contd, ..
P-0582 Taber vert. submerges centrifumsl pump, Berid .

P-05E3

P-0584

P-0585

r-0583

33048, , Pig. 1540, size C-3, 24" inlet, 2" outlet
connecticna, bronze except shaft which ia mons) setal,
11'6" length of column pipe. Spare pusp for underground
tanks, Order B7514 on §4/16/36, Mag, 65158, Cng. out
$409.20, Direct to M-OBS2, Same ap P-0582 and 0584,
Vsed in Arocelor 1260 stores tank.

Submerged pump in CT-0TSE TCB store,

Taber vert. subr. cent., pump, Serial 32089, In CT-0768,
direct to M-OES3, Same as P-0582.05B4, Arcclor sterage.

Taber vert, sub. cent, pump., Serial 33050, In CT-076B,
1254 store tank, direct to M-O854. Sawe as P-0582 and
0563,

Taber vert. sub, cent. pump. Serial 33069, Dwg. A3E7,
Type C-3, Tig. 1540, 2" inlet and outlet, CI body,
renewable bronie bearings, bronze ixmpellor mounted on
nickel steel phaft. Llength 11'6", sump cover plate,
cap, SO pal. p.m., 60* static head, sp. gTr. 1.18 at
temp, 165°-170°P. Driven by M-0856 in CT-OT48, Diphenl
stors tank., Order B7518 on 4/16/36, Maq. 65162. Ong,
out $257.62.

Taber vert. sud, cent. pump. Serial 33113, type C-2,
Pig. 1950, 2" inlet and outlet. All iron construction
on nickel stesl sharft length 11'6", Cap. 50 g.p.m.,
60' static hesd, pp. gr. 1.368 at 70° to S50°P, 1In
CT-07T45# driven by M-0E73. Order 27516 on 4/16/36.
Req. 69160, chg. out $255.M1,

® general service and diphenyl tank,
'hber.v-rt. sub, cent, pump. Serial 33111. Type -2,
fig. 1940, 24" inlet and 2" outlet, casing, yoke,

irpellor made of stee)]l shaft nickel steesl, columm
supporting intermediate bearing, wrought iron, length 79",

0129265
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I - 72
) quipmant
List
XII. EQUIPMENT LIST, contd. P-0593 - 0629
Pumps, contd, )
P-05G2 contd,

P-DE0H

P-0£1%

?-0617

r-0é29

Cap. 75 OFM, static head 15', sp. gr. 1.8 at temp. TOOP,
Driven bty M-0871. On Number 1 »still.

Order B7515 on 4/15/36, Req. 65155. Cng. out §$382.91.
In atil] $~043. Same as P-D574. Suxp plate.

Drawing A-493,

Spare motor same as P-0593. Serial 33112,
Driven by M-087z.

Cterdorfer gear pump, Serial 2835. #7AXZ unlcader purp,
all broente gear type. 10-15 GPM st 20 pressure. Used
to circulste Arcclor on No. 1 still cooling system,
Order B13188 on 7/2/36, Req. 71152. Cost $78.80.

Vert. sub, cent, pump. Taber. Serial 33207, Size L-0B,
14" inlet and 1® outlet, Al) iron const., open impeller

on nickal stesl shaft. Same as P-0572-4 and &, In CT-O754.
Order R13195 ¢on 7/2/36, Req. 71148 on 7/2/26. on £
scrubber, CT-0761.

Blaclkmer Pump Serial #201747.

Size 502, 50 gallen per min. right hand

rotary gear purp. Bronie with bronze liner and
monel shaft. Stean Jacketed heads.

Order B20818 on 10/16/36. Req. 73512 on 10/16/36
Chg. out $148.27 on 11/30

Direct to 3 RP 1BOO M-O1449,

Oon filter press P-01%9.

Blaclorer pump. Serial 201902. 8ize 100L, 2ll irem,
Jacketed right hand pump, base plate for motor, and flex.
coupling, direct connected (M-0914). Order B21241 on
10/22/36, Meg. 78034. Chg. out $145_20.

Spare pump.

Taber horiz. cent. pump., Serial 33708, Type L-2, 2¢"
inlet and 2" ocutlet, Size 103, Order B2E33 on 2/6/37.
Req. 76766 on 2/5/37. Chg. out $132.52. Direct to M-0975.
On No, 1 chlorirator.

0139286
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xIi- 73
Zquipment
List

X11. EQUIPMENT LIST, contd. P-OETH - 098

Punps, contd,

P-06TH

r-0721

P-OS07

P-0505

r-0529

r-0932

P-0584

On F1A serubber, £T-01013, driven by motor M-OB4E on
No. 1 ehlcerinator.

Taber sub, cent. pump. Serisl 84722, 8ize L-CB, 11"
inlet and 1" putlet. Order B3ESK on 3/4/38, Req. 56891
on 3/3/38. Chg. out $174.25,

In OT-01013.

Taber horiz. cent. pump. Serial 36622. S8ize 103, type
1-2, 24" inlet and 2" outlet connections, semi-steel
through out with monel shaft and water jJacketed stuffing
boxes, with bed plate ready to recelve motor, 20' static
head, rate 80 0™, 1.5 »p. gr. at 500°P,

Order B12801 on 6/5/40, Req. 10230 on 6/5/40.

Chg. out $155.28, driven by M-01656 to circulate liguor
for chlorinator CT-01283, #% chlorimator,

Taber sudb. pump. Serial 36676. Size L-0B with 11"

inlet and 1" ocutlet, all Sron const., Oopen impeller

on nickel atesl shaft. Order B13110 on 6/10/80. Req.
10366 on 6/10/80. Chg. out $193.75. On CT~09EE scrubbter
11q. tank. Also on CT-0760,

Taber sub. pump. Serial 36853. &ize €3, fig. 1940,
vertical 24" inlet and 2" outlst. IRronze except

ahaft to be monel metal, 1g. ©f col. pipe 11'6", Order
B184A2 on B/23/80. Req. 12559 on B/23/40. Cng. out
'm-59- m .t‘- tank CT-°1310.

Driven by M-01706.

Rcper cast iron pump. RIEI #169. Siz¢ 1" rotary, geared,
corplete with base, gesrs, pinioen, big stand and adapter
plate for motor mounting.

Roper purp. All iron series "C" rotary puzmp for EOPM.
1.6 sp. gr. 50" hesd pump, sriral gears pkgd. stuffing box
with non-grarhitic white asbestos pig., bullt in by-pass
and complete with base, drive gesrs.

Order B4118 on 2/17/41, Req. 18322 on 2/17/41. Por filter
in CR. On Sparkler filter P-C172. Replaced by P-0571,

0139267
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XIl. EQUIPMENT LIST, contd.
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XI1 - 74

o Equl pment
List

P-0997T - 01268

Pumps, contd. .

P-0557

P-01027

P=C1054

P-01056

r-0111

r-01258

Taber vert, aub. pump. Serial 37682. Type CLA, 24"
inlet and 2" discharge for 75 OPM sgainst 25 head, Pump
of dynarmo steel with wrought iron pipe column and nickel
steel shaft, water cooled, stuffing bex,

Order BE3T9 on 3/13/41. Req. 15218 on 3/13/M,

Chg. out $546.53. 1In 5-062.

Driven by M-01B5€. Shaft has twe intermediste C.I1.
bearings.

Blackmer pump,. Serial 246058. 5WG3202 bronze, size S51L
with base and relief valve. 8till receiver to blender,
Order BRISOST on 7/21/81., Reg. 22429 on 7/21/41,

Chg. out $177.5%6. On gr. f1. NX of P-0172.

Pump made by Weil., Serial 13132. Type DSI, size 1",
Uses city water. Order BALERS on 2/21/41. Reqg. 18520
on 2/21/481. Cost $65.00. On TW-0221. Driven by
M-0199%5,

Taber horiz. oent. Pump. Serial 3318, Type L-2, size
103, 24" inlet 2" ocutlst complets with base. Order
BI19730 on 9/3/%1, req. 24125 on 9/2/41.

Chg. out $157.44 on 4/31/44, On #4 chlerinator CT-01283,

Blackmer Pump Serial 249112, #5 OL all iron steanm
Jacketed pump with CI base plste and gear drive resdy to
receive cur 5 EF 1800 APM motor size 511, Order BlEDN
on 7/23/81, Req. 22597, Chg.out #105.05, Driven by
N-02877. For discharging rail tanks,

Blaclomer pump, Serisl 269500, EBize 1202-50. rig. 2203
complete with relief valve. No base. #2 still receiver
to blcndin.‘ tanks, '

Order B25303 on 1/28/83. Req. #0312 on 12/30/%2.

Chg. out $134.63,

Rronte, -

0139268
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. Igquipment
List

XII. EQUIPMENT LIST, centd, P-01277 - 02251

Pumps, centd. -

P-01277 Taber vert. sub. cent. pump. Serial 40890, Type CL-4,
24" inlet, 2" outlet, eize D84, Pump to be dynamo
steel with wrought iron pipe, column cap. of pugp 75
OFPM st 25°' head for ligquid 1.8 sp. gr.

Order BBETS on 7/12/53, Req. 43713 on 4/16/03,
Chg. out $434.00 on 12/27/43.

At 5-062 Spare. Same as PF-0557.

#2 stil) pump (spare).

P-01509 2" Taber pump. 80 GFM. 130 ft. TDH. BSteel with monel
sraft. Flexible coupling. N-0301S8,
8. G. 1.5 500°P.

P-01540 0. R, Pilter pump - N. ¥W. corner of lean-to. Taber pump
30h stainless steel, 2" suction, 14" discharge, located
indocrs. Pumpe from old Pyrancl blender CT-01D21 to
filter presses,

P-01757 On Sweetland filter P-0235. Now used on P-O228. D04
stainless stesl 2%, 100 gpm, Motor M-OD718.

P-02052 2" Taber. Semi-steel, morel shaft, water Jacksted
ltufﬁn‘ box. 1.5 s. 0..5@".

P~0207T7 Mackmer pup, from TICE stors to blenders, Bronte lined,
with monsl shaft. N.W, of Bldg. CA.

P-02078 Taber 3" x 24" 150 gpm. 80 ft. head. Borizental
impeller,

P-02179 Taber Pump from new blender CT-02621 to filters.

Motor M-0A025,
P-02251 Viking pwmp on Aroclor mixers, M-0514,

Pyranel plant,

0139269
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{£) porphycia; {9} effects on the kidney: and (h) miscellanecus
changes including nematologic alteratione, thymic atrophy, and
lymphatic changes.

B There is a conl;d.r;blo range of species sysceptibil-
1ty to hiological activity of the PCBe., with one cepresentative
compariscn of order of decreaeing activity being mink, monkey,
rat. It 18 concluded that there is no basis for determining
which speciea most accurately serves as a model for prediction
of general subehronic/chronic toxicity in man; rather, the judg-
ment of the most suitable surtogate for man muat be made i1ndepen-
dently for each major health effect., Finally, it ia noted that
although there is some similarity between acute health effect
phenocasna produced by PCB exposure in the aonkey and human Yusho
disease, it would be incorrect to equate Yusho disease with PCB
intoxicat ion becauss of the much more complex alxturs of compounds
sncountered in Yusho oil than in a commercial PCB mixture,

Skin and other Cutanecous Tissuss

Commetcial PCBs are capable of producing skin lesions
in the monkey model and in exposed humans, cChronic adainistra-
tion of PCBs to the monkey produces chloracne. In humans occu-
pationelly expoaed to PCBS akin disorders including chloracne
have occasionally been observed, These skin disorders have been

shown to be reversible in sowe of the animal and human studies.

MONS 221925
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i * Equipasnt
. Liast
XI1. RQIPFONT LIST, contd.
! Pumpa, contd, v

Note :

London Rngineering Dept. Pinal Report on the start-up of
the MHewport Arcclor plant states that Mamworthy pusps were
not found satisfactory in use. OG04 Jacketing i1s needed.

There was troutle from corrcaion of core pPlugs in scoe
puzps, leading to leakage of stean into the goods,

8teel and covers wers used later.
The same Teporis discuss the difficulties encountered with

the 3t1ll pump, which was located in & szall sscondary
vessel, btelow the vacuuz atill.

ok bt

0139270
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XII. EQUIPMENT LIST, contd.

PROTICTED MATERIAL: RONBANTD INSUAAPCE COVELMGE LITIGATION

— —

Ol ~

4

Equipment

List
n-026 - 027

Retcrts
R-026 Arcclor 1265 Retortassexmbled and erected by Monsanto.
Fots from Neoter. $516.00 for &.
Jacket from Oraver. Req, BSGS0E.
Burners frot Surface Combustion. Req. 55374,
Burners - gas fired, ’
Jackst, steel, firedbrick lined, holéding 50" (0 x 38"
1g. over dished bottom atil] pot with cover. Bquipped
with 2 gas burmers and atack. Still pot 1/2" fire box
steel ,removable 20 Maidus can be dumped.
R-027 Arcelor 1265 Retort - Same as N-026.
Prawings: B-EM6  Ratort.
R-B65 Satting.
B-3T4¢  Osneral arrangement of solid
Aroclor plant,
C<E30 Oas hester for discharge line.
C-821 Prlatform for retorts.

Mr, Soffranko in 1957 comnmented that the retorts would be
better with tricksr bottoms than showm in drawing B-646,

and that spare retorts should bs held.

0139271
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5-043

PROTECTED EATRAIAL: EROUBSANTO IDSTRANCE COVEILAOR LITIQATION
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xr - 78
Wt Equi poent
List
5-043

No. 1 Vacuuz 8till purchssed froe Oraver. Plant A -

Drawing C-805. Size &' ¢is. x 5'6™ long on straight
2ide, 1/2 shell, dished hesd 5/8" supporting bracksts
604 Hydrv preas test.

Order B-T705 on 4/17/35, Req. 69225, tng. out $336.00
on 2nd fleor, 127 level.

£~083, No, 1 still, st the Irummrich plant, 1s of the
shallower type, like the Annisteon stills, and like then
it nas » vertical vapour pipe (with Hagan separstor inside
the still), lesding te the tep of & wvertical condenser,
CT-0770, wheress No. 2 still 13 of the deeper type, and
has & cyclone, CT-D1413 4in place of the vertical vapour
Pipe and the sepmutax, The cycleone returns & consideradle
ancunt of dariish liquid,through 8 sight glass,to &
return line going nearly to the bottom of ths still body.
Mr. Puriey, December 11, 1951 reported that the cyclone
gAve better coloured distillate than did the Hagan
separator, Anniaton, January 1950, reported satisfectery
performance of their Magan sepamtors. Newport have the
intermal Hagan separster.

In 3 report dated March 21, 1952, M. Dalton of the
Krumnrich plant menticns » aodificstion to tha BHagan
separator st the Irumricen plant. The Arcclor colour
was Detter after the change, but it was not eertain that
the alterstion really caused the lyprovement.

There 1is no sttexpt ot fracticnaticn, and the condensing
systems wre Planned to give the loweat pPressurs drep
attainatle, conkistEr with remcval of coloured entrainment
particles, 7The deeper pattern of still 8-062 was chosen
to give pore dlisengagement space for vapour, but 1t does
not appear to have given any better celoured distiliste,
and A1t has the disedvantage of reQuiring & longsr shaflt
etec. for the submerged pump. The condenser oo No. 1 »still
delivers to recelver CT-0OT71
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Lt Equipment
List
XII. EXTIPMENT 1IST, contd, 5-043

Stills, contd.

5.-043

contd.

No. 2 still has heat exchanger CT-01451, head tank CT-01358
with gravity flew {ef cocling watsr only) to sondenser
CT-01378. CT-01358 nas an internal so0il (not used) and
there 13 no texpearature control instrumsnt .

The distillste goes to receliver £T-01377.

T™he texpermture of the distillste 1s roughly contrelled
by hand adjustment of the flow of water fram CT-01298 te
the condenser CT-01378.

The Newport vacuum still was provided with 3 subsidiary
vessel, lochted at 3 lower level than the main veesel,
and eontalning the submerged pump. With thie arrsngement,
it was hoped te diminieh the 1isdility of cavitation of
the pumpy, and to permit the use of & much shorter shalt
for the puxp impellor.

The arrangessnt, howsver, was unsatiefectory, largely
becauer the punpy gland wae exposed to hot liguid Aroclor
{8Ses the london Enginesring Dept. Final Report on the
etart-up of the Mewport plant).

umerous differsnt gland pacikinge were tried, the gland
was Eiven s lantern ring, fed with liquid Arcclor ete.
ete,, but finally s long vertical steam Jackated pipe was
fitted on top of the eecondary vesesl, to carry the
sturfing box sbove tha level of the charge in ths main
etill. Thie location alec put the driving motor into
cocler surroundings, and the nev arrangersnt nie been made
to woerk sstisfsctorily, though 1t brought back the. troudles
ef the long shaft,

In the puzp esesmbly, the pump le¢ hung from & manlid en
the 5t1l1l cover, on A wide pipe down ths centre of which
the pi=p uarlt runs, The delivery pipe from the pump
runs independently up through the same manlid

en the cover of the etill (welded through). Differential
sxpansion may distort the alignment of the parts, and may

0135273
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liet
XI1. ERQUIPMENT 1IST, contd,
stille, contd.
8043 contd, -

dierlsce the impeller axislly within its oasing. Ancother
troudle which sppeersd was that air lealing in through the
glang could travel down the central pipe arcund the shart
and cauee esvitstion in the pump. The remsdy for this
is to have holes In the pipe,commmiocating with the malin
vapour space in the vessel.

. The etuffing box 1s water cooled; the bearings inside
the #t1l) pay give trouble, this clearance must be Just
right. Carben dushinge heve shown some promise. It hae
to be repembered that the charge containe s fair assunt
of eoclid (l13a) etc. which might lodge to some extent in
the etill instead of flowing to the secondary veesel,

The internal bearinga are lubriceted by Aroclor bled off
: the pump delivery line, but thay may become choked by the
s0lid matter in tha charge.

Sse also the description of the Anniston etill and pump
on pagee 20-, Section VI, .above, and comments on the
dietillation process, pages 4-, Bsction VII.

bl dean.

Prom the bottom of the condenser at the Krummrich plant,
the distillste passes through & Jacketed line to a
Jacketed 2ight glass with sampling fitting, and 8o to

1 one of the receivars CT-0T71 or €T-01377. Tmere 13 &
ring of gas burners arvund sach condenser exit, teo desl
with the hesvier Arcclers, btut the bdurners are not much
used,

Condenser CTI-07T70 can be cooled by Arcclor circulated by
puamp P=-05595 through the condenser ahell space then through
heat exchanger, CT-0831 {ceoled with well water) and
through a sight glsas to hea¢ tankx CT-0766, and so back
toc the puzp, This system 1s sltermative to the cooling
by distilled water used on this condenser, dbut it has

gone out cf use since the Krummrich plant gave up the
production of the higher Aroclers.
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OI. EQUIFPMENT LIST, contd.

Stills, contd.

8-043

contd.,

There 15 a stear and water ctoll in the hesd tank to keed
the Aroclor 8t sround 110-120°C. Thare is & Taylor
Pillscope temperature controller 1-0510 controlliing »
vilve on the steam inlet to the ocoll. This Aroclor cooling
is more ctonvenient for higher Aroclors, but the mater
systen 13 preferred for the lower Aroclors,

The systex normally works st sbtut atmospheric pressure
though the vent {on the top of hest exchanger CT-0EZ1 1»
usually kept closed, and there 13 3 pop valve 8t the same
point ).

The sketch on page XII - B2 will serve to show the arrange-
sent and to indicaste certain minor festures not described
sbove,

Baeh 3tll)] hap & bottom cutlet which will completely epgpty
the 8till, alsec an outlet st about the same level of the
top of tha bottom dish, which will lesve about BO V.S,
gallons of bottoms in the still., Both deliver te open
topped cans on amall wheeled "dollies” under 8 hood
ventilsted by suction fan B-014E, Rising stem gate
valves sre used on these outlets and gas flames are freely
used to heat them for seme time before the 3till 1s to be
tapped,

Bottom cutlet also to emergency tank CT-0745, dut this
vensel 13 nov used a8 sxtra storage for diphenyl.

The dseper still has & therme well Sbliguely through the
e wall, sbout 7'6” balow the cover, but this well was not
in use May 1555, Rach atill body has # ES & B relief dise
of AlPb, £ diameter, vacwum supported, calibrated to
rapture st 25 psig. The receivers do not have rellef dlscs.
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FAOTECTED KATRERIAL: MONSANTD ISSTMANCE COVIAAGE LITIGATION

e X1 - B2
Equipmern®
st
S-043

X1I. EQUIFMENT LIST, contd.

$-0L3, contd, -

Drawings.

B LED ¥ater-cocled condenser on No. 1 still CcT-0831
-01397
-01491

A 593 Sump plate for submerged pump S-043

B 644 Head tank for cocling medium -es-ec-c- CTLC1DG8

B £51 Tubular condenser ------ ceresesmannee {?7-0770
-01378

B &&62 Vapour exit pipe -=-sseercecrersecansen= 5-Dk2

c 795 ReCOAVEr -crcecacsacens cecmwraserwess CT_CT71

c-8o07 Coke tOWer ~---v-----c-cssceccacemeseees CT.L75D
C BOg Mo, 1 S5ti1l)l +e--ecsrec—cecccececeerose 52042
c 8% Piping of vacuum still - PC-085,0T-0770,-012377
C 864 like B 483, on No, 2 stil)l --er-eccve-e= 5.062
C 6542 Priping dlagram, No, 2 #til) ~e--e--e e 85062
C 6543 Priping diagram, No. 2 #til) =--w-cceer-= S.062
D €54a Ko, € #tl]] -ee-o-cremrerrosaao ce--e-e  5-062
E 6552 Genersl layout No, 2 still -e--eec-ce-e S5.062

D 6556 Oeneral layout, No, 2 still with cyclone,
receiver, and coke scrubbers,

D 6957 Cyclome on No, 2 #til) ee-v-crrrecevoaa- 5.082

B 70E2  Monel condenser on No. 2 Etil) -~e-=eaee CT-01D76

0135277

— e el o e

"INIWNND0a TYRIDING Ink 10

ALITYNO 3¢l OL 3na ST 11 ‘321108 SIHL
NYHL ¥YIT1D SSIT ST IDWWE Wil Inl 41

¢S OQH




e et
~e -

et Sihitan din el

-wrn e .

PMIOTECTED MATERIAL! ROFSAFTO IVSURABCE COVERAODE LITIGATION

——

X11. EQUIPMDNT LIST, contd.

X11.

Stills, consd.

5-062

$-0kE9

#2 Vacuun still purchssed from Nooter. Berial #52. Dug.
P-6gbé, &' ID x 11'10" str. shell, intsrnal pipes, etc,
Std, dished heads. Class wool inpulation 2" with )/2°
finish coat.

Order B1O7T30 on 5/12/41, Reg. 20821 on M/2B/M).

Chg. out $950.00. Suspended between 20'€™ and 12°
platform in CR.

4s another number for C-0808, gas fired chlorimator,

0139278
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PROTECTED MATEAIAL: NMONSANIC INSTILANCE CUVERALDE LITIGATION

XI1. BCUIPMENT LIST, eontd.

Scales
SC.004

5C-098

8C-Cl00

BL-0246E

- &

- Zgpeens
List

BC-064 . G286

Bowe Portable Scale #E22, Serial 1363205, all iron
platform 304" x 304", Cap. 1500 1b.
Order P9S86 on 5/20/36, Reg. 65555, Pyrencl Plant.

Bowe scale. Serial 1364566, #1820 Sisleton type, bail
besring, dormant scale, cap., 25004 with double beams,
Platform 46 x 38. All meta) incl. steel shaft, Order
Bla35) on 7/20/36. Req. 71536 on 7/17/36.

Price $212.85,

Bcale purchased froe The Exact Weight Scale Company,

Berial 39992, Style 1226, cap. 200 on ratic of 10 te

1. Ixal with indicater travel 124" under wgt, and 29" cver
wgt. Pitted with bag holder for 100 to 200¢ bags. All

on awinging reck.

Order BI7906 on 5/9/36. Reg. 72843, Chg. cut $283.41,
In lean~to naar V-Odd and V-045.

1000 1bs. capacity, Pyranel Plant,

0135279
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Liver Effects

PCB mixtures ace capable of generating important
affeacta on liver tissue 1n animal models. These effects include:
(a) increase in liver weights: (b) histopathologic changes in
liver including enlarged hepatocytes, deposition of fat droplets
in tissue, and tissue necrosis 2nd cell death; (c) enlargement
of the liver; (d) the occurrence of adenafibrosis, a benign
lesion; and (e) an increase in proliferative lesions of the
liver, including increases in hyperplastic foci and nodular
hyparplasia. These inCreases in proiiferative lesions appear
to inctease in severity with increasing degree of chlorination
of the PCH aixture, a8 seen in the greater potency of Arocler
1260 over Aroclor 1234. The effects on liver tissue ate gen-
eZfally reversidle at lower doses but trend toward {rreversibility
with inoreased dosing.

However, in contrast with the positive findings of pCB
affects on liver tissue in animal models, no significant effeacts
on liver function tests have been observed from clinical data on
human populations exposed to PCBs in the occupational setting,
Purtber, thars has besn no epidemiological fimding of liver
disease in U.S. occupationally-exposed personnel. Also, as
noted in the Yusho discussion about persons exposed to contami-
nated cooking oil with a PCB content of 1000 ppm, there was no
fimding of liver disease in the categories of either jaundice or
bepatocellular injury.

MONS 221926
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PEOTECTED MATERIAL: ROUNSANTD IFSURANCE CUYERADE LITIGCATION

x3z- B4
" Equipment
List
T-Dla
X1. BSUIMVENT LIST, contd,
Trarnaformer
T-014 Transforvwr made by Westinghouse., Serial 530335,

200 KVA, type SK, now used &0 velt primary 110/220 vclt
seccndary. On the hester of the lectrodryer FC-O046,
Cost $10.00, Outside SW corner Bldg. CA.

Alac used formerly for strip heaters in tha still
recelvers, etc,

0139280
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PROTECTID IDTERIAL: BOFSANFTO INSTRANCE COVELAGE LITIGATION

1. EQUIPMENT LIST, contd.

Towera

Tv-0166

Tv-0182

v-C206

Tv-022]

Tv-C312

TV-0166 . 0312

[=]

-

=

m

£

. xJ1 . B5 -
Iquipment =
List z
$

£

o

Pused S1lica Tower purchased from Amercel Co. Inc. -
1 "U” bend trap. 12 abtsorbers aections B/P 0l1) 8% ID

x 6'6" C to center. Order BS16), Reg. 65395, Same a»
TVW-0165. Regarded as cbasclete design.

ALTTYND THL OL 3N S1 L1 *3IDilOoN sk
NYHL ¥¥31D> SS5371 ST JOVHI WIS 3nl A4

Scrudbding BC) tower made by Haveg. Drawing C-A705.

"41% ptd. 2'6" dia. 10'2" deep, 5/B" thick walls x 3/4" .
thick bottom, machined dished haad, and cennecting material,
2" thick #aveg drilled plate with necessary supports 4.3",
1-8" and 1-10" std, Haveg nipple type ocutlets with flgs.
Order B202B4 on 10/5/37, Req, 83234 on 10/5/37.

Chg. out $668.56 on 12/31/37.

On 38' level steel struct. south side of CR,

€Sl OAQH

Scrudring Tower purchased from Nootsr, Drswing B-5B15

suppert, drawing C-5B1& tower., 17-18" ID x B' wilded steel

const..towsr, welded steel scrubber support for tower. — e
Order B7ME on 3/27/40. Req, BOED en 3/27/#0,

Chg. out $277.00 on 4/30/40. |
Above CT-0756, scrubber by pump tank. -

HC1 absorption tower purchased from Fan Steel Metallurgical ;

Corp. Serial §55-15%1. Drawing D-4300 foreign. PA #247, '

Tvype AL-400. The tower, fittings and piping made of ] ."-’
Xartate. Oas line of Haveg, Cap:te preduce 205° Baume -
RC1 at #6204 per hour.

Order PAG2S on 2/21/k1. Req. 18520 on 2/21/M1. W
ong. out $5321.13 ca B/21/41. |
an steel struct, S of CA.

Bchwarting and others "Process Descriptien --- For Arocloers”,
November 12, 1553, state that the Panstesl off-gas ad-
sorbers are constructed of Haveg 60, and rave Tantalum

hest exchange surfaces.

Absorption tower, PFansteel AL-300. Haveg 60 parts.
fantalum tubes, (some tantalum parts salvaged from an

_— e
:
older unit, ) i
-

0135281
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AOTECTED MAYERIAL: RONSANTO INSTRANCE COVERACE LITIGATION

Tl - 85
. Drawving
. list <t
XII. DRAWING LIST -

Tate

Nete:

Some of the earlier drawings were made &t the JPQ plant, and the
1ster cnes at the Krummrich plant. As the two plants have inde-
pendernt numbering systems it i necessary teo specify which plant

13 concerned, The drawings marked "A" in column 2 on the following
psges are from the JPG plant, whereas these marked "B" are froe the
Krumerich plant,

In column 3, on the following pages, the lstter

"L" Aindicates that prints of drawings were sent to Mr, Cocper,
Loenden, by air mas), April 24, 1947,

"S" Andicates that prints of drawings were sent to Mr. Cooper,
Londen, by surface mall, April 2&, 1547.

"N" incdicates that the drawings in question do not appear tco be
ef interest to MCL.

"E" dindicates that the drawings were not available April 23,
1547,

TP" indicates that the drawings were found July 28, 1950, and
that prints were sert tc Mr, Puls, london.

0139282
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PROTECTED EATEAIAL: NCREANTO INSTAANCE COVERASE LITIGATION

. a1l -685a
Zquipmant
last
Y-0bd =
1. PMENT LIST, contd.
Conveyors
v-0ki Screvw conveyor made by Esamuellsr MFCoic.

V-045

V-0

Dl‘lm 0-816-

Bize 6", £'84" trough length with outlst at sach end,
Cover of galvaniied iron, €I trough ends with zinc and
tin sprayed. Req. 65509, On bottem CT-07T64 - North
Conveyor. Proc stg. bin to bagxing scale and back to
boot of elevator, driven by M-QED}S,

layout - Z-877.
Flow Sheet » B-640

Screw conveyer made by Essmueller NP Co. Drwg. C-B16,
Si1ze 6%, 6'B~4" trough longth with ocutlet at sach end -
cover of galv, iron., €I trough ends with zinc and tin
sprayed,

Req., 69909, On bettom of {T-0765 south conveyor. Prom
storage bin teo baggring scale and back to boot of elevator,
driven by M-0836,

Screw conveyor made by Esamueller NP Co. Drawing C-£16,
Sams a3 V-OMd and 045, Prop flaksr discharge to slevator
boot. Driven by chain on M-DB27.

All these were part of the equipment for Scliq Arcclors: usu.ntle'd in

1952

0139283
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PAOTICTED EATERIAL}

EOBJANTO IESULANCE COYEAAMSER LITIQAaTION

XII. DRAWING LIST

ving . Title L pment
A-324 LS | Gas-heated chlorination pot{see E-888) | cT-0808
B-346 n Muristic trestment vesssl ¢T-088)
r_-}sz N Practionating column{not Aroclor plant)
P-370 L8 | Oeneml layout layout
P373 L 8 | Ducts for process fumes.solid Areclors | D-012 etel
P-374 L S | Layout, sclid Aroclors ”ﬁ'ywt
P-37% | Structural stesl
P76 N Stesl and foundation
r-380 X ERlsctrioal layout
p-281 X | Klectrioal condusts
p-382 R | Lagnting
B35y ] ¥ | Service linss
P-284 ¥ | Poundation details
?-385 K | structural steel, Muristic tower
r-386 L 8 | Piping layout Piping
P-285 ¥ | Kiectrical details
P-254 N Oen,. arrt, EC1 absorption
A-A59 L 8 | Bearing for blender shaft CT-0719

*

-

¢ 320 note on page 85 in this section.
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BURIANTO IFMURANCE COVERAOR LITIQATION

-
s - g4
* Drea .
. . List T4
XI. DMWING LIST, contd. -
Prawing lqu:;n:nt
 Nunber * ¢ Title Numbe r
B-4EY Al LS [vater-cooled condenser for vac,.still h cT-083
CT-01307
A-293 A1 LS |3ump plate for submerged pump 4in vac, CT-01441
st11l _§ B5-043
A-501 N lesd-lined tray for ECl abaorber
C-502B ] Sand filter for muristic acid
D-512 A | LS ([Storsge hopper for solid Aroclor C‘I-mé
2T-07
D-518 A] LS |[thute for Aroclor flake D-012
c-605 Al LS [Zhesr pin on drive of gas-heated ¢T-0808
erlorinator
p-60% 3 [ ] Store tanks CT-07A8
CT-0745
CT-0768
CT-0765
CT-01310
B3-£13 A| LS |Relief door gas~-fired chlorinator CcT-0BO8
furmace
B-EAD A[JLE8 [Flow shast Fiow
sheet
B.643 x Ssparetor, not inatalled
D644 A ] LS [Cocler on vac. still systen CT-0766
CT~01368
B-6A% A}l LS |Cyclone on solid Aroclor plant CT-0751
B-646 A.l LS |Sti1ll pots for sclid Arcclor R-026
. R-027
B-652 [ A | LS |Hest exchanger on vacvum still CT-0TIS.
CT-0137E-,

8a¢ note on page 851n this section.
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ECESAFTO IPAVAANCE COVERAATY LITIGATION

- ax - &
e Prawing
. List
XI1. DMWING LYST, contd, .
bnvms - - Bguipment
Nunber i Title Nuaber
B-£83 |A | 1L S |[Stack for solid Aroclor plant cT-0751
B-£54 Aj LS |Support for stack ¢T-0751
B-658 N Ploor gratings
B-659 A | L & |chlorine inlet CT-OT45
CT-0E33
»-660 Al LS |Cyclene - not identified
B-651 Al LS |Elsvator drive, 80lid Aroclors -0}
B-662 A| LS |vaevum still vapour pipe S-042
B-6£3 A | Supports for vent line scrubbar CT.0762
B-E6S A | VYac, atill furnace vent pipe $-042
»-666 A| LS }!Thermocouple wells
B3-675 A]l LS [Bood, etc, of flaker p-102
B-584 A |obsol-| Strip hester clamp for chlerinator ¢T-0808
ete
»-685 A [ obscl-| Heater for Sperry press P-0172
ate
P-£B6 A x Yent stack PC-0AS
»-689 X Vent stack FC- D45
C-79% Aj LS8 |Vasvum still receiver ¢T-0717
CT-01377
¢-798 Al LS CaCly bresther CT-0762
€-799 Af L 8 |Diphenyl head tank CT-0767
c-800 [A| L8 [|Scruvber liquor tank CT-0754
CT.C755
CT-0756
BE
® ® pae note on page/in this seftion. )

0119286
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PROTECTED EATERIAL:

ROBSAFTD IEBURABCE COVERAOR LITIAQnTION

I - %

Drawing

List
XII. DRWING LIST, econtd,

Drewing |® . Equipment
Numter . Title Nunber
c-B804 A ) ] Rot water collection tank CT.075%2
c-B8o7 A |L S |Coke scrubber CT-0753

. CT-01256
c~809% A |LS |# vscuum still 5-043
¢-810 A [LS |Meilt tank for high bollers etc. CT-0763
c-£1% A {LS [Priping of vacuuz still PC-048
CT-0770
CT-01378
c-816 A |18 |Aroclor conveyor V-0hi
c-B18 A L 8 |Chlorine vapourizer CT-O743
c-E21 | Platform for still pots R-026,
R-027
c-822 A |LS |Chlorinator reliefl connsction CT~-0744
c-B23 A |L S |[Muriatic acid atore tanks CT-C784
CT-0785
4 ¢T-0786
CT-0795
c-827 A {LS |veighing truck, solid Aroclor plant MSC-0681
c-B2¢ n Liat of motors
c-830 A |L S |Gas-heater for discharge of gas-heated | CT-0ROB
chlorinator
P-E38 N 18" fracticnating column, not in
Aroclor plant

C.B4&7 N Helder for atrip heater CT-0771

¢ ¢ Sy rnote on page 85 4n thnis section.

-
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PEOTECTED KOTIRIALI FONSANTO INSTRANCE COVIIASE LITIGATION
;
. xar - g1
Dravwing
Liat
XII. DRAVING LIST, contd.
wing Equipment
urber ¢ * Title Numbe r
c-BuB N Holder for strip haater CT-07T2
E-E76 N Ploor grating
E-BE2 LS |#1 dlending tank and CT-0779
! #1 Pilltrate receiver CT-0760
1
i E-863 L S |Buffer tank {(air blowing tank) €T-0750
; c-864 A [} Heat exchanger for #2 vacuum still s-062
1 . {see drswing B-483)
]
] E-BE5 A [L 8 |Setting for stills for solid Arcclor | R.C26,
. R-027
E-867 A |L 8 |Setting for firsheated chlorinator CcT-0808
r
E
1 E-870 ] Conveyor for Aroclor flake L-03
1 2-877 1 & |Conveyor for Arcclor flake (layout) V-0u4h
5-880 A4 |L S |Chlorimator CT-0Tkd
CT-0745
CT-0E33
£-88 A |1 3 |Shell for gas-fired chlorinator cT-0808
furnace
E-586 L 5 |3hell for sbove and brick setting S04
} . F-045
E-888 LS {Drive for gas-fired chlorinator €T-0806
r-6589 X HC1 abscrption tower
E-856 N Floor grating, KCl tower
1
. D-978 B3 |L S |[Diphenyl store tank CT-0347
. * Ses the note on page B€ in this section. 0135288
)
-
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X1 - 82
Drawing
last
XII. DRAWING 1IST, contd,
brnw:n.g Equipaent
Nurber * * Title Number
€-1117 | B N Poundation of D-978
D=2076 | B {L S | Turbo agitator for tlending tank CT-07T7%
D-207TT | B LS | Stater for above CT-07T9
C-2879 | B ] Heating furnzce for coll of #2 PC-066
vacuus still
C-3775 | B |L S | Pilter for HCl gas »-0106
D-4252 | B |[L 8 | Muristic tank CT-01260
D=4300 ] Pansteel drawing HCl sbsorber
B-4365 | B |? M | Varec. Gauge on Pyrancl mixesr CT-01321
B=AN13 | D LS | T.C.B. Store tanis
D-Ms59 B |[L & | Rubber-lined treatment tank wita CT-0861
agitator
C-416 [B |L S | Scrubber liquor pump tank CT-0568
cT-01013
B-AE79 | Obsclete, layout for ECl abscrber
B-M68% ] Otsclete, Piping of KC1 abscrber
C-A70% B LS | Haveg tower {ctsclete) for HC1 aba, T™v. 0182
C-A845 B L 8 | Scrubber liguor tank CT-0104%
B-C571) ] Oocodrich rubtber-lined tanks CT-01575
C-5743 !B |L S | Scrubber in Pyranol plant CT-01162
c-5E14 |B (L S | Obsolets, HC1 tower W-0205

See the pote on page BS in this sectien.
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Gastric Leslions

When tasted in monkeys and rodents, PCBs ghow species
spacificity with respect to i toxic effect on the gastric
eplLthelium, or stomach lining. In the monkey, with Aroelor
1242, tﬁoro is a mucous convers3ion of the gastric epithelium
that can best be described as a dysplastic growth pattsarn, This
growth pattern doas not constitute a neoplastic transformation,
In rodents, PCBS do not evoke this effect on the gastric mucosa.
In humans accupationally exposed to PCBe there are no clinical
tindings to date of gastric lesions, and no evidence of stomach
cancer dus to this exposure,
carcinggenesis:

experimental and Clinjical

A sizeable volume of animal experimental work has besn
directed toward chronic studies in several species: the mouss,
the rat, and the dog, There are some areas of interpretation
that are still undet debate by the investigatore concerned, but
in the opinion of the Catsgory 1 tesa the following represents
conclusions that can be drawn from presently availlable data:

{a) the evidence on carcinogenjicity is negative for gastrointes-
tinal carcincma and bladder carcinoma in rats and hepatocellular
carcinoma in the dogy (b) some studies have reported an increase
in hepatocellular carcinocma in mice and rats expoted to commer-

cial PCBs chronically, whereas other studies have afforded nega-

tive resulces,

MONS 221927
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FAOTECTED KOTIRIAL)

NONEANTC IWSTRANCE COVERAOR LITIGATION

1 -9
* Drawing
List
XI1. DRAWING 1IST, centd.

[Draving Equirment
Number * * Title Number
B-5815 | B N Obtsoclete, RCl tower support
B-5B21 r Cyclone CT-01289

€T=-01279
cT-01280
. CT-01282
c-5825 |3 ILS |Monel gas chazber on firehested CT-0125E
chlorination rsystem
c~-614A B | XF |Monel condenser CT-012€3
26209 |B |1 8 |Cnlorimator CT~CThA
CT=-01283
p-6455 1B [ LS | Pyrancl mixer cT-01321
B-6E38 | B [L S | Assamlly of Dlending tank CT-0779
CT-01393
A-6853 ] Agitator in blending tank cT-01259
B-6BEB | Thermsocouple wells
C-58£3 | B (L3 |FMitrete receiver CT-01400
B-654) ] Flatfors of still
c-6942 | B |L S8 [|Priping diagraz for #2 vac, still S-062
c-6943 B L S [|mone)l piping dlagram for #2 vac.still] 8-062
D-65 44 B ILS |#2 Vac. 211 8-062
D-6945 Exhaust System,mentioned on p.XI1-6.
D-6946 N PF | Control room S-0E2
B-6952 | B [L 8 | Oenernl layout #2 =211 S-062
®  See the note on page 86 3n this sectien.
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Drawing
List
XII. DRAWING LIST, contd.
rawing Zquipment
En i Title Number
p-6956 |B [ L 8 |Oeneral layout #2 etill 8-062
c-6557 |B |L S [Crclone on #2 vac. still 8-062
B-7062 |B |1 S |Monel condenser #2 vac. still 8-082
B.7121 N Support for Sperry press r-0113
A-7136 N Fipe coil under SperTy press r-0113
A-5823 n Bearing for blending tank (3ee
arg. A-459)
D-1C252 B L 8 |Piping of asr blowing tank
Hangd B [L S [Dryer for Attapulgus Earth
sketch {8ee corresp. file Mar, 25/A7)

TEeTETe ..

AL L

Anntston Drewings

9c~8000 lagout of chlorinators
to WL, June T, 1946
9C-8245 #2 Aroclor atill
C-6836.1 Detail of chlorinator .
(8 - cal Co.) to WL March 12, 19A7
L ] L ]

See the note on page BS of this section.

-
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v -1
Histery of
the Process

V. HIZTORY OF THE PROCESS IN MONSANTO.

In the years 1927 - 1928, the Swann Chemical Company developed

s procecs for making diphenyl, but as the expected demand for it
did not continue, other outlets were sought for the diphenyl.
Aroclors were procduced in the laboratory in 1929, and as they
showed good electrical properties, fire resistance, and genersl
inertness, the Oeneral Rlectric Company became interested, and
developed the use of Artclors in transformers and capacitators,

A plant was installed to preduce JOOC 1bs./day at Annlaten.

In 1935 Monsanto acquired the Swann Company, 8o gaining access to
their Arcclor pstents. As the demand for Aroclors increaded,
agditional production squipment was installed, located at the
Monsanto Jllincis factory {then plant “B" and now called the
Eruserich plant). This equipment came oh stream in September 1935,

The Krumerich plant site was chose partly because of the avails-
b1lity of chlorine there, but when chlorine consuxption evertook
the production, and chilorine had to be purchased, proximity to the
diphenyl preduction at Anniston had mere weight, and additional

capacity, largely designed on the pu.nt "B" model, was installed
at Anniston in 1641,

By 19%6 both plants had doubled their capacity, to give a tétal
production capacity approaching 2 million pounds & month, About
1954 chlorine cells were installed at Annisten,

The Newport plant was designed, mainly on krummrich plant inforwm-
ation, but to a leas axtent on Aanisten information, under Newport
Project No. 12 of the london Centrel Engneering Department.

Chlorination started at Newpert in June 1951, Mr. Clegermn from
Anniston spanding some time at Newport to assist in starting the
diphanyl and Aroclor plants thare,

The first production of Pyrancl by MCC was in 1926, when Pyrancl
1488 was made for the General Electric Company, the blending being
done at first in rail tanks. Pyranol 1455 was made in July 1938,

The use of tin-tetraphenyl started in 1944, since when the main
production has been of 1467 (TCB - 1260 mixture plus tin-tetrapheryl}
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. Opersting
. i Instructions
Xv. OPERATING INSTRUCTIONS.

Operating instructions were given in the report of lyles, Soffranke

and Becker, November 1547, psges B4 - and a revised version was put

out ty the Krusmrich Plant Standards Department, August 10, 1954, -

(copy sent to Newpert, May 23, 1655),

Pcints cslling for special mention are: ==

1. Care in melting diphenyl recelived in cars. The first move 1
te melt a hole, from the surfece, down to the bottom of the
tank to prevent development of pressure fram the heat of the
tank cell or Jjacket,

2. Usual rail track reutine in handling cars.

3. Exclusion of rain etc.

&, Proper use of tracing on pipe lines. lines to be blown clear
after use whare NaceBBsAry.

5. Tunk verts and overflow lines to be maintained above the melting
peint of dipheryl

6. Charges in the ciphenyl measuring tank to be kept hot.

T. Pire precavtions in handling diphenyl, tolusne, and butyl scetate
and mixtures containing them, '

8. Chlerinator charges kept as cool s possible, and not circu-
lated in the sarly stage ©f chlorination,

§. Watch inlet preasure on chlorine line to chlerinater.

l1o0. Care in emptying chlorinstors not to suck back the scrubber
charge.

1l. Ksep chlorinator charge out of the chlorine fe#d line,

12. Watch gravity and temperature of scrubber for indication of
poor absorption of chlorine in the chlorinators.
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PRACTECTID KATERIAL:T MNCERANTC INSURANCE COVERAOER LITICATICN

. XV - 2
. v Opersting
. ‘ Instructions
XV, OFERATING INSTRUCTIONS, contd,
13, Control air-tlowing temperature to suilt the Arcclor being
handled, -
1k, Check dryness ©f air from lectrodryer &t proper intervals.
15, Ouard against buming or coking the still coils,
16. The usual care in lighting gas fumaces.
17. Care in dealing with hot material tapped frum the stille.
18.  Cleanliness in handling finished Aroclors.
19. with higher Arcclors take special care against bloclage of
lines.
20. Safety precautions as discussed under "Bazards”™, Section XTI,
above.
Pyrcncls

Operating Instructions relsting specifically te the Kmmrich plant
are given on pages 13- of the repert "Dept. A-246 PyTancl Procesa”,
Lyles, Soffrankec and Miller, March 24, 1647, {topy #8 sent to MCL
October 15, 1947).

Points msentioned are:

1.

Chacldng the meisture content of incoming cars of trichloro-
benzene. Alr blowing at about 50°C, te remove excess moisture,

Sanpling of materials at varigus stages for subtmission to
Oeneral Elscirie Company.

Exclusion of moisture, HCl fume and dirt.

As & worlcing rule, in sd¢justing blends of TCB with Aroclor 12680,

1 part of 1260 added to 80 perts of the blend will raise the
Sp. Gr. abeut 0,00} and the refractive index about 0.0001,°
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. Operating
B Instructions

OPERATING INSTHUCTIONS, contd.

Pyrancls, contd,

5.

6.

Rlends containing tin-tetrsphenyl are to be warm (about BO®C.) -
when filtered, otherwise soae TTP may came cut of solutien,

VWaterrroof cloth over the domes ©f the filtered rail tanks to
sxclude polsture and ¢irt while travelling.

Avcidance of delsy in dealing with samples because of the numercus
testing stages required.
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To Mr. J. Soffrankc who wes in charge of the
Krummrich plant Arocler Dept. in 1647, and to
the foreman, Mr. Irrocl Smith.

The report "Dept, 246, Aroclor Process” by
Llyles, Soffranke and Becker, November &, 1546
was of very great help in sesemdling information
for the Newport project, alsc the companion
report 'Dept. A«246, Pyrancl Process™ lyles,
Soffranko and Miller, March 24, 1947,
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1954, have been used in the present revision of
the procesy detalls.
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Dr. E. E. Hardy was of great halp 2t Anniston
in 1§47 in explaining the process and lecating
informatien.

To Messrs. Ellenburg and Wood for guidance around
the Anniston plant, and to Messrs. Baker and
Dunlcp for analytical information.

