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FOREWORD 

Current Intel I igence Bui let ins (CIB's) are reports issued by the National 
Institute for Occupational Safety and Health (NIOSH), Centers for Disease 
Control, Atlanta, Georgia, for the purpose of disseminating new scienti fie 
information about occupational hazards. A CIB may draw attention to a 
hazard previously unrecognized or may report new data suggesting that a 
known hazard is either more or less dangerous than was previously thought. 

CIB's ara prepared by the staif of the Division of Standards Development and 
Technology Transfer, NIOSH (Robert A. Taft Laboratories, 4676 Columbia 
Parkway, Cincinnati, Ohio 45226) and are distributed to representatives of 
organized labor, industry, public health agencies, academia, and public 
interest groups a~ well as to those federal agencies, such as the Department 
of Labor, which have responsibi I ities for protecting the health of workers. 
It is our ir.te11tion that anyone with the need to know should have ready 
access to the information contained in these documents; we welcome 
suggestions concerning their content, style, and distribution. 

Because of the recent attention given to human exposure to polychlorinated 
biphenyls (PCB's), polychlorinated dibenzofurans (PCDF's), polychlorinated 
c:iibenzo-Q-dioxins (PCDD's), and related compounds resulting from electr;cal 
equipment fires o, failures, we think it necessary to present a review of 
the pertinent data and a slEU'llary of findings related to the potential human 
heal th hazards c:;f these compounds. Because the vo I umi nous Ii terature on 
PCB's, PCOF's, and PCOD's has been compressed in this bulletin, it is 
sugg!ested that readers wanting additional detai Is of the reported studies 
consult the appended references. 

~-
\. 

. : ii 
··.: i}, Donald Millar, !,I.D., D .. P.H. (Lond.) 

, Assistant Surgeon General 
~ Director, National Institute for 

Occupational Safety and Health 
Centers for Disease Control 

iii 



CURRENT INTELLIGENCE B~lLETIN #45 

POLYCHLORINATED BIPHcNYLS (PCB's): POTENTIAL HEALTH 
HAZARDS FROM ELECTRICAL EQUIPMENT FIRES OR FAILURES 

FEBRUARY 24, 1986 

ABSTRACT 

Numerous fire-rel2ted incidents involving electrical equipment containir.g 
polychlorinated biphenyls (PCB's) have r,7)sulted in widespread contamination 
of buildings with PCB's and, in some cases, with polychlorinated 
dibenzofurans (PCDF's) and polychlorinated dibenzo-2_-dioxins (PCDD's), 
including 2,3,7,8-tetrachlorodi~enzo-2-dioxin (TCDD). Emergency response 
personnel, maintenance or cleanup workers, or building occupants may be 
exposed to the compounds by inhalation, ingestion, or skin contact. 

In experimental animal studies, exposure to PCB's, PCDF's, or PCDD's has 
resulted in various eifects, including decreased body weights, hepatic 
lesions, thymic atrophy, and adverse reproductive effects, at a wide range 
of exposure concentrations. In addition, PCB's and TCDD have been shown to 
be carcinogenic in rats and mice. Humans exposed to PCB's, PCDF's, or 
PCDD's have developed chloracne, gastrointestinal disturbances, elr.vated 
serum enzyme and triglyceride levels, and numbness of the extremities. 
Epidemiologic studies of humans exposed to PCB's or PCD0'$ including TCDD 
are suggestive of an association between exposure to these compounds and 
increased incidences of cancer. 

Based on existing evidence, the National Institute for Occupational Safety 
and Health (NIOSH) continues to recommend that PCB's and TCDD be regarded as 
potential human carcinogens in the 1iorkplace. Existing evidence also 
suggests that PCDF's may pose a risk to human health. Therefore, NIOSH 
recommends that occupational exposure to PCB's, PCDF's, and PCDD's resulting 
from electrical equipment fires or failures be control led to the lowest 
feasi/Jle limit, and that workers involved in decontamination activities use 
all necessary protective measures to prevent exposure. 
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BACKGROUND 

Physical and Chemical Properties of Polychlorinated Bipnenyls (PCB's) 

Polychlorinated biphenyls (PCB's)"' comprise a class of nonpolar chlorinated 
hydrocarbons with a bi phenyl nucleus in which any or al I of the hydrogen 
atoms have been replaced by chlorine [1]. Commercial PCB's are mixtures of 
isomers of chlorinated biphenyls exhibiting varying degrees of 
chlorination. Although there are 209 possible positional chlorobiphenyl 
isom!l!rs, only 100 individual isomers are likely to occur at significant 
concentrations in commercial PCB mixtures [2]. 

In pure form, the individua.1 chlorobiphenyl isomers are colorless crystals, 
but the commercial mixtures are liquid due to depression of the melting 
points through interaction of the individual isomers [3]. The physical and 
chemical properties of the individual isomers vary widely according to the 
degree and to the pos i tr on of ch Io r i nation. The PCB compounds have I ow 
so!ubi Ii ties in water (0.007 to 5.9 milligrams per liter) [3] and low vapor 
pressures (10-6 to 10-3 mi 11 imeters of mercury at 20°C) [1]. PCB's are 
soluble in most of the common organic solvents, oils, and fats. The 
compounds are stable to acids and alkali and are resistant to oxidation but 
are subject to photodechlorination when exposed to sunlight (spectral region 
above 290 nanometers) [11. 

Use of PCB's in Electrical Equipment 

Commercial products containing PCB's were widely distributed between 1957 
and 1977, when large quantities of PCB's were manufactured in the United 
States and marketed under the trade name Aroclore. The P.roclor products 
were designated by numbers such as 1221, 1242, 1248, 1254, and 1260, with 
the last two digits representing the approximate percent by weight of 
chlorine in the mixtures. Aroclor 1016, however, contained 41% chlorine [1]. 

