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Abstract: Dicarboxylic acids in the atmospheric aerosols have received great attention because of their potential roles in influencing the global climate. 26
total suspended particles (TSP) samples were collected over the East China Sea during the period from 12 May to 6 June 2011. Concentrations of water-
soluble dicarboxylic acids and major ions in TSP were measured to investigate their temporal and spatial distribution characteristics and to identify potential
sources. The concentrations of oxalic acid, malonic acid and succinic acid were 26.0 ~1475.5 ngem >, 0.1 ~61.4 ng'm > and 0.1 ~132.4 ng-m 3,
respectively. Oxalic acid was the most abundant dicarboxylic acid, accounting for 88. 3% of the sum of the three dicarboxylic acids. No significant
difference between daytime and nighttime samples was observed for the concentrations of dicarboxylic acids. The concentrations of dicarboxylic acids
decreased with increasing distance from the coast. The spatial distributions of dicarboxylic acids in aerosols were associated with sources and transport
pathways of air mass and meteorological factors. High concentrations of dicarboxylic acids were observed when the air mass passed over polluted regions.
Low concentrations were observed when the air mass came from the clean marine atmosphere. The concentrations of dicarboxylic acids also increased in
cloudy and fog days, while decreased in rainy days. Correlation analysis between dicarboxylic acids and major ions suggested that aqueous-phase oxidation

of volatile organic compounds from natural/anthropogenic sources was likely the major formation pathway of dicarboxylic acids in the East China Sea.
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Dicarboxylic acids were mainly emitted from vehicular exhaust/biomass bumning, while marine sources and dicarboxylic acids in the gas phase adsorbed

onto alkaline coarse particles made little contribution. Aqueous secondary productions of oxalic acid via the oxidation of glyoxylic acids and decays of

higher diacids contributed to 41% and 59% of the level of oxalic acid in the East China Sea, respectively.

Keywords: dicarboxylic acids; oxalic acid; aerosol; the East China Sea

1 5|5& (Introduction)

o33 1 TR IR B H3h 28 I B AT AR Y
VAR W By v AR AR R B BORL Y b, DT ik 728 R
SURURLI) AW 52 W SR ) 1 A A2 A1 R =
Z54% (CCN) T ¥ (Malm, 19975 Yao et al. , 2002).
[F] ) — JCIRIRIA T AR CON AR 5K 7, Bl AR 1t
A, LA A BRI AR 14, T R R DX A 4
BRSABE (Facchini et al. , 1999). [KIH, 7 S64E 5 A
AR I h ZIT R TR 1 BIF 9 Ok B B AT Y
K.

KA Z e R MR I v] ok A AL3h 4 BRI A:
Yy R Joe HE i 19 — R U ( Kawamura and Kaplan,
1987 ; Narukawa et al. , 1999) , X 0] 3k HIE R EH
LI (VOCs) fb 2/ etk 2z S AL 19 — R U ( Warneck ,
2003) . KA ZICR IR 1Y 25 B 32 258 2o 1 TR od
B, T UURE 1Y 5 BR 208 5 AR, Myriokefalitakis 55
(2011) #ig3E , SR UCFE AT LR R 2 62% B9 & —
M2, e OH [ M LA NO [ 56 5 2% B i)
LR 30% 1 4% , 38 3 TR R BRI
RIARI) 4% .

EANFTE R, ZITIR MR S HAH 5 W) o e Ik
T I/ R AL A T e IXC ) R 3 A7 7
(Ho et al., 2011; Legrand er al., 2007; Wang
et al. , 2006 ; Kawamura et al. , 1996). Herf 2 — 1% |
W RAT R AR P& R o
¥R 1R ( Mochida et al. , 2003a; Miyazaki et al. ,
2009) . 7E75 G B RAUEREE i 00 R IR W e i 2]
LA (R T B T 7 7 14 R 1 R — e R R
B e B — 3 AIK (Ho et al. , 2011; Jung et al. ,
2010; Mochida et al. , 2003a; 2003b). W HEKRKSH
A9 TR R i 15 I\ DR R A It U5 R U e
25 #4135 ( Mochida et al. , 2003a, 2003b; Aggarwal
and Kawamura, 2008) ,{HE LA W58 A B RS —
JCR IR A AT LAk H A 2R 1 7 R (Rinaldi et al. |
2011). Rinaldi 7 (2011) I8 , AR T 52 Y
SBCBEP A RBEILBERIP L
MRAARIRZ —; HE IR R UP & R e
0.25 ~0.5 pm Pk EAE, HHERIH L R