Mr. Clegorn was very helpful during a visit in
March 1955,
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Index

Page 1

ACETONE, SOLUBILITY TEST ON AROCLORS DISCUSSED -cceereres¥IJ-ll
Acid number, conversicn of KOH figure into Ne(H figure -- IX-63
KOH v, RaOH valued ceccecmcmccncncnnccccncac 1X-40

Acid number, tedt Bethodpecsecrssamemmcmccaceens IX-62-, 1X-128
Acknowledpment -sccssmscammmsscrerramrcscememm—e -e= Section XVI
Agricultural uses of ATCCIOrS cecmmcommsmcececnvvecma——es VII-21
Alr-blowing of chlorination product —--- - vIi-13-
CODMANtS Of ecovevces YII-4

Alr blowing tanks, ate, - oo ——e XI-17a
Alr, dry air needed in wnloading ce-ccrcrrmrerenrrvoncees VI-35
AlT ATyer evsemccscsnmrrsrsssrerenmccorccsrenneconrnnsne X11o45
Analytical Methods, see "Specifications & Test Methods” and «---
rervemees "CORLTOl Tests”

Anthraquincne derivitives, &s stabilizers in Aroclors --=- ¥II-9
report mentioned VII-3A

determination ¢of ececovecssencrs YIIo9

APHA rcocrccnerrrncrconncsmnrrresrrrrrrvnroonrenrnnes EBE 'cﬂlmr-
APPRATANCE =w-vrerrvscrcenccrbrrcmsncarrrrrrranaa=e 08¢ "COlour”
Applications ©f Products eeseccerecdccess VII-18+, VII-J0, XI.-5
literature survey menticned ~-- VII.}2

Aroclers, advantages of -ccemscevrcsnrrrcraccascmecnnnne=e V1119
as animal repellants ccrerrcsscemrrmrssrccrcaces -8

&Te COmpleX RIXTUTES ccovvecccrecocccncarersveen J]e2

Plending of to give intermediste Arvelor =eeeeaViI-ll

butyl scetate blends ccvccccccess S22 "Butyl Acetates"”

caused of high chloride contentesceccccnccens Vile=l%=

charging production from one grede to another = VI-12

ceeecenceneres VI-25

eolour troubles cranme Vil-10-
crystallization troutles ceccccccecccesra¥Vllelle, VIile2
dazaged by heating in iren Vil-7

effect of metalsy of eceswes VI-3N, VII.1, VII-7, XXI-1
isomer ratics v, chlorination conditions ===eee VII-D
need for tin etc, lining in store vessels ==--- VI-I5
physlical and chemical proparties ~rereceesverns 171-7
(s011d) crystallization point method =-seveee-s IX-87
s0l1d, d1stilistion sr-rrrcrcsresvavressncrere VI1-24.
sclid, manufscture éipcontinued =cvmcemc-csccccceaaVa?
sclid, process detalls srercvcrrevrmcnnesnnenss Y]o7-
sclid, specificationy e-ecsscassmeereess IX-16, 1X-30
specifications for sceccemcmecasmces 1x-11-, IX-26-
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index
. Page 2

Aroccler, toluene blends = e=verrrossctice—se—sscee—c-se~ ¥11.7
test method --=secsneectecseac—aa IX-88.

unstable impurities IR —ees—ce~cemacveee- II-1, VII-16
viscosity index 18 RIgh -cevrescrcacvareccsean=V]1]-19

see also finished products

ABKATR1p ~ecectmccctssce—nsrissnns ettt sarrssres——nsnnrae o}
bulletin ====wr--cssmsrccss—secsn=nsc=ssssen=== YII.3D
Attspulgus earth, slternative materiadls unsatisfsctory == Vil-.7
dosage of reemee ——— ~ V127

ArYer -—seccersr—coce—ccsacr—wves—concenll]edls

Arying ©f e--e-ecec—cnseec——eea- VI-27, VII-7

removes T.T.F, o= ecmema VII-T

sample sent to MLL —v-ecessu—ercccccneas IX-9

specification ——ereeecececcarseccsc——ana IX.3

BATCH NECORDS - remenm— cocencn=v- S0¢ "Operating Mecords”
Benzsne, saxple sent to MCL ecevrerscascccnccccccsnercs—sas JX.§
BiPhenyl ssesesss—eresveccsscrreresncssesccac——s $8¢ "Riphenyl”
Rlending, of Arcclors with butyl acetate IX =40
of Aroclors with tolusne Yi-29-
of different Arcclors, product not necessarily
sQuivalent to product of

direct chlorination 1l-2ViJI-ll

fOr PYTRNOLS +-ccrmmmsncaccsenrrrtracsrasranns Yla32n

Rlending Tanks -=vererc——escrrrerscsssnsccssrens O1-28-, ete.
Blowers sevessecr—csmcsemsmnctremmsnonrn cosne nI-é
Beiling point range w——ane w—c== B¢ "Distilling range”
Bulléings --- ————— === gttt "PlAnt layout”
Bulletins on application of produetl eme—e—- 8¢ "Applications”
Butyl acetate - Aroclor dlands, test Bethods =ecevee~as JX-17%-
Butyl acetate dlends, mantionedeecevcsssorsrocacu—s—ncne- IX40
precautions in handlingeesee-c~e-es IX=40

colour of blends with Arcclora{test method }I1X-178
QUAlItY Of -~erecscrevescnmsrrr—s—secsee—es JX10

speciflication fOr --sresercrancacan—nsc—c—a 1X.20

CAPACITY OF FPlLANT ecccacsmrarresccsersconssnmsmsacnnnn reete XI-1-
Mm' no lp.l:ific-ltibn L Y et DL L LD D Tl g Ix-}
c.t.IV't sresscrersscrenssncrsaranessssncns S2¢ "IFOH turmnings*™
Ceretlord secccsncscccnrsnsrrrereserttstisanmabbate nbeone n-le}
Changing frow one Arcclor to ancther -eevecasescs ¥V1=13, VI.25.
Chexzical resctions with ATOCIOrs we=-eseersscccsese—-—==- VII-2}
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Index

Cheistry Of the Procesds secssccsrccecs-srnansrerecea Sgction 11

see 2130 "Comments on the Process™
Chezistry of acticn of chloride BCAVENEETS =vrescenv—w-» IX-182
Chloride BCAVENgeIs =essssscesvernccncc—rvere= J#¢ “"Scavengers"
Chlorides in tiﬂt.tﬂph'mlg test method v-cc-ececcasvee IX-133.

Chloride test in boller water =-=v-- e «-=1X-107a
Oeneral Electric =-=ece-s= Bee¢ "Oeneral Rlectric”
Chlorination, batch datlecrcrrcarenscanes - VI-%

chart of § Clg v. 1b, Cla t0 FINISD coca——a VIAG
CheRistTy Of cccccnvenvcscrccnncnne—s J]1-2, VII-3

comments ON =-e-e-veca—e .— vii-l-
continuous, discussed - renane YIIa2
ne circulation of charge &t First cecoceceae V1.6
process in detall +~-«- - e Viaha

‘purging of gas inlet ilifteccccccrctcnccress VI-fa
te 8f ecoccrrrrcsssss B0¢ "Chlorine flow rates”
™cord charts = V137~
unstable byeproducts mentioned eee== IJ.l, VI1-16é

Chlorinator for solid Arcclors == ——- - ee XII-30-
ChlorifnstCrl eevnenrnccsscans - - m_-’_ etc.
1"1.‘ ﬁttin‘ - - - nz-a

Chlorine conpunpticn figures --ee=ae gee "Producticn standards”

deterxination, total chlorine ~secceceee IX.52., IX-64 - .
Oensral Xlectric
method, 38¢ ~~ece-"Osnersl RElectric"
CistridUtOrsS erreccccvencencracascncccenes 119, VII-2

flow rates secavcacs -a - Vvil-l
handling of «swe ceme - Yie2-
OCMEBRMNtE Of === v V112

BELETing €LC. =mcccsncccacrnccsasnavaras VI3, Yi-Ga-
nd mciﬂ“tiﬂl P T ALY L Sl A L D D L P DL Ix-}
QuAlity, cOEmMSRtE cocaswnes e Ix-a

use of snift gas etc. =recavweses V12, VIIe2

Chlorphencls 4n Aroclors e.- - ———— Yi1l-10

Bantiriet ecrrscscccavencaanceres Ix.a

cllrr-M - e e S e e B S A Ol o a0 'Birwh'
CIel.d Tanks B N T L Y Y T P T P T T = P Y n:."-
Cbckl, Gholct of - - CL DY L L L L LY L 2 1 1 1} nI-s
Coke etcrutbers - - - LI LT cess B2e "Scrubbers”
COIW.!'. 38¢ B30 ~emecsscessmrrecasrrensae “Ilcl:trophotmt.r'

test methods, Arcclor 1271 (s0lid) eeeccveccnarss 1X.101
Aroclers 1270 and 1271 in toluene solution 1X-100,-1C%a

Amclora e e A e e A e e B e e B g i e u.57.

0139299

Fage 3

‘301404 S1NL

“ANIHNO0N IYNIDING THL 4O
NyHL ¥YITD S531 SI1 IoVHI WIl4 aud 11

ALITYRO 3HL OL NG 51 Lt

€St OAH




With respect to the possibility of cancer linked to
exposure of hunans to PCEs, epidemiological studies show to date
essentially negative results for hepatocellular carcinoma, gastro-
intestinal carcinoma and all other forms of cancer. There .3 &
single preliminary study that purports to show an increase in
aelanoma (skin cancer! ln occupationally exposed people, but the
full data display and analysis have not been made feor this study.
In contrast, in two larger and mote detailed studies, this finding
has not been confirmed: no excess incidence of melanoma in expased
personnel has been observed.

Retrospective mortality studies of PCB-expoged human
populations have not demonstrated & consistent relationship
between extent of exposure and the developasnt of any per-
ticular typas of cancer. The human studies {n hepatocellular
carcinoma are not comprehensive, but to the extent that they
have been developed the results do not confirm the projection
of a risk for liver cancer based on the animal studies. Some
findings of increases in lyaphatic and hematopoletic malignancies
were below the level of scatistical significance, and wete refuted
by observationa of changes in the opposite direction in other
epidemiological studies. Zven findings of statistically signif-
icant differences between vxposed and control populations with
respect to the incidence of rectal cancer in womsn at one plant
have not been confirmed by observations in other studies. The
variance in these findings points up ths important principle that
the Standard Mortality Ratio (SMR) may vary widely in different

MONS 221928
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Celour, diphenyl ~scevcsccsconscnracs e JX93
general (AFHA)eecccsccccsnccscnccnnnccriscnarree IXalT=
{(Bazen}ecacanccancccnccncccavocconncrers I1X.153
m‘-ﬂol. L L T L L T T T u-57-
Comments On the Process secccsrrecscssssccccsensercaSfction VII
Compatitility dats (Aroelor) seciscccccccacsrreraveccens J13-16
Competitive Produtts seeccccsnscnssscnsnssconresssacerse JX-183
Consumpticn figures ssrescsscmcevcscoccncsncn=s S8 "COSt data”
sessssccsasspsssscsnnanccncns "Flow Sheets”
senssccsssrrsnnrasssnrerones"Y1i0ld figures”
Control tests, in blending Pyrancls Vi-32-
CONtrol tests cceccncemroccccccccsaccncarancnansssaadgetion VIII
Conversion fAEtOrS eevecccsccccencrscrannracrecansenasss IX.120
Canveyors «ecesccercaconncccnns - - XX31-85 a
CorrTosion test scecavrocccasiacccnrcane o "General Elesctric”
Cost QAL ccccncvecnasrssncacnanconcssaccncraccrsss §8¢ Section X
Cost Bheets eecccercon—cmcovvercsca coee X-27~
Crystallization in Arceclors,
see “Arcclors, crystallization trouble”
Crystallizing point test method, ATCClOT eesercecsecreses JX-87
control test methodeece ¥V1II-1l-
upmn’l - - u-g‘
glycidyl phenyl ether+«-I1X-161
tri-tetra chlorcbenzene 1X-167
Crystal structure, test method for Aroclor 127leesece=«IX-10%
Cyclones, on chlorinators e~cececscssscacccsaransacsvancrs VieGe
on .till. Dbl LA LY L 2 L Ll DL Ll Ll b bl b bl d bbbl bl g nI-?B

DENSITY -- ——— see "Specific gravity"
h.im RCPOHI - - - T m-)l
Dibutyl diphenyl tin, &8 & SCAVENEET ~e-eccearceeaVII-8, VII-22
Dielectric constand and powsr factor, test method —eves IXoldd.
Dielectric strength, test method —— e=e IX=135.
mph.nyll coaments on w:t’ e e e e Ix-a
mm‘nnyl Mlin‘ e T ir sy - P, P
Diphenyl Bssuring tank eescece~eces— N - X33-2%
Diphenyl, phys. and chem, pProperties eecsee~srcescncse~es JJJ-1e

sample sent to MCL sesc~ccemeccccenmrenareccnnnn~ IX-§

3pecification eeccevcscommenwe e IX-1
test method (Colm) Sesmwwe ——— e n_g)
Distillation ew~eceveencosvsncsannccann — VI-1lh.

COMBATNLS Of mscccscssccsnsevecnsssssssenens Tilale
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Distillation, of solid APCClOrs ==~—=~ ~e VI-28.
record chArts) eseccccscen coe Y1edDe
ekl ~coNtiNUOUS eccce~ee~sscccnscorres—aes Vi-21-
use of moderate vacuum - Y123

Distilled RIgh Dollers e~eece——eee po¢ High Deollers, distilled
Distilling Range, Test Method, Arcclors ete, es~—e-wovoes IX-Th-
diphenyl = IX-95

general IX-h)le

glycidyl phenyl ether --- IX-162

trichlorobenzens etc, === IX.70

tri-tetras thlorobenzens IX-168-

Distribution list - ee see title page
Drawing list -———— ~e~ XII-86-
see 2130 the drawings listed under many cof the

itams in the eQuipment list in Section XII

Dryer - . =ss Be@ "ALPr dryer’
Dryer for Attapulgus earth —~ee—~—ee~eee 8¢ Attapulgus sarth
Du Pont viscosity method (Parlinm). IX279
RARTH - - scesesrecencee~ So@ Attapulgus earth

Rarth treatmant of ArCelors =—-=-s-sccss~~sa~e=~ jo¢ "“Ireatasnt”
Effect of metals on Aroclors—+secccceca~ece~=~es jgs “Arpclors”
KJjectors ~mesvmescaresese~ce VI.23, XII-64
Electrical grades of materialp ~crccevveccencarrnsovonw—e Y117
Rlectrical properties of Aroclors 1I11-8, 1I1-16, vii-32, Vii-17
Rlectrical stability, test method ==~ ~w—ee IX-81
Xlectrical test apparatus, eledning Of-—sssccs~e~on~an~e I¥.154
Rlectrical test Bethods =ecceer—e~e~re~vesace~ Y11-32-,1X-155 -

coEments On ==v=~s=ssc-se~cseses IYX.183

Ilectrical uses for Aroclors vi1-20, V1I-21
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studies, and that undue emphasis should not be placed on the
SMR found in one study unless 1t has been conficmed by Similar
tindings in repeat or plrillll stucies.

Reproductive Effects

Exparimental work with commercial P2CB mixtures and
animal madels has been dirested to the reproductive process
1tself, to teratogenssis 1n the offspring, and to possible
fetotoxicity. I[n moet test speciee PCBe produce deletelious
effects on reproduction at high doeages. In the female monkey
at relacively high dosages, difficultiese are encountered 1n cone
ception, in implantation of the fertilized ovum, and in carrying
the fetus to term. Siailarly doeed, the male monkey does not
tranealt these difficultiee to the reproductive procees. In the
human, expoeed occupationally or othervwise to PCBe, there is
in gqeneral no evidence for adverse effecte on the reproductive
procees, although there are little data from which to draw con-
clusions. In the very special case of Yusho sxpoeure to high
lavele of PCBe ard other polychlorinated hydrcocarbons, the new-
born in eignificant proportion were pigmented, small, and showed
a retarded rate of growth, However, thie pigaentation dieap-
peared and the infants caught up with control population infants
in total growth.

The potential for PCB-induced teratogeneeis, or produc-
tion of defects in the embryo or fetus, has been investigated
in saveral species of test animale. MoOSt animal teets
have Yielded negative results when PCBe were adminietered to

pregnant females during the critical periods for organcgenesis.

MONS 221929



geveral Possible exceprions to this statement might be noted.

in mice, a single conqgener, 3,4,}',4'-tetrachlorobiphenyl, 1in-
ducsd a behaviocal defect ("waltzing syndcome™) that may Se
related to an anatomical defece in the inner ear. PCAs in mice
wmay produce some delay in implancation, In cats, no gross
tecatologlicel changes were observed, but some alterations in
thyroid structure or function produced by pCB administration
might fall under the definition of terata. In dogs and in

swine, no teratological effects vere noted at lower PCB doses;
hovever at the highest doses of PCB in the feed, at which the
das suffecs macked ceduction in food consumption and is therefore
nutritionally deficlent, there ars dose-celated tecatological
effects in the offspring. In monksys dosed with PCBs, thece are
ng dose-related abnormalicies in the offaspring, but they are
snaller in size, Based on those observations, it is the Cate-
gory I team’'s conciusion that commercial PCBs present no appreci-
able risk of teratogenicity in offspring of human females exposed
under occupational conditions.

In test animals, i.e, rats, dogs, and rabbics, PCBs
are fetotoxic when administered at relatively high doses to the
pregnent female. In the human, the only reported epidemiological
evidence for fetotozicity in exposed populations scems from the
unique Yusho event, in which causation may not be linked to
rChe.
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Investigations of possible mutagenesis from acute or
chronic exposures to commercial PCBs have shown negative Tesults
Ln & geries of in vieTo and in vivo test systems. Isolatsd
bacterial test systems {(Ames te.:) and human lymphocytes in cul-
ture showed no evidence for PCB=induced mutation or transformation,
With in vivo systems in intact animais: (&) cytogenetic tests
for altscations of cell structures or for induction of chromosome
abnormalities yielded negative cesults; and (b) both the mouss
micconucleus test and the dominant lethal test demonetrated
negative results. Incubation of human lymphocytes in culture
with PCBs caused an alteration in glucose transpert through the
cell asmbranes.

There is no significant evidsnce that PCEs are
mutagenic in test systams, and no ceports <of such activity in
human populations. It i{s quite unlikely that commeccial PCD
mixtures vould exert mutagenic activity in humans. This conclu-
sion is consistent with the lack of excess cancer incidence
observed in PCB=exposed human populations.

Other Nealth Effects

™is grouping includes ensyme induction, immuno=
compatengs, and porphyria. PCBs induce mized function oaidases
(MPO) in the liver of test animals. The important issue is
whether or not this process inecludes the specific induction
of cytochrame P=-443 as a general proporty of the PCBs, with the
added implication that soms oxidase system is being induced that
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could be involved in chemical cacrcinogenesis. Several conclu-
sions vers teached with respect to this issue: (a) the pre-
domimant effect of commecrcial PCBs 18 cytochrome P-4%50 induction,
not b=448; (°) commercial PCBs in the U.S. can contain up to
about X ppm of PCDFs; and (c) the PCDFs can induce cytochrome
P=448. From these cbservationa in animal model systems and our
judgment, it is concluded thae under conditions of U.$. occu-
peational exposure to PCBA, none of the MFO~-inducing actiona of
the commercial mixturea vwill be of toxicological significance
aver the lifetime of a PCB-¢xpased person.

With respect to potcn:tai PCH effucts on immunocompe-
tence in test animal systems, some observationa are partinent to
the assessasnt of probable hazard in the human. It has been ob-
served in chicks that if cthe PCB dosages are high enough, atrcophy
of the aplenic pulp and necrosis of the lymphoid system can de
demonstrated. Similar indicators of change in immunocompetence
can also be produced in ducklings, msice, &nd monkeys as a conse~
quance of severe change in nutrictional statys. High doses of
PCBs leading to marked reduction of food intake and utilization
cAn lead to such changes in nutritional status. These considera-
tions lead to two general conglusions felative to the PCB-exposed
humans: (a) as projected from animal studies, if the PCD dosage
is high enough to leed to general toxicity in the human (e.g..
decreasad food intaks, fall in body weight, fall in weight gain),
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imaunosuppression may be demonstrable secondary te malaucrition;
and (b) at lower dose levels, there is no likelihood of signifi-
cant immunocauppression,

Porphyria, or deposition of porphyrin-derived pigments
in liver and urine, has been observed in experimental animals
such as the rat and rabbit dosed with PCBs. The effect has a
delaysd onset, and, especially in the rat, seams to take place
by mechanisms different from those employed by khown chemical
porphyria-producers in the human. It is concluded that, aside
from the unigue case of Yusho disease, no evidence has accrued
for the occucrence of porphyria in populations exposed to PCBs
even under high level occupational exposure conditions.
tpidamioclogy

T™his section (XI1I) of the study presents & separate,
independent assessment of the recorded epidemiclogical literature
and data bases on human exposures to commercial PCBs, and on the
significance of the health effects attributed to these exposuces.

Summary points in this assessment include the following:
(a) mortality data, based on very small nuabers of deaths, do not
confirm a carcinogenic effect of PCES in man; (b)) data on human
skxin leaions in relation to PCE exposuree have shown variabdbilicy
in incidence of this effect vith geographical locus and with ln-
creasing blood level indicators of exposure; (c) daca from atudies
of liver enzymes snd liver function suggest changes in one or

more enzymes celated to PCB exposurt that are not associated
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with liver disease and that occur at levels belov those at

which chloracne occurs; (d) there 1s frequently 4 positive cor-
relation between PCH levels and triglyceride levels in blood:
and {e) eprdemiologicdl data on reproductive effects, hematology
and immunology in humans exposed to PCBA do not suyggest abnor-
malities in these systams or processses.

Ruman Occupational Exposure Levels

Of the various effects noted in animal test systems.
only dermatelogical effects, including some chloracne, have been
clearly demonstrated in human populations at the dosage levels
assocliated with occupational exposures. Table 1 summarizes the
nature and intensity of some exposurea that have occurted to per-
sonnel involved occupationally with PCBs and the blological
indices that have accompanied these exposures, measured as PCH
content in blood and adipose tissue.

Since the cisk to human health from even high level occu-
pational exposures hae been shown by the studies available to be
low, it may e concluded that much lower human eXposucte levels do

not present significant risks.

MONS 221934



ThLE L

Onts reportad in e epiduclogy raferwces

' one

B loval 18 B Lol
~ wuln [ 1 Novd Plogme M TS
r Oomtpor.  Pagts par hilliom*e ares Ll jan®s
} per mully
L L Myme e ey} W o, S "
Pamiamlll  (1984) e-4000
MNeangea (1972) Plant A(KCaNly.) 320
. ] M- 300
. o 00~ M8 ” e - e
. g 200-170%
. r
Sargpatan (1972) < 1o 12 " LiI-1%e 1 M LeD-e2%
Ruwre (15N i8] 29 12e-2108
O (1) 120-12% t "] M ~ W8 Tr.-1M0
Tiachisesa (197 o espos. - ala it* ] L-n
N 4l
., * 0e- e [+ ] L-iTL
- 23
| TR Sap-lite 43 L-268
- 83
wler (981) AS Mo » - 8 -l » L2220
H- 14 1L-68 6 .2-18
[~ ¥ (1981} - 29}
1100
Smith (1985a) ND.- 264 Yo i L-%42 210-1108
W 44 0 1%
12 L2137 J4-3408
n- S{ (0~ e
53

MONS 221935



TR | jcoetieend)

KB Lowml in R el i
R Conoumtraticm Omrwnl Mood Mlams Miiccse Tiand
Ia  Ar, Contact  Parts par hillioae® Parts pir mlliont
] S wgiw Yot Na. ., Sub.c Kean large
Amith (L9814 17- 1% 1 L-3} 5 %
M- 24 T M
{2 wxd )ity woripe Y L~ L& 1- 82
umaslusny spais gumpe) [ ] - 18
M -4 -9
w1 17
L-24 13- )
n -6 1-18
7 L~ 1+ W
- & e
L-11 =&
»ru by 13 # )l 1-148
L- 312 13-
ls W% 1-1%
12 L-2} 1%
w 8 5 23
. L- 1% 12~ a2
[ T -1l
arand (1981} -1 e “ 117 e8-131Y
12 0 44
Yoo [ ] T WY W IST TEwe -
(o ive rogmi o) 1% 1.2 19~ B S 1.4 Lo L@
T Beldling controls
*  sote: K3 plesma analysss e aspressed La parts par billiow lincludisg soes ng/mi}.
while adipoes Linsus analysns Are ewgresssd in Parts par mslion.
“L” FCBs (l0wmf NEDIGE) Su 'S FCBs (highar hosolops) are deCismd a¢ spacies hevigy, Temectiwely,

sociar and Lovgee g0 cmsLoprTaphic retancim tistams then the O0DF weutalolite p.p (v imei -OOE.
+-IChe " K vwluds 5-FO ad tugher,

..s‘-

MONS 221936



- 17 -

I. INTRODUCTION

A. origins and Methodology of the Study

In August 1981, the firm of consultants in toxicology,
peill, Friess, dHays, loomis and Shaffer, Inc.. Arlington, virginia,
(DFNLS) entered intd a contract with the Edisen Electric Institute
{ERL) and the National Electrical Manufacturers® Agsociation
(NEMA} whereby OFHLS agreed to examine the toxicologicai and
epidemiological literature on polychlorinated biphenyls (PCBs)
and provide EEIl and NEMA with DrnLSf independent, professional
opinion on the human healch effects of PCBs at varying dosages
or exposure levels. To this end, the principal acientific
studies and data compilations available on toxicological and
spideniclogical effects of PCBs. as commercial mixtures and as
purified single congeners, have been ceviewed Dy a team of
uhnttnu designated as the Category ! team. Members of the
Category ! team are Drs. V.A. DOrill, s.L. friess, X.W. Nays,
T.A. loomia., and C.B. Shaffer from DFRLS. Addicionally,
or. G. Matanoski of the Johns Nopkins University has acted as an
independent sembet of the Category I team charged with study of
the pertinent epidemiological literature on PCis and cheir human
health effects, leading to an independent assessment and evalu-
ation of the probsbility, causality, and reality of theee effects.

Category I team reviev of the snimal snd human data
resslted in draft material on the relationships between PCH

SRposure and specific health effects in test animals and in
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sxposed human populations, Further, where human data were laick.
1ng or incomplete, the Citegory [ team members developed specif,c
Projections or opinions 4s to the probability of occurrence of
certdin health effects in exposed humans, based on the existing
animal/human data bases. Health effect areas scrutinized in-
cluded: general toxicity; effects on skin and other cutaneous
tissues; effects on liver: effects on gastric tissuyes:; carcino-
Jenesis (exparimental and clinical cbservations); reproductive
effects including fetotoxicity and teratogenicity; mutagenesis;
Yusho disease and occurrence of cancer; and other health effects
including enzyme induction, changes in immuynocompetence, and
porphyria. Dr. Matanoski's treatment of epidemiological obser-
vations constituted an independent section of the draft report.

Draft sections from the Category I te&m were then re-
vieved for content, conclusions, and opinions by the members of
a scientific team of pharmacologists and toxicologists designated
as the Category !I team: Or. F.G. Standasrt (Georgetown Univers
sity), Or. A, Alvares (Uniformed Services University of the
Health Sciences), Dr. J.A. Thomas (West Virginis University), and
br. P.E. Enterline (University of Ppittsburgh). DOr. Enterline
was the prime ceviewer of the epidemiological contribution made
by Or. Mataneski.

Comments and critique from Category !l team members.,
singly and as a group, wers then transmitted to the Category I

tean for consideration, leading to revisions and amplifications
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ehat 4te in place in the final drafet of this study. Comments
and suggestions from sclentists representing the sponsors of
ehis study, EEl and NEMA, were 2is0o considersd.

In the final vqrsxén of the study, to the extent
possible, & section on summary and opinion is appended to each
discussion of a potential human health effect attributable to
PCB exposure. The primary responsipility for each of these
sections is assuaed by the Category I team. even though the con-
tent may have denefitred from useful contributions by Category
11 personnel.

B, Commercial PCH Mixtures

Polychlorinated Diphenyls (PCBs) ace membecrs of a
class of non-polar chlorinated hydrocarbons based on the biphenyl

nucleue, in which muleiple chlorine atoms are substituyted on
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either or both the primed and unprimed sromatic rings. Certain
individual members of the PCB family have been prepared in a
relatively pure state., with substitution of ring positions by
chlartine rvanging from dichloro isomecs (symbolized as 2-CB) up
to the nenochlore (9=CB) and decachlore (10-CB) derivatives,
Commercially, vCBs were mavketed in the United States under the
trade name of Aroclors. They were also manufactured abroad
under the tradenames "Phenoclor® and “pPyralene® (Ffrance),
"Clophen® (GCermany}!, and Kanechlor (Japan). They are comprised
of mixturee of chlorinated biphenyls. The last two digits of
the U.5. commercial name denote the pecrcentage of chlorine in
each mixture, €.49., Aroclor 1242 contains 42% by weight of Cl
cocresponding to an average of approximately three chlorines per
biphenyl molecules. Likevise, Aroclor 12%4, Clophen AS0O, and
Xanechlor %00 all contain %4% chlorine corresponding to five
chlocine atoms per aoleculs on the average.

Commercially useful asixtures of PCBs have been videly
distributed over the world in the past few decades. usually in
applications that have precluded excesgive exposures of user
porulations. MNowever. because of the great chemical stability
of these polychlorinated molecules, their persistence in the
environment after accidental release can be lemgthy leading to
possible exposures of pecple and biota in the bicsphere. The
results of these exposuree, as vell as those of personnel occu-

pationally exposed to pCBs in the courss of chamical synthesis
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and manufacturing operations, ate of great importance from the
scandpoint of potentially haemful nealth effects that might
eccur On an acute or chronic basis.

C. PCH Impurities

Commecrcial PCB mixtures are tfuly complex, containing
varisble numbers and amounts of congeners within a given family
of compounds. and traces of impurities., all of which are poten-
cially toxic to humans and animals. Impurities that have Desn
identified in PCBs as manufactured are polyehlorinated derivatives
of napthalens (PCNs), terphenyls (PCTs), nsthylbiphenyls. and
dibenzofurans (PCDFs).

The occurrences of PCDFs is particularly noteworthy in
view of the higher toxicicy for certain congeners, rslative to
PCBe. It is important to note that there are theoretically 138
poasible PCDF congeners, & faw of which are bdelieved to be highly
toxic.

Wnile reviewing PC3 toxicological or epidemiological
data, a number of factors related to the actual naterial involved
sust be considered. The PCDF content Of commercial PCBa varies:
toxr Aroclors the reported range is 0-2 ppm of total PCDF congeners.
Por Europesh and Japansse PCBe, the reported range for PCDF con-
tent is 3-20 ppm. The impurity levels can slso be affected by
SEposure to high temparstures and oxygen. Tor example, Aroclor
1234 is converted to 2-3% PCOFs at 330-600 deqreea C. These
Samn conditions result in the formation of polychlorinsted
Fuaterphenyls (rCQs).
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II. Yusho Episode

In 1968 a mass ocutbreak of focod poisoning occurred in
Japan, following ingestion of 4 cooking oil contaminated with
PCBs and other compounds, that aroused worldwide concern over
the pot;ntial human health effects from exposure to PCBs. However,
this poisoning, which became known as Yusho dissase, differs sig-
nificantly in several ways from occupational exposure to PCBa 1in
the United States so that dJata from the Yusho incident cannot
be extrapolated to indicate the effects of PCBs in induatr:ial
sictuations, :

Recent studies of the rice oil involved f{n the Yusho
poisoning show that the oi]l contained telatively large amounts
of other chiorinated hydrocarbons such as PCDIFs and PCQs (see
Ruratsune et al., 1976; and Hayabuchi et al., 1979). The rice
oil cthat caused the disease was found to contain about 1000
pPm of PCBs, 5 ppm of PCDPs, and 1000 ppm of PCQs; ths amoynts
of the latter two classes of chlorinated hydrocarbons Ln the
rice oil are higher than in the Aroclors used in the United
States. Rayabuchi reanalysed the intake data for the Yusho
patient, and calculaced that the averaqge intakd for the mean
latent period was PCB 466 mg, PCDPF 2.5 mg, and PCQ 439 mg; the
smallest intake by a patient was estimated to be lll, 0.6. and
105 mg respactively.

PCH concentrations in the tissues of Yusho patients

were much lower than those of ssymptomatic individuals with body
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burdens of PCBs resulting from occupational exposure., Ffur-
ther, PCH® fractions of blood, rissues, and breast milk of Yusho
patients yielded gas chromatographic patterns showing a larger
amount Of late-eluting peaks than do PCH fractions of tissues of
individuals subject to other types of PCS exposure {Koda and
Masuda, 1975). These patterns have never bdeen observed in indi-
viduals (human or animal) exposed to PCBs inm other situations.
They are unique to Yusho disease. Alsa, PCDFfs have been found
in tissues of Yusho patients.

Further evidence for the uniqueness of the syndrome
in humans exposed to the Yusho oil is furnished in two recent
studies. Hayabuchi et al. (198l) in followeup studies on these
patients five or more years after the poisoning found signifi-
cant positive correlations for the years 1971-197¢ between btlood
concentrations of PCBe and the total amount of rice oil con-
sumed, but not with the dosage of rice oil consumed per unitc of
body weight per day. Kashimoto et al, (1981) found that Yusho
is quite different from ordinary PCB toxicity in the sense that,
even 11 years after the first outbreak, PCOs have been found
in the patients' blood and both PCOs and PCDFs have been found
in their tisgues and organs.

It is obvious from this Drief review that Yusho cannot
be considered a model to reflect the possible effects of the PCB

exposure in man. Although much can be learned from the Yusho
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incident, 1t would be misleading to attempt to interpret the
ocbservations on Yusho patients as valid signs and symptoms of
overexposure to PCBS or to attempt to quantify the possible
effects of PCB exposure based on Yusho disease.

A. Yusho Disease

Yusho disease is characteriied By the ingesmtion of a
mizture of chlorinated hydrocarbons containing PCBs in large
aspounts over & relatively short period of time (latent period
from start of ingestion to onset of the disease averaged 71
days). In contrast, the studies of PCS exposure in workers in
the United States have been concerned with the possible effects
of chronic exposure to gmall amounts of PCSs through inhalation
or skin contact.

The principal signs of Yusho dissase are skin conditions
such as acnefora eruptions, pigmentation of the skin amnd nails,
and hypersecretion of the Meibomian glands, Chloracne and hyper-
sscretion of the Meibomian glands are believed now to be caused
Predominantly by PCDFfs. Hyperpigmentation of the skin is observed
rarely, if ever, in human populations with heavy occupational
eXpPOsurs to primarily »Chs.

The actiona of PCDPs appear to differ in several ways
from thoee of the PCBs. Ruratsune et al. (1976} showed, for
example, that the liver appears to concentrate PCDPs selectively
relative to pCES. It was also found that relative to PCBs, the
concentration of PCDFs vas about 230 times higher in the rice oil

than in unused Kanechlor-400. Additionally, the PCDFs appear to
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be highly toxic, at least in the rabbit;: a single oral dase of
0.%=1 mg/kg of the tri=- and tetrachlorodibenizofurans caused

severe_and often iethal necrosis in the rabbit (Hofmann, 1938;

Bauer et al., l36l).

B, Yusho Disease and Liver Funection

In view of the effect of PCBs on the liver of the rat
and the highly toxic action of PCDFs on the liver of the rabpbit,
1t was anticipated that the Yusho patient would have severe
liver damage. but such has not been found.

| In their review of Yusho disease, Kuratsune et al,
(1972) list "the eubjective symptoms of Yusho as stated by 189
patients®; ll% report jaundice, Data to confirm the patients’
"subjective symptoms® are not provided, nor {s the presence of
this "symptoa” confizmed by other statements of clinical findings.
Prof. Urabe (Chief of the Study Group) did not list jaundice as
a sign or eymptoa of Yusho disesase and the diagnostic criteria
adopted in 1972 do not make reference to jaund ice or the need
for a liver function test in these patients (se® Kuratsune et
al., 1976},

™ha following two papers on Yusho disease and liver
function are in Japenese and the brief summary given delow is
taken from the report of Kuratsune st al. (1976).

Okumars snd Ketsuki (1969): They examined 24 patients

soon after tbe onset of the disease:
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(i} There were no objective signs of liver disorders:
{(ii) No patients vere jJaundiced and only three had
palpable livers (in one patient examinations of a

liver biopsy shoved marked hypertrophy of the smaoth

endopPlasmic reticulum).

Ckumara (19721: Liver function tests wvere performed

in 38 Yusho patients vith various subjective symptoms,

An increase in lactic dehydrogenase (LDH-%) and in

thymol turbidity titer was observed in some of the

severe cases, "but no definite evidence for liver
disorders wvas obtained.”

In & follow=up study 9! 121 Yusho patients the mean
serum bilizubin was 0.48 ng/100 ml conpared with 0.87 mg/100 ml
ia control patients (Hirayama et al., 1974). The difference
was statistically significant and the suthors suggest that there
may be accelerated pilirubin Jdisposal from the blood.

It may be concluded that the Japaneee findings do not
peovide evidence for the development of hepatocellular injury or
jaundice in patients with Yusho disease,

C. Yusho Disesass and Carcinogenicity

Urabe and co-workers (1979} report that 51 of 717 Yusho
patients in the Pukuoka distzict had died and they list the cause
of death for )1 of the patients. There were 11 deaths (15.4%)
from necplasma which they state is substantially higher than the

21.1% rate that is "the mortality rate from neoplaams in the
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same prefecture this year.” A further analysis is not provided,
The following malignant neoplasms were listed as the cause of

deaeT for the ll patients with cancer.

Anatomical Site No. Of Cases
Stomach Cancer 2
Stomach Cancer &
Liver Cancer 1
Liver Cancer &
Liver Cicrhosis 2
Lung Cancer 2*
Lung Tumor | 1
Breast Cancer . 1
Malignant Lymphoma 2
TOTAL: 1l

*Autopsied
Information on age and other relevant epidemiological
data are not given, and even a tentative conclusion regarding

Yusho disease and any malignancy must await further analysis.
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I1I. Body Burdens, Metabolism, and Kinecics

A. Introduction

The degree of chlorination (two to 10 atoms of Cl per
pCcE molecule) and the positions of the chlerine substityents on
the biphenyl rings both exert a profound influence on how mam-
“aalian systems handle any given PCS molecule. The deqree and
!onition of chlorination play a major role in determining cthe
pacthways for metabolism and eliamination of the parent molecules
amd their metabolites by animal models and the human. These
structural factors also bear on lipid solubility of cthe molecules.
and theretfore influence to some extent the kinetice of PCH tissue
distribution and storage. The following sections deal with the
presant state of knowlege on these PCH handling mechanieas en-
ployed by snimal models and the human, recognizing that there is
4 strong linkage in the dynamic processes bdeginning with expoeure
and ending in excretion, These topics will be trested {n three
groupinge: (1) distribution and storage of PCB netabolites in
tissues; (2) metabolism and excretion: and (1) kinetics or
the dynamice of PCB turnover in animal models and the human.
Presently, some gensralizations emerge with regard to PCS struc-
ture versus reactivity relationships end mechaniema for handling
7CBs in test animal aystems that make reascnable excrapolation
ta potsntial events in the human organism poesible, even when
direct evidence for actions of & given compound or PCB mixture
in husan populations is not available.
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Additional attention has been directed to avajilable
information on the actions Of PCDFs in animal models and the
human, u;d to 4 variety of bioc_honxcal effecta recorded for
PCBs and their metabolitea in mammalian systema. PCDFs may be
contaminanta of some commercially uaed PCBs. Although [0-20
ppm of these¢ contaminancts have been found in PCBs mamufactured
in Europe and Japen, only trace amounts on the order of one or
two micrograms of total PCDF congeners per gram of PCH have been
reported {(n the American manufactured mixture Aroclor 121%4
{Bowes et al., 197%),

B, PCD Distribucion and Storage in Tissues

A considerable body of literature exists on studies
of the time dependence of the distribution, sovement, and stor-
age of PChs and their metabolites in the tiseues of experimen-
tal anisal models and of humans, following exposures to chlori-
nated biphenyls as pure compounds of miztures. In teet animal
models using unlabeled or radiclaheled (l4c or In) pche, con-
trolled exposures vere qensrally by the oral route (stomech
tube, or in the fesd) or by intravenocus injection., followed by
study of the changing distribution of the agent and its metabo-
lices in the circulating blood, in tissues, in Dile fluid, and
in excreta aa a function of elapsed time after dosing. In the
humsan, espogures with resulting body burdens of PCBs vers gen-
erally of the subchronic type stemming either from aidasive poi-
soning events, as in the Yusho events, from chronic occupetional
exposures in air and via ekin contact, and via FCB contaminants

in air, water, food, and surface contacts in the ampient. Humans
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gay also have been expoaed to PCBs occupationally in the chemical
panufacturing process, in ths manufacture of capacitors, and in
tie manufaceturs a8nd repair of transformers. Until recently,
peveral microscope immersion oils contained 30-40% PCBE as Aro-
plor 1294, causing potential expoaures of students, pathologists,
Bicroscopists, etc.; the degree o: axpogure is low and the pene-
prastion through skin from these products may not De as sxtensive
pe in large scale manufacturing processes.

In human studies, PCS® discribution and storage in
teedily obtained tiasuea waa generally followed epidemiologically
1a expoaed populations by monitoring levels in blood, sometimea
in sother's milk as a function of time and sometimes by measuring
JCBa in adipoee and other tissue samples obtained clinically and
POSt ROCtEM,

Animal Model Rasults

T™he picture of distribution and storage of PCBe and
their metabolices in tissues over time has been developed nost
complistely from controlled dose experiments in animal models.
Generally, rats and mice were the animals of choice for this
vark (durse et al., 1974; Geyer et al., 1980; Guiney et al.,
1978; mattews and Anderson, 197%; Morales and Matthews, 1979;
Aldro and Pishbein, 1972; Burse et al., 197¢), but the dog, as
woll aa the monkey, has also been used (Rsu et al.. 197%a;
Nilling et al., 1979 Sipes et al., 19801, The dynamics of
tissue diatribution vary with different isomers and congeners,

and depend in large msasure on whether or not the specific PCB
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molecular structure allows rapid metabolism and excretion of
polar netsbolites via Dile, feces, and urine (Milling et al.,
1979; safe et al., 1975: Sipes et al., 1980; Matthews et al.,
1978; Guiney et 8l., 1978; Guzelian, 1979) or Slower metabo-
lism wicth retention of parent compounds and metabolites in
tissues. AS will be discussed in the following section,
metabolic trasnsformation in the liver is Mrt'xeulnrly facile
for those PCBs with lower chlorine content (2-CS® through
4=C3, i.8. 2-4 chlorines per PCS molecule) and with adjacent
ring csrbon atoms unsubstituted by chlerine stoms (Mstcthews and
Tuey, 1900; Sundstrom et al., 197¢; Kato et al., 1900; Jensen
and Sundstrom et al., 1974b) Ghiasuddin et al., 197¢; Matthews
et al., 1978). FPor seny PCB molecules in which metabolic
cransformation and excretion is not excessively rapid, the dy=-
naalc distribution of parent compounds and metabolites in tis-
sues f{ollowing dosing has been studied carefully (Mizutani st
al., 1980; Safe et sl., 197%; Sipee et al., 1900). The fol-
lowing generalizatione appear valid in anisel models for struc-
cures ranging from 1-CB to ¢-CB and higher.

rirst, the PCEe are reedily absorbed from the gut
following oral administration and appear rapidly in the blood-
stresn (Albro and Pishdein, 1972; Serlin et al., 197%; Chen and
Matthews, 1974), Within minutes to hours, the materials largely
clear from the blood and accumulate in the liver and in muscila
tiaaus (bderlin et al., 1973; Burse st al,, 1974; Chen and Mat-

thews, 1974). HNowever, tracee of PCBS have been found in the
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plood of humane. probably by redistribution from other tissues.
vears after exposure. The liver is the primary locus for metad-
alism of the PCBS, especlally for reactive species, leading to
aixtures of parent molecules and metabolitee that then either
tcanslocate to other tissues Or 4re excreted by both bile/qut,
lumen/feces, and urinary pathways. Aa translocation from liver
and muscle occure in the rodent nodel and other epeciee over
time periods ranging from hours to many days, the ultimate
depote for major amounts of thq non-polar PC3s and their polar
setabolites appear to be adipose tissue and skin (Berl:in et al.,
197%; Haneen, 1979; Guiney et al., 1978; Burse et al., 1974),
The general distridbution pathway in rodents may therefore be
characterized as eequential migration from qut and bloodetream
entry points to liver and muscle tissuves, in a rapid procesa,
and thence to depot storage in body fat and skin.

When the PCB structure is such 48 to permit ready
setabolism to polar hydroxy, dihydroxy or diol derivatives, the
setabolic process may be closely linked in time with excretion
of the metabolites (Jensen and Sundstrom, 1974; lay et al.,
1979; Matthews and Tusy, 1960; Matthews et al., 1978; Matthews
and Anderson, 197%). Animal studies on urinary and fecal ex-
cretion of PCBe (Guzelian, 1979; Matthews and Anderson, 1975,
Berlin et al., 1973; Lay et al., 1979; Chen et al., 1976; Van
Riller et al., 1975), and ratee of elimination of PCBe from
liver into bile and then into qut/fsces, show that tha larger
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proportion of excretion in rodents is by fecal elininatien
(Xato et al., 1980;: Lay et al., 1979: Chen et al., 197¢; van
Mi1ll@r et al.. 1975: Chen and Matthews, 1974} of polar metab-
clices, mastly glucuronides, eliminated via the bile.

The dynamice of distridution and elimination of
PCBs 1n two monkey species have been etudied (Hsu, et al..
l975a; sipes et al., 1980: Hsu et al., 1973D), and agze found
to follow a similarly complex pathway, but with wider tissue
dietribution ultimately than that seen in the rat. In our
opinion, thie difference may relate in part to the ability to
analyte more tiesues in larger animals. With fat tissuee pree-
ent in only small proportions 1n the infant Rhesus monkey, the
ultimate depots included bone sarrow and the adrenal glands, in
addition to skin (Hsu et al., 197%s).

long=-term studies involving chronic adainistcation
of PCBs at lov dosage levels to anisal models for significant
Eractions of their lifetimas, with determinations of total bur-
dens and tissue distributions achieved over timm periods of one
to two yeare of ingestion, are lacking,

Buman Body Surden Aesults fros Epidemiological Studies

Experimental dats on body burdens and tissuve distribu-
tions of PCBs in humsns as a result of precisely-measured in-
takes are not svailable., HMNowiver, there are several population
sectory for which exposures to PCBs can be at least roughly esta-
nated, and from which tissuve samples (blood, subcutaneous and

other fatty ctissue, etc.) have been taken to obtain indices of
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pody burden. These sectors include: (1) humans occupationally
axposed to PCBs during years 10 which they were employed in
manufacturing processes (Karﬁplncn [ l., 1972: Hasegawa et al.,.

1972; Kitamura et al., 1973: Ouw et ﬁl" 1976;: Fischbein et al..
1979; Wolff et al.., 198l: Haroni et al., 198la, b: Smiwh et al,,
198la, b: Chase #t al.. 19Al): (2) humans accidentally poisoned by
pcCBs ingested in contaminated foods. as in the Yusho expetience

in 1968 and in corresponding ingestions of contaminated rice

oil in Taiwan (Chen, l980; EPA summary, l980): and (1) humans
living 1n sreas 1n which PCBs have somehow entered the food

chain or wacter supply in measurable amounts, leading to long-
tsrm, low=level body burdens in adults that may also be present

in the human milk supply for transaission to infants (Humphrey,
197%, 1980; Kuwsbara et al., 1979a; Ruvabara st al., 1979b; Mes
and Davies, 1979; Watanabe et al., 1980). An additional source

of exposure that is more difficult to characteriis quantitatively
stens from the exposure of families to contaminated clothing of
PC3 workers. Survey work has been done in all of these popula-
tion sectors worldwide. The results are sketchy, dSut tentative
qualitative ganeralizations can be drawn.

Blood or plasma levels of PCBe are most readily
followed in potentially exposed population data using highly
sensitive analytical techniques such as gas chromatography and
BASS spactrometry. For occupationally exposed people (HIOSH,
1977; saich et al., 1900a) values ranging from 10 ppd up %o a
maxizum of 3330 ppb have been observed, with the additional
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qualitative finding from Japanese references that the half-life
for disappearance of PCEs f{rom blaod following cessatjen of
exposyre ranges f{rom three o 30 months, PCB dblood leveis were
higher with i1ncreaaed durazion of exposure. For vusho victims ;p
Japan, with bdlood aamples taken five to seven years following ex-
posure O PCBS, in the 19731-197% time frame (NIOSH, 1977) values
in the range J-]] ppb were observed, Enhancemssnt factors over
control group levels (mgean, ] ppb) as great as 10 were calcu=-
lated, but the observed blood levels were atill much lower than
levels found in Japanese capacitor workers. It la of intersst
to note the obsecvation of Humphrey (1975) on the very slow
clearance of PCBs from ths tiasuee of humans expoesed by eating
fish. In general populations, blood plasma or searua levels
of PCBs in the range 5-19 ppb have heen found (NIOSN, summary
P. 36).

_A current and wall-documented atudy of body burdena
of PCBs in persons saployed for many years in capacitor manu-
facturing (Holff et al., l98l) is of special valus from the
standpaine of its correlations of tissue concentrations wieh
extant of exposures. With hlgﬁly chlorinated PCRs (H-PCBsS),
plasma concsatrations of 1-354¢ ppb in exposed personnel corre-
lated with total sacumulated exposure time. Por the less highly
chlorinated PCB8 (L~PCBS), pPlasms levels in the range 6-2330 ppd
correlated better with apecific tasks of individusls vorkimg
with these 2-CB to 4-CS3 molecules., Also obasscved in this study

was a corvrelstion of levels in plssma with levels (n sdipose
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tissue for each class of PCBa, with H-pCBs and L-PCBa taken as
gepsTate classes, and an overall adipose/plasma partition coef-
gleient of 190, _

The levels of PCBs and metabolitss in subcutaneous fat
in husans have alsc been surveyed in general populations (MIOSH,
1977), in groups such as Yusho patients with high exposures, and
'{n sOme occupationally exposed individuala. for the general
population, levels in fat range f{rom less than 1 ppm to greater
than 2 ppm. For Yusho individuals, elevated fat PCB levels in the
range 11-75 ppm have been ocbserved., corrssponding to pedk enhance-
ment factors as high as 30 over the population at large. It
should also be noted that the spectrum of compounds in human
tissues is not necessarily identical with the spectrum in the
sizture to which a given population was expoeed (Kuwabara et al..
1971a). Ranges of adipose tissue PCE levels in occupationally
sxposed individuals have been reported as L§0-6)5 ppm (Karppanen
et al., 1972), 1-13.6 ppm (Chame et al., 1981), and 2-271 ppm
(Wolff et al., 1981).

Special surveys have been made of PCB levels in the
®ilk of lactating human sothers (Mes and Davies, 1979; Watanabe
St al., 1960; MIOSH summsry) and of levels in husan embryonic
and fetal tiscues resulting from in utero transfer from Yusho
females (NIOSH, 1977). Numan milk samples vith valuas of PCBs
ia the range 0.008-0.1 ppa have been obaecrved. Clearly, con-
oantracions in milk are higher than those in blood primarily
because milk ia rich in fat. Organs from the embryonic and
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fetal tissye displayed PCB levels in the range 0.002-0.7%0 Ppm
for whole tissues, with fat derived from these organs Yielding
levels in the range 0.06-1.14 ppm.

C. PCB Metabolisa and Excretion

Animal experiments involving expoeure by feeding, in-
tubation, or injection of purified PCH isomers in test animal
models have yielded some important generalizations om the
mechanisms employed by nammalian species to metabolize PCBs to
more polar derivatives, and ta excrete both parent compounds
and metabolites, Baginning with reedy absorption from the gut
and transfer to circulating blood, or with direet injection in-
to the bloodstream, a given PCB molecule ultimately reaches the
liver where major setabalic sctions are initiated. The process-
es of aetabolism and excretion &s a result of these sctions
are complex, and depandent on the msulecular structure of the
PC3. Gensral features of these procesnes include the following
points:

(l) Variable amounts of PCB metabolites are excreted
via the fecem after delivery to the gut lusen via the bile flow
pathwey. Uncharged PCES can occur and be discharged in silk.
Ralatively lessar amounts ars excreted as polar matabolites in
urine than in feoes in sost animal nodels (Kato st sl., 1980,
tay st al., 1979, Chen ot al., 1976) Van Niller et al., 197%
Chen and Matthews, 1974). '

(2) mMetabolites are formed in pattsrns that differ
quantitatively or qualitatively among sammalian speciea. They

ars generally formed by oxidative procssses that are thought
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to involve an arene oxide formation that results i1n mohohydroxy-
lation, dihydroxylation, hydroxylation and methylation, eor diol
formation accompanied Dy partial reduction of an aromatic ring

{Berlin et al., 197%; Lay et al.. 1979 Lucier et al., 1978:

”~

Milling et al,, 1979: Sundstrom et al., 1976; Gacrdner et al.,
1973; Chen et al,., l976; Matthews et al., 1978; van Miller et
al., 197%; Hsu et al., 1975a; Hsu et al., 1973b; Burse et al.,
1976). Evidence also exists for dechlorination of a PCB in the
process of metabolism (Kato et al., 1940; Hutzinger et al.,
1974b). For some PCB atructures, the procsss of oxidative metad-
olism may be closely folloved Dy excretion via the liver-pile-
feces pathway (Chen and Matthews, 1974).

