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The cleanup procedure was effective in removing approximately 99%
of the PCBs from a 3.66 gram sample of askarel. Analysis of the
cleaned-up extract was completed using a high resolution capillary
column gas chromatograph (HR/GC) interfaced to a mass spectrometer
operated in the selected ion mon1tor1ng mode (SIM-MS).

B. rmd1ca1

Medical questionnaires were administered by the NIOSH investigators 3
to 4 weeks after the incident to solicit exposure and symptom
prevalence information from firefigthers and other potentially exposed
individuals during the incident. The questionaires elicited
information concerning amount and duration of exposure, protective
equipment utilized, past and/or current relevant medical conditions,
previous exposures, cigarette and alcohol use, allergic histories, and
the presence of symptoms previous1y reported to be associated w1th PCB
exposures.

Blood and urine samples were collected within 48 hours of the incident
from all exposed individuals. This blood was analyzed for complete
blood count, Tiver enzymes, liver profile, blood urea nitrogen, sodium,
potassium chloride, glucose, creatinine, calcium, phosphorus, and uric
acid. These tests were performed again on blood sampies collected four
weeks after the incident. Further, blood samples were analyzed for
hepatitis A core antibody, PCB levels, and urine was analyzed
qualitatively for porphobilinogen at the time of the first evaluation.

Analysis of the blood samples for PCB was performed according to a
modification of NIOSH analytical method P&CAM 329.2 This
modification was the use of a capillary column for quantification
instead of a packed gas chromatographic column. Capillary columns
produce outstanding resolution of individual components from complex
mixtures of PCBs in human serum.3 The serum samples were analyzed

~ specifically for Aroclor 1260 with an instrumental detection limit of 5 .
parts per billion (ppb). ~Other blood and urine analyqes vere performed
by standard medical 1ahoratory methods. _

A chi-square test was ut111zed to assess significance of differences in
symptom frequency between exposure groups and over time. A student T
test was used to assess the significance of differences in mean blood
values between exposure groups. A one sample t test was performed on
the mean of the individual differences between first and fourth week
blood values when the distribution of the mean was normal. When the
distribution of the mean was markedly non-normal a sian rank test was
app11ed to assess sign1f1cance. '

Iv. Evmmou CRITERIA

As a guide to the evaluation of. the hazards posed by workplace _
exposures, NIOSH field staff employ environmental evaluation criteria -
for assessment of a number of chemical and physical agents. These
criteria are intended to suggest levels of exposure to which most :
workers may be exposed up to 10 hours per day, 40 hours per week for a
working lifetime without experiencing adverse health effects. It is,

" however, important to note that not all workers will be protected from
adverse health effects if their exposures are maintained below these
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levels. A small percentage may experience adverse health effects
because of individual susceptibility, a pre-existing medical condition,
and/or a hypersensitivity (allergy).

In addition, some hazardous substances may act in combination with
other vorkplace exposures, the general environment, or with medications
or personal habits of the worker to produce health effects even if the
occupational exposures are controlled at the level set by the
evaluation criterion. These combined effects are often not considered
in the evaluation criteria. Alsc, some substances are absorbed by
direct contact with the skin and mucous membranes, and thus potentially
increase the overall exposure. Finally, evaluation criteria may change
over the years as new information on the toxic effects of an agent
become available. '

The primary sources of environmental evaluation criteria for the
workplace are: 1) NIOSH Criteria Documents and recommendations, 2) the
American Conference of Governmental Industrial Hygienists' (ACGIH)
Threshold Limit Values (TLV's) and 3) the U.S. Department of Labor,
Occupational Safety and Health Administration's (OSHA) occupat1ona1
health standards. Often, the NIOSH recommendations and ACGIH TLV's are
lower than the cnrrespond1ng USHA standards. Both NIOSH
recommendations and ACGIH TLV's usually are based on more recent
information than are the OSHA standards. The OSHA standards also may
be required to take into account the feasibility of controlling
exposures in various industries where the agents are used; the
NIOSH-recommended standards, by contrast, are based solely on concerns
relating to the prevention of Occupational disease. In evaluating the
exposure levels and the recommendations for reducing these levels found
in this report, it should be noted that industry is required by the
Occupational Safety and Health Act of 1970, (29 USC 651, et seq) to
meet only those Tevels specified by an OSHA standard.

A time-weighted average (TWA) exposure refers to the average airborne
concentration of a substance during a normal 8- to 10-hour workday.
Some substances have recommended short-term exposure 1imits or ceiling
values which are intended to supplement the TWA where there are
recognized toxic effects from high short-term exposures.

