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Monthly Variation of n-Alkanes Concentration in PM, ; of
the Anmyeon Island
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Abstract

The n-alkanes which are stable compounds in the atmosphere are emitted by anthropogenic sources and
biological sources. The goal of this study is to understand characteristics of n-alkane distributions in PM, 5 of the
Anmyeon Island which is one of background site in Korea. The concentration of n-alkanes in PM, ; was measured
at Anmyeon Island for one year from June 2015 to May 2016. The average concentration of total n-alkanes
(> n-alkanes) from C20 to C34 was 14.02+10.26 ng m™ and ranged from 1.77 to 47.65ng m™>. Various diagnostic
parameters were used to identify the source. As a result, it is considered that Anmyeon Island had a large influence
of biological sources during non-heating period, while the influence of anthropogenic emission during the heating
period was significant. Principle Component Analysis (PCA) was performed and yielded three components that
accounted for 93.6% of the total variance in n-alkanes. Factor 1, which accounted for 42.3% of the total variance,
indicated anthropogenic source including fossil fuel and biomass combustion, while, Factor 3 was interpreted as
the biological sources such as plant wax.
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n-Alkanes Bharof] et tf7] Fofl 714 E= ¢
A2 ZA5k= ¥ LA [713HHE (Semi-Volatile-
Organic Compounds, SVOCs)Z, dHt& 02 eti47}
207 o)A (>C20)2] n-alkaneREl= F2 t)7] WA
of A3ttt tj7] 5 n-alkane2 33} BE-gAJo] W]
ol 0|59 uiE Aol thEt FERE AL 4+ QL
t}. n-Alkane?] FQ H|EYo 2L FAdE FLX df
ojeuj A Ao BIREE A HiEHT} AE &
W] Sk (plant wax) 2R E HEHAL 2742, o)A
2 (e lot, o)) A 2ol WEHE URoIA
HRE = A4 ez FEET(BI er al., 2003;
Yassaa et al., 2001; Fraser et al., 1999; Limbeck and
Puxbaum, 1999; Rogge er al., 1993; Simoneit, 1977;
Simoneit and Eglinton, 1977). ©]2|3}t n-alkane2] 219
A g B AdE Y B4 FE2 n-alkane &
£9] Bago] TE BE £ E402 FEY 4 9
t}(Kadowaki, 1994; Rogge et al., 1993). n-AlkanesS
o] & EAE TR AXERE D) H19 5%
£ Ho|= AE9 B4 4= (Carbon number Maximum,
Cmax), 2) &7 9] A 7HA= 425D 25719
g5 7 e 4RSS w82 Uehd ga A%
Z|4=(Carbon Preference Index, CPI), 3) B7) &4 S
A= JRES) Frel B4l At HHES
T 22 AEEE AE Ao g n-alkane?] 7]oi =
(Wax N-Alkanes Percentage, WNA%)7} 1t} (Zheng
et al., 2000; Zheng et al., 1997; Simoneit et al., 1991).
2 ghell, A&t 5 AR oA 'a4T) 25
MR 22 JEEo] diaez o go] vj&drt
B %3 QJth(Duan et al., 2010; Wang et al., 2009a;
Sicre and Peltzer, 2004; Simoneit et al., 2004a; Rogge
et al., 1997, 1993; Zheng 1997; Simoneit, 1989). wt2}
A, t7] & PM,; (Particulate Matter with an aerody-
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Fig. 1. Map of the sampling site in Anmyeon Island.

