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Effects of different passivating agents on cadmium uptake and accumulation in rice and its timeliness under
field conditions

HUANG Yanfei, CHEN Guifen, HUANG Yuyi, XIONG Liumei, LIU Shuyi, ZHONG Huimei, LIU Bin"

(Agricultural Resource and Environment Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)
Abstract: This study was conducted to study the effects of different passivating agents and their combinations on cadmium uptake and
accumulation in rice, and their time—effectiveness under field conditions. A field experiment was conducted to study the effects of mulberry

stem biochar, oyster shell powder, bentonite and silkworm sand, and their combinations on soil pH, soil available cadmium content, and
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cadmium contents in different parts of rice plants, as well as their time—effectiveness. The results showed that the passivating agents

increased the pH value of soil, with oyster shell powder (O) increasing the pH the most. The soil available cadmium content was
significantly decreased (P<0.05), with the combination of mulberry stem biochar and shell powder and silkworm sand (MOS) decreasing
Cd content the most by 38.25%, 34.24%, and 14.60% in three seasons respectively. Cadmium content in the root, straw, chaff, and brown
rice decreased significantly. MOS treatment decreased cadmium content in brown rice the most, which decreased by 49.04%, 54.31%, and
25.22% in three seasons respectively, but still did not meet the national standard of 0.2 mg+kg™ Cd content. The bioconcentration factor of
cadmium in root, straw, chaff, and brown rice decreased significantly. The transfer factor of cadmium from the root to straw (TF.uuwia) and
the transfer factor of cadmium from chaff to brown rice (TFiuuuscnar) decreased significantly; among them, MOS treatment had the best
effect. As the application time reached the third season, the decrease efficiency of cadmium content in brown rice of passivating agents
decreased significantly; among them, bentonite (B), silkworm (S), and MOS treatments were comparatively small. Correlation analysis
showed that cadmium content in brown rice was significantly negatively correlated with soil pH (P<0.01) and significantly positively
correlated (P<0.01) with soil available cadmium content, TF oo TFioun sicerchai, and cadmium content in rice root, straw, and chaff. A
comprehensive evaluation revealed that the decrease efficiency and time—effectiveness of MOS treatment were comparatively better than
that of other treatments, thus making it an ideal candidate for use in production practice. However, to ensure the cadmium content in rice
meet the requirements of the national food safety standard limits of contaminants in food (GB 2762—2017), other remediation measures

should be applied under the condition of soil cadmium content 1.5 mg- kg™, and passivating agents should be added at the right time to

ensure its passivating effect after the second season.

Keywords : passivating agent; cadmium; rice; uptake and accumulation; time—effectiveness
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Table 1 pH and Cd content of tested material

PR R - Cd i
Tested material p Total Cd content/(mg-kg™")
SIBAT A= 5¢ 9.65 0.13
Mulberry branch biochar
D15EH3 Oyster shell powder 10.21 0.08
Ji 3 - Bentonite 8.10 0.11
7z ) Silkworm excrement 7.32 0.09
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Table 2 Treatments and experimental design

it B Eharans
Treatment Experimental design
CK KRR

M B — T KRR RARR P15 — R P it SRR ST A ) e liA
812 000 kg-hm™

0 B — 2R KRR RELAR P — U P At DL 52 B Bl A A e
12 000 kg+hm™
B Bf— R K R A RELARG P ) — Pt B 10 - B fe A e

12 000 kg+hm™
S i KRR R L1 — U P it 2 Vb4 AR 12 000
kg-hm™
MBS 55— KRR — R P Bt 2 ST A M
L AP R 101 1 S BC2H A Bl AE57) 12 000 kg hm ™
OBS  Hi—Z /KRR L i — U Pk Bt 5 D52k g+
Y HAFIA e 10 1 B FL AL A B4R 7] 12 000 kg hm™
MOS  Hi—ZF KRR AT — U 55t 5 SRR AR ¢ D
SRy VD LEBIA 11 1R G G54 12 000 kg hm™
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Table 3 pH and available Cd content in soil under different passivators treatments

43¢ pH Soil pH

S AR Cd F 1 Soil available Cd content/( mg- kg™ )

R P Ho %o - Ko %=

The first season The second season The third season The first season The second season The third season

