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MODIFIED METHOD FOR DETERMINATION OF PAHs

IN AMBIENT AIR IN BANGKOK USING GAS
CHROMATOGRAPHY-MASS SPECTROMETRY
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Center of Excellence on Environmental Health, Toxicology and Management of Chemicals (ETM), Bangkok 10400, Thailand

ABSTRACT: The PAH analysis method was modified using HP-5MS column. Sampling
procedure was based on the NIOSH method no.5515. Sorbent tube (XAD-2) and PTFE filter were
used to collect PAHSs in both gaseous and particulate phases, respectively. The air samples were
extracted by n-hexane and analyzed by gas chromatography-mass spectrometry. Results showed
that the detection limit of 16 PAHSs ranged from 0.6 to 2.4 ng. The percent recoveries of 16 PAHs
for sorbent tubes (XAD-2) and PTFE filters were 78.15-90.74% and 78.23-111.55%, respectively.
The percent relative standard deviations were both less than 11%. The analysis of 20 air samples;
10 samples from the roadside and the other 10 samples from the local market in Bangkok found
that total PAH concentrations were 520.56 + 61.04 and 1248.44 + 877.93 ng/m?®, respectively.
The total PAH concentrations from the local market were two times higher than those from the
roadside.
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INTRODUCTION

PAHSs are groups of organic compounds with two or
more fused aromatic rings formed during
incomplete combustion of organic compounds such
as coal, oil and gases, garbage, tobacco or
charbroiled meat [1]. They are relatively low
solubility in water, but are highly lipophilic. PAHs
may exist in vapor or particle phases according to
their volatility. They are able to combine with
suspended particles less than 5 pm [2]. The 16
PAHs were chosen for analysis; because they were
regarded as priority pollutants from U.S. EPA [3].
Furthermore, some PAHs are recognized as
chemical carcinogens to animals and humans [4].

PAHs were determined by high performance liquid
chromatography with a UV or fluorescence detector
and gas chromatography with a FID or mass
spectrometer [5]. Nowadays, Gas chromatography
with mass spectrometry (GS-MS) has been widely
used due to its sensitivity and selectivity. Moreover,
GC-MS was a simple technique [6, 7]. PAHs were
extracted using solvent in an ultrasonic bath since it
was more rapid and simpler than the other methods,
such as Soxhlet extraction [8-10] or Microwave
irradiation [3]. This research aimed to modify the
analysis method of 16 PAHs both in gaseous and
particulate phases in ambient air using GC-MS.
The accuracy, precision and detection limits of the
method were also tested. Then, the method was
used to determine PAHSs in ambient air from the
roadsides and the local markets in Bangkok area.
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MATERIALS AND METHODS
Chemical reagents

Two thousand pg/ml mixed standard PAHs in
dichloromethane solution (Restek, USA) consisted
of acenaphthene, acenaphthylene, anthracene,
benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene,
benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene, fluoranthene, fluorene,
indeno(1,2,3—cd)pyrene, naphthalene, phenanthrene,
and pyrene. Methanol, dichloromethane (analytical
grade) and n-hexane (GC grade) were purchased
from Merck, Germany.

Instrumentation

Gas chromatography (Agilent 6890N, USA) and a
mass selective detector (Agilent 5975, USA) fitted
with a HP-5MS capillary column (30mx0.25mm,
0.25um film, J&W Scientific, USA) was used. The
operating condition for GC-MS was set up as
follows: splitless injection of 2 pl, injection
temperature of 280°C; the oven temperature
program was 80°C, ramped at 15°C/min to 185°C
(hold for 5 min), ramped at 10°C/min to 240°C
(hold for 10 min), and ramped at 3°C/min to 276°C
(hold for 5.5 min). The mass spectrometer used the
electron impact mode of 70 eV. The carrier gas was
helium at a flow rate of 0.8 ml/min. The mass of
primary ions of PAHs were determined using the
selected ion monitoring (SIM) mode.

