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Abstract

The concentrations of aldehydes were measured in downtown area of Buchun and Kwanghwamoon of Seoul
from October 1997 to August 1998 using 2-series impingers. The data have been analysed to identify the seasonal
pattern of aldehyde sources in metropolitan areas.

The measured concentration (in ppbv) of aldehydes were 8.86+7.28 HCHO (formaldehyde) and 7.79+7.29
CH;CHO (acetaldehyde) in Buchun, while recording 10.13+8.58 (HCHO) and 7.64+6.65 (CH;CHO) in
Kwanghwamoon.

Their diurnal variation patterns showed significant increase of HCHO and CH;CHO concentration in early
afternoon, indicating an increase in secondary sources. Their concentrations however decreased in the nighttime,
regardless of seasons. The strength of correlations between certain pairs such as (1) HCHO and CO and (2)
CH3CHO and CO were generally high during the winter months (0.64 <r<0.84), suggesting the possibility of
similar source processes for HCHO, CH3CHO and CO. On the other hand during the summer months, their
correlations are frequently lower than winter months. We suggested that the complexity of source/sink processes
during the summer period may reduce the correlations between aldehyde and CO.
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Fig. 1. Seasonal distributions of HCHO, CH3CHO of Buchun and Kwanghwamoon.

Table 1. Seasonal concentrations of HCHO and CHs;CHO.

Sites Kwanghwamoon Buchun
Season HCHO CH3;CHO No. of sample HCHO CH;CHO No. of sample
Fall 10.37+4.92 7.77+4.89 44 10.86 +8.48 945+6.64 54
Winter 6.49+4.40 577+4.73 44 5.17+2.36 3.76+£2.24 43
Spring 7.24+4.59 5224423 40 6.27+4.40 525+3.89 40
Summer 158711296 11.42+9.30 45 12.59+£843 12.19+£10.37 41
Year 10.13+8.58 7.64£6.65 173 8.86+7.28 779729 178
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Fig. 2. Diurnal variations of HCHO, CH3CHO in Buchun (reft) and Kwanghwamoon (right).
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Table 2. HCHO/CH3;CHO ratios measured in this study and in other urban areas.

Location Date (month/year) HCHO/CH3;CHO References
Univ. of Los Angeles, CAV (U.S.) May-June 1980 2.0(33%) Grosjean (1982)
Claremont, Los Angeles, CAP (U.S.) Sep.—Oct. 1980 1.7( 65) Grosjean (1982)
Long Iand, NY (U.S.) July 1982-May 1993 2.6(135) Tanner & Meng (1984)
Downey Southern, CAY (U.S.) Feb.—Mar. 1984 1.8( 48) Salas & Singh (1986)
Rio de Janeiro (Brazil) Feb.-Apr. 1985 0.7( 15) Tanner et al.,(1988)
Tours St Jacques. Paris (France) July 1985 24(C 1D Kalabokas et al.,(1998)
Salvador (Brazil) Sep. 1988 04( 3) Grosjean et al.,(1983)
Anaheim, CAV(U.S.) Sep. 1988-Sep. 1989 1.5( 57) Grosjean (1982)
Burbank, CAY(U.S.) Sep. 1988-Sep. 1989 1.3( 57) Grosjean (1982)
West Los Angeles, CAV(U.S.) Sep. 1988-Sep. 1989 1.5¢ 57) Grosjean (1982)
Budapest (Hungary) Summer 1987-1989 2.3(122) Haszpra et al.,(1991)
Palm Springs, CAD (U.S.) June 1989—-June 1990 04( 62) Grosjean & Williams (1992)
Perris, CA"(U.S.) June 1989 —June 1990 03( 62) Grosjean & Williams (1992)
Atlanta, 4 locations, Georgia (U.S.) July-August 1992 1.0(217) Grosjean et al.,(1993)
New Jersey suburban (U.S.) June-August 1992 4.8( 36) Zhang et al.,(1994)
Mexico city (Mexico) March-April 1993 2.3( 24) Baez et al.,(1995)
This study Oct.1997-Aug.1998 1.2(351)
YCA : California  ? Number of samples

(Grosjean et al., 1990). 7222 oA EH 3| =9
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Table 3. The regression lines of HCHO and CH;CHO of
each season.

