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Effects of exogenous organic acids on soil pH, enzyme activity, and cadmium migration and transformation

LU Hong—fei'?, QIAO Dong—mei"", QI Xue—bin', HU Chao'?, ZHAO Zhi—juan"*, BAI Fang—fang', ZHAO Yu-long', HAN Yang'

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 2. Graduate School of Chi-
nese Academy of Agricultural Sciences, Beijing 100081, China; 3. Agricultural Water Soil Environmental Field Research Station of
Xinxiang, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China; 4. Key Laboratory of High—efficient and Safe Utilization of
Agriculture Water resources, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China)

Abstract: To screen suitable exogenous organic acids for phytoremediation of soil Cd pollution, a pot experiment was conducted in a green-
house with rapeseed as the test material. Five organic acids (acetic acid, oxalic acid, citric acid, malic acid, and tartaric acid) were added
to heavily Cd—contaminated soil (the Cd content of original soil was 0.838 mg-kg™'; by spraying CdCl, solution, we created a test soil with a
Cd content of 4.838 mg- kg ™), with no organic acid treatment as the control. Six organic acid gradients were set at 1, 2, 3, 4, 5 mmol - kg™,
and 6 mmol - kg™'. Soil pH value, enzyme activity, dry matter content, and Cd absorption of rapeseed were determined when the rapeseed

was harvested. The relationship between physical and chemical indexes and soil Cd morphology was analyzed. The results showed that:
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Compared to the CK, 1, 3, 4, 5, 6 mmol - kg™ acetic acid, 4, 5, 6 mmol -kg™ citric acid, 3 mmol - kg™ malic acid, and 3, 6 mmol - kg™ tartaric

acid could significantly increase soil pH, and there was no significant difference between the oxalic acid treatment and that of the CK. How-
ever, the effect of organic acid application on soil enzyme activity was not obvious. The application of 1, 4 mmol-kg™, and 6 mmol -kg™" ace-
tic acid significantly improved dry matter content of rapeseed shoots, 1 mmol - kg™ and 6 mmol - kg™ acetic acid significantly increase the
dry matter content of rapeseed roots, 4 mmol - kg™ and 6 mmol - kg™ malic acid significantly increased the dry matter content of rapeseed
roots by 77.13% and 88.30%, respectively, and there was no significant difference between other treatments with that of the CK. Cd uptake
in shoots in the 1 mmol-kg™ acetic acid treatment was 51.52% higher than that of the CK, Cd uptake in roots of the 2 mmol-kg™" oxalic acid
treatment was 1.58 times higher than that of the CK, and the total uptake in shoots and roots of 1 mmol-kg™ citric acid treatment was signifi-
cantly higher than that of the CK. Increasing malic acid application was beneficial in increasing the total uptake of Cd in roots, and apply-
ing 1 mmol kg™ and 2 mmol - kg™ tartaric acid was also beneficial in increasing root Cd uptake, but they exhibited no significant difference
with that of the CK. Under the acetic acid condition, soil pH was negatively correlated with Fe—~Mn oxide Cd and total Cd, whereas under
the citric acid condition, soil pH was positively correlated with carbonate Cd and total Cd. When malic acid was applied, there was a signifi-
cant positive correlation between soil pH and exchangeable Cd, but there was no significant correlation between pH and Cd form under oth-
er treatments. When rapeseed was planted on alkaline soil, the application of the five organic acids increased the pH value of the soil at har-

vest, and the effect of different organic acids on the form of Cd in the soil was different. Among the five organic acids, acetic acid was the

most beneficial in improving the quality of dry matter content and Cd accumulation of rape.