(1) Compounds with lowver levels of chlorination (2-ChH
to 3 or 4-CB) generally undelyo metabolism more readily, and
faster than the nmore highly chlorinated PCBs. The more highly
ehlorinated PCBs may persist in tissues for vears because they
Are not metabolized. Indeed, 10-CB is virtually inert.

{4) In the case of metabolism Dy oxidative pathways,
the most facile process involving formation of hydroxylated
products oceurs when one or both aromatic rings contains adjacent
Pairs of ring carbon atoms (called vicinal ring atoma) that are
ensubstituted by chlorine atoms. In the absence of unsubstituted
vieinal poeitions, direct hydromylation can occur in the ring,
Bet vith greater difficulty (Gayer et al.. 1980; Matthews and
Teey, 1980).
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The importance of vicinal unsubstituted positions on
PCB rings in facilitating oxidative metabolism Iln the liver iy
expleined Dy a mechanism that involves an arene oxide interme-
diate (Daly et al.. 1972). when either or both of the vicinal
positions contain chlorine, reaction rates will be lower, but
the mechanism is not entirely ruled out. Additional molecular
rearrangenents, including the so-called NIN (National Institutes
of Health) shife of a ring substituent (Daly ot al., 1972), may

be involved. Lesa is known about mechanisms of direct enzymatic

hydroxylation that do not proceed through an arene oxide inter-
mediate.

— X -‘ X
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(5) Hydroxylated matabolites of the PCBs and their
conjugates will generally display dilferent orders of toxicity
than those shown by the parent solecules.

(6) A general point of interest with respect to »CB
mgtabolites lies in the observation that they are usually more
polar than their parent compounds. Conjugation of the hydrozy
and dibydroxy mestabolites as glucuronides or sulfates can occur:
leading to polar conjugates that can readily be excreted, The

polar character of metabolites, in contrast vith the non-polar
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characterigticy of the statting PCBs, can lead to differing dis-
eribution, storage, and excretion patterng {or the two classes
pf chemical compounds. Polar metabolites atre not readily par-
titioned into fat or reabsocrbed from the urinary or gastrointes-

tinal tracts. Therefore they are excreted relatively rapidly.

D. PCB Kinetics

Proliles of the dynamic growth and decay of PCB/metad-
alite concentrations in each key tissue can be drawn from
control led toxicological experiments, The distribucion of a given
PCB and its metabolites in the blood, tisaues, and excreta of test
anisals is followed as a function of time after administration.
Tissues are viewed as body compartments into which materials are
delivered from the arterial blood supply, in which some metabolic
processes may cccur, and from which matsrials are delivered into
the venous drainage systems. A collection of such compartments
communicating with the blood supply and controlled by rates of
flow through the compartments, with postulated equilibration
of any given chemical in a compartment with its venous bloed
flow, constitutes an appropriate aodeling system for correlating
PCH distribution, storage, metabolism, and excretion kinetics in
4n animal over tims. This multi-compartmsnt model has been
®8ployed by Matthews and co-workers and others (Anderson et
1977, sungay et al., 1979; Tuey and Matthews, l977; Lutz et
1977}, to sort out the kinetics of specific PCB isomers in

fodent models., The PCH administration can be either direct
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injection of & PCB into the blocd circulation, or its absorp-
tion into blood from the gut after feeding or intudation of
the wompound. Excretory pathways are via the liver/silasgut
route ot the blood/kidney/urinary elimination system.

The success of a model equation system in fitting
analytical data for a given PCB and predicting the shape of
its concentrstion versus time curve for each organ or compart-
ment depends in large nmeasure on several factors, including:
(1) the assignment of suitable values for distribution coef-
ficisnts of PCH compounds in each compartment; (2) the 4dif-
fsrential bloed flovw to various orgsns; and {(3) the clearance
from organs and the body. This fitting process has now been
carried out for s number of PCBs for which kinetic data are
aveilable (Andermon et al., 1977; Chakradorty, l978). The
goodness of fit of the model to each set of PCH kinetic data
available attests to the validity of the ssaumption that mate~
rials partition at equilibrium between blood and tissue ac-
cording to purely physical properties involving solubility

paraneters of the cheamicals.

E. MNissellaneous Biochemical Effects of PCha
studies of the actions of PCBs in anisal models and

humans ezposed to these chemical agents aceidentslly orf in the
ocoupational setting have revealed a variety of biochemical
effscts On mammalian organisas. Sowme, such as alteration of
drug metaboliem by virtue of PCB induction of aicroeomal mixed

function onidases (MPO), are trested elsevhere in this documen
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ERher effects appear to De unrelated to MFD actions, and have
meen detected in the course of acute or chronic toxicological
gmperiments with laboratory animal models or epidemiological
mmrveys of exposed human populations.

In an animal scudy (Bascomaky et al., 1975) aimed ac
frobing the previous evidence on redused serum bllirubin levels
I Yusho patients, i1t was found that Aroclor l2%4-treated rats
showsd [ncredsed liver microsomdl protein, 48 expected, but with
a0 significant elevation in liver bilirubin UDP=glucuronyl cranse
Parase activity that could have accounted for reduced serum
Ievels. Other studies (Grote et al., 1973; Lake et al., 1979)
fave shown enhanced levels of this transfecase activity. At pres-
sat therefors, the mechanisa underlying the hypobilirubineamia
In Yushc patients reRains speculative.

' rrom epidemiological studies of Yushe patients (§Strik,
197%), a rather qeneral biochemical finding has been the obasr-
vetion of porphyrins in urine and porphyrin accumulation in liver,
&2 4 result of exposure to chlorinated hydrocarbons including
ICBs. Chronic hepatic porphyria is the designated condition,
which incceases vith exposurs and can thersfore-de tsken as an
indicator of the extent of PCH exposurs. Porphyria is diseussed
elsewvhere in this text (section XI}.

A biochemical factor that may bear on the toxicity of
PCBe ia certain sensitive human populations, e.g., fetuses, neo-
hates, ensyme deficient edults, etc., is related to the ability to
excrete the toxic phenolic setabolites rapidly and efficiently.
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Since a common route of excretion involves prolinznary conjuga-
tion of the phenolic hydroxyl groups with glueuronie acid in
the pody, or sulfate conjuéltlon, it has besn pointed out
(Calabrese. 1977b) that human groups that 4re bDiochemically
deficient in the ability to conjugate could be predisposed to
4ccumulate PCBe and metabollites because of this deficiency. A
more serious consequence of altered liver capability would be a
reduced capaclty to deal with arena oxide intermediates offec-
tively.

An interesting biochemical defect in human lymphocytes
has been studied (Lae and Park, 1980) that can be attributed to
dicect action of PCHs on these white blcod cells. Por beth
human lymphocytes and monocytes, it has been found that incuba~
tion of the cells with Aroclor 12%4 ia culture medium causes a
decreass in their ability to take up glucose from the medium,

A non-metabolizable analog of glucose, 2-deoxyglucose, wes used
to detect the biochemical defect, which was attributed to PCB
expoaure but which may well be more general for any organic
chemical that concentrates in the fat of the cell wall. It may
entail dirsct action of #CBs on an active transport process in
cell mambranes. In this regard, liver glucose-é-phosphatase has
been found to be inhibiced in rats led various Aroclor mixtures
(Licterest st al., 1972).

The processes by whichn PCB pretreatment influsnces
rates of protein and nucleic acid (RMA) synthesis and turnover

in rat liver tiseues have been investigated systemstically
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faacoonne, 1979a, b, ¢. ¢), using radiolabeled substrates. It
O clear that liver tissue, 1n vivo and in Vitro, responds te
pC8 treatment { Phenochlor 056) by increasing the prote:in synthesis
in liver microsomal fracti1ons in a process that is both age and
sex dependent. Joneomitant ilncreases in liver fat ace also
peen in vivo, 4s well as changes in levels of RNA synthesis 1in
paricus lLiver fractions and increasee 1n liver weights, From
the turncover expariments in rats, it is also observed that micro-
somal membrane protein metabolism is enhanced by ingestion of
Paenochlor DP6.

Some turther biochemical effects of PCB exposures on
EAe human are 3eeNn in workers occupationslly exposed to these
shenicals for extended periods of time (Saith et al., 1978).
The findings., as yet unexplained in terms of requisite Zdosages
of ynderlying mechanisms, ars that: (1) the circulating tri-
glyceride levels in blood plasma are elevated for exposed vorkers
over controls, but ace still within normal levels; and (2} the
sirculacting levels of high density lipoprotein are lowered in
expoeed groups of workers.

Anocher biochemical effect sesn in PCB-treated rats is
worthy of note, since iz relates to an iapairment of excretion
ot an importent drug and its metabolitss (Schmoldt et al., 1979).
In the Wistar rat pretreated with Aroclor 1248, the drug digi-
taxin and its mecabolites were blocked to a significant deqree

from sxerstion via the bile. The results suggest that the
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Dlockage is dus at least 1N part to a PCB-induced impairment of
the cleavage of one of the sugars from digitoxin,

Finally. the action of PCBs leading to induction of
mixsd function oxidases (MFOS) 1n the liver, with elavation of
associated cytochromes P-450 or P-448, has potential conse-

quences. These are discussed elsevhere (section XI).

F. Some Observations on Pelychlorinated Dibenzofurans

The PCDOFs are of special interest eince they are known
to be highly toxic in their own right, and the degree to which,
a8 contaminants, they add to the potencies of PCD mixtures in
production of adverse health effects in animal models and humans
has not dean fully evaluated. However, toxicological studies in
animals with PCDFs containing one to four or more Cl atoms per mol-
ecule (Morita and Qishi. 1977, Goldstein et al., 1l976; Veerkamp et
al., 1981l) have shown that the PCDFs are qualitatively quite simi-
lag to their structural PCD analogs with respect to properties of
tissue distribution, setabolisa., and excretion, In the mouse,
the heavily chlorinated isomers localize in liver., spleen, and
fat {Moricta and Qiehi, 1977), with a half-life for clearancs
from the body of about two weeks. In the rat, metabolism oc-~
curs by oxidative pathways lsading to mono~ and dihydroxylated
derivatives (Veerkamp gt sl., 1981), vith s wvide variation in
ring position by the hydroxy function among the lower chlori-
nated PCOPs. The octachloro derivative yields no metabelic

products in tissuee or excreta (Veerkamp st al., 1%81). In
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the chick (Goldstein et al., 1976), the 2,3,7,9-tetrachlorod:-
pengofucan (TCDF) has been shown to be relatively peor in enzyme
1n§uctxon. However, Goldstein et al., (1978, 1979a}) have shown
chat 2.3,7,8-TCDF is a potent inducer of cytochrome P=-450 and
acyl hydrocarbon hyderoxylase,

Some important data on PCDF metabolism and excretion
in the human were obtained (Rappe et al., 1979) by amalysis of
liver tissue from two deceased patients in the Yusho disease
group in Japan. From the differences in PCDF structural rela-
tionahips in the contaminated rice ¢il and in the PCDF fractions
isclated from the livers, inferences could ba drawn with respect
ta PCDF structure (all containing four to six chlorine atoas per
solecule) retained by the liver versus those that had disappeared
from liver by processea of metabolism/elimination. In striking
parallelism with PCH disposition in masmalian tissuea, it was
found that none of the PCDPs retained in liver had two vicinal
uhaubstituted (by Cl) positions in either aromatic ring., Apparent-
ly, all such molecules hed been sufficiently susceptible to oxida-
tive matabolism to be hydroxylated and excreted from liver in
the bile.

The abgve cbesetvations are not to be taken as all-
inclueive with respact to the body of information that aust be
Saveloped in the toxicology of the PCOFPs. Thia class of com-
pounde, even at low contaminant levels, is an important conteib-
9tor to the total spectrum of toxic effects fros commercial PCB

tixtures.
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G, Summary and Qpinion

Some general reflections and opinions can reasonably
be drawn from the previous étscu::ion regarding the use of
anxmalfd.rxvod biochemical and kinetic information to predicte
certain events and hazards in human pCB intcxications.

{l) pathways ol absorption., distribution, metabolism,
and excretion have been explored fajirly extensively in animal
models., From the species variability sean, coupled with limited
observations in the human, educated guesses and predictions can
be made on the occurrence of certain toxic effects and processes
in the human.

(2) Mathematical analyses of kinetic data from aniaal
modeling experiments lead to some qeneralizations (Lluts et al,,
1977) cthat could apply to PCH turnover Rinetics in the human:
(1) kinetic rate constants for metabolism of PChs by the liver
decrease as the degrees of chlorination increases) (2) rate con~
stants for biliary clearance of PCD metabolites from the liver
are nearly the same for all PCBs; {J) urinary clearance rates
for PCEs decreass as the degree of chlorination of the parent
moleculies increases; and, {(4) for each PCB, the valus of the
distribution coefficient betwesn fat and blood is greater than
that in any other major tissue, indicating that the fat compart-
mant of all tissuee may constitute the aajor PCB depot.

{3} Kinetic models derived from aniamal 4data say de use-

tul for prediction of time courses of action in the human once

MONS 221967



- 49 -

.‘qitionnl data on metdbolism and clearance rates for individual
§CBs in human cissues are obtained.

{4) Some general PCH structure versus activicy rela-
bionships have emerged from animal studies, particularly rodents,
Rhat can have usefu] predictive power for the human.

{(5) There 13 some relevance of the featyres of the
spsorption/distribution/metaboliam/clearance processes discussed
o this secZion to the toxicolagy of PCBs i1n animals and humans.
Por exanmple:

{a} The possibility that an arens oxide intermed.-
Ate can occur in PCB metabolism has special significance in
terms of potential resctions with protein, RNA, or DNA to cause
tiseus damage or damaege to a Cell's nuclear tunctions.

(b) The retention of PCODs in adiposwe or other
tissus can have major significance by creating reservoir: from
which matsrial can e leached over time for redction at other
tissus sites.

(¢} There is little evidence in husans for acute
sytotoxicity of the kind usually associated with reactive
fstaholites. RNather, some of the advercse effecta of PCBs, e8.4.,
ehloracne, could stem from the physical presence of unreacted
material in the cells along with oils and/or sebactous materials
of the akin,
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Iv. General Toxicity

A. Gansral Considerations

ARy attempt to undertake a systematic evaluation of the
poxicity of PCBs 13 confounded By a number 4nd variety of factors
Ehat complicate the interpretation of the findings and limit
their generalization. Therefore, these factors should be recog-
nized 4t the outset of consideration of the availabie body of
goxicological literature. The more important of these factors
are listed as follows:

(a) The multiplicity of commercial products of moth
T3, and foreign manufacture;

(b)) The multiplicity of isomeric forms of PCEBs in
omnercial productt;

(¢) Qualitacive and quantitative Jdifferences in metab-
olism of different isomars within the same species;

(d) Qualitative and quantitstive differences ({n metabd-
olism of the same isomer detwesn species;

{e) Differsnces in rates of metabolism of different
isomers vwithin the same species;

{£) Differences in rates of metabolism of the same
isomer between species)

(g) Differunces in the biological half-lives of
different isomers vithin the same species;

(h) Diffsrencee in the bioclogical half-life of the

Same isomer between species;
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(i) The presence in commercial products of impuri-
ties of much greater toxicity than thav of PCBs;

(i} The varjiability batween commsccial products of
the same type (i.e., same degree of chlorination) in tha con-
centracion of impurities of much greater toxicity than that of
PCBa:

(k) The variability between commercial products of
the different types (i.e., different degreea of chlorination)
in the concentrations of Lapurities of much grester toxicicy
than that of pCBs) and

{(l) Diffecrsnces between species in susceptibilivy
to the toxic action of (1) individual isomers and thair metab-
alites, and {(ii) the impurities that may be present in com-
mercial products,

The preceding factors may underlie the conclusion
reechad by the Panel of Hazardous Trace Subatances {1972) that
"[tlhere is no consistent relationship Letwean toxicity and
degree of chlorination which is valid for different species and
diffsrent routes of exposure.” To this might de added the ob-
servstion that there is often no consistent relationship betwsen
the results of investigations on products of the same degree of
chlorination frem 4iffsrent manufacturers. These observations
constitute caveats that should bs borne in mind as individual
tosicological experiments and results are evaluated,

3, lspurities in Commercisl Products

The work of Vvom and his assoclates (Vom and Roeman,
19705 Vom et al., 1970; Vom and Besms, 1971) led to a recognition
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gy the significant role played by traces of Impurities in com-
'.rctnl PCB8 1n influencing the apparent toxicity of the latter,
ga studies involving three commercial PCBe of the same degree of
gklorination, these Llnvestigators found marked differences 1in
fdxicity that were triaced to the presence, in two of the products,
af small amounts of chlorinated dibenzofurans (pCOFs) and chlo-
Plnated naphthalenes. The PCOFs are Celated closely, both struc-
Braily and toxicolegically, to the chlorinated dibenzodioxins,
e 2,1,7,8-tetrachlorodibento-p-dioxin isomer is an extremely
potent toxicant in mammals, especially for the fetus. The chlo-
tinated naphthalenes are less toxic than the chlorinated dioxins,
but nevertheless cause chloracne and other symptoms in man
flailar to those produced by PCDPs.

The extent of the contridution made by contaminants to
the toxicity of commercial PCBs ia uncertain, but the consensus
1s that it is sudscantial. There seems little doudt that the
skin lesiona, in¢luding chloracne, are caused by PCDFs. The
Panel on Hazardous Trace Substances (1972) states that the PCDFs
“are probably the chief if not exclusive cause of chloracne in
8an.® Fishbein (1974), in his review of the toxicity of chlo-
Tinated biphenyls, observes that “[l]iver damage and skin lesions
are believed to be caused primerily dy chlorinated dibenzofuran
contaminsnts and to & minor extent by PCH itself.® Furthermore,
sinos the chlorinated dibenzodiexins exhibit pronounced embryo~
texicity, it is not unreasonable to expect that the PCDFs share
this property and, hence, are largely responsible for the fetal

MONS 221971



- %4 =

deaths and resorptions that have been ooserved experimentally
“ith commercial PCBs.

An appreclation of the role played by contaminants
in the toxicity of commercial PCBs is important for two rea=
sons. First, it may explain discrepancies between the results
of studies of apparently siailar commercial products. Second,
it points up the difficulty of attempting to use PCB tissue
lavels to correlate the reasults of laboratory studies with ob-
servations of occupationally or on#ironnon:nlly exposed popu-
lations. for example, some animal populations in the environ-
ment appear to be uneffected by PCB tissue levels that are egqual
to or greater than those sasociated vith adverese effecte on

comparable species in the laboratory.

C. General Toxicology

1. "Asuts Toxiecity
The Aroclors of the PCHB claae have & low order of

acute toxicity. The acute oral LD30s for rate range from l-10
9/kg, The LD%0s by single application to the skin of vabbite
ace approximately l-3) g/kRg., Oral and dermal LD30 data have bDeen
summacized by Fishbein (1974), Kimbrough et al. (1978), and the
Panel on Hazardous Trace Substances (1%71).

2. Subchronic and Chronic Tomicity

(a) General

Subchronic and chronie toxicity are grouped together

for purposes of this diacussion since the effects of chronic
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pEposuce to PCBs are essentially extens ons of those observed
Brom cepeated exposures of shorter duration.

There are numerous published studies 1n which commer-
Rial PCAs (Aroclors) have bgen administerfed by various routes
lfor varying pariods of time to mOst common mammalian specles of
Qaporatory animals. Aut of this mass of observations, one may
Hdentity two principal classes of biological eftfects of these
Eubstances. These classes are (4) alterations in the liver, and
Ib) sxin lesions.

{h) Alterations in the Liver

Enlargement of the liver, both in abeolute terms and
P8 a parcentage Oof bhody weight. has been observed consistently
En. sost species consequent to repeated exposure to PCBs, although
Bt is more pronounced in rodents than in others. This phencmenon
Bds been reported for mice (Rimbrough and Linder, 1974), rats
KSruckner et al., 1973, 1974a, b), quinea pigs (Voe and Van
Priel-Grooctenhuis, 1972), rabbits (Koller and Zinkl, 1971,
dogs (Calandra, 1976), and monkeys (Allen st al., 197))., CEarly
enlargemsnt of the liver is primarily the result of an increase
in the size of the hepatocyts asmociated with an increase in the
asgunt of the smooth endoplasaic reticulum (SER). These develop-
pants are associated alse vith increased enzymatic activity of
the liver (Mruckner et al., 197)).

A detailed discussion of the effects of PCHBs on llver

ia teset animal systems is given in section VI.
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{e) Skin [esjions

Cutanesous effects from repeated exposure to commer-
cial PCBs can be elicited by feeding to monkeys or skin appli-
cation to rabbits, although the results are somevwhat aore
dramatic in the former. The results of these animal scudies
are discussed in section V.

(d) Miscellaneous Effects

Hyperplasia and dysplasia of the gastric mucosa have
been observed in mocnkeys fed a diet containing 100 ppm of
Aroclor 1248 for three months (Allen and Norback, 197)). Gas-
trointestinal lesions do not appear to eoceur in rodents, except
at very large single doses by mouth (Kimbrough, 1979)., A dietary
concentration of 2.9 ppm of Aroclor 1248 produced alterations in
the menstrual cycles of adult, female rhesus monkeys (Allen et
al., 1979). Menses were prolonged, and there was an increase in
manstrual blseding., Hepatic porphyria has been demonstrated in
mice after feeding Aroclor 1254 (Kimbrough and Linder, 1974}, in
rats after feeding Aroclors 1234 or 1260 (Kimbrough, et al.,
1972), and in rasbbits after repeated skin application of Aroeclor
1260 (Vom and Beems, !971). Urinacy excretion of coproporphyrin
was increased in rsts fed Aroclor 1242 (Sruckner et al., 1974).
and both urinary and fecal sxcretion of porphyrine vas increased
in rabbits receiving repsated skin applications of Aroclor 1260
{Vos and Beems, 1971), COthar effacts reported for ons spacies
or another include structural changes in the kidney (Vos and

Beeas, 1971; Sruckner et al., 1974a, b), hemscologic alterations
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Lguckncr et al., 1974a, D), and thymic atrophy together with 1
Sduction in the number ol germinal centers in the spleen and
Saph nodes (Vos and Beems, 1971),

0. Summary and Opinion

voluminous lite:.cure establishes that commercial
§Fas are capable of producing a variety of biological effeccs
wynen adminiscered in large quanticies co experimental animals.
ihe majority of these effects can be grouped into two categories,
Sesely, those involving the skin and those involving the liver.
K number of miscellansous effects that have been observed in one
species or another can be considered secondary to the action of
che substances on the liver. In general, these effects are only
Slicited by relatively high dosages of the PCBs, reflecting the
léw order of acute toxicity of the U.S. commercial mixtures.

There is & considsradble range of species susceptibility
to ihc biological activity of PCBs as measured by the sizs of che
dosage, the duration of the exposute, and the severity of the
effect., Mink appaatr to be the most suscsptible, monkeys somewhat
less sq, and rodents the acat resistant. There is no basis for
4 judgaent as to which species most accurately serves as a4 nodel
for man. A comparison of the observations on humans in the Yusho
ineident with those on msockeys fed relatively small amouncs of
Kis haa lad some investigators to conclude that the latter
species is an appropriate surrogate for man. Although there are
08¢ similarities between Yusho disease and the findings in

monkeys, they are not sufficlent to justify such a conclusion.
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There is evidence throughout the literature that
some ! the bioclogical effects observed experimentally with
commercial PCS mixtures lr.7¢lUl.d not by PCBs themselves but
by other chlorinated aromatic compounds present as impurities,
such as the PCDFs. The significance of this finding is that
PCB levels resulting from occupational or environmental expo-
sures cannot be interpreted in the sanme way as those observed
in experimental animals. A broader implication of this cir-
cuastance is that the results of laboratory studies are not
necessarily predictive of what may be expacted from inciden-
tal exposures since the natute of the expoture may have dif-
fered in the twe instences,

As is always the case in experimsental toxicology,
the validity of test results as prediceors of hasard to man
must await confirmation or denial by obheservations of exposed
human populations, Pertunately, the reports of actual injury
to man from PCH exposure are few, although excensive epidemio-
logical surveys have been conducted and others are in progress.
An evaluation of the spidemiology of exposure to PCBs (s the
subject of section XII of this report., $Still other sections
of the report deal with specific potential health effects in
qreater detail.
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v. S$kin and Other Cutaneous Tissues

Epithelial aqd follicular hyperplasia and hyper=
Xeratosis have been reported to oceur tollowing the application
of PCBS on the skin of rabbits (Vos and Beems, 1971), Skin
lasions have also been observed in rats and quinea pigs from Che
dpplication of PCBs. Repeated application of Aroeclor 1260 to
che skin of rabbits caused thickening of the skin as a result of
hyperplasia and hyperkeratosis of the epithelium (Vos and Beenms,
1911y, '

Cutanegus effects have Deen elicited in male rhesus
monksys [sd a diet containing 3100 ppm Aroclor 1248. within one
month the animals lost considerable hair from the head, neck, and
Back (Allen et al., 1973, 1973), Similar effects have been
obaerved in female rhesus sonkeys fed a diet containing 25 ppm
Aroclor 1248 for two months (Allen et al,, 1974)., Within six
weeks the animals began to lose haitr and developed obvious si13ns
of edema of the lips and eyelids. Saall pustules involving ha:r
follicles appeared about the south, cheeks, and neck. Abraham
and Allen (197)) showed that the infant monkey was able to
tolecate doses of PCRs that produce extreae norbidity in sdult
aonkeys. They suggested that there may be variations in absorp-
tion, distribution, mstabolism, storage, and sxcretion in adult
and infant monkeys that may account for these differences.

Pollicular hyb-rknratoutl is an important feature of
the oecupational disease known as acne, which is charactecrized

by the appuarance of pepules, comedones, and cysts. Industrial
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dermatosis of the acneform type has been observed among vatkers
exposed to chlorinated hydrocarbons (Jones and Alden, 1936
ayers and Silverberg, 1938; Maroni et al., 1981). Seven cases
of chioracne of the face and head have been reported among 14
chemical oparators exposed from S-19 months inteermittently to
low concentrations of chlorinated biphenyls (Meigs and Albom,
1954). Puccinelli (195¢) and Hofman st al. (1962) repore
chloracne in several capacitor vorkers, vhereas Smith et al,
(1981) noted that none of the capacitor workars examined in
this recent survey vere found to have acheform lesions sug-
qestive of chloracne.

T™he acneform eruptions that occur in the skin of
both monkeys and rabbits may be caused by & squamous setaplas-
tic change in the epithelium lining the sebaceous glands, which
result in a change in the chatacter of the escfetion from nor-
mal olly to keratinaceous. This condition frequently results
in plugging and rupture of the glands with consequeant inflam=
matory reactions (acne). The question of whether & similar
condition can occur in man from exposure to PCBs will be dealt
with in another section of this repore.

It has been suggested that the cutaneous eruptions
that occur in both animals and man from exposure to commercial
preparstions of PCBa ssy he dus to certain impurities. Chemicai
analysis of the PCBs that contsminsted the rice oil that caused
the Yusho dimeass in Japan showed high levels of polychlotinated

dibenzofurans (Kuratsuyne, 197¢).
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vi. Effect of PCAg on Liver

A, ExseriMental Data

l. Liver weight

The administration of pPCls may induce an increase i
Diver weight (Table 2). The effect 1s more praminent at the
piqher cose levels: the lower doses of PCAs do not increase
Kiver weight. The detailed data of Kimbrough et al. (1972)
are not included in the table. They found that Aroclor 1280,
administersd with the diet in doses of 500 and 1000 ppm for eignt
wmonths, significantly increased liver weight in male and female
kats) doses of 20 and 100 ppm wete effective only in male rats.
Aroclor 1254 increases liver waiqht in both male and female rats
Bt domes of 20, 100, and 500 ppm.

Although the data in Table 2 illustrate ths ef fect
obtained in subchronie and chronic studies, it should be noted
that livet weight may also be increased (n acute toxicity studies.
PCB congeners {panta=-, hexa-, and heptachlorobiphenyls) given in
a high single dose of S0 mg/k9, <can increase liver weiqht in the
raty; in most but not all tests, liver triglycerides, cholesterol,
and phospholipids were increased (Yoshihara et al., 1979). In
the monkey a single oral dose of 1.5 9 or 1.0 9/kg of Aroeclor
1254 produced slight enlargement of the livar in 4 days (Allen,
Norback, and Hsu, 1974),

™e increase in liver weight is corfelated with hepatic

cell hypertrophy and an increase in ssooth endoplasmic reticuluAm
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Liver Lesions is Albino Rate Tressted with Aroclore for 2 run.

Tabls 25

(Date from Levinekae, 1981}

-9 -

Coantrel Aroclor 1342 Aroclor 13354 Aroctor 1280
pist lavel, pm ] 1 10 19 1 19 19 ) 10 100
No. sniasle sxaninad 22 n » 16 » 2% 26 26 2% 2%
vacuolar change 1 ? [ ) 9 T ] 1) ) T ]
rocel necrosis 1 1 1 ) 1 1 ¢ 1 &
rocsl lymphoid imnfiltrstion 1 ] 2 [ ) 1 [] 1 ]
Pocel hyperirophy hepatooytes [ ] 2 | [ ] 3 ¢ 14 Y 1) .
Nodular hyperplasis 1 1 1 [ ) ) 14 [ 7 %
n. .l hypagplesis 3 )} ) ) [ 1 14 [ T 12
Nesjra C OBE ] ] ] ] ] 4 [ 1 ]
Cholangiohepatona ] I | 3 » 0 2 ° ° 4
Wepatocelluler carcinoma . [ ) ] . ] ] L ] 0 0

“Ihe resuite of thie study wers preseated in » summarized fors
by Calandra {1973} and wars 18c8r retfsiysed aad tabulsced oV

Levinshaa (%81

.
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spmthe zat, rabblt, and monkey (Vos et al., 1972: Allen and
EEpananson, 1973: Bruckrer et al., l974a: Allen, Norback, and Hsy,
EE14; Allen., Carstens, and-!lrlotti. l974). Ecobichon and Comeau
242, b) tound that the effect of PCBs administered intrapeci-
Bneally on livet weight and on hepatic entymes associated with
Eoatic endoplasmic reticulum was related to the position of
% chlorine substitution on the biphenyl nucleus. However, all
i the congeners and isomers adainistered at a dose of 50 mg/kg
ihtcsperitonsally for three days produced an increase in smooth
fSndoplasaic, lipid droplets and microbodies, although the quanti-
fitive response varied (Hansell and Ecobichon, 1974},
2. General Aistology

T™he adainistration of PCBs to exparimental animals will
Bkoduce histopathological changes in the liver. The main effects
Btained are the production of enlarged hepatocytes, fat droplets,
find slight degree of necrosis; the occurrence of these changas
depend particularly on the dose of the PCHD snd t0 some extent on
the particular Aroclor (Tables 2 and 2A). Necrosis seems co be
Jore severe in the rabbit than in the rat. In general. the
mrphological changes observed in the liver of PCB-treated animals
are similar to those found sfter trestment with other chlorinated
Rydrocarbons.

In a detailed study, Kimbrough st al. (1972) found that
reclor 1260 (20, 100, 500, and 1000 ppm) and Aroclor 1254 (20, 100,
hﬂl $00 ppm), given {n the diet of rsts for eight months, produced
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enlarged liver cells and cytocplasmic inclyeions, At the
higher doses, thete was evidence of lipid accumulation,
which was associated ui:hia foamy cytoplasm, and pigment
accumulation in the Xupffer cells. The pigment gave a posi-
tive Prussian-blue reaction, indicating the presence of
hemosiderin, Studies of rats four to six months after expo-
sure to different dosee of Aroclors 1016 and 1242 indicated
that the morphological changes are reversible and disappear
gtadually afcer dosing is stopped; the hepatocytes wete
still larger than controls, but the freguency of vacuolated
cytoplasm or inclueions within the cytoplaem had decreased
{Burse et al., 1974),

Aroclor 1254 wss evaluated by the Mational Cancer
[nstitute (1978). FPischer rats teceiving 2% ppm in the dist
for eight wesks had enlarged livers, but without evidence of
hiscological abnormality. The adminiscrationa of domee of
25, %0, and 100 ppm for 104-10% weeks did not increase the
frequency of liver lesions such as congeation, inflammation,
necroais, or anglectasin.

3. Msnofibrosis

Manofibrosis (synonyms: bile duct proliferation,
bile duct adenomatosis, cholangiofibrosis, fibroadencmka) has
been ocbeerved in some rats receiving PCEs. Adenofibroeis is
qenecally regazded as a benign leaion. In their review of
experimental tumors, Stewart and Snell (1937) stated that
there i® no convineing evidence that adenofibrosis is a

precancerous lesion.
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1t should be noted, however, that Reuder (1968), studying 2-
acetamidof luorene and 2-diacetamidoflucrens, suggested that
adencf ibrosis is a precancerous lesion for the development of

cholangiocarcinoma,

(1) Studies in mice. Ximbrough and Linder (1974)

obsecved foci of adenofibrosis in the liver 5f some mice with
300 ppm of Aroclor 1234 in the diet for ll months. I[to et al.
{1974) comment that they did not observe cholangiofibrosis in
sice receiving Kanechlor.

(ii) Studies in rats. Kimbrough st al. (1972)

observed adenofibrosis in rats treated with Aroclor l260 and
12%4; the effect was observed at the higher doee levels and
particularly in animals receiving Aroclor 1254, Wwhen the feeding
of 500 ppm of Aroclor 1294 was discontinued and the animals
studied up to 10 additional monthe, the fat and liver content of
Pél remeined high and the adenofibrosis persisted (Ximbrough et
al., 1973). In a later paper involving tresatment with Azoclor
1260 at 100 ppm for 21 monthe, mention is only made that a few
rats showved areas of adenofibrosis, indicating a low degtee of
response, but data are not tabulated (Ximbrough et al., 1975),
In fureher studies by the same group adenofibrosie was not ob-
sarved in rats fed Aroclor LOl6 or 1242 (100 ppm) for up to 10
Soaths (Burss et al., 1974).

In a study with three Aroclore, adainistration of

100 ppm in the diet for 24 montha produced a low incidence of
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cholangiohepatama (Table 2A), but concentrations of 1 ppm or
lo ppm were without effect (Calandra, 1976; Levinskas, 198)),
Treatment did not significantly affect ductal hypecplasia.

The study of the Hacional Cancer Institute (1978)
did not observe adenofibrosis in rats receiving Aroclor L284¢
at doses of 2%, %0, and 100 ppa for 104-10%5 weaks.

In studies vith various Kanechlors, Ito et al.
{1974) administered Kanechlor $00, 400, and )00 in the diet
at concencrations of 1000, %00, and 100 ppm. At the concentra-
tion of 1000 ppm of the Kanechlors., the incidence of cholan-
giofibrosis ranged from 13 to JO% in the rate; cholangiofi-
brosis did not occur at levele of 3500 or 100 ppm. Kimura et
al. (1976) also reported cholangiofibrosie in rate treated
with Ranechlor 400,

4. Hyperplaetic Poci and Nodular Hyperplasia
in ths Liver

Kyparplastic foel or hyperplastic aceas represent
minimal changes in the hepatocytee. 3Such foel or areas of hy-
perplastic changes are uncommon in yntrsated young rats, but
increase with age. The hyparplastic areas or fool may coexiet
with nodular hyperplasia and/or hepatocellular carcinoma. The
signifiosnes of hyperplastic foci is that they may be part of a
spectrus capable of progressing to a nodule (Squire and lavite,
1973).

The hyperplastic nodule {(nodular hyperplaeia, neoplas-
tie nodule, hepatoma) is generally as large or larger than the

arsa of several lobules, and the lesion is sometinmes elevated
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@Ehove the surface of the liver, The lesion is frequently ce-
-;:rnd to as a nooplunp nodule and some consider it to be a
’nttnutl.on of a carcinogenic process, the earlier stages
‘Eunich may be Tepresented by the hyperplastic foeci discussed
gRbove, The use of thes? terms in the literature is confusing,
s sonme who use the word "hyperplastic nodule® regerd the
Wlesion 0 be part of the neoplastic process whefeds others
Cconsider it to be unrelated to neoplasia. Some investinators
SDee the terms adenoms or hepatoma to designate the lesion,
seplying that it is a benign neoplasa,

Despite the differing terminology. it may be considered
that the hyperplastic foci and nodular hyperplasia (neoplastic

’I.aiulcl) occurring in the Lliver are benign lesions rather chan
®arcinomas,. However., such nodules may be part of & sequence of
sbesoplastic changes that eventually progress on to hepstocellular
carcinomas. Although the data on hyperplastic foci and nodular
hyperplasia are discussed in this section and hepatocarcinogenes 1
are discussed in ssction VIIL. the experimental data on the inec.
dence of benign and malignant lesions are given in the same
table 80 that the overall biclogicsl effect of the treatmant
can be obeexved as a unitc.

(1) Studies in mice. 1Ito et sl. (1973) obeecved
mdular hyperplasia in mice only at the highest dose level of
Ranechlor 300. (Negasaki et al., 1972, reported the same dats.)
Mareas Kanechlor 500 produced nodular hyperplasia at 300 ppw,

lenser doses were not active and Kanechlor 400 or Kanechlier 100
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was inactive at all doses studied (Table 3). There was some
evrdence that the administration of Kanechlor S00 :ncreased

the nodular hyperplastic response induced by a.ot'FB isomers

of benzens hexachloride,.

Rimtrough and Linder (1974) obsecved adenofibrostis
and hepatomas in nine of 24 aice fed Aroclor 1254 (300 ppm 1in
the diet) for 1l months; in animals fed Arocler for only six
months followed by a five month recovery thete was no adenofi-
brosis and the incidence of hepatoma was only 1/24 mice,

(£4) sStudies in rats. RKeplinger st al. (1971

did not observe hepatic lesions in rats receiving different
Aroclors for 18 months; however, re-evaluation of the slides
indicated a significant increase of nodular hyparplasias in
the treated animals (see National Cancer Institute, 197§).

Ito et al. (1974) obesrved nodular hyperplasia in
rats receiving 100, %00, or 1000 ppm of Ranechlor 3%00; a lesser
ef fect wad observed with KRanschlor 400 and thers was no signi-
ficant effect of Ranechlor 100.

Rimbrough et al. (1973) reported a significant in-
crease in the incidence of hyperplastic foci or areas and neo-
plastic nodules in female rats given 100 ppm of Aroclor 11240,
mixzed with the diet for 2l months (Table 4). In another study,
the dietary adainistration of 100 ppm of Aroclor 1242, 1254,
and 1260 for 24 months increased the incidence of nodular hy-
perplasia (Table 2A); a lessar effect was obtained with 10 ppm,
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TABLE )
Incidence of Liver Lesions in Male Mice
Treated with PCRBs for 24 Weeks

(Dats of Ito et al, 197))

Incidence
Ppm Nodular Hepatocellular
in Hyperplasia Carcinoma
diet
Eanechlor 500 -1 1] 1712 $/12
2%0 0 0
140 ] 0
Eanachlor 400 $00 0/12 0/12
150 0 0
100 0 0
Eanechlor 100 500 0/12 0/12
50 0 0
100 0 0
Cantrols - /¢ 0/6
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TABLE 4
Incidenca 0f Liver Lesions i1n Female Rats
Treated with Aroclor 1230

(Data from Kimbrough et al,, 1975)

Inecidence
Lesion
Controls Expecimencal
Hypetplastic foci or areas 29/17) 102/184
L{eoplastic Nodules 0/173 14471204
Hepatocellular Carcinoma 1/17) 267184
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TABLE §

Incidence of Liver Lesions in Male and Femals Rats
Treated with Aroclor 1242, 1254 and 1260
100 ppm in Diet for 24 months

(Data from Calandra, 1379}

Aroclor
1242° 1284°° 1260
Nodular hyperplania 8/20 13727 1/27
Repatomas 2/20 4,27 5/27
NSepatocsllular carcinoma 0/20 0/27 0/27

*10 males and 10 females
*%1) males and 14 females
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TABLE &
Incidence of Liver Lesions in Male and Female Rats
Treatad with Aroclor 1254

(Data from National Cancer Institute, 12778

Males Femalus
Low mMid High Low Mid High
Dose Dosa Dose Dose Dose Dose
Number of animals
necropsied 24 24 24 24 22 4
[ B}
Hyperplastic foci
or arcsas
] 8 12 [ 9 17
Adenoma, Nos® 0 0 1 0 1 2
Hepatocellular
carcinoma o) 1 2 0 0 J

* Hyperplastic fozi, hepatocellular adenonmas or carcinomas were

not diagnosed in the controls,
+ Not otherwise speacified

** e defined in report
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- 1 ppm did not produce a positive response (Calandra, 1976;
‘Lmku, 1381). All three Aroclors produced an increesed
Eusoer of hepatomas at the high dose (Table %). There was no
myidence of metastaels or invasivenese, and the lesions were
ﬁ,ardod by the pathologists as benign tumors.

The results of a ploassay of Aroclor 1254 for carcino-
fnicity, using dosee of 25, 50, and 100 ppm in the diet, are
Husmsrized in Table 6 (Nationali Cancer Instictute, 1978). Their
loe of terms is confusing, for although they use the words “nodular
fypecplasia® in their table, they state in the text that “the
Press of nodular hyperplasia appeared to be aicroscopically
Esilar to what is currently termed ‘'focsal acreas of cellular
Mceration.'®™ Thus, wa have used the term "hyperplastic foeci or
Sreas® in Table ¢ to describe their results. It is evident from
Ebe data in Table § that the hyperplastic focl were present in a
Poss-related frequancy. Although the incidence of the hyper-
Blastic foci did not d4iffer significantly froa the controls, this
Bncidence appeared to be related to treatmant. The Diological
Pignificance of the increase in °“focal ateas of cellular altera-
Bion® is not clear as relatively few adencmas were found,

Both the asbove studies (Kimbrough et al., 1975; MNational
Cancer Institute, 1978) demonstrate an increase in proliferative
Bestions of the liver; the effect is greater with Areclor 1260
Bhan vith Aroclor 1234.

(141) Studies in dogs. Hepatic nodular hyperplasia
Pi¢ not oeccur in the dogs receiving dietary levels of 1, 10, or 100
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ppm of Aroclor 1242, 12354, or L2460, respectively, for two years
(Calandra, 1376). Each treatment group consisted of eight

dogs (four female and four male}.

$. Summacry and Comment

The administration of high doses of PCBs to animalg
can produce hepatic enlacgement and an increase in liver
waights, which is associated with an increase in saooeh endo-
Plaamic reticulum, Other effects include a slight degree of
necroais and the presence of tat‘droplotl and & vacuclated
cytoplasm, Theee changes, which are similar to those found
after treatment with other chlorinated hydrocarbons, are
readily finduced by high doses of PCBs, but are absent when
lower doses of PCBs are given. The response appears tc be
greater with incrsased chlorination of the biphenyl nucleus
but, depending on dose, even the high chlorinated derivatives
may not produce & positive ressponase.

Treatment with PCBs usually incresses the occurrence
of hypecplastic foci. The nodular hyperplasia, neoplastic
nodules or hepstomas have besen reported to be .increased in
some studies, but other evaluations have not conficrmed these
sffects. The effscts of PCBe on the occurrence of nodular
hyparplasia, neoplastic nodules, hepatomas, or adenofibrosis
is highly variable; eome studies have reported & positive
ef tect whersas others failed to show an effect of treatment.
Again the change in histological responsse or in frequency of
benign hepatic tumors is related to both the dose of PCH

admninistered and the degree of chlorination of the PCH.
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Data on hepatocellular carcinoma in PCB=treated animals
pre discussed in section VIIL.

8. Clinical Data

1. Liver Ffunction in #CB-exposed Workers

Based on results in animals, it was expected that f
CBs produced a significant degree of injury in man, 1t would
be- to the liver. Such has not been the case, as the clinical
gstudies summarized Delow have provided little evidence for the
occurrancs of hepatic dysfunctions in PCB-exposed workers even
though the blood .avel of PCH may be relatively high.

(1) Ouw et al, (1976) studied liver functions in 34
workars expoaed to Aroclor 1242 for one month up to 23 years; Il
were exposed for more than one year and 16 for five or more years,
‘Scattered individual abnormal test results were obtained: serum
bilirubin was normal and in all )4 subjects, alkaline phosphatase
vas slevated in one of 4 su?joets and eesrum transaminase (SGPT)
was increessd in five tests.” There vas no relatisnship of the
results to the blood level of PCB and the mean of esach hepatic

funceion test for the whole group was within normal limits. BSP

'/ The abbreviations used in this section are as follows:

SG0T » sernum glutamic oxaloacetic transaminaae
SGPT » sarum qlutamic pyruvic transaaminase
SGGT = serum gJamma glutamyltranspaptidase

LDG = serum lactie dehydrogenase

AST = aspartste aminotransferase

ALT = serum alanine aminotransferasse

SOCT » serum ornithin-carbamoyltransferase
MP = bramaulfonphthalein
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teasts were alsoc performed on seven workers with relatively hign
blood PCB) four of the seven tests were slightly above the norma}
limit of 5% but, as the authors state, since other conditiong
such as fever may increase 8SP retention, these resulte by them~
selves could not be taken as proof of hepatic damage. The asp
test reeults did not show & significant correlation with nlood
PCH levels ot the length of exposure (five to 1) years) to »CEH.

(i1) Frischbein et al. (1979) studied liver funce

tion tests in 121 workers exposed to PCls in an electrical manu-
facturing plant for less than five years to more than 235 years.
™he percent of tests that gave an abnarﬁal test result was SGOT
2.2%, SGPT 7.2%, LDM 2.5%, alkaline phosphatase 1.2y, and serum
bilirubin $.3%, and indicated a "very low prevalence of abnormal
liver findings.” There wes NO ComBeNt or analyeis to stcate thae
4 certain number of the subjects showed a pattern of abnormal
liver function tests indicative of hepatic dysfunction. These
data can be taken to represent & series of tandom test results
that might ba expected in & population of 321 individuals rang-
ing in age from less than )J years to over 70 ysars. Control
subjects or non-exposed workers were not included for compari-
son. There wes perhape some indication of a relationship of
SGOT levels to plasaa levels of PCBs, but the two siposure
categaorien of PCB levels are too bread and require a finer
analysia.

(144) Baker et al. (1980) studied liver funetion in
148 individuals with various degrees of exposure to PCES; the
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aan PCH serum levels for the four test groups varied from 17.4
wb to 75.1 ppb. There was no change in lLiver function tests
BGOT. SGPT, LDH, alkaline phosphatase, or serum bilirubin) in
plstion to PCH bDlood levels in either drinkers or nondrinkers of
dlcohol. Serum GGTP (gamma qglutamyl transpeptidase) correlated
gith serum PCH, but & correlation did not exist when alcohol
PEinkecrs were removed from the analysis,
(iv) Maroni et al. (l98la, D) studied liver function
Ba 80 vorkers exposed to PCES for an average of 12 years and
sported that 16 individuals had an abnormal liver f£inding as
siudqged by clinical examination or by laboratory tests.
inspection of the data shows relatively few instances
of abnormal liver function tests. The aost frequently altered
laboratory tests were as follows:
8 of $0 subjects with increase of SCCT activity
7 of 80 subjects with increased serum aamino-
transferaee activity (AST or ALT)
& of 80 subjects with increame of SOCT activiey.
It is evident from their data that aany of the changes are slight,
and as test results from ocontrol subjects were not included, we
4o not know what the normal test variations msy be for 80 control
subiects of a siailar age. Purther, examination of the data for
the 14 subjects with clinical hepatomsegaly shows only one subject
vith an abnormal test in three types of tests (SGGT, AST/ ALT, and
S0CT); only two of the subjects gave a positive response in two of
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the test types; e¢ight subjects had an abnormality in only ong
testy three subjects had normal test results. Serum bilirubjp
And alkaline phosphatase activity were within the normal range
in all subjects.

3ased on the above review, it is evident that only
one of the 80 subjects showved a pattern of test rtesults indj-
cative of abnormal liver function; the other test rssults
teflect only random variations from normal.

Maroni et al. also reported that the mean level of
blood PCBs in the 1§ workers with abnormal liver findings was
significantly higher than that of §4 workers without abnormal
liver findinge, but the ranges for the two groups show consid-
erable overlapping and the two subjects with ths highest blood
PCH levels had normal liver function tests, The only control
we can use to evaluate the suggestad relationship between PCH
blood level and liver function are the 10 subjects with chlorc-
4cne; these 10 individuals hed normal liver tsst results
despite the fact that their msan blood PCB concentration was
high and not significantly different from the mean blood pPCB
lavel found in the 16 workers discussad above. Thus, it cannot
be said that this study demonstrates & relationship between a
nigh blood PCH level and abnormal liver function tests, attest-
ing further to the randomness of che liver function test
results in the study,

(v) Smith et al. (1%8la, b, ¢) evaluated liver
function tests in PCB-exposad sspioyses from an electrical

manufacturing plant, a municipal electric utility compeny, and
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...givgt.ly-ﬂ'ﬂ.d electric utility company.

The data on SCOT

W GGPT are difficult to evaluate as the results of the mea-

Musenents are not given, and therefore may be assumed to be

EEehin normal population levels; rather, the authors sought

llrfilationl hetween the log of SGNT and GCTP with the log of

gbe lower serum PCASs and the log of high serum PChs.

Calcula=

PIong include simple correlations, separate reqressions with

e confounders as predictors, and squared partial correlation,

hlivs other computations to see if associations existed.