Season Buchun Kwanghwamoon
Site a b R? a b R?
Fall 0640 4818 0251 0543 6.155 0.292
Winter 0708 2453 0365 0562 3245 0.364
Spring 1.140 0978 0745 0.727 3442 0450
Summer 0315 8752 0.15 0.311 12315 0.050Y
Yp<0.1
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50 T 4 o
Fall ! Winter Spring Summer =
) X -
g 40 & 3 E
- o
3 5
H 2 8
£ 3
] g
< A £
3
<
°gsg. =83, 888. 288, ©
QADXG NibDH OB G XD DG
T E T T € TILLE
888 888 888 388
CEER L E R A
[ —o—-Aldenyde 805 —4—A denyde/CO |

Z A o
v 1o e 5
A1 % 1,27 B4
- Hikaru et al.(1995)°]
Xﬂfqﬂ LRy 1%?’#"4 A s (A D).
gty 3389 3318 3 A)%s (photochemical
reaction rate)& Z=7kd| 7] F BIIh-E E3)
2doz YU8 A= ves G D
Aoz ofztel 24T I =9 T 1A 24
Lol syt YA Aeolehe 7HA o] Fash

(IRCHOY/[CONp—(IRCHOV/[COw)
(IRCHOY/[CO»

x 100

(1) (Hikaru et al., 1995)

] 7)A], ((RCHOV/[CO)p: &H3 =2} CO9 F3tg
% H],([RCHOY[COYN: LHl3] =9} CO9 of7hsr =
v g vehd Aot 2 A, 5A7E F FAAA
Zegds)s, o ELEI = AFF B 3
Hzo 747} 524%, 61.9%0|%].om, FEHEel A2
A% F B3 FAE 77t 57.1%, 1% F z]
A BE o EYH I =) F35}3 Y5 £F

gl =el vls tha A vERgT oA E-%%
3| s} o Eakd]F] =el ue w2 BEE HA
g el e 7 3§HEe 383 (photolysis)
o} OH eejztzhe) ubg-A] xbolz A 4 ot

9o
Z 2R S| =9} o ELH I = FEELS AL
50 10 4
Fall Winter Spring Summer ®
8 8 E
< &
i | —
I ol o
= T 6 =
H . . Q
a ‘ £
~— + . >
s -2 . ) 4 .a
IAY E
@
£ . /\\' > 3
< =
]
/\‘\‘ h)
0 0o <
[oNe Nl (o NN w) [N Ne) [sNeoNe]
ooz QO E QOO g QOO e
NeD o Qe o Yoo N0 o D
T E T E i1 ¢ L=
oY el oo o Q0 oQO
Q9 ceQ QL Qoo
o N0 o N o & N o N
| —0—Aldenyde -#-Og ——Aldehyde/ co|

Fig. 5. The diurnal variations between aldehyde (HCHO-+CH;CHO) and O; of Buchun (reft) and Kwanghwamoon (right)

over the sampling periods.

Hzg 1843 A 18 A 15



e el 25

o] Z4zk 0.15h7!,0.0064h7}!, o] Eof] Z}7z} 030 hr ',
0018hr"' 2 A7} FRkR T} 17~23u) A% 2 33
288 Jehdc} (Anderson et al., 1996). =3t £ =
48] =, ol Edds]= 2 OH shebzzte] uke
£ 5 AP 77 10X 107 em3 molecule™'s™!, 1.4 x
107" cm? molecule™'s™' 2. oM EdH 3| =7} =B
g% =o v)3] ©t4 =t} (DeMore ef al., 1992). &

