
PREFACE

The inadvertent contamination of a fish meal with polychlorinated 
biphenyls (PCBs) from a leaky heat exchanger and the subsequent 
contamination of poultry feeds in several southeastern States resulted 
in an acute awareness of the present and future problems posed by these 
persistent compounds. Accordingly, the Director of Science and 
Education, USDA, established the Ad Hoc Group on PCBs on August 30, 1971,
to address itself to the problem as it relates to agriculture.

I
The members of the USDA Ad Hoc Group are Robert C, Riley (CSRS),
Chairman; Gerald F. Combs (S&E), Executive Secretary; Theodore C. Byerly 
(S&E); Fred Dunn (AMS); Calvin Golumbic (ARS); Harry W. Hays (ARS);
George Mountney (CSRS); John E. Spaulding (APHIS); Fred H. Tschirley 
(S&E) and Bill G. Tweedy (CSRS).

The report on "Agriculture's Responsibility Concerning PCBs" has been 
developed by this group with Jane A. Taylor's (S&E) technical assistance. 
Since the PCB problem constitutes the first example of a widespread 
environmental hazard from an industrial chemical not classed as a pesti­
cide, it is believed that the study of this problem may be helpful in 
Identifying and coping with the hazards of other industrial chemicals, 
especially as related to the protection of our food supply.

On September 1, 1971, an Interdepartmental Task Force also was created 
to conduct a study on PCBs. This task force is coordinated by the 
Office of Science and Technology and the Council on Environmental 
Quality and includes representatives from USDA, Environmental Protection 
Agency, Food and Drug Administration, National Institute of Environmental 
Health Sciences, Department of Commerce, and the Department of the 
Interior. The USDA members of the Interdepartmental Task Force are 
Harry W. Hays, John E. Spaulding, and Bill G. Tweedy.

The interdepartmental 6-month study has been completed and a report 
compiled entitled "PCBs and the Environment." In conjunction with this 
study, the NIEHS organized a meeting on PCBs on December 20-21, 1971.
The proceedings of this meeting are available. In addition, the 
Hazardous Chemicals Task Force of the Council on Environmental Quality 
has prepared a draft report on PCBs. These sources of Information have 
been drawn upon heavily by the Ad Hoc Group in the preparation of this 
report.

In order to identify the extent of PCB research activities in Agricul­
ture, a questionnaire was sent to State Agricultural Experiment Stations, 
Schools of Forestry, Pesticide Residue Regional Projects Technical 
Committee, and the Agricultural Research Service. Approximately 10 
scientist man-years and 12 support man-years are involved in this 
research effort at 31 different laboratories. Most of the work is 
concerned with residue and analytical methodology. The results of this 
survey are appended.
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SUMMARY

AGRICULTURE’S RESPONSIBILITY CONCERNING PCBs

Polychlorinated biphenyls (PCBs) are a group of industrial chlorinated 
hydrocarbons that have caused widespread environmental contamination.
They have been used as dielectric fluids in transformers and capacitors 
as well as for a multiplicity of less essential uses over the past two 
decades. Despite the widespread use and distribution of the PCBs, they 
were not detected as environmental contaminants until 1966 by scientists 
in Sweden. Monitoring efforts in this country since 1967 have revealed 
PCBs in milk, eggs, meats, fats and oils, and cereal products. They 
have directly and indirectly found their way into animal feeds and animal 
food products through water, paints, heat transfer fluids, and plastic 
and cardboard food-packaging materials. PCBs are fat soluble and persist 
and accumulate in oil and fat. The combination of persistence and 
accumulation during transition through the food chain can result in con­
siderable magnification. PCBs are known to be harmful to chickens, ducks, 
mink, fish, and wildlife; and synergistic effects of PCBs and certain 
pesticides have been reported. Background levels being observed in 
remote areas suggest that the persistent chemicals will be of concern for 
many years.

The Director of Science and Education of the USDA established an Ad Hoc 
Group on PCBs on August 30, 1971, to address the PCB problem as It 
relates to agriculture. This group has surveyed the work on PCBs in 
agriculture and has worked with the Interdepartmental Task Force on PCBs.
A survey of the effort on the PCB problem in State and Federal labora­
tories indicated that approximately 10 scientist man-years and 12 support 
man-years are involved in PCB research at 31 different laboratories.
These man-years of effort do not include regulatory functions.

In their report to the Director, the USDA Ad Hoc Group on PCBs recommends 
action in three areas of specific concern to agriculture:

(1) The PCB milk contaminant problem originating from silos painted 
with PCB paints or sealants should receive concentrated attention 
to dispose of the source of contamination.

(2) The PCB feed contaminant problem requires the express concern and 
attention of Agriculture. Emphasis should be placed upon all types 
of fat-soluble contaminants in feeds. A system of surveillance is 
recommended to detect residues of fat-soluble contaminants in feeds 
and feed ingredients. The accidental contamination of animal feed 
by PCBs has imposed without warning an environmental, economic, and 
psychological burden upon the agricultural community. New and old 
sources of contamination and accidental spillages must be detected and 
corrected st early stages of a problem.
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Agriculture should place maximum emphasis on minimizing residues 
in feeds to curtail the possibility of biological magnification 
in animals.

(3) Agriculture must continue to contribute to solving methodology 
problems and to the general pool of knowledge concerning a con­
taminant such as PCBs. Specific areas such as synergism, bio­
degradation, and uptake by plants are closely related to 

. Agriculture's role. Further, Agriculture needs the flexibility 
to react swiftly to meet rising needs by mobilizing the entire 
agricultural community.

The above areas áre in addition to and in support of the actions of the 
Interdepartmental Task Force.coordinated by the Office of Science and 
Technology and the Council on Environmental Quality.

The Interdepartmental Task Force on PCBs recommended in Hay 1972 that 
only essential uses of PCBs, in electrical capacitors and transformers, 
be continued. Action to be taken by the member agencies Includes:

(1) Restrict the discharge of Industrial effluents of PCBs from PCB 
users so that levels of PCBs in rivers and lakes do not exceed 
0.01 parts per billion (EPA).

(2) Propose new regulations for more stringent action levels for PCBs 
in foods to prevent PCB contamination from food packaging 
materials and to prevent contamination of food from accidents in 
food plants (FDA).

(3) Support the Toxic Substance Control Act pending before Congress. 
Additional regulatory authority is needed to control the use and 
distribution of PCBs, to control imports, and to collect 
information.
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Introduction

A. Physical Properties

The polychlorinated biphenyls (PCBs) are a group of chlorinated 
hydrocarbons widely used as industrial chemicals. The commercial 
products contain approximately 50 of the 210 different compounds 
which are theoretically possible when biphenyl is chlorinated.
The most common mixtures contain between 40 and 60 percent 
chlorine. The complex mixture of Isomers is identified by the 
percent of chlorine by weight in the total product; e.g.,
Aroclor 1254 contains 54% chlorine.

The physical properties of PCBs vary with the chlorine content. 
Those with low chlorine content are fluid liquids and those with 
high chlorine content are highly viscous liquids. The low 
chlorine containing mixtures are clear in appearance, but those 
containing 50% or more chlorine are light yellow. All PCBs have 
a very low solubility in water. Volatility is low and decreases 
with increases in chlorination. They are stable in water and 
are not easily subject to acid or alkaline hydrolysis. These 
characteristics cause them to be quite persistent to chemical 
and biological degradation in the environment and this results 
in environmental and biological contamination.

B. Uses of PCBs

Because of their high flash point and inertness, PCBs have been 
widely used as dielectric fluids in capacitors and transformers, 
hydraulic fluids, and heat transfer fluids. Since 1963 more 
than 50 minor uses have been cited in CHEMICAL ABSTRACTS. These 
Include plasticizers and solvents in adhesives, printing ink, 
sealants, moisture retardants, paints, and as pesticide carriers.

1. Production of PCBs

Since their introduction in 1930, the use of PCBs in the 
U.S. steadily Increased to 34,000 tons by 1970, but has 
fallen off in 1971 to 20,000 tons. The cumulative produc­
tion over the years is estimated at 500,000 tons. Monsanto 
Company is the sole producer of PCBs in the U.S. under the 
trade name of Aroclor. PCBs are also produced in Europe, 
Japan, and U.S.S.R. The manufacturers in foreign countries 
producing PCBs can be identified, but their total production 
is unknown.

2. Substitutes for PCBs

The best substitute for PCBs when being used for dielectric 
fluids is mineral oil; but because of its low flash point,
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it cannot be used where there Is a possibility of fire hazard. 
The fluorocarbon liquids can be used, but the transformers 
require a special design. Few fluids have a comparably high 
dielectric constant and lend themselves as suitable substi­
tutes. Solid state circuitry is another possible substitute 
and greatly reduces the need for PCB-contalnlng capacitors.
Dry transformers can be used but are much larger and more 
expensive.

The function of PCBs in the heat exchange and hydraulic, 
fluids is primarily to reduce the fire hazard. Substitutes 
for heat exchange and hydraulic fluids are a chlorinated 
biphenyl-phosphate ester-petroleum hydrocarbon blend, a 
mineral hydraulic oil, and aromatic chlorides. The mineral 
hydraulic oil increases flammability and also results in 
formation of emulsions. The aromatic chlorides are poor 
substitutes for the PCB and could also result in an 
undesirable effect upon the environment. We have been 
Informed that PCBs have not been used in hydraulic fluids 
since early 1971, and currently, no chlorinated hydrocarbons 
are used in hydraulic fluid formulations.

PCBs as plasticizers have been replaced largely by the 
phthalate esters. These compounds appear to be very 
desirable substitutes and are destroyed upon burning; 
whereas, the PCBs will result in environmental contamina­
tion unless the temperature exceeds 800°C. Phthalate 
esters are known to be toxic, from rat studies, but at 
much higher levels than for PCBs.

Distribution in the Environment

Despite the fact that PCBs have been available for 40 years, 
they were not detected as environmental contaminants until 
1966 in Sweden and 1967 in the U.S. In the spring of 1967, 
Monte Kirven of the San Francisco Natural History Museum 
was searching the Northwest for peregrine falcons. One 
single, unhatched egg was brought to a laboratory and 
analyzed for DDT. The egg was found to contain 5 mg. of 
DDT and other related products which could not be 
identified. Because of the Importance of the peregrine 
falcon, an attempt was made to Identify the related, unknown 
compounds. Widmark (1967) had reported that a chlorine- 
containing compound was present, and its properties were 
similar to DDT. These similarities created a problem in 
isolation and identification of residues of DDT. Using 
this information and additional results, the unknown com­
pounds were identified as polychlorinated biphenyls. These
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same compounds had been observed in the analysis of other species 
of birds and fish. Subsequently, the PCBs have been found to be 
almost ubiquitous in the world ecosystem.

The exact nature of PCB entry into the environment is not under­
stood, but scientists have speculated on possible major sources. 
Sewage outfalls and industrial disposals into waterways are two 
principal means of entry. It is estimated that 4,000 tons per 
year enter waterways from dumpage and leakage of lubricants, 
hydraulic fluid, and heat transfer fluids. Residues are present 
in water, sewage sludge, and bottom sediments. Levels in water 
are usually less than a part per billion; in sewage and sediments, 
tens to hundreds of parts per billion; and in sewage sludge, a 
few parts per million.

Although discharges into the rivers and streams appear to be the 
primary routes into the environment, atmospheric discharges also 
appear to be a major means of entry. It has been estimated by 
Adel Sarofim of MIT that approximately 1,500 tons have escaped 
into the atmosphere thus far from burning plasticized materials 
containing PCBs. Burning of PCB-containing materials results in 
volatization of PCBs in the atmosphere unless the temperature 
exceeds 800°C. Some of the oxides, such as dichlorobiphenylfurans 
and dioxenes, formed from partial oxidation, are more toxic than 
the parent materials. PCBs can escape through ventilation and 
exhaust systems at the point of manufacture and the plants where 
PCB products are processed. PCBs have been found in rain and in 
airborne particulates in the United States and in snow collected 
in Sweden. The levels found in these studies were in insufficient 
quantities to determine the specific levels.

In a study by the Michigan Department of Public Health, almost 50% 
of the samples of human adipose tissue received contained at least 
1 ppm of PCB (Price and Welch 1971). One source of contamination 
to man is via the birds and mammals which have fed on contaminated 
fish or other contaminated foods. Another route is through resi­
dues on foods which have been wrapped in papers and plastics con­
taining PCBs. A third route is through milk from, cows which have 
been fed silage from silos coated with PCB-containing paint.

Despite the chemical inertness of PCBs, chemical changes occur in 
the environment. Safe and Hutzinger (1971)oshowed that 2,2/,4,4'6,6 
hexachlorobiphenyl when irradiated at 3100 a in hexane and methanol 
solutions lost chlorine atoms, and rearrangement and condensation 
products occurred. Safe and Hutzinger recently reported that 
relatively large amounts of dechlorlnated compounds are formed 
when the commercial PCBs are irradiated in vapor phase, aqueous
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suspensions, hexane, methanol and aqueous dioxane solutions 
and, with this, films of undiluted material. They speculated 
that the degradation products were hydroxychlorobiphenyls and 
carboxylic acids and that the hydroxychlorobiphenyls are 
probably intermediates in the formations of chlorodibenzo- 
furans.

D. Toxicology of PCBs

1. General

Of particular importance in considering the toxicology of 
polychlorinated biphenyls is the fact that the commercial 
preparations are mixtures of compounds having different 
degrees of chlorination. Sii. e each product may contain 
many different isomers in varying proportion, they may also 
show very different properties and degrees of toxicity.

Two features common to both PCBs and organochiorine insecti­
cides are their persistence and accumulation in oil and fat. 
This combination of persistence and accumulation during 
transition through the food chain can result in considerable 
increase in concentration of these compounds. For example, 
shrimp exposed to 10 ppb of Aroclor 1254 for 48 hours 
accumulated 1300 ppb of PCBs.

