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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 A.ssistance Branch also provides, upon .• .f: 
f 

. , 

. ·. ·v 

request, ~edical, nursing , and industrial hygiene technical and consultative 
assistance (TA) to Federal, state, and local agencies; ·1abor; industry and 
other groups or individuals to control occupational health hazards and to 
p_revent 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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I. SUMMARY 

On January 29, 1984, a fire occurred at a transformer oil reclamation 
facility in Jacksonville, Florida. The Nomex® fabric garments worn 
by the fire fighters were assumed to be contaminated with 
polychlorinated biphenyls (PCBs). An attempt to decontaminate the i­

' ! 

,_.:;

garments with a common method (detergent wash with water rinse) showed 
a mean residual concentration of 239 ug PCB/g fabric (range 15 to 1060 
ug/g). These results prompted the Jacksonville Fire Department (IAFF, 
Local 122) to request that the National Institute for Occupational 
Safety and Healt~ (NIOSH) evaluate the efficiency of a 
trichlorotrifluoroethane-based system to remove PCBs from Nomex® 
fabric garments. The system is a dry cleaning machine with a revolving 
chamber where the garments are tumble-washed in a fluorocarbon solvent. 

A limited study consisting of decontaminating both site-contaminated 
and laboratory-contaminated garments (Nomex® fabric coats and 
trousers) was conducted on February 13-15, 1984. The site-contaminated 
garments were those that were contaminated during the incident (mean 85 
ug PCB/g fabric, range 5.3 to 480 ug PCB/g fabric). The 
laboratory-contaminated garments were those that were 
site-contaminated, but also were contaminated in the laboratory with 
PCB· concentrations of 2.4, 9.0, 33 and 100% (volume-to-volume). The 
reduction of PCB for site-contaminated garments ranged from 66 to 99% 
with a mean of 88% and a 95% lower confidence limit removal of 82%. 
The reduction for all laboratory-contaminated garmen~s exceeded 99%. 

This study demonstrates that a relatively high percentage of fire-borne 
and liquid ~CB contamination can be removed from fire fighters 
protective clothing using a trichlorotrifluoroethane based system. 
However, until scientifically derived permissible fabric concentration 
levels of PCBs are established, it cannot be absolutely determined 
whether this technique is adequa~e. 

KEYWORDS: SIC 9224 (Fire Fighters), PCBs, polychlorinated biphenyls, 
decontamination, protective clothing, Freon® 113, 
trichlorotrifluoroethane. 

·----- ~·-­



. ! 

Page 2 - Health Hazard Evaluation Report No. 84-180 

II . 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 ..

of Fire Fighters (IAFF) on behalf of their affiliate, Local 122, in 
Jacksonville, Florida. 

On February 13- 15, 1984, a limited laboratory study was conducted to · 	 . -i. 
test the efficiency of a RADKLEEN® Model 1550 Clothing 
pecontamination 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 rep~rt dated March 12 , 
1984 . 

III. BACKGROUND 

On January 29, 1984, a fire occurred at an electrical transformer oil 
' 

reclamation facility in Jacksonville, Florida (1) • . The fire destroyed • !. 

··J the building and several storage tanks containing PCB- transformer 	 i 
. i

fluids and various chlorinated and unchlorinated organic solvents. .A :,:;

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) . Neither 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 
(2,3] . 

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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NIOSH to secure turnout gear which had been exposed to a PCB fire 
and conduct a limited study to test the removal efficiency of a 
trichlorotrifluoroethane based decontamination technique. 

