SH2EA B S| X|, M40 HM15(2014) http://dx.doi.org/10.5668/JEHS.2014.40.1.38
J Environ Health Sci, 2014; 40(1): 38-46 [& H]

ALERRlE Passve Air SamplerZ 0|2310{ X[ Cf7|
Cletdels Eleleaol s 3 Ty F3
Hated"
St 84755

Estimation of Atmospheric PAH Concentrations and Sources at Several
Sites Using Pine Needles as a Passive Air Sampler

Man-Young Chun'
Department of Environmental Engineering, Hankyung National University, Anseong, Korea

ABSTRACT

Objectives: This study was carried out in order to estimate atmospheric polycyclic aromatic hydrocarbon (PAH)
concentrations and sources using pine needles as a passive air sampler (PAS) in urban (Pyeongtaek), semirura
(Anseong) and rural (Jincheon) stes.

Methods: One-year-old pine needles were collected for analysis of their PAH concentrations (C,, .g/g dry) at the
end of December. PAHs concentrations in the ambient air (C,, ng/m®) were calculated with a Log(C,/C,)-LogK oa
correlational equation.

Results: PAHs concentrations in ambient air (C.) were high, in the order of urban (114.03 ng/m®), semirural
(105.17 ng/m®) and rurd (61.91 ng/m°®) sites. However, distributions of PAH isomer concentrations were very
similar. PAHs of which molecular weight is smaller than 228.30 (AcPy, Acp, Flu, Phen, Ant, Fit, Pyr, BaA,
Chry) made up most of the PAHSs in the ambient air (96.6-98.5%).

Conclusion: At urban, semirura and rural sites, it was concluded that the main source of PAHs in the ambient
ar ratio of each PAH isomer concentration was cars, especially diesd vehicles.

Keywords: Air, Pine needles, PAHs, Passve air sampler (PAS), Log (Cy/C,)-LogK.
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PAHs 55(C)E A8l T)7] 2 PAHs $5(C)
g ANE F Jorz e 7] F PAHs
°] PASE ARg-©] 7Fsaitt,

o] 7= AuHrels U7l T PAHSS] PASE ©]

sto] 22 E4o] MR e Al A (=A1AY,
FTEIAY B FE2AY) t7] F PAHs BEE
abslal 7h A9 PAHs HAYS o R 4
Zolo

1

X H1 oo

olo] th7] & PAHs?] PASE ARg-o] 7153k
£ Yo} & Aojt} |

%

1. X2 % 2y
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A& WEFFEZ (internal surrogate standard;
naphthalene-ds, acenaphthene-d,,, anthracene-d,q,
chrysene-d;,, perylene-dp)? H7He- WHEFER
(recovery surrogate standard; 4,4'-dibromooctaf|uo-
robiphenyl & Supelco (Bellefonte, PA, USA)llA]
ujsle] ARSI AL 809l dichloromethane (DCM)
2 n-hexaneS HPLC grade (J.T.Baker, Philipsburg,
NJ, USA)E ARSI SM n-hexane S53ted Al
&3t

N&,SO, (anhydrous granular, Shinyo Pure Chemica,
Osaska, Japan), SO, (70-230 mesh ASTM, Merck,
Darmstadt, Germany)<} Al,O; (70-230 mesh ASTM
Merck, active basic, Darmstadt, Germany)= 130°C
o) 92| 24417} o Wol BN F A3
At} GPC (gel permeation chromatography) Z-& ol
AHE-¥l bio-bead= Bio RadAle] SX3, 40-80 um
(Hercules, CA, USA)E ARS-31910H, 40 ALg-
B PAHs 73k 2Hd8 F58-9 (cdibration standard)
£ Supelco®] 16714 PAHs E3HE(EPA 610 PAHS
mix, Bellefonte, PA, USA)YS ullale] ARS-51T).
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Table 1. Nomenclatures and physicochemical properties of 16 PAHs analyzed in this study