Toxicity studies on birds, using several different PCB 
formulations, indicate that the toxicity Increases with the 
percentage of chlorine, except in studies with Leghorn 
chickens. Bobwhlte quail were the most sensitive to PCBs, 
followed by pheasants and mallard ducks. The oral adminis­
tration of PCBs to chicks and quail produces chemical por­
phyria, hydropericardium, abdominal edema, liver necrosis, 
and dilation of the kidney tubules. The rate of estradiol 
metabolism is greatly increased in pigeons after PCB treat­
ment which may indicate induction of hepatic hydroxylases. 
Poor hatchablllty with decreased egg production and thinning 
of egg shells has been observed with most of the commercial 
preparations. There is, however, considerable species 
variation.

Information concerning the effects of PCB residues in fish 
or the possible hazard posed by such residues has not been 
determined. Recent studies indicate that PCBs have a 
relatively low toxicity in trout and bluegllls while shell­
fish, oysters, and shrimp are many times more sensitive.
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Acute oral, dermal, and vapor exposure studies In mammals would 
Indicate that the acute toxicity of PCBs Is not a significant 
factor in evaluating the potential health hazard. The oral 
LD50 for products containing 21 to 68 percent chlorine is in 
the range of 4 to 10 grams per kilogram.

Laboratory studies with rats, rabbits, guinea pigs, and mice 
have shown that ingestion, skin absorption, or inhalation of 
PCBs may give rise to liver necrosis, hyperplasia,,,and hyper­
keratosis of the follicular epithelium, and hydropic degenera­
tion of the convoluted tubules. Chemical porphyria has been 
observed in most species.

McCune et al. (1962) observed that an epoxy-resin paint contain­
ing Aroclor 1242 caused symptoms of "chick edema" when chicks 
were placed in a freshly painted battery brooder. Subsequent 
studies with levels from 100 to 800 ppm showed that this PCB 
mixture caused labored respiration, accumulation of abdominal 
fluids, enlarged heart, hydropericardium, swollen kidneys, and 
hemorrhage of internal organs. Mortality was increased and 
weight gains reduced.

Further studies by Flick et al. (1965) suggested that 400 ppm 
were required to produce serious symptoms. They observed cream- 
colored pancreas, enlarged adrenals, small spleen, dermatitis, 
loss of feathers, low hemoglobin, low hematocrit, and reduced 
blood glucose.

Recent studies on several commercial polychlorinated biphenyls 
of foreign manufacture have shown the presence of tetra- and 
pentachlorodlbenzofuran and hexachloronaphthalene which presum­
ably occurs during manufacturing. A single oral dose of 0.5 
to 1.0 mg/kg of these chlorinated dlbenzofurans produces liver 
necrosis and chloracne in rabbits (Vos et al. 1970), The 
evaluation, therefore, of PCBs on the basis of effects and 
residues in test animals is made extremely difficult because of 
the difference in toxicity between various isomers and the 
presence of biologically active contaminants.

Approximately 10 cases of fatal intoxication have been reported 
among industrial workers who handled or were exposed to chlor­
inated biphenyls or naphthalenes. Histopathologic examination 
revealed liver necrosis and cirrhosis (Drinker et al., 1937;
Fllnn and Jamick, 1936; Greenburg et al., 1939). In 1968, 
six hundred persons were poisoned in Japan after consuming rice 
oil that was highly contaminated with a polychlorinated biphenyl, 
Kanechlor 400. The clinical effects included chloracne, visual
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disturbances, jaundice, numbness, and spasms. Newborn Infants 
from mothers, who had been poisoned, showed discoloration of 
the skin which regressed after 2 to 5 months. From the Japanese 
Incident, it was estimated that the minimum dose for producing 
positive clinical effects in man is 500 mgs.

2. Effect on Wildlife

Existing data suggest that one of the principal routes of PCBs 
through the environment is from waste streams into receiving, 
waters, downstream movement in the water and on sediment, accumu­
lation from the water of PCBs by aquatic organisms, and transfer 
to birds and mammals through residues in fish that are eaten. The 
toxicological and environmental PCB residues in fresh water fish 
and invertebrates were reported by Stalling and Mayer (1972).

In simple food chains, fish to eagles or fish and mussels to 
seals, concentrations of PCBs increase by thousands of times 
from prey to predator (Jehsen et al., 1969).

The toxicity of PCBs increases when the organism is under stress.
In addition, PCB exposure will stress an animal to increase the 
susceptibility to other mortality factors. For example, mallard 
ducklings exposed for 10 days to a dietary dosage of 25, 50, or 
100 ppm of Arodor 1254 showed 35 to 44 percent mortality upon 
subsequent exposure to duck hepatitis virus; whereas, mortality 
among birds exposed only to the virus was 14 percent (Friend 
and Trainer, 1970).

Behavioral differences have also been observed with high dosages 
of PCBs, as in poor choices of visual cliff tests in pheasants 
(Dahlgren and Linder, 1971) and migratory restlessness in 
Swedish robins (Ulfstrand and Sodergren, 1971). These behavioral 
differences could influence the avoidance of danger and the sur­
vival of the species.

It is apparent that the evaluation of the effects of PCBs in the 
environment is hampered by the complex nature of the PCB mixtures, 
by the inclusion of contaminants in the mixtures, and by.the 
interactions with similar compounds such as DDT and with other 
stress factors. In addition, experimental studies are being 
conducted with the unaltered products as they are manufactured.
The results may not properly reflect the effects of the components 
as they exist in the environment.

3. Synergistic Effect With Pesticides

Limited information is available concerning the synergistic 
effects of PCBs with pesticides. Sublethal dosages of several
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Aroclors increased the toxicity of dieldrin and DDT to Drosophila 
and houseflies (Lichtenstein et al., 1969). Aroclor 1254 
Increased the toxicity of carbaryl to houseflies by factors of 
11- to 82-fold (Plapp, F.W., 1972), The mechanism of synergism 
is unknown. If synergism related to PCBs occurs with other 
Insecticides and with mammals as well as with insects, then 
unintentional exposure to PCBs due to environmental contamination 
may have significant implications to nontarget organisms exposed 
to combinations of PCBs and pesticides.

II. Agriculture's Responsibility in Cooperation with Other Agencies

American agriculture, historically, has prided itself on the pro­
duction, processing, and marketing of an ample supply of high quality 
foods, not only for use in this country, but in foreign countries 
as well. The successful development of American agriculture has been 
unparalleled in its continued application of science to achieve 
greater productivity and efficiency. This has included the widespread 
use of fertilizers, pesticides, antibiotics, hormones, and many other 
feed and food additives. The potential hazards associated with each 
of these have been generally recognized, and suitable control measures 
are being Instituted to provide a wholesome food supply without 
polluting the environment. Contamination of food by Industrial chemi­
cals such as PCBs must also be avoided. Development and application 
of appropriate technology to meet new problems such as the PCB prob­
lem require directed efforts in research, education, and regulatory 
roles.

The USDA not only is concerned with the support of research and Exten­
sion activities to help agriculture develop and apply the technology 
needed for efficient production of high-quality, wholesome foods, but 
is charged with the plant inspection of meat, poultry and egg products.

The Wholesome Poultry Products Act of 1968, the Wholesome Meat Act 
of 1967, and the Egg Products Inspection Act of 1970"all require that 
the responsible agencies within the USDA through monitoring, certifi­
cation requirements, or testing prevent adulterated meat, poultry, 
or eggs from being traded in commerce. The definition of adulteration 
is similar in all three Acts. Each Act contains, as part of the 
adulteration definition, the following: "...if it (the respective 
product) bears or contains any poisonous or deleterious substance 
which may render it injurious to health; but in case the substance 
is not an added substance, such article shall not be considered adulte­
rated under this clause, if the quantity of such substance in or on 
the article does not ordinarily render it injurious to health." In 
the case of an industrial chemical contaminant such as PCBs, the 
determination of the level which is Injurious to health is a Food and 
Drug Administration responsibility.
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According to the Interdepartmental Task Force Report, the Federal 
Government has taken several new actions to deal with the PCB 
problem. The Environmental Protection Agency has measured PCBs 
in sewage sludge and water. This agency will prohibit industrial 
effluents from contaminating water, and a maximum level of 0.01 ppb 
has been established for PCBs in rivers and lakes. New regulations 
proposed by FDA have new and more stringent action levels for PCBs 
in food; steps to prevent PCBs in food-packaging materials; and 
measures to prevent accidental contamination of food, including 
animal feeds. The Department of the Interior and the Department of 
Commerce have followed the levels in fish and certain birds.

Although this vast effort appears to be reasonably comprehensive, 
it should be recognized that almost all of it was initiated after 
the problem existed, and that even now legislative authority is 
needed in certain areas of control. There is no broad Federal 
authority at present to restrict the use or distribution of PCBs, 
to control imports, or to collect information. The Toxic Substances 
Control Act now pending before the Congress would provide such 
authority.

III. Special Concerns in Agriculture

PCBs must be considered as potential contaminants in sëveral com­
ponents of agricultural systems. They have found their way into 
animal feeds and animal food products. Since PCBs are fat soluble, 
they may be recycled in animal byproducts and concentrated in animal 
wastes. Paper and cardboard food-packaging materials also may be 
contaminated. PCBs have been found in milk, eggs, meats, fats and 
oils, and cereal'products. PCBs are known to be harmful to chickens, 
ducks, mink, fish and wildlife; and synergistic effects of PCBs and 
certain pesticides have been reported. Background levels being 
observed in remote areas suggest that these persistent chemicals 
will be of concern to agriculturists for many years to come.

A. Contamination of Animal Feeds

1. General

The accidental contamination of animal feeds with PCBs 
has been responsible for most of the inadvertent contami­
nation of foods for man. PCB contamination of animal 
feeds has been traced to heat transfer exchange fluids, 
hydraulic fluid, plastic wrappers, paints- and sealants 
used on silo walls and In feed troughs, and misused 
transformer fluid in a herbicide spray. The identified 
feed sources of PCBs have consistently been the result of 
inadvertent contamination of a feed ingredient with a PCB 
mixture or migration from a feed contact surface.
Generally, the PCB residue in the feed has been lower
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than that found in adipose tissue of the animals which 
consumed it. Animals with a prolonged feeding period, 
such as laying hens and dairy cows, are more at risk than 
broiler chickens and pigs which consume less feed per unit 
of body weight.

In April 1970, PCB contamination was caused by transfer of 
PCBs from silo wall coatings to silage. Cows fed this 
contaminated silage excreted the PCBs in their milk.
Another incident, in three New York counties in February 
19.71, involved laying hens producing eggs containing PCBs. 
The suspected feed Ingredient was a "bakery byproduct" 
contaminated with PCBs from plastic wrappings.

In late summer, 1971, the Inadvertent PCB contamination of 
fish meal used in poultry feeds led to an extensive problem. 
The fish meal had become contaminated with heat exchange 
fluid during pasteurization to destroy Salmonella. This 
Incident affected the entire poultry Industry in the south­
eastern United States and required control efforts in eleven 
States. Soon after this incident occurred, a turkey flock 
in Minnesota was found to be contaminated with PCBs and 
required a special surveillance program. The suspected 
source was hydraulic fluid used in oil meal presses.

Quite apart from the accidental contamination of animal 
f$ed ingredients, the widespread distribution of PCBs 
provides a basis for concern about their biological magnifi­
cation as they move through the food chain. For example, 
fish and aquatic invertebrates have been shown to accumulate 
PCBs to levels 75,000 times that present in water and fre­
quently contain from 1 to 10 ppm. The levels which are 
reached also depend on the length of exposure to PCBs. In 
rats fed a laboratory chow containing 0.05 to 0.1 ppm of 
PCBs, a 50-fold increase in level in the adipose tissue 
has been observed. Scott et al.(1971) reported a 4- to 6- 
fold Increase in adipose as compared to diet levels in 
laying leghorn hens in only 8 weeks.
Animal products generally contain higher levels than do 
plant products when background levels are considered. Feed 
ingredients most likely to contain significant levels of 
PCBs would include fish products, animal byproducts, and 
animal fats.

The Food and Drug Administration conducted a survey on the 
PCB content of complete animal feeds. Levels of PCBs in 
1274 mixed feed samples were analyzed with results indi­
cating 4.4% of positive samples and with positive levels 
ranging from 0.1 ppm to 0.6 ppm.
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A previous FDA pesticide surveillance program for FY 71 
and 1st quarter of FY 72 showed the following levels of 
PCBs in various feeds and feed components:

Product
No.

Samplesi'
Percent

Positive
Range of 
Positive 

(ppm)

Hays, natural 104 1 _  '

Hays, dehydrated 46 0 -
Silage 81 2.7 0.15-1.12
Grain, whole 105 0 -

Grain, ground 50 4.0 T-0.32
Cereal byproducts 43 0 -

Oilseed byproducts . 41 0 -
Animal byproducts 25 8 1.08-1.32
Fish byproducts 23 

1/ Includes imports.

35 0.2 -5.0

PCB-Containing Paints and Sealants

This problem was Identified originally when the Ohio State 
Department of Agriculture detected PCB residues in milk 
samples from the Cincinnati milkshed. They traced the 
contamination to the walls of concrete stave silos which 
had been painted with PCB-containlng paint. PCBs have 
also been used in silo sealants. Contaminated silos have 
since been reported in Kentucky, Tennessee, North Carolina, 
West Virginia and Pennsylvania; but information about the 
number of contaminated silos on a national basis is lacking.

Prior uo 1968, one of the paints used to coat the interior 
of concrete-stave silos contained Aroclor 1254. In two 
areas, centered in Ohio and Kentucky, builders coated the 
entire interior walls of the silos; and in Tennessee, the 
material was only used to seal the joints between the 
staves.

^  « M 3 «
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Field studies by the Animal Science Research Division 
(ASRD), ARS, and the regulatory experience in Ohio and 
Kentucky suggest that if a dairyman has a silo with the 
entire wall coated, the residue levels of PCB will be 
in the range of 10-15 ppm in milk fat at the time silage 
is fed. The FDA-proposed guideline for PCB residues in 
milk is 2.5 ppm in milk fat. Invariably, a dairyman with 
PCB-contaminated silos will produce milk exceeding the 
guideline for at least that part of the year when silage 
is fed. Milk from four farms in Tennessee where only the 
silo Joints were coated with PCB-containing paint has been 
examined by ASRD. The residue levels were about 5 ppm in 
milk fat when silage was being fed.