A. POLYCHLORINATED BIPHEMYLS (PCBs)

Polychlorinated biphenyls (PCBs) are a class of chlorinated aromatic
hydrocarbons. They were first available in the United States in 1929,
and hecame widely distributed between 1957 and 1977 when large
quantities were commercially produced by the Monsanto Industrial
Chemicals Company and marketed under the trade name "Aroclor". At
least nine different Aroclors were manufactured, and designated by
numhers such as 1221, 1242, 1254, and 1260, where the last two digits
represent the percent by weight of chlorine in the mixtures. Another
grade of Aroclor, 1016, was made primarily of tri, and ,
tetrachlorbiphenyl compounds and contained 41% chlorine by weight.
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Over the past decades, PCBs found a wide range of industrial uses.
Properties such as thermal stahility, non-flammahility, and dielectric
capability, led to the use of PCBs as a major component in most
"askarels" marketed after 1932. Askarel is the generic term used to
refer to a broad class of synthetic chlorinated hydrocarbon insulating
1iquids used in electrical capaciters and transf.rmers.
Transformer-grade askarels were usually mixtures of trichlorobenzene
and more highly chlorinated PCBs.

Other properties of PCBs, such as their chemical stability, resistance
to biodegradation, and 1ipid solubility, have led to their wide-spread
accumulation in the environment. An increasing concern with the public
health and ecological effects of this contaminination resulted in the
promulgation of regulations by the Environmental Protection Agency
(EPA) governing the use and d1sposa] of PCBs, and subsequently led to
the cessation of their manufacture in the United States. Occupational
exposure to PCBs is now limited primarily to workers servicing -
equipment containing PCBs, and to persons who have inadvertent exposure
through leakaae or explosion of this equipment. In addition, exposure
can occur at processes invo1ving the recycling of sludges, oils, and
other products containing PCBs. )

In human beings high dose PCB exposure has been documented to produce a
variety of toxic effects:b

1.. Chloracne, a chemically induced acne, consisting of blackheads,
pimples, and pustules in exposed areas of the body. Additionally,
red, pruritic contact dermatitis, upper airway irritation, and
persistent body odor have been reported following exposure..

2. Nausea and digestive disturbances have been noted following

high-dose exposure, and mild asymptomatic liver dysfunction has

been recorded after chronic Tow level exposure.

Dysfunction of sensory and motor nerves in the extremities has

occurred, evidenced by numbness, pain, tingling, and weakness in

the hands or feet.

(P8 ]

In animals high-dose PCB exposure has been documented to produce:®

1. Eye, nose, mouth and throat irritation, with facial swelling and a
loss of ha1r

2. Liver damage with stomach irritation and ulcers.

3. Bone marrow suppression, produc1ng anemia and an impaired ability
to combat infection by the immune system. Low blood proteTn levels
have also been recorded.

4. Increased numbers of miscarriages, low birth weight offsprings, and
newborn deaths, as well as fewer members per litter.

5. Increased numbers of liver cancers in animals, and mutations in
bacteria. .

Based on the adverse reproductive and tumorigenic effects that PCBs )
have shown in experimental animals, NIOSH recommends that occupational
exposure to PCBs be controlled so that no worker is exposed at an
airborne concentration greater than 1.0 ug/M3 total PCBs on a TWA

hasis for up to a 10-hour workday, 40-hour workweek .4 In addition,
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NIOSH recommends that exposure to PCBs thrnugh skin contact he
minimized through the use of safe work practices and proper personal
protective equipment. The current OSHA standard for exposure to PCBs
is 1.0 mg/M3 for PCR mixtures containing 42% chlorine, and 0.5 mgM3
for mixtures containina 54% chlorine on an 8-hour TWA basis.’/ There
is neither an ACGIH TLV or OSHA Permissible Exposure Limit for Aroclor
1260, the PCB class contained in the Hill-Murray School transformer.

