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In-situ immobilization of cadmium and lead in a contaminated agricultural field

by adding natural clays combined with phosphate fertilizer

LIANG Xuefeng'?, XU Yingming'**, WANG Lin"*, SUN Guohong’, QIN Xu'*, SUN Yang'’

1. Department of Pollution Control, Agro-Environmental Protection Institute of Ministry of Agriculture, Tianjin 300191

2. Key Laboratory of Production Environment and Agro-product Safety of Ministry of Agriculture and Tianjin Key Laboratory of Agro-environment and Food
Safety, Tianjin 300191

3. Department of Elementary Science, Tianjin Agriculture University, Tianjin 300384

Received 31 August 2010; received in revised form 15 September 2010 accepted 16 September 2010

Abstract: In-situ immobilization field experiments were carried out in a cadmium and lead contaminated agricultural field in Tianjin. Lactuca sativa L,
Brassica campestris 1. and Raphanus sativus were selected as model vegetables. Phosphate fertilizer, natural clays such as sepiolite and bentonite, and
composites of the above were employed as immobilization materials for heavy metal pollution. The effects of immobilization materials on the biomass of
vegetables, the concentrations of cadmium and lead in the edible parts and speciation transformation of cadmium and lead were investigated. It was found
that the phosphate fertilizer and its composite with sepiolite or bentonite could increase the biomass of vegetables. All the immobilization materials
decreased the cadmium and lead contents in the vegetables to different degrees. The composite of sepiolite and phosphate fertilizer had the best
performance, and the contents of cadmium in Lactuca sativa L. and Brassica campestris 1. were below the level of national standard for food safety. All the

immobilization treatments inhibited the bioavailability of heavy metals by reducing the contents of exchangeable fractions and increasing the residual
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fraction of heavy metals. Therefore using natural clays combined with phosphate fertilizer is efficient for the in-situ remediation of cadmium and lead

contaminated agricultural fields.

Keywords: polluted soil; cadmium; lead; immobilization; sepiolite; bentonite; phosphate fertilizer

1 35|E (Introduction)

HY K 05 T Bk 2 AR IR Y R e L SRR
A% FH S Hb 48 7 3 A [ B 58 17 4 4 2 1 4 JR V5 L.
b A S AN A 0 A AE AR KT LI AT R
SUN S 7/E S 2| N G NG TN (EL97 9 aa B Nl v
TP E 4SR5 Y s X TR AR ™ e B
A EHZE (AR SF, 2005) .

Huiie 2 &4 @5 e £ ik E 2 WY
B A S A Wk A (LR 5 55,2004 5 HETER
45 2004 ; 3% 7k B 52009a; 2009b; R %2007 ; 5
E A 45,2002 ; 4% 75 5%, 20055 & J5 A& ,2010) . H
Hh Ak A7 3 i R B Ak 18 B R I R R B 2 1Y
R k5% NS PO N IR’ e b 8RN RS/ QN 4 &N
SR S ORL, AR G R Y R WA R,
fiff T 4 A 5 e NP P AR K B EVE R w0 HE )
4R IR FE N H B Z AR B 0
W1 (WL /NI, 2007 ) Fas 2 &k (R 44 45,2007 ) —
BEIE R RIS 0 P e L £ 2y
G322, A B B A e B 1 R B Ak e
52 B AVR A 3 b i 4 J 0 Ak, DN I3 5 R SR B
fiE 71 (Apak, 2002; Bradl,2002) , LAk B §ifb 12 52 H
. R E R0 R B SR )T A
B9 Sy NI A2 7 T = W I B e 22 e 3
SRR, AT LA H LI 4R TS
PeUR MR — A B R, A R TR L0 Y%
VB 25 A A (R OF- 25 ,2005) . B I, B 07
ARG R EE S B P R 5
VRSO AL, T LR m] DLk 8 + 398 0 R 2548 (bR =
T4 ,2009) . KRB b i A A E R R
T FRURD 32 & AL B, 0 A 45 4 6 el fep AT LA
PR S 1 S # W BT RE T, — 38 HA VA T 4 R s L
J1,C5RZ . SR H TR H KRR R - Wk
R EES BTG RMEE MR FEET T EN
S B AR SR, A R Y S IR A AT A XA A

