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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field

investigations of pos51b1e health hazards in the workplace. These
"1nvest1gatloﬁs 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) W
- authorizes the Secretary of Health and Human Serv1ces, followxng;a wrltten
reguest from.any employer or authorized representative of employeés; to -
determine whether any substance normally found in the place of employment has
potentlally toxic effects in such concentrations as used or found.

The Hazard Evaluatlons and Technical Assistance Branch also prov1des, upon
request, medical, nursing, and industrial hygiene technical and consultative
" assistance (TA) to Federal, state, and local agencies; labor; industry and
‘other groups or 1nd1v1duals to control occupatlonal 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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I. SUMMARY

In March 1983 the National Institute for Occupational Safety and Health
(NIOSH) received a request from the United Union of Roofers,
Waterproofers, and Allied Workers to evaluate employee exposures to
various chemicals during roofing activities. The request was for
evaluations of build-up and single-ply roofing systems.

NIOSH investigators conducted environmental and medical evaluations on
April 11-14, 1983. Three roofing systems were evaluated: 1) tear—off
and application of a coal-tar pitch roofing system, 2) tear—off and
application of a petroleum asphalt roofing system, and 3) application
of a single-ply modified asphalt roofing system (Koppers). The
environmental evaluation consisted of collecting air samples for the
contaminants antieipated from each roofing operation. ¥or the hot,
build-up roofs (petroleum asphalt -and coal tar pitch) this included
total particulates, benzene solubles, and polynuclear aromatic
hydrocarbons (PNAs). For the Koppers roofing system, perchloroethylene
and hydrogen chloride (HCl) gas were evaluated in addition to PNAs.

Airborne concentrations of total PNAs ranged from non-detectable (ND)
to 48 ug/m3 for 5 samples collected at the Koppers roofing site.
Total PNAs for the 24 air samples collected at the petroleum asphalt
roofing site ranged from ND to 110 ug/m3. Twenty-four air samples
collected at the coal tar pitch roofing site ranged from ND to 388
ug/m3 for total PNAs. The highest concentrations for an individual
PHA at each site were 438 ug/m3 for benzo(c)phenanthrene at the
Koppers site, 54.9 ug/m3 for phenanthene at the petroleum asphalt
site;, and 91.6 ug/m3 for acenaphthene at the pitch site. The benzene
soluble fraction ranged from ND to 2970 ug/m3 at the pitch site, from
D to 1440'ug/m3 at the asphalt site, and from ND to 1890 at the
Koppers site. Total particulates ranged from less than 30 to 16030
ug/m3 at the pitch site, and from less than 25 to 1040 ug/m3 at the
asphalt site.

e

These data indicate that personal exposures were highest at the coal
tar pitch site. Twenty percent (1 of 5) of the Koppers personal air
samples, 42% (10 of 24) of the petroleum asphalt samples and 85% (22 of
24) of the coal-tar pitch samples had detectable concentrations of
PNAs. Spraying the roof with water, as was done during day 2 at the
pitch site, appeared to effectively reduce exposures. Arithmetic mean
values for total PNAs and total particulate samples at the coal tar
pitch site were 13.1 and 853 ug/m3 when the roof was wetted and 63

and 3530 ug/m3, respectively when the roof was not wetted.



At the Koppers site, air concentrations of perchloroethylene on three
personal samples ranged from ND to 2.39 mg/m ; and HC1l was not
detected on any or the three air samples collected.

The medical evaluation consisted of administration of a questionnaire
addressing the use of personal protective equipment, current symptoms
and symptoms during the previous month. A limited physical examination
of the eyes and exposed skin was also performed.

Symptoms reported during the previous month for the hot, build-up roofs
included eye irritation and skin irritation, both of which were
attributed to coal tar pitch (CTP) rather than petroleum asphalt.
Symptoms for the single-ply system were nasal irritation and shortness
of breath. Symptoms on the days of the survey included burning,
tingling and itching of the skin; and burning and tearing of the eyes.

Signs on physical examinations included irritations of the eye
including gross conjunctivitis and photophobia; aging of skin and
livido "network" marking; degeneration of the cartilage of the ear;
meilomian gland cysts; squamous acanthomas, keratin cysts,
fibreopithelial polyps, and burns. Signs not attributed to pitch or
asphalt included eye loss, acute trauma, and calluses.

Based on these results the NIOSH investigators have concluded that
employees were exposed to potentially hazardous concentrations of coal
tar products including PNAs at the coal tar pitch and petroleum asphalt
roofing sites. Personal exposure concentrations were higher at the CTP
site. Spraying water on the old roof prior to tear-off resulted in
lower personal airborne concentrations. Recommendations aimed at
reducing exposures are included in Section VIII.

KEYWORDS: SIC 3444 (Roofing and Sheet Metal Work)., Coal tar pitch,
petroleum asphalt, Koppers, hot-build up roofing, single-ply roofing,
health effects, eye irritation, skin irritation, nasal irritation,
conjunctivitis, photophobia, aging of the skin, PNAs, polynuclear
aromatic hydrocarbons, acenaphthene, fluorene, phenanthrene, .
anthracene, fluoranthene, pyrene, benzo(c)phenanthrene,
benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(k)fluoranthene.
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I1.

III.

INTRODUCTION

On March 25, 1983, the National Institute for Occupational Safety and
Health received a request from an authorized representative of the
Union of United Roofers, Waterproofers, and Allied Workers to assess
exposures to various chemicals among employees involved in roofing
activities.

A team of NIOSH investigators conducted an envirommental and medical
evaluation at three roofing sites located in the Houston, Texas area.
The three roofing sites included: 1) tear off and application of an
petroleum asphalt roofing system, 2) tear off and application of a coal
tar pitch (CTP) roofing system, and, 3) application of a single-ply
modified asphalt roofing system (Koppers). All three roofing sites
were evaluated for exposure to PNAs and benzene solubles and;, for the
Koppers system, exposure to hydrogen chloride gas and organic vapors.
In addition, each worker on whom air samples were taken had a limited
medical evaluation.

BACKGROURND

Roofing systems have evolved over the years from the original hot
build-up systems of petroleum asphalt and coal tar pitch to single-ply
systems using a multitude of materials and solvents. The older hot
systems involve multiple layers of insulation and pitch or asphalt,
with many roofs incorporating 5 or 6 layers of material. Where a roof
is being replaced, the old roof is removed in a operation called
tear-off. Single-ply systems generally include the application of a
layer of insulation and a membrane layer on top of the insulation. A
ballast material such as "gravel” is often applied on top of the
membrane, Several types of single-ply roofs have been developed, each
using a different type of membrane such as: modified bitumen, modified
asphalt (XKoppers), rubber, and polyvinyl chloride. Individual sheets
of the membranes are glued or melted together to form a continuous
sheet.

Installation of both the CTP and asphalt systems evaluated during this
study involved initial removal of the old roof using hand and power
tools. Wheelbarrows were used to haul the waste material to a spot
where the material was dumped into a refuse container. Meanwhile,
solid plugs of CTP, which are normally transferred to the roofing site
in 55-gallon drums, were broken up and melted in a heated container. -
The semi-liquid material was then transferred into application
vessels. The slurry and insulation were applied in layers to the
desired depth.
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IV.