The Arocldr 1254 residues in silage occur mainly within 
2 or 3 inches of the silo wall. As one progresses down 
the silo, it is possible to detect small amounts of PCB 
several feet from the wall. The levels of PCBs found in 
silage have ranged from 3.4 to 31 ppm within 4 inches and 
from 0.1 to 0.27 ppm from 6 to 24 inches from the wall 
(Skrentny et al. 1971).

In addition to paints and sealants for silos, PCB-containing 
paints, putties, and water-proofing compounds have been 
used on animal feed troughs and other surfaces. In one 
instance where a feed trough for swine was coated with a 
sealant containing Aroclor 1254, chips from the bottom 
contained 8000 ppm PCBs. Similarly finished feed trans­
ported in a newly painted hopper car contained 6.5 ppm 
of Aroclor 1248.

3. Plastic Materials

The PCB contamination of eggs from laying hens in New York 
State, which led to the incrimination of a bakery byproduct 
meal used in the laying mash, is an example of PCB contami­
nation from plastic wrappings. It appears that the amounts 
of these materials ground up with the bakery byproducts 
were sufficient to explain the PCB contamination.

4. Heat Transfer Exchanger Fluids

PCBs have been used extensively as heat transfer exchanger 
fluids because of their high flash points. Leaks on a hot 
surface or into a furnace present a fire hazard with

NEV 023316

733371



12

flammable heat transfer fluids. Where PCBs have been used, 
this danger has been avoided in the past. This accounts 
for the widespread use of PCBs in heating systems used to 
process or sterilize feed and food ingredients.

The largest of the PCB Incidents which occurred was caused 
by chicken feed containing imported fish meal that had 
become contaminated with heat exchange fluid during pas­
teurization to assure Salmonella control.

In some instances, water can be used as a satisfactory 
substitute at moderately high.temperatures. Some hydro­
carbons are now being used as heat exchanger transfer 
fluids, but these present fire hazards in high temperature 
systems.

In replacing PCBs with another material, caution should 
be exercised to avoid spillage and contamination of the 
environment where food or feed is processed. Spillage can 
result in heavy contamination of grease-trap fat, which 
sometimes is used in feed-grade animal fats. All PCBs 
removed from such systems should be burled or returned to 
the Monsanto Company where they can be burned in a special 
high temperature furnace which will degrade these compounds.

5. Hydraulic Fluids

PCBs have been widely used as hydraulic fluids because they 
have a high flash point. Presumably satisfactory substi­
tutes are replacing PCBs for this use, but one should sus­
pect their presence in currently used equipment.

Hydraulic systems are frequently used on farms, in pro­
cessing plants, in feed mills, and throughout the entire 
agribusiness complex. Leaks from hydraulic lifts on feed 
trucks have contaminated feed.

6. Recycled Animal Byproducts and Wastes

A number of feed ingredients are made from byproducts and 
waste materials which accrue during processing of animals 
for human food. These Include feed-grade poultry and 
animal fats, poultry byproducts meal, hydrolized feather 
meal, meat scraps, meat and bone scraps, tankage, and blood 
meal. Such products will contain PCBs if the animals
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processed were fed a ration contaminated with PCBs. The 
amount present will depend on: (1) The level in the animal’s 
diet; (2) the amount of contaminated feed consumed per 
pound of body weight up to the time of slaughter; (3) 
degree to which ingested PCBs are absorbed; (4) metabolic 
and bacterial degradation; (5) rate of excretion; and 
(6) length of withdrawal period, if any, following con­
tamination, The degree of fitness of the animal also may 
influence the concentration of PCBs in body fat, since they „ 
are deposited in the body lipids.

Limited data from rats, growing chicks, and laying hens 
suggest that 50-90% of the consumed PCBs are not retained, 
but are rapidly excreted or metabolized.

Studies by Yoshimura et al, (1971) involving radio-labeled 
Kanechlor given to rats, showed that urinary excretion was 
limited; but 70% of the dose was in the feces, some of which 
had been changed to phenolic metabolites. Depletion studies 
with rats (Curley et al., 1971) confirm the much greater 
excretion of PCBs in the feces as compared with the urine.

Based on the data of Scott et al. (1971), the proportion 
of the total PCBs consumed and retained by laying hens in 
body fat or excreted in eggs has been estimated. These 
estimates suggest that when the diet contained 1 ppm or 
less PCBs about 15% of the total PCBs consumed was excreted 
in eggs and 25% was retained in body fat, leaving approxi­
mately 60% to be voided in the droppings or metabolized.

Unpublished data from the Monsanto Company show that Leg­
horn chickens fed diets containing 1 ppm of Aroclor 1242,
1254, and 1260 from the 12th to 25th week of age, retained 
11, 30 and 51% in their body fat. By difference, 89,70 
and 49% of the PCBs, respectively, were metabolized and/or 
excreted. 'Hie extent to which the different Aroclors may 
have been metabolically degraded cannot be determined as the 
droppings were not assayed for PCBs; however, USDA studies 
by Cecil et al. (unpublished) reveal that only 10% of 
ingested Aroclor 1254 was excreted in the feces by laying 
hens fed diets containing 2 and 20 ppm PCB. Moreover 
loss of early peaks in the GLC patterns from egg residues 
suggested that the lower chlorinated biphenyls were metabolize 
Rehfeld et al. (1972) also observed that chicks were able to 
metabolize the PCBs containing smaller concentrations of 
chlorine.
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Saschenebrecker et al. (1972) recovered only 1.4 and 2% of 
the total dose In the feces and urine collected from two 
cows for 7 days, while 4.8 and 7.4% were excreted in the 
milk over the same period. These limited observations 
suggest that the ruminant animal may retain or degrade a 
much higher portion of ingested PCBs than do nonruminant 
animals.

Recycling of animal byproducts can result in a significant 
buildup of PCBs in food animals where they are kept for 
long periods or fed rations containing relatively high levels 
of PCB-containing animal byproducts. Laying or breeder hens, 
turkey breeders, dairy cattle, horses, and swine, sheep, or 
cattle kept for breeding purposes are fed over long periods 
and consume considerable quantl les of feed per unit of body 
weight before they are slaughtered. Even though none of 
these would generally be fed rations containing high levels 
of animal fat or other animal byproducts, the large amount 
of feed consumed per unit of body fat can restilt in a con­
siderable magnification of PCB concentration in the body 
fat as compared to that present in the feed. Animal by­
products from such sources would, however, seldom constitute 
a major proportion of the total supply.

Most of the feed-grade fat, fish meal, poultry byproduct 
meal, and other animal byproducts, except tankage, are fed 
to broiler chickens and growing turkeys with some fed to 
pigs. Broiler carcasses will seldom contain higher concen­
trations of PCBs in the fat than were present in the feed 
fat, although the level in the carcass fat will always be 
greater than the level on a total feed basis. For example, 
broilers consume about 2.1 pounds of feed per pound of gain. 
If the feed contains 0.2 ppm PCBs and 40% is retained in 
the carcass, the broiler would contain 0.168 ppm (0.2 ppm 
X 2.1 X 40%). Since broilers average about 12% f-at at 
market weight, the body fat would contain about 1.4 ppm 
PCBs. Even though this is seven times that in the feed, 
it would still be slightly less than the PCB concentration 
in the feed, expressed on a fat basis (2.0 ppm, assuming 
that the feed contained 10% fat). With turkeys and growing 
swine, the PCB concentrations in carcass fat would be 
Increased at about twice this rate, since approximately 
twice as much feed Is consumed per unit body weight. Hens 
kept for commercial egg production or as broiler breeders 
would consume from 35 to 40 pounds of feed per pound of body 
weight before marketing and could develop up to 125 times
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higher levels of PCB in the body fat than in the feed. Under 
these conditions, concentrations of PCBs well below the 
proposed tolerance of 0.5 ppm in the finished feed, could 
result in levels in the hen which would greatly exceed the 
5 ppm (fat basis) tolerance proposed by FDA for poultry.

When significant levels of PCBs are found in animal products, 
consideration should be given to the consequences of recycling 
the resulting animal byproduct used in feeds, especially those 
high in fat. Moreover, a system of surveillance to detect 
residues of PCBs or other fat-soluble materials should Include 
careful monitoring of recycled animal byproduct feeds and 
feed-grade fat at the feed ingredient production level.

The possibility of recycling of certain types of animal 
wastes in feeds for animals is receiving considerable 
attention. Present information indicates that such waste, 
if properly processed, can provide a significant proportion 
of the nutrient needs of ruminant animals. Of course, 9uch 
wastes must not contain excessive levels of substances such 
as the PCBs which are potentially harmful to man or animals.

In most cases, digestibility of animal feeds will approach 
80% for the grain and concentrate portion of the ration; 
therefore, if the dietary PCBs excreted in the feces and 
urine range from 10% (for Aroclor 1254 in laying hens) to 
70% (in the rat), the concentration of PCBs in manure on a 

. solids basis could range from a 50% dilution to a 3^~fold 
increase as compared with the level in the total feed.
Even this possible increase in PCB concentration in animal 
wastes is not likely to constitute a problem in their use 
in animal feeds where only background levels of contami­
nation are involved and low levels of processed animal wastes 
used in the total ration for relatively short feeding 
periods.

With ruminants, however, where higher dietary levels of 
processed animal waste products can be effectively used 
and with animals fed for long periods, the possibility 
exists that the concentration of PCBs in the adipose 
tissue could easily exceed the tolerance levels proposed.
More information is needed, however, about the degradation 
of PCBs by microorganisms in the rumen. Accordingly, 
attention to PCB content of such animal wastes must be 
considered in determining its suitability for recylcing 
in rations of food-producing animals.
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Effect of PCBs on Animals and Transfer to Animal Food Products 

1. Dairy

Fries (1971) has found that cows fed 200 mgs of Aroclor 
1254 dally for 60 days produced milk containing 50 ppm 
of PCBs in the fat. When PCB feeding was stopped, the 
level in the milk fat dropped from 50 to 24 ppm in 
10 days. Thereafter, the concentration decline was 
approximately 1Z per day. Concentration of PCBs in the 
milk fat was not related to stage of lactation or level 
of milk production. Milk from cows fed uncontaminated 
silage can contain 1 to 2 ppm of PCBs in the milk fat.

Routine surveillance methods in the past have not been 
adequate to detect PCB levels exceeding the guideline 
in the individual dairyman's herd. Recently, FDA 
ordered sampling of all fluid milk for PCBs at the 
"farm pickup point" in the 50 States. Based on the 
results of FDA surveys, the overall milk supply does 
not present a significant health hazard to the general 
public. There may be a possible hazard, however, to 
the individual farm family if they consume milk produced 
on the farm. Assuming consumption of one quart of milk 
per person per day with an average contamination of 
7.5 ppm in the fat, an individual could consume as much 
as 10 mg of PCB per year. Whether or not this level 
of intake over several years would constitute a health 
hazard is not known, but a total intake equal to 1/10 
of the minimum short-term dose known to produce clinical 
defects in the Japanese experience could occur in a 
5-year period at this rate.

Field and laboratory studies by ASRD indicate that the 
rate of dynamics of Aroclor 1254 milk secretion is identi­
cal to the residue behavior of the DDT metabolite, DDE. 
Aroclor 1254 is resistant to metabolic degradation, and 
it is transferred efficiently to milk fat or to body fat. 
It requires about 6 to 8 weeks to reduce milk residues 
by one-half after the cow is placed on clean feed. No 
practical method has been found for speeding up the 
decontamination of the animal. Charcoal appears to be 
somewhat effective in the prevention of absorption when 
fed with PCB-contalnlng silage but has no value in 
removing body stores.
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Cull dairy animals from farms with contaminated silos 
could be expected to have tissue residue levels of PCB 
exceeding 5 ppm in the fat* In general9 the tissue 
residue levels would be similar in magnitude to the 
milk residue levels. Silage is not a significant feed 
for fattening cattle; therefore, it is probable that 
no other class of meat would be contaminated from this 
source.

Practical methods for handling the contaminated silos 
short of complete abandonment have not been developed.
A feasible method would have to cost significantly less 
than the price of a new silo.

Temporary expedients have been attempted. Since most 
of the contamination is adjacent to the wall, some 
individuals, have discarded the material within 3 or 
4 inches of the wall. ASRD and the * University of 
Kentucky have examined milk from several farms where 
this was attempted. Residue levels were reduced but 
did not consistently fall below the guideline.

A plastic barrier installed as the silo is filled 
shows promise as an effective temporary expedient.
Very little PCB penetrates through the barrier; however, 
as in the case of attempting to avoid the material next 
to the wall, this method is impractical with mechanical 
unloading and one cannot be certain that the barrier 
will be used in future years.

PCBs are quite soluble in a number of nonpolar solvents. 
Thus, with the appropriate selection of solvent, it 
should be possible to wash most of the PCBs off the walls 
Several silos in Kentucky have been washed with gasoline 
(very hazardous, even if lead-free). This appeared to 
remove about 90% of the PCBs from the walls near the top 
of the silos. A thorough job of washing was not done, 
however, on the lower parts of the silos; and some milk 
residue levels were nearly as high in these herds as in 
untreated herds. This procedure should be studied in a 
more thorough manner and its economics established.

Another method of removing the PCBs from the silos would 
be sandblasting. The cost of sandblasting has been 
established at more than half the price of a new silo
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and In many cases would exceed the depreciated value 
of the existing silo. Sandblasting also creates a sig­
nificant dust problem; thus, it is possible that one 
would remove the PCBs from the silo wall but spread it 
to the other areas around the farm.

2. Poultry

Rehfeld et al. (1971) have recently reported that the 
maximum tolerance of chicks to PCBs, containing 48Z 
chlorine, is approximately 50 ppm in the diet. Symptoms 
observed in chicks fed PCBs included depressed weight 
gain, edema, gasping for breath, hyperpericardial fluid, 
internal hemorrhaging, depression of secondary sexual 
characteristics, and an Increase in liver as a percent 
of body weight. Several of these symptoms were present 
when levels of more than 20 ppm of PCBs were fed.

