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Abstract

The purpose of this study is to evaluate concentrations of carbonyl compounds during summer season in Seoul
metropolitan area. The air samples were collected at 7 sites in this area from June 2001 to June 2003. The carbonyl
compounds were analyzed by DNPH/HPLC method. The analytical method applied in this study showed good
repeatability, linearity, and sensitivity. The most abundant carbonyl was formaldehyde (average 4.48 ppb), and
followed by acetone, acetaldehyde, methyl ethyl ketone, butyraldehyde, propionaldehyde and benzaldehyde,
respectively. Concentrations of carbonyl compounds in June were higher than those in August. There was not only
higher solar radiation but also higher ozone concentration in June than in August. As a result of photochemical
reactions, carbonyl compounds from both primary and secondary sources are likely to contribute to the formation
of ozone. The contributions to photochemical ozone creation of two carbonyl compounds such as formaldehyde
and acetaldehyde were estimated to be about 70%. Ratios of formaldehyde to acetaldehyde in this study ranged
from 1.13 to 4.26, which are generally equivalent levels to those of other urban areas in domestic and foreign

countries.
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Fig. 1. Location of sampling sites.
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DNPH §-%=A]3= HPLCE o] &3le] BAslde} 14
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-ODS (M), Japan)& ARg-3lg]et. o] A& obM Bt
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Table 1. Operation conditions for carbonyl compounds
analysis with HPLC.

Shimadzu SCL6B

UV Absorbance at 360 nm

Shim-Pack CLC-ODS (M) 4.6 X 250 mm
Shim-pack CLC-G-ODS (4) 4.0 X 10 mm
A: Acetonitrile 100 (V)

System
Detector
Analytical column

C,g guard column

Mobile phase B: Water/Acetonitrile/Tetrahydrofuran
50/45/5(VIV)

Flow rate 1.0 mL/min

Injection volume 20puL

Ist step: 100% B for 2 min,
2nd step: 50:50% A : B for 23 min,
3rd step: 100% A for 2 min

Gradient elution

Mixure$} Acetone-DNPH, 2-Butanone-DNPH ZF&-
A, 18|32 Glyoxal®} Methyl glyoxal®] 2-Mixture &
A z3hed Ahgstedom, 0.1 pe/mL, 0.25 pg/mL, 0.5
pg/mL, | ug/mLe] 45tA| 2 A3l AAZFNE =
Akt

2.3 &3 Hz=3g

HPLCEA A 7109313189 7|77 &5
(Instrumental Detection Limit, ¢]3} IDL)¥ 3] =9]
signal-to-noise & EA3sled AEsloeh. FA %
IDLS] 3~54] =& @2 sxo mEgd (Fddst
ol= 71% < 0.02pg/mL)& 103] vhE- FA31e] =
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FHAE I, oY Aol o WpEAZEHA A7|A t(n-1,0.99% AF=F n—10]3L 99% A=
(Method Detection Limit: ¢]3} MDL)& Al&slgdo} FFo|A9] student-t k2 JeR ], nd HiERAE)