Roofing crews usually vary in size from about 5 to 15. Job
classifications include (in decreasing order of seniority): foreman,
journeyman, journeyman helper, apprentice helper and helper. The
roofer starts out as a helper for ,a variable period (eight months to
six years in this study). Tasks performed during tear—off include
tearing off and picking up loose pieces of old roof, and dumping
wheelbarrows full of tear-off material over the edge of the building.
Tasks performed during application include transporting "hot" material
and laying insulation. The skilled workmen, such as journeyman, may
run the power tools (cutter, broom, vacuum) during tear-off and may
mopp, roll paper, or act as kettleman during application. The
Jjourneyman helper and apprentice are intermediate in seniority and do a
combination of these activities. However, in practice, all roofers may
swvitch around and perform various tasks during the day. Both tear-off
(usually in the morning) and application (in the afternoon) can be done
by the same crew on the same day.

The Koppers system, which was being applied to a new building, involved
laying down a layer of insulation and covering it with sheets of
modified asphalt with an aluminum liner. The edge of the asphalt
sheets were melted together using a hand-held propane torch.

El

EVALUATION DESIGN AND METHODS
A, Environmental

Personal breathing zone air samples for total particulate, benzene
solubles, and PNAs were collected on preweighed Teflon filters at a
flowrate of 2 liters per minute (1pm) during tear-off operations.
All filters were first analyzed gravemetrically. Samples were then
analyzed for benzene solubles and 17 specific PNAs following NIOSH
Technical Bulletin TB-001 — with modifications. Multiple bulk
samples of dust from the petroleum asphalt and coal tar pitch
roofing sites were collected. The bulk samples were desorbed with
different solvents (benzene, acetonitrile and cyclohexane) to
determine the most appropriate solvent for filter analyses, Based
on laboratory analysis of bulk samples, benzene was selected as the
solvent of choice for field samples. The PNA analyses included the
following compounds: acenaphthylene (ACL), acenaphthene (ACE),
fluorene (FLU), phenanthrene (PHE), anthracene (ANT), fluoranthene
(FLE), pyrene (PYR), benzo(c)phenanthrene (BCP), benzo(a)anthradene
(BAA), chrysene (CHY), benzo(e)pyrene (BEP), benzo(b)fluoranthene
(BBF), benzo(k)fluoranthene (BKF), benzo(a)pyrene (BAP),
dibenz(a,h)anthracene (DAH), benzo(g,h,i)perylene (BGP) and
indeno(1,2,3~cd)pyrene (INP). The limit of detection ranged from
0.25 to 0.5 micrograms of each PNA per filter.
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Personal breathing zone air samples for determinations of benzene
solubles and PNAs during application of the petroleum asphalt, coal
tar pitch and Koppers, were collected using Teflon filters in
series with XAD-2 tubes at a flowrate of 2 liters per minutes. At
the Koppers site air samples were also collected for
perchloroethylene and HC1l on sorbent tubes attached via flexible
tubing to battery operated pumps calibrated at a known flow rate.

Whenever possible published NIOSH sampling and analytical methods
were used.l Table 1 provides additional information on the
sampling and analytical methods.

Medical

All 13 roofers were evaluated at the coal tar pitch operation (site
1) and all 14 at the petroleum asphalt operation (site 2). Job
classifications at site 1, were foreman/journeyman (6), apprentice
(5), and helper (2); at site 2, they were foreman/journeyman (2),
journeyman helper (5), and helper (7). The evaluation included (a)
a guestionnaire to elicit symptoms reported over the past month,
symptoms reported on the day of evaluation (coincident with
personal breathing zone air sampling), use of personal protective
equipment, factors that might aggravate health effects; and (b) a
limited physical examination of the eyes and exposed skin.
Observed lesions were photographed and the slides were reviewed
with a dermatologist at the University of Cincinnati. Workers at
site 1 were interviewed again on day 2. Five roofers at site 3
(Koppers or single-ply) were interviewed regarding symptoms
reported during the previous month. No comparison group was
available at the roofing sites, but, four non-roofing workers (two
sheet metal workers at site 1 and two cement workers at site 2)
were interviewed regarding symptoms experienced.during the past
month.

V. EVALUATION CRITERIA

A‘

General Environmental 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 4
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 levels. A small percentage
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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 workplace 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. Also, 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 recommended exposure limits (REL) 2) the
American Conference of Governmental Industrial Hygienists® (ACGIH)
Threshold Limit Values (TLVs), and 3) the U.S. Department of Labor
(OSHA) Occupational Health Standards.2—® Often, the NIOSH
recommendations and ACGIH TLVs are lower than the corresponding
OSHA standards. Both NIOSH recommendations and ACGIH TLVs usually
are based on more recent information than are the 0SHA 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 primarily 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 legally required to meet those
levels 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
limits or ceiling values which are intended to supplement the TWA

‘where there are recognized toxic effects from high short-term

exposures.

Polynuclear Aromatic Hydrocarbons

£

Polynuclear aromatic hydrocarbons (PNAs) are the constituents of
concern in petroleum asphalt and coal tar pitch products. These
large molecules (Figure 1) contain numerous 6 carbon rings and have
been shown to be carcinogenic as a group with certain individual
PliAs exhibiting increased carcinogenic capability. There are
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potentially thousands of different PNAs in pitch. PHNAs can be
separated out of particulate samples using solvents like benzene or
cyclohexane. By limiting exposure to the soluble materials of
pitch, the cancer risk is believed to be reduced.’—9

Older hot roofing systems used either coal tar pitch or petroleum
asphalt materials. (Petroleum asphalt is the residue from the
fractional distillation of petroleum produects.) Generally, coal
tar pitch is believed to be more toxic than petroleum asphalt due
to higher quantities of soluble PNAs.’

Several PNAs including benzo(a)pyrene and benzanthracene have been
shown to be carcinogenic in animals. From the epidemiologic and
experimental toxicologic evidence on coal tar products, NIOSH has
concluded that these are carcinogens and can increase the risk for
lung cancer and skin neoplasms (benign and malignant).7 An
epidemiologic mortality study of members of the United Slate, Tile
and Composition Roofers, Damp and Waterproof Worker's Association
found elevated death rates from lung cancer and cancer of several
other sites.l0 These roofers had worked with both CTP and
petroleum asphalt. This study found an elevated standardized
mortality ratio for skin cancer (excluding melanoma) of 4.00.

