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Abstract This study characterized ambient volatile organic compounds (VOCs) in Seosan, Korea, and examined the potential
influence of surrounding industrial areas. A total of 390 one-hour sorbent-tube samples were collected at the NIER Chung-
cheong Region Atmospheric Environment Research Center on selected days between January and November 2020. Passive
samplers were also deployed at sites in four surrounding industrial areas (Daesan, Songsan, Inju, and Dunpo) during four sampling
periods, each lasting approximately one month, from September to December 2020. Among the eight VOCs measured in
Seosan, toluene showed the highest mean mixing ratio (2.17 ppbv), followed by benzene (0.89 ppbv) and n-heptane (0.50 ppbv).
The mixing ratios of all eight VOCs differed significantly among sampling months (p <0.001 for all species), although the
monthly results were based on selected sampling days and did not represent full-month means. The summed mixing ratio of the
eight VOCs was highest in September and lowest in April. The September increase was dominated by toluene, whereas ethyl-
benzene and xylenes were relatively elevated in summer. n-Hexane and benzene were elevated under northwesterly winds,
whereas toluene, ethylbenzene, and xylenes were elevated under northeasterly winds, suggesting potential transport from
industrial areas along these wind sectors. In contrast, n-heptane was elevated under low-wind conditions, consistent with the
accumulation of nearby traffic- and fuel-related emissions under limited atmospheric dispersion. Period-averaged VOC concen-
trations and compositions varied substantially among the industrial sites. At Daesan, n-hexane and benzene accounted for
relatively large fractions, whereas toluene and Cg aromatic compounds were more prominent at Inju and Dunpo. Overall, VOC
levels in Seosan reflected both local emissions and transport from surrounding industrial areas, with their relative influences
varying with meteorological conditions. The limited temporal coverage, however, constrains quantitative source attribution and
highlights the need for long-term continuous measurements.
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Table 1. Monthly sampling periods and numbers of VOC
samples collected using sorbent tubes at the Seosan site.

Month Sampling dates Number of
samples

January 15~16 23
February 11,14 14
March 18~19 26
April 28~29 24
May 6~7,12~13,20~22 92
June 10 3
July 8~9 24
August 18~19, 24~25 48
September 24~25 26
October 12~13,18~19,24~26 99
November 7 11

Total 390 samples from 32 days

Note: Monthly differences in VOC mixing ratios across the 11 months were
evaluated using the Kruskal-Wallis test, with statistical significance defined
as p<0.05. Missing values were excluded on a species-by-species basis. All
eight VOCs showed significant differences among months (p <0.001 for each
species).
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Fig. 1. Location of the VOC sampling sites. Sorbent-tube sampling was conducted at the Chungcheong Region Atmospheric
Environment Research Center (CRAERC) in Seosan. Passive air samplers were deployed at four air-quality monitoring stations
operated by the Korea Environment Corporation (KECO) in the surrounding industrial sites (circles): PAS 1, Daesan-ri (36.990°N,
126.384°E), PAS 2, Songsan-myeon (36.976°N, 126.716°E), PAS 3, Inju-myeon (36.873°N, 126.879°E), and PAS 4, Dunpo-myeon

(36.920°N, 127.061°E).
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Table 2. Instrumental operating conditions for the analysis of VOCs collected using sorbent tubes and passive samplers.

Analytical parameter

Sorbent tube (TD-GC-FID)

Passive sampler (GC-MS)

Instrument

Analytical column
Agilent Technologies, USA)
N, (99.999%)

Constant pressure, 30 psi
(initial flow: 2.88 mL min™")
45°C(10 min)

Carrier gas
Carrier gas condition

Initial oven temperature

Ovenramp 1 To 170°C at 5°C min™

Oven ramp 2 To 200°C at 15°C min™" (10 min)
Oven ramp 3 -

Detector/analyzer Flame ionization detector
Detector temperature 300°C

Detector gases H, (>99.99996%; NMH2-500plus

TD: TurboMatrix 300 (PerkinElmer, USA);
GC-FID: 7890A (Agilent Technologies, USA)

DB-VRX (60 m X 320 pm X 1.8 ym,

6890N GC coupled to a 5975N MSD
(Agilent Technologies, USA)

HP-1 (60 m X 320 um X 1.0 um,
Agilent Technologies, USA)

He (99.999%)

Constant flow, 1.0 mL min™’

37°C(7 min)

To 170°C at 5°C min™' (4 min)

To 200°C at 5°C min™' (4 min)

To 260°C at 10°C min™"

Quadrupole mass selective detector

hydrogen generator, VICI DBS, Switzerland):

35mL min™

lon source temperature
Quadrupole temperature -
Acquisition mode -

; Zero air: 350 mL min™";
Makeup flow (99.999% N,): 25 mL min™!