CK 6.20+0.01d 6.21+0.06d 6.19+0.02d 0.787+0.036a 0.698+0.005a 0.781+0.032a
6.80+0.14abc 6.52+0.15bc 6.40+0.04abc 0.566+0.049d 0.519+0.074hc 0.714+0.008h

0 7.25+0.35a 6.80+0.14a 6.48+0.03a 0.534+0.033d 0.477+0.062¢ 0.680+0.003bc

B 6.73+0.04bc 6.39+0.04bed 6.30+0.06d 0.705+0.035ahb 0.592+0.091ab 0.684+0.018bc

S 6.48+0.06cd 6.35+0.04cd 6.30+0.01d 0.675+0.035bc¢ 0.644+0.024ab 0.715+0.007h
MBS 6.59+0.06bcd 6.39+0.05bed 6.34+0.04cd 0.587+0.042cd 0.564+0.030abc 0.681+0.004bc
OBS 6.90+0.28abc 6.49+0.05bc 6.38+0.04bed 0.488+0.041d 0.472+0.006¢ 0.693+0.018bc
MOS 6.95+0.21ab 6.58+0.08b 6.41+0.05ab 0.486+0.018d 0.459+0.017¢ 0.667+0.016¢

1 RGN [ - BEF R AN TR b B JR) 22 53 8. 35 (P<0.05) . Tl

Note: Different letters in the same column indicate significant difference among treatments (P<0.05). The same below.

R4 FEEAFLEIKFER FEFCIEHNZM

Table 4 Content of cadmium in rice root and straw under different passivators treatments

2 Cd &t Root cadmium content/( mg-keg™")

FEFF Cd &5 4t Straw cadmium content/(mg-kg™)

e P P e P P e
The first season The second season The third season The first season The second season The third season
CK 11.25+£0.35a 6.60+0.42a 11.75+£0.21a 4.95+0.49a 3.65+0.11a 4.83+0.21a
M 7.91+0.30¢ 4.70+0.14cd 11.20£0.42a 2.38+0.04¢ 1.99+0.04cd 3.19+0.06cd
7.65+0.35¢ 4.58+0.32cd 10.70£0.14a 2.30+0.08¢ 1.81+0.13d 3.10+0.05d
B 8.30+0.14bc 4.90+0.28¢ 11.40+0.42a 2.94+0.04b 2.09+0.22¢ 3.65+0.15b
10.50+0.71a 5.70+0.28b 11.45+0.35a 3.10+0.14b 2.38+0.01b 3.61+0.18b
MBS 8.40+0.28bc 4.80+0.14cd 11.30£0.57a 2.93+0.01b 2.12+0.06¢ 3.39+0.01bc
OBS 8.85+0.07h 4.95+0.21¢ 10.80+0.85a 2.89+0.04b 2.06+<0.01cd 3.23+0.05¢d
MOS 6.55+0.21d 4.20+0.28d 8.58+0.32b 1.95+0.07¢ 1.53+0.09¢ 2.13+0.06e
R5 FRHAFIGEET KK Cd BRI
Table 5 Content of cadmium in chaff and brown rice under different passivators treatments
e A 745t Cd F it Chaff catAlmium content/(mg- kgi' ) *Jﬁ?K Cd 7% Brown riceAcadmium conlenl/(mgi kg™)
Treament frme 5% e 5% P 5%
The first season The second season The third season The first season The second season The third season
CK 1.19£0.10a 0.93+0.01a 1.07+0.04a 1.20+0.03a 0.94+0.03a 1.13+0.03a
M 0.77+0.04¢ 0.69+0.04cd 0.97+0.06b 0.76+0.05bed 0.62+0.01e 1.0120.01be
0 0.77+0.04¢ 0.64+0.02d 0.96+0.04b 0.75+0.04cd 0.58+0.01f 0.98+0.01c
B 0.92+0.06b 0.72+0.01bc 1.00+<0.01ab 0.79+0.01bc 0.68+0.02cd 1.00+<0.01be
S 0.95+0.02b 0.75+0.04b 1.02+0.02ab 0.82+0.01b 0.73+0.02b 1.04+0.03b
MBS 0.90+0.02b 0.70+0.01bed 1.00+0.02ab 0.75+0.01cd 0.69+0.01bc 1.01+0.05be
0BS 0.89+0.02bc 0.67+0.02cd 0.96+0.01b 0.70+0.02d 0.64+<0.01de 1.00+0.01be
MOS 0.77+0.01¢c 0.53+0.02¢ 0.88+0.02¢ 0.61+0.01e 0.43+<0.01g 0.85+0.01d

