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Cavallari, J. M., et al. (2012). "Predictors of airborne exposures to polycyclic aromatic 
compounds and total organic matter among hot-mix asphalt paving workers and influence of 
work conditions and practices." Ann Occup Hyg 56(2): 138-147. 
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both BURA condensates. It is concluded that the paving fume condensate was not carcinogenic 
under the test conditions and that the field-matched BURA fume condensate produced a weak 
tumor response compared to the lab generated sample. 
 
Cui, P., et al. (2020). "VOC emissions from asphalt pavement and health risks to construction 
workers." Journal of Cleaner Production 244: 118757. 
 Hot Mix Asphalt (HMA) is used in the construction of highway roads, parking lots and 
other pavement repairs in the US and worldwide. During asphalt pavement installation, a large 
amount of asphalt fume containing v
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exposures are different from ambient levels.Task-based PBZ samples (typical duration 1-5 
hours) were collected during asphalt shingle tear-off from roofs near Houston, Texas and 
Denver, Colorado. Samples were analyzed for TP and BSF using National Institute of 
Occupational Safety and Health (NIOSH) Method 5042. As controls, area samples (typical 
duration 3-6 hours) were collected on the ground near the perimeter of the tear-off project 
Because of the presence of significant sources of inorganic particulates in the work 
environment, emphasis was placed on the BSF data. No BSF exposure higher than 0.25 mg/m3 
was observed, and 69% of the PBZ samples were below the limit of detection (LOD). Due to 
unforeseen confounding, however, statistical comparisons of on-the-roof PBZ samples with on-
the-ground area samples posed some special challenges. This confounding grew out of the 
interaction of three factors: statistical censoring from the left; the strong inverse correlation 
between LOD concentration and sampling duration; and variation in sampling durations 
between on-the-ground area samples and on-the-roof PBZ samples. A general linear model 
analysis of variance (GLM-ANOVA) was applied to help address the confounding. The results 
of this analysis indicate that personal sample BSF results were not statistically significantly 
different from the background/area samples. © Copyright 2015 JOEH, LLC. 
 
Hong, O., et al. (2014). "The association between occupational exposures and cigarette smoking 
among operating engineers." Archives of Environmental and Occupational Health 69(3): 172-
179. 
 The purpose of this study was to determine the relationship between occupational 
exposures and cigarette smoking among operating engineers. A cross-sectional survey was 
conducted with operating engineers (N =412) from a midwestern state in the United States. The 
survey included validated questions on cigarette smoking, occupational exposures, 
demographics, comorbidities, and health behaviors. About 35% were current smokers. Those 
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showed a correlation coefficient of R(2)= 0.88 (y((BSF))= 0.60 x((aerosol))). Second, the 
aerosol data compared with total particulate matter (TPM) show a R(2) of 0.83 (y((TPM))= 
1.01 x((aerosol))). Finally, total organic matter (TOM) and "aerosol + vapor" data yielded a 
R(2) of 0.78 (y((TOM))= 0.44 x((aerosol+vapor))). Twenty-nine pairs of roofing data were also 
collected; 37% were below the limit of detection. When comparing the TOM data with the 
aerosol + vapor data, using the 13 of 29 pairs where both samplers showed detectable results, 
the relationship was y((TOM))= 0.74 x((aerosol+vapor)) (R(2)= 0.91). The slopes within these 
equations provide predictive factors between these sampling and analysis methods; intended for 
use with large sets of data, they are not applicable to single point measurements. 
 
Kriech, A. J., et al. (2004). "Evaluation of worker exposure to asphalt roofing fumes: influence 
of work practices and materials." J Occup Environ Hyg 1(2): 88-98. 
 A field study was conducted on 42 asphalt-roofing workers at 7 built-up roofing sites 
across the United States. Sixteen out of 42 samples show levels of exposure to asphalt fumes 
that exceed the current American Conference of Governmental Industrial Hygienists' (ACGIH)-
recommended threshold limit value of 0.5 mg/m(3) as benzene extractable inhalable particulate. 
Statistically, the geometric mean of all 42 worker samples was 0.27 mg/m(3) (geometric 
standard deviation = 3.40), the average was 0.70 mg/m(3) (standard deviation = 1.69) and the 
median value was 0.24 mg/m(3). The impact of work practices is discussed including the use of 
a novel product that uses a polymer skin to reduce fumes from built up roofing asphalt. Its use 
resulted in a reduction of benzene soluble matter (BSM) of >70%. Other testing measures 
utilized included total particulate matter, total organic matter, simulated distillation, and 
fluorescence analysis. Additionally, a controlled pilot study using 16 kettle-area and 16 worker 
samples clearly showed that when the temperature of the kettle was reduced by 28 degrees C, 
there was a 38-59% reduction in fume exposure and a 54% reduction in fluorescence with 
standard asphalts. Reduction of BSM exposures using fuming-suppressed asphalt was also 
confirmed during this pilot plant study (81-92%), with fluorescence lowered by 88%. 
Confounding agents such as roof tear-off materials were also analyzed and their contribution to 
worker exposure is discussed. 
 