Their

Fables 6, 7, and 8 summarize many of their calculations, and

Hata for transaminases from table 7 are summarized below,

Correlation With

Serum Secvum
log L=pCH log H=PCDH

Jlectric equipment company

log 3GOT NS Siq

log GGTP Sig Sig
Municipal electric utility company

log SGOT NS NS

log CGPT NS NS
Privetely-owned ytility company

log SGOT sig NS

log GCTP NS NS

Big » statistically significant
W8 « not significant

L-PCH = lower chlorinated
biphenyls

= higher chlorinated
biphenyls

H=PCH
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Correlations (associations) were found at the equip-
ment company but ths data cannot be examined to determine if
the calculated value has an& medical significancs. Correla-
tions at the publicly-owned utility company were not signifi-
cant. At the privately-owned utility company, the only positive
finding was & positive association of SGOT with serums L-PCH.

It is not clear what the change in this one test result means
as the gerum L-PCBS were not significantly different between
the exposed and nonexposed Jroups.

The test results for total bilirubin, alkaline
phosphastase, and lactic dehydrogenase are not discussed, and it
is presumed that these measurements of liver function wvere not

abnormal.

2+ Liver Diseass in PCB=Exposed Norkers

Medical exaaination of PCB-exposed workers has not
shown the pressnce of liver disease. In the study of Fischbain
et al. (1979), physical examination of 126 individuals (age less
than )0 to over 70 years) revedled four individuals with abnormal
liver size, two of whom had & history of heavy alcohol intake)
one of the four had a slight elevation of one liver function
test (SQOT of 53).

In another study of 143 individuals with varying de-
gress of PCB exposure, there was no evidence of liver dissase as
deternined by medical history and physical exaainationa (Baker et
al., 1980). Smith et al. (1901) did not find evidence for liver
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ig.oalo in their subjects, there being no significant findings on
pnytical examination of workers at an electrical egquipment manu-
facturing plant who were heavily exposed to pCBs, or workers at
3.aunicipal utility company or & private utility company who were
1ess hedvily exposed.

Deaths from cirrhosis of the liver were not increased
bv exposure to PCB (Brown and Jones, l98l); six deaths were
obeerved (three of the six consumed alcohol reqularly) versus
5.6 expected.

J. Summary and Opinion

The revievw of clinical data demonstrates that exposure
to PChs does not significanctly affect liver function tests. Liver
function remains normal in individuals with meagurable, and freg-
vently high levels of serum PCH. Also, exposure to PChs does
not result in the production of clinically detectabls liver
disease. The induction of enzyme systems in the liver and the
biological significance of this process, as mediated by PChs,

are discussed in sectionm XxI.
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{vi) The hyperplastic gastritis may persist for

over one Year following discontinuance of
PCH exposure (Allen, 197%).

" A mixture of low chlorinated biphenyl (Clophen A-130)
was not observed to produce gastric lesions in the monkey
(latropoulos st al., 1977),

The Cindings of Allen et al. were recently confirmed
and extended by Becker &t al. (1979). Their study involved six
monkeys, one untreated and one oaeh‘roeotvtnq a diet containing
3, 30, or 300 mg/kg of PCH (Aroclor 1242); two monkeys received
a4 diet containing L0 mg/kg9, Monthly biopsies taken from the
greater curvature of the stomach shoved a dramatic decrease in
the number of parietal cells with &4 concomitant i{nc¢redse in the
nuaber of mucous neck cells. The tymogenic (chief) cells were
also reduced in number. This vas followed in all treated anisale
by & eucous conversion of the gastric epithelium, with down-
growth of the gastric glands into the submucosa and the eventual
formation of cysts. It is noteworthy that the lesions were
confined to the stomach; no changes wecre found i other teglons
of the gastrointestinal tracet,

The gastric changes can be described as a dysplaestic
growth patters, but there is no neoplastic transformation (Allen
and Norbaek, 197)). However, the authors sSpsculate that they
are "suggestive” of an eventusl neoplastic transformation,

Analysis of the results obtained in the monkey indicates
that the PCB-induced morphologic changes in the gastric mycosa
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|y be specific to this specles and not predictive of poesinls
gftects in man.
(i) Even within the monkey a specificity of action
is present, as the lesion induced Dy PCBe 13
found only along the greater curvature of the
stomach; neither the cardiac nor pylorie portions
wvere affected (Becker et al., 1979).
(i11) Hypertrophy and hypetplasia of the gaetric
mucosa have not been reported in the rodent
{Allen and Abrahamson, 1973), rabbit (Voe.
1972), or in other species (Vos and Koerman,
1370},
Clinical findings to date have not euggested or indicated
that expoaure Lo PCES increases the occurrence of cancer of the

stomach in the human (see also section VIII, relating to

, aarcinogenicity),
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vill. Carcinogenesis: Experimental and Clinical

A, Experimental Studies

All authors do not use the words tumcrigenes.s and

neoplasia to indicate the same type of response. Tumorigenes.s
14 a general term that refers to both benign growths and malig-
nant growths: compounds may affect the occurrence of benign
tumors without inducing cancer, Nooplilla Reans simply a new
groweh. The term "neoplasia” can refer to a benign or malignane
qrowth, Oftentimes suthors may combine data relative to penign
and malignant growths so that when the terms tumotrigenesis or
neoplasia are used, they must be carefully defined.

l. Hepatocellular carcinoma
(1) Studies in mice. 1Ito et al. (1973) obd=

served hepatocellular carcinomas in mice only in the high dose
group given Kanechlor 500 lover doses of Kanechlor %00 or the
other Ranechlors d4id not produce a carcinegenic rzesponse (Table
3). The administration of 300 ppm of Aroeclor 1254 in the diet
for 11 months did not induce hepatocellular carcinomas in aice
(Kimbrough & Linder, 1974).

(i1) Studies in rats. The administration of
Ranechlor 400 for 400 days did not induce hepatocellular carcinory
(Kimura ¢ Baba, 197)), But the pericd of treatment may have been
too brief to detect a carcinogenic effect. In a further study
Kimurs et al. (1976) administered Xanechlor to rats for six mont-s
but dus to body waight changes a variable dosage schedule was

employed, Pollowing the cessation of treatment, the rats were
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fed on a normal diet for 270-410 days; autopsy, after a total
expecimental period of 450-590 days, did not reveal hepatocel~
lular carcinoma in any of 1; rats.,

[to et al. (1974) traated rats with different doses
of Kanechlor 500, 400, and 100 for periods up to %2 weeks;
nepatocellular cércinomas vere not observed, but the duration
of treatment vas probably toe short to rule out the possibility
of a positive response.

The three major studies pertaining to PCBs and hepa-
tic carcinoma in the rat are those of Kimbrough et al. (197%),
Calandes (197%), and the National Cancer Institute (197s).
kt-brquh and co-workars, using the Sherman strain of rat,
found that 100 ppm of Aroclor 1280 in the diet for 2l months
producad a significant increaee in the incidencs of hepatocel~
lular carcinoma in female rets (section VI, Table 4). Male
rats wvere not studied,

The sdministration of three different Aroclors at a
dose of 100 ppa to rats for 24 months (Table S) 4id not induce
hepatocel luiar carcinoma (Calandra, 1973). The author states
that this negqative finding was based on evaluation of the liver
sections by three pathologists, who resd the slides independently
and ssparately. B8 statea Euuhu that Professor P. Pour re-
evaluated the Kimbrough slides and did not agree with the
reported findings (ase also section VI, Table 2A),

The results of the National Cancer Inatitute (1370)
biocassay of Aroclor 12354 for possible careinogenieity are shown

in section VI, Table 6. Pischer 344 rats were used and the PCB
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Epature vas administered at three dose levels (25, 50, and 100 ppm)
> tas diet for 104-105 veeks. The effect of the treatsent on
Body weight and mortality It-th. higher dose levels demonstrated
Shat maximum tolerated doses vere used, thus providing a satis-
Bctory test of carcinogenic potential. A sufficient aumber of
Este of both Sares was available for meaningful statistjical
Eaalyses of the incidence of late-developing tumsors. Treatment
was associated with only three hepatocellular carcinomas in male
ats, vhich was not significantly different from the controls,
mnd it was concluded that Aroclor 12354 was not carcinogenic in the
¥icasssy,

(1i1) Studies in dogs. Hepatocsllular carcinoma did
het occur in dogs (four male and four fesmale per group) receiving
A, 10, or 100 ppm of Aroclor 1242, 12354, and 1260, cespactively, in
shair diets for two yesars (Calandra, 1%73).

(iv) Discussion. Datas from the mouss provide only
liniced and restricted evidence for a carcinogenic effect of the
Japanese compound Kanechior 300 (Table )). Studies on the rat
give conflicting results on hepatic carcinoma. (Baction VI desls
with the benign hepatic proliferative lesions found in the treat-
ed rats, which may or may net indicate carginogenic potential.)
Zimbrough et al. (1979) ceported an incresse of hepatocellular
entvincmas in female rats rsceiving Aroclor 1240, vhersas the
Studies of Calandra (1973) snd the National Cancer Institute
(1978) 4id not ocbeetve a significant incrsase in hepatocellular

carcinomas in rats receiving different Aroclors. Whether the
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divergent results are related to thc.ditfcrcnt strains of caty
that were used, represent differences in the effect of the twe
Acoclors, or are dus to other factors is not known, It is oBe
vious, however, that in view of the differing results obtained
it is not possible to extrapolste or project possible effects
in man, Hepatocellular carcinomas did not develop in dogs
treated with Aroclor for two years.
2. Sladder Cancer

Kimbrough (1972) observed bladder cancers in twve ratg
fed 100 ppm of Aroclor 1260 for eight months. In a later study
with 200 rats receiving 100 ppm éf Aroelor 1240 for 21 months
the only bladder tumor observed (a transitional cell papilloma)
was in a control animal, and it vas concluded that “the occur-
rance of the bladder tumer in the previouys expucimsnt vas ap-
parently unrelated to tbe ingestion of Aroclor 12¢0" (ximbdrough
et al., 1978). This type of variation desonstrates the un-
reliability of atcaching significange to small changes in tumor
incidenae in a given experiment, particularly when the inci-
dence does not show a statistically significant diffecence
from a control ¢roup.

Senign or malignant bladdar tumors did net oceur in
cats treated with Aroslors 1234 (23, 30, and 100 ppm) tor 104-
109 weaks (Wationsl Cancer Inatitute., l978).

Thae above stedies do not dessnstrate that adainfise
tration of Aroglor 1234 or Aroclor 1260 induces bladder

cancer in the rat,
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3. Stomach, Intestinal Tract Cancer

Treatment of female rats with Aroclor 1260 (100 ppm in
Wist) for 2l months did not induce tumors in the gastcrointestinal
Bract (Ximbrough et al., 197%),

Treatment of rats with Aroclor 1254 (25, 50. and 100 ppm
KA the diet) for l04-105 weeks did not induce gastrointestinal
carcinomas (National Cancer Instituts, 1378). Tumors occurred
dn random manner as illustcated in Table 7,

4. Carcinogenesis - Other Organs

Studies with PCBs in relation to cancer of the liver,
gastrointestinal tract, and urinacry bladder have been discussed
separately above. In the studiee with PCBs other organs have
been evaluated in detail without finding any effect of chronie
adminigtration of Aroclors on the incidence of benign or aalignant
neoplasas. The following appraisals cefer to tumors of these
other crgans.

Kimbrough et al. (1973) found that the chronic
administration of Aroclor 12¢0 to rats did not affect the incidence
of benign tumsrs or careinomas of the :nyrold‘qland. adrenal gland,
uterus, lung, and other organs, rFrequently investigators look
only for increases in tumor incidence, when in fect decreases arce
often obtained. It is worth noting that sammary adenccarcinoma
ogeurted in 3/17) control animals versus an incidence of 1/184 in
treated animals. 1If the incidence had been reversed, some
authors may have commented or suggested that PCBs may increase

the occurrence of mammary cancer, but such would not have bHeen
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the case as the number of mammary adenocarcinomas in control
groups can vary significantly from study to study. If the Lnci-
Jence of spontaneous tumors <an vary, then the number of malig-
nancies in the treated qroup will vacry with each experiment
{ndependent ol the treatment given. An additional lliuscration
of tumor variability is the incidence of ovarian granulosa theca
cell tumors which was 5/149 in controls vecrsus 0/162 {n the
treated aninals.

In the National Cancer Instituts (1978) study, ths
chronic administrations of Aroclor 11%4 was without effect on
the devslopaent of bDenign or nmalignant neoplagms in ths various
body organs of the rat (the liver, gastrointestinal tract, and

urinary bladder were discussed separately above). 1In the
study, interstitial cell tumors of the testes were pPresent in
nearly all control and treated animals, thers being no effect of
treatsent. Lesukemias, wvhich were the second most Coamon neo=
plasms, were found in 114 of control males and 174 of control
females. A statistically significant dose-related trend for
leukenia vas present in the treated males but not in the female
rats. Bowever, direct dose compacisons between each treatsent
group (male or female) and the control group were not statisti-
cally significant, so that an effect in males could not be clearly
rslated to the edministration of Aroclor L254. Adding the few
lysphomas to the leukemiaa for the analyeis did not change the
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conclusion. Kimdrough et al, (1975) also did not find a 1ig-
nificant eflect of Aroclor 1260 on leukemia incidence (!/173
in controls versus 0/184 in treated animals),

It may be concluded from these studies that the
chtonic oral administration of high doses of Aroclors 1M0 or
1254 does not induce Denign or malignant tuners of the thyroid
glarnd, adrenal gland, uterus, lung, hematopoietic system,
Pituitary gland, thymus, kidney, and other ocrgans in rats,

S. Summsty and Opinion

Animal studies do not provide convineing evidence
that PCBs induce liver cancer. Of the major studies in the
rat, one has been judged positive and twe have been negative.
Hepatic carcinoms vas not produced in the dog. Chronic
administration of Aroclors in the rat did not induce bladder
cancer, gastrointestinal carcinomas, or canoat of the thyroid
qland, pituitary gland, edrenal gland, uterus, lung, hemato-
poietic system, or other organs.

3. Clinical Studies

The studies of Brown and Jones (1991) and Bartaszsi
and co-workers (l98l) have evaluated the relatlonship between
exposure to PCRa and the subeequant development of capcer.
Both analyses are retrospactive mortality studies of workers
to detersine the cause of the death and, for malignancies,
the speeific type of cancer causing the death; the deaths are
designated as "observed cases.” The parson-years of expodute
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of the workers to PCB were determined and combined into calendar
gime pearciods and five-year age groups to calculace from moredliey
acatistics the number of ‘expected” deaths. The number of ob-
secrved versus expected dJdeaths was chen compared. Background

data relative to these studies are summar.zed briefly, as

follows:

(i) B8rown and Jones (198l). The authors analyzed

162 known deaths occurring among 2,567 workers exposed to PCBs
for 19,01l8 person-years. Exposure to PCHs ranged ‘rom three
sonths to over 20 years. The typs of PCBs used at the plants
vele Aroclor 1254, 1242, and 1016.

(ii) Bactazzi et al. (1981l). The authors analyzed

17 deaths occurring in 1,110 workers exposed to pCha for 20,565
person-yedrs., determining “observed” versus "expeucted” rates
tor malignancies. Mortality was studied for a 25-ysar period
(1934=1978), Exposure up to 1964 was meinly to Aroeclor 1254
snd Pyrailne 147¢; scarting in 1963 mixtures with 428§ chlorine
wvare used (mainly Pyraline 3010 and 3011).

(144) Bahn et al, (1976, 1977). These authors

rwort two cases of malignant melanoma in 3] .aen exposed to Aroclor
12%4. It is not clear from their studies if they are discusaing
norbldity or morcalicy; Brown and Jones (1981} interpret the
ceport as mortalicty.

Pertinent data on the mortality from nmaligasncies are

sulmsarised in Table 8 and ars discussed below.
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All Malignancies. B8rown and Jones reporeted 19 on.

served cases of cancer versus 4).3 expected caees, whereas
Bertazzi et al. found a statistically wmignificant increase in
males, but not in female workers (Table 8). There wss no in-
crease in the risk of mortality from all malignancies with
length of exposure or with the number of years of employment
(Brown and Jones, 1981).

Rectum. The only statistically significant differ-
ence observed in the study of Srown and Jones was for rectal
cancer in females from Plant 2 (Table 8), There was no
signiticant tinding for females in Plant 1, males in Plane 1}
or 2, or for the cosbined data for males and femdles. The
incidence of rectal cancer showed a slight, but statistically
insignificant, inerease with increase in latency; no dicect
relationship with increased length of exposure is apparent.

Bertassi et al. (1981) did not report a case of
rectal cancer in PCh=exposed individuals.

Stomach, Pancreas. The studies did not demonstrate
an increased risk for stosach or pancreatic cancer (Table 8).

Mepatocsllular Carcinoma. Three cases of liver
cancer wers ocbesrved in the study of Srown and Jones (1981),
but the difference from the control rete was not reported to
he statistically significant (Table §). Bartassi and co-
watkers did not sention oba&rvtnq any case of hepatic cancer,
Examination of the data for latency sffect or for length of
exposure to PCBs did not show any relationship to developeent

of liver cancer (Brown and Jones, l98l).
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Lymphatic and Hematopoietic Cancer. The two Studieg
show diametrically opposite risk values, although neither 14
statistically significant (Table 8),

Hclancmi. Bahn et al., (1976, 1977) reparted two
cases of malignant melanoma occurring among 31 men who had »egn
exposed to Aroclor L2234, Based on the Third National Cancer
Survey incidence rates, Bahn et al. calculate for a person-year
analysis that only 0.04 malignant melanomas would be axpected,
the difference being statistically significant (P=0.001l). The
extensive studies of Brown and Jones and of Bertazzi et al.
fail to confirm the increased cisk of mortality for malignant
melanoma reported by Bahn and coe-workers (Table 8), raising
doubts about the significance of the Sahn studies. Even an
agsociation with the low P valus of 0.001 has not been cone
ficmed,

Summacry. The clinical svaluation of PCAs relative
to cancer is currently based on a limjted smount of dacta, and
any conclusion regarding their effects must be reqarded as
tentative. Nevertheless, some detajled analyses are available
and conclusions based on them, as listed below, are of aome
significance.

1. Retrospective mortality studies have not deson-
strated a consistent relationship batween exposure to PCBs
and the development of a particular type of cancer.

2. The clinical findings on hepatocellular carcinoma

are of great interest as some experisental studies repart an
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lncrease in liver cancer in rodents receiving pCis, Although
provn and Jones (1981) observed three cases versus 1.07 expected
cases, the difference is not statistically significant, Their
analysis of PC3 exposure and risk of mortality from liver
cancer 13 also noteworthy since it did not demonstrate an
effact of latency (number of years from date first eamployed)
or & relationship to incrtesased duration of eaployment in jobs
ftnvolving PCH exposure. These latter observations are, hows=
ever, based on small numbers, Bertassi et al. (1981) did not
report any significant relatjionship betveen PCH expoeure and
liver cancer. Taken toqether these atudies d¢ not confictm
the projection of a risk for liver cancer in humans based on
the animal studies,

3. The SMR (3tandard Mortality Ratio) may vary
videly in different studies, and emphasis should not bde
placed on an iancrease in the SHR found in one study unless a
significant change in SMR can be confirmed in several repeat
studies, Por example, 3rown and Jones found the SMR for
lymphatic and hematopolietic malignancy to be decreased while
Bertazsi et al. reported an increase, although neither result
vas statistically significant (Table §).

4. Browa and Jones observed a statistically signi-~
ficant inerease in SMR for rectal cancer in voman at one plant,
but nos in a differunt plant, and no significanct effect in

nale workars at either plant vas observed. Bertazsi et al.
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Reproductive Effects

n
.8 have appeared in the Jliterature on
nated biphenyls on reproduction in
son (1979) showed that female Sprague-
.9 Aroclor 1221, 1242, and 1260 By gavage
20 of pregnancy had no effect on the
)€ the offapring as judged By (a) normal
\al appearance of ovaries and uteri, and
Ffeeding 5350 ppm of Aroclor 12%4 for &7
lted in fewer litters, smaller litter
by day three of the PFl, pups., At 100 ppm
Fly offepring was reduced. The pups
s but appeared normal at veaning,
tary level of 500 ppm {35.4 mg/kg)} for
arkedly reduced litter size and
e Pl and Flp generation. Dietary
2%4 and 100 ppm Aroclor 1260 had no
rats exposed through two generations
. dietary concentration of 1.5 ppm of
eration in the menstrual cycle of
¥S. Menses wvere prolonged and menstrual
llen et al,, 1979).
o (1971) fed rats and dogs Aroclor 1242,
£ 1,0, 10.0, and 100 ppm. No adverse
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effect on reproduction was observed in rats given 1.0 and 10
PPM Aroclor 1242, but thers was a decrease :n sutvival of pups
4t 100 ppm of Aroclor 1242, 1254, and 1260 as well as a decrease
ih mating 1ndices., The effect of PCBA on reproduction in
beagle dogs and swine has been studied by Earl et al, (1974).
Aroclor 1254 interfsred significantly with reproduction in

dogs at doses above 2.5 mg/kqg/day wnile in swine 10.0 mg/kq/day
lowered fertility and survivability of neonates. The reproduc-
tive effects in dogs are questionable because of unexplained
changes in the reproduction pattern among controls.

B. Toratggonicitx.

l. Introduction

Teratogenicity is that property of an agent whereby
it is capable of inducing congenital defects in the developing
embryo. Such agents that are cheamical substances are known as
'torltoqonli and the defects they induce are known as "terata.,"
Although teratogenicity is considered generally to invelve only
anatomical defects, some authorities regard functional or bio-
chemical changes as manifestations of teratogenicity,

A distinction aust be asde between teratogenicity and
fetotoxicity, i.e., toxicity to the fetus., The finding of dead
or resorbing fetuses in the uterus of an experimental anisal is
nat evidence of a teratogenic action of the test substance.
Similarly, a smaller size of the newborn is indicative of feto-

toxicity rather than teratogenicity,
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A substance may appedr to be teratogenic if it pro-
uces severe toxic effects on the brcqnan: female. Maternal
Bisedse and malnutrition affect the number and quality of the
pffspeing. Defects in the offspring that are secondary to toxic
#ffececs of the substance on the mother are not consideced terata,

Tecatogens produce their harmful effects during the
period of formation of cells, tiseues, and organe. Hence, oncae
development of the fetus has been completed, a teratogenic
gvent can no longer occur, Chemical substances adainistered to
the mother can be tranamitted, togQether with their metabolites,
via the milk to the sugkling young, and may produce toxic ef fects
in che latter. However, such elfects are not indications of
teratogenicity,

Conventional tests for the detection of teratogenicity
involve adainistration of the test subetance to preqgnant feaales
at repesated intervals throughout the period of organogenesis.
€.9., days eix through 15 of the gestation in the rat, The treated
femalee are sacrificed on the day prior to parturition, and the
fetuses removed from the uterus surgically for examination.
Alternatively, the test substance may be adainistered over rela-
tively Long periodas of time, and the animals allowed to breed
normally as in the usual one=- to three-generation reproduction
studies. The appsarence of malformed offspring among the
eucceeding gensrations would be evidence of teratogenieity.

th order for a chemical substance to which the mother

is exposed to exsre a direct action on the conceptus, it or one
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or more of its metabolites must be able to cross the placenta]
barrciec. Transplacen;al passage of PCBS has been demanstrited
in several animal specires {(Allen et al., 1980;: Cuclaey et al.,
1973; Couvillion et al., 1974; Grant et al., 1971), and is
known &0 occur in the human (Funatsu et al., 1972).
2. Mice

PCBs were not teratogenic in mice at Jdosages up to %S5¢
mg/kg given on days one through six or days seven through 1l of
gestation (Toervek, 1973). However, a cecent study (Marks et al,
198]1) with the hexachlorocongener 1,3',4.4',5,%'-hexachlorob:i-
phenyl Ln mice at dosages in the range of 0.1-16 mg/kg/day dur-
ing days six through 15 of gestation produced a significant in-
crease in fetal malformation, a significant decrease in average
fetal wveaight, and an increase in the percentage resorptions.

Torok (197&) reported that orsl administration of
3178 mg/kg or 750 ag/kq of 1,1'-dichlorobiphenyl to mice on days
one through three of gestation resulted in prolomgacion of the
interval between breeding and parturition. He attributed tnis
observation to delayed implantation. Although the treated
animals had fewer litterCs and lesser mean litter siies, there
was no indication of teratogenicity.

Some mice exposed to 3,4,3'4'-tetrachlorobiphenyl were
reported to exhibit a ®valtzing ayndrome® {(Davis et al.. 1979,
Tilson st al., 197%). The dosage vas 31 mg/kg adeinistered by

gavage to the mothers on days 10 through 16 of gestation. The
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pyndroms consisted of increased motor activity, nypecreflexia,
amd episodes of head hobbing and rotational movements that were
present up to &t least eight months of ags. Mot all exposed mice
wvere affected similarly, but even those that 4id not exhibit the
pyndrome showed diminished performance in various neurobehavioral
thats. Tilson at al. (1979) refer to these observatione as the
*behavioral teratology” of 4-CB.
3. Rats

There are s plethora of etudies in which the reproduc~
tive effects of feeding vesrious Aroclors to rats have been in-
vestigated (Calandra, 1976; Gellert and Wilson, 1979; Keplinger
et al., 1971, Keplinger et al., 1971; Linder et aler 1974) Ville-
neuve et al., l97la), Collectively, these studies reported feto-
tozicity as the dosage was inersased, but no teratogenicity wvas
demonstrated. It may be useful to note the order of magnitude
of the dosages involved, Villeneuve et al, (1971s) found no
effect from the administration of dosages of up to 100 mg/kg per
day orally to pregnant females from the sixth through the
fifreenth day of gestation.

Ultrastructurel lesions {n thyroid follicular cells
snd a reduction in serum thyroid hormones have been reported in
necnatal and weanling rets vhoee mothers had besn fed a diet
concaining 30 ppm or 300 ppm of Aroclor 12134 throughout the
Period of gestation (Collines and Capen, 1980). The authors
suggest that alterstions in thyroid structure and function in
the fetus or neonate may be relsted to subsequant disturbances

in growth or deveicpmant.
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4. Dogs

In the study conducted by Earl et al. (1974}, preg-
hant bitches were qx;on dosaqges of 0,25, 1.0, or S.0 mg/kg of
Aroclor L1254 from the day of breeding to the day on which they
wvere necropsied. Ar 5.7 mg/kq, there was an increase :n the
percentage of resorptions, a d.crcalo_ in the number of live
pups per litter at birth, and a reduction in the percentage of
those sugrviving to two vweeks. The terata obasecved consisted
of enlarged fontanelles, cleft palates, and superfluous pha-
langes., This dosage was said to limit diet consumption severely,
The authors state that one litter of the controls “may have
had a genetic defect that caused an ynusually high inecidence
of terata,"

5. Swine

Zarl et al. (1974) included ainiature swine (Hormel
strain) in the investigation described inmediatsly above. Preg-
nant sows were given daily oral dosages of 1 mg/kqg, 10 mg/kgy,
or 30 mg/kg of Aroclor 12%4., Oosing began 21 days before dreed-
ing and was continued until the day of necropsy. The authors
concluded that dose-related effects ware sesn at 4all treacrent
levels as svidencsd by decrsases in the number of preqnancies.
namber of live pigs farrowed per litter, and percentage of live
offapring after two weeks of age. Syndactyly and cleft palates
were observed in ths young of sows receiving 10 m»q/kqg., and
patsnt fontanselles and cleft palates in the offspring of those
receiving 30 mg/Xg. As in the case of the dogs, the higher

dosages caused a marked ceduction in food consumption.
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6. Monkeys
In a study reported by Allen et al. (1974), six adult.
female ;;QIUI monkeys were fed ; diet containing 2% ppm of
Aroclor 1248 lor two months. Ouring this period, all animals
developed éharactor;stzc signs of toxieity, altheugh they main-
tained a regqular menstrual cycle. One animal died. At the
beginning of the fifth month, or three manths after disecontinu-
ance of exXposure to the test subStance, an attemapt was made to
breed the survivors, Three animals appeared to conceive, but
only one succesded in carrying her tcgus to tsrm, Although
this infant was well developed. its body weight was considerabply
lowsr than that of the average rhesus infant. Examination of
the tissues showed no gross or aicroscopic lesions.
In a second study by the Wisconsin group (Barsotti
et al., 197¢) involving 18 adult, f{emale rhesus monkeys, nine
wers fed a diet containing 2.5 ppa, and nine wers fed a diet
containing $ ppm of Aroclor l148. After seven months on these
diets, the eight surviving animals from the 1.5 pps group and
eight from the S ppa group were mated with control males. All
animals in the 2.5 pPPE Jroup became pregnant, but three of these
resorbed their embryoe; the remaining five gave birth to live
infants. In the 3 ppa group six animals became pregnant. These
impregnations resulted in three abortions, one resorption, one
stillbireh (suffocation during difficult delivery), and one un-
complicated birth. At birth, the six infants were small; how-

ever, other than their small stature and focal areas of dermal
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hypecpigmentation, their general appearance, hemograms., and
ossecus development as evaluated radiographically were normal.

The adult, female rhesus monkeys that were the orie
ginal subjects in the study discussed above vere fed the diets
containing 2.5 ppom or 5 ppm of Aroclor 1248 for six months
priac to breeding, throughout gestation, and for three months
after delivery for a total of about 13 months (Allen et al.,
1980). Only 16 females were bred, inasmuch as one had died
and another was dropped from the study for some rsason not
explained. About one year after discontinuance of the Aroclor-
containing diats, the animals were bred again to control malss.
All of the seven survivors in the 5 ppPm group conceived, but
only four gave birth to live infants. In the 1.5 ppm group,
one animsl had an adbortion and the remaining seven had uncoe-
plicated deliveries. Apart from thelr sowmewhat smaller size
compared to the young of the control animals, the infants
appeared norsal. Analyses of sdipose tissua from two stillborn
infants of sothers in the 5 ppm qroup shoved the presence of
PCBs, but histological evaluation of adipose and other tissuves
showned no abnoraaiities.

7. Clintesi Daty

Punatsu et al. (1972) studied in detail four babies
vorn to mothers who hed ingested rice olil contaminated with a
heat-exchange fluid containing PCBs, PCDPs, and PCQe. The mothers
were among the population exposed in the "Yusho® spisode., Three
of the four babies exhibited soma evidence of intrauterine sal-

nutrition or recardation of growth, and all four had dark brown
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piamentation of the skin that wae most pronounced at the geni-
palia, axillae, and near the fingernails. The same pigmentation
jas noted On the lips, gume, and palate, Fhile one or more of

the infants displayed other clinical signe, no neurological or
cardiovascular abnormalities, nor any malformations were observed.
The pigmentation of the skin and mucous membranes disappeared
within two to five months of age in all cases.

8. Summary and Opinion

{(a) In a variety of tests, commercial PCH mixtures
(Aroclors) showed no terstogenic activity in mice, rsts, rabbits,
and monkeys.

(b) Earl et al. (1974) have not demonstrated convinc-

ingly a teratogenic action of Arocler 13%4 in dogs or swine.
An evaluation of their work suffers from a paucity of i{nformation
and the possible presence of a genetic defect in the dog colony.
The published sbstract tends to be misleading., Cxamination of
the unpublished manuscript shows that the authors did not regard
the two lower doseges as teratogenic for either species, The
highest dose is said to limit food consumption severely in both
tpacies. Therefore, it is likely that the defects cbserved in
the offspring were the result of severe maternal malautrition.
Bansen et al. (1973) failed to find teratogenic effects in svine
when the sothers wares fed & diet containing some 20 ppm of
Aroglor 1242 througheut gestation ind nursing.

{(a) The obeervations of Collins and Capan (1980) on

Wtrsstructural alterscions in the thyroid qlesnds of perinatal
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rats whose mothers were exposed to Aroeclor 1284 4re indicative
of funetienal changes rather than of teratogenicity.

(d) The occurrence of & "weltzing syndfome” in mice
exposed prenatally to 1.4,1',4'-tetrachlorobiphenyl mighe Tep-
resent a true teratogenic effect (Davis et al.. i979). Th.s
phenomenon usually results from a structural or funectional
defect of the middle ear. The dosege used to produce the 1yn-
drome 18 relatively hiqgqh. While the exposed animals were not
uniformly affected lnsofar as the overt signs are concerned,
Tilson et al. (1979) presented evidence to show & wider pre-
valence of more subtle neuro-behavioral effects, It is not
known whethet this condition could be induced bY a2 comamercial
PCH mixture,

(e) T™he scientific literature presently Supports the
conclusion that PCBs present no appreciable risk of teratogen.i-
city for humans, in our opinion, {n view of the essentially
negative teet results in foyr test species and the questionable
positive findings in the dog and in swine,

C. FPestoroxicity

Rabbits given 1.0 mg/kg of Aroclor 1254 daily for 28
deys of gestation hed no effect on the developing fetus but
doses of 12.% to 30 mg/kg were Lfetotoxic. RaAELS appear to be
more resistant than r,hbitl. as doses up to 100 mg/kg do not
cause fetal desths or malformations (Villeneuve et al.. 1971a).

tmbryotoxic effects of Kanechlor 300 and 500 wers produced in
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gycague-Dawley JCL rats when fed at levels of 500 ppm in the
fitet throughout gestation (Shiota, 1976b). Diets containing
0 ppm of Aroclor 1248 wvere fetotoxic to rhesus monkeys.
Fetuses and neonates of mothers with Yusho disease
Kave developed some of the characteristic signs of disease as
Jrresule of transfer of pCBs to the fetus and infant through
the placenta and breast feeding (Yamashita, 1977; Matsuda, et
al., 1978; Yakushijji et al., 1978), Studies in mice on the
cranefer of PCBas to fetuses and offspring i1ndicate that the
amount transifsrred depends upon the chemical structure of the
individual compounds and the poeition of the chlorine atoms
within the chemical structure (Matsuda et al., 1978, 1979).
Aroclors 1142 and 1354 are potent inducers of hepatic
aicrosomal ensymes. A single intraperitoneal injection of
100 ag/%Xg of Aroclor 13432 to rats increased liver weight, total
faicrosonal activicy, as ssasured dy hydrozxylation of acetani-
lide and N-demethylation of aminopyrene, and hepatic cytochrome
P-430 (Bruckner et al., 197)). Ths breakdown of endogenous sub-
stances such as progesterone, estrediol, and testosterons haa
been shown to be increased in animals pretrsated with chlori-
nated biphenyla (Orbergy, 1978). It ia possidle that alteratione
in the netabolism of the endogencus substancas dy PCBS may
apset the normal balance that is essential for iaplantation of
the fertilised ovs in the uterus (Saith, 1948). FPeeding a ICH
mRizture containing ¢0% chlorins significently increased the

uterine weight of guinea pigs (vos, 19712).
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Yamashica (1977) studied the clinical features of
pPCB, PpCDPF, and PCQ :induced fetopathy in four babies born from
mathers por3oned by contam:nated rice 0Oil., There was intra~-

uterine retardacion of growth, dark brown pigmentation on the

cakin and mucous membranes, edematous face, and exopthalmus, [n

some cases the retardation persisted for many months but the
infants eventudlly gained their weight for the age group.

Although over 100 nursing mothers residing in Michi-
gan during 1977-1978 had residues of PCBs in bDreast milk zang-
ing from 1.0 ppm to over I ppm, there have been no ceports of
serious adverse effects on.koproduetxoa or infant mortalicy
(Wickizer, 1981).

Summary and Opinion

1. It is apperent from studies on humans and animals
that certain classes of polychlorinated biphenyls are more
toxic than others and that the degree of chlorination is one
of the determinant factors in their voxieity, But, as stated
previously under cutaneous toxicity., the presence of contami-
nants may be responsible for the adverse effects on reproduction.
Otshi et al. {1978, 1980) compared the activities of PCBS and
dibensofurans in rats and found that dibenzofucans markedly
depressed body weight, dacreased waights of ths thymus, vantral
prostrate, and seminal vesicles and reduced hemoglobin and hemat-

ogrit values, while PCBs had little or no effect.
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2. On the question of fetogoxicity in PCB-expased
females, positive resultd 4re seen in certain telSt animals (rats,
Jogs. rabbits) when the PCBS are administered at relatively high
Joses (greater than l0 mg/kqg] to pregnant animals. In the human,
the only reported evidence f{or fetotoxicity in exposed popula-
tions stems from the unique Yusho event, in which causation may
not be linked to PCBs. No such reports have been made on other
exposed human populations, suggesting the absence of this effect

in the human under occupational exposure conditions.
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X. lutagenesis
A. Gensral

_ The term “"mutagenesis® refers to any process that
foduces & permanent change (Mmutation) in the ganetic composition
of a4 cell, thereby causing that cell to differ in a consistent
yay from its parent, [f a mutation Occurs in a geaecm cell, the
pffapring resulting from the union of that cell with another
¥ill nave an altered genetic composition that will persist 1n
the germ line unless the alteration is lethal, Mutations occur
spontansously through unknown mechanisms, but they also may be
caused by radiation or chemical substances (mutagens). WwWhile
in a strict sense the terwm “mutation® applies only to changes
in the DNA at the molecular level, it is considered broadly to
inglude alterstionas in the number and structure of chromosomes.
Mutaqesnicity is the property of an aqent, chemical
or physical, to induce mutations. Chemical substances may oe
tasted for mutagenicity by a variety of methods, among which are
those that employ i(s) bactsrial test systems, (b) cytogenetic
snalysia in vive, (€} cytogenetic analysis in vitro, and (d

~

deminant lethality in a rodent.

B. Bacterial Test Systems

The "Anee test® is the moet populsr test of autagenssis
eRploying a bactarial test system. It is a so-called “"bdackwvard®
BUtation systes that uses a eeries of mutant strains of salmcnella

typhimuriom that have lost the ability to synthesize the emino
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a4cid histidine, Hence, they can 9Tow only :f exogenous histi-
dine is supplied. A mutation has occurred if, after exposure
to the chemical substance, the organisms regain the ability to
qrow [n the adbsence of histidine.

Aroclors 1221, 1254, and 1260 showved little muta-
Jenic activity in the Ases test (Wyndham et al., 1978) wieh
indications that Aroclors with lower chlorine contents are
wedkly positive in the Salmonella tsst systeas, However,
these results musc be discounted since they could not be repli-
cated (McMahon et al., 1979; Safe, 1980). As a general finding,
Heddle and Bruce (1977), McMahon et al. (1979), Schoeny et al.
{1979), and Safe (1980) ware unable to find evidence of muta-
genicicy of PCBs in bacterial test systeas.

C. Cytogenetic Analvsis in Vivo

In this procedure, the experimental animal ia treated
with the test substance and. after a suitable period of time,
sacrificed for examination of rapidly dividing tissues. 8ons
margow and the seminiferous tubules ace gensrally the nost
frequently used tissuas for this purpose. It (s custamary to
inject the animals with colchicine several hours before sacri-
fice in order to promote the accumulation of cslls in the meta-
phass stage of division. In this stage, the chromosome can be
exanined nore readily for abnormalities.

In two investigations, PCBs ware judged not to have

produced chromosomsl abnormalities. Dikshith L1 al, (1975)
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exasined seminiferous tubules of raty at different intecrvals
after daily doesages of 50 mg/kg of Aroclor 1254, Green et al.
(1975a) sxamined both bone marréw and spermatogonial cells of
rats after erther a single dose of 5000 mg/kg of Aroclor 1242,

or four daily doses of %00 mg/kg. In all cases, 1t was concluded
that no significant chromosomal damage had occurred.

The micronucleus test is a test for agents that tend
to break chromosomes {clastogens). A micronucleus is a fragment
of chromatin that has broken away from a chromosome during cell
division and hss failed to be included in either of the Adaughter
nuclei. The phenomencon can be obsecrved best in nevly formed
etythrocytes since these stain differently from the mature
ecythrocytea in that they exhibit polychromasia for & period
of 24 hours or so. Furthermore. the nucleus has been extruded
at the last maturation division so that the micronuciei, which
remain behind, are readily visible in an otherwise chromatin-
free cell. Micronuclel ocour in a small fraction of normal
red cella, but their incidence is increased by the action of
clastogens. The test is carried out by adaministering the agent
to the test animal, and examining the polychromatic erythrocytes
in Done marfzov sagari after some interval of time has beean
sllowed for sicronuelei to form.

Reddle and Bruce (1977} reportad Aroclor 1254 as neja-

tive in & mjicronucleus test.
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D. Cytogenetic Analysis \n Vitro

Hoopingarner et al. (1972) activated cultured human
lymphocytes with phytchemagglutinin and treated them with 100
Ppm of Aroclor [2%4 at varicus stages of a division cycle,
The cells then were examined for chromosomal aberrations for
the different stage treatments. Aroclor 12%4 had no apparent
effect on chromosomal integrity as measured by cytological
evideance.

E. Dominant Lethality in Rodents

A dominant lethal mutation is one that occurs in a
germ ceall. While it does noé impeir the function of that cell,
it kills the fertilized ovum or the developing embryo. Mice
and rats ars the preferred expsrisental species. In its sim= _
piest form, the test consists of treating males vith the lul-.
pected nutagen, mating them with normal females, and counting
the number of viable offspring. The test could be used to
detect dominant lethal mutations in females, but it would pe
difficult to rule out adverse effects on the embryo that might
be sscondary te non-genetic effects on the mother.

Green et al. (1975b) concluded that Aroclors 1242
and 1254 were not sutagenic since they failed to induce domi-
nant lsthal sytations in rats. In similar studies reported
both by Replinger et al. (1972) and Calsndra (1976}, Aroclors
1242, 1234, and 1240 were administered to male, aldbino mice in
a single intraperitonsal dosage of sither 300 mg/kg or 1000

mg/kg. Subsequent matings of these animals to control females
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shoved no effect of treatment on the number of implantatjon or
-~egorption sites, nuaber of viable eabryos, or preimplantation
loss.

f. Summary and Opinion

There is no evidence from in vivo test systems that
any commercial PCB mixture is mutagenic. The mame observation
holds true for the bulk of the investigations employing in vitrs
techniques. In our opinion, therefore, it is quite unlikely
that the PCAS as & class evoke mutagenic activity in the human,
either acutely or chronically, Since chemical mutagenesis and
carcinogenesis often correlate for a given active chemical,
this opinion is reinforced dy the essentially negative findings
on carcinogenesis in populations occupationally exposed to PCBe

(sectione VIII and XII}.
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XxI. other MHesalth Effects

A, Enzyme Induction

L. introduction

Most chemicals that 4re allowed to enter the body are
ponverted Dy the body to a variety of different chemical entities.
In this manner, food becomes transformed into energy. Chemicalsn,
5ther than food or those that are naturally present in the pbody,
that are introduced into the body are generally called *xenobiot-
{fcs,” and they also are frequently converted Dy the body to deri-
vatives of the original comapouynds., The conversion processes are
requlated Dy the enstymatic systess generally tecmed Diotransforna-
tion systens, Although there are a multitude of xenobiotic sub-
stances to which humans are exposed, there are only a few diffsrent
enzyne eystems involved, The body basically biotransforms chemi-
cals by oxidizing, reducing, hydrolyeing, orf combining (conjugating)
the agent with othar chsmicals. Although each of theee systems
is important, of particular interest here are those systams that
result in conversion of the original compound to the oxidized
derivatives.

It ie not uncommon for the body to react to soAe xeno-
diotic compounds that it normally biotransforms Dy increasing
its abilicy to perform the bDiotransformation functien Dy producing
an increase in the amount of sngymes available. This process,
which is ealled ®"induceion® of the sniyme system, effectively
makes the body motfs capable of biotransforming not only the com-~
Pound that initiated the induction but also all other compounds
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that are oxidized by the same enzymatic system, In this manner
it is feesible for a given xenobiotic agent to induce a bio-
transformation system that affects the adility of the body to
biotransform not only the original compound but also a large
number of other xenodiotics as well as some naturdlly existing
chimicals within the body, Shortly, it will be shown that the
PCBS in general have been described as being effective, that
is, potent inducers of major oxidative biotrensformation sys-
tses in experimental animals and in the human, via induction
of enztymes, the concentration of various normally occurcing
chemicals may be altered. The scientific evidence associated

with these subjects will be eveluated in terms of the aveilable
curcent literaturs. -
The major oxidative biotransformation system in :h;
body, as far es xenobiotics are concerned, is present in great-
‘est sctivity in the liver and is present in lesser activity in
most other tissues. In experimental studies, the liver gen-
stally serves as a monitor of drug or chesical effect on the
oxidizing enzymes. The entywes sre located in the "mjicrosomal’
fraction of the liver cells. This is a fraction of the cell
that can be obtsinad by proper ultracentrifugation techniques.
™e biotransformation system of interest is known as the
*microsomal aixzed function oxidase systea®" (MPO}. TFunctionally
this syetem operates to incorporate Ooxygen into the xenobiotic
agent via a series of ensymatic actions. The systes does this
by making an ®active® oxygen atom availasble via a hemeprotein

enzyme. This hemeprotein is in fact a femily of proteins
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BBllectively identified as “Cytochrome P-450." The ability
EESthe eniyme to operste as 4n oxidative system is dependent
R che existence of several naturally occurring substances
., in particular, on the existence and quantity of availabdle
Ptochrome P-430 in the microsomal fraction of the liver,
Microsomal P-450 can be measured directly or indicectly
Bing varicus subetratee, Direct messurement of P-4S0 ie Dased
AS asasurement of the protein system from which these enzymes
Bbtained their neme, that is, when the engymes are reduced and
gombined with carbon monoxide they exhibit, in & spectrophoto-
Beter, maximal absorption of light enerqgy at the wavelengths of
450 nanometers, hence the name cytochrome P-430 system, The
Jud30 systen can also be measured in terms of its activity on
speeifiec eubstrstes esuch as ethylmorphine and antipyrine.
Induction of this system is measured in terms of an increass in
P~43%0 and/or its activity {(based on units of protein per sample
of aicrosomes}). Investigations of enzyme induction have separated
tbe P=430 enzymes into two qroups, identified as P-430 and P-448
groupe, on the basis that various components of the P-430 group
of ensymes are "induced® to different degreas by different xeno-
blotic agents. The P-430 ensymes are those that are mainly
dnduced by the barbiturates, whereas the P-448 ensymes are mainly
induced by 3-methylcholenthrene and show maximal absorption at
448 nanometers. The literature includes studies that suggest

that the P=448 enzymes as well as the P-450 enzymes are induced
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by cettain PCHs although there appears to be some species and
ti9sue specificity in their inductive properties.

Investigations of the effects of PCBs on cytochrome
p~4%0s have centered on‘tuo areas of intercest, One involved
the tnduction mechanism via the use of elther & commerclally
avarladble sample of a single BCH congener 'tuch as 2,4,5.2'.4',
$'=hexachlorobiphenyl) that was synthetically prepared and
could be tagged with a radicactive atom to facilitate analy-
tical work, Generally, a 9roup of experimental animals (rats)
was adminigtered the FCB. Samples wers then obtained at vari-
ous levels. Livers were :nonloxa-incd dicectly for the gquan-
tity of cytochrome P-4%0 or indirectly for P=450 and P-aag
activity via its ensymatic action on various substrates. The
liver may also be examined histologically and for evidence of
the state of protein synthesis., Induction of the P=-450 enzymas
in the Numan is eetimated by measuring the plassa elimination
rate (plasma half-life) of antipyfine in contzrols as compared
t0 exposed subjects. Antipyrine is a drug that is completely
absorbed when given ocally and completely metabolized by the
liver P-4%0 microscomal system.

The second ares of interest concerned the ability of
the liver microsomal system to biotransform PCB. Of particular
interest was the nature of the intermediate and finsl products
of the biotrsnsformstion process. This subject is important in
understanding the toxicology of the PCBS because of the follow~

ing hypotheses:

MONS 222041



-~ 127 =

(a) Certain pCBs induce the microsomal mixed funtion
‘g.uon systems thereby influencing not only their own
EEtabolism but 4180 the metabolism and time course of action
BRavailable endogenous hormones as well as other xenobiotics
fEncluaing drugs) adainistered to humans.

(b} Ceartain PCBS or contaminants of commercial
ffepacations of PCBs may lead to the formation of intermediate
Bonide typs derivatives., and these derivatives can covalently
find to macromolecules in the liver thereby leading to hepatic
Poxicity.

2. Induction of Liver Enzymes

various studies have reported on the effect of short
Csra exposure of rats to maixtures of chlorinated biphenyls.
Dae such study by Zcobichon et 8l. (1974) used the Aroclors
Jdentified as Aroclor 1016, 1221, 1242, and 12%4, amd another
study by a French investigstor, Narbanne (1980}, used a French
preparation known as Phenoclor DP6. In both studies the sample
saterial consisted of a mixture of congeners of the chlorinated
biphenyls. Thnese studies showed that when rats were adainistered
10 ppm of the PCBa in their diet for ohly one day, the-livercs
from the animals showed induction of P-430, aniline hydroxylase,
and aminopyrine-N-demethylase. The induction of thesa eniymes
wag maximum {n about five days. If the rats were given 10 ppm
of the PFCAs in the diet for eight conescutive daye, induction oc-

Burred in three to five days and to a leseer extent over the remain-
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ing eight-day interval. In the Ecobichon study, intraperitonea)
injection of the Aroclors in doses of %0 mg/kq was made for
three consecutive days, _ Animals were sacrificed 96 hours
later. Mixed funcrion oxidative eniymes were found to be
induced in the liver. The greatest 1nduction was seen with
the more highly chlorinated Aroclors. The conjugation enzyme
induction occurred rapidly on exposure to the Aroclors, and
perticularliy to those Arcclors that are more highly chleri-
nated. The PCBS used in these studies were commercial grade.

In order to better understand which of the P=-45%50
cytochromes are induced by the PCBs, Ryan et al. (1979) treated
groups of rats with Aroclor 1254, phenobarbital, or J-methyl-
cholanchrene. The livers were used to prepare three different
P-4%0 fractions on the basis of differing molecular veighte and’
they identified the three fractions as P=-450,, P-4350,, and P-
450c. All three of the P-450s were obtained froa the PCR-
treated animals, P-4350, and P-4%0p were obtained from the
phenobarbital-treated rats and P=-450, and P-430, vere isolated
from the l-methylcholanthrens-treated rats, (P-430, is prod-
ably equivalent to P-q48). Therefore, this study showed that
the Aroclor induced at least three identified cytochromes
including the type induced by phenobarbital and the type
induced by 3l-methylcholanthrens.

In 1980 Parkinson et al. investigated the validity
of the concepts that wvere current at that time regarding the

structure-activity relationship betwvaen specific PCB congeners
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34 hepatic enzyme (nduction, The study was designed to yield
Phe structure verLsus activity data. Sasically, they conducted
aspariments—in rats using eight synthetic PCA congeners plus phenoc=
Sachital and methylcholanthrene as eniyme inducers, They con-
Auded that 1n order for a4 PCH to induce a methylcholanthrene-
Bype o 2 mixed-type liver enzyme system, the PCB would have
Bo contain chlorine subetituted at specific positions on the
henyl rings, whereas the PCB inducers of the phenobardital
gYPe had multiple diverse structures that could not readily be
Bezined.