USA)E ol&ste 10mL F=7t & wi7bA] 13 55
AlZl & 045 um Y732 HE (Acrodisc Syringe Filters
With PTFE Membrane, PALL Life Science, USA)E 9]
goto] RgBAL ol ol 2EAL A
A4 F=7] (Reacti-Vap Evaporator, Thermo Fisher
Scientific, USA)S o] &3} XZ 05mL7F 8 W74
22} F55kch 70 n-alkane 259 B4 2 AT
HA-2 GC-MS (GC 7890A/MSD 5975C, Agilent Tech-
nologies, USA)E AH&-3t4ich GC Z@ 22+ DB-
5MS (30 m long 0.25 mm ID 0.1 um film thickness,
diphenyl-dimethyl polysoiloxane phase capillary col-
umn, Agilent technologies, USA)S AR5}, &4k
7tAE 2314E E(99.999%)S AHESFATE GC =
T ZRIHL 60°ColA 187 FAISHAL 4°C/29] &
£2 3100717 22 ¥ 310°Co)A 1587 SA13H%
t}. MS+ El (Electron Ionization)o| 4] 70eV ] A2
2R Eg BAS9 T n-Alkane AEE9 FFEZ
2 Sigma Aldrich (49452-U, Sigma Aldrich, USA)°]| 4]
FASAL, 579 BRGNS Ao AFUL F
Aokt n-Alkane JEE<] WA L 342, 4F
A 59 QA/QCE RS9 oFolet oA & 1o 3
25kt
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3.1 n-Alkanes?| AIEXN sk 22X

B AToHE C20%E C347kK9 % 15%9)
n-alkane g 25| gt 5= 23S B45% ) 2015
9 6¥5E 2016\ SY7HA] SHHEoA % F 59
7HS] PM, 5 Al B4 15%-9] n-alkaneso] thgt & 5k
(>_n-alkanes)= 1.77°| A4 47.65ng m~2] HYE 74
I, HFL 140241026 ng m>o]QJt}. o] A& A
20100 19 5F 5743 > n-alkanes®] B+t F&=
(53.68+35.02ng m™~)9] ¢F 1/4 $=Z0] Ut} (Lee et al.,
2015). L9 w7 A9l 27|vetef A 20099 10
HE 20109 5¥€7FA] A3t n-alkane2 1.7~9.0 ng
m”9 HYE 7, B2 47ngm 2 HEZ o H]
3 oF 38 Ax X =rE 7}1FHch(Yamamoto and
Kawamura, 2011).
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> n-alkanes®] H2}7} Fth A U™ > n-alkanesQ)



ot = t)7] £ PM,; U] n-alkanes?] ¥4 &= EE EA 169

Table 1. Information on the quality assurance/quality control (QA/QC) results of n-alkanes.

Recovery % (n=12)

Concentration (ng m™)

Name Abb* r Field Blank (n=06)
MDL
Average Stdev Average Stdev
n-Alkanes
Eicosane C20 1.000 59 18 0.15 0.04 0.16
Heneicosane C21 0.999 82 16 0.13 0.06 0.15
Docosane C22 1.000 105 12 0.15 0.02 0.16
Tricosane C23 1.000 113 7 0.13 0.02 0.15
Tetracosane C24 0.999 114 5 0.13 0.03 0.14
Pentacosane C25 0.999 117 13 0.13 0.03 0.15
Hexacosane C26 0.999 113 22 0.17 0.04 0.18
Heptacosane Cc27 0.999 111 28 0.15 0.04 0.15
Octacosane C28 1.000 129 29 0.23 0.04 0.23
Nonacosane C29 1.000 118 11 0.17 0.05 0.18
Triacontane C30 1.000 105 10 0.12 0.03 0.12
Hentricontane C31 1.000 99 17 N.D - 0.01
Dotriacontane C32 1.000 88 21 N.D - 0.01
Tritriacontane C33 1.000 79 23 N.D - 0.01
Tetratriacontane C34 0.999 75 21 N.D - 0.04
Abb*: Abbreviation
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Fig. 2. Monthly variation of total n-alkane, fossil fuel
derived n-alkanes and plant wax derived n-alka-
nes concentrations.
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Fig. 3. Monthly variation of n-alkane concentrations and
ambient temperature in Anmyeon Island (KMA,
2015).
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EAE AZo] w1 A5 R FH
FRUAJNCEZE= ALY W dhof 93t
A3HATH(Lee et al., 2015).