Keywords: organic acid; pH value; soil enzyme activity; Cd form; dry matter quality; rapeseed
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ANERASE 3 YR IS ) B8 R ol J3 B g vk 1 48 pH (BTGt 25
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WE R T 0.19.0.20 D547 (P<0.05) , HoA 7 41 R
AbFEpH A5 CK G B 3522 5+ (P>0.05) .
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Table 1 pH and enzyme activity of soil under different organic acids treatments

547 Index it Dos?ge/ AP Organic acid
mmol -kg™! 2 Acetic acid B Oxalic acid  #7HEMR Citric acid 3% Malic acid 47 i Tartaric acid
pHAE 0(CK) 8.56=0.03b 8.56+0.03a 8.56=0.03b 8.56+0.03b 8.56=0.03b
1 8.73+0.08a 8.65+0.06a 8.59+0.02b 8.56+0.21b 8.75+0.12ab
2 8.65+0.08ab 8.57+0.04a 8.64=0.06b 8.65+0.07ab 8.6420.14ab
3 8.70+0.05a 8.60+0.04a 8.61+0.09h 8.75+0.11a 8.75+0.13a
4 8.72+0.10a 8.62+0.09a 8.74+0.03a 8.67+0.02ab 8.6320.07ab
5 8.70+0.08a 8.56+0.03a 8.78+0.07a 8.62+0.03ab 8.58+0.08ab
6 8.78+0.05a 8.62+0.06a 8.74+0.03a 8.62+0.04ab 8.76+0.02a
i S Ak S 0(CK) 0.762 8+0.003 4b  0.762 8+0.0034a  0.762 8+0.003 4a  0.762 8+0.003 4a 0.762 8+0.003 4a
ml-g" 1 0.756 7+0.009 2b  0.763 7+0.007 8a  0.764 4+0.003 6a  0.766 7+0.005 3a 0.763 1+0.003 4a
2 0.756 7+0.003 8b  0.766 3£0.005 la  0.764 4+0.0034a  0.766 8+0.003 Oa 0.765 3+0.002 5a
3 0.763 3+0.002 5ab  0.765 5£0.001 7a  0.765 9+0.0039a  0.759 0+0.009 9a 0.768 5+0.006 2a
4 0.764 4+0.004 0ab  0.764 8+£0.001 1a  0.768 2+0.001 0a  0.760 3+0.003 Oa 0.765 2+0.004 7a
5 0.764 6+0.004 3ab  0.759 5£0.005 7a  0.765 2+0.0057a  0.762 2+0.006 6a 0.765 9+0.007 Oa
6 0.766 7+0.000 6a  0.765 9+0.003 9a  0.764 8+0.003 0a  0.767 4+0.005 7a 0.765 9+0.006 Oa
TE R/ 0(CK) 0.13+0.02ab 0.13+0.02a 0.13+0.02a 0.13+0.02ab 0.1320.02a
mg-g’ 1 0.13+0.01ab 0.1420.02a 0.13+0.02a 0.17+0.03a 0.13+0.04a
2 0.18+0.06a 0.16+0.06a 0.15+0.04a 0.18+0.01a 0.14£0.03a
3 0.13+0.02ab 0.18+0.05a 0.18+0.01a 0.17+0.05a 0.12+0.02a
4 0.14+0.03ab 0.14+0.03a 0.17+0.01a 0.16+0.02a 0.19+0.07a
5 0.13+0.03ab 0.15+0.03a 0.15+0.01a 0.17+0.04a 0.1420.04a
6 0.12+0.03b 0.14+0.03a 0.200.11a 0.11+0.01b 0.13+0.01a
TR/ 0(CK) 1.02+0.16a 1.02+0.16ab 1.02+0.16b 1.02+0.16a 1.02+0.16a
mg-g” 1 1.0120.07a 1.19+0.20a 1.20+0.10ab 1.0520.11a 0.96+0.12ab
2 1.000.11a 1.100.16ab 1.17+0.04ab 1.04+0.06a 0.83+0.08b
3 1.02+0.09a 0.92+0.02b 1.24+0.12ab 1.1620.12a 0.84+0.09ab
4 1.10+0.10a 1.04+0.05ab 1.24+0.14ab 1.06+0.09a 0.87+0.07ab
5 0.9420.13a 0.97+0.09ab 1.23+0.21ab 1.06+0.09a 0.87+0.10ab
6 1.0620.12a 1.12+0.15ab 1.3420.11a 1.170.05a 0.97+0.04ab

AR TRING FAE R R A BRI 22 57 38 3 (P<0.05) .