T, AR AT R DL DL SE R RO B b, 3 2243 R
£ T 32.00% .30.68% 1 8.94% , 7 ™4 4k, 7] &b Jif vy 3%
PASFT A ) e i 45 DL 56 M9 AN A VD 2 5 A PR e G
3509k 41.78% . 36.36% F1 27.02% ; 5 FF Cd & &+

B 50 2 BEAIC, 4 Rl Ak DR et DL 5o B AR A8 R A 47
H 50T R L A aw vb 7 A B Ak 00 b P SRR
FFAE W i BL A DL A A VD 20 5 Ab B ASCR e, 3 2
K W 4 51 K 60.61% . 58.03% H1 55.83% , B &1 T
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b b B (55— 25 A 5 A DL SE R AL BRI A1 ) 5 4552 Cd
T PIRRAG, 4 LA R DL SE R BRSO R i, 7
AN A 7R b B o AR A AR 4 i BC A DL K AN 2 T
A A BRI I K, 3 A BIRRAR T 35.29% .43.11%
F17.84% 5 hiE K Cd 5 BEXY 5 BRAR , 4 Rl Ak 50 44 )
b DL SR I Cd R R L 7 A 700 4 B v SR A A
AW B DL SRy AN ZR VD 4 A A B K Cd & i (B 3
fCF HA AL, B CARUR e fE . 555 —F A H A, Bl
2 ¥t JFF) A 1) A ) 5 = 2, 4% i A 700 A BEK R
FERT A3 7 FURE K Cd 1 2 i B S 0 /0, o DL 3
K3 B A5 2 10 - 0 2 v b BRORE K Cd 3 AR s 0 /L
JE K, M 30.00%, B3 A vb Ko FAAR A W B
BE A5 U158 A8 1A T 245 3 A A 080/ T B A X
Ao BT it A AR R YA BRI T K AR R FE
A5t JokE ok Cd B, 4 R iR AR P 0L SE R AL
AT, 7 4Bl AR TR Ak B S T A 9 o B D
SERY RN AR VD 4L A b FORE K Cd 5 IR R T A Ab
B, B Cd 85CR Fre A, 45 B0 Ak 7R Ak L Bt 25 it P i 1] 1)
W B 28 — =i Cd BRAR MR B B o2, L i
+ AP T SRR A DLST R AR U A A
3 A Kb B A X AN
23 AR AFIBEI KB CIHIERBNEERE
K

W 6 /R, 5247 CK AL FRA H A, i1k 77 b 30
8 FRAR T KFE Cd 19 TF e, Horp, SRSROFF A= 9 3¢
Fit & U1 58 Ry AT B V0 2H A A BT g SRR e K, 3 2240
AR T 31.82% .34.82% F139.02% ; ¥k, ik 7 4b
FRREAR T Cd B TF s , FL 1 MOS Ab B AR RICR B
fE,3 253 BIFEAR T 22.06%.19.31% F19.35%.

k7 K 8FR, 3R KIS AL CdHE R
B AR 2B SRR M T S A, Y
CK ALFRAR EL , Blifb 77 b B2 2 R AIR T 58 — R FIEE —
KRR Cd & 4 R4, 56 = ZE AN W] b B (] K A A
BB Cd & 4R RECRAK |22 5 W2, 4 P AR gk rh I
ST AL KRR Cd W 4 RBUN T R AP0
g A Fn 2 Vb Ab I, 7 Al AR Ak 3 AR AT A )
RECE VL 5Tky Fa v 4l A b 3 48 R B/ 5 K Fef b
EEBFEFF AR5 REK I Cd & AR R B E R (5 =
ZENGIE 1 A V> S ST AR W) e Be A Wi 1= A v
HEIIE5¢ Cd B RBIERID) , Hh ZRAEA A
RELA VST A VD44 b HRE K Cd & 4R R 2%
I A 7 AN AR 3 5 B B ) RS A R 45
Bl Ak 00 A B K RS 45307 Cd & 2 2R B R i BH S 08/
e S RAT A= ) LA DL 5e by Fh i vb 24 6 b P R
W 9K /N S 2 A 5 /0N o 85 TR e BT it FH i e 351 A
AR T /K AR 4 AL ZUERAL Cd 1 & 48 R 8, ik s/ 1
IKFEAR FEFF 50 SOREKR XS Cd 1 & 4, Hih AL
FFAE 9 i BC A UL 56 oy P2 V0 21 Ak PSR [ Cd &%
Rtk
2.4 ¥EXK Cd ZRRBIHEXMES