n-Alkane®] Q1912 HjE} AAZ B 7| =E
gtotslr] 9J5te] plant waxol|A] H]ZEH n-alkane (PW)
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Fig. 4. Monthly variation of normalized individual n-alkane compounds concentrations.
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W ALoA &AH n-alkane AEE2] Cmax:s 8~9
A 122 AL BE Dol C292 IASHA e
Wi 8~99Y, 129 C299F o] ©a 7t w2
CmaxE 7HEt= AL E3) ALas BE 7] 7}@1
AAS &Y EAS BYcty B uEQct b
HE oA 7|78 Cmaxo] X}o]8 HY, o]= 7]7}
3 & E4Jo] 21, €23~259 M2 W2 Cmax
2 JIAE 29~2Y0= Ql9A HlE9] JFFo] R
2 ° g weE

cPIe] grol 1o 7PHe5E A9iA Wz Gl
Aol 1, 35T 2 4 AAH jEe] GFol A
Holgtxy B1E I 9tk (Mazurek ef al., 1989; Simo-
neit et al., 1989; Eichmann et al., 1979). T3t n-alkanes
9] =% = plant waxo]] 7|¢l3l= FE9] V|9 =E u}
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Table 2. Seasonal variations of n-alkanes concentration, CPl, and WNA%.

> n-Alkanes (ng m™) CPI WNA%
Non-heating period 10.40+8.46 2.54+141 38.7+16.0
Heating period 18.95+10.60 1.69+0.54 23.0+10.8
Total n-alkane 14.02+10.26 2.18+1.20 320+16.0
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Fig. 7. Monthly variation of WNA% in Anmyeon Island.

oFe = Qe AREA, WNA%S AAFSHATH(BI er
al., 2003; Simoneit et al., 1991; Simoneit, 1989). o]<}
Zo] AALE CPIgt WNA%E % 29 AEs}qlct &
AT A IHE=EL] CPI Bt 2.18+1.20, W=
1.16~8.59%th. WHl7|7ke] CPIZHS 1.69, H]Wl7|7¢
o= 2.542 7| Tto] HIF &2 CPIZEE 7= A
< 5 4 St CPIY €48 B (OY 60F ATEH,
QFAEQ CPI= 10€RE 19717 ZFasiirt 298
g oA F7teks AFE B

2 ATATE ALolA 3T Ay A v
E A3, AL 97] 5 PM,¢] CPI H2 1.95+0.82
2 2 A4 fA 58 UdEHRAT, 1=
1.17~2.600% & Ao H|g] Aidoz F2 19
£ UEhgith £3 7170 CPIgE 1.72, vy
71749] CPIREE 2,092, A&olA <] d7|7t F2ete]
CPIZHE & A9 ZE(CPI=1.69)3 vk Th(Lee
etal.,2015).
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Fig. 8. Correlation between CPI and the contribution of
plant wax (WNA%) to the n-alkanes.
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EAA A& A33h(Gorka et al., 2014, He et
al.,2010; Wu et al., 2005; Gogou et al., 1996). o] & &
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Table 3. PCA analysis (VARIMAX) result for n-alkanes in

PM, ;.
Factor
Component
1 2 3
C20 0917
C21 0.948
C22 0.987
C23 0.984
C24 0.944
C25 0.862
C26 0.791
C27 0.706
C28 0.788
C29 0.935
C30 0.901
C31 0.930
C32 0.926
C33 0.760
C34 0.829
Eigenvalue 6.353 4.243 3.445
Variance (%) 42 28 23

