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INTRODUCTORY REMARKS

Warren Muir, Ph.D.

1 guess we have all had an opportunity to hear about
health and ecological impact and other aspects of PCB's
‘in the last day and a half. The history of PCB's, as | am
sure most of you are aware, is several years old. By 1871
and 1872 there was sufficient concern over their
potential environmental effects that e Federal task force
woes created under the sponsorship of the Council on
Environmental Quality and the Federal Council for Sci-
ence and Technology, which looked into the situation
snd made & variety of recommendations.

In addition, at that time the Monsanto Chemical
Company developed a restricted sales policy with regard
to uses of PCB’s, and also shortly thereafter, the Organi-
zation for Economic Cooperation and Development had
an international agreement with regard to uses of PCB.

All of these actions were directed in one fashion or
another toward inappropriate uses of the chemical. Yet,
8s of this date, there is no Federal authority to control
the use of these chemicals, despite 5 years of consider-
ation of toxic substances control legislation,

This particular session of the conference deals with
economics and substitutes; we will have a presentation
or & brief description of two economic case studies that
have been done on PCB's, and then several speakers will
discuss the substitutability or nonsubstitutability for
‘uses of PCB’s. :

In dealing with environmental problems such as
PCB's and a variety of other chemicals, | am sure you are
aware that there is a great deal of scientific uncertainty
with regard to particuiar health or ecological impacts.
For example, there is a certain amount of uncertainty as
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to whether or not something is carcinogenic or whether
it-can bioaccumulate.

There typically appears to be, however, a much
greater uncertainty about the cconomic implications or
the economic impacts of any action that might be taken
to mitigate the suspected problems. ¢Much of this arises
from uncertainty, about substitutes and also about the
inability to predict the actual individual or corporate
responses that would be made under a given type of.
regulatory action or other type of mitigating action.
Thus in my view, there is much greater economic uncer-
tainty in many of these issues than there is scientific
uncertainty. .

Also, irrespective of all the uncertainties, we know
that the further along in the chemical marketing and
development process, the longer it has been manufac-
tured, and the larger the market, generally the greater
the health and environmental effects of the particular
chemicals and the greater the economic impact there is
of mitigating action, to the extent that they are neces-
sary. '

Thus, if we are to deal with problems such as PCB’s,
we must change our approach toward environmental
chemical problems; we must get out of a reactive pos-
ture. We must undertake the task of identifying poten-
tial hazardous chemicals early in the development
process. By so doing, health and ecological problems can
be avoided before they develop. And, by so doing, the
economic dislocation and impacts from any potential
regulatory action wil! be eliminated or minimized to the
benefit of all.
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PCB’s IN CAPACITOR APPLICATIONS

Richard L. Rollins*

Abstract

Alternating current {AC) capacitors have used &
grade of polychlorinated biphenyls (PCB's) since the
1930's. Long life, high relisbility end & high degree of
flame retardsncy are imparted to the capacitors by these
fluids. '

The latter cheracteristic is very important In applica-
tions where high exposure ‘to the general population
exists such as in fluorescent lights and television sets.
The main disadvantage with the fluid is its long persist-
ance In nature. When the capscitor industry became
awara of the environmental problem, it generated guide-
lines for handling and disposal of the material, then
voluntarily imposed these restrictions upon itself. Now

" of the 70,000 pounds per day processed, only 7 pounds
are being discharged into plant water effluents. Liquid
waste materials are sent to proper incineration facilities
and solid waste materials are placed in sanitary landfills
to prevent escape into the environment. For 4 years the
industry has been using a significantly more biodegrad-
able grade of Aroclor identified as 1016 by Monsanto. In
that time, Aroclor 1016 has not been identified as a PCB
commonly found in the environment. Non-PC8 mate-
rials are continuing to be evaluated, but there are not
dielectric fluids available today which can be considered
an acceptable substitute for PCB's in the broad range of
AC capacitors.

. On behalf of the electronic industrial association

and the manufacturers of PCB capacitors, | appreciate
this opportunity to present our point of view. 1 will
discuss PCB capacitors, the industry’s response to the
environmental problem, and possible alternative candi-
dates to PCB's,

Manufacturers of AC capacitors have used PCB’s
since the early 1830's, and have used them aimost ex-
clusively since World War 1. They are presently used, for
example, in capacitors for fluorescent lighting, air con-
ditioners, and television sets. These capacitors are in the
plant where you work, in the home, and in public
gathering facilities. They are therefore near you a high
percentage of the time. Manufacturers are very cognizant
of their responsiblities in providing a capacitor that will

operate satisfactorily in these applications for-providing

long life and high reliability at @ reasonable cost.

*Vice President for Engineering, Jard Corporation,
Bennington, Vermont.

The consequence of these requirements in a com-
petitive marketplace is that the products and their com-
ponents are constantly being reevaluated to increase life,
increase reliability, decrease size, and decrease cost. The
capacitor manufacturer indead daily sees pressures for
improvements. It is, therefore, an obvious question to
ask why are PCB's still used after 40 years during which
the best capacitor research and development scientists in
the United States were constantly seeking substitutes.

One of the reasons lies.in the nonflammability of
the PCB material. Because of applications, such as light-
ing, where personnel end equipment safety are para-
mount, capacitors must be manufactured since they not
only fail infrequently but also fail safely. In applications
such as the World Trade Center in New York, where
250,000 fluorescent lights are installed, it is obvious that
high reliability and a nonflammable capacitor character-
istic are mandatory.

A capacitor which fails violently and contains a
flammable fluid could create a serious problem, especial-
ly in densely populated buildings, giving visions of a
towering inferno. The Consumer Products Safety Com-
mission, as an example, has shown considerable concern
over television set fires and has requested Underwriters’
Laboratories to develop standards for safety for tele-
vision set receivers. :

A second reason lies in the reliability of the product
as it is known today. Presently, the capacitors our com-
panies manufacture have a survival rate per year greater
than 99.9988 percent. The requirement that more than
85 percent of our capacitors must survive after 13 years
of normal application conditions must also be met.

The test time and the amount of test necessary to
guarantee the above reliability is mind boggling to say
the least. Many thousands of units and millions of unit
hours at or referred to application conditions are
required to satisfy our statisticians that any change in
product will conform to these present day standards.

Even with the large amount of previous testing and
history on the PCB-containing capacitor, there have been
many instances which despite all controls in existence
cause consumer concern due to extreme failure rates.
That is at a rate greater than 10 percent.

The first occurred in 1957, when a variation in the

quality of the PCB fluid, as synthesized, resulted in a
highly unstable capacitor. Standard analytical tests in

use at the time did not detect the quality difference. The
result was a large number of capacitors failing in a very
short period of application life.
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The consequence was the requirement by the
customer that the capacitor manufacturer not only pro-
vide compensation for the cost of the capacitor, but the
cost of the equipment which contained the. capacitor,

plus the labor charge for placing the equipment in the

installation. The total replacement cost the manufac-
turer 100 times the original price of the capacitor.

The second instance of numerous failures occurred
6 yeers later, this time involving the capacitors of most
manufacturers. In this circumstance reduced-size capeci-

tors were tested and approved by industry-accepted

accelerated life testing and 8 new.size was shipped to
customers.

Approximately 1 year later, up to 16 percent of
these capacitors began failing in some applicstions. A
subsequent modification in the sccelerated:life testing
based upon findings in the field failure analyses now
provides proper screening to eliminate the chance of
such 8 problem occurring, Therefore the AC capacitor
industry now does very extensive evalustions before re-
leasing new designs or using new materials.

The capacitor industry became aware that PCB’s
were possible environmental problems in 1870. Soon
thereafier, in 1871, a committee was formed under the
sponsorship of the American Nationa! Standards Insti-
tute, ANSI, to dsvelop standard industry guidelines for
the hendling and disposal of capacitor grade PCB’s. An
interim standard was published as an official standerd
proposal by the National Electric Manufacturers Associa-
tion, NEMA, in January 19873. And a final document,
C107.1 1874, was published in January 1874,

Briefly, properly planned housekeeping, considera-
tions for employee safety, and scrap dispossl procedures
were detailed. Today, to the best of my knowledge, all
manufacturers of PCB capacitors in the United States
have applied these guidelines for the handling and dis-
possl of PCB's. :

The success of the manufacturer’s contro! in han-
dling practices is apparent from the fact that of the
approximately 70,000 pounds per day used, less than
01 percent or 7 pounds per day is discharged into the
water effluents of the plants. The ANS! guidelines also
recommended that the capacitor companies change from
Aroclor 1242 -to a PCB with less toxic effects which
Monsanto identified as Aroclor 1016.

Here it must be pointed out that various grades of
PC8's cannot, as so often is assumed, be classified as
having the same chemical, physical, or biological charac-
teristics. For instance, in A Comparstive Study of Two
Chlorinated Bipheny! Mixtures . ..,"” by Goldstein et al.,
significant differances were shown to exist in the biologi-
cal effects of Aroclor 1242 and 1016 on equal doses of
the two mixtures. Aroclor 1016 also reduces by greater

than 84 percent those higher homologs existing in
Aroclor 1242 which were the most persistent in nature.
With these benefits, and without sacrificing the capacitor
characteristics, all capacitor manufacturers began using
the new material by 1872, despite the fact that it was 50
percent more expensive, .

After 4 years of use by the capacitor industries,
Aroclor 1016 has not been identified as 8 PCB that is
commonly found in the environment. Nor should it be
suspected that 1016 would be commonly found, because
the industry is exercising control over waste disposal
from its capacitors, so that there is little or no oppor-

" tunity for leaking PCB's.

Our industry believes it is much more important to
reduce the environmental problems and to allow con-
tinued use of the capacitorgrade PCB than to be con-
cerned with the material cost increase and immediately
turn to a substitute which is not thoroughly evaluated
and may be flammable,

Alternates have been considered ever since the origi-
nal introduction of PCB’s. The substitutes must be not
only a satisfactory dielectric fluid providing acceptable
life, reliability, and safety, but in eddition must not
cause environmental problems. Our experience with
PCB’s has demonstrated that some material will escape
into the environment through processing and- handling.
Therefore, alternate fluids must be evaluated on this
basis. The effects on man and bhis environment must be
determined before the product is introduced. It would
be 8 very serious error to replace capacitorgrade PCB’s
with a fluid which eventually becomes a greater threat to
man. )

Further PCB modification which would provide
even less toxicity and persistence in nature but still
maintain good dielectric properties and good non-
flammability would seem to be one alternative to
Aroclor 1016. Our companies respectfully urge
Monsanto 1o pursue this possibility.

Non-PC8 aslternatives are now being offered and
suggested. Some are new and some have been available
for many years. The industry’s position on these is as

follows.
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Mineral oil is a flammable fluid which was replaced
by PCB’s in the 1830's. Capacitors using it are 50 to 100
percent larger, much less reliable, and much less safe
than those using PCB’s. The substitution of mineral oil
necessitates redesign of equipment to utilize the larger
capacitor, an increase in the capacitor manufacture facil-
ity, and will result in increased use of basic materials
which are presently in short supply.

Modified synthetic hydrocarbon oils have been
developed which while flammable would allow capaci-
tors to approximate today’s size. Samples have been dis-
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tributed for testing, but the material is not commercially
available.

Phthalate ester, also 8 flammable fluid and also with
biodegradabitity problems, has been used In certain
restricted applications where conditions of limited tem-
peratures exist. The unknown factors of reliability and
safety in the broad consumer use areas such as lighting
now prevent its use, Evaluations, however, are continu-
Ing.

Substituted aromatic compounds are passible candi-
dates, and one has been proposed that has less fire resist-
ance than PCB'’s; it is suggested to be a good dielectric
fluid but only for high-voltage power factor correction.
This, to our estimation, represents only 17 percent of
the PCB used in closed systems, snd leaves completely
unanswered an alternative or slternatives for the remain-
ing B3 percent of the applications, Some material has
been produced but the fluid has not been made commer-
cially available, In fact, our companies are having trouble
obtaining samples from the manufacturer. When samples
become availabie, the time-consuming testing can begin.
it has besn estimated that 3 years are required before
final commercial use after initial testing of a change in
capacitor fluids.

Also proposed for limited applications is the use of
a plastic film replacing the kraft paper dielectric in the
AC capscitor. Although evaluations with the highest
quality film have been underway for more than 2 years
using the current processing techniques, the reliability of

.:—-——--ﬁ

the product is only 1/20th of that of present capacitors
in most applications. Significant additional testing is
required to determine if the cause of poor reliability is
totally Inherent or if improvements can be made by
modifications in capacitor design.

1.

in summary, there are no commercially available
tluids which today can be considered s totally accept- '
able substitute for PCB’s in the broad range of AC
capacitors, nor are there substitute dielectric systems
which would satisfy the requirements of rehabtlnty and
safety in most applications.

-1 would like ‘to reiterate that our companies have
shown responsiveness to the environmental problems of
PCB's by the following actions.

Working as a group with government and consumers
in providing guidelines for proper handling and dis-
posal of capacitor- and transformergrade PCB’s,
Reducing discharge levels of PCB's in a 16-capacitor
plant. Further reductions are now being planned.
Converting to a more expensive grade of PCB's
which is less persistent and has less toxic effects.
Finally significant differences do exist between Aro-

clor 1016, which capacitor manufacturers are now using,
and material which is predominantly being found in the .

environment. Our industry believes that afl concerned ¢

should be aware of the differences. .

We respectfully urge this awareness in environ- ‘

mental studies and in drafting of regulations. |
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THE ECONOMIC IMPACT OF A BAN
ON POLYCHLORINATED BIPHENYLS

Duncan MacArthur* and Stephen F. Nagyt

Abstract

The study described below assessed the effects of &
hypothetical total ban on PC8’s. In order to compile &
realistic scenarlo, the proposed Toxic Substances Con-
trol Act wes used as 8 model. A complete phaseout was
estimated to take 76 months, and would involve publica-
tion of rules, testing, hearings, halting of imports and
manufacturing of PCB’s, and depletion of stocks of
PCB-containing products.

Mineral oll waes assumed to be the primary substi-
tute for PCB’s, since a major technologica! break through
in the davelopment of alternate fluids is uniikely in the
near future. .

Minimum estimates are given for the one-time and
annual capital expenditures by Industry of a ban on
PCB’s, and for the primary and secondary impact costs.
Intangible Issues, such as the effect of a PCB ban on
public safsty, are also discussed. ’

In the course of our work with private and public
clients, we have examined polychlorinated biphenyls,
PCB’s, in a number of areas, ranging from product design
to sconomic impact. The work to be discussed-here was
completed in 1975 as part of a study to examine the
effects of the proposed Toxic Substances Controls Act,
as illustroted by Senate Bili $776 (20 Feb, 75).

We selected as an example a case study to com-
pletely ban an existing product following the procedures
outlined in the proposed bill. We use the case study for
following reasons. it provides an example of the com-
plete snalysis required to assess the impact of a ban; it
illustrates the direct and secondary impact on industry;
and it enables us to estimate the economic consequences
of a ban on one specific product. In our study, we also
highlighted the unquantifiable factors.

In our methodology, snd again this was done in the
early part of the year, we assume 8ll the steps in the
proposed Toxic Substance Control Act as illustrated by
Senate Bill S776 are taken. The end resuit of this is a
total ban on PCB maenufacture and use. We selected
PC8's for iltustrative purposes only. Our discussion was
not intended to reflect on the actual health or environ-
mental aspects of the example product.

T % Associste Ressarch Director, Foster D, Snell, Inc., Division
of Booz, Allen, & Hamilton, Inc., New York, New York.

- tResearch Director, Foster D. Snell, Inc., Division of Booz,
Alien, & Hamiiton, Inc., New York, New York.

The scenario for banning the product is estimated to
require about'76 months for cBmplete phaseout of prod-
uct use, Thirty-eight months were estimated for publica-
tions of the rules, testing, hearings, and so forth. The
key element in this period is the 24-month period that
we estimated would be required for testing. The key
element in months 39 through 76 is phasing out the sale
of some manufactured goods, particularly appliances, We
aiso assumed that no legal action would be taken by
industry until publication of the final ban on substances
occurring after the 38 months of testing and hearings.

A possibility in the scenario of the second 38
months is that industry requests a judicial review but

. complies with the review. We estimated the judicial
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review takes 2 years and results in @ complete product
ban. in the second 38-month period the following types
of activity would go on: documentation for control
purposes; monitoring of shipments; limitation of stock-
piling of PCB products; refining methods to prevent
PCB’s from entering the environment, such as controlied
use and control proposal; stopping the production and
import of PCB's or equipment containing PC8’s, and
finally banning the manufacture and sale of PCB-con-
taining products.

In the analysis of our PCB’s we have tried to consid-
er the complete life cycle of the product. PCB’s are pro-
duced by one manufacturer in the United States—the
trade ‘name is Aroclor—and about 40.5 million pounds
were produced in 1974, The sale of PCB’s is currently
restricted to electrical use and casting waxes. In the past
they were used as transfer fluids from heat exchangers,
hydraulic fluids, and so forth. However, as you know, to
avoid potential adverse environmental impact, Monsanto
restricted domestic and export sales in 1972 to electric
installation equipment applications in which the product
is enclosed in a relatively weli-maintained container
throughout its use. Monsanto and others offer PCB dis-
posal service. .

We found that PCB applications are characterized
by their long-term utilization with the majority con-
trolied by utilities. Transformers, for example, were re-
ported to fast 20 to 30 years, and capacitors to last 7 t
10 years. C

The number of transformer manufacturers vary;
enywhere from 2 to 10 have produced PCB-containing
trensformers. Primary use is as nonflammable electric
insulating oil. Previous estimates report approximately
5,000 transtormers were produced per year with an aver-
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age PCB amount of about 5,000 pounds per transformer.
Value of shipments {1974 data) is estimated at $35 to
$45 million.

The number of people using capacitors varies. Esti-
mates range from 16 up to 50 capacitor manufacturers.
There are approximately 80 to 100 million units per
year produced with a value about $105 to $147 million.
There are primarily two types: large utility capacitors,
using ebout 9 to 13 million pounds of PCB’s per year,
snd small industris! capacitors, using about 17 million
pounds per yesr,

In the case of casting wax, there is only one manu-
“facturer in the United States. PCB’s represent 30 percent
of the components of the wax. The annual usage is
sbout half & million pounds. Primarily, it is imported.
We elso found another indirect importation of PCB’s—in
capacitors in electrical equipment,

, The primary transformer users are utilities; others

include manufacturers of and users of electrically power-
ed rail equipment, furnace equipment, and electrostatic
precipitators. About 85 percent of PCB transformers are
used as network transformers by. the utilities, and we
estimate that approximately 90 percent of the  trans-
former uses are controlled by the utilities, either through
ownership or service contracts.

With respect to the capacitor users, electric utilities
‘use large capacitors and manufacturers and consumers of

required by Senate Bill S776. There are also depoul
costs, plant rebuild costs, and salary costs.

Secondary impact on users of PCB's, PCB- coma.n
ing products or services, and disposal organizations is
estimated at $4.9 billion tor one-time costs and $93 bil.
lion for annuat costs. Elements of secondary impacts are
primarily new plant rebuilds for increasing the capacitor
output of the United States, disposal, and the mcreased
cost of substitutes.

The annual costs reflect the forecasted |ncreased
costs of electrical equipment manufacture and use, in-
cluding replacements of existing equipment. Since the
lifetime of large transformers and capacitors is-20 to 30
years, the additional annual cost, over $110 mlllnon was
forecast for the same period.

In the proposed 3B-month time period, industry
representatives indicated that for primary and secondary
transformer use, there would essentially be a shift to
mineral oi! as a replacement for PCB's, since the environ:

- ment and performance characteristics of other substi-

goods use small capacitors. Electric utilities use them

primarily for power factor correction, and smaller units
are used for starting and other uses such as fluorescent
lighting. We estimate that about 2 to 3 percent of large
" capacitors are consumed as replacements and about 5 to
10 percent of the small capacitors were consumed as
repiacements.

With respect to the casting wax, approximately 98
percent of that is now recycled and the people in the
business maintain that the remaining 2 percent that'is
left in the mold is destroyed when the mold is prepared
at high temperatures.

The final step is dispossl. Monsanto and others have
specialized incincerator facilities for PCB liquids, primar-
ily for large uses such as transformers and capacitors
used by utilities.

The ban of PCB’s was estnmated to result in a one-
time cost of $13.7 million. There would be additional
expenditures of $110 million annually. The ban would
also affect regulatory codes, public safety, and other
intangible areas, and, as always, the net result would be
an increase in consumer costs.