(US EPA, 1990; Glaser et al., 1981). 5 Yepdd) 7b shRdsiEEe] MDL 0.023~
0.045 nge] 1z, o] ZH& 100Le A&E AHI 7o
MDL=t(n—1,0.99) x S.D. 2 7R 97 & == FAEPY 0.014~0.026
Table 2. Concentrations of carbonyl compounds (2001 ~ 2003). (unit: ppb)
. . Form- Acet- Propion- Butyr- Benz- Methyl-
Sampling sites aldehyde aldehyde Acetone aldehyde MEK aldehyde aldehyde Glyoxal glyoxal
Mean 4.91 1.89 2.88 0.38 1.18 0.19 0.11 0.59 1.26
Yonghyeon-  S.D. 2.06 1.08 1.91 0.50 1.20 0.23 0.07 0.57 0.88
dong Median 471 1.75 255 021 0.78 0.15 0.10 0.71 1.10
(n=131) Max. 10.03 7.56 10.92 249 6.66 1.90 0.43 3.26 5.58
Min. 0.16  <002* <002 <002 <002 <002 <002 <002 <002
Mean 4.59 2.72 3.87 0.23 222 <0.02 0.14
Buch S.D. 1.96 1.53 1.97 0.13 1.57 - 0.08
(“C_;’;’)“ Median 433 2.60 3.9 020 181 <002 0.13
n= Max. 9.60 6.29 8.32 055 755  <0.02 0.35
Min. 1.51 0.60 0.98 0.06 021 <002 <002
Mean 455 401 5.08 0.27 154 <0.02 0.13
Sangamdon S.D. 1.82 341 2.87 0.13 1.09 - 0.08
a(f_ 62 £ Median 430 252 403 025 129 <002 0.11
- Max. 9.49 13.33 11.46 0.73 6.85  <0.02 0.47
Min. 0.86 0.97 141 0.08 022 <002 <002
Mean 4.61 1.87 4.07 0.17 1.43 0.28 0.13 0.39 145
Baneidon S.D. 1.99 1.00 2.35 0.13 1.08 0.32 0.12 0.37 0.94
(““_g‘z 59)g Median 457 179 3.71 0.16 114 0.16 0.09 0.28 113
n= Max. 12.65 522 16.92 0.78 6.07 1.59 0.63 2.69 4.88
Min. 040 <002 <002 <002 <002 <002 <002 <002 0.26
Mean 420 2.15 3.44 0.19 123 <002 0.09
Huad S.D. 1.59 0.86 147 0.13 0.82 - 0.06
(n= 65‘; Median 3.93 1.98 3.17 0.15 119 <002 0.09
- Max. 7.10 449 7.34 0.80 353 <002 0.23
Min. 1.20 0.70 036 <002 <002 <002 <002
Mean 4.09 222 3.26 0.16 131 <002 0.08
YVangsuri S.D. 1.80 0.83 1.17 0.10 0.83 - 0.06
(n_g64) Median 3.84 1.99 3.14 0.13 110 <002 0.08
- Max. 10.32 5.42 2.23 0.48 313 <002 0.29
Min. 135 0.81 117 <002 <002 <002 <002
Mean 3.50 1.56 321 0.09 0.99 0.29 0.03
v S.D. 1.56 0.79 1.42 0.11 0.71 0.31 0.05
a(“ngfzg()’“g Median 3.77 1.63 3.25 007 0.77 022 <002
- Max. 7.35 343 6.04 0.66 2.79 1.70 0.23
Min. 0.13 0.11 008 <002 <002 <002 <002
Mean 4.48 2.17 371 0.22 1.40 0.25 0.11 0.46 1.39
Total S.D. 1.93 1.54 2.15 0.26 1.13 0.29 0.09 0.46 0.92
( _"7‘8 5 Median 4.33 1.89 3.37 0.16 1.14 0.16 0.09 0.30 113
= Masx. 12.65 13.33 16.92 2.49 7.55 1.90 0.63 3.26 5.58
Min. 0.13 <002 <002 <002 <002 <002 <002 <002 <002

* Data below detection limits were replaced with a half of method detection limit for statistical calculation.
* MEK: Methyl Ethyl Ketone
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Fig. 2. Concentrations of carbonyl compounds in June and August.
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Fig. 3. Diurnal variations of ozone, NO,, wind speed and temperature during June and August.
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2r] 64l 7hRdBitEe] vxrt o A ebd
AL 124l vl &dell 93 7R ol9jd= 7]
FollAel F3jamtg-& 5 2204 A4 7)ol
23} gke] Z]dshe Aoz HAET, ojx FUH

