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Abstract

The main purposes of this study are to investigate the distributional characteristics of polycyclic aromatic
hydrocarbons (PAH) in the vapor and particulate phases in the ambient atmosphere, and to evaluate the effect of
ambient temperature on the vapor-particle partitioning during the sampling period. A total of 64 samples were
collected during a period of 1995 to 1996, using a medium-volume sampler with XAD-2 adsorbents and quartz
fiber filters. Analyses of PAH were carried out using HPLC with UV and Fluorescence detections. In this study, a
significant seasonal variation in the distributions was observed, reflecting the effect of ambient temperature on the
vapor-particle partitioning of PAH. The relationship between the vapor-particle distributions of the 3 to 5 rings
PAH and ambient temperature is considered to be well described using the Langmuir adsorption concept. The
estimated empirical constants for each PAH in the relationship, particularly for the more volatile compounds, were
also comparable with results from other studies. However, it is still difficult to accurately estimate the initial
vapor-particle distribution of PAH in the ambient air, since it is not known to what extent the trapped vapours
originated from the particles laden in the filter by being volatilized or from the air samples initially present in the
vapour phase. The distribution factors for volatile PAH with 3 to 4 rings appeared to be comparable with those in
the literature. It should be noted, however, that these distribution factors give information only about the
distribution of PAH between the two phases under a specific sampling condition, and hence may provide only
semi—quantitative information on the vapor-particle distributions in the atmosphere.

Key words : polycyclic aromatic hydrocarbons (PAH), aerosol sampling, HPLC, phase distribution, Langmuir
adsorption
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A A MFH e e 1F 1ol el
oh. A ZRE PAHARES #22& CHCOLE
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A Aol Bz 1 A8 clean-upg 9sA
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Collected on Filters or XAD-2 (or PUF) Adsorbent

14— Spiking the Internal Standards (Deuterated PAH)

Soxhlet Extraction with 150 ml of CH,Cl, for 16 ~20 hr

i
Concentrated to 3 ml Using a Rotary Evaporator at 40°C

Evap(irated to Near Dryness with N gas

¥ V
No Clean-up Clean~up Required

'
Re-dissolved in S ml of Cyclohexane

¥
Loading to SEP-PAK Silica Cartridges

(Discarding Non~Polar Fraction)

A
Eluted with 10 ml of 30% CH.Cl; in Hexane

(Collecting Semi—Polar Fraction)

A,
Evaporated to Near Dryness with N, Gas

v
Re-dissolved in 1 ml of Acetonitrile

¥
Injected and Analyzed by Reversed Phase HPLC

Fig. 1. Analytical procedures for the determination of
PAH.
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o w5 Baye)E F¢8te] HPLC grade?] ace-
tonitrileo]] £33} A}-8-3}ei}. NPTHL, ACNPL,

ACNPN, FLURN, PHEN, ANTHR, FLRTH, PYR,
BaA, CHRY, BeP, BbF, BaP, DahA, BghiP, COR<-
=% 97% o]A2 2 A AldrichA}&%-E|, BkFg}
1123P= X 99%2A] SupelcoAlZ4-€], BcPH,
CcdP$} ANTHNL 4% 995%24] B2 2]
g FHFEA e FF213 = (Community Bureau of
Reference of the Commission of the European Com-
munities) .2 5e] z}z} F3lslack

o5 77te] ®ELUE HPLC BHZA HY3
M a2etEady M3 HYEA Folut o4
Ao AA FEAFE 5 AFA 2 o)
48 XFERAMEE VT ZEAFITANIST)
9] Standard Reference Material (SRM) & 167] PAH
9] ¥x7} 7345 PAH EF A8 SRM 1647C%} o]
of EFHEA &> 5782 74 PAH A& (CedP,
BcPH, BeP, ANTHN, COR)E &3 23}y Al4-3}
At B, 4FS 9% EFABe WES B o

Table 1. Nomenclatures, abbreviations and physico-chemical peropities of 21 PAH analyzed in this study.