9 froR, 3 BB ok iy Cd % & 5 L4
PH L TF ogmer 2 M2 25 FUA 2 (P<0.01) , 5 3R RS
Cd A 2 TEAH G, S RS FF S 5¢ Cd & i S i i
FHIEASE, 5 TF s B B35 IEAHE , 5 TF s 55—
T FIEARDC(P<0.05) 55 B FISE = AR i & 1E
AHOG, Hp RS AR A 72 th ) Cd 7% & SREK Cd 7 50 A
K FRFA i - pH | A RS Cd 5 & TF s
EJREAK Cd 5 1 AR OC R BUHRTE /N

F6 AR FIAEXTKFE Cd BiE R BN

Table 6 Transfer factor of cadmium in rice under different passivators treatments

Cd HARBIRSFH% 18 /AL Cd G FF SN 585518 R AL Cd i1 5T BB K 18 R AL

phm TF of Cd from root to straw ( TF s ) TF of Cd from straw to chaff(TF 45 ) TF of Cd from chaff to brown rice (TF gpss:)

e BE BoE Bo® B% % BF 5% %% 5%

The first The second The third The first The second The third The first The second The third

season season season season season season season season season
CK 0.44+0.06a  0.56+0.02a 0.41+0.0la  0.24+0.04c  0.26+0.01b  0.22+0.01d 1.02+0.11a 1.01£0.01a 1.07+0.01a
M 0.30+0.01b  0.43+0.02bc  0.29+0.02bc  0.32+0.03b  0.35+0.0la  0.30+0.01bc  1.00+0.02a 0.91+0.02d 1.05+0.06a
0 0.30+<0.01b  0.40+0.01be  0.29+<0.01bc  0.33x0.03b  0.36+0.04a  0.31+0.01b  0.98+0.0lab  0.91x0.0lcd  1.03+0.02a
B 0.35+<0.01b  0.43+0.02bc  0.32+0.03b  0.31+£0.03b  0.35+0.04a  0.28+0.01¢  0.86+0.07bc  0.94+0.05bed  1.01+0.01a
S 0.30£0.04b  0.42+0.02bc  0.32+0.01b  0.31+£0.01b  0.32+0.02a  0.29+0.0l1bc ~ 0.8720.02bc  0.97£0.03abc  1.03+0.05a
MBS 0.35+0.01b  0.44+0.03b 0.30+0.01b  0.31£0.0lb  0.33£0.0l1a  0.30+0.0lbc  0.84+0.04c 1.00£0.01ab  1.0120.07a
0OBS 0.33+0.01b  0.42+0.02bc  0.30+£0.03b  0.31+£0.01b  0.3320.0l1a  0.30£<0.0lbc  0.79+£<0.0lc  0.96£0.03abc  1.0420.01a
MOS 0.30+<0.01b  0.37+0.05¢ 0.25+0.0lc ~ 0.40+0.02a  0.35+0.0la  0.42+<0.0la  0.80+0.02c 0.82+0.02¢ 0.97+0.01b
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Table 7 Bioconcentration factor of cadmium in root and straw under different passivators treatments

IKAEHEHB Cd & 5 2 BUBF of Cd in root(BF )

IKFEREAT Cd & 5 R EUBF of Cd in straw (BF i)