Properties of PCB's such as thermal stability, nonflammability, and 
dielectric capability resulted in their use in electrical capacitors and 
transformers. Electrical capacitors (smal I and large) contained nearly 100% 
PCB's [4]. Small capacitors containing 0.1-0.6 pound of PCB's were commonly 
,.sed in household appliances such as television sets, a.i r conditioners, and 
fluorescent I ight fixtures, and have been estimated to have service I ives 
of at least 10 years [5]. Based on Environmental Protect ion Agency (EPA) 
estimates that 10% of the small PCB capacitors (<3 pounds of dielectric 
fluid) are removed from service annually [4], approximately 350 million of 

*Abbreviations used for chemical compounds are: 
PCB -- polychlorinated biphenyl 
PCDF -- polychlorinated dibenzofuran 
PCDD -- polychlorinated dibenzo-2-dioxin 
TCDF -- 2,3,7,8-tetrachlorodibenzofuran 
TCDD 2,3,7,8-tetrachlorodibenzo-Q-dioxin 
CDF chlorodibenzofuran 
CDD -- chlorodibenzo-2-dioxin 

2 



the capacitors were still in use in 1984. Large capacitors, with a PCB 
content of more than 3 pounds, have been used in electrical substations, 
within buildings, and on utility poles. The latest available information 
indicates that there were approximately 3.3 mi 11 ion large PCB ciapacitors ir, 
service in 1981 [4]. 

In transformers containing PCB's, the dielectric fluid generally consists of 
60-70% PCB's [4] and up to 40% chlorinated benzenes [6]. Trade. names of PCB 
askarels (the generic term used to refer to a broad class of nonflammable, 
synthetic, chlorinated hydrocarbon insulating liquids) formulated in the 
United States include Pyranol®, lnerteen®, and Noflamol® [7]. The volume of 
fluid in transformers ranges from 40 to 1,500 gal Ions [8]. PCB transformers 
have been used mainly in or near buildings where the proximity of electrical 
equipment to people and/or property warranted the use of a fire-resistant 
dielectric fluid. According to EPA estimates, at the end of 1984 there were 
approximately 107,000 PCB transformers in use or in storage for reuse [9), 
including approximately 77,600 PCB transformers used in or near commercial 
bui !dings (e.g., office buildings, shopping centers, hospitals, and schools) 
(10]. 

In 1976, the United States Congress enacted the Toxic Substances Control Act 
(TSCA) (Public Law 94-469), which gave the EPA authority to control the 
production and use of chemicals in the United States. Under Section 6(e) of 
TSCA the manufacture, processing, distribution in commerce, and use of PCB's 
after January 1, 1978,.was prohibited; however, the EPA may, by rule, allow a 
particular use of PCB's to continue. In 1982, the EPA issued a final rule 
on the use of PCB's in electrical equipment. This rule permits the use of 
certain electrical equipment containing PCB's (e.g., small capacitors, large 

1capacitors, and transformers) to continue under specified conditions for 
their remaining useful service lives [4]. In 1985, the EPA issued a final 
rule on the use of PCB's in e!ectrical transformers. The use of high 
secondary voltage network PCB transformers in or near commercial buildings 
(approximately 7 ,400 transformers) after October 1, 1990, is p roh i bi ted. 
Low 'secondary voltage network and high secondary vo I tage radial PCB 
trans formers in or near commercial buildings (approximately 70,200 
transformers) must be equipped with enhanced electrical protection devices 
by October 1, 1990, to avoid overheating from sustained electrical faults 
[10]. 

Potential for Exposure to PCB's and Related Comp('~unds Fol lowing Electrical 
Eguipment Fire or Failure 

Fire-related incidents are defined as incidents involving electrical 
equipmen1 containing PCB' s in which sufficient heat from any source causes 
the release of PCB's from the equipment casing. In soot-producing incidents 
an actual fire occtus in or near the PCB-containing electrical equipment 
eventually resulting in exposure of the PCB's to extremely high temperatures 
and in the formation ancl distribution of a black, carbonaceous material. 
PCB's have been identified in soot following numerous electrical equipment 
fir~s [11-17}. Polychlorinated dibenzofurans (PCDF's) [11-15,17-20] and 
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polychlorinated dibenzo-Q-dioxins (PCDD's) [12-15,17-20] have also been 
identified fol lowing this type of fire-related incident. Laboratory studies 
have confirmed that PCDF's and PCDD's are formed from the pyrolysis of PCB's 
[21-24] or chlorobenzenes [25] at temperatures ranging from 500° to 700°C 
(932° to 1292°F). 

In addition to PCDD's and PCDF's, other polychlorinated hydrocarbons have 
been identified in soot from electrical equipment fires. Polychlorinated 
biphenylenes [13,26], polychlorinated pyrenes [26]. and polychlorinated 
diphenyl ethers (18) have been detected in soot samples collected fol lowing 
caphcitor or transformer fires. 

Fire-related incidents in which soot is not produced have occurred from the 
release of PCB's through the pressure relief valves of overheated 
transformers [27-31]. The pressurized release of hot PCB vapors can entrain 
considerable quantities of liquid PCB's forming a fine aerosol. Documented 
safety valve releases of PCB's from transformers demonstrate that the 
aerosol can be distributed to areas beyond the transformer vault by 
convective air currents [27,28,30,31]. Although PCB's manufactur~,j in the 
United States contained up to 2 micrograms of PCDF's per gram of PCB's 
(µg/g) [32], recent evidence indicates that additional PCOF's may be 
formed as a result of the sustained high temperatures in non-soot-producing 
incidents [31]. 

