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Spatial and Temporal Variations of Ambient Carbonyl Compounds in Beijing

and Its Surrounding Areas

WANG Qin'*,SHAO Min', WEI Qiang’ , CHEN Wen-tai',LU Si-hua' ,ZHAO Yue’

(1. State Key Joint Laboratory of Environmental Simulation and Pollution Control, College of Environmental Science & Engineering,
Peking University, Beijing 100871, China; 2. Beijing Municipal Environmental Monitoring Center, Beijing 100048, China)

Abstract : Concentrations of 23 carbonyl compounds were measured by DNPH/HPLC method at 38 sites within Beijing and its
surrounding areas on June 24, July 22, August 22, September 14 in 2010 and January 13, 2011. The average mixing ratios of total
carbonyl compounds in Beijing were (16.38 £6.03) x10~° and (8.50 £5.27) x 10° in summer and winter; and the average
mixing ratios in surrounding cites were (13.19 +5.71) x10° and (13.05 +2.44) x 10~ in summer and winter, respectively. The
most abundant carbonyl compound was formaldehyde, followed by acetaldehyde and acetone, the sum of these 3 species accounted for
78% 1o 91% of the total mixing ratio of carbonyl compounds. The average mixing ratio in summer was significant higher than that in
winter, and higher in morning (09:00-12:00) hours than in afternoon (13:00-16:00). The spatial distributions for carbonyl
compounds showed that: in summer, high mixing ratios were typically found in city center; while in winter, a building-up trend was
found from northwest to southeast, driving by the prevailing northwest wind. In summer, vehicular exhaust had important contributions
to ambient carbonyls, and combined with the adverse weather conditions and the strong photochemical production, resulted in carbonyls
pollutions; in winter, directly emissions were the main sources of carbonyls, such as vehicular exhaust and coal burning.

Key words : Beijing and surrounding areas; carbonyl compounds; spatial and temporal variations; vehicular exhaust; coal burning
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Table 4 Average mixing ratios of carbonyls in Beijing and its surrounding areas sites during the summer and winter campaigns ( x 10 ~°)

5 7:(2010-06 ~2010-09)

YiFh 25

Jemthk X JEEARRIX R RBARIX =S Tk X B JAD T
FH 9.43+2.80  6.14%2.12  7.23£2.43 3.73 £2.46 8.58 £3.07  10.08 +2.49 6.31+2.75
I 4.02+1.44  2.33+0.92  2.89x1.62 1.43 +0.81 3.61+1.90  4.10%1.21 2.53+1.13
VAT 2.90+1.06  2.34+0.76  2.29 £0.98 2.36+1.11 2.68 +1.06 3.00£1.00  2.32%1.56
] 0.57+0.22  0.29+0.14  0.39 £0.21 0.20+0.12  0.50 +0. 31 0.60+0.20  0.33+0.18
T 0.02+0.02  0.03+0.04  0.04+0.06  0.01=0.01 0.07£0.06  0.03+0.02  0.02 +0.01
3k 2 IR S 0.34 £0. 15 0.29+0.12  0.44+0.30  0.21+0.14  0.33+0.21 0.39 0. 18 0.25 +0.20
LY d 0.13+0.06  0.09+0.04  0.19+0.10  0.07+0.06  0.11+0.06  0.15+0.08 0.10 +0. 09
2- T 0.65+0.22  0.52+0.22  0.56+0.36  0.27 +0. 18 0.67 +0.25 0.76 £0.22  0.48 +0.34
THE 0.20 £0.07 0.12+0.06  0.15+0.10  0.07 £0.05 0.23+0.16  0.21 +0.08 0.13 +0. 07
7 F 0.17 +0.09 0.09 0. 05 0.13+0.10  0.04 +0.03 0.20+0.10  0.19 +0.08 0.11 +0.08
SR + PR 0.14+0.06  0.08+0.04  0.15+0.15 0.06+0.04  0.11 +0.05 0.16£0.06  0.11 +0.06
i3 0.09 +0. 03 0.06 +0. 03 0.08 +0. 17 0.05+0.04  0.07 +0.03 0.08 +0. 03 0.06 0. 03
A0 - FF e R g 0.07 £0.04  0.06 +0.03 0.07 £0.04  0.08 +0.05 0.08+0.04  0.09 +0.05 0.09 +0. 16
[i] - FFY 2 T 0.02 0. 01 0.01 0. 01 0.02+0.02  0.01+0.00  0.03+0.02  0.02+0.01 0.01 +0. 01
XF - FF 5 PR g 0.03 +0.01 0.02 +0.01 0.03+0.02  0.02+0.01 0.08 +0. 11 0.03+0.02  0.01+0.01
2 0.20+0.10  0.15 +0.09 0.19+0.10  0.07 +0.05 0.22 +0. 07 0.23+0.10  0.13 +0.08
A3 0.11+0.04  0.04 +0.03 0.06 0. 08 0.05 0. 03 0.07 £0.06  0.09 +0. 05 0.08 0. 07
2, 5-CHI R 0.02+0.02  0.02+0.01 0.03+0.02  0.01 +0.01 0.03+0.02  0.03 +0.01 0.03 +0.01
PR 0.03+0.02  0.02+0.01 0.02+0.02  0.03 +0.01 0.03+0.02  0.03 +0.01 0.03 +0. 04
VI 0.05+0.04  0.03+0.02  0.03+0.04  0.04 +0.03 0.04 +0.03 0.04+0.02  0.05+0.08
T 0.12 +0.09 0.07 +0. 05 0.08 0. 07 0.11+0.06  0.10+0.10  0.12£0.07 0.12 +0.24
S 0.04 0. 09 0.02+0.02  0.02 +0.03 0.07 +0. 05 0.04+0.04  0.03+0.02  0.05=+0.18
S 19.27 £4.99  12.76 £4.09  15.03 +5.71 8.86£4.67 17.69 +6.63  20.40 +4.86  13.19 £5.71