glou et al., 2004; Liu et al., 2003; Hopke et al., 1976).
PCA £X42 SPSS Statistics 24 T2 73S 0]-8-3}¢]
AR, AFA7E 1.0 oS 7|2 F4E &
£ 245t B3 7} Aol iRt B9 4 E &
olstA st7] $I8f Varimax ]HH-S ©]-&3HFaL 821
AR S A& E 30 AAE 7] F n-alkane
o #4% B4ATE Fasyc GHE 97 F
n-alkanes®] sEo A= Al 718 F4&] FE2HIUL,
o5 WAL 036%F AHSAL. TR 1S F 2
AHe] 42.3%Z A C20~269%] Bta47F AAU F7¢
%9 nalkaned] JEE A57t Bgron, ol
Mol 4 A vhet Zo] AR Aol 7T A9NH
W& FgFo2 4t (Duan et al., 2010; Wang et
al., 2009a; Sicre and Peltzer, 2004; Simoneit et al.
2004a; Rogge et al., 1997, 1993; Zheng 1997; Simo-
neit, 1989). FAE 2= F EALO] 2829% 2 A4 B4
7} @& n-alkane JEE F B2 FAE €28, C30,
C32,C349] JEEC] F HARES F2HAFAHE
3) F&xqith dX B3] (Mitra et al., 2002; Cass,
1998)9| A= &a7F B2 &4 n-alkane A2t
Etojoj7} iy o] wte} vjESH Tk B ust A, of
= o FojlA Hel ¢t= th7] F n-alkanes?| uiE
S43 484 A yEA] Y=t 8= 2

HO ot

gkal, 9@ Hro aglor FRE A <
HE t)7] % n-alkanes®] F thE2 EXOoZ FohE 1,
F3 FAHE 25 Hoh AgsA AT 5 e wiE
E4e 72T & e F7HAQ SR B4o] 2
[ty FAAE 32 5 B4 2297%RE A wAT}
e &4 naalkaneql €27, C29, C31, C339] AE o]
ToHRERE FEHUY ol= plant wax @} 22 A

2 AFolAE 20159 6€FH 2016\ 5L7HA] <t
HEo A &A% tf7] PM, W n-alkanes®] sEE3E
2 ulgro 2 PM,, ) SAUAES] BB S Tkt
st 2 AFtolA A n-alkanes®] & F=2| 3
2L 140241026 ng m 2 1195E =7} 271
o] 190 31X (26.82+11.77 ng m™)E ® e} vha
HA T2 7Y (3434217 ngm)E JeEEA 49
R 07 B BE 428 $sks
= 7] 5 PM,; W n-alkanes®] s=+= gtz oz 3}
Aozl o Wi S W ARET fAT
ALY s S4& EAA ALE =7 9484
o Hlg) of M) AE k& +EO2 AYY BE
Zpol= A g2 E4E Btk n-Alkanes®] 99 5
= BT B4 g7 F 2%, 2 3 U 4
&gz 19RE IWNE WITIoR 498
H 10972 MugrIe s Tastel £ 212
n-alkanes 5= $EE u@ssict. vkl ol
C279} C29, C31, C33&2] n-alkane 5%=7} 5718+
T, ol WU ABAROR AT YFo Bl
St 1ol tagrt AL n-alkane ARE)
7} B ol SR EX Holena da
of 71918t 1914 viE o= M ET A= o
7] % n-alkanes®] Cmax £3Z+& 20154 695 H 114,
2016\ 3¥FE SU7IA= C277E C317kA] {19
A 47 B8 n-alkane AEE0] CmaxS H L, 9|
L plant waxe] a4 71915k 9, 20159 12
LHE 2016 2¥Y7MA= n-alkane AESL C2394]
C257}A] W99 e CmaxE UERY L, o] Y3
o WlE e ek Be 4B A58 yehe
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CPI 2 218+ 1202 1.16~8.599] W2 7R 1
W717Ee] CPIgE 1.69, v\ 7|7toll= 2548 &
o vl8l| &2 CPIgtS Hole AL gelstqint.
n-Alkaneo] i3t HF WNA%E 320416002 A4
Hglon, vjuH7]7k(38.7+16.0) 7|7+ (23.0+
10.8) 2.t} plant wax2] 7]oJ&0] oF 40% A= A Y}
etk oleigt Mg AEE Fo) JUEL Hu]
4 A4 939 ) 20k PR 3
d® 9 HolemA Aa F A

9] o] AL E}‘i}%‘:} E?l‘ ?_}‘5'11501]/“1 é’@?l’