AR SCHE O A WFSE AR /Y Al E 38 3 ) R
SR, LA ZZ SR T SN S O AR, F 9 i
VEIN 2 WS S R DO K R AR R e vz ]
JE A A Ak A8 S AR R, 938 5 43 A i Ak A4 R it o i S
T HEE S RIS W AT B ROR, DU O i

AR dpe 2 52 B o FH B 4 BRI A 4R
2 #MEEAHE (Materials and methods)

2.1 EBMHEEE

I A HE T R T M, R 2 Sy 3
P 39 B S5 A ) 9 AR DT AR, b 3 B RS o A
DRV - (EHR R, 2008 ) 3% R T2 B L BT LK
i RS 22 R G R OC R 15 G i K e b HE ) G
DX, A B J 0 T 5 K o A7 ik, 0 T 4 R TS
B (EAHHAF,2005).

TR AR AR B4 R cpH {H 7. 8, FH
BT AC 45 CEC 17.3 cemol - kg ™', 4 ML & & &
6.14% WA bE & 2.9 mg-kg ™', ML A EO102.2
mg-kg ' AR PR BT T 1 S0 o (R BRI R
PR UL OE S BT 1995) , il L Oy T 4%
LR RCE e e

i Al B At 5 B a A, EE4k
H K : CaCO, 65% ,Mg, Si, (OH), 0, 8% ,Si, 0, H,0
9% , CaMeSi,0, 18% 3 i - W3 £ M — i b T 5%
oA PR "L 0B 23 |, 2 22 2 A < Si0,
57% ,MgO 1% , CaO 5% , Al, 0, 19% , Fe, O, 6% ,
H,0 12% . #§ JE N i3 #5245 Ca (H, PO, ),- H, 0/
CaSO,2H, 0, g 7 K L7 HE 0 A6 IE A BR 52 41 24 ),
HMP,0,=16% ,4i=10% ,55=18%.

HEEE 3 i 42 3% (Lactuca sativa L) , i By P4
2y 3, I 3 ( Brassica campestris L) |, 5 it 5y 5 43
=%, 8 N (Raphanus sativus) , fhFp XK 8 .

S AN g B A I I A3 O Ot BE 7 (Solaar
M6, 36 I FA L 22 ) 5 i AR AR (101-3A, R
AR RS B A R A F ) 5 BB A Y R 1 L
(FZ102, R Z R A o B2 A R A W) ) 5 2 1 3
K EEHL(FT102 , KRR B A BR A 7)) 5 i
PR (EH3SB, 5tk A B AU e A IR A A
2.2 FERREIT

PR B 8 52 B0 R S I A I T - A
BCE 6 i E 2 5 % O CKOX B, AN B InAT faf
BALA R s @ SSP (B 15 kg+30 m 7)) Sep
(141 67.5 kg+30 m™*) ;@ Sep + SSP (¥ ifd £
67.5 kg-30 m * + BAE 15 kg+30 m ) ;B Bent (%
4+ 67.5 kg-30 m*) ;® Bent + SSP (i + 67.5
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kg+30 m 7 + BEAE 15 kg-30 m~*).

RAWE 3 AERE, BT 18 NIK, B4R
ANX TR 30 m® R VI T B 540 m® . 7E R AR 4 i
30 d Y5) Mot s AL A R, SR S AR (TR BE K2y 0 ~ 15
em ) 5 VAR 15 45 B it R OE AR 7 — 3L
2.3 BREMLIERS N

ORI 85 SRR i 43 A b 350 0 AR 38 R 4y,
B Rk vh vk G A B Tk kg, T 85 CRMEL h,
ZJEHE 65 C Rt R fE F, FR i T 3. A i B 08 )5 ok
F1 HNO,-HCIO, 3% (3:1, V/V) I, 55 WU ot
BTN A B A

