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The roofing and sheet metal contract construction Industry represents over
115,000 workers with potential for exposure to roofing hazards in the U.S.
(Bureau of Labor Statistics Bulletin 1830,1974). Both asphalt and coal tar
pitch are in common use in roofing operations .. Follol'Jing the publ ieatior.
of a study by Se J ikoff and Hammond (Anna Js of the New York Academy of
Sciences, Vol 271, 1976) indicating increased mortality rates among reof­
ers using coal tar pitch and asphalt, there was increased concern over
health hazards in the roofing industry. The purpose of this survey was
to define occu~ational exposures incurred by roofers, particularly exposures
to coal tar pitch volatiles in both asphalt and coal tar fumes.

DESCRIPTION OF OPERATION·:

1hi5 job ~·Ias a small ~·:arehouse (80 1 x 80 1
) on which a ne~1 asphalt roof was

bein9 laid. The deck was pJy\vood. Felt \rlas applied directly to the ply\vood.
One layer of felt and asphalt was used, covered with a layer of thicker
coated material (CON-CAP). A felt laying machine ~vas used to apply the felt
and asphalt. Asphalt \vas mopped onto the periphery of the roof, and feit
applied by hand. The crew consisted of about five men. The kettleman also
help?d in applying the roof. Asphalt \,<3S melted dO\1n in a kettle equipped



with hooding intended to reduce fume emissions. The kettle had exploded several
times so that the hooding was no longer effective: The doors in the hooding,
through 1"11lich ~he asphalt I"as loaded I'Jcre kcpt open throughout the day, so that
the hooding proved only to be a nusiance, rather than accomplishing any semblance
of fume reduction. A CAL-OSHA inspector who visited the site on the day of this
survey indicated that the particular type of hoodi~g on this kettle, although
initially required by California environmental agencies, was being "red tagged"
(operation shut down), as they were so unsafe. The hooding causes the kettles
to explode on an average of once a week, resulting in severve burns in the
kettlemen.

Weather conditions '.',ere sunny and warm (750F), with little wind in the morning,
and a sl ight breeze in the afternoon.

/
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SA,'\P LING AIJD /\/1!\LYT I CAL METHODS

The same samplinc method was used for both coal tar pitch and asphalt roofs.
Personal and area samples were taken using Model G MSA pumps at flow rates of
between 1.5 and 2.0 liters per minute. The sampling apparatus consisted of
a 37 mm diameter glass fiber filter followed by a 0.8 u pore size membrane
filter and back-up pad. This filter cassette was.followed by a sol id sor-
bent (porous polymer) in an attempt to capture compounds lost by subl imination.

Sample analysis was performed by the Utah Biomedical Test Laboratory, Salt
lake City, Utah. Filters and tubes were analyzed separately. Both were
analyzed utilizing ultrasonic extraction according to NIOSH method P&CAM
Number 217. Particulate polycyclic organic matter levels were measured as
total benzene solublcs. The fraction of the sample remaining after the
soluble analysis was analyzed by reversed phase liquid chromatography for
five individual polynuclear aronatic hydrocarbons (PNA's). Those PNA's
measured were benzo(a)pyrene'(BaP), benz(a)anthracene (BaA) l fluoranthene
(Flu), pyrene (Pyr), and chrysene (Chr). The injection volume for the chromato­
graphy unit ranged from I to 50 microliters d.epending on the sample concentration.
Sample chromatograms were compared with chromatograms from known standards for
compound identification. Peak areas of several itandard concentrations of each
compound of interest were measured and standard curves were constructed. Quanti­
tation data were obtained by comparison of the pe0k areas of the samples with the
standard curves. The limits of detection for each PNA using a 1 ul injection are:

Fluorantnene
Pyrene
Benz(a)anthracene
Chrysene
Senzo (a) pyrenc

1 ug/sample
5 ug/sample
2 ug/sample
3 ug/sample
} ug/sample

The preceding detection I imits apply to a l.ul injection from a I ml sample.
The detection I imits I isted in the table containing the field data are different
from those listed above, because most samples were' analyzed utilizing a larger
injection volume to increase sensitivity. The reported limit of detection may
vary between samples due to different injection volumes.

DISCUSSION AND PRESENTATION OF DATA

At present, occupational exposure to carcinogens within coal tar pitch and asphalt
is regulated under the OSHA standard for coal tar pitch volatiles. While this
standard was originally intended to protect individuals from exposure to coal
tar products, the U.S. Department of Labor has ruled that employee exposure
to polycyclic hydrocarbons volatilized from petroleum residues be controlled
under the coal tar pitch volati Ie standard. The basis for this rul ing \"as
that many of the hazardous compounds found in coal tar pitch volatiles can be
found in volatiles from petroleum residues. Thus, it is thought that petroleum
volatiles can present a similar hazard to health.

The current occupationa) health standard promulgated by the U.S. Department of
Labor I imits allowable exposure to coal tar pitch volatiles to an 8-hour time-
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weighted average of 0.2 mill igrams of substance per cubic meter of air. Only
the volatiles of particulates collected via total mass sampling which are
soluble in benzene are reflected by this level. This standard is se~ at a
level to protect workers from inhalation effects incurred from occupational
exposure. The same limit is recommended as a Threshold Limit Value (TLV) for coal
tar products by the ACGIH, whi Ie the TLV for asphalt fumes is 5 mg/m3.