Ai r, soot, arid su rfaco va I ues 
chlorodibenzofuran (TCDF), and 
measured fol lowing fire-related 
in Table 1. 

for PCB's, PCDF'3, PCDD's, 2,3,7,8-tetra-
2,3,7,8-tetrachlorodibenzo-Q-dioxin (TCDD) 

incidents ir: the United States are presented 

An example of each type of fire-related incident involving PCB transformers 
is described in the Appendix. 

Exposur-e Limits 

The Occupational Safety and Health Administration (OSHA) promulgated its 
permissible exposure l:mits (PEL) of 1 milligram per cubic meter of air 
(mg/m3) for chlorodiphenyl products containing 42% chlorine and 
0.5 ,ng/m3 for chlorodiphenyl products containing 54% chlorine determined 
as B-hour time-weighted average (TWA) concentrations [35] based on the 1968 
Threshold Limit Values (TLVs©) of the American Conference of Governmental 
Industrial Hygienists (ACGIH) r36]. The TLVs, which have remained unchanged 
at 1 mg/m3 (42%) and 0.5 mg/rn:3 (54%} through 1985 [37], are based on the 
prevention of I iver injury in exposed workers [38]. The ACGIH Short Term 
Exposure Limits (STEL) for chlorodiphenyls are 2 mg/m3 and 1 mg/m3 for 
42% and 54% chlorine products, respectively. The OSHA PEL and the ACGIH TLV 
and STEL values include a "Skin" notation which refers to the potential 
contribution to overal I exposure by the cutaneous route, including the 
mucous membranes and eyes, by either airborne or direct skin contact with 
PCB' s [37]. 
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TABLE 1. CONCENTRATIONS OF PCB's AND RELATED COMPOUNDS FOLLOWING FIRE-RELATED INCIDENTS IN,THE UNITED STATEsa 

AIR SOOT SUIUACE 
HECT SAMPLING (Pg/m31b (Pg/9) ( Pg/I OOc112) c 

DATE LOCATION EQUIP DATE .!.CL_ ecn ItDf PCQE JCDQ PCDQ ece TCD[ ru,r JCPP PCDQ RH 

WES. 

12180 Cincfonati, OH Cap 03/81 NDd - - - - - 7,200 ND ND ND ND 33 

02181 Bingha11lon, NY Tran 02/81 80 200,000 12 2,160 0.6 19,9 - - - - - 13 

10/81 Boston, HA Tran 12/81 - 114,000 3 162 ND ND - - - - - 11 

04/82 Hhmi, rL Tran 04/82 - - ti) 1.89 HO ND 860 -- -- - - 18 

04/82 Tulsa, OK Tran 04/85 0.5 II 0.007 0.11 ND 0.16 1,100 e.s• 81.6e NO l,408e IS 

06/82 Jersey City, NJ Caps - 2.3 - - - - - 22 ND 0.14 HD 0.09 20 

OS/B3 San Francisco, CA Tran OS/Bl 1,500 86,000 6,3 28.9f o.os9 0,32f - 29° 101.s" - -- 17 

09/B3 Chicago, IL Tr-an 09/83 58 39,100 - - - ·- 3,263 0.41 12.2 ND 0.05 12 

12183 Tulsa, OK Tran 01/84 - - - - - - 1.607 - - - - 34 

(JI 03/04 Columbus, DH Caps 04/84 - 6,41S 3,2 46,4 0,016 4, 1 - - - - 19 

05/84 Hiani, rL Tran 06/84 - 50,000 0.27 98.5 0.004 2.3 - - - - 14 

PRESSURIZED mm~s ELU IP !J!glgJ 

-/74 Wappingers Falls, IIV Tran 02/84 - -117,000 - 0.97 - ND 92 - - -- JO 

06/82 Washington, DC Tran 06/84 - - c,D14h c7.D2h HD c1.i 320,0DD Ill <11i ND ND 28 

06/82 Hap1ewood, HN Tran 06/82 90 - - ND - ND 5.000 - - - - 27 

12/83 Syracuse, N~ Tran 12/83 1,1 - - - - - 7,l 0,02; 0.17fi ND - 29 

06/85 Santa re, NH Tran 06/85 41.9 870,000 1,6 44.2 NO ND 280,000 0,41 3.9, ND o. 19 ll 

~ Values r•prasont th Mghasl me~suremants ·reported Nott: Cap = Capar.i tor 
Hicrograms per cubic meter(Pg/m I Caps = Capacitors 

~ Hlcrorams per 100 square ctnllmeters (l'g/100 cm2) Tran = Transformer 
None etecled, Ill 1 Values expressed as nanograms per square meter (ng/.,ZJ 
Values represent total lelrachlorinaled forms only 

~ Values represent results obtained in lhe presence of Interfering chemicals 
1 Values reported as ~g per wipe sample (area undefined) 



The National Institute for Occupational Safety and Health {NIOSH) recommends 
that exposure to PCB's in the workplace be limited at or below the minimum 
reliable detectable concentration of 1 µg/m3 (using the recommended 
samplin9 and analytical methods) determined DS a TWA for up to a 10-hour 
workday, 40-hour workweek. The NIOSH recormiended exposure I imit (REL) was 
based on the findings of adverse reproductive effects in experimental 
animals, on the conclusion that PCB's are carcinogens in rats and mice and, 
therefore, potential human carcinogens in the workplace, and on the 
conclusion that human and animal studies have not demonstrated a level of 
exposure to PCB's that wi 11 not subject the worker to possible I iver injury 
[39). 