Note: The different lowercase letters indicate significant differences among treatments (P<0.05).



546

URIEIRCX ity F3965 38

Yy s AN s . L TA AT LA ), 5 CK
AL, N 1.4.6 mmol - kg™ Z FR AL B 32 3+
VIR R T 27.47% . 12.71% . 15.36% , 7% 53 ik
2% (P<0.05);2.4.5.6 mmol - kg ELERAL P2 [0
T¥p 5B T CK, 1.3 mmol - kg™ B R AL B =2 4 |
BT B AR T CK, {H 45 Ab 3 ] 22 5 B0 1 25 (P>
0.05)51.2.3.5.6 mmol - kg™ #7152 iR b B M | 3554
i & B CK 43 S 3 T 9.73%. 3.92% . 15.11% .
13.43%.16.25% , 1H 22 5+ ¥ A 1. 3% (P>0.05) 51.5.6
mmol - kg™ SRR AL B Y E T B S T CKL T2,
3.4 mmol - kg WK F CK, {H 45 4b 3 1] 22 5 30 I 2%
(P>0.05) ; SRR AL FEAHAL, 1.2.3.5.6 mmol - kg
A TR AL B 359 o S T CK T 4 mmol -
kg 4b B T CK, & 6 mmol - kg™ &b ¥ W 2% = T 4
mmol - kg Ab FEAN (P<0.05) , HoA4x b B[] 22 5 0Kt 3%
(P>0.05)

M B A LIE 1,5 CKAHEL , 1~6 mmol - kg™ 2
Fig Ab PR B = TSR T A, e, 1.6 mmol -
kg ZERALFREE CK AN T 154 F52.4.5.6 mmol -
kg™ FE R AL Y0 SEAR T BT R A CK 32 755 T 66.86%
12.74% .38.47%.8.25%, i 1.3 mmol - kg™ Z i3 40 34 ]
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60t d ddebC Cd} a
b S0t %‘15 %

Mo AT
Dry matter weight of shoot/g

NN

Nk
||||||||||||H||||\"|-/H—'Im .

X F CK,(HA AL CK [H] 22 734 52 (P>0.05) 5 1~
6 mmol - kg™ FP G R AL BV SEAR T4 o i 58 CK B9 1
3.31%~30.60% ,{A 2= 55 A 1 2 (P>0.05) 54 .6 mmol - kg™
SR A B AR T 5 R B CK N T 77.13%.
88.30%, 1.2.3.5 mmol - kg™ 40 FHAR T 9y i it 7 T
CK,(H2 R A B #(P>0.05);1.2.4.5.6 mmol - kg i f1
% 4b 3LV S AR T4 5 A 43 ) A CK 3 T 18.84% .
77.39%.21.57%.7.15%.20.53%, 1fij 3 mmol - kg ¥ {12
b BRI FEAR T 31.77%, {H.45 A #[H] 22 53 A8 8 3% (P>
0.05).
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AN TA) A5 HLIR A HR X Ik 3 b3 20 AR 2 Cd B
SR 2 Ui . NEI2ARTLLE B 2R
Jiti o0 2 B, T S SRR R Cd B R FEAL
e HH 1 mmol - kg ZFRANFRHE |3 Cd BRUE R
CKHIN T 51.52%, 2 57 & 2% (P<0.05) , H Ay Ab i 55
CK Z %A% (P>0.05), H 1 mmol - kg™ Z, i b H i,
FET 5.6 mmol kg ZRALFE(P<0.05) 5 i in £ i b
AR Cd BRI T CK, HoH 1 mmol - kg ' 403 i
FEHM T 3.21 /5 (P<0.05) , HAR b B CK 255 A 8
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The different lowercase letters indicate significant differences among treatments (P<0.05). The same below
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Figure 1 Dry matter weight of rapeseed under different organic acids treatments
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#(P>0.05) ;1 mmol - kg™ ZFRAL PR T+ 2R Cd &
B & T CK Al 5,6 mmol - kg™ Z R 4k B (P<
0.05).