NIOSH has recently completed criteria documents on coal tar products and asphalt
fumes. The NIOSH recommended 1imit for exposure to coal tar products is 0.1
mg/m3 "for up to a 1a-hour \%rkday, 4a hour week. The proposed I imi t for: exposure
to asphalt is 5 mg/m3 for any 15 minute period.

It should be noted that the legal (OSHA) standards for exposure to coal tar
pitch volatiles relate to all benzene soluble materials in volatiles of coal
tar products, petroleum residuals, and v/ood tars, and not merely the carcino­
genic compounds in the volatiles. According to the ACGIH:

Since no llsafe ll I imit of exposure can be establ ished
for carcinogens and because of instabil ity in the com­
position of volatiles from coal tar pitch, a limit of
0.2 mill"igrams per cubic meter of air is recommended.
A limit of 0.2 mg/m3 of total components present should
minimize exposure to these carcinogens.

It is generally f~lt that the cancer causing agents within coal tar pitch vola­
tiles include a group of compounds referred to as polynuclear aromatic hydro­
carbons (PNA~s). These are compounds consisting of fused carbon rings. Those
PNA's in the five to six ring range are generally considered as most suspect of
causing cancer in humans. 8enzo(a)pyrene (BaP) in particular,is a potent cancer
causing zgent. in order to more fully characterize the constituents in the vola­
tiles measured in the roofing industry, these samples were analyzed for total ben­
zene solubles, and then fractionated the samples," to measure five individual PNA's,
three of which are suspect carcinogens (BaP, benzanthracene, and chrysene).

Data obtained frorl bulk samples and ai r samples are pt-esented in Tables I and II.
Bulk sample analysis vias done primarily to identify rNA constituents of the
parent material. As can be seen in Table I, all five PNA's examined were re­
ported as less thant the detectable limit. As some PNA's were found in the air
samples taken, and the tOemperature of the kettle I-Ias hardly high enough for PNA
formation, problems with the bulk analysis were suspected. This was confirmed
upon contact with the laboratory. The asphalt chromatogram yielded unidentifi­
able plateaus in the PNA region, rather than isolated distinct peaks. Attemots
were made to elena up the analysis, but the bulk sample data remains suspect.
The detectable limits reported for this analysis are high due in part to the
problems mentioned here. This lessesn the value of the data, as significant
quantities of PNA's might be present, but not detected.

The data presented in Table II - Sampling Results reflects sample concentrations
rather than 8-hour time weighted averages (TWA's). The variable nature of the
work shift of roofers (often a twelve hour day, or n~re), as well as the varia­
bility of the work week (which is weather dependent) does not lend itself to
extri:'poL:;tion of the d2ta to TWA's, as only one day's samples vias taken. From
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observat ions miJdc at this and numerous other works i tes, it was
exposures to hot miJtcrials is fairly consistent throughout the
ing from the beginning of the day, until the roof is finished.
jobs last only a short tir.1C, usually one day to perhaps a week

apparent tha t
work day, last­

Mos t roof i ng
or t\'IO.

Assuming an eight hour exposure at the levels measured for five hours or more
in this survey, all personal samples taken were well above the standard for the
benzene soluble fraction. No detectable PNA's were found on any of the filter
section~ of the personal samples, although BaP was found on one of the tube sec­
tions. It is importiJnt to note that the proteritial for exposure to PNA's is
pr~sent, as all arCiJ samples measuring emissions from the kettles showed signi­
ficant quantities of benzanthracene and chrysene on the filters. BaP was found
on one of the tubes in the areas samples, and pyrene was found on another. It
also should be noted that both the highest and 10\'lest benzene soluble fractions
exposures were. in men doing the same job, laying felt. Generally, work practices
were very variable. This factor, in combination with the fact that exposures
vary with wind speed and direction, means that little can be said to connect
job with exposure.. The roofers change jobs day to day, or even within one day,
so that such general izations \-/ould not be worthwhi Ie in terms of attempting to
estimate chronic exposures.

s



CONCL US IONS ArlO RE COl111EN DAT IOtlS

The exposure levels measured here arc sufficiently high to warrant concern
over chronic exposures at such levels. Although PNA's were not consistently
found on the personal samples, the potential for exposure was present, as
evidenced by the area samples.

little published vlork hCls been done to characterize the chemical constituents
to asphalt fumes, particularly focusing on carcinogens. PNA's were measured
in this survey as they are known to be carcinogenic in other industries. As
animal experiments have been done shov-ling some tumor response from exposure to
asphalt via skin painting, and one published epidemiologic study has shov-m
increased cancer rnortaltity in roofers, it is felt that a potential hazard
exists.

It is recommended that further work be done toward developing engineering
controls for the various pieces of equipment to reduce" emissions. Standard
work practic8s should be developed, as exposures could be drastically reduced
using hygienic practices. Some type of training or indoctrination program
should be set up to inform the employees of the safety and health hazards
that exist, and how to avoid them.
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