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Ambient particulate n-alkanes were analyzed for PM10 samples collected in Seoul from April 2010 to April
2011. The average concentration of total n-alkanes from C20 to C34 was 53.68+35.02 ng/m3, ranging from
10.36 to 166.1 ng/m3. The concentration distributions of n-alkane compounds in this study exhibited peaks at
C29 during the whole sampling period, which indicated that n-alkanes of biogenic origin such as plant wax
predominated in the PM, in Seoul. The average carbon preference index (CPI) value was 1.95+0.54 in the
range of 0.82-6.02. The decrease of the CPI during the heating period indicated the contribution of fossil fuel
combustion. Estimation of sources based on the WNA% calculation showed that 32.2+15.0% of the n-alkanes
in PM10 in Seoul during the non-heating period originated from plant wax. The source estimation was per-
formed using the principal component analysis method. Three major components were found to account for
38.2%, 33.4% and 19.0% of the total variance, which corresponded to plant wax, vehicular emissions and fossil

fuels for heating, respectively.

Key words: n-alkanes, PM,,, Carbon preference index, The plant wax alkane (WaxCn), Principal component

analysis
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ximum, Cmax), ©4 A& X4 (Carbon Preference
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N-Alkanes Percentage, WNA%) 5 tld3F A RES
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U2 B ApoaE 20109 428HE 20114 497t
A A EAgE A 7] wAHA]o C20%E C34
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2.1. AE =HF

2 AFME AL di71E dEE ¢ e mAER
(particulate matter with aerodynamic diameter equal
to or less than 10 um, PM,) AIEE FH3}7] 93}
o FPARF FAR o] E£gdEo] AUe MEA FE
T Ao AR Mgt + RSk S
(3.75°N, 127.00°E, A’ 17 mpllA PM,, AEES Al
Atk AlEe] AFH7IZHE 2010 497E] 20119
4A7RAZ, 6o SHIH 241]7F 5 AFHBAAL, ©] 7]
7k <t AFHE PM, AlEES £ 520k PV, Al
¥ 700L min?t +3¢] high volume sampler (Kim-
oto, model 121 series)S ARE-3l] AFH3IAL, A&
AFHE SAsted ARE AR = A IR (Quartz
microfiber filter; 203 mm x 254 mm, Whatman, 1851-
865)=, AHE- A 12417 o] 450°Cellx] 7FEAIA o
HA) 9] BEag HASBINA, AEE AFS Fole
-20°C) Y5 B3t

22. M8 24

PM,, A8 /4% tEzadds) ves 312 &
A &S Bl R 20°ColA 3045t 23] 2ot
FEAT 221 & A AlE AAE o] I
& A4 9 SAWER] AHstE flste] A n-
alkanes®] WHE¥EF=2 41 (Eicosane-d42, Tetraco-
sane-d50, Tracontane-d62, Hexatriacontane-d74)E

&l -+ ool - -

=1

Jslgct. FE29e AAEE7](Turbo Vapll, Caliper
Life Sciences)E ©|-&3l 20°C %94 10 mL A=
7F 2 7] 13 sE5A F FEY W RREES
AAsZI98 045 pm J7Fe] AlUA] HE(PTFE,
PALL Science)s ©]&3st Hsiint. oA#gh F=9
& ] 2 FF71E ol&dt] HF 05 ml7kA 2
2t F=einh

A& W nalkane FEEC] B4 E AT B4
GC-MS (GC 7890A/MSD 5975C, Agilent Technolo-
gies)s ARSI GC T o2& DB-5SMS (30m
long 025 mm ID 0. pm film thickness, diphe-
nyl-dimethyl polysiloxane phase capillary column)E
ARESIAAL, $°F 7= He (99.999%)E AHE-3H3A T
GC 2% ZZ I3 60°CollA 187 FAIskAL 4°CA-
o] &&= 310°C7HA] &8 F 310°ColA] 1587+ £-4]
3ttt MSES EI (Electron Ionization)oll 4] 70eVe)
el 2 27T E(40~600 m/z) “FEIZ A5t C20
FE C347KK19] n-alkane AEE2] X522 Sigma-
Aldrich (49452-U)l|A #4313, n-alkane’d EE-2]
AP 9 358, A& 52 QA/QCE Table 191
A=A