&2%(2011-01)

Jemtk X JEEBRBIX FATRARIX. e Ll Tk X B0 AR JAL
FH 4.01 +1.31 1.79+0.72  4.34£1.25 0.78 +0. 96 3.54+1.38 4.01 +1.62 3.77+1.19
L 2.96 +0.97 1.38 +0. 89 3.94 +1.05 0.36 +0.09 3.91+£0.29  2.52+1.00 3.75 £0. 80
VAT 2.01 +0. 64 1.16 £0.42  2.74 +0.87 0.59 +0. 06 3.32£1.60 1. 88 +0. 59 3.01+£0.43
i 0.45 +0. 16 0.20 £0. 12 0.54 +0. 12 0. 04% 0.63 +0. 03 0.38 +0. 16 0.53 £0. 16
TR —D — 0.05 +0.01 — — — —
FH 2k 2,05 ST 0.16 0. 06 0.09 £0. 04 0.24 +0. 09 0.03% 0.35+0.17 0.17 +0. 08 0.22 £0.07
R LT g 0. 06 +0. 03 0.04 +0. 02 0.08 +0. 05 — 0.16 +0. 03 0.06 0. 02 0.05 0. 02
2-T°fi 0.40+0.16  0.19+0. 13 0.67 £0.34  0.05+0.02 1.04 +0. 83 0.42 +0.23 0.71 £0.22
TR 0.19 +0.07 0.10 £0. 06 0.26 +0. 08 0.01% 0.24 +0. 06 0.16 +0. 06 0.21 £0.07
IR H 0.13 £0.05 0.07 £0.04  0.18 +0.06 — 0.18 +0.01 0.15+0.04  0.17 +0.06
S + PR 0.20 +0. 09 0.09 +0. 05 0.25+0. 12 — 0.37 +0. 17 0.16 0. 06 0.21 0. 08
T 0.08 +0. 03 0.04+0.02  0.09 +0.04 — 0.07 £0.00  0.06 +0.03 0.06 0. 03
A0~ F LR Y 0.06 0. 03 0.04 £0.01 0.06 0. 02 — 0.07 0.06 +0. 02 0.06 +0. 02
[i] - FFY L4 T — — — — — — —
R - R F — — — — — — —
Mt 0.08 0. 05 0.06 £0. 05 0.14 +0. 08 0.01% — 0.13 +0.03 0.08 0. 05
L 0.09 +0. 04 0.04 £0.01 0.06 +0. 03 0. 05% 0.07 0. 01 0.07 +0. 03 0.06 0. 02
2, 5-HI R g 0.08 +0. 05 0.06 +0. 03 0.11 +0.09 — 0.15 +0. 07 0.08+0.04  0.06 +0.03
PR — — — — — —
S — — — — — —
T/ 0.07 +0. 03 0.06+0.02  0.08+0.04  0.050.01 0.10 0. 07 0.06+0.02  0.07 +0.02
S — — — — — —
eyl 11.00 £3. 31 5.29+2.31  13.73 £3.41 1.92+1.21  14.22+1.68 10.27 £3.73  13.05 +2.44
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Table 5 Comparison of carbonyls levels in different areas( x 10 %)