sfol= o) shudsgtgel o3t e 24 AA
29e el 2o} B @ 4 9l

3.2 FIRdEglEe @EMY Jlojg HIt

2 =X A1 22 ¥ (Photochemical Ozone Creation Po-
tential: ¢]3} POCPe} 2 129 VOCERE 9%
o] PAEE G ol oz RE 9o AAFH:
oz vhe o=, 7t BAL di Adzez
Hebd Zhelot & o] o] POCP 3te] 100
o] i w5k} POCP 3to| loleh= 712 72 9 o
gata vgkE o 43& W AT 229 <2
gallo] w|gke] 100v]7} el Stolrt AlA| 2 o3
AFAEel ofs] uhE- Algla #le F3 POCP 3k
# A7) & 7189 £ (lifetime)> A& 45
o]A]32 9)v} (Altenstedt and Pleijel, 2000; Derwent,
1993; Derwent and Jenkin, 1991). £&2A4 A=

Table 3. Contributions of carbonyl compounds to ozone creation potentials at each site.

Yonghyeondong Bucheon Sangamdong Bangidong
Compounds POCP* POCP Percent POCP Percent POCP Percent POCP Percent
X Conc. (%) X Conc. (%) x Conc. (%) x Conc. (%)
Formaldehyde 40 196.4 45.2 183.6 36.0 182.0 31.5 184.5 41.2
Acetaldehyde 55 104.0 23.9 149.6 294 220.6 38.1 103.0 23.0
Acetone 20 57.6 13.3 77.4 15.2 101.6 17.6 81.3 18.2
Propionaldehyde 60 22.8 52 13.8 2.7 16.2 2.8 10.4 2.3
Methyl Ethyl Ketone 40 472 10.9 88.8 17.4 61.6 10.6 57.2 12.8
Butyratdehyde 40 10.5 2.4 1.1 0.2 1.1 0.2 15.3 34
Benzaldehyde =35 -39 —-0.9 —49 -~ 1.0 —4.6 —-0.8 —-44 -1.0
Total 434.6 100.0 509.4 100.0 578.5 100.0 447.0 100.0
Hwado Yangsuri Yangpyeong
Compounds POCP* POCP Percent POCP Percent POCP Percent
X Conc. (%) X Conc. (%) x Conc. (%)
Formaldehyde 40 168.0 40.6 163.6 39.8 140.0 40.1
Acetaldehyde 55 118.3 28.6 122.1 29.7 85.8 24.6
Acetone 20 68.8 16.6 65.2 159 64.2 18.4
Propionaldehyde 60 11.4 2.8 9.6 23 4.8 1.4
Methyl Ethyl Ketone 40 49.2 11.9 52.4 12.7 39.6 1.3
Butyraldehyde 40 1.1 0.3 1.1 0.3 16.0 4.6
Benzaldehyde -35 -32 -0.8 —2.8 —-0.7 —1.1 -0.3
Total 413.6 100.0 411.2 100.0 349.3 100.0

* POCP: Photochemical ozone creation potential (Derwent and Jenkim, 1991)
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peroxybenzoyl nitrateZ AJA3t= ¥lLo] Fofdle]
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Table 4. Formaldehyde to acetaldehyde ratios by other studies and by this work.