Ultrasonic bath (Ultrasonic steri-cleaner, Coax
group corporation Ltd, Thailand)

SKC personal air sampling pump (Model 224-
PCXRS8, SKC Inc., USA)
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The 37- mm PTFE membrane, 2-um
(Cat.N0.225-17-09, SKC Inc., USA) with support
pad and spacer ring (Cat. No. 225-23, SKC Inc.,
USA)

Sorbent tube, XAD-2 resin (Supelco ORBO-
43, USA)

Calibration curves of PAHs

The 2000 pg/ml PAHs in dichloromethane was
diluted to 12, 24, 60, 96 and 240 ng/ml with hexane.
Each standard mixture of PAHs was analyzed by
GC-MS for 3 replications.

Sample preparation and analysis

Both filters and sorbent tubes were extracted by 500
pl of n-hexane. For sorbent tubes (XAD-2), they
were separated into 2 parts, front and back sections.
The tubes containing sorbent were extracted with
500 pl of n-hexane in an ultrasonic bath at 4°C for
30 min. For PTFE filters, the edges of PTFE filters
were removed and the filters were cut into 4 pieces
and extracted with 500 ul n-hexane in an ice bath
(4°C) with occasional agitation for 30 min. After
extraction, 2 ul of the solution were analyzed by
GC-MS. The media blank for both of sorbent tube
(XAD-2) and PTFE filter were analyzed in the same
manner as the sample.

Recovery of PAHs from the sorbent tube and
PTFE filter

The back section of sorbent tube and glass wool
were removed from the sorbent tube. Then, 5 ul of
6 ng/ml standard PAHs were injected directly into
the front section of sorbent tubes and the PTFE
filters in tubes for three replications. Then, they
were capped immediately, wrapped in an aluminum
foil, left overnight to assure complete adsorption of
PAHs and then stored in a freezer before analysis.
Blank sorbent tubes and PTFE filters were carried
out in the same manner as the sample except that
they were not spiked with the standard PAHs. They
were analyzed in the same manner as the sample.
The recoveries of PAHs from sorbent tubes and
PTFE filters were calculated by dividing PAHs
recovered with PAHSs spiked and multiplied by 100.

Reliability of the method for the determination
of PAHs

In the development of a sampling and analytical
method, the method used must be simple,
convenient, accurate and reproducible.

Detection limit of the method

The low-level calibration concentrations were
selected to determine the detection limit of the
method. The known concentrations of PAHs ranged
from 1.2 to 12 ng/ml, 1.2, 2.4, 3.6, 4.8, 6.0, 7.2, 8.4,
9.6, 10.8 and 12 ng/ml were prepared and analyzed
by GC-MS for three replications. The linear
regression equation of each PAH was set up and the
standard error of the regression was calculated
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following the National Institute for Occupational
Safety and Health (NIOSH) method [11]. The limit
of detection (LOD) of each PAH was reported as
the highest of the calculated LOD, lowest
calibration standard or X-intercept if regression has
a negative Y-intercept.

Accuracy and precision of the method

The two known standard PAH concentrations of 6
and 12 pg/ml were prepared. Then, 5 pl of known
PAH concentrations were injected to both of
sorbent tubes and PTFE filters for three replications
each day for three days. They were extracted and
analyzed in the same manner as the samples. The
accuracy and precision were presented as inter-day
assays in terms of percent recovery (% recovery)
and relative standard deviation (%RSD).

Application in the field

Sites of air sample collection

The air sample collection sites were roadsides and
local markets located in the central Bangkok. Both
types of sample sites are thought to be the common
places where PAHs would present in considerably
high concentrations due to such surrounding
activities as cooking, grilling, and traffics. The air
samples were collected during October, 2009 to
April, 2010 at which time rainfall is minimal. The
10 air samples were collected from local markets
whereas the other 10 air samples were collected
from the footpath along streets in several districts of
central Bangkok (Figure 1).

Air sample collection

The 20 air samples from ambient air in Bangkok
were collected for both particulate and vapor phases
using PTFE filters connected to sorbent tubes
(XAD-2) according to the NIOSH method 5515
[12]. The PTFE filters were pre-cleaned before
sampling by soaking in dichloromethane and
methanol solution (1:1, v/v) for 2 min and the filters
were dried in the air. The personal sampling pump
was calibrated with a cassettes filter holder
containing a PTFE filter connected to a sorbent tube
(XAD-2) on line by a calibrator meter to calibrate
an air flow rate at 2 I/min before and after the
sampling. The cassettes filter holder and sorbent
tube (XAD-2) were both wrapped in aluminum foil
to prevent sample degradation. Ambient air samples
were collected at 1.5 m high to collect ambient air
of 360-600 | for 3 — 5 hours.