71z

n-alkanes B Z&9] 7] = grlslr] 3 AR B
4 @k A A T*;-é 22597 ot AHe

]OI'—— FHAE 1% ?ﬂ Aaof 71%
2 A=, FAHAE 3(22.97%) plant wax9]- ze
2t A Ao A 71Q1% Ao 2 FeE i

2l 2

o] =& 20178 =
o2 SPHASY

A stedTy] A

References

Bi, X., Sheng, G., Peng, P.A., Chen, Y., Zhang, Z., Fu, J.
(2003) Distribution of particulate-and vapor-phase
n-alkanes and polycyclic aromatic hydrocarbons in
urban atmosphere of Guangzhou, China, Atmo-
spheric Environment, 37(2), 289-298.

Cass, G.R.(1998) Organic molecular tracers for particulate air
pollution sources, TrAC Trends in Analytical
Chemistry, 17(6), 356-366.

Didyk, B.M., Simoneit, B.R., Pezoa, L.A., Riveros, M.L.,
Flores, A.A.(2000) Urban aerosol particles of San-
tiago, Chile: organic content and molecular charac-
terization, Atmospheric Environment, 34(8), 1167-
1179.

Duan, F., He, K., Liu, X. (2010) Characteristics and source
identification of fine particulate n-alkanes in Bei-
jing, China, Journal of Environmental Sciences,
22(7), 998-1005.

Eglinton, G., Hamilton, R.J. (1967) Leaf epicuticular waxes,

7SS A 34 A A1 &

Science, 156(3780), 1322-1335.

Eichmann, R., Neuling, P., Ketseridis, G., Hahn, J., Jaenicke,
R., Junge, C.(1979) n-Alkane studies in the tropo-
sphere-I. Gas and particulate concentrations in
North Atlantic air, Atmospheric Environment,
13(5), 587-599.

Fang, G.C., Wu, Y.S., Chen, M.H., Ho, T.T., Huang, S.H.,
Rau, J.Y. (2004) Polycyclic aromatic hydrocarbons
study in Taichung, Taiwan, during 2002~2003,
Atmospheric Environment, 38(21), 3385-3391.

Fang, M., Zheng, M., Wang, F., To, K.L., Jaafar, A.B., Tong,
S.L.(1999) The solvent-extractable organic com-
pounds in the Indonesia biomass burning aerosols-
characterization studies, Atmospheric Environ-
ment, 33(5), 783-795.

Fraser, M.P., Cass, G.R., Simoneit, B.R. (1999) Particulate
organic compounds emitted from motor vehicle
exhaust and in the urban atmosphere, Atmospheric
Environment, 33(17), 2715-2724.

Gogou, A., Stratigakis, N., Kanakidou, M., Stephanou, E.G.
(1996) Organic aerosols in Eastern Mediterranean:
components source reconciliation by using molecu-
lar markers and atmospheric back trajectories,
Organic Geochemistry, 25(1), 79-96.

Gorka, M., Rybicki, M., Simoneit, B.R., Marynowski, L.
(2014) Determination of multiple organic matter
sources in aerosol PM,, from Wroctaw, Poland
using molecular and stable carbon isotope compo-
sitions, Atmospheric Environment, 89, 739-748.

He, J., Zielinska, B., Balasubramanian, R. (2010) Composi-
tion of semi-volatile organic compounds in the
urban atmosphere of Singapore: influence of bio-
mass burning, Atmospheric Chemistry and Physics,
10(23), 11401-11413.

Hopke, P.K., Gladney, E.S., Gordon, G.E., Zoller, W.H.,
Jones, A.G.(1976) The use of multivariate analysis
to identify sources of selected elements in the Bos-
ton urban aerosol, Atmospheric Environment
(1967),10(11), 1015-1025.

Kadowaki,
sols in the Nagoya urban area. 2. Behavior and ori-

S. (1994) Characterization of carbonaceous aero-

gin of particulate n-alkanes, Environmental Science
& Technology, 28(1), 129-135.