Scott et al. (1971) fed four levels (0.5 to 20 ppm) of 
Aroclor 1248 to White Leghorn hens for 8 weeks and measured 
the effect on egg production; egg breaking strength; 
fertility; hatchability of fertile eggs; feed consumption, 
and PCB content of eggs, adipose, and other tissues. No 
effect was observed on feed intake, breaking strength of 
eggs, or fertility. Egg production was reduced 10 and 13% 
after 8 weeks when 10 and 20 ppm of PCBs, respectively, 
were fed. At these levels, the eggs contained 3 and 7 ppm, 
respectively.

The two lowest levels of dietary supplemental PCBs,
0.5 and 1.0 ppm, resulted in plateau levels in eggs of 
0.2 and 0,45 ppm, respectively, and 3.1 and 6.6 ppm in 
adipose tissue after 8 weeks. The ratio of PCB in eggs 
compared to that in adipose tissue of the hens ranged 
from 1:12 to 1:15.

The effect upon hatchability was more dramatic than egg 
production. The lower levels of 0.5 and 1.0 ppm of PCB 
produced no effect, but the 10 ppm level of PCB reduced 
hatchability in 4 weeks to 65 percent, and the 20-ppm 
level almost completely eliminated hatchability of the 
eggs. At this higher level, the embryos in eggs died 
during the 21st day of incubation.
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In the Cornell study attempts were made to deplete the 
hens of PCBs, using high- and low-energy diets; but with 
both diets, the rate of depletion of the body stores was 
slow. PCB levels in eggs dropped from 3.1 to 1.6 and 
7.0 to 3.4 ppm in 4 weeks. During the same period, 
levels in adipose tissue dropped from 37 to 21 ppm and 
83 to 60 ppm.

After the 8-week feeding test, the skin, muscle, liver, 
and gizzard of the hens fed 10 and 20 ppm of PCBs were 
assayed for PCBs after depletion periods of 2 and 4 weeks. 
The skin, apparently because of its high fat content, 
had from 12 to 28 ppm of PCBs. After 4 weeks, the PCB 
content of the whole fresh muscle was depleted to levels 
below 1.0 ppm in 2 weeks. Values for liver and gizzard 
were intermediate.

Shutze et al. (1971) collected data on three commercial 
farm flocks where Single Comb White Leghorn breeders 
had consumed a feed containing 27 ppm of PCBs from fish 
meal accidentally contaminated with Aroclor 1242 used in 
a heat transfer exchange fluid. Hatchability of eggs 
was less than 0.5 percent when the eggs contained more' 
than 2.3 ppm of PCBs. When the PCB concentration in the 
eggs from flock A decreased to 1.6 ppm, a 20 percent hatch 
was obtained. Flock B was subjected to 14 days of starva­
tion to determine the influence of forced molting on 
depleting rate of PCBs. During this period, the concen­
tration actually increased in the adipose tissue from 
20.4 to 38.4 ppm.

A third flock was maintained on an uncontaminated breeder 
ration, and the PCB content of the eggs and the hatcha­
bility of the fertile eggs were monitored weekly. After 
2 weeks, the level of PCBs in the eggs dropped to 1.3 ppm; 
and hatchability was 85%. After one more week, the level 
in eggs dropped to 1.1 ppm; and hatchability was 92 
percent. After 10 weeks of depletion on. the uncontaminated 
diet, the level of PCBs in eggs had dropped from 2.5 to 
0.72 ppm and in adipose tissue from 20.4 to 8.6 ppm.
The level of PCBs required to affect hatchability in 
chickens is much greater than the level which interferes 
with the reproduction in ranch mink. Coho salmon contain­
ing 15 ppm PCBs caused reproductive failure-when fed to 
ranch mink (Auerllch et al. 1971).
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Dahlgren and Linder (1971) reported that Aroclor 1254 fed 
to pheasants at 25 mgs per week for 17 weeks significantly 
depressed egg production and increased the number of 
pips. Even though weekly weight changes of hens, fertility 
and hatchability of eggs, mortality of adults, and egg 
shell thickness did not appear to be affected by PCBs, 
total reproductive success was depressed. Mortality of 
chicks from hatching to 6 weeks of age was significantly 
greater in the offspring from hens fed 50 mgs of PCBs 
weekly (Shutze et al. 1971).

Tucker and Crabtree (1970) observed that the acute oral 
LDso's for Aroclor 1242, 1254, 1260, and 1268 in the 
Mallard duck were around 200 mgs/kg or greater. Similarly, 
Platanow and Funnell (1971) found the LD5Q to be about 
200 to 400 ppm in chicks when fed from day-old for 4 to 13 
weeks.

Fish Farming

The marked increase in commercial catfish production in 
the southeastern United States makes the PCB contamination 
problem of considerable economic importance to this Industry. 
Contamination stems from two primary sources: water and 
commercial fish food.

Fish have been shown to develop levels of PCBs in their 
tissues as much as 75,000 fold higher than found in their 
environment. A temporary tolerance level of 5.0 ppm for 
fish is proposed by FDA (Federal Register, March 18, 1972).
It is estimated that PCB levels in the water cannot exceed 
.07 ppm without the possibility of exceeding the tolerance. 
Of course, concentrations should be considerably less than 
this in order to provide a safety factor since marked 
variation can occur in levels built up in fish with differ­
ent lengths of exposure time.

This tremendous ability of fish and other marine life to 
filter out PCBs from the water and concentrate them in 
their body fat must be fully considered in the commercial 
production of fish.

Levels at 3.0 ppm of PCBs, which exceed' the proposed 
guideline of 0.5 ppm for finished animal feeds, have been 
found in catfish feed, leading to its condemnation by FDA.
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The ability of the fish to concentrate PCBs in body fat 
is greater than that of poultry. Moreover, fish food 
formulas frequently contain fish meal, feed-grade fat 
and animal byproducts which could be contaminated with 
PCBs. The same precautions are needed in formulating 
suitable fish food as are required for rations for 
poultry and swine.

The overall problem of PCBs in fish production is likely 
to be greater than for poultry or swine, however, even 
if background levels in the feed are low, since both 
water and feed are potential sources of contamination.

C. Contamination of Food from Packaging Material

The presence of PCBs in paper products was described at a 
recent meeting sponsored by the Grocery Manufacturers of 
America, Inc. The primary source of PCBs was found to be 
carbonless paper which was present in certain grades of 
paperstock being recycled in the paper industry. The PCBs 
were used as a component of the dye carrier in the carbonless 
carbon paper. In many cases, the recycled paper was used 
in paperboard for packaging food, thus resulting in a con­
tamination of the food.

PCBs have been found in paper and paperboards that did not 
contain carbonless carbon paper. The American Paper Institute 
.is currently sponsoring a study to determine levels of PCB 
in United States pulp, paper, and paperboard and to investi­
gate the migration of PCBs from paperboards to foods,

A national survey of PCB contamination of foods from packaging 
materials was conducted by FDA. The results revealed that 
even though 67Z of the complete food packaging tested con­
tained PCBs at levels as high a« 338 ppm, only 19% of the 
foods in these packages contained PCBs. The average PCB 
concentration in food was 0.1 ppm, and the maximum PCB level 
found was 5 ppm. In packaged infant cereal samples, 75% of 
the food products contained PCBs. The average PCB concentra­
tion in the cereal was 0.3 ppm, and the maximum PCB level 
found was 1 ppm.
The survey shows a continuing and substantial reduction in the 
PCB concentrations of paper-packaging materials. Currently, 
95% of recycled paperboard samples examined contained less 
than 5 ppm PCB9; data on the same type of material manufac­
tured during 1970 and 1971 shows that only 18% of the samples 
contained less than 5 ppm.
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FDA has proposed a temporary tolerance of 5 ppm in paper 
food-packaging materials to permit unavoidable PCB residues 
in these products for a sufficient period of time to provide 
an opportunity for the orderly elimination of PCB-containing 
raw materials used in the manufacture of food-packaging 
materials (Fed. Reg., March 18, 1972),

D. Transfer from Soil to Plants

Although cereal and oilseed products may contain low back­
ground levels of PCBs, it is not known whether this is 
derived from soil-to-plant transfer or is a result of contami­
nation from equipment, dust, or water.

Studies involving DDT uptake from water by Euglena gracilis 
(de Koning & Mortimer 1971) show that this aquatic organism 
takes up DDT leaving the PCBs in the culture medium.

It would appear at this time that transfer to plants is not 
likely to be a significant source of contamination of the 
food supply; nevertheless, studies need to be conducted to 
answer this question. According to an FDA report, PCBs have 
been found in trace amounts in the byproducts from two potato­
processing plants.

Sewage sludge is a possible source of contamination when 
applied to the soil. Analysis of sewage sludge at Fort 
Collins, Colorado, indicated that PCB content ranges from 
less than-1 to as high as 12 ppm based on air dry weight. 
Aroclor 1254 was the primary constituent; lower amounts of 
Aroclor 1248 and 1242 were found.

E. Analytical Methodology

PCBs can be detected in the environment and all foods by the 
same basic analytical method used to detect the chlorinated 
hydrocarbons. Confirmatory procedures require the chemical 
alteration of the pesticide compounds, usually by alkaliza­
tion which does not affect the PCBs present.

These highly stable compounds escaped detection in food and 
environmental samples for a long time because mixtures were 
present in low concentration and because many of the indi­
vidual compounds contained in the mixtures have the same 
retention time on GLC columns as commonly found chlorinated
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pesticides. However, as PCBs increased in the environment 
and more sensitive detectors become available, an unknown 
contaminant was suspected and proven by Jensen in 1967 to 
be PCBs.

Recent developments in analytical methodology have greatly 
improved the analysis techniques for determining PCB residues. 
Techniques for separation of PCBs from organochlorine residues ‘ 
include the use of silicic acid column chromatography (Armour 
and Burke, 1970) and PCB separation using charcoal columns 
(Berg et al., 1972). Gel permeation chromatography has greatly 
improved separation of PCBs and other organochlorine residues 
from extracts containing high concentration of lipids (Stalling 
et al., 1972).

Prior to GLC analysis, the PCBs and polychlorinated terphenyls 
(isomers and homologues) were converted to perchloro bi- or 
terphenyl with SbClj (Berg et al., 1972).' These individual 
components can be subsequently determined by GLC and offer a 
means of confirmation of PCBs and a simpler means of quantita­
tion. The use of a chlorine specific detector (electrolytic 
conductivity or microcoulometric) offers two distinct advantages. 
They are more specific and permit simple conversion of peak area 
to micrograms of component as the degree of chlorination and 
molecular weight of separated Aroclor components are now known.

The identification of the PCBs has proven difficult since 
the chemical standards are not pure compounds but commercial 
chemical mixtures. In addition, PCBs are partially metabolized 
by animals and birds; therefore, tissue residues normally 
differ from the provided chemical standards.

Traditionally, multiple peak residues have been difficult to 
accurately quantitate on GLC. Basically, it-is a question of 
how to measure the recorder response when more than one peak 
is involved. Some chemists prefer to measure the area under 
Individual peaks and other chemists prefer to measure the 
area under all the peaks. It has been proven that analytical 
results can be in reasonable agreement between laboratories 
when analysts in the laboratories use the same extraction 
procedures and methods of quantifying the residues detected.
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IV. Monitoring the Wholesomenesa of the Food Supply

The average person in the United States consumes about 1,450 pounds 
of food each year. This represents a total annual consumption of 
almost 300 billion pounds of food at a cost of approximately 
$128 billion in 1971. It is estimated that approximately 25,000 
companies are involved in food production in the U.S. at the present 
time. Moreover, about 10 percent of our total food supply is 
imported. Accordingly, a monitoring program designed to provide 
maximum assurance of wholesome food to all consumers is essential.

A. Background Levels in Foods and Feeds

In November 1969, FDA began to analyze raw agricultural com­
modities sampled under the pesticide surveillance program for 
PCBs as well as pesticide residues. Six hundred eighty-four 
samples of fish, cheese, milk, shell eggs, and fish byproducts, 
out of 3,505 samples of these commodities, have been found posi­
tive for PCBs. The following report of results is adapted from 
a talk given by Dr. A. C. Kolbye, Jr., of the Bureau of Foods, 
FDA:

PCBs were encountered most frequently in fish in 363 of the 
670 samples ranging from trace levels to 35.29 ppm. PCBs were 
detected in fresh water fish including catfish, chubs, and smelt 
and also salt water species including porgles, sea trout, blue- 
fish, bonita, and sardines.

' PCBs in Selected Food Commodities 
7/1/70 to 9/30/71

Commodity

No. of
Samples
Examined

No. of
Samples
Positive

Percent
Positive

PCB
Low

Levels
High

JP E m?
Average

Fish 670 363 54 T* 35.29 1.87
Cheese 1344 91 6 T 1.00 .25
Milk 941 69 7 T 27.80 2.27
Shell Eggs 550 161 29 T 3.74 .55
Fish Byproduct - 13 - T 5.00 1.17
TOTAL (Excluding
Fish Byproduct) 3505 684 19 1.14

* T indicates "trace."
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The above results reflect both surveillance and compliance 
samples. Average residue levels do not include values Indicated 
as "trace," which in normal analyses would be less than approxi­
mately 0.1 ppm for fish; 1-1.5 ppm for milk or cheese fat; and
0.2 ppm for eggs.
The FDA total diet studies representing a total of 900 composite 
samples analyzed for the past 2*j years show 54 composite samples 
to contain PCB residues ranging from a trace to 0.36 ppm. These 
positive findings were found in meat, fish, poultry', dairy, and 
cereal composites. The 0.36 ppm PCB value reported in the total 
diet study was found to be caused by migration of PCBs from the 
grayboard container and dividerà to packaged shredded wheat. 
Subsequent information gathered on the occurrence seemed to 
point to the use of reclaimed or recycled paper in the manufacture 
of the cardboard packaging material used for these packages.
Other analysis of complete diets considered typical of foods 
consumed by lower socioeconomic groups of the Southeastern United 
States (Price et al., 1972) revealed trace levels of PCBs in four 
diets and levels of 0.20, 0.42, 0.58, and 0.84 milligrams per 
day per subject In four other diets of preadolescent girls.