Kriech, A. J., et al. (2004). "Total versus inhalable sampler comparison study for the 
determination of asphalt fume exposures within the road paving industry." J Environ Monit 
6(10): 827-833. 
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against the TLV. However, the study found that when confounders (dust or old asphalt millings) 
are present in the workplace, there can be significant differences between the two samplers' 
reported exposure. The ratio of IOM/Total was 1.37 for milling asphalt sites, 1.41 for asphalt 
paving over granular base, and 1.02 for asphalt over asphalt pavements. 
 
Law, B. F., et al. (2006). "Characterization of laboratory simulated road paving-like asphalt by 
high-performance liquid chromatography and gas chromatography-mass spectrometry." J 
Occup Environ Hyg 3(7): 343-350. 
 Prolonged, extensive exposure to asphalt fume has been associated with several adverse 
health effects. Inhaled polycyclic aromatic hydrocarbons (PAHs) from asphalt fume exposure 
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occupational exposures during road paving and genotoxic effects. Our results indicate that 
fumes from SMA and SMA-WPT contain direct-acting genotoxic components. 
 
Liu, B. and C. Jia (2016). "Effects of profession on urinary PAH metabolite levels in the US 
population." Int Arch Occup Environ Health 89(1): 123-135. 
 Purpose: Although exposure to polycyclic aromatic hydrocarbons (PAHs) is common in 
both environmental and occupational settings, few studies have compared PAH exposure among 
people with different professions. The purpose of this study was to investigate the variations in 
recent PAH exposure among different occupational groups over time using national 
representative samples. Method: The study population consisted of 4162 participants from the 
2001 to 2008 National Health and Nutrition Examination Survey, who had both urinary PAH 
metabolites and occupational information. Four corresponding monohydroxy-PAH urine 
metabolites: naphthalene (NAP), fluorene (FLUO), phenanthrene (PHEN), and pyrene (PYR) 
among seven broad occupational groups were analyzed using weighted linear regression 
models, adjusting for creatinine levels, sociodemographic factors, smoking status, and sampling 
season. Results: The overall geometric mean concentrations of NAP, FLUO, PHEN, and PYR 
were 6927, 477, 335, and 87 ng/L, respectively. All four PAH metabolites were elevated in the 
“extractive, construction, and repair (ECR)” group, with 21–42 % higher concentrations than 
those in the reference group of “management.” Similar trends were seen in the “operators, 
fabricators, and laborers (OFL)” group for FLUO, PHEN, and PYR. In addition, both “service” 
and “support” groups had elevated FLUO. Significant (p < 0.001) upward temporal trends were 
seen in NAP and PYR, with an approximately 6–17 % annual increase, and FLUO and PHEN 
remained relatively stable. Race and socioeconomic status show independent effects on PAH 
exposure. Conclusions: Heterogeneous distributions of urinary PAH metabolites among people 
with different job categories exist at the population level. The upward temporal trends in NAP 
and PYR warrant reduction in PAH exposure, especially among those with OFL and ECR 
occupations. © 2015, Springer-Verlag Berlin Heidelberg. 
 