FEBR SRR e R A, TG @3Bt 1 mm
il IR S) A . B 4 B AR 150 pum B, AR 4 1 4
TR A o D B SR bR o (B R R
1997) , % Fil HCI-HNO,-HF-HCIO, 3 15 it , J5 - W i
G306 BE B A A AR b B S . T AR
AL 450 25 RS o B SRR S, DL TE O A Sy
Mrad B b ik e AR % . LIRS B IR S
I3 R O 8 AR IR T 5 R $2 (Tessier et al.
1979) , M0y ] A8 e 25 Bk R #h 45 A A R A 1L
MERE AIGSESTRESSES MES.

2.4 HAEAE

i F Origin 8.0 4> #7 %4, 1 A SPSS 12. 0 ik
PR K5 220 M F LSD £ Lo A, 4 36 A [ 4o 2
] 2 S R BB, R AT AH O BHE 1 S it ar B, SCE R
/NG FhE R8s 255 AR g L (p <0.05).

3 Z£R 514418 (Results and discussion)

3.1 ARG MHANHEEENENEH

W 1 AR, Bl R R X G R S A )
e A7 7E W I 25 S it FH B0 1k b R S i 22 3 A
Wi A e FE AR s, ey 11, 85% ~
244.00% , 3 b A= ) 5 g o O WS AL 3 0T AR
B 244.00% 3 LU N A /B HE 2, H50O6) HE B
77 234.91% , i & 5 X A E 22 S B B B g i
L (p <0.05), ifF A7 B8R fig i b 22 28 1
11.85% {H 5 %F B b 22 55 E 50 it 22 8 X #li e f
HEXT I 22 3 b FB AR kAR R R I O AT >
T A /B LS I > e L/ e > g + >
VT W AR U I/ A T A 4R T 2 M
AW I3 IR B 142,75 ¢ F1 131,00 g, 7355 Ho X i
P85 37.75% F1 47.93% (p <0.05) , i fb A4 & % i
S b AR W B 0 R R SR A 3/ IR A T

> WENE > fig i +/w IS B > i 4 > I £
A /BEEE BRI /B IE S RCRe 2 = & b AR
FRA I, 2 B4 9. 60% Fl 14.78 % , FU it I i
T b r 2 N A HAT I 1 SR AR M AR
VA W R A LWL Sy B b/ AR A TEE > T
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Fig. 1  Effects of different immobilization materials on biomass of

the edible part of vegetables

WA Ve A /BRI A2 IE L R /IR R Y
AE 4 = LI S ] B AR A AR, L rpox) il 22 3 A
SRR A KA HEAE B AR MR i
WA ERRF A S AN SHYESRT
F M P O = R 5 e OR K, B DA R SR
AR A AR ) T IR L 25 5N B . A R
FEIRE A SE A B A EER, IR LR E SR
PE HCGE T AR MR, R AR P % T B R R,
Vol A T 4 Je 0 A I RE R, DT O AR ) AR K T
WA/ A AR T /i R AR TG B R A
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3.2 FREsEMHHMEXBEHEEENDH

AN TFVEE A AL 3 g 3 T B d A f A
HIGE I AAEN 2R, RWEBEESCRANS
BAL MR O I H S B SRR A .

BEAL A B BE A SRR AR 22 S b b BB AR A
LA Y S D4 - 16 A /85 A8 Z R > 2 +
> Wt /B IR B > BEIE > Wi, Ko i A/
T T S | M Wi T AR AU Y S ki 1 R A
5 %6 BEAH FL R IR T 3% 51.78% (p <0.01) F138.33%
(p<0.01), Q% : BE AL > I i /8 IR 2 | > [0
TR > WA > B R IE T
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A1/ W I A2 0 0 Je ol B I, 5 %) RO L A R T GA
55.18% (p <0.01) F1 45.05% (p <0.01). DL i1
A1/ W 52 T [) R B3 AV T 22 356 6T 4 A ) 2 AT 8 2R
= AE.
AN TRV B A A R 6T Yl =5 W WS 1 40 7 S50 Sy
i 4/ W N A2 BC > VI A /B IE I > WA >
R > B AR A = & 359 mT R AR I 3 0 Wi,
5555 BEAH LU BRI AT 3k 47.02% 45.81% il 43.42% |
S HAYBSEIFE L (p <0.01) ; [F B B i
WA S /B E 2 BE 5 6 BE A B R AR b S L
ERE & 0E OBE 3 o) Al G 340 18% | 31. 17% Al
25.19% (p <0.01) , Lo A1 /85 IE & L 2 i £/
98 S 52 TAC I3 i 686 A el S 0T A8 1 W RO 80 A -
BEAEAT R AT RRAR T DRI A &, Horh 5 X