N S N
DHER AL ECE Kk ARED 2005-?)[255 ;ios-os jg(i-[o]s jg(iz{-[:s
FH g 9.43+2.80  3.73+2.46  6.022.73 5.61 +3.67 14.59 11. 44 9.19
L 4.02+1.44 1.43 +0. 81 2.63+1.34  2.321.30 7.19 6.57 3.93
P 2.90 +1.06 2.36 +1.11 2.42+1.18 2.86 +2.28 8.01 5.15 3.62
P 0.57+0.22  0.20+0.12  0.37 £0.25 0.28 +0.21 1.00 0.7
Tk 0.02+0.02  0.01+0.01 0.02 +0.01 0.02 +0.01 0.16 0.37
R 3k 2, 05 ST 0.34 +0. 15 0.21 +0. 14 0.17 0. 09 0.12 +0.09 0.34
R LT 0.13+0.06  0.07+0.06  0.05+0.03 0.05 +0. 04 0.7
2- T 0.65+0.22  0.27+0.18  0.59+0.38  0.33+0.28 0.72
T 0.20+0.07  0.07 +0. 05 0.15+0.09  0.13 +0.09 0.34 0.33
IR 0.17+0.09  0.04 +0.03 0.15 0. 15 0.11 +0.09 1.76 0.99
S + PR 0. 14 +0. 06 0.06 +0. 04 0.16 +0. 09 0.08 0. 08 0. 07
S 0.09 0. 03 0.05+0.04  0.05+0.03 0.04 +0. 03 0. 60
A0~ LR Y 0.07 £0. 04 0.08 +0. 05 0.07 0. 02 0.04 +0.01
[1] - FFY 24 T 0.02 £0.01 0.01 £0. 00 0.01 £0.01 0.01 +0. 005
R - PR F 0.03 £0.01 0.02 £0.01 0.01 £0.01 0.01 =0. 004
HILZ 8 0.20+0.10  0.07 +0. 05 0.10£0.02  0.07 +0.03 0.55
CL 0.11+0.04  0.05+0.03 0.08+0.02  0.07 +0.03 0.47
2, 5-HIIEHEE 0.02+0.02  0.01+0.01 0.020.002  0.02 +0. 004 1.52
PR 0.03 0. 02 0.03 £0.01 0.02 +0.01 0.03 +0. 01
S 0.05+0.04  0.04 +0.03 0.03 +0.01 0.03 +0.01 0.04
& 0.12£0.09  0.11+0.06  0.09+0.04  0.06 0. 02 1.88
L 0.04 +0.09 0.07 +0. 05 0.02 0. 01 0.02 +0. 01

7 ML 2] B Whilefafe Socorro, NM
Wy 5 L 0n06 - 199905 - Juncivo I 1 THEDLERTE S Qexico) 1

2003-09 1999-08 1994.07 1997, %

FH 23.83 10. 83 4.43 +1.23 8.1 5.3%2.4 1.46 3.4x1.4
1 15.76 4.53 1.36 +0. 39 5.31 4.0+2.3 0.64 1.4£0.9
R 2.49 5.45 0.27 +0.30 1.6 1.6 +1.5 1.81 2.4%2.4
I 2.13 0. 66 0.11 +0. 04 0.41 0.79 +0. 54 2.8+2.9
T HEE 0.1
FH 2 0 T 0.05 <0.08
LT A <0.08 1.1+1.3
2-TFR 0.09 £0. 16 0.44
TR 2.13 0. 40 0.03 +0. 02 0.15 0.71 £0.32 1.02
o 0.08 0.32 0.22 0. 14 0.23 0.22 0. 11
SR + R 0.37 0.07
T 1.23 0. 07
A0~ FF R PR 0.01
[1] - FFY 24 FT g 0.06
Xof - P 2 P g 0. 02 1.04 +0. 61
LR i 0.32 0.42+0.29
L 1.02 0.19 +0. 13 0.06
2, 5-H R 0.01
P 0.68
SERE 0.55
T/ 0.58
S 0.22