No PCBs have thus far been reported in fresh fruits and vegetables

The data available to date from an FDA survey to determine levels 
of PCBs in animal feeds show that of 1,274 samples of feed manu­
factured for various livestock and poultry species, only 4.47. 
were positive for PCBs (Feedstuffs, March 20, 1972). Levels 
range from no detectable contamination to a maximum PCB level 
of 0.6 ppm; hence, finished animal feeds seldom exceed the 
temporary tolerance of 0.5 ppm set by FDA. PCB contamination 
of feeds for food-producing animals can generally be attributed 
to avoidable industrial accidents and practices.

FDA has proposed temporary tolerances for foods and feeds as 
follows (Federal Register 37(34) March 18, 1972):

Milk (fat basis)--- ------------ ------■----
Dairy products (fat basis) ---------------
Poultry (fat basis) ------------- ------- -
Eggs — --------------------------- -------
Finished animal feed------- --- ----------
Animal feed components (Including fishmeal)
Fish (edible portion) — -----------------
Infant and Junior foods------- -- — -----
Food-packaging material ------------------

PPM
2.5
2.5
5.0 
0.5 
0.5
5.0
5.0 
0.1
5.0
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B. Inspection and Control

The objective of an Inspection, program is to Insure acceptable 
quality and vholesomeness of food for the consumer. Materials 
that are toxic or otherwise present a hazard to health must be 
identified and eliminated to the maximum extent possible. The 
extent to which these objectives can be attained depends to 
some degree upon the authority of the inspection agency and the 
availability of funds and personnel to carry out an effective 
monitoring system. There are,, of oourse, many interrelated 
areas of concern that must be considered in the total program 
such as:

1. Identifying the hazard
2. Locating the source of contamination
3. Corrective action needed
4. Developing an appropriate sampling procedure
5. Appropriate assay methodology
6. Disposition of contaminated products

It has been suggested that the attributes of food fall into 
two general categories; namely, those which are sensory and 
are normally detected by appearance,taste, odor, etc., and 
those which are hidden and require special methods of detection 
since they escape detection by the consumer's senses. This 
latter category is of increasing Importance as far as the 
consumer's health is concerned since so many toxic substances 
fall into this class.

The most critical problem is detecting those contaminants that 
creep into the food supply through accidental contamination 
from environmental sources. The most effective approach in 
the case of substances such as PCBs is to concentrate on the 
known or suspect sources and perform nearly 100Z sampling to 
assure detection of contaminated products.

The matter of disposition of suspect or known contaminated 
lots merits consideration. In many cases, this requires 
detention of the food pending a.segregation of "good” and 
"bad" lots when such action is feasible and disposition of 
affected portions according to guidelines prescribed by the 
regulatory agency.
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In any inspection program dealing with contaminated foods9 the 
objective is» of course» to protect the health of the consumer 
by removing contaminated products from the market. Further ob­
jectives are to attack the source of contamination, to eliminate 
it completely, and to develop an appropriate surveillance program.

This is frequently accomplished by placing the primary control 
responsibility to the fullest extent on the industry concerned, * 
Two regulatory agencies, namely the Meat and Poultry Inspection 
Program of the USDA and the Food and Drug Administration, are 
charged with maintaining a wholesome l),S, food supply. The 
officials in these agencies and the Congress recognize that more 
protection is offered by controlling the ingredients going into 
foods than by depending on the procedures for testing the final 
products. The mere volume and diverse sources of foods used in 
the United States limit finished product testing to an assurance 
program.

To meet their responsibilities in the nonvisible toxic substance 
area, both USDA and FDA use the same basic procedures. Both 
require prior approval of food additives and materials for use 
in direct contact with food and both use laboratory surveillance 
for toxic residues which may occur in the raw agricultural pro­
duct prior to processing. To minimize this, pesticides or other 
potentially harmful chemicals used in agricultural production 
are restricted as to amount used or residue remaining in or on 
the raw agricultural product.

Such procedures have not provided protection from environmental 
contaminants and unintentional inclusion of certain industrial- 
type chemicals in the food supply,

C, The Cost of PCB Accidents to Agriculture

The accidental contamination of animal feed with PCBs, such as 
that resulting from heat transfer fluid leaking into fish meal» 
imposes without warning an enormous economic and psychological 
burden upon the user industry» as well as the control agencies. 
Such an incident requires (1) extensive sampling of feedstuffs 
to prevent future use if found contaminated; (2) extended 
holding of food animals where contamination is suspected; (3) 
analysis of samples of all possibly contaminated meat animals at 
the time of processing by the inspection agency to protect the 
consumer; (4) selected samples and analyses of animals during
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the production phase by the producer to insure early detection 
of contamination, if any; (5) modification of management, pur­
chasing, and marketing practices as required; and (6) disposal 
of condemned animals and feedstuff8*
As an example of direct costs, the occurrence of PCBs in the 
chickens affected in the Maine incident resulted in a total 
cost to the agricultural community of at least $1,351,000. 
Laboratory analysis of 502 samples cost the Meat and Poultry 
Inspection Program (MPIP) of USDA, $12,278. Mailing charges' 
on these samples totaled $6,024. The lnplant inspectors spent 
251 hours collecting the samples at an approximate cost of $900.
In addition to these accountable costs, the travel and super­
visory expenses are estimated at $4,000. The total cost of the 
Maine incident to MPIP is at least $23,202. The cost to the 
producers can be estimated only from the number of broilers, 
approximately 1.3 million, which had to be destroyed. At an 
average weight of 3.5 pounds, at 29c per pound, the loss to the 
producers was $1,326,000 plus the cost of the laboratory analyses 
for precertification. The Maine incident was, of course, only 
one of several which occurred in the poultry industry.

In addition to these direct costs to the industry and to State 
and Federal control agencies, the intangible loss to the 
industry from reduced confidence in the food product by poten­
tial consumers may be considerable. In view of these large and 
unexpected costs, it seems obvious that efforts should be 
developed for monitoring potential hazards before they become 
serious problems to the industry.

Surveillance of Feeds and Raw Food Products for Potential 
Hazards

Since the agricultural community must continue to produce and 
process foods in a way that assures safety.to the consumer, USDA 
should devise a method to identify potential problems and develop 
solutions for implementation before such problems reach the pro­
portions of the problem of PCBs in the food chain. This will 
require an effective "early warning" surveillance system for 
hazardous substances as they relate to Agriculture1s responsibili­
ties— the production, processing, and marketing of foods and 
food products. To be most helpful to agriculture and to the
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consumer» such a surveillance system should provide the basis 
for technological assistance in cooperation with States and 
regions to correct or prevent a problem and, as far as possible, 
should not be the primary responsibility of the agencies re­
sponsible for corrective action. To make this surveillance 
system effective, the following will be needed:

1. Identification of specific problem areas which should 
receive primary attention.

2* Appropriate methods of sampling animal feeds, soils, water, 
and food products to study the extent of a particular 
problem.

3. Suitable laboratory analysis for the environmental residues, 
pesticides, feed additives, or microbial contamination.
This service should be provided at the State level and every 
effort made to keep it from being involved with regulatory 
activities so as to encourage industry cooperation.

4. Routine, up-to-date evaluation and exchange of information 
on each critical facet of food safety.

This effort by Agriculture would build on information collected 
by FDA* EPA, and by the USDA meat, poultry, and egg products 
inspection program; but more directed effort must be given to 
potential problems if we hope to prevent them through modified 
or improved technology. This is the broad responsibility of 
Agriculture if it is to continue to fulfill its purpose.

With respect to continued surveillance of PCBs, the major points 
at which PCBs enter the food chain should be identified so that 
corrective procedures can be implemented to prevent the problem. 
Surveillance efforts should be concentrated on feed ingredients 
of animal origin and other likely sources of contamination such 
as silage, etc.

V. Needs in Agriculture

The Interdepartmental Task Force on PCBs comprised of five Executive 
Branch departments has taken action to:

— Restrict the discharge of all industrial effluents of PCBs from 
PCB users into water so that levels of PCBs in rivers or lakes do 
not exceed 0.01 parts per billion. (Environmental Protection 
Agency)
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— Propose new regulations for more stringent action levels for 
PCB8 In foods, prevent PCB contamination In food packaging 
materials, prevent contamination of food from accidents in 
food plants. (Food and Drug Administration)

— Support the Toxic Substances Control Act pending before Congress 
in order to provide additional regulatory authority needed to 
control the use and distribution of PCBs, to control imports, 
and to collect Information.

The Interdepartmental Task Force on PCBs has recommended that only 
essential uses of PCBs— in electrical capacitors and transformers—  
be continued. Even with all nonessential uses of PCBs discontinued, 
the levels already found in fish, wildlife and certain animal feed- 
stuffs will require continued surveillance due to the persistent 
nature of PCBs and their already widespread occurrences in the 
environment (Nisbet and Sarofim, 1972).

In examining the PCB problem, the USDA Ad Hoc Group on PCBs con­
sidered the broad implications of environmental contaminants 
entering the food supply, especially as it relates to the need for 
surveillance. The following recommendations pertain to the vital 
interests of agriculture:

A. For Immediate Attention

1. Identify the number and location of concrete silos 
contaminated with PCB-contalnlng paints or sealants.

2. Determine practical methods of correction by clean-up 
or possible replacement of contaminated silos.

B. For Priority Attention

1. Surveillance on PCB content of foods and feeds and feed 
components of animal origin.

2. Quantitation of the retention and excretion of PCBs by 
food animals and a study of those factors which influence 
each, especially in animals which consume large amounts of 
feed per unit body weight.

3. Determine the degree of uptake of PCBs by plants and the 
relative significance.

4. Improve methodology for the extraction, identification, 
and quantitation of PCB residues.
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C. Other Informational Needs

1. Determine degree of synergism or additive effects of PCBs 
with other toxic substances, especially pesticides.

2. Determine the biodegradation and photodegradation products 
of PCBs and their implication in the food chain.

3. Determine toxicology of pure chemical forms of-PCBs.

4. PCB content of materials used for packaging and factors 
affecting their transfer to food.

5. Methods of detoxification or removal of PCBs from feeds 
and foods.
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SURVEY OF RESEARCH IN AGRICULTURE

Adams

Bevenue

Bowman

Britton

Cox

Crosby

Dahm

Dorough

- Looking for DDT, chlorinated hydrocarbons, and PCBs in 
rainwater.

- Working on analytical method to determine residues in 
water and sewage.

- Working on method to separate from DDT and DDE.

- Studies are being conducted to determine the levels of 
several of the PCBs which Influence hatchabillty when 
added directly to the egg or when added to the diets of 
laying hens. Tissue and egg residues are being analyzed.

- (1) Developed a method using chromous chloride reagent
to distinguish toxaphene from PCBs, singly or in 
mixtures, in any substrate, but primarily,in water.

(2) Tables of "p-valves" in several solvent pairs were 
determined for all visible GC peaks from five com­
mercial Aroclors in order to provide an additional 
confirmation procedure for distinguishing pesticides 
from PCBs. Although different "p-valves" were 
obtained for £,]>,-DDE and the PCB peak having the 
same GC retention time, the standard deviation of 
the method permitted too much overlap for reliable 
confirmation.

(3) During the analysis of 111 egg product samples 
thought to be contaminated with PCBs, it was found 
that a simple hexane solution from a Florisil column 
would separate PCBs from naturally occurring inter­
fering substances in the eggs.

- Study the effects of sunlight on PCB when suspended in 
water and hydrocarbons. Found that there is a breakdown 
of PCBs.

- Several mink have been collected in the Iowa area and 
analysis of fat, brain, and liver for PCBs and chlorinated 
hydrocarbons will be made. Levels will be correlated with 
age.

- Found PCBs (Arodor 1254) in sealant in silos. The milk 
from cows eating this silage contained levels of PCBs in 
excess of that considered safe by FDA.
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Fish

Geer

Gunther

Hill

Kearney

Lichtenstein

Llsk

Nakatsugama

Newsom

Research is in progress on farm animals consisting of 
2-year-old sheep (male and female) and 7- to 11-week-old 
chickens (male and female) at dosages of 10 to 100 mg/kg. 
daily for 21 day6 for chickens and dosages of 25 mg./kg. 
daily for 71, 95, and 100 days for sheep. Three different 
types of Aroclors were used for sheep and three different 
types for chickens.

Synthesized 30 PCB isomers and developing a voitametric 
method for directly identifying individual PCB isomers 
and chlorinated compounds.

Studying the persistence of PCBs in various soil types 
which are incubated at constant environmental conditions. 
Also working on analytical methodology.

Working on methodology to separate PCBs from DDT, DDE, 
and toxaphene. '

Isolate microorganisms capable of metabolizing biphenyl 
and determine the effect of chlorine substitution on the 
rate of metabolism.

Investigated toxicity of dieldrin and DDT with and without 
11 different PCBs. As the chlorine content of PCBs 
decreased, there was an Increase in toxicity. When the PCBs 
were added to the organochlorine insecticides, there was a 
synergistic action.

Analyses of PCBs in newspaper and cardboard which may be 
used to feed cattle as a source of cellulose. Plans are 
to look at milk from cows which are fed recycled paper 
containers.

Study the phenomenon of biological magnification analyti­
cally. PCBs will be used as one of the test compounds.

Ducks and chickens were fed a diet containing 100 ppm of 
PCBs (Aroclor 1221) or a diet containing an organochlorine 
pesticide. When fed to chickens, PCBs had no statistically 
significant effect upon eggshell thickness or strength, 
number of deformed eggs, egg production, or carbonic 
anhydrase activity of uterine tissue. PCBs at 100 ppm 
had no effect on shell thickness and hatchabillty when 
fed to mallard ducks, but did cause a decrease in shell 
weight (-8%), calcium content of shell (-9.6%), and egg 
production (0.05 egg/day).
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Olney

Olson

Peakall

Plapp

Sheets

Stut

Van Middelem

Ware

Warwick

Surface waters of Narraganaett Bay have shown residues 
of PCBs at the level of 4 ppb or less. To date, there 
Is little evidence of any specific Aroclor In fish, 
sediment-water samples from streams and ponds of Rhode 
Island.

Studies have been carried on concerning the PCB levels 
In tissues and eggs of wild cormorants and pelicans and 
their foods and environment. Attempts were made to 
assess the effects of these compounds, mercury and chlor­
inated hydrocarbons, on the nesting failures of these 
birds. The storage and deposition of PCBs by pheasants 
have also been looked at, and eggs were found to be an 
Important way of excretion.

