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A study of characteristics of volatile organic

conpounds in anbient air

Young- Hhva Jang

G aduate School of Education

Pukyong National LUhiversity

Abstract

The air sanpl es have been acconpl i shed at Busan city of Korea during the period of
Gctober in 2000 to August in 2001, to investigate concentrations and characteristic
of volatile organic conpounds (M3Cs) using gas chronatography (Agilent 6890 &)
coupled to mass spectronetry detector (Agilent 5973 MD). The BTEX (benzene,
tol uene, ethyl benzene and xylene) in total 34 MOC species occupied 75% and showed
the predoninant conpositions. The concentrations of benzene, tol uene, ethyl benzene,
mp-xyl ene and o-xyl ene were in the range of n.d.-11.09 ppb (nean 1.26), 0.60-11.16
ppb (nean 4.31), 0.13-22.49 ppb (mean 2.91), 0.17-19.77 ppb (nmean 2.87) and
0.10-12.74 ppb (nmean 2.05), respectively. The styrene and 1,2,4-trinethyl benzene
concentrations varied fromn.d. to 8.79 ppb (nean 0.81) and fromn.d. to 5.34 ppb
(mean 1.97), respectively. The BTEX concentrations in this study were low or
noderate in conparison with several cities of other countries. The rel ationships
anong MOC species showed highly significant correlations for ethyl benzene,
mp-xyl ene, o-xylene and 1,2,4-trinethyl benzene in anal yzed contamnants. Seasonal
concentrations of total MOCs represented the high fluctuations and in the order of
spring wi nt er sunmer autumn. The concentrations of total M3Cs neasured at
night were higher than those neasured at day in winter, while the higher val ues at

day appeared in other seasons. The MOCs level s in Asian dust event were |lower than



those of non-Asian dust period. This result seens that there is no effect of VOs

contam nations by Asian dust event.
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(volatile organic compounds: V OCs)

(Norback et al. 1995, , 2000),
(Derwent et al., 1998), (Rappengluck and
Fabian, 1999)
VOCs
US EPA . 22 VOCs
(Group A),
(Group B), (Group C),
(Group D),
(Group E) (IRIS, 1986).
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tube TDS-2/CIS-4

(GERSTEL Co., Germany) Agilent 6890 GC/5973 M SD
tube TDS-2 , -50 ClSs-4
CIs-4 (GC)
M SD
standard calibration VOCs

(retention time (R.T.))

mass spectrometry spectrum )

spectrum  standard  spectrum
. Fig. 3 TDS-2/CIS-4  Agilent 6890

GC/5973 MSD

L4

Fig. 3. TDS-2/CIS-4 (GERSTEL Co., Germany) and Agilent 6890

GC/ 5973 MSD



GC/MSD Table 1 ,
VOCOL (60 m length, 320 inner diameter, 1.80 film

thickness, Supelco) 30

Table 1. Instrumental conditions of the TDS (thermo desorption

system) , CIS (cooled injection compounds) and GC/M SD

TDS (Thermo Desorption System)

Initial T emperature 25
Final T emperature 220
Condition 60 /min

CIS (Cooled Injection Compounds)

Initial T emperature -50
Final T emperature 220
Condition 8 [sec
GC/M SD
GC Agilent 6890 GC
M SD Agilent 5973 M SD
Column Supelco VOCOL (60 m x 320 x 180 )
Flow Helium 1.2 /min

30 5 min) - 3 /min - 60 - 5 /min

T emperature . .
- 150 - 2 [Imin - 190 (2 min)




Fig. 4 Agilent 6890 GC/5973 M SD table 1
standard (Total lon
Chromatogram: TIC)

Aburcames
1100000 TS ARCGES-2.0
RLEIS IR [

SO0O0D00
00000
FOOOoo
S00000
SO0000
ADDO00

BOOODO0

=000

pl=ielels]

! IL:JJ.E AL A - |_.Ji

20.00 25.00 30.00 (= u] A0.00 A5 .00 5000
T

Fig. 4. Representative total ion chromatogram of standard in this

study
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(aromatic

hydrocarbon,

aromatic compounds, 6 )

table 2

12 ),

(chlorinated

(other compounds, 16 )

Table 2. Physical and chemical properties of classified VOCs

CAS No~ Species Name Mol. M olecular M.elting B.oiling
WT formula point( ) point( )
Aromatic Hydrocarbon