Conc. (ppb) Ratio
Site Year Ref.
HCHO CH;CHO HCHO/CH;CHO
USA
Denver’s (Summer) 1991 2.71 143 1.90 Anderson ef al. (1996)
{Winter) 3.92 1.64 2.39
Germany
Wank (Summer) 1995 0.94 0.77 1.22 Letbrock and Slemr (1997)
Italy
Rome (Summer) 1995 17.0 9.3 1.83 Possanzini et al. (1996)
(Winter) 1994 11.2 4.6 2.43
France
Creteil campus (Autumn) 1994 5.6 1.5 3.73 Ferrari et al. (1999)
New Mexico (Summer) 1994 13.9 6.6 2.11 Gaffney et al. (1997)
(Winter) 32~168 1.4~73 2.50
Brazil (Rio de Janeiro)
Copacabana 1999 5.5 1.9 2.89 Grosjean et al. (2002)
Av. Presidente Vargas 2000 8.8 5.8 1.52 Grosjean et al. (2002)
Brazil (Porto Alegre)
Rodoviaria 1997 7.21 3.49 2.07 Grosjean et al. (2002)
Rodoviaria 1999 4.59 3.85 1.19 Grosjean et al. (2002)
Japan
Osaka (Winter) 1997 1.9 1.5 1.27 Nguyen et al. (2001)
(Summer) 1998 7.5 3.8 1.97
Kawasaki (Winter) 1997 7.7 4.1 1.88 Komazaki er al. (1999)
Korea
Seoul (Bulkwangdong) 1997 9.32 7.52 1.24 Yeo et al. (2002)
Bucheon 2001 4.59 2.72 1.69 This study
Seoul (Sangamdong) 2001 4.55 4.01 1.13 This study
Seoul (Bangidong) 2001 4.98 2.59 1.92 This study
Hwado 2001 4.20 2.15 1.95 This study
Yangsuri 2001 4.09 2.22 1.84 This study
Incheon (Yonghyeondong) 2002 4.12 2.12 1.94 This study
Seoul (Bangidong) 2002 5.32 1.97 2.70 This study
Seoul (Bangi) 2003 5.11 1.20 4.26 This study
Incheon (Yonghyeondong) 2003 5.86 1.61 3.64 This study
Yangpyeong 2003 3.50 1.56 224 This study
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Table 5. Correlation coefficients among carbonyl compounds.

Compounds " Form- Acet- Propion- Butyr- Benz-

(n=320) aldehyde aldehyde Acetone aldehyde MEK aldehyde  aldehyde

Formaldehyde 1.00
Acetaldehyde 0.28* 1.00
Acetone 0.53* 0.62* 1.00
Propionaldehyde 0.11%* 0.29* —0.05 1.00
Methyl Ethy! Ketone 0.49* 0.30* 0.53* 0.10 1.00
Butyraldehyde 0.10 0.21%* 0.22% -0.10 0.15* 1.00
Benzaldehyde 0.51* 0.25* 0.55* 0.14% 0.47% 0.03 1.00

* Correlation coefficients are significant at a 0.05 level.

IR RAFAA M24F A2



S5 A 9] F AhwdBgEe A 30 $E PE 5Y 215
Table 6. Correlation coefficients among sites for each carbonyl compound.
Compounds Sites Bucheon Sangamdong Bangidong Hwado Yangsuri
Bucheon 1.00
Sangamdong 0.47* 1.00
Formaldehyde Bangidong 0.01 0.13 1.00
Hwado 0.18 0.07 0.75% 1.00
Yangsuri 0.14 -0.09 0.72%* 0.76* 1.00
Bucheon 1.00
Sangamdong 0.82*% 1.00
Acetaldehyde Bangidong 0.01 0.20 1.00
Hwado 0.40%* 0.46% 0.50* 1.00
Yangsuri 0.01 0.14 0.58% 0.58% 1.00
Bucheon 1.00
Sangamdong 0.77* 1.00
Acetone Bangidong 0.12 0.50%* 1.00
Hwado 0.51* 0.75% 0.64* 1.00
Yangsuri 0.40* 0.66* 0.65* 0.75% 1.00
Bucheon 1.00
Sangamdong 0.59* 1.00
Propionaldehyde Bangidong —0.07 0.19 1.00
Hwado —0.05 0.05 0.45% 1.00
Yangsuri —0.04 —0.06 0.58* 0.50* 1.00
Bucheon 1.00
Sangamdong 0.20 1.00
Methyl Ethyl Ketone Bangidong -0.07 0.07 1.00
Hwado -0.02 0.18 0.55% 1.00
Yangsuri -0.09 0.03 0.62* 0.83* 1.00
Bucheon 1.00
Sangamdong 0.32*% 1.00
Benzaldehyde Bangidong 0.48* 0.29* 1.00
Hwado 0.44* 0.20 0.82* 1.00
Yangsuri 0.48%* 0.23 0.74* 0.85% 1.00
* Correlation coefficients are significant at a 0.05 level.
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Table 7. Correlation coefficients among carbonyl compounds and criteria air pollutants for each site.