- Molecular Melting Boiting Vapor
Nomenclature (IUPAC) Abbreviation Formular Weight Point (°C) Point (°C) Pressure®
& (mmHg)

Acenaphthene ACNPN CizHyo 154.21 96.2 279 NRe¢
Acenaphthylene ACNPL CiHy 152.20 92~93 265~275 NR
Anthanthrene ANTHN CxH): 276.30 264 NR NR
Anthracene ANTHR CisHio 178.22 218 342 1.95 x 10¢
Benzo(a)anthracene BaA CiH2 228.29 158~ 159 NR [.1x107
Benzo(a)pyrene BaP* CyHi2 252.32 177 310~312 5.5x107°
Benzo(b)fluoranthene BbF* CxH)2 252.32 168 NR NR
Benzo(c)phenanthrene BcPH CisHp» 228.30 66.1 NR NR
Benzo(e)pyrene BeP CxoHi2 252.32 178~ 179 NR NR
Benzo(g, h, i)perylene BghiP Cy:H,2 276.34 273 NR 1.01 x 1070
Benzo(k)ftuoranthene BkF* CaoHi2 252.32 217 480 9.6x 10"
Chrysene CHRY* CisHiz 228.29 255256 NR NR
Coronene COR CyHiz 300.36 438 525 1.47 x 107"
Cyclophenta(c, d)pyrene CcdP CisHio 226.30 170 NR NR
Dibenzo(a, h)anthracene DahA* Ca:His 278.35 262 NR NR
Fluoranthene FLRTH CisHio 202.26 110 NR NR
Fluorene FLURN CiHio 166.22 116 ~117 293~295 NR
Indeno(1,2,3~cd)pyrene 1123p* CayHi» 276.34 161.5~ 163 NR NR
Naphthalene NPTHL CioHg 128.16 80.2 2179 NR
Phenanthrene PHEN CuHjo 178.22 100 340 6.8 x10™
Pyrene PYR* CisHg 202.26 156 399 6.85 %1077

* indicate a subset of seven PAHs identified by TIARC (1983) as animal carcinogens,

potential human carcinqgens.

a) Each boiling point is at a pressure of | atm, except BaP (at a pressure of 10 mmHg).

b) All vapor pressures are at 30°C.

and have been studied by the US EPA (1978, 1980, 1995) as

¢) NR indicates that data not reported, and data for boiling point and vapor pressure were taken from CRC (1983), Tucker (1979) and US EPA

(1995).
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FolA M43t PAH 2AMMe B¥YE AR
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A A BAW) FeM 23E Rl g
PAH =7} A3%5 EFAIE SRM 1649 |43}
qom, F253 AlgHAe HAGelAM e Am &4
¥ 5% H7hEr] A WREEFEAEE do-
phenanthrene, d;>-chrysene ¥ di2-perylene2} 37}9]
deuterated PAH ¥5A] & (Supelco, USA)E o} &3}

e,

2.4 HPLC B4

B QFe A= PAHO $4& #3te] w|F EPA
o} method TO-136]A] PAH BAe] EZupgog
GCMSse} g7 AAE T Qe 2AFAA2=20E
229 (HPLC)Z o] £5}91.2% HPLC system-A]
7 $H 2L F 20 Jehgloh HPLC2| o] F4
o2 E3 acetonitrile?] EFLNE AL o
| m/min®] $290% 50% CH:CN/H,0 ¥ 52 S&
7} isocraticAte] oA elutiond} i o] F 308 E<t
CH:CN =X%7} 50%0llA] 100%7}A] gradient elution
gt & c}A] CHiCN 100% Arefjefl A 1057} elution
sgvl g Az W3k EAe] ¢%®d” F HPLC
columng AR 317 3t o] T FE
E e Aiel 50% CHiCNelAM (5% 53
SAshaleh AgpH o2 13) Alne] Ao 14]7ko]
A8 592 columne] &XX 35°CollA] dA31A

