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TRANSFORMER
PYRANOL A-13-B 3B

(REPLACES PYRANOL 1467 ond PYRANOL 1470)

Cavtion! Contains chlorinated hydrocarbons

Avold prolonged breathing of vapors or mists.
Avold contact with eyes or prolonged contact with skin.

if skin comtact occurs, remove by washing with soap and water.
Following eye comtact flush with water.

if clothing becomes soaked with fluld, lavnder before wearing again.
MADE FOR GENERAL ELECTRIC COMPANY

8 Monsanto |§

*Vredomark of GENERAL ELECTRIC COMPANY LOT NO. -
54 U.S. GALLONS NET WT. 675 LBS.
!E&»-—S CHEMICAL COMPANY  ST. LOUIS, MISSOURI, U.S.A, 810.97-300.02/53

-

DEPOSITION
EXHIBIT
Ko

e S > W  t® W e b ewme: o Sabr W — iwei e ¢ v e e

PENGAD-Beyonne, H. 4.

0ll1312

>
£V
Z

WATER_PCB-00050888



011262

'}

| INERTEEN. rro

CAUTION!

CONTAINS CHLORINATED
HYDROCARBONS.

Avoid prolonged breathing of
vapors or mists.

Avoid contact with eyes or
prolonged contact with skin.

It skin contact occurs, remove by
washing with soap and water.
Following eye contact flush
with water.

If clothing becomes soaked with
fluid, launder before wearing
again.

Made for WESTINGHOUSE ELECTRIC CORPORATION.

*Trademark of WESTINGHOUSE ELECTRIC
CORPORATION.

N

This product contains polychlorinated bi-
phenyls, which some studies have shown may

be an environmental contaminant. Extreme

care should be taken to prevent any entry in:

to the environment through spills, leakage, -
use, disposal, vaporization or otherwise.
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MNET e 674 6. 305.72 wios  cross 722 LB, 32749 KILOS
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THE PROPER HANDLING OF AROCLORS* AND THEIR MIXTURES
’ IN THE ELECTRICAL INDUSTRY

INTRODUCTION

Monsanto's Aroclors¥*, especially the chlorinated bipheryls
including types 1242, 1248, 1254 and 1260, used alone or in
combination with chlorinated benzenes, are commonly used die-

1

/
lectric materials of the askarel™ class.

Askarel is a generic name referring to liquid dielectrics

derived from halogenated aromatic hydrocarbons possessing

excellent chemical and dielectric stability an3d firc-resistance

over the temperature ranges and operating conditions required
of transformers and capacitors in the electrical industry.

The properties of Aroclors and their mixtures, used as
dielectrics are described in detail .in Chapter 7 entitled,
"pypical Properties". These dielectrics are manufactured under
very carefull&-controlled conditions in order to meet the
strict and exacting electrical requirements and properties.

The electrical industry's use of these fluids has been
largely in accordance with the General Electric Company's
patents and developments.

@ s 0 D @ @ D W e B D e @ DS D WS

*Arociors - Monsanto's chlorinated biphenyls and chlorinated
polyphenyls, Registered U.S. Patent Office.

1F. M. Clark, "Electrical Insulation", Chem. Engp. News 25, 2¢(7

(1947).

1=

NEV 007325

WATER_PCB-00050894



-

Resulting from the wide use of these materials in the
1nduatry,.trade names have besn established to identify them
by diff;rent manufacturers of electrical egquipment. Listed
alphabetically the trade names include, "Chlorextol," Allis
Chalmers; "Diaclor," Sangamo Electric; "Dykanol,® Cornell
Dubilier; "Elemex," Line Materials; "Hyvol," Aerovox; "Inerteen,"
westinghoqse Electric; "Noflamol," Wagner Electric} and‘
Pyranol," General Electric Company;

The purpose of this bulletin is to assist the industry
with the proper and Bafe handling of these dielectric materials

in their operations.

NEVY 007326 '
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CHAPTER 1

PROCEDURE FOR UNLOADING TANKCARS OF AROCLORS AND AROCLOR MIXT(RES

A. Description of the Cars

Aroclor and mixtures of Aroclors with chlorinated benzenes
are shipped by Monsanto in two types of insulated tankcars-
both of which are either aluminum lined or zine-tin metallized.
One type of car has heating colils inside of the tank and these
are in direct contact with the product. The other, a more
widely used type of car, 18 a double-shell tank with heating
colls between the inner and outer shells. The steam coil
econnections are at the bottom of the car. Both types of tank-
cars are tested for 60 pounds pressure and their steam colls
are tested for 200 pounds gauge pressure.

The cars are top-unloaded by displacement with dry air
containing 10 mg. HEO/cu. f£t. maximum,

There are two or three connections on the tankecar dome
depending on the type of car. Where three connections exist,
one is a two inch diameter unloading line which extends to the
bottom of the car, the second is a one inch diameter air inlet
connection and the third is a two inch diameter pressure safety
vent, which is a thin lead disc adjusted to release any pressure
in excess of 60 pounds gauge. This safety vent is hcoded for
protection against dust, dirt or accidental bumping.

Where only two connections exisﬁ‘on the‘dome, one is the
two inch diameter unloading line and the other is the safety
vent. On these cars, 1t is necessary to remove the safety vent

and introduce the displacement air through that connection.

-2 NEV 007327
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While the tankcar drawing gives, much detail, we have
been asked about the following points not given in
the drawing:

l. The distance from the rail track to the
top of the dome of the cars is variable.
It is 13 feet and 4 inches for the 7,000
gallon cars and ranges {rom 1l feet to
14 feet for the 8,000 gallon cars.

2. The steam connections are located under
the center of the cars.

3. The steam pipe connection is usually a
two inch pipe, but on some cars the pipe
size is 1-1/4 inches.

4, American Standard taper pipe threads are
used,

& @& ¥ &
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Drawing No. 31-20848 shows in Getail the dome of a tankeczr
with three connections. "A"™ is the two inch unloading line
which extends to a small sump at the bottom of the'car. “B"
is the one inch air inlet connection. "C" 418 the hooded safety
vent. The car dome cover with fitted bolts is shown in the
center, It is8 fitted with an aluminum envelope (oetze gasket.
This drawing also shOws a bottom opening in the car. This can
be opened only from the inside of the car and its purpose is
for cleaning operations, It has no use at all in unloading
the oar.

Drawing No. 31-20847 shows the overall dimensions of the
8,000 gallon Aroclor tankcer.

B. Procedure for Unloading the Cars

The car should be spotted at an unloading dock simllar to
the one shown by Drawing No. 9C-8178, The ocar must be level
and the brakes set properly. "STOP - TANKCAR CONNECTED" eigns
should be plgced fore and aft the car to warn switching crews.

if it i; raning or snowing or the humidity is extremely
high, it is not advisable to open the car. 1In case the car
must be sampled and opened during bad weather, & canvas canopy
must be placed over the dome of the car. It is preferable to

unload the cars under roof or inside the factory. Unless it

18 absolutely necessary because of following described situations

the dome ooyef should not be opened until ready for sampling.
The dome cover is sealed with & standard railroad wire and
seal, and Monsanto should be notified if this seal is found
broken upon receipt of the car.

4 NEV 007329
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The first step in unloading 18 to inspect the dome ang
clean around the dome cover t0 remove all loqse dirt, water or
snow;" Wiping régs and & brush should be used to clean before
the dome cover and connections are opened.

Then, the screwed hood over the air-inlet valve should be
removed and this valve opened fully and left open while heating
the car. A Weston or metal encased thermometer should be
inserted through this air-inlet valve opening and the tempera-
ture of the interior of the car determined.

If the car temperature is below the caution temperature
shown in the following Table 1, it will be necessary to take
the special'step of inserting a "hair-pin" heating coil through
bhe dome of the car to preclude rupturing the tankcar seams

during the heating period.

TABLE I
Temperature °C. Below
ASTM Pour which Caution Must Be
Product Point °C. Used in Heating
Aroclor 1260 + 30 + 40
Aroclor 1254 + 10 + 20
Aroclor 1248 - 7 + 5
Aroolor 1242 - 19 - 10
Inerteen PPO . Pre-heating is not requirea™
Pyranol 1467 Pre-heating is not required*
Pyranol 1470 Pre-heating is not required*
Pyranol 1481 Pre-heating is not required#

#Except 1f the material has cooled below =10°C.
and crystals of scavenger have separated, Then,
the material should be heated to 70°C. (158°F.)

until oomplete solution has been accomplished.

NEV 007330
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If the dome of the car 1s to be opened for the pre-heating
opé;;tion, it 18 necessary that it be covered with a clean
canvas, Extreme care must be taken to avoid getting dirt or
moisture into the car.

It 18 due to the relatively high viscosity of some of
the Arbclore at low temperatures that it becomes necessary to
form a column of molten material from top to bottom of the car,
in the center, to prevent hydraulic pressure build-up which
may rupture the tank shell if there 1s too rapid localized
heating when employing the main steam coils.

When such pre-heating is required, a satisfactory vent
hole can be made by inserting a "hair-pin" coil (1/2 inch
diameter brass, galvanized, or stainless steel pipe) into the
open dome of the car and introducing steam through the coil
until there is a column of fluid Aroclor from top to bottom.

After the vent hole 18 melted through the material to
the bottom of the car, the "hair-pin" coil should be removed
and the dome cover replaced and bolted.

Steam is then introduced into the main coils., It is
recommended that the steam pressure be limited to 100 pounds
gauge pressure, particularly when the coils are in direct
contact with the Aroclor. The steam coil outlet should be
trapped or throttled with a valve.

It will require eight to twenty hours to bring thevmaterial
to pumping temperature - depending upon weather conditions. It
48 essential that the air inlet valve be open during the heat-

ing period in order to vent the tank.

-6 . NEV 007331
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Some calculations have been made to indicate the heat

requirenients for an Aroclor car. Data for an 8,000 gallon

car of Aroclor 1254 are:
Specific Gravity

1.5
0.26 Btu/1b,/°F.
Heat requirement for heating Aroclor from 30°C. (B6°F.) to
110°C. (230°F.) 1s: '

8000 x 1.5 x 8.33 x 0.26 x (230-86) - 3,774,000 Btu.
For heating from 30°C. (86°F.) to only 75°C. (167°F.), the
heat required 18 2,110,000 Btu.

Specific Heat

A nine harse power boiler operating at 80 psig produces
263 1bs./hr. of steam with no reused condensate. Returning
condensate at 200°F. will increase the steam output to 296 1lbs./hr.
at 80 psig. '

In the first case, heating to 110°C,, the over-all heat
transfer co-efficient is assumed to be too low to utilize the
100% capacity of the boiler. A value of 1500 for UA with an
average N T of 133°F. indiocates that the useable steam 15
202,000 Btu/hr. or 226 1bs./hr. steam at 80 psig.

In the second case the A T 18 lower and the entire
output of the boiler is useable. Table II sums up the approximate
time caloulated to heat Aroolor 1254 in an 8,000 gallon car.

NEV 007332
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. TABLE II
Nine HP Boiller

Lbs. Steam/Hr. 30-110°C. 30-75°C.

100% cap. (no reused condensate) 263 .= 9 hrs.

75% cap. (no reused condensate) -- 18 hrs, 12 hrs,
(86% cap)

100% ocap. (condensate @ 200°F.) 296 .- 8 hrs.

75% cap. (condensate @ 200°F,) - 18 hrs. 11 hrs.
(76% cap)

Calculations on & five horse power boller give heating times of the

following order:

Five HP Boiler
Lbs, Steam/Hr. 30-110°C. 30-75°C.
100% cap. (no reused condensate) 146 28 hrs., 16 hrs.

100% cap. (condensate @ 200°F.) 164 25 hrs. 14 hrs.
Aroclor cars can be heated by steam (80-100 psig) to the proper

handling temperatures in a reasonable time by using a boller source
capable of producing 200,000 to 300,000 Btu/hr. The times glven here
are approximate and will act as a gulde until experience shows the

exact time for this operation.

«8=
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The proper handling temperature for the various fluids
is given_in the following Table III, which indicates correspond-

ing viscosity values:

TABLE IXIIX

Handling and Approximate
Product Pumping Temperature °C. Viscosity, S.U.S,.
Aroclor 1260 95 - 130 100 - 43 |
Aroclor 1254 75 - 110 100 - 42
Aroclor 1248 50 - 85 100 - uo
Apoclor 1242 35 = 75 100 - 40
Pyranol 1481 30 = 75 100 - 40
Pyranol 1467 20 - 55% 100 - 40
Pyranol 1470 15 - 45+ 100 - 40
Inerteen PPO 20 - 55 100 - 40

#If any of the scavenger is out of solution, then
the material must be heated at 70°C. (158°F.) until
it has dissolved.

Selection of pumping temperatures for any dielectric not
shown on this 1list or which may be developed in the future should
be based on a viscosity of about 100 Saybolt Universal Seconds
for average pumping and about 40 s.U.S. for fast pumping.

When the material has been heated to pumping temperature,

a one-half inch diameter pipe "cross" arrangement containing
a pressure gauge, air inlet, pressure rellef valve to relieve
at 30 Ppsig, and'vént connections, should be connected to the dome
alr inlet pipe. Then the unloading line should be connected.

Rust free and clean galvanized plping or stainless steel pipe

should be used for the unloading line.

NEV 00733«
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(At this point a ssmple 1s taken &s described in Chapter 4,)

Dry#* air is then introduced into the tankcar and pressure built
up to 15 pounds gauge. The two inch valve cock on the stand pipe
is opened and the discharge plpe observed to be sure the

liquid 1s being unloaded. To protéct the seams in the tankcar,
the pressure must not exceed 30 pounds. The car will begin to
unload at about 12 pounds pressure.

When the ocar is empty,; the alr preesure will drop off
rapldly and air will blow out of the vent on the receiving tank.
The air flow may be stopped at this point and the tankcar
pressure released through the vent valve on the "cross" arrangement
After inspecting the car to be sure that 1t has been completely
unloaded, all connections and dome cover should be closed
tightly. It is essentlal that the empty tankcar be sealed
immediately after the car is unloaded in order to keep the car
filled with dry air during return shipment.

#It 18 essential that the displacement air used for

unloading be dried thoroughly by some dehumidfying

unit such as soda lime, activated alumina or similar

dehydrating agent drying unit. It may be necessary

to recharge the dehumidifying unit each time that a

car is unloaded. For unloading & tankcar of Aroclor

within three hours, 15 standard cublic feet a minute

of alr at 15 pounds per square inch gauge pressure

and a -100°F. dew point should be supplied. If the

dry air unit is to be used only for unloading tankcars,

a small single tower dryer unit containing a self-

contained reactivating heater is suggested. Two

manufacturers of air dryers of this type are:

C. M. Kemp Mfg. Co., 405 E. Oliver Street, Baltimore

2, Maryland and Pittsburgh Lectrodryer Corporation,
Foot of 32nd Street, Pittsburgh, Pennsylvania.

-10- '
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As a final step, it 1s desired that a standard railroad
wire seal be inserted through the slotted bolts of the
car.fittings. Steam should be released from the car
coils and all condensate removed from the coils by
blowing with air with the steam trap by-paséed. All
connections must be replaced as received. Adequate care
should be taken in preparing and sealing the car for
return shipment. '

Unloading with dry air as desoribed is the prgrerred
and recommended procedurse because it is done with the ocar
dome closed which avoids contamination.

Dry nitrogen may be used instead of dry eair. If
nitrogen 18 used it is essential to notify us (the supplier)
so that we ocan’ take required safety precautions relative
to replacing the nitrogen with air in the returned car prior
to sending our men into it for cleaning. |

If the ocar is unloaded by pumping out of the top, whioh
required opening the dome, it is most desirable that the car
be set inside of a bullding. If this cannot be done, then
a canopy  or roof should be provided over the car dome, and
the unloading should be done when the weather is clear.

A olean centrifugal pump with minimum capacity of
40 gpm, is suggested. It will be necessary to prime the
pump and only clean askarel should be used to do this.
Another method for priming the pump is to use & Penberthy
steam Jjet, No. 22A avaeilable {rom Penberthy Injector Co.,
1242 Holden Ave., Detroit 2, Michigan., (Further pump detail

is given on page 17).
=11l - NEV 007336
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C. Drum Packaging

Drum packaging 1s made with new and carefully inspected
55-gallon drums. These steel drums are lined with a specially
selected baked phenolic coating. An example is NESCO No, 3
lining offered by the National Enameling and Stamping Company,
Long Island, New York. Contents of the drums should not be
heated by direct application of flame or strip heaters. Radiant
heat from steam colils or hot ailr in a heated room is to be
preferred. The screw plug in the drum head is fitted with a
metal cap as & safe guard against tampering.

The drums should be stored indoors. If outdoor storage
cannot be avoided, the drums should be placed in a horizontal

position and covered with a tarpaulin.

-12- NEV 001337
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CHAPTER 2
STORAGE TANKS

A. General Description

The storage tanks should be & minimum of 10,000 gallons
and preferably 12,000 to 15,000 gallons capacity to accommodate
the normal 8,000 gallon tankcars.

It 1s preferable to locate the tanks above ground where they
are easily accessible for any changes or repairs. Underground
location presents difficulty in this respeot.

Especially in cold climates, it is preferable to locate
the tanks inside of a building. The tanks should be located
conveniently with reference to the tankcar unloading facilitles
and the area where the dlelectric 1s used.

Although Aroclors are non-corrosive to metals, corrosion
or rusting of iron and steel equipment (by oxidation) may occur
resulting in contamination of the products. The resistance
of Aroclors to materlals of construction is given in Monsanto
Teohnical Bulletin, OP-115, entitled, "The Aroclors", Page 6.

Stdinless steel tanks are Very satisfactory but relatively
expensive., Stainless steel pipe i1s relatively difficult to
fabricate and it is difficult to make tight leak-proof connec-
tions. |

Storage tanks may be of steel construction if properly
metallized with zinc-tin or aluminum onh the interior surfaces

coming in contact with the Aroclors.

NEV 007338
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The metallizing should be done according to the following
prooedufe:

>1. Clean an area of the surface by sand-blasting,

or a similar method to give a perfectly clean and

roughened surface. The area cleaned should not be

greater than can be completely metallized within a

few hours after cleaning.

2. I1f zinc-tin metallizing 18 used, a ocoating of

zine 0.005 inches thick should be sprayed on to the

cleaned surface., This 1s followed immediately by

g coating of tin 0,007 inches thick.

3. Aluminum metallized surfacing should be about 0,01
inech thick.

The detailed procedure for metallizing and cleaning is out-
lined as follows:
a) Sand blast. b) Coat with iron, 0.005 inches thick. (The
purpése of this cééting is to provide a rougher and better bond
for the finish coat of aluminum or tﬁe zinec-tin combination.)
c) Apply the selected finish coat.. d) Fill the tank with tap
water and warm it with steam. (If an open steam line is used,
do not allow the steam to impinge directly onto the metallized
surface of the tank.) e) Drain the tank. f) Fill with cold
water and drain. g) Wipe dry and clean with clean diaper cloth
or other fabric relatively free of 1lint. h) Heat the tank to at
least 100°C, (212°F.) to expell moist air. It would be benefi-
cial to heat the tank, allow it to cool and pull dry air through
it using a dehumidfying breather in the air line, heat again
_ete., until the tank is full of comparatively dry air. i) Spray
about 100 gallons of new, electrical grade Aroclor (not high in
viscosity) or electrical grade trichlorobenzene onto the inner
walls of the tank,'washing the walls thoroughly {(avoid breathing
any fumes). J) A;tach the circulating pump, the lines used, and

1l NEV 007339
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the filter press fitted with dry paper and circulate the filuid
through the sistem and the tank.> Install new dry filter paper
several times in the press during this drying and cleaning
operation., Discard the dielectric fluid used for cleaning.
k) Partially £111 the tank with new Aroclor dielectric and
analyze it electrically and chemically to determine whether
it meets specifications. If all tests are met, then £111
the tank with the dielectric.

The tanks should be insulated using, preferably, glass
foam beads as supplied by Dow-Corning or Libby-Owens-Ford.
The suggested thickness of the glass insulation is one inch
minimum to two inches maximum. The glass insulation may be
covered with tar material commonly used for weather -proofing.
Another type of 4insulation which may be used 1nstead.of the
glass is 85% Magnesia-Wool which should be covered also with
the weather-proofing tar. The advanﬁage of the glass insul-
ation 1s that it is not moisture sensitive as 1s the case
with Magnesia-Wool,

. If the storage tank is located outdoors, it is best that
the insulation bé covered with riveted or bolted tin sheeting
painted wifh aluminum.paint. This type of metal surface
weatﬁers well and is cleaned easily. All piping must be

galvanized and screwed fittings must be back brazed to asaure

tightness, All handling pipe lines must be traced with steam
lines and insylation applied over the two lines in order to \
keep the handling lines and the material up to the desired
pumping temperature. Usually a one-fourth inch copper steam
line running parallel with the handling line will suffice.

e «15-
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Under very severe conditions of low temperatures, it would be
desirable to wind the steam line around the bandling line about
two turns to the foot. .

The tanks must be provided with ample pressurized heating
coll surface to supply sufficient heat to the ﬁaterial to
bring it to the proper temperature for pumping and handling
as indicated in Table I1I. Heating coills should be either
metallized steel, or preferably steel coils which have been
galvanized after fabrication. It is recommended that the
steam pressure on all heating coils should not exceed 100
pounds per square inch gauge; lower pressures may be used
where practicable. It is essential that all steam coils be
completely free from even minute leaks since this will intro-
duce water into the product.

The steam coils may be introduced as "hair-pin" coils
through a manhole at the side and boftom of the tank, or as
is most often done, inserted through the manhole at the top
of the tank and then located near the bottom.

External heating colls located in the jacket of the tank
may be used but this construction.is more expensive and less
effioient than the internal colls.

The storage tanks may be fitted with a stirrer, either

. through the top, side, or bottom of the tank and the propeller

blade should be located near the bottom of the tank. ﬁowever,
insertion of a stirrer through the side offers possible source
of a leak and since these materials are homogeneous, 1t is
not essential to provide such agitation for the purpose of
mixing.

-16- NEV 00734l
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Adequate circulation can also be accomplished by using
a centfifugal type pump. Gear pumps or other equipment
whefé weayr or chipping of metal parts may 1htroduce contam-
ination should not be used. . The pumps must be of the type
designed to handle hoﬁ 0il., All wetted pump parts should
be either stainless steel or bronze. The centrifugal pumps
must be provided.with a deep stuffing box and proper packing
used, as described in Chapter 3. As examples of pumps8 found
completely satisfactory for this service, reference is made
to Worthington Worthlite pumps. Blackmer pumps, Dean Bros.,
Peerless and Dayton Dowd Type C pumps for handling hot oil.

Also, a very satisfactory arrangement for mixing or
circulating and pumping the fluid frbm the storage tank is
to 'use a vertical sump pump such as & Taber pump.

All storage tanks must be amply provided with a dehu-
midifying breather such as soda lime, activated alumina,
etc., units. This 18 essential to prevent wmoist air from
cohing in contact with the dilelectric. A moisture content
above 35 ppm adversely affects the electrical resistivity
of these products. Provision should be made to preclude
possible leakage of the drier material back into the storage
tank and the drier should be inspected periodically to make
sure that 1t 18 open and not plugged.

B, Deta;led Description

Drawing No. 9C-8170 shows the detalled construction of a
horizontal 15,000 gallon storage tank for Aroclor and its

mixtures which has been found completely satisfactory.

- NEV 007342
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The various nozzles on this tank are used as follows,

considefing them 1in order from left to right on the drawing:

3" nozzle Inlet for recirculation
24" nozzle - For future agitator if required
(not used)
3" nozzle For soda lime or calcium chloride

‘bPreather connection.

36" manhole For inspection, etc. The float
guage 1s located in the center
of this manhole.

3" nozzle Not used. '
24" nozzle For future agitator if required
(not used)
3" nozzle .Not used.
3" nozzle Filling inlet connection.
18" x 26" Oval nozzle For sump pump
3" nozzle For thermometer well (see detall)

The two 24" nozzles were originally installed for installa-
tion of agitators, i1f required. However, it has been found
unnecegsary to use agitators in the storage tanks, and these
nozzles could be ohitted.

It has been found that circulation of the fluid by the sump
pump, and into the nozzie at the opposite end of the tank, for
several hours gives satisfactory blending of the tank contents.

For pumpiﬁg the dielectric from the storage tank, a Taber
Pump Company all bronze 2-1/2" x 2" vertical sump pump with
monel shaft has been found to be quite satisfactory for the appli-
cation.
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The 1liquid level gauge used in the storage must be gas-tight,
The storage tanks are equipped with Vapor Recovery Systems Co.'s
"Var;g“, gas-tight, automatic tank gauge as shown by drawing
No. 9C-8278.

The storage tanks should be provided with an operating plat-
form suitable to the customer's conditions of operation.

The dehumidifying units used as breathers on the storage
tanks can be constructed as shown by Drawing No. 9C-8248. The
upper portion of the chamber iB charged with anhydrous soda lime
or another drying agent. Periodic inspection of the drying agent
will show the formation of a cake of damp material on top about
1 to 1-1/2 inches deep. This cake should be removed and fresh
material recharged. Any sultable construction similar to that
shown on Drawing No. 9C-8248 may be used for the breather units.

Drawing No. D-13362 shows design detail of a 15,000 gallon
vertical storage tank. The vertical‘type tank would seem especi-
ally desirable when insufficlent space is available to accomodate

the horizontal type tank.
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CHAPTER 3

GASKETING AND PUMP PACKING

Aroclors and thelr mixtures soften and sWell natural
rubber and many of the synthetic "rubber"” materials. Such
material not recommended for use include, Hycar P, Koroseal,

Perbunan, Neoprene, etc. These materials are known sources

of contamination.

SUGGESTED TYPES OF PACKING AND GASKETING MATERIALS
INCLUDE:

1., For Welded Flanged Pipe Connectlons: Garlock Packing
Co., No. 901 or No. 7021, 1/8 inch asbestos fiber
sheet. A vring of thin aluminum drawn tightly at
the flange connections may be used satisfactorily
also,

2., For Pumps: Garlock No. 234, No. 431, and Cheveron
No. 7050-C are satisfactory packings. Likewise,
Durametallic's Bpiral asbestos fiber may be used.

Johns-Manville and others have comparable packing
materials.,

3. For Valves: Garlock No. 117 braided packing or
its equivalent 1s suggested.

L, Other Resistant Materials: It is indicated that
duPont ‘s Teflon, poly tetrafluoroethylene is not
attacked by hot (130°C.) Aroclor and is to be recom-
mended as a gasket material. Dow=Corning's Silastic,
Silicone 180, is very resistant to Aroclor and is
suggested for gasket purposes.

5. In some cases cork impregnated under pressure with
Chrysler's Cycloweld 55-0 or Armstrong Cork Co.'s
1162-J and cured at 170°C. may be used as a gasket
material. These are baked phenolic type coatings.

6. Pipe Thread Compounds: When necessary to use pipe
thread compounds, the following should be satisfac-
tory if care is taken to prevent the pipe compound
from getting on the inside of the pipe.

(a) Plastic Lead Seal - manufactured by Dura-
metallic Corporation

(b) Ordinary white lead NEV 007345
-20-
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Usually 1t 1s not necessary to use pipe thread
compounds since all screwed pipe fittings should

"be sealed by back brazing.

All new lines and fittings should be cleaned

thoroughly by steaming (for two hours) and dried
with air or heat.

GASKETS FOR ASKAREL CAPACITORS AND TRANSFORMERS

1,

For small capacitors requiring ring seals on the
terminals, properly selected Silastic (silicone)
tubing is cut to make the ring gasket.

The most effective and trouble free seal for
transformer 1lids or covers is to weld the cover
onto the transformer shell. To remove the welded
cover a weld cutting tool or bar is used.

Cork - Nitrile rubber composition gaskets are
sometimes used to combine the desired flow limiting
property of cork with the resiliency of nitrile
rubber. Only fine grained cork should be used in
making this composition gasket. Special gasket
cementing compounds such as GE's No, 1276 or No. 880
are used to coat the gaskets to further seal them
against the transformer fluid and to accomplish
firm bonding to the metal surface.

Nitrile rubber gaskets are also used and require
no adhesive to make a ligquid-tight seal. Exposure
of nitrile rubber gaskets to transformer askarel
should be kept at a minimum and the gasket should
not be compressed beyond 2/3 of the original thick-
ness.

After long time exposure to transformer askarel
fluid or its vapor, nitrile rubber is measurably
deteriorated. While gaskets made of silicone or
Teflon are not attacked, these materials are
relatively expensive for use in large sizes.
Accordingly, for the most efficient performance
it is suggested that welded covers be used on
askarel transformers.

Instruments, such as temperature gauges, etc. may
be attached to the transformer using flange con-
nection to pipe located below the liquid level of
the fluld in the transformer. Such flange con-
nections are usually not large in diameter.
Accordingly, it seems practical to use Teflon or
Silastic gaskets to make these seals, especilally
since it 1s known that askarel can migrate thru
cork or composition cork gaskets used under the
liguid level. o1
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Another satisfactory approach used 1is to machine
the flange surfaces of this type connection.

-Then a Spiritallic gasket made of stainless steel

ring with asbestos inter liner for resiliency can
be used satisfactorily.

Screwed pipe fittings on askarel transformers
require thorough cleaning of the threads to remove
oil, grease and dirt.  Then the threads are coated
with a compound such as GE's No. 880 and then
tightened. ‘

gV 007347
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CHAPTER 4
SAMPLING METHODS

1.) The ASTM Standard Method for sampling electrical

insulating oils is described in ASTM Designation: D923-4g.
This describes glass and metal thiefs for sampling drums, cans,
and tankcars. A specially designed thief or bomb for sampling
tankcars is described, also. A very good instrument of this
type 1s the stainless-steel Bacon Bomb Thief with which samples
of the liquid can be drawn from any level of the tankcar.

The ASTM procedure describes sample containers, thelr
cleaning and storage.

Under general precautions, the ASTM mentions that,
"Samples of the fluid shall not be taken until the oll is at
least as warm as the surrounding air, because cold oil may
condense enough moisture from a humid atmosphere to affect
seriously its insulation properties. (In the case of tankcar
lots, on some occasions there may be no choice, as it may be
necessary to procure samples from a tankcar when the temperature
is not above the surrounding air. On such occasions, the temperati
of 041 and air also the humidity if possible, should be noted in
the report of test results.) It is undesirable to do any
sampling when the relative humidity of the atmosphere exceeds

75 percent, and samples shall never be taken in the rain",
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Several electrical wmanufacturers using Aroclor dielectrics,
switch ihe tankcars directly into the plant bﬁilding or under
roofmbefore sampling and unloading.

These precautions in handling are taken to avoid any
contamination of the fluids which are mgnufactured under very
strict specifications. For example, the specificatim for
ionizable chlorides allows no detectable amount, (less than
0.10 parts per million). Moisture may not exceed 20 to 35
parts per million.

Tankcars are cleaned and prepared under close inspection
before they are filled. When filled, and analysis shows the
materlal in the car to be satisfactory, the car is then sealed
with a standard railroad wire and seal inserted through the
slots of the dome fittings.

' Likewise, after the tankcars have been unloaded in the
industry, it is requested that the dome fittings should be
sealed with a railroad wire and seal. '

2.) Monsanto Methods used for sampling tankcars differ

somewhat from the ASTM procedure. The modified techniques are
used because of their greater simplicity and they have been
entirely satisfactory as employed over many years.

A sample is never taken when it is raining or snowing, or
when there is any chance of contaminated atmosphere moving
in the direction of the car. However, in case of an

emergency during inclement weather, a canopy is placed over

07349
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the car dome before sampling.

A'satisfactory sample bottle is a five pint, round
ambe; glass, packer type container fitted with a 38 millimeter
Bakelite screw cap with an aluminum or tin cup liner. Bottles
of this description can be purchased from the Northwestern
Bottle Company, 3144 North Broadway, St. Louls, Missouri
according to their No. A-T7253.

Only new bottles and caps are used. When a shipment of
bottles is received, the bottles are capped immediately and
stored in their receiving cartons. Prior to use, the exterior
of the bottles is wiped with a clean c¢loth.

The simplest sampling device used is a clean stainless
steel or aluminum dipper. However, this is not a generally
preferred device because it permits sampling the car from the
near surface, only.

The sampling device commonly used consists of a stainless
steel tube, seven feet long with one end bent into a hook, to
serve as a handle and on the other end there i1s a stainless
steel bucket with a perforated bottom. This bucket is about
5-1/4 inches inside diameter and 6 inches deep to hold the
five pint bottle.

This bottle is held firmly by a stainless steel collar
made to slide along the shaft of the sampling device. This
collar has a clamp attachment for fixing 4t tightly into place
where desired around the neck of the bottle.

When a capr is to be sampled, a new sample bottle is
clamped firmly in the bucket.
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All dirt 18 brushed and wiped away from the car dome area
using a clean rag.

The car dome is opened and the cap is then removed from
the sample bottle.

The sampling device is 1ﬁserbed into the car so that the
neck of the bottle is at least twelve to elighteen inches
below the surface of the filuid. The sample taken is dis-
carded as its purpose is to rinse the bottle. A portion of the
sample is used to rinse the interior of the bottle cap.

This procedure is repeated until a minimum of three rinses
has been made; each time the sample taken is not put back into
the ecar. These rinses should be discarded.

Then the sample is taken and the cap of the bottle is
screwed down tightly.

When the sample has been obtained,; the car dome 1is
replaced. immediately.

The exterior of the sample bottle is wiped with a clean
cloth and when returned to the 1aboratofy it is further cleaned
with a cloth dampened with pure trichlorobenzene. If the
sample is to be shipped, the cap is taped with Scoteh Tape.

.The sampling device is also cleaned with pure trichloro-
benzene and 18 stored in a dust free, air conditioned room.

*3.) Drum Sampling: A glass thief, thoroughly cleaned

with pure trichlorobenzene and dried is used to sample drums.
-25-
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CHAPTER 5
LABORATORY ANALYSIS AND PROCEDURE

FOR TREATING AROCLORS AND THEIR MIXTURES WITH EARTH

A sample of the Aroclor or Aroclor mixture taken from the
tankcar, or drums, as described in Chapter 4, is analyzed'in
the laboratory to determine its quality in accordance with the
property values given in Chapter 7.

For capacitor use, usually the important properties
tested are resistivity, power factor, chlorides, and moisturé.
For transformer use dielectric strength, resistivity, moisture
and chlorides are the important properties.

If the sample 18 out of line with the shipping specifica-
tions, it is indicated that the sample has become contaminated.
In this case, another sample 18 to be taken and the properties
redetermined. If 8till out of specifications, the sample
should be given treatment with earth.

Treatment of the dielectric with conditioned Attapulgus
earth will bring the electrical properties to the maximum
attainable values. While there is complete agreement on the
benefits derived from treating with conditioned earth, there
i8 difference of opinion on details of the method, arising from
factors such as the following. No'doubt, there are differences
in the.absorbent power of various types of diatomaceous earth
with respect to removing moisture, impurities and additives

such as stabilizers or scavengers from the dielectric
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materials. The size of the earth particles, temperature and
conditions of activation of the earth, the concentrations
usec‘i‘ and the temperature, the degree of agitation and time
interval at which the dielectric is given earth treatment
are all possible variables which are still being studied in
various laboratories.

The method used by Monsanto for treating the fluid with
activated earth in the laboratory is:

The absorbent is minus 200 mesh Attapulgus* earth acti-
vated just prior to use by heating in shallow trays'for four
hours at 400°C. (752°F.) or for at least twelve hours at
250°C. (U4B2°F.).

At least one quart of the dielectric sample is placed
into a clean two liter Pyrex beaker or three necked flask.
The beaker or flask should be cleaned Jjust prior to use in a
manner similar to the procedure described in Chapter 6, Method
No. 11,751, "Procedure for Cleaning of Electrodes, G.E. Cell
and Accessories”.

The flask or beaker is fitted with a glass or stainless
steel agitator. Heat is applied using either a hot plate or
a Glas-Col mantle and is econtrolled by a thermostat such as
a Fenwal thermo switch with a stainless steel sheath.

About 0.1 to 0.2% of the activated earth, based on the
weight of the 1liquid is added.

#Attapulgus Division, Minerals & Chemicals Corp. of

America, 210 West Washington Square, Philadelphia 5,
Pennsylvania
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The more viscous dielectrics such as Aroclors 1248 and
1254 are heated at about 70° to 80°C. (158° - 176°F.) and
the less viscous materials such as Aroclor 1242 and Pyranols
1481, 1467, and 1470 are heated at about 50° to 60°C. (122°
to 140°F.). |

After heating and stirring the sample for about four
hours, it 1s filtered using a clean Pyrex glass suction flask
and a Buchner funnel fitted with a Whatman No. 1 or No. 3
filter paper. This apparatus and the bottle into which the
treated sample of dielectric is transferred should have been
cleaned in a manner similar to the cleaning procedure des-
cribed in Chapter 6.

The earth treated and "up-graded" sample is then ready

for final analysis of its electrical properties.
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CHAPTER 6
TEST PROCEDURES

A, General Information

The Monsanto test methods described here with the special
equipment used are some of the control tests employed to maintain
the quality of Aroclors for dielectric use. They are suggested
as a guide for test work needed to indicate the quality of the
dielectrics used in the manufacture of electrical goods,

The most significant electrical tests made on Aroclors for
capacltors are:

1. Dielectric constant.

2. Power Factor.

3. Resistivity.

For transformer use the most significant eleectrical tests
of Aroclor mixtures are:

1. Dielectric Strength

2. Reslstivity.

Other than electrical tests, significant measurements of
quality include, moisture, chlorides, thermal and chemical
stability.

The following terms are defined:

Dielectric Constant:

The dielectric constant (sometimes called specific inductive
capacit&) of any substance is equal to the ratio of the capa-
citance of a condenser when that substance is used as the dielectr:
to the capacitance when there is a’ vacuum between the conductors
(for all practical purposes air at ordinary pressures may be used

instead of a vacuum).
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Dielectric Strength:

Dielectric strength is the rupturing strength of an
1nsuiat1ng material when subjected to voltage stress under
8pecific conditions and expressed in kilovolts. Breakdown
varies with the shabe of the electrodes and does not increase
directly in proportion to the thickhess of the dieleotric.

Power PFactor:

The power factor of a dielectric is the ratio of the energy
loss in the dielectric to the "apparent power" in the dielectric.
Resistivity:

Resistivity is electrical resistance offered to the passage
of a steady current. The volume resistivity in ohms-centimeter
of an o1l is the ratio of the d-¢ potentlial gradient in volts
per centimeter paralleling the current flow within the sample,
to the current density in amperes per 8equare centimeter at a
given instant of time and under prescribed conditions., Volume
resistivity is expressed in ohme-cm. .

The analytical procedures described in detail include:

1. METHOD NO. 11,751, "PROCEDURE FOR CLEANING OF
ELECTRODES, G.E. CELL AND ACCESSORIES."

2, METHOD NO. 11,608, "DIELECTRIC CONSTANT AND POWER -
FACTOR. "

3. METHOD NO. 11,605, “DIELECTRIC STRENGTH."

4. METHOD NO. 11,607, "RESISTIVITY."

5., METHOD NO. 10,126, "CORROSION AND CHEMICAL STABILITY."
6. METHOD NO. 10,118, "INORGANIC CHLORIDES."

7. METHOD NO. 10,087, "ACID NUMBER."

8. METHOD (MODIFIED) NO. 10,620, "MOISTURE (WATER)."
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9. Hydrolys;s Stabllity Test.

10.° Thermal Stability Test.

B, 'Detailed Instruction and Testing Methods.

1. METHOD NO. 11,751, "PROCEDURE FOR CLEANING OF ELEC-
TRODES, G.E.

Cell and Accessories.’

a.

Co

The Electrode Cleaning Procedure:

1)

2)
3)

k)

5)

Place the electrodes in hot electrical grade
Trichlorobenzene for ten minutes.

Wash with unheated TCB.

Rinse twice with methanol and twice with
tap water.

Place the electrodes in hot 104 Tri Sodium
Phosphate solution. Soak and heat for ten
minutes.

Wash thoroughly with tap water.

CAUTION: After Step 5 -- DO NOT TOUCH THE ELECTRODES

6)
7)

The
1)

2)

WITH HANDS ! :
Wash with distilled water twice.

Dry in drying oven for at least two hours
at 120°C.

G.E. Cell Cleaning:

Reclean the cell before use, when more than
8 hours have elapsed since the previous
cleaning.

Follow the procedure for the electrodes starting
at Step 4.

Cleaning of the Accessories:

1)

2)

3)

Apply the same cleaning procedure as given
for the electrodes (Steps 1 to 7) to prepare
the glass spacer and beaker for next test.

Clean the thermometer in the same manner as the
electrodes, except for Step T.

Place the wet thermometer (after Step 6)

directly in position in the temperature Heating
gnit (Modified Fisher Isotemp Oven) and allow
o dry.
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METHOD NO. 11,608, "DIELECTRIC CONSTANT AND POWER FACTOR."
I. -Apparatus

I,

A'
B.

_0scilloscope: Heathkit Model 0-6,

Constant Temperature Heating Unit: Fisher Isotemp
oven, Model 13-245A, modified to include inter-
wall connectors. : :

A. C. Generator: General Radio Type 1302-A

Amplifier and Null Detector: General Radio type
1231-B with type 1261-A power supply.

Capacitance Bridge: General Radio Co. Capacitance
Bridge type T16-C.

Test cells: G. E. type, concentric cylinder

electrodes Catalog #1,559,663. (G.E., Pittsfield, Mass.
Transformer Lab.

Class B driver transformer: This is used for

60 cycle measurements to excite the bridge directly

from the domestic power line. It has 50 volts

output with a 4800 ohm resistor in service,

Tuned Circuit Fllters: General Radio Type 1231-P2
(400 and 1000 cycle) and 1231-P3 (60 cycle). These
filters aid in obtaining & more accurate frequency
for the measurements by removing harmonics, noise,

* hum, etec.

Adjustment of Controls on Electrical Appartus

A,

On Panel No. 1 (Top Panel, Amplifier and Null
Detector) .

a. Turn the 4-way (main power) switch on the
upper right hand side to the #3 position
to determine the Dielectric Constant at
1000 cycles. Turn this switch to the #2
position for measurements at 60 cycles.

b. Allow the equipment to warm up 10 minutes.
c. 'iurn "GAIN CONTROL" to 6.

d. Depress "INPUT 0,03V." button.

on Panel No. 2 (Oscilloscope)

a. Turn "INTEN." to about the 12 o'clock position.

CAUTION: Do not allow a high intensity spot
to remain stationary on the screen
for any length of time.
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b. Using "HOR. POSITION" and "VERT. POSITION"
controls center the image on the screen.

.c. Adjust "FOCUS" for sharp line.

d. Turn "FREQ. SELECTOR" to LOOKC.

e. Turn "FREQ. VERNIER" to 80,

f. fTurn "VERTICAL GAIN" o 5.

g. Turn "VERTICAL INPUT" to "10 VOLT MAX.".

h. Turn "HORIZONTAL GAIN" to about 20.

1. Turn "SYNCHORONIZING" to + 20.

Jo Turn "SYN." to "EXT. SYN."

k. Turn "GEN." to "SWEEP GEN."

C. On Panel No. 3 (Capacitance Bridge)

a, ‘Turn "RANGE SELECTOR" switch to "100 C"
for 60 cycle measurements and to "1 XC" for
1000 cycle measurements.

b, Turn "METHOD SWITCH" to direct.

c. ggrﬂo:?ISSIPATION FACTOR" selector switch

D. On Panel No. 4 (oscillator)

a. Disregard this panel for measurements at 60 cycles.

b, On 1000 cycle measurements, depress the No. 10
"MULTIPLY BY" button. .

¢. Set "FREQUENCY DIAL" to 100.

d. Turn "OUTPUT" dial so that pointer is at

the end of the arrow.

Depress the "UNBAL. 5000 OHMS" button.

When all of the above adjustments are made, the electrical

apparatus is ready for measurement of -Dielectric Constant and

Power Factor.
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III. Determination of Constants for the Apparatus

1.

10.

11,

12,
13,

14,

Carefully assemble the cell which has been c¢leaned
and dried within the last 8 hours. Refer to Method

No. 11,751 for the procedure to use In cle&hing the
cells, '

Place the cell assembly in the Fisher oven which
has been adjusted to 25°C.

Connect the back wire inside the oven to the lead
on the inner cylinder of the cell and the front wire
to the Tead on the outer cylinder of the cell.

Connect the cable from the capacitance bridge

to the terminals on top of the oven s0 that the

inner wire of the cable goes to the back terminal
and the outside mesh casing of the cable (the ground)
goes to the front terminal.

Remove the thermometer from the top of the oven
before going on with the test. TEEB'IgfIEQQrEant.

Make all adjustments on the electrical apparatus
as directed in Part I of this method., -

Balance the bridge by rotating the "CAPACITANCE"
and "DISSIPATION FACTOR" dials on Panel No. 3
until the wide vertical band on the oscilliscope
is adjusted to a minimum width.

Record the sum of the readings on the “CAPACITANCE"
dial and vernier and call this value A.

Remove the beaker containing the cell from the oven
and £1i11 1% with C.P. benzene to a level 0.737 inches
(ca. 3/4 inch) above the top of the concentric cylin-
ders of the cell.

Adjust the temperature of the benzene to 25°C.
while stirring with a thermometer.

Replace the cell in the oven (at 25°C.) and make
the same electrical connections as in Stepe 3 and
4, DO NOT interchange connections.

Balance the bridge again as in Step 7.

Record the sum of the readings on the “CAPACITANCE"
dial and vernier and call this value B.

Calculate the cell constant by the following equation:

Cell Constant, K = B - A (this 1s usually
5.27 ~ 1.0 around 70 mmfd.)
-34.
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15, Remove the cell from the oven and balance the

bridge as in Step 7 with the "CAPACITANCE" and
"DISSIPATION" "FACTOR" dials.

16. Record the sum of the readings on the "CAPACITANCE"

dial and vernier and call this value F. (capacitance
of connecting cable.)

17, Calculate the CELL LEAD CAPACITANCE by the following

equation, _

CELL LEAD CAPACITANCE, G « A = F = K (this is
usually
around
3 mmfd.)

WHERE s

A = CAPACITANCE OF ENTIRE SYSTEM IN AIR (SYSTEM
CONSTANT)

G = CAPACITANCE OF THE CELL LEADS (CELL LEAD

CONSTANT)

F = CAPACITANCE OF CABLE AND WIRES WHICH CONNECT
THE CELL AND CELL LEADS TO THE BR1DGE.
(CONNECTOR CONSTANT)

K = CAPACITANCE OF THE CELL ALONE (THE CELL CONSTANT)

Tabulate the system Constant (A), the Cell Lead Constant
(@), the Connector Constant (F), and the Cell Constant (K)
on a piece of stiff paper and post them near the instru-
ment where they can be easily referred to for comparison
and calculations.

These constants must be checked at least once every
three months and in all cases where the Dielectric
Constant and/or Power Factor are out of specification.

Measurement of Dielectric Constant and Power Factor on

Aroclors, Pyranols, Inerteens, and Tri-Tetracﬁloro-

benzene Blends.

A,

Test Run on Cell to Determine whether it 18 Clean
and properly Aligned.

1. Carefully assemble a cell which has been c¢leaned
and dried within the past 8 hours.

NOTE: Refer to method No. 11,751 for procedure to use
In cTeaning cells.
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9.

Adjust the oven control to hold at a temperature

of 100°C. for all materials except Tri-Tetra Blends.
If a Tri-Tetra blend 1s to be tested, adjust the
oven to hold a temperature of 25°C.

Place the empty cell assembly in the oven and
connect the back wire inside the oven to the lead
on the inner cylinder of the cell, and connect

the other (front) wire to the lead on the outer
cylinder.

Connect the cables from the capacitance bridge to
the terminals on top ¢f the oven so that the inner
wire of the cable goes to the back terminal and
the outside metal casing (ground) goes to the
front terminal.

Allow 15 minutes for the cell to reach temperature
equilibrium inside the oven.

Remove the thermometer from the top of the oven
before taklng any measurements on the brildge.
This is important.

Make all the adjustments on the electrical apparatus
es directed in Part I of this method.

- Balance the bridge by rotating the "CAPACITANCE"

and "DISSIPATION FACTOR" dials on Panel No. 3
until the wide vertical band on the oscilloscope
screen is adjusted to a minimum width.

Record the sum of the readings on the "CAPACITANCE"
dial and vernier and compare this value with the
SYSTEM CONSTANT determined in Part II of this method.

IMPORTANT: If the value obtained in Step 9 does not
agree with the System Constant A (Part II) within 5 uuf,
the cell must be re-cleaned, re-dried, re-assembled,

and the test run for the System Constant must be repeated.

NOTE: Although the above test run must be made prior to
each analysis, the value obtained in Step 9 is not to be
used in calculations but is to be used only as a check
on the cleanliness and alignment of the cell,
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Procedure for Testing Materisls

10. Remove the cell from the oven and £i1l11 the beaker
with the material to be tested to a level 0.737

inches (ca 3/4 inch) above the cylinders of the
cell,

11, Adjust the temperature cof the sample to 100°C.
(use hot plate) for all materials except Tri-Tetra
blends. For Tri-Tetra blends, adjust the tempera-
ture of the sample t¢ 25°C. using an ice-water
bath if necessary.

NOTE: Stir sample continuously with a thermometer
while adjusting the temperature.

12. Place the cell and sample in the oven and make
the same connections from the cell to the bridge

as in Steps 3 and 4. DO NOT interchange connec-
tions,

13. Allow 15 minutes for the cell to reach temperature
equilibrium inside the oven,

14, Remove thermometer from the oven before taking a
measurement. 'This 1s iwmportant.

15, Make the adjustment of controls on the electrical
apparatus as directed in Part I of this method.

16, Balance the bridge by rotating the "CAPACITANCE"
and "DISSIPATION FACTOR" dials on Panel No. 3
until the wide vertical band on the oscilloscope
screen 1s adjusted to a minimum width.

17. Record the sum of the readings on the "CAPACITANCE"
dial and vernier, and call this value X.

18. Record the sum of the readings on the "DISSIPATION
- FACTOR" dial and switch. Call this value D,

Calculations:

Dieleotric Constant = X=F -0
e

Where:

Capacitance reading from Step 17.
Connector Constant iDetermined in Part IIB
Cell Lead Constant (Determined in Part II
Cell Constant (Determined in Part 11)

= e
0B BB O
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% power Factor = f x D
o
Where:

Test Frequency (60 cycles or 1000 cycles)
Frequency of "Range Selector" on Panel NO.3
Dissipation Factor reading from Step 18,

by
To
D

NOTE: When D (dissipation factor) is less than 0.1,
the dissipation and power factors differ by
less than 0.0005., Therefore, for our measure-

ments, power factors and dissipation factors
are equal,

Precision: (Reference: General Radio Manual for Model

716-C Capacitance Bridge)

a. Capacitance readings are precise to + 2 mmfd. x mul-
tiplier reading (+ 0.2% of full scale for each range)
when the dissipation factor is less than 0.01.

b. Dissipation Factor (Power Factor) readings are pre-
cise to + 0.0005 or + 2% of the dial reading which-
ever is Targer, for vValues less than 0.1 for D
(Dissipation Factor),

METHOD NO. 11,605, "DIELECTRIC STRENGTH."

a. Apparatus and General Information
The electrical equipment necessary to provide high
voltage to permit the determination of dielectric
strength of liquid dielectric at commercial power

frequencies is baslcally quite simple.

The equipment assembled in the laboratory consists
of a high voltage transformer of good design and
with a current capacity of 2.43 XVA and with equip-
ment for control of the voltage and a means of
measuring the voltage and to provide safety for

the operator.
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It is enclosed in a steel gray crackle finished
" cabinet measuring 42" high, 22" wide, 17" deep
and set on truck casters for easy mobility.

Protective equipment incorporated in this apparatus

prevents the application of high voltage unless all
safeguards are complied with. The door on rear of
cabinet must be closed. The cover over the oil
must be all the way down and the voltage control
must be at O position., Pailure to comply with these
requirements will prevent any action when the red
button 1s depressed.

Thé test cups Transformers, Voltmeters, and Accessories

The askarel testing cup type No. 224809 supplied by

General Electric Company is mounted on the top
rear of the cabinet. It i protected by a heavy
plastic cover, hinged at the rear for accessibility
to the receptical. |

It is equipped with safety contactor so placed that
the circuit energlizing the high voltage contactor
cannot be completed unless the protective cover is
completely lowered and in place. It is impossible
for the operator or anyone else to touch the testing
cup when high voltage is applied.

The High Voltage Transformer manufactured by the

Kelly-Koett Manufacturing Co: is of the closed core,
01l immersed, shell type design. Rate @ 81,000 volt
@ 4o millampers. It was recovered from a used X-ray

machine purchased quite inexpensively
NEY 007365
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An auto transformer from the same X-ray machine

is connected so as to liimi%t the out-put voltage

of the high voltage secondary to 50,000 volts.

The primary of the auto tranaformer is connected
to the secondary of a 2-1/2 KVA powerstat variable

auto transformer supplied by the Superior Electric

Company .

Power to the powerstat 1is controlled by a 4 con-

tact 30 amp. solenoid circuit breaker,

The voltmeter mounted on top near front edge is
connected across the powerstat secondary and is
calibrated to read directly in Kilovolts in the
range of 0 - 50 K.V,

The overload circuit breaker éonsists of a small

relay connected between one 8ide of the high

voltage transformer secondary center tap and

ground. It is adJjusted to break contact on a
current drain of about 50 milliampers. The circult
for the coll of the solenoid circuit breaker 1s wired

through the contacts of this relay.

U=
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Safety and Operating Corntrols

1) Door interlock switch located on rear door.’
2) Test cup cover interlock switch.

3) Powerstat switch mounved on rear of unit
arranged so that high voltage contactor
cannot be closed unless powerstat is at
zero position.

4) Main power switch on frcnt panel.
5) Powerstat voltage contrcl on front panel.

6) High voltage contactor push buttcn on
front panel (red).

7) Signal lamps mounted on top around voltmeter.
Purpose and operation described in wmethod of
use,

Procedure

1) Ascertain that the temperature of the material
under test is 25 (+ 0.5)°C.

NOTE: Testing at other temperature is likely to
give variable results which may be misleading.

2) Shake the sample contalner so as to thoroughly
mix the askarel before filling the test cup.

NOTE: This operation 1s especially important with
used Aroclor as the impurities may settle to the
bottom and the test may be misleading.

3) Rinse the testing cup three times with small
portions of the sample to be tested.

4) 1Immediately after final rinse, fill the cup
to a height of not less than 20 mm. (0.787 in.)
above the top of the electrodes.

5) Rock.the cup a few times in order that any entrapped
air may escape. Close cover over oil test cup,

6) Allow to stand 3 minutes. CAUTION: THIS IS
IMPORTANT.

7. Turn main toggle switch on front panel to "ON"
(or up) position. Both green and amber pilot
lights on the top at either silde of the voltmeter
will now glow.

NEV 007367
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NOTE: The green slgnal light i1s connected across the
115 volt in-put and denotes that line voltage has
been applied to operating control circuit.