Whether PCBe are administered for as short a time as
pue to three days or whether they are adainistered daily for up
2O 4 year, various liver esnsymes appear to be induced, But the
Jhancmenon of induction does not seem to be specifically
very haraful to the animals. Allen and Abrahamson (1979) ted
rats diets containing 100 ppb of Arcclor 1248, 1254, and 1260
for 13, 26, and 52 weeks. The growth rate of these rats was
coBparable to the controls but the test animals did show liver
bypererophy, some focal cellular degeneration, and an increase
in serum lipids. In general, the effects were no greater in
those animals that received the diet for a year than in those
that received the diet for 13 weeks.

Alvares et sl. (197)) published results (rom experi-
tents that inwolved trsataent of rats with Aroclor 1234.
Intzaperitonesal administration of 25 mg/kg/day for six days
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produced a tripling of cytochrome pP=448 content of the livers
and a l0-fold incfease in the enzyme activity invelving benzofa)-
pyrene hydroxylation (which is a typical J-methylcholanthrene
type of i1nduction), as well as an increase in ethylmorphine=-t-
demethylation (a typical phenobarbital type of induction).
They therefore concluded that Aroeclor 154 induced a mixture
of both P-448 and P=-450, In 1977, Alvares and Kappae described
some additional work that showed the ability of Aroclor 1154
to cross the placental barrisr of the rat, to be transaitted
to the negnatal rat through the mocher's milk, and to cause
increases in biotranaformation ensymes in the fetus and newdborn.
Goldstein et al. (1978, 1979) attempted to resolve
the question of whether pure PCH congeners had enizyme-inducing
propecties that vers different f{rom those produced by conaorctil
preparations of the single congeners or the PC3 commarcial mix-
tures (such as Aroclor 12%4). These authors synthesized a ‘pure’
sample of 2,4,%,2',4',%'=hanachlorobiphenyl and showed that it
had different enzyne induction properties than did the sams
commercially obtainable, specially prepacred, congener that vas
reported to be "99%¢ pure." The difference in the induction
capability of the two preparations was primarily in reqard to
the induction of P-4d8 cytochromes in which the synthetically
pure isomsr, at doses of 230 mg/kg administered to fsmale rats,
induced aryl hydrocarbon hydroxylase {AHH: & P=440 enzyme systenm)
only five=fold; whereas the commercial isomer at a doss of 50m9/kg

produced & 30-fold increase of ANN. Also, a GC-MB analysis
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of the two preparations of hexachlorobiphenyl showved that the
commercial preparation contained four contaminants chat wers not
present in the pure congener. Two of these contaminants were
identified as & tri- and a tetrachlorodibenzofuran (TCDF).
TCDF was then shown to be a potent inducer of AHH and cytg-
chrome P=448, The ZD (effective dose, %08 of test animals)
tor TCOF re: enzyme induction was found to be 0.5 ug/kg for
three days. Therefore, the conclusion was that even a 99%
pure congener that vas commercially obtainadble can contain
sufficient didenzofuran to alter the enzyme induction action.
In one report, Alvaces et gi. {1977} had stuydied
alterations in druqg metabolism in BOth rats and humansg. In
the rat study Aroclor 1016 elicited a barbiturate type of
induction of hepatic enzymes. That Aroclor did not induce
cytochrome P-448; however Aroclor 12%4 did induce cytochrome
P=440. The human stﬁdy involved Cive workers in a capacitor
sanufacturing plant who handled primarily Aroclor 1016.
These expoaed workers showed a low half-life (10.8 hours) of
antipyrine as compared to control non-exposed subjects twho
ahoved & half-life of 1%.6 hours). The volume of distribution
of the drug in the two groups was not different, so the com-
parison of the half-lives of the drug in the two groups is
velid. Thus, snayme induction occurs in the human in response

to cocupational exposure to Aroclor 1016 and the induction
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43 measuced Dy ANLLIPYTING MEtanolism is 3 P-450 type of
induction,

In 1975 Bxékors et al. reported on the effects on
[iver enzymes associated with topical administration of :mmec-
sion Q1ls (as used 1n microscopy), These immersion oils wers
known to contaln approximately 3104 PCBS, One to L0 microl:iters
of the oils were applied daily for sim days to the shaved backs
of rats and the animals were sacrificed on the seventh day.
The authors found that both skin and liver enzymes were induced.
In a4 second experiment 10 microliters of the oil were topically
administered on one occasion only, and the animals were sacri-
ficed at various intervals following application of the oil.
p=-4%50 and liver moncasygenases vere induced (including denzos
a=pyrene hydroxylase, 4 P-440 enzyse system) shoving maximal
effect in two days with a slow return to normal by 28 days. In
this study there must have been very large differences between
individuals in the control group because thelir data show very
large differences between groups with only a 95% significance.
The ismersion oils currently marketed in the U.S. do not contain
PCBs.

3. Metabolites of PChe

Shimeda and Sato (1900) studied cthe reactive metaco-
lites of PCH metabolism, Thelr work involved the use of ilsorope-
laboled PCB congeners. This work suggests that PCB epoxides
say be the activated forms that covalently bind the macromole-

cules in the liver cells. A hexachlorobiphenyl conqener
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(2,4,5,2'.4'.S'—hox.chlorobiphonyl) that has no adjacent unchlorj-
nated atoms ia the piphenyl ring and that cannot be converted o
the epoxide ves found not to be covalently bound although accumu-
1ation of this PCB in the liver was found to occur. Other PCRs
shov covalent hinding that is principally with microsomal proteins
rather than the ribosomal RNA: a <onclusion based on the finding
that verious proteases would solubilize the radioactivity of the
labeled atom. Treatment of the animals with phenobarbital produced
livers that showved good covalent binding to the PCR, but treatment
of the animals with methylcholanthrene produced livers with poor
pcs bindlng capablility. The authors concluded that PC3 epoxides
wvere formed by the monooxygenase system and these epoxides wvere
responsible for the binding of the compound to microsomal proteins,
" heir conclusions are daeed on indirect findings.

4. Interactions Based on the Induction of Enzymes
by PMCHa

One report (Murphy at al., 1979) Jdescribed studies that
the authors claimed indicated the existence of a drug interaction
in che form of potentiated lethality of fluroxene in Aroclor pre-
treated animela. The authors did show that the Aroclors induced
hepatic ensymes., Their sethod of measuring ensyme induction vas
to measure the metaboliem of warfarin by livers of the Aroclor-
treated animals aceording to s procedure that they had developaed
and that thay claimed could ditferentiate hetwaen induction of
P=-4%0 as compared to P-440. They found that Arccler 1234 in rats
mainly induced cytochrome P-448 whereas Aroclor 1260 induced mainly
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cytochrome P=430. The authors then indicated that both
Aroclors caueed animals to show increased lethality on
subsequent administration of fluroxene. We have difficuley
interpreting this articlae. We do not believe that the con-
clusions are supportad by the data that are given. In onae
case involving Aroclor 1260 the data are not given in the
table and in the other case the data cbtained following
administration of fluroxene do not appear to be different

from the control data.

5. Engymes Other Than Cytochromes Affected by PChs

Two additiocnal reports deal with an action of the
Aroclore on ATPase activity. One of theee reporte (Lee and
pack, 1979) used cultured human lywmphocytes and showed a doee=_
cesponse relation for Aroclor 1234 and inhibition of mitochon=
Arial respiration. Fros thie effect they indicated that there
may be a decrease in adenosine triphosphate (ATP) concentration.
We can ste nO way to evaluate what this report means eince the
concentrations of the Agroclor used are not correlated with
concentrations that might be involved in intact bioclogical
syetams. The other report (LaRoccs and Carlson, 1979} indicat-
ed that the Arocclore produced in vityo inhibition of rat mag-
nesium ATPase activity at a concentration of 30 ppa. A weak
correlation was found between increasing inhibition and
increseing chlorination. A etrong correlation was found
batwesn PCB-induced inhibition of the ATPases and decreasing

aquecue solubility. We do not know what these results signify
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other than that they geem seem to bes incidental findinas
many other chlorinated hydrocarbons do the same thing,

§. Summary and Opinion

The available data from experimental studies on animals
and man jindicate that the commercially available preparations of
the PCBs [(Aroclors) as well as some highly purified PCB congenaers
act to induce some of the hepatic enzymes. Considerable effort
has been devoted to determine which of the microsomal enzymes are
induced by the Aroclors., There are some data that indicace that
the predominant induction occcurs for the P-450 type of cytochromes
{identified as a phenobarhital-type of induction). When experi-
ments are conducted with the "more npure® congeners there ig very
litele evidence for induction of any enzyme systems other than the
P=450 cytochromes. In general, induction is greatest with the most
highly chlorinacted derivatives, but the least chlorinated deriv-~
atives also induce the P=450 cytochromes.

The subject of whether the "pure® congeners of the PChs
have less action on the cytochrome systems than the commercial
saterials may be only of acedemic interest, since the preparstions
that are avsilable to industry and the public are the commercial
preparations such as the Arcoclore. It should be recognized that
authore tend to describe effects due to PCIS vheTeas they are
usually referring to effects of Aroclora (euch as Aroclor 1254),
which are miztures of PCBs pPlus various trace contaminants.

The commercially-available preparations of the PChs
are capable of inducing certain hepatic enzymes in the rst and

there is one report suggesting that occupational exposure to
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commercial PCBe may induce a hepatic enzyme. There are no data
suggesting that the ovearall health of the animals or man is in-
fluenced as a conloqucdéo of PCB-induced microsomal enzymes.
Although it (8 suggested by some people that changing the metg-
bolic transformation capability is inherently detrimental to the
animal, there is no rsal evidence to support such a hypothesis.
When enzymes ars induced and they are then involved in the Elg'
activation of xenobiotic agents, such enzyme induction could be
harmful depending on the dosage sequence and the {nherent toxi-
cologic properties of any specific agent. On the other hand, i?
the enzywes thst are (nduced ;ro involved in bioinactivation of
xenobiotic compounds, then induction may be beneficial to the
animal again depending on the dosage sequence and inherent toxi-
cologic properties of any specific agent. There is no good ex-
perimental or clinical evidence that PCPs smay act through their
eniyne induction capability to affect "hormone® levels and
result in harmful effects on the body,

B, PCB kffects on Immunocompetence

A few reports appeared prior to 1970 that suggested
indirectly that Bs may influenee 1-nn§;o-poecncc. In 1970,
Voe and Roeman showed that when chicks were fed 400 ppm PCB for
60 days they showed atrophy of the splenic pulp and lymphold
necroeis. (Chicks at higher doses all died during the test.)
The chicks also showed porphyria and liver necrosis. In 1971,
Vos and Beems reported that commercisl PCB samplss applied to
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the skin of rabbits daily five times weekly for 38 days (27
applications esach containing 113 mg PCP) produced histologic
atrophy of the cortex of the tthus and & reduction in the
nusber of germinal centers in the spleen. At this time the
animals showed macrked chlocacne of the skin, increased fecal
coproporphyrin and proteporphyrin, as well as liver and kidney
damaqe. The authors stated that these effects were strong in-
dicators of an immunosuppressive action of the P(Bs,

In 1977, lLoose and co-workers fed Araclor 1242 to
ajice for six weeks, The animals were then immunogenically
stinulated with sheep red blood cells 88 an antigen and the
antibody response vas measured. The method of messuring anti-
body activity involved plaque-cell estimation in the spleen
and the messursment of the plasma immunoproteins. Positive
findings were obtained as compared to controls and the suthore
particularly remarked about the reduced IgA levels found in the
CB-treated animals, It was also noted that clinjiecally subtoxic
levels of Aroclor 1142 were profoundly immunceuppressive. These
authors also cite the work of Koller and Thigpen {immsunasuppres-
sion by a PCB to peeudorabies virus in rabbits), Vos and van
Driel-Grootsnhuis (immunosupression by #C3 in quinee pigs), and
Iriend and Trainar {(increased mortality in ducklings that had
besn previously exposed to Aroclor 12%4 and then inoculated
with duek bepatitis virus).
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In 1978, Loose and co-workers studied the effects of
PCBs on hoet resistance systemsg. !1ice that wers fed diets con-
Taining 167 ppm Aroclor 1242 for three weeks and for six weeks
exhibited increased scns;tivity to salmonella endotoxin and a
decreased survival time to lnoculation with malafia. Thus
they concluded that hoet resistance wae impaired by prior trsat-
ment with PCRe.

Also in 1978, Thomas and Hindsdill reported on studies
in which they fed monkeys 2.5 to 5.0 ppm PCB (Aroclor 1248).
After six months the monkeye developed chloracne, alopscia, and
facial edema. After 1l monthe control and treated monkeys were
tesced with antigene {sheep red blood celle and testanus toxoid).
The only positive finding was in the 5.0 ppa monkeys who showed
significantly lower antisheep red cell antibdodies as campared to~
controls. No effect was obtained regarding the antibody respenss
to tetanus toxoid. These authors also fad aice up to 1000 ppm
of the PCB for three to five weeks without evidence of overt
toxicity, but theee animale did ehow & higher mortality when
challenged with the pathogen salmonella typhimurium ae compared
with the controls.

In 1980, Oishi and Hiraga reportad on their studiee in
which they had given mice PCBs (commerciasl product) by oral intu-
bation cnce weakly for four weeks. Other groupe of aice were fed
CDF (ehlorinated didenzofuran) or CDD (chliorinated dibenzo-p-di-

oxin). oOnly the groups of animals that had received 10 or 100
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po/ke COF showed decreasged thymus weights. All groups were
ghalisnged with endotoxin and agqain only the CDF-pretreated
pnimals showed increased lethality éonpnrcd with the controls.
gt is noteworthy that the authors found no deaths in their con-
teol animals given endotoxin, a finding that raises doubt shout
their experimental design. In this study the PCB pretreated
animals did not show increased suscaptibility to endotexin. 1In
the same year (l1930) Imaniehi st al. showed that mice fed pcChe
for 21 daye at 100, 200, or 400 ug/gm were significantly more
eusceptible to herpes simplex virus and electromelis virus

than vers animels fed a PCO-free diet.

In 19681, Cheng et al. reported on the immunoloqic
evaluation of patients from Taiwen who developed an acne-like
skin diseese, termed Yu-Cheng diseass, thet was related to the
consumption of rice-bran oil contaminated with PCBs, PCOFs, and
PCQs (in an aceident very similer ta Yusho). The authors had
30 sueh patients who showved aversge whole blocd PCH levels of
4% ppb, with & range of 135 to 98 ppb, plus an additional contreol
group of 231 heslthy persons matched according to age and sex
vho showed no detectable levels of PCB in their blocd. The
patisnts had decreesed concentretions of IgA and IgM immune
dlobulin but not IgG. Their study of subpopulatione of lympho-
Gytes showed that the percentage of B cells ves not affected by
the dissave but the percentage of some apecies of T cells was

decresesd as compared to the controls.
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Environmental chemical effects on immunocompetence
have been sxtensively reviewed by Faith, Luster, and Voe (1989,
A number of studies cited by them found PCEs to be immuno-~
suppressive (n varicus species (from ducklings and chicks to
mice and monkeys), in some cases at dose levels that produce
little effect other than hepatocyte hypettrophy. Only one
study (Street and Sharma, 1975), which involved feeding laow
levels (0.19 to 6.% mg/*g/day) of Aroclor 1254 to rabbits,
showed no significant effect on humoral or cell medisted re-
sponse. Our review of the Street and Sharma rsport indicated
that there was &4 dose-related trend toward immunosuppression
in their animals and st the higher doses (2.1 and 6.3 mg/rg/day)
for four to eight weeke the animals showed significant increase
in liver weight. The Faith, Lueter, and Voe review lists |o;or|1
general factors {nutritional stetus, hormonel levels. and amounts
of immunoregulatory proteins such as alphe-fetoprotein) that
influsnce immune function. Therefore those studies in which
immune function was studisd following exposure to levels of
the PCls that resulted in overt toxicity are mesningless from
an immmotoxicologic viewpoint. In contrast, immunosuppreseicn
at doesge levele that do not produce general toxicity would
be significant.

Sussary and Opinion

The overall conclusion that can be reached in regard

to the studies on the effects of PCEe On immunocompetsnce 1is:
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[ 4} with exposure condicions that lead to general toxicity,
EmuUnNosuppresslon may be demonstrable, but 1t may be indirectly
.‘ucod: {2 with experimental conditions wherein only subclinical
ﬁpgtcity 18 observed, such as hepatocyte hypertropny. there is the
ssesibllity that immunosuppression 1s also produced: and () under
ftil]l lower PCB exposure conditionsg it is impossible that immuno-
fuppression is involved. Pechaps the best study to estimate a no-
ifect dose for exposure to PCle would be the Thomas and Hindsdill
[1978) study which suggests that six months' exposure to between
R23 and % ppm of PCBs in the daily diet of monkeys is a threehold
[or effects on the immune system. Unfortunately, there are few data
Birectly concerned with the dolc-rolpcnio relationship for effects
p£ the PCBs on the immune syetem in animal models or the human.

C. Poephyria

The adminiatration of PCEs to rats will produce a delayed
typs of porphyria, i.s., depoeition of porphyrine and their degra-
dation producta in tiaaues and excreta. Although the mechanimm of
action of the PCHS is unknown, it apparently differa from that of
other porphyrogenic compounds such as hexachlorobeniens or (sopro=-
Pylacetanide. It has been thought that the effect of PCEs in
animals may indicate that theme compounds can induce conditione
Such as porphyria cutanea tarda in san, but clinical data have
not shown this to ogcur in PCI-oxpogcd workers.

{1{) Experisental Data. The fecal content of copropor-

phyrin and protoporphyrin of rabbits was increased by Arocler 1240
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and by hexachlorobiphenyl, but the difference was stacist)-
cally significant only for copropecphyrin {(Vos et al., 1972m),
Bruckner st al. (19741‘oblcrvcd an increased axcretion of uri-
nary coproporphyrin in rats given Arocler 1242, $ or 2% ppm
for two, four, and six montha.

Goldstein et al. (1974) emphasized the delaved
onsst of the PCB-induced porphyria; rats fed 100 ppm of Aroclor
1254 becaae porphyric after two or seven months of treataent.
Although the excretion of coproporphyrin and other pecpPhyring
wvag increased, the largest elevation was in the uroporphyrin
fraction. There was aleo a sarked accumulation of ureporphyrin
in the liver. The studies of Goldstein et al. suggest that
PCBs may effect uroporphyrin formation or utilization., The -
induction of delta-aninolevulinic synthatase (ALA synthetase.

a rate-limiting ensyme in heme synthesis) does not appear to
be the mechanism by which porphyria is induced by PCH, as it

is for sany porphyrogenic chemicals. 1In their studies the 1n-
crease in ALA synthetase activity was probably secondary to

the porphyria. Also, Aroclor acts to increase liver cytochrosme
P=450 rather than to decrease it.

Rexachlorobensens is known to induce a delayed
type of bepatic porphyria similar to that produced by Aroglor
1284, Bowever, the two responses apparently differ signifi-
cantly as Goldstein et al. creported that the rats fed PCBs did
not exhibit the nervous or cutaneous signs associated with hexa-

chlorobensene poisoning.
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(i4) cClinical Studies. Some of the Yusho

patients ingesting rice oil contaminated with PCBa reported
pigmentatzon of the skin and naile, but there were no studies
to evaluate & poesible relationship of the reported symptoms
to any change in parphyrin metabolisa (Kuratsune, 1972).

Smith et ai. (1981 a.b,c) determined urinary
coproporphyrin, uroporphyrin and porphobilinogen in PCB-exposed
workers; they did not find & correlation between the urinary
porphyrins and the serum level of the lower chlorinated PCBs
or the higher chlorinated PCBs. The subjects did not have any
recognizatle dysfunction and there was no clinically apparent
illness with high levels of PCH exposure or with high serum PCB.

Other investigations evaluating the health effects
of PCH exposure have not reported cases of porphyrin-related
disease or casees of porphyria cutanea tarda (Fischbein et al..
1979, Maroni et al., 1981).

The observation that PCIs increase ALA synthetaas in
anisals raises the possibility that PCEsS can caues an attack of
porphyria in patients suffering from acute, intermittent porphyria.
Bowever, a case of this type has not bean reported in the aedical
literature. As noted adove in studies on the rat, the action of

PCOs appears to differ from that of other porphyric agents,

MONS 222058



- 145 -

x1i. Epidemiology

Although case reports of toxic effects, especially skin
Resions related to exposure to chlorinated organic chemicals,
have been recorded almost from the beginning of "heir use
{gones and Alden, 19]6), few epidemiological studies appeared
until the accidental exposure of a large Japaness population to
PCBa, PCDFs, and PCQa from the contamination of rice oil. Since
that tine, numercus studies have been undectaken to determine
the health effects related to exposures to PCBs in the workplace
and general envicronment. It must be remsmbered that thers wers
problems in these studies in assessing the effects becausse some
of the environmental exposures may have involved PCBs that had
been altered by processing at high teaperatures (Brown, J.F., Jr.
Bt al., 1981). The numbers of individuals exposed occupationally
are relatively small, although some may represent the heaviest
and sost protracted exposures of any reported, and their added
burden of PCBs from the workplace must D¢ compared to the back-
ground levels that are currently present in all populations.
Nany of the commonest changes noted in biochamical and other
sedical measuresents obtained in screening surveys have not yet
been associated vith say subsequent developasnt of dissase,

In order to evaluate the epidemiological studies that
asesssed the effects of PCBs, we will disguss the results of
Wortality dats, mordidity data, and gcreening surveys separately

even though aany studies include data on Severdl outcomes.
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A. Mortality Studies

In 1968, an unknown number of persons in the westecn
part of Japan ingested rice oil containing Kaneenlor 400 that
was contaminated with polycnlorinated dibenzofurana {PCDFa) 1n
amounts$ 2350 timea more than the usual levels in Japanese PCha
{(IARC, 1978) and more than 1000 times the ugual levels i1n U.S.
Aroclors. By 1977, 1665 caaes of "Yusho® had been recognized
based on symptoms of ocular disturbances, skin lesiona, pri-
marily subjective neurological symptomi and blood PCB levels
{Urabe., 1979%9). Fifty-one deaths have occurred in these pa-
tienta and the causea have besn reported to include liver
cancers and lymphomas. However, there have been no reports on
the numbers of expacted deaths by specific causes baaed on tne
Jaual death ratss Iln sisilar Japanese populations. The diatri-
bution of eausas may simply represent the usual distribution
of deaths found in the age groups characteristic of Yusho
patienta, and so it is impossible to asseas the aortality
patterns of these cases at the present time.

Bertazsi et al. (1981) have reported a study of 1,310
worxers, predominantly women, who, beginning in 1946, inicially
were exposed to Aroclor 1254 and Pyralene 1476 and subsequently
were exposed to aixtures with 42% chlorine content. Mortality
data wvere collected on all individuals with eix months or more of
enployment over & 23-year Period ending in 1978. The total num~

ber of deaths (27) was small but there was an excess of mortality
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in female wvorkers compared to the general population, which 18 un-
LUsual for any working group. - This study demonstrates a signif:i-
cant excess for all neopPlasms for the combined sexes and an excess
speciLfically of lymphomas. It 1s difficult to 1ntecpret these
Jata s;néo the type of cancer ineriminated seems to differ from
that of other studies. Further, the data of BSrown and Jones {1931,
(ses below, and also the compilation in Table 8, section VIII) on
workers in two manufacturing plants do not confirm a finding of
sTcess malignancies in PCB-exposed personnel. The unusual two-
foid excess in mortality of female workers .n the Bertazzi et al.
study deserves further attention,

A retrospective cohort mortality etudy of 2,547 workers
in two electrical capacitor aanutfacturing plants that had used
PCBs for over )0 Yvears, identified 143 deaths (Brown and Jones,
198l1). The typa of PCBs used over the years had varied and in-
clude Aroclors 123354, 1242, and 1016, The overall mortality and
total cancer mortality were low, but there were three-fold ex-
cesses of cancere of both the rectum and the liver (with a total
of seven deaths) although the results were not statistically signi-
ficant. The only significant excess was that of the subset of
rectal cancacs in femalss in Plant I. The standardized mortality
racios (3MRs) for rectal cancer, liver cancer, or cirrhosis did
not inerease with increasing latency or duration of saployment.
Unless one can demonstrats that the risk of cancer increases (n

association with increaaing duration of eamployment, which serves
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48 a proxy measucre of dose, it 1s difficult to auggest ther
the agent is possibly causative for the disease.

Although this study has devotad strict attention to
details such as the completensss of identification of warkers
and ascertainment of outcome it has not verified the diagnos:is
of cases nor investigated the presence of confounding vari-
ables., Rectal cancers are often misclassified by location in
the intestinal tract. The claseification "liver cancers® may
inelude cancers of the gall bladder and biliary system as well
as metastatic lesions to the liver from cancers at other sites.
Therefore when one has an excess of liver cancers., verification
of apecific site within the liver system as well as identifi-
cation of primary liver lesions is extremely important, espe-
clially since the number of deaths from this cause is small.
The investigators have not verified the diagnosis of either
liver or rectal cancers. Since alcohol is considered a fre-
quent etiological agent for cirrhosis of the liver and possibly
for liver cancer, eome information on consumption would be
relevant as a confounding variable. No data on possible con-
founding variables have been reported in the paper.

The mortality data from the accupational qgroups and
the Yusho patients are based on very small numbera of deaths
and at present 40 not confirm a carcinogenic effect in man.
The cbservation of excess liver cancer deaths in workers occu-

pationally exposed to PCBS is of major intereet since the liver
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was & target site for changes in animals and since man has
dsmonstrated evidence of subclinical altsrations in liver
gunction. If liver cancers are to be evaluated, the diagnosis
ol primacy cancers of the hepatic cells must be confirmed

pn the mortality studies since the number Of cancers in the
group wiil be very small. The available data demonstrate

ng conaistency in the cancer mortality patterns in the atudies
and no data on a possible relationship of cancers to dose

pt PChs.

8. Morbidity or Incidence Data

skin

Skin lesions have been reported in association with
szposure to chlorinated aromatic compounds since the early 1%00's
1Jones and Alden, 1934). Taylor has eaphasized that acneform
eruptions are more frequant with the chloronaphthalenes and the
dibenzofurans and that the variation in the quantity of thess sub-
stances that may be pressnt as contaminants in PCBs may acsount
for diftersnces in reporting of akin eruptions with exposures.
Taylor has also reported that the acnegenic capeaecity of various
oumpounds changed according to their form (fumes, liquid, or solid)
and the degree of chlorination (Taylor, 1979). Thess factors say
also influence the presence of reported skin disorders in studies.

Wot anly the frequency but the characteristica of skin
lesions have differed in the verious studies. Jones and Alden's
sarly description of the lesions they asseciated vith chlorinated
biphenyls included ®blackheads® or "carbon-colored® comedones
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sometimes distributed in unusual areas of the body and often
assoclated with cystic areas and yellow pus (Jones and Alden,
19363. Taylor noted that the cystic¢ swelling and hypersecre-
eion of the meibomian glands are i1mportant characteristics

of the chloracnegenic effect of pChs compared to other similar
chemicals. These were the typical lesilons reported dy Meigs
et al. in seven of !4 workers exposed to & PC3 vapor leak from
4 heat exchanger 1A & plant in Connecticut (Meigs et al.,
19%4). The expomure Lo vapors was intermittent but of extend-
ad duration. Liver function tests were normal in moet of
these workers and no PCB levels in individuals were cbtained.
although an air sample prior to the onset of skin disease

was 100 ug per m3, which was within the accepted standards.

The patients who were (nitially described with Yusho
disease had lesions similar to that described above in about 33V
and a brownish pigmentation of the skin and nails in 10% of
patients, These fraqusnciss wsrs incredsed submequently to in-
clude about 70 to 83%¢ of patisnts because of new definitions of
characteristics of disease or delayed development of the signs.
The eyes wvere also involved, exhibiting swelling of the upper
lids, hyperemia of the conjunctiva and eye diacharge [Kuratsune,
1972). Ppigmentation of the skin and eye discharges also occurred
in nevborns of affscted acthers. No comparison groups have been
included in these studies of Yusho patients. Where the les:ons

ars pathognomig of pCh-relatsd disease this say not be necessary
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put vhen ths lssions ars more General, comparison qgroups are
Bssential. There were histopathological changes in five patignts
Putopsied that seem to be associsted with contaminated rice oil
rgestion. These changes included hyperkeratosis of hair follicles
s increased melanin pigment in the basal layer of the epidermis
BEARC, 1978). Three out of the five casee also had proliferation
Bt ductal epithelium of esophagesl glande. It would have been
Belpful if these pathological assessments had been made blindly
B0 that qualitative judgments such as "increased melanin® could
have been conpared in exposed and non-exposed groups. Correlating
Ebhese pathological findings with changing levels of PCBs, PCDFw,
Bad PCOs would alsc have been helpful but there are no reported
Bata relating to these issues in the papers available. It is
Pmown that the amount of used Kanechlor in the rice oil consumed
Wy the patients was between 0.5 and 2.0 g, which would indicate

4 PCB exposure siailar to levels in oceupational settings.

Hara et al. in two separate papers {1974, 1975) have
dascribed the skin lesions in workers in a capacitor fageory
where Kanechlor had been used. The serum PCBs of all workers
ranqed from 7 to 300 ppb but it is not known how these values
ssrrelated with the presence of skin lesions (Hers st al., 1374,
Bara et al., 1973). Diseontinuance of the exposusre not only
dacreased the overall PCB level to 758 of the original value
bat the skin lesions disappaared to "veetigial markings on a

fev individuals.® The summary of the report does not indicate
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the correlation of the Hlood PCH and skin lesions although
there are data 1n this paper on the half-life of PCBs in
relation to duration of exposure.

Hasegawa has Teviewed the health of workers in f,ve
plants whose industrial process included exposure to Kanechlor
{Hasegawa et al., 1972). The industries Lncluded capacitor
manufacture, PCH manufacture, and biphenyl recovery. The vapor
concentrations canged from 13 to 94% uq/n’. Skin lesions ware
reported to be uncrelated to blogd PCBs but generally telated to
direct skin contact. The average blood PCB level was 370 ppb.
The principal dermal findings i&eludod brown chromodermatosis of
the dorsal joints of hands, fingers and nail beds and acne. Therce
were no further descriptions of the latter lesions so that the
. presence of chloracne could not be confirmed, but the brown sxin
discoloration certainly is typical of the Japeness worker reports.

Ritamura et al. described 1) worksrs from an electri-
cal capecitor manufacturing plant (Kitamura et al.. 1973). The
lesions in 10 of the wvorkers described in this group are sven
more vague. They did not include the typical coloration of
nails; chloracne was not directly diagnosed; and the follicular
lesions 4id not ocour at points of contact with PCBs. from the
description of the study it is not clear that the author's
conelusions that the skin lesions were due to PCBs was justified
without further information on the usual frequency of similar
types of skin lesions in normal populations or a description
of typical chloracne. The blood PCH level in this qroup was
120 ppb average.
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Inoue et al. studied the healith of workers who were
japosed to Kanechlor 50¢ 1n & thread-qlossing factory (Inoue [ 13
.. 19751? The frsguency of skin lssions was low, The blood
Jcus wers ovsr 50 ppb 1n seven out of $4 individuals studied.
Dos person had rsprssentativs chlioracne with blood PCBs of 190-2i0
peo.

Quw st al. described one case of chloracne among 34
warkers sxposed to Aroclor 1142 in capacitor manufacture (OQOuw
14 al., 1376). The average blood PCB was 400 ppb. In addition
f£ive workers coaplained of eczematous rash but there was no de-
poription of lesions. Seven out of |5 process workers and six
But of 19 impregnation room wvorkers complained of burning and
Bxritation of the eyes, face., and skin. It is difficult to rscon-
qile thess complaints with level of exposyre since it should have
dean higher in the latter group of workers than the former. How-
ever, Aroclor concentrations in air as high as 2220 ug/a’l were
seasured. The investigators indicated that the “dermatological
complaints® oceur more oftsn among workers with highar "bBlood
Arouclor levels® but they also indicate there is no clear corte-
lation. It is difficult tOo be sure of the true meaning of
dermatitis as elicited by history when the answers can be biased
and the authors do not indicate which cases are related to physi-
:al findinge oaly.

As part of a health hazard evaluation at a facility that
manufactured electrical distridbution equipment, NIOSH studied the

MONS 222067



- 154 -

health of eight workers and found no symptoms or physical si9ng
of chloracne (NIOSH, 1977). There were seversl subjecta who
reported skin rashes but Aot those typlesl of PCH exposure.

The mean FCB level in blood wse 98 ppb with the highest value
beiLng 286 ppb.

Another health hazard evaluation wvas done after an ac-
cidental spill of PCBs (NIOSH, l980). In this situation there
wvere no signs of chloracne. Howvever, the mesn blcod PCH level
of exposed workers was only 6.4 ppv; this was below the mean
for unexposed workers. Humphrey studied the PCB level of indi-
viduals on the basis of fish consumption (Humphrey, 197%). He
tound that the PCH level vas correlated with fish consumption
with mean blood levels ranging from 46 ppd to 82 ppb and a
maximum individual level of 36§ ppb. There were no skin
lesions or other health probleas associated with PChs,

A nedical and biochemical survey wvas made of 120 nmale
workers exposed to PCBs in the maintenance of rajlroad cars and
locomotives (Chase ot al., 1981). Among the exposed group of 8§
workers the *medical histaries and physical findings® revealed
*several cases of chloracne® -- "with none being found in the
other groupe.® Wo further details arfe given as to whether the
conditions were currently active, nor wvas there a description
of the lesions. It would be of interest to confirm these cases
as true chloracne since the current mean plassa PCB level in
the exposad group is only 31).4 ppb (range 10-3121 ppb), & very

low level of PCBs to be asaociated with chloracne.
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Fischbein et al. (1979) completed a medical survey of
¢apacitor manufacturing workers uho were self-selected for physi-
eal and bio-chemical examinations. A high proportion (45-5%y) of
poth male and female workers complained of skin disorders with
JIs giving & history of acne beginning after the onset of expo-
sure. ‘Dermatologic findings® were present on physical examina-
‘tion in 18 to 41% of female and male workers, respectively.
Jovever, these lesions included "erythema, swelling, dryness,
and thickaning,® which would not be lesiong characteristic of
PCB exposure. Five percent of the study population hed acneforn
sruptions. Thers 18 no mention of whether these were typical
of chloracne or were the usual acne lesions found in any medical
Mmrvey., Since skin lesions are common in the general population
and since the population was self-selected initially it is diffi-
eylt to ovalu{to these findings. The average lower PCB homologues
in plasma were 124 ppb and of higher PCBe, 48 ppb. The authors
report that the skin findings were correlated with plasma H-PChs.
ntortunately, if the examinations were done with the observer
knowing the job held by the participant, all results can be
biased, since reporting sight be related to the job held and the
PCE levels wvere related to job. There vas no note of skin hyper-
Piguentation but 135% of workers had eye abnormalities including
‘injected conjunctiva and palpebral hyperpigmentation and edema.®
Again, it is not clesr how frequently these lesione would have
been reported in normal subjecte hed examinations been done

vithout knowvledge of sxposure categories.
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Maroni et al. (1981) recently reported on two groups of
workers wvho were exposed to PCBS in the manufacture of capacitory
One group {A) had bBeen exposed to both $4% and 42\ chlorinated
biphenyis. Although the ievels of the trichlorinated chemical
were similar in current employees in the two piants (128 ppb (A}
and (37 ppb (B)}, the levels of pentachlorinated agent differed
(249 ppd (A) and 68 ppd (B}). It is of intereet that 10 canmes
of acne and folliculitis appesared in the two plants and at
least four were entirely typical of the condition. All four
typical cases occurred in nine employees who had worked in a
high power capacitor impregnation area of Plant A where levels
of pentachlorinated biphenyls were high., Their mean blood PCH
was 450 ppb, a value not different from that of the five un-
aftected workers but certainly higher than the overall levels
in the two plants. HMaroni et al. also noted two cases of
bleeding hemangiomas, but one had existed from birth and the
only difference in his condition was that bleeding had caken
place after the job startsd and the lesion was excised. The
other patient had bleeding from the tongue and a cavernous
hemangioma was discovered as well as chroaic ayelocytic leukemia.
Case reports such as this and particularly the unusual circum-
etances surrounding multiple conditions in one patient in the
second case make such findings difficule to intarpret. The re-
ports of chlorscne appear valid and suggest a prodblea.

Saker st al. examined sludge users, workers in & ca-

pacicor plant, vorkers' families, and community non-sludge users
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saker ¢t al., 1980). Since the siudge contained PChe, i1t wee

slt that its use as fertilizer might seriously affect the PpPCB

evel in the blood. The level of kroclot 1242 ranged from 7.2
© 48.6 ppb and for Aroclor 1254 from 10.1 to 26.% ppb, with

he lLowest levels being found 1n sludge users and the highest
evels in workers. No cases of chloracne or other symptoms of
toxicity were noted but only twa PCE values were above 200 ppb.

Smith et al. examined workers involved in the

maintenance, repair, and overhaul of electrical transformers and
meesured levels of PCBe by job (Smith et al.. l9¢l). The aean
serum levels of L-PCBS in the municipal dttltty workers wvers 11l
to J& ppb with a maximum of 59 ppo, and of H-PCBe of § to 24 ppb
vith a maximum of 74 ppb. In the privately-owned facility work-
ocs had similar values with L-PCH levels bDetween 19 to 22 ppb
wvith a maximum of 52 ppb, and R-PCB levels Detween § and 3Jl ppo
vith a maximum of 250 pﬁb. Thers vas no significant difference
in either place in the frequency of ekin lesions between those
with less than 10 ppb and those with greater than 10 ppb H=-PCBs.
There wss a significant excess of syaptoms of eye iccitation in
one and a history of bronchitis and loss of smell in the other
asong those with secum lewels of E-PCBa greater than or equal
to 10 ppb compared to lesa than 10 ppb. However, since these
are subjective measures of disease and since workers say have
been influenced to report subjective symptoms differently
depending on job it ie impossible to evaluate the importance

of these obssrvations.
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Seith st al, reporeed on the physical findings apng
symptoms in 197 workers who manufactured electrical equipment,
The serun levels of L-PCBS in the workers varied by jop, with
the geometric means ranging from 89 to %02 ppo, the Nighest
levels (2400 to 3330 ppo) being found in the department where
capacitors were processed, finished, and tested, and in a
department that had assigned work throughout the plant. The
jeonetric mean level of H-PCEs ranged from 22 to S1 ppo, with
the highest values (150 t0 250 ppb) in these departments. This
plant had always used 42% chlorinated biphenyls, both Arcclor
1242 and 101§. Although there were scme sYmptoa® of skin and
eye lesions (darkening of skin and nails, skin rash, and irri-
tated eyes) that appeated to be different between the groups
with L-PCS 200 ppd greater than or equal to 200 ppb compared
to thoes with lower values, these differences disappeared when
the comparisons were corrected for age and job. Thus one can
conclude that symptoms were primarily related to age and job
with the latter association being either real or biased. The
symptoms wers not related to the body burden of PCBs indepen-
dent of job. Mo evidence of skin lesions suggestive of chle-
racne was found on phiysical examinacion, in spite of some
extraogdinarily high PCB blood lavels.

In s preliminary ceport, Baha (1976) indicstad the
ineidence of cancer in ¢4 employees sxpoaed to Aroclor 1334 in

a research and devalopment laboratory and €3 refinery workers
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with & similar exposure from che sene ares. The investigator
yeported a significant excess in the incidence of melanoma of
@he skin as well as PANCreatic cancer based on exPected cancer
yatss from the Third National Cancer Survey. [In a subsequent
letter to the Nev England Journal of Medicine, B8ahn et al. have
reported only on the excess of melanoma (Bahn et al.. 1976).
When Lawrence criticized the study on the basis of the fact
that individuals could have been exposed to multiple chemicals
in the laborstory envirtonment (Lawrence, 1977), Bshn and col-
leagues suggested that the reason for emphasizing the melanoms
risk wvas the biological plausibilicy of such an asseciation
vhereas an excess risk of pancrestic cancers could have indi-
csted an association with multiple chemicals (Bahn et al., 1977).

T™he investigators themselves have discussed several
of. the flaws of thig study. Information on true exposure is
limited and perhaps more importantly one-fourth of the exposed
vorkere had to be omitted. The author has also suggested that
she underestimated the death ratio by ineluding individuals
during their early years of eaployment vwhen there had not been
4 sufficiently long latency from the tima of first exposure of
FCB to the expectead time of cancer development.,

Thers are other probleams with this study related to
the identification of cases in the exposed population and the
conparability of case ascertainment in the Third National Cencer

Survey data. Apparently the investigators identified cases
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without sttempting to validate the accuracy of diagnosis.
Pancreatic cancer is very difficult to recognize and diagnase.
The dlagnoses of the tvo cases need to be validated from hospi-
tai records in order to make them comparable to data from the
survey. 5Skin cancers such as melanocmas may be diagnosed in
doctors' cffices. Thus., the lesions could be amaissed i1n the
cancer Survey data whelfe records were obrained primarily from
hospitals but identified in populationa with routine medical
care. [t would be necessary to vslidate the cases in this
study through the use of hospital and patholoqy records and
then to compare thees cases to & comparable group of employed
individuals who have had active medical surveillance by phys:-
cians.

In susmary, the data on skin lesions in relation to

PCH exposures have indicated & remarkable consistency. Individ-

‘uals who have a body burden indicated by a blood level of 200

or more ppb PCBe have an incressed risk of chloracne. There i3
little evidence of risk below this level and those studies that
do suggest & risk at lower levels usually do not have & compari-
son group or they have not collected the data in a manner such
that bias might be avoided. The data also suggest that typical
skin lesions may occur more Lrequently in workers expoead to
PCBa that have been heated and to PCBE that have 54% or amore
chlorination, Since the skin lesions occur more frequently

after heating, it is possible that chloracne is actually due
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to some Aalteration or contamination of the PCBs with more
gcnegenic materials such as dibenzofurans, as found in the
Fysho incident. Symptoms of chlaraéno 4re reported frequently
mmong those who use Xanechlor; this could be related to level
Bf axposure or its high level of PCDFs relative to PCBs. Such
B possibility could not be avaluated with the information in
Ehees papers. The relationship to direct skin exposure could
dlso not be evaluated.

C. Biochemical Changes and Liver Function

gxtensive studies of liver function have been included
mong the recent papers on PCBe. Some of thess are eummarized in
Table 9. The early study of Meigs et al. involving a PCB lesk
fzom a heat exchanger indicated that there wete no sbnormalities
Ia seven workers vith chloracne except for some transieant changes
an liver function tests in one worker (Meigs st al., 1934). These
ohanges could not be definitely attributed to PCBe.

The study of Rasegavs et al. of 99 workers in eix indus-
trial plants in Japan indicated cthat increases could oceur in
ensymes such as 5GOT, SGPT and decreases in blocod cholinesterase
(Basegava et al., 1972). The authors regarded the changes in
liver function as mild and not clinically significant. Kitamura
it al, (197)) indicated that in the 1) capacitor workers the

hepatic fungtion tests were normal.
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Ouw et al. tested the liver function of capacitor
workers through the use of biochemical markers and found the
overall test data for the group to be normal (Quw et al.. 1976},
The BSP liver funection test was conducted only on individuals
with blood PCBs above 300 ppb: four cut of seven wvorkers wvere
above normal levels, but lt is not clear whether these values
were above the range of error of the test of whether there ware
other factors that might have lnfluenced the results. It 1s
indicated that the blood PCB level and the B3P test do not
correlate.

NIOSH (1977) evalyated the liver function of saven of
eight workers exposed to PCAs in the manufacture of electrical
squipment. The levels of SGOT, SGPT, alkaline phosphatase, and
total bilirubin werce normal in a group of seven workers with a
mean PCB level of 99 ppb.

Fischbein et al. (1979) ezamined a group of )21 work-
ers from two capacitor manufacturing plants. The workers had
mean levels of L-PCBs of 114 ppo and N=PCBs of 40 ppPb. A small
propecrtion of the workers hed abnormalities in the biochemical
tests. Two percent had sbnormally high levels of $GOT, 7% high
levels of SCPF, 2% high levele of CCTP, 1t high levels of alka-
line phosphatase, and )% high levels of LDE. HRowaver, there wers

no abnormally high levels of bilirubin. The results of this study

have not been corrected for important confounding variables such
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as age, alcohol intake, and other diseases cufiently or 1n the
past (e.9. fepatitis) tnat may xnfldcncc chese findings, There
18 no unexposed group for comparison. The investigators have
not presented data correlating increaaing eniyme levels to ine-
Breasing PCH levels, which would be an appropriate method of
presenting the relationship between two variasbles that are con-
tinuous. The study does include a comperison of the data di-
chotomized by two levels of SGOT., less than 50 and greater than
$0 i1.u. and two levels of both lowver and higher homologues of
PCBs. These data indicated significant differences between
the proportion of individuals with high and normal SGOT levels
for B=-PCBs greater than 7% ppb compared to lower levela and for
i=~PCBs greater than 200 ppb compared to lower levels. It ia not
clear vhether these PCH levels were selected after examining the
data, in whiech Enlo the conclusions would be questionable.

The 1§ individuals involved in a PCB spill (NIOSH,
1900) had normal liver function tests that included total bili-
Tubin, transaminaee, alkaline phosphatase, and lactic dehydroge-
nase., The triglyceride changes could not be evaluatsd by the
investigators because of inappropriate test procedures. Choles-
terol levels werw normal. This group had very low blood PCB
levels of §.4 ppb as a mean value, a level lower than that of
non-sxposed groupe.

Bsker et al. (1980) studied PCH levels in users of

PCh-contaminated sludge as a fertilizer compared to workers in
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a PCB-using facility, their families, and non-gludge users :p
the community. The PCB level varied from 1l7.4 vo 75.1 ppd in
the four groups wzth_tno lowest level being found in the 8ludge
users. There were no signs of changing levels of SGOT., SGPT,
alkaline phosphatase, LDM, or bilirubin in relation to blocd
PCBa in drinkers and non-drinkers of alcohol. The GGTP leve]
correlated with PCB level in the total population but, when
alcohol consumers were removed, the corfelation disappedred.
Maroni et al. (l901) studied liver abnormalities 1in
80 workers from a capacitor manufacturing and testing plant.
Sixtesn workers (208) had asymptomatic liver abnormalities.
Over 808 of these had enlacged livers, Among this group the
sost frequent enzyme elevations were the gamma glutamyl trans-
peptidase (GGTP) in half the caaes, the transaminases in 4498
and the ornithin-carbamoyl-transferase (SOCT) in )8t of cases
vith enlarged llvers. The mean L-PCH level vas significantly
higher in workers with sbnormal liver findings compared to con-
tcols (319 to %2 ppb), mean H=PCH level was significantly nignet
{30 to 176 ppbl, and total mean PCH level was significantly
higher (324 to 29¢ ppbl. Tne levels of PCBs in these workers
are high compared to values from many of the exposures recently
reported. It is intsresting that the authors repert that al-
though there is an association between liver disease and PChe
there was no such association for chloracne, but the number of

cases vas smaller for the latter paraseter.
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Chase et al. (1981) examined the serum PCH levels and
the bicchemical mackers of liver and lipid activity in 120 main-
tenance workers who had had varying exposuces to PCBa in their
vork. Plasma PCBs were correlated vwith SGOT and, after adjusting
for age, the correlation between these two variables im still
signiticant. There is no significant correlation between plas-
md PCBs and GGTP or SGPT. If this correlation is correct it
fas occurted with levela of PCBS in the blood of exposed wor=
xers (1).4 PPo) that are lower than those found in other studies
relating subclinical changes in liver function with PCBs (NIOSH,
1977). However, without corrections for other potentially con-
founding variables such as alcohol intske and the history of
other diseases such as hepatitis, it is difficult to assess the
finding.

Recently, NIOSE hss completed three studies repre-
senting cross-sectionsl medicsl surveys in two groupe, individ-
vals working in cspacitor manufacturing (Saith et al., 130ls)
snd individuals working in saintenance and repair of eslectrical
transformers (Smith et sl., 1901b). The third study combined
the dsts from each study in an oversll analrsis.

In the capacitor sanufacturing group theres were 124
participants for vhom L=PCBS snd H-PCBs were detsrmined, as well
as biochemical studies. Severa. ajimple correlstions wele cal-
Culated and, for all thoss that were significant, nultiple

Feqression equations were developed using sll other predictor
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variables for which information wss availadle. TNhi® included
drug intaks, smoking htagory. other biochemical markers, age,
sex, and others. Serum H-PCD was significantly correlated with
SGOT and GGTP. There were, however, no ¢linical findings sug-
Jestive of liver disease and no indication that the levels of
these eniymes wers abnormally high. Exposures in this plant
wvere high vith plasma PCB levels being eight to %0 times the
level found in the community.

Smith et al. (1961b) have reperted in the survey in-
formation on 9) individuals who were about equally dietributed
betwveen a municipal electric eystem and 8 privately-owned elec-
tric utility company. The levels of A-PCBS and L-PCBs are eimi-
lar in the two fscilitiss. There ware very fev engyae tests
related to liver function that were significantly correlsted
with PCA levels. The only significant correlation was a positive
relationship between L-PCBa snd SGOT for the privete company.

Smith st si. (1961) subsequently reanslysed the dats
for the tires sites prasenting partisl correlations for L-PCBS
and H=pCBs independently without cocrrecting the level for alter-
nate homologues since they were closely interrelated. Under these
circumstances, there is not only s pesitive correlstion between
H=-PCBe and SQOT and GGTP at the manufscturing plant bdut also a
correlation with L-PCB and GGTP. The positive correlation
betvean L-PCB snd SGOT still remained after corrections for the

private utility company. Combining the dsta for all sites it i
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poted that log SGOT and log GGTP demonstrate both significant
pnd homogeneous trends in relation to log L-PCH level]l. only leg
NGOT is related to log H=PCH and in this case the trend for all
pites i® homogenecus but not significant. In these analyses,
kbe only confounding variables considered were age and sex for
gne study site whereas the analyses in the previcus papers con-
trolled multiple variables such as smoking and other diseases.
meducing the nuaber of variablas and increasing the number of
subiects available for study may have accounted for the changes
in the relationship with biochemical matkers and symptoms to the
levels of PCBs. Because of the many changes in relationship, it
is difticult to indicate precisely the assocliation between spe-
cific liver enzymes and specific homologues of PCBg. It does
appear that in these studies one of more enzyme levels within
notmal ranges may Pe related to one or morfe types of PCBs in the
Hlood,

IN order to identify the enzyme systea that ie induced
by the various chlorinated forms of biphenyls, Alvares et al.
{1977) tested the induction of liver cytochrome P~4350 and P=448
bY Arcoelor 1014 in rsts and in vorkers occupationally exposed to
the agent., In rsts, the lower chlorinated PCB elicited a bacbi-
turate type of effect on the oxidative enzyme aystem inducing
cytochrome P=450, ethylmorphine-N-demethylase, and microsomal pro-
tein. Onlike Aroclor 1154, which induces both P=430 and P=440,
the rats with Aroclor 1016 showed little effect on benso(a)pyrene
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hydcoxylase activity, which suggests little induction of P=44ss
by the chemical. The tests in exposed workercs wers conducted
by determining the half-life of the antipyrine wnose metaboliem
19 stimulated by the bagbiturace class of inducing substances.
The workers had a significantly shorter metabolic half-=life of
the drug than the controle suggesting that the Aroclor 1016

had (nduced cytochrome P=-4350.