FE1.0~2.5 wm PR LA BRIGE(E
FRIF R R R 3 h &z — A T gt
b eI L RN ES PR =il 1IN 4 A A N 2
ZR b DX PR Y Tl Ak 2 R DA B b A AR T
AR | X AR P b DX PG b ST 39 g 3k 1) R AR
BB TT S e A RV B DA SRR K Y T B 4 A o
MR (A5 4 ¥E55 2011 ; Huebert et al. , 2003). 7%
SCHIH 2011 4F 5—6 78 AR g R 48 1 00 IERE i
AT ZOCRRIR R B THE AR A I — ot
FRIR I 23 43 A R AR LA BOR TR, Sy i — 20 AR [
TR R TR MR XS DX 38 A 1 52 1) B Sl

2 HREXESSH (Sample collection and analysis )

2.1 HEX%

F2011 45 H12 H—6 H 6 HFE“525% 3 57
b2 R A P A TV B8R A AR IR i (L
TERIURLY) , TSP) |, RAE 2R B T AR T0ER 7 H Al L.
IR B B HEROR A5 Y B s AEE R DA T
I AR HCRAE. AT RS TSP AR 26 4, SRR S
UL 1.
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Fig. 1  Locations of sampling for aerosols over the East China Sea
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Table 1

Meteorological information during sampling over the East China Sea

. AL ] SR b AR kIl gE
B o . - -~ min wm R sgn
0512 05-12 1606 05-13 08 ;42 21.9°N 114.2°E  22.3°N 116.1°E SE 3~4  6~7 (SN
0513 05-13 1230 05-14 12:30 22.3°N 116.1°E  21.9°N 116.1°E  NE/SW 5~7  5~7 K
0515 05-15 1003 05-16 07:10 25.8°N 122.7°E  25.5°N 122.9°E  NE/SE 4 ~6 5~7 AT
0516 05-16 1050 05-17 06:30 25.5°N 122.9°E  27.3°N 120.8°E NE 4~6 6 B4 7INFR
0523-D 05-23 07 :20 05-23 18 .42 28.1°N 127.0°E  28.1°N 127.1°E SW 4 6~7 EEW
0523-N 05-23 1945 05-23 07 :45 28.1°N 127.1°E  29.4°N 126.4°E S 3~5  6-~7 B4 /INFR
0524-D 05-24 08:30 05-24 1843 29.4°N 126.4°E  30.6°N 125.7°E 3~5  6~7 (BN
0524-N 05-24 1910 05-24 06 :47 30.6°N 125.7°E  31.2°N 124.0°E NE 3~4  2~7 R
0525-D 05-25 07 ;52 05-25 1805 31.2°N 124.0°E  31.3°N 122.5°E NE 4 5~6 BN
0525-N 05-25 2050 05-26 07.:05 31.3°N 122.5°E  31.3°N 124.3°E NE 4 6~7 PN
0526-D 05-26 0830 05-26 1855 31.3°N 124.3°E  32.6°N 124.4°E NE 4 2~6 145 5%
0526-N 05-26 1925 05-27 07 :40 32.6°N 124.4°E  32.0°N 122.3°E NE 3~4  3-~5 %
0527-D 05-27 0750 05-27 1850 32.0°N 122.3°E  33.1°N 123.6°F NE 4 3~6 %
0527-N 05-27 1850 05-28 07:10 33.1°N 123.6°E  34.2°N 123.3°E NE 4 5~6 =
0530-D 05-30 1500 05-30 1849 36.4°N 122.4°E  34.6°N 122.5°E S 4~6 6 B
0530-N 05-30 1905 05-31 07:10 34.6°N 122.5°E  31.7°N 122.5°E SE 4~6 4~6 1
0531 05-31 0750 06-01 13:50 31.7°N 122.5°E  31.7°N 122.5°E NE 5 6 !
0601 06-01 1415 06-01 17:40 31.3°N 122.5°E  31.1°N 122.4°E NE 4 5 "%
0602-D 06-02 06:30 06-02 1818 31.1°N 122.4°E  30.9°N 122.4°E NE 3 2~7 =/ %
0602-N 06-02 1840 06-02 2035 30.9°N 122.4°E  29.2°N 122.4°FE NE 4 3 %
0602 06-02 20:40 06-03 20:40 29.2°N 122.4°E  29.2°N 122.4°E NE 3~4 27 HERE
0603 06-03 21 ;42 06-04 07:17 29.2°N 122.4°E  27.1°N 121.0°E NE 3 4~7 M=
0604-D 06-04 07:35 06-04 1802 27.1°N 121.0°E  26.3°N 120.6°E S 4~5 2~7 %
0604-N 06-04 1906 06-05 07:20 26.3°N 120.6°E  23.4°N 118.1°E SW 3~5  5-~7 i
0605 06-05 07::50 06-06 13 :35 23.4°N 118.1°E  22.0°N 114.2°E NE 3~5  5-~7 fifg
0606 06-06 13 ;50 06-07 07:20 22.0°N 114.2°E  22.0°N 114.2°E - - - i

