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carbons (PAHSs), which can become airborne when héatd.
This case study describes occupational exposures to coallhe International Agency for Research on Cancer (IARC) has
tar pitch volatiles (CTPV) as benzene soluble fraction (BSF), classified the coaltar pitch volatiles as a Group 1 carcinét®n.
polycyclic aromatic hydrocarbons (PAHs) and total particu- Most studies report acute effects, primarily on the skin and
lates at a unique operation involving the use of coal tar inthe eyes. Coal tar, pitch creosote, coke oven emissions, and asphalt
making of expansion joints in construction of a multi-level exposure can result in the formation of skin tumors and/or lung
airport parking garage. A task-based exposure assessmenttumorsinanimals. Arecent proportionate mortality study among
approach was used. A set of 32 samples was collected and anroofers and waterproofers found workers to have a significant
alyzed for total particulate and CTPV-BSF. Twenty samples increased mortality for lung and bladder cand&rhis group
of this set were analyzed for PAHs. Current American Con- is known to have exposure to asphalt and bitumen products.
ference of Governmental Industrial Hygienists (ACGIH®) Boffetta et al. concluded that heavy exposure to PAHs from
respective threshold limit value—time weighted average coaltar products correlated to a substantial risk of lung, skin, and
(TLV-TWA) for insoluble particulates not otherwise spec- bladder cancer§) Due to the potential health effects attributed
ified (PNOS) is 10 mg/ni as inhalable dust, which roughly to coal tar usage, this material has largely been replaced in the
corresponds to 4 mg/nd total particulate; for CTPV as BSF  Ontario construction industry with asphalt-based materials for
the TLVis 0.2 mg/m?, and for specific PAHs such as benzo(a)- road, roofing, and waterproofing work.
pyrene (B[a]P), ACGIH suggests keeping exposure as low as  Asphalt, a dark brown to black cement-like material, which is
practicable. The recommended Swedish exposure limit for primarily comprised of bitumens, contains very high molecular
B(a)P is 2ug/m?®. The highest exposure levels measured wereweight hydrocarbons called asphaltenes. Asphalt is soluble in
12.8 mg/n¥ for total particulate, 1.9 mg/m? for coal tar pitch ~ 0il, turpentine, petroleum, carbon disulphide, and insoluble in
volatiles as BSF, and 12.§:.g/m? for B(a)P. Several of the water,alcohol, and acid. Itis a constituent of crude petroleumand
CTPV-BSF results were over the TLV of 0.2 mg/ni. The also occurs as a natural deposit, which is the resulting residue
data set is limited; therefore, caution should be used in its from the evaporation and oxidation of liquid petroleum. The
interpretation. chemical composition of asphalt varies depending upon the re-
fining process and the source of crude oil used. Asphalt has often
Keywords Coal Tar Pitch Volatile (CTPV), Benzene Soluble Fracpeen confused with coal tar b.ecause th.e two are .‘:TImlIar n ap-
tion (BSF), Polycyclic Aromatic Hydrocarbons (PAHs),P€arance. However, even limited chemical analysis shows the
Benzo(a)pyrene (B[a]P), Total Particulates, Task-BasdWo substances to be quite different, especially in the proportion
Assessment, Construction, Expansion Joint of PAHs and known carcinogenic chemié@lCoal tar-based
material is known to result in a far greater exposure to PAHs
than asphalt-based material. Recently, a unique process involv-
Coal taris the by-product formed during the destructive distiing occupational exposure to coal tar pitch volatiles as benzene
lation of coal in a process known as carbonization, or coking. lté®lubles fraction (CTPV-BSF) and PAHs was investigated as
aviscous black or dark brown material consisting of high molepart of a larger study currently in progress examining the mor-
ular weight hydrocarbons and benzene, toluene, phenol, styretality, cancer incidence, and workplace exposure among Ontario
cresol, naphthalene, and numerous polycyclic aromatic hydmmnstruction worker§)
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A new airport terminal under construction in Torontotroweling, and top-rail installation. A top-coat team installs the
Ontario, included a large, 8-level parking garage (8500 parkingain coat of PEC. This team is comprised of 5 workers who
spaces) consisting of 13 segments built on separate foundations, trowel, or help clean trowels. This crew will lay down the
This was to permit flexibility in the structure due to effects fronPEC continuously. In winter when a segment is finished, work-
seismic disturbances, thermal expansion/contraction, wind, trafs wheel propane-fired heaters into place to speed up the curing
fic, and so on. Various activities were investigated at this sité the PEC.
including form-building and concrete-pouring, concrete finish- Finishing teams of one or two other workers install water-
ing, terrazzo laying, interior electrical and pipe finishing, angroofing barriers on ceilings under the expansion joints and
expansion joint construction. cover plates on top of the joints. The foreman oversees the op-