Determined the physiological effect on birds at 10 ppm 
of Aroclor 1254. No mortality was found in the first 
generation but heavy mortality In second (embryonic).
No eggshell thinning or shell breakage.

Using houseflies, demonstrated that the polychlorinated 
biphenyl mixture, Aroclor 1254, acts as a synergist with 
carbaryl. The mechanism of synergistic action Is unknown 
but speculation Is that it Involves the Inhibition of 
microsomal oxidase which Is usually responsible for 
Insecticide synergism.

Routine analyses of eggs from hens receiving Aroclor 1242 
in feed at dosages ranging from 0.3 to 2.5 ppm. Have not 
been successful at this time In separating PCBs from DDT 
and degradation products.

Hepatic microsomal enzyme induction In rats was evaluated 
using the entire Aroclor series 1221 through 1268 with 
4465 and 5442. The materials were fed to female rats In 
concentrations from 25-100 ppm for 15 days. Induction 
potency of enzymes was highly correlated with the percent­
age chlorination of the biphenyl. All the materials, 
except 1221, caused marked liver enlargement.

Looking at levels in brown pelicans and the fish consumed 
by pelicans.

Working on methodology. Attempting to codlstill PCBs 
with water.

Eleven PCB and PCT materials were tested to determine their 
estrogenic activity In rats. All of the compounds con­
taining up to 50Z Cl were found to be active, while com­
pounds containing higher amounts of Cl were Inactive.
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Willett

Young

Aroclor 1242 was extensively Investigated in rats and 
Japanese quail and caused an Increase in liver weight 
and liver lipids and lowered liver vitamin A concentration 
and content.

Aroclor 1254 has been used in silo coatings. ...In a 
detailed study of one herd, the rate of elimination of 
PCB residues from milk followed approximately the same 
kinetics as DDE. Treatment with activated carbon .and/or 
phénobarbital did not enhance the rate of PCB elimination 
from cows.

- Research objective is to eliminate PCB residues from a 
contaminated dairy herd by (1) covering PCB coating in 
silo; (2) .elimination of fat pools in dairy animals; and
(3) centrifuging milk to remove fat-soluble PCB contami­
nants .

- Analyzed PCB levels in diets, feces, and urine samples 
of preadolescent girls fed diets typical of low-income 
families. Also checked levels in paper bags, marking 
tags, turkey fat, heavy fowls, eggs, and poultry feeds.

NEV 023344

733399





For
notification 
of future 
revisions 
of this o
Standard, n*
fit! out the *2>T
attached
card °

734425



NEV 02^371

Remove

this ta b

b e fo re  m a ilin g  ♦

734426



IEEE
Std 76-1974
Revision of 
IEEE Sid 76-1968

IEEE Guide for
Acceptance and Maintenance of 

Transformer Askarel in Equipment

Sponsor

Transformers Committee of the 
IEEE Power Engineering Society

C Copyright 1974 by

The Institute of Electrical and Electronics Engineers, Inc.

No part of this publication may be reproduced in any form, 
in an electronic retrieval system or otherwise,

without the prior written permission of the publisher. NEV 0 2 4 3 7 2

734427



Robert I). B riskm an,

Stephen J. Angello 
Saul Aronow Jhiiich K. Her I tier 
Richard Hrereton 
Warren H. Took 
Louis CoRtrell 
Jay Forster

Approved May 24, 1973
IEEE Standards Board

Chairman Sava I. Sherr, Secretary

Joseph L. Koepfinger 
William H. Kruesi 
Renjamin J. Leon 
Donald T. Michael 
Voss A. Moore 
J. David M. Phelps 
Saul W. Hosenthal 
Gustave Shapiro

Ralph M. Showers 
Robert A. Sodermnn 
Frederick (». Timmel 
Leendert van Rooi.i 
Robert V. Wachter 
RrunoO. Weinschel 
William T. W'intringham

NEV 0243  73

734428



Foreword
(This foreword is not a part of IEEE Std 76-1974, IEEE Guide for Acceptance and Maintenance of Transformer 
Askarel in Equipment.)

Originally published in 1958 as a trial-use guide for maintenance of transformer askarel, this stan­
dards document has been revised, updated, and approved as a full-status IEEE Guide. The new edi­
tion not only reflects current practice, it also takes into consideration recent environmental con­
cerns about materials containing polychlorinated biphenyls. The standard was developed and ap­
proved by the Insulating Fluids Subcommittee of the IEEE Transformers Committee. At the time 
it approved this document, its membership was:

E. L. Raab, C hairm an
F.G. Benignus E.L. Morrison
G.L. Blenkle V.R. Mulhall
J.E. Dind J.C. Parkert
I).A Gillies P.S. Pugh
C. Kei) W.C. Reinhardt
A.H. Locke R.L. Schwab
R.I. Lowe T.K. Sloat
W.H. Meadet

t Deceased

Following development and approval in the Insulating Fluids Subcommittee, this standard was 
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IEEE) Guide for
Acceptance and Maintenance of 

Transformer Askarel in Equipment

1. Scope and Introduction

The term askarel generally describes a wide­
ly used broad class of nonflammable synthetic 
halogenated hydrocarbon insulating liquids. 
In this guide, it applies solely to askarel in 
transformers, reactors, and accessory equip­
ment operated at power frequencies.

Transformer askarels contain PC B ’s (poly­
chlorinated biphenyls), which have been used 
in the United States and elsewhere over the 
past 40 years for many industrial and consum­
er applications. Recently, evidence has accu­
mulated to indicate that PCB ’s are widely dis­
persed throughout the environment and that 
they can have adverse ecological and tox­
icological effects.

The Federal Interdepartmental Task Force 
report COM-72-10419, "Polychlorinated Bi­
phenyls and the Environment,*’ dated May 
1972, has recommended restricting PCB ’s to 
use in transformers and capacitors.

Methods for handling and disposal of ask­
arels and askarel-impregnated materials are 
given in Draft American National Standard, 
Guidelines for Handling and Disposal of 
Capacitor and Transformer-Grade Askar- 
els Containing Polychlorinated Biphenyls, 
C107.1.

This guide assists the power equipment op­
erator in evaluating askarel as received in 
transformers, reactors, and accessory equip­
ment operated at power frequencies and in his 
efforts to maintain askarel in serviceable con­
dition. It recommends standardized tests and 
evaluation procedures. Methods are outlined 
for reconditioning and reclaiming askarel 
whenever necessary.

2. General Characteristics of Askarel
Askarels of various compositional types are 

used. Under arcing conditions the gases pro­
duced, while consisting of predominantly

noncombustible hydrogen chloride, can yield 
varying amounts of combustible gases depend­
ing upon the askarel type.

Insulation systems incorporating these ask­
arels and cellulosic or other organic materials 
may, when arced, produce gaseous mixtures 
which are moderately flammable. As a pre­
caution, such gases should be removed from 
the askarel by bubbling dry nitrogen through 
the askarel and flushing the gas space with 
dry nitrogen before any work is performed on 
the apparatus.

Askarel contained in apparatus as received 
from the manufacturer but prior to service op­
eration should exhibit certain properties in or­
der to insure satisfactory performance. It 
should be expected that askarel properly sam­
pled from such equipment usually exhibits 
characteristics somewhat different from those 
obtained on new askarel which has not been 
in contact with apparatus constructional ma­
terials. Experience has indicated that vari­
ation of some characteristics of the askarel 
will not impair the service life of the equip­
ment.

However, certain essential properties must 
be retained if askarel is to perform reliably its 
dual role of electrical insulation and heat 
transfer agent. It must have adequate dryness 
and a dielectric strength sufficient to with­
stand the electric stresses imposed in service. 
It must retain a sufficiently low viscosity so 
that its ability to circulate and transfer heat is 
not impaired. It should not be allowed to be­
come so deteriorated or contaminated that it 
adversely affects the operation of the ap­
paratus.

In comparison to mineral insulating oil, 
askarel is a relatively polar material; that is, 
its molecules are dipoles, free to rotate around 
their axes and responsive to orientation by 
electrical forces. Askarel also exhibits a much 
higher dielectric constant and capacitance 
than insulating oil, and these differences must
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be kept in mind when interpreting electrical 
test data.

Because it is relatively polar and possesses 
high solvency power, askarel is much more 
electrically sensitive to trace contaminants 
than insulating oil, and consequently the 
choice of constructional materials destined for 
use in askarel is very critical. This sensitivity 
is reflected in the power factor and resistivity 
(specific resistance) of the askarel.

It is important to note that, with the ex­
ception of water, the dielectric breakdown 
voltage of askarel is not generally adversely af­
fected by many of the contaminants to which 
its power factor and resistivity (specific resist­
ance) are so sensitive. In fact, the dielectric 
breakdown voltage of askarel is somewhat 
greater than that of insulating oil. Therefore, 
the values assigned these dielectric fluids in 
newly supplied transformers are 30 kV min­
imum and 26 kV minimum, respectively.

As with insulating oil, askarel must be kept 
dry. It can pick up moisture from exposure to 
humid atmosphere. Under similar conditions 
of exposure, askarel can pick up nearly twice 
as much moisture when measured on a parts 
per million weight basis.

A final obvious difference is that askarel is 
about one and one half times as heavy as wa­
ter, whereas mineral oil is lighter than water. 
This means that any free water present will 
float on askarel, whereas free water in oil will 
be at the bottom.

3. Evaluation of Askarel Received in 
New Equipment

Some users of askarel equipment find it de­
sirable to make “as received tests" on all 
equipment. It is quite common to use the di­
electric breakdown voltage test and visual ap­
pearance as the most significant tests. If suit­
able equipment and trained personnel are 
available, additional information may be ob­
tained from the power factor, color, and mois­
ture content tests.

In sampling askarel contained in ap­
paratus, extreme care must be exercised in or­
der to obtain a representative sample. ASTM  
Standard D 923-70 (ANSI C59.21-1973), Sam­

pling Electrical Insulating Liquids,1 should be 
followed.
New equipment with askarel exhibiting the 

characteristics given in Table 1 is considered 
acceptable.

The significance of the foregoing and other 
tests listed in this guide are discussed in Sec­
tion 7.

4. Classification of Service-Aged 
Askarel

It is extremely difficult, if not impossible, to 
indicate the value of specific tests and recom­
mended test limits for all possible existing ap­
plications of askarel. It should also be recog­
nized that with the present state of knowledge 
no one test can be used as the 6ole criterion of 
condition of askarel. It is possible, however, to 
summarize the value and importance of cur­
rent tests and to suggest methods of treatment 
for the askarel being examined, such methods 
being based on current industry experience. 
Askarel may be placed in the following classi­
fications based upon composite evaluation of 
significant characteristics and on field and 
laboratory screening tests.

G roup L  This group contains askarel which 
is in satisfactory condition for continued use.

G rou p  //. This group contains askarel 
which requires only minor reconditioning for 
further service. (Reconditioning is the remov­
al of moisture and insoluble contaminants. 
The usual method employed is filtration.)

G roup I I I . This group contains askarel in 
poor condition. It should be reclaimed or dis­
carded depending upon economic consid­
erations. (Reclamation involves the use of 
methods and processes which result in a puri­
fication of the askarel. Treatment with an ab­
sorbing agent such as fuller's earth is most 
widely used.)

G roup IV . This group contains askarel in 
such poor condition and requiring such dras-

'ASTM Standards referred to in this guide are ob­
tainable from Headquarters. American Society for Test­
ing and Materials, 1916 Race Street, Philadelphia, Pa, 
and from the American National Standards Institute. 
1430 Broadway, New York, NY 10018.
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Table 1
Acceptable Characteristics of Askarel in New Equipment

Characteristics ASTM Standards

Dielectric breakdown voltage 
Color
Visual condition 
Water content 
Power factor at 25° C

30 kV minimum
300 maximum (straw color)
clear
35 parts per million max 
♦

D 877-67 (1971) (ANSI C69.19-1968) (R1973) 
D 2129-64 (1969) (ANSI C59.114-1970)
D 1702-66 (1971 ) (ANSI C59.104-1970)
D 1533-61 (1969) (ANSI C59.53-1963 (R1969)) 
D 924-65 (1969) (ANSI C69.22 1967) (R1973) 
D 150-70

♦The power factor of askarel taken from new transformers, reactors, and accessory equipment can reflect the 
presence of moisture, dissolved polar compounds, or other contaminants and may vary with the type of equipment 
from which the sample was taken due to the different ratios of liquid-to-solid insulation and to the high solvency 
power of the askarel. Given an acceptable water content and dielectric breakdown voltage of the askarel as indicated 
above, a high power factor seldom impairs the serviceability of the askarel within rather broad limits and is indica­
tive of the degree of contamination present.

Recognizing the possibility of a wide range of power factors being recorded for askarel in new equipment, it is 
difficult to establish a single limit which would be acceptable to both suppliers and users for all applications. How­
ever, as a broad guide, power factors up to about 10 percent at 25° C and 60 Hz do not in general indicate any ab­
normal contamination providing that the other criteria (water content, dielectric breakdown voltage, etc) are met. 
Much higher power factors may indicate excessive contamination or the misapplication of the solid materials used in 
manufacture in contact with the askarel and should be investigated.

tic treatment that it is not feasible either tech­
nically or economically to attempt reclama­
tion. Examples of such a condition would be a 
severely arced or excessively oil contaminated 
askarel.

5. Economic Factors

In this section of the guide, askarel is classi­
fied on the basis of significant characteristics. 
Many of the undesirable characteristics of 
used askarel can be corrected by recon­
ditioning or reclaiming, if economic condi­
tions justify it. The alternate choice is to reT 
place with new askarel.

A review of the experiences of many users of 
electric equipment reveals a wide variation in 
the actual cost data involved in the re­
conditioning or reclaiming of askarel. This 
variation can be attributed to the amount and 
condition of askarel involved, laboratory and 
shop facilities, whether the work is performed 
at one central or several distant locations, and 
the availability of qualified personnel.

Askarel that contains water and insoluble 
contaminants can be reconditioned by me­
chanical means using various filter devices. If 
soluble or colloidal contaminants, or both, are 
present in the askarel, reclaiming can be done 
with special filtering devices or a special filter 
press using a material such as fuller’s earth.