TOXICITY 

Effects of PCB's, PCDF's, and PCDD's 

In general, the toxic responses observed in animals treated with PCB's, 
PCDF's, or PCDD's are simi far, but the potencies of individual compounds 
vary according to the degree and position of chlorination. The tetra-, 
penta-, and hexa-chlorinated isomer groups exhibit greater toxicity than the 
other chlorinated forms [40-42]. Dibenzofuran and dibenzo-Q-diaxin 
compounds with chlorine at positions 2, 3, 7, and 8 are particularly toxic 
[43-45]. The lethal doses in mi 11 igrams per kilogram of body weight (mg/kg) 
for 50% (LD50) of the animals tested by the single oral administration of 
PCB's, TCDF, or TCDD in four animal species are presented in Table 2. 

TABLE 2. ACUTE ORAL TOXICITY OF PCB's, TCDF, AND reno 

Guinea pig 

Monkey 
Rat 
Mouse 

aNot reported, NR 

PCB's 

NA 
1,010 [49] 
1,900 [51] 

Single-Dose LD50 (mg/kg) 
TCDF 

).005 [46] 
(.010 [46] 
1.000 [46] 

)1.000 [50] 
)6.000 [50] 

TCDD 

.0006 

.002 
(.070 

.047 

. 114 

.284 

(47] 
[43] 
[48] 
[48] 
[52] 
[43] 

Mice, rats, guinea pigs, and moilkeys displayed progressive weight loss with 
death occurring up to several weeks after administration of a single lethal 
dose of PCB's, TCDF, or TCDD. Fev, other overt signs of toxicity were 
obsl:irved in mice, rats, and guinea pigs. Monkeys exhibited facial edema, 
loss of eyelashes and fingernai Is, and acneforn1 skin eruptions [46,48]. 
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Prominent histopathologic findings included: hepatic lesions in mice (43] 
and rats [53], hyperplasia o~ the urinary tract epithelial tissues and 
lymphoid hypoplasia in monkeys [46,481, and thy11ic atrophy in al I four 
an ima I species. 

Adverse reproductive effects in experimental animals have been observed in 
response to PCB's (rats, rabbits, monkeys, dogs, and pigs) [39], TCDD (mice 
and rats) [54], and TCDF (mice) [55,561. Rats and mice exposed to PCB's 
[39] or TCDD (54] have developed I iver cancers. No studies regarding the 
carcinogenicity of PCDF's in animals have been reported. 

Effects of Soot Containing PCB's, PCDF's, and PCDD's 

A composite sample of soot collected following a transformer fire in 
Binghamton, New York in 1981, contained 5,000 µ.g PCB's/g, 48 µg TCDF/g, 
and 1.2 µg TCDD/g. Single oral administration to guinea pigs of the soot 
in aqueous methyl cellulose or of a benzene extract of the soot in the same 
aqueous vehicle produced LD50 values of 410 and 327 mg/kg, respectively. 
Single oral administration of TCDD in aqueous methyl eel lulose or in corn 
oi I produced LD50 values of 19 and 2.5 µg/kg, respectively. Animals 
surviving for 42 days after administration of the soot showed dose-related 
evidence of decreased weight gain and kidney weight, thymic atrophy, 
increased serum triglycerides, goblet eel I hyperplasia of pancreatic 
interlobular ducts, and metaplasia of salivary gland interlobutar duct 
epithelium. In rabbits, dermal application of the saline-moistened soot or 
of a benzene extract of the soot at a dose comparable to 500 mg soot/kg body 
weight for 24 hours produced hypertrophy of centri lobular hepatocytes in 50% 
of the rabbits at the end of the 65-day observation period. No signs of 
overt toxicity were observed in the rabbits, except dermal inflanDlatory 
reactions noted in rabbits treated with the soot extract [57]. The der11al 
LD50 of TCDD in rabbits is 275 µ.g/kg [47],· while the dermal mini11um 
lethal dose of PCB's (as Aroclor 1260) is from 1.26 to 2.00 grams/kg [58]. · 
Because the measured amounts of TCDF and TCDD in the soot were low, other 
congeners may have contributed to the toxic effects observed in guinea pigs 
and rabbits [16,57]. 

In a subchronic toxicity study, the total soot contained in food that was 
consumed in 90 days by guinea pigs was 1.2, 22, 55, or 275 mg soot/kg body 
weight. A fifth group of guinea pigs was terminated after 32 days (total 
consumption of 400 mg soot/kg body weight) because morta Ii ty had reached 
35%. The intensities of the toxic responses were dose-related, but no signs 
of toxicity were detected in guinea pigs with a total consumption of 1.2 mg 
soot/kg body weight [59]. 

Hu~an Health Effects 

Severa I cases of ch Io racne, hyperpi gmen tat ion, gas t roi ntes ti na I 
disturbances, elevated serum enzyme and triglyceride levels, and nunbness of 
the extremities have been reported among people exposed to PCB's [39,60,61] 
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or PCDO's [54,62]. Comparative human and animal studies indicate that 
PCDF's were the main causative agents of similar symptoms reported in 
individuals who ingested cooking oi Is contaminated with PCB's and PCOF's 
(63]. 

There is suggestive evidence of associations between increased :ncidences of 
cancer and exposure to PCB's [64]. to PCB's containing significant PCDF's 
[65,66], and to phenoxyacetic herbicides contaminated with PCDD's including 
TCDD [67,68]. However, definite causal relationships between exposure and 
carcinogenic effects in humans remain unclear due to the inadequately 
defined populations studied and the influences of mixed exposures. 

The firefighters and other workers ir.volved in the Binghamton transformer 
fire cleanup have been fol lowed through a medical survei I lance program. 
Medical evaluation of these workers approximately one year after the ti re 
showed slight increases in serum PCB levels but no observable adverse health 
effects from this exposure [691. Selected workers from this study group 
have been found to have elevated adipose tissue levels of PCDF's and PCDD's 
[70] and associated histologic changes in the liver [71). rurther 
monitoring of this population is in progress. 