S 3| =] 4dA]e OH v Zate] whgn
o FEsel o3 AujE e W o Bl =
s ucks OH eelztel Wl o3 3w
ot & 4 glh 2evl FPs el OH =he]Zte
h3-S FAl uEdiad, ez 44t
o] et ELdH ] 2ol vl&) wi2A APy &
= 5 2 AH FA7E F oM EUHE| =Y F
3het FA e U 2o wis] Eotow 33}
& kg T 22 RAEAS] VA7t 2L
=d] ¥ls) Z Aoz Ak} Hikaru et al. (1992)
o] UrawaolA] ZA} ZgGd 3| =e} olH Eqtd
3|9 spslet Y5 7 53%s) 0% B A
TFob Ak Ads vepdigle =3 SAdTF F
(2000)0] A gollr oJFHe| FAE EFUUI =
o} o Eotd 3 =2 B35 FAES 47 61 %,
85%= 2 Aol vle] i ¥ AR 2yed
°]% Zx7ke] A-A i}"]i "—i“ﬁ;l & A= &,
% (200009 32 71 Fo B
T 9gy F3st

T 18.20,36.652

%ﬁlfl‘:'ﬂl 31611 27<P‘4°i *B”El °-L¥Eﬂiﬂ l o
o] AHor Y= AL FUI AH}E B}
(Anderson et al., 1996).

a9 62 Al (el s AR 13} LAY (pri-
mary sources)®} 22} A9 (secondary sources) 7}2.

Y e =xE Jehd Aelr) s =29

gH 3| =g} oA ELH | = A BAY B4 21

6 Buchun Kwanghwamoon
5
3
a 4
2
= P nemn
s 3
I -
R
=4
o3
O 1
HCHO CH3CHO HCHO CH3CHO

I Oprimary sources Elsecondary sources ;

Fig. 6. Concentration of primary and secondary aldehyde
using eq. (1).

Fo UARE AFA A4 dme] Bt
22 12 EAUA Y A7) FellA] s}t ‘i’_%% &
g 23 ez UE 5 ol BV F A
ol A 12k WA Ae] eggkel o) A 2 FLH P
=, op a3 =9 F= (ppbv)= 2+ 3.163}
2092 viepd wbd 23} A<l 2)& 5= (ppbv)
= 7t 28U 3= 348, oA E 4Es]| = 3.39
oleie. FeHEel A% 17 TAL APl o)
AR ZgAd3 e} ot ERYI =S F=
(ppbv)E 77+ 3.17, 1.500] 5o, 23} A e] o
gt % (ppbv)e 27 T EUH I = 4.22, oM EY
93z 3.672 viehgo ddE) =9 231 U4
Q9] 7)els W ZEAYI= A wA 2
BoA] zbzb 11,1322 1,23 A9 7)oz}
SV vEbd oM = s s 4 16,
242 231 AL 7)o go] 13 wAPuT =
vebdel & A7)0 F 25dd3 = 1,23 W
Al A w25 <fe] fFAFEI o} E abdF| =
12} AR 23 A Fela df7] Fell
2x3l= 7oz Hulslt) (Anderson ef al., 1996).

.4 B

07 % ZEUS e} pM =D =) B
2 =4 Totar) fa) 19979 1092 1998
Q89747 Ago] BsHea) A B Yol
o4 e Ee) xxg AUz AR A3 o
g3 e Aee A

J. KOSAE Vol. 18, No. 1(2002)



2714 - QAL - FH - AS o

2 A7 -

o
N
N

9717t & EFAYI| =) opA Bt 3| =g
& 755 (ppbv)= RANA 77t 8.86,7.79,
3R A] ZHzr 10.13,7642 T AA T X E
o3| =) o ELdF = vlE] A el
ZEgY3 g oM ELYI =Y AHEHFS F
AH BF ogFo] ), ALl HarE=E R A
ol B3 ool 23} WAL 3L ZA et
wedeh

s =] AAE Ay el FEgAAE &
alstr] fJ3 AR ZEUHE| =, oM BRI =
ol CO9 A Za, st A3tE mTelx
Agol 71 Fad o] AAAE B 1A EA
o] JEFE A W Ao vt = F
2R Aol A g d| =9} 0; % &3] =/COY A
FEA AF F QA 2F <ksd AR >075)
2 AP 5Z A3