An expansion joint constructed of a polyurethane elastomegeation, coordinates supply shipments, and participates in the
concrete (PEC) material was used to help connect each of épplication process if a team is shorthanded. A job-task break-
building segments together. The joint, comprised of the PEf©wn of the operation is given in Table I. Primary exposure to
material, aluminum hardware rails, and metal cover platesti'e PEC occurs during mixing, troweling, and trowel cleaning.
designed to respond to seismic disturbances and thermal Esually the epoxy and hardener are heated t&35 order to
pansion/contraction without affecting the structural integrity ahaintain fluidity of the materials. At this temperature, there is no
the building. A proprietary PEC product, known in Canada geerceptible level of fumes or vapors emitted from this product.
Polycrete and LokCrete in the United States, was used at thiswever, during mixing and troweling, the product is super-
construction site. It consisted of dry ingredients (an aggregdteated in order to promote mixing and flow into the joint.
binder of stone, sand, and white finishing powder) and wet in- Three specific tasks that are sources of occupational expo-
gredients (a mixture of an amine-based epoxy and a hardeseres identified as mixing, troweling, and trowel cleaning are
containing coal tar derivatives). The PEC was applied usingshown in Figure 1. During mixing, a measured quantity of 2
hot trowel into extruded aluminum rails installed on roughed-iparts (approximately 2 liters) component A epoxy and 1 part
concrete joints. The PEC was used for three reasons: bondamgnponent B hardener, also referred to as curing agent (con-
strength, resistance to cracking, and workability. A crew of 1taining coal tar), are dispensed from storage vessels into a small
to 14 laborers and a foreman are involved in various stagesnoiiking pot. The two products are mixed using an electric drill
the activity. with mixing extension. While the epoxy/hardener receives ini-

Unlike industrial environments, construction activities tentlal mix, a laborer places a mixing drum on an electric turntable
to be highly variable with each trade. The Task-Based Expostmnéo which 1 bag (approximately 16 kg) of aggregate (dry in-
Assessment Model was used as the basis for this evaluatigredients) composed of sand, white finishing powder, and 1-
which uses tasks (or specialized skills) as the central method éon-diameter stone is added. While mixing the fresh aggregate,
data collectiorf®) In performing our analysis of this operationthe mixer preheats the aggregate to approximatel¢3sing a
we observed and identified major tasks, categorizing them algmgpane torch (warm to the touch). During this task, a plume of
the lines of major work groups, reviewed material safety dayallowish black smoke is emitted from the mixing drum due to
sheets for potential exposures, and carried out task-based mepibxy/hardener material burning off from the a previous batch,
toring for CTPV-BSF, PAHSs, and particulates. To the best of owhich surrounds the mixer and immediate downwind area. This
knowledge, occupational exposures to hazardous agents suctnaske can also be emitted when the mixer cleans out this drum
CTPV-BSF and PAHs in the expansion joint—-making operatiaand various mixing pots with a hot trowel.
have not been reported in the published literature. The objectiveOnce heated properly, epoxy/hardener material is added to
of this article is to present the results of the task-based expostire aggregate and mixed together. The mix is then delivered to

assessment on this unique operation. the trowelers. Trowel cleaning also exposes the helperto a plume
of yellowish-black smoke. During the troweling operation, the

MATERIALS AND METHODS helpgr cleans and heats the trowels by arranging them hprizon—
tally in a slotted 10-cm-diameter metal tube, heated with the

Process Description same type of torch used in the mixing process. The helper takes

A setup team of three to four workers is responsible fahe hot trowels and passes them to the trowelers, who require a
preparing the roughed-in concrete for the pouring of PEC. THigsh tool about every 30 to 50 seconds. The hot trowel makes
team prepares the joint by cleaning the concrete and installitng freshly mixed PEC material more viscous and facilitates pen-
base plates of extruded aluminum forms. A base-coat teametrfation into the pockets under the aluminum rails. Smoke from
two to three workers lays down a thin coat of wet ingredientke trowel is generated when it contacts the compound, either
(no dry ingredients) as a primer. The primer coat is then coveretien it's scooped out of the drum or when the material is worked
with a thicker coat of PEC material (containing both wet and dimto the joint. Workers involved in setup, cleanup, or other op-
ingredients). Prior to the curing of this PEC material, this teaprations in the area including other trades within the vicinity,
will install the top-rails, creating a pocket in which the mairare also exposed to the fumes, depending on wind direction and
coat will be worked in. The base-coat team performs mixingshether the work area is enclosed.
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FIGURE 1
Expansion Joint Making Operation (a) Mixing LokCrete (b) Mixing expansion joint compound (c) Troweling
(d) Trowel cleaning.