Sites Compounds NO NO, 0; PM10
Formaldehyde 0.57* 0.46* 0.52%* 0.19 0.35%
Acetaldehyde 0.82* 0.46* 0.35% 0.04 0.31*
Bucheon (n=63) Acet9ne 0.82*% 0.53* 0.53* 0.11 0.44*
Propionaldehyde 0.44* 0.36* 0.32* 0.12 0.18
Methyl Ethyl Ketone 0.23 0.43* 0.30* 0.11 0.22
Benzaldehyde 0.52* 0.32# 0.54* 0.14 0.32%
Formaldehyde 0.18 0.02 0.37*% 0.11 0.45*
Acetaldehyde ~0.42* -0.14 0.08 0.64* 0.46*
Sangamdong (n=62) Acetfme ~0.33* -0.17 0.31* 0.68%* 0.59%*
Propionaldehyde 0.24 0.24 0.54* 0.02 0.52*
Methyl Ethyl Ketone 0.11 —-0.03 0.46* 0.00 0.49%
Benzaldehyde 0.09 0.07 0.47% 0.06 0.45%
Formaldehyde 0.26* —0.08 0.28* 0.52* 0.85*
Acetaldehyde 0.46* 0.08 0.41* 0.15 0.50
Bangidong (n=66) Acetf)ne 0.27% —0.18 0.15 0.56* 0.66*
Propionaldehyde 0.56* 0.23 0.47* -0.09 0.62*
Methyl Ethyl Ketone 0.19 0.02 0.34* 0.24 0.89%
Benzaldehyde 0.41* =0.12 0.04 0.20 0.41
Formaldehyde 0.23 —-0.06 0.62* 0.56* 0.58*
Acetaldehyde 0.37* 0.26* 0.68% 0.12 0.59*
Hwado (n=65) Acetf)ne 0.35% 0.12 0.64* 0.49* 0.64*
Propionaldehyde 0.20 0.03 0.49% 0.04 0.46*
2-Butanone 0.07 -0.16 0.59*% 0.42% 0.56*
Benzaldehyde 0.50% 0.27* 0.76* 0.45* 0.73*
Formaldehyde —-0.30* -0.01 0.42%* 0.45* 0.54*
Acetaldehyde -0.24 —0.06 0.12 0.29* 0.24
Yangsuri (n=64) Acetone —0.34* —-0.10 0.48* 0.50* 0.37*
Propionaldehyde ~-0.18 0.00 0.23 0.26* 0.26*
Methyl Ethyl Ketone ~0.18 -0.19 0.11 0.47* 0.34*
Benzaldehyde —0.38* 0.10 0.72* 0.52* 0.63*

