

















SUMMARY

The potential health hazards of coal tar and pitch are well
known. Due to the fumes observed during the hot processing of
coal tar pitch in tﬁe manufacture of clay targets, an air
monitoring survey was undertaken to determine worker exposure
to Polycyclic Aromatic Hydrocarbons (PAHs). This paper presents
the results of a follow-up survey undertaken by the Department
of Health to complement an initial survey. A newly adapted PAH
monitoring/analysis method is presented together with the results

of method validation tests.






1. INTRODUCTION

1.1 Coal Tar Pitch

Coal tar pitch is the amorphous residue formed as a by-product during
the production of coal-gas. A significant proportion of coal tar pitch
consists of Polycyclic Aromatic Hydrocarbons (PAHs), many of which are
known carcinogens. Aluminium industry potroom workers (known to be exposed
to coal tar pitch volatiles (CTPVs) have been reportedl to experience an
increase in lung cancer mortality. A paper2 on the aluminium industry in
the Soviet Union associates such an increase in lung cancer with the
concentrations of tarry substances of between 27 to 2130 LE m~3 in air

(benzo(a)pyrene levels 0.6 to 56 g m_3).

In the absence of definite information on the identity of the
components of coal tar pitch aerosols responsible for carcinogenic effects,
the American Conference of Government Industrial Hygienists (ACGIH) has
proposed a Threshold Limit Value (TLV) of 0.2 mg m”3 (TWA) based on the

benzene soluble fraction of fume collected on a filter.

1.2 Clay Target Manufacture

The process ihvolved in the manufacture of the clay targets used in
skeet shooting has already been discussed by Darby, report C/l/833.
Basically, coal tar pitch is heated in a stirred mixing tank until
liquid, then fine-ground limestone is added. The resulting mixture is fed
into moulds which dispense the newly formed targets ready for hand-
packaging or painting. During target manufacture workers may be exposed
to fumes released from the hot pitch, at levels that may affect their

health.

1.3 Premises Under Investigation

In the previous investigation3, two New Zealand clay target factories
were surveyed for indoor air contamination. Monitoring for a variety
of PAHs was undertaken although only benzo(a)pyrene and an approximation
for total CTPV levels (as benzene solubles) were reported. These results

are reproduced later in this report.

The present investigation was undertaken at one of the above factories
3 . . :
(Factory 2)° to determine whether air quality had improved to an acceptable

level.



1.3.1 Factory Layout.

In the factory under investigation the mixing tanks were fitted with
an overhead extraction system and were housed in a room separate from the
rest of the factory, although the connecting doorway was left open. Three
employees routinely worked in the process area (Figure 1), two on the
moulding machines and one as an "odd jobs" person who, in addition to other
duties, was responsible for feeding the mixing tanks and cleaning blockages
that periodically formed. These operations required the worker to lean
over the tanks, so risking high fume exposure. The rest of the factory

appeared relatively free of fume.
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Figure 1: Floor Plan



2. AIR SAMPLING AND ANALYSIS

The follow-up study was designed to present data in a form that was
comparable with the previous study, but concentrating on the 8-hour time-
weighted-average exposures of the workers. To this end both whole-day
static and personal samples were taken during early March 1988, on two
consecutive days (Monday and Tuesday). Unfortunately the factory
management limited personal monitoring to 3 samples only. A plan of the
factory showing sampling sites is presented as Figure 1. Static samples

were generally taken at approximately breathing zone height.

The sampling and analysis procedures used are presented as an Appendix.

3. THRESHOLD LIMIT VALUES

New Zealand has adopted the Threshold Limit Value proposed by the ACGIH
for coal tar fumes, namely "Coal tar pitch volatiles (as benzene solubles)"
TLV.TWA 0.2 mg m_3. Monitoring involves sampling air through a filter and
measuring the weight of benzene soluble material collected. Such an
analysis method is likely to be prone to poor reproducibility from
laboratory to laboratory, and from sample type to sample type. With the
modern instrumentation and improved analytical methods at the disposal of
most New Zealand laboratories today, it would appear that it is time to
adopt new TLVs that are both analytically reproducible and that are more
relevant from a toxicological viewpoint. Perhaps TLVs based on the 8-hour
time-weighted-average exposure of workers to total PAHs and to selected
PAHs, such as the known human carcinogen benzo(a)pyrene, would be more

appropriate.
The following TLV data have been reported:

(1) Coal tar pitch volatiles:

ACGIH TLV.TWA 0.2 mg m_3 (as benzene solubles).