In a study of 430 community residents in a town that
had high levels of pCBs in fish, Kreiss et al. (1901} found a
cotrelation between PCBs as measured against Aroclor 1260 and
GGTP. There vere no correlations with other liver ensymes.
Corrections wvere mede for several other variables such as age.
sex, fish and alcohol consumption, and obesity.

In summary, the data from the studies of liver en-
iymes and function suggest thst the populations expesed to PCBs
usually do not have clinical liver disesase, although in one study
there was asyaptomatic hepatomegaly (see Table 9}, Faw of the
early studies sllow us to separats the various homologues of
PCB8 in order to corcelate ensyme cesponse to level of chlorina-
tion of PCBe. Macent studies suggest that SGOT and/or GGTP are
the most sensitive sarkars of change in the liver enziyme sys-
tems celated to ICB exposure. In the studies that included
extensive teeting of all enzyme SYstems as vell as chacactarci-
sation of the PChs, the data have inconsistencies thst do not

allow us to judge clearly the level or the specific type of
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pCh that is Telated to increased levels of specific liver en-
}ynon. Many of the studies have not corcected for other con-
foJ;dtnq variables such as alcohol consumption. The dats are
suggestive that therfe are changes in one or mofe liver snzymes
related to PCH exposurle that acfe not aasociated with disesse
and nay occul at levels below those at which chloreene ocecur.

D. Lipid Metabolisa

The long-term studies of patients with Yusho disease
have revealed several other abnormalities, among which were
elevated blood triglycerides (Urabe et al.. 1979). In recent
reports of individuals exposed to PCBs, assssament of lipid
setabolism has indicated sowme abnormalities, but in genersl
no clinical manifestations of these abnormalitiea such as
incresased risks of cscdiovagcular disease have been nocted,

Some of these studies are summarized in Table 10.
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Hssegawa et al. (1972) had noted changes in lipid
mecabclism of Yusho patients as manifested by decreasee in
the blood levels ot choicl:crol, triglyceridee, phospholipids
and deca-lipoproteins. Other studies such as that of Mara j 13
al. {1973) on Yusho patients had noted elevated triglycerides
in 554 of subjects who had blood PCBs above 50 ppd. The latte:
data were not corrected for any risk factors such as age or
weight, Buagscner et gi. {1973} indicsted normal cholestero]
levels in 37 refuse workscs who had a mean PCB level of 4 ppd.

Pischbein et al. (1979) hss ezamined lipid metsbolism
in 32l capacitor workets. Cholesterol levels of 100 or more
»9/100 ml were found in 17.8% of wockers and triglyceride levels
of 200 or more mg/100 nl were ceported in 10.5% of the popula=-
tion, The total lipids were elevated (above 1 g/100 ml) in 3.4%
of the population. These metadbolic parameters, however, are
influenced by ege, parsonal habits, and the presence of other
diseases; it is therefors essential that the data be compared
to a population with similar age and sex distribution and that
confounding variables be controlled before one can assess the
role of PCBs in these cbserved changes. Since these compari-
sons wers not made, no conclusions can be drawn Crom these
observatioas,

In the study of Baker et al. (1980) in which | o
contaminated sludge users were compared to sxposed workers, their

families, and community controls, there was a highly significanc
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Positive correlation of plasma triglycerides and serum H-pCB,
Zbis correlation vas strengthened when alcohol consumers were
Tesoved. Therfs was & negative correlation of HDL cholesterol
with H-PCBS that was not statistically significant, The investi-
gators suggested that the mean level of serua PCB in fasting
subjects with hypertriglyceridemia was only 25.0 ppb which is
lower than the leveis at which this abnormality was noted in
previous studies (50-200 ppb, NIOSHR document). It is not clear,
however, whether the other studies with higher levels have used
total PCBa, whereas this study used only N=PCBs in the correla-
tion analyses. The H-PCBg constitute 3% to 3598 of the total
sean PCBs in the groups. Personal characteristics may influence
triglyceride levels, and sany factors were apparently considersd
by these investigators including age, sex, and drinking habits,
These lipid abnormalities say be occurring at the lower PCH
iimice, or even below those limits reported previously.

Chase et al. (1961) in their study of maintenance
workers exposed to PCls found that levels of plasma PCRS wele
signiticantly correlated with triglycerides but not with choles-
tsrol. Adjusting for age or length of smployment does not change
the significance of this correlation. The triglycerides are not
significantly corrslated with fat PCH levels. As mentioned pre-
viously the levele of plasma PCBs in this group of workers is low
(31.4 ppo).
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Smich et al. (l98la), in the study of 214 workecs
from a capacitor manufacturing plant, found that secrus PCBs vere
cotrelated with measures of lipid metabolism. <Corrections wvery
made for relevant variablea auch as smoking, history of diabetes
and heart disease, drug use, and others. The partial correls-
tions indicated a significant correlation between serum 4-PCH
level and total cholesterol and triglycerides and s significant
negative correlation of plamma triglycerides with serum L-pCH
levels. When the levels of H-PCB and L-PCB were combined cthe
cocrelation was positive as seen in other studies where total
PCBe have been examined. There were no siqgne of clinical dis-
sage in relation ta the elevated lipids. It was noted that
several of the lipid measurements verse correlated with GCTP
level. As the authors suggested, this may indicate that PCls
induce hepatic microsomal enstymes, a¢ has been found in labo-
cstory animals and man, and these in turn may increase saynthesis
of specific lipids.

Smith et al. (1981B) in a health study of 93 workers
divided betwaen a public and privats utility plant found corra-
lations of lipid metabolites vwith PCS levels that conflicted
with data from the previous study. Triglycerides were positively
correlated with #=-PCBs in one facility and negatively correlated
with B=PCBe in the other. Both correlations were significant
sven after correction for sultiple variables. Both triglycerides

and choleeterol vere poeitively sesociated with L-PCBs 1n only
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B facility even though the ievels of the biphenyls in the

flood were similar :1n the two populations., High density lipo-
pEoteins were negatively cofrelated with H-PCBs in only one
pgtablisament. In this case, the other facility also demon~
ffrsted a sinilar negative relationship but the level of the
arrelation wae much lower.

Smith et al. (1%98lc) have combined the data from
these two studies and corrected the reeults for only age. sex,
End study site., Under these circumstances there were less con-
$ileting data in the correlations. Only one significant corre-
Jation with L-PCB was noted and that vt; a positive correlstion
with cholesterol at the privats utilicy. BSoth cholesterol and
Jog triglyceride were associated with H-PCBs at the equipment
hanufscturing site. Triglycerides and 8~PCH ware positively
correlated and HEDL-cholesterol and H-PCH nNegatively correlated
at the nunicipal u:iliﬁy eite. Combining the data from all
study sites indicated that log triglyceride was significantly
asgocisted with both L-PCS and H-PCB but the trend for all
sltes vae homogeneous only with L-PCB, Log HDL-cholesterol wae
significantly and neqgatively associated with H-PCBa and this
trend vas conaistsnt scross sll sitss. There vaa no significant
fulationship of PCBe vwith total cholesterol.

Kreiss et al. (1981) have studied a comsunity vhere
bigh levels of PCBe and DDT were founds in fish. Among the 438

Participants, there was a positive correlation betwesen cholesterol
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and PCBs measured as Aroclor 1260. TRere was no additional
contribution by sscum triglycscride or HDL-cholesterol to the
prediction of serum Pél in multiple regression analysis.

In summary, the studies in man suggest that thers
i1s frequently a positive correlation between PCBS in blood and
triglyceride levels, although there are many studies that
demonstrate no relationship. The correlation is often to the
higher homologues of PCBe snd occure in some cased vith dlood
levele of H=PCB at 25 ppb or below. The data associating HDL-
cholesterol and H-PCBa are not as often significantly correlatad,
but when they are, the relationahip ie negative. Lowver levels
of HDL-cholesterol may be an isportant riak factor for coronary
heart disease but there is no evidence of a relationship of
these lipid findings to clinical disesas in thsse studies. The
variation in the presence of lipid abnormalitiea in relation
to PCBa in the studiea and the variation in the specific lipid
changes obasrved would suggest that there may be a confounding
variabls that hsa been ignored and that ie influencing these
relationahips. A positive correlation of blood lipids with
plamma PCH levels could in part be a consaquence of the ten-
dency of PCRe to distribute equally among all 1lipid pools in the
body .

€. Reproductive Effects

Very few papers hsve addressed the problema of human
reproductive effects related to PCH ingestion. The early paper
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by Kuratsune {1972) on the Yusho patients had indicated that
out of 11 women patients and twvo of the wivee of patiencs
who ware-exposed at any tine durr‘.—nq pregnancy, there were 10
live born and two stillborn infants and three of the live bdorn
vere small for their age. The authore do not provide comparison
tigures on reproductive cutcomes for thet arsa of Japean so that
ic {8 impossible to assess the neaning of these figures. It is
clsar, however, that for all babpies whose records vere reviewed,
akin scaining and eye discharge wete uaually present. Kreisa o
al. (1981) simply indicated that thers waa no association of
miscarriage, still birth or infant death rate independent of age
effacte in & study of a community with high PCB levels. In gene
eral, the data on reproductive sffascts from exposure to PCRs are
limited,

P. Hematology and Immunology

Most of the studies of hematological effeccs have found
™ abnormalities and these ocbservations have been made (n sisple
statements. The studiss of Kitamura et al. (1973}, Bumqacner st
al. (1973), Karppenen snd Kolho (197)), Pischbein et al. (1979),
Baker et al. (1900}, and Maroni at al. (1901) have not revealed
any abnorsalitiee of hemoglobin or lsukocytes. Ouv et al. (1976)
reported several protein and globulin tests on exposed workers
that were highar or lower than the reported normal. Howvever,
the overall levels of globulins were not different in two groups

aof workers vith high and low exposures, 1In the initial abstract
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relating to the Baker et al., (1980} study, the authors reported
increased hematocrit and hemoglobin in relation to PCS levels
controlled for age. rhi second complete report corrects for
several other variables that may account for the difference :n
tesults. In the three reported studies of Saith et al. (1981,
the investigators looked at red cell count, white cell count,
hemoglobin, and hematocrit and found no significant correlation
with either L=-PCB or H-PCB vhen corrected for confounding vari-
ables. In the latter studies they have alsc examined the corrce-
lation of total protein, albumin, and the various globulin frac-
tions and found no significant correlations after correcting for
other factors.

In general, thers ars no recent studies that suggest
abnormalities of the heme system in man celated to levels of
PCBs. In addition, the Saith et al. (198lb) study of workers
in electrical utilities showed no significant veriation in pCBe
related to urinary porphyrinas, porphodblilinogen, or l7-ketosteroids
or l7-hydroxysteroids.

G. Other Pactors

Kreiss st al. (1981) in the study of & PCh~exposed com-
sunity found incrsased diastolic blood prasssure to be correlated
wvith PCB levele even after the corrsction for other variables.
No comparisoa data for a control qroup were given. The study of

wvorkers in the squipment sanufacturing plant alsc demonstrated
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Bgcorrelation between diastolic blood pressure and H-pCA but
Eiis disappeacred vhen corrected for age. Other investigaters
Fave not found this relationship, so the differencs may be
pesocisted with an unrecognized interrelated variable or a
Bhance association related to the multiplicity of facters thst
ave besn examined.

Wershaw et al. suggested that workers in a capsecitor
Banurscturing plant (population of Fischbein et sl.) had de-
preased vital capacity and rastrictive lspairment of lung func-
Zion ir the abasnce of signs of radiographic change (Warshaw (13
al.., 1979). They have compared the FVC to that of other worker
populations in previous hazardous exposure studies as well as
%o a non-smoking normal population. The reported percent abnor-
sality of PCD workers is 148 compared to 5.40 cited for non-
smoking populations. 7The comparisons do not indicate that they
bave been controlled for smoking habits and sex.

Most studiss have reported no clinical disease in PCH-
exposed populations with the exception of Yushe disease and chlor-
acne (Rarppanen et al.; Numphrey, Saith et al.; Chase et al.;
Krsiss et al.). 9ome have reported symptoms that are difficult
t0 evsluats since most are subjective and could be related to
vorker bias. Plschbein et al. suggested that neurological symp-
toes were increased but there 1is no similar group with which to

compare workars and thus sake this 'assessment. 39aith et al.
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(1981) in the study of the combined work sites foynd that cougne
ing st work snd i1rritated eyes vere® related to both L-PCH and
H-PCB. Loss of appetite and peripheral "tingling" were as80C:iateqd
only with L=-PCB. History of skin cash was associated only with
H=PCB. Many of these differences were not observed whaen individya)
woCk site data were ansly:ed geparatsly. The lack of a difference
in sach site may result bescause jobs were included as & confounder
vatiable., Most studies have not even reported any symptoms or
nistory of disease (Bakar ot al. and Kreiss et al.}

In all studies reviewad there was little evidence of
clinical disease with the ozcip:xon of chloracne and this condi-
tion sesmed 0 be most fresquent under specific conditions of
exposure. The other common but not consistent findings were
abnormalitiee of lipid metabolimm, especially blood triglyceride
levels, snd sbnormalities of liver enzymes, especially SGOT and
GGTP, which were related to levels of PCEBes. The lipid and liver
changes appeared to occur 4t lower levels than the skin manifes-

tations and ware not associated with clinical disease or symptoms.
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Vicetar A. Drill, M.D., Ph.D.
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XIV. Glossary Oof Terms or Abbrsviations

alkaline phosphataee
bromsulfonphthalain lLiver function test
gamma glutamyl transpeptidsse

PCBs with high degrees of chlorination
PCBs with lower degrees of chlorination
lactic dehydrogenase

pelychlorinated biphenyls
polychlorinated dibenzofurane
polychlorinated naphthalenes
polychlorinated gquaterphenyls
polychlorinated terphenyls

serum glutamic ozalic transaminase
sefulm glutamic pyruvic transsminase
serum ornithlnc carbamoyl transferaee

the disease noted in Jspan following human ingestion
of cooking oil contaminated with PCHe. PCDFe, and PCQs.

parental teet animale

litcters derived from firet generation animale
at their first (a) and second (b) matings
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Doctor of Philosephy (Ph.D.) degres, Princetoe Universicy, L941.

Decter of Madicine (M.D.) degres, Yals Universicy Scheeol of
Medicine, 1944.

RELonnT

Instructor in Pharmacology, College of PMhiysicisns sad Surpecus,
Columbia Universicy, 1%4).

tutau;tor te Pharmacelogy, Tals University Sehoel of Madicine,
1944=47.

Assistant Profassor of Fharnacology, YTals Universicy 3cheol of
Medieina, 1947-44,

{;-:::;;n of Pharnacelogy, Vayss Usiversicy Coellege of Medicines.

Asseciate Miysiciam, Detreit Recaiviag Eospital, 1%949=5],

Diructer of Rducation, Chairmam of Ietarn Committea, Detreic

Direster of u‘w m. G. D. Searle & Ce., 19%3-70,

Lasturer, Departasut of Marmacelegy, Neorthwestara Uuiversicy
Nedisal Seheel, 1954-47.

Direster of Saimacifis smd Prefessismal Affaire, G. D. Searla &
Ce., 19M=TA,

Lesturer ia Pharmscolegy, Universicy of Illimeis College of
Wndising, 1934-75,

Profasser of Phasnasslegy, Vniversity of Illineis Coallage of
Nedicine, 1976=.

Directer; Drill, Priasse, Rays, Loomia & Thaffer, Inec.. 1900-,
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Cyrriculum Vizas of

Dr. Vieeoe A. Drill 2 of 4

PROTESSIONAL SOCIETY HEMBERSHIPS
Alpha Omaga Alpha.
Amstican Association for the Study sf Liver Diseasss.
Amsrican Chemical Society, Divisten of Madicinal Chesiscry.
Amarican Fartilicy Soctiety.
Amsrican Miysiological Society.
Amarican Soclety fov Clinical Pharmacolegy sod Thevapeutics.
Amaricsa Society fer Fharsacelegy and Experimestal Tharapeutics.
Iateraational Society of Raproduccive Madicine.
e Yotk Acadamy of 3cieaces.
Pacific Comat Perctilicty Soctiety.
Royal Seqiety of Medicieo.
Sigaa Ii.
Seeiety for Lxperimancal Bislagy sad Madicine.
Sociecy of Toxicelegy.

| HoNoRS
{ Distinguished Fallow, Society of Toxiselogy.

Fallow of che Natismal Resesrch Cowmail, Nerthwestera Usiveraicy
Medical Scheel, 1942-43.

Tallow, New Yotk Academy of Scismaes.

Tallew, Seysl Seciaty of Madisiae.

Towerary Mamber, latsraatioss] Family Plasming Rassarch Association.
Sonseary Nambar, Fharmscelegy Secisty of Vemssuala.

Jossbus Tallsw, Primsstes University, 1$41-42.

Prastident, Ssetecy of Tomizslegy, 1972-73.
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curTiculum Vicae of 3ot i
pr. Yiector A. Drill

FESSIONAL ACTIVITIES

Mamber. Endacrine Panel, Cancar Chemotharspy Nstionsl Service
Canter, Netionsl Cancer I[nstitute, 1958-62.

Consultent, National Cancer [astitute, 1963-47.
Mambar, Board of Direactors. 3stren Foundscion, 1971-72.

Member, Dtug Resesrch B8oard, Nstional Ressesrch Coumcil-Nstional
Acadeny of Sciences, 1971-7%.

Mamber, Organization Committes for the Sywposium on the Fuzure of
Animal Cslle, Modele and Systems in Resestch, Development, Education
and Testing, I[nstituts of Lsboratory Aaimal Resources, Nstional
Rasestch Coumcil-Nstional Acsdamy of Sciencas. 1974=76.

Member, Scisace Advisory Bosrd, National Center for Toxmicologicsl
Rasearch, 1973=76.

Mambar, Joard of Direccors, International Family Plannting Resserch
Associacion, 1949=79%. (Vice=President, 1%972-74.)

Co=Chairman, The Third Conference oo Cutaneous Toxzicity, (spensorved
by tha Amsrican Madical Association and Seciaty of Toxieology),

May lé=16, 1976, Vashiagtom, DC.

CosChairnan, Tha Fourth Conference on Cutmeous Toxmicicy, (spowsored

by tha Amaricaa Medical Assecistion sad Sociaty eof Tezicolegy),
May $-11, 1979, Veshiagtes, DC.

POSLICATIONS: BOOKS
Drill, V.A., Editor, Pharmacology io Medicins, MeGraw-itill, New York.
rirst Litties, 1934

Second Lditien, 1938

Drill’e Pharasselegy in Medicine, MeGraw-Hill, New York, sdited by
J.1. Difalms.

Taird Rditien, 1963
Fourth Kditiem, 1971
Detll, V.A., Orgl Cogergceptives, McCraw=Hill, Wew Tork, 1966.

Drtll, V.A., W&. La Premsa Mediea Memtcasa,
_“D ““d , J‘ . WIJ-. lm-

Trgseace di Parmecologis df Drill, Piccin Editera, Padove, Italy,
eadited by J.R. Dilalms, Vols. 1 aad 2, 1971,
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Cutriculum Vitae of

4
Dr. Vietor A. Drill of 4

ICATIONS: BOOKS (continuad)

A, Campos da Pas, V.A. Drill, M. Hayashi, W. Rodriguas and A.V.
Schally, editors, t_Advances # Raproduction, Procesdings

of the Firecr International Congrese owm human Raproduction, Ais de
Janeico, Brazil, Now. ll=14, 1974, IExcerpts Medice IC3 Ne. 170,
Excorpte Madice, Asatevdam, 1976.

Orill, V.A., and P, Lazar, Cytangous Tomicity, Academic Press,
Naw York, 1977.

Deill, Y.A., and P. Lazar, an; Goocepts ia Cutsmecws Temicicy,
Acsdenic Press, New Tork, 1980,

PUSLICATIONS: PAPERS

Hiteracurs. (B31iograey evellebls upon coquentn)  tctomsiete
PERIONAL DATA

Bizth dacta: Jwme 10, 1916

Naryied: Septamber 14, 1940 (Ruch Craig)

Children: Craig A. Olovember 20, 1941)

W'- m u' m"

Auguat 1, 1980
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L af )

CURRICULUM VITAZ
or
DA. SITMOUR L. FRIZSS

CDUCATION

Bachalor of Arts (A.D.) degres, University of Califormie
et Los Angeles, 1941,

Master of Ares (M.A.) degree, Uuivereity of Califevuie
et Loe Angeles, 1944,

Doccor of Philesephy (Ph.D,) degres, University of Califoruis
et Loe Angeles, 1947,

RPLONENT
Rassarch Cheamist, Mamhattas Iagineering Districe, 1944-44,

Instructor, Departaent of Chamistyy, Tuiversity of lochester,
1948-91.

Bloseienses Research and Adminietratioun, Naval Medicsal Lassarch
Isscituce, 1931-79.
Ressarch Sciemciat; 1931-38,
lead, Puysical Bochamiactry Divisisn, 1958-43,
Chairnen, Miysislegical Scisnces Departmsut, 19%65-70.
Chaizruen, Eavirvameatal Biceciences Departaeat, 1970-79.
Memagiag Direscer; Drill, Frisse, Qaye, Loomis aand Shaffer, lnc.,
1980-,
FROFESSIONAL SOCIEIY MBEERSAIFY
Amaricas Chanionl Sexiscy.
imarisan Iascituce of Chemtace.
Iatarnatisual Secisty ¢f Toxinslegy
Seciacy of Temieelegy
The Sesisty of tha Sigees Ii
Dadarses Wedical Seeiacy

Vashingtea icadewy of Seicuces
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Curriculum Vitae of

2
pr. Seymour L. Friese of )

HONORY

Mjunet Professor, Dapartment of Phermacology. Uniformed Servicss
Universicy of che Kaalth Sclences, The Medical Scheel, 1977-.

Honorary Chair, Instituce of Blophysics, University of Mrezil at
:;:120 Janeiro, as Chief of the Leboratory of Molecular Pharmacology,
Thi Bace Kapps

Ou Ponc Fellow ia Chemiscry, 1946=47,

Presidenc, Society ef Toxicelogy, 1975=74.

Member, Rdicerial Board, Tm;g'»;oF and Applied Pharmacology,
1964~49; Aageciats fditer, 1970=7%,

Mambar, Tdicorisl Board, Joxicon, 1945,

Mamber, Littorial Besrd, Ioxic Subscances Joyrmel, 1978-.

Membar, Litterial Besrd, Psrevectives in Toxfcolegr. 1979,

Mambar, Scisutific Advisery Besrd, Chamtcal Indwstry Imscituts of
Toxtcelogy, 197%-,

Prasidast, wricen Joavd of Tawicelegy, Ine., 1979,
Prestdeac, Intarsatisns]l Taien of Teowieslegy, 1980-.
Discinguished Tallow Awsxd, Sociacy of Toxicslogy, 1341.

PFROFR3ST

Mamber, Commtttes en Taxmicelegy, Asosmbly of Life $ciamces,
Nactisual Acedemy of Scimmces-Ratisnal Research Cowmeil, 1!01-1‘.
{Viee=Chairmmm, 19¢8-71.)

Henber and Chatsnun, Advisery Fasals wn lsseaveh Programs ia
Spase Blalegy, Batisssl Aazeasutics sad Spece Agmey, 1970-75.

Mambar, Toxicelegy Infermitisn Pregram Committes, Assambly of
Life Scisnass, Nacisonsl Research Commgil-Eacienal Acadany of
Seiamses, 1973-77, (Qatrmen, 1976=77.)

Matber, id loe Advisery Cammittes sn Carben Menexide, Dapartmsut
of Naaleh, Lducstion oxt WUealfwre, U.S5. Mabits Sealth Sevvies,
ursen of Compmicy Iuvironmesntal Mansgemsat, 1971.

3;:_:-:’-. Sciontific Pamel for the WASA Apello-Seyus Test Pregram,
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{culum Vitae of 3 of 1
 saymoul L. Friess

n!!SSIOHAL ACTIVITIES {conetnyeg)

¥amber, Invirommancal Procscecion Agency-National Academy of Sciences
Advisery Commitces on Tolerance for the Pesticide Lapeophoe, 1976.

Advisor, Sub-Commictes on Program Devalopment and Admiaistracioen,
feviewv Commitces on the National Center for Toxicological Resserch,
Nacional Academy of Sciences-Natiocoal Research Council, 1976=-.

Member, Bureau of Biomedical Sciences (Consumer Product Safety
Commiseion) Raviev Commicces, Nationsl Acedemy of Sciances-
NMetional Research Couascil, 1977=-78.

Listecn Rapressatative, Dapertment of Dafense, to the Iateragency
Testing Committse, Advisory to tha Administrscor of the Lavirormental
Protaction Agsncy for ctha Toxic Substamees Control Aet, 1976=79.

PUBLICATIONS

Authar or co-euther of spproximstely 130 pepers ia the scisntifte
litersture. (Bibliogrsphy aveilabls upom requast.)

AMJAS OF SPECIAL UNTEREST D COMPETENCE

Taxicelogy of industrisl sad military chemicsla; saurcmusculst pharsscology
mmd taxicology; msyse kinetica snd sechgmimms of action: phyatelogy and
pathology of chamsreceptors; chamical kisstics: hasard asseesmmur sad safery
evaluation; regulation of tsxic substances; hyperbarie toxicology end
puysislogy,

FERSORAL
Bireh data: July-1, 1922
MexTied: July 11, 1953 (Mary Cugeaia Tarver)
Gaildreat Puilts L. (Degember 29, 1934)
Martia C. (Wevember 1), 1934)
Bema sddresst 6512 Lowa Oak Court

Sethasda, D 20034
Dusisess eddtess! Drill, Friess, lays, Loowis & Shaffer, Ine.
Suita 204
1901 Nerth Tert Nyer Drive
Azliagton, VA 11209

Business talophema: (703)517=-4430

Auguat 1, 1980
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1 of)

CURRICULUM VITAL
. or
OR. HARRY W, HAYS

EDUCATION
Bachalor of Science (3.5.) degree, Framklsn & Marshell Callege. 1913,
Mastsr of Science (M.S.) degres, Princetoun Untversicy, 1937.
Docter of Philosophy (Ph.D.) degres, Princaton Univacsity, 1936,

DEFLOTMENT

Leseerch Pharmacologist, CIMA Pharmaceutical Company, 1939-40.

Aasociete Profeseor of Pharsacology, Wayne State Usiversity College
of Medicina, 1948-357.

Director, Advisgry Ceater om Toxicslegy, Ratiosal Academy of Scisnces~
Matissal Ressarch Cowmcil, 1937-64,

Dirsczor, Pesticides Regulatism Divisiea, U.S. Departmmmt of
Agriculture, 1946-70.

Staff Officer, Ratiomal Progrem Staff, U.S5. Departmamt of Agriculturs,
1970-80.

Directer; Drill, Friesa, Rays, Loomis & Shaffer, Imc., 1980-.

PROTESSIONAL SOCTETY MEQELSUIPS
Amaricas Couferemes of Goversamatal Iadustrial Rygiamiste.

Amaricaa Sesisty of Pharmmaeslogy md Ixperimestal Therspeutics.
Soaiacy for Experinsatal Eislogy and Mediciaae,
Seataty of Texicelegy.

o
Editer, Temicelegy sad Applied Pharmscology, 1939-80,

President, 3ociaty of Toxicolsgy, 1964-43,

MONS 222126



Curriculum Vitae of

Dr. Harry ¥, Hays Z ot

HOWORS (comtinued)

Historian, Sociaty of Toxicolegy, 1973-.
Merict Avard, Society of Tozicolegy, 1977.
Distinguished Pellow Award, Soctety of Toxieology, 1980.

Prosident, Toxicology Lahoratory Acereditacion Board, L980-.

MROFESSIONAL ACTIVITIRS
Member, Committes oca Cutmmeous Beslth sad Cosmatics, Amartcesa

Medical Aseocistiom, 194349, (Chairmes, Legislstive and Lisisen
Subcommictes, 1968-69.)

Member, Progras Committse for Sywposis ou Cutaneous Tomigicy,
Society of Toxicology, l¥44-79.

Mamber, Commictes ou Cartification of Tomicologiats and Ascredictatiom
of Laderateriss, Sociecy of Toxicelogy, 1973=79,

Mamber, letasragency Callsherstive Group ou Invirommemtal Carcinogwiesis,
National Camcer lnacituta, 1973=79.

Mamber, Chemieal Selestisn Werking Greup, Matismal Camcer Imacituta,
1974-79,

Namber, Bunan Studises Committes, U.S5. Departmsac of Agriculturse,
1974=79.

Mamber, Teshmical Advigery Committee te U.5. Departmeat eof the Arwy
ou the demilicarizatisn pregram, 1977-78.

Member, U.5. delegatisa te tha Jeiat FAQ/VED/UNEF Counfersacs om
Mysstexing, Waivebi, Eeays, 1977,

Chairmam, Review Committes, Dureasn of Biousdical Scissecss, Consumsr
Predugts Safsty Commissisn, 1977-78.

Mamber, Commeil o8 Accraditstisa, Amsricas Assecistisa fer Laberatory
Assreditacism, 1900-,

Auchoy ot oo~enther of more tham 79 scimmtific publisatious.
(Mthlisgraphy svailable wpea request.l
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curriculua Vitae of
pr. Rarry ¥. Hays

AAJAS OF SPECIAL INTEREST AND COMPETENCE

Natural toxicanca 14 food: food additivas; toxicology of pesticides
and industrial chemicale; Tegulation of pesticides; hezerd assesssent
‘and safacy evaluarioen.

PERSONAL
Bireth data:
Married:
Children:
Homs addresa:

Business addresa:

Business talsphona!

Oczober 15, 1909

Jof 3

December 14, 1933 (Llaa ¢. Luytz)

Thomas Gragory

3900 Yazeon Placa
Washingtom, DC 20014

Prill, Friese, Haye, lLoomie & Shaffer, lanc.

Suita 204
1901 Nerth Fore Myer Driva
Axlington, VA 22209

(703)327-4430 .

August 1, 1380
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1l of ¢

CURRICULUM VITAR
or
DR. TED A. LOOMIS

EDUCATION
Bachulor of Scienca (B.35.) degree, Universicty eof Vashiagtew, 1939.
Mastar of Sciance (M.$5.) degres, Univarsicy of Buffals, 1941.
Doctor of Philosophy (Ph.D.) degree, Univeraicy of Buffals, 1943.

Dector of Medicine (M.D.) degres, Tale Universicy Schoel of Medicine,
1944,

Iltll'l; Marine Rospical, U.5. Mablic Baalch 3ervics, Seacttla, WA,
194847,

Agseisctant Prefsseer, Departmamt of Marnacelegy, Onivarsicy of
Veshingtow Scheel of Medicina, 1947-49,

Aspociate Professer, Department of Piarmacelegy, Daiversity ef
* Veshiagtou Scheel of Wadigiae, 1949-33,

Captain, U.$. Army Medisal Coerpe (Aetive Duty), 1933-33.

Asseciste Professet of Pharmacelegy sad Stace Temicelogise,
University of Vashisgton Schoel of Madicins, 1933-37.

Profassor of Pharnacelegy and ftace Textsslegiet, Duiversity af
Vashiagtow Schoel of Madicine, 1937-76.

Professer of Pharneselegy sad Tenisslegy, Dniversity of Washiagtow
Schoel of Madizins, 1976,

Direater; Drill, Prisss, Hays, Losmis & Shaffer, Isne.,6 15%00-,

PRvRSiong, SOCTEIY RO URSYLF)
smarican Sesiety for Fhsrmacelegy aad Experinmmtal Therapeutiss.
Socisty fer Ixperinental Blelegy sad Madiciom.
Sesiacy of Toxicelegy.
Ueatarn Pharmacolegy Socisty.
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Currieulum Vitae of 2 of &
Dr. Tad A. Loomis

HomoRs

Diplomaca, National Boatd of Madical Ixaminars,
Dlstinguished Fellow, Sociaty of Toxicolegy.
Prestident, Society of Toxicology, 1969-70,
Fresident, Western Pharmscology Sociscy, 1989-70,

Recipisnt, Toxicology Lducecion Award, Scoetacy of Texteslegy
and Porum for Advancement of Toxicolegy, 1976.

PROYESSIONAL ACTIVITIRS

Membar, Compictes on Teste fer Istaxicactien, Watiomal Safarty
Couneil, 1931-~.

Nembor, Tdicorisl Deard, Cliafcal Pharmacsjegy and Therspeucics,

1980

Mamber, Agricultural Advissty Joard ow Pestisides aad Insacticides,
State of Vashiagewn, 194)-77.

Maphar, Advisery Campictan ou Proctscols fer jafecy Rvalmacion,
0.5, Yool aad Drug Adaintacration, 1966-4%.

Magher, Advisery Committes, Pasticides Ragulatiss Divisisw, 0.3,
Deparmamac of Agrisulture, 196670,

Mamber, Fharmscelogy-Tenicelegy Aeview Cowmittes, Netiomal
Isstitute ef Camaral Medicsl Scismees, Nactiseal Institucas of
Sealch, 1988-70.

Resmmch Affiliats, Regissal Primate Cemtax, Universicy of
Washiasgton, 1988=.

Mamber, Phammetelegy-Texicalegy Traiaiang Coummictes, Natiwmal
Instituss of Gamaxzl Wadicsl Seismess, Jstional Institutes of
Eanlch, 1970-74,

Mabher, Compictes for ldamgifisstion of Ressarch Neads is Vater
Sepply. Iagineeriag and Urbam Bealth Selfewene Study Seqtiom,
Savivemmestal Conttwl Miministration, Comsumar Pretection snd
Baviresnantal Seaith Sefvige, Publis Bsalth Ssrvice, U.5. Dapartasac
of mﬁ. Lduastion, and WM. .

Weshes, Advisery Cammittes te Meview the Use of 2,4,5=T, Agrismltural
Mosarsh Servize, U.5. Depersmmat af Agrisulters, 1970=73,

Comsultant, W.’Wﬁ
s Phapp), Notiemal ticnts feor Oceupst Satety snd ch, 1973.
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Curriculus Vitas of 1 af .
pr. Ted A. Loomis .

PROTESSIONAL ACTIVITIES (continued)

Comsuleant, or & Recowmendad Standard: Oceypation

Exposyre to Formaldshyds, Netional Institucs for Occupetional

Safety and Haalth, 1974,

Membar, Committee on Heslth Hazerda of Pyrolysis Products of
Polywmars, Netional Mactarials Advisory Board, National Resesreh
Council-Nationsi Acadamy of Sciances, 197)=78.

Mamber, Commictee on Chronic Toxicicy Teeting, Advisory Cencer
on Toxicology, Xational Resaarch Council-Mational Academy of
Sciances, 1976.

Pane]lise, Committee on Marins Ecoeyecams Anslyzie (Mew York
Bight Projece), 1976~77.

Mambar, Advisory Board, Springer-Verlag Hasdbuch Seriss, 1973-,
Mamber, Lditorial Board, Combugtion Toxicology, 1975-.
Chairuan, Committes for Pesr Raview of NASA Lifa Scu'uu
Proposals, PMhemmacology-Toxicology Sectisn, Amaricas Instizuca
of Bislegical Sciemces, 1974.

Mamber, Committee ou Sub-Chreaic Toxicicy Test Protecola, U.S.
Iaviremmestal Proteccios Agescy, 1979.

Manbar, Sciestific Raview Passl far Baslth Rasaarch, U.S.
_ Dnvirommestal Prectectisa Agescy, 1980.

FUSLICATIONS: 300K
Zasencisle of Toxjcology, Las b Pabiger, Mhiladalphia.

Pirvet Liitien, 1968
Sesond Kdictiem, 1974
Third Liitiem, 1978

PIRLIGATIONS s _PAPERS

Author or ep~suchetr of asppreximacely 100 papars im the aclastific
1iterntwrs. (Bibliegraphy svailsble upom regqmest).
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Curriculun Vicas of ‘of 4
De., Tad A. Loomis

OF SPECIAL INT T _AND CQ E

Devalepmant of biological snd chemical mathodology for zomicity tasting;
clinical and forsnaic toxicology including avalustion of cause~efface
relacionships and tnczarprecaction of clinical analycical findings;
developmant and presantation of spacial programs and instructiccal
aateriasle (n toxicology for industry, educational inaticucions, and
steornays; sffacte of alcohol and drugs om sutomobdile driving, including
blood end braath tests for intoxication; animal and clinical drug and
pesticida toxicalogy.

PERSONAL DATA

Bireh data: April 24, 1317

Married: March 19, 1944 (Mariomn Adame)

Childras: Bomts J. (November 15, 1946)
Basky A. (Desember 7, 193))

Noms sddresa 2707 Lasc 3acker Road

Clintom, BA 98236
Buainess sddruss: Drill, Friess, Raye, Loomis & Shaffar, Iane.
Suits 204
1901 Nerth Fort Myer Drive
Agiiageen, VA 22309

Busisess calapheme: (703)527-6450

August 1, 1980

MONS 222132



CURRICULUM VITAL
or
DR. C. BOYD SHAITIR

EDUCATION
- Bachelor of Sciemnce (B.3.) degrea, Lebanon Valley Collage, 1918,

Dector of Philosophr (Ph.D.) degree, Princecon Universicy, l%4l.

DPLOYNENT

Samior Fellow, Chamical Fygiama PFallowship, Mellom Instituce of
Industrial Rasaarch, 1%41-32,

Chiaf Induscrial Toxicalogist, Camtral Medical Depsrcment,
Maricss Cyanmmid Coupany. J.”z_-”.

Director of Invircumental Health, Castral Medical Departmeat,
Amsrican Cyanamid Compaay, 1958-44,

Dirsctar af Toxiecslogy, Camtral Mediecal Department, ABsricas
Cymanid Company, 1964-79,

Diractar af Carporata Toxicology, Iavirocmantsal Servicaa Divisios,
Merican Cysnamid Compeny, 1979-80,

(Member af corporate Ladal Committes of American Cyassmid
Company, 1957-80; Chairaas, 1963-80.)

Dirsctor; Drill, Frises, Lsys, Loemis & Shaffer, [ag., 1%80-.

FROFPRIJIONAL SOCIXTY WRMPERSUIPS
Amarican Iadustrial Nygiemea Asseciacimm.

Amarican fecisty af Phazwesslogy aad Uzperimsatal Therapeutics.
M tew Baperimsgtsl Sielogy sad Madicise.

Segiaty sf Tomioelogy.

The Seataty of the Sigms Ii.

AMdiumer Asseciace Prefusper of Ravivcamsntal Medicine, Departmeat
of Ravirvamsutsl Medicise, New Yerk Usiversity Madical Caamter,
1959=-00.
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Curriculum Vitse of

2 of )
De. €. Boyd Shaffer

HONORS {(continued

Chairman, Gordon Research Conference on Toxicology and
~Safsty Lveluetion, 1962,

Carcified by the Americans Boerd of Induscriel Hygiens, lnc..
fn che TOXICOLOGICAL ASPEZCTS of Industrial Hygiens.

Prasident, Soclety of Toxicology., 1%62-6).
Ldicor, Toxicology and Applied Pha olegy, 1943=67.
Distinguished Fellow Averd, Seciaty of Toxicolegy, 1940,

FROFISSIONAL ACTIVITIES [N E_ASSOCIATIONS

Chamical Manufacturzers Association
{Formagly Manufacturing Chemigte Asssciation)

Labals sad Pracautiounsry Isformstion Committes
(Mamber since 1938; Chairmam, 19643=67).

latercommittoe Taak Croup eu Tramsportatisn Basards,

1943, (Wvete, with isput frem the Grewp, the
mpm end cthe M_Mmm;n&ﬂ
Mogual-

Tranapertatisn Rssards Infermation Commictee, 1967-69.

(Wreta a propesal su Traasportetisn Nasards lefermatien

Syscan for submissisn to the U.5. Deparcaant of Tramspertatiocn.)

Toxic Sebetamces Coutrel Grewp, 1971-7¢. (Chatrmsa, 1972-76.

Prasentad the MCA testimeay eu Towic Substanses Contrel

legislatien defers Committeas of beth Rouses of Coungress

duriag the thres sessiens of Congrase over vhich thia

legislatisn wvas coeeasidared.)

Chamical Ragulatiens Advisery Committeey:1978=77 (Chairumm).
Natismal Agrisultural Chemicals Asseciaties

Iavireunsatal Advisory Cemmittes (Chairwem, 1972-74).
ZIOFRSIIONAL ACTIVITIES Tn_gOVvERRENT

Maabsz, Committea on Toxiselogy, Maticusl Academy of
Scisncep-Nacional Ressarch Coumcil, 1949=73.
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rriculum Yitae of ) ot
. C. Boyd Shaffer

rmmﬂg& ACTIVITIES IN COVERMNMENT (:ontinued)

Membar, Standards Advisory Committee for Hazardous Meterials
Labeling, 1974=7%5. (Coovenad by the Occupational Safety and
Bealth Administration of the U.S. Department of Labor.)

Advieor oo numerous occasiona, 1972-78, to the Delegation from the
U.$. Deparrmant of Traneportstiocn to sesctings of che Craup of
Rapporceurs on the Peckaging of Dengaroue Goode of the Comittee
of Experts on the Transport of Dangeresus Geeds. (Meatings held
seai-annuslly in Ceneve, Svitzerlsand, under the suspices of the
Teonomic ead Social Coumecil of the United Wations.)

PUSLICATIONS .

Auther of co-suthor of approzimately 40 papars in the utuuue
licerature. (Btblicgraphy availabla upon requast.)

ARAS OF SPECIAL INTERSST AMD COMPETEMCE

Rasearch desiga; toxmigelogy of synthetia srgaaic industrisl chemicals;
toxicology of synthetic ergania pesticides; safety evalustion;
precautionsry labaling of hasavdeus indwatriagl chamicals: precsutionary
labaling of beuseheld producte under the Federal Uassrdous Subscances
Ast} precsutisasry labeling of pesticides wader the Pederal Insee-
tiside Pmgicide, sad Rodeaticide Ast; regulstion of chamicals umder
the Toxis Subetamcas Coutrel Act; tramepertacion of hazardeus materialaj
praparetion, evbuissisn, and fullsw-up of foud adiditive petitiens.

ypgonay
Birth dets: Auguet 18, 1917
Married: Juma 14, 1941 (Mery Lowise $tomar)
Caildren: Eduard 8. (Sevamber 20, 1942)
Mliten A, (Desambar 17, 1943)
Sang address: 2370 M Oesan Bivd. A~302

Stuare, FL 1494

1640 Yamaquid Court
Asmapelis, WD 21401

Business address: Drill, Frisse, Laye, Loexis & Shaffer, lac.
Sulte 204
1901 Nerth Fore Myer Drive
Arliagtem, VA 12109

Busingee talaphena: (703)317-4430
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CURRICULUM VITAE

dipevieve Elizabetn Matancski (Nee Murray)
Peial Security No,: 034.22.2128

WMace of Birth:  Salem, Massachusetts Date of Birth: auqust 26, 1930

Pucation: Punchard Hioh School, Andover, Mass., 1947
Radeliffe College, Cambridos, Mass., 1947.1951
Johns Hopking School of Medicing, Baltimore, Md,.. 1951.1955
Johns Hopkins School of Hyqiena & Public Health,
Saltimore, Md., 1960-1964

Degrees:  Radcliffe College, A.B. in Chemistry, 1951

Johns Hopkins Schoal of Medicine, M.D., 1958

Johns Hopkins School of Hygiene & Public Health,
M.P.H, 1962; Dr.P.N. 1964

Research Prasentation for dedree of Doctor of Medicing,
"Prismry Biliary Cirrnosis in Ch{ldren and Adults”

Certified a Specialist in General Praventive Medicine
by the Amarican Board of Praventive Medicime,
December 1973

Fellow of the American College of Preventive Medicing,
April 28, 1978

Nonors : Member of the Alpha Chaptar of the Delta Omega Homorary
Society, May 1980

Gengvigve M, Matanoski, M,D., Dr.P.H,
Profesrsor

Tha Johng Hopkins Untversity

School of Hygiene § Public Health
Department of Eptdemioloqy

Room 2408

615 North Wolfe Street

: Baltimore, Maryland 21208

Talephone MNos,: (301) 985-348)
(301) 955-2692
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POSITIONS: Professor:

Johns Hopking Schoal of HyGtene & Public Health
July 1, 1976 to prasent

Associate Professor:
Johns Hopkins Schog! of Health Services
September 1973-June 1978

Associate Professor:
University of Maryland Dental Schoo!l
October 1970 to orssent

Coordinator & Evalyator of Special Projects:
Evaluation & Biostatisticy Centar of the
Reqional Medica! Program
March 1970 to 1973

Agsociate Professor:
Deparment of Preventive Medicine
University of Maryland
1970 to present

Assoctate Professor of Epidamiology
Johng Hopking Schoal of Hygiene & Public Health
July 1, 1969 to present

Instructor in Dgpartment of Praventive Medicine:
Untversity of Maryland
1967-1969

Tratning Fellowship 1n Public Mealth:
Johns Hopkins School of Huatene & Public Health
1962-19%4

Assistant Professor of Eptdemioloay:
Johns Hopkins School of Hyqtene & Public Health
1944-19¢9

Instructor in Epidemiclony
Johns Hopkins School of Hygiene & Public Health
19591964

Pediatrictan Qut-Patient Detartment:
Johns Hopkins Hospttal
1957 to prasant

Ressarch Assistant in Eptdamtoloqy:
Johns Hopking Schoal of Hygtene & Public Mealth
1987-1989

Assistant Resident 1n Padfatrics:
Johns Hopkins Hogpital
1954-1987

Intarn 1n Pedtatrics
Johns Mopkins Hospital
1948-19%8

Ressarch Assistant
.{q”n;s Hopkings School of Medicine
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CURRICULA VITARE

CATEGORY II TEAM
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CURRICLLIM v1T

Alvito Peter Alverge, Ph.D.

Paxyousl:

Jorn: Deceabar 23, 19)%: Bombay, Indis
Citizenship: U.3.a. -

Marriad: cwo children
Jducacion:

Univereity of lowbay, India, 1951-1938
B.%c. Degres: Major in Chemistry: Miser in Physice, 1948
3.3¢,(Tach) Degres: in Chemical Tethnology, 1957
Univereity of Dectrosc, 1938-1940:
M.3. Degrse: Major in Biochemietry: Miner ia Cheaietry, 1961
Univareity of Chicago, 1960-19643
M.D. Degree: Pharmacology, 1964

Pragent Addresa

Ceparcaent of Pharmscology

Uniformed Services Univereity of the Haalth Sciences
4301 Jones Bridge Rosd

Bethesda, Marylesd 10414

Talephome: (203) 293-3124

Appotstugaty;
1. Teet-doetorel Fallow: Deparctmeat of Pharmscelogy,

Universicy of Mianssota Mediaal Schoel, Minmespelis, Mima.
1943-194).

. Jeaier Rasesrsh Biochemist: Wallcoms Nesesrch Labervateries,
Burroughe Wellcoms amd Co., Tuchaboe, N.T. 19471970,

Y. Dlasasrch Msociats: The Mockefeller Univarsity, New York, 0.1,
1970=1971.

4. Aseistant Prefesser: The lockafeller Usiversicy, Bew Terk, 0.1,
1971=-1978.

3. Aseistant Prefesset: Deparcment of Pharmacelogy, Corssll
Oniversity Medical College, New York, M.Y. 1971-1973.

6. Miwmat Assesiste-Frefesser: Departasat of Pharmstelopy,
Corvell Uniwersity Medical College, New York, N.T. 19731977,

7. Assecists Prefesser: The Rockafeller Usiversity, Wew Tork, N.T.
1973=1972.

8. Adjwmat Trefasser: The Rockefeller Univereity, Wew Terk, 1.T.
1977-1978.

9. Asscciate Professer: Depertmsnt of Pharmscelogy, Uniformed Services
Uoiversity of the Bealth Scisuces, Bethesda, Marylamd. 1977-1978.

10. Professor: Departtment of Pharmacolegy, Usifermed Services
Univeraity of the Bealth Sciesnces, Bathasda, Marylasd. 1978-presenc.
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3. Averds:

Irma T. Hireehl Scholar, 1974-1978
Natlonal Inatitutes of Heslth Caresr Development Awerd

C. Profseetons} Sociecies:

Sigma X1

Americen Assoclation for the Advancamest of Sciemca

New York Academy of 3ciencans

Americsc Soctety of Pharmacalogy ssd Ixperimentsl Tharepeutics
Ametican 3ociaty of Blalegical Chamists

Americas Soctety for Climizal Pharmscelegy asd Thartapeutice
Toxicology Section, laternstionsl Uniom of Pharmscology (IUPAAR)
Soctety of Toxicology

D. Medfcel Sghool asod Univeysity Activ :

1.
2.
3.
4.
5.
$.

1.

Lectures in Medical Pharsasslogy Courss

Minicourse iam Tonicelagy for 2md year madical studeste
Graduate Btudéamt Advisary Committes

Nember: TFaculty Semste, 1978-80

Chairmsa: Crievange Comnigtes, Tasulty Somste. 1979-80
Manbar: Rasearch Propessl Marit Review Committes,
1979-82.

Mambar: Bishazards, Coantrolled Substances, sad Dangerous
Materinle Committes, L981-84.

E. Ceadysce Scudencs amd Thases:
Julis L. Tiseman. "Alterstions is hems wstabelisa fuduced by gold.”

1979,
7. MNemberghine:

1. ¥ember, Stearing Committes, Sischamical Pharmasslegy Diecusaion
Group, New Tork Acsdamy sf Scisaces, 1973-1977.

2. M bhex reviewmy for Sischamical Pharmscelogy, Melecular
PMuarsscolegy, Lifa Scismces, Sciemss, Climtecal Pharmcology
and Therapeutics, and Jourasl of Tharuscelogy amd
Experiamtcal Therspeutics.