71-43-2 Benzene 78.05 CsHs 55 80.1
108-88-3 Toluene 92.06 CrHs 95 1108
100-41-4 Ethylbenzene 106.08 CsH1o 94.95 136.2
108-38-3 m,p-Xylene 106.08 CsH1o -479/133 139.7/ 1384
100-42-5 Styrene 104.06 CsHs 30.69 1452
95-47-6  o-Xylene 106.08 CsH1o - 25.187 1444
108-86-1 Bromobenzene 155.96 CeHsBr 31 155.2
103-65-1 n-Propylbenzene 120.09 CoH:2 -99.2 159.45
95-63-6 1,24- Trimethylbenzene 120.09 CoH12 -439 1694
98-06-6 tert-Butylbenzene 134.11 CioH1s - 168.5
135-98-8 sec-Butylbenzene 134.11 CioH1s - 1735
104-51-8 n-Butylbenzene 134.11 CioH1s - 183.1

11 -



T able 2. Continued

CAS No. Species Name Mol . M olecular M.elting B.oiling
WT formula  point( ) point( )
Chlorinated Aromatic Compounds
95-49-8  2-Chlorotoluene 126.02 C:H-Cl -34 159
106-43-4  4-Chloratoluene 126.02 C:H-Cl 75 162
541-73-1 1,3-Dichlorobenzene 145.97 GsH.Cl2 -244 172
106-46-7 14-Dichlorobenzene 145.97 GsH.Cl2 53 174
95-50-1  1,2-Dichlorobenzene 145.97 GsH.Cl2 -175 180- 183
120-82-1 1,24-Trichlorobenzene 179.93 GsH:Cl: 17 2140
Other Compounds
124-48-1 Dibromochloromethane 20581 CH:Br.Cl - 119
127-18-4  Tetrachloroethene 163.88 C.Cl. -19 121
106-93-4 1,2- Dibromoethane 185.87 C:H.Br: 9.8 1317
108-90-7  Chlorobenzene 11201 GsHsCl 452 132
630-20-6 1,1,1,2-Tetrachloroethane 165.89 C:H.Cl. - 138
75-25-2  Bromoform 249.76 CHBrs 78 1495
79-34-6  1,1,2,2- T etrachloroethane 165.89 C:H:Cl. -36 146.3
96-18-4  1,2,3-Trichloropropane 145.95 C:HsCl -15 156.0
79-01-6  Trichloroethylene 12991 C:HCls -73 87
78-87-5  1.2-Dichloropropane 111.99 CsHsCl2 -100.42 9%6.4
74-95-3  Dibromomethane 174 CH:Br: -52.6 98.2
74-97-5  Bromodochloromethane 129.39 CH.BrCl -88 69-71
10061-02-6 1,3-Dichloropropene 111 C:H4Cl2 - 108
79-00-5 1,1,2-Trichloroethane 133 C:H:Cl: -355 116.7
142-28-9 13- Dichloropropane 113 C:HsCl2 - 1204
g6 125 o Dwromo3 23635  C:HsBr:Cl 5 1645
- chloropropane

* Chemica Abstracts Service Registry Numbers

12 -

** not reported.



1. VOCs

1.1. VOCs

VOCs BTEX (benzene, toluene, ethylbenzene,

m,p,0- xylene) 74.6%

benzene n.d. 1109 ppb, toluene 06
0 11.16 ppb, ethylbenzene 0.13 2249 ppb, mp-xylene 0.17 19.77
ppb, o-xylene 0.10 12.74 ppb : 1.26 ppb,
431 ppb, 291 ppb, 2.87 ppb, 2.05 ppb
1,24-trimethylbenzene nd. 15.34 ppb,
styrene nd. 879 ppb, n-propylbenzene nd. 250 ppb, n-
butylbenzene nd. 066 ppb, 13-dichlorobenzene nd. 440 ppb,
1,4-dichlorobenzene nd. 154 ppb, 124-trichlorobenzene nd. 3.19
ppb, tetrachloroethene n.d. 054 ppb, trichloroethene n.d. 3.15 ppb
, 197 ppb, 081 ppb, 0.39 ppb, 0.07 ppb,
0.39 ppb, 040 ppb, 0.02 ppb, 0.07 ppb, 047 ppb

- 13 -



Fig. 5 VOCs BTEX (benzene,
toluene, ethylbenzene, m,p-xylene, o0-xylene) styrene, 1,24-

trimethylbenzene

i |II Tl

-

Concentration {pp

,.
0

s

LE da :],;’ .;_LI a3 @ ]
= o : C =

- o G c =
L = T o
™ = b 2 b = I=
= = T > = - |
i = o I o <+
o ; [+]