FKHWIRNCSR R LS8 (£ 1) RER
(] Ry A AR TAT) , VRl A v 38 2 - JRURITIAE 3 XL ) 2 [
PEF, 32 5 R0 DL ZR Jb JXURI P g XUk = 5 R —
M 3 ~6 G RAEWIME], BB UL RAK;S H 13—23
H RE R A I ] 35 A5 B8 R, At ARE it SR S 1 1) 22 LA
ESIEN -PRIUS
2.2 FRPAE

PR TR AR B, A Milli-Q 7K 7 0C
T A, FEBORZ 0. 45 wm JEE G IE S E A
%100 mL, WA T R N AT R VLK
Hofth 2 2 7. TR ERCRI LR 25 R R, R
F R AR 2028 FURE S IB R, FH X EL A #.
2.3 R

RGBT O R N RAT R
IR B TSR ) 1CS-3000 35 (4 154X ( 25 [ i 22
AT AT, BB F(Na® NH, K* Mg** .Ca®* ) i

CS12A SAHrAE AT Wk 18 mmol - L' (1
FLAEFR (MSA), Wi i# >~ 1.00 mL-min~'. P& T
(F~ .Br~ \PO}” .C1~ .NO, .NO; .SO}" .2 N
R TR [ ASTI-HC 4y P i1 2 , vk
WA KOH ¥, B0 BERUE , Wi 1. 20 mL-min ™",
SRR BT R B4 T 10 MRS T — IR EE oy
BT, PR 531 235 S (8RR G A A 22, % & R (TR
FRFNT RN 2.3% 2. 5% F1 1. 9% , FHofts & =
BT HN0.5% ~5.0%. L N M T M1
25 AR R A AR
2.4 R @MW JE BT AT

Ji 1230 FH A ) T AR R 4R 1 ) < 1A
R UE. F1)FH 26 B B 4808 7 A KSR (NOAA) 1)
HYSPLIT Ji5 [ L3 £ 5K ( Draxler and Rolph, 2012;
Rolph, 2012) , ¢ 3 [F [E K A 5L 4l 0> (NCEP) /
B % KA 5E 0 (NCAR) T3 Hr % BF ( NCEP/
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NCAR Reanalysis Data, ftp://arlftp. arlhq. noaa. gov/
pub/archives/reanalysis ) , 7155 7 1 5018 I FE i >R 4R
RIS AITE 500m & EEAL 72 b J 0L, LU B =
TS A R IR, B TR SRR S
B 1 58 A, AN [R) A [ 0 b e 7 S ) B AR —
& EAFAEZE S PG, XA IR T SR A 0 )
BEMEFE 1 h BT 1 B, X B ) A — AR
70% VL 1ok A [F]—J5 1) HA AR S A, 3o
PRI — e Y ) S LT AE i ke i AR M Y S
ZiVEoseu

3 R 51T (Results and discussion)

3.1 HREAARABRY ZTLAR N O
KGRRRBEREHC 8B AN RN T RE
e 4y 3 & 26.0 ~ 1475.5 ng-m>.0. 1 ~61.4
ng-m 1 0.1 ~132.4 ng-m ™, FHH B4 50
(397 +374) ng-m > (15 +18) ng-m >FI(37 £42)
ng-m (& 2). & R AE R IS A R B I
1, RIX 3 Bl TR R T 1Y 88. 3% ; Hk 2T
FRANPS W2, 7390 R 8.3% F13.4%.
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Fig.2  Concentrations of oxalic acid, malonic acid and succinic acid