R o P e P w P
The first season The second season The third season The first season The second season The third season
CK 7.46+0.24a 4.37+0.28a 7.78+0.14a 3.28+0.33a 2.42+0.07a 3.20+0.13a
5.24+0.20¢ 3.12+0.09cd 7.42+0.28a 1.58+0.02¢ 1.32+0.03cd 2.12+0.04cd
0 5.07+£0.23¢ 3.03+0.21cd 7.09+0.09a 1.52+0.06¢ 1.20+0.08d 2.05+0.03d
B 5.50+0.09b¢ 3.25+0.19¢ 7.55+0.28a 1.95+0.03b 1.39+0.15¢ 2.41+0.10b
S 6.95+0.47a 3.78+0.19h 7.59+0.23a 2.06+0.09h 1.58+0.01b 2.39+0.13b
MBS 5.57+0.19b¢ 3.18+0.10cd 7.49+0.37a 1.94+0.01b 1.40+0.04¢ 2.25+0.01bc
OBS 5.86+0.04b 3.28+0.14¢ 7.15+0.57a 1.91+0.03b 1.37+0.01cd 2.15+0.04cd
MOS 4.34+0.14d 2.78+0.18d 5.68+0.21b 1.29+0.04¢ 1.02+0.06e 1.41£0.04e
F8 AEIFEMAFIGEN AT MK CIEERBNZ T
Table 8 Bioconcentration factor of cadmium in chaff and brown rice under different passivators treatments
s 7 Cd & 4 R EUBF of Cd in chaff(BF 45:) Bk Cd & 4 REUBF of Cd in brown rice(BF pux )
Treatment 5% e w5 P e w5
The first season The second season The third season The first season The second season The third season
CK 0.79+0.06a 0.62+0.01a 0.71+0.01a 0.80+0.02a 0.63+0.02a 0.75+0.02a
M 0.51+0.04¢ 0.46+0.02¢ 0.64+0.04b 0.51+0.04bed 0.41+0.01de 0.67+0.06b
0 0.51+0.02¢ 0.42+0.01d 0.64+0.02b 0.49+0.03cd 0.39+0.01e 0.65+0.03b
B 0.61+0.04h 0.48+0.01bc 0.66+0.01ab 0.52+0.03bc 0.45+0.01be 0.66+<0.01b
S 0.63+0.01h 0.50+0.03b 0.67+0.01ab 0.55+<0.01b 0.48+0.01b 0.69+<0.01b
MBS 0.59+0.01be 0.46+0.00c 0.66+0.01ab 0.50+0.01cd 0.46+0.01bc 0.67+0.03b
0BS 0.59+0.01be 0.45+0.01cd 0.64+0.01b 0.47+0.01d 0.43+0.01cd 0.66+0.01b
MOS 0.50+0.01c 0.35+0.01e 0.58+0.01c 0.41£0.01e 0.29+0.01f 0.56+0.02¢
F9 K CIEEELEPH BRECI KBARBEEMLCd EERFIZ REMEXE
Table 9 Correlation of brown rice Cd content between soil pH , soil available Cd, Cd content in root, straw and
chaff and TF of root, straw and chaff
WiH i pH TIHATHCE Cd B it HCd & FFF Cd &5 4378 Cd i
Item Soil pH Soil available Cf} content/  Root Cd corlltenl/ Straw Cd coﬁr:tent/ Chaff Cd coﬁrlllent/ TFwmm  TFaemn TFporms
(mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
2 -0.679%* 0.829%* 0.816%* 0.941%* 0.868%* 0.799%*%  —0.780** 0.611*
The first season
B —0.721 % 0.776%* 0.892%* 0.942%* 0.984%* 0.891%%  —(0.743%* (.843%*
The second season
o —0.635%* 0.791%* 0.801%* 0.918%* 0.873%* 0.838%*  —(0.925%* (0.677**

The third season

TE e 53R P<0.05 F1 P<0.01,
Note: * and ** represent P<0.05 and P<0.01,respectively.

3 g

pHJEEE I 1 Cd WAL A5 A2 R i S B I 1, il
L4 i 15 pH b -3 Cd L RS L AL R AlAL R 5L Ao
BEAL I S R i ML 2 ) BRFER I, 2