Investigators have documented carcinogenic activity in laboratory
animals exposed to either petroleum asphalt or coal tar pitch
fumes.ll NIOSH investigators also found carcinogenic activity
for both petroleum asphalt and coal tar pitch fumes and that
carcinogenic activity increased when the pitch roofing materials
were heated to 316°C as opposed to heating the materials to
232°C.12

Excess risks of lung cancer, oral cancer, and skin neoplasms
(benign and malignant) have been found in working populations
handling coal-tar products, which NIOSH has defined to include
coal-tar, coal-tar pitch, and creosote,’s8

The acute toxic effects of exposure to coal-tar pitch include skin
and mucous membrane irritation mediated directly and, more
noticeably, through photosensitivity reactions. These reactions
involve an interaction between the photosensitizing agent (PNAs)
and uvltraviolet (UV) radiation, a component of sunlight. The
mechanism involves the absorption of this radiant energy by the
skin and by the PNAs on the skin, which can then result in cell
damage,9 As expected, these reactions affect outdoor workers who
handle these materials and receive exposure to sunlight. Thus,
these reactions are more frequent and severe in the summer and
during mid-day.
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A TWA exposure of 0.2 ug/m3 was recommended by the coke oven
advisory committee for benzo(a)pyrene under the OSHA 29 CFR
1910.1029 coke oven emissions standards, but was not adopted. A
special NIOSH hazard review of chrysene recommended that it be
controlled as an occupational carcinogen.13 Also, ACGIH includes
chrysene and benzo(a)pyrene in its list of industrial substances
suspected of carcinogenic potential for people (A2 carcinogen).4’5
For petroleum asphalt fumes, both NIOSH and ACGIH currently have
exposure criteria of 5 mg/m§.4s5:3 OSHA currently has no

exposure criteria.® Current occupational eiposure criteria for
coal tar products are 0.1 mg/m3 for NIOSH (cyclohexane solubles)
and 0.2 mg/m3 for OSHA and ACGIH (benzene solubles).4“7 NiOSH

has since modified the analytical technique for PNAs so that
several solvents are tested using bulk dust or air samples, and the
solvent that extracts the greater guantity of PNAs is used for the
solvent extractable portion of the field samples.1

VI. RESULTS

A,

Environmental

Tables 2-7 present the results of each personal breathing zone
sample by site and Table 8 summarizes these results by the type of
roof evaluated. A total of 53 personal breathing zone samples were
collected, 24 at the coal tar pitch site, 24 at the petroleum
asphalt site, and 5 at the Koppers site.

Benzene solubles ranged from ND to 2970 ug/m3 at the coal tar
pitch site, from ND to 1440 ug/m3 at the petroleum asphalt site,
and from ND to 1890 ug/m3 at the Koppers site. Total
particulates ranged from less than 30 to 16030 ug/m3 (16 samples)
at the coal tar pitch site, and from less than 25 to 1040 ug/m3
(18 sdmples) at the petroleum asphalt site.

The highest PNA concentrations were obtained at the pitch site; 22
of 24 (85%) samples had detectable levels of PNAs. Total PNA air
concentrations ranged from non-detectable (ND) to 388 ug/m3,

For the asphalt site, 10 of 24 (42%) samples had detectable PNA
concentrations. Total PNAs ranged from ND to 110 ug/m3. Forithe
Koppers site only 1 of 5 (20%) samples had detectable levels of
]?NAS:.3 Benzo(c)phenanthrene was detected at a concentration of 48
ug/m>.
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For individual PNAs at the other two sites, 16 of the 17 PHAs
included in the- laboratory analysis were detected, on at least one
sample. Air concentrations for specific PNAs ranged up to 91.6
ug/m3 for acenaphthene. Fluoranthene was detected most often (6
of 24 samples for the asphalt site and 19 of 26 for the pitch site)
at air concentration of up to 47.3 ug/m3.

Personal exposures for total PNAs and total particulates were both
lower on day 2 at the coal tar pitch site. The roof was wetted on
day 2 but not wetted on day 1. The arithmetic mean values for all
PRA personal breathing zone samples, except those from the ,
kettleman were 63 ug/m3 (13 samples) on day 1 (4/11/83) and 13.1
ug/m3 (9 samples) on the day 2 (4/12/83). Using a paired data
statistical comparison the mean of the PNA exposures for the wet
day (13.1 ug/m3) was significantly (p<.01) less than the mean for
the dry day (63 ug/m3). Arithmetic means for total particulates
were 853 ug/m3 for 9 samples on day 2 (roof was wetted) and 3530
‘for 7 samples on day 1 (roof was dry).

Table 9 presents the results of three personal breathing zone air
samples collected for perchloroethylene at the Koppers site. Two
had detectable concentrations, 2.07 and to 2.39 mg/m3. These
values are below the OSHA and ACGIH criteria of 770 and 335

mg/m3, respectively,4—6 NIOSH, however, considers ,
perchloroethylene to be a potential carcinogen and recommends that
workplace exposure levels be minimized.2

Two points need to be addressed concerning the benzene solubles and
PNA results. First, NIOSH, at one time, recommended/used
cyclohexane for solvent extraction of PNA samples.7 This was
based on consideration of the health effects of benzene.
Subsequently, NIOSH has modified this so that when possible bulk
samples of dust or high volume air samples are extracted using
several solvents (i.e. benzene, cyclohexane, acetonitrile) and then
using the most effective solvent for extracting air samples.1

For this study benzene was found to be the solvent of choice. The
second point is that that benzene solubles were evaluated at the
asphalt site even though the NIOSH criteria is 5 mg/m3 of
petroleum asphalt fume. Based on more recent research, asphalt has
similar properties to coal tar pitch and thus the NIOSH
investigators believe it is prudent to use the benzene soluble
criteria for both coal tar pitch and petroleum asphalt.
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B.

Medical
1. Demographic data

Demographic data are summarized in Table 10. Twenty-one (78%)
of 27 roofers at sites 1 and 2 were Mexican-American, two were
white, and four were black. Their ages ranged from 18-61 (mean
33 years, median 29 years). Duration of employment as roofers
ranged from two weeks to 33 years (mean 9.5 years, median 5
years). Of the 27 roofers, hair color was black in 15, brown
in 10, blond in one, and not recorded for one. Eye color was
brown in 23, blue in two, hazel in one, and not recorded for
one. The data for the five workers at the Koppers (single ply)
site are also shown.

Symptoms

Symptoms reported during the month prior to the survey:
Symptoms most frequently experienced by the roofers during the
month prior to the NIOSH survey were eye irritation, reported
by 22 (81%), and skin irritation reported by 18 (67%). The eye
irritation was described as burning, redness, tearing and, at
times, grittiness. The skin irritation was characterized as
redness like a sunburn, worse in the sun, occasionally with
peeling by the 3rd or 4th day. Exposed.areas were involved:
face, lips, neck, arms, hands. The eye irritation was
generally attributed to CTP, not to petroleum asphalt. One
worker felt fibrous glass in the insulation also contributed to
his symptoms. Similarly, the skin irritation was attributed to
CTP, rather than asphalt, with three persons also implicating
fibrous glass. The fibrous glass caused redness and itching in
non—exposed body surfaces such as the trunk and back. In
comparison, of the five workers installing the single-ply roof,
the symptoms most frequently reported for the month prior to
the survey were nose irritation (by three), and shortness of
breath (by three) (Table 11). None of the four non-roofers
interviewed reported any of the symptoms during the prior month.

Symptoms reported on the days of the survey: On day 1 (site
1), the sky was clear and sunny (data from National Weathér
Service in Table 12). Table 12 shows that of the 13 roofers at
the CTP site who were interviewed at the end of the day
regarding symptoms on that day, skin burning was reported by
nine, tingling sensation of skin by nine, skin itching by
eight, burning of the eyes by six, and tearing by six. NIOSH
personnel were also symptomatic, with burning of the eyes
reported by three of five, and burning or redness of the skin
by all five.
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On the second day, at the CIP site, the roof was watered down
prior to starting work; the day was overcast (National Weather
Service data in Table 12). Of the 10 roofers at this site
interviewed at the end of the day, symptoms of skin burning
were reported by five workers (two noted symptoms to be less
severe than the previous day and one noted them to be more
severe), and eye burning was reported by two. At the asphalt
site (site 2), there were fewer roofers reporting symptoms
(Table 12). On this day, NIOSH personnel experienced very few
symptoms.