in the atmospheric aerosols over the East China Sea
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FIZ5 R E(R D). BT R E B, 15 5
PR G, Iz 28 AR 8 B2 A m , BURL )
ZFH % (Biswas et al. , 2008) ,(F 1S SHIAY 2 T
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Fig.3 72-h air mass back trajectories for the aerosol samples

collected from the East China Sea (height: 500 m)
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Fig.5 Spatial distributions of dicarboxylic acids in the aerosols over the East China Sea
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£, 4% . 0523-D, 0523-N, 0524-D . 0524-N, 0525-N .
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PN SR G b A (S T = e O e S
JEIRFPE (35°N ~50°8 ) F BT I i 145 RV /0 1
X (32 2) . 05 R AR i, H TR R Tk
FE 5 PIL K7 Chichi-jima & F W0 E e BE AH 24
(Mochida et al. , 2003a) ,{HHH & & TP 0K
VLI AW B (Wang et al. , 2006) . X Ee45 R AT |
Rt IEHE R — TR B B — TR IR il 1A 1) 72 AR 1 R

R TCRIR MY FER I (Mochida er al. , 2003a) , H:
TEICHE B i 2% 3 R V6 | 75 b oK PV 1Y 2o 2 v o

R2 HAEMASSBERTHZTREHRE

Table 2 Comparison of dicarboxylic acids in aerosols in different regions worldwide

ZICRIR/ ( ng-m _3)

SR A SRAET ] Fifz — — — ik
- N T

FRIE T (BRI R ,

) 2011.05. 12—06. 06 TSP 282 ~ 1476(700 0.7 ~61.4(23.3 6.7 ~132.4(73.5
30 HELEAH) (700) (23.3) (73.5) &
TR (PRI R

. 2011.05. 12—06. 06 TSP 26 ~204(112 0.2~1.6(0.7 0.7~7.8(4.3
50 i ELLISM) (112) (0.7) (4.3) A
i 2011.05. 12—06. 06 TSP 397 +374 15+18 37 +42 7 5'4
k%3 1987—1988 TSP 13.6 2.46 3.73 Kawamura et al. , 1996
RIRTE( >50°8, 1994.11.22— .
130°E - 150°E) 199502, 11 TSP 1.4~4.2(2.4) 0.46 ~1.3(0.75)  0.20~0.73(0.44)  Wang et al. , 2006
PEILRTHE 1994.11.22—

3 .98 ~ 32~ J12~17(5. : .
(35N ~50°5) 1995, 00 11 TSP 0.98 ~98(38) 0.32 ~43(12) 0.12~17(5.0) Wang et al. , 2006
PHAL A Chichi-jima  1990—1993 (04—06) TSP 9.8 ~430(130) 3.0 ~50(15) 0.52~29(7.5) Mochida et al. , 2003a
W] AL A 5 2006. 12—2007. 03 PM, 3.6 ~12(7.0) 0.5~5.4(2) - Magda et al. , 2010
%, Aveiro 2002—2004 PM,, 265 25 20 Legrand et al. , 2007
25 2001. 02—04 PM, 569 86 140 Wang et al. , 2002
Jeat 2002—2003 PM, 218 39 39 HIREE 55, 2004
N 2007. 06. 04—08. 09 PM, ; 212 +£96.9 11.4 £7.20 11.5+5.84 Ho et al. , 2011
L 2007. 06. 04—08. 09 PM, s 216 +£97.2 18.5 +8.79 11.2 +4.24 Ho et al. , 2011
2006. 12. 14—

y PM
itk 5007.02. 98 2s 464 249 26.5+19.7 23.2+18.0 Ho et al. , 2011
ik 2007. 06. 04—08. 09 PM, 5 92.3 +50.4 5.92+5.23 4.32£1.81 Ho et al. , 2011
EG 2008. 04.01—04. 06 PM,, 532 £247 198 £25 216 +30 Wang et al. , 2010

2007. 11.29—

1324 g PM ~ - -
B2 [ 50080106 2.5 35 ~ 166 5-22 17 ~89 Jung et al. , 2010
&% 2007.05.22—31 PM,, 241.0 £64.2 37.2+ 15.6 27.7+8.8 Pavuluri et al. , 2010
3.4 KERAABKPY ZILHRR N RIR T NO, H#AERHLBN 4 S — R HEHOR 48 7= )

3.4.1

A K M AT

RiFRBER T IR R 5%

WE TR SRR, 2 AT RS

NH4+ \K+ \Mg2+
{fHE Na*

NO; Fi1so;~ H

AP R B T RSP B 22 (K 3).