pH BRI , 33 Cd i i FE 34N, A0S Cd &3,
FehPEsg i , 24 pH T+, Cd B 5 4552 1 Cd(OH),,
(A S Cd & BEREAR, B2 3 PEsiss ™, Js PR 43 pH
Fie vy ] (g SR AR 4 e B I R SR
e SCi R e e L Ry | A RV R A ]
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FEAR T 58 rh CAd iR itk Re 1™ AR A4 e
AR 398 pH AR Ak f 5% e B B L AR AH [R]P AR F
FEH A FPAS[R B AL A RE K H 3 B A L2 A 35948 T T+
e pH, Hod DU b B pH 2 THROR e fE: , SRR
A= e Ab FR 2, LR DU By 8 B Ay Sk ik TR
B, HAS A SRS, R — R A R,
AR R pHP, TN [R) M R 2 BE 2 A v SR AR
Yy Bie G U 5e by R A VD 2 A A 3R AL 5 DL
FA Y e P pH 3¢ R0 (AR ), TR LX) 398 pH 82 2]
TR UGS TH B VR, 10 B At Ak 770 %) 4458 pH (43¢ i 5
MRLE S0 pH K/NA B BB LR . AR EiE
FI 4b B - 398 pH I it FH B () A 4 RS AT — o AR 1 [l
%, HLRUR AT R 4 AR By ot - R ek AR AL AR 53R
P 2% PR RE 3 A7 S0, AR 8 W RE 5 2 Ml e 1 b 2
At FH S T [ g b DX W T R 3R Ak AT —
TR B DTk A P,

T 4 R AR WA A S S VR AR 4R
T2/ EE R, BRI A A Tk ]
T AR ] A2 Cd IR FRER 45 A 75 Cd Bk ER 41
P 456345 Cd & &, TR E A Cd & 4 B 8 Tt
T2 it FE DY A A A AR R T DA S AR A - R Cd Y
BHSGRVIES CARBE S S R E Y E
HLAE REAA SR AK 4 Cd 19 A WA il (H B
FH B X 55 42 B0 AL AR AR X B 550, ACBiE 5T Hh it
FHEEAL AL I AS R FR FEREAR T HIEA RS Cd &
i, o 4 BROR R BlAR TR R R L DTS A Ak BRI
ROR AL, R LE Y R AL PR IR 2, 3 R[]
EECAL A R AE Y Bl & W Se i a4l &
Ab B ARG AR R i, LD DR PT RE S < DL S by R SR A
FFAE W e B 558 170, il AU 39 pH IR T, 412
fifi Ca* B W R £ ik R 3k 5 S A AL T T T, 5 0k
[ ) pH & g 1 58 T SN Cd A IR A T AR i
T R WP S Cd TTTE , TR T £ 38 Cd 1
AR GEY K, Gt CarimF 58, Cath sy
55 Cd™ I ida e M5 0, A ) e I Al 5@ 2o
LT PR | B LR L 5 B AU RE I S CdP R
T a5 B L&) (—C00Cd . —C0oCd ,—O0Cd) , H.
B BRI A R 3E A 5 e - ERH B Ag e i AR b ok
PETV - Uk X 4 T 5 1 04 i H W R R DS
3 R W e B A B4 AT s 2L R L R e
FHEAALR LR R T MR AR SR
B 1A W R [ ot 5% 3R B AR e 1) Z2 L 2 A T
U/ PR A AT RS A N TR

1% WHART]

07 T 00 Jo 1) e 5 A MR K o T A ilE T4 o Cd AR
HAYITE R, FRMRBE B 25 ST FS
A UL AT RS TCHLA R B R R R 2 A
VRO T 4 R B T IO B L2 RTTTE RE ), i R AR
WEIEHR W8 2Rl AR RIS it ), ORI T
B — Ak ] A T sk B it FH — b ek i A A
FISEm o AT AT A ¢ DLFe s BB TD 3
FobRb4ae 1210 1 52 e 4045 it FH A 3 6 S5 R IR T
A RS Cd 1, HLREARRCR AL T 3 Flobt ek o it
FAARBR 3 557 NAF5E 25 R IEA— 20, 1 3 Fpf kLA
A X alik - 3 Cd> i B AR it P R LL it R R =
(] (8 ELARBME S F LA A RRRABSE