230°C
150°C
SIM

Sty |2t AR M 42 H M3 &



S MMXIY 7| & BTEX X F2 n-Alkane?| s Sdup FH MAHK| HiE et 629

SRS o8] VOC Alm AF 9 8- A+
42 EpATO-17 D AN Bl Eos e £
2 YoFATHKMOE, 2020; KMOE and NIER, 2019;
US EPA, 1999). A& #F]olli= Carbotrap B2} Carboxen
1000°] o]F2 2 FHH Air Toxic &2 (1/4 in. X 3
1/2 in., Supelco, USA)S A8t A=) A4 A
HE 28l A&AF 71 (STS-25, Sequential Tube Sam-
pler, Perkin Elmer, USA)E ©]-85}%] 100 mL min™!
o] frFo= 1A B AlmT 6 L] Hi71E 235t
At A= AHFH FAelA 050 <t voc 4teke W
2157 28l 121e] potassium iodide (KI) 1.5 g0] &
749 ozone scrubber (Supelco, USA)E F=otith

E 28 ARE Ao tube conditioner (ATC 1200,
ACEN Co. Ltd, USA)E ©]-85}o] & 99.999%°] &
A7} 300°CollA] 60 mL min™'9] FEFOR 2= X
oA 1417 52t Al &5k

VOC A= =7t 22 1,000 ug mL Q1 C5-Cyy
n-alkanes ¥ BTEX 4} ZEE- (Supelco, USA)=
SFste] Agolalth S A4S St HE g B
T8N EFFFENS methanol2 3]4/5He] 10uL

FY A Z+ R 9] Aol Z+z} 20, 40, 100, 200 2 400

ngo| k% Axstoich g2TE TAF 2EEL
FAFA|| AAT & L= 99.999%2] FAE 100
mL min~'9] FFO 2 F 2H7F ZHon] A4t ©
2& deollA 7t A8 BEEN 10 uLS FYoto]
e 22E40] S| 2YHES skl &
FEEo] FUE SRS AA Alget FL} 24
oz FAsH

S Alme g 22 A9 A (TurboMatrix

300TD, Perkin Elmer, USA)7} 234 71A320tE ]
#u]- B2 o] 231AE7] (Agilent 7890A, Agilent Tech-
nologies, USA)E o|-85to] EAstct & &2 Y
GC BAol= £ 99.999% 2] A5 AM&3IATh &
22 320°Col A 124 & H2bsiilon, 2zts
VOCsE -30°CE A1 A2 EHo s=3F3t ©]
T A2 ERE 4°Cs710] £5 7 320°C7HA] 71E 5

VOCsE 22} 2215t & GC ZH o= o|Fs3ltt. &
22k 2|9 B9} transfer line 2+ H5F 200°C
2 fAsHIE 7F i BE T A=A UE
W 139 MREFAES Hlwste] gRlstelon, ®
=24 4 A FID 13 WA 71| saA A
= o]-g5te] Aot
A B HEE E-89 voC S-S AMETet o
7] 2+ A=A T Zpolof whet alEE (T7])ollA
A (e = it olFshs 9elE o83t A
o7 SAAE e (activated charcoal)©| AMEE]
TH(ICS Maugeri, 2019). lrEo] ¢t d mjA|E ME
2 of dichloromethane 1 mLE F5tal AU 70|
£ ol-gsto] 30 B FESHAE. FEHL2 7k
ZulE T2 (6890N GC, Agilent Technologies, USA)
of AFEA7](5975N MSD, Agilent Technologies,
USA)7t AgHE GC-MSZ 24519t Fgoll= &2
T BA US| C5-Cy, n-alkanes ¥ BTEX H3F
SHE 2R AR S ARSIt 4 RS B
SO HEFAITE A AgAHE S vl s}
5klow, A= o] 29 m= WA o]-g5}of
£ A5kt

A E MEHE A ZFvoce] Bieke A
(1)= Fofl AlxrsteiTt.