A AR T A S
\Ca>* [Cl™HI NO, A SCHEK2E. TN

(Pitts et al. , 1984) , “JCRIRE NO, HIKM:E %,
NS 4 B A — URUR HE O AR 98 S e vh —
TCRRIR 1) BTRRAR /DN

Na* Hl C1™ # VE IR IR HE /R Y (Lee et al. |
2000) . SRAEH PR RY], KA ZI0Rm T >k A
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MR (Rinaldi et al. , 2011) fHARB KRR X AR RKAH ZI0R R 1Y STRRAR /M.
TR Na® A1 C1™ WUAHOCOC R AL 2% R

®3 FEAS|BRP-TERSTEKBEEFEXESHT
Table 3 Correlation analysis of dicarboxylic acids and common ions in the aerosols over the East China Sea
LT [ty T Na* NH, K* Mg** Ca?* cl- NO, NO; S0%-

L= 1

[Tt 0.766** 1

TR 0.896**  0.758** 1

Na* 0.268  -0.023 0.196 1

NH,f 0.665*  0.37 0.723**  0.261 1

K+ 0.542**  0.113 0.533**  0.020 0.605** 1

Mg®* 0.465*  0.248 0.402%  0.913*  0.408*  0.084 1

Ca? 0.298 0.095 0.201 0.430*  0.137 0.220 0.420" 1

- 0.147  -0.146 0.088 0.779**  0.162 0.085 0.777**  0.139 1

NO; 0.335 0.01 0.419*  0.331 0.608**  0.629°* 0.360  -0.022 0.306 1

NOy 0.556**  0.252 0.662**  0.263 0.882**  0.513*"  0.345 0.115 0.123 0.580** 1

802~ 0.772**  0.308 0.759**  0.340 0.828**  0.790** 0.392*  0.355 0.160 0.620**  0.818** 1

V=26, #p<0.05, * #p<0.0]

DIMERIBFFE s AR 0 5 1 Z TR R mI 1 Fft
TEBRE B KL URL - G ifg | Vb 2R 0 - UKL 1)
( Neusiiss et al. , 2000; Mochida et al., 2003b;
Huang et al. , 2006) , {0 —JURIR 515 ML fvb4
FE/R BT Na* Fl Ca®* OAHOC G R 22 , R WA 14
FELORE R W AR — e R R AN 2 AR i R b — ot
FRIR 1) T 2R IR

XHALE KA NO, Il VOCs (4 i 43) 2ok
LR R EZY L. NO, T2k A b OB R |
VR AR A= W o R 068 45 B9 HE i ( Kirchner et al. |
2005; Liu et al. , 2011) ; VOCs 323k [ A5 W B ik
AR AR IRV RE 1 A 57 3 i T AR 55 19 N DR
(Guenther et al. , 1995; Klimonta et al. , 2002). K
Y NO, HT VOCs J2 U I H NO; Fl Itk IR
MSASHIAY), OH A B B AT NO, Fd e S Ak Ry
NO, Fl " JCHR IR ( Martinelango et al. , 2007). . —.
M5 NO; A BUFHIASENE 2 W] NO, #1 VOCs 7E K
AP U 7 A ) I B R ik AR R R 0T
FRIR I E 2RI

K* F2ok ARV Bk bt fe | W20 fe ik
H: T ICHRER ( Yamasoe et al. , 2000) . ZRIESIE I H
SMRAT RS K B AR SRR BT, A=W
IR R AR R R e R R B R IR 2 —. (BT
TR, A YA R S R ] BB 2 A I h TR R
B — R, AT BEJ& R TR, Yamasoe 45 (2000 )
A Y B e — HE I R I & 1R 5 KT