The primary impact, which is on the manufacturer
and users, is estimated at $8.8 billion for one-time costs

and approximately $16 million for annual costs. Key
elements in this, surprisingly enough, were ‘red tape’

tutes are not thoroughly researched. Major technological
break throughs, such as development of substitute fluids,
were not forecast. ‘

We did"use minimum cost estimates. The cost of
replacing a PCB transformer, for example—not necessari-
ly the transformer but the vault which is surrounded by
the building~has been estimated as varying anywhere
from $5,000 to $50,000. We used a figure of about
$10,000, which we consider low and very conservative.

The economic impact of changing the regulatory
codes cannot be accurately quantified without a detailed

survey. However, the impact of the changeover for those E

- localities with regulations was estimated not to ‘cause
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major dislocation in buiiding activities. We do know that
many cities permit only nonflammable, essentially PCB,
electrical equipment to be installed in tall buildings;
however, others do permit non-PCB transformers with a
vault. ’

Intangible issues include public safety, which would
be impacted by a ban on PCB's. Analysis would require 3
detailed analysis of the tradeoffs between the benefits of
the product versus the benefits of the ban. Electrically
driven- trains use PCB transformers and it has been re-
ported that the flammable liquid in the transformer
would be a potential hazard. Uses of other transformers
in rail cars, if possible, would require redesign and over-
haul of existing equipment. Use of large quantities—over
20 gallons of liquid—in buildings would present a poten-

tial danger even in walls. insurance underwriters have .

reportedly studied the problem but nothing has been
presented as a request to change rates.

Other intangible arcas are in replacements for 8!l
types of equipment. Dry transformers, for examp(e are
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reported to have a low reliability. There are also specific
sress, such as replacement capacitors for compact equip-
ment in which the capacitors cannot be reptaced with a
non-PCB-containing unit simlilar in size end characteris-

tics, forcing either salvage or scrappage of the equip-
ment, .
In assessing all these costs, we forecasted pass-

through to the consumer.
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THE USE OF DOW CORNING Q2-1090 DIELECTRIC
LIQUID IN POWER TRANSFORMERS

Richard H. Montgomery*

Abstract

Dow Corning has developed Q2-1090 Dielectric
Liquid to replace sskarels in transformers. Five years of
laboratory and field testing have shown it to be both
efficient and safe. It is now being sold in commercisl
quantities both for new transformers snd for retrofilling
old transformers. With some redesign, competitive en-
tries, and further restrictions on PCB use anticipated, it
/s expacted to have favorable economics. A 3- to 5- year
phase-in to completely commercially qualify the liquid
in all applications Is planned.

Thank you for the opportunity to come here today
10 represent the silicone industry, which in the United
States consists of the Dow Corning Corporation, the
Genera! Electric Corporation, Union Carbide, and
Stauffer Chemical. The globa! silicone industry is now b
years into a program to qualify dielectric fluid replace-
ments in both transformers and capacitors. The Japanese
silicone industry and Dow Corning Corporation have led
this effort to date. As a result of this extremely large
effort by the industry, | am very pleased today to make
two major announcements.

First, the technology to commercially manufacture
a capacitor dielectric tluid with superior dielectric pro-
perties is being developed. This material appears to with-
stand any of the high electrical stresses the material
would normally be used for in the industry. We plan to
make this product commercially available during 1976,
At its present state of development, we know of no
environmental problems with this particular product, No
chemistry would indicate there should be any. But this
will be continually studied, as have other products from
the silicone industry.

Second, Dow Corning now has commercial produc-
tion available to manufacture silicone transformer
liquids in sufficient capacity to handie the global trans-
former market, and that is a very large investment. So let
me now turn in some detail to the transformer industry
and the role silicones can play.

We must remember that today three "environ-

mentally safe transformer systems are available to re-
place transformers filled with PCB liquids. Gas-cooled,

*New Product Markst Manager, Fluids end Lubricents
Marketing, Dow Corning Corporation, Midlend, Michigan,

aircooled dry types, and liquid-silicone-filled trans.
formers will meet almost every need where PCB.
containing transformer fluids are used.

The silicone industry has produced insulating
materials for transformers for 26 years. The industry's
newest material, 8 silicone transformer liquid, is now in
use in Japan as a direct replacernent for PCB-containing
transformer oils. In the United States, extensive field
testing has been under way for 4 years and at the present
time this material is being examined for inclusion in the
U.S. National Electrical Code.

Now, to underscore Dow Corning’s personal assur-
ance in the safety, the efficacy, and the efficiency of this
liquid, Dow Corning has notified its vendors that we will
be specifying silicone-filled transformers for all the new
transfprmers in our production plants around the world.
Our existing askarel transformers, in which we have a
very heavy investment, are being phased out rapidly
through a silicone retrofit program. Over 6 transformers
have been installed new or retrofitted in the past year,
and this program will accelerate in the spring. It is, of
course, not possible in Michigan during the winter

-months to drain the PCB's satisfactorily and replace
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these materials with a silicone fluid.

The material that we are talking about is known
today as Q2-1080 diclectric liquid, Basically, Q2-1090
transformer liquid is a dimethy! siticone that has been
specially formulated and qualified for use in electrical
applications. The technical .feasibility of using the sili-
cone in transformers has been shown in over 20 years of
experience in military transformers, in several years of
use on the Japanese National Railway, and in a number
of power transformers in the Midland, Michigan, area;
several other areas around the United States will also test
silicone transformers in the next few months.

In addition to these actua! applications, which
today are well known and have worked out nicely, sup-
port for the use of a silicone dielectric fluid in power
transformers is contained in over 30 years of accumula-
ted data on-dielectric properties and compatibility with _
the common materials of transformer construction.

The present concern for fire, explosion, health, and
environmental hazards are all strong reasons for an evo-
lutionary approach to using silicones and qualifying
them in this application for all major power transformer
uses over the next few years.

The silicone liquids of this type are much less
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flammable than typical mineral oils. They actually have
s higher flash point than many PCB.containing trans-
former fluids. Although they will burn, they have an
extremely low heat of combustion, extremely high flash-
points and firepoints, and they have been shown in
catastrophic testing to be self-extinguishing. They appear
1o offer a level of fire safety greatly superior to mineral
oils. ' : .

The silicone that we sre now recommending, 8
dimethy! silicone, has been evaluated by Underwriters
Laboratory, and has received an extremely low flamma-.
bility classification number, In Japan and the United
States, transformer cases containing PCB’s, silicones, and
mineral oif were subjected to catastrophic failure testing.
In both tests, all liguids exploded. Most important, fol-
lowing this test, only the mineral oil continued to burn.
Both the polychlorinated bipheny| materials and the sili-
cone fiuid self-extinguished. Normally, in a test of this
type you would fuse the circuit cutout. The fault in the
silicone fluid self-cleared, thereby extinguishing the arc.
With the other materials, the backup fuse blew and ex-
tinguished the arc.

Following the review of some very extensive datas
{which Is available to all of you by writing to me at Dow
Corning, provided you are witling to put in 4 or 5 hours
in reading it}, the major insurance companies have given
their permission to use silicone fluid in indoor trans-
formers. Because it is a new material and since no gen-
eral policy has been established, the insurers have indi-
cated that they will evaluate each application on an in-
dividual basis; this is a conservative approach which we
highly applaud.

Dow Corning feels that we should look at a 3- to
B-year evolutionary approach of gradually putting a
larger and farger number of transformers into operation.
We are offering financial inducements to companies who
do this in order to collect a large body of case history
data that can be used to convince ourselves and the in-
dustry that there are no fatal flaws that have been over-
jfooked. 1t's an extremeiy conservative approach,

Silicones are often used in small concentrations in
the preparation of certain foods, Any time you eat a jam
or jelly or drink a glass of some of that good old Milwau-
kee beer, you are eating a food-grade dimethyl silicone,
And if you have an ulcer and you est Di-Gel, you are
also sating it, They are excellent deflaccuants.

The toxicity of dimethy! silicones to mammals,
aquatic life, and plants has been very thoroughly investi-
gated. The extremely low toxicity of silicones has made
It difficult to detect any toxic reactions in test subjects.
Studies directed toward determining the tendency of sili-
cone to bloconcentrate have been negative. It has not
been possible to date to show that any bioaccumulation
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was occurring.

It has been often stated that silicones are persistent
in the environment because they do not biodegrade,
under the evidence available at the present time. How-
ever, there is considerable evidence that silicones do
chemically degrade in the environment. Contact with
soil and water causes the liquid to depolymerize to low-
molecular-weight species, and known chemistry de-
finitely suggests that these degrade in water or in the
atmosphere.

Silicones cost more money than the current liquids
being used in transformers, but they are not outrage-
ously expensive. Referring to the entire market of
cepacitors and transformers, and making some assump-
tions which would include the shipment of prosent pro-
ducts such as PCB’s to the manufacturer’s site, if we
include the shipping costs, my estimate is that the in-
dustry. PCB purchases would be about $19.2 million.

If good engineering practices are followed to reduce
the amount of fluid needed, which has never been a
design criteria in the major manufacturer’s mind, as
mineral oil, of course, is cheap, those costs would prob-
ably rise with the use of silicone to an industry figure of
$25 million.

So the total increased cost to the electrical and
slectronics market would be about $5.8 million or 28
percent. If we made the assumption that the dielectric
fluids cost is 20 percent of the total materia! cost going
into a transformer or capacitor, we are talking about an
average cost increase of about 5.8 to 6 percent st the
manufacturing level on new equipment.

1 feel that this slightly higher initial cost of silicone
liquid-filled transformers is more than offset by the cost
of monitoring and controlling of PCB-filled transformers
over their lifetimes, And with silicone, no known envi-
ronmental hazards are incurred.

PCB-filled transformers currently in service can be
changed over to Q2-1090 transformer liquid without un-
due problems, | think the work we have done over the
past 4 ycars—some of it in conjunction with Dow
Chemical, a lot of it in conjunction with leading trans-
former manufacturers—shows this.

1 think you will be hearing not only from Dow
Corning in more detail on this subject. | highly suspect
that our worthy competitors, who can manufacture
dimethy! silicones to the same specifications once they
learn what they are, will go into the market. At that
particular time, the law of supply and demand will come
into effect. The silicone industry at the present time has
more capacity than it can sell. | anticipate the economics
will be extremely favorable for further consideration of
this product in both transformers and capacitors over
the next three years.
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DOW XFS-4169L: AN ENVIRONMENTALLY ACCEPTABLE CAPACITOR FLUID

Dean Branson, Ph.D.*

Abstrect

Dow and McGraw-Edison Companies have devel-
oped a new capscitor fluid which is electrically, ecologi-
cally, and economically acceptable. Chemically, the new
fluid can be described as butylated monochlorodipheny!
ox/de. :

n=0123
Dow XFS-41691. capacitor fluld

Dow XFS-4169L capacitor fluid performs equal to
or better than Aroclor 1016 in power capacitors. This
conclusion is based on dielectric losses, discharge incep-
tion voltages, capacitor size, fire hszaerd, reliability,
economics, and availability. Dow XFS4169L capacitor
fluid and Its components are acceptable in terms of
health and environment according to an assessment of
blodegradabliity, bloconcentration in fish, toxicity to
animals, and toxicity to fish, -Other capacitor manufac-
turers are currently evaluating XFS-4169L for applicabil-
ity in their respective companies. Field trails have been
started with utility companies across the country.

The contents of this presentation represent 4 years
of joint research between Dow and McGraw-Edison
Compsny which has culminated in the development of
an environmentally and electrically acceptable capecitor
fluid.

When PCB's replaced mineral oils some 40 years ago
in power capacitors, this represented another step for-
ward in the electrical industry’s continuing effort to pro-
vide the public with low-cost electrical power and safer
electrical equipment. As a result of the use of PCB's,
there has been a downward trend in the cost per kilovar

_ *Capacitor Fluid H.N.E., Project Manager, Health and Envi-
ronment Research Laboratories, Dow Chemical, Inc., Midiand,
Michigen.
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of power factor correction.

In 1871, Monsanto limited the sale of PCB's for
dielectric uses where acceptable alternatives were not vet
available. Since then, industry has been searching for
alternatives which were ecologically, electrically, and
economically acceptable,

Today, we want to report to you that Dow and
McGraw-Edison have developed a butylated monaochio-
rodiphenyl oxide known as XFS 4169L. it meets ali the
above criteria and can be used in high-voltage capacitors.

initially, over 50 fluids representing several chemical
families were selected as possible dielectric fluids on the
basis of their chemical and physical properties. These
fluids were then screened for both electrical perform.
ance in miniature capacitors and for potential hazard to
the health and the environment in a battery of indicative
tests,

The conclusion of these screenings was that the
most promising chemical family was the alkylated mono-
chlorodiphenyl oxides.

Electrically, several members of this family per.
formed equal to or better than Aroctor 1016. It was the
health and environmental data that demonstrated the
significant advantages of the butylated monochlorodi-
phenyl oxides.

Electrical Performance

The confidence that McGraw-Edison Company has
in high-voltage capacitors made with the XFS fluid is
based on the following assessment of these six key elec-
trical performances.
1. Dielectrical losses, The dielectric losses are as low or
slightly lower than for capacitors with a PCB known as
Aroclor 1016. This is true for both paper-film and al
film high-voltage power capacitors. This means that the
capacitors will operate under normal temperatures and
that the operating costs will be minimal. This is one of
the same significant advantages that PCB's have relative
to mineral oil. .
2. Discharge incoption voltages. Discharge inception
voltage is significantly higher than for Aroclor 1016 in
both paper-film and ail-tilm capacitors. This means that
operating voltages may surge at least 20 to 30 percent
higher without resulting in temporary malfunction due
to electrical discharges known as corona.
3. System size. The size or volume per unit of high-
voitage power capacitor correction known as kilovar is

>
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the same as for comparative capacitors impregnated with
Aroclor 1016, This means that it witl not be necessary to
redesign capacitors, the cepacitor manufacturing, or the
spplication of capacitors.

4. Fire hazards, As indicated with PCB's, there is a fow
risk of explosion and fires from power capacitors im-
pregnated with XFS 4168L. A major problem associated
with a failure in a paper-film power capacitor is the
decomposition of the paper and, to a lesser degree, the
tilm. The resulting pressure of the gases formed is a
major ceuse of tank rupture. After failure, the flamma-
bility of the fluid may contribute to a fire oniy if the
paper, the film, and the fluid, are above the ignition or
flash temperatures.

Under normal operating conditions, a capacitor will
operate between 40° and 80° C. At a time of failure, this
temperature will have to exceed the flashpoint of the
capacitor fluid before this fluid becomes contributive to
the explosiveness or the flammability of the system. In
this regard, the flash temperature for the existing dielec-
tric fluids for mineral oil is 154° C; for Aroclor 10186,
166° C: and for XFS 4169L,174° C. The fire tempera-
ture for mineral oil, 167 PCB, is greater than 316° C; for
XFL 4169L, it is 198° C. This clearly shows that the
flash end fire points are substantially ebove the operat-
ing temperatures,

The Nationa! Electric Code allows the installation of
the electrical devices without a vault if they contain less
than 3 gallons of burnable liquid. The most common size
of our capacitor used today is a 200-kilovar unit. These
units contain less than 3 gatlons of fluid, and are in-
stalled predominantly outdoors.

6. - Capacitor reliability, Power capacitors impreg-
nated with XFS are more reliable than the same type of
capacitors impregnated with Aroclor 1018, This con-
clusion is based on results of comparative evaluations.
The. following tests have been completed. Three years of
accelerated life tests, more than 18 million kilovar hours

in full-sized units without failures, Hundreds of sample ..

capacitors operating up to 200 percent of the rated volt-
ages for a wide range of temperatures, minus 60° to plus
125° C.
" 8. Economics and availability. The long-range price of
power capacitors impregnated with XFS 4169L will be
reasonable. The increased price or expense attributed to
the fluid is expected to be less than $20 for a 200-
kilovar unit,

Dow has assured the electrical industry that it will
have the manufacturing capabilities to produce XFS at a
million pounds per year rate during the first quarter of

1976. Should this fluid prove to be acceptable to the
industry, Dow is willing to make the commitment to

produce the fluid in multimillion pound quantities per
year by the end of 1976.

Health and Environmental Assessment

The Dow Chemical Company's assessment of the
health and environmental acceptability of XFS 4169L as
a dielectric fluid in capacitors is based on the following
criteria. °
1. Biodegradability. The components in XFS 4169L
are significantly more biodegradable than the compo-
nents of Aroclor 1016. With micro-organisms, the rates
of formation of radioactive carbon dioxide from radio-
labeled components of XFS 4169L are much faster than
for 2,5,2" trichloro biphenyl, a major component of Aro- -
clor 1016. The major component in 4168L is 45 times
more biodegradable than the representative PCB isomer.
This rate of biodegradability is comparable to several
nonpersistent industrial chemicals.

2. Bioconcentration. The bioconcentration factors in
fish of the components of XFS 4169L are low relative to
the components of Aroclor 1016. The environmentally
significant components in each fluid show a factor 30
times less bioconcentratable in trout muscle for XFS.

3. Toxicity to animals. In both acute and 80-day toxic-
ity tests with animals, XFS shows very littic toxicity.
For example, in rats, a dose of 10 grams per kilogram of
XFS 4169L was administered orally and had no observ-
able effect on rats,

The levels of the components of XFS that accumu-
lated in the fat of rats fed the XFS in the diet for 150 .
days were significantly lower than for the comparable
dietary tests with Aroclor 1016. For example, the acou-
mulation in the fat was 22 times less for XFS; the appar-
ent plateau level was achieved in 1 to 2 months com-
pared to 6 to 7 months for the PCB, and the estimated
half-life of the rat was 7 days with XFS compared to 60
days for the PCB. This indicates the relatively low degree
of toxicity associated with XFS 4169L in animals.

4, Toxicities to fish, The XFS material is only moder-
ately toxic to fish compared to capacitor-grade PCB,
which is extremely toxic. The concentration of XFS that
was toxic to fathead minnows was 15 milligrams per liter
compared to 0.76 milligrams per liter of Aroclor 1016,
which is a factor of 20 times less toxic to the fathead

~ minnow,
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Dow and McGraw-Edison Companies have deter-
mined that XFS 4169L is an acceptable alternative to
capacitor-grade PCB in high-voltage power capacitors.

This is based on the electrical performance and its low
potential impact on health and the environment.

Today, McGraw-Edison is proceeding with field
trials of capacitors at utility companies across the
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country, Other U.S. manufacturers of power capacitors The information about XFS in this discussion is

are currently evaluating XFS for spplicability in their only a very brief summary of the toxicological and

respective companies. ecological data which have been generated.
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CHLORINATED BIPHENYL DIELECTRICS—
THEIR UTILITY AND POTENTIAL SUBSTITUTES

David Wood*

Abstract

The paper dascribes the mafor reasons for the use of
chlorinated blpheny! in capacitors and transformers.
These lsad to establishment of objectives for research
into potential substitutes. MCS-1238, a non-PCB capaci-
tor fluid developed by Monsanto, Is discussed and areas
where further development work iIs required are indi-
cated. The particular problems associated with definition
of “fire resistance” relative to transformer fluids is
ralsed.

I. INTRODUCTION

In 1870, Monsanto voluntarily began its program of
terminating sales of chlorinated biphenyls to open appli-
cations—those which could result in losses to the envi-
ronment. By late 1872, this program was fully imple-
mented and Monsanto was selling these products only to
manufacturers of sealed electric equipment such as trans-
formers and capacitors.

Major applications affected by our withdrawal were
carbonless paper, fire-resistant hydraulic fluids, heat
transfer fluids, and plasticizers, Sales for other miscelle-
neous minor spplications were discontinued during the
same period. This action resulted in a reduction of some
45 million pounds per year in the use of chiorinated
biphenyl in areas where entry to the environment was
less controltable,

We decided at that time to continue supply to
closed electrical applications because we belicved that:

1. Entry of chlorinated biphenyl to the environment
was limited and controllable;

2. A more biodegradable, lower chiorinated homolog
had been developed which the capacitor industry
could use;

3. Withdrawal would have brought to a halt produc-

tion of equipment essential to the safe and efficient

distribution and use of electrical energy because

there was no known satisfactory replacement for

chlorinated bipheny! dielectrics.

Today we continue to sell chlorinated bipheny!,

observing the following policy:

1. We supply only to manufacturers of sealed electrical
equipment such as capacitors and transformers.

2. We supply lower chlorinsted homologs, Aroclor
10186, to the capacitor industry.

*Maneger, Product and Marketing Dislectrics, Monsanto
Industrial Chemicals Company, St. Louis, Missouri.

We offer an incineration service for liquid PCB
wastes, .

We continue to work with ANSI Committee C107
and other bodies to establish appropriate handling
and control procedures for equipment containing
chlorinated biphenyl.