Analysis of air samples

The PTFE filters and sorbent tubes were prepared
and analyzed by GC-MS as described above.

Statistical analysis

The median was used for descriptive analysis. The
mean and standard deviation were also used in this
manuscript; the results of this current study can be
compared with other studies. The comparison
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Figure 1 Location of 10 air samples collected from local market and the other 10 samples from footpaths along streets

in Bangkok
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Figure 2 The chromatograms of 16 priority standard PAHSs of 240 ng/ml

between PAH concentrations from the roadside and
the local market was illustrated by Mann-Whitney
U test.

RESULT AND DISCUSSION

Calibration curves and chromatogram of PAHs
analysis

All 16 standard PAHs were analyzed using GC-MS.
The masses of primary ion of each PAH were
selected. The chromatograms of 16 PAHs are
presented in Figure 2. All PAHSs eluted completely
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within 45 minutes. Phenanthrene and anthracene
peaks, benzo(a)anthracene and chrysene peaks and
benzo(b)fluoranthene and benzo(k)fluoranthene
peaks are not fully separated.

Standard curves of PAHs

The standard curves of each PAH were linear over
the concentration range from 12 to 240 ng/ml. The
correlation coefficient (r?) of each PAH for three
replications ranged from 0.9858 to 0.9996 as
presented in Table 1.

J Health Res ¢ vol.26 no.1 February 2012



10

Table 1 The calibration parameters for the 16 PAHSs analysis
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PAHSs Primary ion (m/z)  Liner regression equation Correlation coefficient, r?
1. Naphthalene 128 y = 161230x + 964.99 0.9994
2. Acenaphthylene 152 y =105961x - 725.81 0.9995
3. Acenaphthene 154 y =212616x - 1034.7 0.9998
4. Fluorene 166 y = 176209x - 1459.1 0.9996
5. Phenanthrene 178 y =114326x - 2700.8 0.9977
6. Anthracene 178 y =72292x - 2824.1 0.9898
7. Fluoranthene 202 y =101460x - 1445.5 0.9985
8. Pyrene 202 y = 116009x - 1912.1 0.9980
9. Benzo(a)anthracene 228 y =56206x - 1879.1 0.9901
10. Chrysene 228 y =102192x - 3447.1 0.9915
11. Benzo(b)fluoranthene 252 y = 26769x - 852.62 0.9943
12. Benzo(k)fluoranthene 252 y = 32239x - 1285 0.9858
13. Benzo(a)pyrene 252 y = 34530x - 796.01 0.9965
14. Indeno(1,2,3—cd)pyrene 276 y = 15246x - 357.22 0.9968
15. Dibenz(a,h)anthracene 278 y =20490x - 598.62 0.9938
16. Benzo(g,h,i)perylene 276 y = 32234x - 941.18 0.9954

Table 2 The %recovery of 16 PAHSs from sorbent tube and PTFE filter

PAHSs PAHs Recovered from PAHSs Recovered from
PAHs added sorbent tube (ng)(n = 3) PTFE filter (ng) (n=3)
(ng) Mean + SD %recovery Mean + SD Ybrecovery

1. Naphthalene 30 30.81£0.25 102.69 2541+151 84.70
2. Acenaphthylene 30 26.51 £0.21 88.46 29.25+1.34 97.50
3. Acenaphthene 30 28.60 £0.22 95.34 29.65 + 1.46 98.84
4. Fluorene 30 26.61 £0.34 88.70 30.55 +1.58 101.83
5. Phenanthrene 30 21.70£0.41 72.34 30.22 £1.63 100.74
6. Anthracene 30 21.55+0.28 71.82 28.48 £1.43 94.94
7. Fluoranthene 30 19.99 +0.43 66.63 31.67+1.53 105.55
8. Pyrene 30 19.79 £ 0.37 65.98 30.92+£1.33 103.05
9. Benzo(a)anthracene 30 - - 29.58 £ 0.66 98.59
10. Chrysene 30 - - 28.43+0.76 94.77
11. Benzo(b)fluoranthene 30 - - 28.49+1.26 94.97
12. Benzo(k)fluoranthene 30 - - 2744 + 155 91.47
13. Benzo(a)pyrene 30 - - 28.74 +0.50 95.80
14. Indeno(1,2,3—cd)pyrene 30 - - 2755+1.81 91.83
15. Dibenz(a,h)anthracene 30 - - 26.01£3.21 86.69
16. Benzo(g,h,i)perylene 30 - - 27.19+282 90.62