Although Taboratory experiments8 and industrial studies? have
documented cutaneous absorption of PCBs, there is no established health
criterion for exposure to PCBs on surfaces. The final Environmental
Protection Agency (EPA) regulation on environmental PCB contamination
(40 CFR Part 761, Federal Register Vol. 47, No. 165, August 25, 1982)
does not include a specific guideline to define the extent of cleanup
of PCB releases. The regulation does state, however, that all spills,
leaks, and other uncontrolled discharges should be cleaned up to
pre-existing background levels whenever there is threat of
contamination of water, food, feed, or human beings. Data collected in
non-manufacturing buildings in Cincinnati, Ohio; Maplewood, Minnesota;
and Boston, Massachusetts suggest an upper limit background PCB
concentration of 0.5 ug/100 cm¢ (range <0.01 to 0.45, mean 0.09, S.D.
+0.08, N = 125).10

Due to the above hackground environmental levels of PCBs, a number of
studies have demonstrated that PCBs can be found in the serum of most
persons residing in the United States. These studies have reported
serum PCB values from 0 to 42 parts per billion (ppb), with mean
concentrations ranging from 2.1 to 24.4 ppb.ll

B. CHLORINATED BENZEHES

In humans, chlorinated benzenes have been noted to cause irritation to
skin and mucous membranes and at high doses affect central nervous
system function. Chronic high level exposure in animal studies have
produced liver, kidney, and lung damage.l? Based on the irritative
properties of this substance, ACGIH has recommended that exposure to
1,2,4-trichlorobenzene should not exceed 5 parts of contaminant per
million parts of air (ppm) or 40 mg/M3 at any time.l3 There are no
available recommended exposure level standards for tetrachlorobenzene.

V. RESULTS

A. Environmental

In order to estimate the PCB and chlorinated benzene (tri- and
tetra-chloro compounds) exposures by firefighters, who may have entered
the transformer vault, a sample was obtained of askarel that had pooled
on the surface of an electric panel box located at the vault's
southwest corner. The sample was presumed to estimate the airborne
concentration of PCB and chlorinated benzenes in the liquid aerosol
that existed in the vault during the emission period (estimated by the
firefighters to be approximately 4 hours). The sample contained 14,000
ppm (1.4%) PCR Aroclor 1250, 330,000 ppm (33%) trichlorobenzene, and
270,000 ppm (27%) tetrachlorobenzene.



Page 8 - Health Hazard Evaluation Report No. 82-310

Airborne concentrations of PCBs and tri- and tetra-chlorinated benzenes
were measured in the transformer vault and adjacent areas on June 22,
1982. The measurements were made within 40 hnurs of the incident. The
PCR concentrat10ns ranged from 50 to 90 uq}m inside the vault; 20

ug /m3 imnediately outside the vault; 2 ug/m3 in Room D18 adiacent

to the vault; and <1 uafm3 in other areas. By comparison, the NIQSH
recommended sTandarH is 1 ug/m3 TWA. The corresponding
trichlorobenzene and tetrach1orobenzere concentrations ranced
respectively, from 17.6 to 22.6 mg/md and 18.2 to 25.7 ma/m3 inside

the vault; 10.2 and 11.7 mg/m® immediately outside the vault; 0.73

and 1.21 mq/m in Room 018 adJacent to the vault; and 0.12 to 0.23%
ma/m3 and 0.26 to 0.27 ma/m« in other areas. The ACGIH TLV for
trichlorobenzene is 40 mq/m TWA; there is currently no rr1fer1a for
tetrachlorobenzene. (Table 1)

Airborne PCB and tri- and tetra-chlorinated benzenes were measured in
the transformer vault and adjacent areas on July 7, 1982. The samples
were obtained in the same areas initially tested on June 23, 1982. A
PCB concentration of ? ug/n- was measured in the vault, but PCR was
not detected (<1 ug/m ) in the other areas tested. The
post-decontamination concentration (7 ug/m3) represented a 92%
decrease in the airborne CB level. The tri- and tetra-chlorinated
benzenes were measured in all areas at a conrentrat1on ranging from
0.01 to 0.33 mg/m~ and 0.03 to 0.65 mq/m\ respectively. The

maximum post-decontamination concentrations represented respectively,
98% and 96% decrease in airborne levels. Subsecuently, the concrete
and masonry surfaces in the transformer vault were sealed with an epoxy
sealant to prevent potential future vaporization. (Table II)

Wipe samples for PCBs were obtained from vertical and horizontal
surfaces in the transformer vault and other areas of the school on June
23, 1982. PCB surface concentrat1ons inside the transformer vault
ranged from 100 to 5000 ug/100 cm?, <0.05 to 20 ug/100 cm? in areas
suspected of being contaminated based on proximity to the vault; and
<0.05 to 0.29 ug/100 cm? in a1l other areas. Samples ohtained to
represent. comparative background levels averaged 0.12 ug/100 cm?
(S.D. +0.13, range <0.05 to 0.29 ug/100 cm?). The decontamination
contractor determ1ned the average comparat1ve backaround to be 0.0
ug/100 cm? and employed 0.11 ug/100 cm? (or 1.0 ug/sq ft) as a
guideline for cleanup. (Tables III and IV)