RECOMMENDATIONS 

There are several classification5 for identifying a substance as a 
carcinogen. Such classifications have been developed by the National 
Toxicology Program (NTP) [72], the International Agency for Research on 
Cancer (IARC) [73], and OSHA in its "Identification, Classification, and 
Regulation of Potential Occupational Carcinogens" 29 CFR 1990 [74]. also 
known as "The OSHA Cancer Pol icy." NIOSH considers the OSHA classification 
the most appropriate for use in identifying potential occupational 
carcinogens* [/4]. Because exposure to PCB's or TCDD has been shown to 
produce malignant tumors in rats and micP., they meet the OSHA criteria. 
Therefore, NIOSH continues to recommenJ that PCB's and TCDD be considered as 
potential human carcinogens in the workµlace. Limited evidence from animal 
and human studies suggests that PCDF's may also pose a risk to human 
health. As prudent public health policy, NIOSH recommends that occupational 
exposure to PCB's, PGDF's, and PCDD's resulting from electrical equipment 
fires or failure,,; be controlled to the lowest feasible limit. 

"'"'Potential occupational carcinogen' means any substance, or combination or 
mixture of substances, which causes an increased incidence of benign and/or 
malignant neoplasms, or a substantial decrease in the latency period between 
exposure and onset of neoplasms in humans or in one or more experimental 
mammalian species as the result of any oral, respiratory or dermal exposure, 
or any other exposure which results in the induction of tumors at a site 
other than the :;ite of administration. This definition also includes any 
substance which is metaboliLed into one or more potential occupational 
ca re i nogens by mamma Is" (29 CFR 1990. 103). 
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As a result of fire-related incidents involving PCB-containing electrical 
equipment, emergency response personnel, maintenance and cleanup workers, 
and building occupants may be at risk of exposure to PCB 1 s, PCDF's, and 
PCDD's. The. following recommendations are intended to minimize worker 
exposure to these compounds and reflect experiences NIOSH personnel and 
others have gained in responding to such incidents. These recommendations. 
focus primarily on PCB transformer Iires, although many of the 
recommendations apply to other types of hre-related incidents involving 
PCB's. 

Recognition of Potential Hazard 

Emergency response personnel should be informed of the presence of 
PCB-containing electrical equipment and of the potential health hazards 
associated with exposure to emissions from such equipment. All workers 
should understand that exposure can occur through inhalation, ingestion, and 
skin absorption (by direct contact or by contact with contaminated surfaces, 
clothing, and equipment) and recognize that eKposure to some of these 
compounds may result in long term health effects. 

Required registration of PCB transformers with local fire departments (10] 
is· intended to assure early recognition ot the potent ia I hazards when a 
fire-related incident occurs. The re~istration for each transformer should 
include: building location; location of transformer(s) within or near the 
building; transformer serial number, manufacturer, and kilovolt/amperage 
rating; and total volume and generic composition of the dielectric fluids. 
This information shou Id be readily accessible to those persons responsible 
for the health and safety of emergency response personnel and others who may 
come into contact with PCB transformers. 

To assist in the identification of PCB 
signs and labeling should be instituted. 
is required (using the mark "ML") [10], 
be placed in areas near the location of a 

transformers the effective use of 
While labeling of PCB transformers 
additional signs and labels should 
PCB tran5former(s). 

The number of emergency response personnel or cleanup workers entering a 
potentially contaminated area(s), (e.g., interior of the building or 
transformer vault) should be limited. This action would minimize the number 
of workers exposed and would reduce the amount of protective clothing and 
equipment potentially contaminated. 

Assessment of Exposure 

Contam;nation assessment is necessary to determine the extent and relative 
degrees of contamination of an area following a fire-related incident. 
NIOSH's Occupational Exposure Sampling Strategy Manual is useful in 
developing appropriate strategies to monitor worker exposure to PCB' s ::md 
related pyrolysis products [75]. Air and Sl•rface wipe samples should be 
collected in all areas potentially contaminated by the incident. Air 
sampling should include both the particulate and vapor phase. Wipe samples 
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should be taken on both vertical and horizontal surfaces. Additional 
samplez may include residual fluid in the transformer, fluid deposited in 
the vault, or soot. Air and surface wipe samples should be analyzed for 
PCB's, teira- 'through octa-chloro homologs of PCDF and PCDD, and the 
respective 2,3,7,8-tfrtrachloro isomers. Detailed descriptions of sampling 
and analyti,cal techniques for PCB's may be found in the NIOSH Manual of 
Analytical Methods [76,77]. Sampling procedures and sensitive methods for 
the analyses of PCDF's and PCDD's have been developed by the New York State 
Department of Health [16,78]. 

~e_rsona I Protf:!ct i ve ·Clothing 

Al I workers who may be exposed to PCB's, PCDF's, and PCDD s should be 
equipped with chemical protective clothing to ensure their protection. In 
the selection of protective clothing, com;ideration should be given to the 
utilization of disposable apparel because of the uncertainty of 
decontamination of reusable clothing. 

Outer protective garments should consist of a zippered coveral I with 
attached hood and dra"' string, elastic cuffs, gloves, and closure boots. If 
exposure to soot is an:icipated, workers should wear outer coveral Is made of 
a nonwoven fabric such as spunbonded Tyvek® to exclude particulates. If 
exposure to liquids or to both :;oot and liquids is anticipated, 01 if the 
form of the contamimrnls is unknown, the outer coveral Is should be made of 
chemically resistant mil.terials such as Saranax®-coated Tyvek or 
Viton@-coated neoprene. Gloves and boots should be made of neoprene, 
nitrile, butyl rubber, or Vitun whic.:h have been shown to be resistant to 
permeation by rCB's [79,80]. For personal comfort workers may wear inner 
garments consistifl{\ vf cotton coveralls, undershirts, undersho,ts, gloves, 
and socks. Inner garrrents should be disposed of after use ber::ause smal r 
amounts of contaminants may be transferred in removing outer garments [79]. 
Al I disposable clothing should be placed in approved containers and disposed 
of according to EPA disposal procedures [4]. 