48] =/0:9] Wl 7

b ARE vl Aoz BHS 27

-

oxi g

i

lil

[o

é, %Xé7l7J F TEYLUB| =9 oplEdds|=

! ghol & Ash, Aol 1
«1 °§5}°1 il vbH o Fele 23}
°§ Bl

SHRAATH U994 FEE}AE AHE HERAFTAS
vl Z7tA P U] 28 &g Hrlol 3 AT,
FHEAFAFY AEAFH QT 4, NIER No.
94-15-431,52-61.

7, w3, #H A5 (1996) DNPH 712229} HPLCE
ol 48 Wl F slzrdslgEe v &4,
o) 7] LA 8 3] ], 12(2), 199-209.

AT, 2714, A, AN, 4FA, ASL, A¥R

(2000) M&A FellM 7] & 7hznd 3H3E
Tl W 123 A S E AL B3
7187433 ), 16(6), 317-325.

Altshuller, A.P.(1991) Estimating product yields of carbon-

contaning products from the atmospheric photooxi-

ot
o

dation of ambient air alkenes, J. atoms. Chem., 13,
131-154,

)

ZH 71873 EEA A 18E A1

Altshuller, A.P. (1993) Production of aldehydes as primary
emissions and from secondary atmospheric reac-
tion of alkenes and alkanes during the night and
early morning hours. Atmospheric Enviroament
27A,21-32.

Anderson, L.G., J.A. Lanning. R. Barrel, J. Miyagishima,
R.H. Jones, and P. Wolfe (1996) Sources and sinks
of formaldehyde and acetaldehyde: an analysis of
Denver’s ambient concentration data, Atmospheric
Environment, 30,2113-2123.

Baez, A.P., R. Belmont, and H. Padilla (1995) Measurements
of formaldehyde and acetaledhyde in the atmos-
phere of Mexico City, Environmental Pollution, 86,
166-187.

Carlier, P., H. Hannachi, and G. Mouvier (1986) The chemis-
try of carbonyl compounds in the atmosphere-re-
view. Atmospheric Environment, 20, 2079-2099.

Christensen, C.S, H. Skov, T. Nielsen, and C. Lohse (2000)
Temporal variation of carbony! compound concen-
trations at a semi-rural site in Denmark, Atmos-
pheric Environment, 34, 287-296.

Crutzen, P.J. and J. Fisherman (1997) Average concentration
of OH radical in the troposphére and the budgets of
CH,, CO, Hy, and CH3CCls, Geophys., Res., Lett.,
4,321-332.

DeMore, W.B., S.P. Sander, D.M. Golden, R.F. Hampson,
M.J. Kurylo, C.J. Howard, A.R. Ravishankara,
C.E. Kolb, and M.J. Molina (1992) Chemical kine-
tics and photochemical modeling: Evaluation Num-
ber 10. JPL. Publication 92-20, JET Publication
Labs., Pasadena, CA.

Finlayson-Pitts, B.J. and J.N. Pitts (1986) Ammospheric Che-
mistry: Fundamentals and Experimental Techni-
ques, 506, Wiley—Interscience, New York.

Gabele, P.A. (1990) Charactrerization of emissions from a
variable gasoline/methanol fueled car, J. Air Water
Man. Ass., 40, 296-304.

Grandby, K., S.C. Carsten, and C. Lohse (1997) Urban and
semi~rural observation of carboxylic acids and
carbonyls, Atmospheric Environment, 31, 1403—
1415.