10r a2 2 M&ER zaPh &Y 703
092 N
e N by N7
o0l DR AP £ Cd 1%
p055 %}\ b a -0.35
2050 /% b | e ]
£ %§ Y i NS q02 ¢
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Fig. 2 Effects of different

immobilization  materials  on

concentrations of Pb and Cd in the edible part of vegetables

ECMH B, Y00 f /i T A2 TE S B0+ RE R AR 41. 87 %
F1 38. 72% B 45 W IR S 24. 89% F1 17. 83% 1 4@ Wt
WA, A [ B P A ok o 5 I 52 A4 a9 00 ) 3050 Sy
O - 0 A/ B BT > I 1+ > i /9L 2
B > WAL > M0 A1 s @8y ¥ 0 A1/ BRIE R IC > Y
+ > A > BEAE > B /B R .

Xof Y 27 S RN S b b AR AR A R
0.27 mg-kg ™', ¥y it (£ & hig g M BR & GB
2762—2005) BRAE i 0. 2 mg-kg ™", ¥ 360 41/ HL 52
[ ATE R o Y E VR N B = S S DA i
WIREAR = 0. 13 mg-kg™'.0. 17 mg-kg ' fl 0. 15
mg-kg 0. 19 mg-kg ", 3R H [E A7 UE 2K
BN HLER E AR R RE ) A R, Xk IR R R A R O 0.05
mg-kg ™ A I [ 5K A o b A B A R T A
37 578 i A 2 AR, b AR AR W BE R R R R AT
DL L X B A [) 52 32t 3R IR 30 AT £ 99 3L 4%
i, R U A/ I AR A B R S 0 B T

SHASIFE L (p<0.05).

X B 3 A b S AT AR AL B A A
0.76 mg-kg ™' .0.57 mg-kg ' F10.72 mg-kg ', i
TEE A B RS, Y S R e AR 23 g R] B R 0. 34
mg-kg ' 0.37 mg-kg ' 0.42 mg-kg ', fix KR
ik 50% Zity , W BEACHARL X 8 o i BY B A ]
BB A1 .

3.3 TR MMBNLEFRELSHE N

— BN, RARFE L WA B Jm i e
Bl A A 52 A et 3 S A R A R R I R s T Y 2
YA & (Simoni, 2002) . ¥ ¥l A1 0 & B LR £ 0
Yy, b 2 kS DT T A R 22 TR) e — )2 B AR\ T A
B, AR 1 F % T BRI S i LB A A, R
T 5 A KA JZOR &5 4 B0 22 ) &5 A R Y K
3 T Y A F A R Y 3K T B BE ) ( Shirvani
et al. ,2006) . il + & A R F 5 i A7 78 #Y —Ff 201
R JZAREERRER B9, by P> 1 TU A ) B ) ik
LAY T S i = AN TR N A
WG AR G5 #4747 45 K T F A, J2 8] PH B 1 R DL
HERE S FRBmNMEBI WM ESENEB
( Garcia-Sanchez et al. ;1999 ; Li et al. ,2001) . 5 R
B30 T S O R < e, AT D 2D A ) %o R 4 R ) I U
Z 1 ( Cotter-Howells et al. ,1996).

