


PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects in such concentrations as used or found. '

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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II.

III.

INTRODUCTION

On February 8, 1984, the the National Institute for Occupational Safety
and Health (NIOSH) was requested to test the efficiency of a
trichlorotrifluoroethane based decontamination process for removing :
polychlorinated biphenyls (PCBs) from fire fighters Nomex® protective “
clothing. The request was submitted by the International Association i
of Fire Fighters (IAFF) on behalf of their affiliate, Local 122, in

Jacksonville, Florida.
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On February 13-15, 1984, a limited laboratory study was conducted to 1
test the efficiency of a RADKLEEN® Model 1550 Clothing

Decontamination System to remove PCBs from Nomex® fabric protective

clothing. The test was conducted in conjunction with Quadrex HPS at

their facility in Gainesville, Florida. The results of the test were

presented to the IAFF, Local 122, in a letter report dated March 12,

1984.

BACKGROUND

On January 29, 1984, a fire occurred at an electrical transformer oil
reclamation facility in Jacksonville, Florida [1]. The fire destroyed
the building and several storage tanks containing PCB-transformer
fluids and various chlorinated and unchlorinated organic solvents. A <3
sample of the soot contained 1460 micrograms Aroclor 1260 per gram

(ug/g), and samples of liquid that had pooled on the site contained 67

to 5330 ug/g Aroclor 1260. (Aroclor 1260 is a commercial mixture of

PCBs with approximately 60 weight percent chlorine). WNeither the soot

nor the liquid samples contained detectable concentrations of

polychlorinated dibenzofurans, or dibenzo-p-dioxins (tetra through

octa- chloro isomer groups), or the respective 2,3,7,8-tetra isomers.

The dibenzofurans and, to a lesser extent, PCDDs, can be present in

soot resulting from fires involving PCB-containing electrical equipment

[2437:

The protective clothing worn by the approximately 40 fire fighters,
Nomex® fabric turnout coats in combination with bunker pants, was
assumed to be contaminated with PCBs. An attempt by the on-site
cleanup contractor to decontaminate the garments with a common method
(i.e., detergent-water wash with a water rinse) showed a mean residual
PCB concentration of 239 ug/g (S.D. + 411, range 15 to 1060, n=5).
These garments were judged to be unusable based upon this residual
contamination. Due to the lack of an effective means of
decontamination, these garments were placed temporarily in secure
storage prior to disposal. This incident provided the opportunity for
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significant PCDFs [53,54] and to phenoxyacetic herbicides
contaminated with PCDDs including TCDD [55,56]. However, definite
causal relationships between exposure and carcinogenic effects in
humans remain unclear due to the inadequately defined population
studies and the influences of mixed exposures.

V. METHODS AND MATERIALS

A.

Decontamination Process Description

A RADKLEEN® Model 1550 Clothing Decontamination System was used

to remove the PCB contamination from the protective clothing [4].
The RADKLEEN® System is a 1,1,2-trichloro-1,2,2-trifluoroethane
(Freon® 113)-based dry cleaning machine (Figure 1). The
contaminated clothing is placed in the cleaning chamber which
consists of a sealed, rotating drum that will cause the garments to
tumble through the solvent. Solvent is pumped from the solvent
reservoir through the filter adsorber set and then flows through
the cleaning chamber. The contaminated solvent then returns to the
solvent reservoir. Freon® 113 vapor and vapor pressure buildup
within the sealed system are controlled by vapor recirculation

. across a condenser coil, with condensate returning to the solvent

reservoir. Periodically, the solvent is regenerated and purified
by a built-in distillation process. Contaminants are removed from
the system as still bottoms and materials trapped on replaceable
filter-adsorber cartridges.

Fabric Sampling Protqcol

The test protocol consisted of decontaminating both
site-contaminated and laboratory-contaminated garments (Table 1).
The site-contaminated garments are those that were presumably
contaminated during the fire. The laboratory-contaminated garments
are those that were site-contaminated, but also were contaminated
in the laboratory with a known concentration of PCB as Aroclor
1242. The PCB test concentrations of 2.4, 9.0, 33%
(volume-to-volume in dielectric grade mineral oil) and 100% were
applied via a brush to selected areas on the garments to the point
of saturation. The volume of PCB applied was approximately 20
milliliters.

