
Chemosphere, Vol.18, Nos.l-6, pp.569-576, 1989 0045-6535/89 $3.00 + .00 
Printed in Great Britain Pergamon Press plc 

POLYCHLORINATED BIPHENYL, POLYCHLORINATED DIBENZO-P-DIOXIN, AND 
POLYCHLORINATED DIBENZOFURAN CONTAMINATION IN PCB DISPOSAL FACILITIES 

Charles J. Bryant*, Richard W. Hartle, Michael S. Crandall, and Paul Roper 

Division of Surveillance, Hazard Evaluations, and Field Studies 
National Institute for Occupational Safety and Health 

Cincinnati, Ohio 45226 

ABSTRACT 

The National Institute for Occupational Safety and Health recently completed industrial 

hygiene surveys in three PCB disposal fac i l i t ies.  Contamination levels of PCBs (surface 

and airborne) and PCDDs/PCDFs (surface) were characterized during normal operations. 

Ninety-five out of ninety-six air samples collected for PCBs exceeded the NIOSH Recommended 

Exposure Limit of 1.0 ug/m 3. Seventy-four percent (86/117) of the PCB surface sables 

were above our contamination guideline of 100 ug/m 2. Twelve surface samples were 

collected for the determination of the tetra- through oct-chlorinated PCDD and PCDF 

homologs and the 2,3,7,8-substituted isomers. Eleven (92%) of the samples were above our 

contamination guideline of 1.0 ng/m 2 (2,3,7,B-TCDD equivalents). The 2,3,7,8-TCDD isomer 

was found in one fac i l i t y .  

INTRODUCTION 

PCB d isposa l  has been a major area of  concern since the r e s t r i c t i o n  of  PCB use in the 

United States and o ther  coun t r i es .  Large q u a n t i t i e s  of  PCB-containing products such as 

t ransformer  o i l s  and capac i t o r s  are being removed from serv ice and must be disposed of 

properly. While PCB regulations and disposal requirements differ from country to country, 

there is a common analytical interest In determining their presence in the environment and 

in potential sources to the environment (i). 

Uuring January through June 1987, the Nat ional  I n s t i t u t e  fo r  Occupat ional Safety and Health 

(NIOSH) measured contaminat ion  l eve l s  in  three PCB dtsposal  f a c i l i t i e s .  These eva lua t ions  

were a t  the reques t  o f  the Environmental P ro tec t i on  Agency (EPA). 
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The objective of the study was to determine the a i r  and surface concentrations of PCBs as 

well as surface levels of PCDDs/PCDFs (2,3,7,8- substituted isomers, and total tetra- 

through octa-chlorinated homologs) in three PCB disposal fac i l i t i es .  Sampling and 

analytical methods were identical in each plant, although the sampling strategies varied 

dependent upon plant size and methods of PCB handling and disposal. 

METHODS 

Surface Sampling: PCBs t PCDDs and PCDFs 

The surface samples were collected using 3" x 3" soxhlet extracted cotton gauze pads wetted 

with 8-ml of pesticide grade hexane. The sampling procedure consisted of marking off  a 
2 2 surface into a 0.25 m area using a metal tape measure. Each 0.25 m area was wiped, 

with a gauze pad held with a gloved-hand, in two directions; the second direction was 

performed at a 90 degree angle to the f i r s t  direction. The gauze pad sample was then 

placed in a glass sample container equipped with a Teflon-lined l id .  Each PCDD/PCDF sample 

was a composite of four 0.25 m 2 samples for a total area of 1.0 m 2, whereas the PCB 

samples consisted of a single sample from an area of 0,25 m 2. The samples were 

extracted, purified by column chromatography and analyzed for PCDDs/PCDFs using high 

resolution capil lary column gas chromatography and selected ion monitoring mass 

spectrometry (2). The samples were extracted and analyzed for PCBs using capil lary column 

gas chromatography electron capture detection (3). 

Air Samples: PCBs 

Ai r  samples for PCBs were col lected by drawing a i r  through a glass tube containing 150 mg 

of f l o r i s i l  adsorbent (100 mg f ron t  and 50 mg back sections) at a f lowrate of 1.0 l i t e r s  

per minute using ca l ib ra ted,  battery-operated sampling pumps. The samples were analyzed 

using the procedures previously referenced (4). 

Evaluation Criteria 

NIOSH recommends that airborne exposure to PCBs In the work place be limited to, or below, 

the minin~m reliable detectable concentration of I ug/m 3 (using the recommended sampling 

methods) determined as a TWA for up to a lO-hr workday, 40-hr workweek. The NIOSH 

reconm~nded exposure limit 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 Studies have not demenstrated a level of exposure to PCB5 that will not subject 

workers to possible liver injury (5). 
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The Environmental Protection Agency's spi l l  cleanup policy (April 2, 1987 - 52 FR 10688) 

includes discussions of industrial surfaces contaminated from PCB spi l ls  occurring after 

~y  1987. EPA states that the estimated level of oncogenic risk associated with dermal 

exposures of 50 ug/m 2 of PCBs on hard, indoor, high-contact surfaces is between 1 x 

IU -5 and I x I0 -~. NIOSH continues to promote the lowest feasible level concept for 

exposure to potential carcinogens. Therefore, based upon background studies conducted by 

NIOSH, this (background level} appears to be 50 to i00 ug/m 2 (6,7). 