3.1. n-alknaes?| A&EYH & &X

B Ao M= nalkane AEE £ FE WA
sk C205-E C37HA & 15%
Atk 20109 423 20119 4€971R] =43
Jhe] mAER] B4 15%9] n-alkanes®] HH &
5% (Zn-alkanes)= 53.68+35.02 ng/m>o|3L, 10.36°1
A 166.1 ngm®e] WIS 7Hth 2 A7AHE V)=
EARGA 243} n-alkanes % A=} W] ws)
R (Table 2), ¥ AFol|A 243 n-alknaes H &
T QAFCRE F5 wo] S HIRESE Fotalole] £
5t TR AN 248 AHte W 509
ok, v gal2s X9 9] p-alkanes SERTRE oF 2
A =%, FEAGe Y= 2E|2elM 2G5
e} FARHA T
99 Znalkanes®] F% wE(Fig e, 12¥€¢4]
A (1146 ngm’)s B3, 119 84.17ng/m*)elA
o2 =9t} Sn-alkanesd] FE71 HAXGH 79
o) Hi FE(2442 ngm)e, HIA FEE HQ 12
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Table 1. Information on the quality assurance/quality control (QA/QC) results of n-alkanes

95

Recovery % (n=12)

Concentration (ng/ L)

Name Abb? ? Field Blank (n=6) MDL
Average Stdev Average Stdev
n-alkanes
Icosane 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 C27 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
4Abb=Abbreviation.
Table 2. Comparison of concentration and diagnostic parameters with other studies.1%19-2%
Samp}mg Sample Sam;_)hng Concentr;ltlon CPI Cmax Reference
location type period (ng/m°)
Beiing, China ~ PM,,  2002.07, 2002.11 133,380 3.2, 1.3 C29, C23 Fen%g; al,
Beijfing, China ~ PM 2003.09-2004.07  105-1129  1.1-3.98 C21, C29 Duan, E, K.
ymng, LA 25 92008, - Ao : He et al. (2010)
Qingdao, China TSP 2001.06-2002.05 217.1 1.17-5.2 C29, C27, C23  Guo et al., 2003
Hong Kong, China PM,;  1996.10-1997.09 ~ 65-411  12-19 €27, C29, C31 Zher;goozt .,
.. . C19, C24, Young and
Taipei, Taiwan PM, 5 1997.09-1998.02 69-702 0.9-1.9 C25, C29 Wang, 2002
Kuala Lumpur, Bin Abas
Malaysia TSP 1997.09 290-9250 1.7-2.1 C29, C31 et al, 2004
Algiers, Algeria  PM,, 1998.05-09 143-142 1054 €23, C27, C29 Yassgzoelt al,
Klitos, Greece TSP 2001.01-10 117.8 1.6, €29, C31 Kalaitzoglou
et al.,, 2004
Paul’s, Kendall et al.,
United Kingdom TSP 1995.06 247.6 1.04 C25, C29 2001
Houston, Texas, — pve 199703199803 42732 11-192  C31, C33 Fraser et al,
USA 25 ' ' el T ’ 2002
Seoul, Korea PM,, 2010.04-2011.04 10-166 0.8-6.0 C27, C29, C31 This study
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Fig. 2. Carbon number distribution of n-alkanes from Apr 2010 to Apr 2011.
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Fig. 3. (a) Concentrations and (b) percentages of individual n-alkane compounds between heating and non-heating

periods.
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71 7] ¥ n-alkane AEES] TEEX E4
A3k AIEol4= n-alkane®] 7 =
ol mEh A 5L ol 4 ol Zd i