We allocated increased research resources in 1869 to
seek and develop effective replacements; this pro-
gram continues.

In seeking possible replacements, we will insure that
differences bctween Aroclor and candidate fluids
from our program are widely reviewed in order that
the potential impact of any compromises is fully
evaluated.

The implementation of these and other programs both
by ourseives and electrical equipment manufacturers was
prompted Qy the utility of this dielectric family and the
difficulties inherent in developing substitutes to effec-
tively and fully replace it.

3.

1. UTILITY OF CHLORINATED BIPHENYL
IN CAPACITORS

1. Fire Resistance
The adoption of chlorinated biphenyls in 1929 as
capacitor dielectrics stemmed from their superior dieiec-

tric properties compared to mineral oil. However, recog-

nition of the fire-resistant character of the fluids influ-
enced system and equipment design and standards over
the subsequent 45 years. [t is probably true that today -
many people find it difficult to assess potential capacitor
fire hazard purely because Aroclor has been used for 45

~ years,
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Particular examples where fire resistance in a
capacitor is of benefit include:

a. fluorescent lighting baliasts,
b. air-conditioner motor capacitors,
“c. television capacitors,

d. large power capacitors where high fault currents
can cause rupture and ejection of fluid from
pole-mounted units close to people and build-
ings,

e. industrial fumace capacitors,

2. Stability

The persistence of chlorinated bipheny! in the
environment is associated with the high degree of ther-
mal, chemical, oxidative, and hydrolytic stability which
permits capacitor manufacturers to fulfill the exacting
reliability requirements that exist today.
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3. Dislectric Constant/Dislectric Strengths ,

These properties are important in determining the
size of a capacitor. In » mixed dielectric system, e.g.,
paper/Aroclor or paper/polypropylene/Aroclor, the
dielectric properties of Aroclor permit optimization of
stress distribution between the components making up
the dielectric layer. This has enabled ¢capacitor manufac-
turers to reduce paper and film volumes for a given
capacitance, | shall discuss under the heading of “‘poten-
tial substitutes’’ the impact that this could have on:

8. paper/film availability and usage;

b. - design of equipment containing capacitors.

1. UTILITY IN TRANSFORMERS

Chlorinated biphenyl transformers represent less
than 16 percent of transformers in service. Their use is
associated with the need to limit fire hazard in installa-
tions.

1. Railroad Transformers

Multiple unit cars as used in rapid transit systems
have transformers mounted beneath each car. By nature
of the typé of service, involving high passenger density,
safety is essential, '

2. Urban Power Substations {e.g., Underground
Vaults)

These desighs need to take into account city center
space limitations and also the safety of the public and
maintenance crews, Fire-resistant liquid transformers are
helpfut to all these objectives.

3. Industrisl Load Centers

Efficient system designs for large, power intensive,
manufacturing plants (e.g., automotive assembly, steel
production) often incorporate transformers close to the
electrical load centers. The use of Aroclor transformers
at these centers, in the heart of the plants, or overhead
In roof structures, protects both employees and plant.

4, Transformer/Rectifiers

Programs to reduce the emission of particulate
matter from stack gases, for example in fossil fue!
generating plants, include installation of electrostatic
precipitators. The transformer/rectifiers energizing the
precipitator field must be located close to the electrodes.
In many designs, the multiple transformers are focated in
a penthouse above the precipitator. A fire in the pent-
house could lead to shutdown of the precipitator, and
thus the generating plant, if pollution control is to be

maintained. A fire-resistant fluid is of obvious benefit in
this application.
In each of these applications, Arocior protects the
system from:
a. initiation of a transformer fluid fire by an elec.
trical fault beneath the liquid level,
b. electrical breakdown of the fluid causing emis.
sion of flammable gases,
¢. propagation of fire if the transformer liquid
content is involved in an external fire.

IV, POTENTIAL SUBSTITUTES IN CAPACITORS

1. Research Objectives

In seeking potential substitutes, our research objec-
tives of nocessity involved keeping those properties that
gave Aroclor its value. We equally recognized the need

‘that an Aroclor replacement should eliminate environ-

mental concerns. A replacement should ideally operate
across the full range of current Aroclor capacitor appli-
cations while requiring minimum changes in design of

.capacitors and equipment utilizing capacitors,

The use of chlorinated bipheny! is worldwide.

Monsanto manufactures chlorinated biphenyls both in

America and Great Britain. We supply to the capacitor
industry of many countries. We sought potential replace-
ment products that could be made available with the
consistent quality control applied to Aroclor on 8 world-
wide basis.

We referred earlier to availability of codielectric
components in capacitors. A solution requiring substan.
tial changes in availability of polypropylene film

- (quantity or quality) or a major increase in short-term
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availability or capacitor paper, we considered unsatis-
factory. If in 1874 such increased quantities had been
required, they would not have been available. Capacitor
production would have fallen short of demand, further
jeopardizing efficient power supply. _

Our research objectives can be broadly summarized
in table 1,

2. Non-PCB Candidates

The capacitor industry is currently examining two
Monsanto non-PCB (candidate) dielectrics. These con-
tain no chlorinated biphenyl and are not chlorinated
products. The two fluids are designated MCS 1238 and
MCS 1588. Both of these products are blends of syn-
thetic hydrocarbons. with a high dielectric constant
additive to give a dielectric constant equivalent to
Aroclor 1016. Table 2 lists some of the properties of
MCS 1238 and MCS 1888 compared to Aroclor 1016.
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Table 1. Research objectives in seeking
potential substitutes for capacitors

1.

2.
3.

Match or exceed Aroclor 1016 capability:

-

a. Dielectric constant - Usage of other components

Dielectric strength - Convertability
b. Stability - Retliability
Power factor
. ¢. Fire resistance - Safety

Good environmental compatibility:

a. Span existing appli-

cations - Complete solution.
b. Internationally - Not solely U.S.A.
available situation.

Table 2. Some properties of MCS 1238 and MCS 1588
compared to Aroclor 1016

Aroclor  MCS MCS

Property 1016 1238 1588
DK 25° C " 5.9 6.0 6.1
100° C 4.85 5.1 5.1
Corona IV/EV® - - -
Hydrolysis stability® '0.00 0.00 0.00

(neutralization number)

Dissipation factor fluid 0.0025 0.05  0.05
tan 6 60 Hz. 100° C

Dissipation factor model 0.0032 0.0039 0.0035
paper capacitor at 90° C

25ee text explanation, section IV 2.
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Corona inception and extinction voltages are more a
function of capacitor design than of the liquid itself.
Preliminary industry results demonstrate functioning in
cepacitors equivalent to Aroclor 1016. Further full-scale
work is required before final conclusions can be drawn.

Dielectric constants relate closely to those of
Aroclor 1016 over the temperature range of capacitor

operation. Hydrolysis stability is mentioned because of

work carried out on earlier candidates based on esters,
which gave concern because of hydrolysis instability.
Hydrolysis was assessed by measuring the neutralization
number of a sample with 0.5 percent water added, which
had been heated for 168 hours at 210° F in a stainless
steel bomb slong with an aluminum and a mild steel
coupon,

3. Fire Rasistance

Neither MCS 1238 or 1588 is fire resistant. This
deficiency versus Aroclor 1016 must be closely con.
- sidered.,

4. Environmental Considerations

The environmental/health evaluation of capacitor
replacement fluids must be refated to:

a. Degradation~!f some quantity enters the
environment, at what rate and through which
mechanism will it degrade?

b. Tissue accumulation

¢. Toxicity—~Occupational safety

Environmental compatability

6. Degradation

Biodegradation has been studied using a semi-
continuous activated sludge technique. Forty-eight-hour
exposure of Aroclor 1254, Aroclor 1016, and MCS 1238
dielectric fluids to activated sludge using a semicontinu-

ous procedure resulted in the percent biodegradation
rates and 95 percent confidence limits shown in table 3,

For the polychlorinated bipheny! (PCB) materials,
the level of chiorination appears to be the most signifi.
cant factor in their relative biodegradability. The rate of
biodegradation decreases as the number of chlarine
atoms per biphenyl molgcule increases. Chromatograms
representing samples after exposure to activated sludge
show significant alteration in the Aroclor 1016 isomer
distribution, but littie for Aroclor 1254, Degradation of
the nonhalogenated fluid, MCS 1238, proceeds much
more rapidly than for the halogenated PCB fiuids with
no evidence of resistant components. The methodology
for this technique is described in appendix B,

6. Tissue Accumulstion

Figure 1 depicts the results of rat tissue residue leve!
studies vs. time and compares Aroclor 1242, Aroclor
1016, and MCS 1238. A fraction of the ingested Aroclor
1242 and Aroclor 1016 was stored in rats' lipid reser-
voirs. However, most of this residue was depleted after
the rats had been on the basal laboratary diet for several
weeks. During the course of the feeding study, residues
of Aroclor 1016 accumulated more stowly and to a
significantly lesser extent than those of Aroclor 1242,
During the recovery period, these PCB residues de-
creased to Jower values for Aroclor 1016,

The residue concentrations of MCS 1238 quickly
reached a stable level well below the concentration in
the feed. The residues did not increase with continued
exposure, After feeding of the treated chow was ceased,
the MCS 1238 residues were rapidly metabolized and/or
excreted. The tissue residue accumulation and depura-
tion profile of MCS 1238 shown in figure 1 is markedly
different than those of the Aroclor fluids, especially that
of Aroclor 1242, Methodology is given in appendix A.

Table 3. Results of biodegradation using a
semicontinuous activated sludge technique

48-Hour Feed
percent concentration,
Material biodegradation ppm
Aroclor 1254 15 + 38 1
‘Aroclor 1016 33+ 14 1
MCS 1238 70 + 10 3
320
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Figure 1. Results of rat tissue residue level studies
vs. time, comparing Aroclor 1242, Aroclor 1016
and MCS 1238.
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7,  Toxlcity

Before samples of MCS 1238 could be evaluated in
the capacitor industry and within Monsanto, acute
* toxicity data was gathered:

a. Rat—Acute single oral dose LDggy: 3,800
mg/kg. ‘
b. - Rabbit—~Dermal LDso: 5,000-8,000 mg/kg.

¢. Rabbit—Potential eye irritation: A slight
degree of irritation resuited when 0.1 mi of
undiluted MCS 1238 was piaced in the conjunc-
tival sac of the rabbit eye. The average maxi-
mum score recorded at one and again at 24
hours after treatment was 12.0 on 8 scale of
110.0. All eyes had regained normal appearance
72 hours after dosing.

d. Rabbit—Potential skin irritation: When un-
diluted, MCS 1238 was held in continuous
24-hour contact with intact rabbit skin, @
moderate degree of irritation resulted. The
maximum average score was 3.6 on a scale of
8.0.

Further programs are in process, or scheduled, to

study the following:

a. vapor inhalation,

b. ultimate degradation,

c. 90-day pilot feeding study,

d. longterm (2-year) feeding studies, and

e. fish tissue residues.

8. Conclusions

To summarize Monsanto research activities:
~ A large number of single compounds and mixtures
have been evaluated in terms of physical property’
data, environmental compatability, fire resistance,
and model capacitor life testing.
~ These have led us to conclude that: u
a. Aroclor 1016 may well be sufficiently de-
gradable to remain in controlled use,
b. MCS 1238 is a potentially acceptable replace-
ment with the qualification that it is not fire
_ resistant,
— Further programs must be completed with MCS
1238 in order to:
8. deepen our knowledge of its environmental
compatibility,
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b. permit complete evaluation by the capacitor
industry across their range of applications,

c. enable utilities, capacitor users, and agencies 10
evaluate the significance of dec'reased fire resist.
ance, '

As a closing thought to this section, | would like to

comment that since -1929 when Aroclor was firg
developed as a capacitor dielectric, normal commercia)
pressures have spurred efforts to find superior replace.
ments. The awareness of environmental accumulation of
chlorinated biphenyls from other applications added
further impetus for more intensive research in the
chemical and electrical industries, Aroclor has defied 45
years of search for a superior replacement.

V. SUBSTITUTE TRANSFORMER FLUIDS

Neither Monsanto nor any other company, to our
knowledge, has developed a transformer dielectric with
equivalent fire resistance to that of Aroclor. The ditfi-
culties that we face in common with other workers in
this field are twofold:

1. Aroclor has become the reference standard for fire
resistance in transformers because it works and has
‘worked for 45 years. To establish standards to guide
research effort, there is a need for objective evaluation
of the fire hazard associated with the major sectors of
transformer use.
2. The chemistry which imparts fire resistance tends
also to produce stable molecules. Monsanto seeks
replacement products that will provide protection
against: '
~a, fire from transformer faults under the liquid
surface,

b. fire from secondary ignition of gaseous arc

decomposition products,

c. fire prbpagation if the transformer is invoived

in an externally initiated conflagration.

We strive to accomplish this and produce an
environmentally compatible product. We have four
candidates which are currently being evaluated by the
transformer industry. These materials are in a suffi-
ciently early stage of development that it would be
premature to give detailed property data at this meeting.

NEV 026167

-

739422




APPENDIX A

METHODOLOGY FOR FEEDING STUDY

Feeding snd Sampling

Rat chow conteining 26 ppm Aroclor 1242, Aroclor
1016, or MCB 1238 was prepared by mixing the
products into Ralston Purina rat chow. The treated
chow was fed ad libitum to adult albino rats for an

exposure period of 30 days. Following the 30-day

exposure period, all remaining rats were placed on the
basal laboratory diet. At predetermined intervals during
the exposure and recovery periods, five rats from each
exposed set and a control set were sacrificed. Fat tissue
was excised for analysis and composited for each group,
Samples were quick-frozen and stored in glass containers
with aluminum foil-lined caps to minimize risk of
contamination,

Isolation

The dielectric fluid residues were isolated from the
fat by solvent extraction. A weighed amount of fat was
placed in an Erlenmeyer flask and homogenized three

times with 25 ml of pesticide-grade hexanes and anhy-

drous sodium sulfate using an ultrasonic homogenizer.
The combined supernatants and washings were filtered
through anhydrous sodium sulfate and diluted to 100 m!
with hexane.

Lipid Weight Determination

A 5 ml-aliquot of the extract solution was pipetted
into a tared BO-mi beaker, After evaporation of the
solvent under a stream of nitrogen, the beaker and resi-
due were reweighed to obtain the lipid weight of the
sliquot. All residue levels are reported as ppm on a lipid
weight basis,

PC8 Cleanup And Measurement

Sample cleanup for the extracts containing Aroclor
1242 and Arocior 1016 residues was accomplished by

pipetting an aliquot of the extract onto a § percent
deactivated alumina column and eluting with 125 mi of
hexanes. The column eluate was coliected in @ Kuderna-
Danish evaporative concentrator, a 3-ball Snyder
condenser was attached, and the solution was concen-
trated to 5 ml. The residue fevels in the extracts were
measured by gas chromatography using an electron

capture detector.

Non-PCB Cleanup And Measurement

Sample cleanup for the extracts containing MCS
1238 residues required separation of the residues from
the lipid by preparative scale ge! permeation chromatog-
raphy. Following the GPC separation, the extracts were
further cleaned up on an alumina column, collected, and
concentrated as sbove. The residue levels in these
extracts were measured by gas chromatography using a
flame ijonization detector.

Calculstions

Calibration curves for each product were prepared
by plotting detector response {total peak area) versus
nanograms of standard injected. Residue levels in the
samples were determined by summation of the total area
of peaks corresponding to peaks in the standard and use
of the appropriate calibration curve. The calculations
were done as follows:

(NHVE)
(VHW)

Residue {ppm) =

where N = Amount of product from calibration
. curve (ng),

VF = Volume of final concentrate {ml),
V| = Volume injected (ul),
W = Lipid weight of original sample {g}.

APPENDIX B

TECHNIQUE FOR BIODEGRADATION METHOD

Biodegradation Method

Since activated sludge is one of the most important
sgents for sewage treatment, test procedures evaluating
its action are of great importance.

The semicontinuous activated siudge (SCAS)
method has been extensively utilized in the development
of biodegradable detergents. In our SCAS procedure,
patterned after the Soap and Detergents Association’s
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standard method {1,2) mixed liquor (activated studge
and supernatant) from a local domestic sewage treat-
ment plant is charged to magnetically stirred glass vessels
of 1.5-1 capacity., Means for seration and sampling are
provided, The SCAS unit is generally operated using a
retention or aeration time cycle of 24 to 72 hours. At
the beginning of each cycle, synthetic sewage (300 mg
glucose, 200 mg nutrient broth, and 130 mg K, HPO,)
and the appropriate test material in ethanol solution are
added to the mixed liquor (2,500 mg/l suspended solids
concentrstion). Aeration is maintained until the end of
the cycle, at which time the sludge is settled and 1 | of
supernatant drained. The cycle is then reinitiated by the
sddition of tap water, synthetic sewage, and test mate-
rial. Operation of the units can be continued for an
indefinite period of time until consistent degradation
rates are observed.

Sample Analysis

Biodegradation of the test material was determined
during one cycle each week by analyzing 20 to 60 ml
mixed liquor semples withdrawn after feeding and at the

324

end of the aeration cycle. The mixed liquor anaiytfcal
procedure involved extraction with three successive
25-ml portions of hexane, and drying combined extracts
with anhydrous sodium sulfate. Extracts were concen-
trated in a Kuderna-Danish evaporative concentrator
equipped with a 3-ball Snyder condenser, and measured
by electron capture or flame ionization gas chromatog:
rephy. Calibration curve$ for each product were pre-
pared by plotting detector response (total peak area)
versus nanograms of standard injected,

The percent biodegradation was calculated from the
following equation:

percent biodegradation = (C, - C_}/C_ x 100

where C0 and Cn use the initial and final concentration
of test material, respectively, on the mixed fiquor.

REFERENCES

1. J. Am. Oil Chem. Soc., Vol. 42 (1965}, p. 986.
2. J.Am. Oil Chem. Soc., Vol 46 (1969), p. 432.
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SOME COMMENTS ON ALTERNATIVES TO PCB’s

Bruno Rey Coquais*

Abstract

in the transformer industry, the benefit of & non-
flammable liquid seems to exceed the risks of pollution
by polychlorinated biphenyls; however, to minimize
eventual contamination of the environment, it is suggest-
od to use, when possible, 8 mixture of chlorobenzene
and trichlorobipheny! or even chlorobenzene alone.

For the impregnation of capacitors, most of the sub-
stitutes which can be Imagined are not very attractive,
though they ere useful for certein applications. It is pro-
posed to use & mixture of pure dichlorobiphenyls and
their slkylated derivatives. This impregnant, named

chioralkylene, has dielectric properties very similar to

the industrial trichlorobiphenyl.

The tests in progress already show thet chloralky-
lene is easily biodegradable and has a low toxicity. This
compound seems to be quite acceptable for the environ-
ment and should be 8 perfect substitute for polychlori-
nated biphenyls In capacitors.

To begin with, | would insist on the fact that heavy
chlorinated biphenyls have been used for a long time in
dispersive applications as plasticizers and for other uses.
Although these types of applications have been stopped
in accordance with the OECD recommendations of the
February 14, 1973, it is not surprising to continue to
find these persistent, highly chlorinated PCB's every-
where in the environment. It is therefore very difficult
to know if the electrical uses of PCB's for transformers
and for capacitors have a significant contribution to the
poltution of our environment,

TRANSFORMERS

PCB’'s are used in transformers only when the fire
hazard is high {department stores, theatres, movies,
skyscrapers, factories); otherwise oilfilled transformers,
which are cheaper, are always preferred. We do not think
dry-type transformers would be a competitive alternative
in spite of the fact that silicone and epoxy belong to the
range of products we market, They may be very attrac-
tive in some cases, but in addition to certain economical
and technical disadvantages, dry transformers do not
offer a perfectly safe solution wherever flammable va-
pors (solvents, oil, gas) may be present accidentally.

We believe s nonflammable dielectric liquid ii abso-

*Development Msansger, Prodelec, S.A., 26 Qual Paul
Doomer, Courbevole, France. ’

lutely necessary to prevent the risk of fire in transform-
ers. In table 1 we have listed the different possible sotu-
tions. In the United States, at this lime, transformers are
filled with Inerteen 70-30, which is based on pentachlor-
obiphenyl, or with lnerteen 100-42. To minimize the
pollution risk, a mixture of trichlorobipheny! and chior.

- obenzene or even the chlorobenzene alone could be used

in spite of some technological problems.