ML 2B AT LU Y, 3 BRI 2R Cd B2 o i
T it o P 1 22 5 T R I AR AV P o PR R
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Figure 2 Cd accumulation in shoot and root under different organic acids treatments
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A IRIE R F 4R

F39EF 3H

HESARE, HAAHY CK 2270 A R E (P>
0.05) , 1 ¥+ & Cd R & T CK,(H2E Rl
IR R (P>0.05).

AN TR BLIR b 3 e 4R FR BN B s R AN I 3 i
No MEIBATFLLE H, IR AL PR 2 R BT
CK, Hp e ab B 5 CK 22 57 12 3 (P<0.05) ; B ¢
FEFHR , SRR AL IS e BT G AR, RE R b 3
RN RS T AT B S LB 1k, S R R Ak
PEER R AR W A R A B A T 1 s BT

ME 3B A LLUA H, 3 mmol - kg™ ZBRAL PR MY |58
B RO CKIE N T 33.89%, 22 5+ 18 % (P<0.05) ;1
mmol « kg FFAE TR AL B M 0 A R A 4.5.6
mmol - kg™ AL FHI I T 24.32% .39.19% .40.54% , 2% 5+
B35 (P<0.05);3.4.5 mmol - kg " SERFERAC P A0
£ Z B0 6 mmol - kg AL PR N T 64.52% .83.97% .
103.23%, 6 mmol - kg™ 3% 5 iR 4b PR CK BEAR T
47.46% , 7% 5 B # (P<0.05) ;1.3 mmol - kg™ ¥ 41 R 4b
PR b3S 4 R AR S T 6 mmol - kg Ab PR (P<
0.05). BlRETHR, CRAFEHL b0 s 4 R AR R
RAEA , H AR AL PR L ) 2 AR A, F A R A B OU) S R
VR A8 A1 e A, S SR i Ak PG RRAEC S T oo TR AR T
iR b $ 5 35 SR AT 3

ME3CHLIE 1, BR 1 mmol -kg™ R 12 mmol -
kg 'SP R A FR AL LAY AR FRAR AR R B E T CK.
5 CKAHEL, 3 mmol - kg™ Z iR Zb FRAR & 42 R B8 T
95.36%, 1 mmol - kg FFIERR AL FRIG /N T 97.94% , 22 5+
H 2 (P<0.05) 5 £ 1~6 mmol - kg™ [X 7] , B R 4b PR AR &
AR R e T JE BRI 4, A R Ak 1 S i M AR A1
RaH HAAC P A
24 TEEpHME TEMEES TECIESTMTYR
FCIEEMXR

12 2 0 A, it in R B, 2 R fin 2 5 4 3
FRERZE A S Cd B SAE I ZE A8 cd fil L3 Cd Bl
TG, 43 9 -0.484 . -0.534 F1-0.475, [A] i) 5
H 5 Cd A 25 SR G 5 358 pH A 5 8R4 A AL P 25
A A Cd AR B0 45 AT 43 Cd B B 3 A G, r 43
R —-0.447 F1-0.469 . it i 50 R ], B2 it fin i 55 AT
SRS CAML B IEAR X (r=0.617) , 35 pHAE 5 143
FRERE 9 CAd ¥R 55 A R o AT R T,
PP R it i 5 R ER 45 6 A Cd VR A A 45 & 38
Cd B FEIEM S, r 354 0.494 .0.445, + 3 pH {H 5%
FRELZE G4 Cd A -3 Cd B B & IE A, r 20 3l
0.474.0.448, it IR ERI , S ER i i -5 ] sc He