" Amber light is connected in series with sensitive

switch located under high voltage contactors and
connected to its armature. It indicates that high
voltage contactor is in its rest position and away
from contacts energlzing auto transformer.

8) Turn voltage control (large knob on front)
to extreme counter-clockwise position.

9) Depress red button on front. This energizes
high voltage transformer and circuit breaker
and is indicated by amber light going out and

the red light directly over voltmeter will
light, :

10) Watch the voltmeter and, while holding the
button "IN", turn the voltage control at
such speed that will cause voltage as
indicated on voltmeter to rise at a rate of
3 K.V. per second,

11) Note and Record the voltmeter reading at break-
down,

12) Repeat the test until two successive breakdowns
occur on each of two fillings of the test cup
whiceh do not differ by more than 10%.

Report the average value of these two readings

(Step 12) as the Dielectric Strength. If the limit
of the instrument 1is reached before breakdown, report
the Dielectric Strength as 50 X.V. at 25°C.

Cleaning of the test cup:s -

After the test 1s completed, drain the ecup.
Flush the cup with benzene.
Then £111 with Aroclor 1248 and let stand,

until the next analysis.
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NOTE: An exception, when samples of o0il from the plant

aré brought in for test, the cup must be thoroughly cleaned

with benzene and carbon tetrachloride before and after

running the test

The electrodes:

The testing cup has two electrodes. Both electrodés
are movable and have twenty threads to the inch
with index notches on both the electrodes and the
lock nuts.

To set the Gap:

Arrange one of the electrodes and the lock nuts
with the index marks in line. Move the other elec-
trode until it comes in firm contact with the first
electrode and lock it.
Now unscrew the electrode with the index marks in
line (Step 1) two complete turns and lock it.
This will leave a gap of 0.1 inch between faces of the
electrodes.
Cleaning of the electrodes and the test cup free of
carbon coating:
The following ASTM method of cleaning shall be
followed when it is apparent from visual inspection
that the electrode discs of the cup are coated with
¢ carbon,
Wipe clean with dry calendered tissue paper the

electrodes and the test cup.
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The instrument 1s equipped with a 115 volt AC power
supply which supplies all operating voltages for the
bridge indicating circuits and in addition supplies
500 V DC for application t0 the material under test.
The instrument is completely enclosed in a waxed
finish shieided oak cabinet measuring 8-1/2" wide,
22-1/2" long and 8" high.

Approximate weight--26 pounds.

Test Electrodes:

Two concentric nickel cylinders with feet, obtained
from General Electric Company. The lnner electrode
has outside diameter of 2.8" and a height of 3.25"
with area of 184 sq. cm. The outer electrode has an
inside diameter of 3" and a height of 3.,25" with
area of 198 sq. cm. The distance between electrodes
is, therefore, 0.1" or 0.254 cm.

By theory, electrode constant (K) area/length is
191/0.254 or 752 where average area is 191 sq. cm.
Also X = 36 x 10" x C (farads with air as dielectric)
or 11.29 x ¢ (mmfd. with air as dielectric).

Glass Plate:

Pyrex about 3-1/2" diameter with concentric grooves
to assist in spacing electrodes. Obtained from

General Electric Company.

Heating Unit:

Assembled in the laboratory and 1s the same unit
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described in Dielectric Constant Apparatus (see

‘Method No. 11,608; Equipment).

Procedure:

1) Assemble the test cell. Place the recently
cleaned (within the last 8 hours--see Method

No. 11,751, Step 9) electrodes in an 800 ml,
beaker.

2) Measure the capacitance of the test cell (C¢)
according to Method No, 11,608 (Dielectric
Constant and Power Factor measurements.)

3) Fill the cell assembly until the liquid level
is 3/4 inch above the top of the electrodes.

4) Heat the assembly on the hot plate to 100 (+ 0.5)°C.
5) Place the assembly inside of the testing oven.

6) Attach top lead (+) on the megohm bridge to
inner electrode.

7) Attach other lead to outer electrode.

8) Throw the three switchee at the top,of the
megohm bridge to "ON" position.

9) Allow 10 minutes for assembly to reach temperature
equilibrium inside the oven.

DANGER: Make sure control knob is in "CHECK" position.
OtherwWwise, painful shock will result if leads are
touched.

10) Bring the galvanometer pointer to zero by turn-
ing the "ZERO ADJUST" knob in the direction in
which the pointer of the galvanometer should move.

11) Turn the control knob to "CHARGE" position for
30 seconds. :

12) Turn the control knob to "OPERATE" position and
return the galvanometer pointer to zero by ad-
Justment of the "MULTIPLY BY" switch and the
megohm dial.

13) Read after 30 seconds.
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Calculation:

Resistivity* - Megohm dial reading (Step 12) x
"Multiply By" reading (Step ll1) x capacitance of

“cell (Step 2) in mmfd. x 11.29 x 0.001.

Report the result in units of 109 ohm-cm.
#*Values of resistivity are qualified by designation
of temperature and voltage. These are for this test,

100°C and 500 volts DC.

NOTE: It is important that the product under test,
electrodes, and beaker be at uniform temperature

for this determination. Temperature variations in
different parts of the sample wilill cause the galva-
nometer zero to change constantly and give misleading

results.

CAUTION: Inasmuch &s measurements must be made at a
potential of 500 volts DC a shock hazard exists in
the handling of this appartus, With the control

knob in the charge and operate position full voltage
of the bridge (500 volts) is applied to the positive
and low terminals and through the test leads to the
electrodes. Do not attempt to handle the electrodes
of the test leads unless the control knob is in the
"CHECK" position. Possible penalty for failure to
observe this precaution -- Painful Shock.

METHOD NO. 10,126 "CORROSION AND CHEMICAL STABILITY."

a. Apparatus: G.E. Corrosion Apparatus consists of
the following:

1) A Corrosion Flask - It is a 300-ml. Pyrex flask
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2)

with a greound glass 24/40 joint equipped with
a l1l2-inch s%raight tube as an air cooled con-
denser. The air-condenser is painted on the

outside with aluminum,

The Corrosion Apparatus: A transite box 32"
long x &" wlde X 5" deep. The top of the box
represents a split transite board with 5 holes
cut to fit the flasks.

The box is heated by two 500-watt, 15 volt G.E.
Strip heaters with off-set terminals at one end
(23.5" overall length).

The heating length of the heating element is
covered by a copper strip 19-1/2" long x 4"
wide x 1/4" thick,

The temperature is controlled by an automatic
thermostat with temperature setting indicator.

Procedure:

1)

Roll a rectangular (2" x 4") plece of aluminum
foll so that it will pass through a ground glass
24/40 Joint of the corrosion test flask.

CAUTION: Be careful that'after rolling the specimen
does not touch 1tself at any point.

2)

3)

)

5)

6)

7)

Wash the aluminum foil (Step 1) scrupulously with
acetone, distilled water, acetone, benzene, and
chloride-free ether. :

Then place the foil on a clean watch-glass and
dry in an oven at 110°C. for 30 min. After
cleaning handle the specimen with tongs or
Torceps only.

Wéigh accurately on an analytical balance the
specimen (Step 3) at room temperature.

Drop the weighed aluminum foll into the chloride-
free corrosion flask of the "G.E. Corrosion Appa-
ratus." Rinse out flask with sample and rinse
end of condenser with sample.

Add 200 ml. of the product under test to the aluminum
foll (Step U4 and 5).

Set the corrosion flask in the corrosion test appa-
ratus.
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8)
9)

10)

11)

12)

13)

14)

Attach a 12-inch straight-tute air-cooled condernser,
the outside of which is painted with aluminum,

Cover the exposed part of the flask with aluminum
foll.

Heat the flask for 6 (+ 0.1) hours at 210 (+ 5)°C.

The temperature of the liquid in the test flask 1= mea-
sured indirectly using a thermometer inserted through
a cork stopper and into similar liquid contalned in
an identical flask seated adjacent to the test flask
on the heating cnamber.

At the end of the heating period, detach condenser from
the flask before removing it from The hot plate.

Remove the flask from the hot plate and cover all of
the flask with aluminum foll (when the flask is not
on the hot plate.)

Without removing the aluminum foll covering of the

flask, analyze the product (Step 6) remaining in
the corrosion apparatus for: .

a Appearance, Color, and Condition.
b) 1Inorganic (Free) Chlorides--Apply Method No.10,118
¢) Acidity (Acid Number) - Fcllow Method No., 10,087

With a pair of clean, straight nichrome tongs,

remove the aluminum foll specimen (Step 5), wash
thoroughly, dry and weigh accurately on an analytical
balance in the same manner as before (Steps 2, 3 and 4),

Report the corrosion as loss or gain in weight to the
nearest 0.0001 g. and the Chemical Stability, as indicated
by the analysis of the products "After Cecrrosicn Test",
in the same way as reported for the original (as received)
material.

METHOD NO. 10,118, "INORGANIC CHLORIDES."

a.

Preparation of Standards:

1) Make a primary standard of 100.0 ppm by weighing
0.1648 g. C.P. NaCl into a chloride-free 1 liter
volumetric flask. Dilute to the mark and mix
thoroughly. Make a 10.0 ppm standard by diluting
100 ml. of the primary standard to 1 liter, and
mixing well. For every 0.l ppm standard, dilute
to 10 ml, of the 10 ppm standard to one liter and
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3)

mix well., A O.1 ppm beam 18 consldered the very
faintest beam perceptible to the eye between 15-45
seconde after adding the AgNOq soluticrn. If the
beam intensity is not visidleTat all, cr if easily
visible (too strong;, discard the solutions and
make new standards.

Weigh 20.C g. C.P. AgN05 intvo 2 elloride free
dark bottle. &dd 20 wl7T C.P. N0z {chloride-
free). Dilute to 200 mi. with wa%er,

All soluticons shouid be frzshly rrepared every
two weeke and sicred in glass-sioppered Pyrex
bottles. ‘

Light Source:

Emﬁloy the 2 battery Penlite flashlignt, having a
3=

mm, light aperture. New baiteries must be used

frequently in order to percelve beams properly.

Procedure:

1)

3)

4)

Thoroughly rinse two separatory funnels with
chloride-free water three or four times. Then
take an aliquot from each funnel in a test tube
which has been rinsed with chloride-free water,
Test these aliquols for Tyndall beams by adding
3-5 drops of AgNOz and allowing 45 sec, for full
beam to evolve, bsolutely nc dust or chloride
beam should be present, (If beam is present,
rinse all equipment with 1:1 HNC3 and repeat
Step 1). -

When funnels are beam-free, drain cut all the
water except 50 ml. in one and 25 ml, in the
other. Heat the water in both funnels tc boliling.
(Hold stopper while heating as steam may causc
stopper to fail.)

Transfer 50 ml. of the sample from the sample
bottle at a temperature of 95-100°C. intc the
separatory funnel containing {he 50 ml. of
boiling water. (As a precautionary measure,
pour some of-tne sample from the sample bottle

- into a waste beaker before adding the 50 ml.

to the funnel.)

Stopper the funnel and shake vigorously fer at
least 1 minute, venting frequently through the °
‘stopcock. (Care must be exercised at all times
to touch neither the lower part of the funrel
stem nor the ground part of the stopcock.)
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5)

6)
7)

8)

9)

10)

11)

Allow the layers to separate and drain off the
sample 1nto the second funnel containing the 25

~ml. of bolling water. (As before, drain cff a

few ml. of the sample into a waste beaker befcre
dralining the sample into the second separatery
funnel. It may be necessary to hcat the sample
when transferring the sample to the second funnel;
e.g., Aroclor 1260,

Repeat step 4 and allow the layers to separate,
Then drain off the sample into 2 waste beaker.

Combine both water extracts in one funrel and
shake thoroughly.

Take approximately a 10 ml. aliquot of the water
extract out through the bottom of the funnel into
a 3/4" x 6" test tube., Again, first allow a few
ml. to drain out before taking the aliquot. (The
test tube used should be rinsed with chloride-
free water several times before using.)

Add approximately an equal portion of chloride-
free ether, (The ether is tested by shaking a
portion of it with chloride-free water and testing
for Tyndall beam at the end of 45 sec. 1f beam is
present, wash ether several times with chloride-
free water until washings show no beam after adding
3-5 drops AgNO3).

Shake the ether-water mixture until the emulsion
in the sample disappears and the water layer is
completely beam free before adding AgNOa. If
emulsion is difficult to break, add sample drop-
wise through the ether and then shake.

Add 3-5 drops of 10% AgNO3 solution and test for
chloride beam for 45 sec.”exactly, If no beam is
present at the end of 45 seconds, report as €0.1
ppm. The very faintest of beams 18 considered
0.1 ppm., If beam is stronger it will be necessary
to compare with standards of 0.15, 0.20 up tc 1.0
ppm, adding the 3-5 dropsg of AgNO3 and comparing
at the end of U5 sec.

The method is precise to the nearest 0.1 ppm.

Report results to the nearest 0.1 ppm.

7. .METHOD NO. 10,087, "ACID NUMBER."

a.

Reagentss

1) Nitration grade benzol.

NEV 007377
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2) Anhydrous methanol.

3) A saturated sclution of phenol red {phennol
sulfonphthalein) in me*hancl (approx. 0.1%).

4) A 0.01 N solution of KOE in methanol.

Procedure:

1) Place 100 ml. of benzol, 100 ml. of metharol
and 0.5 ml., (pipette) of phenol red indicator
into one of two clean dry 500 ml. Erlenmeyer
flasks.

2) Neutralize carefully with the 0.01 N KOH (to be
first definite pink color.)

3) Pour the mixture back and forth between the two
flasks several times, If the solution is still
neutral, divide it equally between the two
flasks, if not, repeat steps 2 and 3.

4) weigh (+ 0.05 g.) into one of the flasks a 75.0
+ 5.0 g, sample and titrate with the 0.01 N, KOH
until the sample matches the blank,

Calculations:

Acid No. (mg. KOH/gram sample) = ml. 0.01 N KOH x 0.56
. Sample Welghi

Report tﬁe results to the nearest 0.001 if they are
below 0.1, otherwise to the nearest 0.01.

The method is precise to + 0.002 for acid numbers
below 0.01 and to + 0.01 In the range of 0.1 to 0.01.

NOTE 1: To convert mg. KOH/gram to mg. NaOH/gram,
multiply by 0.715,

8. METHOD -MODIFIED NO. 10,620, "MOISTURE (WATER)".

a,

Introductory Comment:

The Karl Fischer Reagent titration method used in
the analytical laboratory involves use of an analyt-
ical balance to welgh accurately about one drop of
water used in preparing the standard. Since an
analytical balance may not be available, the method
has been modified and uses a purchased standard water
solution as described below. Also, in the laboratory
a "Dead Stop" potentiometric method for determining
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the end point is often used. However, as this
equipment may not be available, the procedure
described below uses the visual indicatcr change
for determining the end point.

Apparatus and Reagents:

1) Karl Fischer Burett, Automatic Pyrex No, 5750,
25 ml, capaclty. Ace Glass Company, Vineland,
New Jersey. .

2) Water Standard in Methanol, No. SO-W-2 {1 ml. .
1 mg. Hp0) Fisher Sclentific Company, 2800
Jefferson Ave., St. Louis, Missouri.

3) Karl Fischer Reagent Solution No. SO-K-2,
Fisher Scientific Company.

Standardization of Karl Fischer Reagent

Into a 500 ml, clean, dry Erlenmeyer flask, place
about 100 ml. "Anhydrous" methanol (commercially
availlable, 99.95%). Add Karl Fischer reagent to
this blank until the first color change from lemon
y¥ellow. It is not necessary to read the burette
at this point. Carefully pipette 50 ml. of standard
water solutlion into the blanked methanol. Refill
the Karl Fischer burette. Titrate the solution
with gentle swirling to mix, until the same color
is obtained as was obtained for the blank. Now
read the burette,

Moisture value of K.F. reagent in terms of grams
HpO per ml. o
) (Moisture value of
(M1. Standard HpO solution) sbandard water so-
' lution in gm. per
ml. stated on label.)
ml. Karl Fischer Reagent

Solvent Mixture:

Since the solubility of the different askarels
varies, the following solvent mixtures are suggested:

Material Anhydrous Benzene Anhydrous Methanol
Pyranol»IMEB 0 ml. 300 ml.
Pyranol 1488 100 ml. 200 ml.
Pyranol 1467 100 ml. 200 ml.
Pyranol 1481 100 ml, 200 ml,
Pyranol 1495 100 ml. 200 ml.
All Aroclors 110 ml. 190 ml.
Inerteen PPO 100 ml. 200 ml.
-53- NEV 007379

WATER_PCB-00050947



-

. .-

e,

Procedure, "Visual End Point."

1) Place 100-300 ml. of dry solvent mixture ‘c) in

a dry 500 ml, ground glass-stoppered Erlenmeyer
flask.,

2) Titrate the solvent with K.F. reagent to the
visual endpoint, i.e., the first change from
the yellow to reddish orange that persists for
30 seconds, Refill the burette.

3) Using a beam balance, weigh to the neares*
0.1 gram by difference, & sample containing
0.03 to 0.06 grams Hp0 into the flask.

4) Stopper and shake until the sample 18 in
solution.

5) Titrate the solution with K.F. reagent to the
endpoint described in Step 2. Record the
volume of K.F. reagent used.

Calculation:

% Hp0 = ml, of K.F, reagent x Hp0 factor x 100
Sample Weight

References:

Mitchell, J. and Smith, D.M., Chemical Analysis,
Vol. 5, Agquametry, Interscience Publishers, Inc.,
New York, (1948)
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9. "EYDROLYSIS STABILITY TEST FOR FRCILOR"

Purpose

To quantitatively determire tne presense of unstablie chlorine
compounds 1in chlorinated biphsnyle (eskarsis).

Principle

Thne method 1s besed upon the hydrclrysis of unetable chliorine
compounds in askarels by methanciisc scdium hLydroxide., The
re3ulting chlioride lon is determined pocrentiomeiurically by
titration with silver ritrate solution in ar. esseatlally non-
aqueous medium., The measured cihloride icr, »epcrted as parss
per million in the askarel sample, 1s irnéisative of the velative
stability of the askarsl iu a dlelectric systen.

Reagents

1. Methanol (chloride free) = 5 liters of methanol are refluxed
with 0.5g Analytical Reagen‘ OGrade AgNGa for 1/2 hour, The
methanol 1s then distillecd from the AgNCq, discarding the first
100 ml., to flush the apparasus. 90% cf the cherge is distilled
from the flask and the contents of ¢the flesk are siscarded.

The methancl should be checked to assure purity by titration.
The chlcride ion concentraticn ehould be less then C.01 ml., of
0.005N AgNC3 per 100 mi. of methanoi.

2. Sodium Hydrcxide Reagent - Analytical Resgent Grade NaOH (may
be obteined from Mallinckrodt Chemical Compeny) is used tc prepare
this reagent. A 0.1N solution 18 prepared by dissolving 4.0 grams
of analytical rezgent grade NalOf in 1 liter of chloride frze
methanol,

3. Sulfuric acld - Prepared by a 50:50 volumetric d{lution of
Analytical Reegent Grade concentreted sulfuric ecid (can be
obtained from Mallinckrodt Chemical Company) with chloride free
(deionized or distilled) water. The acii is alwaya poured intc
the water with conatant stirring to prevent any dangerous build-up
of heat.

4. O0,005N AgNO; and C.0025N AgNO3 - Preparel by dilution of an
ampoule of ccncenirated aguedur AENO,. Thes:s ampoules can be
obtainred from Anachemica Chemical L?mited, Cramplzin, New York.
This reagert msy also oe prepars¢d by dlesclving 0.8495 g. of
Analytical FReagent Grades AgNQO3 crystals (may be owntained from
Mallinckrodt Chemical Company) in one liter ¢f chloride free water
containing 3.0 ml. cf concentrated nitric acid. This scluticn
should be standardize? against a pure chloridie standard. A scdium
chloride crystal such as used in infrared spectrometer cells 1is a
good source of pure wNafl. The AgNOy solutlons should be checked
(at least meonthly) to assure & comaiseent reagent .
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Acetone (chloride free) - Prepsred by distillation from
AgNO, &8s described above, for methanol and should also

be céecked by potentiometric titration to assure optimum
purity. Normally a chloride content of less than 0.0l

ml. of 0.0025N AgNO3 per 100 ml., is derived by this method.

Benzene - Analytical Reagent Grads benzene should be used.
This material is normally chloride free but should be
checked by potentiometric titration to be certain. Analyti-

cal Reagent Grade benzene may be obtained from Mallinckrodt
Chemical Co,

Equipment

1.
2.

200 ml. tall form besker (Berzelius type).

Magnetic stirrer - A suiltable magnetic stirrer with ring
stand base can be obtained from Fisher Scientific Co.
Cat. #14-511-1, This stirrer has a built-in rheostat and
should be set at full speed and operated through a variac
to adjust its speed. This will prevent heating of the
stirrer during the stirring operation.

Teflon magnetic stirring bar - The bar should be cylindrical
in shape and of one piece molded construction. one inch long.
may be obtained from Fisher Scientific Co., Cat. #9-311-9.

Microburet graduated in 0.0l ml. divisions - A suitable
buret may be obtained from Sclentific Glass Apparatus Co.,
Inc. Bloomfield, New Jersey Cat. #JM-5T0.

Silver electrode - The Beckman silver blllet electrode
Cat #39261 is the preferred type.

Glass electrode - A standard glasg electrode such as Beckman
electrode Cat. #40408.

pH meter suitable for use with glass electrode - A model GS
Beckman pH meter can be used. This instrument has the
expanded scale and provides greatest sensitivity to incre-
mental emf changes. A somewhat less sensitive but, nonethe-
less, useable meter such as Beckman "Zeromatic" or the Leeds
Northrup line operated pH meter can be used.

Water bath - An individual glass water bath 150mm in diameter
75mm high and containing 600 ml. of water heated to 40°C. +
1°C. is used.. This glass water bath can be obtained from
Corning Glass Co., Corning, N.Y. Cat. #3140.

Usual laboratory glassware - 25 ml. pilpette, buret or pipette
graduated to deliver 0.5 ml., wash bottles for pure acetone
methanol, water and a sturdy ringstand.
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Procedure for 1242 Aroclor (1499 Pyranol)

1.

Twenty five grams of askarel 1s weighed into a tared 200 ml.
beaker to the nearest 0.0l gram on a suitable balance,

Thé“magne%ic stirring bar 1s then added to the beaker
conta%ning the sample (without the bar touching the operators:!
hands),

Twenty five ml, O.1N NaOH (methanolic) is added by means
of a 25 ml. pipette and the beaker is covered with a watch
glass.

The sample beaker is immersed to a depth of 1 1/4 inches

in the 40° + 1°C. water bath on a magnetic stirrer and
clamped securely to a firm support. The sample is stirred

at as fast a speed as possible, without pronounced splashing,
for 1 hour. The water bath 1s not heated. No effort i1s made
to maintain the temperature at 40°C., and it will drift
toward equilibrium with room temperature.

After the 1 hour stir, the sample beaker is removed from

the bath, 0.5 ml, of dilute sulfuric acid is added to the
sample by means of a sultable pipette or buret. 125 ml.

of chloride free acetone 1s then added (a graduated cylinder
is suitable for this purpose). .

The sample is then titrated with 0.,005N AgNO3 solution
using the silver-glass electrode system.

Normal samples of askarel require extremely small amounts
of AgNOa, for this reason the titration is run using 0.0l
ml. add?tions and allowing sufficient time for equililbrium
to be established before recording the emf change. If a
change of less than lmv per 0.0l ml. addition is observed
for 3 or 4 .01 ml. increments, larger additions of AgNO

may be used for instance .05 ml. until such a change is
observed, The additions then are reduced to 0.0l ml. agaln
to complete the titration. The endpoint normally is defined
by two 50mv changes. A normal titration would yield the
following typical data.

My dMV# ML dML dMV/dML X 10-2
400 o .06 0 0
392 8 . .07 .ol 8
352 8 . . .08 .01 8
3 11 .09 .01 11
321 20 .10 .01 20
221 50 .12 .01 50
201 20 13 .01 20
285 16 Ak 01 16

# Using the GS pH meter the change is measured in 0.2mv
units and hence the meter changes observed would be
5 times this value (i.e. 25 units for 5mv).
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To calculate the change per 0.01 ml. observed, the mv
change is divided by the volume of AgNO3. By plotting
dmv/dml vs. ml., the endpoint may be found to the nearest
0.001-ml. This gives a sensitivity of + 0.007ppm - to
define the endpoint to + .0l ml. ro plofting 1s necessary
and- a sensitivity of + 0.07ppm is assumed,

T. A reagent blank 1s run exactly as above omitting the
askarel sample,

Calculations

Subtract the reagent blank from the total volume of AgNO3 and
{for the sample then:

Reactive Chlorins (ppm) = Net Volume AgNO3XNormality AgNO;X35.,46X103

welght

Procedure for 1254 and 1260 Aroclors (more viscous askarels)

The procedure 1is fcllowed exactly as above except that under
Procedure, Step 2, 5 ml., of benzene is immediately added to the
askarel sample and stirring bar. The sample is heated until

it dissolves in the benzene and cooled to room temperature
before proceeding to Step 3.

The benzene, of course, should be included 1n the reagent
blank determination.

Procedure for Micro Test

The dechlorination test may also be run on 5 gram samples of
askarels with a reduction in sensitivity. It is run exactly
as the 25 gram test above except that the amount of reagents
then used are 5.01 ml, NaOH (O.1N methanolic), 0.1 ml. HyS0y
for acidification, and 50 ml. of acetone to dilute the sample.
0.0025N AgNO3 1s used to titrate this size sample. The sensi-
tivity is thén + 0.18ppm rather than + 0.07ppm given by the

25 g sample (without plotting the endpoint).

General Comments

A rapid titration can be made to the nearest 0.1 ml. using
the normal potential at the equivalence point or use can be
made of an automatic titrator for routine control procedures.
The sensitivity in either case should be within + O.7ppm of
the value obtained by more refined techniques with 0.005N
AgNOg and a 25 gram sample,

The usual anaiytical precautions should be exercised in using
this test method to prevent cross contamination from other
sources of halogen in the laboratory. This means that all
glassware, apparatus, and the area in which this test is run
should be analytically clean.

NEV 007384
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10, "THERMAL STABILITY METHOD FOR AROCLORS "

Scope

This method measures the thermal stability (chloride content)
of chlorinated biphenyls used primarily as dlelectrics. It
is used for determining the quality of finished Arvroclors.

Principle

Certain impurities if present in chlorinated biphenyls will
break down at elevated temperatures with the liberation of
HCl. The volatile HC1l 1is swept out of the sample with air,
absorbed in water and titrated with silver nitrate solution.
The results are expressed as parts per million chloride
obtained during a 16 hour thermal stability test period.

Reagents

l. Acetone., No speclal grade is required. It must contain
no titratable chlorides,

2. 1% HNO3. Dilute 1 ml, concentrated HNO3 to 100 ml.

3. 0.005 NAgNO%. 0.8495g to 1000 ml, 5 ml, 0,1 NAgNO3 (1r
avallable) fo 100 ml.

Apparatus
1, Pressure Regulator. Moore - Model 40 - 2 - 0-50" Water.

Moore Products Co. H & Lycoming St., Philadelphia 24,
Pennsylvania,

2. Thermoregulator. Cenco - 99015 - (Central Scientific Co.)
3. Relay. Ebert Micrelay SPST Std., Type. Ebert Electronics
Corp., Queens Village, N.Y. (Any sensitive, reliable relay
can be used),
. Stirring Motor. Bodine NSI-13 B-2224 1/40 HP, 1725 R.P.M.
. Bath Fluid. Dow Corning 550. 5 gallons

4
5
6. Leeds & Northrup ac. operated pH Meter - Cat. No. 7664
7. Silver wire electrode

8

. Mercurous Sulfate Reference Electrode. Modified I & N
calomel reference electrode prepared as follows, Dismantle
the internal element from the salt bridge tube of a standard

L & N calomel reference electrode. Discard the saturated
KC1l solution from the tube and clean out the mercurous
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chloride and mercury from the internal eiement. Clean
parts thoroughly. Add sufficient new clean mercury to
the internal eiement to make contact with electrode wire
and repack chamber of internal element with mercurous
sulfate moistened with O.5M potassium sulfate. Seal the
chamber with non-absorbant cotton, F1ll the salt bridge
tube with 0.5M pctassium sulfate and reassemole units.

9. Burette., 1.0 ml, microburette = Koch - Fisher Scientific
Co. = 2C-110, .

10. Magnetic Stirrer and gliase covered stlirring bar.
11. Glass Apparatus for Samples in Bath. See attached diagram,

12, Capillaries. Glass capillaries approximately 0.2 mm in
diameter and cut to a lengith that permits a flow of 45 ml.
per min. of air.

13. Variac. 2 KVA.

14. Air Supply. Air under 40 1lb. pressure is available in our
laboratories. This air i1s purified by passing through a
scrubber bottle containing 40% NaOH, an empty bottle which
serves as a safety, a second bottle containing conc. HoSOy
and a trap immersed in dry ice and acetone. The purified
alr is connected to a glass manifold having one connection
for each sample. Capilllaries of the appropriate length
are connected between the manifold and the outlet for each
sample., In this manner a constant flow of air can be
obtalned on all samples by applying a constant pressure to
the manifold.

15, Heating Bath. A stainless steel bath constructed according
to the specifications given in the attached diagram is used.
The bath i1s heated by applying 85 volts to 3-500 Watt G.E.
strip heaters bolted to the bottom of the bath. One 500
watt Immersion heater is connected to the thermostat. Dow
Corning 550 silicone i1s used as the bath liquid. The tem-
perature is maintained at 210° + 0.2°C. The bath should
be placed in hood and the tests carried out in total dark-
ness. Two 3 X 5" stalnless steel plates not shown in the
sketch are placed on top of the stralghtening vanes in the
bottom of the bath. This provides better stirring to the
ends of the bath. Twelve samples can be run in the bath
at one time.

Procedure

Weigh a 290 + 1 g. sample of Aroclor into the 300 ml. Erlenmeyer
flask., Insert the gas inlet tube and position the flask in the

- 210° + 0.5°C. bath., The bath fluid level should be approximately

one inch below the bottom of the ground glass Jjoint on the flask.
Place 10 ml. distilled water in the Volhard flask absorter and
attach to the receiver tube from the Erlenmeyer flask. Connect
the purified air supply from the capillary to the inlet down tube
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in the flask. Bubble air through the sample for 16 hours at

the rate of 35 to 45 ml. per minute. (The apparatus and/or
sample must be kept in the dark during the 16 hour period).
Transfer the water frcm the absorber to a 100 ml. beaker using
approximately 50 ml. acetone, and 2 drops 1% HNOz solution and
titrate with 0,005N AgNO3 solution using a magnetic stirrer.

The titration is stopped™at 75 mv, which represents the point

of maximum potential change and the titration endpoint. Silver
wire and mercurous sulfate electrodes (Ag-Hg, HgoS0y, 0.5M KoSOy
system) are used for the titration,

Calculations

(Total ml. 0.005 NAgNO3 used) (0.61) = ppm chloride y

1 ml, 0.005 NAgNO3 is egquivalent to 0.0001773g. chloride or
0.61 ppm.

Precision and Rellability

The precision of the test (standard deviation) is 0.02 ppm at

the 0.5 ppm chloride level and 0.C6 ppm at the 2.8 ppm level.

The methed as written does not necessarily quantitatively measure
the total unstable chlorides present. For screenling purposes a
total chloride figure is not necessary. Expsrience has shown
that there is good correlation between the chloride figures
obtained by this 16 hour thermal stability test and the quality
of chlorinated biphenyls.

Discussion

The air supply can be checked for chloride contamination by
passing the air through an empty sample flask immersed in the
bath., Not morc than 0.03 ml, 0.005 NAgNO3 should be required

to give the endpoint. The air supply can be checked for ammonia
by measuring the pH of the absorber solution or titrating with
0.0lN HCi. The pH should be between 6 and 7. Compressed
cylinder air availatle for breathing purposes can perhaps be
used without any purification. Experience has shown thal niltrogen
gives low chloride figures. This indicates that air 1s a neces-
sary part of this test and that nitrogen cannot be used as a
substitute. Gum rubber tubing is used in making all connections.
The apparatus is cleaned with acetone,
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CHAPTER 7
TYPICAL PROPERTIES

The 1200 series members cf the Aroclor family are chlor-
inated biphenyls, and are made by chlorinating biphenyl to
approximately the percentage of chloéine, by weight, in-
dicated by the last two digits of the serial number. For
example, Aroclor 1254 1s approximately 54% chlorine on a
welght basis., Accordingly, these Aroclors are not single
or simple compounds. They are a mixture of isomeric com-
pounds composed predominately of the chemical compound in-

dicated below as being thelr approximate equivalent:

Aroclor 1242 Trichlorobiphenyl
Aroclor 1248 Tetrachlorobiphenyl
Aroclor 1254 Pentachlorobiphenyl
Aroclor 1260 Hexachloreobiphenyl

For transformer use and some capacitor use where lower
viscosity 1s required fcr better low temperature operation
than offered by the above Aroclors, these products are mixed
with pour point depressants, particularly.trichlorobenzene
resulting in various General Electric Company Pyranols
described briefly as follows:

Transformer Pyranol 1467# 60% of Aroclor 1260
40% of Elec. Grade
Trichlorobenzene
_ 0.125% of Tin Tetraphenyl
Transformer Pyranol 1470# Us% of Aroclor 1260
55% of Elec. Qrade Trichloro-
Tetrachlorobenzene Mixture
0.125% of Tin Tetraphenyl
*Use of'tin setraphenyl scavenger 1s subject to G.E. patents

and license: Royalty arrangements should be checked before

using Pyranol 1467. Questions about license concerning the use
of anthraquinone stabilizer for DC capacitors should be referred
to Western Electric, 195 Broadway, N.Y.C.
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Transformer Inerteen PPO 60% of Aroclor 1260
) 40% of Elec. Grade
Trichlorobenzene
0.20% Phenoxypropene oxide

Capacitor Pyranol 1481 75% of Aroclor 1254
25% of Elec. Grade Tri-
chlorobenzene

Detailed properties of all of these products are given in the
following property lists.
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AROCLOR 1232

PROPERTY

Visc., @ 37.8°C. (ASTM D88)
Specific Gravity @ 25/15.5°C.
(ASTM D28T7) ‘
Color, APHA
Condition ) Clear
Acidity, mg. KOH/g.
Pour Point, °C. (ASTM DIT)
Inorganic Chlorides, ppm.
Refractive Index @ 25°C.
Distillation Range (ASTM D20)
Corrected for stem and
barometic pressure
Corrosion

Water Content, ppm
Resistivity 100°C., 500 volts

DC @ 0.1"gap
Dielectric constant 100°C.,

@ 1000 cycles (ASTM D92l4)
Sulfates (ASTM-D117~31)*
Fixed Chlorine content (Carius)#
Dielectric Strength (KV)

(ASTM DBT7)*

Hydrolysis Stability Test

Chlorides, ppm,

Thermal Stability Test

Chlorides, ppnm.

TYPICAL
Ly - s1

1.270 - 1.280
50 Max.

0.014 Max.

=30 or lower

0.10 max.

1.6200 - 1,6220

10% - 293°C. min.

50% - 310 - 320°C.

90% - 360°C. max.

After heating with

aluminum for six hours

at 210°C., ¥ 10°C. the
aluminum must not be corroded
either on visual or welight
inspection and the Aroclor
1242 should meet the following

- specs:

Color, APHA 100 max.
Acidity, mg.KOH/g. 0.014 max.
Inorg. Chlorides,

ppm. 0,10 max.
Condition Clear

35 max.

500 x 10® Ohm-cm., min.
)4.3 had L'05

None

31.5 - 32.5

35 min.

3.0 (tentative) max.

0.5 (tentative) max.

#Not determined unless by speclal request.
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AROCLOR 1242

PROPERTY

Visc. at-27.8°C. (ASTM D88)
Specific Gravity at 25/15.5°C.
(ASTM D28T)

Color, APHA

Condition

Acidity, mg. KOH/g.

Pour Pt., °C. (ASTM D97)

Inorganic Chlorides, ppm.

Refractive Index at 25° C.

Distillation Range (ASTM D20)
Corrected for stem and
barometric pressure

Corrosion

Water Content, ppm
Resistivity 100°C. 500 volts

DC at 0.1" gap
Dielectric Constant 100°C.

at 1000 cycles (ASTM D924)
Flash Point Cleve., Open Cup#
Fire Point °C.*
Sulfates (ASTM—D117~31)* .
Fixed chlorine content (Carius)#
Specific Heat at 25°C.*#
Evaporation at 100°C for 6 hrs.#
Dielectric Strength (KV)

(ASTM DBTT)*

TYPICAL

82 - 92 seconds Saybolt Univer.
1.381 - 1.392

50 max.

Clear

0.0l max.

=14 or lower .
No detectable amount
1 06240 Al 1 06260

10% 325°C. min,

96 86046 .max.

After heating with aluminum
for six hours at 210°C + 10°C,
the aluminum must not be cor-
roded either on visual or
welght inspection and the
Aroclor 1242 should meet the
following specs:

Color, APHA 60 max.
Acidity, mg.KOH/g. 0.01 max.
Inorg.Chlorides,ppm no detectable
amount
Condition Clear

35 max.

BOO x 109 ohm-cm., min.
07 = 4.9

170 - 200°C.

None to boliling point
None -~

43 + 0.5%0

0.29

O:M% max.
35 Min.

#Not determined unless by special request.

Hydrolysis Stability Test
chlorides, ppm

Thermal Stablility Test
chlorides, ppm

1.0 (tentative) max.

0.40 (tentative) max.
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AROCLOR 1248

PROPERTY

Visc, at 54.4°C éASTM D-88)

Spec. Gravity at 5/15.5°C.
(ASTM D-287

Color, APHA

Condition

Acidity, mg. KOH/g.

Pour Point °C. (ASTM D-97)

Refrac. Index at 20°C.

Dist. Range (ASTM D-20)

Water Content, ppm.

Resist. 100°C. 500 v D.C.
at 0.1" gap

Dielectric constant, 100°C.
1000 cycle

Dielectric Strength 25°C.*

Flash point, (€.0.C.)#

Fixed Chlorine (Carius)*

Specific heat at 25°C.*

Inorganic chlorides, ppm.

TYPICAL

73 80, Sec. Saybold Universal
405 - 1, his

100 Max.
Clear
0.01 max.

=7

1.6285 - 1,6305

First drop 310°C. min.
10% - 345°C. Min.

90% - 385°C. Max.

35

500 x 10® Ohm-cm., min.
4.6 ~

38 Kv min.

47, 5 - 48, 5%

0.27

0.10 max.

#*Not determined unless by special request,

Hydrolysis Stabllity Test
chlorides, ppm.

Thermal Stability Test
chlorides, ppm.

3.0 (tentative)smax.
0.5 (tentative) max.
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AROCLOR 1254

PROPERTY

Visc. at 98.9°C. (ASTM D88)

Specific Gravity at 65/15.5°C.
(ASTM D287)

Color, APHA

Condition

Acidity, mg.XOH/g.

Pour Pt. °C. (ASTM D9T7)

Inorganic Chlorides, ppm.

Refractive Index at 25°C.

Distillation Range (ASTM D20)
Corrected for stem and
Barometric Pressure

Corrosion

Water Content, ppm.
Reslstivity 100°C., 500 v D.C.
at 0.1" gap
Dielectric Constant, 100°C.
1000 cycles
Dielectric Strength, 25°C.*
Burn Point (ASTM D92)#
Sulfates (ASTM D-117-31)#%
Fixed Chlorine Content (Carius)#
Evaporation at 100°C. for 6 hrs.#
Stability# L

Ageing Characteristics#

Specific Heat at 25°C.*

TYPICAL

44 - 48 sec. Saybolt Univer.
1.495 - 1.505

100 max.

Clear

0.01 max.

7 - 12

No detectable amount

106370 hind 1.6 90

10% 366 - 378B°C.

50% 371 - 383°C.

90% 379 - 394°c.

After heating with aluminum for
6 hours at 210°C. plus or minus
10°C. the aluminum must not be
corroded either on visual or
wei%ht inspection and the Aroclo:x

1254 should meet the following
specs:

Color, APHA 150 max.
Acidity, mg.KOH/g. 0.01 max.
Free Chlorides,ppm. No detec-

table amount
Condition Clear
35 max.

500 x 109 ohm=cm., min.

‘4.15 - uo35

35 KV, min.

Higher than 350°C.

None p

55 + 0.5

0.4% max,

There shall be no liveration of
chlorine or chlorides when the
material is heated at 100°C.

in glass vessels in contact with
air for periods of at least one
month.

No loss in resistivity over
original value on heating in
air for 96 hrs. at 100°C.

0,26

. A ’ /
#Not determined unless by special request.

Hydrolysis Stability Test

Chlorides, ppm. v

Thermal Stability Test
Chlorides, ppm.

3.0 (tentative)max.
0.5 (tentative)max.
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AROCLOR 1260

PROPERTY
Visc., at 98.9°C. (ASTM D88)

Specific Gravity at 90°C./15.5°C.

(ASTM D287)
Color, APHA
Condition
Acidity, mg.KOH/g.
Pour Pt.,°C.(ASTM DI7)
Inorganic chlorides, ppm,
Refractive Index, 25°C.,
Distillation Range (ASTM D20)
Corrected for stem and
barometric pressure,
Corrosion

Water content, ppm. .

Resistivity,100°C. 500 volts
at 0.1" gap

Dielectrie Strength 50°C.#

Dielectric Strength 100°C.#

Dielectric Constant 100°C.
at 1000 cycles®

Burn Pt. &ASTM D92)#

Sulfates (ASTM DllT-Slz*

Fixed chlorinecontent (Carius)#

Evaporation at 100°C. for 6 hrs.#

Stability#

Specific Heat at 25°C.*®

- TYPICAL

72 - 78 Sec. Saybolt Univ,
1.555 - 1.566

150 max.

Clear

0.0 max,

25 - 34

No detectable amount

1.6455 - 1.6470

104 385 - 398°C.

50% 390 - 4o4°c,

90% 400 - U420°C.

After heating with aluminum
for 6 hra, at 210°C. + 10°C.
the aluminum must not be cor-
roded either on visual or
welght inspection and the
Aroclor 1260 should meet the
following specss

Color, APHA 150 max.

Free Chlorides,ppm. No detec-
table amount,

Acldity,mg.KOH/g8. 0.0l max.

Condition Clear

35 max.,

500 x 107 ohm-cm., min.
30 KV., min,

30 KV., min,

3'6 = 3~8

Higher than 350°C.

None

60 + 0.5%

0.2% max.

There shall be no liberation

of chlorine or chlorides when
the material is heated at 100°C.
in a glass vessel in contact
with air for periods of at least
one month.

0.23

#Not determined unléss by specilal reduest.

Hydrolysis Stability Test
chlorides,ppm.

Thermal Stability Test
chlorides, ppm.

3.0 (tentative) max.

0.7 (tentative) max.
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PYRANOL 1481

PROPERTIES

Viscosity at 37.8°C.
Spec. Gravity at 15.5/15.5°C.
Color, APHA
Condition
Acidity, mg. KOH/g .
Pour Pt., °C.
Inorganlic Chlorides,; ppm.
Refractive Index at 25°C.
Distillation Range
Corrected for stem and
barometric pressure.
First drop
25% max.
90%
Corrosion Test
Change in Welght
Color, APHA
Acidity, after test, mg.KOH/g.
Free Chlorides, ppm.
Condition after test
Water Content, ppm,
Resistivity at 100°C
500 volts, DC, 0.1"gap
Dielectric Constant (100°C.,
1000 cycles)
Hydrolysis Stability Test
chlorides, ppm.
Thermal Stability Test
chlorides, ppm.

TYPICAL

70 - 82 sec. Saybolt Univ.

1,525 - 1.635
150 max.

Clear

0.01 max.

=15 or lower
0.10 max.
1.6205 - 1.6215

205°C. min.
Below 270°C.
380 = 395000

0.0%

200 max.

0.01 max,

0.10 max,

Clear

35 max.

100 x 109 ohm-cm.,min.
4,1 - 4,6

3.0 (tentative) max.

0.5 (tentative) max.
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PYRANOL 1488

PROPERTIES.

Visc. at 37.8°C.

Spec. Grav. at 15.5/15.5°C.

Color, APHA

Acidity (Mg KOH/g)

Water, ppm.

Condition

Refrac. Index at 25°C.

Free Chloride, ppm.

Pour Point, °C.

Resis. at 100°C., 500 v D.C.
1" gap

Dielectric Strength (25°C.)

Corrosion:
Loss of Aluminum

Dielectric Constant at 1000
cycles at 100°C.#*
Distilling Range (corrected)#
1st drop
Below 2T70°C,
90% point
Burn Point (ASTM D-92)#
Fixed Chlorines#
Arc Formed Gases#
(Oxygen-free liquid at 25°C.)

TYPICAL

54 - 2 Sec. Saybolt Univ,
1,560 - 1.568

150 max.

014 max.

35 max.

Clear

1.6137 - 1.6147

0.10 max. '

Lower than -32°C,

100 x 10% ohm-cm min.
Over 35 KV

None

Heating with aluminum for 6
hrs. at 200-220°C. The Pyranol
after heating should meet the
following specs:

Color, APHA
Acidity (MgKOH/g)
Free Chlorides ppm
Condition

200 max.,
014 max.
.10 max.
Clear

3.7 - 4.0

200°C. min,

40% max.

295 - l4i1s5°C,

None up to bolling point
59,1% min,

Less than 1.0% total com-
bustible gases including
carbon monoxide, hydrogen,
and volatile hydrocarbons.

#Not determined unless by special request.

-70-
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PYRANOL 1467

PROPERTIES

Visc. at 37.8°C., (ASTM D88)

Specific Gravity at 15.5/15.5°C.
(ASTM D-287)

Color, APHA

Condition

Acidity, mg. KOH/g.

Pour Point, °c. (ASTM D-97)

Inorganic Chlorides, ppm.

Refractive Index at 25°C.

Distillation Range (ASTM D20)
Corrected for stem and
barometric pressure

Corrosion

Water. Content, ppm.
Resistivity, 100°C. 500 volts,
0.1" gap
Dielectric Strength, 25°C.
Dielectric Constant, 100°C.
1000 cycles*
Tin Tetlraphenyl#
Burn Point, (ASTM D92)*
Fixed Chlorine*
Arc Formed Gases#®
(0xygen Free Liquid at 25°C.)

TYPICAL

54 + 2 sec. Saybolt Univ.

1.560 - 1.568
150 max.

Clear

0.01 max.
«32°C. or lower

"'0.10 max.

1.6137 - 1.6147

lst drop - 200°C. min,

Below 270°C. - UO% max.

90% - 395 - 415°C.

After heating with aluminum
aluminum must not be corroded
either on visual or weight in-
spection and the Pyranol should
meet the following specs:

Color, APHA 200 max,

Acidity, mg.KOH/g. 0.0l max.

Inorganic Chlorides 5 max.
ppm.

Condition Clear
30 max.
100 x 107 ohm=cm., min,
35 KV., min.
.3.7 - 4.0

0.125% + 0.01% by weight
None up to Boiling Point
59.1% min.

Less than 1.0%

Total combustible gases
including carbon monoxide,
hydrogen and volatile hydro-
carbons.

#*Not determined unless by specilal request.

=Tl
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PYRANOL 1470

PROPERTIES

Visc. at 37.8°C. (ASTM D882
Spec. Gravity at 15.5/15.5
(ASTM D28T)
Color, APHA
Condition
Acidity, mg. KOH/g.
Pour Pt., °C., (ASTM D97)
Inorganic Chlorides, ppm.
Refractive Index at 25°C.
Distillation Range (ASTM D20)
Corrected for stem and
barometric pressure
First drop

C.,

Corrosion

Water Content, ppm.
Resistivity, 100°C., 500 v.,
0.1"gap
Dielectric Strength, 25°C.
Dielectric Constant, 100°C.,
1000 cycles%*
Tin Tetraphenyl#
Burn Point, (ASTM D92)*
Fixed Chlorine#
Arc Formed Gases#
(Oxyzen Free Liquid at 25°C.)

Electrical Stability®

TYPICAL
41-45 Sec. Saybolt Univ.

1.563 - 1.571
150 max.

Clear

0.01 max.
-44°c,, or lower
0.10 max,

1.6075 - 1,6085

210°C., min,

240 - 256°C.
290 - 330°C.
385 - 4bo°C,
395 - 415°C, :

Af ter heating with aluminum

for 6 hrs. at 200-220°C., the
aluminum must -not be corroded
elther on visual or welght
Inspection and the Pyranol
should meet the following specs:

" Color, APHA 200 max.
Acidity, mg.KOH/g. 0.0l max.
Inorg.Chlorides,ppm 5 max.

Condition Clear
30 max.

100 x 109 ohm-cm., min.

35 KVO’ minc

308 - uus

0.125% + 0.01% by welght

None up to Bolling Point

60.5 + 0.5

Total combustible gases in-
cluding carbon monoxide, hydro-
gen and volatile hydrocarbons,
After heating for 96 hrs, at
100°C. in a closed container,
the resistivity should not
decrease more than 10%.

' #Not determined unless by special request.
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INERTEEN PPO

PROPERTIES ,
Visc. @ 37.8°C., (ASTM D88)

Specific Gravity @ 15.5/15.5°C.

(ASTM D-28T)
Color APHA
Condition
Acidity, mg. KOH/g.
Pour point, °C. (ASTM D-97)
Inorganiec Chlorides, ppm.
Refractive Index @ 25°C.
Distillation range (ASTM D20)
Corrected for stem and
barometic pressure
Corrosion

Water content, ppm.

Resist., 100°C. 500 Volts,
0.1" gap

Dielectric Strength, 25°C.

Dielectric constant, 100°C.
1000 cycles®

Phenoxy Propene Oxide or

Glycidyl Phenyl Ether

Burn point, (ASTM D92)#

Fixed Chlorine#

Arc formed gases#

(Oxygen free liquid @ 25°C.)

TYPICAL
54t 2 sec. Saybolt Universal

1.560 - 1.568

150 max.

Clear

0.014 max.

=32°C. or lower

0,10 max,

1.6137 - 1.6147

First drop = 200°C. min.
Below 270°C. - U40% max.

90% - 395 - h41s5°C,

After heating with aluminum
for 6 hours at 200 - 220°C,.
the aluminum must not be
corroded either on visual or
weight inspection and the
askarel should meet thc follow-
ing specs:

Color, APHA 200 max.
Acidity, mg.KOH/g. 0.014 r=
Inorganic Chlorides, ppm 2 max.
Condition Clear
30 max.

100 x 10® Ohm-cm., min.
35 KV., min.

307 - u.o

None up to boiling point
59.1% min.

Less than 1.0%

Total combustible gases
including carbon monoxide,
hydrogen and volatile hydro-
carbons.

#Not determined unless by special request.
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CHAPTER 8

QUALITY REQUIREMENTS OF AROCLORS PRIOR TO USE IN THE ELECTRICAL

INDUSTRY

Quality as Supplied to the Electrical Industry

Aroclors and their mixtures supplied to the electrical
industry must meet the strict requirements specified by the
industry and given in the specifications shown in Chapter 7.
The electrical qualities, such as resistivity and power factor
of the materials, as supplled, are not thc maximum attainable.
It is impractical for the manufacturer to furnish these
dielectrics to the customer at the maximum attainable qualities
because even with careful packaging, sampling, shipping, and
handling, these fluids may pick up traces of contaminants
from "clean" tank cars, drums, pipe lines, pumps, etc. However,
as supplied in accordance with the specifications, tle flulds
must respond readily to "up-grading" by earth treatment to
arrive at the desired maximum refinement requlred for use by

the electrical industry.

Typical Electrical Quality of Aroclors Used in the Industry

Capacitor Impregnation

Table IV indicates the desirable minimum resistivitcy
values of Aroclor dielectrics immedlately after earth refinement
by the user when ready to impregnate capacitors. These values
are compared with the similar values of the material after the
capaclitor impregnation has been completed in a relatively clean
system. |
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TABLE IV

" Volume Resistivity Ohm-cm at
100°C. and 500 volts DC.

Prior to After
Dielectric impregnation impregnation
Aroclor 1254 2,500 x 10° 800 x 10°
Aroclor 1242 1,500 x 10° 600 x 10°®
Pyranol 1481 600 x 10°® 400 x 10°

The power factor of earth refined Aroclor prior to capacitor
impregnation should not exceed 0.1 percent at 100°C. and 1000

cycles,

Transformer Filling

The minimum resistivity of transformer askarel as
specified for supply to the electrical industry is 100 x 10°
Ohm-c¢m. at 100°C., 500 volts and 0.1 inch gap. While power
factor is not part of the suppliers! officlal specification,
this value for freshly made transformer askarel ranges f{rom
0.1 to 0,3 percent at 100°C. and 1000 cycles. This would be
approximately 0.05 percent at 20°C. and 60 cycles,

In order t0 arrive at higher and yet practical dielectric
values the transformer manufacturer needs to earth refine the
f1luids immediately prior to using.

1t is reasoﬁable to strive for a volume resistivity
valde around 1,500 x 10° Ohm-om. at 100°C. and power factor
values of about 0.05 percent at 20°C.“and 60 cycles or 2 percent

at 100°C. and 60 cycles.
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Table V compares resistivity readings with the corres-
ponding power factor values obtained on the given samples of

typical transformer askarel.

TABLE V ,
YgéuggmgggisgéviSKOC 6o Power gactor
] . cy. 100°C., 60 ey. 20°C,
1,500 _ 2% 0.05%
500 5% 0.1%
100 15% 0.7%
60-70 20-25% 2.0%

When adequately earth refined to give a resistivity in
the range of 500 to 1500 x 10° Ohm-cm. at 100°C., sample of
such transformer askarel taken after filling & newly constructed
and relatively clean transformer should have a resistivity of at
least 200 x 10® Ohm-cm, at 100°C. and a corresponding power

factor less than 12 percent at 100°C. and 60 cycles.
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CHAPTER 9

EARTH REFINEMENT OF AROCLORS TO ARRIVE AT THE DESIRED
ELECTRICAL QUALITIES

Earth Treatment in the Laboratory Preparatory to Analysis

In Chapter 5 on Page 27 the laboratory procedure
for preparing the test sample using 0.1 to 0.2 percent of

activated earth is given, It 1is also stated that the absorbent
is minus 200 mesh Attapulgus earth activated just prior to use

by heating in shallow trays for four hours at 400°C. (752°F.)

or for at least 12 hours at 250°C. (482°F.)

Earﬁh Treatment by the Plant Manufacturing the Askarel

Earth refinement in the plant 1s essentially the same
as used when preparing the laboratory sample. The same amount
of freshly conditioned earth (0.1 percent to 0.2 percent by
weight) 18 added to the askarel and the mixture is agitated
théroughly and heated for about four hours.,

The more viscous dielectrics, such as Aroclor 1248
and Aroclor 1254 are heated at about 70 to 80°C. (158° to 176°F.)
and the less viscous materials such as Aroclor 1242 and Pyranols
1481, 1467 and 1470, or Inerteen PPO are heated at about 50°
to 60°C. (122° to 1l40°F.) .