Tessier 73 2 $2 W4 R R B, Sl A A4 ) n] A [ 7
J3E b I AU i, - 8 AT 2 4 2R A (HLTE RS [ At
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WH S PRI E 2255 (ERE, IERECONEUR, 5 T )7 BT B AL BOR AR Y
2007). —fti§ ST R S A A w Bl BCRB(ERRMESE,2005) . AR T IR 2 WU,
1o 1 S e w45 A R URL R i, RS

R1 FMAREAMHTLIEEESRE Tessier P RHRBMFELE

Table 1  Cd concentrations extracted by Tessier method in the soils treated with different immobilization materials mg-kg ™!
- s . [ qicEN /3R] o . R
PR 3 B AL R Al AL A5 4 25 A st s b HOLEE BB SRR
HEE3 CK 0.91 £0.07° 0.87 +0.06° 0.67 £0.02° 0.28 £0.01" 0.15 +0.05"
Ssp 0.72 +0.09° 0.80 +0.02" 0.70 £0.01" 0.33 +0.01% 0.28 +0.03"
Sep 0.76 +0.06" 0.68 +0.02" 0.73 +0.05" 0.23 +0.04° 0.33 +£0.06"
Sep + SSP 0.55 +0.03¢ 0.77 £0.07™ 0.71 £0.01" 0.37 £0.02° 0.30 +0.03"
Bent 0.84 +0.03* 0.85+0.01" 0.82 +0.08" 0.29 +0.02" 0.30 +0.04"
Bent + SSP 0.84 +0.02% 0.69 +0.03" 0.83 +0.06° 0.28 +0.05" 0.34 +0.04"
3K CK 0.98 +0.02° 0.67 £0.09" 0.76 £0.02* 0.41 +0.11* 0.14 +0.03¢
SSP 0.87 =0.02" 0.54 £0.02° 0.66 £0.04" 0.34 +0.08" 0.25 +0.03°
Sep 0.90 +0.04" 0.67 +0.07" 0.89 £0.01° 0.40 £0.03* 0.26 0.0
Sep + SSP 0.75 £0.05° 0.73 £0.03* 0.81 £0.01* 0.54 +0.01° 0.34 £0.01*
Bent 0.74 +0.04° 0.82 +0.02° 0.76 +0.10* 0.50 +0.03* 0.29 +0.06"°
Bent + SSP 0.90 +0.04" 0.66 +0.03" 0.78 0. 12% 0.26 +0.02" 0.35+0.01°
N CK 0.87 £0.11° 0.71 £0.05" 0.68 +0.04" 0.29 +0.03" 0.31+0.01"
Ssp 0.72 +0.08% 0.70 +0.04° 0.90 +0.09* 0.50 +0.07° 0.33 +£0.03%
Sep 0.61 £0.02" 0.71 £0.03" 0.74 £0.01* 0.38 +£0.02% 0.37 £0.05%
Sep + SSP 0.51 £0.01°¢ 0.82 +0.01% 0.66 +0. 15" 0.33 £0.04" 0.52 +0.16°
Bent 0.83 +0.02° 0.83 +0.08" 0.53 £0.03° 0.28 +0.09" 0.34 +0.08"
Bent + SSP 0.66 +0.09" 0.68 £0.03° 0.76 £0.01% 0.31 +0.03" 0.51 £0.12%

TR AP BE P E + A ifE2E (0 = 3) s RSB IS o 7 REA R 3R 22 5 B G2 8 X (p <0.05) , R ).
R2 FAMARHEAMHATLIEESE Tessier P REMHESE

Table 2 Pb concentrations extracted by Tessier method in the soils treated with different immobilization materials mg-kg ™!
L gy s 7 A A1)
ik gk 3% B b AT S f;ﬁn %f;;ﬁ” 0L 4 A it 25 4

