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Abstract

The atmospheric concentrations of particulate polycyclic aromatic hydrocarbons (PAHs) associated with PMy
were determined in Taegu metropolitan area. Sampling was undertaken every five days throughout one year period
from 1993 to 1994 at four sites, representing a residential, a commercial, an industrial, and a sub-urban area,
respectively. Benzo (e) pyrene, benzo (k) fluoranthene, and chrysene were found to be the most abundant com-
pounds during the study period. The concentrations of benzo (a) pyrene, one of carcinogenic PAHs, ranged
2.0~4.8 ng/m? in winter and 0.5~ [.5 ng/m* in summer season, indicating a marked seasonal variation. It was
found that there were very similar patterns in the relative profiles of PMo—bound PAH concentrations among the
four sampling sites, while the absolute levels of each PAH were significantly different from each site. In addition,
the patterns of summer to winter concentration ratios for each PAH were almost identical between the different
sites. Despite difficulties due to the lack of good markers for specific sources in the target compounds, we were
able to evaluate and describe the effects of vehicle emissions and space heatings, using relative profiles of PAHs,
winter to summer (W/S) ratios, PAH—-to~PAH ratios, and the result of principal component analysis. As a con-
sequence, it was concluded that the vehicle emissions in urban and sub-urban areas are likely to be a major
contributor for PAH loadings in the ambient atmosphere during the non-heating season, while the contributions of
residential heating and local industrial oil burning emissions were highly significant in heating season.
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Fig. 1. Sampling sites for PAHs associated with PM,,. (A-residential; B-commercial/residential; C—industrial; D-

suburban areas)
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Table 1. Summary of atmospheric mean concentrations (+ s.d) of particulate PAHs associated with PMy, at four
sampling sites of Taegu metropolitan area.

PAH (ng/m%) Abbre. Residential Commerc_lall Industrial Suburban
residential
Phenanthrene PHEN 0.87+£0.93 0.841+1.23 1.53+2.31 0.92+0.80
Anthracene ANTHR 0.11+0.10 0.194£0.34 0.41+0.77 0.144+0.14
Fluoranthene FLUR 1.46+1.99 2.9349.99 3.33x5.77 1.51+1.80
Pyrene PYR 1.50+2.18 2.09+4.18 4.194+6.97 1.63+1.99
Benzo (c) phenanthrene BcPH 0.34+0.38 0.46+£0.62 0.84+1.07 0.43+0.49
Benzo (a) anthracene BaA 0.80+1.04 1.11+1.65 2.4443.19 0.96+1.23
Crysene CHRY 1.76 +1.77 2.1242.32 3.83+3.83 2.08+2.01
Benzo (e) pyrene BeP 2.23+2.76 3.68+5.64 6.12+6.67 2.48+3.10
Benzo (b) fluoranthene BbF 1.59+1.46 1.87+£1.67 3.62+3.01 1.90£1.78
Benzo (k) fluoranthene BkF 0.62+0.58 0.77+0.75 1.45+1.35 0.71+0.69
Benzo (a) pyrene BaP 1.22+1.26 1.42+1.59 2.83+292 1.24+1.45
Dibenz (a, h) anthracene DahA 0.21+0.19 0.25£0.29 0.50+£0.49 0.21£0.18
Benzo (ghi) prylene BghiP 1.47+1.32 2.02+1.94 3.35+295 1.55+1.44
Indeno (1,2, 3-cd)pyrene 1123P 1.59+1.32 1.85+1.81 3.20%2.63 1.60+1.60
Anthanthrene ANTHN 0.04+0.05 0.05+0.12 0.08+0.10 0.03+0.04
Coronene COR 0.79+0.60 0.95+0.81 1.62£1.31 0.76 £0.72
PM o (ug/m*) PMio 87.1+375 103.2+50.2 122.6+40.7 83.1£40.1
12
0 Residential S Summer
Winter
6

0 | -

Commercial/residential

) I ! B

Industrial

Concentration (ng/m?)
<

Suburban

1 i

— - e ——
?“‘Q'\:ﬁ«\)‘tvqy‘\ T @t of o @ o P \\m‘-;\«*@ c*

Fig. 2. Comparison of mean concentrations of PAH associated with PM,, during heating (winter) and non- heating
(summer) periods.
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Table 2. Winter to summer ratios of particulate PAH and
PM,, concentrations.