Recovery of PAHs from sorbent tubes and PTFE
filters

The average PAHs recovered from sorbent tubes
and PTFE filters ranged from 19.79 to 31.66 ng.
The %recovery of PAHs from sorbent tubes ranged
from 65.98% to 102.69% (Table 2). Only 8 gaseous
phase PAHs having 2-4 aromatic rings recovered
from sorbent tubes. The %recovery of PAHs from
PTFE filters ranged from 84.70% to 105.55%.

Reliability of the method for the determination
of PAHs

Detection limit

The method could detect each PAH ranging from
0.6 to 2.4 ng. The detection limit of phenanthrene
was 0.6 ng and the benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene,
indeno(1,2,3—cd)pyrene, dibenz(a,h)anthracene and
benzo(g,h,i)pyrene had the same detection limit of
2.4 ng. The detection limit of anthracene was 0.76
ng and the rest which were acenaphthylene,

J Health Res ¢ vol.26 no.1 February 2012

acenaphthene, fluorine, fluoranthene, pyrene,
benzo(a)anthracene and chrysene, had detection
limit of 1.2 ng. The results of this study were
compared with previous study of Chen M-R [13]
reported LOD from 0.093 to 1.51 ng, which were
lower than the LOD of the current study. Analytical
techniques for detection of PAHs continue to
increase in sensitivity, thus progressively lowering
the detection limits for these compounds in ambient
air.

Accuracy and precision

The average recoveries of PAHs from sorbent tubes
(XAD-2) ranged from 78.15% to 90.74% at 30 and
60 ng PAH masses and the precision ranged from
2.79% to 10.06%, respectively (Table 3). For PTFE
filters, the average recoveries ranged from 78.23%
to 111.55% and the precisions ranged from 0.23%
to 10.61%. Thus, the accuracy and precision of the
PAH analysis method were satisfactory.

The previous studies reported recovery of PAHSs

http://www.jhr.cphs.chula.ac.th
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Table 3 The accuracy and precision of PAHSs for sorbent tube (XAD-2) and PTFE filters

Inter-day assay (n=3) Inter-day assay (n=3)