B2 CK 2.10 £0.06" 9.78 +0.13" 30.25 +2.58" 20.72 +0.60" 36.06 +7.54"
ssp 1.33 +£0.04¢ 8.46 +0.38" 36.37 +4.95° 18.02 +1.34" 36.16 +7.41°
Sep 1.78 +0.21" 8.98 +0.54" 33.94 £6.11° 20.04 £0.99*" 38.39 +7.47°
Sep + SSP 1.53 £0.18% 9.180.11%* 34.45 £5.03" 21.67 £0.95" 38.84 £2.41°
Bent 1.96 £0.02% 9.50 +0.21" 33.95 +2.46" 23.75 +3.81° 35.04 +4. 14"
Bent + SSP 1.99 +0.09* 9.31 +0.16" 31.06 +3.02° 21.19 £2.67" 39.07 £2.92°

W3 CK 2.36 £0.10° 9.66 +0.63" 29.16 +3.76" 17.31 +2.34" 37.18 £9.02*
ssp 1.94 +0.33" 8.45 +0.33" 34.94 +6.08" 19.33 £2.31* 30.40 +£3.69°
Sep 1.72 £0.16" 8.52 +0.46" 34.43 +9.47° 19.14 +1.67° 40.55 £2.69°
Sep + SSP 1.75+0.14° 8.40 0. 12" 41.54 £1.76° 18.00 +3.45* 37.05 £3.57"
Bent 1.78 +0.11° 8.91+0.72% 39.29 £0.92° 21.28 +0.80" 33.48 £3.84"
Bent + SSP 1.59 +0.09" 8.25+0.05" 33.65 £5.15* 20.11 £1.43* 40.12 £7.85°

 h CK 2.65+0.16" 9.67 +0.27° 32.08 £0.73" 19.35 +0.80" 37.79 £7.21*
ssp 2.20 £0.04" 8.70 £0.12° 38.80 +2.78" 19.38 +5.79* 33.74 +2.53"
Sep 2.07 £0.09" 8.94 +0.29° 39.10 £0.31° 16.00 +0.98* 36.61 +2.54°
Sep + SSP 1.99 £0.03" 9.04 +0.38" 32.99 +3.41% 18.14 +0.48" 40.03 +3.67°
Bent 2.09 £0.11° 9.09 +0.53" 36.69 +3.93% 18.09 +0.44° 30.32 £6.59°
Bent + SSP 2.06 £0.04" 8.79 +0.60° 34.73 +2.29* 17.46 +1.32° 39.29 +5.20°




1016 I

C I 31 %

25 FEE A0 R L X 2R b, - 38 R S A 25 A Y B AR R B
W Sy O 22 3 148 i A /B AR 2 I > BEE >
WA > I /IR > I+ @R
fg i > W A /IR S EC > BRI > g 18k
B> A ;% b LA /IR R > 15
WA > /B IEE R > B > 2 1. %t
B8 3 T SIS Y 0 R IR B T O - DI £ 3R
L BEIE > /B IR A > A > I+
> N /0 AR A T ; @ v 3% 4 B /e IR 2
Be > WA > B A/BEIEZ B > i+ > B
Q% b 58 A /B IR R B > 0 /8 R & e
> A > B 1 > B,

TIEB B B , T AS A S IR R 45 A
B2 SIS 0 LB R, DR BE 4 D
SR EE 43 S B WA I 5 0) BEAR BE AT R AT 2 S
+ 3R] A8 e S 36, 68% , Bk R i 45 G B
13.49% , o] 22 # 25 5% 21. 08% , 42 & ok i 75 9
94.00% (p <0.05) ; & I% 1 =5 4= 3% vh ] 52 4 25 4%
17.98% , Tk R £k 25 & 5 8 12.48% , Al 2 4 5 4
10. 56% , Wk IR #h 45 & A5 5 19. 40% |, 42 /& 5% i 5 4R
76.78% (p <0.05) ; FEARE b + 8 o W] 22 46 25
17.07% , ik B8 5 45 &5 A #F 10.00% , AJ 28 4t 25 4@
17.05% ,$2& = R B A5 7. 45% . v 0L, + e Jin %
JEAACA] DA i - RS 7, [) B R DA 80 e 1K+
A oy kSO G ES DO s R o8 DR RS
HEAE R (E 255 ,2008).