After about four hours contact the earth is removed
from the dielectric fluids using a Sparkler or Sweetland or a
comparable filter press, previously fitted with filter paper
liners such as supplled by Carl Schleicher & Schuel Company,
Inc., Keene, New Hampshire. The paper is usually 25 mils thick

=77~
NEV 007403

WATER_PCB-00050971



and must be dried at 100°C. to remove moisture prior to use
in the filter press.

Earth Refinement by the User

Capacltor Manufacturers: Capacitor manufacturers

usually use the same procedure for earth refining as employed

by the manufacturer of the askarels., Because this method employs
loose earth which can be thoroughly mixed into the askarel,

it 1s believed to be the most efficient and is certainly

known to give very good results. However, towers (cylinders)
filled with relatively coarse earth through which the dielectric
fluids are pumped and recirculated have also been used by capacitor
manufacturers.

Transformer Manufacturers: The large manufacturers

of askarel transformers usually use the same type of procedure
for refinement with loose earth as employed by the manufacturer
of the askarel dielectrics. Handling relatively large amounts
of the askarel transformer fluid Justifies installing the tanks
and filter presses required. This earth refining equipment is
usually supplemented with portable cartridge type filters or a
small portable platen frame type filter press. This latter
equipment is then used when newly made askarel transformers are
f1lled with the fiuid and it is necessary to clean the transformer
and the fluid by draining out the fluid pumping it through the
filter press or cértridges containing the earth and recirculating
until the desired electrical propertles are attalned.

Likewise, smaller manufacturers of askarel transformers
can use most convenlently the portable cartridge or platen frame
type filters.
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The Effect of Earth Refinement on Removal of Tin

Tetraphenyl Scavengers from the Transformer Askarel: As indicated

above, normally transformer askarels respond readily to up-grading
by the use of 0.1 to 0.2 percent by weilght of earth based on the
total weight of the fluid. However, if the fluids are unusually
contaminated, larger amounts of earth are required to up-grade
the dielectrics. This raises question about the selective
adsorption of the scavengers by the earth treatment. It is
indicated that to selectively adsorb significant amounts of the
scavengers, repeated treatment with 1 percent or more of earth
is required, as shown in the following table:
TABLE VI
REMOVAL OF TIN-TETRAPHENYI BY REPEATED TREATMENT
OF ASKAREL WITH ONE PERCENT OF EARTH

Tin-tetraphenyl Content

After 4 treatments After 7 treatments

Sample No, Original at 90°C. at 90°C.
Pyranol 1470 1l 0.119% 0.018% 0.006%
After U4 treatments After 6 treatments
at 60°C. at 60°C,
Pyranol 1470 2 0.107% 0.021% 0.003%
NEV 007405
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CHAPTER 10

CONTAMINATION

Askarels as supplled by the manufacturer respond readily
to earth refining resulting in a very high order of dielectric
properties, Ior example, it is poséible to attain volume
resistivity values up to 20,000 or 30,000 x 10° Ohm-Cm. at 100°C.,
500 volts, 0.1 inch gap and power féctor values no more than
0.05% at 100°C. and 1000 cycles.

Except for very special situations, i1t is not practical to
refine these dielectrics to this extent. In commercial use,
tranafer of the fluids from one clean container to another which
may result in contacting traces of conducting impurities does not
allow maintaining such a high order of dielectric properties.

Referring to electrical values, this accounts for the more
practical order of specification values as indicated in Chapter 7
and to which the electric industry has committed the supplier of
the dielectrics. This also accounts for the desirability and need
of the user of askarel dielectrics to earth refine immediately prior
to use in order to arrive at the maximum and yet practical dielectric
values for his given purpose. Such quality values relative to
askarels for capacitors and transformgr work were indicated in the

preceding Chapter 8.

AVOIDANCE OF CONTAMINATING ASKAREL CAPACITORS
It is necessary, practical and economical that all steps
possible be taken to avold contaminating influences in the manu-

facture of askarel capacltors,
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Sometimes capacitor manufacturers strive to attain the very
high order of dielectric qualities possible for askarel as ﬁentioned
above, Since it is very difficult, if hot almost impossible to
maintain such a high order, usually capacitof manufacturers comply
with the more practical schedule attainable by normal earth
refining practices as shown in Table IV Chapter 8.

Equal care must be exerclsed in selecting, conditioning and
handling the other construction materials of the askarel capacitor.
For example, the water used in manufacturing capacitor tissue is
elther distllled or deionized. Quallty control of the capacitor
raper requires chemical tests to characterize the fiber and its
purity. Physical and electrical tests to determine moisture and
power factor are essential. Acceptable dielectric loss vaiues of
the dry and unimpregnated paper do not suffice for judging quality
because in some instances after impregnation with good quality
askarel, higher dlelectric losses increasing rapidly with temperature
may be obtained.

The aluminum foll used must be extremely pure and free from
residual traces of rolling oils or compounds. Accordingly, the
term usually applied to the foil is "dry" foll. Similar care and
purity requirements apply to the aluminum tabs used.

The paper and aluminum foll is wound to form the core in an
air conditioned room and often the machine operators are required
to wear cotton gloves to prevent o0il from the operators skin
contaminating the cores.

The steel cans or turn plate capacitor cans require thorough
cleansing and degreasing with perchloroethylene of required purity

and free of any objectionable stabllizing agents. Similarly, the
=-81-
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capacitor impregnating equipment and chambers must be kept clean,
To facilitate mailntenance of cleanliness, sometimes stainless
steel construction 1s used. However, ordinary steel equipment

is common and when "conditioned", that is to say, coated with a
thin £1lm of clean Aroclor, this type of construction material is
entirely satisfactory. To condition a new plant or clean an old.
one, askarel is circulated through the system, then purified by
earth refining and recirculated. This process 1s repeated until
all contaminating influences have been removed.

Moisture, probably the most obvious contaminent in askarel
impregnated capacitors,; increases the dielectric loss under AC
voltage and decreases the capacitor life. Therefore, very efficient
vacuum, as low as 5 or 10 microns, and heat carefully controlled
up to 130°C. are employed to expel the moisture from the capacitor
cores prior to impregnation. Also to avoid moisture entering the
askarel during storage, it 1s common practice to warm the dielectric
in the storage tank to about 50°C. in the presence of mild vacuum.

Traces of any substances soluble in askarel and capable of
ionization will have a marked adversed effect on the dielectric
loss of the askarel or the finished capacitor. Therefore, much
care 1s required to avoild contamination with solder flux. For
example, the use of rosin core solder is known to cause contamination.
When rim sealing compounds are used in the lids of small capacitors,
there must be assurance that the catalyst or other ingredients
used in such materials do not cause contamination. Improperly
selected pipé sealing compounds used on the threads on the fittings
for sight glasses and instruments on the storage and impregnating

equipment are known to have caused contamination.
-82-
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All these factors about contamination must be kept
in mind when impregnating capacitors, especlally by
the chamber method but also by the manifold method.

The molsture content of the paper used in the capacitor
cores may easily introduce several gallons of water
into the average impregnating chamber. 7This water 1is
removed from the capacitors prior to impregnation

~= usually by heating the chamber to 130°C. in the
presence of efficient vacuum, 100 microns or less.

If the chamber is not made of the preferred materials
of construction, slight corrosion (iron rusting) may
occur and the film of askarel on the interior surface
of the tank may become contaminated and introduce
traces of impuritles into the clean dielectric fiuid
entering the chamber for impregnating the capacitors.
In fact, because of this possibility of contamination,
in some operations the capacitors are conditioned

and driled in a separate oven or chamber. Then when
thoroughly dried, they are then transferred into a
second chamber used only for impregnation.

In the case of relatively large sized capacitors, such
as power factor correction units, a manifold with
branches may be used to handle each unit individually
rather than by the batch =- chamber method.

The unimpregnated capacitors are placed into an oven
and vacuum is applied to the individual units attached
to the manifold. After the capacitors have been
evacuated and dried; the askarel is introduced through
the manifold and its branches. Care must be taken
that moist air or contaminants do not collect in the
branches through which the dilelectric is introduced.

LR K R IR B
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Care must be taken to avoid contamination with any kind of
grease, oil, packing material and "rubber" gaskets used with the
machinery, such as pumps, etc., connected with the handling and
impregnating facllities.

It 18 not practical to discuss all possible sources of
contamination and it should suffice to say that the manufacturers
of askarel capacitors need to and do exercise all known precautions
to avold contamination and should evaluate and life test represent-

ative units before supplying the finished merchandise.

AVOIDANCE OF CONTAMINATING ASKAREL TRANSFORMERS

Obviously, 1n the manufacture of askarel transformers it is
impractical and impossible to0 employ purification or refinements
as required, for example, in the production of askarel power factor
correction capacitors., ‘

In a transformer, heat from the dlelectric losses of "slightly"
contaminated askarel 1s negligible compared with heat generated
by the transformer core. While power factor and resistivity of the
transformer fluld are important, they are not as critical as 1is
the case when similar askarels are used in capacitors.

However, this does not excuse the askarel transrormef manufac-
turer from striving to meet the practical quality requirements as
given in Chapter 8. In order to meet these reqﬁirements, it 1s
necessary to earth refine the transformer askarel immediately prior
to filling the unit. After the initial 111, the fluid should be
withdrawn from the transformer, circulated through an earthen filter,
then pumped back into the transformer and recirculated through the
filter until both the fluid and transformer are clean and show the

desired power factor and resistivity values.
-83-
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If such normal earth refinement falls to give the desired
results, it will be necessary to study the quality of the materials
of construction and look for all possible sources of contamination
in the transformer and handling equipment.

The characteristic high dielectric strength of transformer
askarel is not a good criterion of purity because with the exception
of being adversely affected by molsture, it is not impaired irre-
spective of the contamination of soluble products which give increased
power factor. F. M. Clark of General Electric Company tabulated
the followlng values of transformer askarel selected from hundreds of
askarel samples taken from commercially operating transformers to
show lack of reduction of dielectric strength with marked increase
of power factor values,

TABLE VI

DIELECTRIC STRENGTH AND POWER
FACTORS OF ASKAREL IN USED TRANSFORMERS

~2mp=e B onee b oome | e Bmie iSrreneth
No. 1 0.1 ' 38
No., 2 0.5 35
No. 3 5 U5
No. 4 15 39
No. 5 ‘ 30 43

However, the neéd for care and proper selection of transformer
construction materials is emphasized in the following tabulation
which shows the marked increase of power factor resulting {rom
contamination of the askarel with synthetlec rubber materials and
varnished cloth, as compared with acceptable materials of construction

given in Table VIII.
- NEY 007411
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TABLE VIII

POWER FACTOR CONTAMINATION PRODUCED BY TRANSFORMER
MATERIALS AGED IN ASKAREL AT 100°C. FOR 96 HOURS

Material Askarel Power
Factor, Percent
None 1.0
Black varnished cloth 85.0
Copper 1.5
Press Board 2.0
Manila Paper 1.5
Phenolic resin 1.6
Shellac 6.0
Iron 5.0
Synthetic rubber 70.0

Dielectric
Strength, Kv

35
b2
40
37

39
43

36.
39
39

Contaminants which cause a high power factor will of ecourse

also impair resistivity values,

The following Table IX shows the degree to which acceptable

and good commonly used materials of construction lower resistivity

from the original high values possessed by the askarel,

TABLE IX

EFFECT OF COMMONLY USED INSULATION MATERIALS

ON THE RESISTIVITY OF TRANSFORMER ASKAREL

— X105 onaens at S00%c.
1, Freshly made askarel before
heat aging 2,000
2, Same as 1, after heat aging 1,900
3., After heat aging with the

following materials added

a - Phenolic resin tap changer material 1,200

b - Paper 750

¢ - Grade A press board (tan) 500
-85~
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d - Grade A press board (gray) 500
e - Grade A press board, laminated strip 400
£ - Cotton wrapping 300
g - Glyptal 1276 cement, cured 48 hours

at 110°C. 100

The procedure used to evaluate materials of construction
is simple and should be employed by all makers of askarel trans-
formers.

One inch square samples of the surface of the construction
materials are immersed in one liter of good quality transformer
askarel and heated for 96 hours at 100°C. The increase in power
factor and reduction of resistivity of the fluid after such exposure
are compared with the values of the original fluid heated similarly
but in the absence of the construction materials. '

The following Table X gives such a comparison and illustrates
the unacceptable properties of the varnished cambric and black

binding tape.

TABLE X

PROPERTY FRESHLY MADE SAME FLUID EXPOSED TO

TRANSFORMER FIBER BOARD VARNISHED CAMBR.

ASKAREL OR BLACK BINDIN(
TAPE

PF, 100°C., 1 KC 0.2% 0.&5% 3%
Resistiv;ty,9100°c; :
Ohm-cm. x 10 2,500 436 18
Dielectrie
Strength at 25°C. 45 Xv 45 Xv 4s kv

- When the askarel fluid contaminated with varnished cambric or
the black binding tape was treated for one hour at 75°C. with one
percent by weight of attapulgus earth, the power factor and resistivit

values were restored to those of the original fluid.
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While there seem to be no reports of askarel transformers
falling in service as a result of contamination from the use of
questionable materials of construction, as discussed above, their
unwise use is readily detectable and leads to embarrassing question
about impairment of the transformer's life.

Such a case is 1llustrated by an askarel transformer giving
a megger reading reading as low as 3, after two years service life.
The transformer had not been subjected to arcing and the dielectric
strength of the askarel remained above 35 KV.at 25°C., or well
within the specification of new askarel. Maintenance of high
dlelectric strength in the presence of contamination appears to
account for the transformer not falling. .

The following Table XI compares the properties of freshly
made askarel with the s;milar values of the fluid taken from the
transformer after two ye;rs use and also with the same contaminated
fluid following refinement by earth treatment. |

TABLE XTI

COMPARISON OF PROPERTIES OF CONTAMINATED TRANSFORMER
ASKAREL BEFORE AND AFTER EARTH REFINEMENT

SAMPLE FROM SAME SAMPLE
TYPICAL OF TRANSFORMER AFTER EARTH TREATMENT

PROPERTY NEW ASKAREL USED 2 YEARS 1 HOUR WITH 1% OF EART!
60 Cycles 1 to 2% 150%(dissipation 1%

factor)
PF., 100°C.
1 Ke. 0.2% 15% 0.1%
Resist. 100°C. :
Ohm-cm. % 102 600 to 1500 6 2600
Dielectric
Strength 25°C. 45 ko 45
Moisture ppm. 25 80 20
Acidity mg. KOH/g. 0.01 0.02 0.005
Color APHA 70 1000 275
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In the above case it was determined that a varnished insula-

ting material used 1n the transformer was the source of contaminaticn
Since thls contlnuously dissolved in the askarel, obviously, removal
of the fluid, followed by earth refinement and refilling the trans-
former accomplished nothing. The situation pertained at the time

of the initial {ill persisted until the deleterious component was
removed.

Newly bullt or rebuilt transformers using acceptable materials
of construction often contain undeterminable traces of impurities
and "dirt" which effect power factor and resistivity, but can be
removed by repeated flushing with clean askarel. The following
Table XII compares the propertles of the askarel sampled after the
initlial 111 with similar values after earth refinement and "soaking"
or {lushing the transformer, twice with good askarel. After the
"dirt" or contamination was removed from the transformer the askarel

fluid remained in good condition in the unit as shown in Table XII.

TABLE XII
PROPERTY SAMPLE AS AFTER
4 RECELVED TREATMENT
Resistivity @ 100°C. 30 x 10° 2600 x 10°
Dielectric constant @ 100°C. 3.9 3.9
Power Factor @ 100°C., 1000 Cycles 2% 0.27%
Moisture - 60 ppm. 25 ppm.

Moisture solubility in askarel at 25°C. is about 110 parts
per million and the specification for new askarel allows a maximum
of 30 parts per million of water.

Essentially, moisture-free askarel was found by Clark to have

a dielectric strength of 70 KV. With increased amounts of dissolved

-88.-
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water the dlelectric strength gradually decreased and appeared
to level'orf at a value of about 38 KV when the water ccntent

reached 80 parts per million.

Water exceeding the solubility limit in askarel has & marked

adverse affect on the power factor and resistivity of the dielectric

fluid, which ma, however, maintain its high breakdown strength
even though water accumulates as a separate phase on the surface.
Undissolved moisture can be removed readily from transformer
askarel by warming the fluld to 70°C. and blowing with dry nitrogen
or by treatment with dry, conditioned earth and filtering through

‘a press fitted with dry filter papers or through an earthen

cartridge type fillter.

As indicated previously, molsture must be kept out of askarel
transformers by using adequate gaskets, as described in Chapter 3,
and preferably sealing the device with dry nitrogen over the
askarel,

Mineral oil is soluble 1n these fire-resistant transformer
askarels and 18 regarded to be a contaminant. Petroleum hydro-
carbons cannot be removed from askarels and the permissable
amount may not exceed 2 percent by volume lest the fire-resistant
values of the askarel is impaired beyond acceptable limite.

Possible contaminants in transformer manufacture include
welding and soldef fluxes, olls and greases, bituminous materials,
pipe thread lubricants, and contamination from bushing and pot
head compounds. Paint or varnish coatings must not touch the
interdior of the transformer shell. Adhesives or coatings applied

to gaskets must not touch the interior of the transformer.
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All natural or synthetic rubber plastics or polymeric
materials, resins, varnishes and lacquers and adhesives must be
regarded as contaminants unless included in the very few acceptable
classes and proved suitable by actual testing.

It is disappointing to find an askarel transformer menufacturer
exerclsing precautions against contamination, and employing earth
refinement, and yet inadvertently using a neoprene or other
objectionable hose line to transfer the fluild economically!!

If flexible hose needs be used, 1t should be a flexible stainless
steel type or a "rubber" hose lined with Teflon.

When using any of the followlng suggested sultable materials
of construction, it 18 prudent to employ appropriate control evalua--
tion tests to be certain that the given material witﬁin a class
regarded as acceptable will meet the requirements from a physical
and electrical standpoint.

TABLE XIII
ACCEPTABLE MATERIAL FOR CONSTRUCTION OF ASKAREL TRANSFORMERS
Structural Materials and Flllings

Metals - Commonly used metals including steel, copper,
aluminum, tin and brass are suitable if clean.

Wood - Suitable if dry and free of natural gums and
resins.

Paper -~ Suitable
Press Board - Sultable
Cotton - Suitable
Asbestos -~ Sultable
Glass - Sultable
Ceramics - Suitable

Phenol-formaldehyde resins - Suitable if adequately cured.
-90-
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Melamine-formaldehyde resins - Suitable if adequately cured.
Cellulose acetate - Sultable

Cellulose tri-acetate - Suitable

Cork - Sultable

Gasketing Materials and Adhesives

Metals - (As above)
Teflon - Suitable
Silastic (silicone) - Suitable if adequately cured.

Polyurethane - Sultable if adeguately cured.

cork (fine grain and bonded with phenolic resin) - Suitable,
but susceptible to penetration by askarel.

Nitrile rubber - Sometimes used for gaskets - but susceptible
to attack by askarel,

Cork Nitrile rubber - Often used

Dewaxed Orange Shellac - Suitable

Epoxy = Suitable if adequately. cured.
Isocyanate - Suitable if adequately cured.

Tapes and Wire

Insulation
Cotton - Suitable
Paper - Sultable
Asbestos - Sultable
Glass - Suitable
Rayon - Suitable
Cellulose acetate - Suitable

Teflon - Sultable
Silicone - Suitable

WATER_PCB-00050986



Surface Coating for Transformer Exterior

Baked Phenol-Formaldehyde - Suitable

Baked Melamine-Formaldehyde - Suitable

Baked Epoxies - Suitable

Polyurethane Coatings - Suitable

Surface Coating for Interior of Transformer Shell to Prevent

Rusting in Storage

25 parts Aroclor 5460 dissolved in 75 parts lacquer

thinner.

The need for clean shop practice and avoidance of contaminating
influences when building askarel transformers is emphasized by the
following information submitted by a highly qualified manufacturer |
to indicate the condition of askarel sampled from normally opera-
ting apparatus after a number of years service. Fluild sampled
from the top and bottom of at least 25 askarel transformers operatin
éatisractorily in different part of the country was analyzed,
comprehensively. The following general conclusions were drawn:

1. The residual condition of the askarel samples for the

most part was satisfactory, but in a few instances excessive

dirt or sediment was noted.

2, Moisture content ranged from 19 to 61 parts per million
with most samples between 25 and 35 ppm. This reflects a

very good degree of dryness.

3. Acidity values were all below‘0.0l mg. NaOH/g., which

corresponds with the level of freshly made askarel.

-92-
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4, In most cases the free chlorides did not exceed

0.1 pbm,, the specification limit of new askarel. The
highest reading was 0.15 ppm.

5. Dielectric strength values ranged from a maximum

of 46 KV to a minimum of 28 KV which values are considred

satisfactory.

6. Volume resistivity at 100°C. ranged from 20 to
75 % 10® Ohm-cm. which 18 considered to be satisfactory
and may be compared with the specification for.new askarel

at 100 x 10° Ohm-cm., minimum,

T. Power factor values at 100°C. and 60 cycles ranged
from 19 to 75 percent with most samples below 60 percent.

From the above data considered typical and satisfactory relative
td all of these askarel transformers operating in a normal manner,
it is seen that under satisfactory service 1ife the resistivity of
the askarel willl decrease and the power factor will increase, as
indicated, from similar values of fresh askarel.

These observations emphasize the need for askarel transformer
makers to:

1. Earth refine the askarel immediately prior to ﬁse

in order to arrive at the highest practical electrical

values from the fluid.

2, Avoid construction materialks which are a source of contaminat:

3. In using acceptable and satisfactorily tested construction

materials - to flush the transformer to remove traces of

contaminating influences and "dirt".
-93- NEV 007420
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CHAPTER 11
REWORKING CONTAMINATED TRANSFORMER ASKAREL

Normal Conditions

' Askarel contaminated during manufacture of the transformer
or after years of normal service life should respond very readily
to refinement by treatment with a few tenths of a peréent of dry
Fullers earth, or Attapulgus clay. This was discussed in detail
in previous chapters,

About askarel transformers, after years of normal service
life and having continued satisfactory performance, question
(d1fficult to answer) arises as to how high may be the power
factor. Also, how low may be the volume resistivity. The case
histories given in the preceding chapter seem helpful in arriving
at an answer,

Doble Engineering suggests to their clients that, "When used
askarel is found to have a power factor of 2.0 percent or more,
the cause of high power factor should be determined." (This
refers to power factor méasured at 20°C. and 60 cycles.) D;ble
qualifies this suggestion stating, "If the high power factor is
caused by water or other conducting matter, free chlorides or
high neutralization number, the askarel is probably an operating
hazard." Also, "If the high power factor is not due to these
causes, it is probably not an operating hazard except that when
the power factor is quite high, i1t may result in excessive heating

of the device in which it is used."

NE
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Since heat resulting from power factor increase of the

askarel in most any commerclal transformer is negligible compared
with heat generated by the core of the transformer, this consideraticn
does not appear important.

If the suggestion were limited to a 2 percent power factor,
it would appear low and probably subject to considerable obJjection.
However, when stated as 2 percent or more, the intention and purpose
of thils suggestion Justifies earnest consideration, although in
absence of more knowledge, 1t appears that conclusive answer to
this question 1s not at hand.

However, it should be apparent that when the power facto:
of the askarel is 2, 5, or 7 percent or higher at 20°C. and 60
cycles, and volume resistivity at 100°C. is 20 x 10° Ohm-cm.
or lower, contamination is present. As it is likely that such
a condition can bé rectified by simple earth treatment and {iltra-
tion, there should be little question about desirability of
doing this purification work to assure the best possible perform-

ance of the transformer.

Arced Conditions

It is fortunate that there seem to be very few cases of
significantly arced transformer askarel, as it is difficult to
estimate the possible success of reclaiming the fluid. Particularly,
it is not easy to lower the free and also the after corrosion
chloride levels within the extremely low specification limits

for new askarel,

22
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Treatment with dry earth as usually used to refine contamina-

ted askarel, probably will not rectify arced askarel. Special
refinemeﬁf, including hydrolysié of the spent scavenger material,
water é;traction of excess chlorides, treatmeny{ with wet earth,
special drying and finally treatment with dry earth is required.
The following example is consideéed typicals:

During routine testing of a transformer filled with askarel,
& short occurred in the winding, and the arc resulted in formation
of easily seen carbon particles in the fluid. The following
shows the ineffectiveness of dry earth treatment and the need
for wet or water treatment to reclaim a sample of this material
in the laboratory.

Passing the damaged fluid through filter paper failed to
remove the carbon. The carbon was removed by filtéring through
paper fitted with a one-half inch pad of Attapulgus earth. At
this stage, analysis indicated the following pertinent properties
as compared with the specification 1limits:

PROPERTIES OF TRANSFORMER ASKARELS

Property Specification Sample
Inorganic chlorides 0.01 ppm. max. 0;25 ppm.
Acldity, mg. KOH/g. 0.010 max. 0.004
Moisture 30 ppm. max. 75 ppm.

Then 0.2 percent by weight of Attapulgus earth was added and
the mixture held at 90°C. and agitated for two hours and filtered.
This reduced the wafer to 15 ppm., but the chlorides remained at
0.25 ppm.

Another portion of the original sample was treated with 0.5

- percent of earth, held at 50°C. and agitated for two hours and

filtered. This lower temperature treatment reduced the water to

only 60 ppm. and the chlorides remained at 0.25 ppm.
. _g6.-.
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At this stage, the electrical properties were determined and

found to be well within specification limits,

Property Specification Sample
Resistivity @ 100°C.
x 10° Ohm-cm, 100 576

Power Factor @ 100°C.
and 1,000 Cycles ———— 0.18%

Dielectric Constant
@ lOOOC. 308 o u’o3 u.2

The above reclaiming tests were repeated using "wet" earth
which contained 15 percent moisture. Again, the chlorides remained
at the original level of 0.25 ppm., well out of specification.

Then a sample of the askarel was extracted with water, using
20 percent based on the weight of the dielectric fluid. This
reduced the chlorides to 0.15 ppm., and a second agueous extrac-
tion using 10 percent of water was required to reduce the chlorides
to no detectable amount. The excess moisture was then removed
by blowing with dry air and finally filtering through dry earth
and {ilter paper. A

Alfhough transformer askarel is several times as expensive
a8 mineral oil, the material 1s not a ' high cost item. Therefore,
the economies of undertaking work as described above must be
welighed against the cost of new askarel.

In any event a fair estimate of the reclaiming cost plus
packaging, shipment to location for the work, the cost of several
analyses involved, then repackaging in new containers and cost
of return freight will indicate at least 50 percent of the cost
of new askarel. Accordingly, usu§11y the most practical expedient

is to purchase new askarel to repiace the arced materiali
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CHAPTER 12
DERMATOLOGY AND TOXICOLOGY

Skin Exposure

Aroclors, or askarels, accidentally spilled on the
skin do not cause an acute toxicity hazard, nor will they
cause serious irritation. The materials should be washed
from the skin with soap and water, Prolonged skin contact
should be avoided, If woyk clothes become impregnated with
these flulds, they should be removed and washed,

When sampling tank cars, canvas gloves and safety
glasses, or goggles, should be worn. No special clothing
is required, but the workers' garments should be laundered
at least weekly and changed, if Aroclors or askarels are
spillled on the clothes.

If accidental burns occur from contact with hot askarels,
the burn should be treated the same as any ordinary burn,
Arocldr, or askarel, adhering to the burned area need not be
removed immediately unless treatment of the burn demands it
in which case, soap and water, or repeated washings with a
vegetable o0il should be used. Accidental contact with the
eyes results in painful irritvation, but not permanent damage
to the tissues or the sight. In event of such contact, the
eyes should be flushed with a large amount of water for at
least 15 minutes. The patient should then be referréd to
a physician who will treat with an ointment to soothe the eye.
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Exposure to Vapors

Vapors from hot Aroclor, or askarel, have a degree of
toxicity and should not be inhaled over a prolonged period
of time. Experimental work on animals indicates fhat the
maximum safe concentrations of vapors in work rooms is in
the range of 0.5 to 1.0 mg. per cubic meter of air, Harmful
amounts of the materials are readily detectable by odor and
irritation to the eyes. Usually, people can detect concen-
trations of askarels in the amount of 1.0 mg. per cubic meter
of air, which 1s the level regarded as the safe work room
1imit for an 8 hour day exposure.

Capacitor impregnations may be done at temperatureslas
high as 266°F. (130°C.). Following impregnation and draining
the chamber, exhaust ventilation should be applied to the
chamber to prevent askarel vapors entering the work room,
Also, when opening a heated capacltor impregnating chamber,
the workmen should wear a respirator during this short interval
of exposure,

If transformer askarels are used at temperatures above
125° to 150°F. to fill an open transformer, exhaust ventilation
should be provided in the immediate area.

The many years of satisfactory and safe use of Aroclors,
or askarels, by the electrical industry for impregnating
capacitors and filling transformers has demonstrated the
industry's ability to handle these flulds without hazard to
the worlmen,

Tt 18 both simple and in line with "good housekeeping"

and personal cleanliness to exercise the suggested precautions

n a cases,
tn all =99~ NEV 007426
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Vapors from a Severely Arced Askarel Transformer

Experimental data indicate that when askarel is
decomposed by an electric arc, insignificant amounts of
chlorine and phosgene gas are liberated., The gas 1s
almost entirely hydrogen chloride, which is readily
detectable by 1ts odor and 1ts irritating characteristics
in even small amounts. Thereby, adequate warning of its
presence 1is provided and significant amounts of fumes
would be likely to cause a hazard only in a closed area.
Individuals would not voluntarily expose themselves to

serious toxic levels of the hydrogen chloride gas fumes.

NEV 007427
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SECTION A
TRANSFORMER ASKAREL

i. INTRODUCTION:

“This manual describes the operating characteristics of transformer askarel liquid
insulation and how it differs from mineral oil.

The information given is based on facts gathered by Monsanto over 30 years as
producer of askarel, plus knowledge gained from the experience of transformer
manufacturers and users. This guide is provided to outline the very simple mainte-
nance required for askarel fluid in “modern” transformers and to offer suggestions
for the sealing and maintaining of askarel in old units. By following this guide, users
will obtain maximum service from askare! insulation with a reasonable minimum of
maintenance. If questions arise relating to the designing and building of transformers
— these should be referred to regular transformer suppliers.

Monsanto gratefully acknowledges the assistance, guidance, and the contributions
of certain data by the following:

Frank M. Clark.........ocoiiiiiiininn General Electric
Edward L. Raab....... e ..General Electric
James G. Ford..............oo0ul Westinghouse Electric
George Shombert, Jr...... e ++vv. . Allis Chalmers

I, HISTORY OF TRADE NAME TYPES

“Askarel” is the generic name for non-combustible (fire-resistant) liquid insulation.
In this respect, the insulation is completely different from ordinary transformer
mineral oils. Transformer askarel is marketed by Monsanto. Whatever the trade-
marked brand, the askarel contains Monsanto's Aroclor (chlorobiphenyl) . . . one of
the best liquid insulations developed by science. This inert compound is chemically
stable, firc-resistant, heat stable, non-corrosive, and has high dielectric strength under
the operating conditions encountered in transformers,
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Askarel liquid insulation is made by thinning Aroclor 1260 with trichlorobenzene
or tri-, tetrachlorobenzene mix. The first transformer askarel was made in 1932, in
accordance with General Electric Company’s patents, and was trademarked Pyranol

1488. Westinghouse, too, offered this askarel insulation in 1936 under their trademark
Inerteen,

In the mid-1940's, as shown in the following table, tin tetraphenyl was added to
General Electric’s Pyranol to scavenge hydrogen chloride. Shortly thercafter,
Westinghouse added phenoxy propene oxide to Inerteen for the same purpose. In
1963, General Electric replaced tin tetraphenyl with a diepoxide scavenger. This
new formula, which replaces previous Pyranols, is called Transformer Pyrano!
A13B3B. Thus, today the two commercial types of formulations are General Electric's
Transformer Pyranol A13B38 type and Westinghouse Incrteen PPO (7336-9) type.

The composition changes made in transformer askarel formulations are shown
in Table 1.

Table 1
THE COMPOSITION OF TRANSFORMER ASKARELS
Inerteen
Pyranol PPO
1488 1467 1470 AlJB.}B Inerteen  (7336-9)
Year Introduced. ..... v 1932 1944 1952 1963 1936 1945
Ingredients:
Aroclor 1260, .....00vuuns 60 60 48 45 60 60
Trichlorobenzene., ......... 40 40 40 40 40 40
Tetrachlorobenzene........ 15 I5
Tin tetraphenyl, . .......... 0.125 0.128
Phenoxy propene oxide. .. .. 0.20
Diepoxide......ooovvrivaes 0.125

OTHER BRAND NAMES

Various electrical equipment manufacturers use other trade-marked names for
askarel liquid insulation, such as Chlorextol (Allis-Chalmers); Noflamol (Wagner
Electric); Saf-T-Kuhl (Kuhlman Electric). These askarel insulating liquids are one
or the other of the two standard formulations. Still other manufacturers, who
designate their insulation only by its generic name, askarel, assign it a number or
code. By this number, Monsanto knows whether to furnish Pyranol A13B3B or
Inerteen PPO (7336-9) type formulation to the user.

111. OFFICIAL TRANSFORMER ASKAREL SHIPPING SPECIFICATIONS

The official shipping specifications for the two modern transformer askarel
formulations are shown in Table 1I.

2 NEV 007549
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IV. INFERCHANGEABILITY AND STABILITY

A. Interchangeability:

The two general types of askarel insulation shown in Table Il can be either
mixed or interchanged and there will be no difference in the operation of the
-transformer. However, askarel insulation musr never be mixed with mineral oil.

Over 29, mineral oil in askarel begins to lower its fire resistance. Further,
materials of construction in the transformer that are compatible with askarel
may not be compatible with oil and vice-versa. For example: a significant
amount of askarel in a transformer built for mineral oil will attack gaskets,
adhesives, core bindings, impregnating varnishes, etc.

Stability:

Askarel liquid insulation is highly pure, fire-proof liquid made under close
chemica!l control. §t does not vary in composition like the commercial rangc
of mineral oils.

Askarel does not deteriorate when exposed to air, heat, hot metal; it does not
break down over long use to form conducting or corrosive chemicals; it does
not oxidize or sludge. Askarel will remain perfectly stable year after year unless
broken down by exposure to severe arcing.

The only real “‘enemy" of askarel is contamination by water. Keeping askarel
water-free will insure long-time service.

Askarel is heavier than water. If water gets into askarel insulation, only a
tiny amount (125 ppm) dissolves — the rest floats on top.

V. DIRECTIONS FOR HANDLING
A. Keep Dry:

In handling, storing, sampling, inspecting askarel — and in operating askarel
transformers — take every precaution (o guard the askarel insulation from
exposure to high humidity and moisture contamination. Keep 5, 30, or 55
gallon drums of askarel dry; lay stored drums on their sides with the bung at
the highest point from floor to keep water off the drum head (which can be
sucked into the askarel by the drum “breathing’). This precaution is not
necessary when drums are stored indoors, which is the preferred way of
storing.

B. Use Ordinary Personal Precautions:

Transformer askarel' has been made, handled, and used for over 30 years
without causing toxic or other ill effects. It can be handled with only minor
precautions. If accidentally spilled on hands, no serious skin irritation will
occur. However, liquid askarel has a solvent action (similar to paint thinner)
on the fats and oils of the skin and prolonged contact may lead to drying and
chapping of the skin. *

NEYV 007551
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In case of contact, wash off the skin with soap and water; remove and dry
clean saturated clothing. Clean up spills with rags, sawdust or absorbent clay.
Eye contact may result in painful irritation but no permanent damage to
tissues., If askarel gets in the eyes, flush with large amounts of water. As with
all eye first-aid, refer to a physician. To relieve irritation, physicians have
used a 19, Pontocaine as well as opthalmic cortisone acetate solution, or
castor oil.

Infrequent exposure to askarel vapors will not cause ill effects. However,
prolonged exposure to high vapor concentrations should be avoided. If hot
askarel must be handled in a closed or confined area, provide the area with
ordinary exhaust ventilation — or — wear an organic cartridge respirator
approved by the U. S. Bureau of Mines.

V1. EXPECTED SERVICE LIFE

Properly designed and installed askarel transformers will give trouble-free service
for a minimum of 30 years. Since their introduction in 1932, the manufacturers
report finding the over-all failure rate to be less than 0,5%, for all units under test
and service conditions. The Edison Electric Institute’s report (1956-1958) on their
member utilities publishes the failure rate for askarel transformers as 0.13 per
hundred banks per year. Even the rare reports of failure are invariably found to be
due to improper sealing that allows moisture to enter.

Vil. DIELECTRIC STRENGTH — MOISTURE RELATIONSHIP

The dielectric strength of askarel is highly sensitive to excess moisture; not sensitive
to ordinary dissolved contaminants. While the dielectric strength can also be lowered
by severe arcing, askarel turns noticeably black or has particles of sooty carbon
floating in it if arcing has occurred. Then the transformer should be repaired and
the askarel replaced.

New askarel has a minimum dielectric strength of 35 KV at 25°; a maximum mois-
ture content of 30 ppm. If the dielectric strength is checked periodically and decreases
significantly — this indicates moisture pick-up, arcing, or both. When the dielectric
strength has dropped to 26 KV or less, an analysis for water is necessary. If water
is found in excess of 100 ppm at 25° C., its source should be located and corrections
made.

When the moisture content approaches 125 ppm (saturation level), the dielectric
strength of askarel drops below the value required for efficient insulating. The
moisture content should not be allowed to rise over 70 ppm; it should be held as
near as possible to 30 ppm. Maintaining & low moisture level will assure high
dielectric strength and top operating efficiency,

Table 111 shows the relationship of dielectric strength vs. moisture and Table 1V
indicates the approximate water solubility limits in askarel and mineral oil. .
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Table II

RELATION OF “BREAKDOWN STRENGTH" TO AMOUNT
OF DISSOLVED WATER IN ASKAREL AND MINERAL OIL

Breakdown Vollage (ASTM)

Water Content (PPM) Askarel Miaeral Oil
) 0 70 KV 50 KV
20 55 39
40 47 30
60 40 26
80 38 22
110 10 5
Table 1V

APPROXIMATE SOLUBILITY OF WATER IN TRANSFORMER
ASKAREL AND MINERAL OIL

Temperature Amount of Water (PPM) Dissolved

i °F. Askarel Mineral Oll
—30 -—22 8 8
—20 - 4 16 10
—10 14 28 13
0 32 41 20
10 50 65 33
20 68 94 38
30 86 128 85
40 104 170 130

TURBIDITY

... may be the visual sign of undissolved water, or may indicate contamination
from core materials, dirt, or deteriorating construction materials. Cloudiness may
also result from cold precipitation of tin tetraphenyl *‘scavenger' that was used in
the earlier Pyranols. This scavenger begins to come out of solution around |5°F.
above zero. To redissolve it requires heating to 150 - 200°F. and agitation.

High dielectric strength will quickly indicate that any turbidity present is not
moisture; that the insulating efficiency of the askarel is still excellent. However, if
the dielectric strength is below 26 KV, moisture should be determined, using the
Karl Fischer method (ASTM D1533-60).

The diclectric strength test for askarel serves primarily as an indicator for moisture.
It is by far the most important maintenance test for transformer askarel.

VIil, TYPICAL VALUES FOUND IN ASKAREL FLUID UNDER VARIOUS USE
CONDITIONS

- Table V gives the entire spectrum of properties that are typical for freshly-made
transformer askarel as it goes through the various normal and abnormal conditions
of use. '

The data in Table V are in terms of only the askarel fluid and do not refer to insulation
resistance or power factor measurements on the over-all transformer insulation.

Several utilities studying the power factor values of the over-all transformer insulation
system indicate that the unit power factor of a new askarel transformer should range
from 19, to not over 5%, This would generally correspond with the askarel fuid
properties as given under heading “B".
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Starting ideally with situation 8", it is normal to expect the power factor of the fluid
in a satisfactorily operating askarel transformer o increase as shown under heading
“C". The “over-all"” power factor of the transformer in normal service is expected
to rise, but preferably not much beyond 59%,. In this normal situation, the moisture
level of the askarel fluid and its dielcctric strength will be satisfactory, as shown in
heading *'C".

Occasionally the power factor of a non-arced, satisfactorily-operating askarel
transformer is found to be relatively high, i.e., 157, In this case, the power factor
of the askarel fluid will also be high, perhaps as high as 509 at 20°C. and 60 cycles.

It is not good practice merely to note that high power factor of the askare! fluid is
to be cxpected. The important step is (o check dielectric strength and note whether
there has been a downward trend. A downward trend in dielectric strength very
likely indicates moisture entrance and should be confirmed by a Karl Fischer test
for water.

The importance of any abnormalities in dielectric strength and moisture content of
the askarel fluid cannot be overemphasized! Where abnormal values for the dielec-
tric strength or moisture content occur, the power factor of the transformer can be
expected 1o be abnormally high; the expected high power factor of the askarel
fluid will induce this.

The indication that a high power factor on the transformer and on the fluid is due
to contamination can be verified by earth refining the askarel fluid and noting
whether after refining the test results correspond with heading “L,

Assuming no mechanicul defect or arcing, if thc power factor of a new askarcl
transformer is relatively high, the power factor of the fluid will also be high, giving
the situation under heading **D". This reflects contamination that should have been
removed by the manufacturer of the transformer.

In abscnce of mechanical defect, where there are no abnormal Josses in dielectric
strength, and no moisture pick-up in non-arced askarel — the use history shows
that a rclatively high power factor for the askarel fiuid (as compared with mineral
oil) is to be expected. Normally, high power factor is due to contamination and
not deterioration of the askarel operation,

As shown by F. M. Clark in his book, “Insulating Materials For Design and
Engincering Practice,” John Wiley & Sons, N. Y., 1962 — activated alumina can be
used in the circulating system to bring the power factor down and keep it as low as
possible.

B
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iX. CHECK POINTS FOR MAINTAINING ASKAREL INSULATION
A. General Considerations:

Modern askarel transformers with welded construction or silicone gaskets
for hand hole-cover, switch and terminal compartment covers, with properly
constructed bushings require little or no maintenance. With properly con-
structed transformers, annual or semi-annual visual inspection and dielectric
strength test of the askarel fluid should suffice for routine maintenance
checking over many years of service.

However, many askarel units were installed in the early 1930's — before the
development of some of the better modern gasketing materials and before
improved designs were developed for sealing out moisture. Such early units
should be, and can be, modernized. Leaky or deteriorated gaskets should be
replaced. If the askarel has become contaminated, it should be reconditioned.
At the same time, a general clean-up of the unit and possible refinishing may
be desirable. '

If it is not convenient to take an old transformer out of service for general
repairs, leaky gaskets can be sealed temporarily by painting over the leaky area
with epoxy cement,

A survey of uscrs indicates a good number of early-built askarel transformers
(over 20 years old) are kept in continuous service in critical installations by
the following steps (instead of modernization).

The operating units are equipped with compound pressure gauges for reading
pressure above and below atmospheric. Positive pressure is maintained on
the shell by introducing nitrogen at 2 to 3 pounds above atomspheric. Regular
workmen in the area daily record the temperature and pressure. If a sudend
pressure drop is noted more nitrogen is introduced and the gaskets are
checked for leaks with soap solution. Leaks are sealed by applying epoxy
cement.

B. Modern Sealing Procedures:

Transformer purchasers should specify the following modern techniques for
sealing:

1. Welding Construction: Covers, radiator connections, switch and terminal
housings, instrument connections, etc. should be welded.

2. Bushing Connections: The most satisfactory bushings are the type with
" rolled-on flanges and two ring seals rolled into a depression in the porcelain
— sealed with silicone rubber rings held under compression. Metal-to-glass

or metal-to-porcelain sealed bushings are also satisfactory.

if for any reason the above type bushings cannot be used then use a por-
celain or glass bushing with a silicone or Viton gasket retained in a groove.
The gasket can be either rectangular or circular cross section, usually %
inch thick.

3. Small Size Cennections: When not possible 10 weld, small size connection
seals should be made with Flexitallic stainless steel rings. The surfaces
must be machined and parallel. The filler between the steel laminations of
the Flexitallic ring should be either silicone or Viton. -
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4. Gaskets For I{and-Hole Covers: Modern design specifies silicone gaskets.
Such gaskets must be retained in a groove. The groove preferably is
machined into the flange or cover. However, it can also be formed by
welding concentric steel strips to the flange or the cover.

Generally the gaskets should be %) to 14 inch thick for covers, depending
on the depth of the groove. A rectangular section is usually used.

The silicone material should be Dow-Corning No. 50 Silastic or equivalent.
This is a low compression set material. FFor best sealing 20 to 257. compres-
sion is recommended, with ample clearance in the groove to allow for th's
compression.

No cement is required. With reasonable care the gasket is removable
without damage and is reusable.

Silastic S0 is slightly swelled by askarel which contributes to the tightness
of the seal. It is not deteriorated by askarel fluid or vapors. It resists weather-
ing and it is thermally stable and flexible at all operating temperatures.
It is an excellent moisture barrier.

Notes: a. Dow-Corning, Midland, Michigan will supply a list of Silastic 50 gasket
fabricators 1o all transformer manufacturers or users. They will also
furnish technical data.

b. Any user of Pyranol transformers, made by General Electric Company
at Rome, Ga., will receive prompt and generous help for converting to
the modern silicone or Viton gaskets by contacting the General Electric
Company's Service Engineering Department at Rome, Ga.

Sec Appendix K: Seals, Properties and Procurements.

C. The Older Sealing Arrangements:

The older type gaskets consist of either cork or cork-nitrile rubber combinations
or straight nitrile rubber.

1. Cork-Nitrile Combinations: Covers for the main tank, hand-holes, switch
and terminal chambers, relief diaphrams etc. are held in place by studs
welded to the flange or by bolts. The gaskets are cut with openings and
placed over the bolts. Often Shellac (Westinghouse Style No. 1150419, or
General Electric Company's Glyptal 1276) is used to cement the cork to
the flanges.

The following is recommended for scaling with (he cork — nitrile rubber
combination:

Use Armstrong NC-757 cork-nitrile material or equivalent. The gasket can
be cut from a single sheet or by scarfing strips of the material. A convenient
method for joining strips is to make a Keystone Type joint. For this,
Westinghouse, Sharon, Pa., offers their gasket cutter Style No. 328 B614
GOl, (about $15).

The joints should be cemented and the gasket also cemented to the flange,
using one of the above cements. Excess cement should not be allowed to
reach the interior of the transformer. -
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After installation and bolting, the outside edge of the gasket should be
coated thoroughly with epoxy cement to increase weather resistance.

This epoxy cement is a paste to which a curing catalyst is added immediately
before use. Typical are:

a. Epoxy Patch Kit §t-C
Hysol Corporation, Olean, N. Y.

b. Scotchcast Resin §4
Minnesota Mining and Manufacturing Co.
St. Paul, Minnesota

c. Adhesive A-1 and Activator Type B
Armstrong Products Company
Argonne Rd., Warsaw, Ind.

d. Adhesive 9860-1, Synthetics Organic Company, Cleveland, Ohio, used
with activator diethylene triamine (Carbide and Carbon Chem. Co.)

2. Straight Nitrile Rubber: When straight nitrile rubber was originally used,
invariably the gasket was recessed in a groove. This was to prevent gasket
flow and to protect the material against excessive compression. Although
this type seal was not cemented, the nitrile rubber gasket is not reuseable.

Since grooves or stops have already been provided for the nitrile rubber
seal, Silastic 50 can be easily substituted and is recommended. This conforms
with modern practice,

X. PERIODIC FLUID INSPECTION AND WHAT CHECKPOINTS MEAN

On a regular schedule — at six, nine, or twelve month intervals — makc a simple
visual inspection of your askare! insulation and run 2 dielectric strength check.

A. Visual Inspection:

Askarel is a clear, faint-yellow liquid. After long-term use this color may
gradually intensify to light brown. The fluid should remain clear and free from
turbidity or cloudiness.

Any color change — such as to a green, red or blue east — indicates extraction
of impurities from the solid insulation. If a distinct foreign color pick-up is
noted, check the complete range of electrical characteristics and notify the
transformer maker. The electrical characteristics may be found to be unim-
paired. Color change alone (except for black) is not a danger signal since the
contamination is not likely to impair the dielectric strength,

Dielectric Strength:

If the dielectric strength has decreased significantly from the last inspection,
or if it has gradually decreased below 26 KV range (at 25°C.)— RUN A
CHECK FOR MOISTURE., Use ASTM D901, D877 (Karl Fischer Method).

The dielectric strength of askarel is the major indicator to the operating
efficiency of your liquid insulation and of the askarel transformer itself. Besides
the “visual' inspection tests, dielectric strength is the only test necessary to run
on a routine basis. Well-sealed askarel transformers have service records of
25 to 30 years on the original askarel. New askarel has a minimum dielectric
strength of 35 KV at 35°C., a maximum moisture content of 30 ppm.

°

L
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X1. INSPECTION CHECK LIST

1. If askarel is clear, even though darkened to light brown; has no sediment or
turbidity; has dielectric strength over 26 KV ... give it the inspection “OK",

2. If askarel is clear; has foreign color of blue, green, red . . . it is *“‘extracting colos"
from internal materials. This is not, of itself, an operating hazard when the dielectric
strength stays over 26 KV and moisture remains low. However, this rare occur-
rence calls for checking into condition of the interior construction and consulting
the (ransformer maker.

3. If askarel is clear; but dielectric strength drops to 22 or lower KV, and moisture
rises over 80 ppm . . . the askarel is ready for simple “‘refining". If the moisture
is near the saturation leve! (about 125 ppm), a thorough inspection should be
made for water droplets in the transformer tank, and even for “globules’ or water
floating on the askarel surface. If found, the transformer manufacturer should be
consulted for reconditioning both the transformer and the fluid,

4, If askarel is dark brown to black; if black particles of carbon are secn; and
dielectric strength is low ... the askarel has been broken down by arcing. It
cannot be refined and should be discarded.

If any of these four simple inspection tests appear out of the ordinary, or the
relationship between appearance and test values is abnormal — contact your
transformer supplier for a complete analysis.

Whenever a sample is 1o be shipped to Monsanto, please follow the directions
shown under: “SAMPLING ASKAREL".

XIl. CONTAMINATION IN TRANSFORMERS

Unlike mineral oil which can oxidize, sludge and deteriorate — askarel breaks down
in transformer use only when strongly arced.

Thus, while askarel does not decompose in normal use — it can be contaminated
more readily than the relatively non-polar mineral oil.

For example the following Table V] shows how a small amount of synthetic rubber
or a bit of varnished cloth markedly increases the power factor of the askarel.
Please note, however, that such minor contamination has no adverse effect on the
dielectric strength. As explained, moisture entrance through faulty seals seems the
only contaminant in normal use that lowers the dielectric strength of transformer
askarel.
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Table V1

EFFECT OF COMMON INSULATION MATERIALS ON POWER
FACTOR AND DIELECTRIC STRENGTH
(HEAT AGED 96 HOURS IN ASKAREL AT 100°C.)

Power Factor, Dielectric
Percent ot 60 Strength
Material Immersed eye., 100°C. 25°C.
NONe (CoONtrol). . veviverianseasararsnnns 1.0 35 Kv
Black varnished cloth, . .ovvvvviinnnnn. 85.0 42
L0 27 11 1.5 40
Pressboard. .. it iiiiiereniieiienan 2.0 ky/
Manila PaPEr. . v vvvr i traracrscannnss 1.5 3
Pheno! formaldehyde resins.......... 1.6 41
Shellac., oo i i iviavevarorotsatasenncnas 6.0 36
< 4 T Y $.0 39
Synthetic subber. . v .voviiiiieiieneennn. 70.0 - 39

Askarel After Exposure

Similarly, trace contaminants from commonly used construction materials can lower
the volume - resistivity of askarel, without affecting its dielectric strength. Table

VI shows this.

Table VIl

EFFECT OF COMMON INSULATION MATERIALS ON VOLUME
RESISTIVITY OF ASKAREL

Sample

I. New askarel before heat 8ging...... vvivvieeanne
2. New askarel after heat aging 96 hours at 100°C,. .,

3. After heat aging with 1 sq. inch specimens of:

o »

B £ - seresseas

®w e an

. Phenolic resin tap changer material.............

. Grade A press board (1an). ....oovvvneinrenen.
. Grade A press board (8ra8Y). .. ocvvvnnriirennse
. Grade A press board, laminated strip...........
. COtloOn WraPPINE. . vvteeeiaitritirsssassnesssses
. Glyptal 1276 cement, cured 48 hrs. at 110°C......

Volume Resistivity x 10° ohm-em
(at 100°C., 500 Volts DC., 0.1° gap)

.

.

.

2,000
1,900

1,200
750
500
500
400
300
100

While trace contamination easily lowers volume resistivity from high levels, it is
important as previously noted in Table V Case F, that heavy contamination (as
when arced) does not lower the resistivity below the order of 10’ ohm-cm. at 100°C.

The different behavior of askarel vs. mineral oil in these respects can be summarized

as follows:

High power factor and low volume resistivity in transformer mineral oils are
commonly regarded as “danger signals” that the oil has deteriorated and

broken down chemically.

This is NOT TRUE of askarel liquid insulation, unless the dielectric strength

is low.
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X1l REFINING ASKAREL FOR RE-USE

A. Filtering Through Dry Blotter Paper to Remove Moisture and Extrancous
Partelles:

Most operators prefer portable refining apparatus, such as a plate press fitted

..with a dolly, (available from Sparkler, Mundelein, 1ll., Westinghouse Main-
tenance and Repair Dept., Chicago, or General Electric Co., Pittsfield, Mass.);
or the earthen cartridge filter type, (available from Jndustrial Filter Corp.,
Lebanon, Ind.). Filter paper liners for the plate press are available from Carl
Schleicher and Schuell Company, Keane, New Hampshire and manufacturers
of filter presses listed above. '

The filter paper must be dried immediately before use, For best results, spread
the paper for maximum surface exposure in a hot air circulating oven and heat
it for 4 to 6 hours at 110°C.

If possible do not take the transformer out of service until ready to filter the
fluid. This will keep the transformer coils relatively hot and dry. Processing
the fluid should start immediately after de-energizing the unit.

Circulate the askarel hot (but not over 55-60°C.) through the filter fitted with
the dry paper liners.

After filtration the dielectric strength of the askarel should be 35 KV minimum.

1, Precautions: Filtering should not be done when the relative humidity
exceeds 75%,.

2. Any flexible hoses and gaskets on the refining equipment should be lined
with or made of materials that will not be softened by contact with askarel
fluid. (Silicone or Teflon-lined, or flexible metal materials are suitable.)

Table VIII
GUIDE TO RATE OF DISSOLVED WATER REMOVAL
BY FILTERING ASKAREL THROUGH A PAPER PRESS
Passes Through Water lo Askarel
Paper Press PPM
0 18
1 35
2 22
3 i8
4 12
3 10
6 10
14
14 NEY 007561
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B. Earth Treatment for Maximum Improvement of Power Factor and Volume-
Resistivity:

1. Procedure:

(The askare] liquid should be }elativcly dry prior to the following earth
filtration.)