3. Member, Yerhgroup of the Natiomal Commiesias en Digestive
Dissasas, 1977-1978.

4, Mwmbar, Pditerial Boards:

Cliaical Pharuscelogy sad Tharspeutice
Pharascolegy
Joursal of Lavirsumental Pathology emd Toxicology
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¢. lParticipant (Invited Spesker)

l. TFirat laternational Smulu‘ is Microsomass and Drug
Oxtdacions, Betheeda, Maryland, 1968.

2. latsrnationsl Sywpostua on Drug Tolaramce. Addictiom.
A:';u snd Mathadons Trestwant, New Orlssas, Lovetass.
1971,

). Secemd leternations) Sywpetium ee Microsomss sad Drug
Ontidations, Stanford, Caltfernis, 1971.

4. IUB Sywpostium: Rasction Mechsaisms of Cytoechtoms PF-430
snd Releted Insyuss, Stockholm, Swedom, 197).

3. Upjoha Conferemce on Hypeotics and Sedstives, Kalsastee,
Michigan, 1974.

§. Lurepeasn Society of Padiarric Indocrimelegy, Ammual
Hesating, Berlis, leat Germsmy, 1973,

7. Third Isternsticsal Sympoeium om Micresomes sad Drug
Ouidations, Derlia, Weet Cevmmmy, 1976.

8. Gordoa Ressarch Confarsace - Drug Matabelism, Plymsuth,
Wew Sampshirs, 1976.

9. Tourth Deer lLodge Couferesce om Clismical Pharmecelagy,
Flathesd Laks lodga, Memtama, 197§.

10. CGCordom Ressareh Conferemes - Toxisslogy. Kiaball Uaies
Acadeny, Few Rampshire, 1977.

11. Sywposiua om Drug Dispositiom im Mem, Sarasets, Florids,
1977,

12. Syuposiun on Influemes of Wutritiomal Testers on
Toxicalegy, Internatisnsl Ceugreas of Pharmacelegy, Paris,
Tranas, 1978.

13. Sywpesiwm e Assesmmamt of Drug Matabelisa iz Mem,
Sesamess, Tranee, 1978.

14.  Intsrmationsl Ceaferemce om Critical Currest Issues ia
Seviremssatsl Sealth Bssarda, Tel-dviv, lersal, 197%.

15, Seventh Turvpasm Werkshep ia Drug Matabelimm, Zurish,
Switassland, 1900,

16. Verkshop en the Combiand Effectas of Xsweblietice, Nstiomal Ressarch
Coumeil, Ottows, Camads, 1981.

17. Cordou Comnfersnce os Foed and Butritiem, 1981.
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PUBLICATIONS:

McKusick VA, Murray GE, Peeler RC, Webn CM:
Musical murmyrs, Bull of Johns Hoprins Hospital
97:136, 198§

Price W, Hatinoshi GM, Morrison O, Prewer A, Wagner G:
The fractionation of seromucoids from human serum,
Bull of Jonns Hookins Mosp, 108:227, 1961

Price WH, Matanoskt GM, Prewer A, Rector L:
S-mco!i fraction oatterns of individutis with
pneumonia or leukemta, J Generd) Physioloay
45-20%, 1962

Matangski GM, Price WM, Ferencz (: Eptdemiology of
= s%nutncoccal tnfections in rheumatic and

non=rheumatic families. [. Objectives. nlan of
study, and comparative fraquancy of streotococcal
fsolations. Amer, J. Epfd, 87:179-189, 1968

Matanoski GM, Price WH, Ferencz C: Epidemioloay of
streptococcal infections in rheumatic and non-
ragsumatic famtlias, 11, Thae inter-relationsnio
of streptococcal infections %0 aga, family
transmission and type of Group A, Mewr. J, Epid.
87:190-206, 1968

m%i_i_%:m:ﬁ« WH, Ferencz C: Epidemiology of
strep cal tnfections in rheumatic and
non~-rheumtic families. [II. Comparison of the

tmmune response to streptococcal infections in
the two populations, Amer, J. Eoid, 87:207.225, 1968

Matancski GR, Price WH, Ferencz C: Eoidemiolagy of
strep cal infections in rheumstic and non-
rbeumatic families., IV. The effect of tonsillactomy
on streptococcal infections. Amer, J. Epid, 87:226.216.
1968

m%'-!'r‘ The role of the tonsils in streptoceccal

nfections: A comparison of tonsillectomized
enildren and sibling controls, Amer, J. Eoid.
95:278-291, 1972

Matanoski GM, Seltser R, Sartwel!l PE, Otamond EL,
Ei”oﬁ EA: Chanaing trends in mortality of
specialists and U.S. whita males. Proceedinag
and abstracts of papers presented at the seventh
annua] meeting of the Sociaty for Eptdemigloaic
Ressarch, Berkeley, California, June 19-22, 1974
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Ringelberg M., agmll' GM, Ktmball AW: Oental carigs-exparience
_in three ganarations of familias, Journal of Public Health Dent
34:3, pages 174-180, summer 1974

Matanoski GM, Seltser R, Sartwell PE, Jiamond EL, EVl{pte EA:
current mortality ratas of radiologists and other pnysictan
spacfalists: Oeaths from 411 cayses and cancer.
Amar. J. Epid. 101:3, 188-198, March 1978

noski GM, Seltsar R, Sartwell PE, Diamond EL, Elliott EA:
current sortality ratas of radiologists and other physictan

spacialists: Specific causes of death, Amer. J. Epid. 101°:1,

199-210, March 1578 -

Matanoski GM, Sartwell PE, Elliott €A: Laettar: Hodgkin's dissase
WOFtA 1Tty AmOng physicians, Lancst 1:926, 1978

“a ski GM, Landau £, £111ott £; CEpidaminlogy Studies - Pilot Study
- m&rﬁm Mortality Mear a Chamical Plant and Other Industriss
in Salttmore, U.5. Envirormental Protection Agency, Office of
Tonie Substances, Washington, 0.C. 20480, May 197§, Final Report

] k1 GN, Hendarson MM, Stina OC, Courpas C, Hepmer R, Walker S:
ectivenass of phonocardicscan screening for the detsction
3:11‘1;;7“‘-“ tn school-age children. AP €7:7, 609-411,
y

k1 GM, Langsy £, E111ott E: “"Progress in a Coammnity Arsenic
y® in Toxic Substances in the Afr Envirormgnt. Air
Pollution Comtrol Assoctation, Pittsourgh, 1977

Kaszuba AL, i Gtbson G: Evaluation of the Emsrgency
Departmnt as & for Hypartansion Screening,
JACEP 7:2, pages 51-38, February 1979

Mak H, Fiymn JPG, W: Do Adwinistrativa Suidelines Modify
the Applicatt nTcal Banefit of Homm Oxygen? ’gggﬂ.
m%’m- of Raspiretory Diseasa, Supplement 119-4,
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H. Arsps of Scisatific Incqrast:

(a) Factors influencing the matsbolism snd sctiom of drugs,
euvironmantal chestcals and carcioogens.

(b) lacaractious bhetwesn autritiomal facterts sad drug metabolisa.

{(e) BJiochemical and toxicological sffacts of euvirocasmmtal chemicals
and catcioogems.

(d) Hasvy metal texicity.

(a) Rffacca of foraign chemicals os heme bissymthseis and hema
aatabolism.

(f) Microscmal hemsproteins: differsmces ia composition and

turnavar rates; regulation by drugs, chlorinated hydrocarbons
and carcinogeas.
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ALVITO PETIR ALVARES

List of Publicationa:

Alverss. A. P.: Utilization of vastes and by-products of the facey

oil indusery. Bombay Technologise, @1 l-4, 1937,

Harbet, L. ¥.. A. P. Alvares, A. I. Jacobeon and ¥. J. Vvisek: [f-
tect of barbituric acid and ~nlortatracyeline upon groweh, am=
sonis concantration and ursasse activity on the gsetrointestingl

tract of chicke. Joupnal of Wutriciom, 80: 1-3. 1961,

Alvarse., A, 7., L. K. Narber and ¥, J. Vipak: Effest of barbituric
acid. chlortetracyeline and carbohydretes upem ¢rowth and gae-

trointestinal ursase activity of chicks. Journsl eof Watritionm,
gl ’J.“n 1944.

Alvarse, A. 7., A. P. Nendrickson and W, J. Visek: ZEffects of iso-~

niaszid. chlortetracygline and copper upan gTowth and gastroin-

testinal uresass Activity of chicks. Jougnal of Nutpition, 83
T9=23. 1984.

Mandrickson, R. P.. A. P. Alvares and W. J, Visak: Rffects of
chlorsatragysline and issmiassid on bely weight gaisn and intes-~

tinal urea hydrolysis of rets. Jowrnal of Wecyitiom, 84: ¢5-70
1964,

Xabaze, Jon J., A. P. Alvares, C. RMogul and J. T. Rolaughling
Arain oholestersl X ERffect of scheduling en the stervl lower-
ing capability of methylphenidate (Ritalin). Proseedings of the
Sosjsty of Expeyimental Siology snd Wedisine, 130: 37-4l. 1969,

Andage. M, ¥., A, P, Alvares, and G. J. Nammering: Inhibitism of
druy mecabeliss. IX: Metadslitss of 2~diethylmmincethyl 2,2-

diphsnylvalerets BC1 (SXF $25-A). Nelesylar Pharpgeslogy. 3:
328-334, 1964.

Alvazesd; A. P., G R. Sehilling, ¥. Levia and R. Dntamen: Studies
oa the industion of CO-bimding piguants ia liver sicroscmes DY
phonabardical and J-ewthyleholanthrens . =
shrsieal Sesesreh Cummmicatisne. 19 $21-326, 1967.

Alvazes, A. P., 6. L. Sehilling and R. Xuatmman: Oifferessces in

the Risstise of denspyrens hydraxylation Dy hapatia drug-eetabo-
liziag easyass frem phascharbital and 3-eethylasholanthreoe-

r £“WW'
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Matanosk! GM, Seltser R, Sertwell PE, Diamond €, Elliote E:
Skt of Radiologists Qver Seven Oscades. Abstract presented it
- SER Mgating, New Haven, Connecticut, 1979

Matanoski GM, Payton AJ: A Cohort Study of Cancer Mortality in Virglogists.
pstract oresented at the First Annyal N[OSH Scientific Symposium 1978,

Toxicological & Carcinogenic Health Hazards in the Workplace,
Pathotox publishers, 197§

Sandler 0P, ?tanosu GM, Comstock GW: Health Consequences of Nasopharynges!
Radium [rradiation. Abstract oresented at SIR meeting, Mew Haven,

Connecticut, Jyne 979, Amar, J, Epid. 110:3, page 158, Septemcer 1979

Matanoski GM, Landay E, Tonascta J, Lazar C, Elltott EA, McEnroe W,
eating R, Setfter J: Lun? Cancar/Mortality in Proximity to a
Pesticide PTant. EPA 560/11.80-013 (Epidemiology Studies),

U.S. Environmental Protection Agency, Washingtom, 0.C., March 19580
(an interim report)

Mak H, Flynn JPG, nginoui GM: Do Clfntcal Guidelines Modify the
Application & t of Home Oxygen? Maryland Stata
Medical Journal by the Medical and Chirurgical Faculty of the
State of Maryland, Balitimore, Maryland, March 1980

Ferencz C, Mgtanoski GM, Wilson PO, Rybtn JO, Netll CA, Gutberlet R:
Matarn3] Hormone Therapy and Congenital Heert Ofsease. Teratology 21:2.
22%-219, April 1980

Massey RM, Crochetiers CA, _ii%!‘g;gg_g!_z Heoatologic Values !n Senzene
Exposed Workers. Journal of Environmental Pathelogy and Toxicology 5:2.
518-521, Pathotox, Jamuary 198}

Matanosk t g. 8111tngs CE, Lavine MS, Lees PJ, Ellfott EA:
nvestigatian of Health Hazards in the Painting Trades [ndustry Aeport,
Unpubltshad report to NIOSH, The Johns Hopking University, School of
Hygiene and Pyblic Health, Baltimore, Maryland, January 1980

Matanosk | Wast S: Occupation and Envirormental Exposures and the
sk of Congenital Heart Oefects. Abstract opresented at SER
Meating, Mienespolis, Minnesota, June 1980

Altar M!, Gevaty RJ, Sampliner RE, Smaliwood L, Tabor E, Matanaski GM,
Nathansom N: Community Acquired Nom-A- Non-B Hepati®ls, Abstract
presentad at SER Meeting, Minneapoiis, Minnesota, June 1580

Sandler 0, !ﬂat?lti GM, Comatock G, Mitchell T: Health Consequences of
the Nas ryhgasl Radium Exposure. Symposium on Bfologic Effects,
Imsgtng Techniquas and Dosimetry of lonizing Radiation.

WHS Pyblfcation (FDA) 80-8128
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Sandier DP, Comstock GW, Matanoski GM: Neoplasms Following Low=Dose Radiyum
[rradiation of the NasopRaryRx. Submitted to JNCI, Septemder 1980

Some Metals and Metalic Compounds. Intarnational Agency for Research on
Cancer Monographs on the Evaluation of the Carcinogenic Risk of
Chemicals to Humans, Voluma 231, Julliet, 1980

Mgtanoski GM: Risk of Cancar Associated with Occupationa)l Exposure in
adioiogists ang Other Radiation Workers, Procesdings of the 1980
[nternational Symposium on Cancer, Septamber 14.18, 1980,

Cancer - Achisvements, Challengas and Prospects for the 1980s,
Volume 1:201-254, Grune and Stratton, 1381

Mg tanoski GM, Landav E, Tonascia J, Lazar C, Elliott EA, McEnroe W,
T Cancar Mortality in an Indystrial Ares of Saltimore,
Envirormental Research 25:8-28, 1981

Matanoski GM, Elliott EA; Stadder Cancer Epidemiology.
ologic Reviews Vol. 3: 1981 (In Press)
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CONSULTANT ACTIVITIES:

Perfodonta! Diseases Advisory Committae, National [nstitute of Denta!l
Research, January 1975-Jyne 30, 1978

Subcommittes on Adult Health, Medical and Chirurgical Facuity of the
State of Maryland, September 1975-June 1978

?;?gr?;u?gwolomnt Bcard, Amgrican Public HMealth Association,

Food and Qrug Administration Biometric and Epidemiological
Mathodology Advisory Committse, Buresy of O , HEW
Rockvi1le, Maryland, November 1978-January 19

Alr Quality Control Advisory Council, Maryland Stata Department
of Mental Hygiena, March 1978-present

Technical Panel on Envirormantal Hazards, Amsrican Public Health
Association, 1978-158)

Cantar for Ofsease Control, Beryllium Meeting, Atianta, Georgia,
October 1978

Central Maryland Health Systams, Chairman, Technical Advisory
Group on Matarmal ) Child Health, November 1978-1979

Craniofacial Anomalies Program, NIDR, HEW , December 1978

Symposium on Potantiation of Immune Response to Vaccines,
NIAID, NIN, February 1979

U.S. Army Envirormmntal Hygiene Aqency, Residency Advisory Committse,
Edgewood Arssnal, Marylsnd, 1978-present

Food and Oryg Adeinistration, Angsthetic & Life Support Orugs
Advisory Committse, March 1979-1982

Human Health Studies Program, Division of Sftommtric and Environmental
Ressarch, Dept, of m

Spacial Committes: Consultant to pregars a special report for

WO Secretary Califano - Review expsrimental and epidemiological

dats on the carcinogenicity of baryllium. Center for 0isease Contrel,
lt'llltl. w.. October 9, 1978

MONS 222148



CINSULTANT AND MEMBER:

Seience Projection Papar Committee, CSR, [nec.

Puplic “eeting = A Proposed Federal Radiation Research Agends -
neid in the Jack Masyr Aduitorium, Clinical Centar, NIH,
Bethesda, Maryland, March 10-11, 1980

Member ofthe Preventive Medicing and Public Health Test Committes
of the Nationa! Board of Medical Examiners, 1980-1984

vemper of the [nternations] Agency for Resesrch on Cancse (IARC)
worxing Group on the Evaluation of the Carcinogenic Risk of Chamicals
to Humans: Soms Metals. world Health Organization, Lyom, France,
October 23-30, 1979

Mamber of tha AUA Review Committee for the Radiological and Envirormental
Resesarch Jivision, Argonne Mational Laboratory, July 1, 1980-june X0, 193]

Participant in the 190 [ntarnational Sympostium on Camncar presentad by
Sloan-Kettaring Cancar Centar with the American Cancer Soctety and the
National Camncer Instituts, New York, New York
Conference entitled: “Cancar 1980: Achievemnts, Challenges, Prospects”
Or, Matanoski Lecture: “"Risk of Cancar Associated with Jccudations)

Exposure in Radtologists and Other Radiation Workers'
Septambar 14-18, 1980

Participant and discussant in the joint U.S.A.-Commision of the European
Countries Seminar on Ambient and S10logtcal Momaitoring, Luzemdoury,
Oecomoer 8-12, 1980

Membar of the Medical Radfation Adviscry Commrittas, Bureau of Radiclogical
Heelth, 19581-

MONS 222149



PROFESSIONAL SOCIETIES:

Ammrican Associazion for the Advancement of Science
Amarican Public Heslth Asgociatgion

New York Acacemy of Sciences

Society for Epidemiological Fessarch

Internations)! Epidemiological Association
Assocration of Teachers of Preventive Medicing
Amarican College of Praveantive Medicine

RESEARCH [NTERESTS:

Cancer risks from occupaticnsl and envirommental exposures to radiation
and othar agents: aevalustion of health programs; family-based podulation
studies; dental disease; especially oral cancer amd the role of immunolcgy
in periodontal disesse; rheumstic fever and streptococcal infections;
{nfant mortality and congenital melformetions,

CURRENT RESEARCH:

Epidemiolgy of infant mortality and congenital melformations; survival
ratas following dtagnosis of oral cancar-relation to type; factory
associatad with risk of orsl cancer; physician mortality in relation to
radiation exposure; cancar mortality in virologists and vetarinartans;
occupational risk from exposure to dyes and synthetic rubber; hesalth
hazards from paint speplication: eciologtcal factors in multiple mysloma:
envirormental rishs from exposure to arsenic ; the effects of exposure
to Yowelgvels of rediation in 3 population of shipyard workers.
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-2

U.S. Public Haelth Servica Asst. Chict
Progrea Anslysie Scctiou
Tubercilosis snd Cheenic
Disessss

Chicf Statisticien
Hoarc Diseass Control Frugrag

Chief, Morbidity and Haealch
Statistice Brench, Pubiie
Heslth Mechods

Chief, Blommtrics and Social
Studies Branch, Occupecional
Haslth

MEMBERSHIP in PROFESSIONAL ORGANIZATIONS

Amsrican Public Healch Associstion

Amsrican Stetistical Asseciastion {Trsasurer Pgh. Chapter 1972-74
Council Member 1971=7))

International Epidemislogical Associatism

Society for Ocoupatinonsl and Lavironmental Nealch

Fellow, American Public Heslch Asseciacion
Elected Foellow, American Stacietical Associstion
Pittaburgh Scatisticien of che Year

IEN Departusatal Superior Sarvice Award

NEW Departmsatsl Nomines - Arther S. Flemming Awerd for Ten
Most Outstandiag Youmng Mee in Coveromemt

P4 GCamms Mu (Matiomal Social S¢iamce Romor Society)

Member, Tditorial Board, Amaricas Review of Raspiretory
Dissase
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w (eurreat}

Hastaciscice 211
Sastatistics 216
Gesteatistics 219

«le
PROFESS TONAL ACTIVITIES

Printiples of Statisticel Reasoning
Ineroduce ton to Sampling
Vical end Medicel Care Scatistics

!snteh end Treiniag (1967 « date)

Crante snd Contrects

Yeaars

Pedersl Crants

196874
1972.73
1971-73
1969-76

1976=77

1977481

Iitle

Tratning in Public Heslth Statistics
Training in Induscrial Blostetistice
Teeining in Medical Caras Staciscics

Seudy of tha Effecte of Mational
Realth Iasursnce in Quabec

Planaing Crant on Childhood Laad
Polsoning

Camcer Ln Arsenic Exposed Pepulations

Non_Federal Contracts

1973-80

1976=80

197%-

1991~
198182

Health of ibrkers is Mineral ‘bel
ahd Fibrous Class Manufscturing

Mertality of Nickal Wrkere
Yuatington, ¥, Va.

Surveillanco of Reslth of Chemical torksre

Deex Park Temas
Mertality Amsag Smeltar Wrkere

Crosa-Sections]l Study of Mimcoary Function

ia Alcoa Arkansas ‘brkscs

Othar Nom-Tedsral -- $40,4602

1. Other Rosearch and Trsinisg Ralsted Activitise
1940-43 Tanal Member, U.5. Joard of Civil Servics Examisesre
(Statististan)
1964-70 Realth Services Macuarch Study Sestism, ESMEA
1967 -date Nealth Advisery Committes, Mational Nresu for Ecomemic
Rasaareh
1967-72

Source
NIR
NiCam
NCHS R
NOEsR

N

Amounte
§$158,18)
$161,406
3$274,378
$746, 512

$71,7%

$)13,870

$30%, 559
$108.551
$ 58,604

$450,177
$ 34,36

Mvigery Fellew, Mallon Iastituto snd Induscrisl Rygiens

foundation
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1970-12 Health Sarviccs Demonstrations Scudy Seccion, HSVA

1972.75 Mational Advisory Food and Orug Committse, DA

1972-74 Panel on Chromium., Committes on Blological Effeccs of
Atmospheric Pollutsats, Xationsl Academy of Sctlanceg

197476 Chairman. Advisory Commitces on Longitudinsl Study of
Submariners, U. 5. Navy

1975-79 Pulacnaty Disesses Advisery Committes., NMLBI

1979-40 Task Force on the Epidemiology of Respirstory Disaass. :3ilag
Chairman, Committae on Occupational Agents

1979- Litaracuras Reviswver-fpidsmiology-J. of Occupational aiicine

1979- Aesociate Direccor, Ceatar for Inviroamentsl Epidemiology

Service (eurreat)
1. Departmental: Chairman (1976-date)
'« School: Msmber, Dean's Cabinet

1. Locel end State: Creante Reviev Committas, Penmneylvania Cosl Yorkste
Reapiretory Disease Prograa

PUBLICATIONE
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Consultant-lecturer, 1988-1972

Naval Oental Scheel
Consyitant-lecturer, 1970-1971
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Appointments and Pesitions {Continued):

V. S, Government:

National Institutes of Heaith

Pharmacotogy and Endocrinclogy Fellowship Review Committes, 1968-1971

Meyrciogicai Ofsorders Program Project Review Committes, 1971-1975,
Chatrman 19731978

Pharmacotegy Tozicology Program Project Review Cosmittes, 1976.1980;
Chatrman, 1977.1980

Fogarty [nterndtional Fellowship Revtew Commitzes, 197%, 1975,
1979 (Chairman}, 1981 (Chairman)

Biotechnology Resources Raview Committes, 1981-

NINCDS Committes to raview Antispileptic Drug Development Program, 1381.1982

Veteran's Admiaistration
Merit Review Board, Neurcbiology, 1974-1977
Chatrmgn, 197841977
Comsultant, 1977

Congrus of the United States
ommission on the Federa! Orug Approval Process 1981-

Federa! Trede Commission
Consyltant 1971-1974; 1978

Dccupational Safety and Hedlth Administration
Congultant 1974

Private:

Naticna! Research Council

Committee on Toxicology, 1971-1977
Panal on Antichalinesterass Chemicals, 1981.

Division of §10logy and Agriculiture, Reprasentative from Americsn Society
for Pharmecology and Expurimantal Therapy, 1967-1977

Safe Orinking Water Committes (consultant) 1976

Pesticida Information Raview & Evaluation Committes 1977-1981

Committes on Militsry Envirormental Probless, (Chatirman) 1990-1941

Committes on Recomsendations for U. 5. Army Bagic Sctentific Resesrcn 1981-

Ampricen Neart Association
Natioms! Capitel Aff{11ate
mr Schoo! Ressarch Committes, [970-1972
hairman, 1$M-1972
Research Committes, 1972-1977
Boare of Directors, 1972-1%78
Niddle Atlantic Regional Heart Committee
Rasearch Raviaw and Certification Subcommittes, 1979-1981

U.S. Pharmacopaial Convention, 1970
Ex1xon Health Research, Board of Scientific Advisors, 1981-
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Professional Seciaties:

Amarican Society for Pharmacology and Expsriments]l Therapgutics

Committes on Intarsociety Relations 196§.-1968

Representative to Oiv. of Btol. and Agriculture, NAS-NRC, 1968.1977

Representative to Publications Committes of Federation of Americin
Socreties for Exparimental Bilology, 1970-197%

Educational and Professional Affairs Committes, 1971-1974; 1979-
Subcommitiee On Graduate Convocation Program, Chatrman 19721974

~ Program Committee (ad hoc member), 1968-
Ad Hoc Cosmittes on Teaching of Pharmacology, 1979-19M
Task Force in Support of Training and Ressarch, 19731975
Secretary-Treasurer, 1976-1977

Committee for Liaison with Soeh;,;’ f Toxicology (Chairman) 1976-1978

Long Range Planning Committes, 1

Fedaration of American Societies for Expsrimenta) liolo’y
Publications Committee, 1970-1974, Chatrman, 19711974

; (Chairman) 19791981

Life Sciences Research Office-Pane) for avaluation of Mealth hazards of

irradiated beef 1'77-19?‘0
Long Range Plami; Group, 1980
Treasursr £lect 1981

Association for Medical Schoo! Phgrmacology, 1949-
Councillior, 1974-197%
Secretiry, 1975-1976

Society of Toxicology

Committes on Ethics of Animal and Humen Experimentation (Co-Chatirman,

1974-19W)
Tonicology-80's Commission, 1979

Sigma X1 1960-
Vige President, Cornall Medice)! subchapter, 1966-19¢7
Executive Committes, Georgetown chapter, 1970-1973

The New York State Society for Medical Research

Vice Presidem, 1948
Yice Presidant and Tregsyrer, 1966-1947

Egitorial Positions:
J | 1 3 impntel )

[ )
Field L¢iter, Nevropharmacology, 1971-1978
Guest Figld Editer, 19N

p for 1el {now colied Rational Orug Therspy)
[ B

Science;: Angsthestology (ad hoc)
F!”ﬂh‘lzl amd Awards:

U.S.P.M.5. Carser Dgvel cpmant Awardes. 1961-19€5, 1986-1967
Golden Apple Jerard, 1968
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Miliary Service:

U. 5. Navy, 1957.1969, Lt. (M.C.) U.S.N.R., Stattened at Naval Medical Rgse4rcn
Inst1tute, Bethesda, Marylama

Jrofessional Societies:

Amgrican Association of Denmtal Schools

Amgrican Asgoctation for Laboratory Animal Science

Amgrican Asgsociatton of University Professors

Amarican Madical Association (Faculty Affiliate)

Amarican Society for Clinical Pharmacology and Therapeutics
Amarican Soctety for Pharmacology 4nd Exparimental Theraspeutics
Assoctation of Dental Pharmacol Oy and Therapeutics Teachers
Astocration for Medical School Pharmacology

Orug [nformation Association

The Harvey Soctaty

New York Academic of Sciences

Sigma X1

Society for Experimgntal Blology and Medicine

Society for Neurosctence

Soctety of Toxtcolagy

The Peripatetic Society

Profassional Licenses:

District of Colusbia

Maryland

New York
Pyblications:

See appuended 1ist
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FRANX G. STAMDAERT

Roberts, J., F.G. Stangaert, Y.!, Kim ang W.F, Riker, Jr,: The initiation
and prarmacologic reactivity of g ventricular pacemaker in the intact
antral.  J. Pharmacol. Exp. Ther. 117: 374-384, 1956,

Riker, W.F., J. Roberts, F.G, Standaert amd M. Fyjimore: The motor nerve
terminal as the primary focus for drug-induced factlitation of neuromuscular
transmisston. J, Pharmscol. Exp. Ther. 121: 288-212, 1997.

Standasrt, F.G., H.C. Sudduth and W.¥. Hudak: A toxicological study of
hydraulic fluids cellulube S50A, Kolube 220 and houghto-safe 10%8.
NR{ Research Report ¢ 53 01 00.03.01,. 1958,

Friess, 5.L., F.G. Standaert and L.J. Reber: Convulsant activities of
aminocyclanol dertvatives as influenced by stereochemical configurations
(24321}, Proc. Soc. Exp. Biol. N.¥. 39: 277.280, 19%8.

Barr, N.L., B.E. Shepp, M. Yarciowar and F.G. Standaert: Phystologic responses
to stressful stratosphere flights. J. Aviat, Med. 30: 334-343, 19%9.

Friess, S.L., F.G. Stamdaert, E.R. Whitcamb, R.F, Nigrellt, J,D. Chanley and
M. Sobotks: Soma pharmacologic properties of holothurin, an active neurc-
toxin from the sed cucusber. J. Pharmscel. £xp. Ther. 126: 323-329, 19%9.

Standagrt, F.G.: Effect of ph on twitch flcllitltin? ootM{ of I-hydroxy.
phenyl-tristhy lammonivm fon, Proc. So¢. Exp. Biol. N.Y. 102: 138-139, 1999,

Friess, S.L., F.G. Standaert, 8. Witkop, P.C. Qurant and L.J, Raber: Soms
toxicologic properties of 4 new serfes of ary) ethars derived from trans.
2-amtnocyclonexanol. Toxicol. Appl. Pharmacol. 1: 609-617, 19%9.

Standaert, F.G,, S.L. Friess and &,0. Doty: Comoarative ganglion-blocking
potencies of the geometric 1somers of two cyclic 1,2-aming-alconels.
J. Med, Cham. 1: 459-468, 1999.

Sudduth, H.0. and F.G. Standaert: Inhalatton toxicity studies on a triaryl
g:g;phm nydraulic fluid, MR] Resqarch Report ME 00S. 04-0001. 03,

Standaert, F.G. and S.L. Friess: Steric configuration and the activity at
the mesmalisn neuramuculer junction of cyclic smincalcohal derivatives.
J,» PMarmacel. £xp. Ther. 128: $5-64, 1960.

Friess. S.L., F.G. Standaert, E.R. Whitcomd, R,F. Nigrelli, J,D. Chanely
and Harry Sobetka: Somw pharmacologic properties of helothurin A, &
glycostdic mixture from the ses cucumber. Amn. N.Y. Acad. Sct. 30:
891-901, 1960.
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13. Friess, S.L., L.J. Reber, W.C. Thommesen. L.J. Greenbaum, F.G. Standaert
and W.¥. Mudax: Toxicological proverttes and stereo-chemical configurg.

tion in derivatives of the tropano! serves. Toxicol. Appl. Phg
2: 574-588, 1960, . P rhacol,

14, Friess, S.L.. L.J. Greenbaum, F.G. Standaert and W.C. Thommesen: Central
activity evoked 'n the cat by cistransisomrs of |,2-aminocyclioneranal
derivatives. Toxtcol. Appl. Pharmacol. J: 638-653, 1961.

16, Standaert, F.G.: Evidence for a presynaptic actiomn of d-tubocurarine and
succtnylenoling at the mammalien neuromuscular junctTon. Proc. 16th
Post-grad. Assembly Anssthesiology N.Y, 23-25, . 1962.

16, Riker, W.F. and F.G. Standaert: Pharoacologic aspects of neuromuscular
transmission. Recent problems of pharmacology. Academy of Medical
Sciences of the USSR, Inittitute of Pharmacology and Chesotherapy.
vol, [1l., op. 115137, Ed, by D.A. Karkevich, Moscow, 1963,

17, Stamdaert, F.G,: Post-tatanic repetitive activity tn the cat soleus

nerve. I[ts origin, course and mechanism of generation. J. Gen. Physiol,
47: 53.80, 1962,

18.  Standaert, F.G.: The action of d-tubocurarine on the motor nerve terwtinal.
J. Pharmacol. Exp. Ther. 143:7181-166, 1964,

19. Standaert, F.G.: The mechinisms of post-tetanic potantistion in cat s0leus
and gastrocnamtus swscles. J. Gen. Phystel. 47: #7-1001, 1944,

20. Standaert, F.G. and J.E. Adams: The scttons of succinylcholing on the
sotor nerve tavminal, J. Pharmacol. Exp. Ther. 149: 113, 1945.

21. Riker, W.F., Jr. and F.G. Standasrt: The action of factlitatory drugs
and acetylchaling on neuromuscular transaisston. Amn, N.Y. Aced. Sci.
135: 163-176, 1966,

22. Standaert, F.G., 8. Levitt and J. Roberts: Antagenism of digitalis arrhythma
by pronethalol--a neural phenamenon? Nature 210: 742, 1984,

21. Raines, A, am F.G. Standaert: Pre~ and post-junctional effects of diphenyl.
in at the cat soleus neuromusculer junction. J. Pharmacol. Exp,
or, 133: 361.368, 1964.

24. Standaert, F 6. amd J. Roberts: A neursl actien of pronathalol. Amn. N.Y.
Acad. Sei. 1309: 815-820, 1947,

28, Raimes. A. and F.G. Standawrt: An effect of diphenylhydantoin on the post-
tatanic hyperpolarization of intramedullary nerve terminals. J. Pharmacol.
Exp. Ther. 158: 591-397, 1967,

26. Roberts, J., 8. Levitt and F.G. Standeert: Autonamic nervous system
control of cardtec rhythe. Mature 214: 912, 1967,
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Standaert, F.G. and W.F. Riker: The consequences of cholinergic drug
actions on motor nerve terminals, Anm. N.Y, Acad. Set, 144: §17.533,
1961, -

Raymond. L. and F.G, Standaert: The respiratory effects of carbon dioxide
in the cat. Anesthesioloqy 28: 974.9580, 1967,

Raines, A., B. Levitt and F.G. Standaert: The effect of spinal section on

ventricular rhythm disorders tnduced Dy ouabain, Arch. Int. Pharmecodyn
170: 485490, 1967, ’

Levitt, B., A, Ratnes, Y.J, Sobn, F.G. Standderz: The physiologic and

pharmacologic basis for the sleep nzi-nt tn myocardial infarction.
Lancet, Letter to the Editor, June 1S, 1948,

Usublaga, J.E. and F.G. Standaert: The effects of local anesthetics on
motor nerve terminals., J. Pharmecol. €xp. Ther, 159: 353-361, 1968.

Zager, R., L, MeCarty, F.G. Standaert: The pharmacol of 2-aztridiny}
ethanol. J. Pharmacol. Exp. Ther, 166: 205-216, |

Ratnes, A. and F.G. Standaert: The effects of anticonvulsant drugs on
nerve terminals. Eptlepsia 10: 211-227, 1969,

Lavitt., ... A '.‘mr 0. ﬂ!‘u- ard F.G. Sthlll‘t: Tha C."C‘t, of
N-1sopropyl-p-nitro-phenylsthanoimsing (INPEA) to influsnce the
course of ouabiin-induced cardiotoxicity tn the cat. SLuropsan J.
Pharmacol, 6: 217-222, 1%69.

Standaert. F,.G., 0. Lavitt, J. Roberts and A. Raines: Antagontsa of
ventricular arrhythmia induced by «u;am--a neural phenomanon.
European J. Pharmacol. §: 209-216, 1969,

Gillis, R.A,, JoMn A, Quast and F.G. Standsert: Depresston by reflexes of
the pressor and cardiotoxic responses to ouabatin. J, Pharmacol. Exp.
Mo m: m‘m. Iml

SOMI. Y.J.. Ao him. f.ﬁ- s‘m and B. L“"t! T™he .f'.et ﬂf
diphenyithiohydantoin (DPH) on digitalis-tnduced cardiac arrhythmta.
Arch, Intl. Pharmecologist 11: 244, 1969,

Lavite, 'o. A. Iliﬂlo '-J. m. F.G. Standaert and J.W. Hirshfeld: The
narveus Systam 43 & site of actien of disitalis and anttarrhytimic
drugs. Moumt Sinat J. Med. 37: 227, 1970,

Standaert, F.6. and P. Detwiler: T™he neuromuscular pharmacology of
ne-3-acetate and ne-3, -16-diacetato. J. Pharmacol, Exp.
< 1N 22320, 1970,

Standaert, F.G.: The ideal compendium: What ts 1t? (Speaking from the

standpoint of & medical educator) Orug [nformstion Bullatin &:
204-206, 1970,
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Raines, A., B. Levitt, F,G, Standaert and Y.J. Sohn: The influgnce of
sympathetic nervous activity on the antiarrhytheic efficiacy of diphenyl.
hydantoin. Europedn J. Pharmgcol. 11: 293.297, 1970,

Gillis, R.A,, J.R. MeClellan, T.S. Saver and F.G. Standaert: Depression

of cardiqc tympathetic nerve aCtivity by diphenylhydantoin. J. Pharmecc
Exp. Ther. 173: 599.610, 1971, viny sl

Gill1s, R.A,, R.A. Dionne and F.G. Standasrt: Suppression by clonidine
(ST-155) of digitalis-induced arrhythmtas. J. Pharmacol. Exp. Ther.
182: 218.228, 1972,

Gill1s, R.A., A Rafnes, Y.J. Sohn, B. Levitt and F.G. Standaert: Neurs.
excitatory effects of digitalis and their role in the developrent of
cardiac errhythmtas. J. Pharmacol. Exp. Ther. 183: 154.168, 1972,

GI1Hs, R.A., F.N, Leving, H. Thibodedux, A. Raings and F.G. Standaert:
A canparison of methyllidocaine and 1idocaine on arrhythmias pro-
duced by coronary occclustom in the doy. Circulation 47: 697.703, 197,

Standasrt, F.C,: Mechanism of action of muscle relaxants. 1973 Loctures.
Amer. Soc. Amasthesiol. 117-=1 to 117.3,

Soteropoylos, G.5. and F.G. Standasrt: Neuromuscular effects of morphine
and naloxone. J. Pharmacol. Exp. Ther. 184: 134-142, 1973,

Hoekmgn, T.8., K.L. Dretchen and F.G. Standaert: Miniature end-plate

potentials recorded from mammplisn myoneursl jynctiong 1n vivo. Science
183: 213.215%, 1974, o

GIT11s, R.A., O.£. Evans, A. Raines, 5. Levitt and F.G, Standdert: Sleer

and ventricular premature beats (Letter to the Editer) Circulation 5C:
863864, 1974,

Standaert, F.G., K.L. Oretchen, L.R,3kirbol) and ¥.H. Morgenroth, 1II:

The effects of cyclic nucleotidas on mammalian motor nerve terwingls.
Js "lmol. El.. Tbtl'- L’!: m. 1976.

Standagrt, F.G., K.L. Dretchen, L.R. Skirdoll and Y.N. Morgenrotn, (]I
The rele of cyclic nucleotides 'n neuromuscular transmission. J.
Pharmecol. Exp, Thee, 199: 853, 1976,

Oretchen, K.L., F.G, Standaert, Y.N. Morgearoth, I1! and L.N. Skirboll:
Evidence for & prejunctional role of cyclic nucleotides in neyromus.
cular transmission. Mature 264: 78-81, 1976,

Oretchen, K.L., V.M, Morgesroth, III, F.G. Standaert and L.F. walts:

Azathiopring: effects on neuramuscular transmission. Anesthesiology
45: 604809, 1976.
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Oretchen, X.L., F.G, Standaert and A. Rafnes; Effects of phanytoin on the
cyclic nuclsotide Systam in the motor nerve terminal., Epilepsia.
18(3): 337-042, 1977,

Standaert, F.G.: Interactions smong neuramuscular blecking agents and other
druqs. Refrusher Courses in Angsthesiology. Ed. S.G. Mershey; J.§,
Lippancott, Pniladelphia, Vol, §, 111-124, 1978,

skirpoll, L.R., F.G. Standaert and X.L. Oretchen: Effects of calcium on
a cyctic nucleotide systam in soleus motor narve terminals. Eur, J.
Pharmacol., 54: 295-298, 1979.

Standaert, F.G. and X.L. Dretchen: Cyclic micleotides and nauromuscutar
transmission, Fed. Proc., 3: 2183.2192, 1979,

Standaert, F.G. and K.L. Oretchen: Cyclic rucleotides in neuramuscular
transmission. Anesth. Analg., 50: 91-9%, 1981,

Standaert, F.G.: The Relsase of Tramsmitter at the Neuromuscular Jumction.
Brit. J. Anaesth., 1982, (Submitted).

Stendaert, F.G. and K.D. Booher: MNayramuscular Slocking drugs. in: CRC
Handbook on Pharmacol and Aging. Ed. R.J. Roberts; P, Goldberg, CAC
Press, ¥. Palm Beach, » (Sutmitted).
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T. Standaert, F.G.: The action of d-tudbocurarine on the motor nerve terming!
Fed. Proc, 20: 04, 1961, )

2, Standaert, F.G.: Mechanise of post-tetanic poteatiation (PTP} in cat
slow and fast muscles. Fed. Proc. 22: X9, 1963,

3. Levitt, 8., A, Ratnes, J. Robarts and F.G. Standaert; Antagonism of
f;z}ulu arrhytmia: & neural phenomenon. Fed. Proc. 26: 402,

4. Ratinas, A,, 8. Levitt and F.G, Standaert: Factors influencing gipheny!.
hydantain antagonism of ouabain-induced ventricular arrhythmia 1n the
cat. The Pharmacologist 3: 2W, 1967,

S. Levitt, 8., A. Ratnes, D. Moros and F.G. Standaert: Antagenism of ouabain-
induced ventricular tachycardia (VT) and dmath by large doses of N-1soprapy!
p-nitrophany lethanolaming (INPEA) in the cat. Fed. Proc. 210 M8, 1368,

§, Sohn, Y.J., A. Raines, F.G. Standaert and 8. Levitt: Antiarrhythmic prop-

erties of sodium 5,5-diphanyi-Z-thiohydantoin (DPTH}. The Pharmacotogist
10: 221, 1968,

T. Gil19s, R.A. and F,G. Stamdaert: Effect of carotid simus and vagal nerve

section on somg cardicvascular riponses induced By ocuabain, The Pharms-
cologist 10: 220, 1944.

8. Oatwiler, P, and F.G. Standaert: The action of germine momoecetate (GMA)
on cat soleus suscles and narves. Fed. Proc. 28: 899, 1969.

9. Gll19s, R.A., 8. Lavitt, A. Ratnes, T.J. Sobn and F.G. Standaert:. Effect

of ousbain on sympathetic, vigus and Dhrenic narve activity, The
Pharmacologist 11: 244, 1969,

10, G1114s, R.A., J. R. MeClallam, T.S. Sauer and F. G. Standamrt: Effect of

dipheny | Rydantein on spontansous sympathetic nerve activity, Pharmscolo-
gist 12: X4, 1970,

11, 8i1lis, R.A., F.N. Levina, H. Thibodaaux. A. Raines and F.G. Standaert:
Effect of mathyllidocaine on arrhythmias produced by coronary occlusion
in the dog. Proc. Fifth [nternational Congress on Pharmacology, 1972,

12, Hoskmen, T.8., K.L. Dretchen and F.G. Standesrt: 1n vive intracellular
recording of miniature endplate potentidls fram Che cat soleus muscle.
Fed. Proc. 32: 71, 1973

1%  Standaert, F.G., V. M. Morgenroth, [II, L.R. Skirbol! and K.L. Dretchen:

Cyclic mucleotides and neuramuscular transmission: srejunctionsl effects
of cyclic nucleotides. Pharmacologist 18: 193, 1976,
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Morgenroth [1l, V.M., L.R. SKirboll, K.L. Oretchen and F.u, Standaert:
Cyelic nucleotices and neuromuscular transmission: gprejunctional ef fects
claf resganty that affect Cyclic nucieotide systems, Pharmacologist 18;
93, 1976, - -

Skirpoll, L.R., Kib. Oretechen, F.G. Standaert and Y.H. Morgenrotn, (11:
Cyelic nucleotides and neuromuscular transmission: prejunctional
affects of antagonists of calcium flux. Pharmacologise 13: 193, 1976,

Oretcnen, K.L., F.G. Standaert, V.M. Morgonroth, 1Ll and L.R. Skirdoil:
Cyclic nuclentides and nguramuscular transmission: prejunctions! effects
?; p?;;“f;%'m: innibition of phosphodiesterase? Pharmacologist

Skirdoll, L.R., L. Batzer, M. ladarola, F.G. Stancaert, V.M. Morgearoth, 11
and K,L. Dretchen: The effects of calcium, magnesium, lanthanum tetra-
ethylamonium and aminopyridines on the cyclic nuclesotide system in the
motor nerve terminal. Fed. Proc. 36: 976, 1976.

Standagrt, F.G.: Structure, function and pharmacology of motor nerve
terminals. [n Amarican Society of Anesthesiology: Workshop on neurs-
myscular %netim--a comprehansive review. £d. J. Savaress; Boston,
March, 1977,

Curley, W.N,, K.A. Scappaticct, N. McGee. K.L. Dretchen, and F.G. Standaert:
g;;hc I’J’O phosphodissterase from cat sciatic nerve. Fed. Proc. M:
« 1979%

Orstchen, K.L., R.A. Howard, F.G. Standaert and C.5. Rabe: Differential
effects of acetylcholing and egrophonium on mOtor narve endings.
Soc. Meurosci. Abst, §: 479, 1979,

Curley, W.H., K.L. Oretchen and F.G. Standasrt: Inhidition by Pnysastigmine
of Neural cAMP Phosphodiesterase. Fed. Prec. 3: 410, 1980,

Stangaert, F.G.: Keuramuscular Transmission - What 1s a cholinergic
recoptor? Lectures Ampr. 50C. Angsthesia, 1331 to 133-4, 19

Day, N.S.. Dratchen, K.L. snd Standaert, F.G.: Comparison of Norcuron
and Pancuronium on Neuramuscular Transmission. Fed. Proc, 141: 280,
1981,

Oretchon, K.L. and Standsert, F.G.: Cyclic mucleotides and antimyasthenic
arugs. N.V. Acad. 3¢i. (In Preas)
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Agjunet Professor, Department of Alliea
Health Scisncas, Kent State University
1979-present

Qutstandaing Tesching Awarc 1973-197& west
virginis University

Co-Chalrman, Endocrine Pharmacology, American
Saciety for PharmecoloQy amd Experimental
Therspeytics (University of Montreel,
1974}

Co-Chairman, EndocCrinag Pharmecology, American
Society for Phermecology end Experimental
Tretepeutics (University of California,
197%)}

U.S. Environmental Protection Agency - Certi-.
ficate of Scientific Service, 1977

McLeughlin Awarde - Outstanding Tesching
Award, wWest virginis University School of
Mgaicine, (Shared Awerd), 1977

National Acedesy of 3clence Trevel Awero,

XI1 Internaticnsl Cancer Congress, Buenocs
Alras, Argentina, 1978

Co-Orgenizer, Epioemiology of Toxicoiogy,
ASPET/SQT Joint Mesting, (University of
Texas, 1978)

Maurice 0. Craff Distinguished Alumni aAwsrso
{university of wisconsin-iLa Crosse), 1978

Co-Orgenizer, N.1.E.H.S. - sponsored Targqet
Orgen Toxiclity: The €ndccrines Symposium,
weast virginia uUniversity, 1980

Qeganizer, ASPET/SOT . Sponsored Symeosium.

"iAngvating mocels in Teratogenicicy”
(University of Loulsville), 1982
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!itnﬂ CH
NMTMENTS | Research AssOciate, State University aof lowa,

1998-1999
Visiting Senior Scientlst . Travenol Laboratories,
Chicago, Illlncis - 1982

EACHING ASSISTANTSHIPS AND ACADEMIC APPQINTMENTS:
teChing Assistant, Uspertment of Physiclogy,
School of Megicine, State Unjiversity of
lo-t- 1960
Insteryctor, Department of Physiology, School
of meaicine, State University of [owa,l196!
Asgsistant prafessor, Oepertment of Phgrmg-
cology, University of virginie Scnool of
MgaicCineg, 1941-19¢a .
AssoCiste Professor, Cepartment of Physio-
logy-Phazrmgcology, Creighton uUniversity, School
of Megicine, 1964-1967
Agsociete Professor, Dspartment of Pharmecclogy. west
virginia university School of Mgoicine, 1967.194%
visiting Professor ana Acting Cheirmen, Department of
Pharmgcology, Pahlavi University School of
mMgoicine, Shiraz, Iranm, 1970
Professor, Oepartment Of PharmacoloQy and Toxicalogy,
west virqginis University Scnool of Meoicine,
1970-present

ADMINISTRATIVE T1ES:

university School of Meoicine, 197%-.present
Agssistant Oeen of Administration, west Virginia
University Schoaol of Meaicine, 1973.197%
Amgricen Asociastion of Medical Colleges Execytive
Osvelopment Seajinar Program, L276,(M.1.7. Sloan
Sthool of Menageasnt)
Fiacal Officer, west virginis University School of
nnﬁtctn., 1973.present
Promotion andg Tenure, West virginia
university School of Medicine,1973-present
Chiesf Grants ang Contracta Officer, west
University School of Megicine,1973-present
Affirestive Action Lisigon, weat virginis
University School of Medicine,l973-present
Academic Rgview, West virglinias University
School of Medicine, 1975-present
Sloasdicsl Resss:ch Grant Support Officer,
weat virginia University School of Meoi-
cine, 1973-present
Fecilities and Scheduling, West virginia
University School of Mgoicing 1973-present
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AESEARCH ACTIVITIES ANO [NTERESTS:
Co-Investigator, National Cancer Institute,

(Prostate Cancer) 1970-present
Endocrine Pharmacology/PRysicics,

Aeprocuctive System Toxjcity
Orug-Hormone Interactions
Heavy Metgl Toxicity (Iinc Metgboljsm)
Pesticioe Toxlcity
Conacal Toxicants
Anti-anqgroqenic Agants
Phthalate Acia Esters

ORGANIZATIONS: American Soclaty for Pmarmacology arc Esceri-
- mental Therapeutics

Endoerine Socliaty

Society of Toxicology

wastern Pharmacalogy Soclety

Sigms x|

American Secmogl wealth Associstion, electec
Fellow, 1971

National Soclety for Mealcal Regsearch

wast virginis Associstion of Acacemic Oeens

Association of American Medical Collegey-
represantative

PRESENT COMMITTEES:
Executive Faculty Committes. 1973
Mgdicel School Promotions Commjittes - 1973 .
} ¢

4
Mgd ca! !énool Agmigssions Committee - 1973 .

| € ff
0u£¥3£ng éo.a&ttnn for Sasic Sclences -
Chairsan, 1973 -

Medical Cantar Planning Committee -
Cheirman, 1972 -

Educational Program Committes, 1973 .