To determine if reconditioning or reclaim­
ing of askarel is economically justifiable, a 
number of factors must be considered. Some of 
these factors are as follows:

(1) Value of askarel being considered for 
processing

(2) Cost of processing materials
(3) Total cost of process versus quality of 

end product
(4) Equipment maintenance and amor­

tization
(5) Cost of collection and storage
(6) Labor and transportation costs
(7) Laboratory cost
(8) Loss of askarel during processing
(9) Cost of scavengers and makeup of chem­

icals if addition is necessary and desirable
(10) Cost of disposing of processing material 

and scrap askarel
(11) Cost of new askarel delivered at job site

6. Sampling

Representative samples, whether of the 
complete contents or only parts thereof, are 
extremely important from the standpoint of 
evaluation of the quality of the product sam­
pled. Obviously careless sampling procedure 
or contamination in the sampling equipment 
will result in a sample that is not truly repre-
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sentative. This generally leads to erroneous 
conclusions concerning quality and incurs 
1688 of time, effort, and expense involved in se­
curing, transporting, and testing the sample. 
It is strongly recommended that all of the pro­
cedures and precautions outlined in ASTM  
D 923-70 (ANSI C69.2M973) or in the latest 
revision thereof approved by the American 
National Standards Institute be followed.

Because of the high specific gravity (relative 
density) of askarel (greater than 1), water and 
some other impurities are most likely to be 
found at or near the surface. The top sample, 
therefore, is considered to represent the worst 
condition.

7. Askarel Tests and 
Their Significance

There are a number of tests that can be ap­
plied to askarels as a basis for their classi­
fication as indicated in the foregoing. These 
tests and their significance are given in Table 2.

(1) Color. The color of askarel is represent­
ed by a numerical value based on comparison 
with a series of numbered color standards 
with transmitted light under prescribed con­
ditions. Color is chiefly significant as an in­
dicator of contamination in askarel. Fre­
quently this contamination is the result of sol­
vent action Between the askarel and other ma­
terials in the apparatus involved. No definite 
relationship can be established between color 
and the physical and electrical characteristics 
of the liquid.

(2) Dielectric Breakdown Voltage. The di­
electric breakdown voltage of askarel may be 
defined as the voltage at which electrical 
breakdown of the material occurs under pre­
scribed conditions. The dielectric breakdown 
voltage of askarel is of importance as a mea­
sure of its ability to withstand electrical stress 
without failure. It may also indicate the pres­
ence of contaminating materials, such as wa­
ter, conducting particles, dissolved con­
taminants, or the decomposition products re­
sulting from an electric arc. A high dielectric 
breakdown voltage, however, is not a certain 
indication of the absence of all contaminants.

(3) Flash and Fire Point. The flash point of 
askarel is the temperature to which askarel

must be heated in order to give off sufficient 
vapor to form a flammable mixture with air 
under the conditions of the test. Askarels have 
a flash point which is not indicative of a haz­
ardous condition unless followed by a fire 
point.

The fire point of a material that emits com­
bustible vapor may be defined as the temper­
ature to which the material must be heated in 
order to support continuous combusion when 
exposed to the atmosphere under prescribed 
conditions. Askarels have no fire point. The 
test is only of value, therefore, in showing 
whether the material has the nonflammable 
characteristics required of an askarel, or has a 
large amount of combustible contaminant.

(4) Inorganic Chlorides. In the presence of 
water, chlorides can ionize. Their corrosive 
action can then be detrimental to the life of 
the apparatus in which the askarel is used. 
The presence of ionizable chlorides may be in­
dicative of arc decomposition of the askarel.

(5) Neutralization Number. In the in­
spection of new askarels, the neutralization 
value is of importance as a quality index of 
purity.

Since askarel is not subject to deterioration 
by oxidation, small changes in the neu­
tralization value of service-aged askarels may 
indicate the solution of basic or acidic materi­
als from the various solid materials in contact 
with the askarel or the deterioration of such 
soluble materials to form basic or acidic mate­
rials. A large change in acidity may indicate 
decomposition of the askarel by an electric 
arc.

(6) Pour Point. The pour point of askarel 
may be defined as the temperature to which 
the liquid just flows under prescribed condi­
tions of test. The pour point has little signifi­
cance as far as contamination or deterioration 
is concerned but may be used for type identi­
fication.

(7) Power Factor. Power factor is the ratio 
of the power dissipated in the askarel in watts 
to the product of the effective voltage and cur­
rent in volt-amperes, when tested with a sinu­
soidal field under prescribed conditions. Since 
askarel is not subject to oxidation, an increase 
of power factor value of the askarel in service 
may be attributed to the presence of moisture, 
dissolved polar compounds, or other con­
taminants. Depending upon the type of ap-
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Table 2
Askarel Tests to Determine Classification

Tests ASTM Standards

(1) Color
(2) Dielectric breakdown voltage
(3) Flash and fire point
(4) Inorganic chlorides 
(6) Neutralization number

(6) Pour point
(7) Power factor

(B) Refractive index
(9) Rcsixtivity (specific resistance)

(10) Scavenger content
(11) Specific gravity (relative density)
(12) ViAco6ity

(13) Visual examination of service-aged askarels in the Held
(14) Volume of oil in oil-contaminated askarel 
(IB) Water content

D 2129-64 (1969)(ANSI C59.114-1970)
D 877-67 (1971XANS! C59.19-1968 (R1973))
D 92-72
D 1821-63 (1969)(ANSI C59.55-1963 (FU969)) 
D 974-64 (1968)(ANSI Z l l .  131-1964 (R1971)) 
D 664-58 (1968)(ANSI Zl 1.59-1958 (R1971 ))
D 97-66 (1971 XANSI Zl 1.5-1966 (R1972))
D 924-65 (1969)(ANSI C69.22-1967 (R1973))
D 150-70
D 1807-64 (1969MANSI C59.105-1970)
D 1169-64 (1969)(ANSI C59.51-1965 (R1969)) 
D 1701-69
D 1810-63 (1970) (ANSI C59.68-3965 (R1969)) 
D 88-56 (1968)(ANSI Z l l . 2-1956 (R1971 ))
D 445-72 (ANSI Z l l . 107 1973)
D 1702-66 (1971 )(ANSI C59.104-1970)
D 1808-63 (1969XANSI C59.67-1965 (R1969)) 
D 1533-61 (1969)(ANSI C59.33-1963 (R1969))

paratus and application, high power factor 
due to contamination other than moisture sel­
dom impairs the serviceability of the askarel. 
However, the high power factor may influence 
the transformer winding power factor.

(8) Refractive Index. Refractive index is de­
fined as the ratio of the velocity of light in air 
to its velocity in the substance under pre­
scribed conditions. The refractive index of 
askarel varies with its composition and with 
the nature and amount of contaminants held 
in solution. Changes of refractive index of ask­
arel in service may be useful in estimating 
compositional change and degree of soluble 
contamination.

(9) Resistivity (Specific Resistance). Vol­
ume resistivity (specific resistance), in ohm- 
centimeters, of askarel is the ratio of the dc 
potential gradient in volts per centimeter par­
alleling the current flow within the sample to 
the current density in amperes per square cen­
timeter at a given instant of time and under 
prescribed conditions. The resistivity of ask­
arel is a measure of its electrical insulating 
properties. High resistivity normally reflects 
low content of free ions and ion-forming parti­
cles and indicates a low concentration of con­
ductive contaminants.

(10) Scavenger Content. Askarels are de­
composed by an electric arc with the evolution 
of hydrogen chloride gas. A scavenger, which 
reacts chemically with dissolved hydrogen 
chloride gas to form a nonvolatile reaction

product, may be added to an askarel and 
serves a useful function in improved preserva­
tion of the submerged portion of the ap­
paratus should an arc occur. Measurement of 
scavenger content indicates the amount of 
protection available against dissolved arc- 
formed gases and permits estimation of the 
amount of makeup additive required.

(11) Specific Gravity (Relative Density).
The specific gravity (relative density) of an 
askarel is the ratio of the weights of equal vol­
umes of askarel and water at 15.56° C. Specif­
ic gravity (relative density) may be useful for 
type identification or to determine marked 
compositional changes.

(12) Viscosity. The viscosity of an askarel is 
its resistance to uniformly continuous flow, 
without turbulence, inertia, or other forces, 
and is usually determined by measuring the 
time of flow of a given quantity of liquid under 
controlled conditions. Viscosity of askarels 
varies with temperature, and for that reason 
is always designated at a specified temper­
ature.

Viscosity is a controlling factor in the dis­
sipation of heat by convection in insulating 
and cooling liquids. This is particularly im­
portant in transformers and other apparatus 
where heat generated in windings and cores 
must be largely removed by transmission 
through the liquid to a heat exchanger or the 
containing case. It is also a factor in the rate 
of impregnation of certain apparatus.
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(13) Visual Examination of Service-Aged 
Askarels in the Field. This method provides 
for field examination of service-aged askarels. 
sampled from equipment in service, chiefly for 
the purpose of determining whether labora­
tory tests are required. This method may be of 
significance in visually detecting cloudiness 
which is an indication of the presence of mois­
ture. carbon particles, which may show an 
arcing condition, or color which Í6 chiefly sig­
nificant as an indicator of contamination in 
askarels. No definite relationship has been eŝ  
tablished between color and the physical and 
electrical characteristics of the liquid. By the 
use of this method it may be possible to extend 
the period between routine laboratory tests.

(14) Volume of Oil in Oil-Contaminated 
Askarel. The quantitative determination of 
the volume of oil in oil-contaminated askarel 
is important as a check on the degree of con­
tamination and as a means of ascertaining 
when the nonflammable property of this fluid 
has been impaired to such an extent that it 
can no longer be classified as a nonflammable 
liquid.

(15) Water Content. The water content is 
that amount of water, expressed in parts per 
million by weight, which is present in the liq­
uid. The test is significant in that it will show 
the presence of water which may not be evi­
dent from electrical tests. Changes in water 
content of askarel in service may be indicative 
of undesirable operating conditions requiring 
correction.

8. Testing Procedures

The testing of askarels is best accomplished 
in adequately equipped laboratories. How­
ever, some find it advantageous to make field 
screening tests.
8.1 Field Screening. Field screening tests are 
usually made to determine which samples of 
askarel may require laboratory investigation. 
Since most tests of askarel can be done best 
with laboratory equipment and trained per­
sonnel, field tests are usually limited to visual 
inspection and dielectric breakdown voltage.

No standardized procedure is available at 
the present time for performing field tests on 
service-aged askarel or for classification. Port­
able dielectric test sets have been available for

some time and have proved satisfactory. In 
addition to the preceding tests, some oper­
ators with suitable field equipment and 
trained personnel may wish to gain additional 
information by use of a power factor test. In 
interpreting results of these tests, consid­
eration must be given to other characteristics 
of the askarel.
8.2 Laboratory Screening. Askarel requiring 
laboratory evaluation will vary widely in con­
dition, depending upon the degree of con­
tamination. There are many tests of a re­
search nature which could be applied, but the 
general use of such tests would be impractical. 
The following tests, therefore, are believed to 
be adequate for classifying service-aged ask­
arel:

(1) Dielectric breakdown voltage
(2) Inorganic chlorides
(3) Neutralization number x
(4) Power factor or resistivity (specific re­

sistance)
(5) Specific gravity (relative density)
(6) Visual condition and color
(7) Water content

9. Reconditioning and Reclaiming 
Service-Aged Askarel

0.1 General. Askarel does not oxidize, sludge, 
or decompose in normal transformer use. It 
will break down when subjected to an elec­
trical arc. If the arc exposure has been of long 
duration, it is usually best to discard the fluid.

However, when arc exposure has been rela­
tively mild or if the askarel is merely con­
taminated with moisture and other con­
ducting impurities, restoration is practical. 
An exception is the lack of a practical method 
for removing mineral oil from askarel. Askarel 
contaminated with over 2 percent by volume 
of transformer mineral oil may no longer be 
classified as a nonflammable liquid.
9.2 Treatment After Exposure to an Arc. 
When askarel is exposed to arcing, hydrogen 
chloride gas is liberated. Some hydrogen chlo­
ride will remain dissolved in the askarel and 
must be removed as quickly as possible.

This is done by bubbling about 220 ft3 (6.23 
m3) (1 cylinder) of dry nitrogen through each 
100 gal (3.785 m3) of askarel. The nitrogen
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should be admitted at the bottom of the tank 
or container vented sufficiently to allow the 
nitrogen to escape, while preventing entrance 
of moisture. This procedure for removing 
hydrogen chloride is recommended even 
though the askarel contains a hydrogen chlo­
ride scavenger.

9.3 Filtering Through Dry Blotter Paper to 
Remove Moisture and Extraneous Particles.
Since undissolved moisture will be at the sur­
face of the askarel, any simple means should 
be used to drain or siphon off excess water.

The final drying is done by circulating the 
askarel through dry blotter paper. The askarel 
temperature should not exceed 60 °C. Several 
passes through multiple layers of freshly dried 
paper may be required. Filtering should not be 
done when the relative humidity exceeds 75 
percent.

The filter paper must be dried immediately 
before use. For best results, the paper is spread 
for maximum surface exposure in a hot air cir­
culating oven and heated for 4 to 6 h at 
110°C.

After filtration the dielectric breakdown 
voltage of the askarel should be at least 35 kV.

9.4 Fuller’s Earth Treatment for Maximum 
Improvement of Power Factor and Volume Re­
sistivity. The askarel should be relatively dry 
prior to final refinement with conditioned 
fuller's earth.

Most operators prefer a portable fuller's 
earth refining apparatus such as a plate press 
or an earthen cartridge type filter. As this ap­
paratus involves recirculation, the askarel 
should be removed from the top of the tank 
and returned at the bottom, because free mois­
ture and most of the other undissolved con­
taminants will be found near the surface of 
the askarel. Since these recirculating proce­
dures can introduce air into the askarel, suf­
ficient time (at least 4 h and preferably over 
night) should be allowed for the air to escape 
before re-energizing the apparatus.