In any case, the systematic recovery of used PCB's
will further limit pollution hazards; our company Prode!-
ec has organized this practice throughout France since
1968, as soon as this pollition problem became known.
This systematic recovery has now been enforced in
France by the French law of July 8, 1975, on PCB's,

CAPACITORS

For capacitor impregnation, we have examined vari-
ous possible solutions. We think that the performances
of such compounds as silicone; sulfone or synthetic oil
{alkylbenzene, polybutene); phthalate; and sebacate~
which we are indeed selling ourselves for certain applica-
tions—are not really satisfactory enough for generalized
or widespread use,

In our opinion, a substitute to PCB’s should be char-
acterized by:

*  High permittivity;

+ Nonflammability, at least not sustaining com-

bustion;

+  Compatibility with polypropylene film;

+ Being a permanent liquid with no crystalliza-
tion until -26°;

*  Good thermal and electric subfield stability;

« Regarding its effect on the environment, being
fairly easily biodegradable, to eliminate the risk
of accumuiation, and by having low toxicity.

To get a good and nonflammable dielectric fluid
means in practice that the compound must be a chiori-
nated sromatic hydrocarbon. We have studied, tor in-
stance, new structures, as shown in figure 1. With chioro-
bipheny! oxide, we are afraid of the risk of metaboliza-
tion in highly toxic dioxins and we feel that products of
the family of the chlorobiphenylethane are technically
and environmentally much more promising. Actually, in-
troducing a totally new compound would require a long
and expensive testing program and it seems better to
take advantage of the huge amount of knowledge gather-
ed about PCB’s and to see how it may be possible to
improve the present situation.
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Table 1.

Possible solutions for dielectric liqaid

1EC Chloro-. Chloro- Pour Viscosity € Hydrogen Askarels
type biphenyl benzene Point Cst at at 20° C index? for
. (°C) 20° C NdeX"  transfor-
' mer
T]' 60% hexa 40% tri  <-33 21 4.5 <0 Pyralene
‘ excess Cl T] Pyro-
“clor
T2 45% hexa  55% tri <-40 1N 5 <0
and excess C1
tetra
T, 70% penta 30% tri <-30 20 5 0 Inerteen
: 70-30
Pyralene
Tq
45% penta . 55% tri - <-40 10 <0 Pyralene
and : excess Cl T2
tetra
T3 100% tri <-18 65 6 16 Pyralene
' T3 Iner-
teen 100-
42
60% tri 40% tri <-50 7 6 10 Pyralene
1460
40% tri 60% tri <-20 )
and
tetra
100% tri Chrys- 6 <0
and tallize excess Cl
tetra -9 .
a . No. hydrogen - No. chlorine
“Hydrogen index MolecuTar weight
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Figure 1. New structures for nonflammable dielectric fluids.
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Figure 2. Structure of chloralkylene.

Table 2. Composition of various impregnants

Chloralkylene Pyralene  Pyralene Pyralene f
Composition, percent 12 3010 1500 2000 l
‘ (trichloro-
biphenyl)
Biphenyl “0 0 0 1.6
Monochlorobiphenyl 0 0 0.5 18.4
Dichlorobiphenyl 20 11.4 1 37.5 44.0
Trichlorobiphenyl 0 57.1 40.0 23.4
Tetrachlorobiphenyl 0 29.4 20.5 11.7
‘Pentachlorobiphenyl 0 2.2 1.5 0.9
Alkylchlorobiphenyl 80 - - -
isomers
Chlorine content, percent 25.8 42. 38.5 33.5
328 NEV 026173
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Table 3. Comparison of chioralkylene to
commercia! trichlorobiphenyls

Eharacteristits ' Chloralkylene Pyralene 3010
| 12 (trichlorodiphenyl)
Specific gravity at 20° C 1.163 1.391
100° C 1.097 1.319
Coefficient of expansion 7.5 %107 6.8 x 107
Viscosity Cst. at 20° C - 135 , 65
100° C 3.2 2.3
Pour point (ASTM D 97) -25° ¢ -23° ¢
Firepoint (Cleveland) 258° C none until
boiling
Permitivity at 20° C 6.00 5.93
100° C 4.86 4.80
Resistivity ' 9 9
100° C - 500V -1mn >3000 x 10 53000 x 10
Dissipation factor
+96 100° € ~ 50 cps <0.02 , <0.02

ee0000ne ¢ 00 cet RO 22' CIZBP

ceep® PYYY X I L

PYIRA

Chloralkylens ¢
2462'4'd4 0P
! ‘
L lJ 4 Il s A L J
| 3 10 .} 20 20 30 35
DAYS
Figure 3. Excretion by rats, with diet of 2 ppm/day for 5 weeks.
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Chioraikylens 14C

EXCRETION (percent)
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-
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F»igure 4. Excretion by rhesus monkey; single oral dose 1 mg/kg.

“The studies carried on, in particular by Prof. Korte
and Dr. Klein in Germany, seem to prove the easy biode-
gradability of PCB’s when they have a very low chiorine
content; therefore, pure mono- or dichiorobiphenyls
could be quite acceptable for the environment.

As an Impregnant consisting only of mono- and
dichlorobiphenyls would crystallize st room tempera-
ture, it Is necessary to produce a more complicated mix-
ture to get a permanent liquid at all temperatures. We
have therefore developed a product named “chioraliyl-
eng,” obtained by addition of an atkyl chain, actually an
isopropy! group, on a mixture of nearly pure dichioro-
bipheny! isomers {figure 2). :

As shown on table 2, chloralkylene contains no
penta- nor tetrachlorobiphenyl and the trichlorobiphen-
y! content can be extremely low. Technically, for its
dielectric and physical properties, the chloralkylene is a
perfect substitute to the commerciai trichlorobiphenyls

. {Pyralene 3010, Arochlor 1016}, as shown in table 3 and
as checked by some major capacitor menufacturers here

and abroad. o

To assess its impact on the environment, we have
given chloralkylene to the Institute for Ecological Chem-
istry in Bonn, Germany, Prof. Korte, This institute is
engaged in an extensive investigation on "“PCB’s in the
Environment.” We therefore hope to have next spring
the final results on the fate of chioralkylene in compari-
son with PCB isomers. :

Tests on environmenta!l acceptability are actually
being carried out with chloralkylene based on 2-4' dichio-
robiphenyi labeled with 14c. The tests consist of » study
of the balance of the excretion, the storage, and the
metabolism in rats and in monkeys (figures 3 and 4); the
monkey studies are being completed gt the Institute of
Experimental Pathology and Toxicology, Albany Medi-
cal College, Albany, New York. These tests also examine
the fate of chloralkylene in a soil plant ecosystem and in
an aquatic ecosystem, as well as its behavior under at-
mospheric conditions, upon waste composting, and. in
sewage treatments. The results so far obtained prove that
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chioralkylene does not sccumulate, Is metabolized
quickly, and behaves generally like the duchlombl
phenyls isomers themselves.

Chioralkylene is two times less toxic than trichloro-
piphenyl when one compares the scute toxicity values.
At this time, there is no real reason to consider PCB’s
dsngerous for the labor manufacturing capacitors, if the
necessary precautions are taken, We think that with an
essily biodegradable compound such as chioralkylene,
fong-term effects due to eccumulation along the food

chain do not need to be feared.

The chloralkylene price is presently twice that of
the currently commercially available polychiorobiphen-
yls, which would resuit in an increase of the capacitor
costs of about 5/10 percent. However, by substituting
mineral oll or other substitutes with less outstanding
characteristics, the increase of the cost of capacitors
would be much higher. We hope to-improve its economy
snd are quite confident that chloralkylene could thus be
an excellent substitute for trichlorobiphenyls.
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PCB’s AND THEIR SUBSTITUTES — A BRIEF LOOK AT
SOME EXAMPLES OF PAST TRADEOFFS

Dale Hattis, Ph.D., and Albert Murray, Ph.D.*

Abstract

Some aspects are described of a study of the
aconomic, health, legal, and other impacts of the past
voluntsry restriction on PCB sales. Examples illustrate
the importance of examining the effects of substitute
technologies in assessing regulatory policy by showing
the potentisl for surprises in this regard. In the PCB case,
substitutes may be producing both unanticipated
economic benefits and unappreciated health and safety
risks.

i am Dale Hattis of the Center for Policy Alterna-
tives at M.L.T. My colleague at the center, Dr. Albert
Murray, who was originally scheduled to specak here—and
who would be the most eppropriate speaker on this
subject—was unfortunately taken ill about a week and a
half ago and he is now still recuperating in the hospital.
What | have done in his place for presentation today is
to extract some particular examples of tradeoffs from
Al's work on PCB's, which illustrate some occasionally
surprising features of the technological changes that arise
out of environmental/health concerns.

For context, | would like to say that nur project,
sponsored by the Council on Environmental Quality and
EPA, and under the direction of Dr. Nicholas A.
Ashford, has for the past year been exploring ways to

- analyze the economic, environmental health, fegal, and
other impacts of regulatory decisions related to environ-
mental chemicals. In this exploration, we are now in the
process of completing eight experiments in the analysis
of the impacts of particular regulatory actions, primarily
drawn from the past 5 years of history. The first of our
eight experiments, though not strictly resulting from a
mandatory governmental action, was the restriction a
few years ago of the sale of PCB's for particular uses.
Because our case studies are experiments to explore the
practical use of methods, and because the resources we
could devote to each case were relatively small, we could
not perform as comprehensive an elucidation of effects
as we would have wished. Nevertheless, we do think that
our analyses have revealed important types of questions,
similar to those referred to yesterday by Mr. Train,
which are difficult to deal with in the single chemical

*Research Associates, Center for Policy Alternatives,
Motsachusetts Institute of Technology, Cambridge, Massachu
sotts,
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reactive context of most current regulatory aUlhOlll.les

My initial two examples of such questions on PCB'
illustrate the fact that it is sometimes difficult to be sure
that technological changes introduced with the intent of
reducing environmental heaith risks accomplish their
purpose on balance, when the risks of substitute prac.
tices are considered. Sometimes there appear 1o be legit;-
mate reasons for concern that perticular changes~
especially in the absence of continuing - regulatory
followup—might create environmental health hazards as
dangerous or more dangerous than the ones that are
eliminated,

As a first example, the substitutes for PCB’s in some
large heat exchangers and in some special hydraulic
fluids for high-fire-risk uses are flammable at elevated
temperatures, Concern for the lack of fire protection
previously provided by PCB’s in these situations has
reportedly caused a substantial increase, as much as 3
doubling in some cases, in fire insurance rates on some
industrial facilities employing high-temperature heat
exchangers. In our case study, Al Murray estimated the
total increase in premiums at possibly in the tens of
millions of dollars annually. This, of course, retiects
mainly property damage and not the human cost. How-
ever, if our information on the increased premiums is
correct, and if the apparent perception of the insurance
companies is correct as 10 the size of the added chance
of catastrophic fires, then we must consider that such
events would be likely to be accompanied by appreciable

“human casualties. The rise in insurance rates, of course,

may not reflect an actual change in risk, and in that case
the increased insurance cost is simply a transfer payment
to the benefit of the insurance companies, but the mat.
ter seems to deserve further exploration with the aid of
hard statistics on actual fire-risk experience. It the data
confirm that appreciable human impact may be ex-
pected to occur, alternative means for reducing this risk
might be productively evaluated.

Another, although probably less important, example
of potential risk of substitute technology arises in the

case of the former use of PCB's as a dye-solvent for
carbonless carbon paper, 1t may be recailed that at some

frequency PCB's from this source found their way into
recycled paperboard products for food contact use, and
this was a source of concern for the FDA. Now the
PCB'‘s formerly used for this purpose have been replaced,
but unfortunately it is not public information what
exactly has replaced them. The barrier of trade secrecy
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in this instance, as in many others, can frustrate at-
tempts to assess the difference in environmental health
risk produced by the change in technolc;gy.

Two other exemples illustrate the potential for a
different category of surprises—those in the economic
area.

Formerly, PCB’s costing on the order of 25 cents
per pound were used in many paints and coatings, some-
times as 8 major ingredient. in this application PCB’s
were 8 chemically stable blender and conferred resist.
ance to fire, impacts, water, and weathering, Our inquir-
les with paint manufacturers indicate that chlorinated
paraffins now perform essentially all the technical func-
tions of PCB's at about half the former cost. Our
industry informants mention some increased problems in
a few of their products with lowered stability to dechlo-
rination—causing occasional discoloration and loss of
weathering resistance—but over the great bulk of their
product lines, the industry perception appears to be that
the change has been economically beneficial. PCB’s had
evidently become established as paint sdditives before
the availability and advantages of the chlorinated
paraffins became widely appreciated. Later, when
spproximate technical equality end lower prices might
have tempted paint manufacturers to substitute, the
usual inertial resistance to any change appears to have

- caused this opportunity to be generally neglected. The

real world and the economists’ ideal one occasionally
behave differently.
Another example of a surprise (at least to us}) in the
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economic area is the potential importance of even small
adverse impacts on sport fishing. A U.S. Department of
Interior survey (ref. 1) indicates that in 1870 a total of
about 700 million person.days and five billion dollars
were spent in pursuit of this pastime — mainly in fresh
water, The five billion dolars must, of coursé,' be con-
sidered an undergstimate of the actual “value” of that
activity to people. If PCB’s had continued to be used as
they were in the past, we might speculate that additional
concern of people about residues (such as that now
publicly in evidence), or possibly some declines in fisk
populations might have led to small fractiona! declines in
participation or enjoyment of fishing by some portion of '
the population. If this were to occur, the loss of value to
society of even less than a fraction of a percent of
national sport fishing activities might be appraised at
tens of millions of dollars annually—depending on the
“value’’ realized by former fishers in substitute recrea-
tional activities. )

The importance of examining subtle and uncertain
effects, including the effects of substitute technologies
is itlustrated by such occasional insights into their poteni
tial magnitude.

REFERENCES
1. _Fish and Wildlife Service, Bureau of Sport Fisheries,
U.S. Dept. Interior, “’National Survey of Fishing and

Hunting,” Resource Publication 85, GPO, Washing-
ton, D.C., 1972.
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ENJ-2065—AN ELECTRICAL INSULATING FLUID

E. J. Inchalik, Ph.D.*

Abstract

The need for an electrical insulating fluid whose use
would svoid the sdverse toxicological and ecological
effects associgted with polychlorinated biphenyls
prompted a8 study of organic esters as possible substi-
tutes, The study culminated in the Identification of
diisonony! phthalate (ENJ-2065) as a dislectric fluid of
potential interest to the capacitor industry. ENJ-2065
has been made available to that industry and it Is now
being uséd In some commercial capacitors.

, in late 1870, a study was begun at Exxon Research
and Engineering Company by Drs. A. J. Rutkowski and

E. O. Forster to develop an electrical insulating fluid

whose use would avoid the advérse toxicological and
ecological effects associated with polychlorinated bi-
phenyls. This study culminated in the identification of
diisonony| phthatate {ENJ-2065} as a dielectric fluid of
potential interest to the capacitor industry. Exxon
Chemica!l Company U.5.A. has made ENJ-2065 available
to the industry for its evaluation and it is now being
used in some commercial capacitors.

In the preliminary phases of this study, the dielec-
tric properties of 8 significant number of mono- and
dibasic acid esters were determined in order to obtain a
general understanding of the interrelation between mo-
lecular structure and dielectric properties. From these
data it was conciuded that major attention ought to be
directed 8t the esters of phthalic acid, The phthalates
that we tested sl had dielectric constants of 4-6, close
anough to the desired level for fluids for the widely used
paper-based capacitors to justify further evaluation. The
optimum dielectric constant for these capacitor fiuids is
one which closely matches the dielectric constant of the
paper. A close match reduces electric field inhomogenei-
ties, increases dielectric strength and lifetime, and de-

creases capacitor size, Other important property criteria

for a paper dielectric fluid include a low dissipation fac-
tor, to reduce energy loss and destructive heat buildup; a
high dielectric strength, to reduce capacitor size and im-
prove service life by permitting short-term exposure of
the fluid to abnormally high stresses without break-
down; a low gassing tendency, to avoid production of
gases that could lead to pressure buildup in sealed units;
stability at elevated temperatures, to prevent capacitor

*Research Associste, Chemica! Intermediates Technology
Division of Exxon Chemica! Company, Linden, New Jersey.

breakdown and stabilize performance; low viscosity, to
allow for easier impregnation and filling_of capacitors
and elimination of air pockets; a tow order of toxicity;
and compatibility with the environment,

Consideration of these factors as well as availability
and cost resuited in narrowing the choice of potential
candidates to those shown in table 1. From this list,
diisononyl phthalate (ENJ-2065) was selected as the
most promising for additional study. ENJ-2065 was cho.
sen on the basis that it has (1) a higher dielectric con-
stant than the phthalates of higher molecular weight, {2)
an advantage in its loss characteristics relative to the
lower molecular weight dihexy! and diocty! phthalates,
{3) a relatively high flash point of 430° F, {4) a more
highly branched molecular structure than dihexyt and
dioctyl phthalates with the potential for improved
hydrolytic stability and (5) a good balance of other
physical and electrical properties. ENJ-2065 is manufac-
tured in the United States by Exxon Chemical Company
US.A, from phthalic anhydride and a8 mixture of
branched isomeric alcohols in which Cy alcohols pre-
Jominate, ‘ '

Electrical insulating fluids have to remain essentially
unchanged chemically when subjected to temperature
cycles. Once having chosen ENJ-2065 for further evalua-
tion, it was desirable to know what effect certain con-
taminants might have on its stability, how these contam.
inants might be removed, and what additives, if any,
might be useful in enhancing its stability.

The eftects of small amounts of two potential con-
taminants, alcohol and water, on conductivity of
ENJ-2065 are shown in tables 2 and 3. The results show
that alcoho! levels of less than about 1,000 ppm and
water levels of less than about 100 ppm can probably be
tolerated without affecting performance seriously. To ce-
move small quantities of these impurities as wel! as any
acids or catalyst residues from the production of
ENJ-2065, we found percolation through a packed col-
umn-of activated Attapulgus clay to be effective, but we
did not carry out extensive studies to optimize a purifi-
cation system, !t is our feeling that systems now being
used in the industry for purification of PCB’s prior to
use in capacitors, or slight modifications of them, will

- prove to be satisfactory for ENJ-2065.

Although the most widely used capacitors today are
of the all-paper type, newer types based on polypropy-
lene film and paper or on all-polypropylene film are
growing in importance. With capacitors of this type, the
dielectric constant of the fluid is less important,
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Table 1. Electrical and physical properties

- of phthalate esters

Phthalate

Di-2- v
Ester . Dihexyl .ethylhexyl . Diisooctyl ENJ-2065 Diisodecyl Ditridecyl
' Dielectric.
constant 5.64 5.33 4.97 4.66 4.45 4.08
Tan delta -- 0.14 0.30 0.05 0.02 0.01
AC conduc-
- tivity,
]0-11
(ohm-cm)™1 9.0 2.1 1.3 0.29 0.20 0.04
Breakdown -
voltage
(Kv/0.1 .
in.) -- 28 27 30 36 29
Boiling
~ point--mid
@ 5 mmHg,
°c 210 230 235 252 256 286
Pour point.} v
°C -33 -50 -45 -48 -50 -37
Viscosity, v . ;
cps., 20° C 50 81 83 95 110 230
Flashpoint,
coc, °F - 380 425 430 430 452 470
Firepoint, | , :
coc, °F 420 475 © 485 495 515 555
336 NEV 026180
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Table 2. Effect of residual alcohol on
conductivity of ENJ-2065

' Conductivity (10"l2 ohm-cm)']
Temperature  cycle Wt. percent alcohol added

(1,000 v, 60 Hz) 0 0.01 - 0.7
25° C 0.78 1.97 - 1.98
90° C 40 65 320

25° C 3 ' 4 12

Table 3. Effect of residual water on
conductivity of ENJ-2065

Conductivity (10712 ohm-cm) !

Temperature cycle Wt. percent water added
(1,000 vV, 60 Hz) 0 0.001 0.01 0.1
25° ¢C 0.78 2.7 3.7 135
90° C 40 165 >400 >400
25° C 3 10 25 70

Table 4. Weight gain of PP film in
contact with dielectric fluid

Run number
Fluid 1 2 3
ENJ-2065 1.0  10.9  13.8
Aroéhlor _ :
1242 18.8 18.2 22.8
336 - NEV 026181
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Impregnation of the polypropylene film with the fluid,
nowever, -Is of grest importance and prompted a brief
study, summerized on table 4, These data show that
ENJ-2065 swells polypropylene capecitor-grade films
satisfactorily, as measured by the film weight gain after
2 days 8t 60° C, so that film impregnation shouid not be
a serious problem, The next generation of capacitors
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may well be based on metallized polypropylene film,
Polychlorinated biphenyls cannot be used for this type
of capacitor since they generate hydrogen chloride
which can lead to premature breakdown.

tn summary, we believe that ENJ-2065 has a bal-
ance of properties such that it will find a niche in the
capacitor fivid field.
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GENERAL DISCUSSION OF SESSION V

CHAIRMAN MUIR: Ali right. | see that we have reached
our scheduled departure hour. | think it's only fair
to entertain a few questions from the sudience and
given the diversity, | would request that people raise
& question from the floor and then address their
questions to the individual they would like an
answer from.