Sampling and Analysis

CTPV-BSF samples were collected on pre-weighed 37-mm, The Teflon filters were first analyzed for total particulate on
2.0-um Teflon Zefluor filters (Gelman Laboratories, Pall Cora Cahn C-44 microbalance using NIOSH Method ®0@ith
poration, Ann Arbor, MI, USA) in-line with Orbo 43 XAD-2 modifications. CTPVs collected on these filters were analyzed
Tubes (Supelco, Bellefonte, PA, USA) covered in aluminum fofls benzene solubles by extraction/gravimetric analysis using
to prevent degradation due to light. The filters were connectddOSH Method 50489 with modifications. PAHs collected on
to air sampling pumps set at 240 5% liters per minute using the filters and XAD-2 tubes were analyzed by HPLC, UV/VIS
Tygon tubing. Short-term task-based samples were collectdétection using NIOSH Method 5588 with modifications.
When possible, personal breathing zone samples were collecfedality control procedures were utilized both in field and lab-
Due to awkward worker positioning, some laborers declined @satory. In the field, quality controls consisted of collection of
wear the sampling train. In that event, area sampling was carrl@dnk samples and also pre- and post-calibration of sampling
out by placing the collection devices within 1 to 1.5 meters ¢gfumps. Stringent laboratory quality controls were in place, in-
the activity with the inlet at the level of the worker’s head. Teluding analysis of spikes, repeat analysis, and analysis of a
obtain sufficient filter loading for coal tar pitch volatiles, somélifferent source material other than material used for standard
of the pumps were set at approximately 3.5 liters per minute¢grve.
collect area samples using only a Teflon filter cassette. Full-shift
environmental monitoring was carried out utilizing the complet®ESULTS
sampling train (pump, filter, and tube) at various areas aroundThe results of personal and area samples taken are summa-
the work area to observe effects of wind and assess the impaotd in Tables Il and Ill. Two samples listed in Table Il are
on workers in other areas. background samples of other trades indirectly exposed in an
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TABLE I
Summary of samples by analyte
Concentration gg/m?)
Analyte N (below DL} AM GM GSD Min-Max

Total dust particulafé 32(0) 2.06 11X  2.90 0.17-12.80
CTPV-BSPP 32(17) 0.3§ 02X  3.07 <0.38-1.98
PAHS?

Naphthalene 20(1) 130.09 45.89 589 <0.7-519

Acenaphthylene 20(20) — — — <0.7

Acenaphthene 20(14) 2.29 1.49 2.72 <0.35-8

Fluorene 20(3) 8.11 2.65 5,54 <0.08-41.6

Phenanthrene 20(4) 9.92 2.32 7.25 <0.04-68.9

Anthracene 20(4) 1.79 0.64 463 <0.04-8.76

Fluoranthene 20(4) 7.39 1.26 7.10 <0.08-60.5

Pyrene 20(4) 4.67 0.89 6.22 <0.04-37.8

Benzo(a)anthracene 20(4) 3.77 1.09 5.81 <0.04-21.2

Chrysene 20(4) 3.28 0.97 5.63 <0.04-19.8

Benzo(b)fluoranthene 20(5) 2.81 0.94 496 <0.08-17.9

Benzo(k)fluoranthene 20(6) 1.17 0.41 494 <0.04-7.1

Benzo(a)pyrene 20(4) 211 0.70 499 <0.04-12.8

Dibenzo(a,h)anthracene 20(18) — — — <0.08-15

Benzo(g,h,i)perylene 20(12) 0.96 0.38 3.91 <0.08-6.7

Indeno(1,2,3-cd)pyrene 20(7) 1.05 0.33 5.04 <0.04-8.1

AFor results below the limit of detection, a value of one-half the detection limit has been used to compute
estimated concentration.

BSample volume range used was 31-706 liters.