McClean, M. D., et al. (2004). "Inhalation and dermal exposure among asphalt paving 
workers." Ann Occup Hyg 48(8): 663-671. 
 The primary objective of this study was to identify determinants of inhalation and 
dermal exposure to polycyclic aromatic compounds (PACs) among asphalt paving workers. The 
study population included three groups of highway construction workers: 20 asphalt paving 
workers, as well as 12 millers and 6 roadside construction workers who did not work with hot-
mix asphalt. During multiple consecutive work shifts, personal air samples were collected from 
each worker's breathing zone using a Teflon filter and cassette holder connected in series with 
an XAD-2 sorbent tube, while dermal patch samples were collected from the underside of each 
worker's wrist. All exposure samples were analyzed for PACs, pyrene and benzo[a]pyrene. 
Inhalation and dermal PAC exposures were highest among asphalt paving workers. Among 
paving workers, inhalation and dermal PAC exposures varied significantly by task, crew, 
recycled asphalt product (RAP) and work rate (inhalation only). Asphalt mix containing high 
RAP was associated with a 5-fold increase in inhalation PAC exposures and a 2-fold increase in 
dermal PAC exposure, compared with low RAP mix. The inhalation PAC exposures were 
consistent with the workers' proximity to the primary source of asphalt fume (paver operators > 
screedmen > rakers > roller operators), such that the adjusted mean exposures among paver 
operators (5.0 microg/m3, low RAP; 24 microg/m3, high RAP) were 12 times higher than 
among roller operators (0.4 microg/m3, low RAP; 2.0 microg/m3, high RAP). The dermal PAC 
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total absorbed dose. The study population included 26 asphalt roofing workers who performed 
three primary tasks: tearing off old roofs (tear-off), putting down new roofs (put-down), and 
operating the kettle at ground level (kettle). During multiple consecutive work shifts (90 
workerdays), dermal patch samples were collected from the underside of each worker's wrists 
and were analyzed for PACs, pyrene, and benzo(a)pyrene (BAP). During the same work week, 
urine samples were collected at pre-shift, post-shift, and bedtime each day and were analyzed 
for 1-OHP (205 urine samples). Linear mixed effects models were used to evaluate the dermal 
measurements for the purpose of identifying important determinants of exposure, and to 
evaluate urinary 1-OHP measurements for the purpose of identifying important determinants of 
total absorbed dose. Dermal exposures to PAC, pyrene, and BAP were found to vary 
significantly by roofing task (tear-off > put-down > kettle) and by the presence of an old coal 
tar pitch roof (pitch > no pitch). For each of the three analytes, the adjusted mean dermal 
exposures associated with tear-
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10(10) nucleotides) and highest on Fridays (46 adducts per 10(10) nucleotides). Additionally, a 
3-fold difference in adduct burden was observed by paving task such that mean adduct levels 
were lowest among roller operators (7 adducts per 10(10) nucleotides) and highest among 
screedmen (23 adducts per 10(10) nucleotides). Using adducts as a measure of biologically 
effective dose, these findings (weekday trend and task-based differences) were consistent with a 
previous evaluation of absorbed dose in the same population. Adduct levels were not, however, 
higher among paving workers than among non-pavers. Adducts were also highest during the 
winter months, suggestive of a seasonal effect that has been observed in previous studies. 
CONCLUSION: These findings indicate that adduct burden increased throughout the 
workweek among paving workers, suggesting that DNA damage may be associated with 
occupational exposure to hot-mix asphalt. However, the lack of contrast with non-paving 
workers, as well as the seasonal variation warrants additional investigation. 
 
Methner, M. M. (2000). "Identification of potential hazards associated with new residential 
construction." Appl Occup Environ Hyg 15(2): 189-192. 
 There were several advantages and limitations of this observational study. The most 
important advantage of this study was the opportunity to observe residential construction 
workers performing their jobs. By observing work practices, valuable information was gathered 
about specific trades and their potential exposure to various chemical and physical agents. This 
information will be useful in guiding subsequent exposure assessments. Probably the greatest 
limitation of this study was the lack of participation by homebuilders. Ideally, observations of 
construction processes would have been more objective if the study included the participation 
of more than one homebuilder. Aside from one worker who was observed to wear safety 
glasses, leather gloves, and a dust mask, virtually no personal protective equipment (PPE) was 
observed onsite. Often small contractors do not have the financial resources necessary to 
procure the appropriate PPE and issue these items to the workers. Based on hazard prevalence, 
professional judgement, and the degree of hazardous product use, potential exposures that 
warrant quantitative sampling efforts during Phase 2 of this study are: bulldozer/backhoe 
operators--noise, vibration, diesel exhaust; concrete workers--naphtha, mineral spirits, Portland 
cement; asphalt workers--petroleum hydrocarbons, asphalt, mineral spirits; plumbers--
methylethyl ketone, acetone, tetrahydrofuran, cyclohexanone; drywall finishers--total and 
respirable dust, hexane, acetone; painters--ethylene glycol, VOCs; masons--dust (during the 
preparation of mortar); floor preparation technicians--total and respirable dust; and ceramic tile 
installers--toluene, naphtha, silica (from grout powder). 
 