Aggravating factors: Factors that were reported to aggravate
the symptoms associated with roofing work included white race,
windy days, bright days, and exposure to CTP rather than
petroleum asphalt. However, there was a mixed response
regarding whether application (heated process) or tear-off
(dusty, non-heated) caused more problems.

Personal protective equipment: Use of gloves was very common.
Use of goggles was reported only by five (19%) of 27 roofers
but wrap~around sunglasses were commonly worn. Respirator use
was reported by three of 27. A half-mask respirator with
organic vapor cartridge was worn by a kettleman, and disposable
dust masks were used by two helpers. The latter two reported
buying these themselves, although the supervisor reported that
the contractor would supply them. Nine (33%) reported using
either petroleum jelly or various commercial sunscreens. All
took showers after work, and about one-half wore their work
clothes home,

Signs on physical examination

®

Signs observed on physical examination can be classified into
those possibly associated with pitch (acute or chronic chemical
effects or physical effects due to hot pitch); and those not
attributed to pitch (acute or chronic traumatic effects).

Attributed to pitch and asphalts

Acute effects (observed on the days of the survey) are
displayed by day and by site in Table 12. Acute effects were
limited to observations of redness (tearing was also noticed
but was noted as a reported symptom regardless of whether it
was observed at the end of the day). The prevalence of
observed effects was greater at the CTP site on day 1 (sunny,
roof not watered down) than on day 2 (overcast, roof watered
down). Of the six roofers observed to have eye redness, one
had gross conjunctivitis (inflammation of the lining of the
eyes) and photophobia despite wearing goggles on that day; his
job title was that of helper..
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Chronic effects: General (widespread) signs noted included
aging of the skin and livido "network" marking that may be
associated with chronic heat and UV exposure. Specific lesions
noted included degeneration of the cartilage of the ear
(chondrodermatitis helicis which can occur in sun-damaged skin)
in one worker; hordeolum or meiobomian gland cysts (which can
develop secondary to chronic inflammation of eyelids and lining
of the eye) in one; warts or squamous acanthomas in three (on
back of hand, eyelid and forearm), in three; dark brown
dome-shaped lesions likely to be nevi (pr possibly squamous
acanthomas or warts) in one, keratin cysts (acne lesions) in
one, and multiple fibreopithelial polyps (skin tags) in one.
The mean and standard deviation for duration of employment as a
roofer in the seven individuals with specific chronic lesions,
15.1 + 8.3 years, was greater than that in the 20 without such
lesions, 7.6 + 9.4 years (t=1.93, df=25, <0.05 p <0.10). All
seven with chronic lesions had greater than two years
employment, while 13 of 20 without such lesions had worked this
long (p=0.087, Fisher‘s exact test, one-tailed). It has been
reported that two years experience with gitch is required to
get chronic lesions such as pitch warts. However, while the
warts observed have been associated with pitch, the other
lesions probably resulted from mixed exposures, particularly
sun damage.

Burns also resulted from the physical effect of hot pitch and
asphalt. Scars from old burns were observed in 14 (52%) of the
27 workers at the two sites, on various parts of the body,
usually the forearms, wrists, and hands. A blister in one
roofer and a healing scar from a recent burn in another were
also noted. .

Not attributed to pitch and asphalt: One roofer had lost his
left eye during work as a roofer when a load of tear-off dumped
over the side of a roof had struck a limb of a tree which then
rebounded, striking his eye. Evidence of other acute trauma
(cuts, abrasions, injuries to finger nails) were commonly
observed. Calluses were also observed in at least five of the
27 roofers, suggesting chronic mechanical trauma to the hands.

£
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VI.

DISCUSSION AND CONCLUSION

Based on these results, the NIOSH investigators have concluded that a
health hazard existed for employees exposed to PNAs at both the
petroleum asphalt and CTP roofing sites. Additionally the benzene
soluble portion of the samples were in excess of the NIOSH criterion
(100 ug/m3) on most of the personal samples at all three sites. This
is true even when these partial shift samples are averaged over a full
8-hour TWA. Employees at the Koppers roofing site were exposed to
detectable levels of perchloroethylene, which NIOSH considers to be a
potential human carcinogen. HCl was not detected ‘on any samples, and
only one of five personal samples had detectable amounts of PNAs.
Spraying the roof with water, which was done on day 2 at the pitch
site, appeared to be an effective technique to reduce airborne
emissions and, thus, personnel exposures.

The medical results indicate a high prevalence of reporting chronic eye
and skin irritation, which appeared to be due to coal tar pitch. These
effects appeared compatible with photosensitivity reactions associated
with the pitch. Substantial proportions also suffered from acute
symptoms as well; tearing and redness were present on the days of the
study. Acute symptoms were more prevalent on sunny days, and less
common at the asphalt site, compatible with reported aggravating
factors. During a previous study, NIOSH investigators noted that the
development of symptoms could be related to other variables in addition
to the type of material and degree of pitch exposure; these included
sun, wind, and activity such as tear-off.23 In this study, tear—off
was not routinely identified as causing more problems than application.
Workers in the single-ply system experienced different symptoms than
those at the classical sites, probably associated with solvents
involved. ,

Chronic lesions (warts) that have been associated with pitch exposure
were observed.

NIOSH has conducted 23 previous Health Hazard Evaluations during which
roofing materials were evaluated.l4-36 of these, 15 involved roofing
system application, and the other 8 were in plants manufacturing
roofing systems. Chemical exposures evaluated in the previous roofing
system application studies varied according to the type of system be%ng
applied. In general, when compared to occupational exposure criteria,
personal exposures have been higher at the hot, build-up, roofing sites
than at single-ply roofing sites (Table 13).

Safety hazards are also of concern at roofing sites. The nature of
roofing activities — many jobs last a week or less, roofing sites are
unfamiliar, and the work is often at heights of 15 ft or more - enhance
the possibility of accidents. NIOSH and other organizations have
published information addressing these concerns.37-44
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VIiI.

RECOMMERDATIONS

Recommendations to minimize contact with pitch

1.

6.

Personal hygiene is very important. Showers should be taken, when
feasible, after work each day. Preferably, work clothes should not
be taken home and there should be a change of clothes after
showering.

Fresh work clothes should be worn each day.

Under ideal conditions, skin contaminated with pitch dust and fume
should be washed promptly with soap and water. However, as this is
not practical at the work site, waterless cleansers should be used.

Personal protective equipment should include long-sleeved shirts
which are tight fitting at the wrists, full-length pants extending
to the shoes, goggles, gloves, and respirators.

Roofers should stay upwind of the pitch dust and fume as much as
possible.

Before tear-off, roofs should be wetted thoroughly to minimize
airborne particulate concentration.

Recommendations to minimize exposure to UV light

1.