Use finely divided Attapulgus clay or Fuller's earth (dried and activated by
heating for 12 hours at 300-350°F. immediately prior to use) as a coating on
the filter paper surface. The amount of earth used should be 0.1 to 0.2 per
cent by weight on the weight of the askarel to be treated. (Askarel weighs
about 13 pounds per gallon).

To deposit the earth evenly, stir one-third of the earth with a small portion
of askarel in a clean container. Pump the mixture through the filter and
follow with two more one-third portions, Then circulate askarel taken from
near the top of the transformer, pass it hot (not over 55-60°C.) through the
earth coated filter and feed back through the bottom transformer outlet.
Continue circulation unti! the fluid is clear and test shows that the electrical
properties are fully restored.

2. Effect of Earth on Removal ef Scavengers:

Only slight and insignificant loss (by selective absorption) of tintetrapheny!
and epoxides occurs when askarel is refined by treatment with 0.1 to 0.2
per cent by weight of earth. To remove significant amounts of the scavengers
requires repetitious treatment with much larger amounts of earth,

3. Table IX — Approximate Relationship Between Power Factor, Volume -
Resistivity and Dielectric Strength of Transformer Askarel:

Volume Resistivity
% 10° ochm-cm. (at

100°C., 500 Volts Dielectric Strength
Power Factor (60 cyc.) DC., 0.1° gap) 25°C., 0.1 gap
100°C. 25°C.
2%, 0.05%, 1500 IS KV
5% 0.1% 500 35
15% 0.7% 160 35
20-25%, 2.09%, 60-70 35
40-50%, - 25 35

If it is desired (although these factors are not generally considered important
for askarel transformers), to keep the power factor as low as possible and
the resistivity as high as possible, hang a container of anhydrous alumina
or activated clay in the circulating system of the transformer.

X1V, CLEANING ARCED TRANSFORMERS

If 2 unit has arced so that the askarel is no longer fit for use, a thorough cleaning
of the unit is necessary before refilling with new askarel insulation and returning
it to service®. Follow this procedure:

.

13

NEV 007562

WATER_PCB-00051021



A, Drain out all dark, carbon-contaminated askarel. (Discard by dumping or
burying where it will not contaminate a water supply.)

B. Carefully brush carbon deposits from internal parts and insulation, using a
soft bristle brush making sure that insulation is not damaged.

C. Flush thoroughly using new askarel (nof an oil, not a cleaning solvent).

D. Flush a second time with fresh askarel; drain; then fill to the proper leve! with
new askarel.

E. Encrgize transformer to warm the fluid for 24 to 48 hours; then circulate the
askarel through a filter, returning it to the unit filtered and ready for use.

® This assumes that the cause of arcing has been established and corrections made.
When severe arcing occurs, major repairs are usually necessary and the unit rebuilt.
This procedure can be applied for flushing out repaired units.
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XV. SAMPLING ASKAREL

Take a sample as close to the top of the liquid surface as possible. (Many large askarel
transformers have a built-in sampling tube near the surface for convenient sampling).
Then, to make sure that your SAMPLE truly represents your askarel insulation,
take another sample from the bottom. If additional sampling tube connections are
contrived on the valves for easier sampling, make the tubes of clean glass, stainless
steel, aluminum or tin for rigid types; and silicone or Teflon tubing for flexible types.

Use NEW containers for the askarel sample. A new and thoroughly pre-dried small-
mouth quart glass bottle fitted with a Bakelite screw cap fitted with an aluminum
or tin bottle cap liner is recommended for *‘quick on-the-site testing." (If complete
analysis is to be made, a 5-pint size sample is required).

Be sure that the new bottle does not stand open to collect dust or moisture. Rinse
the sample bottle and cap lining two or three times with askare! from the transformer;
then fill it. If the sample will be tested promptly, a clear glass bottle can be used.
If sample is to be stored indefinitely, use an amber glass bottle or wrap clear glass
with aluminum foil.

A. Select a dry day. Do not sample insulation on a warm, moist day when
humidity exceeds 757, and . ..

B. Make sure that the askarel is at least as warm as the surrounding air. (Cold
liquids can condense moisture from humid air.)

C. When sampling askarel from transformers, it is best to take the sariwple when
the unit is warm and operating at average or maximum load. Especially as a
check on moisture (as reflected by a dielectric strength test), sampling the
warm askarel more truly represents its condition during operation.

Experience shows that water will migrate from a transformer's solid insulation
to the askarel liquid and vice versa, depending on temperature. Therefore, when
the transformer is hot, the moisture is most likely to be found in the liquid.
This accounts largely for periodic variations in dielectric strength. For example:
a relatively high dielectric strength may be found during winter months and a
relatively low dielectric strength during the summer months on samples taken
from the same unit,
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SECTION B
ASKAREL FILLED SWITCHES AND TERMINAL CHAMBERS

1. INTRODUCTION:

High voltage leads are usually connected to askarel or mineral oil-filled network
transformers and power centers through terminal chambers and switches. In some
cases terminal chambers are not used, and the high voltage ieads are connected
directly 1o the switch terminals. They may be filled with either askarel or mineral
oil. Switches are usually rotary or drum type fitted with a revolving block and
porcelain unit as the principal element arranged for three-phase service. (A cutaway
view of a typical terminal chamber-switch combination is shown for reference.)

Askarel transformers with attached switches have been in use for about 30 years.
When they were first introduced, the availability of insulating and gasketing materials
was rather limited and even the best materials at the time had no service history. As
a resull, inadequate gasketing materials such as cork, nitrile rubber, and nitrile
rubber-and-cork particles were used. While satisfactory for a limited period of time,
these materials cannot be depended on for the expected long life of the equipment.

The terminal chamber is usually above or below the switch compartment and
separated by a steel wall through which the bushings are inserted. When bushings
are properly selected and correctly installed, there is no leakage from one compart-
ment 10 the other. With poor bushing seals, and the terminal chamber above the
switch, potting compounds or cable oil can seep into the askarel. When the terminal
chamber is below the switch, askarel can drain into the terminal chamber,

1. SOURCES OF CONTAMINATION

There are three possible sources of contamination for askarel in switches and
terminal chambers; they rank in this order of frequency: (1) water entering through
poor gaskets; (2) decomposition products from arcing when switch is used to break
magnetizing current; (3) entrance of pothead or cable compounds through leaky
bushing seals. '

Unlike an askarel transformer where the amount of contaminant is likely to be very
small (probably only trace amounts) in relation to the volume of askarel fluid —
in switches or terminal chambers with faulty seals, the amount of contamination
can be relatively large. "
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Experience has shown that, based on the number of installed askarel-switch units,
the percentage of failures is extremely small. When investigated, it has been found
that most failures originate in the switch chamber. Water is the chief source of
contamination. However, heavy contamination of askarel with petrolatum and
asphalt material, due to leakage, have caused a few failures.

Petrolatum is used frequently for filling terminal chambers. When either cable oil
or petrolatum seeps into askarel, no great harm results. The fire resistance will be
somewhat decreased and power factor of the askarel will increase with an accom-
panying drop in resistivity. While highly undesirable, it is doubtful that failure of
the unit results. Where asphaltic compounds are used in place of petrolatum, the
danger is increased somewhat because asphaltic contamination may cause exces-
sively high dielectric losses in the askarel.

When the terminal chamber is below the switch chamber, the potting compound
can be contaminated by askarel if the bushing seals are leaky, This is undesirable
because the askarel will increase the power factor and conductivity of the potting
compound or cable oil and develop heat from dielectric loss. If this mixture is drawn
into the cable insulation, a cable failure is likely. This again emphasizes the impor-
tance of tight bushing assemblies.

I, SEALING SWITCHES AND TERMINAL CHAMBERS

Proper bushing construction, use of Silastic seals and welding wherever possible is
highly desirable (as covered in Section A). Where an elastomeric seal is to be used
in contact with both askarel and petroleum oil, DuPont’s Viton is suggested.

For new equipment the user should specify these modern sealing arrangements to
keep out contaminants and minimize maintenance.

1V. MAINTENANCE FOR ASKAREL FILLED SWITCHES

A. Switches used for grounding after power source has been de-energized will not
undergo arcing.

B. Switches interrupting magnctizing current will be subject to arcing; the amount
of decomposition will depend on power interrupted, time and frequency of oper-
ation. As a general rule, the liquid should be checked afler 5 1o 10 operations.
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On newly installed switches, check the askarel at 3, 6 and 12 month intervals;
if found satisfactory, check once annually thereafier. With proper attention
to the gasketing of covers and bushings, experience will probably indicate
that less frequent inspection is warranted.

. Check askarel for:

a. Dielectric strength (ASTM D877): it should be 26 KV minimum, If
dielectric strength is low, confirm presence of water by Karl Fischer
method ASTM D-1533. Filter to remove moisture. Dielectric strength
should then be 30 KV minimum.

b. Presence of carbon from arcing: Fluid should be rclatively free of carbon.
If badly arced and very black, replace fluid. If only minute amounts of
carbon are present, filtration is recommended. Check power factor of
liquid (should not be over 59, at 25°C. and 60 cycles). Flush out switch
chamber with several gallons of fresh askarel before refilling.

if there is discoloration, high power factor, detectable change in specific
gravity or refractive index, or if fluid flashes below 250°F., there is a
possibility of seepage of potting compound into the switch compartment.
In this casc, correct any leaky bushing seals with proper replacements and
fill with new askarel,

If terminal chamber is below switch, check potting compound for presence
of askarel (can usually be detected by odor or by an increase in specific
gravity). If askarel is present, correct any leaky bushing scals with proper
replacements, and renew compounds.

Examine cover gaskets visually. Deterioration can be detected by swelling
and cracking of the exposed edge. In cascs of severe deterioration, liquid
scepage is usually present.

Check for leakage at packing gland of switching shaft. If leaking, repack
with a Silastic ring type gasket.
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SECTION C

ANALYTICAL SERVICES ON TRANSFORMER ASKAREL AVAILABLE
FROM MONSANTO

Transformer users not wishing to make their own fluid analyses can obtain the service from
Monsanto. Simply contact Monsanto and specify what analyses are wanted. You will be
sent the proper-sized sample container filled with fresh askarel. When you receive this,
empty it and carefully take your sample (following the procedure for sampling in this
guide). Send the container to Monsanto's laboratory. Charges listed include sample
container, shipping, handling and laboratory costs.

Types of Analyses Available

Analysis 1)
ROUTINE MAINTENANCE CHECK
Total Charge: $20.00

To determine the general condition of the fluid and find whether further analysis is neces-
sary. (one-quart sample required) ’

Properties Tested
Color and Condition
Dielectric Strength
Moisture

You will be notified of the results of this test, If further testing is indicated, and you want a

complete analysis, you will be sent a five-pint sample container. This sample will be used
for the following series of tests:

Analysis 2)
COMPLETE ANALYSIS
Total Charge: $50.00

(a) To determine the extent of fluid contamination, (b) earth refinement to determine what
degree of restoration of electrical and insulating properties is possible, (c) check test to
see how the fluid re ponded to earth treatment,

a) Complete Analysis: to determine the extent of contamination

‘Properties Tested

Color and Condition

Specific Gravity

Refractive Index

Water

Free Chlorides

Acidity

Dielectric Strength

Power Factor, Dielectric Constant, and Resistivity

o
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b) Earth Refinement Response:

Consists of treatment for 2.5 hours at 50-60°C. with 0.1 to 0.2 percent by weight of
properly conditioned Attapulgus clay and then filtration through dry filter paper.

c) Analysis After Laboratory Earth Refinement:

Properties Tested

Refractive Index

Water

Free Chlorides

Acidity

Dielectric Strength

Power Factor, Dielectric Constant, and Resistivity

You will be notified of the results of this test series on your sample. Then afte) refining
your entire transformer fluid fill you can check on the results by requesting the
following analysis:

Analysis 3)
ANALYSIS AFTER EARTH REFINEMENT

Total Charge: $30.00 (This charge will not apply when
analyses | and 2 have already
been made.)

To determine whether the entire lot of the askarel fill responded to the same extent as the
laboratory sample. (five-pint sample required)

Properties Tested

Color and Condition

Refractive Index

Water

Free Chlorides

Acidity

Dielectric Strength

Power Factor, Dielectric Constant, and Resistivity

To arrange for the tests described above write to the following address:

Paul G. Benignus

Monsanto Chemical Company
800 North Lindbergh Blvd.

St. Louis 66, Missouri

Samples to be tested should be clearly marked for identification and sent directly to:

Monsanto Chemical Company
W. G. Krummrich Laboratory
Monsanto, Illinois

Attention: R, Kuster

2 NEV 007569
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APPENDIX

APPENDIX A — Askarel Stability and Composition of Arc Formed Gas:

Askarel insulation is one of the most inert, chemically-stable heat resistant, non-
corrosive liquids known. It will not break down, oxidize or sludge when exposed
to air and high temperatures, 150°C. or even somewhat higher. Arcing, however,
will break down the compound to liberate some hydrogen chloride and small amounts
of carbon.

APPROXIMATE COMPOSITION
ARC FORMED GAS FROM TRANSFORMER ASKAREL

Geas Amount
carbon monoxide. .. ....... Cheeraeaeene PN 0.3 per cent
carhondioxide..............coonununs Cereeanireates e Cheseeans cee. 0.3
oxygen. Cereeaas Creerraeean RPN et et it reteans N 0.6
|nertgases ................... e e ertr et et s et iaeaas Cereans eesaraas 1.5
hydrogen chloride. ...... Ceerees Cheeaes e reereiiierrens Ceeereeaeen 97.3

(note the absence of phosgene)

This arc-formed gas is non-flammable and non-combustible, These requirements
must be met in accordance with the Underwriters' Laboratory for permission to use
the term askarel.

Mineral oil evolves combustible hydrogen and hydrocarbon gases.

For all practical purposés. the amount of gas liberated from mineral oil or askarel
under a given set of conditions is about 100 cubic centimeters per kilowatt-second.

APPENDIX B
SOLUBILITY OF GAS IN
TRANSFORMER ASKAREL
Percent of Gas By Volume
Corrected to:
28°C. 760 mm 0°C. 760 mm
25°C, 100°C. 25°C, 100°C.

Carbon dioxide. ........ T, 0% 479, — —
A)r 8.7 4.9 5.8 5.0
Nitrogen. ........ovuen 6.0 4.8 5.8 4.4
Hydrogen chlonde AN 37.8 50.9 —_ —
1) In absence of scavenger

23
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APPENDIX C

APPROXIMATE VAPOR PRESSURE vs.
TEMPERATURE FOR TRANSFORMER ASKAREL
Teansformer Pyranol

Temperature °C Inerteen PPO, 7336-9 A13B3B
B 40 1 mm Hg. 0.9 mm Hg.

60 L] K%}

80 9 8.3

100 30 i8

120 60 32

140 90 $3

APPENDIX D

EFFECT OF TEMPERATURE ON
DIELECTRIC STRENGTH OF ASKAREL

Temperature °C, Dicleciric Strength
=60 67 KV
g 63
—20 57
0 33
20 50
40 50
60 48
80 45

APPENDIX E
COMPARISON QF THE APPROXIMATE VISCOSITY IN
SAYBOLT UNIVERSAL SECONDS OF TRANSFORMER
ASKARELS AND MINERAL OIL
Teansformer Pyranol 16-C Bnerteen
Temp, °C. A13BIB Mineral Ofl PPO, 7336-9
—20 1,000 1,000 2,800
0 100 150 19§
20 70 85 85
40 45 49 50
60 39 40 40
80 34 34 36
100 30 30 33
4
24
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APPENDIX F

THE DENSITY OF INERTEEN PPO
7336-9 AND TRANSFORMER PYRANOL A13B3B

Approx. Density gm /ec.

Transformer
Temperature °C., Inerteen PPO, 7336-9 Pyranol A)3B3B
0 1.574 1.517
20 . 1.552 1.558
40 1.529 1.832
60 '1.507 1.510
80 1.485 1.488

APPENDIX G

The thermal conductivity values of transformer Pyranol A13B3B at 27°C. and 58°C.
are 26.2 and 25.8 x 10° calories centimeters™, degrees centrigrade !, second ',
respectively. Or, approximately 0.06 BTU per (hr.) (sq. ft.) (°F.) per foot. This same
approximation applies to Inerteen PPO (7336-9).

APPENDIX H
' Heat Capacity

Over the temperature range of 25° to 125°C. the specific heat of transformer askarel
is close to 0.30 calories per gram per degree.

APPENDIX I
Coefficient of Expaasion

The average coeflicient of expansion of transformer askarel over the temperaturc
range 20 to 100°C. is 0.0007 cc/cc/ °C. One gallon would increase to 1.056 gallons
on heating from 20 to 100°C.

APPENDIX J
Fire-Resistance

To use the gencric name “askarel,” the fluids must be approved by the Underwriters’
Laboratories as possessing adequate fire-resistance and freedom from forming
explosive gases when arced. These liquids do not have a burn point (ASTM D92-33)
(Cleveland open cup method) up to about 205°C,, at which temperatures they begin
to boil. The significance of this is that they do not burn or support combustion under
conditions encountered in transformer operation. Thus the danger of secondary
explosion (or fire) is eliminated.

28 NEV 007572
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APPENDIX K
Seals, Properties and Procurement

Dow Corning Corporation, Midland, Michigan with District's at Atlanta, Boston,
Chicago, Cleveland, Dallas, Los Angeles, New York City, Washington, D. C. and
Toronto has available Bulletin 09-019, August 1962 entitled “Silastic Design Data",
This lists the pasket fabricators throughout the country from whom the “Silastic
50" gasketing can be purchased in sheet, extrusions or molded shapes.

Generally Silastic 50 sheet goods are stocked by local die cutters, hence, could be
generally purchased locally. Usually, small quantities of gaskets are die cut. If larger
quantities are needed, tools are made of the same type used (o cut other elastomers.

Where the gasket is extruded for fitting into a machined groove or between gasket
stops, Dow-Corning advises use of a scarved joint, This joint is then cemented using

Dow Corning’s Silastic 140 (clear) or their RTV 731 (white) materials, which air
cure,

Dow Corning points out that the local “rubber” fabricators purchase the Silastic 50
in billet form. This is worked on a roll mill in preparation for sheeting or extrusion.
Then to obtain the desired physical properties the fabricator must oven cure the
Silastic 50 for 24 hours at 480°F.

SPECIFICATIONS®

ColoF. .o vvinnvnsnans Cheaeen White

Specific Gravity at 77°F. ......1.20 = 0,02
ASTM D676 — Hardness, Shore A. Scale...... 45 10 60
ASTM D412 — Tensile Strength, psi. min.............. 800
ASTM D412 — Elongation, percent, min........c.oo0... 250
ASTM D393 — Compression Set after 22 hours

at 300°F., percent, MaX.. .. .vovuenuunrss 30

¢ All physical properties measured on 0.075 inch thick samples molded S minutes at
240°F., and oven cured 24 hours at 480°F,

General Electric Company, Redmond Circle, Rome, Ga., uses silicone or DuPont's
Vilon wherever it is not possible or desirable to weld. For some small seals, where
good matching surfaces are provided, Flexitallic stainless steel rings are used.

By contacting the Engineering Services Department of General Electric Company,
Redmond Circle, Rome, Ga., users of Pyranol transformers made prior to develop-
ment of these modern seals will obtain prompt assistance for conversion.

Users of askarel transformers made by other manufacturers should contact the
original transformer manufacturer, or Monsanto for assistance in converting to
these modern seals.

NEV 007573
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Ty
Monsanto

MONSANTO 800 M. LINDBERGH BLVD,
FUNCTIONAL FLUIDS DEPT. S§T. LOUIS, MISSOUR) 63168

The informstion herein regarding oblaining optimum results from askarel
fluids in your transformer has been accumulated by Monsanto for over 30
years {rom the experience of makers and users of askarel transformers and it
is believed will be helpful,

Nothing herein shall be construed as applying to other than askarel insulation.
Dats and maintenance suggextions herein do not apply to thc other componenu
of the transformer, All operating and maintenance

by the manufacturer of the transformer should also be arerully followed,

Because these maintenance directions apply only to the asskere! insulation,
Monsanto disclaims any liability for damage to property or injury to persons
arising from transformer operation,

NEV 007576
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beos Mr., Howard Bergen = (GO L4V
Mr. Bill Maddox - NY e
_ Mr, Fred Sturm - NY

Maseh 8, 1961

Mr. d. G, Bullivan

0, B, Linek Comparny
Clifton, New Jorsey

Deay Wr, Sullivans

Mr., Howard Bergen of ouf ¢ has assked that we answer
your request for oral toxielisy informetion on\ Aroelor
produots. Ve have acute oral data on Aroelor IZNT and
Arocloy 1284, These date are 4.15 ml/kg fop Aroslor 1242
and 3.10 ml/kg for Aroclor 1254, both in rats.

i do not have ehronis oral toxieity information on theae
products sinoce we do not consider them as advisable for
use in food producta. The really significant problem in
handling Aroclors comes {rom the posesibility of dermatitis
through repeated skin contast and the 8ibility of eys~
temie effesta through repeated inhalation of vepors in
excessive ooncentrations, ,

A you probably know, the Ameriean Conference of Governmsntel
Industrial Hygienists has established a Hygienie B8tandard or
Maximum Allowable Ccncentration (MAC) for am eight<housr
working day for two ef the Aroelor produsts. These data.

are for Arcclor 1242,1 milligrem per cubic meter and for
Aroclor 1254, 0.5 milligram per oubic meter,

We suggest to customers who handle these products that care
be taken to avoid extensive exposure to the rotected skin
and to exscessive vepors., Honsanteo and ite customerse have
handled many millions of pounds of these produsts with no
difficulty, leeping these simple handling precsutions in mind,

If we canm be of m further help, please let us kmow,

8incerely,
: ¢ EXHIBIT
R, Emmet Kelly, M, D, |t x4
Hediesl Direstor g —
JIre ‘ (8 -9 )
RBX s pJk S——

NEV  16114])
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MonsanTO CHEMICAL COMPANY

St.lours 4. Missotrsy ﬂ ‘t

July 25, 1956 : J"‘i’”:l”a‘ ¢
Mr. H, W. Speicher, Adminiatrator '
Industrial Eygiene M ! ’r{
Westinghouse Electric Corporation’ zﬂ/bl

East Pittsburgh Pennsylvania
Dear M. Speichar- o

Thank yeu for your lctter of July 19 reqnesting toxicity 1nfor-
mation on several ot our Aroclors ‘and atmospheric eamplins
m thods

I am sending undey separate cover two detailcd reports published
by personnel at the Ketterin Labcratories .entitled, "The Toxieity
of the Vapers of Aroclors 1242 and 1284." The data contained
berein were condensed and presentod'ﬁ"b'r Treon at the AIEA
meeting in Philadelphdia this year. It was published in the form
presented in the June, 1956 issue of the "ATHA Quarterly,” a copy
of which T am sure you mist have. I am asking Dr. Treom, by a
copy of this letter, to send you a reprint of his publication if
sueh 4s availlable at the present time.

{* You will note that Dr. T—eon hes proposed that the hygienic stan-
v*4. dard for Arcclor 1242 be teatatively established at 2 milligrems

pe"' cubic meter and that the standard for 1284 be estdbriiined—est

3 &> cubic meter. I am Sorry that we do pot bave
"‘c" ar data on Aroclor However, we have mo particular
& M‘ %mason to expect that a z,genj:_chlorinated bipkéoyl effers

. i ey greater hezard tha.n 8 per cent ol chlerinated. biphenyl.
Qv .
é ( %/Yw will note turther that Dr. Treon's work discusses a modified

Willsen hydrocarbon espparatus used in the: sampl:.ng of his test
atmospheres, In & limited amcunt eof sampling in our own plants
we have used the Willsen equirment as shipped to us. I have en-
closed a description of the cperating procedure prepared by ope
of our research groups which :Ls ‘aomgwhat more detailed than that
provided with the mstnment. e : .

\ A\ You have.previcusly seen ocur ccmplete reports ‘o1 the decamposition
o

£ %zd_-rgtyhen allowed to drip or flow onte:d heated metal Inconel
surface, fThe data in those reports have c¢onvinced ug that there is
Do greater-acute hazard should Pydraul accidentally contact metals
at the temperatures investigated than there would be with other
industrial hydraulie fluids. I do not have any data to .sUpport any -
conclusions as to what might occur if the Pydrazul were to be used

EXHIBIT
NPC00035799
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Mr. B. W. Speilcher, Administrator -- Page 2 -- July 25, 1956

as a hydraulie fludd in MW. We deo
have & report that ene planm large quantities of
molten magnesium purposely sprayed Pyd-aul into the molten
materisl primarily to see if there would be a great deal of
spattering of the maghesium. The cempany reported to us that
their tests convinced them that Pydraul could be used. thther
or not th.ey are ua:\.ng Pydraul, I cumot aay. N

I note in rereading ycur lettar th;t: I han not mawered ycur

%.queation relative to glein effects following Aroelor contact. -

We recommend that repeated and Erolcgged glin coptaet with any
of thne 0cLO0rs be avoided. ve pat tested seve of
sults. l’n addition, .reported cases of

tonnage quantities of Aroclor mapufactured and handléd in the
last twenty years.:  We believe, however, "that eare in handling
and good persona.l miene is necessary to qvoid Mtatione_

themr WIithE DegatIive Tesults
* v {sk:.n irritation have been surprisingly few in view of the heavy

. AS with wany chlcrmted. hvdrocarbcna, exposur. to su_fricient
quantities over a long enough peried of time cbuld conceivably
‘result in'chloracne. . In this respect, however, the Aroclors
are nof- thE potent chloracegegens, such 88 chlorinated naphtha-
lepes_ To ocur Jnmowledge, there have mever been &ny cases of
chlcracno in the electrical industry's use of these produects.

£ I can be of any further assistance, piease let me lmow,
' Ve:-y truly yours,

o T T 'iitﬁ"u" r P. Wheeler
L e Assistant Dirscter .
e ;. Medical Department =

. .
e T

Enclosure

e ecm »-v ero ';f-" KIZ R

e fDp Joacph 1?. 'rreon i
;The Ee‘cter:.ng uboratory
Mr. Pasl G. Benigmus - ""‘7-‘.}' -

Mcpsante’ - IR

NPC00035800
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Ootober 29, 1959

AIR MAZL

Administrateor, Industrial Hygiene
Westinghouse Rleetrie Corpoxetion
Bast Pittaburgh, Pennsylvanis

Bear Wilbwes

Thank you for your letter of Qstober 21 inquiring about the
safe use of shlerediphenyl and a mixt of 40 triehloro-
bensene and 60f£ hexaehlozxodiphenyl, : _

e maricet triehlosoedi i a8 : 7 “ eambing -~

as
“aAreolor 1 o

$he physisal and ehemieal properties of the Arcelors mentioned
ere chewn on the Sable on pages 4 and 5 of the enolosed

Arceler bulletin, BEneloeed also is a repring the
results of chronie tomieity studies with Arcelers and 1ash,
The follewing ecmments answering your questions serially are
based on information eéontained in these bulletina,

I pvelieve 'grolmcod and repesated siin eontasht with any ef the
Aroslors should be aveided for two reasons, In the firet

isee, the less ehlesinated profusts are liguids and are eneel-

ent solvente for oils end fats in the eldin as well es other
organis materisis, Beesandly, 48 is possidble that prolenged or
repeated akin eontast eculd ind %o ehloresns, I lmew ealy
twe cases where sush experiente hes developed Guring the leng
history of predustion end use of the Arcelors, In one ease,
én Arcelor was being used as & heat trangfer medium in & system
w’mm‘thoommw-.mlmhum

. Ssveral worimen developed "blaskhesads® whiech were

by an industrial doden but whish in his wesrds were
eignificant that Ben were nod aware of them pow weuld
general prestitioner notice them, %This indisates Ge me, however,

';g:

* DEPOSITION
:  EXHIBIT

Kb
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e, H, Wilbur Speicher--Page 2--October 23, 1959

that suffieient exposure, shether by inhalation of vapors or
Blin eontast, oan result in chlorasne which I think we must
assuwse® 6culd be an indieation of more sericus systemic injury
if the exposure was allowed to comtinue,

A se¢ond sase of mild ehlorasns about which we have any
imowledge resulted from workmen dipping their hande in the
liquid Areslor as if it were mineral oil or vegetable oil,

In additian, thelir elothing sooner or later became impregnated
with the material end thus exposure was magnified,

You asked at what temperature local exhaust ventilation should
be provided, Although the distillation e for Aroclor 1242
is 325-3609C, end 385-4209C, for Arcelor 1260, I feel that good
prastice dictates that local exhaust ventilation be provided
when any of the Arocelors are heated above 150°P. in open tanks
or in any systems where the msterial is not in & completely
enslosed syetem (vaper-proof tanks, kettles, pumps, piping,
et6,), This may be ultra oonlarvaéive because as the distil-
lation ranges end vepor pressure curves (page 12 of the Arosleor
bulletin) indieate, the loss of vapors at 15097, should not be
significant exoept in any work area where general ventilation
or alr changes 4o not exist.

Your next question related again to poseible sikin and systemis
effects and I believe it is answered above,

In sonneotion with the 40% trichlorobenzene-60%4 Arcslor 1260
ecmbination, I believe the thoughts expressed above also apply.
I undsrstand that the trishlorobenzene which is used is a
nixture of the 1,2,3-, 1,2,4-, and 1,3,5-1somers which will
begin to distill at 205°C, Again, I believe this indicates

& low vepor pressure for the solvent at room temperatures,

The only reference we have to trishloxrobengene toxieity is con-
tained in the Publie Health Ssrviee Publication No, 414 entitled
"The Halogenated Hydrosarbons Toxieity and Potentiml Dangers®

by Dr, W, ¥. ven Osttingen, U.8., Govermment Printing 0ffiee,
195% igngen 297-298). D, von Oettingen refers to some work
dene 4937 whieh eated that the triehlorobenzene was lese
toxis than mono or dishlotobenzene, In my opinien, a reascnable
HAC for this material would be 100 parte per million,

The enslosed publication on the toxieity of Arosclor 1242 and 1284

suggests an MAC for 1242 of 2 milligrams per cubis meter whieh

is twise that reeccmmended by the ACOIH for & ehlorinated di-

phenyl of unstated chloxrine content, In the ease of 1254, the

publicaetion suggests that the MAC of 1 milligram per 6ubie

neter “rescommended tentatively for safe industw prastice by

the American Conferense of Govermmental Industrisl Hyglienists

is reasonable. On the other hand, referense te Henry Smyth's
Hemerial Lesture of 1956 in whish he diseusesd the

basis Lfor the then existing "hygienie standerds® indicates that

NEV 006348
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Kr, B, Wilbup Speisher--Page 3J--Ostober 83, 1959

Herry that MAGe of 1 mg/eu.m. fer Arcelowr 1842 and
0.5 ou.m, for Aresles 1254 are more realistis, In the ab-
eenge of eny ehrenis tamieity date en Arcelowr 1260, we suggest
an MAQ of 0.5 mg/eu.m,, the seme 88 in the ease of 1254,

£ have been in ome plant where these materiale were used fer
capasitors and trensfermers, Tho esre and bandling end the
mvxdm of exhaust ventilation were not in aseordange with

: ts expressed above, The only reported dAiffisulty wes

BC2g irritatien when impregnation eabinets where the
items were ted te 110-180°C., released of trighlere-
benzene and the Aresler inte the woricroem the cabinet decrs

vers cpened, In my m=ind, sush eabinets sheuld be ventiladted o
Femove the vepesrs rather then allow them §6 be released inte the
verking afacsphere

L]

I have beenm feld that your campeny has had sone 20-2% years'
aperiense with She produsts diseuseed above, It was suggested
that Br, James B, Perd, nn.um of transformer manufasturing
Wmmr ¢t would be & souwree of informa-~
tden experisnee with Inerteen PPO, Similerly, Mo,
Re Bo ef‘gurmminstm.mdimnantmw
assgelated with use of Arcelor 1242, Perhape you have al-
dissussed potentisl exposures with these gentlemen, If

88, !muuemammzmmwmumum.x-
periense with these predusts.

Z leekz ferard V0 cesfing yeu in Pitteburgh next weel,
8ingerely,

Emer P, theeler
Assistant Direstor
fedienl. Department

) ¢ T )
elosuses 8

NEY 006349
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beec: Paul Benignus

April 26, 1966

Mr, Alvin ¥, Crow
Quarterman Maintenance
Publie Works Department
U, So Naval Station
Kodiak, Alaslka

Dear Mr., Cyrows

Your letter of April 15th has been referrsd to me for
replP.

I have enclosed @ booklet which deseribes fire resistant
trans{former f£luids which have the generis name "Askarel."
You will note on page 2 and page 3 of the enclosed Askarel
Guide that there are meveral commercial or trademarik
types of formulgtions, some of which are described in
tables 1 and 2.

Chemically these transformer fluids are mixtures of
chlorinated diphenyl and trichlore end/or tetrachlorobenzene.

The history of the manufacturing, handling and use of these
products dates back approximately 30 years. In that time
there have been no casee of serious 1ilness or toxie effects
when simple precautiong to avoid exposures have been followed.
In the case’ of chlorinated diphenyls, a Hygienie Guide has
been published by the Amexisan Industriel Hygiene Associstion
for the materials containing 42% and S4% chlorine. The
diphenyl in Askerel is diphenyl chlorinated to 60%, The
taxicity characteristics then are believed to be similar

to the 54% chlorinated material, The hagard (as differentiated
from toxicity) is less in handling the 60% material since it
is less volatile than the materials with lower degrees of

The vapors from transformer Askaxrel are somewhat toxic and
should not be breathed continuocusly over & prolonged periocd
of time. With the fluid at room tempsrature we would expect
that there would be some odor of the fluid, The level or
concentration whieh is barely detectable by smell should not
be hagardous. On the other hand, if the fluid is heated and
vapors which are liberated ere allowed to accumulate in an

" DEPOSITION

; EXHIBIT
: Q) NEV 161229
=
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Mr, Alvin W, Crow
April 26, 1966
fage 2

unventilated room ox ares, the econcentration eculd besoms
significant. In general, pecple can detest & concentra-
tion in the amount of 0.5 to 1.0 mg per cubic meter of eair
which is regarded as the safe worlkroom limit for an 8-hour
daily exposure (5 days & week, week in and week out).

Transformer Askarel ascidentally spilled on the skin does
not present en acute toxicity hazesrd nor will 1t ceuse
serious irritation. It shouwld be removed from the akin

by washing with soap and water, however, because repeated
end prolonged exposure may lead to drying and chapping of
the skin because of the "solvent mction" of the fluid -
which might be compared to the drying of the eicin from ueing
paint remover or many other solvents in a careless fashion.

Vapors released in high econsentrationa when the fluid ie
heated will cause eye irvitation. It is pointed out on
page 5 of the enslosed Askarel OGuide that typical opthalmie
solutions or ointments for relieving pain in the eyes may
be used after fluashing the eyes with large amounte of water.

Long range accumulative effects frem exposure to Askarel
fluids would not be expested unless worlozen were exposed

to high levele of vapors & numbe® of hours a day, day in
and day out or allowed the material to remain om the skin
for prolonged periods of time and at freqQuent and repeated
intervals. Excessive vepor inhallation or skin eontast can
legd to an effect on the liver as is the case with many
chlorinated hydrosarbons, We have nsver heard of sush
effects in workers installing, repairing or serviscing
tréansformers, however. If exhaust ventilation cannot be
provided to remove the vapors released by leaks, the work-
men should be provided with respiratery protection equipment
if repairs and servicing are required in an aree where the
vepors are ilrritating the eyes and nose or throat.

If I can be of any further aseistance, please do not hesitate
to let me know.

Very truly yours,

a3j
(o J - R. Esmet Kelly, H.D.
N, : Medical Direstor

- REG:mib

gncl. Askarel booklet "
Hygienic Guide "Chlorodiphenyls
| NEV 161230
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HYGIENIC GUIDE SERIES
Chlorodiphenyls

a880Ctation

(Containing $2% and 349% Chlorine)

c1, c1,

(x«y=3orsS)

Significant Physical Properties!

The chlnrodiphenyls are light siraw-colored mobile (42 chlorinated) and viscous (94€%

ehlorinated) liquids with typical chlorinated aro

matic edori, These compounds are chlorinated

to specific weights of chlorine. Chlorodiphenyl (42S2) contains 42.0 = 0.5 chlorine. an amuunt
corresponding tu three chlorine atoms in unassigned positions, Chloradiphenyl (54 containg
54.3% chlorine corrcsponding to five chlorine atoms in unassigned positions. Both compounds

are ingnluble in water, but soluble in benzene

, keroiene, acetone, amiyl alcohol. ether and.

chloroform.
Chlorodiphenyl (4252) Chlorodiphenyl (54%)
Molecular weight: 247.53 $26.45 . -
Flash puing (Cleveland
-0, C): 176°-180°C (319°.356°F) None
Distillation range: 325°.366°C 365°-3%0°C
Specific gravity: 1.381-1,392 1.493.1.505
(25°/15.3°C) ~ (65°/15.5°C)
Vapor pressure:
0°C 0.001 mm 0.00006 mm
25°C 0.006 mm (est) 0.00054 mm (est,
150°C 4.3 mm 1.4 mm
200°C 29.0 mm 9.0 mm
At 25°C and 760 o Hg: .
Saturated air eontaing 0.080 mg/liter 0.009 meg/liter
1 mg/liter = 98.8 ppm 74.9 ppm

i ppn = 0.010 mg/liter

0.013 mg/liter

{. Hygienic Standards

A. RECOMMENDED MANIMAL ATMOSPIIERIC
CONCENTRATIONS (B hours) : One milli-
gram chlorediphenyl (42€¢) per cubic
meter of air and 0.3 milligrain chloro-
diphenyl (34¢¢) per cubic meter of
air.? This is based on the results of

The Commitiee withem to schnoulsdge the preparation of
cha medieal ialormasting section of ths Guide bv the

fedustrial Hyghme amd Clini Teaaicology Commitiee of
1. M. A., sad to achuowledge the avistarce of Elmer
of Fel

e

chronic animal inhalation studies.?

. SHORT EXPOSURF. TOLERANCE: Ten mg
of a diphienyl of unspecified chlorine
content per cubic meter of air has been
reporied as unbearably irritating.

. ATMOSPHERIC CONCENTRATION IMMEDI-
ATELY HAZARDOUS TO LIFE: Not known
for man. Irritation of thc eyves, nosc
and throat a: levels which have not
caused acute illness preclude the likeli-
hood of voluntary exposure to inmedi-

;';‘“\:"hﬂkr and Jack T. G ia the writing ef tha ately hazardous concentrations.
(= DEPOSITION |
' g EXHIBIT — ]
K <% L PLAINTIFF'S "
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il. Tozic Properties
A. IxnALATION: Experiments with chloro-

diphenyl (42¢¢ chlorine) were fun at
concentrations of 8.6 ug‘liter and at
6.83 ug/liter of air. Cats. inice. rabbits
and rats were unatfected by the higher
level while guinea pigs showed poor
growth after scventeen 7-hour/day ex-
posures over 24 days. Eighty-four 7-
hour/day exposures at the lower con-
centration had essentially no effect on
similar species of animals.?

In the case of chlorediphenyl (54¢%
chlorine) eightv-three 7-hour/day ex-
posures over 121 days to a concentra-
tion of 5.4 ug liter resulted in injury to
liver cells and increased liver weights in
rats. At a concentration of 1.3 pg/liter
for one hundred and fifty 7-hour/day
exposures over 213 davs, the rats
showed distinct microscopic changes in
the liver.?

‘The literature contains many refer-
- ences to the potential toxic effects of
chlorinated diphenvls in man and ani-
mals. The early work included investi-
gations of chlorinated naphthalenes,
chlorinated diphenvls. chlorinated
diphenyl oxide and various mixtures of
these. An early report indicated serious
toxic effects fsoin chlorediphenyl chloyi-
nated to the extent of 63¢.* A later
report by the principal author properly
identified the earlier sample as a mix.
ture of chlorinated diphenvl and chlori-
nated diphenyl benzene. However, only
4 few authors of subsequent papers, bul-
leting or textbooks have noted this cor-
rection and the original data are cited
repeatedly as relating to chlorinated
diphenyl alone.

B. SxiN coxtact: Both compounds are

readily absorbed through the clipped,
intact skin of rabbits. The minimum
lethal dose when the undiluted mate-
rials were applied to the covered
clipped, intact skin of rabbits for 24
hours was approximately 1.0 gm/kg for
the 42% chlorinated and 1.5 gm/kg for
the 549 chlorinated.”

Local ,.ction on the skin is similar to
that of common organic solvents where
contact leads to removal of natural fats
and oils with subsequént drying and
eracking of the skin. '

]ﬂnuar)--Frbruary, 1965

Huaman cases of cloracne have not
been reported from the use of these two
specific chlorods;_:henyh, The potential
und.oubtecﬂy exists because of cases
which were freported from the use of (
chlorodiphenyls with a higher chlorine
content and from mixtures with other
chlorinated aromatic compounds.s-¢-4
C. Eve contacT: The liquid products and
thexr.\-apon are modcrately irritating to
eve tissues. -
D. Ixcestion: The acute oral toxicities of
the undiluted compounds arc not great
as evidenced by oral LD..'s in rats of
-approximately 8.65 gm (7.61 to 9.78
gm) per kilogram for the 42¢+ chlori-
nated and 11.9 gm (10.48 to 13.45 gm"
per kilogram for the 54¢% chlorinated.
Central atrophy of the liver appears to
be the ehief toxic effect.

L. Industrial Hygiene Practice

A. InpusTriaL vses: The chlorodiphentls

are used as dielectrics for condensers. ‘

capacitors and transfonmners, plasticizers:. C

in synthetic resins, in emulsion adhes-

ives, as nonflamiable hydraulic 8uids

and as transfer media. -

B. EvALUATION OF EXPOSURES:
1. Air sempling and analysis: :
a. Divect ficld methods: None C
b. Laboratory metheds:
(1) Collect in secondary butyl
- alcohol in fritted bubbler or
two large impingers in
series; concentrate sample
and complete analysis by one C
of various methods for chlo-
rinated hydrocarbons.*
(2) Sample air through com.
bustion furnace, collect
chloride ion from decom-
chlorodiphenvl in
suitable alkaline solution and
determine chloride ion con- G
centration.?
C. HazarDS AND THEIR RECOMMENDED

CONTROL:

1. Inhalation: Absorption is chiefly by
inhalation. Concentrations in the
workroom atmosphere should be O
maintained below the recommended
levels. Where the chlorinated
diphenyls are used at room tempera-

O

ADM 005841
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. tures, the hazard of inhalation is
considered slight or absent. When
these . materials are subjected to
elevated teiperatures. the process
either should be completely enclosed
or other adequate mechanical ex-
haust ventilation must be provided
to reduce concentrations to safe
levels. In heat transfer media appli-
cations, the system must be designed
and constructed so that it is leak.
proof. Special gasket materials and
pump scals are available to prevent
leakage. The rescrvoir tank should
be airtight except for a vent to the
outdoors. In the event of spills or
leaks of hot fluids. use chemical
cartridge respirators or gas muasks
approved by the U. S. Bureau of
Mines for protection against organic
vapors. These will provide goed
protection up to the concentrations
shown on the approval labels and
the edor will give ample warning if
it comes through the device.

Skin contact: Operations and hand|.
ing procedures should be such as 1o
avoid the possibility of prolonged or
repeated skin contact. Containinated
clothing must be laundered before
reuse.

Eye conltact: Eve protection should
be used where there is a possibility
of liquid splashes.

Ingestion: Ingestion of these mate-
rials is not a problem in industry.
Fire and explosion: The chloredi-
phenyls are fire-resistant or cssenti-
ally nonflainmable liquids. \When
exposed to flame or hot surfaces
they may decompose to form CO,
CO,, HC), phenolics and aldehydes
depending on the temperature, avail-
ability of oxygen, area of the heated
surface, rate of application of the
liquid to the surface and other
variables.

IV, Medical Information
A. ExenceEncy TREATMENT: Skin surfaces

exposed to chlorodiphenyls thould be
thoroughly washed with soap and water
at once. If clothing has been contami.
nated it should be removed promptly.
if exposure to ar}?i& vapor concen.
tration occurs, as in the case of spills at

clevated temperatures, the patient
should be moved from exposut?e and
Lept at rest until scen by a phuysician,
Oxygen should be administered if
breathing is difficuls,

Eyes contaminated with chlorodi.
phenyl should be irrigated with water
for at least 15 winutes and the patient
should be seen by a physician. Depend-
ing on the anount of inflainmation and

-pain present. drugs like Cortisporin®

ointment and topical Pontocainc® may
be indicated.

B. Seeciat erocentvaes: Persons who are

regularly or repeatedly exposed to chlo-
rodiphenyls should be examined periodi-
cally to detect early evidence of skin
irritation and/or liver damage. Persons
with known liver diseasc should not be
exposed to repeated contact with the
chlorodiphenyls.

VY. References
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Monsanto

Moneanie Company

800 N. Lindborgh Bovlavard
8¢. Louis. Missourl 83168
Phone: (314) 884-1000

TOXICITY AND SAFE HANDLING OF ASKAREL

On the basis of animal toxieity studies, the Askarels

may be considered only slightly toxic from the stand-

point of accidental ingestion or a single accidental
massive skin exposure. Similarly, single exposures

to high concentrations of vapors (when heated suffi-
ciently to volatilize) or high concentrations of decom-
position products (if the fluid is accidentally discharged
into the fire chamber) are not serious hazards because

the irritating character of such concentrations preclude -
voluntary exposure.

Repeated or prolonged skin exposure should be avoided
since the Askarel fluids act as solvents for fats and
oils of the skin. Removal of these natural, protective
barriers can lead to drying and chapping such as occurs
with exposures to paint thinners. More important, the
fluid may be absorbed if it is allowed to remain on the
unbroken skin. For these reasons, we recommend that
the skin be washed with soap and water if there is con-
tact. A skin burn resulting from accidental contact
with hot fluid should be treated in the normal manner
for any thermal burn due to hot oils.

Because of low vapor pressure, there is no significant
vapor inhalation hazard when an Askarel fluid is at room
tempsrature. For example, there is no vapor exposure
problem while transferring the fiuid from its shipping
container t0 the using equipment. On the other hand,
.the vapors emitted by Askarels heated to elevated tem-
peratures are injurious on pr01on§ed or repeated expo-
sure. The "Threshold Limit Value" or atmospheric vapor
concentration which cannot be safely exceeded (on a
daily basis) 48 0.5 - 1.0 milligrams of Askarel vapor
per cubic meter of air in the workroom.

R. Emmet Kelly, M. D.
Medicel Director

March 4, 1971 .

“DEPOSITION
% EXHIBIT 5516
| I nev ¥’
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Monsanto

EUROPE B.A.

FROM : Brussels, Belgium cc
dNAME & LOCATIONY \\\ .
OATE : Fébruary 22, 1967
SUBJECT
AEFERENCE : DW
T0 : Dr., R. Emmet Kelly
S8t., Louis

Dear Dr. Kelly,

Jo
Jo
D,

R. Buchanan, St Louis
E. Filer, Brussels
V. Hardy, MCL

Eugene Wilde, St Louis

I should like to refer to your letter dated the 1lOth of

. February and our telephone discussion of yesterday's date,

I enclose a copy of 88ren Jensen's original paper which

in fact was presented in English - Dr. Jensen apologises
for the typing etc. but this copy is taken from his original

I am sending the only copy of
therefore if any of the other
to have access, they can take

//;'would however emphasize the
Ola Palm's letter in which he

organization,

'DEPOSITION |
EXHIBIT
0

f2~153

I

Bnls/G-168-68/60 M-3

paper which has not yet been re-typed and.tidied wp.

I asked our agent in Sweden to dig out the various pieces
, of information that you required and I attach a copy of
o his reply dated Februarxy 17th which I think fully covers
vl the point raised in your letter,

If there areany small points outstanding, please let me know
and I will try to get you further information.

Mr, Jensen's paper to you and
recipients of this letter needs
a copy from yourself,

post script on page 3 of

states Mr.

Jensen has consented

to send us the full copy of his paper on the understanding
that this is 'used only internally within the Monsanto

Best wishes, [l

p

NEV 023647
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Uxr Choizuon, Lodies and 3ant10nen. !

In honor to our Brittish beot I will try to hold this lectuxu in

/
Englioh, Q\

Ao the title of thie lecture stateo, I anm todny going to tell about \

$ho discovory of eomo hitherto unobservod chlorinatod hydrocerboens
baving up to oight chloxrine in the molecule end found 4in rosiduec anae
lycie. Tho chonioal mame 02 polychlorinatod bifemyle ( In tho follewing
ealled P0B). $o got familior with PCB I will start with the chomiotry
and gozicologi. :

Dhomd stry o o
. End Ll

9he moin charasteristic of PCB 4¢ 1o Their iory high etability, Lo oa
ozauple they can be boiled with nitrin ecid without being destroyed,

2, Thoy eve hexdly metabolised 4m living organism. 3. 42 moro thon 4
ohlorine ave pro\eont they avre nom inflemablo. It 4e elear that those
three ocharaoterietios does 4t eany to understand that whea they havo
entered the living arganiem. the will have & low pereistonce . Buy 1t is
dificult to explain how they £ind their wey into tho 1iving orgenic:,
One thing seems to be clear, they don’t come from egricultural ucy,

but from a teohnical one and most probable it Romes t0 the mature via
westos that are tried ¢o be burnt up, because them we have thoa at eace
in tho air; because of their nop inflemedility.

ﬂ &py Zoxicologd : NEV 106549

W

The PCB woro introduood 4n 1929 end as early ae 1936 Jones and Aldon
roported that 23 out of 24 mon employed im manufacturing of ¥CB sulfcred

-£rom an acno form eruption of tho ekin., Aene 4id not eppoar until 6 <o

8 monthe efter the material was f£irst used, In 1937 Drinker roporiod
that rate oxponod %o chlorinatod biphenyle in concentration of spproxi- '
mately 1 na/n for 16 houre @ day for 6 wooke ohowdd damage of tho 11vor.
Aftoxr tbat time the allowed ooneontrntion of PCB 4in eirxr do 0 5 ng/u °
(Por DDy the eome value ia 0.5 - 1 mg/n’). Tho mame outhors finiohcd
thoir experiments dn 9938, end rolated that thcoo compounds hevo on
dnjourioun effoct, menifosted solely 4n the liver, 0hlor1nutod~b1pohnylof
nppaured.to bo ¢ho mont injourious ohlorinnted ocompounds of ell testeds

WATER_PCB-00051050
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Groenburg, Moyor and Smith 1939 reported that PCH and polychlorinnted
naphtalonce are blamed for the death of three young workcrqJ and tha.

prognant women and persons who heve at any tine hed any liver discaneo
are particularly suepeotidble.

Fedol, Haller end Benton gave 1942 cninnlé ?CB 1hcluding adzinistration
by dnhalation, ingootion and ekin aboorbtion, Nistologionl exesinntion
of the viscera ehowed important toxic effect only 4n tbe eokin and livor,
and the dogenoratien effecte im the liver are essentially the sane whet-
ever was the method for the administration. Paribok (1955/ found as en
oocupational poison in the electriocal induetry, mixed teira and pontan
ohlorobiphenyl causos folliculitie, comedo, pyodermie and other pkin
affootione, and that ite prinoipal toxie effect 4im fatty dogeneration

of the liver.

Miller (1944) injeoted 69 mg PCB (4 and 5 ohlorine) subcontancously in
32 guinoe pige. Eight to ten deys after injectiion, Zat droplets wero
noted 4n the liver cells, and after 16 days they were present in modceruie
or very large pumbers. Rabbite end rats were aleo tested in this invooti-
gation, as well as the PCB wes administated both eontinously, uubcuntin-
ously or 1ngeatoa in the food. In the feeding experiment 8 guince pige
received 2 doses of 69 mg of the chlorinated biphenyl 1 week apert.
Death occurred 4m 11 to 29 days.

Pinally Me Leughlin 1964 reported a method to teet the chemical toxicity
and teratogenio effect by injeotion into the yolk sac of fertile egge
prior to inoubation. PCB was found between the eight compounde among

400 tested having the highest order of toxicity., Ho hatch was found at a
level of 25 mg po egg. At & level of 10 mg per egg, one chick hatched
out of 20 dnjected egge, but died 2 days later, Some embryos which wvere
exemined after they died, ohowed weak deformities (ofton & short upper brak)
and growth retardetion., Lead acetete repulted as en exemple ib no hatch
at & level of 1 =g poi egg. Autopsy of the dead embyos have showed exton
eive brain damege., Mercuric chloride showed no hatch even at a level of
0,5 mg per egg.

As the enalyticel chemistry 48 a pronounced serviee seience I have been
in contact with many scientists from other fields during the work with
residue analyeis, end I have elways found this contact vory etimulating
for my owm work. This co-operation often demands thet we ere talking the
same pcientifio language. Because of this need I will today try %o give
a leoture dn low level Analytionl chemiptry for biologinto, 3llustrated
by tho reeidue analyoio of polychlorinoted biphenyle,

The lecture will be divided in the following three sub-divipions:

NEY 106550
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1. Chemletry of POB and their tozicology.

2, Avalytical methods for residue analysis and proof of atructurco,

3. Bebaviour of PCB in nature, differencies in metabolicing zato
of the POB oomponente, potensation in an ecological gerie, con-

centration levels and examples of somples which have been proved to oone
<ain PCB, ‘

A zepidue pnalysis can be divided ins
" 1o Extraction of the pesticides from the bilological material,
followed by & cereful cleaning-up to take away interforring
substences, moet often fate.
o ® 2, Identification analyeis by mean of gos chromatography. Thin-

, leyexr ohromatography and mass spectrometry.
3. Quentitative enalysie.

At an ecological laboratory im Riksmusbet 4n Btockhoelm 1-2 g of a samplo
4e out out of the biological material and transforred into & weighod and
carefully eloanod teet tube, and stored at «20° wntil analysis. Smellexr
sanmples have been weed, min., § mg of body fat, and with dry materiels such
ae hair, feathers, pine needles 700 mg are sufficient to reach the desircad
10 ng/g level in residue analysis, In cases of water proofs i 1., is used
for reamching the 10 pg/g. lovel, .
B,1(homog) In order to facilitate complete extraction of the fatty materials from

. the biological sample, the doulbo amount of finely powdered anhydrous
sagnesium sulphate ie edded to the sanmpling tube, and the whole ie homo-
gonieed with an insertable homogeniser. The resulting powder is tramsferrad
4nto m spoeoial Sexhlet oxtractor. After 4 hours of extraction the solvont
ip evaporated, leaving the fat in a small weighed test tube at the botton

‘Soxo=tube) of the extraotor. This fat 4» dissolved in methylene ehloride im such a

.wey that 300 w1 (0,1 ml) eontain 20 mg of fat.
The 100 ul solution is now trensferred to m little object glase, 3 x 7 ca,
coversd with a siliocagel 1A&er i ma ¢thiock, in order %o form o line 0,7 cm
fron one end of the slide. Inserting ihis thin=-layer plete into a vesscl
¢he bottom of which is covered by & few mm of methylene chloride, tho
solvent will be sucked up im the drylayer of silicegel, and at least
roeach the upper end of the plate, The fact is that the fat bes & greater
effinity to the powder on the plate than the ehlorinated hydrocarbom
have, = and we get & separation, The fat being more polar than tho
ehlorinuted bydrocerbone will never go longor than 2 em bofore ths

NEV 106551
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eolvent roachos the uppor part ef the gless.