CValues are measured in mgim

PN = Number of Samples; AM= Arithmetic Mean; GM= Geometric Mean; GSD-Geometric Standard
Deviation.

adjacent area. One of these was taken in an area where terrdaetor. Some samples were also collected during summerin June
layers were working and the other on a scissor lift 15 meteasd July on hot days (2& to 30°C) to determine whether out-
from the work area which had been used periodically on oneddor temperature was a contributing factor. The median CTPV
the days by a pipe fitter. Table IIl summarizes the total particesults of summer samples (= 8) did not differ apprecia-
ulate, CTPV-BSF, and B(a)P exposures for various tasks of thly from those collected during winten(= 23), as can be
expansion joint workers. A comparison of summer and wintseen in Figure 2 of the statistical comparison using Minitab
samples of CTPV samples is shown in Figure 2. The frequenegrsion 12.
distribution of CTPV-BSF and B(a)P, which is shown in Figure 3,

exclude two results of other trades indirectly exposed (pipefit- 2
ter and terrazzo layer workers). For statistical analyses, half the
value of the detection limit has been used for samples below the
limit of detection.

DISCUSSION AND CONCLUSIONS

The personal sample for the helper who cleans the trowels
showed the highest CTPV-BSF concentration of 1.93 mg/m 024 020
and a B(a)P concentration of 12:8/m°>. As expected, the low- i "
est results from the task-based samples were during setup and
finishing activities. The higher concentrations were observed
during mixing and troweling. Sampling was mainly conducted
during winter (-10°C to O°C) under sometimes windy condi- FIGURE 2
tions, affecting the personal sampling results where wind was a  Distribution of CTPV samples: Summer vs. winter.

CTPV Conc. mg/m3

T T
Summer Winter

Season
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TABLE I
Summary of total particulate, CTPV-BSF, and B(a)P concentrations by task
_ Total dust particulate CTPV-BSF Benzo(a)pyrene
N Sampling concentration (mg/f) concentration (mg/A) concentrationg/m?)
TPICTPV duration
Trade/Task (PAH) Type (minutes) Min  Max Median Min  Max Median Min  Max Median
Expansion Joint Workers
Mixing 3(2) P 55-173 2.48 652 338 BDL 0.84 016 1.1 270 —
4(2) A 106-299 0.38 119 096 BDL 020 0.12 0.13 060 —
Troweling 4(3) P 16-181 0.76 12.8 1.20 BDL 0.78 BDL 1.1 8 11
5(3) A  43-280 0.38 254 0.77 BDL 055 BDL 0.07 1.9 049
Troweling/Mixing/ 2(2) P 76-111 0.83 495 — 014 167 — 6.43 — —
Setup
Heating/Cleaning Trowels  4(2) P 50-192 1.33 314 142 056 193 066 3.9 128 —
Setup 2(2) P 49 0.24 149 — BDL BDL — BDL BDL —
5(@3) A 27-353 0.37 561 058 BDL 041 BDL BDL 0.49 0.15
Finishing 1(1) A 271  0.17 — — BDL — — BDL — —
Other Trades (Indirectly
Exposed)
(pipe fitter/terrazzo layer 2(2) A 60-344 05 0.7 — BDL 010 — BDL 048 —
workers)

P = Personal; A= Area; BDL = Below Detection Limit; N= Number of samples.

Note Same N for TP (total particulate) and CTPV (coal tar pitch volatiles) but PAH (polycyclic aromatic hydrocarbons) has specific N. If 1
sample, then value reported as min value; if 2 samples, then min-max values reported; and if 3 or more samples, min-max and median value
reported.

The current ACGIH's respective TLV-TWA for insoluble par-est personal sample CTPV-BSF concentration of 1.93 rhg/m
ticulates not otherwise specified (PNOS) is 10 myasinhal- for heating/cleaning of trowels task, collected over 61 minutes,
able particulate and 0.2 mgfas benzene soluble aerosol fowould compute to an 8-hr TWA concentration of 0.24 mg@/m
CTPV. The TLV of 10 mg/m as inhalable particulate would The high personal exposure B(a)P concentrationsghm® of
roughly convert to 4 mg/fhtotal particulate (37-mm-diameter2.7, 8.0, 3.9, 6.43, and 12.8 were associated with sample dura-
button off cassette samplétf) As can be seen from Tables lltions of 57,16, 111, 56, and 61 minutes, respectively. The results
and Ill and Figure 3, some of the measured values are higloéthe samples for heating and trowel cleaning of 12¢8m*
than these values. The recommended ACGIH TLV for specifiaken over 1 hrwould likely exceed the Swedish limit gfi@/m?,