MR. BEN KININGHAM (lllinois Lung Association,.

Springfield, lilinois): | do not have any particular
gentleman on the pane! to address. | just want to
rafer to the breakdown of the film, If anyone could
elaborate on how that comes about, and if so, is
there any research that is' being carried on now in
development of films that would be any more
stable, _

MR. RICHARD ROLLINS {Jard Corporation, Benning-
ton, Vermont): Are you talking about a biological
breakdown?

MR. KININGHAM: Biological or chemicel or both
breakdowns.

MR. ROLLINS: Itis a reduction type atmosphere in the
capacitor so it does not see the oxygen that would
normally be considered. The basic problem is not
one of the degradation as much as it is an inherent
characteristic of not being able to survive voltage
levels or stresses in an AC application.

MR. KININGHAM: Would. it be feasible to develop an
alternative program?

MR. ROLLINS: The organic type films have been used
or have been attempted to be used in AC capacitors.
The basic problem is one of corona exception and
corona distinction voltages, and this is inherently
low and goes down to initiation of points 250 to
275 volts and the extinction voltage is extremely
low. The meaning of the corona is that the capacitor
slowly deteriorates by this ionic device which is the
definition of corona. The interpretations of corona |
am not going to get into today because every
capacitor designer has his own opinion, but every
capacitor designer is completely aware of what the
corona problems can do. So essentially what we are
saying is that organic films have the basic problem
of not being able to withstand high AC voltages,
especially in the dry system.

On an impregnated system, .the circumstances
are still there, so you are not really changing the
circumstances a great deal in all polypropylene film
or any organic film when you impregnate it.

VOICE: | have a question for Dave Wood. We heard a

number of things about environmental factors. How
sbout a stitl lower chlorinated material than 1016
that might be a more desirable material? | believe
Monsanto has passed a given developmental materia)
such as 1043, which is a lower chlorinated materia|.

MR. DAVID WOOD (Monsanto Industrial Chemicals
Company, St. Louis, Missouri): We have done
considerable work with MCS 1043, but at the
present time commercialization of such a product
must hang in the balance pending further concly-

" sions being drawn about the true significance in the
differences observed between the trichlorinated
materials and bichlorinated materials. Aroclor 1016
was itseif a reduction in materials from the Aroclor
1042 widely used by the industry.

in order to carry through dove!opmem'of the
dichlorinated material, { think we need - some
approvals from the community that they recognize
a movement in that direction as one that shouid be
taken, '

So yes, some data are alrpady available. Acceler-
ation or stopping of that program depends largely,
on some of the things that we hope will come out of
this conference this week.

MS. NANCY STROUP (Environmental Defense Founda-
tion, Washington, D.C.): | apologize for the open-
handedness of my question, but | hope that the
panel members will respond as concisely as possible.

One of the speakers mentioned that his concern
was that we not jump from the frying pan into the
fire, and | am sure it's the concern of everyone at
this meeting. To that end | would like to know
when the four or five compounds that are now
being developed to replace PCB‘s will be tested for
the health and safety of these compounds, inciuding
carcinogenic, immunogenic, and teratogenic tests
before your marketing. And whether this informa-
tion will be available for independent review,

DR. MUIR: Essentially, as t already outlined in my talk,
we developed a date for the work and the work is
going forward and we recognize the bipheny!l prob-
lem and that replacing the product inevitably is
going to have to satisfy the most thorough and
rigorous testing. : _

DR. DEAN BRANSON (Dow Chemical, In¢c., Midtand,
Michigan): In the case of methosilicones additional
data will be published very shortly and will be
publicly available. { think this is most in the minds
.of sll manufacturers when they consider substitutes

NEV Q26183
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—-for the material which is dielectrically one of the

best ever developed. This will seem to solve the
problem when it comes out.

DR. E. J. INCHALIK (Exxon Cﬁemicel Company,

Linden, New Jersey}: A great deal of information is
alieady available. You may recall in 1972 a program
sponsored by the National Foundation of Health
Sciences and one subject made by Dr. Tapper, what
he observed at comparison of PCB and mercury, it
was like an ideology searching for a disease, and
that's a quote. ’ s

The recent study by Dr, Hartung of the
University of .Michiga’n‘has concluded that no prob-
lems attributable to polyesters have been noted due
to the constant low level exposure of the general
population, and that occupationally, only mild skin
irritation has been observed at high exposures. But

“he did point out that ecological work should be
continued. And | might add that Dr. Tapper sug-
gested the same.

To help answer these questions, particularly
related to these items, a research grant has been
‘made by the University of Missouri to the Manufac-
turing Chemists Association, and they are starting
tests. 1 think we can hope within the next year or so
results will be coming from this study.obviously
available to all which will help answer these ques-
tions.

MR. DUNCAN MacARUTHUR (Booze Allen and
Hamilton, Inc., New York, New York}: Well, some
of the things that you have asked for are in progress
and when these things are available, they will also be
made available to the general public.

MR. DAVID €. MORRIS (Weyerhauser Company,
Tacoma, ‘Washington): -You stated, sir, that a cost
of $4.8 million would be necessary for | guess you
would call them secondary market users like my
company, to replace our PCB with some substitute,

Did ! understand you correctly, Mr. Mac-
Arthur? ‘

MR. MacARTHUR: Yes.

MR. MOSS: Just for my own sake, | just believe in it
very strongly, the cost slone is estimated at $2

‘million and we are right in the midst of investing.
And 1 think somewhere along the iine the investing
~might not take into account the factors that we
initially have to face. | would guess it's at least 50
times over.

CHAIRMAN MUIR: Yes, sir. :

VOICE: There are three experimental items coming on
the market. Wil! someone label these transformers--

MR. ROLLINS: Well, {‘m not too sure, but there have
been. requests that major capacitors manufacturers
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now conform by labeling all capacitors that have
greater than | believe 5 pounds of Arocior—t may be
wrong, but on small capacitors, the basic problem-is
the labet gets hidden because this is placed into
another piece of equipment. ‘

MR, STEVE NUMUS (Environmental Protection
Agency): | have a question for Richard Mont.
gomery regarding the use of silicone which was
approved by Underwriters Lab for indoor use. Do
you know the reasons why it was approved for
indoor use and why it was not approved for outdoor
use? :

And secondly, can somebody give me an idea of
the percent of transformers in the United States
used for outdoor purposes as opposed to indoor
purposes?

MR. RICHARD H., MONTGOMERY {Dow Corning
Corporation, Midland, Michigan): First -of ali,
Underwriters Lsboratory does not approve of any
particular material .for any given use—once you
exceed 600 volts in a transformer, Underwriter's
Laboratories has no certification. The only certifica-
tion received from Underwriters’ Laboratories is as

 to the fire hazard of your particular material on a
scale which ranges from 0 to 100, with the burna-
bility of water as 0, and gasoline as 100. Therefore,
Underwriter’s Laboratory does not approve silicone
material for indoor use. _

In respect to the use of dielectric fluids in
transformers, the efectric code for outdoor uses
does not specily nonflammable material, [t does in
subsection 450, paragraph 23 approve the use for
the indoors. These are the only materials approved
tor use.

MAR. NUMUS: | want to know the percentage as
opposed to indoor use.

MR. MONTGOMERY: Well, my research seems to -
indicate BS to 90 percent of the transformers sold in
the United States are currently outdoor applica-
tions, and the other 10 to 15 percent are indoor
applications, for safety is of paramount imporiance.

MR. WOOD: Essentially the figure that he is using is
pretty . accurate. Very large power transformers are
filled with mineral oil because, if they're out in the
field, there is not a substantial hazard, they can be
screened out, In the medium voltage range the use
of askarel is something under 15 percent of the
transformers used in that medium voltage area.

MR. CLIFFORD H. TUTTLE {Aerovox Industries, Inc.,

. New Bedford, Massachusetts): | really have two
questions—another alternative mentioned up there,
the capacitor for getting the high voltage can
consume 20 to 50 million pounds a year.. How long
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" would it take fluid to be available in that type of
quantity; 1 year, 2 years, 3 years, or what? | don't
want to pressure you, | just want to determine,

_The second question is a third of that market is

" lighting, fluorescence. If you have an application at
100° C, are any of these fluids or alternatives capa-
ble of operating at that temperature without break-

" ing?

MR. MONTGOMERY: Let me answer your second
question first, The answer is yes. The answer to the
first question is we do have the productive capabili-
ties capable to handle that market. It could be
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accomplished very quickly. It would probably be
faster than the industry takes to evaluate and
qualify new material,

MR. WOOD: In terms of Monsanto, alternatives could
be made availabte on a production basis in calendar
year 1976, in relationship to the stability of these
materials at 100° in the HIB and the fluorescent
lighting capacitors, thBsc are test sequences which
are going on under our test programs. And the

" results will be forthcoming. We are in a period now
of coliective work, We are not ready to go tomor-
row,
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1. &coec . {3) ‘Clo;c@ electrical systen" applications;
specifically as the insulating £luid in
certain kinds of transformers and capa-

?uid standGarsd ectabiishos guidulinas for tha citozrs.,

sase tyaacpose, uoo, woiitoaancae, and dig- - Effoctive January 15, 1972, the Monsanto
posal of oskiroi and askarol~coaked muitorial Company, sole domaestic producaer of PCBs
used in copacitors and (wansformoTs. » ‘discoﬁﬁi;ued.;upplyiné ;EEZ_—ggugil éééégt

manufacturors of electrical transformers and
2. CLWSI0L ZSTORLII0R ¢capacitors,

Evaluations of the banefits, risks, aad

«

2.1 Gonormel,  YaQ towim "askazol® gonozally
_ altezrnativos iavolvad in the continued usa of
describus a brosd clase of nonflammablo _
. PCBs ia closud eloctrical systems are swanaz-
syathotic chlorinated hydrocasbon.lagulat- .
izcd ia 2.2 thazough 2.4.
Ligrliguids widuly used im capacitors,
2.2 Ecnefits., Askaral-£filled transformers
TRLNSIOTLETS, Soaltors, wnd GECLETosy
' , arg used wiaare firgeresistant properties are
CGuinZeat oparated at powor freguancios.
importaat. Ackarol=f£illed powar and indus-
asxorels consisting of or coataiaing
) trial capacitors are significantly smaller,
polycnlovinuted biphenyls @CS8s ) have tcon
. cozxe reliable, more durable, and safer than
woed in rony applicatioas sinco the early i
. oil-Zillcd cupacitors. As a result, askarels
1950'c, but’ oaly recently wag it dis-
: ‘ hava supplanced nmineral oils in wmozre than 90%
covescd that PCB3  aro widely digpersed ia
of tho power and industrial capacitors mado
Lha Cavisoamant. Systomatic lavestigations
' today. Over the past few dacides most of the
od uhe biciogicil cliccts ol 2C2s havo .
equipzent that incorporates such capacitors
Loen widertuica within the past fow yearss
hag been dasigaed to taka particular advantaga
£o cutabiish the eifcets of spacific for-
‘ of thc size, safety, and raliability benefitcs
muiscions on spoeciiic species. Studias
of askuarel capacitors (for example, many types
Lave shows ihat PC3s  arze an eaviroanxental
are today lecs than 145 of the size of agquiv-
consizdnant. Sigaificant stops hava been
, ‘ aleat oil copacitozs and have a life expectancy
tadica by U.S. indusery to liait fuztiher ro-
~of 10 to more tham 20 years).
leasas ol PCoa to thc cavizonmaint.
- Varicus federal, state, and local codes
PCC3  kava doea used in throe broad
dictato tho present use of askarel-contalinizg
typos ol coplications as follows:
cguipmont in or adjacent to public, comuercial,
(3; "Opcn~cndcd” applications: fox

cxasplo, in paints, epeciality and industrial buildings, which locations pre-

Lilz, paper coatings, plastics,

13-} ' sant the greatest potential danger to life and
{2) *Nominally closed” applications: . property.

‘Tos exumple, as the working fluid

inhyusaulic and hoat transier eys=
tcas. : , NEV 0261c0
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2.5 Tusin. In tho Ualted states, wedical To~

coris Linco Lo eaxly 1930's chow taat the
Ou.- 7 GOVOLLU ncasba wZZuccs CAJQ"&CQC— a by
U.5. citihcs

WoLLuEs cxpoied to aswkarcels,

¢uring the woanulfactuss ol thoss liguids ow
o2 cioeloicni couipncat contalining theco
liguids, have poan limdivcd to cocaslonal
CooCd ©f uoutnwenic calozicne o cthor toa

porasy tiia lccioas or irritations.

soieral=lillcd tzunsforuoss and capoc=
itors cwu dclivercd to custowess oS scaled

units Seowm which there is no cseape of

eowkavel under nmosanl oporatioa. taougn

Crpos of cgudpaont falluscy caa o=

Culhienin

LUl L 0ol Ca Lomu

a0 ea~
VaZOliwiis, aro limited
Lo wprronimately G.02U of the ualts ia cor-

vice

pus yeas. Walkd respect Lo copacitorss,

SuCh losces awve limited to appoowinotely

~units.

caangas that would be required to compensaic

for tho Zfirc resistance of the askarel-filled

dry=typa transiorzers may replace agkarel-

£illcd translora@rs.

For acw installatlions, although many of

the foregoing limitations would still apply,

buillding and installatien design provisions

could ba made to accommodato the use of oil=-

Zilled, opaea dry-type or sealed dry-type trans-

formors, provided that necessary technical,
code, paysical size, and cost coasiderations

&0 preperly evaluataed.

Scveral poteatial alternative transfawcr Sulls

are under "iatcn

iz tth will uuvd";ézib“;ctO“y electrical and

ope:atzng performance cha—ac.arist;ca. Such

llqulag Zust ba accepsable envxronmentally, to

“he users, ané froa the fire risk standpoiat.

wRits in sorvico por yesr. In

T data
1%

S 02 PC35  can got

1880 tho.Gnvironment durdng the zamnulisctuse,
deiilvery, ispuopeT uce, maintenance, cepals,

and Sisnosal of transformers and capacitors.
pccific control measures have boea in=
stivuted by individaal wanulacturesc. and

LOSWE wad Lo supplazonted and strsagatancd

Ly natieacd standaods and procadures such as
which providos infosaition to

Qf 25 o thq

Loovens tho inadvuridni logs

:

Cavizonmaat 4t aild stages from dndticl askaral
wanulacture througa ultimate disposal.

2.4 Mnunttas, For technical and local and
noticnal codu roasons, it would bo impossible
- Lo roplaco wost eskawal=filled transformozs |
now in service with oil-filled units of ‘
without

cuivalent zatings Rajor coastruction

The puincipal alternativaes to askarels for
cagasitory ave cither wineral oil or various
types od synthetic £luids. Tha latter types
are under inteasive investigation by the in-
custIy.
flazmibic.
capacitor technology to its pre=1932 lavel and
would nacessitate the redesign and replaccmeat
of guch widaly usad equipment as flouresceat
light fixtures and racks foz power and in-
duction-hoating capacitors, which could not
now uccommod-“e the increased size of 011
copacitors while maintainipg their present

ratings. For the newer types of synthetic

£luids under iavostigatién it nmust be determined

if they will yield satisfactory operating pere
fosuianco, are environmentally acceptable and

that liquid non-flammability is not reruized.

Fox certain applications and locatioas,

sivae.invegstigation .to determinag:

Mineral oil and these newer f£luids aue

Tha use of mineral oil would retusn

739442
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Long boforo thore wars any oavironmsntal
econcarng adout PCBg, thora was & otrong oco=
nouic incontive to find other lcss expaonsiva
insulating liquida with the danira&la charace
toristics of askarols. Omitting cconomiec con=
gidorations thora ard no technically equiv-'
alent £luids wvallable today.

3. CQAACITOR GUIDZLINZS

3.1 Conerile  Wh0 cavireansatal offcets of
uckarcls ara undar in~cdepth ctudy by govera-
mantal and othor agoneioc. Ackarols havo been
conuidored relativoly horaless to huzmono bagod
oa safa incustrial wsago, siaco the 1930's,
oxeopt for cinor skin aad tyo irzitacion.
Thoze hsve been no knova instanco of human ine
jurios whoa thoy were uced under tho normally
accopted procautieons and conditions ol haondling
in both manufacturing and usoxr applicationc.

] Aukarols axw boing found in tho ocavironzant
ané in fish and bird lifo. Tao loag-tesa
genotic and ocological cffacts are not yet
cdm?lo:oly undorstood, Por those rcasons, €ara
chouid bo takon to contala askarcls znd minimiza
thoir entry into tho eavironmont.

Thero aro two genoral classcs of askarels
used by tho electrical industry. The highes
chlovinated grades are tho zore percistent ia
nature. Because of their higher degrec of re~
gistance to bu:niné, thay ave used in trange-
formers whofo porsonncl safoty i3 ol paranount
impozrtanca.

Capuacitor-grada askaral has a lowor dogrea
of chlorination (cocposed primarily of tho 3=
chlorine ano&cra of biphenyl) ané a higher dae=-
greo of biodegradadnility. Generally. it hac
not beon found in animal lifo. It is used in
capacitors, whore the extroza éanistanco to
burning required in tranakorno:s iz ol loss im-
portance. ) '

Althoush capacitor-and transfermeregrada
askarcls both contain mombarsef the PC3 family,

they co diffor in composition, dagrece of bilo-

dogradability, persistance in nature, elactrical

3=

stability, chemical stability, and degroe of
flamaabllity (both are recognized as hichly
resistant to burning. It {s for these recasons
that Soction 3 of this standard is intenced

to apply to capacitor-grada askarel.

2.2 Cavacltor Grado Askarel. In Scptombex.

1971, a new grads of capacitor imprecnant,
Asoclor 1016, wac made available to the in-
dustry. This now grade contains a typical cog-
contration of 0.4% or less by welght of tha
highor boilirg homologucs of tha chlorinatod
blphenyls. [ Sco ASTHDIZ0I -74(1)11 hroclor 1016
roplacas Aroeclor 1242, which praviously was
the major capacitor impregnant and contained.
around 7% of thu highor~boiling homologues {the
zoro persistaent in nature). This 0.4% levol o
the highur-boiling hosologues should be the
maximum concentration acceptable in any capacitor
ispregnant. Arocler 1242 and 1254, provioualy
used ag izprognants, 4o not meet this roquircrans
and should no lo;qe: be uscd in cajpacitors dee
signed and manufactured for alternatig-current
applications.

Aroclor 1016 has tho same Underwriters' Ladora-

tories, Inc. flammability rating as Arocler

<1242,

Commonly used solvents for clean-up Durpcses,
inclu@o bonzene, kerosene, acatone, trichioroc-
thane, trichloreethylene, and perchloroethyleno.

Typical vapor pressure data for Aroclor 1016 are:

°c = 0.001 m=HG
zsgc - 0.006 mRHG
1s0;c = ¢.3 =G
200°C = 29.0° mmiG

At 25°C and 760 mxilC pressure, gaturated air

contains approximately 0.09 mg/l.

NOTE: 1 mg/l = 90.0 ppn (V/v)
. 1l ppr (v/v) = ¢,011 mg/l

1
Numbors in brackets refer to corresponding
aumbers in 7.1, References to the Text.
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3.3 troleyee Safety and Plant Pousexecpind.

.?ho proccdures and limits given in 3.3 are
intende& o bo munimum reguirements £ bo
mat by manufacturers and users of capacitors
containidg askarel. Handling, control, and
disposal procedures are given, together wi
cxposure limits and indicated antidotes and
clean~-up procedures,

3.3.1 Gnnnrel Safety Precautions, Although

it 1o conorally cccepted that expésurc to
capacitor-grade askarel is not hazardous
provided that sirple precautions are taken,
cxposura should still be avoided.

3.3.1.2. The odor of askarel is

Vaoors.
noticeablo well below the maximum air con-
centrations considered safe. Up to l.0
nilligram per cuble motre of air has beea
éeternined to be the maximum safe level of
exposure during an 8-hour workday. (See xe-‘
ference 19)

The procedure for performing the necessary
analysaes.of vapors is referenced in

Section B3 of Appendix B. This procedure or
its equivalent should be used.