Tho front of the fat appeexrs quite vioible agoinet & lemp, end with tho
@id of o razor blado tho Zome above the fat is transferred to the olution
¢ube ond the chlorinated bioceidos absorbed on the powder can mow be
eluted by ono ml o6f ether. The conoentration 1s sufficient for deteotion
of the ehlerinaved hydrocarbons dovm %o the 10”12 g level.

Zke noext etep 4in tho enalytical procedure concerns the £eparastan &f tia
different chlorinatod hydrocarbonu that ths annyie sayg %%i%itic. oo

nettor 02 fact, thio 4s a broublecome task., It 16 e&sy %% esTiztie wLus
4p pot prosent, but more diffieult to eay exactly one 48 presert. e

" guffor fxom the megative demonsiration, ee will be shown later, ©

A% first a few woxrds ebout the separation of the compononts prosont in the
sample and their visualisation.

The soparation is acoomplished by mean of & gas chromatograeph fitted to &
dotector that tronsfers ite impulee t0 a recorder,

Phe syetem i8 shortly deseribeds

A spirally formod glase tube with an imnor 8iemeter of 2 mm and about 2
B 4n length e £11led up by & support, covered with an thin layer of en
041, Tho tube s heated in the chromatograph to about 200°, Through the
$ube @& stream of mitrogen oontimously Lollows. When about 10 ul (1/100 o2
1 ml) of the purified semple is injected into the tube, the components of
the sample will be evaporized end go forward through the column with the

~ gas stream. As the conpsituents heve dgrtorent affinity to the coluan

£4114ng they vill pass the column with difforent speod and it will teke
differens time fox then to roach tho detoctor at tho other end of the
gless tube, IZ the temperature and the nitrogen flow nre held conetant
thie time, <the rctoﬁtion time, has e ppocifiovalue for a ocortain compound.
%hie 48 true, but unfortunately it 48 aleo & fmet that two components ccn
have the samo retention time, This is one oL the biggor prodlens in gas
ohromatographie analysis of unknown samples, @s will soon be obvious.

.Qo make 4t possible to estimato the retomiion time 1t is necessery to

visualize the chlorimated hydrocaerbons. Por that purposo more or loss
specifio detectors ore used, The detector most ofton usod i{n postieido
enalyeis 48 the so ocalled elocirom eapture detector, which can detect down
%o one ploogranm (= 10"12 & of 1indan), Unfortunately thie dotector s mos
spocific for chlorine, bu gives enower aloo for oxygencontaining eompounda,
Phe rosponse hore 1e muoh lowor but ean be eountorbalancod if the eonson-
tration of the oxygon oontaining ds much higher,

The principle Lor tho eleotron capture dotector in shortly:

At the ond of tho goo chromatographic tube im placod a 1ittlo tubdbo con-
¢aining & foil made of titenium tritido. This is ap-rediant, The p-

)
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inrtielos are resoting with the nitrogen molceules coming from the column,
Then we get ¢ Ny == e % x;. Over the dctoctor we have & tension
of 90 volt and by mean of the electronn wo will got a constant electrical
eurront over the detector. This standing ourront 4e transferrcd to a
one-aV secordor as a conptant baseline. When now a echlorinated bydrecarbon
‘leaves the eolumn this eompound h;BAn high nitintiy %0 the oleetrono and
¢his meane that the amount of elooctrons will diminish, and thoy will
diminish proportionally to the amount of c¢hlorine. Tho oleetrfoal curreynt
w41l algo diminish and this is noted oe & peak on the recorder. The erea
of the peak will be proportienel to the amount of substance in the senple.
By mean of a standard injeotion it 4e now poosidle to compare the reten-
, tion time and the aree of an unimown component with the rotention tipe

and area of the lmown stendard. As said before this detector is not speeiw
fic for chirine but enyhow very useful, beceuse of ita high sensitivity.
The system described has, @s we have meen, two disadvantages:

1. Two different compounds cen have the same retention time and be
detected as one peak,

2, A registrated peak does not need to be chlorinated , becsuse the
detector is not specifie,
i¢ the sanple ie injected dn two different columns with differeni chemicol
properties we have inoreased the chance for a good separation, If two
compounde have the same retention timo on one ecolumn they may not have it
on enother. When & result seemo doudtful, - 4if the cbmpound being
responsible for a ecertain peak contains chlorine or not - it is possible
to concentrate the eemple and analyese 1¢ ou & less eensitive detector
such as the microcloumetirie one, which is epeecific for chlorine. The
compound is burned in & furnace and teh generated ehlorine titrated
directly. : '
Ae 4p seen from the two lest mentioned poseibilities 4t 48 enyhow poooible
,%0 get & rather high Gegree ef certainty 4n reeidue analyeis, but 4% s
& rather time=consumeing vork.When using this method Just described, we
very often found that many chromatogramps from residue analyeis of most
carefully purified samples et4ll contain a large nunber of peaks. leuy
of these have retention times that do not egree with any known chlorinated
pesticides, or their metabolites. This chroretogrem c¢on serve as an
exanmple, 1t was obteined by residue analysis of & sea-eagle found deand
in the archipelago of Stockholm. In the range of the knowm peaks, there
are po many wnidentified that there also must be an obvious risk of the ..
known peaks to be covered by unknovn onesn.
If this romork is found true, the reported resulis of mony previous quen-
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titabive enalysis must be brought into question. In the procent invcoti-
gation it i1s ehown that most of the unknown peak of chromatogrums at
yesldue enalyeis of chlorinated pestioidee are due %0 polychlorinotcd
biphenyla. )

I will ehow e ohromatogram of human fe{ analysed on @ so enllod S¥ 96
golumn, the most often used type in pesticide analyses. Baerly retention
times wore 4n agreomoni with DDE, DDTop end DD?pp. Noxt elide ovhowo tho
pame sample enalyeod on a QF=1 e¢olumn, How the former 2 DDT peaks havo
divided into 4 peaks,and two of them are 82111 in agreement with DDipp
and op., the two new were unkno;vm.

Logically, these unknown components were at £irst thought to be metabolites
of the ineecticides. Against that spoke that neigther treatment nor
concentrated sulfuric aoid in other, This treatmont made 4t rather suro
that tho compounde 414 not eontain ozygen., In Svweden reasidues of organie mox
cury have been investigated rather intensively im the Swedish fauna.

A® these compounds give very high responees to the electron capture detec-
tor it wos aleo investigated if the unknown peoke could have a mercuric
origin,

it was found that tho water-ecological series had high residues of both
meroury (Westermark,Johnels) and the unkmovm ones, when the came {indivi-
duels were analysed. Anyhow, the pheasant suffering wost from nexcury
poisoning only contained low levels of elsctron eapturing compounds and
these belonged

%0 the normel insectisides. Therefore the unknown could hardly be mercu-
rials or metabolites of thenm.

As the eagle sample giving the chromatogram ghowm in fig. 10, ecould be
eetimoted %o contein IDT end DDE up to 13 g/kg in extractable fat, the
amount of unknown compounds also were suggested %0 be im the same range,
end tehn sufficiently high to do @ xrun on the combined gas ehromatograph -
mage spectrometer. If this could be dons successfully it would be possible
to get very important informationsabout the chemical nature of the unknows,
for ex. the molekular weight numbers of chlorine etc., Thie method 45 up to
pow the method giving the highest degree of certainty inm the low level
enalytical chemistry, amounts of 100 ng substance being enough.

As this method for identifiomtion of totmlly unknown reeiduen surely
will be very important im the future (whcn £.0%, @ biologist has found
that fithes in & river die) it aeybﬁoasible by mean of this method to
£ind out exactly what compoundo ere reeponsible for the death.

For this reason, 1 will go into some details with thio method.

in the sctual cose we took the extract Lrom 20 mg eagle and concentruted
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it es much a8 posoidble and made an injection on the gas chromatograpb
combined with the mass epectromcter, The result was the chromatogrum
shova on the next slide, Bvery time the recordor showod thet a conmpound
48 Yoaving the eolumn, the effluont 4s lod ¢o the mess spectromotor., Now
Juet & fow worde about the mass spec.

Pho molecules leaving the column aAre bomded with eleetrons at 2. Vo have

Bow got tho molocule positive charged, but with tho scme masa as before, *

thie X' 4o scoclerated in a vacuum and will then get a kinotie enorgi.
whexo 4ds the spoed. Noxt comoe the magnetic field thet

¢ries 0 bend the diroction of the molecule. This will be

big for e small moleoule and lees for

iz wi'have @& Bieve in the other end we ocan 8ireotly read the moleculer
woight. Added to thia parent‘nolaculo u' we will alpo got addition in-
formations, beocause of the fact that u* moy not be etbble, & part of
them will be broken down before they reach the pieve in the other end.
Foex. W' W e,
Mass spectrograems from the different unknown peaks in the engle sample ac
ehown, The maes numbers equal %o the moleculer weights of the unknovmo
could be read to 426,392, 358, 324. Astonishingly, the molecular diffe-
rences were oconetantly 34 masa unite. Thie d{fference shows a fenilerity
4n origin of the unknovm., Now the fact is that chlorine exelsis as a

smixture of two isotopes with atom weighte 35 and 37 4n proportiem 75:25. IT,

the molscule hap one ohlorine, this will give two molecwle peaks, one for

. 0135 and one for 01’7. If there are two chlorine we have the possibility

of one with only 0155, one with both 0135 and 37 and one with 2 0137 and
therefore )
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Zhe rolation of tho pooko found on the 4ifforunt mano opec woro:

Uolecular weight 324 358 392 426
Chlorine contont 5 i L1 8

An explanation of the familiarity of the compounds can be given if onc
substance 46 bully from the former by substituting a hydrogen with

ehlorine

RCY el

RH
ut ¢ 012 u++ 34

Zhen 4% 4s poesible to calculate the molecular weight of the parcat
hydrocexbon PHC. : -

Hyﬂc ® W ex H01 4+ x uu s Where ¥ ie the moleoular woight of the componcat
having = chlorine atoms., F.ex, for m = 426 and 8 C1 we will get Moo ©
426 = 280 + B8 = 154 and equal with the other molokyles. i

The moat probable formula with carbon and hydrogon giving this molecultir
woight 48 0,2 Heo end this can only be satinfied when the parent-hydro- ‘
carbon is biphenyl, end the unknown boing polychlorinated biphenyls.

Thie explanation was later fully verified by injection of a synthetic

¥BC on the mass spec.

.

Furthermore extensive gas chromatographio investigations proved that the

PBC standard gave peako with the pame retention time as the unknowmn

peaks from the sea eagle.

¥ith the method just deseribed I suppose that we have a mew possibility

to study the residues in the air because the pine mneedles can allways bo
o We havo had great difficult; 4in guantifying the PCB,

but when getting a little more time it will be possible. We have

done & few calculations on & few species, and I spuppose they ere right

within 8 factor 2. We have found the residue to bes from

1% bae been my statement here to-day to present thie method for studios
of defiling of the nature, end with this method & mew typo of defiling
agente has been found to be presont im mature, and & few experiment havo
shown where' they mey be found,

How this method 18 going to be uscd in the first hadn ¢o estimato how the
situation 45 in nature 28 & wholeg, and in the other hand to find tho
leeke throug whioch they £ind its wey to naturoe. Soen maybe are proscat
here today to get news about the leaks, and to thea I want to gay coxe
back in e year, .

. NEV 106556
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80 mueh I think I can sey again that the PCB hardly can como from
agriculture. As suppoft for this suggeotion I can eoy that we hove found
PCB 4in oaglo foathero from Rikemuscot from 1944, where hardly ony
ehlorinatod pecticides wore used in agrioultrue. Ono moro thing that I
£ind important to say is that in eontrast to tpt mereury problem this doos
not eoom to be a pure Swodish problem., I have Just studied chrozstepromn
Yokon £rom London airy, ond they elonrly ocontoin PCB, end dr. Holdoen bao
%0l mo that ho aleo find them in his fichsamplos, But fimelly in waiting
at moro rosults Yashowld like to point®8fe morething. It fe proved that PC:
oomos t0 maturo, wo dont kmow now where they are usod, but they are vozy
pereistant to chemicals and to fire. I think the poison Jury chould try

to state that & econtent 6f POB shell elwaye be found in an open declosc-
tion,
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f 0o 39 cnaet€ 6 LOCATION) Eo Pl. Wheeler had St ° Louis

R “ September 11, 1968 p¢ “ Dr. R. E. Kelly

ff S, Dr._.Scott Tucker

2l eweset Proposed Protocols foréﬁggglon]&oxicity g hir, R, Eiskellﬁfl

! Studies at Industrial Bio-Test Lab. ~Mr{“*Ciiining Patofi —
.¢...('¢¢r ! W - o . . * ) : . ) .

T0 : 'Dr. W. R. Riehardé

. Attached is a copy of a letter from Industrial Bio-Test
- and proposed protocols for Aroclor toxicity studies.
This arrives just as ; am leaving for two weeks.

eee martm cmbasm A iw e et
e

I will take this material with me and if possible send

you my comments before the end of next week. If 4t

appears -desirable to have a session with Dr. Kelly

and Bi11l Hunt to discuss this matter before I return,
- I am sure Dr. Kelly will be happy to see you.

. - . . ;: o . £;f22/67lé)

: . oL e mer P. Wheeler

. - EPW:cds ' '::A . Lo .
1 ' ' - - —47’

. . .o . . 6 //

Y . . « .

"DEPOSITION |
EXHIBIT
24

0

| PENGAD-Bayonne, . J.

- /57

BRI P NEV 167286

i
]
)
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- Industricl B1O - TVEST Laboralovies, Jnc.
. . . 1810 PRONTAGE RQI\D
' NORTHBROOK, ILLINOIS 60062 . ®

Ll
AREA CODE 818
TRREPHONE 972-9030

) . Septomber 9, 1968

.
o @
v

e'eac o ¢ werem .. @ - =9

° Mr. Elmer P, Wheeler -
Monsanto Company . .
© 800 N. Lindbegrgh Bivd, - - o oL
- St I.{ouis Missourd 63166 . ..
“\‘ . . . . o

f < . Dear Mr. Wheeler:

Iam eubmitting a collection of protocols for studies with Aroclora. : - The

) studies proposed, with prices, ave as follows; .

3 t LI 18 R
I. Rat Tissue Study e

Aroclor I 2 levels | w

Aroclor II 2 levels

Aroclor III 2 levels

“Toxaphene 2 levels .

. . Controls ' .
Fo ' Total =~ *  $2,700 :

Additional reference materials coul:d be included for $600 per
material (2 levels).

This price is exclusive of analyses. If you choose for us to do all oxr part
of the analytleal woik, we could work on a cost plus basis or we could pro-
vide ybu with 'a quotation after we have run through the method,

We found no reslly useful information in our scan of the literature on the .
metaboliem of chlorinated pesticides. I feel that we can get much Informa-
tion from analysis for tiseue residucs and from study of urine and feces
colfccted from treated animale. It-is not possible to quote for such studies
in the absence of fore-knowledge of findings. This could be eet vp on a cost
plus basls with provision to review after the expenditure of a defined sum.
One ghould be able to at least define the problem on a budget of $5,000.

" NEV - 162002
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°

X, Chicken Toxlcity, Reproduction and Meat and Egg Residue Study

Three Aroclors with common controls $15,000
Eaxclusive of s.valytlcal costs

I, Mallard Duck Study.- .~ - - . N

Three Aroclors with common controls =~ $5,000
Exclusive of &a!xtica‘k._gosta )

IV, 3-Generation Reproduction Study in Rats

" Three 'Aroclors with common controle © $35,000 ..
" V. 2-Year Chronic Toxicity Study in Rats . . ¢ i
3 !LE
Three Aroclors with common controls $57,600, - 4

VI. 2-Year Chronic Toxicity Study in Dogs BT ¢

Three Aroclors with common controls $85,000

VII. Subacute Fish Toxicity Study

We have not done such & study but we have built one apparatus
which allows investigation of as many as five concentrations of one
material plus controls simultaneously for extended periods of time,
starting with fingerlings and continuing through a, repro&ueti.on cyele
if this is desired. :

if one wanted only to measure the accumulation of test materials
over a 90-day period, the cost, using 5 concentrations, would be ap-
.. proximately $1,500 péx species for one material, exclusive of analyses.
Ext;ndi‘ng the study through a reproduction cycle would cost an addition~
' al $3,500, .

In any of these studies, material (urine, feces or tissues) could be retained

for enalysis to detexrmine species differences relative to aecumulatlon and
metabonsm.

° . °
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WATER_PCB-00051077



>

Myr. Elmer P, Whecler

»)

R O, wo BT TETD G e o
.

= o 4 L T

Scptomber 9, 1968
Page 3

A ]

The cumulative cost of the defmcd studies, e},clucive of mnalytical costs

and fish studics, amounts to $200, 200

* oea
. temes

As Dr. Calandra has told you, bininga could be arranged to accoramodate

to your budgetary needs.

LY

v e

Youyr comments on this program will be welcome and-should further pe.:-.-..-_.,_,__'
songl discussions seem desirable, we will be gla.d to meet with you either

here or in St. Louis.

* OEF:DMS
enc,

e,

Gincerely yours,

Ol E, 7rw¢hau-

Otis B, Fencher, Ph,D, .
Director )

°
® ot s

¢

atat =

¢ C
‘e ‘»:.
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',}WM B1O - TEST .Laboralories, Jne.

1810 FRONTAGE ROAD
. NORTHBROOK, ILLINOIS 60062 -

AREA CODE 312
" "RELEPHONE 272-3030

PROTOCOLS FOR
MONSANTO COMPANY '

AROCLOR STUDIES.

NEV 163472
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" udustrial B1O-TEST

O

éomW, Juse.

- PROTOCOL FOR

MONSANTO COMPANY .

A TISSUE RESIDUE STUDY IN ALBINO RATS

WITH AROCLORS

1. Outline of Experiment

e

B,

of test material with a standard pulverized rat ration.

Animal Species Tested: Male Albino Rats (approximately 100 g)

Organization of Groups:

Type and Length: Tissue Residue Study; duration 30 days

Number of Animals

.. Dietary Concentration

I ' 15 o1s

Group Male - Female in ppm
Control© . 15 7 18. None _
' 1 : - 15 15 - Low dose level

High dose level

Test Material Administration

Diets will be .prepared fresh weelfly by mixing the ca.l'culated'quantity .

ad libitum.

. II. Parameters to be Studied

A,

A Fced Consumption

. Recactions

Food will be allowed

* Feed consumption will be determined weekly for each animal.

Observations for untoward behavioral reactions will be made.

’

NEV 143473
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C. .Gross Pathology

Upon sacrifice, organs and tissues will be examined grossly for

pathologic alterations.

1)i. Sample Collection
At the end of 30 days all animals will be sacrificed and samples of
muscle, fat, liver and kidney will Bq taken from each animal. Samples

of each tissue from each animal will be frozen and will either be shipped

to Monsanto for anaiysis'or_ analyses will be done b{Bib-Test.

OEF:DMS
9-.9-68
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PROTOCOL FOR
. MONSANTO COMPANY
CHICKEN TOXICITY, REPRODUCTION AND RESIDUE STUDY

ON AROCLOR

The object of the ‘study‘will be to investigate the gene;-al toxic effects
"of the test material on young adult male and .female chickens thh special
emphasis upon hatchability of eggs and viability of offsprmg. in additton,
'samplcs of meat and eggs will be analyzed for test material residues
(either by Mopsantc; ox: by Bio-Test). .
Sixteen male and 80 female 12-week old white Leghorn chickens will
beé selected for the study. These anirrnals‘ wil) be eg;xally~ divided into one
_control and three test groups. The. three test grc;up; will correSp?nd to
~graded dietary levels of the test material. Dosing will beginl immediately
and will continue through the egg collection period.:

The chickens in the éohtrql a,fxci tes.t groupe will be weighed weekly
and observations for mortality, reactions and general food disappearance
will be médc periodicglly during the study. o .

As each group begins laying. (at 17 to 18 weeks of'age). the eggs will
be collcctcd‘ daily and egg weights recorded. 'Wheq the eég weigiﬁs are
.consistently between 50 and 60 grams. and at least 20 per cent of the hens
are laying, the daily egg production will be collected and placed in an

incubator iray., Egg collection will be cpnt'inue.d‘ for 28 days from collection

NEV 143475
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Day One .or until at least; 100 eggs per group are available for hatching. -
During the storage period (not to exceed {ive days for any éroup of

eggs), the eggs will be turned twice daily. The eggs will be placed in an

incubator maintained at 99 to 100°F with a wet bulb reading of 85°F.

The egg production for an additional week will be collected for

analysis. Total egg production and egg weights will be recorded.

. At the end of the egg collection pei-iod, one-half of the chickens in
each group will be sacrificed, defeathered and quick_;frozen. Tl;e car-
casses and the eggs retained fox; analysis will be shipped to Monsanto or .
will be retained for analy‘sis~at Bio-Test.

The remaining chickens will be placed on a 30-day recovery regimen

during which time the test material will be removed from the test diets.

. Eggs will be collected once each week., At the end of this period, the re-

ma.ining' chickens will be sacrificed and handled in the same manner as those
at the end of the test feeding period. The carcasses and eggs wil'l.again be -

retained for analysis.

The chicks from the first generation will be observed for 30 days

RIP:DMS
9-9.68
NEV 143476
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O : ‘ ' PROTOCOL FOR
‘ MONSANTO COMPANY
.. .DUCK TOXICITY AND. RESIDUE STUDY

ON AROCLOR

The ébject of the study will be to investigéte the general toxic effects |
of the test material on young adult male and female mallard d.ucka and to’
dctermine residue levels in .apccific; organs and whole carcass.

Twenty male and twenty female young adult mallard ducks wﬂl be
sélected for the study. These animals will be equally dl'vid;;d into one
control and three test groups. The three test grq'\.xp"s will correspond to -
graded dictary levels of the te.st material. *

The ducks in thé control a.nd test groups will be wéig'hed wéekly and
obscr?atio_ns for mortality, rea.ctions and general food ‘disappearance will
be made periodically during the study..

At the end of a 30-day feeding period, one-half of the a_;ximals in each
group will be sacrificed, defea.t}'lered and subjected to a gré;s péthological .

. examination. The liver, kidneys and samples of skeletal muscle and fat
will be semoved from each bird a;zd pa;ckpged aeparatgly. ; ’i‘ﬁeo_e tissues’
will be quick-{rozen and retained for ahalyﬁs_ for th‘e‘test';r'r_haterial

. . The remaining ducks will be placed on'a 30-day reciqvery regimen

., c.luring which time the test material will be removed from:the test diets.

. -
o

NEV 163477
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At the end of this period, the remaini;wg ducks will be sacrificed and

handled in the same manner as those at the end of the test feeding period',

.

RIJP:DMS.
9-9-68
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O : . PROTOCOL FOR
| | MONSANTO COMPANY
i THREE-GENERATION REPRODUCTION STUDY
AROOgLOR | . ‘ o

IN ALBINO RATS

I.  General

A three-generation rep;'oductipn study will be conducted with
Sprague-Dawley derived albino rats, A total of 96 weanlings (32 males
and 64 females) will be equally subdividgd into thré_e_ t;zst groups ‘and

one control group, The three test groups will cory spox'\.d to the feeding

Ll

O "~ ofthree graded dietary levels o_f the test ma.terial.f-:w :

I, First Generation

A. DParental Animals .

l. Diets and Feeding

All diets will be prepared in the;'cent'ral' diet room of the
laboratories. The basic ration with which all diets are: prepared is a
" standard, pu].verized.rat si;;ck diet®, Tl;e diets for any given test group
wiil be prepared ‘by"adding a calculated weight of the test mater{al to a
pre-weighed portion of the stock diet, | |
The amount of food allotted per week to each rat is to be
sufficienf: for ad libitum feeding, However, checks will be made dafly

to ensure that the food ja:;s are not empty. .
: NEV 143479

% Jsaurina Xat Chow, Ra)sion Yoriva Compapy, St. touis, Missowri,
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D 2. Dody Weights and Weight Gains

Thé body weight of each rat in every group will be deter-
mined and rccq;djed initi.aliy, and weckly thereafter until the animals

are 100 days old.f

3. Mor"cality, Reactions and General Observations
Mozrtality and abnormal behavioral reactions will be
recorded daily. The animals also will be observed for fertiiity, lenéﬂi

@.

of gestation and lactation performance,

4, Mati;ag Procedure

| W’hen‘ the animals reach 100 days of age, eachvmale will |
be random‘ly mated .with two females from thé same group, After suce

O cessful copulaiion, determined by the pres?nce of a ;;Opulation plug or -

blood in the vagina, the male will be reméved from the females a'n'd
returned to his original cage. Any male failing tqi copulate within two
estrus cycles of the female will be replaced 'by another male of the same
group. However, no more than two males will be used per female during
a given breeding cycle, 'R.ecords ;will be kept of the number of sucéessfu!

" copulations observed, the number of estrus cycles required to obtain a

mating, and the n;xmbcr of resulting pregnancies. These data will be

utilized to calculate mating and fertility indices.

The Fla litters obtained will be weaned at 21 days post-
partum., The females will then be given a lo-ciay rest period and again

‘ ma,téd, the above procedure-being re'peated to obtain Flb 'wcanllngs.

NEV 143480
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5. Pathologic Studies

After the second litter h’as bccn‘ weaned (followling approx-
imately 33 wecks on test), 8 male and 8 female animals from each group
will _bc'.sacrificcd and gross pathologic qbaervation_a will be n;ade. Orgén
weights will be taken on the liver, kidx;ey;, -spleen, gonads, heart, brain
and any organs which appear abnormél. A complete set of tissues will
be removed and fixed in a ten per cent formalin soiution'.g

In addition, microscopic examinations will be conducted
upon five males and five females from both the cont;olia"nd the high te;t
groups. 1f abnormalities are noted, the affected organs of the lox.ver testl

group animals will also be éxa;rnined.-

NEV 163481
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The fol]owing‘tis‘s.ueg and organs will be examined:

Tissues and Organs
Examined Grossly

Heart

Trachca

Lungs

liver
Pancreas
-Esophagus
Stomach
Intestinal fract

* Spleen

Lymph nodes
Kidneys
Urinary bladder
Testes
Ovaries
Prostate .
Seminal vesicles
Uterus
Pituitary gland

. Adrenal glands
Salivary glands
Thyroid glands
Skeletal rauscle
Bone
Peripheral nerve
Eyes

 Brain
Thymus
Optic nerves
Aorta

" Spinal cord

Post-mortem animals will be examined in the same manner

Tissues and Organs

- Examined Microscopically

Heart (right and left ventriclea)
Trachea

Lungs
Liver

' Pancreeas
. Esophagus :
. Stomach (cardiac, fundiec and

pyloric regions)

s o Small intestine (duodenum,

jejunum and ileum)
Caecum
Colon
Spleen
Lymph node (cervical and
mesenteric)
Kidney :
Urinary bladder

- Testis

Ovary

Prostate

Seminal vesicles

Uterus

Pituitary gland

Adrenal gland

Salivary gland (submaxillary)
Thyroid gland

Parathyroid gland

_ Bone marrow (sternum and femur)
- -Peripheral nerve (sciatic)

Brain (cerebrum, cerebellum
and pons)
Spinal cord (three levels)

but oxgan weights will not be recorded,

Throuahout gross and microscopic examinauon, particular

atlention will be paxd to the. reproductive organs.....

NEV 143482
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B, Progeny

1. Body Weight Data
" Pups will be Weighéd at weaning,

2, Mortality, Reactions and General Observations

All pups will Be examined for ph);slcal abnormalities at
. birth and the number of viable and stillborn members of gach litter
recorded, Records of survival at periodic intervals during the lacta-
tion period will be maintained and a. final examination for physical

abnormalities will be made at the weaning of each litter,

3, Survival Data

Survival indices will be calculated for various points
during the lactation period, ‘On the fifth day of lactation, litters of
greater than 10 pups will be reduced to that number,

4, Pathologic Studies

A gross internal pathologic examination will be made

‘'upon any pup appearing abnormal, No such examinations will be mede

4

"upon progeny which appear normal,

&
@

fI1. - Second and Third Generations

The procedures.followed for the second and third generations will
be identical to those described for the (irst. generation except that the
pa:;cnta] animals for the F2 generation in each .gro'up will be selected
from Flb weanlings of that group. ‘Parents for the F3 g'enera-tion will
be ae]cc.tcd from F2b litters. "

.

NEV 143483
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O In addition, ten male and ten female pups from the F3b litters of
cach test group and the control group will be sacrificed at weaning (21
days post-partum) and subjected to complete groas'ﬁnd microscopic

‘

examination,

IV, Reports
A complete formal report will be submitted upon éombletion of

each generation, o e

" MLK:PSH  9-5-68 - = . NEV 143484
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PROTOCOL FOR

MONSANTO COMPANY

1, Outline of Investigation

C. Organizations

IN ALBINO RATS

TWO-YEAR CHRONIC ORAL TOXICITY
oF
AROCLOR

A, Type and Length: Two-Year Chronic Qral"roxicity

B, Animal Species Tested: Charles River Strain Albino Rats

Dietary Level of

. - Numbe.r of Animals Test Material
O Group Male Female {ppm)
_ Control I 30 | 30 ’ ..,None Administered
| Test 1 30 30 - | Low Level |
Test 11 - 30 30 ‘ Midcn; Level
Test 111 30 30 High Level

13, Parsmeters To Be Investigated

A, Body Weights

D, Means of Administration: Voluntary oral ingestion; ad libitum

feeding of diets containing various
levels of test material,

NEV 143485

O A1) unimals will be weighed weekly' gluring t}'x.e first three months

of the study snd mont.hly,fovr the iemainde; of the th-yeér test period, .
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B. Food Consumption

Weekly food consumption will be recorded for the first three
months of the investigation, Ti\éreafter, monthly spot checks will be

made,

C. Mortality and Reactions
Checks for mortality and untoward behavioral reactions will

be conducted daily,

o

D, Hematologic Studies, Clinical Blood Chemistry Studies and
Urine Analyses . .

.The studies listed below will be conducted on five rats of each
sex from the C}oﬁtrol Group and Test Group III'at the beginning of the
study and after 3, 6, 9, 12, 18 and é4 months of feeding:

1., Hematology: Hematocrit value, hemoglobin concentration,
erythrocyte count and total and differen.tial leukocyte counts,

2, Clinical Blood Chemistry; Blood urea nitrogen concentration

(BUN), serum alkaline phosphatase activity (SAP), blood
glucose concentration and serum glutamic-pyruvic trans-
arninase activity (SGPT). ' L

3, Urine Analyses: Albumin concentration, glucose concentra-

. tion, microscopic elements exa.rhination. pH determination
and specific gravity.

The above listed studies will be conducted on animals in the

.lower dose groups if significant findings 'appeax; among high- dose animals,

NEV 143486
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and organs will be taken.and fixed in 10 pef cent formalin solution,

Jedustrial B1OTEST Laboratonies, Jne. o .

E. Pathologic Studies

1. Gross

Complete gross autopsies will be conducted upon all post-
mortem animals unless precluded by post-mortem autolysis, ell animals

sacrificed in extremis, flve males and five females from each group

"sacrificed after three months of testing and upon all ahimals surviving

24 months of testing., At the time of each autopsy, representative tissues

Absolute organ weights will be recorded and organ - body °
weight ratios and organ - brain weight ratios will be calculated and sub-
jected to statistical analysis, viz, Analysis.of Variance and/or "t'-tests,

The following organs will be included: lliver, kidneys, spleon, gonads,

' heart, brain and any other organ appearing abnormal upon gross examinae

tion.,
2, Microscopic
Microscopic examinations will be conducted upon tissues

and organs taken from selected animals sacrificed in extremis, and five

" males and five females from the control and highest dietary dose groups -

sa;é:rificed after threé months and 24 months of {esting. The tissues and
organs to be examined will include: heart, liver, lung, pancreas, ‘stom-
ach (cardia, fundus and pylorus), small intestine (duodenum, jejunum and
jleum), caccum, colon, .spleen, lymph node, kidney, urinary bladder,

testes, ovary, prostate, uterus, pituitary gland, adrenal gland, salivary

@ [}
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gland (subma;dllary), thyroid gland, parathyroid gland, skeletal muscle,
bone marrow, peripheral nerve, trachéa, spinal cord, eye, optic nerve
and brain (cerebrum, cerebellum and pons).
Any s“ignificant tissue or.orgén changes at the high dose
level would also be examined at the lower levels. “
F. Reports

Interim status r‘.eports will be submitted aﬁ:'e:: 3, 12 and 18
Janonths of testing, These reports will contain pe.rtinent d.ata collected
to that date, o B

At the conclusion on‘ the study, three copics of a final formal

°

report will be submitted. °

NEV 143488
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O ' : PROTOCOL FOR
MONSANTO COMPANY
TWO-YEAR CHRONIC ORAL TOXICITY
AR&FLOR

IN BEAGLE DOGS

I, Outline of Experiment

A, Tybe and Length: ;I‘wogYear Chronic Otal Toxicity

B, Animal Species Tested: Pure-Bred Beagle Dogs

'C. Test Material: Aroclor -

D, Organization: Three Test Groups and One Control Group

O . 1, Number of Dogs/Group: Eight'(four mgies and four females)

2, Dose Levelss Control Group - None
’ Test Group I - Low level
Test Group II - Middle level
Test Group 1T « High level

3. Means of Administration: Voluntary oral ingestion; ad libitum
’ feeding of test material in diet.

i
I, Parameters To Be Investigated R e e

A, BodyWeights | St

All animals will be weighed weekly,

B. Food Consumption

Weekly food consumption will be recorded,

' C. Mortality and Reactions

Mortality and untoward behavioral reactions will be recorded daily,

e

NEV 143489
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D. Hematologic Studies, Blood Chemistry Studies and Urine Analyses

O

The studics listed below will be conducted upon all dogs prior to
the inception of the fcs?, 'aft‘ez" 1, 3, 6; lz‘and 18 1.months of testing and |
just prior to its conclusion, R |

l.. Hematology: He.m‘a.t;)cri;:, hemeoglobin, 'e.rythrocyte eount,’

and both total and differentiai léukocyte cour;ts. '

*° 2, Blood Chemistry: Blood urea nitrogen, blood glucose, serum

-alkaline phosphatase, serum glutamic-pyruvic transaminase
‘and serum glutamic-oxalacetic transaminase,

3., Urine Analyses: Albumin, glutose, pH, microscopic elements

and spe cific gravity.

O E, Pathologic Studies

1. Gross P,athol.c.agic Studies

Completg gross autopsies will ‘be eonducted \;,pon ariimals
sacrificed in extremis am? upon all post-mortem animals during the inves-
.tigati;)n. At the conclusion of the ?.4.-month study, all surviving dogs will
be sacrificed ar}d examined, At thAet time of each sacrifice, 8 compiete set

© of tissues will be removed from each dog and preserved lr'\ ten i)er cent
formalin solution for hxstoPatholo'gic ex.amina.tion. Also at the txme of
* each sacrifice, the wexght of the !lwer, kidneya, spleen, ‘gonads, thyroid

adrenals, pxtmtary and hecart wil} bc recoxded,

2. Histopathologic Studics ' NEV 143490

o : l-hstopathologxc examinatxons will be conducted on tissues
tdkcn from animals sacrxficed lr( extremis, from post—mortem animals
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and from all animals sacrificed after 24 months of fee.ding.. The tissues

to be included in the examinations are as follows: lung, heart, liver,
pancreas, mesenteric lymph node, stomach (cardxa, fondus and pylorus),
small intestine. (duodenum, jejunum and iiegm), colon, caecum, kidney,
a.dr_enal gland, urinary bla'dder! testes, ovaries, prosfate. thyrold gland,
submaxillary salivary gland, pérathyroid gland, uterus, brain (cerebrum,
cerebellum and pons), bonq and bpne MAY Y OW (femux{), end skeletal

v &
muscle (gastrocnemius).

F. Reports '

Interim status reports will be submitted after 3, 12 and 18 months
of testing. These reports will contain pertment data collected to that date,
At the conclusion ofthe study. three coples of a final formal

" report will be submitted.,’

MLK:PSH 9-5-68 . : NEV 143491
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December 20, 1968

Dr, Joseph C. Calandra

Industrial Bio-Test Iaboratories, ige.
1810 Prontage Road

Northbrook, Illinoie 60062

Deay Joeos

This letter authorizes the initiation of two of the proposed
Arcolor studies as follows:

Project No., BTL « Aroclor I-Fowl - Oross Toxiecity

Xa - Aroclor 1242

ib - Aroclor 1254

Ic - Aroclor 1260

id - Aroclor 5460

Ie - Toxaphene

1f « DOT

Ig - Chlorinated naphthilene

The protocol for these studies is to be consistent with our
discuspions when you were in S8t. Jouis and I would appreciate
receiving @ note from you outlining what you plan to do with
an approximate eost.

Projeoct No, BTL - Arocloy IXI - 30 Dny Rat Tissue Btudy

ila - Aroclor i2U2

IIb = Aroolor 1254

iXe « Aroslor 1260

1id - Aroocloxr 5460

Ile - Toxaphene

I1f - DDOT

i1ig - Chlorinated naphthalene

DEPOSITION
EXHIBIT

3
Bt e

NEV 008162
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Dy, Joseph C. Calandra -2= December 20, 1968

These studies are to be carried out as proposed in your protocol
subtmitted with the letter of br. Fancher dated September 9, 1968,
That letter indiocates a cost of $2,700 for three of the Aroclors,
Toxaphene and controls, Further it indicates that additional
materials could be fncluded for $600 per material. 8ince we

are 8adding sdditional Aroclor, DDT eand chlorinated naphthalene

I assume that the rat tissue study will cost approximately §u,500,

e are obteining esmples of several chlorinated naphthalenes
and will provide you the material to be investigated.

Do you have & readily avallable source of DDT or shall I get
this for you through our Agricultural Chemical Group?

I have enclosed & copy of my summary of our meeting when you
were down here (as you and I discussed it)., There 48 also &
copy of Bill Richard's version,

I hope you have licked the flu bug and will hesve a happy holiday.

Sincerely,

. Elmer P. Wheeler
Hanager, Environmentel Health

EPW:cis
Enclosure

ccs ¥W. R. Richard

R. E. Keller/8cott Tuckenr:
C. Paton T3

W. Ky dohnson
R, E. Kelly/®W. #. Hunt

NEV 008163
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Aprii 8, 1970

Herbvert Bl\mmth‘l. Ph.Ds

Chief, Petitions Review Branch

Bureau of Foods, Pesticides and
Produoct Safety

U. 8. Food and Drug Administration

200 C 8treet, Southwest

Washington, D. C. 20204

Deaxr Herbs

Confirming our telephone conversation X have enclosed
Xerox coples of the status reporte for the chronic
toxicity studies for our Aroolors at Industriel Bio-
Test, Ince.

Specifically, three of our polychlorinated biphenyls
are under investigation. These are Aroclors 1242
biphenyl chlorinated to the extent of 42%), 1254
biphenyl chlorinated to the extent of 54%), and 1260
biphenyl chlorinated to the extent of 60%). Studies
include two year oral administration to rate, two
year oral feeding to dogs and a three generation rat
reproduction study.

As indicated in the enclosures, the levels of admin-
istration are 1, 10 and 100 ppm for each of the com-
pounds. Further, the status reports for the chronie
dog studies represent date at the ehd of nine months.

The enclosed copies on the rat studies show date e

the end of six months administration. As we mentioned
on the telephone, we added 300 rats to the ohronlc
studies after the original two year project had gotten
underwsy to allow a sufficient number of animals for
sacrifices at three, six and twelve months. Histoplth-
ology has been completed on the sasrificed animals

and Dr. Calandre has reported verbally that there are
no positive pathological findings.

EXHIBIT
33

) 77 /{‘7

NEV 000629

PENGAD-Bayonne, N. J. |
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Pr. Herbert Blumeathal
April B8, 1970

' page Two

The rat reproduction studies are into the second gener-
ation. At this point Dr. Calsndra has indicated that
there definitely has been no effest with any of the
compounds at the 10 ppm dletery level. There is some
equivocal posaible effect in the animals at the 100 ppm
level with Aroclor 1254,

If you have any specific questions after reviewing the
encloged status summaries, please feel {ree to call
Dre Calandre or Dr. Fanchexr directly.

Best personal regasda.

Sincerely,

R. Emmet Kelly, Me D.
Medicel Director

R ju
.0, Rr. Joseph C, Calandre
D, Otis EBE. Fancher

b.c. W. B, Papageorge, G. W. Ingle
Enclosures

NEV 000630

WATER_PCB-00051102



Monsanto

.

Monroonte Eomgeny -
000 4 Leadboigh ' seleverd
81, Louts, Mvanoun B3G0
Faona: 344) €84-D00

THREE-GENERATION REPRODUCTION STUDY
IN ALBINO RATS WITH:
AROCLOR 1242
AROCLOR 1254
AROCLOR 1260
RESULTS OF THE FIRST GENERATION

September 4, 1970

Submiteed dy:
/

R. Emmet Kelly, M. D.
HMedical Director

DEPOSITION
EXHIBIT

NPC00009503
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" Indludtricl 810 - TEST Laboralowes, Ine.
1810 FRONTAGE ROAD
' SIORTHBROOK, ILLINOIS 60063
X ‘ anga OO 318

5. °, 609 . .
0o ‘wwgetat 8EIENEED e VELEPHONE 892+ 3
‘:- ‘.....:-cu ..
’.-“ geguees -

REPORT TO

MONSANTO COMPANY

THREE-GENERATION REPRODUCTION STUDY
IN ALBINO RATS - AROCLOR 1242 -

s Ay w——— ar—. . -

RESULTS OF THE FIRST GENERATION

SEPTEMBER 4, 1970

. s momar o

IBT NO. P897

NPC0000gsg,
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Industucl BI1O - TEST Laboralonics, Ine.
9810 PRAONTACE ROAD
NORYHORD@K.I}.UNO!S 60062

September 4, 1970

Mr., Elmer Wheeler
Monsante Company

Medical Department

800 N. Lindbergh Boulevard
St. Louis, Missouri 63166

Deay Mr. Wheeler:

Re: IBT Neo.P7297 - Three-Generation Reproduction
Study in Albino Rats - Avroclor 1242

We are submitting herewith our laboratory zeport dated
September 4, 1970, preparcd in connection with the above stedy.
This report presents the results of the first generation,

’
o

Very tzuly yours,
P elota—e

J. €. Calandzga
President

JCC/K)1

NPC00009505

WATER_PCB-00051105



. m— — = - —

— -

-—— g - O

. Outline of Study
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 totisl BIOTES T Loboalsvics, Sue.

°

REPORT TO
MONSANTO COMPANY

THREE-GENERATION REPRODUCTION STUDY
IN ALBINO RATS - AROCLOR 1242

RESULTS OF THE FIRST GENERATION
SEPTEMBER 4, 1970

IBT NO. P7297

Ao

Type and Lensth; Three-generation roproduction study

Animal Speeies Tested: Charles River alhino rats

Material Tested: Aroclor 1242, Lot No. AK-255

Starting Date: May 8, 1969

Status of this Report: Completion of the first generation
{Fo perents - F'la and Flb progeny)

Organization- A structural outline of the experiment fe
given in Table I.

NPC00009506
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! BIO-TEST Lobwbsring, Inc. 2
TABLE 1
fEST MATERIAL: Aroclor 1242
Outline of Experiment

Fo Generation

Dietary .

Level Number of Animals
Group {ppm) Male Female
c Nene . 8 16
Tl i A 8 16
T 11 80 8 16
T-111 100 8 16

G. Means of Administration: Veluntary oral ingestion.

NPC000095¢,
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' 810 -TEST Laksralorics, Jue.

1. Summary

The first genergation of & thrce-ﬁcncnﬂon reproduciion study of
Aroclor 1242, Lot No. AK-255, at dietazy levele of 1, 10 and 100 parts

per million has been completed. The following data were obtained

during the first generation:

A. Progeny (Fla and Fib)

The numbers of pups delivered and weaned by treated females
were generally nllgrge or larger than these {rom the contrel group.
The survival indices of progeny {rom treated females weze hlghéx than
the indices for controls, The lactation indices of the T-1ll g;onp. but
wot the T-1 er T-U groups, were slightly lower thu these indlces for
the eentrol greup, All progeny body weights were normal and thore
were mo unusual reactions noted among any oflspring.

B. Parentael Animals (Fo)

The body weights of the treated males and femnales were nor-

mal and compared {avorably with these of the controls.

One T-11l meale died during the pre-mating period;-one Tl

fernale died while lactating {or her second litter; one eontrol fernale

died during pacturition of her first litter,

NPC00009508
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The data obtained frer - itvss pathologic examinations of

these animals revealed no sigm * ° diffcrences between test and

contgol rats. Organ weight datr .he results of the histopathelogic

studies confirmed the absence & ¢ pathologie ehanges which eould

be related to the ingestion of Ass*¥ 1242,

-Jices, incidences of pregnancy

@t ¢ e emmcan oo

i Mating indices, fertilit

and parturition for treated anirs.~ VeFC normal and compered

favorably to those of control ani=¥e

susbmitted,

. BlO-TEST LABORATORIES, INC.

Respectin ®

INDUSTR.
R Dﬂ-a__}\-
Report prepared by: S o,
James B, vank o
P | R
Rat Toxis ° Departiment
Report approved by: % — .Z oy
M., L. Ke 2@V PhAD.
Mgn.ser' ..'xicology

Ao
Otis E. 1 +whes, Ph. D.
tyseetor

Seientifiv
September 4, 1970
bk jl:
Fhihjlpsh NPC00009509.
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4, -Reactions

[y

No untoward behavioral roactlons were ehaerved ameong

.+ e test or contrel progeny.

wer

NPC00009510
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and B1O - TEST Laborwtrues, .ﬁ-w

1610 FRONTAGE ROAD
MNORTHEROOK, ILLINDIZ 60062

v AREa GONE 30
0. 6598ECEB TELEPROuE 89089930

o @9
68

REPORT TO
MONSANTD COMPANY

THREE-GENERATION REPRODUCTION STUDY
IN ALBINC RATS - AROCLOR 1254

RESULTS OF THE FIRST CENERATION
SEPTEMBER 4, 1970

IBT NO, P7297

NPC00009511
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Industnicl ‘810 - TEST Laborlovies, Sne.
1816 HIONTAQ_! ROAD .
NORTHBROOK, ILLINOIS 60062 ’

September 4, 1970

de. Elmer Wheelssr
. nsante Company
‘rdical Department
2 N, Lindbergh Deulevard
i ’ ., Louis, Missouri 63166

ccae Mg, Wheeler:

Re: IBT Ne. P7297 - Three-Generation Reproduction
Study in Albino Rats - Aroclor 1254

We are submitting herewith our laboratery report dated
ptember 4, 1970, preparcd in connection with the above study.
This report presents the resulte of the first generation.

Very truly youre, -
g (A A ) & .

3. C. Calandra
President

LI

NPC00009512
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G10-TEST Ledoralotics, Jne.

REPORT TO
) MONSANTO COMPANY

S;ME-GENERATION REPRODUCTION STUDY
IN ALBINO RATS - AROCLOR 1254

RESULTS OF THE FIRST GENERATION

SEPTEMBER ¢, 1970

IBT NO, P7297
. Outline of Study ‘

A. Type and Lenpth: Three-generation reproduction study

B.. Animal Specles Tested: Charles River albino rats

C. Material Tested: Aroclor 1254, Lot No, AK-38

D. Sterting Date: May 8, 1969

E. Status of this Report: Cempletion of the first generation
(Fo parents - Fla and Flb progeay)

F. Orpganization: A struetural outline of the experiment s given
in Table 1.

NPC00009513
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BIO-TEST Lobosulsrics, Suee . 2
TADLE I‘ B
TEST MATEZRIAL: Arocler 1254
Outline of Experimaent

Fo Generstion

Dietary
Lavel Number of Animals
poup {ppm) - ‘Male Female
. Nene 8 16
o1 1 8 . 16
o1t 10 8 16

=111 100 8 16

G. Means of Administration: Voluntary eral ingestien.

NPC000095] 4
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) o

2l BIO-TEST Lolorslosies, Jnc

38, Summary

The Grst genesation of a Lthree-ge: evation s vproduction study of
Avoclor 1254, Lot No. AK-38, at dictary levels of 1, 10 and 100 ppm

has been completed. The following data were ebtlainog during the

first genesation:

4. Progeny
The data from progeay of females fed vliher § oy 3o ppm
were pormal in all respects.

Although no adveroe findings were noted ju the fipgy litter of
temales fed 100 ppm, the number of pups delivéred and weaned for the

second litter was significantly lower than normul, i aurvival of

pups that were delivered was slso eignificantly luweg (huy aogmal, In

view of these findings, the femalece fed 100 ppm wepe remated fop a

third Uitter. The data from this litter substantinted the findinge noted

7
:» the second 1ittes. ’

B, Parcntal Animals

Females fed 100 ppm gained elightly leas wabyht that dig
*atrols. Males fod 100 ppm and all sats fed efthar | 4 ¢ pprn
*vibited weight gains which were not dilferent Lrua %079 gaing,

4o8Unn of Arocloy

““tre wage so deaths which could be related to the 0,
"‘4. and ne unusual behavioral reaetions were Mrte,

Cross pathologic examinations revealed s Boteolic.00d, f}ffpo

ve

v8 between test and conteol rals.

NPC00009515
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5 -TEST Lobsrslories, ez, . 4

Statistical enalv *er upun organ weight data revealed several
ant differenet o, Siznaificantly higher lives to body weight ratics
svenrded for all rats avd 100 ppm, however the absolute weights
esgnilicantly higher o.::ly in males. Males fod 1 or 10 ppm exhib-
siznificantly lower liver weights and liver to body weight ratios.
..cvatien of thyroid wei.ghu was note‘d' (;r both males and (fmales
<20 ppm.
Ilistopathologic examination of tissucs and organs revealed
.Miig in three of five males. No other significant dilferences
-+« sated belween test and control animals.
The moating index for the third litters of Tats fed 100 ppm was
. low and, in the second matings of these animals, three females
++ rbed their litters. All other mating indices, ferlility indices,
1w rees of pregnaney and parturition and mean gestation tlimel were

einag,

Respeetiully submitted,

INDUSTRIAL BIO-TEST LABORATO.R]ES INC.

*7t prepared by; >\G-~.n.b% QPQ-L

\}‘l B. Plank
Cruup Leader
Rat Texieity Department

2 = a/
. e®t appruved by; -7’. "),4 ..,A.(—un. -/

M. Weplmges, BPh B,
Mavaper, Tuxscology

-(O". A rc‘ :7“7" . P \ A o

NPC00009516
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BIO-TEST Ldbownloricy See $2

4. Reaclions
No unloward behavioral reactlons were ebserved ameng

either test or eontrol progeny.

NPC00009517
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Industricl BIO - TEST Lobowlorics. Ine.
2610 FRONTAGE RDAD., i
NORTHBROOK, ILLINOLS 60062

REPORT TO

MONSANTO COMPANY

¢ e e - ——-

THREE -GENERATION REPRODUCTION STUDY
IN ALBINO RATS - AROCLOR 1260 i

RESULTS OF THE FIRST GENERATION _ ;
SEPTEMBER 4, 1970 ;

IBT NO. P7297

B B terem e sm et mm—-Si el et .

NPC00009518
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Industiicl BIO - TEST Laloralsnes, Ine.
1610 FRONTAGE AROAD
NORTHBEBOOK, ILLINOIS 860062

Septembesr ¢, 1970

tmer Wheeler

ato Company

Jd Depariment
Lindbergh Boulevard
sig, Misesouri 63166

ie. Wheeler:

Re: IBT No.P7297 - Three-Ceneration Reproduction
- Study in Albino Rats - Aroclor 1260

We are submlitting herewith our labezatory report dated
ber 4, 1970, preparcd in connection with the above study.
This scport prosents the sesults of the f{izxst generation,
Very tzuly yours,
; Gl t .

Jo €. Calandra
President

NPC00009519
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10 -TEST Llboralorins, Iue. ’

REPORT TO
MONSANTO COMPANY

THREE-GEMNERATION REPRODUCTION STUDY
IN ALBINO RATS - AROCLOR 1260

RESULTS OF THE FIRST GENERATION

SEPTEMBER 4, 1970

IBT NO, P7297

- see e asstnm.a

Oulline af Study

A. Tyov and l.eneth: Threc-generation reproduction study

B. Animal Species Tested: Charles River albino rats

=« Mnteria! Tested: Arocler 1260, Lot No, AK-3
J. Starting Date: May B, 1969 ' -

>. Status of This Report: Completion of the first generation
{Fo parents - F'la and Flb progeny) -

. Organization: A structural eulline of the experiment is
given in Table .

NPC00009520
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O-TEST Lolsrabories, Jue. 2
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TABLE .
TEST MATERIAL: Aroclor 1260
Outline of Experiment '

Fo Generation

Dietary Level Number of Animals

2 {ppm) Male Female
Nene 8 . 16
i 8 16
io 8 16

100 8 ‘ 16

M4 ann of Adminlgtration: Veluntary oral ingestion,

NPC00009521

-om.

WATER_PCB-00051121



O-TEST Loboubosics, Sre 3

Summary
The results of the first genceation of a three-gencration reproduc-
study conducted on albino rats fed Aroclor 1260, Lot Ne. AK-3, at

vy levels of 1, 10 and 100 parte per million are presented below,

%. Progenv {Fla and Fib)

The numbur of pups delivered and weaned by treated females,
e-sumially the same a8 contrels. In the eccond (f‘lb) litters,
es fed 100 ppm delivered slightly more stillborn pups than did
ole. Survival indices of progeny {rom treated females were not
ent from the control indices. The body weights of the weanlinge

treated females were normal, and there were fo unusual rcactions
emeng any oflsprlng.

. Parental Animals (Fo)

The body weights of the snales and females recelving Areclor
o their diet were about the same as those of the contrels. One
1 female died while giving birth during her first pregnancy.
were no untoward behavioral reasctions neted,

Cross autopey cond‘ueted upon males and females in all grc\_a.pc
ed no observable changes between test and control rats. The
seights and ratios of mmales fed | or 10 ppm were lower than cone
while the Jiver weighto and ratios of males fed 100 ppm were

¢ than contrnls. Riatupathelegic examinations revealed no

NPC00009522

Leomme
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‘BIO-TEST Ludstclovics, Jue. ¢

anges in the tissues and organs which eould bLe a‘tt‘ributcd to the inges-
m ol Aroclor 1260,

The mating indiees for both Jitters of rats fe.d 100 ppm wcr;
aer than eontrol. Hewever, the index for the second (FIb) litter fs
thin the normal range of the rat strain used. All other mating h\.dieu,
rtility indices, inecidenccs of pregnancy and parturition ;nd gestation
aes for trealcd animals compared favorably to the controls.