Respiratory Protection 

The use of respiratory protection for those involved in cleanup operations 
requires that a respiratory protection program be instituted which, at a 
minimum, meets the requirements of 29 CFR 1910.134 [81] and that the 
respirators selected be approved by the Mine Safety and Health 
Administration (MSIIA) and by NIOSH. The respiratory protection program 
should include training of workers regarding the proper use, fit testing, 
inspection, maintenance, and cleaning of respirators. The program should be 
evaluated regularly. 

Where a risk of exposure to airborne contaminants exists, such as when 
visible quantities of soot are to be r1:1111oved, workers should wear a 
SP.If-contained breath:ng apparatus with a ful I facP.piece operated in 
pressure-demand or other positive pressure mode. Alternalively, a 
combination supplied air respirator, with full facepiece, operatP.d in 
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pressure-demand or other positive pressure mode and equipped with aux i I iary 
positive pressure self-contained air supply can be used. When cleanup 
operations have advanced to a point where airborne PCB's can no longer be 
detected, air-purifying ful I facepiece respirators equipped with a high 
efficiency particulate air filter and organic vapor cartridge should be 
used. as a precaution, until final decontamination is completed [82]. 

Decontamination and Worker Protection Programs 

In general, decontamination procedures must provide an organized process in 
which the extent and degree of contamination are systematically reduced. 
This should include procedures that take into account containment, 
collection, and disposal of contaminated solutions and residues generated 
during the incident and cleanup. Separate facilities should be provided for 
deconta111i nation of 1 arge equipment. The EPA' s Gui de for Decontaminating 
Buildings, Structures, and Equipment at Superfund Sites provides information 
for developing a decontamination strategy [83]. 

Each stage of decontamination, such as gross decontamination and repetitive 
wash/rinse cycles, should be conducted separately, either by using different 
locations or by spacing in time. Personnel decontamination locations should 
be physically separated from the contaminated area(s) to prevent 
cross-contact and should be arranged in order of decreasing level of 
contamination. Separate entry/~xit routes and locations should be wel I 
marked and controlled. Access to the decontamination area should be 
separate from the pa'th between the contaminated and clean areas. Dressing 
stations for entry should be separate from redressing areas for exit. 

All reusable clothing and equipment should be grouped according to perceived 
degree of contamination (i.e., high, moderate, or low) and thoroughly 
cleaned. Decisions concerning decontamination end points are often based on 
the lack of visible contamination; however, the absence of observable 
surface contamination does not necessarily indicate the absence of 
contaminants absorbed into the material. Reusable clothing and equipment 
should, therefore, be analyzed for residual contamination before reuse or 
storage. 

Soot from transformer fires is typically black, friable, carbonaceous 
material. Pre I iminary cleanup of the areas visibly contaminated with soot 
should involve dry vacuuming of both horizontal and vertical surfaces with a 
vacuum cleaning system equipped with a high efficiency particulate (HEPA) 
f i I ter. 

Final cleanup methods should include washing surfaces with alkaline [27] or 
nonionic [84] synthetic detergflnts in water. The addition of a caustic 
agent, such as trisodium phosphate, may help to remove grease deposits, 
floor waxes, and furniture po I i shes. Waxed and po I i shed surfaces tend to 
absorb contaminants from the air. Cleaning with organic solvents is useful 
for nonporous electrical and mechanical equipment where contact with 
water-based cleaning fluids may damage the equipment. Organic solvents, 
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such a,; kerosene, mineral spirits, and trichlorotrifl;.ioroethane, may carry 
contaminants deeper into porous materials and should not be used on these 
surfaces. Complete decontamination of porous surfaces, such as concrete and 
masonry surfaces in vaults, may not be possible; therefore, application of 
an elastomeric, abrasion- and flame-resistant sealant may be required. 

Post-Decontamination Testing 

The adequacy of the decontamination effort should be determined by fol lowup 
sampling and analysis of the contaminated areas and reusable protective 
equipment. This testing should be conducted as each area is decontaminated 
and again after the entire faci I ity has been cleaned. Decontamination 
guidelines for the cleanup of specific buildings following fires involving 
PCB transformers [33,85] have been proposed by the New York Stale Department 
of Health [86]. the New Mexico =xpert Advisory Panel [87]. the California 
Department of Health Services [88), ar.d the San Francisco Department of 
Hea I th [89]. 

Medical Surveillance 

A medical surveillance program should be established to prP.vent (or to 
attempt to detect at an early stage) adverse heal th effects in workers 
resulting from exposure to PCB's or related compounds. Medical and work 
histories, including previous !'!xposure to PCB's or other toxic agents, 
should be taken for each worker prior to job placement and updated 
periodically. The physician responsible should be provided with information 
concerning the adverse health effects from exposure to PCB's and related 
compounds and an estimate of the worker's potential exposure, including any 
available workplace sampling results and a description of all protective 
clothing or equipment the worker may be required to use. 