Medical surveillance

It is possible that the use of sunscreens containing benzophenones
can decrease the amount of UV radiation reaching the skin. These
should be applied approximately one-half hour before work and at
mid-shift break. However, sunscreens can increase the adherence of
coal tar pitch and petroleum asphalt particulate, thereby
aggravating the skin irritation effect. As much exposed areas of
the skin as possible should be covered to minimized exposure to UV
radiation and to CTP and petroleum asphalt particulates.

Efforts should be made to avoid working during the hours when the
UV radiation from the sun is most intense (usually from about 11
a.m. to 3 p.m.) where this is feasible.

.

Roofers who are usually exposed to pitch fumes and dust should have
periodic medical evaluations, including a medical and occupational
history and physical examination of the skin and eyes.
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Figure 1

Name, Chemical Formula, and Structure of PNAs
*  Evaluated for in Personal Samples

Houston Roofing Sites
Houston, Texas
HETA 83-210

April 12, 1983

Name Acronym Formula Structure
: (as used in report) :

Acenaphthylene ACL CioHg
Acenapnhthene ACE Cizt10
Fluorene FLU Ci3Hip
Phenanthrene PHE C14H10
Anthracene ) ANT Ci4H1p
Fluoranthene FLE CieHi1p
Pyrene PYR CigHio
Benzo{c)Phenanthrene BCP CigHi2
Benzo{a)Anthracene BAA Cighiz
Chrysene CHR Cighiz
Benzo(b )F luoranthene BBF ’ Cool12
Benzo(k )Fluoranthene BKF CaoHi12
Benzo (e }Pyrene BEP CopHi2
Benzota)Pyrene BAP CooH12
Indeno{123~cd}Pyrene INP CooH12
venzo(ghi)Perylene BGP CooHi2

uibenzia, h, Janthracene DAH CooHig




*PLIR 2LJAOLYO0JUPAY 01

9pLAOLYD 14BAUOD 0] PIsSN sem gz0°L 40 4030y WdT 2°0 3¢e
UOLSUSAUOD JLAALBULARUD ¥  “GEE WYIRd “Ou poyisw HSOIN 0% poreuqried dund pajedsdo Ausrieq 01
bugpaodoe Aydesbojewouyd uol buisn pazfieue auam sajdues ‘payselrre aqny |36 eoLtLs pajeady pLOY JLJA0[YI0JPAH
~a1dwes/bu {g°p 29
01 poje{ndled Sem UOLIDILSP JO LWL °Suolledijipoul Uiim Wd1 2°0
GGE-S poyzaw HSOIN Buisn Aydesbojewoudys seb Ag pazAjeue 1e pajedqi|ed dund pareuado
pue pajededss aaam ajdues yoea JO SUOLLD3S ¢ pue y A4maeq 01 paydelle aqnl | eodJey) 2Ua | AY1 30401112434
*a|dwes 1snp jo0
34biom ue1qo. 01 paldesIqns sem ybEom suel paULWIIISP ‘Wd1 3® pagedaqiied dund yLm
Kisnopaddd copdwes asnp snid 433|L4 3yl 40 ubiam W47 Z-1L 1© paredqiied dund pajesado
9y} UieIQO 01 paybLamod B4IM SUSTLL4 ‘uolleaqLLinDa 481}y A4S13BG 01 PAYIRIIR SUIT[L) UOLYI) 1yBiray [er0y
*SuoL1eI Ly Lpou

Y} LM -T00-91 °Ou ULIALLNG (@dLUY33Y HSOIN SuLmoyioy
pawdojJad sem sisfjeue ay) -3jdwes 4ad sa|qnios duazuag
{e101 j0 6/| sLenba dnd syz jo utreb aybLam dyl °papJsoddd
90Ud4dS4LP 3yl pue upebe paySirom auam sdnd uofi9l

3yl °J,0v 18 UBAO wnnleA B ul ssaukup 03 patedodensd

pue dnd uo[481 PauE} B OJUL PIJUBISURJI] SEBM 1DRJIXS yoEd

40 J0nbLLR UY U1 {i4 uoLAu un Gp0 e ybnoays paudllly WdT 2-L 1®
BU9M $10BJIXD BYl °SINuULW Of 404 PIILILUOS pue duUdZudq pajeaqries dund paresado-Aaarreg 130-4»31
[ §°0 yrtm sielA deds-mados uy pase|d du9M S4d{L4 e 03 paydelle SAY| L) uOL4d) Butanp-synd

*a4npasoud awes ayl Huimo|joy waya
burgaosap pue sagni Qgyy orut SyNd dt4tdads ;71 bBurupeiuos
uoLIn|os 345031s e jo sionbile Bupryids Aq padedasd suom

spaepuers Aydesborewodyd seb epa pazA{eue Sem uorin|os WdT 2e 0°L paleaqglLled
483144 9yl 40 jonbiie ue pue 4Ll uoLAu un gp°Q dund 01 payselrre Jd1| L4 pue
e ybnouyl pPaUIILLS SBM 1DBUIXD BY] SIANULU QF 404 agn] °SJ8%{ 14 UOL4ST uml /€ YILM uoryestdde
UOLIEILUOS UILM BUdZUSQ JO |l G UL PAQUOS3IP d4dmM saqny UoLIRULQWOD UL SAGNY 1UIGUAO0S VY Butanp-syNd
pouyza (esL1k|euy uted} Huyfdues . letdaney
£861 Llady

017-£8 YL3H
SeXay ‘uol1snoy
$91t§ BuLyooy

spoylay eds11h|euy pue Hutidues

T 9iqe]



B *32L0YD 40 JUDA|O0S Yl UM IO St
2UdZUAg "SaLAUES ULE DPLALS 404 PISN S| JUSALOS IALIDDL}D 1SO0W YL PUR PIASIL D4R SIUIALOS {RUBAIS IBYT YINS BnbLuydsl KUO1RJAOGR] BYL DILLLPON SBY HSATN wx
~udbouiode) zy e se [ROLWAUD SLUL PRIeUBLSID SeY HIHW  «

"HI9OVY Pue YHSO - (UOL1IJBJ4 BLQN|OS dudzuaq) yML 4y g ue Joi cuw/bu z°0
#x "HSOIN - (UOLIORUS B|QNLOS BUBXIYOLIAD} WKL 44 OT © 03 dn Jo} cu/bw 7°0 1eLU3LL4S Dunsodxy
*(pajiom sem jo0u4) u/bn pgGE = sojdwes sjepndiided {2103 4 404 URAW OLIAUL LY
n.cowamﬁmmcw = S *BuL{dA0YS = AQHS “440-4821 = () ‘uotjeoiidde = 4y
*SA9)J0m oues ayl Judsasdad 30U 0P $3)qel 1UIJILSLP UO S43339] [BDEIUSDL “14LUS DWRS U0 S93A0{dWd 1UBUSLLLD N LUGLSAP 01 DISN JJR 5491197 910N

L°9 auoN aN an I°'T 2°T 9°0 gy S°T  8¢°T 88°0 aN QN 0LT 08y VHSI-bpIT ST “dV “p J9Y.dow 1247
6°1L S9A  9°S  p°p £'8 9°S L°9 66°0 £°8 S°TT 8% £°8 aN an o1s 0£09T 252 2TT1-906  AOHS “OL 1 Jajd4oM L7
9°29 auoy  Qn an aNn o an aM s°1 62 6°1 12 6°L 82 16T #¥ST-€TI1T uotieinsuy GdvY
L°s2 auoN  g°I an 2°¢ t°Z7 82 aN 6°% 6t 9°Z 8°2 QN a 0gs 1ST  $HGT-ETTT fdY 1 J9%J0M ged7