Nomenclature - , Vapor pressure’® LogK .2
(IUPAC) Abbreviation Formula  Molecular weight (Paa 25°C) (@ 25°0)
Naphthalene Naph CiHs 128.18 11.14 5139
Acenaphthylene AcPy CiHs 152.20 3.87 6.34
Acenaphthene Acp CioH1o 154.20 3.07 6.52
Fluorene Flu CisHio 166.23 1.66 6.90
Phenanthrene Phen CuH1o 178.24 1.06x10* 7.68
Anthracene Ant CuH1o 178.24 8.6x10* 7.71
Fluoranthene Fit CisHio 202.26 8.61x10* 8.76
Pyrene Pyr CicHio 202.26 5x10° 861
Benz[d]anthracene BaA CigHp 228.30 543x10* 10.28
Chrysene Chry CiH 228.30 4.0x10° 10.30
Benzo[bjfluoranthene BbF CoH1 252.32 5.0x107 11.34
Benzo[K]fluoranthene BkF CoH1 252.32 5.2x10°® 11.37
Benzo[a]pyrene BaP CuH12 252.32 6.0x 10°® 1156
Dibenz[a,h]anthracene DahA CpH1 278.36 1.33x10% 1259
Indeno[1,2,3-cd] pyrene Ind123 CxHs, 276.34 NR 1255
Benzo[ghi]perylene BghiP CHi, 276.34 1.38x 108 1243
NR indicates that data not reported.
Ko : Octanol-air partitioning coefficient.
Table 2. Summary of sampling sites™
Sampling . Population density Number Geographic
site Population Area(k) (peoplelkn?) of cars Coordinate
Urban N 36° 59" 35”7
(Pyeongtask) 434,305 454.63 955.3 188,555 E 127° 06’ 51"
Semirural N 37° 00" 45"
(Anseong) 181,608 553.50 328.1 82,154 E 127 15" 50
Rural N 36° 56" 06"
(dncheor) 63,458 407.23 155.8 30,520 E 197 197 B0
2. Nz TS BE BEllM AT AHsAT AFHTE &
AlBAFE Bl A7 S4o] & Yehue = U912 n-hexanet Dichloromethane (DCM)2-2
/\W"ﬂol 75‘71+ B, EEEAYQ] A% M, A#He d2njF T A Polyethylene (PE) A
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Fig. 1. Map of Summary of sampling sites.
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PAHSS] A& Al AZrFETRS] Fo]7} Wmo]=9)
3 o3l AN Hgell EZFAF O, AAE W
X2 (internd surrogate standard)® AE-E 559
Zash(deuterated) PAHSE o]-&3l0] 2E A2
el gt s WUk A% F5E2 425
105.1% (n=6), Ho]A4=(coefficient of variation, C.V)
= 53148 % o, EAFe] A4S IFES B
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26.18%(5.17-58.23%) 3 2™ naphthdened A&
(blank)®] =71 |57 AX AlLtellA A A F T2
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Table 3. Analytica conditions of GC-MSD for PAHs

determination
GC HP 6890
Detector HP Mass Sdlective Detector 5973
Electron energy 70 eV
Injector Splitless
5332: injection 1l
Carrier Gas He 1 mi/min
Column HP-5MS