Respectiully gubmitted,
INDUSTRIAL BIO-TEST LABORATORIES, INC,

Dogne ® o §
port prepared by: X\OJ-‘\'W: c

Jaings B, Plank
Croup Leader
Rat Toxicity Department

. = .
'/(-, fr‘f‘,‘.’fe‘;‘&.w’n, 7
M. L. Keplinfes, P& D.
Menager, Texicology

port spproved by:

s

By QOO T (N
Ortie £. Faneher, Ph.D.

Seientific Director

“lember 4, 1970

1:psh
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VEST Lubuuaboios, oo 1

3. PReactions

°

No untoward behavioral reactions were noted ameng the

al animals in any group.
+ 4. Auvtonsy Findings

a. Gross Autopsy Findings

At the time of sacrifice, gross autepsy gevealed no
ences between test and control animals.

b, Orpgen Welehts and Ratios

Mean organ weights, organ to body weight ratios and

« to brain weight ratios are assembled in Tables VI through XU,

I © e 0 ¢

.o e e ¢ et o

ce e mmeem

' NPC00009524
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4. Rcactivns
No untoward behavioral reactions were observed among

- oither test ov woEls .4 progeny.

NPC00009s5 5
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- Industrial BLO - TEST Laboratonies, Inc.
1810 FRONTAGE ROAD
NORTHBROOK, ILLINOIS 60062

November IZ; 1971 . ‘ bq

Mr. Elmer P. Wheeler
Monsanto Company

800 North Lindbergh Boulevard
St. Louis, Missouri 63166

Dear Mr. Wheeler:

Re: IBT No, B7298 - Two-Year Chronic Oral
Toxicity Study with Aroclor 1260 in Albino Rats

O We are submitting herewith our laboratory report dated
November 12, 1971, prepared in connection with the above study.
Very truly yours,

J. C. Calandra
President

JCC/kjl

“DEPOSITION |
EXHIBIT

| | PENGAD-Bayonne, N. £

55
o _ 2~r8-3Y )
NEY 009990
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REFORT, FILE

Industricl BI1O - TEST Laboralonies, Ine.
1810 FRONTAGE ROAD
NORTHBROOK, ILLINOIS 60062

REPORT TO
MONSANTO COMPANY .
.- o @
o TR
TWO-YEAR CHRONIC ORAL TOXICITY WITH
AROCLOR 1260 - . :QP 730 .

IN ALBINO RATS
NOVEMBER 12, 1971.%,

. °

R
IBT NO, B7298

009991

NEV
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" " 9datriodl BLO-TEST Laboralories, Juc.

@

REPORT TO
. . MONSANTO COMPANY
TWO-YEAR CHRONIC ORAL TOXICITY WITH
AROCLOR 1260
IN ALBINO RATS
NOVEMBER 12, 1971

IBT NO. B7298

L | Introduction
At the request of Monsanto Company, a two-year chronic oral
9 toxicity study was conducted using albino rats to determine the potential -
toxicity of Aroclor 1260, Lot No. AK-3, The following 1;eport presents

the results of this investigation,

\ " NEV 009992
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" Dudustriol BIO=TEST Loloraloviss, Inc .,
|
0 II, Summary

A two-year chronic toxicity study was conducted using albino rats
fed dicts.containing 1(T-1), 10 (T-1I), or 100 (T-11I) ppm Aroclor 1260.‘
Food consumption and body weight gains were not altered at any
level of Aroclor 1260 fed. The number of animals dying and the time a.t
which the deaths occurred did not vary among the test and control groups.
Hematological and clinical blood chemistry studies conducted after
3, 6, 9, 12, 18, or 24 months did not reveal any affects related to Aroclor
1260, Urine analyses failed to reveal any differences between test and
control animals.
At sacrifice after 3, 6, or 12 months on test organ weights, organ to
e body weight and organ to brain weight ratios disclosed several randomly _
occurring intergroup differences. The lack of any consistent dose related
response and the absence of any deleterious histopathologic change confirm
that these differences were not related to the ingestion of Aroclor 1260,

At the final sacrifice after 24 months on test, the liver weights and
liver to body weight or brain weight ratios were significantly elevated in
the rats from the T-III group. Histologic examination of the livers
from the T-ill group revealed several animals .with vacuolar change., This
lesion is morphologicaily indicative of fatty degeneration, Specific fat
stains confirmed the presence of fat in these vacuoles. Focal hypertrophy

and focal hyperbplasia were also found in the livers from animals fed Aroclor

o 1260,

WATER_PCB-00051129
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Gudistrial BIO - TEST Loboralories, Jne. ' 3

Hyperplasia of the urinary bladder was fox_md in an animal from the
control group but not in any of the test animals,

The incidences and types of all tumors were about the same in all
groups, including the control group.’ and are considered no:mal for rats
of this age.,

Respectfully submitted,

INDUSTRIAL BIO-TEST LABORATORIES, INC,
Report prepared by: T"m\\p . %W\:\‘\'[’\

Philip Smith, B.S.

Assistant Toxicologist
Rat Toxicity

Report approved by: &M\‘%'pjua:

s B. Plank
S or Group Leader o
Rat Toxicity

p////w/é/ '

Paul L, Wright, Ph, D,
Section Head, Toxicology

Manager, Toxicologg}

November 12, 1971

lam:sjn

NEY 009994
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Q Ml Procedure

A. Experimental .Ani'mals

The animals employed in the test were Charles River strain#
albino rats. Four hundred rats (200 mgles and 200 females)
were selected for the experiment, ear-punched with the animal number .
assigned and housed individually in standard wire-bottomed steel rat
cages., Each cage bore a color-coded card identifying the rat with re -
spect to project n;.lmber. dose level assignment, individual animal
number and sex.

B. Organization of Groups

A structural outline of the experiment is given in Table I.

Q TABLE I
TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats .

Outline of Experiment

Number of Animals Dietary Level
Group Male Female {(ppm)
Control 50 50 None Administered
Tl 50 50 o |
T-11 l 50 50 . 10
T-111 50 50 100
‘ ¢ Charles River Brecding Laboratories, North Wilmington, Mass.

NEV 009995
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Q

C. Diets, Feeding and Food Consumption

All diets were prepared in the central diet room of this
laboratory. The basic ration from which all diets were constructed
was a standard, pulverized stock rat ration*. The diet for any given
test group was prepared by blending the calculated amount of Aroclor
1260 with a pre-weighed. portion of the stock ration in a Hobart mixer.

. Fresh diets were prepared each week and every rat was offered

“an amount of food sufficient for ad libitum feeding.

Food consumption was recorded for five rats of each sex in every

group weekly for the first three months and monthly for the next nine

months., Thereafter, periodic spot checks were made.

D. Body Weights and Weight Gains
Initially, the body weight of each rat in every group was deter-

mined and recorded. Thereafter, individual weighings were made weekly

R,

for the first 13 weeks aﬁc_img;x_t.hl_x th.;re;f.t.er—until the conclusion of the

_investigation.

e e . e ame P e e e e  emm—

E. Mortality and Reactions -

T Checks for mortality and abnormal behavioral reactions were
.made daily throughout the investigation.

T-" F. Hematologic¢ Studies and Urine Analyses

Blood studies, including determinations of hemogiobin concentra-
tions, hemotocrit value, erythrocyte count and both total and differential

-

% Purina Rat Chow, Ralston Purina Co., St. Louis, Mo,
NEV 009990
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0 lJeukocyte counts, were conducted upon five males and five females from
both the control and 100 ppm groups.

Urine analyses for the presence of glucose, albumin, micro-
scopic elements, and determinations of ?H and specific gravity were con-
ducted upon urine samples at the same time intervals and from the same
animals as those employed for the blood studies.

These studies were conducted after 3, 6, 9, 12, 18, and 24 months
of feeding.

G. Clinical Blood Chemistry Studies

Determinations of blood urea nitrogen concentration (BUN),
serum alkaline phosphatase activity (SAP), fasted blood glucose concen-
0 tration and serum glutamic-pyruvic transaminase activity (SGPT)’were
conducted after 3, 6, 9, 12, 18, and 24 months of feeding upon the same
rats as were the routine blood studies.

H. Pathologic Studies

When an animal succumbed during the test period, a gross autopsy
was performed. In those cases when postmortem autolysis was not ad-
vanced, representative tissues were taken and preserved in ten percent
formalin soiution for possible future histopathologic study.

After 3, 6, and 12 months of testing, five animals of each sex
from each group were sacrificed‘ and subjected to complete gross pathologic

examinations,

NEV 009997
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Absolute organ weights.were recorded and organ to body weight
and organ to brain weight ratios computed. The following organs were
included: liver, kidneys, spleen, gonads, heart and brain, These data
were then subjected to statistical analys'is. An Analysis of Variance was
econducted first and significant effects disclosed by that treatment were
further studied by "t''-tests.

Coml:;let,e microscopic examinations were conducted upon the
tissues and organs from all control and 100 ppm group rats sacrificed
after 3, 6, or 12 months of testing. The following tissues and organs were
included in the examinations: heart, trachea, lungs, liver, pancreas,
esophagus, stomach, small intestine (d_uodenum, jejunum and ileum),
caecum, colon, spleen, lymph nodes, kidneys, urinary bladder, _gonads,
prostate gland, seminal vesicles, uterus, pituitary gland, adrenal glands,
salivary glands, thyroid gland, parathyroid glands, skeletal muscle,
sternum, bone, peripherél nerve, spinal cord and brain (cerebrum,
cerebellum and pons).

The aforementioncd tissues were prepared and stained with
Hematoxylin-Eosin stain. ' N ' : |

Aft;er two years of feeding, all surviving animals were sacri[i::éd
and subjected to complete gross pathologic examination.

The absolute weights of the liver, kidneys, spleen, gonads,

heart and brain were recorded immediately after sacrifice,

NEV 009998
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0 Microscopic examinations were conducted upon tissues and

organs from selected animals dying during the experiment and upon all

animals from the final sacrifice.

Tissues and organs examined were the same as thosc previously

mentiohed,

. I Tumoy Incidence and Classification

A tabulation of the incidence of tumor formation in each group
wag made at the conclusion of the investigation., In addition, tumor data
for individual animals including location, weight, size and pathologic

classification were recorded,

NEY 009999
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O IV, Results

A. Body Weights and Weight Gains

The male and female body weight data are assembled in Table II.

The data in this table also include the 3, 12 and 24 month total weight

gains.

There were no significant effects due to ingestion of the compound
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@ B. Food Consumption

The data obtained from the food consumption measurements
eonducted during the IirstllZ months of féeding are summarized in Table 1Il,
These data revealed no significant difference between test

and control rats. The periodie checks eonducted during the remainder
of the investigation also revealed no outstanding differences between test

and control animals.
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C. Mortality and Reactions

A frequency distribution of natural deaths occurring during the
investigation appears in Table IV,
No untoward behavioral reactions were noted among any of the

animals ;mployed in the investigation,
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° D. Hematologic and Clinical Blood Chemistry Studies
Mean male and female hematologic and clinical blood chemistry
data are summarized in Tables V through IX,
Values for all parameters investigated were within the normal
range for the albino rat. No significant differences between test and control

values were observed.
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G £. Urine Analyses
Mean male and female urine analyses.data are summarized in
Tables X through XIIL
. Determinations for glucose concentration were negative for all
rats at every interval of examination.

No differences were noted between the urine from control and

test animals at the intervals of examination,

9
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Q F. Pathologic Studies

. 1. Three-Month Sacrifice

a, Gross Pathologic Findings

No outstanding differences were noted between test
and control rats upon gross pathological examination.

b. Organ Weight and Organ to Body and
Orpan to Brain Weight Ratio Data

The results of the statistical analyses conducted on
absolute organ weights, organ to body weight and organ to brain weight
ratios are summarized in Tables XIII through XVIIIL

Signikicant differences between a test group and the
control group are designated by asterisks following the test values.

O Organ weights, organ to body weight and orgam to brain °

weight ratios disclosed several randomly occurring intergroup differences.
The lack of any consistent dose related response and the absence of any
deleterious histopathologic change confirm that these differences were

not related to the ingestion of Aroclor 1260,
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6 ¢, Histopathologic Findihng_g_
| Histopathologic examination of tissues and organs

taken from all animals from both the control and 100 ppm groups was
conducted. _

Tables XIX and XX list all histopathologic changes
noted.

All of the lesions noted in the microscopic examina-
tion of tissues were those of spontaneous disease and are not unusual
for the albino rat. The most frequent {indings were lesions in the

trachea and lungs, indicating chronic murine pneumonia. These oc-

curred in the control as well as the rats fed Aroclor 1260,

O
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a ' TABLE XIX.
TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats
HistOpathologic_ Changes
Three-Month Sacrifice

Group: Control

Number of ‘ Average
Animals Organ Examined Findings Incidence Grade

5 Males Trachea Tracheitis 1 1.0
Lung Chronic respiratory

disease 1 1.0

Urinary bladder Hyperplasia 3 1,0
5 Females Lung Chronic respiratory

@ disease i 1.0

All other tissues and organs were normal histologically.

Grading System

minimal
slight
mild
moderate
severe
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o | TABLE XX

TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats
Histopathologic Changes
Three-Month Sacrifice

Group: 100 ppm

Number of Average
Animals Organ Examined Findings Incidence Grade
5 Males Trachea Tracheitis ’ 4 1.0
Lung Chronic respiratory
disease 2 1.0
5 Females Trachea Tracheitis ) 3 1.0
Lung Chronic respiratory :
disease 2 1.0
O ' Kidney Focal lymphoid - -
infiltration 1 1.0

All other tissues and organs were normal histologically.

Grading System

[}
extreme

NEY 010030
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6 2. Six-Month Sacrifice

a. Gross Pathologic Findings

No outstanding differences were noted between test

and control animals,

<

° b. Organ Weight and Organ to Body and
Orpan to Brain Weight Ratio Data

The results of the statistical analyses conducted on
absolute organ weights, organ to body'weight an'd organ to brain weight
ratios are summarized in Tables XXI through XXVI1.

Organ weights, organ to body weight and organ to brain
weight ratios disclosed several randomly occurring intergroup differences.

The lack of any consistent dose related response and the absence of any

O deleterious histopathologic change confirm that these differences were -

not related to the ingestion of Aroclor 1260,
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©

e. Histopatholopic Findings

Histopathologic examination of tissues and organs
taken from all animals from both the control and 100 ppm groups was

conducted.

©

’ Tables XXVII and XXVIII list all histopathologic changes
noted,
A1l of the lesions noted in the microscopic examination
of tissues were those of spontaneous discase and are not unusual for the
albino rat. The most frequent findings were lesions in the trachea and
lungs, indicating chronic murine pneumonia. These occurred in the control

as well as the rats fed Aroclor 1260.

NEV 010038
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©

TABLE XXVII
TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats
Histopathologic-Cha.nge.s
Six-Month Sacrifice

Group: Control

Number of Average
Animals Organ Examined Findings Incidence Grade
8§ Males Trachea Tracheitis 2 1.5
Focal tracheitis e 1.0
Lung Focal pneumonitis 1 0.5
Hyperemia 2 1.0
Liver Focal pericholangitis 1 1.0
Skeletal muscle ‘Focal inflammation i 1.0
§ Females Trachea Focal tracheitis 1 . 1.0 -
Lung ~ Hyperemia 2 2.5
Liver Hyperemia 1 1.0
Pericholangitis 1 0.5 .
Kidney Focal inflammation 4 1.0

All other tissues and organs were normal histologically.

Grading System

-5 = minimal .
= slight T - y
‘mild ’

moderate

severe

extreme

© oo

.0
.0
.0
.0
<0
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TABLE XXVIII
TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats

Histopathologic Changes
Six-Month Saerifice

Group: 100 ppm

Number of - Average
Animals Organ Examined Findings Incidence Grade
5 Males Trachea Tracheitis 2 2.0
Focal tracheitis 1 0.5
Lung Focal pneumonitis 4 1.0
Hyperemia 4 1.5
Liver Hyperemia 1 1.0
Focal pericholangitis 1 0.5
5 Females Trachea Focal tracheitis 2 0.5 )
Lung Focal pneumonitis 2 1.0
Hyperemia 1 3.0
Liver Hyperemia 2 1.5
Focal pericholangitis 1 0.5 °
Kidney Focal nephritis 3 0.5

All other tissues and organs were normal histologically.

Grading System

0.5 = minimal
1.0 = glight
2.0 = mild

3.0 = moderate
4,0 = gevere
5.0 = extreme
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o 3, Twelve-Month Sacrifice

a. Gross Pathologic Findings

Gross pathologic findings among test animals were not

significantly different from those noted in control animals.

b. Organ Weight and Ratio Data

The mean organ weight and ratio data c.ollectcd at the

twelve month sacrifice are presented in Tables XXIX through XXXIV.
Statistically significant diifer.ences are designated
by asterisks following the test group value,
Organ weights, organ to body weight and organ to brain
weight ratios disclosed several randon_‘xly occurring intergroup differences.
O The lack of any consistent dose related response and the absence- of any
deleterious histopathologic change confirm that these differences were

not related to the ingestion of Aroclor 1260,
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€. Histopathologic Findings

Hist.opathologic examination of tissues taken from each
rat saerificed from the control and 100 ppm groups after twelve months
of testing was conducted.

. Tables XXXV and XX;{VI list all hisopathologic changes
noted.

All of the lesions noted in the microscopic exa;nination
of tissues were those of spontanpous. disease and are not unusual for the
albino rat, The most frequent findings were lesions in the trachea and

lungs, indicating chronic murine pneumonia. These occurred in the control’

as well as the rats fed Aroclor 1260,
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TABLE xxx{r
e TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxieity Study - Albino Rats
Histopathologic Changes
Twelve -Month Sleru'ice

Group: Control

Number of Average
Animals Organ Examined Findings Incidence Grade
§ Males Trachea Tracheitis i 1.0
Lung Chronie respiratory
disease 2 i.0
Urinary Bladder Caleulus 1 1.0
§ Females Trachea Tracheitis i 1.0
Lung Chronic respiratory )
O disease 1 1.0
Colon Parasites 1 . 1.0 -

All other tissues and organs were normal histologically.

Grading System

0.5 = minimal

1.0 = slight .
2.0 2 mild

3.0 = moderate
4,0 = savere
5.0 8 extreme
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Q TABLE XXXVI
TEST MATERIAL: Aroclor 1260
Two-Year Chronic Oral Toxicity Study - Albino Rats
. Histopathologic Changes
) Twelve-Month Sacrifice
Group: 100 ppm
Numbee of Average
Animals Organ Examined Findings Incidence Grade
§ Males Trachea Tracheitis i 1.0
Lung Chronic respiratory
disease 3 1.0
Kidney Foecal lymphoid
infiltration i 1.0
Liver Vaeuolar change of .
0 random cells i 1.0
§ Females Trachea Tracheitis | O 1.0 °
Lung Chronic respiratory
disease i t.0
All other tissues and organs were normal histologically.
Grading System ¢

0.5 = minimal .

1.0 = slight .
2.0 = mild -

3.0 = moderate

4.0 s gevere

5.0 = extreme
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@ 4., Final Sacrifice

a. GCross Pathologic Findings

Gross pathologic findings among test animals were not

significantly different from those noted in control animals.

b, Organ Weight and Ratio Data

The mean organ weight and ratio data collected at the
final sacrifice; are presented in Tables XXXV through XLII. Statistically
significant di{ferences are designated by asterisks following the test
group value.

Absolute liver weights and liver to body weight or liver
to brain weight ratios were significantly elevated in those rats fed 100 ppm

O Arxoclor 1260, Other organ weights, §rgan to body weight and organ to braifx
welght ratios disclosed several randomly occurring intergroup d.ifferences.
The lack of any consistent dose related response and the absence of any

deleterious histoPatholog‘ic change confirm that these differences were

not related to the ingestion of Aroclor 1260
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€, Histgpathologic Findings

Histopathologic examination of tissues and organs
taken f;om all animals sacrificed after 24 months on test was conducted,

Tables XLIII through_XLVI list all histopathologic changes
noted,” Table XLVII contains the results of the histopathologic examination
of the urinary bladders.

Significant liver injury was found in animals Ie‘d 100 ppm
Aroclor 1260 ('I.‘-III). The compound associated lesions consisted of vacuolar
change, focal hypertrophy and focal hyperplasia. In addition, there were
lesions of inflammation, necrosis, fibrosis and minor degeneration in this
group which, although seen in the controls and lower test groups, were more
severe and frequent in the T-III group.

The vacuolar change was not seen in the control animals )
but was observed occé.s'ionally in livers {rom T-I (1 ppm) and T-II (10 ppm) _
animals. It was frequent in the ‘T-_III animals, This lesion is morphologically
indicative of fatty degen.eration. I*'"ormalin-f.rozen sections of livers from
represenative animals which displayed vacuolar changes were stained with ’
Oil Red 0 to reveal the éresence of fat, The vacuolar lesion in the cytoplasm
of these célls was positively identified as fat.

The hypertrophic change found in the liver was focal and
often limited to the central lobular area where groups of cells were swollen

to two or three times their normal size with clear pink homogenous cytoplasm.

The hyperplasia was associated with the same cells and appecared to be an
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©

extension of the hypertrophic lesion. .The hyperplastic cells were also
usually hypertrophic. The most severe examples of hyperplasia appeared
as nodular growths with limited compression of the surrounding normal
hepatic tissue.

g The minor lesions of degeneration, hepatitis, ductule cell
proliferation, necrosis and focal lymphoid infiltration seen in the control
animals and the T-I'and T-II groups are lesions of spontaneous éisease and
are not related to the Aroclor 1260. This level of liver disease ia not unusual
in old animals.

Hyperplasia of the urinax;y bladder was found in an animal
from the control group. This finding was not present in any of the rats fed
Aroclor 1260. All of the other lesions in other tissues found in these animals

are related to spontaneous disease and they are not unusual for old rats.

M Kt

Donovan E. Gordon, D. V.M., Ph.D.
Diplomate, American College of
Veterinary Pathologists
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@ G. Detailed Description of Tumor Findinps
Tumor data for individual animals including location, weight
and pathologic clasgification are presented in Tables X LVIII through LI..
' None of these tumors could be related to the ingestion of Aroclor

1260 and are considered normal for a random population of rats this age,

A
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'Occober 21, 1968 | R. E. Kelly, M. D,/.H._H,

’ 96 . g ‘( ot I}“Y‘fgﬁ"y}-,:s . _:._{"r\ur/ r :.-l-‘!:::iﬁmt
Polychlorinated Biphenyla o FA 7 Ke brer- < RKELL W7 fwiss
in the Environment . C. Payton = CPAYT

Iy H. Bergen - HUBERG
. . . . - W. Ko Johnson - WJOHN
W. R. Richard .

WRICH

Attached is a Xerox copy of a technical paper which Scott Tucker

and I picked up in Washington recently. This was provided us

by Donald A. Spencer of the National Agricultural Chemicals

Aasociation. Mr. Spencexr requested that the paper be held
"econfidential® until such time as it may be published.

Spencer 1ndicated that 1f this paper were distributed one

of his principal “"sources" would refuse to give him prepublica-

tion 1nformation in the future. )

Risebrough's presentation (the attached) was made at a meeting
of 20 to 30 toxicologists held at the University of Rochester
in June. The meebing was billed as "The First Annual Conference
on Toxicology'and was underwritten presumably by the AEC which -
has had contracts at Rochester for many years. Attendance

was by invitation only.

© The meeting dealt “"exclusively" with pesticides with about
‘one-third of the papers relad ng to mercury. As far a&s Spencer

knows the papers, including the attached, will undoubtedly be
printed as proceedings of the conferenoe although I suspect
individual authors were given permisslon to publish elsewhere..

in a few words, Rieebrough has found PCBs along with chlorinated
pesticides in a number of species .of fish and birds along the .
California coast as well as in waters off Baja. California and
Central America. He further reports PCB in fish from the

Channel Islands and Puget Sound. No PCB was detected in the

“liver of tuna taken in the Galapagos Archipelago. Scott Tucker

is going to scrutinize the analytical aspects and particularly

" ‘the validity of some of the aBaumpbions made by the author.

Elmer P. Wheeler

DEPOSITION

3 EXHIBIT
Attachment | & fSé
. . g —m— ,
° o  2-45-9Y |
¥
N o NEV 022116
- & s ' . . L e - LT . ' . . . R
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MINUTES OF MEETING OF THE CORPORATE DEVELOPMENT COMMITTEE
November 17, 1969

. Present: Messrs.

E. J. Bock, Chairman
H, H. Bible

J. R. Eek

J. L. Sillis

E.-J. Putzell

€. H. Sommer

J. N. Ehlers, Secretary

ORGANIC DIVISION, LAW AND MED{CAL DEPARTMENTS =~ REPORT ON POLY-

CHLORINATED BIPHENYLS

Present: Messrs. C. J. Smith, J. Mason, T. K. Smith, H. §S. Bergen,
. J. E. Springgate, R. E. Kelly, E. P. Wheeler, Rodney
Harris, Jr., D. W, Hiller, W. C. Robinson

Monsanto's worldwide Aroclor business _amounts to 104 W ibs./yr.

70M used in functional fluids and 34 M in plasticizers. This
represents $22 M in sales. Products range from monochlorobipheny!

NEV 176944
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to decachlorobiphenyl, terphenyls, and chlorinated terphenyls.

Production locations are at Anniston, Alabama, Sauget, Illinojs,
Newport, U.K. and Yokkaichi, Japan. . r
Environmental Aspects - E. P. Wheeler L_

The 5 and 6 chlorinated biphenyls (Aroclor 1254 and 1260) have
been found at limited locations in water, in birds and some forms
of aquatic life. Recent indications are that such biphenyls

may affect reproduction of fowl life and may be toxic to shrimp.
These products are not toxlie from the acute standpoint to man or
fish but there [s some evidence of ecologncal buildup in certain
water deposits, in fish and ultimately in bird 1life,

- Aroclors 1248 and lower in number are believed to be

biodegradable but this has not been conclusively
established as vyet.

Plan of Action = H. S. Bergen and J. E. Springgate

The availability of alternate products to satisfy customer
requirements was reviewed. Main problems are that no replacement
product is available for capacitors and replacement products

for other uses pose a pollution problem.

In plasticizer uses, evidence is not available-as to whether
Aroclors escape from end products, either through leeching
or by dispersal in burnang.

The recommended plan of action Is to establish a tailored program

for each business .gqroup. and each customer market situation to ~—

assure that the loss of PCB's In the environment, if any, is :

minimal. ‘ . L,
NEV 176945
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1. Appoint a Project Manager - responsible for the overall
management of the Aroclor pollution problem. He would be
assisted by a Task Force from members of each business
group plus Medical, Law, Engineering and Manufacturing.

2.. Notify all Aroclor customers of PCB problem.

3. Reduce and effectlvely control PCB effluents from Monsanto
plants.

4, Educate customers on need to reduce and effectively control
PCB effluents at their plants.

5. Develop and implement new packaging systems for Aroclor

1254/1260.

6. Introduce to market, replacement products for Aroclor
1254/1260.

7. Continue and expand biodegradation test program with Aroclor
series, particularly 1242, 1248 and 1254

8. Continue toxicologlcal test program.
9. Accelerate present analytical test program.

10. Determine feasabllnty and cost of eliminating 5/6 51 in
Aroclors 1242 and 1248.

11. Study incineration products. X
12. Develop business plan to offer.

- Monsanto Fluid Reclamation and Recovery with Enviro
Chem. (Reclamation already under way at Findett. )

Cost of this program is estimated at approx‘mately $400M SARE and
$700M capata! to change equipment.

Conclusions: In light of the recent and developlng evidence of
a possible threat to certaln species of bird and aquatic life,
we should plan to discontinue the manufacture.of Aroclors 1254
and 1260. The Division is instructed to develop a program to
discontinue these products -and report this to the Committee.

The status of Aroclor 1242 should continue to ‘be tested to determine
whether it contributes to this problem. Other products which might

be involved should also be examined.

(Excerpt to Messrs. H. L. Minckler, Rodney Harris, Jr., R. E. Kelly,
T. K. Smith.)

NEV 176946
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e j%’_‘#ﬁ—. PCB_PRESENTATION War 17 1464

0
CORPORATE DEVELOPMENT COMMI'MIEE

INTRORUCTION:
wo are here today to acquaint you with the PCB (Aroclor)
pollution problem and to secure your guidance and approval

on a recommended plan of action,

T
s Certain PCR's have recently been identified by various

selontists along with DDT in fish, blrds, and other wildlifle.

From the standpoint of reproduction, the PCB's are highly
toxte to birds, In a few moments, Elmer Wheeler wlll describe

the problem in detall.

Our objective is to describe for you the basic problems,
the issues involved, review alternative coﬁrses of action,

and suggest an action plan program {or youwr approval.

This is o serilous matter, not only from thc.pollution viewpoint,
but alco beecause of the $22 i worldwide customer business
involved wiith resultant grosc profits of $10 M and a net
investiment of spproximately $9 M. In addition, there could

be possilble adverse legnl and public relutions problems lévoled

agalnst MHonsanto.

Our Apenda will be as follown:

NEV 176947
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I.
II,

111,

IV,

VI’

V11,
VIII,

PCB AGENDA REVIEW

INTRODUCTION
THE PROBLEM

- DEVELOPMENTS INCRIMINATING PCB's

- COMPLEXITY OF IDENTIFICATION
- NATURE OF
- SERIOUSNESS

LAW DEPARTMENT VIEWPOINT AND RECOMMENDATIONS

EPRFECT ON MONSANTO AND ALTERNATIVES

FUNCTIONAL FLUID BUSINESS GROUP DISCUSSION

- MARKETS, USES
- SOURCES OF POLLUTION
- CUSTOMER EFFECT
PLASTICIZER BUSINESS GROUP DISCUSSION
- MARKEDS, USES
- SOURCES OF POLLUTION
RIECOMMENDED ACTION PLAN
SUMMARY

NEV
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By vay of introduction, the Organic Division and the Medical

Department has been actively eﬁgaged for the last 18 months

in developing facts and knowledge on this subject by personal
visits to Universities and Industrial test laboratories, other
worldwide producers, and other industrial collaborators, as

well s keeping abreast of all literature and news sources

on the subject as well as funding a toxicological and analytical
test program in excess of $100 M. We established an Ad loc
Committce of both Business Groups and Medlcal which recently
issued a report = much of which will be discussed today. We
have lcarnqd a lot, but there is much yet to learn as you will

hear.

What arc I'CB's? They arc polychlorinated biphenyls - better

known to us as Aroclors. The next slide will quickly re-

familiarize you with our Aroclor business.

NEV 176949
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MONSANTO WORLDWIDE AROCLOR BUSINESS

POUNDS/YEAR 104 M (70 M in Functional Fluids
34 M 4in Plasticilzers)
¢
SALES/YEAR , $22 M (§16 M 4n Functional Iluids
6 M in Plasticizers)

GROSS PROFIT/YEAR $10.0 W (i'r.s M in Functional F%uids
. $2.5 M in Plasticizers

GROSS INVESTMENT $13 M  ($8.8 M net investment)
ROI ' 10.5%
WORLDWIDE M/I 62%

MONSANTO PRODUCTION LOCATIONS: USA (2 plants, Anniston, Alabama
Savget, Illinoils)

UK (Newport)
JAPAN (Yokkaichi)
OTHIR PRODUCERS: Payer, Prodelec, Caffaro, Flick,

Kanegahuchi, and several Kastern
Juropean producers (all ex-USA)

o K{ L.—Y (L by

NEYV 176950
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THE AROCLOR PRODUCT LINE

CHLORINATED TERPHENYL AROCLOR

———— e - - cemm e =

CHEMICAL NAME TRADE NAME
MONOCIILOROBIPHENYL AROCLOR 1221
DICHLOROBIPHRNYL AROCLOR 1232
TRICHLOROBIPHENYL AROCLOR 1242
TEPRACHLOROBIPHENYL  AROCLOR 1248
PENTACHLOROBIPHENYL ~ AROCLOR 1254
HIEXACHLOROBIPHENYL AROCLOR 1260
HEPPACHLOROBIPHENYL — AROCLOR 1262
OCTACHLOROBIPHENYL AROCLOR 1268
DECACHLOROBIPHENYL AROCLOR 1270
TERPHENYLS | SANTOWAX

5460

NATURE OF MATERIAL
THIN LIQUID

OILY LIQUID

HEAVY MOLASSES
THICK TAR

NEV 176951

WATER_PCB-00051221



v,

-

Therc are theoretically 210 different isomers of chlorinated
biphenyls. '

Mensanto entered the Aroclor mérket in 1930 by acquiring

Swan Chemical Company. The first load of Aroclor went out

of Anniston, Alabama to General Electric in 1931. Since then,
the market has grown to one of Monsanto's most profitable o
franchises, This franchise is now being threatened'%Qp‘ﬁ o prebeboan
recently found pollution problems which Elmer Wheeftr will

now discuss,
II. The Problem (Vheeler) - see attached Appendix A
I1L, YLaw Department Viewpoint and Recommendatlons (French)

Effect on Monsanto and Our Alternative Coursecs of Action

As discussed, Aroclors 1254 and 1260 -- the 5 and 6 Cl
ringed biphenyls are the ones most seriously involved 1n the
pollution problem., Both Plastilcizers and Ilulds Groups are

involved as chown:

NEV 176952
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AROCLOR SALES

(M POUNDS)

FLUIDS PLASTICIZERS TOTAL
AROCLOR 1254 1.45 5.4 6.85
AROCLOR 1260 & ABOVE 3.7 1.7 5.4
5,15 7.1 12,25
i
!
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We consldered 4 alternative courses of action:

(s1lide)

Alternative 1: Do nothing was considered unacceptable from

a legal, moral/and~customer., public relations & company
policy viewpoint. This 1s also the quickest route to being

rforced out of business.

Alternative 2: Go out of total Aroclor business was consldered

unacceptable from a Divisilonal Qiewpoint, but from a Corporate
viewpoint may be necessary. Only-you-can-make—-that—decision.
All Aroclor products are not serious pollutants - many degrady
there 4s too much customcr/markét neéd and selfishly too much
Monsanto profit to go out. To go out would réquire a wrlte

off of Aroclor net investment of $7 M (10¢/share) or if biphenyl
included $8.8 M (1.2¢/sharc). In addition, inventory disposition,
continuing cost of utiliti.s, and back-up capltal and scrlous

manpover & resources rcallocation at Anniston.

Alternative 3: Go out of Aroclor 1254 and 1260. This was

seriously considered and muy eventually occur by our actions

and customer actions, neveritheless, we fcel that segments of

this business are defensible or arc so "confined" in use that
specific plans of action wrc called for this portion., oOur PCIGONS
for ¢liminating this alternutive will become elearer as we outline

our action plans, _
P ) NEV 176954
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1.

2.

3.
L.

,fp_

ALTERNATIVE COURSES OF ACTION

DO NOTHING - JUST REACT TO LEGISLATION AND
EMOTION,

GO OUT OF TOTAL AROCLOR BUSINESS,

GO OUT OF AROCLOR 1254 AND 1260 PRODUCTION
DEVELOP SPECINIC ACTION PLANS "TAIﬁORED" 70

"'EACH BUSINESS GROUP AND EACH CUSTOMER/MARKET

SITUALTION I'O "CLEAN UP" THE MESS.

" NEV 176955
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Alternative Y4: Develop specific action plans tailored to each

Busincss Group and each éustomer/market sltuation, - was the
alternative selected at this point of time and based on our
knowledge from a Divislonal viewpoint as maling Monsanto act
in the most positive, responsible way to soclety and our
customers, as well as our interests. '

However, because of the magnitude and serioqséess of this

et ,vf LY

problem and itw total implications for_ Corporaté Monsanto,
. P e ‘/‘4/1-‘ :~.’»,‘..(\.,

@ﬁe fina} decision on this maiter must be made by-the CDC.

Functional Mvuids Business Group Discussilon:

Aroclors are uscd widely in 3 of our ! market arcas in the

Flulds Group:
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FLUIDS USE OF AROCLCRS

BY MARKET AREA

DOMESTIC MARIKET ARTA

AROCLOR PRODUCT  TINDUSTRIAL  HEAT TRAG ELECTRICAL,  TOTAL
1242 4.1 1.1 36 41.2
12418 1.2 1.0 - 2.2
1254 , - 0.1 0.8 0.9
1260 & Above 0.6 - 3.5 L
5.9 2.2 40,3 48,4
NEV 176957
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SOURCES OF FLUIDS POLLUTION

APPLICATION " INTENSITY OF POLLUTION
INDUSTRIAL KLUIDS GREATEST (DIRECT)
DIELECTRICS (INDIRECT CONTAINED)
HEAT TRANSIFER . (INDIRECT CONTAINED)
PRODUCING PLANTS LEAST (pIRECT)

NEV 176958
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AREA OF APPLICATION

-1%%

‘Industrial Fluids

Transformer

Capacltors

Hecat Transfer

T R RRrRTResy PR <

FLUIDS CUSTOMIR ALTERNATIVES

PRODUCT O} CHOICE

Pydraul 312/F-9/
A-200/Phosphate Esters/
Water Glycol

ALr/0i1/Aroclor/Gas

Aroclors

Therminol

011/Dovitherm/T66
. 55

77

T88

CUSTOMER OPTIONS

Customer could get along
without us, but Pydraul
312 favored., Hx0 Glycol
has some pollution problem
Phosphate ester route ok
at present.

Could drop Aroclor at
sacrifice of safety, cost
or slze of equipment or
noise level.

No immediate replaccment
avallable. Longer term -
0oill at expense of size
and cost of efficicncy
and redesign of cquipment.

No option for FR liquid
warket. Other system
possibility.

Liguid systems favored.
T66 and 755 increasing
rapidly in use. 0il also
a pollution problem.

NEV 176959
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Customer Cholces & Alternatives & Peﬁalties:

Summarlzing, some of our custdmers‘have no immediate alternative,
some could change only at sacrifices of safety, or cost or
various technlcal factors. Only in the Industrial field

could the customer make an imme@iate conversion.

PCB Threat to Munctional Flulds Business and Profit:

NEV 176960
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FLUIDS BUSINESS THREATENED
(1970 BUDGET)

PROBLEM SALES GROSS PROFIT

1. Confined to A-1254/ $ 3.0 M $1.36 M
2. Spreads to A-1242 and
1248
First to: . 3
a) Industrial lluids $ 40N $1.6 W™
Then tos __
b) Dielectric Fluids $ 8.0 M $3.8 W
Then to: | _
¢) Heat Transfer $ 1.OW - $ .6 M

$16.0 | $7.306 1

Py ol ) n ’ N . - _
M g A Vakie ¥ g -

¢ e e
N LR —,
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LROCLOR 12684/1260

. .. bited
pIIT- g .'i.,C h)".S r:".’.‘.,u.'.':
N Ry R TS s e - P < hdetd ), - . -
100 SLLES, DOLAR & 9.0 it 1.7 ® (Ll
PRPSTRTIE ) =g . -
PCURDS 3%.0 W 9.5 % (23]

e o

U aD LRCES MLOSET $ 2.5 % 0.8 ¥ (324)
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COMMLLYNS:  DUSTINCTIONS Atk P, P,

v

Jarese number of direct U.8. customers - 570,

Cuctomers are small: 23 direct customers - 474

ANy

\(‘
(UL
I8
44
i3
P
le]
¢
e
Lo
-3

NEV

A-1250/1280

\-1251/1250 sales through distributors -
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RECOMMENDED ACTION PLAN

THE JOINT ACTION PLAN DEVELOPLD BY THE FUNCTIONAL FLUIDS
AND PLASTICIZER BUSINLSS GROUPS, AND THE MEDICAL AND LAW
DEPARTMENTS IS AS FOLLOWS:

1, Appoint a Project Manager - responsible for the
overall management of the Aroclor pollution
problem. He would be assisted by a Task Force
from members of cach Business Group plus Medical,
Law, IEngincering and Manufacturing.

2, Notify all Aroclor customers of PCB problem and
relabel containers - within 60 days.,

3. Cléan up Monsanto plants! effluents within 12 months.

b, Develop and implement new packaging oystems for
Aroclor 1254/1260 - within 6 months.

5. Educate customers on need for clean-up at their
© plants - within 4 months.

6. Introduct to market, replacement products for
Arvoclor 1254/1260 - beginning 1/1/70 (riuids),
4/1/70 (Plasticizers).

NEV 176967
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RECOMMENDED ACTION PLAN

Continue and expand biodegratation test program with
Aroclor series, partlcularly 1242, 1248 and 1254,

Continue toxlcological test program.
Accelerate present analytlcal test program,

Determine feasibllity and cost of eliminating 5/6
Clp in Aroclors 1242 and 1248. (3/70)

Study incineration products. (3/70)

Develop business plan to offer:

Monsanto Fluid Reclamation and Recovery
with Enviro Chem (4/70). (Reclamation
already underway at Findett.)

NEV 176968
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"WHAT 57LD WE EXPECT FROM THIS PROGRAM? - .

Throuvy this actlon program, Monsanto would expect to:

1.

2,

Fatedin or convert a good portion of our business and profits:

CONVERT $M SALES
. o OR ouT or ODbDS OF

fﬁCBLhMS RETAIN PRESENT SUCCiiSS
z. Confined to A-1254/ $20.3 M $22 M 70%

1260,
L. ﬁpfeads to A-1248 and $10 W $22 M 60%

1242,
G20 further valuable knowledge and time to:

2

a0
b '
Co

d.

Learn more facts,

Protect our position.

Make further decisions regarding our program.

Contribute to overall pollution knowledge.

¢lean.up the major contributing PCB pollutlon factors,

It4riimlze customer complaints and hardships,

NEV 176969
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The Program Would: .
1, Cost some money.
Est. SARE - $400-500 M

Est. Capital - §700 M

$1.1 M- 1.2 W

2, Expose us to confinued adverse publiclty and poséible law

sults.

3. Cause some customer dlscontent - but much less than an

abrupt termination of production,

NEV 176970
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SUMMARY

In summary, the PCB pollution problem is a very serious one,
It is a worldwide ecological problem. At present the ﬁost
serious offenders are the 5 and 6 chlorine containing products
(Aroclors 1254 and 1260). There are some indications other
members are blodegradable to varylng degrees. LCurrently, much
scientific testing is underway and more 1nrorm;tion will be
Forthcoming; Monsanto must act in a positive cooperative
fashion. A plan of action has been discussed which we feel
indicates responsible action. Our stakes are large and
becéuse of the many possible effects on the Corporation --
your guldance and approval of the suggested action program

is requested..

Thank you for your consideration. May we answer any questions?

NEV 176971
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GENTLEMEN:

MY PARTICEIPATION IN THIS PRESENTATION WILL BE A BRIEF
REVIEW OF THE DEVELOPMENTS WHICH INCRIMINATE THE POLY- |
CHLORINATED BIPHENYLS INCLUDING OUR AROCLORS AS WEARLY

_e,sgaggifs' AREJ]

A o ‘fn ol ﬁ' : ?i
- P Rcenxn§,wthg:‘ﬂﬁogﬁyfq {ﬁg@sxggabsgjgg IME.UNIIEQ
STATES; DEPLETION IN POPULATION OF THIS SPECIES IN
CALIFORNIA; AND THE REPORTED EFFECT ON THE BROWN PELICAN
IN CALIFORNIA.
3) PCB'S ARE PARTICULARLY TOXIC TO SHRIMP.
AT PENSACOLA, THERE WAS A LOSS OF 1 TO 3 GALLONS PER
DAY OF AROCLOR 1254 INTO THE ESCAMBIA RIVER FROM OUR NYLON
PLANT. THE RESULTANT CONCENTRATIONS OF PCB ONE-OUARTER
MILE BELOW THE PLANT WERE ABOVE THE LEVELS NEEDED TO KILL
JUVENILE SHRIMP IN LABORATORY TESTS.
4) THERE ARE STILL MANY UNKNOWNS BUT SPECULATION AS T0 THE ROLE
OF PCB'S 1S RAMPANT. '
ALTHOUGH SOME OF THE REPORTS OF ANALYTICAL IDENTIFICATION -
““7ARE‘N3?-EER;11N THE MEDICAL DEPARTMENT--AFTER 18 MONTHS OF
INVESTIGATION IN CONJUNCTION WITH THE ORGANIC DIVISION--IS
CERTAIN THAT THE PCB'S CAN BE RESPONSIBLE FOR ECOLOGICAL
DAMAGE. THERE IS NO SCIENTIFIC CONSENSUS AS TO THE DEGREE
OF PCB INVOLVEMENT BUT THESE COMPOUNDS CANNOT ESCAPE A

SIGNIFICANT SHARE OF THE BLAME FOR DAMAGE.

NEV 176972
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5) SPECULATION IS LEADING TO CONCERN WHICH MAY GROW TO

ALARM,

THE MEDICAL DEPARTMENT BELIEVES THAT THE MYRIAD OF
INVESTIGATORS PRESENTLY WORKING ON PCB'S IN GOVERNMENT
AND UNIVERSITY LABORATORIES 1S CERTAIN TO PROMOTE A MORE
PROMINENT ROLE FOR PCB DAMAGE, LEADING AT BEST TO EXTREMELY
DAMAGING PURLICITY AND, AT WORST, LEADING TO COMPLETE
BANNING OF THESE PRODUCTS.

L p s b B i OO S U B S S AT AL Bl A A A KAt A L i Bt e s

NEV 176973

WATER_PCB-00051243



CERTAINLY ALL OF YOU ARE AWARE OF THE PRESENT CONCERN (;Z)
ABOUT THE RESIDUES OF DDT, ITS METABOLITES AND OTHER
CHLORINATED HYDROCARBON PESTICIDES THROUGHOUT THE WORLD.

SINCE WORLD WAR II ANO IN THE LAST DECADE IN PARTICULAR, .
THERE HAS BEEN_A SAMPLING NFTNORK WHICH HAS IDENTIFIED
DOT AND ITS METABOLITES IN PRACTICALLY EVERY L!VI“G
ORGANIS§°AND‘IN THE AIR, NA%ER'AND SOIL ACROSS THE FACE
OF THE GLOBE. IT WOULD NOT BE UNEXPECTED TO FIND THAT
EACH OF US IN THIS ROOM HAS 5 TO 1% ppm OF DbT IN OUR
FATTY TISSUES.

AS ANALYTICAL TECHNIQUES HAVE IMPQOVED AN6 INCLUDED
VERY SENSITIVE GAS CHROMATOGRAPHY METHODS, INTERFERING
SUBSTANCES.HAVE APPEARED WHICH RAISE QUESTIONS AS TO
THE VALIDITY OF PREsENT AND EARLIER DETERMINATIONS OF
DDT MATERIALS.

THIS DIAGRAM INDICATES THE GAS CHROMATOGRAMS OF SEVERAL
OF OUR AROCLORS. AT THE BOTTOM THE PEAKS ?OR VARIOUS
HYDROCARBON PESTICIDES ARE SHOWN. IT IS dBVIOUS THAT
SOMé OF THE PREDOMINANT PEAKS IN THE AROCLORS FALL IN
THE SAME POSITION IN TERMS OF RETENTION TIME AS DODT

NEV 176974
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AND ITS METABOLITES. PLEASE NOTICE THAT THIS IS PARTICULARLY
TRUE FOR AROCLORS 1254 AND 1260 AND IT IS THESE TWO

PARTICULAR POLYCHLORINATED BIPHENYLS, WHETHER MANUFACTURED
BY MONSANTO OR OUR COMPETITORS, THAT .ARE dTl‘icE{ /l;&?{DUCTS WHICH
ARE MOST CONSISTENTLY IDENTIFIED ( PENTA J6--0ETA” CHLORO).
LET ME EMPHASIZE THIS POINT BECAUSE IT HAS A PARTICULAR
BLARING ON THE FUTURE MANUFACTURE , SALES AND USE.OF THE

WHOLE PRODUCT LINE.
WHERE MAVE THE PCB'S BEEN FOUND?

THIS NEXT TRANSPARENCY INDICATES LOCATIONS WHERE THESE
MATERIALS HAVE BEEN REPORTED. THE AMOUNTS FOUND VARY
FROM PARTS PER TRILLION IN SOME WATER SAMPLES TO HUNDREDS
OF PARTS PER MILLION IN FISH AND SOME FISH-EATING BIRDS.

LET ME DIGRESS A MOMENT TO EQUATE THESE UNITS OF pPPM,
PPB AND PPT TO SOMETHING THAT WE ALL RECOGNIZE (sHow
TRANSPARENCY ON COMPARISON OF PPM TO FIFTHS).

RETURNING TO THE REPORTED FINDINGS OF THE PCB'S, THE
VALUES THAT HAVE BEEN REPORTED IN SWEDEN VARY FROM 10
PPB IN FISH, BIRDS AND-EGGS TO 20,000 ppm IN ONE OR
TWO SINGLE SPECIMENS. 1IN THE LATTER CASE, THESE HAVE
BEEN DEAD BIRDS AND THERE IS SOME QUESTION AS TO THE
VALIDITY OF THE RESULTS. [N REGARD TO CHILDREN"S HAIR,
DR. JENSEN HAS POINTED OUT THAT HIS FIVE MONTH OLD
CHILD HAD MORE PCB'S IN THE HAIR THAN HIS THREE AND
SIX YEAR OLD CHILDREN AND HE POSTULATED THAT THIS WAS
DUE TO THE PCB BEING IN MOTHER'S MILK. THE SAME LEVELS.
OF PCB'S HAVE BEEN FOUND IN FISH, BIRDS, AND EGGS IN

NEV 176975
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GREAT BRITAIN AND THE NETHERLANDS. IN THE UNITED STATES

~ AS WE HAVE INDICATED, THE PCB'S HAVE BEEN FOUND IN IN-LAND
WATERS. THIS [S'QU!T!'-Z DIFFERENT UP TO THIS POINT AS
REGARDS THEIR DISTRIBUTION IN GREAT BRITAIN, IN THE
NETHERLANDS AND IN THE SCANDANAVIAN COUNTRIEST]YEERHAPS

1 SHOULD REMIND YOU THAT MONSANTO IS THE SOLE PRODUCER

AND SUPPLIER OF POLYCHLORINATED BIPHENYLS IN THE UNITED
STATES AND GREAT BRITAIN. THIS IS IMPORTANT SINCE ANY
PUBLIC OR GOVERNMENTAL AGENCY ACTIVITY WHICH MAY LEAD TO
THE RESTRICTION OF USE OF POLYCHLORINATED BIPHENYLS MAKES
"MONSANTO PARTICULARLY VULNERABLE FROM A PUBLIC RELATIONS
STANDPOINT IN THE UNITED STATES, GREAT BRITAIN AND PROBABLY
CANADA.

IN TERMS OF TOXIC OR HARMFUL EFFECTS FROM THE PRESENCE OF
PCB'S, WE CAN MAKES THESE STATEMENTS SUPPORTED BY A
GROWING AMOUNT OF TOXICOLOGICAL RESEARCH DATA:
Y. THE AROCLOR'S ARE NOT HIGHLY TOXIC FROM AN ACUTE
STANDPOINT TO MAN, ANIMALS, BIRDS OR FISH. FOR
EXAMPLE. THEY ARE NOT NEARLY AS TOXIC AS DDT AND
CERTAINLY MUCH- LESS TOXIC THAN DIELDRIN AND
ALDRIN.
2. FROM A CHRONIC TOXICITY STANDPOINT, THE PCB'S MAY
BE CONSIDERED “MODERATELY TOXIC® TO MAN, ANIMALS
AND FISH., FROM THE STANDPOINT OF REPRODUCTION,
THE PCB'S ARE HIGHLY TOXIC TO BIRDS. THIS CON-
CLUSTON 1S BASED ON ON-GOING RESEARCH AT OUR
CONSULTING LABORATORY TN CHICAGO WHERE WHITE
LEGHORN CHICKENS--A RELATIVELY RESISTANT MEMBER

Of THE BIRD SPECIES--ARE LAYING EGGS AFTER BEING
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FED A DIET OF 10 PPM WHICH FAIL TO HATCH. AT
100 PPM THE EGGS HAVE GREATLY REDUCED EGG SHELL
THICKNESS AS WELL.

IN THE AQUATIC ENVIRONMENT, SHRIMP APPEAR TO BE PARTICULARLY

. SENSITIVE TO THE PCB'S, 1IN A TEST CONDUCTED AT THE BUREAU

OF COMMERCIAL FISHERIES LABORATORY, GULFSTREAM, FLORIDA,
5 PPB CAUSED THE DEATH OF 18 OUT OF 25 JQUVENILE SHRIMP
IN 18 DAYS.

ALTHOUGH AT THIS POINT THE PCB'S ARE NOT BEING TOUTED

AS SERIOUS TOXICANTS, THERE HAVE BEEN COMMENTS IN EACH OF
THE PUBLICATIONS WHICH HAVE APPEARED WHICH HAVE IMPLIED--
IF NOT STATED DIRECTLY--THAT THESE MATERIALS ARE “HIGHLY
TOXIC", “

THE FUTURE OF THESE MATERIALS IS THREATENED MORE BY THE
POTENTIAL EFFECT ON SOME FORMS OF WILOLIFE RATHER THAN
POTENT!AL TOXIC éFFECTS AS WE USUALLY THINK OF THEM IN
RELATION TO HUMAN OR ANIMAL FOODS. 1IN THE ENVIRONMENT

WE ARE FACED WITH THIS CYCLE--FISH IN WATER CONTAINING
PPB OF PCB.CONCENTRATE THE MATERIAL TO PPM. THE SWEDES
SAY THAT LARGER FISH EATING SUCH SMALLER ONES SHOW A 0O
FOLD INCREASE IN THE AMOUNT OF PCB IN THEIR TISSUES. BIRDS
THEN EATING THESE FISH SHOW 100 FOLD CONCENTRATION OF pCB
FROM THAT IN THE FISH WHICH THEY HAVE EATEN. 1T IS
POSTULATED AS IN THE CASE OF DDT THAT THIS CONCENTRATION
LEADS TO EGGS WITH LITTLE OR NOT SHELL T“ICKNESS AND

WITH DECREASED OR NO RéPRODUCTION. |
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HOW DO THE PCB*'S GET INTO THE ENVIRONMENT?

OUR EFFORTS TO DATE HAVE NOT BEEN COMPLETELY SUCCESSFUL IN
PIN-POINTING SOURCES.OF THE PCB'S, AS MR. BERGEN AND

MR. SPRINGATE WILL-DISCUSS SHORTLY, WE DO HAVE SOME IDfAS
CONCERNING SPECIFIC PRODUCT USES.

WE CAN, HOMEVER, MENTION THREE INSTANCES WHICH WILL GIVE
SOME IMPRESSION AS TO SOURCES SUCH AS OUR MANUFACTURING
PLANTS, A MONSANTO “CUSTOMER"PLANT, AND EARLY RESULTS

OF WIDE-SPREAD SAMPLING IN LAKE MICHIGAN (SHOW TRANS-
PARENCY OF SEVERN RIVER, PENSACOLA AND LAKE MICHIGAN).
THIS 1S AN INDICATION OF THE PCB CONCENTRATION IN MUD
NEAR THE OUTFALL OF OUR NEWPORT PLANT. YOU WILL NOTE
THE SCALE IN MILES AT THE BOTTOM AND THE DISTRIBUTION OF
PCB ALONG THE ESTUARY OF THE SEVERN RIVER.

SIMILAR FINDINGS COULD BE SHOWN FOR THE STREAMS BELOW
OUR ANNISTON AND KRUMMRICH PLANTS.