Wipe samples for post-decontamination PCB levels were obtained in the
tranformer vault and other areas of the school on July 7, 1982. The
average pre-decontamination surface concentration of 2620 ug/100 cm?
in the transformer vault was reduced to an average concentration of &f
ug/100 cm?, which is equivalent to a reduction of approximately 98%
and within the background range. The masonry and concrete surfaces
were then sealed with an epoxy sealant to prevent contact with the
residual PCB. (Table V)

Analysis of the askarel showved that neither PCDFs cr PCCDs were
present, with an analytical detection Timit of 40 ppb (weight to
weight) per isomer group.
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four weeks. No significant differences in mean blood chemistry or
hematologic values were found between exposure groups. Hepatitis A
Core Antibody was negative for all individuals tested, as was
gualitative testing for porphobillinogen in the urine. (Table X)

The mean values of hemoglobin, red blood cell count, cholesterol,
serum glutamic oxalacetic transaminase, and gamma glutamil
transpeptidase were significantly (p<0.05) higher for all the
participants during the first week than they were in the fourth
week. The mean values of mean corposcular volume, blood urea
nitrogen, and triglycerides revealed a significantly (p<0.05) Tower
Tevel during the first week than in the fourth week. The T1ightly
exposed group dermonstrated a mean corposcular hemog1obin¥1eve1
significantly (p<0.05) lower in the first than the fourth week. No
other blood examinations showed no significant differences within
exposure groups over the four week observation period. (Table XI)

VI. DISCUSSION

A. Environmental

Although normally operating PCB transformers are totally enclosed
units, the Hill-Murray incident further documents that internal
electrical malfunction may cause significant pressurization and release
of hundreds of pounds of PCBs. This incident demonstrates that the
release of hot pressurized PCE transformer fluid can entrain
considerable quantities of PCB as a fine mist. A sample of askarel
that had poolec on a surface in the vault suggests that the mist may of
contained approximately 14000 ppm (weight to weight basis) PCB. There
was probably a significant pressure and temperature differential which
promoted the distribution of the PCB contaminant to other areas of the
building. The heating, ventilation anc air conditioning system was not
operating during the incident. The actual airborne concentrations of
PCB and the chlorinated benzene that permeated the vault and
surrounding areas were initially higher than represented by the -
analyses due to loss by vaporization during the approximately 40-hours
between the time of the emission and collection of the samples.

Although the contamination assessment indicated the necessity to
decontaminate the transformer and adjacent areas, the entire building
was decontarinated as a precautionary measure. The vertical and
horizontal surfaces were washed with a liquid alkaline synthetic
detergent formulated fer penetration and removal of PCBs from

surfaces. The post decontamination surface wipe data indicated that
the clean-up was generally successful. However, the analyses indicated
that several areas required further cleaning. These areas were cleaned
again to assure that the PCB surface concentration was below the
cleanup gu1de11ne of 0.11 uy/100 cm¢. Established btased on data
collected in non-manufacturing buildings in Cincinnati, Ohio;
Maplewood, Minnesota; and Boston, Massachusetts which suggest an upper
Timit background PCB concentration of C 5 ug/100 crl (range <C.C1 to
6.45, mean 0.05, S.D. +0.0§, N = 125).1
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The pyrolytic conditions that may have existed in the transformer
during the electrical malfunction did not result in the thermal
formation of detectable quantities of PCDFs or PCDDs.

B. Medical

1. Symptomatology:

Only itching, exposed skin irritation, unusual tiredness, and
headaches occured in more than 10% of the firefighters and other
individuals present during this overheat. Headaches affected 24%
of the moderately exposed and 20% of the lightly exposed
individuals. Headaches vere the most frequent symptom, and the
only one that decreased significantly over the next month.- None cf
these symptoms occurred in significantly greater frequency in those
moderately exposed than those 1lightly exposed.

2. Blood Analysis:

A11 blood PCB levels were below 16 parts per billion (ppb), well
within the background Tevels documented in the general population
by previous studies. Further, there was no difference in mean
blood PCB concentration between exposure groups, suggesting that in
general, there was no appreciable absorption of PCBs.

Blood chemistries indicated a mild subclinical increase in the
Tiver enzymes SGOT and GGT that might be consistent with an
exposure to PCBs. These elevations decreased over the four week
period. This may indicate an effect of exposure to this type of
incident, however, as these changes were not consistent for all
liver enzymes there is considerable question as to their cause.

None of the other significant differences in blood chemistries or
hematologic values over time were consisient with the known effects

of PCBs nor are they explainable with respect to the exposure in
this incident.