LLs

Fig. 5. Annual mean concentration of selected VOCs

- 14 -



VOCs

table 3
(2001)
toluene
: (2000) (2000)
Derwent  (2000) London
Thijsse  (1999) M oerdijk
, Rappengluck  Fabian (1999) Munich Gee
Sollars (1998) Caracas Santiago
ethylbenzene, o-xylene
. Gee Sollars (1998)
Bang- kok manila Chunming (2000)
chang- chun

- 15 -



T able 3. Comparison between VOCs concentrations (ppb) in Busan

and cites of other countries

Concentration (ppb)

Sites
Benzene Toluene Ethylbenzene m,p-Xylene o0-Xylene
Busan®
This sud) 126 431 201 287 205
1S u
(2)
(S;Sia) 100 640 0.70 230 080
_i 3)
K"Zf;? e:; 025 332 0.29 067 030
@
'(\:fo]r Za) 051 114 075 148 045
(5)
Lo(rcjdg)' 110 200 046 13 055
i+1,(6)
(,\'IV' aoﬁeﬂ'g; s 065 097 026 035 0.13
H (7)
('\é;r:g;]y) 360 7.00 140 380 150
(8)
(\?;ZZ‘ZZ@ 437 754 112 368 128
H (9)
S"’E”Ctr']"l’l%‘)’ 455 777 146 560 120
_ (10)
Bg”r?aj:‘;k 9 560 4852 821 18.17 648
i1 A1)
(P'\r/:iTir;:)?nes) 388 4383 491 1252 3.9
Changchun™”
China) 876 69.70 316 393
Ina

(1) this study

(3) Lee et al.(2000)

(5) Derwent et al.(2000)

(7) Rappengluck and Fabian(1999)

(9) Gee and Sollars(1998)
(11) Gee and Sollars(1998)

(2) Na and Kim(2001)

(4) Kim et al.(2000)

(6) Thijsse et al.(1999)

(8) Gee and Sollars(1998)
(10) Gee and Soallars(1998)
(12) Chunming et al.(2000).

- 16 -



12. VOCs

(POCP) ethylbenzene (POCP=60), mp-
xylene (POCP=90 105), o-xylene (POCP=65), 1,24-trimethylbenzene

(POCP=120) . Fig. 6 ethylbenzene
m,p - xylene, ethylbenzene 0- xylene, ethylbenzene 1,24-
trimethylbenzene, m,p-xylene 0- xylene, m,p-xylene 1,24-

trimethylbenzene, o-xylene 124-trimethylbenzene
, mp-xylene o-xylene xylene

ethylbenzene  xylene, 124-trimethylbenzene xylene

m,p-xylene  o-xylene (correlation coefficient,
ry 0.99 , ethylbenzene mp-xylene
0.990, ethylbenzene xylene 0.987, ethylbenzene
0-xylene 0982, o-xylene 124-trimethylbenzene
0874, m,p-xylene 1,24-trimethylbenzene 0.870

- 17 -
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Fig. 6. Correlation between each component of VOCs (unit : ppb)



2. VOCs

2.1. VOCs
2000 (10 ) 2001 2 ), ()
8 ) VOCs (aromatic
hydrocarbon) (12 ), (chlorinated  aromatic
compounds) (6 ), (other compounds) (16 )
table. 4, 5, 6
BTEX (benzene, toluene, ethylbenzene, m,p,o-xylene)
. 3344 ppb ,
1255 ppb, 5.25 ppb,
2.36 ppb
4108 ppb

toluene n-butylbenzene

279 ppb

159 ppb

- 19 -



VOCs ; 259 ppb,

20.62 ppb, 43.04 ppb, 564 ppb , BTEX

Cheng (1997) , Alberta  Edmonton

downtown industrial 92 93 2
VOCs ,

Table 4. Seasonal concentration of aromatic hydrocarbons at

sampled VOCs

AciEte lydiessrben Spring Summer Autumn Winter
(ppb) (ppb) (ppb) (ppb)

Benzene 250 1.70 n.d. 0.84
T oluene 5.99 243 157 725
Ethylbenzene 9.80 0.39 0.25 1.19
m,p-Xylene 8.88 045 0.34 182
Styrene 194 0.11 n.d. 1.18
o- Xylene 6.27 0.28 0.20 145
Bromobenzene n.d. n.d. n.d. n.d.
n-Propylbenzene 0.90 0.03 n.d. 0.62
1,24-Trimetylbenzene 4.80 0.16 0.09 282
tert-Butylbenzene n.d. n.d. n.d. n.d.
sec-Butylbenzene n.d. n.d. n.d. n.d.
n-Butylbenzene n.d. n.d. n.d. 0.28
Sum 41.08 5.55 245 17.46

nd. : not detected.