AN INDICATION OF "CUSTOMER" USAGE AS A SOURCE IS INDICATED
IN THIS SLIDE. THIS IS A MONSANTO CUSTOMER PLANT WHERE
THE PENSACOLA INSTALLATION WAS USING FIRE RESISTANT AIR
COMPRESSOR LUBRICANT CONTAINING AROCLOR 1254. 1T WAS
REPORTED THAT ONE-FOURTH MILE BELOW OUR PLANT OUTFALL, 40
PPB OF PCB WAS PRESENT. AT THE BRIDGE AT HIGHWAY 90, 0.5
PPB WAS REPORTED. THE STATE AND UNIVERSI%& IN DOING
FURTHER SAMPLING REACHED IN BE;&?D THE SKIMMERS ON THE
i,

OUTFALL OF OUR PLANT AND FOUND PB.
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AS A FURTHER EXAMPLE OF THE POSSIBLE SOURCES FROM OUR

CUSTOMER PLANTS, THIS'TRANSPARENCY SHOWS EARLY REPORTS

OF SAMPLES FROM LAKE MICHIGAN, WATER SAMPLES HAVE SHOWN
PARTS PER TRILLION TO PARTS PER BILLION OF THE HIGHER
CHLORINATED BIPHENYLS., WHEN WE BROUGHT THIS BACK TO OUR
MARKETING GROUPS, THEY QUICKL{ POINTED OUT THAT ONE COULD
ALMOST PIN-POINT OUR CUSTOMER USAGE ALONG THf SHORES OF
LAKE MICHIGAN.

THESE THREE INSTANCES REFLECT WHAT MIGHT BE TERMED DIRECT

'CONTAMINATION. AS YOU WILL HEAR, THE POSSIBLE SOURCES

OF INDIRECT CONTAMINATION MIGHT BE RELATED TO EVERY SINGLE
USE OF OUR PRODUCTS WHETHER THE USES BE IN ELECTRICAL
APPLICATIONS, OTHER INDUSTRIAL FLUIDS, OR PLASTICIZER
USAGE.

THE SCIENTISTS WHO HAVE PUBLISHED THEIR FINDiNG OF THE

PCB'S IN NATURE HAVE IN EVERY INSTANCE MENTIONED THE
POSSIBLE SOURCES AS THE LIOUID MATERIALS AS INDUSTRIAL
POLLUTANTS AND THE PLASTICIZER USES WHERE IN THE MANUFACTURE
OF A PLASTIC MATER!AL SOME VAPORS ARE LOST TO THE ATMOSPHERE
AND ULTIMATELY END UP IN THE OCEAN AS CHEMICAL FALL-OUT.

ABs
/7hrﬂf’HhVE THE HONOR IF IT BE SUCH OF HAVIN{ THIS OUOTED 1IN

THIS NEW BOOK ON CHEMICAL FALL-OUT. THEY HAVE POSTULATED
ALSO THAT SINCE THE PCB'S ARE VIRTUALLY INDESTRUCTIBLE,
EVERY POUND EVER MANUFACTURED ULTIMATELY QAS ESCAPED INTO
THE ENVIRONMENT AND REMAINS THERE.

AS FAR AS FUTURE ACTION 1S CONCERNED, THE MEDICAL DEPARTMENT
PROPOSES TO CONTINUE A PROGRAM, AND I MIGHT ADD--AN EXPANDED

NEV 176979
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PROGRAM--HWHICH WE HOPE WILL PERMIT THE CONTINUED USE OF
AROCLORS 1254 AND 1260 IN THOSE APPLICATIONS WHERE ESCAPE
INTO THE ENVIRONMENT CAN BE POLICED AND PREVENTED.

SECONDLY, WE HOPE TO DEVELOP DATA THAT WILL SHOW THAT
THE LOWER CHLORINATED BIPHENYLS, THAT IS--AROCLOR 1242

" AND THOSE LOWER IN CHLORINATION, ARE DEGRADED IN THE
ENVIRONMENT AND THUS DO NOT PRESENT A THREAT TO WILDLIFE.

THERE 1S SOME INDICATION FROM WORK UNDERWAY IN RUABON

THAT AROCLOR 1242 WILL INDEED DEGRADE BIOLOGICALLY. THERE

IS A PUBLISHED REPORT FROM THE UNIVERSITY OF UTRECHT

WHERE 1242 FED TO QUAIL SHOWED VIRTUALLY COMPLETE DEGRADATION.
AS 1 HAVE MENTIONED EARLIER, EXCEPT FOR ONE OR TWO INSTANCES
AROCLOR 1242 HAS NOT BEEN IDENTIFIED ALONG WITH THE

PESTICIDE RESIDUES. THIS IN ITSELF SUGGESTS THAT THIS
MATERIAL IS DEGRADED.

WE WOULD HOPE THEN THAT OUR EFFORTS WILL PROTECT THE
CONTINUED SALE AND USE OF AROCLORS 1242, WHICH AS MR,
BERGEN AND MR, SPRINGATE WILL INDICATE, MAKES UP A
MAJOR PORTION OF OUR AROCLOR BUSINESS.

WE WOULD BE LESS THAN HONES] MOWEVER, IF WE DID NOT

POINT OUT THAT THE SCIENTIFIC DATA TO BE DEVELOPED FROM

QUR OWN RESEARCH AS WELL AS BY ANY NUMBER OF THE 50
GOVERNMENTAL OR UNIVERSITY LABORATORIES THAT HAVE REQUESTED
SAMPLES OF AROCLORS MAY NOT BE FAVORABLE REGARDING AROCLOR
1242,

IN SUMMARY, THE MEDICAi DEPARTMENT FEELS.THAT LONG-RANGE

7/
THERE MAY BE LESS THAN A 50% CHANCE OF SUCCESS IN PROTECTING

NEV 176980
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THE MARKETS FOR THE POLYCHLORINATED BIPHENYLS. WE FEEL
THE ODDS DEPEND ON AT LEAST FIVE FACTORS BEYOND OUR
CONTROL:

1. WE MAY FIND THAT THE PREVENTION OF ESCAPE OF
THESE MATERIALS TO THE ENVIRONMENT IS IMPOSSIBLE--
EXCEPT IN VERY LIMITED APPLICATIONS. '

2. ALTHOﬁGH. AS 1 HAVE INDICATED EARLIER, THERE 1S
SOME EVIDENCE THAT THE LOWER CHLORINATED MATERIALS
SUCH AS AROCLOR 1242 ARE BIODEGRADABLE, FURTHER
RESERACH SPONSORED BY MONSANTO OR OTHERS, MAY PROVE
THAT THIS IS NOT THE CASE.

3. WE CANNOT CONTROL THE EFFORTS OF THE CHLORINATED
PESTICIDE MANUFACTURES WHO--IN DEFENSE OF THEIR
PRODUCTS, DDT AND THE OTHERS--HAVE BEGUN TO
EMPHASIZE IN GOVERNMENT HEARINGS AND SCIENTIFIC
SEMINARS THAT THE PAST AND CURRENT‘RESIDUE ANALYSIS
MAY BE UNDULY ALARMING BECAUSE OF THEiPCB INTERFERENCE,

4, 1T WILL BE DIFFICULT--IF NOT IMPOSSIBLE--TO COUNTERACT
THE EFFORTS OF OUR COMPETITORS IN THE FUNCTIONAL
FLUID APPLICATIONS WHO HAVE BEGUN TO BROADCAST THE
POTENTIAL PCB PROBLEM--NOT ONLY TO OUR CUSTOMERS BUT
TO REGULATORY AGENCIES SUCH AS THE MICHIGAN DEPT.

OF NATURAL RESOURCES, AND

5, WE MAY FIND IT IMPOSSIBLE TO COUNTERACT THE EFFORTS
OF THOSE SCIENTISTS AND PSEUDO-SCIENTISTS NOW
INVOLVED IN TﬁE U, S. AND EUROPEAN WILDLIFE
CONSERVATION EFFORT WHO--TO PUT 1T MILDLY--DO NOT
ALWAYS REACT RESPONSIBY.

NEV 17698)1
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AS YOU CAN IMAGINE, WE IN THE MEDICAL DEPARTMENT HAVE
BEEN CONCERNED DURING THESE MANY MONTHS ABOUT THE

POSSIBILITY OF LEGAL AND FINANCIAL LIABILITY WHICH

s b Ao ler
MAY FACE MONSANTO IN THIS SITUATION. LoispseR ﬁiu 1s

NEXT ON THE PROGRAM TO DISCUSS THIS ASPECY OF THE
PROBLEM.

NEV
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1)

2)

3)

4)

5)

THE § AND 6 CHLORINATED BIPHENYLS-<-OUR AROCLORS 1254
AND 1260--ARE PRESENT IN THE ENVIRONMENT, IN BIRDS,
FISH, AND OTHER AQUATIC LIFE.

¢

THESE, IN PART OR SOLELY, ARE AFFECTING REPRODUCTION OF

SOME SPECIES OF BIRDS.

PCB'S ARE PARTICULARLY TOXIC TO SHRIMP,

THERE ARE STILL MANY UNKNOKNS BUT SPECULATION AS TO THE
ROLE OF PCB'S IS RAMPANT.

SPECULATION IS LEADING TO CONCERN WHICH MAY GROW TO ALARM.

NEV 176983

R TG RTTB N VLT K "

WATER_PCB-00051253



T R AT L _ ‘o

Pig. 20 | . CRTEE T , .

Anadybie of e ¢aglos racidues, S jaue !
Chrom.A < purified esgle extracte N P *
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Chrom, C.=polychlorinated biphenyl &
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1 PART PER MILLION =-- 1 DROP IN 90 FIFTHS
1 PART PER BILLION --- 1 DROP IN 90,000 FIFTHS
OR === 1 OUNCE IN 1,000 TANK CARS
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HERORE OF PR, FREDENICK B. FL.IMH OF PATCK TESTS
HADR OW MATTRILL mmmansx‘mm, ps o

- v eaa ta -

m ébjest & thie mmumn wes o determize whether
@ 2ot the waricus ehierineied diphanyl sampounds mtmitied or ems
impurities eonteined ¢heredn might be ¢he ceusative egent produsing
the dezmatitie whieh had developed @mng e ¢f the workmen in the
pless, -

© Tavgs vhite pebbite were used im meking $he palch tests to
dotermine the eation e 4he various meteriels enitmitted en the drin,
The prosedure was 46 sheve tho emimel 86 houwa befere the paleh was
epplied g0 thet there would Do 2o bsoken ekin €0 {mterfere with ep
%0 egeravete the test, Tho malterial being tested wes mized with ethyl
eleshol, either gotting ¢ moiutica er @ ecuspensien for Mo pwrpose 6f
4iluting the meterisl, The pateh wes loft on fop various pericds during
the tests — some for @8 bours, others for €8 hours, The peteh was them
sanoved end the ¢0mpoed aree vatched f£or two weeks %o Do siwe thed $hé
test ves negative, Thie wes dene Yo aveid the ehanee of nod edeervisg
eny letent e delayed eaction sush as @0 sametimes teke plase in making
pateh tests. For o ewr infermmlion the maderiels vhieh weze nogaive
gore applied (n @ concesbreted form 1n &nplicete tests %o see if e
dometitis might not develsp vnfer these eircumstences.

Bi¢at (nlependent testa wore made wlih eesh materiel end
vore made 6n @ifferent daye with freshly pxepared eoluticus to be
sore that 20 errer had erept £m. Oomitrolled Seste were made eesh Sime
wth ¢he elechel end ganszes weed ¢o determins wheother they might not
be the eensstive egent eausing the cbeerved leioms.

Given belos 18 Dr, Flisn's repors, ehowing designations
@ven the verlous eeriels by Svens Reseerch follcmed by D, mm'o
deaignation end rmﬂ ef eash qnn‘u naterials

drcsice 168 (L68 s, gade befere gyas).

&3l 1868, Lot 89— 411 elghd teste vere megatiw, %) .
¢we teste wiih comsemtrated materiel were elso megative, An mmm
test aegaiives

.08 Tobebod Boe 1!0. Nolm mwm
2l el 4,8 3 anf gt
" isosler 1868, L% Hotebook 176, pege 1, was megative o
ell ¢este imsivding the concemirated ced imbredemmel, e
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Arosle® Gpesiel (Lot Hotebook Wos 198, pega 93
Bobbard, of 78 diphenyl e»d 258 styrene end styress Migh

boiler). Q_S_Ed Aredor, gpesifis gravity e 2,88) o

4soslor Speoiel Notebeok Mo, 198, pege O1— This chemicel gave
@ poaitive test wiih eesh 6f %15 eight egplisatiens, I%
poeltive regitien wlih ¢hs {ntredermal Sest, The ﬁno ef dermatitic wes

Aroelce 1248 (Lo 9, made $/80/8¢)3 ‘
Adrosler 1848, Lot 93 All eight tests gave @ pesitiw reacticm,
The imtradezmel Geat wes alse pesitiw, Thoe mestien ws mild,

Arosier 18268 3 gade 833

Avesie 1808, 168 & A1) edglh Cests gave @ positive seestiea
with $his eampound, The {mtredermal test was also positive, X feel that
the dermatitis produced by this materiel wves nillés ¥han ¥he $wo previens
ecmpounis whieh were eleo found 99 be poaltive, In severel teste 1% @18
=1 nto nl wf. uw-mnoptnmuumua.

n-oelor 1:89 R Grounly =ade $

4resiop 1869, Lot B, growmd deys A1l elgls tests were negative,
The smme is trus ef ths two teats maje with the comsenmtreted material,
The {mbrademzal $est gave ncut;n seestion,

dsosior 1280 (Lot Hetebeck lo. 176, if; prepared
bvxmic, o sa.a; uw m 6. ctmm el
kigh Be

dzoslse 1869, !.otlctobookln. pege igl, u-:mm 43
eight teste vere nezatiwe, The eszecentreted tests vere elss pegebivo,
The intradermzl dest gave nmtip.zunu@. '

Avcolor 1869 (Lote Wotebook Bo. 176, pege
il eu:) es ismed{@ely above but wet growsll)

MIM,MMMHMMM.'QM“ 83

ol @h toste vere magatiw,. The two Geate mede wilh ccmsexbrat ¢l matezieal

were elm uelﬁ.n. he inbredemel test gave a 2egative seastica.

Avesler 1269, Lot §, Fotebook Mo, 198,
10 {8 pebdle mill

Asesiem 1869, Lot §, :mm Foo 198, pege 103 The elght
peteh testa were megatiw. The testo made with ecnsentrated mederial
vere eles pegative, The {mtredermal Gdste gaw @ mégative seestien,

GBRNODZ2056
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HEolowaz 10008 Thie compound gave & poeitive test im all ef
e edght teste in whish 1% was epplied, The Paestion vwes differend
, frem that of She Shree Avoclors giving e positive weesticn, sy
] vero nild, bub 4kl meteriel geve as wisersliwe &ea,

@y 16013

"

0 Halewmz 1001s 431 teets with ¢his compownd, bolth comendzrebed
m ddiste, nu nmin.

B

ewax 1710043

Enlowex 1004¢ A1l Seste with thie mxberial, bothk copsentrated
nd iiute, were nmﬂ.ﬂ.

| o
i ' Styrem Dichloride (Fobedook No, 192 16) s

"“gtyrene Dishierides imi‘”m“““‘lm“u‘ﬁ =1 7. A
nﬁ ¢hie materiel wes poeitiw, I8 wes moticed thet Ghe rebbit¢ miled
evay when $his chemical wes epplied even in the diiute ferm, Thiam eleo
gavwe an viseratliw leaica.

Aseolsr 1848 jel (Bateh @ ie 04 — made 10
Aroslor 1948 Speofel Batch 808, Made 10/4/80: This Arceler
' gsve & very alight reesticn ot the ékcin Hat one must eay that 48 is
y podl i ve,
) Arcsler 1860 88, =mnde s

Asoslce 1860, %ot 52 Hade 6/23/81)s A1l ¢ it Sests were
pegetiw. ¥o intredermal er ccnsentrated teste were made,

Avceler 1868 b @4, 8 P ) @ 9/8/80)s
Asosier 19288, Bateh A, iade 7/8/SDs A1) teets were megetive,
Qhler Ethyl Pansens (Fotebeok Fo, 198, pege §)s
6hier ebhyl bemszens, Hobebock 198, pege Ws Bvery test made
with ¢his neteriel geve @ pomitiw teste Tho leslon wes of @ wiserative
A . °
Ehlorinsted 8% gtobook Fo. 108 19 = 8/18/34) s

Ghiesinated Styrens. Hotebook 108, pege 19, 6/16/84: Bvery
test made with 8hie eccmpowmd gave ap uiseretiw leslem.
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Pr, Fiina's commsuts ere eopied verbetim, as follsws;
"Samentas '

Ome 48 impressed with the fast $hed esoh ef the Arcelers
@lving a positive geestion were &f @ £1uid mature, Attapts vere mads
%o expese 8he enimels to vepore Yub obeervebicns mede vs coucluds $hat
the only difference was Vhabl ¢de enimel would be exposed %o the hot

uuadndttmunmnnmauu-mnmhuwum
is given is mowe severe,

One eamnot tut feel that any etyress eampound whieh may e
feund $o de present as en impurity 4 l the eamee of your trouble, I
wes Father surprised thel more &f $ho ecepounis sulmitted @44 meh
ehow oF give reesticns Wiih ¢he ells, IV hes Veen slown in eome
investigetions ¢had ehlorine 41 2ot produse e dermatitie when
motallle elestrodes wese naed buh €16 AL tim mak

=3

[y

réplesed by earbos eleetrodes, The theory was advansed thet eome
ergenis ehlerine eampounis were produeed in ¢he lattewr eese,

¥ =0uld euggeet thet you stuly your venbilatien syuten :
u pleces vhero fwee ave gliwa effe The means be provided fer the
®mep ® talw e beth with coep end water if thsy eome 1in ecntest with
the type of materiel found ¢o be positive, By ¢his I mesm 1P e loak
or epillege oscurg, The {z=medice bVabhipg vnder these eizewmstansesn
ahould be insisted em, T fonnd thed vhere I had gotten t$ho materiel
o8 By bhands 4£ T wvached them thoroughly oo trouble erose,

(8i@ed] Frederiek B, Fidsn
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“he :ozigigy end Potential Dangers of lnerteen and Ralaved
Substances, including a Method of Analysis for Ealogenated
_Rrdrecarbons g Air,

e To Voan OOtti-nxaa_, lcpo. ) 2-¥9 18

The toxieoclogicul experimsnts oo this problea were carried
out by Dre Jo Be Foulger wnd Dre Ao Jo Fleaing of the Departuen
of Toxieology &nd the puthological studies were mide by Dr, W, °

) ~ Reud, Jre of the Depurtment of Pethology ©f the BEsskell L@bcrat

The m:terial wus investigeted witﬁ oral adzinistrution te
Tct8, application to the skin of ruts, und in inhalation experi |
acnta._.fhealétﬁer wvere planned in such & way &8 to approach &s
closely Qs poéaible the sctuel conditions encounterqd in the us ;
of ttis muterizl iz iranafsrmers, in order to evelu:te the maxi :
bszard shich mny be epcountered in 1ts use for tids purpose, ¥
ca:puriSQn, reditionsl tests were mase TegLrds the toxic effc§1
froa Lnbnlat;én of vapors £roa Pyramol &nd Transforaer 041 (Fes
inshouSe)...In zddition, & zethod wus worked out for the deter

oloation of Inerteea in air,

2fect of Oral Adainistrution.

“In order tv deteraine the mlnlmal fetel concentration of

- Inerteen for rats, 160 enimels vere given by stomech tube sinre

GBRNOO3IO9Y

doses of Inerteen, zs indicuted in the tubles.

_Dose .Ho. of Ho. of Time of deuth Per cent
cco/kpme  Enisals dead . zortelity
trested
1,0-1.48 £6 6 4 ® within 8 deys 18.8
1.6-1,98 c4d -8 6 & Bz 08 3766
coD=iie4d8 10 S b3 8 d € 0.0
Le5=2,88 <0 10 B % B g s 50,0
Ee0=3449 20 1B i6 % LI 76,0
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"In these, us {n. subsequent experiments, all ruts shoved
signs of.difconfor§ imaedistely fullowiny the edainistratice,
lster they becume dejressed and refused, frequently, water
anyd food; within & fev hours they became w;ak and stuperous,
so that they were finmally unadble o rise. Uhen this stige wus
reuched they inv;rinbly died. Ome of these rats wus found to
suffer froa ulbu:inurig, one developed tremors of the head «nd
rorfflinba, end one sbovwed severe hezorrhuges from the intestie
nal tr;ct."rho tuble indicates thut with orul aczinistrction
the =+nixal fatel dose of ;ﬁertecn Sor rets, which kills 75 pef
cent ol the animuls within & days, 48 8.0 to Z.4Y cc. per kile-
gres body welghte o |

Ypon pathological exaninetion of BO of these uuim;li, those

that hud ddel spontapevusly ghoved congestion of the Jumes, whic

n;s‘combiped with edear und heszgrrhipe in severul instunces, Tea
of the ani=snls had mottled gray or yellow Jliverse ﬁnd'in three
1nspances there ves o diffuse prller with moderwnte yellownesss

In 5 out of 6 animuls siudied microscopiecirlly the liver shoved

nzrked nd rother extensive hyiline necrosis in the ceatral part

ef the 1obuias; the liver cells in this sreu reve:zleéd futty de-
zeneration‘af the cytoplasa; and 4o £ animuls thot cled BL end
Bé haufs.&:ter fhe trectoent these cells contcined {ncressed
ourbers or-ﬁitotig figures. In the sajority ol the cnimzls the
nueosg of the intéstine vad congested tad the fecul i.terisl in
the-intestines contiined old blood; wad in one:instance {resh :

blood wes found in the lover third of the ileun, lover colen,

GBRNOO309S
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and sigselid, Mieroscoplieally the g%omych of tso animuls
presented typleal hns:rrb&:ié ersgions of the BUCO3a; anothey
sliowed heuworrhagle arveas in the mucosu; and in the re=uining .
animals postsortes changes €id mot silows an exact investigatiem
In order to folleow up the taxie effuct of Inerteen on the
liver, & group of 30 white Tauts wiLs tre.ted in the same wey wit
single orasl doses of 1,15 to 1,20 cc. per kilogram bady wvelght.
Six of these wers Xilled 3, 8, and 11 days, respectively, afte:
the sdainistrstion, :
‘Upon p-thblo;icLl exa=inution it.uss faund thut two ef the‘
6 enimuls killed after O duys huz biocody muterials in their
gtomuchs tnd in BO per eceat of these animuls the liver vas
slichtly yellow in calor und thc liver eells'vere lupge and cor
t;ined'nﬁnerou; sltoses wnd occusicnully tbere v.s necroﬁis el
cells imuediutely s=bout the ceatril Yeins. Aiamils killed uft:
B duys presented u slight enlirgesent of the liver with & queé
tionatle yellowisk eolor, the liver cglls werc lerge, thsse Lo
the ecentril velns were cnrk,.und peesgionnlly zhsré'was soae
fetty -depeneruviion of these cells. ERuts illed after 1l ceys
gLiowed no importsnt gross pridologye. Hleroseonlerlly, tll sec
tions shawed‘éAs;izht swelling of the livef cells vith occesic
veecuolizetion o:'tﬁc cytoplues, No other orguns snored puthol
chinges referable s the ex:osure.

In orcer 1o study the effect of recented orel cd=indstrad

e

of Inerteen, & groups of 10 rats ezch vere treatec in the foll
ing wayt
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The first group recelved £raa 0.85 to 0,88 ec, per Kile
'tor‘g ecasecutive days. Booe of thea Gled and b were killed
after the 8rd tro;tasnt for pathelogical examination. The
second group vas fed doses £rom 0063 to 0,88 cc. per kile,
2¥o dSed following the 2ud dose wnd B vere idlled for autopsy
after the Srd ad=inistretian. In the third group the doses
rrared from 1,C3 to 1.78 eco éer kiloe. One rut died afteyr the
lst, throe”;rte} the 2nd, and four ufter the 3rd trestment,.uand
the rewaining ani;als'wero killed four days arteé the Spd tre;tc1
aente . ‘ . |

Upon petholopleal’ exsmin:ition the livers of the rets of the
:irqt,zrou?.nppeared somexhut 1lighter thun ususi und one showed
larce.yellow Lrecs; therec wus ¢ dirtﬁse =ild sﬁelling o the
1iver cells with §one polyenrosecie; opcaaionally {he cells shos
sode vecuoled ch.pges uf'the eytopliss, but in genercl these
chznres vere 2ot Very'sejere. In ¢ r&ts.of the t@ird croun wids
dicé =fter 3 treoctaments the stomschs were dilutod with food and
. in two of'these there %o clso soz=e old blood present. LMiere—-
scopleelly, one ret hic smell influmantory uwicers in the fore |
stomeeh wnid gnother showed hezorrhugie erosions of the pylorus.
£1) :“ote§ some hy;cremis o the liver und im ent Tut this wes
of mottled eppeLTERCE. Hicroscogically €20 r;t& shoued svellin
.of the 1liver ecells with ratty.degeneration‘b: tuese L the cent
parts of the liver lobuleé.. ITwo cthere precented centrul mecrs
¢f the liver celis i.dth hyperplcsia e the encoihieliul cells iv

these uress, one showing in sddition, numerous mitotlc flgures
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the liver calls, Of & rets shick vere klled 4 deys following
the Brd sdsinistration, oae ha? 8 £2.1) amount of blood in the
gretric content. "The livers o6f botk asimels apie.red moderstely
enlarged und aleroseosieslly there wes & generwlized swelling
0 the liver eells aith soia polychroanslis, Omo P.t suffered
Sror ¢ felrly general vacuoiar degenerution of the liver eells
and another prosented vueuolar chanées in the centrel p;rt‘ot
the lobules.

_ In order to compare the toxie effects of Inerteen with
irichlorobenzcno And ethyl—tetru-pantu-chloroben:ene, & group
of 10 rsts wué Eiven §aily doges of trighlgrgbenggag ranging
fron 0,56 to D.58 ceco per kile body uéight. One digd arteg.the

1st, four after the ind wnd four ufter the Zrd ci=inistrution,

the reacining rat wee killed 4 duys followin, the Ird cud leos
trettaente -
It appenrs, therefore, thut dclily doses of D.56 to 0.58 ce.

per kilo of triclloroberizene ikilled 8C per cent ol the tnimels

tith 2 coses, whereas 4%t -we: Joun2 thut doses of 0,65 to 1.04 e

per kllp of ethvletotri-nentr—chilorobenzene, yiven in tiie suze

wey, -killed ozly a0 per eent, und Inerteen 15 Goses of loki 10
1.7 ec. per kllo, gives: in.;he seae wey, w«diled BO per cent ef
the rats. ‘ |

- Upan pithologiecl exe=incifon, enimels wildch vere treztead
nith triehlorotenzene cuxz which Gled & .omizueously shoved &
;:ssiﬁe congestion of the lumps end the 1iver; the gioorchs
ycré ¢ictended @ 4ith £00d; in four svae tlood vus present in the
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gastric contents und in one instance there vas a bazorrbagic
erasion of the mucosu. In tvo rats the Livgr showed irregular
aotiling. Llivers hcstiana of all uaiasls &hoved necrosis ef '
the liver cells around the central velns wund thuse Ln ths suter
parts showed vacuolur degensrationm. In rats whieh died & ¢o
& duys ufter the tir?t tre.taent there uwLs some endotbaelinl
hyperélasia in theiureas of mecrotic liver celis. One animsl
sresented an increxsc it the muaber of mitetie figures in the
diver cell;;

Of the 7 rsts trested with ethyl-tetre-peptu-ehlorobeszene,
the one which dled s:onmtaneously tfter tho Irs cose showaed cop- .
gestien and bénorrha;es of the dungs, generaliszed pusSi?g:can-
gestion of the.sﬁlegn, bone murrov wnt other visecers, di?tzaded
staaach,tan& ooderate yeilow =ottling r.thc-liver, the.liver
cellz belny =1lldly swollen and shpwiﬁg rine-VuEualar degenerution
The anipels wiich were killed shoued orly & quastiouﬁble eulurgé-
sent of the 1iver end kidney enu ¢ slight sweliidng of . whe liver
) cells with ocewusionul v;cuolur degenesution, lkich chingos were .
extreaely mild, '

It soceirs, therefore, titt Inerteen 45 ounrifercblv less

toxiec then srichlorobenzenc, the wminisunl fetsl ¢ose wiih oril

nfsinietretion, ki13dnp 70 ver cent 0F the enieels, bednx vround

S S

7.0 ce, 96r kilo rit: theress ethyleil.tri-penti-cihiorobcnzene

th orel gdsinlustretio

does not wnpveir to be necrly &5 toxdie vi

The pctholovie:.l chunres oticerved cfter orsl cdadnisirction of

Inovieen mope: T to be feirlvy consisient and otvious. Lorce @oses

GBRNDOO3099

WATER_PCB-00051271



i

ia

which are £atg) 4n 9ae or w0 davy, cuuse $e~pimi) pepsive

g¢nrestion ©f the vipcers, @ v : .

8 N ra e Jagter e er
after fLe ev e q
athology moy be presente 8 4 a : u
rinrle 1;rg; doses £vyeiT to be =ore fnjurious thun qugidmgsgy

given 4n fractions.
Effect ' L. 5 the Bkin. .

Ten white rets were treated delly with en ap;lication.of
e;oﬁt 0.5 ec. ©f Inerteen to> the shoved skin of the beck, pre-
cautiop; belng tukea tu preveat ebsorption througk the gustro-
inteﬁ;inal tract by lickinp wné by inhulution. 411 rats lost
weight Surins the experimeat but they showed ob toxic sims
gsiﬁe froa u slight reStlesSness at the'bes;:ning 95 the ex-
periment. &t ihe site of the uczinistrution §he ﬁkin tecune
dry, ;hiékenea‘nnd sculed vithout eny fissures beinyg formed,

542ilur vezcrions vwere observed on the husen skin esyeciully

on the hinds, chueks :nd forebeads Ome o the Tats cles efter

11, wnd three wlter 1% treutments, the reutining belog killed

£< hours after he 1bth spplicittion,

Uson vitholosierl exezinition the liver of wll enlmels

" tus found to bte durk griy brown im color with mvitling on tke
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surraca.. In those rats whiech died 8200tanesusly there wus

gutty degemeration of the liver cells with necrosis of those
around the ecntrai felns anc in unisuls killed ot the end er.
the ezperiment there was £ =11d svelling of the liver cells
with occaaionnl‘vacualar degenevition in some. Microscoplezlly
the skin at the 8ilte of applicution of & reats showed hypérkera-
tinization with oceasioencld bliater'roraation, one waimil showed
perirolliculitik, one hyperplasis of the esithelium rather than
hyperkeratiﬁization, undé 4o & ruts there wos 8 81d Sibroblectd
proliferstion vith soze round cell infiltrstion in the underlji

eonnective tissue,

it abnears; therefore,‘that the contarct of Inerteen with
the skin does nyt only enuse loesl resctions such ns drvness,

thickening tnd mee)ing of the ckin, but ulso cvsteale effeocts

ae indiented b the indurious effect on the liver,

Lefect of Ighalntioﬁ of Vcpors. ‘

In evilusting the toxic effects-of inhalutica of Vapors
liber.ted fra: Inert-.en ut elevited te;peratures,.attugpts
vere gide to rqgrqduce conéitions éaru severe then :aulé'be
set ia ihe overhecating of é trunsforsers In these expérincnts
rats were exposed in & limitew spuece of wuout 1 cuble 3$ot
capaéity to the vepors of the bolling suteriwld whicﬂ'ehtured
éirectly into the chuuber through ¢ hole in the btottdos. In
each experiment & TLTS were expofed on LE to Gsloccﬁsions for

$0 ownutes, twiece dully, to vapors froz Inerteen, Pyruinsl, or
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eransformesr 011 (Wostinghouse). During this time they showed
srrpituation of the sikdin, which appesred. to be Bost murked oo
those parts of the body mot protected by baly, sau wuleh per—
sisted for some time after the exposure. Pyransl uppesred to
produce the most effect in this r;apoct, Tolloved by Inerteen
uwnd Traunsformer 041, in the order givem. In ogkotitinn to the

¢ puts exposed to Pyranol wnd Tramsformer 041, & out of 6 pats
;xposed to Inerteen lost welght, but mo othor toxie s8igns were
observed. ’it i8 quite possitle thut rats exposed in this wey
ebsorbed sume toxic materiel through the gastro-intestinal tract
by .llcking the fur durin;'or after the exoosure slnce the mrte-
riel hud & teadency to econdense on the ¥ells of the chuzber end
on the aurfacc of the aninbls. dhe anximum concentratlion of
Inertzen to hich these rLts werc ox 0866 wis deteroinuee ts cbous
0.5 Bse per liter o ulre .

Uson pathologicul exeainction of ruts exposed in this way
on 14, <5 wnd G6 occasions to Inerteen, no definite puothologdenl
signs could be observea in the 11Ver or other ecrg-ns whieh eould
be referred To <hi exyosure.

Pwo Tets trected with 41 exposurce To the Topors of Pyruzo
shovweid no derinite ceilulur chunges in the liver ~ithough in one
wnimal thoée'waﬁ an incre.ced pu=belr of aitotiec $igures in the
liver cells, A , o

™D Toths exiosed on &4 veensiuns Lo the vepors of Trinse
Cormer 0Ll (Westinghouse) showed wo definite pathologiccl

chupnies of the internul orgilkise
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In erder to study the effects of gontimued gropury,

io0 rit; were. axposed B baﬁrS'dail: on § days a week for g0
dsys to concuntru;ian; of D.086 mg. to V.08 i;. of Inerteen
per liter of ;1r.‘ They shoved nu toxie por pithDIOEICAl'zigﬁa
referadble 1o the exvosure; therv werc mo definite chunges of

the ped blood curéusclcs or the bemoglobin. The wnimnls were
killed 2 duys after £0 exposuress

of Inerteen ver liter eir, mor continyed exoosure to concentra-

tions of 0,05 to 0,09 me. per iter wip cuuse & defin{tc toxie -
er:det on _the livers .

Deterainetion of Concentretions of Ihertcen in the &ir.

In order to deterélné the concentration or‘Inefteen TYLPOTE
in'the air, the following nephelozetric zothod yas,morked out, -
efter severzl other procedures hed beea considered,

A definite volume of &ir to be tested i3 éravn &t & TEe

‘of ubout 1 liter every 4 minutes through u.tQSt tube contuining

=9

€ ece. of ethyl aicohol, iz=ersed in c¢ry ice-ucetope mixture in
orcer to'prevent the evuporzti:ﬂ of the mleoshol., AT the end of
the szn2ling 1 ce. of the eleahol vwus nixed vith 10 ec. of dis-
tilled water snd the ruesulting turcidity wes =sessured with &
photo electric cell, usin; & sodiua vapor lemp t& thic sdurce of
light.

“he turbidity of unknown si=ples wes compuired to the
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These experiments 8how that the coosentraticns of Inspteen
4n 2ir decrease rapidly with the distance from the souree ef

their producticme

ia 9rdir to study variutions of the ceoncentrations ovar:
e period of time and uith different temperutures, a currentg of
10 liters per minute of alr was passed over the surface 6f Iner—

teea 0f about 10 sgquare inches, contained in a flagk and thence

4nto a bell jar. &amples were taken fros the J&r at various

intervals after the flow wss sterted end with verious teapersture

The folloving concentrations were deterzineds

Time of Coﬂcantration of Texperature of
sanpling trichlorobensene trichlorobenszene
in bours . in mg. per liter ia Llazk  ©¢,
' . } benzene ' '

§ 0.28 L £3

e 0,81 23

€ 0.80 e3

i 1.68 e B0

4 1070 50

i 180 80

" Inerteen
) o D.B8" N 23

"®his tabulation shows that the deterainatiocns made ‘&t

 ¢=2°C, and with the & hour sumple were alzost the sime for

trichlerobensene (0.60 =g. per liter) and Inerteea (0,58 =g,
per liter). This suggests the possibility thet the bulk of

the vébors 14t yocted from Inerteen at this teaperature mey be.

" trichlorsbenzene; So thet the bazerds fron 4nhelstion of Iner-

teen vapors are identicsl vith those from the inhslaztion of
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triehlorobensene, In ordes to confirm this, &L ce, of
Inerteen were submitted to :rn;tiaual distdlintion ant the
folioving results were obtaineds

Yraction Temperature ef Volume Bpecifie Bol
dist%élstian eellested Oravity Peint
® (1-798 of frauetien
3 240 3B 1489 S08=-210
&g ‘ 240=-254 48 10478 288
& 264280 &S 10488 240
& £80=300 &0 1.877 £689
Residue - above &00 180 l.808 -

Bince.the mpecific gravity of trichlorobenzene 13 1,466 .
as.l the boilinz point 208°C.-219°C., it s evidant that wp to
240°C. the vapors cansi:. exclusively of trichlorobengene znd
that for tbis reason the tbove -5'“—‘91-31"";&.&..1__1_1__.._2_8___1._;
ta&* £or most conddtions the hesards from vuoors of Ine erteen

1T 5 ;dea‘iccl with those froo triqh;gzgggglggg. '

Resune.
The axpeéiments discuesed in ¢this report show thut with
érLl aé:inistration Inerteen is considerably less toxic then
trichlorobenzene, the ainim:l futzl dose killing froz 70 to
75 pes eent of the rets being aroundfs.o cc. per ¥ilograz body
welght und 1.4.to 1.8 per kllogrem body welght, respac;ively.

Fotel doses will cuuse pessive congestion of all viscers, ez~

tensive degeneretion 6: the 14ver, und ulcerution of the gusiri:

gcose, Fith sullethel doses these elfects cre less 5eVere ené
. 14

there {s evidence thit they will hegl vhen no further e&posure

OCCUTS,
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Continued applicution of Inerteen to the skin of pacs
;nd.hnaans cauges drfnusa o:.the gicin, tbicxdéin; Lnd sceling;
znd the observaticns mude in.rats indicate that sufficleat
guantities sy be ;blorbed'throgcﬁ'the siin to produce Lnéugi;
ous effects on the livers , .

Ropested inhilatlen for short periods of concemtretions
of 0.8 mge ©f Ialrteun'v§pors per liter of ulr, or repested.
4phslstion for 8 hau;s of cancentr;tiona of De05 to 0,08 mge
per liter ©f air eauses po definite injurious csfoets in ruts,
Vapors libverated froa boiling Pyrunol, Inerteea, tod Irens~
Cormer 011 (Westinsh:use) are irritent Ln“ the Lrritunt ection
decreases Sroa Pyranol to Transfosrmer 041 (Weatinshausa), In»
erteen beﬂ.n° 1nteraediate in this vespeeteo

It bss been showsn that Vepors liberstes froms Inerteen
under conditions upproeching those &s sight bc encauntered in
trensforoers consist meinly of trichlorobenzene,

& sinble metbhod for the deter;in;tian of Inertéen (tri=

‘lorobenznne) vapors dp tir 4s givem, I 10 liters'or vir

are drevn ut @ rite of atsut l liter ever; > =inutes throush &
test tube canta&nigg 1l eco OF ethyl 5lcohol, codled in dry idce
or in aﬁ dce 8zlt mixture, znd the tleohol &s then pouredvcure-
fully on the surface of o fow cubic]qeniimeters of wuter ino

a2 test tube, & riné of turbldity s proﬂucgd.if the cuncentra—
tion of Inerteen (trichlorcbenzene) &s over 0,03 uy. per liter

of eir. If under these conditions & white ring 4s produced,
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the alr tested should Se regarded vith susyleiem «nd ghowig
be improved bty more effective ventilntim..

It was found that the concentruticn of Inerteen (tei-
chlorobensens) in a closed gpace 14 inches above the surface
of boiling Inerteec 18 408 mio per liter und in an.open spuce
§ inches sbove tiie surface of boiling Inerteen 45 0.56 my. per
liter, and rﬁen the temperature in & transforamer, standinz in
& closed rooa (vault), rises to BO°C. the air'nny contain 1.8 =g
per liter of air, .

Pron ‘the snimsl experineats'reported, it apperrs that

. eoncentrutions below 0,05 ag. per liter of mir wlll ciuse mo

toxde signs or symptoms even with continued exposure.

Regards preveontive megsures, the Following may be suggeste
It sppecs to be ef pureusunt dmportince thit the contenie-

p:tion of the &ir be reduced tc conceatratiens below 0,05 mge pe‘i

liter of alr by udecguste forced ventilition 4% the site of the
production of sich Vuporse
Greutest personul hyglene is 0t less imporiente Contazie

nution of the skin should be evolded by wewring prpéer protectiv

‘guraents. sueh && gloves, caps, wnt coveralls. In cise of .zccide

or vith exsosure tv higher concenifutions of wnd utove 0.2 =g. P

iiter, ?espirators or open uir mesks should be worn., The skin

. should be kept izwzeulutely clezn und olmtments such us lanolin

or Lguufor shouléd be .pplied to the skinm after wushilny the hands
vin viern eof. the heputotoxic ection of this compound, dndi-

vidurls suffering fros injuries of the liver, syshills, ¢nd hear
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¢iseases shouwld be cx:lu;id from operatioas it ¥hieh Inerteem
is hlndled;

Workers h;nd;inx Iaorto;u or nith frequeat ex.osure to
its vapors sSuuld'havc periodic exaninutions, specisl attentien
ahoﬁl& be paid o ;heir putritionsl eanditionm, wnd the econditien

£ the liver aﬁy be checked by deter=inin_ the lecteric index 4in

the blood, &ai the urobilin end ureobilinoyen excretion in the
urine, . : .

Regards the Yrectaent of toxic effecty produced by ezéosur
to Inerteen, it appecrs sdvisable to inecreuse the re;istance of
the liver by carbohydfgte diet; sdministration of glucose end
insulin msy be sdvisubie, und duodenul luvege with mignesium
sulfate msy be tried, Locsl {rritution of the skin produced by
Inerteen should be treufgd'uitb ticnd vintments after the toxie,
guteriol hes been reaoved by intensivé vushing wnd scrubbing, .
In cuse Inerteen hus been tuken by nvﬁth, the toxic muteriel
8houl? be re=oved froax the stoasch by eaeties such &5 8o&p wuter
or musturd neter, tnd this 3bou;8‘be folloved by geatrie lcvage
with & suspehsien of activuted chirecosl in wuter wnd seline -

ccthartics such &5 Lpso= saltse

2.28,38
4@
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THE $OXICOLOGY OF INERTEXN AND BE_ATIC 8TR.
. BTAKCES x""Dﬁh A LI’-Q v? ANALIEIE FUF
EALDGERACE, EIEIDCA B ok da To% AL

~ The Toxicology of Inerteen wes investigated by eral
ad=inistratiin, B43in applieetion, and iahalaticn experimsats
i rats. Io the latter an attempt wes mede %o investigates
the substance in a way relative %o i¢ts use in transformers
ane to deterzipe the maxi=us hagard that might arise should
toe substance be used for that purpose,.

The einimus fatal cose was deter=.ned by oral edzinise
tration and the effect of repeated oral doses was stuiied and
cospered with the offoc£ of similar doses of trichlorobensene
ags‘;jh lk%:g;r:z:?ﬁz:fPlozzfzgiiﬁo.

A gothod cf air analysis for the baleogenated hydrocerbozss
was cevised and air anelyses were made to deterzine the €ohe
cextrations of Iperteen in the alr near open and closed contelr
ers when the substance wos heated ¢o various tesperetures and
wiien sBa=;les weres tesen at various distances {ro= the source,

A statexent of the problems incident to the toxicology of
Inerteen and the answers to these probliezs will be fouzd in the

conclusions and su=zary at the enc of the paper, -

Znertesn

Orel Acmindstiragion:
(1) &Eingle Doses. 21/
The subtstance was given in single graced doses ¢o

severel groups cf rets to detercine the minizu= fetel cose.
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Dose

86./k4)8

1.00 =
1.0 -
8.00 =
8,80 -
3.00 -

1.49
1.99
8.49
8.90
8.48

IabLE 1

MINIMUM PATAL Duuk UF IMEWTEEN WITH

¥o., of Animals
—irented

28
L 2
10
20
20

Ho. of
Douths Iime of Dosihis

b 4 died within 3 days

9 6 o ©» 3 ®
3 3 ® w 3 ©
10 Y] = ® 3 ®
15 15 ® ® 3 ®

Percent

Hortality
19.2

37.5
30,0
50,0

75,0

Y-

1
J

(
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Che resu.ts are eonveniently tabulated 4n taklie 1,

= 2akle

'As noted, @ dose of & to 8.5 ec. per kilograz gave a
75 per sect mortality. Tweatyetwo of this group of animals
were autepsied, Aoother group ef &8I rats was given single
oral doses ranging fros 1l.18 to 1.80 ec, per kiloxrta.' Bix
of these were killed I days after treatment and examined by the
pathology department for possible liver damage, Bix were killed
8 days afier treatment and exazmined for possible kidney change
and € were killed 1l days after treatment, aud exazined for

u,
possidble brain damage. \

(2) Bapeated Doses

Talrty reats were divided into groups of ten, The
first group recedived froz J.35 to 0.56 ec. per kilogra= feor 2
treatzeats, Hone died.nnd S were killed for autopsy within 24
bours after the &rd trest=ent. Io the secoad group, the dosage
rangecd froz 0.63 ¢ V.68 €c. per xilogrem, Two died aftes the
second treatzent and § were killed for autopsy 84 hours after
the last trestment. In the third group the dosage reanged froe
1,23 to 1,78 ec, per xilo; One died eftesr 1 trectzent, & died
after £ treetzents, &nd 4 dlec after tne 3rd treetzent, ALl
anirals in this lest group vere autopsied within L4 hrs, of the
lagt treetzent, ’

In"general &all rats beheved tne sere following oral
adziﬁistration of Inerteen, They proceeded at once to eat as
1¢ to allay the discozfort ceused by the subitance, Following
this they beca=e depressed and would pet eet and coften would nct
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drink., Weakness @S 8tupor generally BUpervensd withir 4

fev bours unti. the anima.p ooull bo lenger rise for feod and
watel. 1}1;uids wero taken, however, i edmizistrated anc for
a fow micutes followin; ads‘sistratioc the enimalg perked up
e Bit. The ilmprovement was caly temporary and the outsome,
wheo they had thus far prb;ro:sod, wesé invariably fetal, One
ani=al showed en elbumenuria (tested post mortez) and one de-
veloped tremors of the heel and front liebs., One hed pevere
hemprrhages {roz the rectur and the eutopsy indiceted the
bleeding was from the lower end of the amell bowel,

Co=parison of Inerteen with Trichlorobensene and
Rsbylete¢graepenge-chiorobenseng

1 group of 10 aniz=els wes givex repeatel doses of
trichlorobenszene ranging fro= 0,36 to 0.58 ec, per kilogras,
Upe diec after tiie 1lst treatzeat, 4 died alter the &nd, and ¢

ied after the &rd., The rezeining enlissl wes killed ¢ days

after the drd ecd last treatment. All enimels were autopsied.

. Bi=llar groups were trested with Inerteen asd etﬁyl-ietra-penta

chlorotenzene and the following notedt
Daily coses of 1l.23 to 1.76 ec, per{kilo;r&: ef

Inerteen killed ao'per cent of the aaissls, when 3 doses vere
given, while duily cdoses of O.36 to 0.58 ec. per kilogres of
tfichlorobgnzone killed 8J per ceat of tlie eni=als with & doses
Un tte other hand daily doses of ethyletetraepenta-chlorobenzen
ranging fro= 0,68 to 1,04 ec, per uilogra=’ikdilled l'rat in w
group of 10 with & cdoses. , _

Conclusiont : (jﬂﬂﬂdﬂ

Tre zinizu= fatel cdove of Inerteen appeérs to be
300024
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around £,0 ec, per xiloxrtn. Repoeted dooves of Inertee= weorse
fatal Ln eonccatratical botvtcn .82 and 1,78 ee, per Ellogran,
wcile ropottt¢ doses ef tr‘chlorobcnsaae vere fetal in ecnoen~
tretions between 0.6 and Q.88 @6, per Kilegrea, Jthyletetrae
pents-chlorobensene does not appear to be pearly 8o texic by
esel edainigtratien.
Sxic Bxmosuret

Balf @ eubic centimeter of Inerteen was epplied dall:
to the ahaved backs of 10 rats by peans br & small gless eup
£1lled with a pilece of cotton wool soaked in the substance., The
whole wag strapped to the animels with edhesive tape, One ret
died efter 11 treatments, Tnree died after 13 treatzents and ¢
recaining animels were «illed for sutopsy &4 hours after toe 15t
troat#c:t. All rats lost weight during the experismeczt, but oute
side of a s1light restlessness at the beginning of the experiz=erct
saowed po other signl; Tbe Inerteen acted locally en the skin,
producing ac excessive cdryness with subseguent thicxkenizy ezd
scaling witaeut eny fissures being forzed, The saze effects wer
potec oz the human sxin with respect .to the drying enc slight
scaling and were most notatle on the hands, cheeks ani foreheed,

Inbalation

An atte:ptvwas sade t9 reproduce conditicns more seve:

then would be =¢t in the overheating of e tfazsfor:er &nt expose

ing rats to these cond‘tions for €0 &2 nutaz tvice @& day.

COONARS
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The cforo(oinx éisgrs: represents a bax of abowg
b cubac foot capaclity, in ene cornmer of which 48 the inlet fre
a glass flesk econtalming the substance being investigated, In
erteen, Pyramol er transformsr eil (Westinghouse) were placed
in ths flaesx and brought to & bell. &wo Pets were than placed
in the boxr and alleved to remain for 80 minutes, durirg whiek
tize & generaliszed itehing of tbq sxin appouicd whieh was most
Barked in the parts of the body pot protected by hair, <ka
{tehiness persisted for sometime after the animals were remove
from the box, Pyranol seezed %o produce the zost effect 4in
this respect with Inerteen and Transformer @il following 4a tha
order nazed, <Three out of 6 of tae Inerteen treated vats lost
veight, while the Pyrancl and 2ransformer oil treated rats gaic
éoight‘(z rats only 4n esca of the last two groups)., It is
guite possitle that these ani=els Lngesteé @ consicderable azoun
of these substances by lieking their fur efter removal froc tite
box., No marked change in respiraticns were noted, elthough the
eci=als once or twice breathed faster than norzel end occasione
ally the extremities were 8lightly blue. At autopsy Bo gross
pathology was notec., The nazimﬁm concentration of Inerteen to
which these rats ware exposed was about 0.5 mg. per liter. The
box wae aired betweaer readinge, tut not vashed out. .

Fith Igertcon two rate received £8 treatzents, two
r¥ece;ved.3s trectaents and two received ee'treat:e:ts. with
Pyranol two rats received 42 treatﬁents and'with Transforzer

D41l tvo rats received 44 treatments8, Cﬂﬂﬂ""‘_\a
| id o )
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4 greup o:.taé £8%8 wvas exposed for 20 ays, eight
bours p‘-o_r day to copsentrations of Imertees in the ayr raaging
from 0,05 to 0,09 mg., per liter. All rats were killed for
patoelogy within two days foilowing the BOth days of tr.lt‘ﬂnto'
Zight of tuis greup gained welight, ene leost weight and ocase
s-owed po change., JFive shoved a 8light drof in the red bloed
eount, three showed an increased red blood eount and twe showed
no change, The ebanges in the bemoglobim paralleled the ehange.

n the red bleed eount, | |

Considerable difficulty was experienced in entaizing
e satisfactory methol of air enalysis for these substances and
a pephelozetric method was finally adopted, In this, e definite
volume of the air to be testes w.as crewn 8t 8 rate of adout 1
liter eiery four minutes through & cc, of ethyl eiconol cocled
in & Ery ice-acetone =ixture. The .etter beling necessary to
preveat evapération of the alcohol. One cubic centimeter of
the alco.ol was tuen mixed with 10 cec. of distilled water and ¢h
resultant turbidity measured with a photo electric ecell, usizng
e sodiu= vapour lezp es a source of light. The turbifity of une-
anown samples was cozpared to the turtidity produced by lknown
stencards rade up of trichlorobenzene and ethyl alcchol.‘ Tade
petl:;od gave a satisfactory range of readings for ccacentrations
varying froz 0.30 mg. per liter to 0.03 mg. per liter which,
wbhea the original dillutiocs were taxen into uécou;t, wag sulfle
cient to detect as low as 0,03 Bg. per litef of Inerteen in the
alr tested, The method is not specific for the various =zezbders

of the halogentted hnydrocarpons.
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The effect of varying the distance &t whict gamples

were tacen fream e €losel space over bolling Inerteen was detere
ained witk the follewing resultst

Oistance Ceaeentration
408288 Bl Bar 1i%8r
ié 4.50
&o0°® 1.88
89° .14
a8" 1.1¢

Birdilarly the effect of varying the distance at
which samples were taken over an open beaxer c¢f boliling Inertee:

vas dotercined with the following resules:

Eistance Conceatration
~ALCHOE EBE, per liter
& 0.56
0 0,43
18 0084
89 0.84

The eoncentrations fail off rapicdly and if any coole
ing surfece i8 avove the Inerteen and mo eir currents are blowe
ing over the surface of the Inerteen, there 18 rmuch less cheace
of any appreciable asount escaping into the atzosphere &s froc

@ container lixe ?trmfcr:.er. . CnONASK

erperaetures,
Adr at 10 liters per minute was p&sset OVer a
surface of Inerteen (about 10 8G. inches) conteined 4= e fleck

and thence into a bell jar.’ Bezples were taken froz the bell
2nN0nNnno
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jar at various intervals after ths alr £lov wes sRarted an<
under various conditions el teaperature,

$ime of Coneantratics ef Tempersture of
8ampling Trichlorodensens Triechlerobenszene
S

—BL, Bar Liter
At 83%C, i/8 bour 0.89 23
2 . 0.8 13
6 ® 0,60 22
T 8% BO°C, b ' 1,68 80
é ® 1,70 80
At 90°C, 1 . 1.90 80

Inerteen a¢
28°C, é . 0.88 23

¥roe the foregoing 4t will be moted that the € hour
sazple with trichlorobenzene at £8°C, gives almost the seme con
centration (0.60 mg., per liter) as did the 8ix hour sample witi
Inerteen at £3°C, (0.856 mg. per liter)., This suggests the poss
bility thet the bulk of the stuff eozing off the Inerteen at
taet te=perature say be triclhlorobeaseze and that the hazards o
Inerteen zmay thus be the hu#grds of trichlerobenzene, Fracticn
el distillafion of about 335 ec. of Inerteen was carried out i=
a distilling flesk with a 3009C, thermometer reeching to the
level of the side arz. The distilling flesz wag etteched to &
Liebig condenser end e collectin, flesk, Bazples were colliecte
over tesperature ranges froz £42°C, to 5006C.‘(2he tempereture
recorded being thut of the vapors around tﬁe.ther:s:eter bulb,
Tne distence betveea the bulb and the gurfece of the licuid wee
NOSETT about 6 inches., Although the ligquid boiled vigorously severel

zinutes elapsed tefore the vapor reached the bulb). The boil-
200090
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tng pciét and ppecific gravity weas measured for eact frastio:s
golleeted.