#A1819e,

2.5 PAHS| MM U H

o4} HPLCE 2el¥ PAH A2 Y 3’E
of gt FAN A2 HHE d7E 249 HAE
7). % AR 7|9k AN SAe o] 48
ok UVA=]719] 5142 254nm3-2 290 nmo)] 32
Hag.en] YRYA7)E 7 PAHS) A48 deiHe
2 Z}x7)} £2 excitation®} emission A -2
Meste} elutionAlZel wel AEHez W 4
SIES Z2aas s o falch & QT
A 7t PAHS| EAs gegel o8-8 HBAAI7I%
UVAR7]18] FAEA 2092 F 3o $235}9
o} 28} 4% PAH 3}3HE2] co-elution A &
s B Aol ez AR 2170 PAHS| 7=
FAol Beshsie HA9) s zere Al
7Hedtd e 54 peakd] FHEE Fol7] flsiAM
ohE peak®] ZHE7F HolAA Hi= At B
sahedch aeb B QdFo|AE & 3o el vl
o] 217) PAHo| 2He) A22AL 27 515}
RE 38 ZEoaals FAstd At He
9 peakel] Hate] FERAHOR o $54L}.

T R T W o s
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2.6 2Mxt29 HE e (QC/QA)
PAHS) §4& AL YEZEAN 21D
retention time & ¥ wWalil o]zx}H o g 337 =7}

Table 2. Instrumental specification and chromatographic condition used for HPLC analysis.

Pump

Shimadzu LC-9A Two Pumps System

System Controller

Shimadzu SCL-6B System Controller

Injector

Rheodyne 7125 with a 20 ul Sample Loop

HPLC System Analytical Column

Shandon Hypersil Green PAH Column (0.46 X 10cm,
Cy Packing) with a Cy Guard Column

Column Oven

Shimadzu CTO-6A Constant Temperature Contoller

Shimadzu SPD-6AV UV/VIS Detector

Detectors Shimadzu RF-551 Fluorescence Detector
Calculation Shimadzu CR4A Data Integrator
Mobile Phase Acetonitrile in Water (CH;CN in H,0)

Gradient Elution

50% to 50% for 5 min, 50% to 100% for 30 min

Chromatographic

Condition Equilibration 100% to 100% for 10 min, 50% to 50% for 15 min
Flow Rate | ml/min
Temperature Constant at 35°C

J. KAPRA Vol. 14, No. 2(1998)
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Table 3. Wavelength programes for fluorescence and UV detections used for HPLC analyses

F Iunrc%ccnu W .l\duwlh Programme

PAH I[dentitied

260/360 nm
260/360 nm i

280/340 nm

" NPTHL..

ACNPL. ACNPN FL URN

’85/4()() nny

dio- Phumnlhluk PHEN

ANTHR
FURTH

27()/38() nm

260/360 nm

PYR. BcPH. CedP
BaA. di:~Chrysene. CHRY

4()\/44() nm

di,—Perylene, BeP, BbF

285/4()5 nm

BkF. BuP

300/495 nm

e it
0.0 - 12,0 2707320 nm 2704320 nm
120 - 140 2601360 nm 260360 0m |
*MM() ~ 7]7557 2(@47(7)() nm 1 75()?)/])6 nm .
155 - 17.0 285460 nm 285460 nm
17.0 - 21.0 2707380 nm 270380 am
200 - 245 | m,/;g\;‘f”
245 - 265 -
2.5 - 300
e o 285/405 nm 285/405 nm -
300 - 355
35.5 ii?x% 300430 nm 300/430nm
38.5 - A | 300450 nm

%(J()/-h() nin

S

300/450 nm

* UV wavelength was set at 254 nm for Program T and 1. and 290 nm for Program 111

o] 72171 8] mHul A 2 BHelst ) Al R4
Fol PAH 5 EAF S Slolo] EFEFAL 4
dupe} EAs}elen] HPLC #2429 ZHiﬁ”% 214
PAHo| tsle] &% 2-50 $302 el #

23727 (SRM 1649)o| M =w71 2lelsl 57
PAH 3}g}E (FLRTH, BaA, BaP, BghiP & 1123P)&
WAtz @ HPLC ¥Awbgel ehae 7- 14u
W92 ek om 4 PAHS) AERA 3 S48
R R o SR, B BT 2
¥l BE PAH $2x88 A8 E]T-gji H
Yoted 97) 5o SR waLselh Ak & 4%
off 283t PAH A 2%of] uf& HPLCO| 4

#. 38 AgAdat 9 &S FA 5 i w
o Al g2 ow] s =il viehd sl
(M A]e Z 1995).