* Correlation coefficients are significant at a 0.05 level.
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Table 8. Correlation coefficients among carbonyl compounds and meteorological conditions for each site.
Site Compounds Time SR" ws? TEMP? RHY  CLOUDY
Same time 0.28* -0.18 0.07 ~0.26 —0.28*
Before | hr 0.25% -0.23 0.03 -0.25 —0.31*
Formaldehyde Before 2 hr 0.20 —0.26* -0.02 -0.24 —0.34*
Before 3 hr 0.16 —0.35% -0.07 -0.21 -0.36*
Before 4 hr 0.15 -0.37* -0.12 -0.20 —0.38*
Bucheon (n=63) -
Same time 0.20 0.02 -0.21 -0.22 -0.29*
Before | hr 0.18 -0.03 -0.22 -0.22 -0.30*
Acetaldehyde Before 2 hr 0.15 —0.08 -0.25 -0.22 —0.31*
Before 3 hr 0.13 —0.13 —0.28% -0.20 —0.31%
Before 4 hr 0.12 -0.13 —0.32% -0.20 —0.32%
Same time 0.12 -0.37* 0.31% =0.10 0.08
Before 1 hr 0.16 —0.29* 0.28* —=0.11 0.06
Formaldehyde Before 2 hr 0.16 —0.25* 0.25% —0.11 0.03
Before 3 hr 0.09 —0.34% 0.20 —0.05 0.01
Before 4 hr 0.06 —0.37* 0.15 0.00 -0.03
Sangamdong (n=62) -
Same time 0.29* 0.17 —0.05 —0.49* ~0.39*
Before 1 hr 0.32% 0.14 -0.05 —-0.50* —0.39%
Acetaldehyde Before 2 hr 0.34* 0.11 —0.06 —0.49* —0.39*
Before 3 hr 0.31* 0.05 —0.08 —0.45% —0.38%
Before 4 hr 0.28* 0.01 -0.14 —0.43* —0.38*
Same time 0.15 0.19 0.50 —0.43* -0.01
Before 1 hr 0.29%* 0.16 0.52% —0.46* -0.02
Formaldehyde Before 2 hr 0.41* 0.13 0.53* —0.47* —0.04
Before 3 hr 0.48* 0.12 0.49* -0.43% —0.04
Before 4 hr 0.43* 0.07 0.44% -0.37% -0.05
Bangidong (n=66) -
Same time 0.02 0.06 023 -0.16 0.09
Before | hr 0.04 0.04 0.22 —0.16 0.09
Acetaldehyde Before 2 hr 0.09 —0.01 0.24 -0.17 0.08
Before 3 hr 0.18 0.01 0.24 -0.15 0.09
Before 4 hr 0.18 0.01 0.23 -0.13 0.09
Same time 0.12 0.36* 0.38% ~0.48* 0.04
Before | hr 0.26* 0.32* 0.43%* —0.52% 0.04
Formaldehyde Before 2 hr 0.43% 0.25% 0.47* —0.53*% 0.04
Before 3 hr 0.51* 0.17 0.47* -0.51% 0.04
Before 4 hr 0.50%* 0.08 0.40%* —0.44%* 0.03
Hwado (n=65) -
Same time -0.12 0.10 -0.22 -0.10 0.00
Before 1 hr -0.12 0.09 -0.21 -0.09 0.00
Acetaldehyde Before 2 hr —0.04 0.05 -0.17 -0.09 0.02
Before 3 hr 0.02 0.01 ~-0.14 —0.08 0.04
Before 4 hr 0.06 -0.02 —0.15 —0.05 0.04
Same time 0.32% 0.44* 0.41%* —0.62* —0.29*
Before | hr 0.46* 0.40* 0.44* —0.64* —0.28*
Formaldehyde Before 2 hr 0.59% 0.35* 0.44* —0.64* —-0.27*
Before 3 hr 0.60* 0.29* 041%* -0.61* —0.26*
. Before 4 hr 0.55% 0.21 0.36* -0.56% —0.26%
Yangsuri (n=64) -
Same time -0.05 0.03 0.11 —0.10 -0.01
Before 1 hr —0.03 0.01 0.10 -0.09 0.00
Acetaldehyde Before 2 hr 0.01 0.02 0.10 —0.06 0.02
Before 3 hr 0.01 0.00 0.08 -0.03 0.04
Before 4 hr -0.01 —-0.02 0.08 0.01 0.06

" S$R: Solar Radiation (MJ/m%hr); ¥ WS: Wind Speed (m/sec); ¥ TEMP: Air Temperature (°C); ¥ RH: Relative Humidity (%); ¥ CLOUD: Cloud

Cover (tenth).
* Correlation coefficients are significant at a 0.05 level.
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