1°§ auoy an ON 98°01L°0 9870 aN 6970 22°1 aN vL°0 QN an 092 0v61 ¥6€ 9221-606 Buyrddoy §7

8°¢ an aN  25°0 S°0 ¥S°0 aN ¥8°0 98°0  QON $S°0 ON aN o2 86  SHST-OTIT dY M J3%JON 67247
225 auoy N an aNn  an an aN £°t v°2 aN 8°¥T 8°¢t 8°GZ 821 €Y§I-GETT 2dvY
9°c2 auoy an ay 0y t°2 1°¢t aN Tt 8¢ 0°Z 8°¢ QN an 0LTT 821 €¥ST-GETT dy °9 JaqdoN  2e47
FAR YA auoy an an an  an ON an 9°2 It 1°2 1°€Z 9°6 [°2¢ 96T  9$ST-0TTT Jaddoy 2 #d¥X

an 3uoy aNn  aN an  an an an aN an an  aN N aN 0z¢ 95T  9%ST-0TT1 dv °4 JoJon ved7

an auoy an an an  an an an  an an  aN aON QN an 012 (1147 2v2  0T11-606 0L €4 J9%J0p 47
L1t auopy  €°T aN 6°T ¥°T 8°1T aNn 8°1 0°2 aN T N an 01¢ 0211 862 8ITT~606 © Nl ‘3 J8nJom 97
L2y JuoN an an an QN aN an 6°1 £°¢ N 2°9T T1°S 2°91 2vT  29ST-0211 Jatadge) 1oy £4vY
§°TT auoy aNy  aGN 0°2 stz LUe aN £°2 1°2 QN aN QN an 00%1 26T 2p§T-0211 dY 3 JaNdON  £Ed7«
an auoy an an aNn  an an an  an an an  an o an 01T 92 1211-606 0L Q 43Y40K 77

982 auoy an an an  ON an aN €T p°vZ 2°6 22 92  9°16 16T €£61-2211 Japeaddsg 94vY

201 3UON  6°E  §°F S°TIT 9°LT ¢°8 an £°8t  6°22 9L 9°L QM an 066 I€T  €€5T-22T1 dY °0 J49%d0M  9f47

5°9 SUON £9°0° AN 6°0 8°0 6°0 N 2°T 2°1 an- 6°0 N an 002 1} 741 ¥6€  9221-606 Nl *9 43Na0H 77

£°G U0y an o 6°0 01 aNn 21 Tl aN  an o an an o1e 0651 0ZE  LHTT-106 0L ‘g 43y40n £7
5°92 SIA an an . aN  an an aN 65°0 2°1 N 6°ET 9°2 ¥ £LE GSST~ZV6 ueWa| 129 Tdvy

11 auoy ay an aN__ay an I"T__au an ay__ aN_ an ay ¥12 £1€  6GGT-2¥6 y Jaydom 0247

SYNd °19933Q0 xd¥8 d39 %8 »¥HD  ¥vg d24 dAd  I14 INY  3Hd  N1d 3DQY S9tqnLos *3%  (SJ491il) 9jdues BEPNLT *oN
Leioyl SYNd 494 auazuag {er0f awn{op 4O BUWL] apdueg

43430

(o/Bn) uol1es3UIU0Y ALY

€867 “TT Lisdy

012-€8 VY13H
sexa| °uoisnoy is91iS Buisooy uoisnoy

INOM NHYV v e IDI_LDAA © 1A BN DILIDICHT Rl INA CHNEAD 11 UAANNAA S Ut o



auazuag

S°E9) ¥7°66 30 d4nsodxd ue sey y Jaydop didwexd a0y ‘pappe ag pynoys saidues yioq 404 yNd ALsnosueljnuis 3akoldua o

_S43)40m sues dy3 3uds9ddad 30U Op $31qeI JUILDL4LD UO PISN S43113| |BILIUBPL ‘3jLys owes syl 0o s8ako|dwd juda9y)

"SILdWes Jie plagy 40 PISN S| LUSALOS 9A11094}3 1SOM Byl PUB PIISIL Bde SIUBALOS |BJSA3S 2BY3 YOns 3nbiuysar Au

*2210l9 4O JUBALOS BYI U L0 SI

0lEB.0qR| 3yl PaLILpOW SBY HSNTN wxx

udboutdue) zy e se feowsyd siyl pareubisap Sey HIDYY «

"HI9JY PUR YHSO - (uolldvd) 31 GnLOS BUIZUIG) WML Y
»% "HSOIN - (U0L1D®4y B1QqNLOS dueXayo[dAd) yML Jy QT © 01 dn Joy gl/B T°0 1e149214D dunsodxy

g ue J404 ms\ms 7°N

.ms\mz £98 = saldues :epndijJed [v101 § JO) uesu L8yl LAy
“uotieoijdde Butunp oW/bn (6°68 +

U0 uo ps1d3| 10> aJam So|dues oMy I
440-4e3] = 0L ‘uolyestiddy = dy

Lp mpm:mpmm_u 0} DIsn 3J4e S491197 910N

9°¢T auoy QN an aN 22 €2 2°1 an  1°¢ € 8°1 an an o€ 089 9¢2  2IYT-bI21 dY “H J33JoM T2-7
el SUON an aN aN N 2'¢ €2 g°1 an an an aN an 08.z2 019 vt L20T-9¢L 0L “H J9%J0M N2-7
£°6 3UON  2€°1 an $8°T 6L°0 90°1 N 6S°T 6S°1 an 90°1 an an 9Lb 0€T1 8.¢ SpT1-9€L 0L ‘9 J3yJop h2=-7
UN JUON aN aN an an an an an an an aN an aN 95 0e> 997  €evT~0221 dv 4 Ja9)u0M A7-7
9°9 SuUOoN 80 QN T 9° 0°1 aN  2°t 21 an 8’0 an aN obe 02€1 00§ 9vIT-9€L 0L “4 J4940M £72=2
1°9 SUON an an I €8 (6 anooe*t g1 aN L an an ov1 0¢> 0se 180T-9¢5L Nl 3 43340M 722=7
9%¢ QUoON  £9°/ an an an an an an an an an an an 0L62 0EST ATT  2T¥1-2121 ne-7
6¢ SUON an an an aN aN N 2°2 88t 2°Z L°21 62°2 0°9 - - 81T  2THT~4T121 d¥ °Q 484OM  One-avy
8¢t S84 6°TI GN  T°t v LY an aN an aN an an an 0b6 1341 0zZ¢ 910T~9€/ 0L 9 Jaydop G2=7
8°1 Juoy an aN aN L0 T1°1 an an anN an an aN an 022 0101 29¢ NPOT-9¢L 0L ‘9 J9%40M AT-2
6°§¢ S35 9°2 2°9 2¢ gzt e¢°¢ aN  T°9 8°L aNn €1 an an 0zs2 - 60¢ 0E0T-12L ueRilia 3313y [p-dv7
§°€9 SO\ an an an an an aN- 9°T  2°t  $°2 (L°02 6°Z 9°g2 - - 60¢€ 0£21~12¢ Y J@%J0N b-dYX
’ (S433L1)
SUNd  "39913( «»dv¥8 d39 4¥8 «¥HD wvd  dod dAd  JT4 LNV 3Hd  N14 3Iv satagniog “1M auniop  9jdueg 433 40K *ON
Leioyg SYNd - 148 audzuag {e1o0} 40 awi} 3| dueg
494390