0.05r

128 Z 80 Transfer coefficient

o 1 2 3 4 5 6
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Figure 3 Transfer and accumulation coefficient under different

organic acids treatments

A Cd 3 IE A 26 (7=0.487) , pH H 5 7] A2 . 25 Cd i
A O (r=0.454) o it P A TR ) TS A TR it o
b b Cd 3 A0 56 (r=—0.571) , 1] £ 45 pH {E
58 Cd & DB MR B E

it Jin 2L BRI, - 485 S Ak SRS T L SR A
H ) Cd 1 52 55 A G 6 3 5 TE M G PR 5 5RE S Cd
B2 ARG (r=0.458) , BEWR B IS M 5 A P Cd B 3
FAH O (r=-0.460) . il N FRET | i A Ak S BHE 1 5
BA ALY EE A5 Cd & 8 2 T 56 (r=-0.436) 5 [
FRUEAAL , RERE RS M 5 RS Cd Ak Cd
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EE A AR, o A AL S TR R M3 FTLUE H, LR HIR A SR IRt n
AR T 7% M 5 RO R P Y Cd A 26 6 R R B 5l R o 38 D A G, S R R it
o FEINSERBRET i AL SRS SRR A A A ST o i A 2 IE A O (r=0.655) 5 T A 1R it £
Cd 2 35 1F A 56 (r=0.437) 5 3 #5015 8R4 S 1k L BT R E ARG, SR TR RO R .
553 CAd AN HL B3 Cd W 8 3% 1IEAH 56, 55k Cd

W 2 A5, r 0 3R 0.596.0.608 . —0.549 ; E B il 3 owig

B BRI R P Cd AHDC O RORBIE o it Jin g £ - 35 pH E RIS 1 &) 2 B A R85 152 ) TR
B, 2o S Ak S S 9 T A R T P S A RS AR B 2o xd HHEFR A AR E . — BT & L AP Cd
[EIEPEEES ST F14) R 5 £ Bl pHL AL 4 B3R AEG T 3 e, {EL A5 iF 9%

F2 HEpHE TEBEESTECIESNTFORP CISENBERSINER

Table 2 Correlation analysis result of soil pH value, soil enzyme activity with Cd form and Cd content in dry matter

LR Eizgan IS RRERAE RS SRS ES  ANE A LEECdERE Hibdcd ARG
Organic acid Index Exchangeable Cd Carbonate Cd Fe—Mn oxide Cd ~ Organic Cd Residual Cd Total Cd in soil Cd in shoot Cd in root
2 Jits fi -0.192 —0.484* —0.534% 0.080 -0.247 -0.475% -0.565%%  —0.287
pH1{H -0.064 -0.375 -0.447% -0.073 -0.383 -0.469% -0.288 -0.166
b A A U -0.338 -0.138 -0.285 -0.063 -0.378 -0.413 -0.297 -0.367
A 0.043 -0.006 0.056 -0.239 0.458* 0.211 0.216 -0.128
REHE 8 v 0.314 0.140 0.103 -0.460* 0.296 0.239 0.349 -0.068
IR Jits fin 0.617%* -0.187 -0.094 -0.307 -0.140 0.016 0.209 0.281
pH1H -0.075 -0.222 -0.382 0.027 -0.099 -0.26 -0.143 -0.292
o Sk SR -0.043 -0.382 -0.436* 0.015 -0.039 -0.261 -0.166 0.003
A Bl 0.345 0.373 0.325 -0.099 0.037 0.348 0.513* 0.059
P AR -0.357 -0.419 -0.357 -0.028 0.089 -0.291 -0.165 -0.228
FrEEIR Jite i -0.25 0.494% 0.445% -0.289 -0.010 0.409 -0.339 -0.058
pH1H -0.265 0.474% 0.280 -0.119 0.206 0.448% -0.135 0.011
b A A U 0.251 -0.148 -0.246 -0.008 0.228 0.015 -0.113 -0.024
A Bl -0.058 0.237 0.384 -0.238 -0.145 0.221 -0.356 -0.09
R A 0.173 0.298 0.220 -0.220 -0.056 0.315 0.177 0.307
TR Jiti o e 0.487% -0.017 -0.127 -0.374 0.240 0.285 -0.245 0.391
pH1E 0.454% 0.377 0.358 -0.004 -0.206 0.099 0.326 0.190
b A A SR -0.038 0.437* 0.193 0.015 0.006 0.231 -0.176 -0.25
A 0.207 0.162 0.596%* -0.029  -0.549%* -0.35 0.608*%  -0.402
TR TS 0.195 0.069 -0.080 -0.121 0.339 0.429 -0.119 0.245
AR Jits i -0.026 -0.406 0.325 -0.373 0.008 -0.179 -0.571%%  -0.029
pH 0.065 0.068 0.169 -0.125 -0.099 0.022 0.194 0.380
b A A U 0.364 0.110 0.226 -0.051 -0.313 -0.025 -0.020 -0.246
A 0.115 0.078 0.052 0.008 0.197 0.304 -0.271 -0.401
TR TS -0.22 -0.411 -0.103 0.158 0.187 -0.181 -0.111 -0.164