PAHs M;jg:; '(Dr%)HS XAD-2 PTFE filter
%RSD %Recovery %RSD %Recovery
1. Naphthalene 30 9.82 78.69 6.27 85.33
60 5.35 90.74 7.59 89.39
2. Acenaphthylene 30 10.06 79.28 1.93 95.95
60 2.79 86.78 6.51 104.66
3. Acenaphthene 30 8.12 78.66 3.26 96.80
60 3.63 89.49 3.75 104.08
4. Fluorene 30 7.78 78.52 3.03 98.94
60 4.90 87.99 3.17 107.27
5. Phenanthrene 30 7.01 81.13 2.81 97.57
60 6.17 84.25 2.25 108.57
6. Anthracene 30 6.62 85.11 2.59 92.73
60 4.02 78.15 2.78 106.24
7. Fluoranthene 30 5.41 82.88 4.68 100.14
60 5.11 85.03 1.41 111.55
8. Pyrene 30 6.28 82.24 4.79 97.70
60 5.84 83.33 3.03 108.88
9. Benzo(a)anthracene 30 - - 481 93.80
60 - - 0.23 108.06
10. Chrysene 30 - - 5.35 89.53
60 - - 7.33 100.58
11. Benzo(b)fluoranthene 30 - - 7.14 88.56
60 - - 222 99.82
12. Benzo(k)fluoranthene 30 - - 7.72 84.53
60 - - 2.80 95.57
13. Benzo(a)pyrene 30 - - 6.26 89.66
60 - - 1.90 100.59
14. Indeno(1,2,3-cd)pyrene 30 - - 9.06 83.15
60 - - 4.01 95.94
15. Dibenzo(a,h)anthracene 30 - - 9.38 78.23
60 - - 10.33 93.13
16. Benzo(g,h,i)perylene 30 - - 9.40 81.77
60 - - 10.61 97.51
Table 4 Total PAH concentrations in ambient air in Bangkok
PAHSs concentrations (ng/m?)
PAHSs Roadside Market Ambient air
(n=10) (n=10) (n=20)
1. Naphthalene 3.26 +5.89 730.01 + 882.61 366.64 + 712.75
2. Acenaphthylene 54.97 +15.99 90.51 +48.12 72.74 +39.38
3. Acenaphthene 13.16 £5.88 16.08 + 7.66 14.62 £ 6.81
4. Fluorene 28.62 + 14.97 30.45 +11.63 29.53 +13.08
5. Phenanthrene 120.25 + 31.26 107.88 £41.41 114.06 = 36.27
6. Anthracene 58.73 +17.04 55.43 + 34.08 57.08 + 26.28
7. Fluoranthene 58.29 +12.36 47.03 +16.04 52.66 + 15.08
8. Pyrene 63.49 £ 10.60 4449 +18.74 53.99 £ 17.74
9. Benzo(a)anthracene 17.90 £ 10.24 20.09 +9.55 19.00 £9.70
10.Chrysene 21.83+9.48 20.50£8.94 21.16 £8.99
11.Benzo(b)fluoranthene 20.20 £ 12.00 22.08 +16.41 21.14 +14.03
12.Benzo(k)fluoranthene 24,63 £15.34 9.67 £16.08 17.15+£17.11
13.Benzo(a)pyrene 14.75 +8.48 1257 £11.12 13.66 = 9.69
14.Indeno(1,2,3-cd)pyrene 5.19 +11.96 10.75 £ 18.42 7.97 £15.38
15.Dibenzo(a,h)anthracene 2.14+6.70 5.41+£12.00 3.78 £9.60
16.Benzo(g,h,i)perylene 13.16 £17.11 25.48 + 33.18 19.32 + 26.46
Total PAHs 520.56 + 61.04 1248.44 + 877.93 884.50 + 711.53
Total BaPq 24.96 £12.61 26.32 +£25.23 25.64 £19.43
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Figure 3 The comparison between PAH concentrations from the roadside and the local market

ranging from 85.3 + 6.8% to 131.7 = 9.3% [3] and
from 78.6% to 93.5% [13] and the precisions
ranging from 1.28% to 8.89% [13]. The recovery of
the current study was similar to the previous
studies. Therefore, the developed GC-MS method
can be used for assessment of PAH concentrations
in ambient air.

Application in the field
PAH concentrations in ambient air

The PAH analysis method was modified from other
methods [13, 14] to be a simple and reliable method
for analysis of PAHs in air. Twenty air samples
were collected; 10 samples from the roadsides and
the other 10 samples from the local markets. The
naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene
and pyrene were found in gas phase at high
concentration because of their intrinsic highly
volatile nature. The medians of total PAH
concentrations from the roadside and the local
market were 511.98 and 976.26 ng/m°, respectively.
In addition, the mean and standard deviation of total
PAH concentrations from the roadside and the local
market were 520.56 + 61.04 and 1248.44 + 877.93
ng/m®, respectively (Table 4). The total PAH
concentration from the local market was two times
higher than those from the roadside (p-value < 0.05)
probably because naphthalene was found in high
concentration in two samples in the local market.
The result of this study was similar to the study of
Chen Y et al. reported that naphthalene (67-89%)
was the most abundant gaseous PAHSs found in all
samples from 6 commercial restaurants in Hong
Kong [15].

The comparison between PAHs found from the
roadside and the local market is presented in Figure
3. The major PAHs on the roadside were
phenanthrene, pyrene, fluoranthene, anthracene and
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cenaphthylene, while the major PAHs from the
local market were naphthalene, phenanthrene,
acenaphthylene, anthracene, fluoranthene and
pyrene. With regards to health effects of these
PAHSs, anthracene, benzo(a)pyrene and naphthalene
are direct skin irritants while anthracene and
benzo(a)pyrene are also reported to be skin
sensitizers. Naphthalene can cause breakdown of
red blood cells if inhaled or ingested in large
amounts [16].