Mickelsen, R. L., et al. (2006). "Status of worker exposure to asphalt paving fumes with the use 
of engineering controls." Environ Sci Technol 40(18): 5661-5667. 
 Since 1996, industry, labor, and government have partnered to minimize workers' 
exposure to asphalt fumes using engineering controls. The objective of this study was to 
determine the use after some years of experience and to benchmark the effectiveness of the 
engineering controls as compared to the current exposure limits. To accomplish this objective, 
the current highway class pavers equipped with controls to reduce asphalt fumes, occupational 
exposure levels, and ventilation flow rates were monitored, and a user acceptance survey was 
conducted. Personal breathing-zone sampling was administered to determine concentrations of 
total particulate matter (TPM) and benzene soluble matter (BSM). Personal monitoring of 
workers yielded a BSM arithmetic mean of 0.13 mg/m3 (95% confidence limits (0.07, 0.43) 
mg/m3). All site average worker BSM values are below the American Conference of 
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Governmental Industrial Hygienists (ACGIH) adopted threshold limit value (TLV) time 
weighted average (TWA) of 0.5 mg/m3 as benzene soluble inhalable particulate, although five 
sites contained 95% confidence limits slightly above the ACGIH TLV. The TPM arithmetic 
mean was 0.35 mg/m3 (95% confidence limits (0.27, 0.69) mg/m3). All sites showed average 
worker and area TPM values below NIOSH's recommended exposure limit for asphalt fumes (5 
mg/m3, 15 min). One screed area sample and one operator area sample were also taken each 
day. Area samples followed a similar pattern to the worker breathing zone samples, but were 
generally slightly higher in TPM and BSM concentration. The effect of work practices and 
application temperatures appears to have an impact on the ability of the engineering controls to 
keep exposure below the TLV for BSM. To gain a better understanding of the aerodynamic 
properties of asphalt fumes, particle size and airborne concentrations were also monitored using 
a TSI model 3320 aerodynamic particle sizer spectrometer. The geometric mean particle size 
was between 0.64 and 0.98 micrometers for the worker breathing zone samples, with a 
geometric mean of 0.73 micrometers for all sites. Total airborne concentrations were typically 
higher for the asphalt fume exposed groups than for the background samples. During high fume 
events, four 15-minute samples were taken each day. Only one 15-minute sample was above the 
limit of quantification. Stack flow rates were measured, and results are discussed and compared 
to the manufacturers' nominal values. Survey results were generally positive, with 
recommendations discussed for continuous improvement. 
 