Learning Assources Comaittee, |97a .

Sanior Sanauet Coaamittas, 1974 -

Asseciatian of Americen-medical ColleQes -
Plamning Coordinstor, 1973 .

Feculty Council - Sehool of Dentistry - 1974 -

Hoete;% Student Financial Aias Comeittes -

’ -

Amgrican Society for Pharmacology and Experi-
aental Therspeutices - Committes on Envi-
ronaental Pnarescology, 1973 -

Computer uaers Committee 1979 -

Medical School-Woapitsl Lisison to Stycent
Sody Committes, 1970 -

Oissertation Committeea, 1968 -

Pnsf;ggctorll Training Grant (Encocrinology!

NSF Committes to Stimulate Competitiva Re-
searcn in west virginla, Chelrman, 1978 .

u.viu. mggical Canter Biohazaros Committee, C~3.:"3"

M0 -

MONS 222183



SELECTED LIST OF

PAST aNQ PRESENT CONSULTANTSHIPS ANO AQVISORY AQLES:

H.E.w. - “ealth Manpower Qranch

Environmental Protection Agency

National Cancer [nstityute Committae on
Carcinogenaesis

University Park Press, Baltimore, Marylaneg

Mason Research [rstitute, worchester, Mass.

ASHA-PMA _ecturer on Orug Abuse

Encyclopecia Sritannica

A0 woc Raviswer - Journal of Animal Sclence

faitorial Board - Journal of Toxicolegy anro
Appliag Pharmecology 1973-1981

Clinlcal Pharmacology - Texas Allergy Re-
search Founcation

Baxtar-Travenol Laporstories - Chicago, [llinajs

world mealtm Organization - Marcotic Division

Ad Hoc Revigwer - Scisnce

§§ Ho¢ Reviewer - American ). Scnool wealth

d Hoc Reviewer - American J. Physiology

Zg HoC Reviewer - Journal of Natlonal Cancer
nstitute

Clement Associates, Inc. Scientiflc Regu-
latory Consultants, weshington, 0.C.

€ditorial Board, Technomic Publishing Com-
peny (Heslth Science Division) westport,CT

National Institute Arthritis, Matabolic, and
Digastive Oiseseses

Unjion Carbide Corporetion, South Cnarleston, w.vy.

American Puplic Weelth Associetion

Jroan & Schwarzenderqg Medical Putlisners,
Seltimora, Maryland

Natlonal Sciancs foundation-Ragulatory 8io-
logy Progrem

fditoriel Board, ). Toxicology and Environmental

Haglth

Editoriel BSosrd, Pearspactives in Toxicology
Reven Preas, New YOrk, New York

Profassionsl Consultants in Dccupational
Heelth, Inc.,wesnington, 0.C.

Ag Hog Reviaver - Proceedings Soclety Experi-
sental Biology end Medicine

a& ggg Reviaver - Andrology
tionel Toxicology Progrem (NTP) Boerd of
Scientific Counsalors
Exxon Corporstion, Newerk, N.J.
Syntex Reasasrch (Division of Syntax([USA], Inc.),
Peslo Aito, Cslifornie

Ag !gi Reviswer - Netionsl Prostatic Cancer
toject
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SELECTED LIST OF PAST COMMITTEES AnD QFFICES (CHRONOLGG:CAL) -

Fresigent . virg 3 Acacamy 0O ciences,
Mgcical Sclences, 196a

Secretary - virginia Acacemy of Sciences,
megical Sciences, 1962.1963

Research Fellowsnip Committee, university of
virginls, 1L962-1964

Secretary-Treasurer, Society of Slgma x[.
Creignton university, 1965-19§?

Secretary, Soclety of Sigma xI - awggt
virginia university 1969

Curriculum Committee, west virginia unpver.
sity Scnool of meaicine, 1967-1949

Faculty Senate (WvU), 1969-1974; 1973-197¢

Feculty Senetes Committee (WVu) On mgmper-
shic eng Constituencies, 1970-1%71

mgoical School Promations Committes (wvy),
1969-1973; Chalrman 1970-1973

tegical School Admissions Committee {wvy),
1969-1973; viee Chalrman 1970.1973

Pre.Mgcicel Advlisory Group (wvU), 1970-197%

Besic Sclence Aoministrator for west virginia
Unfversity Comprenensive Cancer Centar

Olrector of Craduste Stucies in Phermacology
(wvU) 1267-1973

President’'s (mest virginis university) Task
Force Committes on North Central Accreoi-
tetion, 1972-197s

President's Ad MoC Council for west virginta
University Resesrch gna GCracuate
gducstion, 1972197

Co=-Director, USPHS Treining Grant in Pharma-
cology, l967-1973

medicel Canter tong Mange Plenning Committee
(WvuU), 1968-1974

Amaricen Scheol Mesltn Assocletion Committee
on Oruq Abuse, 1970.1973

Faculty Promotions end Tenure Committee (wvy
Schnool of PhermgcCy) 1972-1974

Crlgu.tc Faculty, Kent Statas university,
79

foerd of Exgminers, Universlty of Madras,
Inais

8oard of Examiners, University of Ottews,
Cenads

Seerch Committee for University Comptroller
(wvU) Chaicrmen, 1978

Reseerch Strategy Cosmittes {(wvU), Chairman,
1977-1978

By-Lews Committes, west Vvirginis universlty
Schoal of Mgalicine, 1978
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Selected L1yt of Pgst Committees and Offices (Chronclogicall:

aculty o epgroouctive Physiology, Institute
of Blologicel Sciences, west virginia
University 1967
Reclstion ang [sotope Committee, 1948
Cancer Fallowsnip ano Resesatcn Committee,
1958
Faculty Promations and Tenuze Committes -
Oscertment of Phgrmecology, 1970-1978
Inter-Oisciplinery Agvisory Committes -
Mester's Praogresm in wNursing, 1972-197a
University Enerzgy Committes, 1977.1979
Exacutlve Committee of the Cerontology Center
1978.1980
Thesis Committees, 1968
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BUBLICATION
tages/

Clucose Tolerance in Rmeymatoid Acrtnritls, J.A. Thomas, ang w.0.Pay],
Clinical Chemistry &: 336, 1956 (Abstract).

Effect cf 24350 Megacycle Microweves in 0ogs, Rats ana Latvae of Commgr

Fruit Fly, G.0. Seerle et.al., Biol. Effects of Microwave Raclation !.
187, 1961. a

Caroonydrate Merabollse in Satients with ARhgumatoid Artmnritis as

Oetarmineo oy Orsl and Iv Glucose Tolerance. J.A. Thomas, WM. A, Tres:s,
State university of Iowa, 19%8.

Effect of microweve Irradiation on Spermatogenesis ano Accessory Sex
Organs in the Mels Albino Ret. J.A. Tromes, Ooctoral Olssertation. 5tata
University of Iowe, 196]1. Dissertation Aostracts 23: 107, 1961 (Abstracs).

The Effects of Microweve [rrecistlion on Spermetogenssis and Accesory Sax
Orgens in the Mele AlDino Met, J.A. Thomes, eno J).0. Thompson, Fegera::an
Procesalings 20: 401, 1961 {(Apstrect).

Alterations In Glucsgon Response Lln Alloxen Dispetic Orchicectomized Ratg
by l7-sthyl.l%-.nortestosterone end £stradiol fGenzoete. J.A, Thomes.
Fecaration Proceedings 2]: 199, 1962 (Adstract).

fffect of L7-ethyl-19-nortestosterons on 8lood Glucose in the Afloxsn

Dispetic Rat. J.A. Thomas, virginie Journsl of Sclience }3: 293, 1942
(Abatrect).

mogificetion of Glucagon-Induced wyperglycemis Dy Yerlous Steroidal
Agents, J.A. Thomas, Metsbolism ]2: 207, 1943.

The Influencs of 19-nortestosterons Derivatives on Glycogen ang
Phosphorylese Activity in momogenstes of Mouse Hepatic Tissue. ). A.Themas
end J.Lomex, Federstion Proceedings 22: 331, 1963 (Adbstrect).

The E£ffect of Savers]l Steroigal Agents on Liver Phogphorylese Activity.
J.A. Thosas, virginis Journal of 3ciencs, 14: 331, 1943 (Adstract).

Norethendrolone-induced Changes In Hepatic Phosphorylase Activity. J.&.
thomas, “atabolism J3: &3, 196a.

ffrect of Teatssterene Anelogues on Sex Accessory Glend Fructose Levels
in the Orchidectomized Movse. ).A.Thesas, Federation Proceedings 2J: -.:I.
1964 (Abatraet).

Action of Nerethendrolone or Testosterons on Moyse Sex Accessory 0rgan
fructose Levels. A.). Strasuss and J.A. Thomes, virginia Journal of
Science 13: 345, 1964 (abstrect).

The Action of Androgenic Steroida on Some Aspects of Accessory Sex (iz:z-
Metapolism. J.A. Thomas, Virginie Journal of Science }3: 346, 1964
(Apstract).

Structural Modificetions of the Testosterone Molecule smo Its Influa-ce
on Fructose Secretion in Sex Accessory Orgens of Repfoouction in the
Cestrete Mouee. J.A. Thomea, The Pharsacologist §: 169, 1964 (Abstrac:

MONS 222187



ypllications {cont.):

i@ Effect of Steroids on Mguse S5€x Accessory Fructose Levels. J.A.
soess ang 4.J). Strauss, Acta Endocrinologica ({goenhagen) s8: 619, 1959,

:pGoganous Histamine Ln Mele Qrgans of Reproduction. T.A. Assaykesn amg
1-A. Thomas, EncocrinoloQy 76: 839, l9ss.

:ffect of Simultanecusly Injected Tsstosterone ano Testosterone Aanalogues
in Sex Accesscry Jtqgan Fructose. J.A. Themas, Federation Proceedings 24:
338, 1965 (Abstract}. 2

e Antagonistic Action of Estrogens on the Testosterons Oependgent
process of Sex Accessory UrgQan Fructose Formetion. J.A. Thomas, The
Prermacologist 7: 1a9, 1963 (Abatrect).

Fructose Levels in Sex Accessory Orgens of Mstyre Goloen Hsmstcers. J.4.
thomes anc A.v. Anorews, Endocrinology 77: lla?, 19453,

antsgonistic Actlon of Narethynoorel on the Testosterone Oependent
Process of Fryctose Formetion in Mouse 5Sex Accessory Orgens. J).A. Thomas
snd €.7. knycn,Jr., Acta Encocrinologica (Copennsqen) 3l: 244, 1966

the 4o vivg and gn viteg Incorporetion of 32p in mguse Prostate Clancs.
%.T. Knyc?, Jr., sn . Thosas, Federetion Proceedings 23: 3la, 1966
Abstrect).

Innipitory Effects of Estrogens on the Testosterone-Dependent Process of
Sex Accessory Fructose Secretion. J.A. Thomes and E.T. Knych, Jr.,
gngocrinalogy 78: 1084, 1966,

Some Actions of Raserpine on Sex Accessory Orgen Fructose Secretion. J.4.
Thomes, The Phermecologist §: 201, 1946 (Abstrect).

Furthner Studies on the Influence of fstrogens on Androgsn Oependent
Fructose Formstion in Sex Accessory COrgans. J.A, Thomes #nd E.T. Kynch
Jr., Acte Endocrinologica (Copennegen) 33: 433, 1966.

Effects of Cyclonsximide on Salivery Gland Protein Metedolism. J.A.
Thomes snd m.F. Will, Anstomical Record 137: 391, 1967 (Abstrect).

Action of Cycloheximide on Prostate Glandg Fructose. J.A. Thomgs,
Fedsrstion Procaedings 26: 646, 1967 (Abstrect).

Effect of Agserpine on Prostate Gland Fryuctose. J.A. Thomas, N.Y. Andrews
eng M.F. Will, Acts Endocrinelogics (Copennagen) 33: 399, 1967.

Effect of Sallvarisdenectomy Upon GCongdal Activity in mele Reta. J.A.
Thomes end M.F. Will, Archives on Orsl Biology 12: ?21, 1967.

Action of Cycloheximide on the Submaxillery Glands in Normel and Castrate

Tico. M.F, Hill end ),A. Thomss, Europeen Journel of Phermecology l: &34,
967.
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Publizations (comt.::

Some Aspects of Prostata Clano Metatolism Following tne Admimistratiza o
Cyclohaximige. ).A. Thomes, The Pharmecologist 9: 232. 1967 (Abstract;.

Effect of Cycloneximide on Mouse Sex Accessory Crgsns. J).A. Thomgs,
Europesn Journal Pharmscology 2: 127, 1967.

€ffect of Exogencus DOgemine on Rat Adrensl Aacordic Acid. a4.8. King ang

J,A.lrhomls. Jourral of Phsrmecology ang Experimental Therapeutics [59:
18, l9es. 22

Sex Accessory Fructose: An Evaluation af Blochemical Technligues. 1.a.
Thomss, M, Mawhinney and w. mgson, Procesoings Society of Experimental
8lology and mMedicine 27: 930,19¢8.

Relstionship of Msle Sex HOrmone to Phosphoryleted SN NONCROSOMOCylatas

Fructose. J.A. Thomes snd ™.G. Mewhlnney, Federetion Procaeoings 27:
624, 1948 (ADstrect).

Action of Testosterone Anglogues on Prostete Glend Phosohorylstec ang
NON-phQspROrylstead Fructose. M.C. mewhinney ene J.A. Thomes, The
Prharsacologlst 1O: 224, 1968 (aDstrect).

Effect of Testosterone end Estrogen on the Activity of Alkaline and Aesig
Phosphatese in Mouse Sex Accessory Organs. €£.T. Xnyewh, Jr., and J.A.
Thomssa, The Phermacologist 1O: 224, 1968 (Abstrect).

chenges in Submenillary GClend Protein end Nucleic Acids Following
fethienine Adeainistration. J.A. Thomas, . Megon end MN.G. Mewhinney,
Journal of Dental Resesrch a3: 192, 1969.

Hormonel Reguletion of Free Fructose end Fructose Phogdphete faters in
Prostate Glands of Nice. J).A. Thosas, M. Mawhinnay, G. Wenger end E.T.
Knych, Jr., Federation Procesoings Zf: 774, 1969 (Apstrect).

Effect of @ Single Injection of Testosterone and/ot Ethinyl Estrsdiol
upon mause Proeteta Cland Fructoss Levels. J.A. Thomas, M. Mewhinngy ano
€.T. knych, Jr., Acts Endocrinologics (Copenhagan) ¢2: 319, 1969.

Action of Synthetiec Sterolds on the Uptake of Teetosterone-l,2-w3 By
mouas Prostets Glends. J.A.Thomae, £.7. Knych, Jr., end M. 0. Megwhinney.
Iv Internstionsl Pharmecology Congress Proceeding (fesel, Switzarlang) 2.
3ve, L969 (Apetrect).

Factors Affuettng.thc Uptske and Subcellular Oistribution of Realoective
Tastostarone in Sex Accesaory Organe of Mice. £.T7. Knyen, Jr., J.A,
Thosae eng C. Saith, The Pharsacoiogist 1l: 252, 1969 (Abstrect).

Effect of l9-nezetaroids on the Uptake of Tritieted Testoaterone by
Prostate ?llnﬂl of mice. J.A, Thomss, The Pnarmacologist 1l: 232, 1969
(Abatrest).,

€ffect of Reserpine end Cyeloheximide on Hexoss Leévela of Mouse 8raln.
G.R. wenger, J.A. Thomse end T.), Lee, The Pharsacologist ll: 290, 1969
(Abstrsct).

Effect of Regerpine on the Upteks of Teatosterone=1,2-w} by Mouse

Prostete Gland. J.A. Thomgs, E.T. Knych, Jr., M.,G. Mewninney, Europsan
Journal of Pharescology §: Y61, 1969.

MONS 222189



li

>yBL [GATIONS (cont.):

iypcellular Olstributlon of Raoloactivity i{n the Prostate Gland Fallowing
¢t Single Injection of Testosterone-i,2-wd. J.a. Thomes, C.C. Smitn,
+.6, Mawninney and E.T. Knych, Jr., Acta Endocrinologice §3: 309, 1970.

ictlon of various 19-norsterolds on the Uptake of Racdioective
festosterone by Sex Accessory Qrgans of the Mouse. J.A. Thomss, E.T.
nych, Jr., ™.GC. “awninney and S.A. Smith, Europeen Journsl af
snarmacology 9: 233, 1970.

ielatiansnip of Fructose and Fructose Phosphate Esters in Accessory Sex
irgans of the Mouse. M.C. Mawhinney, E.T. Xnyen, Jr., and J.A. Tromas,
Journsl of Encocrinology (Britain) ag: %a3, 1970.

uptake of Z-deoxyglucose-Cl® (2dG) or 3-D-methyl-glucose-Clé (3ag) by
Guines Plg Seminal vesicles {n vitro. .G, Mgwninnay, J.A. Thomas and
E.T. Knycn, Jr., Fedetatlion Proceedings 29: 782, 1970 (Abstract).

uptake of Clé.2.ceoxyglucose and Clé.3.p.metnyl-glucose by the Rat
vantral Prostate in vitro. M.G. Mgwninney, J).F. Lee, C.G. Saitn, andg
J.A. Tnomss, The Phatmscologlist 12: 2al, 1970 (Abstract).

Enzymatic Measurement of Prostats Gland Fructose. J.A Thomas, M.G.

Mswhinney ang G.R. wenger, Journs] Reoroduction snd Fertility 2]: 22,
1970.

Assimiletion of Non-utilizable Glucoses by Sax Accessory Orgens in
;L;;g. ¥.GC. Mgwhinney, O0.F, Mile® and ).A. Thomss, Federation
Toceedings 3Q: J&6, 1971 (Abstract).

Uptake of Non.utilizeble Sugsrs by Guines Pig Sesinal vesicles in vitro.
M.C. Mgwhinney snd J.A. Thomas, Journsl Pharmacology snd Experimentsl
Therapeutics 177: 44?7, 1971.

The Abuae of Medicinal Products. J.A. Thomes end G.N. Knotts, Amsrican
Joutnsl of School Heslth 4l: 235, 1971,

How do Orsl Contreceptives werk? M.G. mawhinney, J.A. Thomes and G.A,
xnotts, Americen Journel School Heelth al: 501, 1971.

uptaks of Tritium=Lebeled Testosterons by Rat Femur: Effect of Disuse ano
Age. M. A, Grant, J.A. Lindssy snd J.A. Thomas, Csnsdisn Journsl of
Physiology and Pharmecology &p: 717, l971.

Formgtion of Radiosctive Cyclic 3', 5* Adencsine Monophosphate (C-AMP)
From M7-Adenocsine by Mouss Prostats Glands }in visio. carol G. Saith,
g.l. rno.:u snd ®.G. Mawninnay, The Pnarsacologlst }3: 207, 1971
Abstract).

Oistribution of Men-utilizsble Mexoses snd Asino Acids in Evertsd Seminal
vesicel Sec of the Guines P19, M.G. Masninney, J.A. Thosas and C.C.
Saith, The Pharmacologist 13: 308, 1971 (Adstrsct).

Effect of Estrogen_Pre-trestaent on the Uptske snd Biotrsnsformatlion of
Testosterone«l,2-H3 Dy Mouse Prostaste Glanas. J.A. Thomas, M.T. Saith,
%.c. Snxt? snd M.G. Mgwhinney, The Pharsscologist 1): 286, 1971
Abgtrace),
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Pyplications(cant.):

The Action of Testosterons on tne Assimilatlon of Nen-utilizaole Suga
By the Prostate. J.A. Thomas, M.G. Haehinney, T.J., Lee ang C.C. Smit.-."
Journal of Aharagcology and Experimentgl Therapeutics [79: 499, 1971,

Pesticides and the Environasent. 0. Tayler, J. Stevens ang J.A. Thomgy
American Journal of Scnogl Health 42: 82, 1972, ’

Localizatlon of QQT-#3 {n Male Reproductive Organs and [ts Actlans .con
anorggenlc Function. WM. T. Smitn, J.A, Thomas, C.C. Smith. WM.G. MEwh inme

ang J.J. mcPnlllips. Society of Toxicology, lith Annual weet ’
1972, . 101 (Abstract). 9 1 Meeting, maren

Action of Qleldrin on the Uptake of Testosterone-l,2-M) by Prostate
Glanos of tne male Mouse. J.A. Thomes, M.T. Smith, M.G. Mewhinney anc
3.3, McPnillips, Seciety of Texicelogy, llth Annyal Meeting, Mercm 1972
B. 103 (Apstract), '

Effect of Testostercne ar Dihydrotestosterons on_the In vitro Synthesis
of Labellec Cycllic Adenosine Nucleotice (C-AMP.H)) by SeX ACcCeesory
Organs of Reproouction. C.G. Saith, J.A. Thomes, M.C. Mewhinney ano J.«,
Lloyg, Federation Proceedings 3l: 395, 1972 (Abstract).

€ffect of Testosterone on Cyclic Adenosine Monaphosaonate.m)
{c-AMP.H]) and Adenyl Cyclase Activity In Rat Seminal Vesicles. Rm.L.
Singral, J.A. Thomes M.R. Parulskar ano G.M%. Ling. v Internatione!l
Congress of Phareacology, . 213, July 1972 (Abetract).

Aseimiletion of Adenoeine-H3 end Ite Conversion to Cycllc Adsnosins
Nucleotice (c-AMP.W/) by Normal or Hyperplaetic Proetates of Oogs in
v;E;g. .G, Mgeninney, C.G. Saith, J.A, Thomas and 0.F. wilam, Iv
nternationgl Congrass of Endocrinelogy, p. 378, June 1972 (Abstract}.

Chotoctsristtcl'of Hexoae Uptake by the Prostate Cland, M.G. mMawnhinmey,
J.A. Thomes, C.G., Salth end O,F. Milas, Inveetigetive Urology 2: 439,
1972. -

Failure of =gdrenergic Blocking Agents to Alter Estrogenic Inouction
of uterine Eniysas. R.L. Singnal, J.A, Thomas, and M.R. Peryleker, Lifs
Sclences 11: 233, 1972,

Reletionenip of Pituitary Hormones end Androgens on Proetate Clang
Wetabolise. J.A. Thomas, M.G. Mewhinney and J.¥W. Lloyd, Proceedings (st
Annual Carcinogenesia 3Symgoeius, p. 41, Octaber l-4, 1972 (Abstract).

€ffects of DOT on Radiocactive Upteke fros Testosterone=1,2-M3 by Mouse
Prostate Clands. M.T, Saith, J.A. Thomse, C.GC. Saith, M. C. Mewninney i-2
J.w. Lloyd, Tenicelegy ond Applied PhersascoloQy 23: 139, 1972.

Currant Assesamgnt of Merijusna., J.A. Thomes, M.T. Saitn and G.R. xrct s,
Aserican Journal of Scheol Wealth 42: 382, 1972,

Uterine c.AMP-w3 after Eetrsdiol snd/or Propranalel. J.A. Thomes, &.
Czap ana R.L. Singhel, HOT®ONnes and Metanolic Reesercn a: 313, 1972.

Adenosine uptaks and Metavolies of Cyclic 3', 5'-Adenosine Monophosc-i'?

by Noreal end Wyperplastic Dog Proatats Glands. M.G. Mewhinney, C.G.
Saitn, J.A. Thomse and 0.F. Milem, Investigative Uralogy 1Q: 243, 19°-
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.gllcltions {cont.):

tosterone: Stimulation of Adenyl Cyclase and c-aMP.~) Formation in
!: Semingl veslicles. J.A, Thomas ano A.L. Singnal. Blochemicasl
armecology 22: 307, 1973,
e Formation ano Olstribution of Cycllc 3* , S'.adenosine Mondghosohate
the Everted Gulines Pig Seminel vesicle Sec. C.C. Smitn, u.C.
;ginn.,, R.L. Singnal, ang J.A. Thdmas. Investigative Utology 1Q: 278,

0 Ci8 Insulln in Everteo Seminel vesicle Sacs. M.E. mewninney. J.4.

lstr{Uutlon of clé.alprg-aminobutyric acig, Clé 3og-mathylglucose
omes, C.C. Smith ang O.F. Milam. Investigatlive Urclogy |Q: 282. i97).

wninngy, F.L. Schwertz, J.A. Thomes, L.S. Oliver, €. Zapo and J.w.

tabolic Cheracteristics of Hyperplastic Oog Prostata Glands. ™.G.
oyd. Proceedings Annugl American Urology Associstion, 197) (Abstract).

A. Thomas, M.C. Mgwhinney anc C.R. Knotts. Clinical Pediatrics 12: 17,

ED!!IHC.S with Abyuse Potential at the Elemantery and Wign School Level.
73.

ensl ang Congaal Activity of Mele Rets. C.M, Ling, J.A. Thomas, 0.2,
er ena R.L. Singhal. International Journal of Clinicel Prarmecology 7:
1973, -

igocta of chronically Administered Oi;tll-tttrlhydtocnnncblnol on

tions of the HerQicide 2,4,35-T on the Uptake and 8iotransformetion of
stosterone=-1,2-H* Dy the Mouse Prostats Gleng. J.W. Lloyd, J.A.
0sss and M.G. Mswhinney. Archives of Environmentsl Health 2¢: 217, 1973.

fect of P:ollctin on the ig vitrc Accumulation of Tritieted
stosterone (T-H’) Dy tna Prostate Clend. J.W. Lloyd, J.A. Thomes,
pL. Keensn and 8. Arestesh, Federation Procesdings J2: 298,i973
Aostract).
e Innibitory Actions of Morphnine on Sex Accessory Cland Metabollsm,
I.A, Thomes, M.G. Mgehinnay and J.,A. Lloyd. Proc. Soclety of Toxicology,
2th Annual “eeting, o. 29, 1973 (Abstract).

Rae Actions of Organochloride Pesticloes on Sex Accessory Orgens of
production. J.A. Thosse snd J.W. Lloyd, *; PESTICIDES AmD TWE

NVIRONMENT: A CONTINUING CONTROVERSY, p. , Symposium Specilallst, publ,
rth Miami, Florica, 1973.

fects of 2,4,5-T_end Other OrQanochlorides on tha Metadolism of
stostercne~1,2-HJ3 by Mele ana of Repreduction. J.w. Lloyo, J.A.
mes, M.C. Mawhinney, snd C.S. Dieringer, Scciety of Toxicology., l2th
uel Weeting, 0. 5, 1973 (Abatract).

rogen Metabelise by the Epithelium or Wuscle Layers of the Guines Plig
ainel vasicles. F.L. Schwaertz, J.A. Thomasg, J.¥. LlQyd and M.G,
whinney. The Pharsscologiet 13: 237, 1973 (Abetract).

e Effect of Testoaterons on the Concentration ATP in Acceseory S5ex

gens of the Gulnea Pig sna Rat. M.G. Mawhinney, L.G. Oliver, J.A.

u:l. cSJ. Maslanga and J).¥. Lloyd. The Pharsscologist }3: 234, 1273
stract). .
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PUBLICATIONS (centlnued):

Dirfferential l,sponso of Elther Qovine or Ovime Prolactin on
Testosterone-n’ Metadollsm in verious Lobes of the Ret Prostate Clang
€.4. Zepp, J.A. Thomag, ™.G. mMawninney end J.N. Lloyd. The :
Prarmacologlst 13: 2%6, 1973 (Abstract).

Effect of Bovine Prolactin on Androgen Accumylation By the Mouse Prastaty
Clano. £.J. <esenan, J.A. Thomas, ».G. Mawninney and J.w. LlOyC. The
Prarmacologist 13: 256, 1973 (Apstract).

Influence of Carbaryl on Androgen Metabolism in tne Prostats Glano amg
Liver. C.S. Oleringer, J.A. Thomas. end R.E. Stitzei. The
2narmecologist 13: 226, 1973 (Apstract).

Olstrilbutlon of Radlosctivity ln ™ele Reproductive Organs After the
Aoministration of Elther Carbaryl-Cl® or 00T.wl. J.A. Thomgs, L.G.
Scrnein, ang C.S. Olerlnger. The Pharmacologlst 13: 227, 1973 (Apstrac:).

Factors Affectlng Cycllc Adenoslns Monoprosonate (c-AMP) Levels ln the
Prostrate Glands of the Rodent. J.W. Lloyd, J.A. Thomas. and ™.§,
Mgwhinney. The Pharmscologlst 13: 231, 1973 (Abstract).

Androgens and Cyclic-AWP ln the Gulnes Ptd‘SontnlL vesicle. C.GC. Smitn,
J.A, rno-’s and M.C. Mamhinney. Tha Phermacolaogist [3:231,. 1973
(Apstract).

Actions of worphine on Male Sex Accessory Organs of Reproduction. J.T.
Osadrosky, J.A. Thomas, J.W. Lloyd and ».G. Mewhinney. Life Sciences lJ:
196, 1973.

A Qifference in th! ég vie Accumulation and Mgtgbolism of
Testogtercne~l,2-H? By the Rat Prostate Glang Follewing Incubatlon «ltn
Qvine or Bovine Prolactin., J.w. Lloyd, J.A. Thosas ang M.G, Mgwnlnney.
sterolas 22: 473, l¥7Ty.

Hexose end Aaing Acld Assimilation by the Epithelium and Muscle of the
Cuinea PiQ Seminsl vaaicle. M.C, Mgshinney, J.T. Domdrosky, C.G. Saitm,
J.A, Thomas, J.W. Lloyd. Journal Phersscology and Experlaental
Therspeutics 1§7: A30, 1273,

Actlons of Olaldrin on the Accumulatioen and Flotransformation of
Redloective Testosterons by Mouss Prostate Glands. J.A. Thoeas, J.¥.
Lloyd, ™.GC. mewhinney ang C.GC. Salth. Toxicology ano Applied
Prarmacology 24t 323, 1973,

The Use and Abuee ef Anebollc Sterolds. J.A. Thomas, G.A. xnotts and C.%.
Erickson. Joutnsl of Alconol and Orug Educetion 19: 31, 1973,

Relstionship of Pituitsey Hormanas and Androgens on Proatate Glano
Metabolise. J.A. Thomss. Znd Annuel Collsboretlve Carcincgenesis
Conference, p. 34, November 25-2%, 1973 (Abstract).

Passage of Substancas into the Lumen of the [solated Seminel vegicle fa:

of the Guines Pig. J.A, Thomas, M.G. Meeninnay end J.w,. Lloyd.
Urologlica Internetionalis 29: las, 19274,
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Jhlicatiagns {cent.):

1lc 3, s'.Cusnosing Manopnospnate (cCMP) and Cycllie 3',%'.Adenasine
w~nophosonata (CAMP} Levels im Mousa Sax Accessory CrQans. E.A. Zespp,
1.A. Thomas and w.W, Fleming. FeCertation Proceedings 33}: 521, 197a
Abstracet}. -

;ffects of Prolactin an0 Tastostarams ON Mouse Prostate Glana ang Semimal

/asicle. E.J). xeenan anag J.A. Thomas, Federation P :
‘974 (ADstract). toceeoings 33: 283,

Tha Effect of Prolactin on Angrogen Assimilation Dy Eplthelium and muscle
3f the GCulnes PigQ Seminal vasicle. J.A. O#lis, F.L. Schwartz, J.A. T:omls
ind M.C. mMawninney. Faderation Procesdings 33: 283, 1974 (Abstract!.

Effect of Paratnion on the Uptaka anc Metabollsa of Androgens ln Rodent
Sex Accessory QOrgans. J.A. Thomas and L.G. Schein. Toxicology ang
Appliec Prarmacelogy, 29: 53, 197a.

gffects of Cartaryl on tne Metabolism of Androgens in the Prostate anag
Liver af the Mouse., C.S. Dleringer and J.A. Thomes. Envitonmental
Research 7: 381, 197a.

Prostatic and Hepstic Testosterone-l,2-JH Metabolism as Affected by COT
Pre=treatment in the Mouse. J,w, Lloyd, J.A, Thomes, and M.G.
Mashinney. ToxicoloQy and Applied PharmecologQy 2B: 248, 1974,

Effects of Carbaryl on Mouse Organs of Reproduction, J.,A., Thomes, C.S.
Oleringar and L.G. Schein. ToxicoloQy ang Applied Pharsscology Z8: 1a2,
197,

PhgrmacoloQy of Worphine end weroin. M.C. mgshinney, G.R. Knotts ang
J.A. Thomas, Journesl of Alcohcl end Orug Abuse, 19: 23(3), l97a,

Angrogen Agsimilation by Normal and Hyperplastic OogQ Prostate Clands.
M.G. Mgehinney, F.L. Scheertz, J.A. Thomss and J.w. Lioyd., InvestiQative
irology 12: 17, 197a,

Andraogen Assimiletion by Epitheliue and Myscle of the Guines Pig Seminal
vesicle. M.GC. Mgwhlnney, F.L. Schesrtz, J.A. Thomas, J.A. Bells and J.w.
Lloyo. Journsl of Phersscolsgy end Experisentsl Therepsutics 188: 32a,
1974,

Zffects of Acetylchollne or Isoprotersnol on Sex Accessory Gland Levels
3f cGMP gr cAMP !!iig. €.A. Zepp ond J.A. Thomas. Thes
Pharmacologlist, 3 s 1974 (Abstract).

Effects of Ergecryptine and Prolactin on the Mouse Antarior Prostate
Cleno snd Seminel vesicle. €.]. Keanan and J.A., Thomgs. The
Phatescologist. 1§: 273, 1974 {(Apstract).

Action of Prolsetin on Oxygen Consumption by Mele Culnee Plg Sex
Accessary Qrgans. J.A. Balis, 0.F. Milem, J.A. Thomes and M.G.
Mgwninney. The Phermecologist. 1§: 273, 197a (Abstrect).

Relaticnship of Prolectin to Oxidetive and Reductive Metgbolism of
Testosterone by Cuinee PLg Sex Accessory Organs. M.G. Mewhinney, J.A.
Belis, F.L. Schwartz, C.S. Dleringer snd J.A. Thomes. The
Pmarmgcologist. 14: 273, 197a (Apstract).
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Publications (cont.):

Intersction of Olelerin and Peretnicn on Androgen Mgtabollism in tng
Prostate ana on wepatic P-s50 Activily in Mice. J.A. Thomes L.G. Screja
H.0. Colby and w.J. Canedy. The Phermecologist. l§: 229, 1974 (Apstrae:

Synerglstic Effect of Prolectin ena Testosterone on Aet Prostate Clamc
an0 Nuclelc 2cig Levels. M.S.P, menandner, J.A. Thomes, M.G. Mewninrey,
E.J. Xaenen ang €.A. ZeOP. The Phermecologist. 1§: 275, 197a (apsrrac:).

Fallure of Perethlon to Alter Mele Mouse Agproductive Orgen Activity.

J.A. Tromas and m.G. mawninney. Toxicolo eno Applieo Pharmecolo 2
134, 1974 (Abstract). o W

Cystic Olletetion of Sex Accessory Orgens in Common gm0 [nbree Syr:ian
wamsters. J.A. Belis, F.L., Schwartz, J.A, Thomes, J.w. Lloyd. J.T.

Oomorosky, C.5. Dieringer and M.GC. mewninney. Journel of Gerontolagy 2
382, 197, :

The Toxic Effects of mercury. E.A. leop, G.R. Knotls ang J.A. Thomas.
Clinicel Pedalatrics. 13: 9, l97a,

Effects of Thiophanate and Tniophanate-Mgthyl on the Male Reproductive
System of the Mguse. J.A. Thomes and L.G. Schein. Toxicology and
Apolied Pharmecology, JQ: 129, 197s.

Hormonal Influence gn Proatate Organ Cyclic Guanosine Monophospnete
(cGMP) eng Cycllic Adenosine Manophosohete (cAMP), J.A, Thomss end M.5.P2,
Mengnaner. Proc. xxvl Internstionsl Congress Physiologicel Sciences, “ew
Oslhi, Dctober 1974 (ABstract)

Effects of Pesticides on the Male Reproaductive Systes, J.A. Thomas arc
L.G. Schein. Proc, Satellits Symposium-xxvl Internetional Congress of
PhysiologQicel Sciences, Ludhiane, Indla, October 197s.

he Effgcts of Teetosterone sndas/or Prolactin on the Incorporation aof
H=thymidine into ONA in the et Prostate Glend in vivg. M.S5.P.
Mgnenghar end J.A, Thosas. Procesdings XI Internetionsl Cencer Congress.
Florence, Italy, October 1974 (Abatract).

Action of Pesticides end Cther Orugs on the Mele Reproductive Systam.
J.A. Thongs. Environaentel mealtn Effects Resserch Series. (Nat'l.
Tech. Inform. 3ezv. PE23I7TIRL - ODscesder 1974).

Effect of Prolectin en Androgen Metsdollsm by the Guines P1Q Sex
Acceasery Organg. M.G. Mewninney, J.A. Belis, J.A. Thoess, snd J.w.

t;g;d. Joutnal ef Pnarsacology end Experimental Tharepsutics, 192: 2:2.

Effect of Prolactin and/or Testosterens on Cyclic AwP {n the Ret Prosiii?
Giandg. J.A. Thomas and M.5.P. mgnandhat. HorBone and Metabolic
Research, §: 329, 197s.

thsngee in Cerebrel Corticsl Cyclic AmP Formsstion in the Ret After ic.te
and Chronic Treatment with Merphine. Wn.S. Shanid-Selles, 8.K, N
Colesenti, C.R. Cralg and J.A. Thomas. Federation Procesdinge, Ja: “.'
1973 (Apetract).
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jl;caticns (cont.):

wsponse of the Ret Prostate Gland Followlng the Aaministration of
rolactin. 3.A. Thomas, M.5.P. MSnanohar and M.G. mawhinney. Jrd annusl
arcinogenesis Conference, Fad. 2-%, 1974 (Abstract).

iffects of Narcotics on the wele Reproouctive System. J.A. Thomas ano J.
J!.bfﬂlk)‘. Froceeoings Toxicology Society, lath annual Meating. p. 97,
qrch 1975 (Apstract).

Hrathion-Dielorin Interactions on Androgen Metabolism in the ™Mouse. L.G.
s#hein ano J.A, Thomes, Proceeoings Society Toxicology., lath Anmual
weting, o. 71, March 1975 (Abstract).

Zonium Pollution and Its Impact on Body Mgtapolism. R.(. Singhal, A.
itr;ll. J.A. Thomes, and G.A., Knotts. Contesmporary Education, A8: 100,
1978.

cffects of Prolactin and/or Testosteron® on NcClelc Acld Levels in
3rostate Clends of Normel and Castrated Agts, J.A, Thomes and ™.5.P.
nanenanar. Jeurnel of Endocrinology (Britain), 65: 149, 197,

iffects af morphine Upon the Farmgtion aof JWH-cAMP in Prostate Clands of
the Mouae. J.A. Thomes, J.T., Oombrosky, M.G. Mawhinney, end xh.$S.
Hosseini. Life Sciences, l¢: 1137, 197s,

grfact of Mgthedone on tha Nale Reproductive System. J.A. Thomas and
J.T, ODombrosky. Archivea Intarnationsles de Pharsscodynamis et de
Thersplie, 213: 218, 1975.

€ffects of Dleldrin on the Uptake snd Metabolise of Testosterone-l,2-W
Rogdent Sex Accessory Organs. L.GC. Scheln end J.A. Thomes. Environmental
Reseerch, 2: 25, 1973.

The Effects of Testosterons end Prolectin or Crowth WHOImana on the
Accessory Sex Organs of Cestrets Mice. €£.J. Kesnen end J.A. Thomas.
Journal of gndecrinelogy (Briteln), ga: 111, 197,

Stimulation of Mouse Accessory Sex Organs by Prolsctin. E.J). Kesnsn and
J.A. Thomas. Federetion Procesdings, Ja: 304, L9275 (Abstrect).

€ffects of £rgocryptine on Accessory Sex Organ Function in Wele Mice.
£.J. Kasnan, W.0. Eduwards, E£.A. lepp 3nd J.A, Thosas. The
Phermacologist. }17: 242, 1973 (Abstract).

€ffects of Qiathylstildbestrol or Estradiol--l7 on the Accessory Sex
Organs of Male Mice. J.A. Thomsas, 4.35.P. Mgnendhsr end £.). Keensn. fThe
Phermecolegist, 17: 242, 1973 (Abstract).

Some Phsrsacelogicel Aspects of the Antinistsmines. C€.A, Zepp, G.R,
Knotts and ).A. Thomas. Clinicel Pegietrics, l4: 1119, 1975.

Angrogens gnd Estrogens in the Plases ang Arcostatic Tissus of Normel Cogs

and 0o0gs with Benign Prostatic Wyperztrophy. J.W. Lloyd, J.A. Thomes end
M.G. Mewhinney. Investigstive Urology, 1l3J: 220, 1973.
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Pyslications (cont.):

nteraction of Cartaryl ang Oleldrin on the metagolism of
H=Tastosterons., L.G. Schelin, J.A, Thomas, P.A, Klase and ¥.0.
Edwards. PAroceeoings LSth Annual Toxicology Soclety, p. 1%0, 197%
(apatract). i

Eamulnqu Effects of Parathion and CarBaryl on the Bictransformatian of
meTestosterone ln the Magie mouse. J.A. Thomas and L.L. Scnein.
Procesoings l5th Annual Soclety Toxlicoloqy, p. 150, 1976 (Apstrace)

Effect of varlous Carcinogens (CMBA, ENU) on Testosterone=M ™Mgtadolisam
and ONA Synthesis in the Rat Prostate Cland, W.0. Edwards ano J.A.

Thomas, Proceecings l%th Annual Soclety Toxicology, p. lal, 197§
(Abstract).

An Interaction Between Prolactin sno Oihydrotestosterons (DMT) (n thne Ra:
Prostata Cland and Seminal vesiclss. [.). Keenan, P A, Klsge end .2,
Thomas, Federstion Proceedings, 33: 220, 1976 (Abstract).

Further Studies an the Rale af Cycllc-Adenogine=3*,%'.apndphoschste
(camMpP) in msle Mouse Sex Accessory drgans. E.A. lepo, J.A. Thomes anro
J.E. lones, Federatian Proceedings, }3: 799, 1976 (Abstrect),

Some Phermgcological Aspects af Morpmine and “ethedons. J.A. Thomss,
Kh.$. Snanid-Selles, 0.X. Colasanti and 8. Arsaten, Prac. 7th Panlavi
Mgoicel CongQress, p. 243, April 1976, Shiraz, Iran (Abstrsct).

Oleldrin and Parethion Interaction in the Prostete and Liver of the

Moyse. L.GC. Schein and J.A. Thomes, Journal ToxlcologQy and Environmental
Health L: 829, 1976.

Influence of Prolsctin Upon Muclele Acid Mgtsbolise Ln Accessory Sex
Organs of Male mice. £.J. Kesnan ang J.A. Thomas, Proceedings 58tn
Annusl Endrocinelogy Meeting, p. Y28, June 1976 (Abstract).

€ffect of lsoproterenol and Acetylcholing Treetment in vit on Cyclic
Nucleotides in Mouse Sex Accassory Orgens. E£.A. lepp eNd J.A. Thomas,
Blochemsicel Fherescology, 23: 919, 197¢.

Effect of Prolectin on the Neteboiism of Androgens by the Ret ventral
Prosctete Clend in vitrg. ™.S5.P. Mensnaner end J.A. Thomes.
Investigetive Urology, 1l4: 20, 197¢.

€ffeacts of Prolactin andser Dihydrotestosterons Upon the Rat Prostste
Cland. J.A. Themss, M.5.5, mengnansr, [.). Keenen, w.0. Edveros sno P.3.
Klese. Urolegics Internetionelis )1: 265, 1976.

Selzure Disorders in Children end Orugs Used in the Mgnggement of
toliepey. J.A. Thomas, G.R. Knotts, Americen Journel af Scheol Heelt-.
n: 442 ’ 197¢.

A 0ifference 1n the Responses of the wouse Prostste Glend gnd Seminal

vesicles to Prolectin., P.A. Kleas, £.). Keenan, ¥.0. Edwercs anc .2.
Thomes. The Phersecologist, 1{: 249, 197¢ (Abstrect).
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pugggcutton (cont.):

Perturbation by Orgenochlorine Pesticices of JH.testosterone Metanolis»
in Rodent wapatic microsomes and Prostate Glano in vitre. m.P, Qonovan,
J.A. Thomaes, L.G. Scnein, ana P.A. Xlgse. Tha Ph.r;:EETbgllt 18: 23a,
1978 {apstract).

ffects of Diagzinon, Parfethion and Carberyl on the in vitro Metanollsm of
W-testosterone by Rodent Prostete Clanas end Hepatlc microsomei
Enzymes. L.C. Schein, J.A. Thomas, M.P, Jonovean and P.A. Xlase. The
Prnatmecologist, ]8: 243, 1978 {(Abstrect).

Scatchard Plot Anelysis of Anarogan 8inging Ln the Male Guines Pig. F ..
Schwertz, J.A. Thomes, C.L. Robinette sno M.G. Mgwhinney. The
Pharmecologist, 18: 230, 1976 (Aostrect).

Oimydrotestosterons end Estrediol-l7 Sete Receptors in tme Ret ventral
Prostete end Seminal vesicle. C.L. RODINetts, J.A. Thomas ad M.GC.
Mewhinney. The Phacmecologist, [§: 249, 1976 (Abstract).

Effects of Myooxie and Efythroooietin an Murine Splenle Ornithine
Oscarboxylaese Activity. m.wilson, J. Contrere and J.A. Thomas. Ths
Pracmecologlist, 18: 216, 1976 (Abstrect).

Cyclic aMP-Induced Changes in the EEC end Behevior Effects of morphine in
the Rat, «h.S. Shahig-Sslles, 8.K. Colasantl, C.R. Craig engd )J.A.
Thomes. The Phrarmacologist 18: 212, 1976 (Adstrect).

€rgocryptine and Male Aceasory Sex Organ Function. €.J). Xeenan and J.4.
ThoSes. Proceedings 20th Annual western PharmacoloQy Soclety, victoris,
Oritish Columble, Jan, 26-29, 1277 (Abstract).

Sterpldopnilic Proteins in Cytoplesm of the Mouse Prostete Clend. M. P,
Donoven, J.A. Thomas and L.G. Scheln. Federstion Proceedings, J§: J4a,
1977 {(Abstract),

Effects of Prolectin on the Corsolatersl Lodbe of the Rat Prostata GClane.
J.A. Thomes and M.S5.P, Menenachar, [nvestigative Urology, la: 398, 1977.

Proposad Model for Assessing Anti-prostetic Orugs Usimg e Trensplant
System, J.A. Thomes, P.R. Felice enc ¥.0. Edwards. The Phermecologist,
12t loe, 1977 (Apstrect).

€ffects of Pesticides on Sterold wormone 8inding in Cytoplesm of Aogant
Tlssues. L.G. Sehein, J.A. Thomes and M.P. Qonovan. Soclety of Toxicology
Proceedings, p93, Merch, 1977 (Abstrect).

Some Actions of Parsthion snd/or Oleldrin on Androgen Metadollism, J.A.
Iho;ss. L:G. Schein eng M.P. Donovan, Environmental Resesrch, 13: aal,
7.

Morphine Anelgeeis and Tolersnce: A Possible Role of Cyclic AMP. M.P,
Oonovan, G.M. Ling and J.A. Thomes. w.H.D. Bulletin of Nercotics, 2: 9,
1977,

€ffacts of Aging on ONA snd Dihydrotestosterone->H Formation in Rat

ventral Prostates én ang ventral Prostate Transplents. J.A. Thomas
eng w.0. Edwerds. Experimental Gerontology, 3&: 303, 1977.
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Puglications (ecent.!l:

Coceine: Old Orug, New Problems. C.F. «agley and ).a. Thomas, aner.:;-
Journal of School Health, &7: 600, l977.

Effects of Androgens #nd/Qr Projectin on ventral Prostate Transpianty.
#.0. Edwards and J.A. Thomes, Urologice [nternetionalls, 33: 303, 1377

A Bilochemical Basis for Insecticide-induced Changes 1n the Malg
Reproouctive System. J.A. Thomes, M.P. Donovan ang L.G. Schain.
Proceeolngs l7th annuel Soclaty of ToxicologQy, olas, 1978 {abstractl}.

Effects of linc and Otmner Metal Jons on the in v 8inging of Ancrpzen
to Cytoplasmic Proteins of ™ouse Prostate cléﬁo?l=¥%. oonovsn. tog, Tt

Schain and J.A, Thomes, Procesolings 17th annuel Soclety ©f Toxicology,
0183, 1978 (Abstract).

Ability of Perathion (P} To Lower Pl.sn! Testosterone and Comoetitively
Inhibit 8inding of Olhygrotestosterone- " (OWT. W) to Mouse Prostate
Receptors. L.G. Scheln, M. P, Jonovan and J.A. Thomas. Federastion
Proceedings }7: 286, 1978 (Abstrect).

Effacts of Androgens on [sooroterendl-Induced Incresses ln mMouse

Accessory Sex Qrgen Cyclic Ame *G vft;i' €.A. lepp and J).A. Thomas,
Olochemicel Phermecology, 27: 443, .

Charectearization of Cytoplesmic 8inding of Oihyorotestosterone by the
Proatete Cland end Other Tissues of the Mouse., L.G. Scheln, M,P. Qonovan
and J.A. Thomee, Tonicelogy and Applisd Phermacology, 44: 1a?7, 1978.

0i-(2-ethylhexyl) Pnthglete (DEWP) - A Report on its Blological Effects
(review). J.A, Thomes, T.0. Oerdby, R.E. Wellin, P.J. Gervin ang L.
Mertis. Tozicology end Applied Phermacology 43: 1.27, 1978.

Some Toxicologicel Effects of Fluorocerbon Asrasols. J.A, Thomas ano C.F.
xegley. The Americen Journel of School Heelth, 4d: aad.sas, 1978,
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Environmental Pathelogy and Toxicelagy, 7: 447, 1978.

Soms Phezmscsloglic Aspecte of Floutides in Dentistry. R.A, Graca sno ..=.
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alluze of Mongetnylrexyl Phthelate (MEWP) to Cause TerstogQenlc Effects
n Offspring of Rapbits. J,A. Thomas, L.G. Schein, P.X., Cupta, R.E.
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sudioc tape cassette, Medical Sclance Tape Lidrary, MNew vork, N.Y., 197a.
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Hormonal Influence Upon the Morphology of Rst ventral Prostatas
Transplants, w.0. Zdwerds ang J1.A. Thoaas.

€rgocryptine and Prolactin Influences Upon Mele Accessary Sax Organs.
€.J.. Kegnan, P.A. Klage and J.A. Thomas.
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J.A. Thomas.

The Indyction of Tumers i{n Ret venttel Proatste Epithelial Transolants.
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