The average total PAHs concentration from 20 air
samples was 884.50 + 711.53 ng/m°. Converting
PAHs into BaP., according to Nisbet and LaGoy
[17], the carcinogen potency of PAH concentrations
was estimated by calculation of the BaP equivalent
concentration based on toxic equivalent factors
(TEFs). The average total BaP.q concentration was
25.64 + 19.43 ng/m°. The BaP contribution to the
dose of carcinogenic PAHSs in this study was not
very high.

When compared PAH concentrations found in this
study with previous studies, total PAH
concentrations in ambient air in Bangkok ranged
from 7.10 to 83.04 ng/m® [18] and from 76 to 189
ng/m® [19]. Furthermore, the average concentration
of 8 PAH exposure of traffic polices in Bangkok
was 72.79 ng/m® the major PAHs found was
benzo(g,h,i)pyrelene and indeno(1,2,3-cd)pyrene?.
The average 15 PAHSs concentrations in ambient air
of Brazil ranged from 8.94 to 62.5 ng/m°[20] and
from 0.01 to 0.9 ng/m® [21]. The PAH
concentrations in the former studies were
considerably lower than those found in the current
study because the current study analyzed 16 PAHs
and most of PAHs detected were in the gaseous
phase in air samples but the former studies did not
collect the gaseous phase of PAHSs. In addition,
some of the former studies collected only PM, s and
analyzed for PAHs. The total PAH concentrations

http://www.jhr.cphs.chula.ac.th
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in industry, urban and rural areas in Taiwan were
1650 +1240, 1220 + 520, and 831+ 427 ng/m3,
respectively [22]. The PAH concentrations in urban
area in Taiwan were considerably higher than those
found in the current study. The varying in PAH
concentrations in urban area can be explained by
different sampling and analysis method, volume
and duration of air sample collection. Regarding to
traffic sources in Taiwan, the average total PAH
concentration was 8,110 ng/m® and the major PAHs
found was naphthalene followed by acenaphthene
and fluorine [23].

CONCLUSION

The modified method can be used for analysis of
PAH concentrations in ambient air. The method
used sampling equipment and sampling protocol
following National Institute of Occupational Safety
and Health, method 5515 and preparation of sample
using n-hexane as extraction solvent and analysis
with the GC-MS. The method is simple with
satisfactory accuracy, precision and detection limit.
The GC/MS can also be used to confirm the
identification of each PAHs.

REFERENCES

1. Ravindra K, Sokhi R, Van Grieken R. Atmospheric
polycyclic aromatic hydrocarbons: Source attribution,
emission factors and regulation. Atmos Environ. 2008;
42: 2895-921.

2. Ruchirawat M, Mahidol C, Tangjarukij C, Pui-ock S,
Jensen O, Kampeerawipakorn O, Tuntaviroon J,
Aramphongphan A, Autrup H. Exposure to genotoxins
present in ambient air in Bangkok, Thailand -- particle
associated polycyclic aromatic hydrocarbons and
biomarkers. SCI Total Environ. 2002; 287: 121-32.

3. See SW, Karthikeyan S, Balasubramanian R. Health
risk assessment of occupational exposure to particulate-
phase polycyclic aromatic hydrocarbons associated with
Chinese, Malay and Indian cooking. J Environ Monito.
200; 8: 369 - 76.

4. 1ARC, IARC Monographs on the Evaluation of the
Carcinogenic Risks to Humans [cited 10 September
2010]; Available from: http://monographs.iarc.fr/
ENG/Classification/index.php

5. Chang KF, Fang GC, Chen JC, Wu YS. Atmospheric
polycyclic aromatic hydrocarbons (PAHSs) in Asia: A
review from 1999 to 2004. Environ Pollut. 2006; 142:
388-96.

6. Chiu C, Lin Y, Chen B. Comparison of GC-MS and
HPLC for overcoming matrix interferences in the
analysis of PAHs in smoked food. Chromatographia.
1997; 44: 497-504.

7. Jira W. A GC/MS method for the determination of
carcinogenic polycyclic aromatic hydrocarbons (PAH)
in smoked meat products and liquid smokes. Eur Food
Res Technol. 2004; 218: 208-12.