?npcraturz ei“ Bo;l!.u Point 8
Fractson Condensing Lig reetien pee. Grav., Vel
—de, o, _°c, ’

8.
i 840 - 808 - 219 1,489 &5
& 240-254 288 1,478 45
3 254-880 . 249 1,493 L]
4 . 282=800 | 289 L.8677 80
Residue ~4bove 800 ) 1.688 180

. Fractlion #1 wes probably triehlorobenszens (Bpecie
fic gravity 1.466, boiling point 208 - 2199C,),
Conelugions and Bu==aryt
In investigating the toxicolegy of Inecteen answers
tc the following questicng were sought and are here gives es
far &8 possiole.
(1) What 48 tue coﬁpositiop of the vapers licerete
froz lnerteen at a maximuz worxing tespersture of 90°C,,
‘Prichlorobenzene caly. hd
(2). ¥vhat 18 tie maximum concentretion of this
fraction to which worw.ers =ight possibly bé exposecd,
(e) In & closed space 14" over bolling Inertee:
€,5 BEg. per licer,

(b) In an open space 5Y over boliling Imerteean

(J(‘eﬂﬂ«iGO 0,56 mg. per liter.

(3)o ®het might be the meximu= concentretica i3 &
roo= wlhiere transforsers are placed when the tezpereture of the

transforzers are 90°C, end the etir bes a chence to get setu-
. AINNHEN
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- 1.9 Bg., per 1iter,
| (¢). ¥nat 48 & safle concentratios es shown by
'aninal experiments, Considering the hagard i3 due, under
erdinary working eonditions to6 trichlorobenzene alene,
(a). Froe trichlorebensens dats previsusly
ebtained, .0338 mg. per liter,
(b). from Incrto;n data o 048 mg.per liter
Zhe last tiiuro has been verified by exposing rats
for & bours per day to such conceatrations over a period of
weeks, | ‘
(8), 1s there a si:plt test that will detect cone
eentrations of Inerteen below ,048 mg, per liter,
Yes, If 10 liters of air nre drewn at a
rate of about one liter every & mizutes
through 1 cc. of ethyl alechol (cooled din
éry ice or an ice salt mixture) and the
alcohol poured over the surface of &8 few
ec, 0f distilled water ic & test tube a
ving of turbidity will be produced 1f the
copcentration is over 0.03 g5, per liter.
If & ring 4s produced, the air tested should
be regerded with suspicion and increesed
ventilation provided.
(6), %het 18 the minlmu= fataf cote orellyd &

r‘ . 8 fa
to 8.5 cc, per kilograsm, TN e
(7). 1Is there any skin hazard? Constant expcsure

Bakes the szin excessively dry, and long contlnue%}g§$%§$fe
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@ay render persons exposec susceptible to those dermatoses

vniahur; prone to arise in excessively dry askxins,

'?2......... S

8“

8/28/38
4° ‘
’G @

Foen o8 N ISy
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- The x:r.cz ef Lnortoc: and Beveral Raelated Babgtances
@per the White Rat.

¥. o Boad, Jr., BeDo

Inerteen, & mizture o: trichlorebensenes, ethyletetre-
peats=chlorobensene &nc ehlerinated diphemyl, vas adainistered
to white rets orally, by skim spplicatiem, amd by imhalatica.

lzn udditien severul animals were exposed to trichlorobenzens
anl ethyl tetrs-penta=chlorobensene separataly,

Ivo rats were employed to study the effects of inhsletio=
of e coapound known &8 Pyrancl, and two other animsls were ex-

posed to vapors of Restinghouse Tramsforaer 041,

inersean

Pel ad= BLPs 0
Teenty=four white pets peceived cipgle doses fro= 1.L)
t> Ze44 cc. per kilogres of body weight. Follovin: trestzent
decth occurred in &6 to 64 hours. One died fam=ediutely followe
ing treatment, the meterlal heving beea sePtly {ntroduced inta
\ the lungs,
oy Grogss Putholegy.

Lungst «08t of the &animuls thet dlied shox congestlon vish
or rithout edeas «ni beaorrhages

Livert Ten rets huve mottled gruy or yellow livers. Lhree
enimels sh aw £ viffuse pellor vith mdoderute yellowness,

Ctomceht In 17 rats the stozuch conums blosd. Kine of
EXHIBIT NO these present grossly visible erosions of the pylorus,

Intestines In the msjority of the animels the fecsl m-teritl
LA coaiiins old blood. In one uzi:u kllled 54 hours ufter
. e~ tre.taent the lover thrird of the i{leus contedins tloody
(,ﬂﬂnlﬁh:{ siterial, There 1s congestion of the mBucoss, anre lover

colon tBc @igmoid Llso cobtsin bloocy uuterisl.
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8ix rati are exaained bistolegiecsally,
Livers ¥ive show marxed anu rather extensive hyalin necros:
in the central pePt of the lobules. Ihe liver cells abx
these areas present fatty degemersiion of the cytoplasa.
In tvo animsls living B: anc b4 hours after treataent tl
are incre.sed mumbers of mitotie figures.
Etomacht Two animsls preseat typlcel heaorrbuglc erosions ¢
the mucose, another bus bhemorrhagic aress in the mucosa.
The pest of the animals show post mortes ckznge wrnieh
partially masks preceding pathologye
The remainder 6L the viscera presents no’changea that are

thought to be of imsortance,

Zighteé: rats were given L dose 0f 1,15 to 1,80 ec. per
kilogram body veight. Bix of these snimcls were killed & days
efter trect=ent, 6.lx animslp were killed 8 days a&fter trestsext
fiz animuls vere killed li days t2ter trectment.

Gross Pathologv. |

Stomsehs In & of the € snimuls killed efter O deys there i
bloody meterial in the sroziche

Liver: In helf of the animuls killed &fter 3 duys the liver
cre slightly pale yelloy in color. Those killed after &
days present 8light enlargedent of the liver with a gues
tionable .yellowish color,.

Rats killed «fter 1l days present no important nethuology.
Microscooje Patholoey,

Liver: Exjosure 3 duys. dhe liver cells cvcre lerge vith
pumerous mitoses., Occusionslly there is necrosis of
cells imwedistely sbout the ceatrel veins.

Exposure & days. The liver cells sre lerge.. Those
stout the centrel velns tre derk, Only occasional fotty
degeneration is secen., ce

Exoosure 1l days. AllL of the sections. show slight
swelling of liver cells with very occasional vacuolizeti:
of liver cell cytoplasu. CONNACA

None of the othcr viscere present puthology of laportence

15 the exoeriment. 3000234
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Iventy-08e rats received multiple treataemts by mouth,
The aacunt of & sinygle dose variec froa 0.&D 2o 1,75 ec, per
klogrea body weight. The animuls studied histolegically vere:

Oroup 1. 4 Puts, loB4=1.95 ec. per xilogram., Died after &
deily treoutaonts,.

Ceomp o & rets, lo.i=1ocb €c. poP kilogrul. Killed ¢ deys
after o.dally treataents,

Group 8. B rets, 0.4-0,48 oc. per kilogrem, XKilled ¢ dsys
' sfter S dalily treutaents,

Gros geh N

Oroup 1., OHtomceh: 4&ll are dllcted vith food.. In £ trere
is some old blood present in the content.

Livers All present soze hyperemia, In 1 the
surface bes & BOvtled spperrance,

Group &L, Stomeeh:t One wnis.l bas & s=zll azsunt of tlood
: in the geectric contents

wivery Eoth present moderste enLeTyem=EDL.

Group &, Liver: dhe livers &ppeur somevwhsat lighter than
usual. In one therc ecre lsrge yYellow ereasS,

Micposconiec Prtholeev,

Geroup 1o Stomucht One rat hes szsll inflemzatory ulcers
of the fore-stomueh, &nsather prescots hemor-
rhesic erosioas of the pylorus,

Livery Two anims=ls show swellin, of liver cells
with futty degenersation o cells in the cente
purt of the liver lobules. Iwu &nlmils prese
centrul necrusis of liver cells vwith hyperplec
o' the endothelicl cell: in thesc &resas. In .
of these enimels nuseroug Bltotic figures ere
found in liver cells,

Group £, Livers Ther~ is L generclized swelling of liver
cells with some polychroz=isiuse.- In one ret ik
s o fulrly generslized vzecuoler degenersztioz

£ liver cells. Tue other presents vaCuoLiT cha:
Cﬂﬂﬂuﬁs in the centrsl part of the lobules,
300035
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Orous S, Lives: There 18 & diffuse, mild swallln: ef
- liver eelle with sose unevenoess in 8taining
&lility. Yeeasiomel liver cells present
vacuolaer changes iz the cytoplasa,

Pathalogy of ell o the animals 18 BOt severs.

fComaent.

The putioloZy resulting from eorel ingestion of Inerteen
18 falrly consistent and obvious.

Large doses shieh ure lethal {n cne or two days ceuse &
terzinel pessive congestion of viscere, extensive dege:eratio:‘
of the ilver vill pecroslis stout the cemtr.l velns amd loecd
ulcertsdions ¢: the gusiric BUCOSE,

If sub-lethil) coses ure given end the animsals gecrilfliced
Lt ¢4fferent ime incervils, the resulting pethology ist

C dLys - gostele drvritation, hepctic degenerition ¢nC tetive
regenerstion.e

E cdeys « mild degenerztive changes iz the liver vwith focl of
regenerated liver cells.

1l ceys - ipdefirvite liver petkologye.

Iz the group of anigels pives repeated orel treut=ents,
those thi.t ¢ies present gustric ulcerztion and heﬁatic degonerege
tion siziler o thosc recelving & eingle lethel dose,.

éwo rutc surviving 3 successive treactdents sbow sizileup
chunges but to & lecs severc degree. |

The groud of rzts receiving & dally doses of Inerteea, the
total-or vhieh ewounted to lethel or sub=lethil level, prescnts
milZ to moderzte cegenerttive changes in the liver. m‘mﬁﬁﬁ

Other viscerul pethology huc not beem included becmuse 1t

18 considered to te coinecidentel in character. It muy ke zez-
LY YaYaXaks
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Bevex rzts recelved about 0.5 ec. @f Inertees dally to
the shave: skin of the back, This wus provected by a glass
Fing and adhesive tane to preveat lieking, Ope aniea) died

after 1l trestments, the rest were killed after 1§ applicae-
tieng.

2‘2!5 ?aihzl Qg.

Livers All of the livers are dark gray brown in color
vith BOottling of the surface.

Bkis: Ho gross chungc s observed excent in the srimal
thet died. EHere the sres of spplicution is soft and

necrotic in eppesrence. This animal alsso preseats
pulmonary eongestian.

Hierggegoie Puthology.
The eniral thet dled presentss

Liver: Yetty degenerztion of liver eells vith necrosis
of hose &hout the centril veins.,

Skint Eyperkervtindigetion vith blister for=:tion and
leucocytic infiltrition. There ire 2ilc izflcozaee
tosy chenges in the unuerlying comnective tissue,

In the g8ix animsls killed there 183

Livers Hild swelliny of the liver eclls in 211 eof the
anisals with occasiontl vicuolur degenerution in
soze of the liver cella.

Skingt There 1s hyperkerctinizution 4dn £ rats vith oce
ccsionel blister foraction. Kelr follicles are
incre.sed in numbecr in three and decrensed in one.
Oone animel ¢l8o preycats peri=folliculitis. One
of tke wnimils has 8 hyperplusiu of the epithelium
rether tkzn hyperkerttinizatiom, In & ruts there
is mild fikroblecestiec proliferation with soz=e round

(1)(“]&f?7 - cell dnfilerution in ihe underlyinmg® connective tissue,
J

The

g |

€ Lc no gquestion thet skin epplieaticn produces some
tbsorption o: the etteriel. Iu ooe enimsl this wes swilclent

to p;roduce cetth. Simce there 1s injury to the skin the degree
300037
of sbsorption =uy well degend on the szount of dassw-e a

WATER_PCB-00051297



R

-

sabalasian.

Group lQ

Group £.

Group S.

Oroup 4o

Svo pPats vere givem maximiu concentrations of Fopors
of Inprteen (about 04 mg. per litar) with exvosure
twice daily for £0 aimutes eseh. ihe animalpy wers
killed & days after 14 trestments,

Two rats were given vapors containing about 0.4 ag,
per liter. This was given twice dully for 85 trest-
Bments. ©One died, the othe~ animul was killed.

Two rats received two delly exposures for £0 mimutes
each ol vapors comtalning sbout 0.4 mg. per liter,
These animals were killed ufter 68 treatcents.

fen rats received 8 hour exposures 8 days a week of
vepors coptaining an average of 0,057 and 0,081 mg,
per liter. Jhese animels were killed after 20 treat-
Bentse ‘

Q:ggs Pgmslgp.

The

enimul tboet died inm Qroup & presents & coincidental

intecticn.

In the rest of the eanimels there &re tupe vors infests-
tions o tte liver &nd two ruts bave pulron.ry infections

N5 pathology of importunce is seen.

Rieroscopiec Petho e

CGroup

Group

Group.

Group

1. FHo striking patbology. One &aniumel presents
bronchitise

€o In the animal thut diel the bone murrow, liver
«Bd Bpleen su;gest,c;in;identul infection.

e The liver shows guestiontble swelling of cells,
Fut stains ar. entirely nersative for degenerctive

Chungese

4. Lungs Bronchitls or tronchupneusonis or btoth i re
found in ¢ animels. '
spleen: Five rets present {airly murZed erytinro-
phagla. ) e
fone Marrow: In those arnimsels thet huve pulaosnwr
infecc2ions there is hyperplesie of-cells of the

granulsr series. : CONNAGER
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| ‘h:.;e the incidesmce of lung iafections 13 high in the
Puts exvosed to Imertren by imhalation of Vupors, it cennot
be sald thut tbis 18 directly due to Inerteen. There i3 mo
definite liver damage an md> othec pathology thet Lis of any
significance,
Bummary

Oral adzinistraticn of Inerteen a8y produce local gastrie
uléorat&on tnd hepatic degeneration particularly of the centrel
part of the lobules, Gcncr;litod pessive congestion {s produced
83 8 terzinel event {n lethal eases.

Folloving single orsl trerxtments there is evidence of
hepatic regenerstion in about ¢ tu & deys widch becoses complete
{n ebout 10 duys to & wveeks,

Bkin upypilcztion results in iajury to the s«in ind ebsorp-
tion of Inerteen, the amount of sbsorption presumubly cenending
on the &=ount Of cuteneous dasLge.

Inhalztion of Inezteen produces nu definite puthology of

the viscerthe

Trichlorobenzene

' Rina rets recei%ed cally orsl treatments with trichloro-

benzene, thc individu:zl dose veying froc C.S6 w0 0.58 cec. per

kllosraa btody welglite Zwno rats died overnight after 1 trect-

ncnt;-tra gdied ¢ hours after the 2nd treastment; cne dicd over-

rnight after T trewtcents; onc cled 4 hours nrier o kreutaents;

| CanNARA

300039
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iva died overnighe affgr S.treatnanta; aBC ene rot was killed
4 days g-ter & trectaamts.
Sress PatholefLy -
In all animals that died there {8 »assive cangesation of
ne lungs and liver, |
Stomucht In all animals the stomach 18 overdistended »ith
ig:i;ntfn four there 13 scae blood present in the gest:

Livert In adiition to jessive congestion two Pats ahos an
irregulay yellow mottling,

ierose atha

Livert ' A11 sections peveal rcecrosis of liver cells absut
the centrul vedns of the lobules, the liver eells in
tlie outer part show vacuolir degeneration. If decth
octcurred euwrly hyperemic is also severe. When the
animal died S or & days after the fipst trestment,
endothellsl hyperplosic 43 scen in the areas of ne-
erotic liver cellas., One enlauwl presents increase in
pusber of sitotle filgures in liver cells.

Steswcks In one animil there iy hemorrhagle ecrosion ef
the BUuCOBU,

Ethyl-tetra=nents-chlorobenszene
Seven rats received dully doses frow 0,62 t0 0,84 ¢c. per
kilesPu= body velght of etlyl-tutri=pentu=chlorobenzene. Une
et recelving tiie Lighest vose dled wfter the &rd treatzent,

o

Siz ruts were kKilled 4 deys after ¢ treatzents.
Oros:, Pethvlogv.
Ihe animal thet died revewzlss .
Liver: .oderate yellow wmottlinge |
Stomuebs diloted with foode

\ A
Lungs: Conrestion :nZ heaorrhige. Conns 0

' - 300010
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The 8ix rats xillec present questicmable enlargement
of k¥idney and liver,
derascoalc Pafhalogy.
Ir the Pat thut died thers 1s mild swelling of liver
cells with fine vacuolar degeneration., GCenerclised passive
congestion of lung, spleen, bone marpow and other viaooék.

Ia ¢the ani:#la that were killed there 18}

. Livers 6light swelling of liver eells sith ecceslional

::f:olar degenerution, The changes are extremely
]

| Coazent
Zhe hepatic chunges following trichlorobenzene are
ladenticul vith those seen after Inert.en, EthyletcvtPeepentéa-
chlorobenzene produced relatively little moroholeglcal chrnge
in the séveu animels exszinmed. The one amimu.l that dled pre-=
sents melinly generclized viscerel p.ssive eonzcestion sith

only Bild degenerctive changes in the liver,

Byrangl
Two rats were exposed to vupors fros distiliation of
Pyranvl, Exposure was given twice & day for 20 minmutes,
Forty-one trestments ;ere given.
Gross Puthology.
Ho definite pathology is seen, o
Yicrdseociec Pathologvye.

In one snimal there are increused pumbers of mitotic

Frerwov s 7@
o das

figurcs in the liver, The liver, bowever, present:'no'deri-

nite cellulsr chenge, 30004 ¢
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fuo rats were exposed to vapers of distliiling Tranms-

former OLl. %nis was given 20 minutes, twice daily for
44 treatments. | |

Oreag PathollEy.
Bo definite patheloegy is seem.
Bicroneoode Pathologys

" Lungs Inm aéo enimal seversl of the broachiocles eontain

macrophbages f£illed with evsin stuining grenules or
gzmsll refructile droplete.

HNo striking pathalogy is observed in either unimel,

Gt J*@/ ~

TN a YA e A

300042
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° February 14, 1950

Dr. Louis W. Spolyar, Director
Division of Industrial Hygiene
Indiana State Board of Health
1098 West lichigan Street
Indianapolis 7, Indiana

Dear Dr., Spolyars

I enclose an application bulletin on our Aroclors. Cn page 19, there
is a summary of almost all our toxicology information en thies compound.

If the case you refer to is in Brazil, Indiana, our company has had
some coitact with -the prohlem. This particulgr inataliation used a
teaporary heat transfer system, and thus did not make the installation -
alipr tight. This is contrary to our expressed instructions when

Aroclor is to be used at elevated temperatures. Upon hearing of the
iliness, one of our development engineers went to the plant and gave -
his recommendations, and then I called the plant physician to try to
obtain some idea of what the 1llnesses were. As far as I could
deternine, twe men suffered from gastrointestinal upset. I suspected .
the possibility that the' sroclor fumes might have caused liver damage,
but was unable to obtain this information over .the phone. I was alseo
unable to contact the employee's physicilan,

The toxicoleogy of Aroclors is somewhat confused. The experimental
work was done by Dr., Drinker at Harvard about 12 years ago, and was
done in connection with chlorinated naphthylene, chlorinated diphenyl,
and chlorinated diphenyl high beiler. Both of .these last two are
Aroclors. In the particular work at Harvard, Dr. Drinker found that
Aroelor 1263, which means d!>henyl chlorinated to 68%, was of low
toxicity. The confusion existed in his findings that Aroclor 1254,
which {8 the diphenyl chlorinated to only 545, was considerably more
toxie on inhalation. We did not supply him with this material, and I
vas gever convinced that some ervor might not have been made in the
sample. ) .

At any rate, we have -adwised protection against ail Aroclor fumes when
an elevated temperature is used. I will appreciate it if you will let
me know the result of your investigation, if one is to be made.

Very truly youra'

RFKsog ' ~ hdical Director

B €C: Mr. 'Paul Benignus .
8t.. Louis

WATER_PCB-00051303
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BTATE BOARD OF HRALTHM
February 28, 1980

Dr. R Emmet Kelly
Hedical Directer
Uonsanto Chemical Company
St. Louis 4, Migsouri

Dear Dostor Kellys

Thenk you very mueh for ye aformative letter 8f Pebrue
ery 14, reletive te the use of Areclors)in industry. The plent
under queatisn is the Bragil plent msntiened im your letter,

The ehief cempleints were irritationm ef the upper respiratory
traet plus possible liver damage. At the time of our study Arecles
was eirculeted in gelvanigzed pipee and most pipes were leakinge It
wag suggested that new pipee be inmstalied and lesal exhaust empleyed,

Plent repiped with copper tubiag and imstalled a leeal exhaust
system over extruder rolls. With this improvement very little
Aroclor vapors were escaping. This probably will solve thelr preoe
blem. Further the plant is considering building an ensclosure around

the extruder and rells se that this equipment will be both emeclosed
and exhausted.

Thanks agaia for your helpe

© Ve ruly yours,

peua ' w/

Wo Spelyer, ¥, @,, Director
Divisior of Industrial Hyglenme
Indiana State Board of Health

NS spm

CUBLIE HMEALTE (8 “THE AGY “. BLI8REE &F PRCvESTIeg 2188204, | ’ A o
PEDLESGING WIPE ARG POL=OTVIRG PVOVOICAL 280 BEVLl EFPL o K o8}
CiEEY ThatUEesn CAGANMIZED CONRBYRITY EFFead.” G.o& A,

et
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gk, Louls .
2 9 Aa A!’pillo had Bnmﬂxm
December 12, 1966 w G. R. Buchanan -~ GBUCH
e -8 R '."DGVQNQ n.rdy bl WDO"
AROCLOR SWERDEN R. A. Steenrod - RSTEE
Hl‘. DO "OOd
BRUSSELS

I do not believe that we can glibly accept Arvclors as

a synonym for polychiorinated phenols that were discussed
at the meeting of scientists at the Wenner-Gren Centre in
Btockholm on Novembexr 27.

There are polychlorinated phenols which presumably could
include derivitives from, or impurities in pentachlorophenol
and, especially, 2,4-D and 2,4,5-T. These compounds would
be much more liable to appear in salmon, pike, and sea eagles
than any dexived fxom Aroclors.

There are many chlozxinated polyphenyls that can be formed

du:lng the manufacture of 2,4,5~T and probably pentachloxophenol,
as vell, Our only problem is whether or not we want to bring
these facts up and have our herbleide program receive enother
black eye, This, I will have to lsave to your judgment,

1 think the question here is primarily am analytical problem,
How can we £ind out what product Mr. Jensen is talking about?
Can we compare these chromatographie peeks that Mr. Jensen is
describing with anything found in Aroclors, pentachlerophenol,
2,4,5-T, etec? I admit ¥ am out of my depth hexe but I think
another compound is indicted rather than Axeclor.

R. Emmat Kelly, M. D.
REK/1n

| EXHIBIT NO..%4_ |
'

{ Kl

NEV 023924
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S 9 &f 8 lettar seceived fxom Glz Palm ia Stockholm,
.. & have mcnphc of this ilstter also te the appropriate despartment:
PR 6ar Gum anisatiem., In coasideration 6f tha importasce
. ¢ "7 wa ave plecisg em development f the Peedish market for Areclex
'_»wmmtinm.nmldhmumupmdm.
. foz this ianformtion to be comsidered by ths appropriats dspartmesnts
- ey ev . Am BB, kewis asd uc_ntstm-itudeouumnpaihh

5

. - Bused em the recommendatisss mde by car medical dapartments weshall
Lo iEve to dseids vhether te axrzange for publication of data in Swedsn

¢ ' I» relatics te the specific problem mestioned ef disposal of used

. mBterials, ve weuld be interested to learsn how this problem is

L mndled i{n lmarien, Ia the B.X. Eany cospanies kmve been burylng

. -:-:muk—.-u:mhthdrmhviuhuabnmdm
vermicalits ez sems simiiar povous materiml. Bas asy estizaly eafe

. M". .h' " e 'S . ﬁ
3._;;.' -3 f-"-;,..,-'_f-* , S )

R R Y T Fr B. Wsad.

T PSe Falsking ef the tsbal "ef Aroclor ¥sed in Swedsn

o A,j.wmm-dmwln—'dwmwmwﬂ

c o =g ta, foxr wataxr treatmast in the industry and
A . - e=pwkalin captyel (e tha indestry. I8 it likely timt tha

a -Gilerismted jhenele show chrosmtographie graces to tia

‘: - -?d‘ ‘.'-!,...',. & ! e s
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CETTEDY § 44 43 esmEalEEs 20440

STOCHNOL® Va - =8
8vEAVAGES 67 Nevember ZT

Monsante Zuroge
BRUSEELS 3
Belgium

Fer the attention of Mr, D. WOOD

Dear David,

re: ABCCLORS

As menticned, there has been seme publicity iz Sweden
cancerning investlgatiocns made at the Institutieon ef
Analycical Chemist=y at the Stockhelm University.

These have revealed that a grcup of procucts called
Polychlorinated Bi-Phenols - PC3 fer shert - accumulated
in certaln organs o1l amimals. They-are said to be -
related to DDT acd equally polscouous.

The fizmdinzs were discussed at a meetling of selentiscs
at the Wemner-Gren Centre in Steckholm on November 22.
Below plesse find a translatien of an article im €&
Swedish caily paper "Dagens Nyheter":-

"It 18 found in salmen and in pike. It is found in
sea eagle living on fish. It 48 fcumd on the, sure
face of the needles of the fir trees, that 1873
toe air. It 12 found in the heir of =-five moxmths
b&by‘oo o ° ,' S 3

e %

The scientists working with biceides have for & long
time seen this something as unikmown "peeks) on their
g2s8 chromatographs and ag a,meetingﬁqx the Wennere
Grepn Ceater, Hesearch Assistant S8ren Jengen of the
Institutieon for Analytical Cremistry at the Stock-
helm Oniversity could reveal the identity of these
peekts. It has been found that they comsist of a
group of poisons, Polychlorinated Bipha=cle (for

snors PC3) which ave closely relafaed oo, and egually
poiscncus as, DDT.

PC3 is broken down considerably sSlcwer than DDT and
ives rise to damaggofl liver and Sictn, PCB 18 not

BRIK
STR 017391

)
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used as a herbicide. It is pot manufactured in
. Sweden but is supposed to used by the indu.sv-y to

guite socme extent. No special induserv can so rar
be a w

Resesreh ASstc. &. Jezsen has tested 200 fishes and

& pumber of bir2s. Ee kas takewn severzl samples of
air anc has reacred the canclusion thart BECE (s
equally cecmman iz Neture a3 chlerinated hydrecarbons:
of the type of DDT, DDE, and Limdarce. Even fish ix
Laddjojaure in Laplard contaln PCE. Mr, Jepsen has
also found that PC3 does not appear in animels
living on a vegetarian diet, such as the ellk.

In the course of his work, Mr, Jensen has mot fourxd
anything indicacting that the source of contaminae-
tion ccmes frcm agTicultural additives. It is,
hewever, obvicus already now that PC3 is mest
frequertly found in organisms livirng in waser er
feeding from water animals. In all examines pikes
BCS was fourd. I= a sea eagle fourns dead cutside
Stoeck=alm 12 was found that the livers centaired

20 _mg of meprcusv ter ¥ilo, T€ mg DET and comsidere

ablt more PCH., The exaect {igure has 2ot yet bheepn
determined.

PC3 is found in watsey and 1n ailxr, and not only ia
the Swedish air, but alse iz e.g. Londue alxr.

Kr. Jeasesn has not yet been in Londer for sampli=g
but cauld idencifly the poiscn by studyisg a gas
chremacasrem of a2ir published in 2 British techrl-
cal lecrmal.

bA
Mr., Jensen har also examined thekailr of hls family

pEge——=,

. and himsell and kas found PC3 orm all samples.

Most PC3 was found ia the hair of nis wire but
most sensatioal was that the girl azed § ===ths
had more PC3 in her hair than her brocthers and
sisters of 3 apd 6 years. Probably the girl had
- got the poison via the mother’s millk.

In the State Museum Mr. Jensen has exam.ned the .
whele collection of sea eagles datin-~ back ©6 1880.
By testiag 1t could be established t:xa: 2C3 was
present only iz birds from 1948 and thersafter
while birds collectsd before 1948 were quita f(ree
from PC3.

The use of PC3 in Sweden i3 not establiched in detail.
According to American sScurces these types of produets
are used in the manufacture of a variety of heate
resistant materials. They are used for electricsl
insulation, for fire-proof heat transpost in
hydrdulic e1ls, in lubricating oils used at high

40N
100

STR 017392
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temperature and pressuce, in palats and as pig-
ments in varicus plastics. 2C3 is not imported
only as suchh. It &3 also part of several finisned
preducts. Nothing 1s lciown as to the way in whiea
it reaches the water ard the alr. Acccrding te
Mr. Jeansen, products comtainiwmg PCE shculd have
this cpenly declared.

PC3 1s equally harmful whether ebhsaried via the
skkin, through the food, or by imbalavicrn., In cooe
tace with the skin 1t can cause ®dema. rFor DDT
the highest permissible concentration in the ai=
has been set at 0.5 - 1 mg/cu.metre. For PC3 is
has been mentiocned to be 0.5 mg/cu.metre.

Mr. Jensan will pew try to get more ccmplete
analytical material. Ee hopes eventually to ke
able to discleose the source of the contaminaticn
and will alsc inerease his cooperaticn Wit texee
cologists and genecloglsts.”

4nccher dally paper, Svensica Dagbladet, has & similar
ar<icle, Here 1t 1s menticned that Mr. Jensen, wWorie
ing under Laborator (Professer) Gunnar Widmari, bas
disclosed facts whieh will have far-reaching importance.

'since the findisngs have proved a new source of pollue

tion of the aature.

Coe of the passicipants at the meeting was Dr. A.V. Bolden
ef Sceoctlard, sclereiflie contact man betwesn tie twelve
G.E.C.J. cauntries, who has established coocrdizaced
eralysis of chemicsls used and found ip pature.

I suppoese there 13 po doubt that what has been terzmed
Polychlorinated Biphenyls is equal to Aroceclor. There

is also Bo doubt that the published f2ets will cause
consideranle unrest in several quarters. We probably
will have to have Aroclor registered with the Swedisn
Board of Poisonocus Substances and the incdusetry will have
to be particularly careful im handlipg the material,

The problem in scme cases of course may be the dlspesal
of used material. I understand that there hardly existcs
a convenlient method of destroylag Arcelor and that

pessibly burying umuseable material may be the only
answer.

We shall be glad to hear {rom you Soen.

Yours sipcerely,

RISING & STRANL ...._uihG
STRAND 1

7 LG
é/, STR 617393
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gt DN, Hardy, london
o 1%th January, 1967
cuner _ Aroclox - B(:l.e;den

10 ' P.Go Benignus, St. Louis
G.Ro mchm’ Bt. Iouis
D¢S. Cameron, Brussels /
Dr, Re Emmet Kelly, 8t. Louis
GoR. Graham, New Yoxrk
RoAs Steenrod' sto Louis
D, Wood, Bruesels
Jeho Evans, london
ReAs Baxter, Ruabon

On 2nd January 1967 Mr. A Richardson of Shell Chemicals'
unstall Laboratory, Sittingbourne, Kent talked with me over the
telephone concerning the Swedish Press report relating to the
identification of “Polychlorinated Biphenols" &8s trace contaminant
in sea birds, fish etc, Richardson has been working for some years
on the similar problem with insecticides such as DDT, which are imown
to have wide distribution in trece quentities. He had already found
that the chlorine-containing residue contained substances more stable
than DIT. and just es SBren Jensen xeports he has obtained spectrographic
evidence that these are very similar if not identical with Aroclors.

He has obtained samples of Aroolors 1242, 1254, 1262 and 5460 {rom us,”
and would now like 16 have small samples of any chemically pure Aroclor
constituents vwhich we may be able to supply. Milligram quantities would
suffice for his purpobe.

Mr, Richardson was quite sure that the compounds reported to
be "polychlorinated biphenols" are really meant to be polychlorinated
biphenyls and as support he has sent me & copy of the synopsis of a
paper entitled "Pesticide Analysiss Presence of Polychlorinated
Biphenyls at Residue Annlfysis of Biological Semples™ by Sbren Jensen

and Gunner Widmark (photocopy attached)e o

g

I discussed with Hichardson the soundness of Jenseds claims,
and was assured that his work and findings are sound. dJensen is on
the staff of the.Institute of Analyticel Bhemistry, University of
Stockholm, A4 note on the staff and work of the Institute is attached,
From this you will see that Jensen is wholly concerned with the :
anelysis of chlorinated pesticides and with the work of stations for
routine analysis,

" T would be glad if Dr. Baxter and Dxe. Buchanan would errange

to send me milligrem samples of any pure Aroolor oonstituents that may
be available at Rusbon and St. Louis respectivelye

(et

D.VN, HARDY

NEV 022115
722170
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- the substances found in his research work on the occurrence

" will have seen from D.V.N. Hardy's memo of the 12th January

‘statements as to the possible effect of what he has found.

"in Kent, U.Ke Jensen also divulged that he had been contacted

G. R. Buchanan - 8t. Louis

We recently sent you a translation of a Swedlsh newspaper
article referring to the identification in nature of
polychlorinated biphenols, Because some of the uses claimed
for the materials fell in line with the uses of our own
chlorinated diphenyls, we made a point, during our recent
visit,to Sweden, of visiting the xesearch institute involved
and discussing their particular programme of work.

To ¢ eliminate any earlier _copfusion _that tl there re may have been,
I should like to emphasise that there -is no. doubt thatthe
chemical which is the subject of the lnvest;gatgan_ané_;be
news release, is chlorinated diphenyl i.e. Aroclor.

The company that supplied the mass spectrometer which was

used in the research programme, in fact have recently put out

a press release on this work. Although I am horrified by some

of the headlines in this press release, it does basically

describe the’ reseaxrch programme carried out in Sweden, and
describes in clear terms how chlorinated dlphenyls were identified.
I therefore, enclose a copy for your files,

Jensens only aim in life as an analytical chemist, was to identify

of insecticides in nature. The unfortunate aspect of the
situation is the comments which have been added to Jerisens work.
He showed what was present and ungualified people have made

Summarising the publication position, there were original articles
covering the Stockholm conference in the Swedish daily press,
and these reports were picked up also by the Danish press. You

that it has also been picked up by the Shell Chemicals Laboratory

by the Swedish American press agency who intended to include

information about this research work in their monthly review

"The Swedish American Journal®, There is additionally the

press review issued by LKB Productor AB which I imagine to
ex f technical Journals.

NEV 022156 cool oo

732211
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G. R. Buchanan - e 2 = 26th Janua
St. Louis . Re 1967

..+ Effect in Sweden

A . This matter was raised with us by every capacitor manufacturer
Setler in Sweden that we visited. Fortunately there has not been

. ' "too much adverse comment as yet from plant workers since

: they have not associated the polychlorinated blphenols mentioned
. in the article with Aroclor or Pyralene used in the Swedish
-+, factories., dJensen, however, stated that he had been approached
' personally by-Teveral workers associated with chlorinated
diphenyls for non-electrical uses and these workers were guite
dorrreﬁ‘ﬁ?fto the possible effétt*ﬁﬁ'Ehelr’HéﬁTth..
i oo Future Research _
:

Arrangements are being made in Sweden *for this work to be
taken over by one of the medical institutes who hope to study
the toxicology of the poloychlorlnated diphenyl residues at
the levels of concentration found by Jensen. Additionally

l f:;f ' .. ' a geographical survey is to be carried out to try and determine
“ta ' ..+ - where the highest concentrations of residue are appearing and,
. ige .. 1 if possible, to detect from this the method of escape so that
. gzﬂ' ..« -more security precautions can be taken. ‘We were asked by
I.ﬁ@ ettt Jensen if it was possible for Monsanto to supply any samples

e of the pure isomers of chlorinated diphenyl since his work
R indicated at the moment that the lower chlorinated isomers
' LY are fairly easily metabolised, and the potentially more

C dangerous constituents are the more highly chlorinated members.
. 1f he can get hold of pure isomers, he would like to carry
| . o ‘out some work on comparitive rates of metabolisation.

e ":Tﬂ Jensen is forwardlng me copies of his mass spectrographs and
l v f”.tJE .details of sample preparation so that we have all the details
: .5p~=}3; of his research work.

Y ele ameem
. L.

e The point'that I have made to Jensen is the need for'care in
T _any further publication of his work which is made. He accepts
..+t that the toxicology of chlorinated diphenyls should only be '
R *: » discussed with detailed information about exposure concentrations
l e f and exposure times and that generalised statements out of

‘ oo ' context can only arouse undue public concern. If any technical
ot T . journal takes up the press reélease from the LKB Productor Company,
| o there is little that Monsanto could, or should do, in the way

" of publishing rebuttals. -We do not want, personally as Monsanto
to get too involved in this question. I am hopeful that we

e——
be aa
.o
ent0e semOmmma o e

.
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- . G. R. Buchanan A = 3 - 26th January, 1967
by - St. Louis e
1 S - ! :

: might persuade Jensen himself to write a letter deflnlng
n"_ v ¢ the true extent of his own research work and plac;ng his
e el .results in their propex perspective, It would certaxnly

;'“é e be helpful in gaining his further support if we were able
e to make available to him any small guantities of pure isomers.
Sl S * V

-~ o

3;}5 . 1. Since we are not alone in supplying polychlorinated diphenyls

.‘ ., ) o .

At 0t to the Scandinavian market, I have drawn this matter to the
I ‘ ! attention of the other askarel manufacturers in Burope.
g As you will see from the press release one of the major

o points that is made is the- dxffzculty in ‘disposing of waste
.’ ..+ chlorinated diphenyls and again I must mention that constructive
", 'yrecommendations for the safe dlspoaal of our materials would
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Gone Wilée = Goneral Offices

Fobruary 13, 1967 R, ¥, Farxs
o ¥y Woychods
EVIL RDLICITY OH G. R, Buclhooan
ITORTALD FLPHENYLS ———>UP¢ Reseorch = R, Eo Keller

R, Exct Kelly, Yo Do

ore 1s 8 bricd supnry of what we discunwdéurmswm
rehroary O dn your office,

e rovieved 8w inforimtion we have seveived 80 for on V2w
adverze putlteity in Barope on palychlorineted Miphenyls, For
the rocord, wo lave received the following pullivhed fnformmtion,

Letter from Dunnar Yitark of the Institute of
Analytical Chemistry, University of Stockbolrs, dnted
Docesber 29, about hies Mr, Jensen defining ecms of

e wmimwowns {n his enalyticnl work as polychlorimmted
biphenyls, Attached to this letter wos @ zeport on the
presence bf polychlorinated bipheryls at residue
amlysis of biolegical emmples written Yy le, Jenssa

eof Dunpar Wideask,

Dave Wood ef cur Bruasels office sent us the LKB prees
releemof.hw.urylo, 1907, about the Swedish muscess
in Getocting the gpolychlorineted biphewyle

A memo written by Dave Wood dated Jenumry 26 eumwmricing
is visit vith Jevnen,

The Jemey 30, 1907, issue of Chemical Eurinesring,

page 52, pakes comment about the work on ol “Anedef
in Bwedon, Thip was the first published

dxformetion 4o the U & '

Decouber 15, 1966, the ng%%.m :
uuru.chabmt;m%m, reporting -
the woxk that had bheon dome Wy ¢w Uolveraity of Stecke

Esoontially, 81l of thems Keports covared tho swss ituws,

Tue €0 e sportamey of the Aroclor sroducts ¢o the Crppuis
2‘vmwé:nmm$&lﬁmmﬂm¢mmgl
Jou ecoepted the responaibdlity wrmmwmmmu&m

NEV 024083

734138

Wogr
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N L,

)E)

e,

naﬂ

i, Propore a statemsnt or lettor for uge Ly Harketing
with customers wiv fnquire about this puidicity.

2, You will ¢alk to Ien Ioerestal on preparing a
press reloane end hola it until such @ tine that
ve focl as thoybd it dhould be tclensed,

3. mvommmtobwwwnac@umchm
protlen on & toxicological snd phormpcological

&, mxwtmmnpe@nuﬁervcdermmmrnm
to contaet,

5. Arrenge for contact with Bayer end Prodelec,

v0 questicns ot kopt eoming back to our minds during ¢he wmseting
mmtnmammumwummm boen notd

about the levels that bave been found particularly in the alr end
0o ane has defined anything ebout wWmt level would bo considaxed
baswmful mmmuw@tm%nctmu.emmm
Loen other products found in ¢his complete anslysis and he would
mmmmumwmcmrtwmmm. ‘

ALl of theas mcticns need mauhemwumviththe

mepﬁm.
dmammwmm@mmﬁm
dnformtion, ~

Mwﬂalﬂnmuﬂmuwﬂﬁmlmﬁowwwz -
eun help in getting theee ectichn tarted and gatting our dnformstion
Wm%wmnﬁmmmmnmwumtaﬁm
Iy this evil publicity, . _

’-
‘ T Lk S N AL
“ .
. .
B K - I
C 4 ) R
P '
- ,
K !
L] [ "f r
N Y olye R N )
.- A
.\
4 , y NEV 024084
h.. ’ . .
.o \ -‘_q,_ . o " ‘ . . .
. NS vt o * . ‘
RS R 734139
&5 . - oo ) .. BEROWE .
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EXHIBIT No,

19

exposure, Subsequently, animais pleced in the c¢2ges unich had pre-

. — : X .
~ton MONSANTO Cik.41cAL CONPANY M. R.E. Soden-Nitr
C

at St. Louis, Mo.

June 12, 1G55

Date
7o Do, R. Bumct Kelly Relerence
CoT ANILIN

w Merteezl Dept. Sud;ecl
P¢rsons I'resent: Do, H. Qattel

Dr. H. T. Hefmann

A. Palm (®n.D.)

W. Scer:sen (Plant Supt., part-tins)

Ca the 17th of Ncovémber, 1953, Baséische was procducing 8 batch cof
:richlo"pnenol from tetrechlorbenzene when the process exceeded contrs
pressure and teaperatures similar to our incident at Nitro, No one W
fnjured at the timeg, Within cne week, as clean-up wag being cerried
out, the first cascs of ¢hlcracne developed. Fifteen or sixteen case
(6 sericus) daveioped within the next 1-2 months and additional cases

showed up during the next 10-12 months until there was e total of
50. 60 cases. s

did not s¢e our most severe Nitro cases nor have 1 seen photograpns
of these cases., The pnotographs of the worst Badische cases show _ J
horrible skin eruptions with nearly dlister-like weltls and scme ulcer
ticn where infectilon ensued. Areas involved included the face, neck,
arms, end upper half of the bedy. It is my impression that their
severe¢ cases were much worse than ours., In iditlen to the skin rani-
fectatlions, their men reported ail the additonz. symptoms as exper-
lences In our workers, f.e, fatigue, vertigo, loss of libido, painful
Joints, etc.

About tesn days following the incident, and after initial clean-up,
Dr. Oettel was asked to erpose animals to the wvorkroom atmosphere. Rr“
bits (in open wire cages) were placed in the operating area for 24-48
hours. There were no obv*ous symptoms which develioped in the animals
unt:) one week after exposure - when they died. Autopsy showed liver
necrosis, Cettel thought there might be virus 1nfection or somé othe

Nad

cause for death until he exposed add1t¢onal animals in the department

thers in cages suspended inside the "decontaminated” autoclave, end
scme In the adjacent department.s All died within 1-2 weeks following

viousiy been in the department died of iiver necrosis,

thorough systematic investigation has isolatecd impurlties in the
tr:rh‘orphenol nrocess (or residues) which will cause tne same elfectd
‘n rabbits. Liver necrosis will develop in rabblits at the following

doses of the indicated macerials:

15-20 @g. of pentachior naphthalene
1 mg. of chlorinated diphenyl oxide

\ya s

0.1 mg. of residue from trichlorphenol dist:.iation
0.01 mg. of residue fraction from trichlorphenol (above 230°C)

,,,_'..\.\,,;. Y;NM'\\{T}AL 015579‘
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Dr. Oeticl telieves that the mcst potent chloracnogen i3 2 compound
somewhat similar tc¢ chiorinated diphenyl oxide, T byt

crotably with eddity a2l Cxvzen 2Loms Ln Lne moblecu -
sosponded Wit Dony vl iU DvLoun neroreach 14
Soclwperdantly or, innwitooclrg o nhke sentlial ol cf -
vt T aaplen LINeL S el omirg, Ueltel bell :
il Inpurity cten oo o tnoonhe proedacnien o7 o
amd le grntally ra.VN.\-L Uur iy cnloracne W

alwgediy T \.lrr~a".-.~' 8, pentlecnierohanck s
eLve

Dr. Qette, has no lalll. inoany eanimEl skin tests Jor ifsolating enlur-
acrogens.  He was very (nterested in ¥ettering's work end was nct aua
¢ the pudilcalion referr ed €o in Dr. Suskind's firstc report and
which describes the cyciic zkin development in nevi-bern rats. (Refer
ence: Parnell, J.P.: Postna* 1 Develccoment and Functional EBisctolegy

of the Sebaccous Glands 4in the Rat, Am. J. Anat., 85:&1l, 1949). He
‘convinced that the Bromsulphaiein test reported in the attached repr
Is siagnificant, In this regard, Badlsche rouyinely uses this ctest
on each batch of trichlorphenol wnt ch they now pywchase from Eayer,
and refuses to accect mecerisl un ca fells to pass the animal yests,
'z s¢ learned &t Eayer that they haVeexper*enced chloracne curirn
reduntion of tr:ch-u-aunno, owt nave now licked the problnv’
ding tc Dr. Hansen (chemist - Research Director At Zloerfeld)t

pa b s

Badi{sche has oeen adle to reproduce in the laboratory the conditions
vhich tead to the incident such zs thelrs and ours at Nitro and wes
Gguite surpriscd thzt we had not bYeen able to do so. I wes not given
the Nitrc process informaticn, i.e., temperatures and pressures, bw*
1f I had had this information I &m sure that I could have obtained
Badische's, One of their chemists, a Dr. Pelm, sat in on our dis-
cussions and was PFEDaPed to g0 1Inte devalils., KHe did meation that
“witha 3 mols of trichiorphenol, methyl alcchol, end alkali, and a tex

perature of 1800C" the process gets out of ccntrol His -ewarks
o

are in quotes because he dces not specx Engilish and 1 m not certain

—ee

of his remarks.

Dr. Oettel would be very happy to receive samples of any of cur -
materials for lnvestigation. He weuld iile particulierly:

(l) Samples of any of the nayeriaas involved in our 1GLY incident
including tet"acu.o.oen:ene, grichlorohenol, or e salt aru
any residues from the autociave or material cleaned from the
equipment and struetural members.

.

(2) Trichlorphenol 1or Ka s321¢) from regular procuctlion.
(3) Any samples from raw matertals, intermediates, and {inal
product which may have been invelved in our cases which

cdeveloped during our normal 2,4 5-7 production in the years
xolloaing the 1n1 ial 1nc1dent

CONFIBENTIAL  fiemn
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He would ze happy to exchenge frezly any and all informeticn with
g5 ard Xettering It was my suggestion that thi: be direct with
Dr. Suskind tc eliminate “"thirc pnarties. He =« d routinely send
ceroons of mny correspeondence to i8S end we could recuast D-. Suskind
Tt G ii;ijap. It is my opin'cn that this night seve woocessary
duzitcattan of effort and exgenssz. In addition, Retherirg =izhy otta:
viloable frfarmatten o fusther thelr fnvestigetior invel Lo human
vl * ..“‘..0 VeSS
I lert with Dr, Cectel coples of the lollewing:
(1) 7The Cive (8 reports from othe Industrial Huglens Fourndztion
vhich discuzs their -atsit ear tese
(2) =Rettering's vrepert - ‘Clinical and Znv rencal Suvvey at
N‘tro, 1G33.°
(3) Fettering's repnst - “"Environmental Survey Carried Out In’
Bullding 30, Monsanto Chemical Company 2t Nitro, February 2,
1955, " :
We reviewed thoroughly M. Weger's excellent ”Hi§to:" c: Chloracne"
wilch he sent to me with covering memo dated May 1;, 195@, 2nd which
‘tncluded descripilions of Kattering's reports on their human and
grimal presearcn., I ¢id not give D.. Cettel a copy 01 this eccount
becavs.e I did not have perm:ss‘on to do so. As 2 result of my visis,
iv may te Zcsliradble edit this report somewhat and add further
crocess information before foruar cing this to Badische
Any Specillc recommendztlcns are Zmpliled in the above narrative accoul
of my vwislt 1o Badische and must b2 based on an agoeement that full
and complete exchange of information with Badische is desirzble and
ocssidl e.
‘ Elmer P. lWneeler
ePd:éh .
0
. .’l
Attachment
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This document has been retyped for clarity.
Mr. H.K. Nason-M.O.
rron  IVIONSANTO CHEMICAL COMPANY Mr. R.E. Soden-Nitro

' Mr. L.C. Weger-Nitro
ate St. Louls, Mo.

pate June 12, 1956

To Dr. R. Emmet Kelly Reference

CHLORACNE CASES AT BADISCHEN ANILIN
At Medical Dept. Subject DUE TO TRICHLORPHENOL
Person Present: Dr. H. Oettel

Dr. H. T. Hofmann
A. Palm (Ph.D.) 4
W. Soenksen (Plant Supt., part-time)

On the 17th of November, 1953, Badische was producing a batch of
trichlorphenol from tetrachlorbenzene when the process exceeded control
pressure and temperatures similar to our incident at Nitro. No one was
injured at the time. Within one week, as clean-up was being carried
out, the first cases of chloracne developed. Fifteen or sixteen cases
(6 serious) developed within the next 1-2 months and additional cases
showed up during the next 10-12 months until there was a total of '
50-60 cases. '

I did not see our most severe Nitro cases nor have I seen photographs
of these cases. The photographs of the worst Badische cases show
horrible skin eruptions with nearly blister-'ike welts and some ulcera-

( tion where infection ensued. Areas involv. included the face, neck,
arms, and upper half of the body. It is my impression that their
severe cases were much worse than ours. In addition to the skin mani-
festations, their men reported all the additional symptoms as exper-
iences in our workers, i.e., fatigue, vertigo, loss of libido, painful
joints, etc.

About ten days following the incident, and after initial clean-up,

Dr. Oettel was asked to expose animals to the workroom atmosphere. Rab-
bits (in open wire cages) were placed in the operating area for 24-48
hours. There were no obvious symptoms which developed in the animals
until one week after exposure - when they died. Autopsy showed liver
necrosis. Oettel thought there might be virus infection or some other
cause for _death until he exposed additional animals in the department,
others in cages suspended inside the "decontaminated" autoclave, and
some in the adjacent department. All died within 1-2 weeks following
exposure. Subsequently, animals placed in the cages which had pre-
viously been in the department died of liver necrosis.

(5T

5
g.
-

‘ %

A thorough systematic investigation has isolated impurities in the
trichlorphenol process (or residues) which will cause the same effects
in rabbits. Liver necrosis will develop in rabbits at the following
doses of the indicated materials:

15-20 mg. of pentachlor naphthalene
1 mg. of chlorinated diphenyl oxide
0.2 mg. of residue from trichlorphenol distillation
0.01 mg. of residue fraction from trichlorphenol (above 230°C)

This document has been retvned fnr riavite
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This document has been retyped for clarity.

Dr. Oettel believes that the most potent chloracnogen is a compound
somewhat similar to c!‘orinated diphenyl oxide, . but,

c1 c1

N .

N

0

probably with additional oxygen atoms in the molecules. He has cor-
responded with Don Irish at Dow who either reached the same conclusion
independently or, in mentioning the potential of chlorinateddiphenyl
oxide, influenced Oettel's reasoning. Oettel believes, further, that
this impurity can show up in the production of any chlorinated phenol
allegedly to chlornapthalenes, pentachlorphenol, chlorinated blphenyl
etc.

Dr. Oettel has no faith in any animal skin tests for isolating chlor-
acnogens. He was very interested in Kettering's work and was not aware
of the publication referred to in Dr. Suskind's first report and

which describes the cyclic skin development in new-born rats. (Refer-
ence: Parnell, J.P.: Postnatal Development and Functional Histology
of the Sebaceous Glands in the Rat, Am.J. Anat., 85:41, 1949). He is
convinced that the Bromsulphalein test reported in the attached reprint
is significant. In this regard, Badische routinely uses this test

on each batch of trichlorphenol which they now purchase from Bayer, and
refuses to accept material which fails to pass the animal tests, (I
also learned at Bayer that they have experienced chloracne during

the production of trichlorphenol but “"have now licked the problem"
according to Dr. Hansen (chemist - Research Director At Elberfeld).

Badische has been able to reproduce in the laboratory the conditions
which lead to the incident such as theirs and ours at Nitro and was
quite surprised that we had not been able to do so. I was not given
the Nitro process information, i.e., temperatures and pressures, but if
I had had this information I am sure that I could have obtained
Badische's. One of their chemists, a Dr. Palm, sat in on our dis-
cussions and was prepared to go into details. He did mention that
"with 3 mols of trichlorphenol, methyl alcohol, and alkali, and a tem-
perature of 180°C" the process gets out of control. His remarks

are in quotes because he does not speak English and I'm not certain
of his remarks.

Dr. Oettel would be very happy to receive samples of any of our
materials- for investigation. He would like particularly:

(1) Samples of any of the materials involved in our 1949 incident
including tetrachlorbenzene, trichlorphenol, or Na salt and
any residues from the autoclave or material cleaned from the
equipment and structural members.

(2) Trichlorphenol (or Na salt) from regular production.
(3) Any samples from raw'materlals, 1ntermed1ates, and final
product which may have been involved in our cases which

developed during our normal 2, 4, S5-T production in the years
following the initial 1nc1dent.

This document has been retyped for clarity.
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This document has been retyped for clarity.

He would be happy to exchange freely any and all nformation with

us and Kettering. It was my suggestion that this be direct with

Dr. Suskind to eliminate "third parties." He would routinely send
carbons of any correspondence to us and we could request Dr. Suskind

to do likewise. It is my opinion that this might save unnecessary
duplication of effort and expense. In addition, Kettering might obtain

valuable information to further their investigation involving human
volunteers.

I left with Dr. Oettel copies of the following:

(1) The five (5) reports from the Industrial Hygiene Foundation
which discuss their rabbit ear tests.

(2) Kettering's report - “Clinical and Environmental Survey at
Nitro, 1953.°

(3) Kettering's report - “Environmental Survey Qarried Out In
Building 30, Monsanto Chemical Company at Nitro, February 2,
1956.*

We reviewed thoroughly Mr. Weger's excellent “History of Chloracngf
which he sent to me with covering memo dated May 15, 1956, and which
included descriptions of Kettering's reports on their human and
animal research. I did not give Dr. Oettel a copy of this account
because I did not have permission to do so. As a result of my visit,
it may be desirable to edit this report somewhat and add further
process information before forwarding this to Badische.

Any specific recommendations are implied in the above narrative account
of my visit to Badische and must be based on an agreement that full

and complete exchange of information with Badische is desirable and
possible.

EPW

Elmer P. Wheeler
EPW:dh

Attachment

This document has been retvoed for elavitv.
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