(2) Total PAH3:

Australia and some other countries, 0.2 mg m

(3) Benzo(a)pyrene:

-3
Sweden3 5.0 pgm
Russia3 0.15 ug m‘3

-3

OSHA 0.2 pgm
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4, RESULTS AND DISCUSSION

4.1 Results

The air monitoring results are presented in Table 1. The uncertainty
in these results is the greater of *15% at the 90% confidence level or

0.1 ug m_3.

4.2 Processed Results

The analysis data have been processed and presented (Table 2) in a form
that will allow comparison with available toxicological data and with the

. 3
previous report

The same correction factor and assumptions were used in the calculation
of CTPVs as were introduced in the previous study3 where it was found that
the ratio of benzene solubles to benzo(a)pyrene in a bulk sample of the coal
tar pitch used was 200:1. It was assumed that the same ratio existed on the

alr filters, enabling calculation of CTPVs (as benzene solubles).

TABLE 2

Processed Results

Sample Benzo(a)pyrene* Estimated Coal Tar Total PAHs*
Pitch Volatiles**
(as benzene solubles,

(ug m 3) g m~3) (pg m 3)
S1 2.5 500 180
S2 1.1 220 260
S3 0.95 190 190
Pl 0.97 190 240
P2 92 18 400 1 700
S 0.24 50 65
S5 1.0 200 170
S6 1.7 340 640
P3 1.5 300 150

* Uncertainty *15% at the 90% confidence level.
** Uncertainty #20% at the 90% confidence level.



TABLE 3

Previous Survey Results (Report C/]./83)3

Sample Location Benzo(a)pyrene Estimated
Number Concentration "Benzene Solubles"
Concentration

-3 -3

(ug m ) (g m )
1 Area above mixing tank 21 4 100
2 Area above mixing tank 130 26 000
3 Area by moulding table 4.2 830
4 Area by moulding table 2.1 420
5 Area by moulding table 9.7 1 900
1 Personal moulder 3.8 760
2 Personal stack—-off 4.2 830
3 Personal odd job man 30 6 000

4.3 Discussion

A comparison of this survey's results (Table 2), with those from the
previous survey3 (Table 3), for samples collected in the vicinity of the
moulding tables indicates that pitch fumes in the maln process area have bea
reduced by approximately 70 percent. Average factory fume levels
(averaging all samples except P2 and S4) are now equivalent to l.4 ug m
(relative standard deviation 0.6) benzo(a)pyrene and 0.26 mg m—3 (rsd 0.17)

total PAH. This is still above the maximum desirable fume level.

The factory management permitted only one sample to be taken from the
breathing zone of the odd-jobs person responsible for tending the mixing
tanks. Although it is not always desirable to predict typical exposure
from only one sample, the very high fume levels measured (92 ug m
benzo(a)pyrene) for the 8-hour sample collected show that exposure levels

for the worker are unacceptably high.

5. CONCLUSION

Although air quality does appear to have improved in the work area of
this factory, CTPV levels have been found to be at the upper limit of accept-
ability. Ideally, because these fumes contain human carcinogens, it would be
preferable if levels were reduced to the absolute minimum. Remedial action

to reduce the CTPV exposure of the "odd jobs" person is strongly recommended.
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APPENDIX

MONITORING FOR AIRBORNE POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

NRL Method : PAH-01
Date : 11 April 1988
Chemist : Michael J Gray

Principle

The method presented here for the analysis of PAH in workplace air
is based on the NIOSH method 5515 using dichloromethane as extraction
solvent. Polycyclic Aromatic Hydrocarbons are sampled using air filters
with back-up sorbent tubes, extracted with solvent and analysed by gas

chromatography after concentration by solvent evaporation.

Analyte CAS Number
Naphthalene ' 91-20-3
Acetnaphylene 208-96-8
Acetnaphene & » 83-32-9

.Fluorene 86-73-7
Phenanthrene 85-01-8

Anthracene 120-12-7
Fluoranthracene 206-44-0

Pyrene 129-00-0

Chrysene - 218-01-9
Benzo(a)anthracene 56-55-3
Benzo(b+k)fluoranthene 205-99-2 + 207-08-9
Benzo(a)pyrene 50-32-8
Indeno(1,2,3-cd)pyrene + Dibenzo(a,h)anthracene 193~39-5 + 53-70-3
Benzo(ghi)perylene 191-24-2

Sampling (Filter and Sorbent)

Samples are collected using an SKC pump set at approximately
2.5 litres min_l to draw air through a 5 micron PTFE filter backed by a
gasket (37 mm OD, 32 mm ID) cut from a cellulose support pad, followed by
a sorbent tube containing 200 mg / 100 mg XAD-2 resin. Eight-hour sampling
periods are recommended initially, although a reduction in sampling times
may be possible depending on the levels found and on the detection limit

striven for.