Dreathing vapor or fumes from heated
ackarel should be avoided. Provisions should
be macde for adequate ventilation and regula-
tion of manufacturing operations to aveld
ozen exposure to askarel (eﬁpecially at tem=
paratures of 55°C or higher). The gases pro=-
cuced when askarel is decompé;ed by very high
temperatures {such as that of an electric
arc) in thoe presence of air or organic in-
sulating materials contain a very high per-
centage of hydrogen chloride, and small per-~
centages of carbon dioxide, carbon monpxide,

and oxygen. Minute concentrations of this

.duces direct contact.

combination of gases are very unplessant and
irritating, thus giving ample warning of their
precence. IS exposurce to hich concentration
of acgikarel is necensary under emergency con-
ditiens, an approved gas maskX or self-con-

tained breathing apparatus should be worn..

_Sush exposure shovld be under the suzvelllance

of other perconnel canable of effectinc rescue
in cace of an cccident. If the olor of asiarel
is detected by tho person wearing protoctive

isment, he chould immodiately ¢o Znto frosh

k3

. ALl gas masks, respirators, and renlace~

xant parts chowld have U.S. Dureau of Mines

[+]

Pprovel &nd be meintained on 2 regular
schedule in zccordance with the manufacturer's
recormendation.
3.3.1.2 Licnid. In contrast o the citvation
in which mdnezral insulating oils are handl-zé,
there is virtually no fire hazasd in handling
acikarel. A limited solvent action (similar to
that for paint thinner) on the fats and oils
of the skin with prolonged contact may lezd to
crying ancd chepping of the eshkin. As with in-
sulating oll, some people are allexgic to
askarel, and continued exposure nay result in
skin izritation. Both the licuid and vapor
are moderdtely irxritating to eye tissue.
Ozerating procedures should be such as to
minimize or eliminate coatact with askarels.
The use.of.po;ons}g;oves that .can absorb.and

retain askarel is to be evoided. Resistant

gloves%_ghodld be used-if contzct:is.unavoicable,

Use of encleced.transier and.handling.equipment,

—

processing equiprment, and machanical washers re-

2
Foxr exzaole, Edmont=Solvis S5-352 (Meraick of
g:idgcport, Bridgecport, Conn), or the equivee
ent.
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S 3.2.2 DU Pluid

-
Lank cas

lrdicinal wachos or mild detergents Jol=

lovcd by the application of cold cream will

‘reduce tho irrzitation resulting from tho coa-

zst of an'opc: cut or &brasion with askcsol.
safoty glasges with cido ghiolds or-a
faco chield should bao worn when handling
aclazelo. If liculd agkazel coatocss i
oycd, tho oyes thould bo irrigated im=adiately
with loxgo quantitics of running watar forx
coprodnately 15 mizmutes and thon oxamined
vy & paycician (A d-op ol (U.5.P.) castor
oil hao been found o redues irzzitatien).
Perczons devoloning a skin irzitation or
recpiratory tract irritation wiilo wosking
with ackarels chould bo piacced undes the

Ingectloa o

3]

vpoevision of a physiclan.
suul:ouing of askarelc is not geacrally ro-
garicG as a problem of the industry: Howevcr,
saculd ucc.ccn“'l ingestion occur, a paysician

shoulé be consuléted.

[

izands chould be cleancd of asikarol befora
cating, d:inkiﬁg. saoking, or using toilet
facilities by moans of waterleys hand clcan-
cr:3 and wipno towola which schould then be
properly dlsposcd of,

‘Shinment; Receiving and

“rannfor, shipmont'of cckazel froa point of
ranulocturing to point of xeceiving should

be done in closad containers such as rail

3, truck tanks, marino or dargo tanks,
or coalcd drums. In cisa of am askarel £pill
Quring bulk fluid shipacnt, roferconco should
to made to paragraph 6.0 which provides pro-
cedures, for control ;nd 1isted authozities to
be notificd. Coatainers should bo labeled
as to contonts and carry a label cautioning

wgainst loss of fluid to the open cnvironment

3For cxamnle, Pow'r Kleen Handcleaner, (Woodblne

Crinical znd Resoaxrch, Inc., Medina, Ohio ox
wen's Loands, oakx Industries, Inc., Hoosiclkc
TLiIlg, New Yook)

- See. seerion 3.0).

’-

Contadners used to transporst

askarel should not be used for storage or to

. trangport othar material without being come

pleLc-y cleaned of all traces of asnarel.
(Cleaning procedures mugt take cognizance of
precaucions agalnst excessivae exposure anc of
tho nced for proper disposal of contaminated
clcansing colvonts and materials as sot fogs!
in 3.5) Trancfer from schipping containers to

processing cystems ‘should be through closed

"3

iping -or tubing with spproprlate valves,
pumps, ote. Provision ghould be made for
trapping and disposing of £luid lost by .‘..eak—~
ago or 5pills from the transfer system and
{rom the storage contaliners.

Dzums to 5Ha retired from use should bo
cleaacd before crushing, delivery to scrap
dcaless, ox other disposal. éontaminated
clcaning £luids and materials should be dis-
poccd of as indicated in 3.5.

&

3.3.3 Monufacturing lousckecnina. Manufactur-

ing equipment and operating procedurcs should
safeguard againct loss of askarals to tho ca-
vironmant through proper containment anc dis-
posal procedures.

3.3.3.1 2zocessing Arca Control, Enclosed sys-

tens of sealed piping, proparly gasketed joints,
valves, containers, and processing chambers
should be used for all operations where askarel
temperatures may exceed s$°c. Enclosure chould
preferably cxtend to all other poftiéns 0f %ho
system insofar as préctibable.

~ Ectablish containment methods and/or pro-
cedures for all askarsl processing ‘areas to
prevent loss to sewer systems by spilliage,
lecakage or othar uncontrolled conditions or

events.
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ToyLne zné Control of Licuid Ankorel

.
Zelele2

Wagstes. Askaiel—containing liquid wastes may
occur in manufacturing frem Fouxccé such a3
the following: 1) Liguid askarel contam-
fnatod during é:ocessing which is unsuitable
for foclaiming as a dielectric fluid,

2) liquid askarel from solvent oporations ox
water and detergent type washers, 3) vacuvum
pump olls contaminated with askarel, 4) steam
jot vacuun systecn condensates céntahinatcd
with askarels, and 5) askarel containing
matc?ials £rom leoboratory samples. ‘

Waste fluilds containing askarel should be
collected {by moanz of traps, érip pans, trays,
ete) ané disposal should be in accordance with
3.5.

Spllls of askarels should be contained and
clcancd up promptly by means of abzorptive
material, such as gawdust, or trapped and re-
roved by pumping. or other suitable means.
Disnosal should be per 3.5.

3.3.3.3 7voesg and Control of Other Askarel Con-

talnlng Wagees. Saturation of materials with
ackarels may occur in manuZacturing from the
following sources: l) Saturxated earth or other

absorbent media from filtering operations or

~from cleaning up spills, 2) saturated Zllters

from vapor control devices and other filters,

- 3) saturated wastes such as paper, rags, etc.

4) saturated spent gasket materials and 5) capac~
itors falling tosts or otherwise designated for
dicposal.

ALl of the adove itoms should be collected
for propo; disposal. Wiper rags, protactive
clothinq‘ and other extrancous materials which
are 1Lké1y to ba soiled should praferably be

nade of disposable materials. Other materials

4 : ,
For examplo, Edmont=-('ilson, 1294 Walnut St.,
Coshocton, Ohio 43812, or Slosman Corp.,
P.0, Dox 3014, Asheville, N.C. 286802

3.4.2

should be ccllected within the containment arca
for properly controlled laundering,

3.4 Control of Plant Efflvante,

¥ater Tflunnta. The industxy goal i3 to

eliminate ackarcl in plant water effluen: streams.

tems in caprcitor manufacturing plants are nrob-

‘ably contaminated an a.result of past practices,

end asxazrel traces may continue to deerzcasce wiil
the p&opaé containmant of askarel westes ancd no
furtlhicr discharges into drain systems. Other
zoctiong of this stondard provide tﬁat ne ackozel
wastes of any kind be disposcd of in any water

effluent ntreams and that aceidental raills

be prevented Irom getting into such strcams.

2.4.1.2 Coreentzation Limlss, The EPA hes pro-

poscd watcr quality criteria to maintain FCS
conceatration in rivers and lakes bolow deo4cc-
tion level. Reguiremonts under Sectioas 307(a),
307(b) and 311 of the 1972 Amondments to the
Federal Woter Pollution Contxrol Act arc under
review (1976-77) and the latest revisions will
apply. State and municipal requirements must
aiso be met.

Further information may Se obtaincd from an
Environmental Protection Agency Regional 0f£%Zlca.
A Listing of these offlices. is contained in

Avpendix D.

3.4.1.3 VMonitorino Streams. On a regular basis

consistent with nlant situations, all efflunn:
streams chouvld be analyzecd. The procedure for
pé:fo:ming'the necessary analyses is per ASTM
Method DJ304. This procedu:é or its cquivalent

should he used.
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Spttanss v wmsnnta

T3,8.2.4 Yarhods forx Minlnifing BEfflusnt

Coateninstion. Tho ideal app:oach'is to isolate
totally all effluents that could be contamina-

tod with askarcls during m#nufacturing processes
and prevent them from bein§ éischarged from the
plant. Carbon absorption,limestone beds,and sol=-
vent extraction "are techniques.that could be ap-
plied to reduce ;ho askoxel content of cfflucnt,

asrcoma,. Thaese technicues may be most useful in
cleaning up water used in plant.procescing and
to pormit recyeling,

&

3.4.2 Aix Dffluenta. The industry goal 15 to
eliminato askarel vanors in plant air effluents.
Fant opcrations involving ackarels at olevated
tomneratures in excess of 55°C should be per-
formed, wherever possible, within cloced scys-
tems, Filtration of plant air effluents, to
minimize PCDs entry into the enviromment,
chould be accemmlished where envolvemaat of
air bornec PChs may occur £from open opcrations.
3.4.2.) Monitoring. All plant air eZfluents
should be sampled anc analyzed on a routine .
besis consictent with plant aiiuntions. The
proccdure for performing the aﬁalysin is per

ALDY

<-4

¥ethod D3304 (See Appendix Bl).

3.5 Eawon=Dirnosal Prosnduren. The manvize-

ture and uso of capacitors involves processes

which produce askarcl-saturated solids and

liguidsg containing or composed entirely of

askaral, which shoulé be disposed o2 as wastes.

Speclific sources of these materials are de-

seribed throughout this standard. They may

be placed into three catecories:

1) Capacitor units impregnated with
askarel, prxoduction and f£ield re-
jects ’

¥anufacturing p:oceés Liguid
wastes contalning askarel

3) Solid wasto purposely or
accidentally saturated with
askarel

st . ,
Blanscal zhoild be dode in & monter whieh s
consistent with proper concern for the envircn-
mont and minimizes any :olcasé of askazels to
the environment.

3.5.1 Disnoral of Canmacitor Unites,

S

Scrap co-

pacitor unita can be generated during manufoctuz-

ing processes or during Zield sarvice. DProduc-

tion zrojects cre theze cinacitozs that are so-

jeeted afinz thoe immregnation procnes ia tho

corrca of mroduction by the camacitor manuvfacitur-

eT. Thay =2y be rejected for machan’ledl or

clectrical reocona.

*1

icld rojeets aze thoce units thas oze ro-
jeeted or, fox other recasens, aze to be sexonpad”
aftar shizmant from the plant where thcy weze
manufactured.

Capocitnz units showld be €lsposed of iatace,
& Lo Tho rpall

amaunse

Nting, in sealed dovnn,

of Liguid to be drained, the iategrity of intons

tnlts and the recesgity for complen coantzol owas
dralnage pzoceduses mokia Intnet disposal prolcr-
ehla.

3.5.1.) DPraduction Padacts, Redected eanacitons
” -

in eopnclitor manufactusing plants zenrarens a

coneensrasion of askarel. It is, therefesa, irm-
poxtant that disposition ba made in a mamnor con-
cistent with proper concern for the environmoni.

Profexence chould be eiven to ddsposcl of codac-

itors in sites approved for hazardous waste ¢iz-
rosal (Sce Appéndix A) o Another alccrh;:ivc,but
leza desizable, would be disposal in approved
landfill siter.

chovld ke exerciscd to insgure that ro
locs of licguid will occur during transporiation
to the Clenonal sisa, . .

Zncineration of scrap capecitors in fac’/li-

tics cdesigned to accept such' 2olids would pro-

vide a preferential alteznative €5 zapproved land-

£111 sites when guch gservices bSecome avalloble.
NEV 026192
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Gedened DA Duissine Waduver practical, all proferablo disposal procecure iu an approved

a0 CONGLLRING GaDaCitors chould ba zo- " landalill oite. Seo Appendix A for listiag of
LOVAG prior Lo Gisposal od cquipwdat. This Taciliities. ’

PLOCLLLIOA Will WLACO SuvircnLuntal coatrol 3.5.4 Packaging and Shipment,

proceaures and lnsure that by rawvinyg those | 3.5.4.1 Transportation to the diepesal facliity
espacitory thoy do not ultimitoly dizpesce ' should be in containers that will preveant loaxe
theds auxarald cont&nts iato o uaspyroved ago and accidental 108s of askarel to the en-

ienaiill sita. viroramant.

Adeor zamoval focd cquiduani, cuipacitocss 3.5.4.2 Containors should be labeled as to con-

LIOULL DL GLLPGUCH B @SCOTGERGU With tho pro= . toats and procautions ralative to losa to tae
cedurvas fow production mojacts (3.5.1.1). ' ' emvirormoat por 3.3.2.
Wausao :capva; 08 asgaroea=contiining cipacitos] ‘ 3.5.4.3 Containors Zor this purpose cannot be
foon cquipmont is not practical, that cquip= | used for any other matarials or they should be
uent Ghould ba disposed of ouly ia approvaed ¢ Tetired from service uatil they are compliotely
LANGLILE SLLCD. ‘ ' . cleimed. Aay coivunts used in cleaning thesae
3.5.2 Dismare? af tdenld Wnstos. ALl wasta containors will be contaminated with askarel
sukarel 07 liquid waston coatoining askasel aad should be disposed of 5°°°¥diﬁi to the same
Laould ou €iZposch 02 in Gocurduwise wilh oRe ¢ ¢ PiEvccdusas doscribed in 3.5.2.
0l tiu proccduscs given in‘S.S.z.l os 2.5 Lobalinc, Capacitor units vary greatly in
3.5.2.2; Lowavos, profesancy £aould bo given 3isa and in ond uca or application. Small capace
IRCLNROTAtion, 3.5.2.1. itor units are frequently applied as a componont
3.5.2.1 Incinzzatlon. Propur incincration of another pioce of eguipment, such as a fluoros-
[RRC iavo;vo a suitable balanco botwoen dwoll cont lighting ballast,a roadway of area lighting
tlia and tomperature ia Whe incinovater plus luminaire, a moter, ete. Ia such applications a
owygon availabilicy, and finally, cuitablo ‘labal on the capacitor unit refarancing approved
serunhors o rexove the ECL thais will ba Giuposal proceduras would not normally be visibie
Lol 0¥ cRaIlo, 2-3ucoad dwell tima at - when tho piace of oquipment ig disposed of.
2000%2 and 3% oxcoss ox?goa in gtack gas, or . FPor the foregoing reasons the methoé§ of label-
1.5 sccond Gwoil tima at 278097 aad 2v oxcoss » ing for small capacitors and large capacitors are
ORYGER i SLLCK Saue treated scparately in 3.6.1 and 3.6.2, respoctively
Whese Jseilities cheuld mect the appli- 3.6.1 Small) Units. Small capacitors are defined as
cable utato recuisumonts and ghould conizcl thoga that contain askarel in quantities up to
cfllucnts withia tho 24aiss cet forth ia about 2 pounds each and in which the free liquid
this gtandard. o X do0s not oxcaed 0.4 pounds. They are hormetically
3.5+202 Chomicn) Woctae Disnossl. Waeze la- , Goaled in metalic casas. It is recommendcd that
cinezation is not foasibla, 8itos which hava  0hipping containors from capacitor manufacturers
been elassificd by state agenciocs as suitable should ba labaled as to contents and that trans-
foz Givposali of cncmical wasta liguids should portours be givaen instructiens, in accordance with
bo usuG (Sce Appondix A). paragraph 632 aé to procedures in the event of a
< gpill.

3.5.3 Dismosal of Selid Wastos (Seo 3.5.1 for

cerap capaciters). All 6oidd wastes waich bave 1£, howaver, a label of the capacitor &'.r°q“i‘°d
toun Saturatcd with askarol should be placad by statuta or by spocific manufaoturers, the follows
in loak przoof contalmcrs and profozadbly tranc= ing is suggesteds

pocied for cicpecal by imcineration. A lacs Contains PCBs. Use care in disposel.

739448
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7ac chipping container ladbel, yellow oa
plock, Laould contain the followlag 2 Zozmation:

AUTLOJ' Contzins PCOs (?olychlorinatca
Jivhaavls) Shit are caviromain-
tal contaminants. 3In easc ci
lcuks or soills, restruin dis-
charea and concult wmanuiactuwar.
In trinsvertation cmcirgencics,
cull National Responso Center
(L0U="24=0C02) and Cacacrec
( J00=u24=~5300) .  Avold pro-
LONGLA DrCLLaLhg ol vepuss or
wists, comtogt wich cves or
2. Diospocsal ciheould be'in
oecosGanco Witk JIO0I C=107

(G Ch;u&-lﬂuJ or apRilcudle -

LeLto wd .\.uL..-- sualuces,

Small unit capacitors aroe applicd cs a
conmoncrne ol a largo picce of cguipment
danelfocourers utilizing askarel-fillcc copac—
itors should affix o labcllrcfc:cncinq thiz

viandard or decseribing disposal proccauscs
congistont wich ic.

2 Towra Undldsn.

Colined &g thozo whica coatain more tazn 2

acuadsy of acikarel. fhe manufacturcr should

cdiiv a lebel in o congspicoua place oa the

cupucltor, velicruncing this staaderd or dos-

cribiag dicpocal procedurcy coasistent with i,

Lo Gouaniowa, the label chould contain infoimi-

5.7 Infomeanion fo@ Unens of Larac Conccltors

3.7.1 Coarral. Large Askarol=filled eapu

-

contain wore thon 2 pounds of askarel and dee

' ]

Livescd €O CUOTORIYI us socled units Srow which

‘“hira it no cucape of askarcl under roxmal

cparation. XMlthough certain types ol equip-

sont Zailures can pormit locs of soma askorael
%0 the ChLVLromacnt, £ucCa Cases are cxtzcumaly

ZQT0.

3.7.2 Rronnnostation and Deceivine. Immed tcly

upon rcceipt of a chipment and following any
tronspostation ox handling accic»nu that could
aflicet the inteoxity of the capacitor cnclo—-

. guro, tho trancportation vehiele, eaclosure,

& fittings chould be examined for aay leakage

citors

or spillage that may have occurred in snipping.
If leckage is cvident, the cause should be
correccted and the spillage soaked uUp with sba

sorbent materials such as sawdust, followed by

a cleconup of the affected area with Kerosena

or othaoxr approved solvent such as perchloroc-
tiyleaa. All materxals used should bo collcct-
cd for provcr cxsposition a8 doscribed in 3.5

3.7.3 Irguallrtion and _Periodic Insneeion.

o ca;acitor chould be installed in. acw
facilitias such that if a leak should develop,
askazols can be restrained from reacaing the
eavirorment. Depending upon the type o in-
stallation, consideration may be given to paas,

damz, traps, standpipes, Gry wells, absorbing

agenks, otc.
Following installation, the unit gshould
cgain be inspected for any damage oxr lealkage.

2 4
< 4S8

i

recemmended that periodic in-gervico in-

.

cpections be rmade for leaks.

oS

. Traasforacr Guidlines.

4.l Cenoral.

"4.1.1 Askarels of various compositional sypes

cro currently in use (for the general propecr-
ties ané tyres, see ASTM D2283-73a(20)). The
tradémark designations uscd by manufacturers.for
licuids contuining PCBs are given in Appendix

c.

"\ OUn€er arecing conditions, the-gases produced,

though predominantly  conscisting ol noncorbust=-

ible hydzogen chloride, can contain varying

crnounts of combustible gases depending upon the
askarel typo. ‘
4.1.2 ¢

afoty Precautiona. Based on about 40

ycafs of safe industrial usage,.askarels have
becn considered as relatively harmless mater-
izls to humans There has been no xncwn instance
of human injury when askarels are uscd under
the normally prescribed conditions of pre-

cauticn and handlinc.
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P R LIRS LI V) \_,!."ub;'ul-a"' Lo, 'S whava

2 wmde % -

- -, 3 - em moas® LBt -
\’.”A"'J‘Vuu;:\.‘ O wuneilad 18 o e LACSIQLLOUS o1 d

secaucions are takea, cx-

Vittu Gike va-“l Q

J

PUSULC Lublabs BULAL LO Avoided or wanimiscd.