- 20 -



Table 5. Seasonal concentration of chlorinated aromatic
compounds at sampled VOCs

Chlorinated aromatic Spring Summer Autumn Winter
compounds (ppb) (ppb) (ppb) (ppb)
2- Chlorotoluene nd. n.d. n.d. n.d.
4- Chlorotoluene nd. nd. n.d. n.d.
1,3-Dichlorobenzene 0.37 nd. n.d. 1.18
14-Dichlorobenzene nd. 0.06 n.d. 154
1,2-Dichlorlbenzene nd. nd. n.d. n.d.
1,24-Trichlorobenzene nd. nd. n.d. 0.08
Sum 0.37 0.06 n.d. 2.79

n.d. : not detected.
Table 6. Seasonal concentration of other compounds at sampled

VOCs
Spring Summer Autumn Winter
Other Compounds
(ppb) (ppb) (ppb) (ppb)
Dibromochloromethane nd. n.d. n.d. n.d.
T etrachloroethene n.d. 0.01 0.03 0.22
1,2- Dibromoethane n.d. n.d. n.d. n.d.
Chloraobenzene n.d. n.d. n.d. n.d.
1,1,1,2-T etrachloroethane n.d. n.d. n.d. n.d.
Bromoform n.d. n.d. n.d. n.d.
1,1,2,2-T etrachloroethane n.d. n.d. n.d. n.d.
1,2,3-Trichloropropane n.d. n.d. n.d. n.d.
Trichloroethene 159 0.02 0.11 0.16
1,2- Dichloropropane n.d. n.d. n.d. n.d.
Dibromomethane n.d. n.d. n.d. n.d.
Bromodochloromethane n.d. n.d. n.d. n.d.
1,3- Dichloropropene n.d. n.d. n.d. n.d.
1,1,2- Trichloroethane n.d. n.d. n.d. n.d.
13- Dichloropropane n.d. n.d. n.d. n.d.
1,2- Dibromo- 3- chloropropane n.d. n.d. n.d. n.d.
Sum 159 0.03 0.14 0.37

n.d. : not detected.

- 21 -



22. VOCs

VOCs (benzene, toluene, ethylbenzene, mp-xylene,

styrene, o-xylene, 1,24-trimethylbenzene)

Fig. 7,8, 9
. Benzene

toluene

) ) . Benzene ,

, , n.d.
T oluene ) , ,

(2000) ,
3
Benzene

Mma

centration {ppl

con

0 .

Spring Summer Autumn Wirter

Fig. 7. Comparison of seasonal benzene concentration
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Fig. 9. Same as Fig.7 but for styrene, o-xylene and

124-trimethylbenzene



23. VOCs

VOCs , fig. 10

toluene

ethylbenzene (24%) > mp-xylene (22%) > o-xylene (16%) > toluene

(15%) > 1,24-trimethylbenzene (12%) > benzene (6%) > styrene (5%)

toluene (44%) > benzene (31%) > mp-xylene
(8%) > ethylbenzene (7%) > o-xylene (5%) > 124-trimethylbenzene
(3%) > styrene (2%)
toluene (64%) > mp-xylene (14%) >
ethylbenzene (10%) > o-xylene (8%) > 124-trimethylbenzene (4%)
, benzene  styrene
toluene (44%) > 124-trimethylbenzene (17%) >
m,p-xylene (11%) > o-xylene (9%) > ethylbenzene (7%), styrene (7%)

> benzene (5%)

POCP ethylbenzene, m,p-xylene,
o-xylene, 1,24-trimethylbenzene 74%
Os , 2001 Os
0.021 ppm 5 Os

0.031 ppm

- 25 -



Fig. 10. The frequency distribution at each component of VOCs
( Symbol for BZ, TL, EB, MPX, ST, OX and 124-TMB denote benzene, toluene,

ethylbenzene, mp-xylene, styrene, o-xylene and 1,24-trimethylbenzene )

- 26 -



3. VOCs

/ fig. 11, 12, 13
08 18 , 20
06

ethylbenzene
36 , mp-xylene 22
. Benzene 286 ppb,

2.14 ppb, toluene 7.95 ppb, 4.04 ppb,
ethylbenzene 11.18 ppb, 842 ppb, mp-xylene
10.07 ppb, 769 ppb, styrene
184 ppb, 204 ppb, o-xylene 7.19 ppb,