Ams\mzv UOL1RAIUIIUOY ULy

4004 Y911d 4e1-|BOJ ® JO UOLIR[(RISUT BUlung SUOEIRJIUIIUOY ALY YNd

£861 “2T Liady

0T¢~-€8 YL3IH

Sexs| ‘uolsnoy $5311S BuLjooy uolsnoy

£ 3iqey



_"HI9JY - YML 4u 8 ue 0y oui/bu g

"HI9JY AQ uabourodes zy ue se pareubiss

sauny 1|eydsy

*HSOIN - VML 44 QT e 01 dn Jo0y gli/b ¢ = samng 1peydsy seL491 14D aansodxy

"SYNd €303 404 cu/Bn (€708 + 6T) €°66 SeM 84nsodxa siy ‘aunsodxa LB103 0} D3PPE 3G PINOYS y 43440M UO sa|dues snoauel nuLs :aloN
3119] [BIL3USDL ‘SUIYUOM JUSUSLILP 91RUBLSAD 01 DPISN BuP SU31197

"S49)4OM JWeS JU9SIUdIJ 10U OP SILqP LUBUBLILP UO Su

49peadds = 4ds ‘uoiyeinsul Guife| = LL _‘48ipuey jej4aiew = yu ‘uogesiidde = gy f}130~de3) = 01
an AUON an an an an aN QN an aN an an aN aN o1y - G2> a4 T#11-008 LL “H JaxJop 17
an SUON an aN anN an an an aN an an an aN aN 01T g2> (447 3PTT-308 Jds “n uaxyuon 677
an JuoN an QN an an an N an an an an an an 09¢ 52> 05t A AN VA7 LL f0L °4 Jaydop £17
w0147
an JUGN aN an aN an an aN an an an ON an aN 022 92> 344 Zh1T-~96/ LLTT0L 53 J4eddoM T17
£0T47
aN duoN an an an aN aN aN an an aN ON an N 0ty 2> OL% 69TT~4S/ yu ‘0l cq J9xJoN 217
n0147
90°2 3uoN  29°9 aN an an an GN 28°0 29°0 an an aN an 088 06T 981 PSTI-1GL MS fnL ‘0 J49%U0M A7
20147
an BuoN an an an aN an aN an aN aN an aN an 011 §2> 89t Po11-06L ya g Jasdon 017
) 0147
. mm,v.HIN.VN.H "
£°08 auoN an an an an aN N €8°F SE°6 SP°9 2°St 8¥°S  £0°6 - - oTe 9¥TI-528 " R0TdYX
61 SUON 6°¢ 62°1 ‘¢ 99°€ 8572 N 69"t §§°¢ aN ON aN an oL - 0T€  €e¥1~2921 Joredado a31sy  gardy
9911-628 Y J43%404
(s4811))

SYNd  "10919Q0 «dv¥8 d38 N8 xUHD wva 499 dAd 374 INY 3Hd  NI14 Iy selgnios “Im awnlop  a|dueg 43%.40M *ON

L8104 SYNd 488 suazuag feio} 40 aui) atdweg
43Y1Q

(g/6n) uotzesruasuoy ury

SeXa| ‘uolsnoy
300y 2{eydsy wnajouraqd ue jo uot

€861 °ZT Liudy

012-£8 Y.L3H
'sa31g Bupsooy uorsnoy
1e[{®ISUT BuULJNg SUOLIBUIUDIUOY ALY VNd

¥ alqe}

v



(SE + GZ) OTT 40 24nsodxa yNd L3103 © pey y Jayaom ajdwexad 404
*SJ49)A0M 3WeS Judsasdad 10U OD S9jQe} 1USLILSLD UO SUDYLD| {BILIUPEL “24LYUS SWRS JYL UO SJIJOM 1U34341)1iD 91eubLSap 01 pasn JJe $.493137 :330N

‘HI9JY - VML 4y g ue J40} ms\ms g
*HSOIN - VML 4y 0T e 01 dn 4oy cu/Bu g

*HIDOY Ad udbourduaed zy ue se pajeubisag

= saunj apeydsy
= Sawny 3{eydsy :eL491 14D dansodx3

(gu/Bn
*pappe aq pihoys safdwes yi10q 404 SIANs0d¥d ayl ‘s dwes SNOJUTLINUILS YLLM JIYUOM 404

5°¢ QuoN an an an an aNn 5§72 aN an an an aN an (474 - 82¢€  ¥4ST-0TET d¥ °1 J33J0NM 8d7
2°€§ auoN an anN an aN aN UN 89°9 99°6 9712 E€0°v 69°E 29°8 - . - 9/T 896T-20£7 dv “H J49jJ40M  annvy
an auoy QN an an aN an an an an aN aN an an aie> - 94T 8S51-20¢T dV “H JjuaoN 2847
an auon ON aN an anN an an an aN an an an an ¥62 ove  699T-60€T uewa.tol
“dV ‘9 JINJON 6947
an auay an ON aN aN aN an an anN an an an an €LT 09¢ 29t  €211-2¢L uewadol
NL 9 J43%JoN ny7
6G5T-951T
6°68 SUON aN an an an an aNn 86°¢ ¥E°S 179 872§ 6°S  8°9T - - 19T  E£¥PT-SOECT dY °4 JULON  [R0YY
§°99 JUON aN aN 6701 S¥°L 91°% 62°v S¥°L 2€°6 €879 60°¢ aN aN 0211 - 19T  6G6T-95%T
EYPI-G0ET dv €4 J9xJop L8d7
an quoy an an an an an an an an an an an an 63L 0v0t 08y 9TTT-9TL das L 4 49)doM %z
aN duoN aN an an an an an an an aN an an an 0L2 oee 8% LITT-9TL afd 0L 3 JIyLOM £e7
UN SUON an an an an aN an aN an an an an an 691 08Y 8y LTTT-9TL  dos oL “q J3%a0M Ge7
un 3uoN an an an an an an an an an an aN aN v2e 0s§ 08§ #027-#1L  d3s ‘0L 0 J9yJOH 297
an QUON an an an an an an anN aN aN an an an £22 00% 28§ G0ZT-97L  doS *nl g JaNJON 997
s¢ S3A an an an an an aNn €8°T Lg°2 9L°L [L°6T1 (L£°2 9T1°¢E - - L0S GG51-82. uews{11ay  aLavx
1°6L S8y $I°F L€ S§°L 26°S 21°S 2ETL V°ET $°9T 9§°Z 959°2 GN an oyt - L0§ GGST~-82L Y JOJIOM  NnOLd7
(sa@Ll)
SYNd  “199190 xd¥d d38  ING »¥HD ¥¥E 408 dAd 314 LNV IHd N4 QY s3gntos M auniof .. ojdwes ADYA0M *ON
Leioy SYNd 494 auazuag Leioq 40 MLy 2y dueg
43y1g