Sampling site*

PAH

A B C D
PHEN 4.0 39 5.1 3.1
ANTHR 1.3 2.7 2.9 1.6
FLUR 8.7 11.6 9.1 6.1
PYR 8.4 6.9 7.5 5.0
BcPH 4.1 3.6 44 3.6
BaA 7.7 5.6 74 5.5
CHRY 43 2.8 39 2.8
BeP 6.1 59 4.7 4.2
BbF 40 2.7 32 3.1
BkF 4.0 3.1 36 35
BaP 35 34 4.3 4.6
DahA 33 2.3 2.3 2.5
BghiP 34 32 3.0 29
1123P 2.8 2.8 33 3.5
ANTHN 7.0 4.5 47 5.0
COR 2.6 2.2 2.7 2.5
PMio 1.3 1.2 1.2 1.3

* A-residential; B-commercial/residential; C—-industrial; D-suburban
areas.
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Fig. 3. Comparison of mean ratios (= s.d) of individual PAH to BeP at four sampling sites during heating (winter) and
non- heating (summer) periods.
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Table 3. Comparisons of PAH-to-PAH ratios between emission sources and atmospheric profiles observed in this

study.
PHEN/ Bap/ BaA/  CHRY/ BeP/ BaA/ BaP/ BbF/ BaP/ BkF/ FLRTH/ Remark
ANTHR BghiP CHRY BeP BaP BaP COR COR I1123P 1123P PYR
Source profile
Gasoline 2.2 0.7 1.2 0.2 3.8 0.2 1
1.2 37 2.3 35 2
34~8 03~04 028~12 1.1~13 3,4
Diesel 1.6 1.7 1.9 1.8 1.1 0.3 5
0.9 12 0.5 6
76~8.8 046~0.81 0.17~0.36 2~25 3,7
2.2 2.1 0.8 2
Street dust 8 14 4
Coal combustion 3 09~6.6 1~1.2 0.84~1.6 4
Diesel shoot 36.59 0.15 8
B-C boiler 3.0 0.9 3.8 0.5 0.6 0.3 4.5 27 04 0.1 1.1 9
Diesel boiler 2.6 35 5.0 0.2 0.8 0.6 1.3 0.9 8.7 6.4 10.3
Ambient concentration profile in this study
A-summer 39.0 0.8 0.3 1.0 1.2 04 1.2 06 0.6 0.3 0.9
winter 20.1 0.8 0.5 0.7 2.0 0.8 1.7 09 08 04 1.0
B -summer 17.5 0.7 0.3 1.0 1.7 0.5 1.1 06 0.7 0.4 0.9
winter 15.3 0.7 0.6 0.5 3.0 0.9 1.7 09 038 0.4 14
C-summer 17.0 0.6 04 0.7 2.0 0.5 1.2 07 07 04 0.7
winter 18.5 0.9 0.7 0.6 22 0.9 2.0 1.0 09 0.5 0.8
D-summer 45.0 0.6 0.3 1.1 2.2 0.7 1.0 0.7 06 0.4 0.8
winter 28.0 0.9 0.5 0.8 2.0 0.8 1.9 1.0 038 04 1.0

Remark: 1) Grimmer er al. (1983); 2) Menichini et al. (1999); 3) Rogge et al. (1993); 4) Smicik et al. (1999); 5) Tong et al. (1999); 6) May et al.
(1999); 7) Khalili ez al. (1995); 8) Wang et al. (1999); 9) Li et al. (1999).
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Table 5. Result of PCA for particulate PAHs data in a
commercial/residential site.

culate PAH to Y PAH. Variables Factor 1 Factor 2  Factor3 Factor4
PAH Resid- Commercial/ Indu- Subur- PYR 0.51 0.76 0.34 0.07
ential  Residential strial ban BcPH 0.71 0.56 0.17 0.27
3-ring PHEN 5.5 3.6 37 53 BaA 0.69 0.61 0.33 0.14
ANTHR 1.0 0.9 12 1.0 BeP 0.73 0.51 0.33 0.10
4-ring FLRTH 73 9.9 68 13 BaP 0.76 0.53 0.26 0.23
PYR 76 8.1 90 83 DahA 0.67 0.50 0.02 0.47
BcPH 2.1 2.1 2.1 2.4 BghiP 0.80 0.40 0.34 0.27
BaA 4.2 45 55 48 1123P 0.81 0.47 025 0.21
CHRY 10.6 10.5 103 123 COR 0.87 0.23 0.09 0.35
5-ring BeP 12.4 15.3 149 132 BbF 0.86 0.34 0.16 0.25
BbF 9.9 93 103 110 BkF 0.80 0.49 0.25 022
BKF 3.8 37 39 4.0 CHRY 0.77 0.25 0.55 0.11
BaP 79 6.6 73 6.4 FLRTH 0.20 0.16 0.92 0.10
DahA 13 13 1.6 13 PHEN 0.42 0.77 0.39 0.11
6-ring BghiP 9.6 9.6 9.6 9.1 ANTHR 0.31 0.78 —-0.04 0.39
1123P 11.0 93 89 89 ANTHN 0.28 0.18 0.14 0.88
' ANTHN 02 0.2 02 02 Eigenvalues 7.21 4.19 2.03 1.70
7-ring  COR 5.7 5.2 48 47 % of Variance ~ 45.1 26.2 12.7 10.6
>PAH 100% 100% 100% 100%

* Bold letters are factor loadings greater than 0.5
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