The fabric sampling technique consisted of marking an area of the
fabric five inches square (12.7 cm) and within that area marking
off five one-inch squares (2.54 cm). Four of these five one-inch
squares were located at the four corners of the larger square, with
the fifth located at the center. To determine the
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VI.

pre-decontamination concentration, each of the five one-inch

squares were cut from the larger square to form a composite

sample. To determine the post-decontamination concentration within -
the same area, the remaining fabric within the marked off section o
was removed. This checkerboard technique was used to average out
or minimize concentration variations within the sample area. To s
eliminate variations based on cutting errors and unequal areas :
being removed, all results were normalized by reporting the
contaminant concentration in terms of micrograms of PCB per gram of
fabric (ug/g). It was assumed that bulk density variations in the
fabric and substrate were minor. For comparison consistency,
fabric sections were removed from the same approximate location on
each turnout coat and bunker pant sampled.

The removal efficiency of the system was determined using the
following equation: '

Removal Efficiency (%) = (A -B) X 100
(A)

where "A" is the initial and "B" is the final concentration of PCB
in the fabric in terms of ug PCB/g fabric. The pre- and
post-decontamination measurements of PCB concentration were
compared using a paired t-test.

o b e

The Nomex® fabric samples were extracted with toluene and
"analyzed by gas chromatography with electron capture detection.
The presence of Aroclors 1242 and 1260 was determined by comparison
with standard samples of the same Aroclors obtained from the U.S.
Environmental Protection Agency. Quantitation was performed by
summing the heights of the five major peaks of the standards, and
comparing that to the sum of the same peaks in the sample. The
instrumental limit of detection was 0.5 ug/g for both Aroclors.
Since no recovery studies were performed on the Nomex® fabric,
the results are considered to be the minimum amount of Aroclor
present.

RESULTS

Table 2 presents the pre- and post-decontamination concentrations of
PCBs and percent removal for the site-contaminated garments. The PCB
concentrations prior to laundering ranged from 5.3 to 480 ug/g (mean
85, S.D. + 130). By comparison, the post-decontamination
concentrations ranged from 1.1 to 25 ug/g (mean 4.8, S.D. + 6.4). The
percent of PCBs removed, therefore, ranged from 66 to 99%, with a mean
of 88% and a 95% lower confidence limit of 82% removed..
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VIII.

incidents have resulted in the contamination of fire fighters'

Table 3 presents the pre- and post-decontamination concentrations of
PCBs and percent removal for the laboratory-contaminated garments.
Although the PCB concentrations applied to the garments ranged from
2.4 x 104 to 1.0 x 106 ug/g (2.4 to 100%, volume-to-volume), the
actual concentration measured in the fabrics ranged from 1.6 x 104 to
9.9 x 109 ug/g (1.6 to 99%, weight-to-weight). The post-laundered
concentrations ranged from 5.4 to 230 ug/g (mean 63.5, S.D. + 64.2).
The reduction in PCB concentration exceeded 99% for all of the garments
tested.

y i

Post-laundered inspection of the garments revealed that the tumble-wash 5
action of the machine did not appear to cause any physical damage to

the garments such as cuts, abrasions, or alteration of the

retro-reflective trim.

DISCUSSION AND CONCLUSIONS

Uncontrolled fires involving polychlorinated biphenyl (PCB) containing
fluids can produce a complex and potentially highly toxic mixture of
chlorinated products in the soot, including polychlorinated
dibenzofurans and polychlorinated dibenzo-p-dioxins [2,3]. These

protective clothing and equipment with PCBs [5-7] and, most probably
with their polychlorinated pyrolysis products.

A Py oo

This limited study indicates that a relatively high percentage of
fire-borne and liquid PCB contamination can be removed from fire
fighters' protective clothing using a trichlorotrifluoroethane-based
system. The toxicological significance of the PCB contamination levels
remaining in the garments is uncertain. However, until scientifically
derived health related permissible fabric concentration levels of PCBs
are established, it cannot be determined whether this technique is
adequate. The discarding and replacement of fire fighters' protective
clothing and equipment can be very costly [1, 5-7]. The Jacksonville
incident in fact resulted in the replacement of approximately 40 sets
of turnout gear (including turnout coats, pants, and boots) with a
replacement cost of approximately $20,000. Research is urgently needed
to define decontamination end-points for reusable protectlve clothing,
i.e., "how clean is clean."

RECOMMENDATIONS

1. Fire fighters and other emergency response personnel responding to
fires involving PCB-containing fluids may be at risk of exposure to
PCBs and their more toxic thermal conversion products
polychlorinated dibenzofurans (PCDFs) and polychlorinated
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Technical Information Service (NTIS), 5285 Port Royal, Springfield,
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can be obtained from NIOSH Publications Office at the Cincinnati
address. Copies of this report have been sent to: o
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For the purpose of informing affected employees, copies of this report
shall be posted by the employer in a prominent place accessible to the
employees for a period of 30 calendar days.
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