IV. EVALUATION CRITERIA 

A. Environmental - PCBs 

NIOSH recommends that airborne exposure to PCBs in the work place 
be limited to, or below, the minimum. reliable detectable 
concentration of l microgram of PCB per· cubic meter of air 
(ug/m3) (using the recommended sampling methods) determined as a 
TWA for up to a 10-hr workday, 40-hr workweek. The NIOSH 
Recommended Exposure Limit (REL) was based upon the findings of 
adverse reproductive effects in experimental animals, on the 
conclusion that PCBs are carcinogenic in rats and mice and, 
therefore, potential human carcinogens in the work place, and on 
the conclusion that human and animal studie~ have not demonstrated 
a level pf exposure to PCBs that will not subject workers to 
possible liver injury. 

. 7' The Occupational Safety and Health Administration (OSHA) 
promulgated its permissible exposure limit (PEL) of 1 mg/m3 for 
airborne chlorodiphenyl products (PCBs) containing 42% chlorine and 
0.5 mg/m3 for chlorodiphenyl products containing 54% chlorine 
determined as 8-hr time-weighted average (TWA) concentrations based 
on the 1968 Threshold· Limit Values (TLVs) of the American 
Conference of Governmental Industrial Hygienists (ACGIH). The 
TLVs, which have remained unchanged at 1 mg/m3 and 0.5 mg/m3 
through 1986, are based on the prevention of liver injury in 
exposed workers. The ACGIH Short Term Exposure Limits (STEL) for 
airborne chlorodiphenyls are 2 mg/m3 and 1 mg/m3 for 42% and 
54% chlorine products, respectively. The OSHA P~L and the ACGIH 
TLV and STEL values include a "Skin" notation which refers to the 
potential contribution to overall exposure by the cutaneous route, 
including the mucous membranes and eyes, by either airborne or 
direct skin contact with PCBs. 

There are no standard evaluation criteria (RELs, PELs, or TLVs) for 
·industrial. surfaces contaminated with PCBs. In July of 1985, an 
advisory .panel was convened to provide guideline recommendations 
for air and surface clean up for PCBs, dioxins, and furans for the 
state Highway Department Building in Santa Fe, New Mexico. Both 
NIOSH and the Environmental Protection Agency were represented on 
this panei'. These guidelines included specifications for PCB 
concentrations not to exceed 50 uglm2 on "working" surfaces. 
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, i 

Examples of working surfaces included "high contact" · items such as , , 
; 

desk tops and chairs. Although application of these guidelines to 
the industrial environment is difficult, recent recommendations by 
NIOSH (June 1986) for surface clean up of PCBs in an aircraft 
maintenance facility proposed 250 ug/m2 for iow contact surfaces, 
and 100 ug/m2 for actual aircraft parts, ·or "high contact" 
items. In interpretation of these guidelines and proposals, it 
should be noted that there is a great deal of scientific 
uncertainty about the potential human risks from exposure to PCBs. 

There are no standard criteria for permissible fabric 
concentrations of PCBs in personal protective clothing garments. 

B. Health Effects - PCBs 

Polychlorinate~ biphenyls (PCBs) are a class of compounds that have 
various combinations of chlorine atoms attached to a biphenyl 
molecule [8]. Since commercial introduction in the late 1920s, 
over 1.25 pillion pounds of PCBs have been manufactured and used in 
the United States, primarily in mixtures with chlorobenzenes known 
as askarels which are used as dielectric fluids for elec.t.rical 
transformers and capacitors, heat transfer systems, and hydraulic 
systems (9). PCBs also have been used as lubricants, plasticizers, 
pesticide extenders, and components of inks and surface coatings 
[10). The main uses of Commerical PCBs are mixtures of isomers of 
chlorinated biphenyls. The basic structure of PCBs is a biphenyl 
backbone to which is attached up to· ten chlorine atoms. Although 
there are 209 possible positional chlorobiphenyl isomers, only 100 

. individual isomers are likely to occur at significant 
concentrations in commercial PCB mixtures [11]. PCBs were 
manufactured in the United States and marketed under th "Trade name 
Aroclor" according to the average percent chlorine content of the 
mixture. The Aroclor 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 _[8]. 