The sorbent tubes are prepared from glass tubes (95 mm, =5 mm ID)
packed with 200 mg / 100 mg (£10%) of cleaned XAD-2 resin separated by
fine-grade silica wool. The resin was cleaned by 5-hour soxhlet

extraction with cyclohexane.

The filters and sorbent tubes are covered with aluminium foil during

sampling to avoid degradation of the collected PAHs by UV-light,

Sample Care

PAHs are sensitive to degradation from heat, ozone, nitrogen dioxide,
or UV-light. Samples should therefore always be covered from light by

aluminium foil and be kept in a refrigerator or freezer whenever possible.

Blanks and Spikes

At least two blank and two spiked filters and tubes should be run for
each job. No intermnal standard should be added to the blanks as a check
for co-eluting peaks. The spiked filters and tubes should contain a range
of PAHs such as naphthalene, fluorene, chrysene and benzo(a)pyrene.
Extraction (addition of internal standard) and analysis of the spiked
filters and tubes should mirror the treatment given to the genuine samples.
These spiked samples will indicate the detector response and extraction
efficiencies relative to the internal standard for PAHs of varying size

and volatility (although matiix effects must still be considered).

Extraction

The filters and sections of XAD-2 resin are each individually
transferred to 7 ml scintillation vials. Internal standard ( =5 ug
benzo(b)chrysene), and dichloromethane (5.0 ml) are added. Filters are
treated with ultrasound for 1 hour, and resin samples are shaken for 2
hours. The resulting extracts are filtered (0.45 micron) and evaporated
to approximately 50 pl under a stream of dry nitrogen. Particular care
must be taken to avoid evaporation to dryness, as even a few seconds of
dryness will result in almost complete loss of naphthalene, and
considerable losses of fluorene, etc. Evaporated samples can be stored

at -18°C prior to analysis.
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Analysis

Analysis 1s by capillary gas chromatography using a flame ionization
detector. Reverse-phase HPLC can be used but there will be some loss in
resolution, and the UV/Vis detector is more selective than the FID hence

calibration of individual PAHs may be required.

Gas chromatograph HP 5890

Injector Split 210°C

Split ratio 15:1

Injection volume 2 pl

Column 25 m x 0.53 mm ID BP!L
Column flow (100°C) 4 - 5ml min ' Helium
Temperature Program Initial 100°C (2 min)

Increase 10°C min—l
Final 300°C (15 min)
Detector FID 300°C
Integrator HP 3393A

Standards and Solvents

Internal Standard: Benzo(b)chrysene (=5 mg) in
dichloromethane (10.0 ml)

Spike Standard: Naphthalene, fluorence, chrysene and
benzo(a)pyrene (=5 mg each) in
dichloromethane (10.0 ml)

Qualitative Standard: Supelco standard 610-M

All solvents should be of AR grade and must be redistilled before use.

Working Range

Individual PAHs can be analysed in the range of 0.2 pg - 100 ug per
cubic metre of air with the conditions outlined above. Higher sample
loadings will require more internal standard, and smaller samples may
require revision of the analysis method to facilitate injection of more

material onto the column.

Calculations

The combined mass of individual PAHs found on the filter and back-up

sorbent is divided by the air volume sampled, after correction for
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extraction efficiency and detector selectivity, to give the concentration

of individual PAHs in air.

Sample Clean-up by Silica-gel Column

The column is‘prepared by placing 35 mm of silica gel (BDH, 60-120
mesh) on a silica-wool plug in a pasteur pipette (5 - 6 mm ID). The sample
is added to the dry column in the minimum volume of solvent possible
(solvent composition'approximately 25% dichloromethane in n-pentane). The
column is then eluted with 25% dichloromethane in pentane (5 ml), fraction
1; followed by dichloromethane (5 ml), fraction 2. All PAHs are eluted
in the first fraction and any phenols (up to trimethylphenols) are eluted
in the second fraction. This clean-up procedure will generally be found

to be unnecessary.

Method PAH-0l Validation

Gas Chromatographic Condition Optimisation

Reproducible injections could only be obtained when a very fast
injection and needle withdrawal technique was employed. This may have been
due to decomposition of the sample on the hot metal surface of the needle.
The lighter PAHs were affected to the greatest degree. It is strongly
recommended that anyone beginning this analysis for the first time record
the results of at least 10 practice injections for a sample containing PAHs
in the range naphthalene to benzo(b)chrysene; evaluate reproducibility
of peak areas, ratio of PAH peak areas relative to the internal standard,
and determine if the ratio of peak areas corresponds to a detector response

of approximately 1:1.

It was found (after tests at 200°, 220? and 250°C) that an injector

temperature of 210°C gave the most consistent results.