QAo EAALez A5 PAHE= 3 21
A Aol ont Ad wAA §BHA 1
72 = 2] ¢k acenaphthylene®} cyclopenta (
pyrence] 4§ UVAEA T olg 44 - 4
oo BT AHE el HEE 4REA)
Slul7) gleba ghaato] A o AblAl A sl shal e,
o et gRREollA A ddont 24w
sk g vt} R AEA olshe bl

benzo(c)phenanthrene®}  anthanthrene = 2} 8 2] 2] of]

C.
%k

‘I\O

e 7| sks) 2] A 143 A 2 2

DahA. BwhlP

1123p

Table 4. Lower detection limits and average recovery

study
[mxu Dululmn
Limit
PAH 7
ng | pg/m |
i J i
NPTHL 032 © 19
ACNPL 107 03
ACNPN 012 07
FLURN © 002 0.l
PHEN 0.9 | 05
ANTHR | 0.03 | 02
FLRTH | 0.11 0.6
PYR ' 012 | 07
BePH 0 011 | 06
CedP & 037 | 22
BaA l 0.05 (.3
CHRY © 004 | 02
BeP 0.24 | 14
BhF 045 | 09
BkE 0.02 1ol
Bap 0.02 1 01
DahA 0.05 1 03
BghiP 013 08
123p 012 | 07
ANTHN | 0.04 | 0.2
COR | 016 | 09

efficiencies for 21

PAH analyzed

in this

Result of Recovery Testh

| :
| Spiked |

1.50

1.30+0.10

e F((:g])d % Recovery
240 | 0554015 | 22.7+6.3
185 10524014 | 27.548.3
247 | 0864018 | 352475
0.57 |0.304£0.07 | 533+£125
042 10332002 | 79.3+5.7
0.09 | 0.07+0.01 | 744467
0.92 | 0.82+0.07 | 888476
1.02 10954006 ' 93.1+6.3
0.82 107040.04 | 85.5+54
(.52 0474002 | 90.4+4.3
049 0412002 | 837448
0.44 0384002 | 86.4+5.6
0.75 1 0.66£0.03 | 88.3£8.5
0.50 | 04340.05 | 85.946.3
0.56 | 0.5120.02 | 902444
0.59 | 0.5140.04 | 86.7+6.3
043 | 0.3740.04 | 86.1+9.0
044 | 0404003 | 90.9+7.0
0.52 | 0444003 | 85.3+6.1
0.60 | 0.5020.06 | 82.5+9.8

88 5+()7

ay Lower detection limits for the atmospheric concentration unit were

estimated on the assumption of 170m? of air sample.

b) Uncertainty is a standard deviation (n=6).
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PAHE 7o sigic

A Fol A

3. Zn o &
3.1 thi7} & PAHS! Z|x4 3 XM s
2
#74d7] Fo] PAHE: FE A4z Ex%
o gelA 9l (US NAS, 1983). o| & =4}

PAH: dubx o2 X3y 7IAAdes AAEHA
o} dadelM ME" F Yo o FEAA
Y 714 PAHZE 29 ixbel Fagozs At
Ao tfiro] PAHE w|EHA o & vl4 Y=t
of F&=e] EAjsA s H(US EPA, 1980). A=
PAHS| 7|AA-siapde) A2 259 §4d
7t PAH 33182 Z7Ish vlEH Aol 2 A=
9] g, PAH 33HEel wi& 249 Add, 233
7 PAH®| iad §-71 8ol 3 A5 f ukgA
3 22 o7 g<dEel o8 ZAAA "=k (Kaupp
and Umlauf, 1992; Baek er al., 1991a).

R e e B R A R L
oA 7] % PAH F=Eo ZAA-UAA FEE
zApEem 1 A Ay & Sol A% 4
AMHEZ gopslglrt 7|4 &t T«hé 32
B ATelAe HelAd e 2" Al
¥ PAHE SIAAF PAHZ, ze2la Iy sighil
A% XAD-2 F&Aol4 HEH PAHE 7|A%4
PAHZ Asla glomz E e 7AEss
Yz 71414 PAHS] AREE Al df7] Fol
AMe] ORI BEA] A S X gvke Aol
ok ABER 7T T2 X FESES AFHG
o~ 8)e) HFrgo] 27.7°CgLe] ALH(12-2
W) LT°CRA FAAEZEe] 71 &3te] = 26°C e
g, B3~59) 9 729~ 119 dFer=
oF 15°C2A YAl 72192 AMY =FE
£ dpiska gl