PCB residues are detectable in various tissues of persons without 
known occupational exposure to PCBs. Mean whole blood PCB levels 
have been found to range from 1.1 to 8.3 parts per billion (ppb), 
while mean serum PCB levels range from 2.1 to 24.2 ppb (12]. Mean 
serum PCB levels among workers in one capacitor manufacturing plant 
studied by NIOSH ranged from 111 to 546 ppb, or approximately 5 to 
22 times the background level in the community. Mean se~ PCB 
levels among workers in transformer maintenance and repair have 
been found to range from 12 to 51 ppb, considerably lower than 
among workers at capacitor manufacturing plants [13]. 
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Chlorobiphenyl toxicity is complicated by the presence of highly 
toxic impurities, especially the polychlorinated dibenzofurans 
(PCDFs) [14], which vary in amount between PCBs of manufacturers 
[15), and PCBs of different percent chlorination (16), and which 
are found in increased concentration when PCBs undergo incomplete 
pyrolysis [17,18). As well, different animal species, including ·•! 
man, vary in their pattern of biologic response to PCB exposure ' 
[19]. 

Two human epidemics of chloracne, "Yusho" and Yu-cheng," from 

ingestion of cooking oil accidentally contaminated by a PCB 

heat-exchange fluid used in the oil's pasteurization, have been 

described in detail [ 20,211 • Although PCBs were init _ially regarded 

as the etiologic agent of Yusho, analyses of the offending cooking 

oil demon~trated high levels of polychlorinated dibenzofurans and 

polychlorinated quarterphenyls, as well as other unidentified 

chlorinated hydrocarbons, in_addition to PCBs (22) . 


The results of individual studies of PCB-exposed workers are 

remarkably consistent . .Among the cross-sectional studies of the 

occupationally exposed, a lack of clinically apparent illness in 

situations with high PCB exposure seems to be the rule . Chloracne 

was observed in recent studies of workers in Italy , (23) but not .·-y

. " · among workers _in Australia, [ 24] Finland [ 25) , or in the United 
States [13,26-28] . Weak positive correlations of PCB exposure or 
serum PCB . leveis have been reported with SGOT (23,25-271, GGTP 
[13,23,27,28), and plasma triglycerides [13,29,20]. Correlations 
with p.lasma triglycerides [31] and GGTP [32] are also found among 
community residents with low level PCB exposures . Causality cannot 
necessarily be imputed to PCBs in these cross-sectional studies . 

The International Agency for Research on Cancer has concluded that 

the evidence for PCBs' carcinogenicity to animals and to humans is 

limited. "Certain polychlorinated biphenyls are carcinogenic to 

mice and rats after their oral administration, producing benign and 

malignant. liver neoplasms . Oral administration of .polychlorinated 

biphenyls increased the incidence of liver neoplasms in rats 

previ~usly exposed to N-nitrosodiethylamine" (33 J •. 


In a mortality study among workers at two capacitor manufacturing 

plants in the United States [34] a greater than expected number of 

observed deaths from cancer of the liver and cancer of the rectum 

were noted. Neither increase was statistically significant for 

both study sites combined. However, in a recent update of this 

study (in press), with follow-up through 1982, the excess in 

liver/biliary tract cancer was statistically significant (5 




.. 
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observed vs. 1.9 expected)/whereas, the excess in cancer of the 
rectum was still elevated but not statistically significant. In a 
mortality study among workers at a capacitor manufacturing plant in 
Italy [35] males had a statistically significant increased number 
of deaths from all neoplasms. When analyzed separately by organ 
system, death from neoplasms of the digestive organs and peritoneum 
(3 observed vs. 0.88 expected) and from lymphatic and hematopoietic 
tissues (2 observed vs. 0.46 expected) were elevated. This study 
was recently expanded to include all workers with one week or more 
of employment with vital status follow-up through 1982. In the 
updated results, there was a statistically significant excess in 
cancer among both females (12 observed vs. 5.3 expected) and males 
(14 observed vs. 7.6 expected). In both groups there were 
non-significant ·excess in digestive cancer among males (6 observed 
vs. 2. 2_expected).. Unfortunately, not enough information is 
provided to determine the risk specifically for liver cancer. 