TE P FORMSENEAE 0.05 AP B3, " FORFISRNMEAE 0.01 K F R . TR

Note: "*" means the correlation is significant at the level of 0.05,"* *" means the correlation is significant at the level of 0.01. The same below.

®3 AYVEREME S ERMRTHRENBXIEER

Table 3 Correlation analysis result of organic acid application amount with dry matter weight of shoot and root

. LR Acetic acid FR Oxalic acid FrEZ Citric acid SPEHLTR Malic acid T A1 82 Tartaric acid
FE 45 Index
m me m ms m ms m ms m ms
it i Dosage 0.072 0.303 0.145 0.085 0.273 0.178 0.027 0.655%* 0.272 -0.022

TE o Rl mo 230 305 M E T BT FIAR T Bt

Note :m; and m, represent the dry matter weight of shoot and root , respectively.
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URIEIRCX ity F3965 38

Ao e 28 pH AT DR BRYE Y, m) DU Gt
BB A — 25 B R TS AR R R, N SRR
IR R AT R AR K R R IEAE B T 2
PRERAE A HE AR Fe (I ) 1 4 L A0 HRL 152 A IS AT T8
A3 B AT ST R B, R R AN, A ] JBE K ik
JER TR FT IR SRR (T A B xS 3 pH H 7 A=
TANFEIRRBE RS B e 25 o, B A Ab PR - 3% pH
(B T Bk AN ) A ISR R, — 7 T A]
B PR ARG FH A B i 1, — o B A AL R
AN JEAS B AR I AR %8 pH (L, HLAT AT 208
W HRAIEAEY) , A 280 — AR T AR
A RE 3 2 T pH BTy L WO o 2 M A 7 4
pH (BN A UE o 5% Wi S0 TIE S ER - F A i =5 -
3¢ pH B BB (8] Z2 02 35 0, 3 T B -394 B i G2 o
A 1A 510 55— J T ] B PR A it fim ) R A Ay ik
W AT 225 Tl AE W) B B ), R A b 2R N A
[Fi) 44 2 53 W A= 0 0k HL PR A B A i, X — 5
XF A SERAE W A T ARG N AR AIE . AN [F]AE FLIR X -
S 5 AR A S TS R B S I 85555, A 6 mmol - kg LR
Ab PR RGN T s A ST & A LR AL
PRPERY TS PE S CK TG 22 5% 0 6 mmol -kg AT IR
F12 mmol - kg™ 15 7 2 Ak FHUFEBE 15 1 5 CK 22 5%
FHLVHRE AR E X 5B R 4 R
AR R S, T 202 O AW 58 B9 R IR I3k
), SN AR AT BLIR Z 5 22 P 1 B i [a]
FROYEE A, T NG R ST 0 U e A A B TR, L
RFFEAED) o