8. Fang GC, Wu YS, Chen MH, Ho TT, Huang SH, Rau
JYJY. Polycyclic aromatic hydrocarbons study in
Taichung, Taiwan, during 2002-2003. Atmos Environ.
2004; 38: 3385-91.

9. Bhargava A, Khanna RN, Bhargava SK, Kumar S.
Exposure risk to carcinogenic PAHs in indoor-air
during biomass combustion whilst cooking in rural
India. Atmos Environ. 2004; 38: 4761- 7.

http://www.jhr.cphs.chula.ac.th

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

13

US/EPA. Determination of Polycyclic Aromatic
Hydrocarbons (PAHs) in ambient air using gas
chromatography/ mass spectrometry (GC/MS),
Compendium method TO-13A. Compendium of
methods for the determination of toxic organic
compounds in ambient air. 2 ed. Cincinnati: [S.n];
1999.

Kennedy E, Fischbach T, Song R, Eller P, Shulman S.
Limits of detection and quantification. Guidelines for
air sampling and analytical method development and
evaluation (A NIOSH technical report): Cincinnati:
U.S. Department of Health and Human Services; 1994.

NIOSH. Polynuclear aromatic hydrocarbon by GC:
method 5515. NIOSH Manual of Analytical Methods
(NMAM). 4" ed. [S.I : S.n]; 1994

Chen MR, Tsai PJ, Wang YF. Assessing inhalatory and
dermal exposures and their resultant health-risks for
workers exposed to polycyclic aromatic hydrocarbons
(PAHs) contained in oil mists in a fastener
manufacturing industry. Environ Int. 2008; 34: 971- 5.

Zhu L, Wang J. Sources and patterns of polycyclic
aromatic hydrocarbons pollution in kitchen air, China.
Chemosphere. 2003; 50: 611-8.

Chen Y, Ho KF, Ho SS, Ho WK, Lee SC, Yu JZ, et al.
Gaseous and particulate polycyclic aromatic
hydrocarbons (PAHs) emissions from commercial
restaurants in Hong Kong. J Environ Monit. 2007;
9(12): 1402-9.

Polycyclic Aromatic Hydrocarbons (PAHSs): health
effects. Department of Health, Government of South
Awustralia; 2009 [cited on 2011 Sept]. Available from:
http://www.health.sa.gov.au/pehs/PDF-files/ph-
factsheet-PAHSs-health.pdf.

Nisbet ICT, LaGoy PK. Toxic equivalency factors
(TEFs) for polycyclic aromatic hydrocarbons (PAHS).
Regul Toxicol Pharm. 1992; 16: 290-300.

Ruchirawat M, Navasumrit P, Settachan D, Tuntaviroon
J, Buthbumrung N, Sharma S. Measurement of
genotoxic air pollutant exposures in street vendors and
school children in and near Bangkok. Toxicol Appl
Pharm. 2005; 206: 207-14.

Boonyatumanond R, Murakami M, Wattayakorn G,
Togo A, Takada H. Sources of polycyclic aromatic
hydrocarbons (PAHS) in street dust in a tropical Asian
mega-city, Bangkok, Thailand. SCI Total Environ.
2007; 384: 420-32.

Ré-Poppi, N, Santiago-Silva M. Polycyclic aromatic
hydrocarbons and other selected organic compounds in
ambient air of Campo Grande City, Brazil. Atmos
Environ. 2005; 39(16): 2839- 50.

lanistcki M, Dallarosa J, Sauer C, Teixeira CE, da Silva
J. Genotoxic effect of polycyclic aromatic hydrocarbons
in the metropolitan area of Porto Alegre, Brazil,
evaluated by Helix aspersa (Miller, 1774). Environ
Pollut. 2009; 157: 2037- 42.

Fang GC, Chang KF, Lu C, Bai H. Estimation of PAHs
dry deposition and BaP toxicequivalency factors (TEFs)
study at urban, industry park and rural sampling sites in
central Taiwan, Taichung. Chemosphere. 2004; 55:
787-96.

Lee WJ, Wang YF, Lin TC, Chen YY, Lin WC, Ku
CC, Cheng JT. AH characteristics in the ambient air of
traffic-source. SCI Total Environ. 1995; 159: 185-200.

J Health Res ¢ vol.26 no.1 February 2012