The examining physician should direct particula:r attention to the skin, 
I iver, and nervous .<;ystem as these are the most likely targets of exposure 
to PCB's and related compounds. Blood determinations which reflect I iver 
function may be useful. Measurement ot blood PCB's may also be useful but 
should not be interpreted as a sensitive indicator of acute exposure. 
Adipose tissue levels of PCB's, PCDF's, and PCDD's are indicative of total 
body burden, but these tissu~ samples arp. not routinely available. Further 
studies of exposed populations will permit more definitive medical 
monitoring recommendations. 
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APPENDIX 

REPORTS OF FIRE-RELATED INCIDENTS INVOLVING PCB TRANSFORMERS 

Fil'e in a Multi-Story Office Building in Binghcll11ton, New York 

On February 5, 1981, an electrical fire occurred in the switchgear adjacent 
to a PCB transformer in the basement mechanical room of the Binghamton State 
Office Bui !ding. The transformer contained 1,060 gal Ions of askarel 
consisting of Aroclor. :254 (65%) and a mrxture of tri- and tetra-chlorinated 
benzenes (35%). A ceramic bushing on the transformer cracked during the 
fire, resulting in the release of ,ipproximatcly 180 gailons of askarel onto 
the floor near the f i re. The smoke ,1as distributed by convect ion throughout 
the bu i Id i ng th rough an open 11er ti ca I shaft that ex tended from the 
mechanical room to the top of t~e building. The shaft contained tile duct 
for the e;(haust air from the test rooms on al I the floors. The shaft and 
ducts were not airtight and allowed smoke and soot to contaminate the work 
areas of the building, air-conditic·r,ing ducts, false ceiling areas, and 
elevator shafts [13). 

Analyses of the soot revealed sig11i ficant concentrations of PCB's, PCDF's, 
TGDF, PCDD's, TCDO, and polychlorinated biphenylenes [~3,"16,90]. Based on 
analyses. of dry surface wipe sc1mples, horizontal surfaces showed higher 
levels of contamination than vertical surfaces [17]. In soot samples 
obtained from 11 floors of the building, the absolute amounts of the tetra­
through octa-chlorodibenzofuran (CDF) isomer groups varied trom sample to 
sample, but the relative proportions with respect to the amount of PCB in 
the soot :,ere c.:insistent. The ratio of PCDF to PCi3 averaged 0.067 + 0.026 
<± one standard deviation) [16]. -

Air samples collected on the seventh floor after cleanu::i of most of the 
surface soot d~posits contained 292 picograms of total tetra CDF per cubic 
meter of air (pg/m3) · including 26 pg TCDF/m3 and 5 pg total 
tP.tra-chlorodibenzo-£-dioxin (CD0)/m3 including 3 pg TCDD/m3 [16). 

The c I eanup of the Binghamton bu i Id i ng has been comp I ex and cost I y. The 
building remains closed tJ r.ormal use pending complete cleaning and 
renovation. Criteria for reoccupancy are being c"nsidered by the New York 
State Department of Health Expert Advisory Panel based on toxicity studies 
in guinea pigs using the soot from the bui ldi;ig, on chemical analyses or the 
soot, and on published toxicologic studies of TCDD [86]. 

;J~t_c_i~I Malfunction in an Office Building in Santa~ New._Mexico 

On June 17, 1985, an electrical malfunction occurred in a transformer 
located in the basement transformer vault in the main building of the New 
Mexii:;o State Highway DP.;:iartment Office Bui ldi:19. The tr 1nsformer contained 
245 gal Ions of askarel consisting of Aroclor i260 (87%} and a mixture of 
tri- and tetra-chlorinated benzenes (13%). The electrical malfunction 
caused the transformer to overheat resulting in the release of vaporized 
askare I th rough the safety va Ive which continued un ti I the unit was 
de-energized (approximately 65 minutes after initial detection). There was 

22 



no fire, but charred (blistered) paint on the transformer casing indicated 
that the temperature of the casing may have approached 316°C (600°F). 

The emission products were distributed throughout the 2-story building by 
convective air currents and by mechanical transfer via the heating, 
ventilating, and air conditioning systems. Because the emitted vapor 
condensed as it reached cooler temperatures, the askarel apparently "rained" 
in the heavily contaminated rooms adjacent to and above the basement 
transformer vault. 

Air, fluid, and surface wipe samples were collected within 7 days of the 
incident. Airborne concentrations of PCB's in the main building were 
41.94 µg/m3 inside the vault, 0.34-25.87 µg/m3 in other basement 
areas, 1.00-19.45 µg/m3 in first floor areas, and 0.73-5.96 µg/m3 in 
second floor areas. PCOF's were detected at concentrations ranging from 
10.4 to 501.6 pg/m3 including 0.9-56.2 pg TCOF/m3. Airborne PCDD's 
ranged from 7.1 to 21.0 pg/m3 but TCDD was not detected. 

The surface concentrations of PCB' s were as high as 280,000 µ.g/100 cm2 
in basement areas, 98,000 µg/100 cm2 in first floor areas, and 
190 µg/100 cm2 in second floor areas. PCDF's, TCDF, and PCDD's were 
present in surface wipe samples from areas of the basement and first floor, 
but TCDO was not detected. Surface wipe samples from second floor areas 
were not submitted for meaBurement of the pyrolysis products [31]. 