5.35 ppb, 1,24-trimethylbenzene 569 ppb,
3.91 ppb

. Benzene 2.35
ppb, 1.05 ppb, toluene 290 ppb,
196 ppb, ethylbenzene 043 ppb, 0.35 ppb,
m,p-xylene 049 ppb, 041 ppb, styrene
0.05 ppb, 0.16 ppb, o-xylene 031
ppb, 0.25 ppb, 124-trimethylbenzene 0.22
ppb, 0.10 ppb

- 27 -



benzene styrene nd. , toluene

2.10 ppb, 103 ppb, ethylbenzene
0.32 ppb, 0.19 ppb, m,p-xylene 045 ppb,
0.24 ppb, o-xylene 0.26 ppb, 0.14
ppb, 124-trimethylbenzene 0.15 ppb, 0.03
ppb : benzene
styrene
benzene 0.96 ppb, 0.71 ppb,
toluene 647 ppb, 8.03 ppb, ethylbenzene
1.10 ppb, 127 ppb, mp-xylene
180 ppb, 185 ppb, styrene 1.14 ppb,
1.23 ppb, o-xylene 1.36 ppb, 154 ppb,
1,24-trimethylbenzene 286 ppb, 279 ppb

benzene 1,24-trimethylbenzene
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Fig. 11. Comparison between benzene, toluene and ethylbenzene

concentrations at day and night time by each season
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Fig. 13. Same as Fig.11 but for 1,2/4-trimethylbenzene
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/ (day/night ratio)

table 7 : benzene styrene

benzene 124-trimethylbenzene

VOCs ,

(2001), (2000) VOCs

Table 7. The day/night ratios of VOCs concentration

Day/night ratio

VOCs Spring Summer Autumn Winter
Benzene 134 2.25 - 135
T oluene 197 148 2.05 081
Ethylbenzene 133 121 167 0.86
m,p-Xylene 131 1.19 187 097
Styrene 0.90 034 - 0.93
o- Xylene 134 123 182 0.88
1,24-Trimethylbenzene 146 2.13 6.18 1.03
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4. VOCs

4.1. VOCs
2002 4
VOCs benzene, toluene, ethylbenzen, m,p-xylene,
styrene, o-xylene, 1,24-trimethylbenzene fig. 14
2001 5
) 3
. Benzene toluene 1.25, 1.30
, ethylbenzen 2227 , mp-xylene 1889 ,
styrene 2771 , o-xylene 2239 , 124-trimethylbenzene
36.92
(2000) , VOCs
, VOCs
, VOCs
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Fig. 14. The VOCs concentrations during Asian dust period
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VOCs

, fig. 15

(41.08 ppb) (17.46 ppb)

(555 ppb) (245 ppb)
(2.79 ppb) (0.37 ppb)

(1.59 ppb) (0.37 ppb)

(0.24 ppb) (0.03 ppb)
VOCs
(20.62 ppb) (8.31 ppb)

(259 ppb)
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(8.02 ppb)

(0.06 ppb)

(43.04 ppb)
(564 ppb)

(0.29 ppb)
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Fig. 15. Comparisons between VOCs concentrations according to
the classified compounds : aromatic hydrocarbon, chlorinated
aromatic compounds, other compounds and total VOCs

( Symbols for Spr., Sum., Aut.,, Win. and A.D. denote spring, summer,

autumn, winter and during Asian dust )
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/ VOCs Fig. 16
. Benzene toluene

, ethylbenzene, mp-xylene, styrene, o-xylene

/ 20 . 1,24-trimethylbenzene
40
/
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TME

Fig. 16. VOCs concentration at day and night time during the

period of Asian dust occurrence and non-occurrence

( Symbol for BZ, TL, EB, MPX, ST, OX and 124-TMB denote benzene, toluene,

ethylbenzene, mp-xylene, styrene, o-xylene and 1,24-trimethylbenzene )
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1)

2)

(SO:, PM 10, Os, NOz, CO)
VOCs
, 2000 10 ,2001 2 ,5

, 8 sampling : VOCs
2002 4 sampling
VOCs
toluene 431 ppb, ethylbenzene 291 ppb,
m,p-xylene 287 ppb, o-xylene 205 ppb, 124-
trimethylbenzene 1.97 ppb, benzene 1.26 ppb, styrene
081 ppb , POCP

ethylbenzene, m,p-xylene, o-xylene, 1,24-trimethylbenzene

08

VOCs 259 43.04 ppb
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