Grosjean, D. (1982) Formaldehyde and other carbonyls in Los
Angeles ambient air, Environ. Sci. Technol., 16,
254-262.

Grosjean, D., R.D. Swanson, and Ellis C. (1983) Carbonyls in
Los Angeles air: contribution of direct emissions
and photochemistry. Sci. Total Envir., 29, 65-85.

Grosjean, D., A H. Miguel, and T.M. Travares (1990) Urban



FEHA oA 2FAET) =9} oM ELT I =2 AP 2D 54 23

air pollution in Brazil: acetaldehyde and other car-
bonyls, Atmospheric Environment, 24B, 101 - 106.

Grosjean, D. and HIE.L Williams (1992) Photochemical pollu-
tion at two southern California receptor sites, J. Air
Waste Manage. Assoc., 42, 805-809.

Grosjean, E., [IE.L Williams, and D. Grosjean (1993) Am-
bient levels of formaldehyde and acetaldehyde in
Atlanta, Georgia, J. Air Waste Manage. Assoc., 43.
469-474.

Haszpra, L., I. Szilagyi, A. Demeter, T. Turanyi, and T.
Berces (1991) Non-methane hydrocarbon and alde-
hyde measurement in Budapast, Hungary, Atmos-
pheric Environment, 25A,2103-2110.

Hikaru Satsumabayashi, Hidemi Kurita, Young—-Soo Chang
and Gregory R. Carmichael (1992) Divrnal variation
of polluted air mass during long-range transport in
central JAPAN, Atmospheric Environment, 26A
(15),2835-2844.

Hikaru Satsumabayashi, Hidemi Kurita, Young-Soo Chang,
and Gregory R. Carmichael (1995) Photochemical
formations of lower aldehyde and lower fatty acids
under long-range transport in central JAPAN,
Atmospheric Environment, 29(2), 255-266.

Kalabokas, P., P. Carlier, P. Fresnet, G. Mouvier, and G.
Toupance (1998) Field studies of aldehyde chemi-
stry in the Paris area, Atmospheric Environment,
22,147-155.

Lowe, D.C. and U. Schmidt (1983) Formaldehyde measure-
ments in the nonurban atmospher, J. Geophys.
Res., 88, 10844-10858.

Mackay Donald, Wan-Ying Shiu, and Kuo-Ching Ma (1995)
lustrated handbook of physical-chemical proper-
ties and environmental fate for organic chemistry,
4,179-268.

Muller, K. (1997) Determination of aldehyde and ketones in
the atmosphere—a comparative long time study at
an urban and a rural site in eastern Germany, Che-
mosphere, 33, 2093-2106.

Salas, LJ. and H.B. Singh (1986) Measurements of formal-
dehyde and acetaldehyde in the urban ambient air,
Atmos. Environ., 20, 1301-1304.

Tanner, R.L. and Z. Meng (1984) Seasonal variations in
ambient atmospheric levels of formaldehyde and
acetaldehyde Environ. Sci. Technol., 18, 723-728.

Tanner, RL., AH. Miguel, }].B. de Andfade, J.S. Gaffney,
and G.E. Streit (1988) Atmospheric chemistry of
aldehyde: Enhanced peroxyacetyl nitrate formation
from ethanol-fueled vehicular emissions, Environ.
Sci. Technol., 22, 1026-1034.

Williams, 1.D., D.M. Revitt, and R.S. Hamilton (1996) A
comparison of carbonyl compound concentration at
urban roadside and indoor sites, The Science of the
Total Environment, 189/190, 475-483.

WHO (1987) Air quality guidelines for Europe, WHO Euro-
pean Series No, 23, Copenhagen, Denmark.

Zhang, J., Q. He, and J.P. Lloyd (1994) Characteristics of
aldehyde :
for indoor and outdoor residential microenviron-
ments, Environ. Sci. Technol., 28, 146-152.

Concentrations, sources and exposures

J. KOSAE Vol. 18, No. 1(2002)