Evaporation Losses

To determine the losses experienced during nitrogen evaporation of

5 ml solutions of PAHs in dichloromethane, standards containing naphthalene

(8.45 pg), fluorene (6.42 pg), chrysene (5.88 pg) and benzo(a)pyrene (3.55 pg)

in dichloromethane (5.0 ml) were evaporated to approximately 50 pl under a
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stream of dry nitrogen, at 30°C. One sample evaporated to dryness before
being immediately reconstituted with a drop of dichloromethane. Intermnal
standard (benzo(b)chrysene (5.35 pug)) was added and samples analysed. The

results are tabulated below.

Evaporation Step Recovery Test Results

*Recovery Relative to Benzo(b)chrysene
(Percentage Recoveries)

Naphthalene Fluorence Chrysene Benzo(a)pyrene
(pg) (%) (us) (%) (ug) (%) (ng) (%)

Standard 7.91 (94) 6.20 (97) 5.60 (95) 3.64 (103)
Solution

Evaporated . 6.49 (77) 5.90 (92) 5.64 (96) 3.52 ( 99)
to 50 pl

Evaporated 0.021 (0.3) 3.86 (60) 5.45 (93) 3.60 (101)

to dryness

* A detector response factor of 1.0 was assumed for all PAHs.

The results indicate some loss of lighter, more volatile PAHs during
the evaporation stage of method PAH-0l, with complete loss of naphthalene
and almost 50% loss of fluorene if evaporation goes to dryness. Clearly
it is essential that nitrogen blow-down must not be permitted to continue
to dryness, even for an instant, if quantitative analysis of the lighter

PAHs is required.

Extraction Efficiency

To determine the combined recovery from the extraction and evaporation
steps, relative to the internal standard (benzo(b)chrysene), the following

test was undertaken.

To duplicate vials containing PTFE filters, XAD-2 resin (200 mg), and
empty vials, was added dichloromethane (100 pl) containing naphthalene
(16.9 pg), fluorene (12.8 pug), chrysene (11.8 ug), benzo(a)pyrene (7.1 ug),
and benzo(b)chrysene (10.7 pug). These were stored overnight at 4°C, then

extracted and evaporated in keeping with method PAH-01 (internal standard



.._1_3_.
was not added). Recoveries are presented below relative to the internal
standard, benzo(b)chrysene (10.7 pg) and assuming a detector response of

1:1.

Extraction/Evaporation Step Recovery Test Results

Recovery Relative to Benzo(b)chrysene

Naphthalene Fluorene Chrysene Benzo(a)pyrene

(ug) (%) (ue) (%) (ug) (%) (ue) (%)
Standard 15.1 (89) 12.3 (96) 11.6 ( 98) 8.3 (117)

Solution

Empty Vial (A) 14.1 (83) 12.2 (95) 11.4 ( 97) 7.1 (100)
Empty Vial (B) 14.7 (87) 12.5 (98) 11.8 (100) 7.2 (lol)
Filter (A) 14.8 (88) 12.2 (95) 11.6 ( 98) 7.1 (100)
Filter (B) 14.0 (83) 11.6 (91) 11.5 ( 97) 7.0 ( 99)
XAD-2 (A) - 11.0 (86) 11.4 ( 97) 7.9 (111)
XAD-2 (B) ~* 11.5 (90) 11.3 ( 96) 8.0 (113)

* Results unavailable due to contamination
in the unwashed XAD-2 resin used.

Extraction and evaporation efficiencies appear to be at 83 - L100% of
the expected value relative to the internal standard (benzo(b)chrysene).
Some inconsistencies were observed for the benzo(a)pyrene results but

recoveries appear to be acceptable.

Silica-gel Column Sample Clean-up Evaluation

A small, disposable column presenting the least likelihood of sample
contamination was required for sample clean-up. To this end, the column
discussed above (page 1l) was prepared and tested. Two elution systems were

tried. Results are shown below.
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ELUTION SYSTEM 1

Naphthalene Fluorene Chrysene Benzo(a)pyrene
(%) (%) (%) (%)
Eluent 1: 74 10 0 0
5 ml pentane
Eluent 2: 26 90 90 69
5 ml 10% CH,Cl,
Eluent 3: 0 0 10 31

5 ml 25% CH,C1,y

ELUTION SYSTEM 2

Naphthalene, Phenol, o-cresol,
Fluorene, Chrysene, 2,6~-Dimethylphenol,
Benzo(a)pyrene + 2,4,6-Trimethylphenol
Eluent 1: All PAHs 0
5 ml 25% CHyCI1,
in pentane
Eluent 2: 0 All Phenols

5 ml CHyCly