C. 
 Health Effects - PCDFs and PCDDs 

Polychlorinated dibenzofurans (PCDFs) and polychlorinated 
dibenzo-p-dioxins (PCDDs) are two series of tricyclic aromatic · 
compounds. The number of chlorine atoms can vary between 1 and 8 
(mono- through octa-chloro isomer groups) resulting in 75 PCDDs and 
135 PCDF positional isomers. 

The toxic effects of these compounds are associated with the number 
and specific placement in the chlorine atoms on the molecule. The 
tetra-, penta- and hexa-chlorinated isomer groups exhibit greater 
toxicity than the other chlorinated forms [36-38], PCDDs and PCDFs 
with chlorine at positions 2,3,7, and 8 -are particularly toxic 
[39-411, · ~CDDs and PCDFs are highly toxic in experimental animals 
when administered acutely subchronically, or chronically [41-49]. 
Toxic effects include severe weight loss, liver necrosis and 
hypertrophy, skin lesions," immunosuppression, reproductive 
toxicity, teratogenesis and death. Of the 75 PCDD and 135 PCDF 
isomers, ·only 2, 3, 7, 8-TCDD and a mixture of hexa-chlorinated 
dibenzo-p-dioxins with four of the six chlorines in positions 
2,3,7, and 8 have been tested for carcinogenicity. Two independent 
studies· of 2, 3, 7 , 8, -TCDD resulted in significant increases in the 
incident of liver and/or lung tumors in treated rodents [50). _A 
mixture of two 2,3,7,8-substituted hexa chlorinated dibenzodioxins 
were found to produce an increased incidence of liver tumors or 
neoplastic modules in exposed rats and mice [51). Exposure of 
humans to P.CDDs had caused chloracne (a skin lesion which resembles 
mild to very severe acne and which may last many years); and liver 
toxicity [47,52]. There is humans and exposure to PCBs containing 
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significant PCDFs [53,54) and to phenoxyacetic herbicides 
contaminated with PPDDs including TCDp [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. .. t 

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 l,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 . 

B. Fabric Sampling Protocol 

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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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 ~oncentration within 
the same area, the remaining fabric within the marked off section 
was removed . This checkerboard technique was used to average out 
or minimize concentration variations within the sample area. To 
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 . 

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. 

VI. 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 
concent rations 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,o removed • . 
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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 l.6 x 104 to 
I 
9.9 x 105 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. 

Post- laundered inspection of the garments revealed that the tumble-wash + 


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. 


VII . DISCUSSION AND CONCLUSIONS 

Uncontrolled fires involving polychlorinated biphenyl (PCB) containing 
fluids can produce a complex and potentially

1 

highly toxic mixture of 
chlorinated products in the soot, including polychlorinated 
dibenzofurans and polychlorinated dibenzo-p-dioxins [2,3] . These 
incidents have resulted in the contamination of fire fighters' 
protective clothing and equipment with PCBs (5- 7] and, most probably ··~,;t

!:. 

with their polychlorinated pyrolysis products. 

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 
qerived 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 protective clothi~g, 
i.e. , "how clean is clean." 

VIII. 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 polychlorin~ted 
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dibenzo-p-dioxins (PCDDs). All emergency response workers should 
understand that exposure can occur through inhalation, ingestion, 
and skin absorption (by direct contact or by contact with 
contaminated surfaces, clothing, and ~quipment) and recognize that 
exposure to some of these compounds may result in long term health 

· effects. 

2. 	 The -number of fire fighters responding and entering the potentially 
. contaminated area(s), (e.g., interior of the building) should be 
· limited. This action would minimize the number of fire fighters 
exposed arid would reduce the amount of protective clothing and 
equipment potentially contaminated . 