A

A

W

r

O

-3\ — m -6
)—Qthxm (1)

A7V e 5% BAE B A4H voce] de
. =
[e]

Clugm

(1g), Q= VOC2] sampling rate (mL min™), = =&
A2k (min)©|t}. Sampling ratet= 2529 JFS HO
B2, 327|354 B2 ol-85to] 298K, 1
atm 7oA AAIE ZF VOCY] sampling rate2 2]
(2)¢} Zro] ¥ ASFATHICS Maugeri, 2019).

T+273.15)1~5

Qx=Qys (2978

o714 T A B AL E7|7 57t Bt
2o, &7 Wat7]2 Hole 24 AAA Y

-

ARG VR PG BEAZE Ak

J. Korean Soc. Atmos. Environ., Vol. 42, No. 3, September 2026, pp. 625-642



=2}, 0[0/3], 0|2

202 HAF sampling rate= ©]
Wi A AEe o
A2 S A9 o714 o
HEFSFATHA] (3)). 71Y2 1atm o &
7Hg5t9 0™, 2= sampling rate 243 5 A5HA|
ZF A B &R 57| a7l 2e A8

Copin=C, -3xwx103 3)
g m M,P
J71A Cpppi= VOCO] F3Z3HH] (ppbv), Cyq s
= A ()elA 4HEE AFEE (ug m™), RS 71AVS
42(8.2057 X 10° m® atm mol™ K!), T= WA B A E
2 =E717Ee] Ht 712 (°C), M= ZF vOCo| 24
% (g mol™), P= 7]% (atm)©|Th.

2.3 E3xR| F=n2|
S A B HESE o189t voc Ala A

}0}71 fiotel A@A HIRAIE,
HAESHA (Method Detection Limit, MDL) &
e T E grlstoich Alg A& ujH|et B4
A% 0@ s1s] Slot

A2l 3¢ Az o)

A} A8 BEEE 2

=

AkAo] 2 A4,

oEZ cFl

d
M

%

=i}
=

L=108]]
=

=

T of| A A o A=

of AA| A=t 5Lt
Almel] =557 42 &

Z} 57014 FHlste] s 2471712 A4 245k

th. US EPA TO-17-2 AA| Alg 254 &8 &

A3t 27004 A A - AA =L [FARE ARG o]

28 713 TS AYA HIEIA 22 AFSSIEE

- ai
AR 3 18O 16017-1-2> 22 HIRFA Hol| A

rzi r]

d

i w=e] walo] BA oy B8] vl va
2] 10% ofstel Z$ e o] AP Ao

e

A
XIS (IS0, 2000; US EPA, 1999). £ A9
AGA HiA A A= BE A% 4 vOoCs7t
MDL "|gke 2 vehh, Als 23 vl ek 24 ol
A B S Qe 2R 9 oo A=k Al njx]:=
FF2 # ﬂ?_/‘—ﬁ‘ﬂ ZﬂB_E Jﬂrqo}"ﬂﬂ}

AL AAdstar A4 Brrskeloh 71 A TD-
GC-FID&} GC-MS 2% AHAF vOCse] AR AL
(RH)7}0.99 o4t &2 LetLt k53t 7]

MDLZ HEH| B9] sk E= Higol| sidst
= BFARE ZF B4 Ho R 73] g B
T} EEFHA}o 99% AlF]4F9] Student’s t ZF2 &
goto] Aottt §2HH-TD-GC-FID 9] 7-¢- ti7]
A& RFF 6 L5 A-8stloH, g8 MEH-GC-
MSE’J 7_—] o) oH/R]— VvOC _LL._'_Q_OH S DCMOoZ _a]/ﬂa].
ol Azt A EFEANRS 245t &Y 71E
AETAE AT & A A= A3 27
of t7] & =2 s E}%—Er