1) A F5% ,2010-06 ~2010-09



3528 w»oom B % 2%
30
(a) 09:00~12:00
. 2 S
Lo, lpy  omEE m LG
% @2-TH O Jit
7 A
X 4 BHOEAY
ot % ﬁ HBLA < 100
:,:: e l 24
L]
0 = 1
A

Jezw
30

20 -

RS x 107

%
A .. &
% L7 Bl ] 5
2 K
Bt
L B8 | =SEm
S RS

RS
MR Els Tk

B2 dtmETAsu | REL SRR T RE
Fig.2 Temporal variations of carbonyls in Beijing during

the sampling periods for the six types of sites

WU R R G W R 2S [B] 3 A JR 4 A H 5 2
—UHEBE R BRI OC 2R R HTS G IRARAE. AR
Padbntmi 27 A ub SR E T A FRRE, 0 AT
38 57 HLA% (Universal Kriging) %% [A) i {H , 5400 2 2=
A2 EREAL G W AE I B T RAE X S P 11925 ] 43
A5 (B 3) . 4B 2 5000 150 B RIS B 5 LUAR A Je /s
EE N e =P 3/ R

K3 B, RIS R X 324
TE ST 25 HE 00 00X, Szt R AL 8l 42— UCHR Y B
BALE Wy Bk S A S PR 2 I s (B DO A &
Wi = ZERE. /SIS T I R R TR R
K5 L AR A AR AR ARL, QL IE BB T A8 i HE ik
) F B P R BB A LU SR (A, AT RSS2 B R
H T P HERL Y 520 b5 AR T AR RO | ik
AW BE AR X LA . i AL T e |
SR AR R U BRI 45 rh R AE T R H AR T 2
[F1) 14 e B 4608 i 1] A AR VG 3 i 1) T2 S .
K75 DR EAL G W 2 (R e AT AR E 5 2 2 I
ANTa] £ 30 Eh PG AL ) 2R B 4 e . 3X — A R AR
S tH 7R A Z= U AU KU T, 175 9 AT o ) 3k
DX 1) 2R B AR DX AG A 47 A, 36t FICZR g DXl B T v
PR, TLUOULIN 3 ], KU/ R AR AR B g, 7
AR N A =1 R I8 (ARG P8 Jb =1 PR
L) PR 5 30 1 FH R 0 B 2., 4575 S ek
XA 1) LG 0L, 15 R s Zp A R AR 2.

B3 tREFMEEREHE, BRELEUNZTESF
Fig.3 Spatial distributions of total carbonyls in Beijing during

the summer and winter campaigns

JE T IX, NO, W) 32 R 5 T #1130 42 B R AR i
LR HE T, B2 2RIl X AL 30 42 i 5 A Ry B 3 T
SO, & ZE15 Y AR LU ™ 8, 2R IR T4 =R
BUBZ (O HEC . 254 Btk 595 NO, A1 SO, 1)
A, AT DLt — 25 5L o) 42 Rk I X B S Ak 5
Y52 . A FH Spearman Bk AH &4 HT, X Bk B AL A
Y5 NO, SO, BAHPEHATHI (W3R 6). HZ,
SR G NO, RAHCHE LR, o 0. 638. 4
Z MRS NO, AHOCHEMIXTEES i 5 SO,
FIRR e FL B, 400l R 0.366 | 0. 609. i fRIEAL &
Y5 NO, \SO, HH &F2 BE {1 N 5] o A4 B0 75 25 (8] 43 A
b 4 SR T B BRA ZR L 5T RAE K NO,
SO, HV-H4uk B 1 25 [Al4E B 25 5L, NO, F1 SO, 1Y
23 [A] 3 AR R S A S AP —E e ], 2R
NO, & {5 X & 7E 3 Bk X, JF m A SR G
FAAIG 5 SO, FR 25 i 28 PO b B 6 A 28 1 W 3 7K1 A

*x6 EFEEHEMLEYS NO, SO, HHEXDH

Table 6 Correlation analysis among total carbonyls, NO,, and SO,
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522 la ] 1
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&7 NO, 0.366 1
S0, 0. 609 0. 784 1
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