. 3. 	 The fire fighters who enter the potentially contaminated areas 
should wear a seif-contained · breathing apparatus (SCBA) operated in 
the positive pressure mode and standard turn-out gear. Although 
the neoprene vapor barrier commonly used in fire fighter protective 
clothing may not prevent penetration of vaporous PCBs and other 
compounds, practical alternatives are not readily available. When 
possible, flame resistant disposable protective clothing should be 
worn over the usual primary protective turn out gear. This use of 
disposable protective clothing will serve as a barrier against 
~ombustion particulates and ultimately reduce the problem of -~$ 

decontamination of the turn-out gear, as there is currently no 
,"t . ' ..~ ;) . 

recommended metho4 of decontamination. 

4. 	· Reusabl~ equipment should be grouped according to perceived degree 
of contamination (i.e., high, moderate, or low) and washed with an 
alkaline (trisodium phosphate base or nonionic 
(octylphenoxypolyethoxyethanol base) synthetic detergents. (All 
wash water should be collected, tested and disposed of in 
accordance with applicable EPA regulations.) 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. The equipment should, 
therefore, be tested for residual contamination before reus~ or 
storage. 
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Table l 


Outline of Test Protocol 


City of Jacksonville Fire Department

IAFF, Loca 1 122 


Jacksonville, Florida 


February 13-15, 1984 


No. 

4 
 Nomex Coat 4 4 8 

8 

8 

8 

4 
 Nomex Coat 4 4 

4 
 Nomex Trouser 4 4 

4 
 Nomex Trouser 4 4 

Type of GarmentGarments 


Site Contaminated Lab Contaminated* 

of 
 No. of Samples

Pre-decon Post-decon Total · 
No. of Samples


Pre-decon ·Post-decon Total 


*Contamination sequence: 2 coats - 100% PCB Aroclor 1242, 2 coats - 33% PCB, 
2 trousers - 9% PCB, 2 trousers - 2.4% PCB. 

· .,. Jr""'·i.J1, , •• • , .~ . ... . . .. ,,. .... .. . 

http:Jr""'�i.J1


Table 2 


PCBs Removed from Site-Contaminated Garments 


City of Jacksonville Fire Department 

IAFF, Local 122 


Jacksonville, Florida 


February 13-15, 1984 


ug PCB/9 fabric 
Pre-oecon Post-oecon %Removal 

480 25 95 
240 13.3 95 
200 1.8 99 

68 1.3 98 
60 5.4 91 
56 3.5 94 

37 5. 1 86 
35 4.2 88 
35 2.4 93 

15 1. 1 93 
14 2.9 79 
10 1.2 88 

7.8 1.3 83 
6.7 2.2 67 
5.3 1.8 66 

p 0.05, t.=2.49 
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Table 3 


PCBs Removed from Lab-Contaminated Garments 


City of Jacksonville Fire Department 

IAFF, Local 122 


Jacksonville, Florida 


February 13-15, 1984 


ug PCB/g, fabric 
Pre-decon Post-decon 'fo Removal 

9.9 X 105 24 
 > 99 
9.4 X 105 180 
 > 99 . 
6.3 X 105 60 
 > 99 
6.3 X 105 53 
 > 99 

5.4 X 105 230 
 > 99 
2.5 X 105 110 
 > 99 
1.8 X 105 97 
 > 99 
1.8 X 105 62 
 > 99 

7.2 X 104 13 
 > 99 
6.1 X 104 . 8.2 
 > 99 
5.8 X 104 63.1 
 > 99 
5.7 X 104 63.5 
 > 99 

2,0 X 104 18.4 
 > 99 
1.8 X 104 > 99 ~."

1.1~1u4 18 
 > 99 
l\t !It lU~ 11.9 
 > 99 

p<0.05, t=3 '. 34 
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