Wehedel W v, Tau lor 04 askaxcl is

nukiceuenlic weil belew ¢ho maxdias cale air
concca::ution;.> DePending upon tha ccwposi-
tion ol Chc Lokaval uucd, feow 6.5 o 1.0
Wwilligoos pow cubic woteo of ailr has bean,
Cuteaedined €0 bo ¢ho uppes salu level ol

(A T AUVIIY u\.u.;..c' an ¢~hous wo*‘c..wr. (Scc re=
fewince (9)).

Cie proccdure for porlomaing the nocuse -
Sury Laslyuis is coataincd in ASTN Method
D330y (owe fpponddx Sy

Ulveining Vopus o SwWhoos Joou aeated
Coiwllas cnould o avodided. Uiga counccn~
Cranivne Of VUROUS cun cLuse ivwititlioa ol
Lhe Clewy W0ou, thacut, and wPLT reLyiTL-
Lowy wrade. Swovisions saall be wade Jow
Lucgacte veacllation to avoid open eiposule
U RS LentlCLs (55°C or higher)., “au guscs

JSOLLGLL VWhun ackasel 15 ducoiposced by veoy

. i e Sayas L. orge *, v o ® - du - - o
heUh Bewpeduilcs (Suen L5 taat of an clelce

Laele woo) in Lho proscnca of air or cigLnic

higa poceon=

0 .
L\
-
&3
O
(]
H]
[d
3]
P-
9
3

Lhluad \..sulJ it

tede ©F aydrogen chiovida whidch is aighly

LONal, Ghd Swdal perccatagces

ninvte conccntracions of this cowdination of

0>
-
H
s
.-:.
w
14
€
[ 244
of
&
-~

Gulls Lie vexy unplcaaant an
whus Civiag anplu w-"n‘nc Ol LhLolyr pressacu.
i Ciiposusy o h-c\ concentedtions ©f aJskirols
o its cweLd p.oduc;. is noccssary under eme

cogency conditions, an approved gas maix of -
LaC OSGURAC Canistes tyse, or seli-containcd
Srihtnang apuratus, must be woin. Such ex=-
pa:urc':hould be under thae surveillance of

Ouhies PuTuOano: cupanle 0 eficciing roscus

Lo Lhol Vs wlCaluedt.  4d tue oGor ol
Kaxel or its arced products is decécted
Dy tho person wearing protective equipment,
Lo ghould unediatoly go into fresh air. Ail
Gas wasKks, respirators, and replacenent parts
should havo U.S. Bureau of Minac approval
and be mointained on a regular schedule in

accordanco with tha manuiacturer's recomuca-

dation.

4¢1.2.2 Licuid. In coatrast to thoe situa-

“tloa in wiich mineral insulating oils are hane

aled, there is a0 fire hazard in handling

A limited solveat action (similar

to that for paint thinner) on the fats and

Oia5 OX tno skia with prolonged coatact may
icad Lo Gryiay and chapping of the skin. As
wath insulating oil, some peoplo aro aliergic
o coharel, and contiaued exposure may rasult
in gikia izzitation. Both the liguid and vapor

aro mod ately izsitating to eye tissue,

Ogy.a“'ng procedures shouid requ;re aveia~
anca ol contact with any askarsls. The use ol
pc sCus giovos thut can absord and retain |
askarels is to bo avoided. Resistant gloves
ard aprons such as the polyethyiene or

£lvoso elas omﬁ?type should be used if contact

i3 uwnaveoidabla. Tor some operations, it haa

becn found advant sageous £0 U@ hon-porous, Gis=
poscole aprons and gloves. In case of spille
ago on clothing, the clothing should be ze-
acved &5 soon as practical, the sxin cleancd
with witerleus cleaners OF Golveats SuCh as
Kezesene, and wiped dry with disposabla towels.
2ac¢so towols should be disposed of as PCo con-
t‘"zaatcd solid wastos. See‘Section 4.1.6.2.2.
clotning and shoes saturated with askarel
should ba discarded (bu:nabla wasta). Con-
taminated clotining may be reused providing théc

‘?or exampie “"VITON" .
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we tew el CRGEOLWGeeY ClGwitu ULaay LoyTu—
Guolu LULVERLL OF & Lugregatid Qeyreascs,
Lhun SULLOVLG DY nosidal laundering. {(Lowder-
A0G Licn0 L4 ot sulficicnt.)

WHLCicinas wabicS Or mild decergoencs
Sollowed oy tau appilcation of cold croau
Willi SoGucy who arsitation resulting Szoa
Tha contict ol an open Cut o Lbrasica with
Lokasule.

Saloty glassou with side chields or a
fuco shiuld suculid Do wora wacn handliiag
Lokurels.  Dyos Lhot havo beocn exposed Lo
liguid ushorel shvuid ba drcigated imacdi-
Luuely wich lurgo quantitics 0d running wotor

0w apgroxisatoly 35 winutes and taen Cxan-

ioacs W L pavsician. (A avep ol (V.S.2.)ca3~

[q

OX VLI hud suehn found o wseducw lrsitation.)

Iayvetacn o Swulilowing of askarcls iy

Cadi, OCUUE, 4 paysiCian Saoulé ba consulticd.
Lands should Do elcancd as aotcd above
wodowe catlng, Giiaking, cwoking or using

il Juclilitiey.

Lo3.3 Licvid Weromo=ont Containorse

4aladen Muonnsoss Container Mocking. Any con-

Laanuy, wuCa 45 tunk cars, tank trucks, cruns,
Cunl, welle, ULCA Lo LTansport transiorsar
WolusLls, now of uued, should ba labelcd

viva tau folliowiag(yoilow on black):
L4
"CAUTION" Contains PCOs(Polychlozincted
- Dipacayig) tade avao envisonmantal

concuninants. In case of licaks or
sp11i5, restroin discaarge aad
consult moandacturer. Ia transpore
taclion aweryencies, call Mational
RoLponsa Ceater (300—424-8802) and
Crentree (800-424~9300) . Avoid pro-
longed breathing of vapors or
@ists, contact with eyes or skin.
Diszoczal ghould be in accordance
witin ANSI C-107 Guidelines o
-apalicuble state snd Federal sta=-
taeese”

4esod.2 Lpici Procedures - Buik llQ’ulﬂ SNLPLI .
Saeu Soction 6.

4.3.4 Rogceiving, Handling, and Storage of

hskairels,

hokarals are shipped in tank cars, tank
trucks, steol drums, metal cans, and taest~-
sample contuiness. When received, all con-
tLiners chould bae inspected for leaks.
4.1.4.1 Storzce Tanks. Storage tanks should
bo orcctid so that inspection can be made for
lecaks or gpllls. Coastruction should be such
that inadverteant leakage or spill§ are pre-
vanted frow seaching streams and ganitary or
SLO<iL 56Wers.

$.1.4.2 Tonk Carsc cnd Tank Trucks. All bulk

sihipaent equipmont should be inspected for
loaks immediately upon receipt. Drain pans
suould be provided to pteVent spillage from un-
locding hoses and connections. Askarael liguid
collcetad in drain pans should be placed in
auns labeled "Scrap Askarel® for disposition
in accordance with 4.1.6.2.1.

4.1.4.3 Steel Diums, Cans, and Test Sammle Cone

tairers. Oa delivery, all such shipments should

be carcfully inspected for leaks. The contain=-
6rs should be stored indoors in an area expe-
cially selected for this purpose. A curd
ghould aenclose thq area to provide a basin for
coataining the askarel from one or more con-
tainers should tha containers be damaged. The
area should not have a drain that is connectaed
to a sanitary or storm Gewar.

iZ an indoor storage area is not possible,
the coatainers should be stored under a lean-

to with similar containment capabilitieas.
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4.1.5 Cont>ol of ater Efflucnts. The incdus-'

try goal is to climinate askarel in water
f2lucnt streams. However, It is recognized
that existing drain systems from manufactur-
ing plants, repiir shops, and installation
sitcs may be contaminated as a result of
pact practices. Other sections of thic
standard provide that no askarel was£en of
any kind be disposed of in any water
efflucnt streams and that accidental s»ills
be prevented from getting into such streams.

4.1.5.) Concentrotion limits. The EPA hao

proposed water quality criteria to maintain
PC3 concentration in rivers and lakes below
dctoction level. Regquirements under Scction&
307(a), 307(b), and 311 of the 1972 Amcnd-~
ments to the Federal Water Pollution Coatrol
Act are under review (1976«77) and the latest
rovisions will apply. State and municipal
recuirements must also be met.

Further information may be obtained from
the Environmental Protection Agency Regional
f%ico. A listing of these offices is con-

tained in Appendix D.

4.1.5.2 ¥onltorinc Streams. ALl plant

efflucn£ streams should be monitorecd on a
recular basis. The procedure for performing
the necessary analysis is.contained in ASTM
¥ethod D3304 (See Appendix B).

4.1.5.3 ¥nthods for Minimizing Effluvent

Sercam Contamination. The ideal approach is

to totaily isolate all effluents that could
be contaminated with askarels during manu:ac;
turing processes and prevent them from being

discharged from the plant.

4.1.6 Tlenocal nrocadures and Sorvicne.

4.1.6.1

Sourers of Materiale Raguirinc Snaciad

rondling and Dicnozal Proenduzea. Liguids con-

taining PC3s and colids containing or con-

taminated with PC3s may come from many
sovrces including transport containers, trans-
fozmer manuiacturing procasses, in-test feilures,

liquids contanminated beyond reclamation, in-

cexvice trancformer leaks and faillures, eckerecl-

£11lcd transliormers scrapped for any reacon,
sample containers and handling eguipment,

4.1.6.2 Clonmification for Dismosal of Masnr-

inls Contoininag RCRs. In gencral, there azn

four types of materialds recvlring dispesal:

burnable liguids contaminated with PCZs; non-
burncble liquics contaminated with 2C33; buwa-
able colids contaminated with PCSs; oand nen-

burnable.colids contaminated with PC3g.

£.1.6.2.1 Ruraable Licuida. Liquids containing

PCL3 . recviring disposal by high-temperaturs
incineration may consist of the following:
(1) PC3s contaminated with mineral oll.

(2) Mineral oll contaminated with PCRe,

(3) ©Nonreclaimable contaminated trana-
former ackarels, azced askarcls,
askazels from manufacturing snills,
sum» accwmulation, askarels from
holdling basins, drip and drain pansg,
wachincs, sample jars and containexs,
ote.

4.1.6.2.2 mpnhurnabic Licvida (Weter) Con~

tominnted with PCRs. Water contaminated with

PC3s ' mey be t-cated by such means as activoted
carbon filtration or by a reductive dechlorina-
tion process, providing that the efflucnt moets
Federal and State water effluent standards.

Such liquiés may also be disposed of, packed in

suitable containers, in approved landfills. Sea

Appendix A.
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LulX ow i clotin ougu, blottar paperu, niwrile
Os CUTA GLsects, oec.
noMotorninls

.53

wedoCowat

- e e e me Ya, - -
Cor e, i 5. P6ese

EweRCTiuls oy cvacist ol stecl, coopes,
Gliieiiian, Siltor wnits 0 tha stool woih con-
Strucelon tYpe, dSmaled QLLs, ©ans, Otc.
navesasdy 0d Chis nature suouldé Do allow=
Lo L0 Gania wivn licuids collcoted in driy
Lwio, GoWe  FUSLLOY SGLOVGl ofladkcritg ICas
CHOULG DU ACLLMPLITHLE DY Vapor dogloasing,
Waoisaiiy OF LOLVeRL extraction with xexosona
U2 OCAls WUISOVUG WALALRG liguids such as
e TE AN < IS AT S e 8
chouaa wu Glsposcd of as indicated i
Gemebocsl, 50ild waterials as cleancd above
WY DO RLdwedll W ROTRAl SCTLR.

CoLl Luructures moy bo Gliswentled with
Zuraabie meterial removed. Motals should be
Lreatou 4L notcd anove, and busnabio &clids
GiLpoucd ©F in accozdance with Sectloa 4...8.
cebe AL Livconative but lous dasizable pro-
cudure Joe Glsposuel of coils, cowes, buxnabic
Vedlu, OtC., 15 Lo suitadly paciago and bury
Lonoan Lpysoved aandllili site. Sce Appondil A.

v

weleGed GShi=ninnt off fezxem Licuids Fox Dis-

=aial. ALl liguid ccrap matesial ghould bo
vaiCLd dn appropriate metal t:ansportbcon-
Tainess, peopesly sabeled (Sectign $.1.3.1)
fox ealpucat to & cowmpLay oifering an accept-

wolu Gisposcl sarvice (Appendix A).

4.1.5.4 GShipacnt of Burnable Solid Wasta

¥atcoial Containing PCBs for Dismosal.

Nuterial of this type should be placec in a
liquid-tight container meeting Federal and
Stata t:ansportation requirements, and
accostabie to the disposal organizatioa. The
zontainer should be propexly labeied (Section
4.1.2.1) for shipment to a company oifering
an zcceptable disposal service (Ap?endii A
4.1.6.5

Licuid and Solid Waste Disposzl Scr-

vice Orxganizations. These facilities should

mact tho applicable requirements of the state
in whica they are located and should controi
eiilucnts within the limits referred to in
Scetioa 4.1.5.1. ‘

4.2 Gunidelincs for Origincl Manufacture, Scro-

vice cnd Renuis Shopd.

- 4.2.1 Dlant Pouscxecping It is necessary to

assume that in £illing equipmcent with ackurel,

‘anG Guring further handling of this equipuent,

an askarel spill may occur. Therefore, it is
ncassary to provide facilities and a procedure
fox clecanup to prevent contamination.

4.2.1.1

4.2.1.1'1

Askarel Pilling Area.

it is desirable that the askarei
£il1ling area be adjacent to the test area and

final shipping area to minimize the danger of

oraga to uaits during handling.

S

4.2.1.1.2 Thae main manufacturing area for
2illing oquipmenﬁ with askarel should be pro-
vided with impexvious surface floors or suit-
ablu masing so constructed that any inadverteat
lcakage or spills are prevented from reacning
streans, sanitary sewers, or storm sawers.

All aakarel—handlingvequipmant, such as punmps,
hoses, eté.. shall be of the askarel-resistent

typo.
NEV 026198

739453



h-.-——_-l .---‘u.d
£,2.1.1.3 Drip pins shall be provided £or Loz cliposition. Cloth baga £iiled wish Suliew's
hose comnncctioas and £illing valves. carth shovld be placed in the "SCoAD DUmNSTLT

ety

4.2.1.2 Srmeeial Conta'nnrs for Scran Motor- ASKAREL WASTZ® container for disposition.

ials,. ' . A.2.1.4 nf"‘"( own of Units for RAnal» o= F(.-..,‘
4.2.1.2.1 Druma labeled “SCRAP ASXARZIL" 4.2.1.4.1 Drain all askarel from the unit eifhar

should be available for handling all epilled into'a holding %ank for reuse or into thao Crunm

and waste askarel from sumps, falled units, labelcc "SCIAR ASKAREZL® for disposition, allow-
drip pans, samplc jars, etc. o 'inr suificient time for all of the askarel to
4.2.1.2.2 Open=head drums with suitadble ~ &rain from the core and coils.

closures and labeled "SCRAP DURNADLE ASRARTL  £.2.1.4.2 Remove the core and coil ncscaﬁly
YASTZ® should be available for handling con- from the transformer tank and place over 2 suis-
taminated cellulese insuletion, rags, papor, able Crin pan.

pressdoard, wood, gaskets, sawdust, etc. 4.2.1.4.3 Plzcce all materlals In the an»zeaziazn
4,2,1.2.3 Scnerate containers for handling . salvace containers during édismantling for Latos
astecl, copper, and aluminum, cach adeguately disposition.

markcd, shall be provided for the compononts 4.2.2.4.4 ALL used materialsa, incleding rocz,

of éoataminatcd core and coil agssemdlilec. caw#ust, tane, ctc., regardlens of guantity,

mheae containers are required for the various chill be nut into the apnropriate containors fex

meteorials when repalring or secrapping disnosition, X

ssemblies. ‘ 4.2.2 meansformrar Lahaline and Shimmans
4,2.1.2.4 Containers for supplios of matecr- 4.2.221 Moo end .ﬂbézl* Tearalormera,  ALL naw
lals for absorbing small askarél spllls or and rebullt transiormers that contain PC3n nhall

clecanun of larger spills should be provided. have a label of adequate durabllity, permanently

4.2.1,3 Conditionina of Askarels. and p*on*ncntlj attached to the tanlt by the menu-
4.2,1.2.1 DMohar ConF‘tzoninc Feuwioment factvrer, giving adequate warning and inotree-
The conditioning unit should be located tionz. A suvcgested label, yellow on black, fn-
either in the storage tank area or in the . elucdes the following:
main transformer manufacturing area for - "CAUTION" Contains PCEs (Pol ychlo:;n‘tnd
. Bipﬁeny_s) that arc environmone
£41)ing with askarcl. . 22 contaninantas. In care of
: . leake o: spills, restrain dic-
4.2.1.3.2 Fullexr's ®ar:h, Conditioning of chargse and consult manuizcturer.
. In transrortation enmexcrncioes,
new askaroel or recycled askarcl regquires call Mational Response Centes
. ’ (200~224-CC02) and Chemtreoc
fuller's earth treatment. The spent fulles's ‘ (500-£24~93C0). Avoid prolonged
- : . breathing of vapors or micesn,
carth in cartridqes or bags, when reploced, contoct with eyes oxr skin. Dis-
’ . . pozal chould be in accorcdence
a\ould be allowed to drain thcroughly over , with AMSI C~-l07 Guidelines ox
, onplicable state and Fedexral sta-
drip pans to remove as much liquid askarel L 'tutc"
as possible. The cartridge units of steel e242.2 In—ferv*co *ransforrotn. The Transfozmer
esh construction should be placed in the’ manviacturer ahou_d nake avalilable sulsoble labels

"STCSL CONTAMINATED WITH ASKAREL" container with similaxr worning as shown in 4.2.2.1 for uce

on exlsting transformars,

4.2.2.3 Shinping ponexs ochauld consain the waming

.. . PP R R , .. . s o
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oo d o Tos .o Lion fon Wransformer Usars
40243.1 Comomcl, Ackazelefilled cransfomuars

wre Golivercd to customers a5 ccaled units
Jocw waich thoro is no escapo of askaral
UnGacK

Aomaal opuration.  Altacugh cortain

Lyave of cquipuont fuiluwes can pawiait loss
03 SLAY GLRATUL O tht ¢avirorsout, such
Cuvto W cnewuely rarc.

4.003.02 Triussertention and Recoivirg.,  Ine

wmeGLutely wpon receipt of tae cquigacnt and
Yolilowiang any transportation ox handling
accidune thut could afiect tha integoity of
Laa Lonk, busaings, o radiators, the trans-

oostatLon veniclo, tank, and fittings

should
e Culeined {or any leakage o Gpillago that
WY aeVu Occursed in gadppiag.e 1is leakaga is
uv;ccnt, Lo CLuse Shotldd Do Corsecic
The SPLIlLgu coaked Up with absosbont water-
Laru LUCH W3 sawdust, foliowed by & cleanud

PN .

O tha aldacted avew with sagy soaxked with
RLLooLLe O oty apps soved solvoat such as

hould

[
[ 4]

yerenloroctnylaone.  All materials usc
Su cuLleciud for proper disposition as dos-.
Coiueh in 4.2.0.

2

/ o =
NoewesDdow

Poancfosacy shiould Do iastailed so taat if
Lolelk shwuld dovelop, askarels can be re-
Lerained fron rewching tLho environment. Do=
wenGing upon thoe type of . instaliatioa, coa-
slicwution oY Lo given Lo pans, dams, traps,
v
Seantpipes, doy wolls, absowbiag aganis, Qic.
FYolloving iaatéllation{ the uait should
wrain be daspectcd for any damago . oX leakage.
<

< 19 roeconwended thut periodie in-service in-

Leeelions be mude for any ieaks.

‘structions

" Yehieles.

$.2.3.4 Pilling, Filetering, or Drying A

- e .
u-Ca.v

iost askazel units are shipped with the proper

amount of askarel, but if it becomes necessary
to top off a unit, the manufacturers's in-
saouid ba followed.