T~ 38 b it 0 7 0500 AT DA A A T 22 1
Cd, J it i 2R 22 i 8 A R 2 o 7 S Pk Cd IR
T RHFSE AT, 1.4.6 mmol - kg™ Z R AL FRIH =
EET IR S CK 2 55 B3 AR I TN B2 .
% 3 mmol - kg BLFR .2 mmol - kg ' SER R .3 mmol - kg™
W ATFRAE A, A AL PRAR T BT i 248 T CK, o
1 mmol - kg™ 1 6 mmol - ke 4 iz .2 mmol - kg™ 5
mmol * kg_l ELIZ 4 mmol - kg_l 16 mmol - kg_l SERER 2
mmol - kg™ A1 FRAR T ik Y iR 5Ok . BB SS A
PURA A TR s E A it 3 15 A WF5E 45 1A
feho AT BIF5E R I AE - S rh B0 EDTA S B0 ) 4=
Py i AR, AT 45 RN ], ] RE = IR D 7 A
TR SFERIR VEIR LR AF AR I i AL
Py, 38 234 X A MUK RE % 1E— DA TR AR AR I oK
SRR T AR R o BRI A PR AL B AR T4
i Ah A [l A AILR it 2 1 5 it e i) T A o i A —

FE TR (0 IE ARG, IR T I HLER AT A T4 e 1
YIS R X | ORI i 5 4 SR
AEAL, A0 5 S5 BIF 5 A, 3R W B R W] DA i 0T AR
o BN S R A HLER S AT LA AR 2 UG Cd
ARG PR Ay it Jin ML J 30 PN 1 358 pHL(EL A T FAAIK
PRk T AP CdH ) HLAR A MLRR Mk P AT ) T 42
o R AR PR R AR ST R B, B A PR it
T ASF) F & S R BN, 1 mmol - kg™ Z TR AL HLEL
12 ZRBURE R, 110 BH R i SR AN B RE nA AIL Rt
o [T, R R e R it N R B AR, TS
EB Cd RFEFLE Cd BB, T RE A PO A
TR A VLR /= T E 48 Cd (4 P04 sk, 3
T AR R WY Cd 2, X 5 7R/ 3R K RES E Y
W78 45 A

FEVEAR M F 3275 Y R HE A Al A P SE R, 5 8
+ 3 Cd A R A 8 pH (AR R EEE, LR
b B 38 pH A 5 8RR AL 245 A 4 Cd FT 3 Cd
B U, X 5 2 VT SR 5 45 R 45 ol — 3 T
TEM BTG PE S R S Cd B3 IE A OGRS PR
A LA Cd 2 2 AR G, R BEAS [t 2t 2 R 3 16 K
T 38 pHAE (X 5 0 il 175 1 R A T 2 )5 T
B HRAL IR A AL A S A AR A 5 A Cd
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WERW . AR AL P+ 3 pH [ S R R A A &
Cd F1 398 50 Cd I 2 1E A G 17T 48 v JEE O VAR B2 1A A A
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SOUR S, I S ALK it i 2 A A6 PR A ) 4 v il 2 X
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FH 138 Cd e 25 IE AR G, 55 AR A Cd A i 25 A
%L ULIITE M EERE S E 22 5 E 4R cdfE i
(P FRAL AR AL o T A R AL PR A 1 pH A i AL A
it E R AR PE S IR CA SRR A .
BHLERIE IR ERE , LR SMIRER A A4S Cd Bk
AR 45 A RS Cd R 1 Cd B 3 R oG, B
MR SE SRR 5 T SRS Cd B IEAE  FP B IR S TR R
heE A7 Cd WA IE MO T AR S5 B3 Cd il B 3%
B 6, X5 SCHR (2200 78 45 SR T, T B8 2 Rl 3¢
BR[22] A 5T AR PR, ORI A1 3 do 25
AT, R 3 Cd W E RS S R S AR A 5 )
i NS

- TR 4 R V5 Y BT i DA AR AL PR A 5T R
TR RS T pHAE i A AL B 1 T
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