Kalaitzoglou, M., Terzi, E., Samara, C.(2004) Patterns and
sources of particle-phase aliphatic and polycyclic
aromatic hydrocarbons in urban and rural sites of
western Greece, Atmospheric Environment, 38(16),
2545-2560.



ot = t)7] £ PM,; U] n-alkanes?] ¥4 &= EE EA 175

Korea Energy Economics Institute (KEEI) (2017) Monthly
Energy Statistics, 33(09), 3-64.

Korea Meteorological Administration (KMA) (2015) An-
myeon Island meteorological administration weath-
er data.

Lee, S.P., Lim, HB., Lee, J.Y., Kim, Y.P.(2015) Seasonal
Variation of Concentrations and Sources for
n-alkanes in PM,, Measured in Seoul, Journal of
Korea Society for Environmental Analysis, 18(2),
93-100. (in Korean with English abstract)

Limbeck, A., Puxbaum, H. (1999) Organic acids in continen-
tal background aerosols, Atmospheric Environ-
ment, 33(12), 1847-1852.

Liu, Q.T., Chen, R., McCarry, B.E., Diamond, M.L., Bahavar,
B.(2003) Characterization of polar organic com-
pounds in the organic film on indoor and outdoor
glass windows, Environmental Science & Technol-
ogy, 37(11), 2340-2349.

Mazurek, M.A., Simoneit, B.R.T. (1984) Characterization of
biogenic and petroleum-derived organic matter in
aerosols over remote, rural and urban areas, Identi-
fication and Analysis of Organic Pollutants in Air,
22,353.

Mazurek, M.A., Cass, G.R., Simoneit, B.R. (1989) Interpreta-
tion of high-resolution gas chromatography and
high-resolution gas chromatography/mass spec-
trometry data acquired from atmospheric organic
aerosol samples, Aerosol Science and Technology,
10(2), 408-420.

Mitra, A.P., Morawska, L., Sharma, C., Zhang, J.(2002)
Chapter two: methodologies for characterisation of
combustion sources and for quantification of their
emissions, Chemosphere, 49(9), 903-922.

Park, S.M., Song, D.S.(2017) A Study on Generating Process
of Regional Balance Point Temperature for Heating
Degree-days in Korea, Korean Journal of Air-Con-
ditioning and Refrigeration Engineering, 29(9),
482-495. (in Korean with English abstract)

Rogge, W.F., Hildemann, L.M., Mazurek, M.A., Cass, G.R.,
Simoneit, B.R.(1993) Sources of fine organic aero-
sol. 4. Particulate abrasion products from leaf sur-
faces of urban plants, Environmental Science &
Technology, 27(13), 2700-2711.

Rogge, W.F., Hildemann, L.M., Mazurek, M.A., Cass, G.R.,
Simoneit, B.R.(1997) Sources of fine organic aero-
sol. 8. Boilers burning No. 2 distillate fuel oil, Envi-
ronmental Science & Technology, 31(10), 2731-
2737.

Schmidl, C., Bauer, H., Dattler, A., Hitzenberger, R., Weissen-
boeck, G., Marr, I.L., Puxbaum, H. (2008a) Chemi-
cal characterisation of particle emissions from burn-
ing leaves, Atmospheric Environment, 42(40), 9070-
9079.

Schmidl, C., Marr, I.L., Caseiro, A., Kotianova, P., Berner, A.,
Bauer, H., Kasper-Giebl, A., Puxbaum, H. (2008b)
Chemical characterisation of fine particle emissions
from wood stove combustion of common woods
growing in mid-European Alpine regions, Atmo-
spheric Environment, 42(1), 126-141.

Simoneit, B.R.T. (1977) Organic matter in eolian dusts over
the Atlantic Ocean, Marine Chemistry, 5(4-6), 443-
464.

Simoneit, B.R.T., Eglinton, G. (1977) Organic matter of eolian
dust and its input to marine sediments, Advances in
organic geochemistry, 415-430.

Simoneit, B.R. (1984) Organic matter of the troposphere-III.
Characterization and sources of petroleum and
pyrogenic residues in aerosols over the western
United States, Atmospheric Environment (1967),
18(1), 51-67.