PAHSs such as B(a)P, chrysene, and others is to keep exposuri¢ ase assumes minimal exposure during the unsampled period.
low as practicable. B(a)P is used as an important marker for car-The background samples represent exposure to other trades
cinogenic PAHs. Currently, there is an assigned exposure lirtliat were indirectly exposed. The samples collected had concen-
of 2 ug/m? for B(a)P in Swedeéddand in German{** Several trations of particulates and CTPV-BSF much lower than expan-
of the results obtained exceed this value. sion joint workers, thus trades indirectly exposed should not be

Our measurements for total particulate, CTPV-BSF, arekposed to any significant hazard from the expansion joint mak-
PAHs were not for 8 hours, thus all of the data cannot be dirg operation. The concentrations of airborne particulates and
rectly compared to TLV-TWAs. The data, however, do point ol TPV-BSF (identified as area samples) were generally lower
potential exposure to these carcinogenic substances in this than personal samples (see Table Ill). It is recognized that the
eration. The highest personal sample CTPV-BSF concentrati@ported exposure concentrations represent exposure situations
of 0.78 mg/nd for troweling, shown in Table I, was taken overfor workers without respiratory protection. Actual exposure for
181 minutes. Assuming zero exposure for the remaining unsatiese using respirators would be lower. Dermal exposure, which
pled period, the calculated 8 hours TWA of 0.28 mgiwould is a very important route of exposure, is not accounted for with
be in excess of the TLV-TWA of 0.20 mgArSimilarly, the high- the airborne concentration measurements.
est personal sample CTPV-BSF concentration of 1.67 rhfgm Coal tar, more commonly known as pitch in the roofing and
troweling/mixing/setup task taken over 111 minutes would comead building trades, has largely been replaced by asphalt. Most
pute to an 8-hour TWA concentration of 0.38 mg/mhe high- workers who have worked with pitch in the past, noted that this



COAL TAR PITCH VOLATILES 551
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FIGURE 3
Frequency distribution of (a) CTPV-BSF and (b) benzo(a)pyrene concentrations.

material causes irritation that they perceived as being far maneconcentrations far lower than those at the expansion joint
serious than the effects from asphalt. During this study we alsperation described in the article.

had the opportunity to evaluate CTPV-BSF and PAHs exposuresDuring the 40-50 hour workweek, depending on overtime,
on a flat roofing job utilizing hot asphalt. CTPV-BSF concenaorkers spend on average 30 hours exposed. Workers wore
trations of the kettle man and mop man, who were involved @ither 3M 8210 N95 nosepiece dust masks, which were used
this flat roofing job, yielded values far greater than those oby the setup crew, or Willson half-face masks with TO8P100
served during the expansion joint operation. However, the PAt4rticulate and organic vapor cartridges. Workers involved in
concentrations were in most cases non-detectable, or, if preseatup wore respiratory protection intermittently, and respirator
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performance is likely compromised by the fact that many work- Shale-Oils and Soots, vol. 35, pp. 83-159, IARC, Lyon, France,

ers exhibited signs of several days of facial hair growth. They (1985).

were also observed removing their masks to smoke cigarett@s Stern, F.B.; Ruder, A.M.; Chen, G.: Proportionate Mortality

intermittently during the various activities, which might have an Among Unionized Roofers and Waterproofers. Am J Indus Med

effect on PAH concentrations. 37:478-492 (2000). _
Dermal exposure is a major route of exposure and a healﬁ1 Boffetta, P.; Jourenkova, N.; Gustavsson, P.: Cancer Risk from

hazard in this particular operation so the importance of skin Occupational and Environmental Exposure to Polycyclic Aromatic
P P P Hydrocarbons. Cancer Causes Control 8:444-472 (1997).

protection cannot be over emphasized. Dermal exposure is mix?_- Finkelstein, M.M.; Verma, D.; Kurtz, L.A. et al.: Mortality, Cancer
imized during winter by the use of long-sleeved clothing and  |,cigence and Workplace Exposures Among Ontario Construction
work gloves, but during summer, workers are at greater risk workers: Part I: Occupational Exposures. A Research Report for
of dermal hazards from PEC material since short-sleeved shirts Workplace Safety and Insurance Board of Ontario, Toronto, ON
are worn. The only engineering control used at this particular (2002).

work site was a large 50-cm axial floor fan to draw the smoké&. Susi, P.; Goldberg, M.; Barnes, P.; Stafford, E.: The Use of a Task-
away from the faces of the trowelers. We recognize that our Based Exposure Assessment Model (T-BEAM) for Assessment

task-based data set is limited; thus, caution should be used in its °f Metal Fume Exposures During Welding and Thermal Cutting.
interpretation. Appl Occup Environ Hyg 15:26-38 (2000).
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