When a filter press is used, the plates are fit­
ted with dry filter paper. This is coated with 
0.1 to 0.2 percent by weight of dried fuller's 
earth based on the weight of askarel to be 
treated. (Askarel weighs nearly 13 pounds per 
U. S. gallon, 1556 kg/m\) The finely divided 
clay should be activated and dried to not over 
1 percent of moisture by heating for 12 h in

TRANSFORMER ASKAREL IN EQUIPMENT

shallow trays at about 200* C, immediately 
prior to use.

To deposit the fuller's earth evenly, about 
one-third of the total quantity is stirred into a 
small portion of the askarel in a clean con­
tainer. This mixture is pumped through the 
filter, then followed with two more one-third 
portions. Then the askarel is pumped from 
the top level of the tank, through the filter, 
and returned to the tank at the bottom. It is 
desirable that the askarel temperature not ex­
ceed 60 °C during the filtering operation.

Circulation is continued until the fluid is 
clear and tests show that the electrical proper­
ties are fully restored.
9.5 Addition of Scavengers. Only slight loss 
(by selective absorption) of the hydrogen chlo­
ride scavengers occurs when askarel is refined 
by treatment with 0.2 percent by weight of 
fuller'8 earth at a temperature not above 
60 °C. Significant removal of the additives 
can result from treatment with much larger 
amounts of fuller's earth.

Initially 0.1 to 0.2 percent by weight of 
scavenger, usually an epoxide, is incorporated 
in modern transformer askarel. Inquiries 
about replenishing the additive should be di­
rected to the transformer manufacturer, or to 
the supplier of the fluid.

IEEE Sid
7 6 1 9 7 4

10. Handling Materials

All common metals are satisfactory for use 
with askarel in dry environments. To avoid 
rust, it is preferable to use stainless steel or 
aluminum for filter presses or equipment used 
intermittently or in the presence of moisture.

Because stainless-steel piping may be diffi­
cult to fabricate, the use of aluminum or gal­
vanized steel is more common.

Pipe connections should be welded wherev­
er possible. Flanged connections are very good 
when fitted with a sufficient number of bolts 
to hold the gasket seal securely.

Where readily removable connections are 
needed, deep pipe threads should be cut and 
wrapped with tetrafluoroethylene tape2 to 
make the seal.

>Such as Teflon.
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In addition to tetrafluoroethylene, other 
materials completely compatible with askarel 
and suitable for gaskets are certain elasto­
mers 1 and stainless-steel rings with an accept­
able elastomer4 between the steel laminations. 
Silicone elastomer does not have good abra­
sive resistance and it is not suitable for use 
with mineral oil. Fluoroelastomers ‘ have rela­
tively good abrasion resistance and are resist­
ant to both askarel and mineral oil.
If a fine-grain cork-nitrile rubber-com­

position gasket is used, it is desirable to coat 
the exterior of the seal with room-temperature 
curing epoxy cement or R T V  silicone cement.
Well-cured or dried adhesive cements of de­

waxed orange shellac, dextrine glue, polyvinyl 
alcohol acetate,H phenolic or epoxy, are rela­
tively noncontaminating to askarel.
Suitable hoses arc those of the flexible metal 

type, or those in which only tetrafluoroethy­
lene *' or silicone polymers are in contact with 
the askarel.
The preferred valves are those in which only 

stainless steel is in contact with the askarel. 
Where required, the stainless-steel valve may 
be seated with tetrafluoroethylene.“ Also brass 
valves are acceptable.
Asbestos graphite packing7 is suitable valve 

stem packing.
Centrifugal pumps suitable for handling hot 

oil are the recommended type. Gear type 
pumps are not desirable. All wetted surfaces of 
the pump should be of stainless steel. The 
shaft seal should be the external mechanical 
(carbon ring) type to eliminate packing mate­
rial and its exposure to askarel. All askarel 
handling equipment should be reserved solely 
for use with askarel, and should not be used 
interchangeably with mineral oil.

11. Askarel Used Under Mild Arcing 
Conditions

Askarel is used, to some extent, in ap­
paratus where it is subjected to light, inter­
mittent arcing, such as in self-contained in-

’Such a» Viion and Silastic.
'Such as Viton. T eflon, or silicone.
‘Such as Viton.
"Such as Elvanol.
’Such as number 117 braided Garlock type, or Ray- 

bestos M anhattan type 365-C.

duction regulators, where operating switches 
are continually producing slight arcs, in 
transformer de-energizing switches, etc. Un ­
der normal operating conditions, deteriora­
tion of the askarel is very slight. However, im­
properly adjusted or defective switches in this 
type of apparatus can produce excessive and 
prolonged arcing and accelerated deteriora­
tion of the askarel. It is recommended that 
when askarel is used under these conditions, 
checks of the liquid, especially for moisture 
and dielectric strength, be made more fre­
quently than when it is used only as a cooling 
and insulating fluid. Deterioration of this 
type is indicated by a blackening of the liquid. 
It can usually be reconditioned as previously 
described. Special attention should be given to 
maintaining the scavenger at the appropriate 
concentration.

12. Askarel Under Excessive Temper­
ature or Fault Conditions

Chlorobenzenes used in transformer ask- 
arels begin to boil at temperatures of about 
205°C under atmospheric conditions. If the 
material is heated to such high temperature in 
a sealed system, pressure develops. Pressure 
will also develop in the system if the askarel is 
arced sufficiently to generate copious hydro­
gen chloride gas.
Therefore, it is recommended that wherever 

possible, sealed askarel-filled equipment be 
provided with pressure relief devices. These 
devices must be large enough to provide imme­
diate relief at a definite pressure, and to pre­
vent further buildup of pressure if decomposi­
tion continues. It must be remembered that 
the presence of devices of this sort does not 
necessarily preclude the rupturing of con­
taining vessels, since pressure buildup can be 
extremely rapid under violent arcing condi­
tions.

13. Recommended Handling 
Precautions

It is generally accepted that the exposure to 
askarel is not hazardous, provided simple pre­
cautions are taken. Most people can handle 
askarel in the same manner as insulating oil 
without fear of adverse effects. Some people

NÉV
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are allergic to askarel. and continued exposure 
may result in skin irritation. Therefore, direct 
contact with askarel and its vapors, particu­
larly when hot, should be avoided. This, com­
bined with personal cleanliness, should con­
stitute an adequate safeguard against harmful 
effects. Eye protection (glasses, shields, etc) 
are required. The use of any type glove should 
be avoided. Medicinal washes or detergents 
followed by an application of cold cream or sil­
icone-bearing hand lotions8 have been suĉ  
cessfully used to eliminate irritation resulting 
from askarel coming into contact with an 
open cut or skin abrasion. A drop of castor oil 
has been found to neutralize, in most cases, ir­
ritation caused by contact of askarel with the 
eyes.

Exposure to concentrated askarel vapors 
should be avoided, particularly in closed lin- 
ventilated rooms. As with many volatile liq­
uids, the vaporization of askarel increases rap­
idly with temperature. Therefore, ventilation 
which is adequate for handling askarel at 
room temperature may not be adequate for 
handling askarel at elevated temperatures. 
The gases produced when askarel is de­
composed by very high temperatures or an 
electric arc in the presence of air or organic in­
sulating materials contain a high percentage 
of hydrogen chloride and small percentages of 
carbon dioxide, carbon monoxide, and oxygen. 
Very small concentrations of this com­
bination of gases are very unpleasant and irri­
tating, thus giving ample warning of their 
presence. The all-purpose canister-type gas 
masks are suitable for protection from gases 
liberated from decomposed askarel.

TRANSFORMER ASKAREL IN EQUIPMENT

14. Storage, Handling, and Disposal

Transformer askarel can be handled in 
about the same manner as transformer miner­
al oil.
14.1 Drums. The askarel drum is made of 
steel lined with a specially selected material 
properly cured. Galvanized drums may also be 
used.

•SucIi as Silicarr.

Askarel must be kept dry. It can pick up 
moisture from contact with humid air. Drums 
of askarel should not be stored outdoors in an 
upright position, as water can collect in the 
dish of the drum head and can be drawn into 
the drum under certain conditions. Drums 
should be stored on their sides with the bungs 
downward and under cover. It is preferable to 
store drums indoors.
Askarel should not be transferred into 

drums that have previously contained other 
materials.
14.2 Tank Cars. Tank cars are solid alumi­
num, or steel lined with aluminum, or a zinc- 
tin coating.

It is desirable to provide canopies for un­
loading askarel cars. The car should not be 
opened in the rain or snow. It is desirable to 
not open the car if the relative humidity ex­
ceeds 75 percent. Precautions must always be 
taken to exclude dirt.
14.3 Sampling. See Section 6 for a discussion 
of sampling.

14.4 Effect of Light Exposure. Prolonged ex­
posure to ultraviolet light (sunlight, some flu­
orescent lights) should be avoided. Askarel 
can decompose under such conditions. 
Sample bottles are preferably of the amber 
glass type.
14.5 Disposal. Methods for disposal are given 
in Draft American National Standard, Guide­
lines for Handling and Disposal of Capacitor 
and Transformer-Grade Askarels Containing 
Polychlorinated Biphenyls, C l07.1.

IEEE Std
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15« Underwriters9 Laboratories 
Reports

The Underwriters’ Laboratories have ex­
haustively examined, at the electrical manu­
facturers’ requests, the miscellaneous hazards 
involved in the use of askarel and askarel- 
filled apparatus. Reports have been issued to 
the respective manufacturers covering the 
trade-named askarels being considered. It is 
suggested that interested users of transformer 
askarel contact the manufacturers for this in­
formation.
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Appendix
Results of Survey of United States and Canadian Users 

of Transformer Askarel
(Thin appendix is not a pari of IEEE Sid 76-1974, IEEE Guide for Acceptance and Maintenance of Transformer 
Askarel in Equipment.)

A l. General

This survey of the United States and Can­
adian users of askarels was made in 1966 in or­
der to show the practices followed in testing, 
reconditioning, and reclaiming of askarels. Of 
the 96 inquiries sent out, 50 replies were re­
ceived with usable information, which is a 52 
percent return. All of the following data are 
shown as a percentage of those returning the 
questionnaires and. it should be pointed out 
that this includes information from both 
manufacturers as well as users and no attempt 
has been made to classify them according to 
the size of the systems involved.

Of the users of askarels who returned the 
questionnaire, 32 percent make only field 
tests; 32 percent make only laboratory tests; 
24 percent make both field and laboratory 
tests; and 12 percent make no tests at all on 
askarels. Most all make tests at a fixed time 
interval and the largest group follow a yearly 
schedule. Of those users returning the ques­
tionnaire, 67 percent recondition askarel, 
which is below acceptable limits, and the mo6t 
popular method employs the combination 
fuller's earth and blotter press.

This survey was made purposely to deter­
mine the types of tests being made by askarel 
users and to give an indication of acceptable 
limits. The following data are the overall re­
sults of the questionnaire.

A 1.1 Field Tests for Askarel. Of askarel users, 
56 percent do some type of field testing. Of 
these, 93 percent make a test for dielectric 
breakdown voltage.

At least two field tests are made by 57 per­
cent as follows:

(1) Dielectric breakdown voltage
(2) Visual examination and color
Other tests used in decreasing order of fre­

quency are power factor, neutralization num­
ber, and moisture.

A1.2 Laboratory Testing for Askarel. Of ask­
arel users, 56 percent make an average of four 
tests in their laboratories on samples. Of 
these, 93 percent determine the dielectric 
breakdown voltage.

At least four tests are made by 64 percent as 
follows:
(1) Dielectric breakdown voltage
(2) Color and condition
(3) Neutralization number
(4) Moisture content
(5) Power factor
Other tests used in decreasing order of fre­

quency are inorganic chlorides, resistivity 
(specific resistance), and specific gravity (rela­
tive density).
A1.3 Askarel in New Equipment. Of the users, 
80 percent test the dielectric breakdown volt­
age of askarel in new equipment. Also tested 
by 22 percent are the following:
(1) Power factor
(2) Moisture
Other tests used in decreasing order of fre­

quency are neutralization number, inorganic 
chlorides, and resistivity (specific resistance).

A2. Testing

Most reporting companies test used askarels 
and approximately .

(1) 32 percent use only field tests
(2) 32 percent use only laboratory tests
(3) 24 percent use both field and laboratory 

tests
(4) 12 percent do not test
The relative importance of the field tests are 

as follows:
(1) 93 percent dielectric breakdown voltage
(2) 40 percent color and visual examination
(3) 14 percent power factor
(4) 11 percent neutralization number

NEV 024385
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The average limitB on service-aged samples 
are as follows:
• (1) Dielectric breakdown voltage: average 
27 kV, range 20 to 35 kV

(2) Power factor: average 10 percent, range 
2 to 40 percent

(3) Neutralization number: average 0.12, 
range 0.05 to 0.5.

(4) Inorganic chlorides: average 0.5, range 
0.01 to 2.0

(5) Moisture: average 45 parts per million, 
range 40 to 55 parts per million.

The average limits on askarel in new equip­
ment are as follows:

(1) Dielectric breakdown voltage: average 
30 kV, range 22.5 to 35 kV

(2) Power factor: average 3 percent, range 
0.05 to 5 percent.

(3) Moisture: average 32.5 parts per million, 
range 20 to 50 parts per million

A3. Reconditioning

Of the users of askarel returning the ques­
tionnaire. 67 percent recondition askarel from 
transformers:

(1) 73.5 percent prefer the cocnbinstion full­
er's earth-blotter press

(2) 17.5 percent use only the blotter press
(3) 9 percent use only fuller s earth
The average limits on reconditioned ask- 

arels, are as follows;
(1) Dielectric breakdown voltage: average 

29 kV, range 23 to 35 kV
(2) Power factor: average 3.5 percent, range 

2 to 15 percent
(3) Neutralization number: average 0.10, 

range 0.01 to 0.5
(4) Moisture: average 35 parts per million, 

range 30 to 50 parts per million

A4. Frequency of Testing

The frequency of testing practiced by ask­
arel users is as follows:

(1) 53 percent test every year
(2) 17.5 percent test every 5 years
(3) 17.5 percent test when there is a reason 

for testing
(4) 9 percent test every 2 years
(5) 3 percent test every 6 months
Most users test all askarel units at the same 

interval regardless of rating.
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