In July of 1985, an advisory panel was convened to provide guideline recommendations for 

a i r  and surface cleanup for PCBs, PCDDs, and PCDFs for the State Highway Department 

Building in Santa Fe, New Mexico (8). Both NIOSH and the EPA were represented on this 

panel. The advisory panel also considered the potential risk of cancer resulting from 

exposure to PCDDs and PCDFs. The guideline for PCDDS and PCDFs is intended to maintain 

this risk below one in one mil l ion for a person spending his/her working l i fet ime (30 

years) in the building. Animal studies on the carcinogenicity of 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) were used to estimate the potential cancer 

risks. NIOSH recommends that 2,3,7,8-TCDD be regarded as a potential occupational 

carcinogen, that occupational exposure to 2,3,7,8,-TCDD be controlled to the lowest 

feasible level, and that decontamination measures be used for 2,3,7,8-TCDD-contaminated 

work environments. This recommendation is based on a number of rel iable studies 

demonstrating carcinogenicity in rats and mice (9). 

The surface guideline recommended by the advisory panel is 1 ng/m 2 of 2,3,7,8-TCDD 

equivalents. 2,3,7,8,-TCDD equivalents are defined as the concentration of 2,3,7,8-TCDD 

which by i t se l f  would be believed to exhibit  the same biological potency as the mixture of 

structurally-related compounds, PCDDs/PCDFs, actually present in a sample. The 

structually-related PCDDS and PCDFs which could be observed include the tetra- through 

octa-chlorinated homologs and 2,3,7,8- substituted isomers. 

This procedure, developed by the New York State Department of Health, estimates the amount 

of 2,3,7,8-TCDD that would have to be present to exhibit  a similar toxic i ty as the measured 

quantity of a11 of the various other PCDDs and PCDFs that are present (I0). The procedure 

assumes certain weighting factors (ratios of toxic i t ies) between 2,3,7,8-TCDD and the other 

PCDDs and PCDFs. The weighting factors that are used in this report are those currently 

proposed by the U.S. Environmental Protection Agency (Interim Procedures for Estimating 

Risks Associated with Exposures to Mixtures of Dibenzo-p-Dioxins and bibenzofurans (CDD~ 

and CDFs), Risk Assessment Forum, EPA 625/3-87/012, Ig87). 
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RESULTS 

Ninety-six air  samples were collected for analysis of PCBs. Thirty-three of the samples 

were taken at Plant A (Table I ) ,  forty-one at Plant B (Table I f ) ,  and i~wenty-two at Plant C 

(Table I l l ) .  Al l  of the samples showed detectable levels of PCBs ranging from 0.85 to 30.5 

ug/m 3. Ninety-five (99%) of the samples exceeded the NIOSH recommended exposure l im i t  of 

1.0 ug/m 3 . 

The PCB analyses of 117 samples collected on various surfaces are summarized in Tables 

I - I l l .  Forty-two samples were taken in Plant A, f i f t y - s i x  in Plant B, and nineteen In 

Plant C. The surface concentrations of PCBs measured in the plants ranged from 4 to 1.56 x 

106 ug/m 2. Eighty-six (74%) of the samples were above the surface cri ter ion of I00 
ug/m z . 

Twelve surface samples (Plant A/4 samples, Plant B/5 samples, Plant C/3 samples) were 

collected for tetra- through octa-chlorinated PCDD and PCDF homologs and the 2,3,7,8- 

substituted isomers, and are summarized in Tables I - I l l .  The calculated concentrations of 

TCUD-equivalents ranged from 0.95 to 191 ng/m 2. Eleven (92%) of the samples were above 

the 1.0 ng/m 2 evaluation cr i te r ia  proposed by the Governor of New Mexico Expert Advisory 

Panel. Of particular concern was the presence of 2,3,7,8-TCDD isomer in the Drain/Flush 

sample (Plant A/Table I)  at a concentration of 1.56 ng/m 2. 

CONCLUSIONS 

A study was conducted to determine the concentrations of airborne and surface PCBs, and 

surface levels of PCDDs/PCDFs (converted to 2,3,7,8-TCDD equivalents) In three PCB disposal 

f ac i l i t i e s .  The environmental data from these surveys indicate a consistent presence of 

PCBs and PCDDs/PCDFs above the evaluation c r i te r ia .  The 2,3,7,8-TCDD isomer was found in 

at least one f a c i l i t y .  These studies suggest that other, similar f ac i l l t i e s  should be 

investigated, and that higher levels of employee protection are warranted. 
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