(gu/bn) uoLlIEAIUBIUOY ALY

£86T 9T Lisdy

0Te-£8 V.I3H

SEX3] ‘uoasnoy $sa31g Buljooy uoasnoy
400y 1leydsy WNI[0419d UR JO UOLLELLRISUT BULING SUOEIRUIUBIUOY ALY YHd

§ 9aLqel



*SJ49)40M Bwes 1udsa.dsd 10U Op S31qe) 1UDJISLLD UO S49313| [BILIUBPL °14LYS BUO UO SLSYJOM LUSUILLLD 21BubLSED 0L

. *HIDIQY - WML 4y 8 ue Jdoy
*HSOIN - YML 44 QT ® 03 dn Jo4

*HI9JY Aq uabouldues zy ue se papeubisan

ms\ms S
ma\ms ]

i

sauny 1ieudsy

saun) 3Leydsy sefa9114d aansodxy

(42330 2Lgnd aad wedaboud w) ms\ms Ui 9Je SUOLIBJIUBOUOD YNd PIrJodad |(vx
pash aJe S$.431197

QOO " " H NN.\
1°11 SUON an an aN  aW aNn  T°IT  aN an an aN 0N an §0S - 96¢ 2v0T-921 NEPRLDY YRd7
Ocm ] " n n.vN
an QUON an an an QN an aNn aN anN an an  aN an 25t - Zvd T10T1-07L Ja3.t0M 2Ad7
Doo " [l n ._.ﬁN
aN SuoN UN aN aN  aN an aN  ON an aN aN  aN an 0s!. = obt 0011-02. 424 J0M 1647
ONN " " " mﬂN
8¢°y SUOoN an an an  awn aN  8e°t  aN 6°0 an N aN an 8¢t - 14'24 2011-07L A4 40N NGd7
0T% " " " 727
95" Y UOoN an aNn  $6°0 QN an 19°¢  ON an an aNn  an an 9% - 98¢ Z2eNT-82L A3 AO0M £6d7
(s493t1)
SYNd Po3129180 dv¥g8 d39 4N9  4HD  Yv8  dd9  ¥Ad 314 UINY JHd N14 x3Y  sI{Lqnios 1M MUNLOA aldueg 43%.40M °ON
{eiog SYNd 4144 auazuag teiog 30 3wy ajdwes
434310
{gw/Bn} uorresauaauoy Aty
£861 ST tiddy
0T2-€8 VLIH
SeX9] ‘uolsnoy $s91iS Burjooy uoisnoy
wa3sAS bupjooy 1feudsy wne{o413d Ue SO UOLLIRLLPISUT BULAND SUOJLEBAIUIIUOY JLY YN .

9 2Lqel



£86L ‘pT (iudy

0T2-£8 YLK
Sexaj ‘uojlsnoy $s91Lg Supgooy
300y suaddoy e Jo uoiref|eISUT BUlANg SUOLLRJIUIIUOY ULy Yid

L 31qe}




cAaoresoqel |edirfpeur syl AQ 49u13601 porJodas adaM SYNJ OMI 3sayl U404 S1LNSIY
“HIngY Aq uabouldoued 7y ue pareufLsan

-5

HX

]
®

9°2 anN 4 ve 9°t aN 1 be aN N 0 S aualkaag( tufyozuaq
8¢ an Z ve 6 an 1 b2 N aN 0 5 3UdUL(DPI-£7TI0UIDUT
6°11 an o1 be PI°Y an £ 92 an oN 0 ‘S xUAL4(®) 0ZUAY
S°P an € e L°e an 4 124 “aN aN 0 G susJdfj(ajozuag
71T an ST ¥e 6°¥1 aN 1 124 an aN 0 S wx2UBYIURIONL J{Y)OZUDY
9 ausyrurdaon| J{q)ozuadg

9°L1 an 81 be Sb°L aN € 44 aN N 0 g FEPERF RIS
$°8 aN 81 124 21°§ . QN € b2 aN QN 0 g AUIIPAYLUY( R)OZUDG
£ an € 24 1°11 an 9 be 8y (N T § T dusaylueudnqlayozuaq
£°1¢ an 61 b2 g°st aN S 124 an ON t g CUERYY
Ly an 61 be 8781 an 9 2 an h 0 G auayluedony 4
8°91 an 6 144 9°1¢ an ] e an an n g auadeayluy
1e an L1 e 6°¥S an ¥ 174 an N n q U URUIY 4
92 an 8 be 6°S aN b be aN aN 0 S auadony 4
9°16 an 8 ¥e 8°91 an ¥ 24 anN an 0 S auauzydeuany
L an Z e L°E an T 124 an aN 0 q aua Auydeuasy

pe1oalag  "op pa12313Q *oN DEVGREEN] “oN
tH 07 oy Le3oL Y 0]  ‘oj Lexoy Ly 07 "o Leioy
abuey sajdues abuey S| dieg so]dueg
Uslld J4ef [eo) 1Leydsy sJaddoy

£86T “Ltudy
012-€8 Y13H
sexaj °uolsnoy $so1ls burjooy uoisnoy
sa{dweg ALy LPUOSUId Ul PIIDII3Q SYNJ LENPLALDU] JOJ SUOLLBJIUBIUOY ALy 10 Adomung

8 alqey



Table 9

Percnloroethylene Air Concentrations During
Installation of a Koppers Roof

Houston Roofing Sites; Houston, Texas
HETA 83-210
April 14-15, 1983

Sample Sample Yolume Air Concentration
D Job/Location Date Time (liters) (mg/m3)
CT-1 Employee A 4/14 1233-1616 41.9 & 2.39
CT-4 Employee B, 4/14 12331447 38.6 2.07
zinger machine
CT-21 Employee C, 4/15 0830-0123 26.8 N.D.
prepare flashing (0.42)

NotTe: HU1 air samples were collected simultaneously with the
perchloroethylene, HC1 was not detected on any samples

Exposure criteria (mg/m3): Mininize workplace exposure - NIOSH*
770 - OSHA
335 - ACGIH

*NIUSH considers perchloroethylene to be a potential human carcinogen, based
on its ability to produce tumors of the liver in laboratory animals



Table 10
Demographic Data

Roofing Sites
Houston, Texas

HETA 83-210
April 1983
Classical Tear-off Single-ply
and Application Sites System Site
Number ‘ 27 5
Kace
White/Black/ 2/4/21 3/-12
Mexican-American
Ages:
Range 18-61 20-37
Mean (S.U.) 33(12)
Duration of Employment:
Current Job:
Range : 2 wk., - 22 yr. 5 mos. - 4 yr.
Mean (S.D.) : 6 (7) yr. '
Median Z years
Total, as roofer
Range , 2 wk. - 33 yr. 5 mos. - 16 yr.
Mean (S.U.) 10 (10) -

Median 5 years 9 years
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	disclaimer: This Health Hazard Evaluation (HHE) report and any recommendations made herein are for the specific facility evaluated and may not be universally applicable.  Any recommendations made are not to be considered as final statements of NIOSH policy or of any agency or individual involved.  Additional HHE reports are available at 
	hhelink: http://www.cdc.gov/niosh/hhe/