Mundt, D. J., et al. (2009). "A review of changes in composition of hot mix asphalt in the 
United States." J Occup Environ Hyg 6(11): 714-725. 
 This review researched the materials, methods, and practices in the hot mix asphalt 
industry that might impact future exposure assessments and epidemiologic research on road 
paving workers. Since World War II, the U.S. interstate highway system, increased traffic 
volume, transportation speeds, and vehicle axle loads have necessitated an increase in demand 
for hot mix asphalt for road construction and maintenance, while requiring a consistent road 
paving product that meets state-specific physical performance specifications. We reviewed 
typical practices in hot mix asphalt paving in the United States to understand the extent to 
which materials are and have been added to hot mix asphalt to meet specifications and how 
changes in practices and technology could affect evaluation of worker exposures for future 
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Parker, C. M., et al. (2011). "Evaluation of reproductive/developmental and repeated dose 
(subchronic) toxicity and cytogenetic effects in rats of a roofing asphalt fume condensate by 
nose-only inhalation." Regul Toxicol Pharmacol 59(3): 445-453. 
 A Type III Built-up Roofing Asphalt (BURA) fume condensate was evaluated for 
subchronic systemic toxicity and reproductive/developmental toxicity screening in Wistar rats, 
by OECD protocol 422 and OECD cytogenetic protocol 474. Animals were exposed by nose-
only inhalation to target concentrations of 30, 100 and 300 mg/m(3) total hydrocarbons (actual 
concentrations, 30.0, 100.1 and 297.3 mg/m(3)). The study was performed to assess potential 
hazards from asphalt fumes to which humans could be exposed during application. No adverse 
effects were seen for sp
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Rhomberg, L. R., et al. (2015). "Quantitative cancer risk assessment for occupational exposures 
to asphalt fumes during built-up roofing asphalt (BURA) operations." Crit Rev Toxicol 45(10): 
873-918. 
 The International Agency for Research on Cancer qualitatively characterized 
occupational exposure to oxidized bitumen emissions during roofing as probably carcinogenic 
to humans (Group 2A). We examine chemistry, exposure, epidemiology and animal toxicity 
data to explore quantitative risks for roofing workers applying built-up roofing asphalt 
(BURA). Epidemiology studies do not consistently report elevated risks, and generally do not 
have sufficient exposure information or adequately control for confounders, precluding their 
use for dose-response analysis. Dermal carcinogenicity bioassays using mice report increased 
tumor incidence with single high doses. In order to quantify potential cancer risks, we develop 
time-to-tumor model methods [consistent with U.S. Environmental Protection Agency (EPA) 
dose-response analysis and mixtures guidelines] using the dose-time-response shape of 
concurrent exposures to benzo[a]pyrene (B[a]P) as concurrent controls (which had several 
exposure levels) to infer presumed parallel dose-time-response curves for BURA-fume 
condensate. We compare EPA relative potency factor approaches, based on observed relative 
potency of BURA to B[a]P in similar experiments, and direct observation of the inferred BURA 
dose-time-response (scaled to humans) ntre 
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 Biomarkers are useful exposure surrogates given their ability to integrate exposures 
through all routes and to reflect interindividual differences in toxicokinetic processes. Also, 
biomarker concentrations tend to vary less than corresponding environmental measurements, 
making them less-biasing surrogates for exposure. In this article, urinary PAH biomarkers 
(namely, urinary naphthalene [U-Nap]; urinary phenanthrene [U-Phe]; 1-hydroxypyrene [1-OH-
Pyr]; and 1-, (2+3)-, 4-, and 9-hydroxyphenanthrene [1-, (2+3)-, 4-, and 9-OH-Phe]) were 
evaluated as surrogates for exposure to hot asphalt emissions using data from 20 road-paving 
workers. Linear mixed-effects models were used to estimate the within- and between-person 
components of variance for each urinary biomarker. The ratio of within- to between-person 
variance was then used to estimate the biasing effects of each biomarker on a theoretical 
exposure-response relationship. Mixed models were also used to estimate the amounts of 
variation in Phe metabolism to individual OH-Phe isomers that could be attributed to Phe 
exposure (as represented by U-Phe concentrations) and covariates representing time, hydration 
level, smoking status, age, and body mass index. Results showed that 1-OH-Phe, (2+3)-OH-
Phe, and 1-OH-
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dependent manner, and leukocyte 8-OHdG/dG decreased in a dose-dependent manner. 
Significant changes in DNA damage appeared to be linked to PACs from coal-tar exposure, 
although asphalt fume alone was associated with a small but significant increase in urinary 1-
OH-pyrene and DNA strand breaks. CONCLUSIONS: Results are consistent with previous 
reports that asphalt or coal-tar exposure can cause DNA damage. Urinary 8-epi-PGF remained 
relatively constant during the week for virtually all subjects, regardless of exposure indicating 
that neither asphalt nor coal-tar exposure induces an overt oxidative stress. A small, but 
statistically significant increase in 8OHdG was evident in end-of-week urine samples compared 
with start-of-week urine samples in roofers exposed to coal-tar. The increase in urinary 8OHdG 
coupled with the decrease in leukocyte 8-OHdG/dG, suggests that coal-tar exposure induces 
protective or repair mechanisms that result in reduced levels of steady-state oxidative-DNA 
damage. 
 
Trumbore, D., et al. (2011). "Effect of oxidation and extent of oxidation on biologically active 
PACs in asphalt products." Inhal Toxicol 23(12): 745-761. 
 Recent studies have reported divergent results in rodent cancer assays using fume 
condensates from a variety of asphalt products. This paper presents results of a study 
investigating the role of oxidation, or extent of oxidation, on these findings. Five straight run 
asphalts, made from widely used crude oils, were used as inputs to both production scale and 
laboratory oxidation units and processed to a range of softening points used in common  8
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