IZ it is aecessary to dry an askarel uait
or to ticat an askarol unit with fuller's
earth, instructions should be followed. When
filtering or coaditioning askarel, all of tae

recautions previously described for drip pans,

proper Gisposal of filter media, etc. apply.

£.2.3.5 Sammling. it is common practice to
sawple askarel from a transformer for periodic

maintenunco taesting.

As previocusly cescribed,
such camples 5iould be taken in a manner to
avoid aay coatiiination of thae environment.
lashinGgs should bDe collected for proper dis-
posal. Pieid ard laboratory test samples,
wazhings, etc., should also ba collected for
proper Gisposal. (See Section 5).

in the event of a leakx or acciceantal
spill, the procedures outiined in Section 6
should be folliowed.

4.3 Reteofilliang Apoaratug Containing 2siarels.

It is not raecommended that apparatus containing
PCS liquids ba changed to other iiqui&s. It is
recoynized that the best posaible change-out
proccdurac will still leave appreci;ble PChy
in tho apparatus. Apparatus that has contained

PCZ53 which has been replaced with anothar
£luid siiculd be labeled as indicated below, and
the disposal ultimately should f£ollow the saze
disposal procedures as those recommended for

PC3 liguids aad PCB-filled apparatus.
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wabul (Yeilow on biuck)

cn""‘o». Convuing liquid coa-
Lomdnatea with 2Cas
aa cavironmental corne
tominant. Changed to
(Gescrino l:.c;m.a) on
((JA.VO Gatu) .

= Pic=ennl.

a0 uhiilate Gispocal of & 2C3-containe
Veiaim o Tty g 4 - e W d-‘ tho
CaUNLA0LMeT Gay DA GCCOWNYLLLIC Ve
PP P54 p:ocudurcs:

1. COu- _ct with a cualifiecd orguniza-
> Al sposal of the compietu

LULnSLOmnes .

2. Wauro acceptablo focilities are
LVvLiisule, tha following altewraae
LiVL prociiuroes are rucchuendeds:

{u) ~iweys Geein the licuid and
T Giunowe of it by approved
ANCATUTLLLON.

{9) ¥or ¢no 80lid coaponchts ow
Jus Lho eatirve seruccure, eithcr
0d the following pooceiuses ara
WOCOLLELGCH §
i Dimacntla, wash anc disposa

in uccoraanco with Section
C'Lnbo

“ihe  Ondip antirve solid stiuc—
curu to acegpiavlo osgane
izution fos dicposal.

Saip to acceptibdla land-

iii. Saj . :
£ill disposal .sita. (Ses
aJpcndixn A).
3. Daamtnrsal) ol Tolhoxceozv Sanolcs Contcin-

o dicposal of laroratory samples and

aabesiols vLed fow testing and experimental

Puaposcs Walca contain, oo liprognatced with,

s contaminated wy €08 (askawels) mwust be

Caruiully controllcG. Thoir dicposition

cshneuad be mude in A aannes co1sistcn“ with

procuedurcs i J.5.2 and 3.5.3 (Canaci toss)

Gl Goiev (Wounsloxiuars).

T~

tion and Control Plan

rolvchlorinated Biphenyl (PCBs)

The immediate actions needed are to
contaln or restrain liquid spills
wita tie best means available and

to notifv "CHEMTREC” and "The National
Respoase Ceater,"

"the basis for this spill notifica-
tion and comtrol plan relies on
Chentsoe Lo advise on the inmediate
actiocius nceded to coutain or restrain
the liquid zpill with the best means
available Hascd on listed instructions.
Tha National Response Center will
notlﬁv ail iaterested parties, i.e.
Federal and State authorities and the
manuiacturers involved, as well as
give guidance on action to be taken."

FAILURZE TO REPORT SPILLS TO PROPER

AUTZORITIZS MAY RESULT IN CRIMINAL

PINALTILS,
6.1.1 Waat is it. - Chemtrec stands for
Chenical Transportation Emergehcy Center, a
public sccvice of the Manufacturing Chemists
Association at its offices in Washington, D.C.

Chextrec provides imuediate advice for
thoso at the scens of emergencies, then prompt-
ly contacts the shipper of the chemicals in-
volved for wmoreo detailed assistance and appro-
priate follow~-up.

Chem crec operates around the clock = 24
hours a day, seven days a week - to receive

direct-dial toli-free calls from any point

in the coatinental United States through a

wida area telephone service (WATS) nunber,

800-424-9300 (463~7616 for calls originating
within tho Distzict of Columbiaj 202-4837616

"for calls originating outside tha continental

U.S.).
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Vemek b au FLLOuenLiulw Canl Gad '_J.'..a';: and
Doeetint menkiuCeurerool 2035 and PCS-con-
Cwiliany - CUGAPeent Do 1isted with Chwstsuc.

CURLLEE "CinaiwG® 4L, tho manufuciusring

Crimiten AuuuCintiun, <045 Comnucticut Ava.,

Weile, Waushingtorn, D.C. 20G6CH,

ved Y IA Eeﬂéén:c CCntéf.

Uedea .00 40 tt =

LOCLLLons  U.S. Coullt GUALG ROLGLGastos,

S.W.

vesoal vuilddlng, 400 Vi Stroal,

WaLnangton, D.C. 20599.

Wy coorGinave polluticn GRATYCh~
Cits Whwn nationdl iavoivauent is Seguiscd.
Wontonet e toseseine tndvosl for receiving

Pussbeitn Yoports. Tao basis of this note-
VOSR Lo & Wuli publicisced toil=-Ireo toic-
Phbie DWus (0UU=eZ4=liUl) WLLACh Anloac
Wl Loe Lo cull i national Responsa Cena=
R poilution incildents o acci=

Gontl WhLlh woy rTosult dn pollution.

o the local

sepsosencacives 0d Lha Pederas Agency ra-

LIUnsiuie YOS Lotion Wacn @ pollution dioe

Cawdye hHuo peousced. Wach necudsary, otuul

opecaiic locan, national rop~-

secgioaul, o

sosuatatives for che various. agencies will
© whe0 be notilicd,.

Ged 7L o 0F Liewilsz and Tcuisment Con-

See '."'."."‘ f):’:‘-‘.

S.5.1 Yrmwoliwe ALl containers and ccuipe-

e Conaindng 2005 chall ba laboled in

v
LCCONGLALD With Scetions 3.6, 4.1.3, ~.2.2.1
QG 4ede

Geved Oulmmine Dancrs. Saipping papers

wnotla contain the following warning state=
Sened

ClUWION: Comtains PCoz(askarel) that are

. CoVaSuikecltal COntwnincnts, In case of

' “lewis, oo o2ills, restzaia discharge, DO

Tom PIEITL Do fusiaer instruetioas call
(600=~424~95G0) cand the manufuc=

Mamdimnn) Poenm=za

*Vem mmeed Ter.

Dol taty Bendiaent

¢ ig recoiamended ghat ail users should have an
on-gita 5pill provention counter-measure and
control plan waicha should.be followéd in the
evant ol an accidant.

6.4l Cavacitors

Cupacitors should be installed in accordance
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in cuasa of liquid spills due to leaks or
cguipmont failures, the procedures outlined in
soctions 3.7.2 for capacitors and 4.2.3.2 for

translormwers should be followed.
7. RETEXRENCZS

7.1

Relarences o Tant

(1) Standaxzd Method of Test for Rapid Gas
Caronatogroiphic Estimation of Aigh bBoiling
zomologuas of Chlorinated Biphenyls for Capa-
citor Agkarels, [ASTM D3303~74].

(2) 2merican Nationmal Standard Method of Tast
fox Spocific Gravity of Askarals, €59.1965
(R1973) [ASTH D 1810=63 (1973)].

(2) Amcrican Wational Standard Matiod of Test
Zox Neutralization Nunber by Color-Indicator
witration, 411,131-1964 (R1974) [ASTi D 976-64
- (1973), 2 139/65].

(4) Zmcrican National Standard Method of Tast
for Noutralization Numoer by Potentionictric
Ditration, 2Z11.59-1958 (R1971) [ASTM D664-53
(196C), T2 177/64) .

(S) Standard Method of Test for Dencity of
Aubber Chonicals,[AST™ D 1817-66 (1972)].

(G) Anexican
dow Inewganic
{(R1973) [ ABTH

(7Y Asciican National Standé:d Method of Test
for Pour Point of Petroleum Oils, 211.5-1966
(ad972) [ ASTK D 97-66 (;971), P 15/687)).

National Standard Mothod of Tect
Chloxices in Askarels, C59.55-1963
D 1821-63 (1973)].

{3) Amcrican National Standard Methed of Test
for Power Factor and Dielectric Constant of
Clectrical Iasulating Liquids, €59.22-15%67
(R1973) [ A3 D 924~65 (1973)].
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) SeadiCan Notional Stundaxd rothiod of

TLot w02 SpLcllic Resistancee (rosigtivity) ol
WaLCLWACUl IThetiating Liguids, C59.5i- 1965
(ul'J'/:JJ L o'l U 1169=un (&SN-»)] .

{10)  Acericun watlonal Standard Hethod of

west Jor ayorolyzable Chlosine Compounds in
Chlovinaicc MArcatic niydrocarbons (Asiarel)

CoV.A00=1970 {/lWwe D 1023-65 (i971)].

el Tawiszican wationmal Standard Mot

Vool fov Wactwaei Stodility of Caiorinatcd

iatuatic nyduowiubons (Askatels), C59.ill-
1970 { £SO 2936=G4W (1971} ).

X et N i maw T
JalCaacnaCalinn O

1574 0 050 bev=12).

fenowican, Nacloaal Standard Mathods ol

veutang Lloeovcieal ins ‘.'.&1‘.1;‘.9‘ 0ils, C39.2~
«Yle ASd O -LJ-/"Il (0:9./

(s oacsichn waticnul Standaxd method of

t..b Jor Dloelcoceoic Lucakdown Voliangu ol

Lag Licuids Uu‘“g visi: Bleectrodes,
T

Codeaimilob (aaG73) 0 30K D §77-67 (315740}

L8y Joomican Boational Stondard Hothod of
Ceet LON Flaun wind Qire Jodata oy Clevelond
Cauna Cud, wil.C=1973 (aSWG O 92=74, 2 38/87).

{237 - :ouu..o‘aul. StLacava M
Vsl Wl Sayholt Viscosity, 4li.2-1958 (?;J?l)
LLOUA. D Bu=d3 {3973))

(27)  Felezicon wational Standard Method of

Tth .u. COu-:AM‘Luu of Thormial Bipavcion of
nlugerdcul dasuliacing Licguids of Petroloum

o;..‘_;.tu, and l‘u:lsu.hlul C.;9. 51'&963 (L973)
(howes D Luva=Cy (J.‘JIJ)].

e el Lhuvu"anq tho issip&t‘ou
L Ciuwtlulic conLtLnt, and Lc;;at' it
Wl AiGuat. ~eloeion/Ciecuiss, vol A6, Mawx,

Chiovolinsnenylis. Hyglenic Guide Series.
T s American Industrial
van-red 19465,

(Y]
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-

(LU) Suasdurd Specificatioa fox C:lo-;n'"cd
LTULLTLE GyGrocasbons  (Askarels) for Tsang=

HOLiuG b fewais U 2295=713G1

Ted Cor-ened Zofomences

Vorvenlovinated Jinhenyls and tho “nvi“onmcnt,
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MPPEIDIN A  . o . .{g) "Richmond Sanitary Service
. ' o . Richmond, California (415-234-3304)
Dispocal Scervicoes ) _ " All formas.

[0 LuGlition o o suporvised dry ;u“d . .
4. Cuwnicul Waste Disposal Co.
£ii1 situs Lhat way be used for tha dicposal Elizabeth, N.J. (201-351~5460)
i ’ Disposal by incineration
o. wLkasvlmconcaining sevan, the Jollowiag _
3. Chem=Tr0ol Pollution Servicaes,. Ine.

SGaitionaud Kwwa ‘ac.¢.L‘oc 4Lna gasvico P.0. Dot 20C
. 1550 Balmor Road
wave boon cutabiished. For other facilitics, . Model City, N.Y. 14107

. Pheno; 716=754-8231
call vous rogioawl Enviroanantdl 2rotection
: Can handle solids and liquids by incinera-
ageacy Oificu. (See appondix D).
‘ tion or lard disposal.

e Slraes Listed. bg;ou (w0t all--“c-uu.vc)  This organization has facilities and ger=
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Seivca Lwebava, Calizornia {30G0-969-4733) Can handle solids and liquids by incinera-
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tion.

) laus Coadoration .

viliaingtoa, Culiforania (213-775-3 c07) 5. Monsanto Compuny

‘ali Josus. $00 Worth Lindbargh Boulovard

’ St. Louis, Missouri 63166

(c) ivornantal Protceticn Cosporation © DPuonae: 314-694~3352
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WAL IONLALION, Gnd GispoLal scrvices of all
LiCGite o LOLEGS (Lneludlng hordwaisc) . Dis~
SUbea Lo an conurollcd cheuical and scientilic

ranGdiea wwou. Liccuscd by Atoaie LBnorogy
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{1) Ticuids. hokewel aloae or mised with'
COLVARNS 02 0Lln. Dicposal is by high~tcmpore
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in nicssilo silos.
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(2) Solids (soitware). Aakarel-=soaked coi-

pqunds,‘régs, cartons, Lbsosbing carthi, etc.

PRisgesal 15 by inciperation at combustion toa-
peatures un to 2560 F.

gc:uaacg, ana cntraich 50liGs are removed be=-
SOXC¢ graausting to air. :

Incineration gases aro

Rol;ins Eavironnental Services maintaing dig-

posal facilities in the following areas:

2hilcdoelpaia/Comden:

*Rellins Zavivonmental Services, Inc.
Joute 322
Logan Township = -
Gridgepost, New Jersey 06014

pacon Rouge:

Rellins aviroameantal Sexvices, Inc.
Scainlc Kighuvuy & Wust Cheatham Lane
Scotlanavillo

Sust Suton Rougo Parish, La. 70807

Bousion:
wollins Zuvirowmental Sorvices, Ing.
Tidal Road & Highway 134 ‘
beer 2ark,%exas 77536

£. “exas Bcologists, Inc.

[oLstown, Wenas . )
Paone: 512-387-35.8 .
Diigosal by lawafill..

9. Wiz Con, Inc.

"wWin ¥ulls, Idaho (208-733-03897)

Receive puckaged materials for disposal

»

10. Gcdecor Eavironmontal Protection Corp.

1513 Wowbuzgi R4,

Wectlaad, Michigan 46185

Phonos 2353-326-0600

Will &ececpt transformers, capacitors aad

PC2s solidified in Imbiber* beads.

AP2TNDIX O

ANALYTICAL PROCEDURES AND LABORATORY SERVICE

ORGANIZATIONS .

Bl. Geaeral

‘Analysis for PC3 in environmental sampics

is a tedious process due to the very low levels

(peo o zpt) which ara of interest and due to

itivity of tha electron capture

hromatograpaic procedure. It cannot bo over=

awpnasised that extreme care must be taken to
easuro first that the sample ig representative

and sccond that sufficient numbars of blanks,
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of WuLting Lobowrateries publicatioa STP333R
availabla f:&m the Aascrican Society for Test~

WASWi) 1916 Raca Street,
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any ant Latelluas

PhiioGoipnia, 2u. 19103, I an outsidoe
rabowaewsy 1s used, 4 variZication of capauil-

ivy io rlcvuwunGeG.
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L0 AUUH D330a=74, "Analysis of Envisca-

wehielr Mutosials for Polycnlorinaced Lipheoayls”,

TAADLUNE DZIIGNATIONS USTD BY MANUTACTOR=
ya romm

wid SOR LICUIDS CONWAINING PCos.

CuplLCitors oF wrunsiorsors in service an

2ACuid shipmeats showing the followiag trade-

wolt GULignations contain PCis.

These have

veen 02 are in uso and usually the designa~

cion apreuss on the nameplate or the warning

iunsle

. DOMESTIC

M MANUTACTURER

——l PR OL L 2 W
irecioxs donsanto
hsocios B Maliozry
Lsbusvol rneriean Corporation
Askasel* Hevi=-Duty Corporation
Ashusul™

Forradvi~Packasa Ltd.

PDOMSSTIC

HANUTACTURER

Asiaralw Universal !fg. Compda
Chlerextol Allis-Chalmcgs pany
Corinol Sprague Electric
C}orphcn JARD Company, Inc.
Diaclor Sangamo Electric
Dykanol .Cornell Dubilier
glamcx MeGraw Edison
Zucavel Electric Utilities Corp.
Hyval Aerovox i
Inc;tcen Westinghouse Electric
Ro~irianol Wagner Zlectric
Pycanol Genoral Electric
Saf-P-Kuhl Kuhiman Electric
CFTSHORE
Clophen Dayer (Germany)
Feaclor Caffaro (Italiy)
Kgnncchlo: Konneclor  (Japan)
Phonocloxr Prodelec (France)

DX Caffaro (Italy)
Pyrzleno Prodeliec (Franca)
Pyrocler Nonsanto (UX)
Solvol USSR

“Worli-wide gerneric name used for insulating
l;qu}as in capacitors and transformers that
usuadly cvatain PC3's. -

APPENDIX D
ENVIRONVENTAL PROTECTION AGENCY RZGIONAL

OFFICSS.

Enviroamental Protection Agency
oguon I, Rocam 2303

Johis F. Xenncdy Federal Building
Dogton, Massachnusetts 02203
Yelophone: 617-223-7265

Eaviroanerntal Protection Agency
Regica I, Room 909

28 Federal Plaza

New Yook, New York 10007 -
Telephonas 201-548=8730

Envizoancatal Protection Agency
Region II

Curtis Eldg., 6th & Walnut Sts.
Pailaéelphia, Pa. 19106
Talepnoan: 215-597-9398

Eaviromnental Protection Agency
Region IV . :
1421 Peachtrea Streat, N.E.
Atlanta, Georgia 30909
Telepaone: «04=-526-50062

Environmantal Protection Agency
Region V

230 South Daarborn Streot
Chicago, Illinois 60604
Palephona: 312-896-7391
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nevawa VI, Luitos 1000
100U PatitesLon Stocat
Luiane, Wowis 75201

Snvirsisdites 2sotection Agoacy
Hoglon VEL '
1765 Tariiugre Avenus

Konuas City, Miszourdi 64103
celepaonus CL=374-~3778

Laviconinintud Protection Agency
Wothon Vali, Suicoe 900

2850 Liacoln Steoot

Leaver, Colosado £0208
Velupnone:  30S=ei7=u0i

Savirowntnial 2iutoction Agency
neglion IX

100 Culidoxnaia Strocoe

S Founeiaco, Culilfornia 941142

Lanvisonscntal Protection Agency
aUGLon N

266 Siith Avenuc
Scuctle, Vashinguoa 93101
ot ©00=442-1253

[
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ABSTRACT

This document presents the findings of a study of available wastewater
management and treatment technology for the purpose of determining toxic pol-
lutant effluents concentrations and daily load achievable in three industrial
categories: polychlorinated biphenyls (PCBs) manufacturing; capacitor manu-
facturing; and transformer manufacturing.

all plants in the above categories have PCB discharges to eithef water- .
ways or sewage treatment plants, under normal operating oconditions. All
plants have discharges to storm sewers or directly to waterways under heavy
rainfell conditions.

Extensive survey of wastewater treatment technologies and cooperative
laboratory work with several suppliers of treatment equiprent and research
facilities has confirmed that carbon adsorption technology is the best current -
candidate for sucoessful removal of PCBs fram the wastewaters. 2As an alterna-
tive uv-ozonation was considered. This technology is still in the research
stage; however, it offers potential of complete destruction of PCBs all the
way to 00,, water and HCl.

Another adsorbent technology now in the development stage, AMBERLITE
polymeric adsorbents, has demonstrated a PCBs removal efficiency roughly
equivalent to carbon during laboratory tests. Further testing ie needed with
this adsorbent to accurately assess its potentiality.

For scrap oils and bumable solid wastes generated at these plants, high
temperature, controlled incineration offers a straightforward method of de-
struction, whereas scientific landfilling appears to be the best suited mode
of disposal for nonburnable contaminated solids. '

Zero discharge objectives can be best achieved by eliminating discharge
streams and developing recycle systems. All non-contact cooling water would
be segregated, c’boled, and recycled. All other wastewater streams would be
pretreated. The portion of the pretreated water which would be used in

* the plant would be treated with carbon, while the excess water would be
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ted in a specially designed system which would allow for energy
incinera
- j eat-
[ rting data, rationale for the selection of above recommended tr
m ’ C i i i t.
t :ch'mlogies and associated costs are contained in this repor
men

NEV 026209
ii.

739464