B HCAEA 0. 03 ~ 0. 1. Gao %5 (2003 ) 78 5% A 9 J5i
BRBE S RS IR IR B & R R B, KM%
40 min J5Z RS KT HEM 0.02 #m%) 0. 25,5
VI 2 R A PR A g o U PR TR R R R Y
AP R . RGBT RS K 1
LA A 1. 58, i TA W) Bk e — R HEC Y Lo A, 3
AH A W) S 09K 95 T S 1) 92 5 1 3 T A R i IR
SN AR I e IR IR I L — I R AR,
Yao % (2002) W58 &K B, s KRBT &
TR NIRRT RS SO MU R AR 3 B
FE0.32 ~1 pm, AN ZICRIR A SO~ wIREHA M
PIIE 2. KRBT T RS
SO;~ ARG SCH: , RIAEANTS SO;~ A FHLAY
IR SUE AR, R E B S0, EE LT
TAR S A A B, T BT A I 9% 2 B TR R A T B
TG Z KA T (Carlton et al. , 2007 ; Jiang et al. ,
2011) , KA ML 76 A v Ak A R — e R e T
RERARIB ST Zu RN R 2ORE. 54 2%
AT A, RGBT RS S0;~ MX%
PEEG 2 X ATRESE I TN IR AT R E
KR G (Peng et al. , 2001a). Z ZFRAER
A B ER S I T BE 55 K B B S, PR YA
WY 2 R SR AN A ) (Peng and Chan, 2001b).
R BN 4 R AR A W I IR e 1 — YR HE I
VTP DR P 6 O e A A L A W A S A s R TR 5
SRR ARV I T IR R 1) STHRAR /DN, i AR
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PSRN Ay 5 T3 %) 448 PR A AL Jo A WA vh 48 Ak
A2 B I0 R R 1) 328 B S % T R R AR R AR
JiE rh TR R 1) 32 BRI

3.4.2 ZZERMIFREA P IORRA—IKIE
(WL 4R, LE Y BT B ) AR R ARB I h &
TR DTERR N SO SR RN R & R B B
K H LA DL B AE WA v i A R SR IR
o 2 Rl s O AR s R A 2 A~ O
ANELFIRR T R Y A8 AL . FE X Dt AR v T R Bk OH
H H A A B R, TN R ik — 2Pl AR A AR
LR A, R N R T R = E AR
WA M, R R E R AR RA P
(Kawamura and Sakaguchi, 1999); @ &KL &Y
(IR S A ) 48 Al A At fe v 2
A2 B R U T A v ) 4 X e v ] R ) A
WAH A E AR AE B O R BN A O R AT
1R, iz 8 2R AR TR T K (Carlton et al.
2007 ; Sullivan and Prather, 2007). i Fi& 2O H
TR A AN G R, iR, 4 R IE
B FE HORA BN R, PR & e F i
ML R AT 3 B AN RS I ¢ —
PR AR DR, AR KR & RN IR
MIRFRMBE RN C, oy =15.7C 5 + 161. 3 (R =
0.5821) , KAWL M LR XL B EQLE KM L
TR RPRERRELOP N AR L R
HOR, Rl KRR T Rk B 397
ng-m T B2 Q@ T 2 FE IR AL A Y B TR 4R
IE R & — BRI FE M 161. 3 ng-m . I, W
FHH L TR S5 A0 W B AL TE ) £ R W R 1S
W 2 RN BTN 41% |, i@ 2 Orp Kb — Tk
R EALTE Y £ — R HL BTk ok 59% .

4 £5i8(Conclusions)

D) RGRIRER T L8R BT R
HYAEE 3 5N 26.0 ~ 1475.5 ng-m > .0.1 ~61.4
ng'm F10.1~132.4 ng-m ™, Z " RTEIX 3 Fp —
JCRRIR Y BTk B K, M 88. 3% . K BI R IE AT 75
PEAE LA R AR R 3R 2 i SO I v e R R ik 5
G3AR. S5 YA R B S B TR R Tk
TR B R . 1% RSA
FITSAIEh Z IR IR (T8 BUFN SR AR T e T X6 <
VIS IR AT B AT R 1R H.

2) RilfE R Z0R R B AL i

. A3 ) oy A R B B R . S
S HAth i XA H A, AR T A I h e IR R 1 ik
PRI R RS TR R .

3) H SR UG AN UE BRI 5 K M DL T e
WORH AL R AR I KRR I e R R )
V. TR A5 TR AH EAR A B 2 X R i
VI Th 2 IR BTk R 41% | KB 0 IR R AT 4
TR TTRR N 59% .

4) MLBh 2 RS A 9 R be ) — U HE TR L T
TR ) T 30 B i e KL AR 5 WA <A — 0 4R W 5 1ot A
ARG R —ICRIR I Bk

EEREEEN . 248, L, B4+, 83, T ENEXRALXEN
¥ HENHI R LY. E-mail engroup@ ouc. edu. cn.
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