HP Crosdinked HP ME Sioxane
30mx0.25 mmx0.25 um Film
thikness

60°C for 1 min

20°C/min to 130°C

4°C/min to 300°C with a find hold
of 15min

lonization mode El

Detection mode SIM

Total Run Time 62 min

Injector Temperature 300°C

Temperature
Progranme

Table 49} Fig. 2= Al A (BAIAY, =553
o, FEA )M AFHG 2ol = PAHS
E=(C,, nglg dry)E YEH Zlolt}. G =AY
(75.65 ng/g dry)>%="55-3 % (53.78 ng/g dry)>&<=
2191 (41.68ng/g dry) =02 =okot AR o] 7}
PAHS®| FEfie WEh 228 Hilow, &4
% 22830 ©]ate] AE2 PAHs (AcPy, Acp, Flu,
Phen, Ant, Flt, Pyr, BaA, Chry) F%280] 2|
PAHs 559 89.4-93.7%% A}A|5te] 252.32 ]/
Y EA PAHs (BbF, BkF, BaP DahA, BghiP,
Ind123) F=E& 6.3-10.6%KHcH X ¢ E9ich
PAHSE SOC|B2 t)7] S04 7k2As) QA
o7 Exst bl e PAHSEFE 7] &
oA 72 Bgo] Euh® ti7] T PAHs} &y
ool A W o] FARE 212 kY A
Ztoln, 712 PAHSE &ub-elol] 433 53]
T AR PAHsE FAFERe] dojubA] 947] wiE
o Aol A2 PAHSE th7] Follx 7k
80 =2 AEA PAHgF OIS 2AE Ao
= Agz}%q'ls,m,zl)

http://www.kseh.org/



2LIFUS Passive Air Sampler2 O|&510] X|FE Of7| § CIeUSS Eleleaol sk 3 2R 8 42
Table 4. PAHs concentrations(ng/g dry) in pine needles at three sampling sites
. Urban Semirural Rura
Abbreviation
2 Mean SD CV 1 2 Mean SD CV 1 2 Mean SD CV
AcPy 015 022 019 005 2676 014 008 011 004 3857 006 011 009 004 4159
Acp 008 016 012 006 4714 015 030 023 010 4500 023 011 017 008 49.91
Flu 899 705 802 137 1710 607 879 743 193 2593 354 498 426 102 239
Phen 2452 1832 2142 438 2047 1577 1401 1489 124 833 1399 932 1166 330 2833
Ant 073 124 099 036 3661 060 087 073 019 2589 035 052 044 012 27.63
Ft 1568 1824 1696 181 10.67 1191 1400 129 148 1141 705 832 769 090 11.69
Pyr 987 1098 1043 079 753 473 644 558 121 21.70 732 519 626 151 24.08
BaA 052 045 049 005 1021 046 040 043 0.04 1010 020 035 028 011 3857
Chry 1027 11.05 1066 055 517 927 678 802 176 2192 687 602 645 060 9.33
BbF 119 101 110 013 1157 060 090 075 021 2828 062 069 066 005 756
BkF 185 124 155 043 2792 163 105 134 041 3046 152 129 141 016 1158
BaP 054 082 068 020 2912 033 056 044 016 3618 0838 071 080 012 1512
DahA 018 032 025 010 3960 011 008 010 002 2233 005 012 009 005 5823
BghiP 282 199 241 059 2440 060 026 043 024 5623 109 128 119 013 11.34
Ind123 028 054 041 018 4484 026 039 033 009 2918 019 039 029 014 4877
Totd 7767 7363 7565 286 378 5264 5492 5378 162 301 4396 39.40 4168 833 19.98
Min 517 833 7.56
Max 47.14 56.23 58.23
SD : Sandard Deviation, C.V : Coefficient of variance (%)
25
AT =Y SEF2[CH,(CH,),0H]S 2]EYe] &
% ste Adg Z gt »*® a28BEE See-
4} Al 4= (octanol-air partitioning coefficient,

PAHs concentrations in pine needles (ng/g dry)

|

Fig. 2. Histogram of PAHs concentrations in pine needles
at three sampling sites.
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2 g 7RIS AN dbrglel vy o
wEHe] i /7 FAT IR B o] F
PAHs T=2 =43te] PAHs CJC. w3t

[Log(C/Co] S &&-37] FuljAFe] diatk
(LogK o) Atele] AAIE A3 Az EA1 228.30
olale] &=+ PAHSs (AcPy, Acp, Flu, Phen, Ant,
Fit, Pyr, BaA, Chry)el tislix= 2 (1)°], EA4F
252.32 o] 4¢] EA PAHs (BbF, BkF, BaP,
DahA, BghiP, Ind123)°] disiAe 24 (27t 8¥

ke As wRlnh
Lower molecular PAHS(<M.W 228.30)
Log(Cy/C.) = 0.6251(LogK ) — 5.0994
(R?=0.7885, p=0.0034) @
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Higher molecular PAHS(>M.W 252.32)
Log(C/Cy) = —0.5884(LogK ) + 7.3926
(R?=0.5408, p=0.0596) 2

