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Seasonal Variations of Carbonyl Compounds in Urban Atmosphere of Beijing

XU Jia-yu» GAO Yang

(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A passive diffusive sampling device (DSD-DNPH) was used to collect C;-C,y carbonyl compounds among five sampling sites in the
urban area of Beijing among August 19-22 Csummer), October 24-30 Cautumn), 2006 and January 20-23 Cwinter), 2007. Through the
analysis of sampled carbonyl compounds by High Performance Liquid Chromatography ( HPLC), 20 carbonyl compounds were measured and
total concentrations were (89.1+23.6), (85.2+17.5) and (40.0+9.8) pg/m’ in summer, autumn and winter, respectively. Among the
20 carbonyl compounds, formaldehyde, acetaldehyde and acetone were the most abundant compounds. The concentrations of them increased to
(15.3+9.2), (12.9+4.9) and (13.3+3.5) pg/m’ in summer, and (13.2+4.0), (13+4.4) and (15.3+4.0) pg/m’ in autumn from
(7.1£2.1), (10.3£3.1) and (9.5+ 1.8) pg/m’ in winter. Vehicular emissions become the most significant source of carbonyl compounds
in winter» while the photochemical reactions and cooking exhaust also play important roles during summer and autumn. In addition, the
dispersion conditions have significant effects on the concentration of carbonyl compounds; for the concentrations of the main carbonyl
compounds such as formaldehyde, acetaldehyde and acetone; especially; are much lower under good dispersion conditions than bad ones.

Key words: Beijing City; carbonyl compounds; vehicular emissions; photochemical reactions; cooking exhaust
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Table 1 ~ Meteorological data for the five sampling sites during sampling period in Beijing
T 2006 2007 4
08-19 0820 0821 0822 1024 1025 1026 1027 10-28 1029 10-30 0120 01-21 01-22 01-23
[ 28.7 267 257 223 9.1 13 9 10.2  12.6 13.7 12.7 -1 -0.6 -34 -12
H 63.7 52.8 53 66.1 75.9 45.6 59.8 76.2 555 61.2 71.4 54.4 31.5 43.6 40.7
PreA WS 0.9 1.8 1 1.4 0.6 1.6 0.9 0.5 1 0.8 0.7 1 2 0.6 0.6
WD SSW  NNW  NNE SW NNE S NNE  NNE N SE NNW N NNE NE NNW
t 28.5 264 255 223 8.8 12.9 8.8 9.9 122 133 124 -1.5 -0.8 -4 -1.8
H 65.8 56 54.6 669 78.6 46.1 60 717 577 61.8 718.5 56.3 32 45.9 42.6
PE-B WS 0.9 2 1 1.5 0.7 1.8 1.1 0.7 1.2 0.9 0.8 1.1 23 0.6 0.6
WD SW N N SW N S N NNE N SE SSW N N NE NNE
[ 28.3 26,1 253 22.2 8.4 12.8 8.8 9.5 11.7 13 12 -2 -1 -4.5 -24
PK.C H 67.6 59 56 67.5 81 46.6 60 79 59.5 622 79.5 58.1 32.3 48 4.5
WS 1 2.2 1.1 1.6 0.8 1.9 1.4 0.9 1.4 1 0.9 .1 2.7 0.7 0.7
WD ENE N N SW N S N NNE NW SE N N N NNE N
[ 28.8 27 259 224 9.3 13 9 10.5 129 139 12.9 -0.6 -0.4 -3 -0.9
PKD H 62.3 50.7 51.8 655 74.2 45.4 595 752 54 60.8  76.4 53.1 31.2 42.1 395
WS 0.8 1.8 1 1.3 0.5 1.5 0.8 0.5 0.9 0.8 0.7 1 1.7 0.6 0.7
WD SSW N NNE WSW NNE S NNE  NNE N N N N NNE NNE NNE
t 29 27.4 263 224 9.8 13 9.4 11 13.9 143 135 03 0.1 -2 0
PKLE H 57.1 45 48.7 63.5 68.4 46 57.6  71.2 47.1 58.4 72.1 48.2 29.2 37 36.4
WS 0.7 1.5 1 1.3 0.5 1.1 0.7 0.6 0.7 0.6 0.7 0.9 1.1 0.6 0.8
WD SSW N NNE WSW NE S NNE NNE N N NNE NNE NNE NNE NNE

1) ¢ FARIECC), HERIBE (%), WS FRm KGH (m/s), WD s 1T
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Table 2 Average concentrations of carbonyl compounds in urban area

of Beijing during sampling periods/ ;Lg'm_3

E&Y) FE= 7 A7
FH g 15.3£9.2  13.2:4 7.1£2.1
L 12.9+4.9 13+4.4 10.3£3.1
P 13.3£3.5 15.3+4 9.5+1.8
A 7+9.1 0.2+0.2 0.2+0.4
T 2.6+0.8 4.1£1.2 1.8+0.6
(AN 0.5+0.6 0.5+0.3 0.1+£0.2
2- T 2.3+0.9 2.6+0.9 3.4+0.9
T 1.1£0.4 1.9+0.5 1.6£1.2
% 8.3+2 6.7+1.8 1.2+0.3
7NN ] 0.3+0.8 1+0.5 n.d.
SR 2.3+1.2 3.1+1.0 3.4+1.0
A0 PP 2 T n.d. 0.6+0.6 n.d.
o /T PP 2 P g n.d. 0.9+0.8 n.d.
1IE O/ 2.1+1.2 0.5+0.2 0.8+0.4
2, 5- LR T 9.1+1.3 8.8+0.9 0.1+0.4
PR n.d. 0.8+0.3 n.d.
S 0.2+0.5 0.8+0.1 n.d.
T 11.9x1.7 8.9+1.0 0.4+0.7
e n.d. 2.3+0.4 n.d.
AR 89.1+23.6 85.2+17.5 40.0+9.8
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Fig.2  Concentration variations of formaldehyde, acetaldehyde and acetone during the sampling period for the five sampling sites
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Table 3 Comparison of formaldehyde/acetaldehyde and acetaldehyde/propionaldehyde in Beijing and other areas
KA b KAL) FE 21 Fene| LN TS FieRie| 3R
HE 2002 FEKTFE 1.81 1.3~2.42 6.16 3.25~13.87 [26]
o N 2003 4 6~9 H 1.64 4.45 3.21~7.07 [15]
O 1994 ~ 1997 4 0.7~4.1 [3]
HAH 2o 1994 “FH 2, 1995 {42 2.1 0.8~4.1 5.2 3.1~8.7 [24]
R E 1999 4F 4 H ~ 2000 4F 4 A 2.05 8.38 [14]
FH A2 1993 429 A 0.91 3.84 [27]
i db 2004 4 11 A ~2005 4F 10 A 1.45 (1]
ke 2006 “F- 8 1 1.75~5.33 4.59 3.34~6.07 L19]
bt 2006 4 8~ 10 H,2007 4 1 A 0.69~1.19 3.20~5.58 ENGIS

T T &0 R AR 55, AE A5 R
W PE B MK A1 W] 8 1 B A1 S AN Rk 2

5B HAE D B 1.19 A1 1.02, X 53 3 R AT 4
HAh I T PR PR R AR — B 78 0 Ik T 52 3135 G4 1)
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