Simoneit, B.R.T. (1989) Organic matter of the troposphere-V:
application of molecular marker analysis to biogenic
emissions into the troposphere for source reconcili-
ations, Journal of Atmospheric Chemistry, 8(3),
251-275.

Simoneit, B.R., Sheng, G., Chen, X., Fu, J., Zhang, J., Xu, Y.
(1991) Molecular marker study of extractable organ-
ic matter in aerosols from urban areas of China,
Atmospheric Environment. Part A. General Topics,
25(10),2111-2129.

Simoneit, B.R., Kobayashi, M., Mochida, M., Kawamura, K.,
Huebert, B.J.(2004a) Aerosol particles collected on
aircraft flights over the northwestern Pacific region
during the ACE-Asia campaign: Composition and
major sources of the organic compounds, Journal
of Geophysical Research: Atmospheres, 109(D19).

Simoneit, B.R., Kobayashi, M., Mochida, M., Kawamura, K.,
Lee, M., Lim, H.J., Turpin, B.J., Komazaki, Y.
(2004b) Composition and major sources of organic
compounds of aerosol particulate matter sampled
during the ACE-Asia campaign, Journal of Geo-
physical Research: Atmospheres, 109(D19).

Standley, L.J., Simoneit, B.R.(1987) Characterization of
extractable plant wax, resin, and thermally matured
components in smoke particles from prescribed

burns, Environmental Science & Technology,

J. Korean Soc. Atmos. Environ., Vol. 34, No. 1,2018



176 7710} - o1 B4 - M - HFE - YEE - ol Aol

21(2), 163-169.

Sicre, M.A., Peltzer, E.T.(2004) Lipid geochemistry of
remote aerosols from the southwestern Pacific
Ocean sector, Atmospheric Environment, 38(11),
1615-1624.

Wang, G., Kawamura, K. (2005) Molecular characteristics of
urban organic aerosols from Nanjing: A case study
of a mega-city in China, Environmental Science &
Technology, 39(19), 7430-7438.

Wang, G., Kawamura, K., Xie, M., Hu, S., Gao, S., Cao, J.,
An, Z., Wang, Z.(2009a) Size-distributions of
n-alkanes, PAHs and hopanes and their sources in
the urban, mountain and marine atmospheres over
East Asia, Atmospheric Chemistry and Physics,
9(22), 8869-8882.

Wang, G., Kawamura, K., Lee, M. (2009b) Comparison of
organic compositions in dust storm and normal
aerosol samples collected at Gosan, Jeju Island,
during spring 2005, Atmospheric Environment,
43(2),219-2217.

Wu, S.P., Tao, S., Zhang, Z.H., Lan, T., Zuo, Q. (2005) Distri-

7SS A 34 A A1 &

bution of particle-phase hydrocarbons, PAHs and
OCPs in Tianjin, China, Atmospheric Environment,
39(38), 7420-7432.

Yamamoto, S., Kawamura, K.(2011), Stable hydrogen isotope
ratios of n-alkanes in atmospheric aerosols from
Okinawa, Japan, Researches in Organic Geochem-
istry, 27, 81-89.

Yassaa, N., Meklati, B.Y., Cecinato, A., Marino, F.(2001) Par-
ticulate n-alkanes, n-alkanoic acids and polycyclic
aromatic hydrocarbons in the atmosphere of
Algiers City Area, Atmospheric Environment,
35(10), 1843-1851.

Zheng, M., Wan, T.S.M., Fang, M., Wang, F. (1997) Charac-
terization of the non-volatile organic compounds in
the aerosols of Hong Kong-identification, abun-
dance and origin, Atmospheric Environment, 31(2),
227-237.

Zheng, M., Fang, M., Wang, F., To, K.L.. (2000) Characteriza-
tion of the solvent extractable organic compounds in
PM, 5 aerosols in Hong Kong, Atmospheric Environ-
ment, 34(17),2691-2702.