2 (1) 2(2E ol83te] Aol 312 PAHS
TE(C)E A th7] & PAHs $E(C)E Table
59} Fig. 3o UERAATE. Table 59} Fig. 3014 &
9l 7] 5 PAHS F=(C= 6¥0AM 129 L7kx| 7t

Table 5. Calculated PAHs concentrations (ng/m®) in
ambient air using Log(G,/C,)-LogK,, equations
at three sampling sites

Abbreviation Urban Semirura Rura
AcPy 253 155 1.16
Acp 127 240 1.80
Flu 49.02 45.42 26.04
Phen 42.60 29.62 23.18
Ant 1.88 140 0.83
Flt 713 5.45 323
Pyr 5.44 291 3.26
BaA 0.02 0.02 0.01
Chry 0.49 0.37 0.30
BbF 0.21 0.14 0.12
BkF 031 0.27 0.28
BaP 0.17 011 0.20
DahA 0.26 0.10 0.09
BghiP 2.36 0.42 116
Ind123 0.34 0.27 0.24
Total 114.03 90.45 61.91

A9l 7] & PAHSS] He s UEid 202 =
A2 (114.03 ng/mP)>5= 5125141 2 (90.45 ng/n’)>5-3
A9 (61.91 ng/m’) L0 7 T} =v) 2Eu Al
A9 BF 7} PAHs SEEEZE U3 FEE 2
AL, WA 228.30 o|5ke] AEAF PAHS FEE-&
o] 21 PAHs %2 96.6-98.5%% x}A]5le] 252.32
oo IEAF PAHs X2 1.5-3.7%Hch %JM
g =3kt o)A WP Fo] PUF air sampler= =

o

B3 7] F 7T QA PAHS) SEES 2
2o} dxale Aol

Table 62 T7] & ZF PAHs A E2] wH|= Ue}
d Aol Fg. 4= AAY] t7] 5 PAHs F=9}
AEA SEUF Atole] dAdE YERd Aol

Table 63 Fig. 4°] o4& Fgate] PAHSY] A<
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Fig. 3. Histogram of calculated PAHs concentrations in
ambient air using Log(Cy/C,)-LogK . equations at
three sampling sites.

Table 6. Reference isomer ratios of selected PAHs from previous studies and this study

Sources Traffic sources Combustion Other This study
Isomer ratios Diesdl Gasoline Oil Wood industrial Urban Semirurd  Rurd
0.38%", 0.60-0.70? 0.17% 0.40?" , .
FIt/(FIt+Pyr) 0.62%" 0.32-0.45%" 057 0.65 0.50
0.41+0.10*, 0.26-0.46®
0.60+0.6%
BaA/Chry 0.53+0.6®, 0.76-1.13%" 0.79+0.13% 0 61—_1 5035) 0.05 0.06 004
BaA/ 0.38-0.64% 0.43® ,
7) .52 6)
(BaA+Chry) 043055 0.3227 0.5 0.38-0.60° 0.04 0.05 0.04
1.16%, 1.2-2.229, 1.72%0, 25-3.3% 27)
BghiP/BaP TeE A1 0.4 i:g?:g:gg%) 1352 3.69 5.70
Ind123/BghiP 1830 0430 - 0.14 0.65 0.21
Ind123/ 0.32+0.22%, 0.27-0.46>"

(Ind123+BghiP) 0.35-0.70? 0.21-0.22%

0.82%) >0.5%

0.21-0.46% 013 0.39 0.17

J Environ Health Sci 2014: 40(1): 000-000
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Fig. 4. Relationship between total PAHs concentrations in
ambient air (C,, ng/m®) and number of cars at three
sites.
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