T o=
FEL AXEtEY Cmaxe nalkane 4585 & H

AFe] ALuEe PFo] A, ¥ Cmaxe plant
waxel] 23 Fgo] AujFolgty RIS E
TFollM =43 Cmax=(Fig. 2) 8~993 1292 A9
g BE "ol C292 dAsHA JElea, 893 949,
12994 = g7t Be CmaxE 7HHTh Wb, o
oAl AAIGE viel o] SRAAR] ARl ©]gk g
g2 W7klE STk 548 Holu, Age] 7
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Z7} sigled ole@ ol FuRTle] HAAR A}
g0z dlsk] 3718 o wadt /1E Avast

Eox AAE Cmaxs A EH(Table 2), A9 njrt
CmaxE 2] 7} A=, V= gxps A9 A
23 BE Aol FEHoZ WARE Cmaxe C29
2 2 A7Ae} AT S Hlol e A
¥ Cmaxe] Wal7F F2l8A Yepdsd), 10 Aol
Cmaxte C21¢} C233, o]& Hlo|Ae] Fo vk o
E7F Ago]7] wj#o=Z Aot
A% W7l 5 n-alkanes®] WiE5/3S AFAA wiE
AL wjEe] 7| E FEIP] 8t 'ATFIE S
3l n-alkane AEE2] Fx9 HrE EA)6)
59 F= H|E AXtEejx]= CPIE ALk
113 CPIo] gho] 10 717191 1913 vl <)
Fo] AJufjFo]ar, 3K HOoH AAu|Ee] F3F
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Table 3. Source apportionment by WNA% calculation

non-heating heating period

4 —o— heating period (n=33) n=19)
n-alkanes 46.9126.0 65.4+45.2
3 ] Plant wax 16.7£15.7 17.4414.0
T . Fossil fuel 30.2+16.1 48.0+31.9
° } WNA % 32.24+15.0 26.0+6.9
5 ‘ % 3 . { } CPI(C21~C34)  1.97+0.98 1.64+0.28
L]
N | Table 4. Factor analysis (VARIMAX) result for n-alkanes
in PM;,
Tz 2 e 2 2 3 3 = 2 2 Component Factors
PrriiizzrgiEi 1 2 3
C20 156 -211 .867
Fig. 4. Monthly variation of CPI from April 2010 to April C21 -.196 329 837
2011. C22 054 542 827
C23 .289 747 579
C24 395 764 461
A5l ALnlZe 9]¢t n-alkanes®] T+ 48.0+31.9 C25 289 -903 127
nghm’o2 ulhi7Iel SR o] o 20 b3 s 2
(3026161 ngimde] oF LsMIch Z17k ol C27 456 784 ~122
55=(30.2416.1 ng/m>)2] <F 1.581%3c}. 717PE plant Co8 578 779 151
waxell 71Q1% n-alkanes®] FEw W7IZR] 16.7+ C29 816" 313 -103
15.7 ng/m®, BIxhL7)7ko) 17.4414.0 ng/m®S 2 H|S: C30 767 596 115
& FEolgieh ol& Fall, uugyIiel Hs) ] c3l 854 339 181
700l B Az Aol o8] F7He AE T7] F ) o o e
}\-ﬂ‘:’d;{] LH n—alkanesf’/] %:El‘—_; t}ﬂc}j’]’ %%% OEE_ ?:1_ C34 891 223 -.030
AEY Aoz o Eigenvalue 5.7 5.0 2.85
Variance (%) 38.2 334 19.0