The New Mexico PCB Expert Advisory Panel convened on July 16, 1985, to 
propose air and surface cleanup guidelines for the building. The guidelines 
were based on the potential risk of cancer resulting from exposure to PCB's, 
PCDF's, and PCDD's. Animal studies on the carcinogenicity of TCDD were used 
to estimate the potential cancer risks. It was also necessary to make 
certain judgments and assumptions regarding the toxicity of the related 
compounds and the potential for exposure to occupants of the building. The 
guidelines are intended to maintain the risk of developing cancer below one 
in one mi Ilion for a person spending the rest of his/her working I ifetime in 
the building. The Panel recommended cleanup levels of 2 pg TCDD 
equivalents/m3 of air and 1 ng TCDD £quivalents/m2 of surface area. 
Values for other PCDF and PCDD isomer r1roups can be converted to TCDD 
equivalents using the fol lowing conversion factors: 

i;.cDF's 
TCDF-
Other tetra-CDF's 
Penta-CDF's 
Hexa-CDF's 
Hepta-CDF's 
Octa-COF's 

TO CONVERT VALUES TO TCDD EQUIVALENTS 
Factor PCDD's 
0:-~ T~ 
0.0 Other tetra-CDD's 
0.17 Penta-CDD's 
'J . 005 Hexa-CDD' s 
0.0005 Hepta-CDD's 
0.0 Octa-CDD's 

Factor --,:a 
0.0 
0.5 
0.02 
0.0 
0.0 

Concentrations of these compounds can be converted to TCDD equivalents by 
mu 1 tip I y i ng ,,the measured va I ues by the appropriate conversion factor. The 
TCDD equivalents can then be summed and compared to the guideline values. 
The Panel did not establish cleanup guidelines for PCB's on surfaces [87]. 
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CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS 

1. Chloroprene 
2. Trichloroethylene 
3. · Ethylene Dibromide 
4. Chrome Pigment 

5. Asbestos - Asbestos Exposure during Servicing 
of Motor Vehicle Brake and Clutch Assemblies 

6. Hexamethylphosphoric Triamide (HMPA) 
7. Polychlorinated Biphenyls 
8. 4,4'-Diaminodiphenylmethanc (DOM) 
9. Ch lorofonn 

10. Radon Daughters 
11. Dimethylcarbamoyl Chloride (OMCC) Revised 
12. Diethyicarbamoyl Chloride (DECC) 
13. Explosive Azide Hazard 
14. Inorganic Arsenic - Respiratory Protection 
15. Nitrosamines in Cutting Fluids 
16. Metabolic Precursors of a Known Human carcinogen, 

Beta-Naphthylamine 
17. 2-Nitropropane 
18. Acrylonitri le 
19. 2,4-Diaminoanisole in Hair and Fur Dyes 
20. Tetrachloroethylene (Perchloroethylene) 
21. Trimellitic Anhydride (TMA) 
22. Ethylene Thiourea (ETU) 
23. Ethylene Dibrornide and Disulfiram Toxic 

Interaction 
24. Direct Black 38, Direct Blue 6, and Direct 

Brown 95 Benzidine Derived Dyes 
25. Ethylene Dichl,.)ride (1,2-Dichloroethane) 
26. NIAX@ Catalyst ESN 
27. Chloroethanes - Review of Toxicity 
28. Vinyl Halides - Carcinogenicity Vinyl Bromide, 

Vinyl Chloride, and Vinylidene Chloride 
29. Glycidyl Ethers · 
30. Epichlorohydrin 
31. Adverse Health Effects of Smoking and the 

Occupational I:nvi ronment 
32. Arsine (Arsenic Hydride) Poisoning in the 

Workplace 
33. Radiofrequency (RF) Sealers and Heaters: 

Potential Health Hazards and Their Prevention 
34. Formaldehyde: Evidence of Carcinogenicity 
35. Ethylene Oxide (EtO): Evidence of Carcinogenicity 
36. Si I i ca F I ou r : Si I i cos i s 
37. Ethylene Dibromide (ECB) Revised 
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- January 20, 1975 
- June 6, 1975 
- Ju I y 7 , 1975 
- June 24 , 1975 
- October 7, 1975 
- October 8, 1976 

- August 8, 1975 
- October 24, 1975 
- November 3, 1975 
- January 30, 1976 
- March 15, 1976 
- May 11 , 1976 
- July 7, 1976 
- JU ly 7 I 1976 
- August 16, 1976 
- September 27, 1976 
- October 6, 1976 

- December 17, 1976 
- Apri I 25, 1977 
- July 1, 1977 
- January 13, 1978 
- January 20, 1978 
- February 3, 1978 
- Apr i I 11, 1978 

-April i1, 1978 

- Apri I 17, 1978 
-April 19, 1978 
- May 22, 1978 
- August 21, 1978 

- September 21, 1978 
- October 12, 1978 
- October 12, 1978 

- February 5, 1979 

- August 3, 1979 

- December 4, 1979 
- Apri I 15, 1981 
- May 22, 1981 
- June 30, 1981 
- October 26, 1981 



CUMULATIVE LIST OF NIOSH CURRENT INTELLIGENCE BULLETINS (CONTINUED) 

38. Vibration Syndrome 
39. The Glycol Ethers, with Particular Reference 

to 2-Methoxyethanol and 2-Ethoxyethanol: 
Evidence of Adverse Reproductive Effects 

40. 2,3, 7 ,8-Tet rach lorodi b'enzo-e-d ioxi n (TCCD, 
"Dioxin") 

41. 1,3-Butadiene 
42. Cadmium 
43. Monohalomethanes: Methyl Chloride, Methyl 

Bromide, and Methyl Iodide 
44. Dinitrotoluene 
45. Polychlorinated Biphenyls (PCB's): Potential 

Health Hazards from Electrical Equipment Fires 
or Failures 

- March 29, 1983 

- May 2, 1983 

- January 23, 1984 
- February 9, 1984 
- September 27, 1984 

- September 27, 1984 
- July 4, 1985 

- February 24, 1986 

NOTE: For the convenience of those who desire a complete series of Current 
Intelligence Bulletins, #1 through #18 and #19 through #30 have been 
reprinted as NIOSH publications #78-127 and #79-146, respectively. 
These publication$ and single copies of Bui let ins #31 and higher are 
available from lriformation Dissemination, DSDTT; Natiorial Institute 
for Occupational Safety and Health; 4676 Columbia Parkway, 
Cincinnati, Ohio 45226 (513) 841-4287 
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