£ 5o vhehd AAY PAH $x A A 9
s 7 PAHO| FFx (1A hel Sl
Al B of PAHS] 3 wiEdel 3o rp&ef
o] 78l AgH A Tt ANHoR A
L FE(ddEA BaPel AL 1.71ng/mHE Y
el glowm ohge i 742 (BaP =0.82 ng/m?),

i

rI

2e] 7A=Y TR vA=

9 ewo) g 123

2A (BaP = 0.40 ng/m?), 1812 oA (BaP =0.20
ng/mHel &eo2 vehti gleh zev 71H At
AAe] A H FER T 2wo) o 9l
A Fx Fzbe] AbiEA vehinz by &
PAH 3= WE g AREwl (phase partitioning) A =
= AlAdagle] o3ke AA WedE g o 5

et

g, 71443 AL AA PAH Bl
WE 7 4 Ee AREE FEse Ase 2
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Fig. 2. Seasonal variations in the avarage relative
proportions of PAH in the vapor and particu-
late phases.
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Fig. 3. Application of the Langmuir adsorption concept to the vapor-particulate distributions of semi-volatile

PAH.
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Table 7. Regression parameters in the relationship
between the vapor-particle distributions of
PAH and ambient temperature, as shown in

Fig. 3.

Slope Intercept Cocthmem ol

PAH (A) B) Correlation
(n=64)
PHEN 3590 + 231* 15.83 + 0.30 - (.89
ANTHR 3263 + 214 14.16 = 0.75 - 0.89
FLRTH 4259 + 195 17.47 + 0.68 - 094
PYR 3990 + 228 16.33 + 0.79 -0.91
BaA 3244 + 171 13.12 + 0.60 -0.92
CHRY 3460 + 251 13.48 + 0.87 - (.86
BeP 2255 + 264 8.48 + 0.92 - 0.74
BbF 1696 + 229 6.47 £+ 0.80 - 0.68
BkF 1903 + 18] 7.60 + 0.64 - 0.80
BaP 2398 + 280 9.20 + 0.97 - 0.74
DahA 1666 + 243 7.10 + 0.85 - .65
BghiP 1448 + 208 553 £ 0.74 - 0.66
1123P 1351 + 179 5.29 + 0.61 - 0.70
COR 1216 £ 215 502 + 0.76 - 0.58

* Uncertainly is the standard error of estimate
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Table 8. Summary of published parameters for Lang-
muir adsorption model.

Correlation

PAH Slope (A) Coefficient

Intercept (B)

Yamasaki et al. (1982), Osaka City, Japan

PHEN and ANTHR 4117 21.45 — (.88
FLRTH 4421 21.52 - 0.89
PYR 4183 20.55 - 0.89
BaA and CHRY 5826 24.89 - 0.94
BbF and BkF 4554 21.49 - 0.89
BaP 4864 19.99 - 0.83
Keller & Bidleman (1984), South Carolina, U.S.A.
FLRTH 5180 20.80 - 0.68
PYR 4510 18.48 - 0.69
Baek et al. (1991b), London, UK,

PHEN 3805 19.98 - 0.81
ANTHR 4081 20.45 - 0.80
FLRTH 4463 21.20 - 0.85
PYR 3982 19.55 - 0.70
BaA 7155 29.82 -0.72
CHRY 4376 19.93 - 0.86
BbF 4639 20.17 -0.73
BkF 5143 21.92 - 0.67
BaP 4179 18.66 - .63
Smith & Harrison (1996), Birmingham, U.K.

FLURN 4342 21.51 - 0.63
ACNTN 5640 25.77 - 049
PHEN 4809 23.07 — .63
ANTHR 4157 20.19 - 0.43
FLRTH 4618 21.72 - 0.63
BaA 5980 26.72 — 0.68
CHRY 3359 16.88 -0.63
BbF 4527 19.64 - 0.69
BkF 6522 2691 -~ 0.61
BaP 3662 16.35 - 0.63
DahA 4961 20.96 -0.57
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