34. FHE BME St S 7|0z EI}
71edEde] 29 F80 Bol AMHE T4
2] (Principle Component Analysic,PCA)Y+Y7 &
g3t A& 7] & uAIEA W n-alkanes®] W&
71925 Hr1sldn). PCA 498 SPSS Statistics
1 22398 o]gsl] A, IF217}F 10013
7|1E0 2 FE 5 AASIGITE T, 7F 1A
gt E214 sXs golal &7] 98l Varimax 3171
< o83, QAN S A=A
Table 40| F4E £ LB Ao
M Al R ARl FEEULL, o5 A9
90.7%% AT % 12 FEAE] 38.2%=A,
C29%E C347k4¢] Etasr7t B naalkane AEE]
FRARER FEHUTE Yol A3 uie}l 72o] n-
alkane JEE T ©457F B2 AEELS plant waxe}
2o A wjEolld 719ty RuEy gk A6
wEbA], FAE 12 AAH wlEde ot gjle=
oEth AR 2= FEAN] 334%E A9siH, C23

o 0

[\

[o

rE 2 oo
_|)~

*Underline indicates significant value.

BE C287HA1¢] ©a7F AAY 78 59] n-alkane
AEEC) AG7E B30T 718 A7daH8e) <sd C20
FE Q79 &424E 7HE nakanes 7
Al F2 uEEn hebd, AR 25 A9H
W& 5 AsA) wiEel &g FFo= T = 3
o FAE 32 C205E C237K9] &7t H&
alkane AE-E°] F8 AAALS BN, F 4
19.0%t}. 328004 AF3SE uje} o] B Aofr=
C24xt} A& eA449] nalkane AEES e W
W77k S7FI9AL, o8 AREES S99 A' A&
oM g HiEHE Zoe BuHy Ik wEhA,
FAE 3 T2 o ofgh Aukdie] JFo= 3
AElojitt, Shdoa AFSh vie} o] f-luafolA
= Aes T8 dHARE ARSI @7] ",
32 FRF7E 53] Solv 53] Aealgol
k)
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2 AoA] 243 naalkanes®] F+ & & (Cn-
alkanes)= 53.68+35.02 ng/m’=E, 12Yo|A FH X
(114.6 ng/m®)e} 799 HAx](24.42 ngm®y7} ER}
WA Ak og s AR AanjEel TS I
AEE} fA18 AEE v SAS BIATH ALF
St A5E = vE) o 2] A w2 FEoE
A FEtols A4 e EAS ®T wEbA,

A& 7] ¥ n-alkanes®] AEE
A= o] = sdse] diulE 5
o] JAAH S & n-alkanes®] FE°l IS F= WiES
dol & AoF dlidslaL, oli=n-alkanes?] B
o] W2 F=E¥9 Cmax, CPI 55 o|-&3lo] wcts)
Aok 11958 2971A9] S 918 spAEe] A}
fo] F=3sl= 7|7kl C205E C257FA1 9] n-alkane
JEE9 9 Hgo] vyl vlE] =& Wi,
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TS BT mEbA, 7] C207E C2571A]
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fvie]

o] A7t A& nalkane AEE9] TS/ ol
oJgh sAAR ARR-S] F7t oJgk YO A
o} ¥H, Cmaxe 893} 9¢, 1292 A|eF BE <ol
C29= LAl UebtaL, o1& B3l A& o7l 5 v
MHA] W n-alkanese “FAIZH S Z plant wax 53 2
< ZA4 wjEde] FEe] Urkar AT n-alkanes
°] WNA%SH PCAS 53 wiZ 71o=E B71sk A3,
20109 4958 20119 49714 S48 WA W n-
alkanes?] L= IA Al7EA] BlE 5L BT F
n-alkanes 52| 38% A=+ plant wax ¢ AH4
HjEol oJgh Jao] VeI, A AiulEe] 9T
2 oF 33%%th Al WA viEEAS T s
7} Z7109 n-alkane AEE°] 202107 FA T o]
219132, n-alknaes 59 19%= 7|3ttt Al WA
HIE 542 el oJgh Metdie] Jgoz S
AR, F=olut HEke] ARalgo) og JEFo = o
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