BENE LLA 4 FhEEA0 e S 16Tt b, LA A1/ W IE
ST A W L/ T A T A AR ROR B A, 5 0 B
F AT 43 90 AR AR ity 22 ¢ 4 3 o m] S8 46 25 4 26. 96 % Al
5.08% , 4555 39.73% F1 8. 10% , 3 11 5% s 25 4%
7.69% F18.39% 5% it A4 102. 6% F1131.23% ;%
R I 3% - 1 v AT SR e A A 26, 11% F1 32.87% , A A8
55 23.07% F1 7.55% , 38 I 5% 8 25 45 139. 76%
1 146.78% ;FEAR S b L3 rh ] S8 e A5 45 25. 14%
F122.56% , 0] S5 #2560 41.23% F124.19% |, 34 sk
A 66.83% F164.01% (p<0.01). VA 10
JIE B L [ T, AT R E A 2w R AR 2
i B A 4 AL UV, fR A A g b AR A el IS T
P14 P A8 480 285 1] 3 P AI I 3 v A T A8 DT AR 1 8
TR AT I AE A RO LR B R AL AT AR 15 2+ R
Y5 9L iy H B ( Lazarevic et al. , 2007).

T3 2253 B 3¢ B A BF 5% vh 4% B0 A Ak 39 18] 2% A 4
AW 75 4 A ARDRE B AR A AN WY I, DT DR O PR 1Y

BT A ALY Lo BROR, X G R B 1 B A B Y
W BAYRE 7, 24 K BR BE Hh — BB SR i 2R R DT A%
SRR A W 8 P [ B 4 s B 7 — R UOTE, AER
SR PR S TSRS 4 LN 4 R AT B 1 A A (A
W4, 2005 ) . WAL | W36 A1 | B2 A LY R
A BT AT BLAS 5 25 B 5 4% A B IR) 25 5 R 2 . b
H 3 it i 0y 6 Atk - 39 P o A Ol — B, i i [
Fof i A5 i A () 6 5 - 4 v B AR 25 AR A B0 AN TR
AL LAV EE T AR B RO A A AR K R R AR
Ao an 0 AR5y 1R A ML 55 4 ) L%
g B 42 5 0 AR B - 8 9 ) B A S AR e 1 T
R E 4 R 1 AR WA AP AT B — 22 R W )
TE L I 25 0 Al (BRIEE, 2009 ) . K AR F 4 it
FIF 88 A7 BT S PRORE 25 0 19O B, 48 e 1 0
PR IE PR K BE 7. WIS I A KR Z L0 9, R
A —E G RAE T, HPOL ™ I POS I B 76 2 - JUk
Finn b, DL R (1 T8 PR A7 OF 22 18 BTk, m] LA
A Rt By Lk N [ E A P B T R (5K T 22 AF
2009) . 3 AR A 15 S TR IE 9 i 3 £ A R i A K sOIE
AT LA IR 0 s 3 A LA 3 5 JIE R AR 5 5 il
ARG I AR R 2 - RS A2 IE O AT
WAL AR R A T E B R L

LR T II A R S R AR R L B
TRARSF I i, A K AR 3 K & Wi JIE k47 A 1
SRR A T B IR AL BB A S nT AT

4 %5 (Conclusions)

1) Wi RE T30 A /W IS A2 1EE 2 T /i E 52
500 AR LU AT 4 g 3 A it S mT R R A A A R
PR A1 R 2 DR AR Rl X A R e AN T

2) BlARAA LIS AT AS [R] R R A ARG 3k i i mT
FURAL A B e, RGP /B IS BT R T
T R AT B 3 AT R AL A, U]
2 S AN = AT B B A B KR T AR
EARE.

3) U IS [ S A A k1 RE A [ A 2 eI L o
Hh R S S R A, 0 AR A SRR A BRR
AR Je A A T R B A A

4) R REIEEBOR RN MR IRE LB S
T 2 T AT A T b AR B T e IR Bl B R A
RATAT

REEEE N 18 B W (1964—) , F, K A #0305 R 7 7 8
BENHEARA KARNFELREREELBT R BARY
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