Shat 5
AE 22 T)7)%55 $AE MDLE 0.05~0.15 ppby

Ir
o)
9'15
Ny

-

HEEEA QUL = benzene 7|5 100 ngl| BEEE
RS 7 B oz 78] G4 BAdte] Be
A E5H X} (Relative Standard Deviation, RSD)E Hf
Jotginh % 2Aph 55 AR vocs
5% ol Leh} oFeg M g

o

ol
_§L o,
bl'

3.1 VOCs =4 E4
AT 57713 9] T A=A A vOCs=

benzene, toluene, ethylbenzene, m,p-xylene ¥ o-xylene

o] vreFE SFHE 553} n-hexane, n-heptane 2 n-
octane?] n-alkane 30| 3Ith(E 3). AA]| 7]17F toluene
9] A FETt 2.17 ppbvE 7FF =FC1H, benzene
(0.89 ppbv), n-heptane (0.50 ppbv), ethylbenzene (0.47
ppbv), o-xylene (0.47 ppbv) m,p-xylene (0.46 ppbv), n-
n-octane (0.04 ppbv)©| HE ©|
Sitt. Benzene, toluene @ m,p-xylenel] HAERE+=
90% ©]44 02 =2 I, p-alkane A B2 50% TS
=t 2o Amold HE
A mRtolgle B A Bl ARIYE Tk AolE
AlRFA o2 sHst. 24 tiddl Cs-Cy, n-alka-

hexane (0.18 ppbv) %

. £35| n-octane>




SH MRS

[H7| = BTEX X F2 n-Alkane?| s EAMT} FH AATHX| HY

g

09

631

7

Table 3. Statistical summary of 8 VOC species measured in Seosan from January to November 2020 (unit: ppbv).

Species Arith. mean' Median s.D2 90%ile Max Detection freq®
n-Hexane 0.18 0.04 0.32 0.48 3.19 34.6%
n-Heptane 0.50 0.07 0.84 1.26 7.12 47.1%
n-Octane 0.04 0.03 0.03 0.03 0.27 10.8%
Benzene 0.89 0.56 0.99 1.98 7.37 91.3%
Toluene 217 1.22 2.78 4.88 15.26 98.8%
Ethylbenzene 0.47 0.35 0.44 1.06 2.22 75.8%
m,p-Xylene 0.46 0.27 0.49 1.24 2.58 93.3%
o-Xylene 0.47 0.31 0.50 1.20 2.51 66.3%

Values below the method detection limit (MDL) were substituted with one-half of the MDL.

'Arithmetic mean
2Standard deviation
3Detection frequency (%) =

D/N, where D is the number of samples in which the species was detected and N is the total number of samples (n =390).

Table 4. Comparison of mean BTEX mixing ratios measured in Seosan (January~November 2020) with those reported for other

sites (unit: ppbv).

This study Previous studies HAPs PAMS
Species E—
Seosan Daesan’ Daesan? Daesan? Dokgot* Songsan* Seoul®
Benzene 0.89 113 3.10 2.1 0.63 0.36 0.3
Toluene 217 1.20 1.50 1.1 2.02 2.1 238
Ethylbenzene 0.47 0.62 - - 0.62 0.25 0.5
m,p-Xylene 0.46 0.94 1.88 - 0.37 0.29 0.6
o-Xylene 0.47 0.33 - 0.12 0.38 0.2
'Baek et al,, 2020
%Kim etal., 2021a
3Park et al., 2022
“NIER, 2021
SSIHE, 2021
nes % n-nonane, n-decane, n-undecane ¥ n-dodec- =2 benzene} toluene Fr= QL ARG og
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At} 4 5 A8 AER] Bl ATz 3 2] FE vl a4 AlQlettt 6 ¥ 111915}?‘;
ool A R 2t FAFSHITH (Park ef al., 2022; Kim w41 8F VOCs] 97 se 98l 7FE %2
et al., 2021a; NIER, 2021; SIHE, 2021; Baek ef al., 2020). ™, 1'Ho= A 02 &2 5575 HQl HhH 490
2RI FEES SN R AR AR £ I 98] 5 3R F2 oluenee] <]
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