The ability to draw conclusions from this study is limited in several
ways. The number of people involved is small and, therefore, the
ability to detect minor changes in health status is limited. Further,
accurate estimates of exposure are lacking. Finally, chronic effects,
especially carcinogenesis, cannot be assessed due to the cross
sectional nature of this study design and small cohort size.

VII.  CCNCLUSIONS

1. Transformer overheats of the type herein described do not appear to
Tiberate detectable guantitities of PCDDs or PCDFs. This is probably
due to the 1imited elevation in temperature produced by this type of
incident.

2. Clinically significant acute health effects were not apparent in
these firefighters, though, headaches, itching, exposed skin
irritation, unusual tiredness, and subclinical elevations of hepatic
enzymes may be acute effects of this type of exposure.
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B. Emergency Response

The hichest priority in responding to a PCB-transformer incident is to
prevent exposures nf emergency response persornel such as fire
fighters. One of the primary factors that increase the risks of
exposure is fire fighters being unaware that they are responding to a
fire-related incident involving a PCB-transformer. The registration of
PCB -transformers with local fire departments may be the most effective
way of assuring early recognition of the potential hazards in the event
of fire. This registration should include for each transformer (a)
serial number, manufacture and kilovolt/amperage (KVA) rating; (b)
total volume and generic composition of dielectric fluid; and (c) exact
location. Another way of assuring early recognition is through signs
and 1abeling. -Although all PCB-transformers are required by the United
States Environmental Protection Agency (USEPA) to be labelled (47 FR
3742, Aug. 25, 1982), this labeling should also be placed in the other
areas near the transformer location indicating that a PCB-transformer
is in the building. Additionally, the exterior of the transformer
vault doors should be labeled at heights of approximately two- and
five-feet above the floor. The label at the two-foot height would
1ikely be visible to a fire fighter crawling in a smoke filled area.

"1. Protective Clothing and Equipment

A fire fighter entering any area in which there might be airborne
exposure to the contaminants should wear an SCBA, with full
facepiece, operated in the positive pressure mode. In addition to
wearing standard turn-out clothing, consideration should be given
to the utilization of disposable coveralls hecause of the uncertain
efficacy of decontamination of clothing. If exposure is to
combustion soot, the coveralls should be made of a.non-woven fabric
such as spunbonded polythylene, Tyvek™. In cases of exposure to
liquids, the coveralls should be made of chemically resistant
materials such as disposable laminates, e.g., Saranex coated

Tyvek .14

2. Decontamination of Protective Clothing and Equipment

A11 disposable clothing should be placed in marked and USEPA
approved containers (47 FR 37342, Aug. 25, 1982) and disposed of
appropriately. Al1 reusable clothing and equipment should be
grouped according to perceived degree of contamination (i.e., high,
moderate, or Tow). These pieces may be initially cleaned on site
with a nonionic synthetic detergent, beginning with the material
thought to be Teast contaminated. Al1 materials should be rinsed
twice with a clean solution of the nonionic synthetic detergent.

As the costs of testing the adequacy of the clothing
decontamination is often more expensive than the piece itself, it
may frequently be bypassed. NIOSH is currently evaluating a
decontamination method utilizing Freon 113. 1In initial tests this
method appears to be effective in removing over 95% of the
chlorinated aromatic compounds from clothing. It may therefore
prove valuable as a final decontamination step, as this method
would not require post-decontamination testing in most situations.
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B Medical

No special medical surveillance program is necessary for these workers
with occasional exposure to PCB in transformer incidents.
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IX. DISTRIBUTION AND AVAILABILITY OF REPORT

Copies of this report are currently available upon reauest from NIOSH,
Division of Standards Development and Technology Transfer, 467R
Columbia Parkway, Cincinnati, Ohio 45226. After 90 days, the repert
will be available through the Mational Technical Information Service
(NTIS), 5285 Port Royal, Sprinafield, Virginia 221681. Information
regarding its availability through NTIS can be obtained from MIOSH
Publications Office at the Cincinnati address. Copies of this report
have been sent to:

Minnesota Pollution Control Agency, Roseville, Minnesota
Minnesota Department of Health

Hi11-Murray High School, Maplewcod, Minnesota

East County Line Fire Dept., Maplewood, Minnesota
Gladstone Fire Dept., Maplewood, Minnesota

MIOSH, Region V

7. OSHA, Reaion V

o WSS B R S RN B
. & @

For the purpose of informing affected emplovees, copies of this report
- shall be posted by the employer in a prominent place accessihle to the
employees for a period of 30 calendar days.
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