R PR P9 T 4 8 1 i 22 /0 2 I B AL A R B R
BT ) BRI, Wt 9 2 B b FH A= 9 e DL ey (e
v 35 AT K (A RR B Mk 2 K R 45 41 2% Cd i g
Wtz g SR Y S BRI AT LA RLREAIR
KRS L4 Cd 5 AT, [R) i I 27K A b Cd AR
RZETRAER o 0 AR Cd (1 R
AL, SRR Cd & 4 10 = B85 1, R KR X Cd 1Y)
Wl BB AR X Cd MR I RE 1 26 R IS Cd
A 5E BIRE K 12 R TR RE K Cd & 45 SR Sk
AR, T I E R R Cd R, AR,
Jiti FEAT AR 5904 R0k D T KRR MR RS FF 485 SR K HR
Cd Ay 5 AR T Cd AR SRS FF AN 23 70 I RS K (10 %
18 2B, BB AEAL D T KRR 2 Cd i, 5
T Cd R AR B 1 B AT A2 1 RE T, X S R AT
SERILAR T Ca® 5 Cd> HAG MBI AL 2 Pk
O Callifb MR B O Ca® Mo 4R B 1 Bk
KR AR R T8 1 Cd> T ol 52 4 W A, 228 17 990 o] 7K A
C® 14 W S350 A3 30 194 Ak 590 DL 520 Ca 17 AR
1R, Xt AT BB LY K AR R A Cd R E
Z—o AR K Cd & i SR FEFT &
Bt Cd & i B R E IEAH G, 5 Cd AR BIFEFF i 55
15 ZFUCEN R A G, 5 Cd AR FE BTRE K (1 12
FBCR 0 R 2 1A DG 10 B A 3 PRI K AR 2R
Xt Cd R, 3ok 1> Cd p AR 2R 1) s R0 48 56 ) R oK
W RGBSR BRI AR K Cd R SR 2
—  AHIEIE 4 FpOpE R USSR R K Cd i AR
ICAF K DL FE Ky 5 AT AR R A4 12121
ST A AL FR A RE K Cd 7 B 35 (T At A A 57 Ak
P, 5 van Herwijnen 55 47 fF S5 VR B © A 5T 4
TE 1 22 Fh Bl AL A R HILAE it FF 8RBl
Jiti FH— el bA e 0 25 SR AR — 3 3 FP AR KA Cd
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A B AR R U I AR T I SR
ARG, AR B LR LIRSS R, NI R
FATE A P o H G B B AR RCR B R A — A
WABZE SRR, IR I E G R 2 Nl R,
Tt FHV B AT AT 08 3 P Y R R ] S (BRR R 4
B8 BEREAY ST AYEEEMERE SR E
[ Gt N R DG A B B L e el B 2 Yl )
EAFE W] 2 25 5, B Bifb A A IR, 7E £ %
Tl e 2 B is e BT AN, JF BEE I TR A SE 4, BliAE
ROR B B, ABFRE R IR, 3 iR &
b P - A RS Cd S EEFUKAREAR R (RS AT A8 K
K Cd 5 i 2 5L P B I [ A4 4 A% SE AR T /s SR
ST R A D R AR 2y R, LAY
R i DX RR K B 8 L 7K B 22 20 7E W K B R
A, WK A A S Cd 5 B R R s, Cd
14 22 W) A RCPE W AR i 2 R KA BEA L
B, A5 DT A P B A 7R it P o i) ) RS 8 2 =
I KRR RS FF A CHURE K ) Cd 75 BRI
JEE W] R )y , FEAR R R Cd & 17528 —ZFIf 5 CK
AR BRE 0 22 5 (R AT A e i DL 524 A A
UAG AL PERR AN ) o T B AR g E A 5C Y Cd
A AL B CK AL B 225 22 5, KR ]
AR OLRE K Cd 5 B [0 7 e i et 8 B A i/ s, G
RT3 DL Se s A 2 V0 2 5 A UK A
A HBAL Cd F 12k P MR B ARE X 00N, R A PERE R AL
DEITRSE = F AR R RCR B 2 B T IR
B, D PR AT RE -5 it it TSP 1] P4 SE H ORCS  h P - 3
pH 2 25 ] S i P A A, BlAR R0 A4 e B g e A
TS Cd S R PR T N R A e,
SR s B P b e FH AR RO BEALAICR

4 ZEig

(Ot FH R EATLE Y ¢ IU5E Ry i + 2 b
4 FHEEAL RN A R T T L8 pH TR AR 1 13 A
RS Cd i, Horp DL Fe kb R 338 pH AR TR fi
U, R LY C A DL Te by e v 245 b PR 1 3
ARG Cd I, AR e e

(2)t FH R BT LE Yy ¢ IL5E ks i + 2 b
4 LA AT RAT SR AR T KRR RS AT A5 58 B K
Cd 135 3, Horh DUSE Ry OR fre s, A [R) Ak B AR SE AR A
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(3) I 5 it FH B () A 475, 55— 2R i i {7 4k 21
FEK Cd 75 2 A R AR R B s/ | v RS A A=
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