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Abstract. Effect of different organo-mineral complexes on adsorption characteristic of phosphorus on sandy soil was investigated by batch experiments of
equilibrium adsorption. Results indicated that the sorption capacity on the sandy soil reduced dramatically after humus was removed. Normalized sorption
capacity and partition coefficient only accounted for 38.41% and 7.42% of original sample, respectively, and organo-mineral complex was a main factor

-1 which was about 1.51 times the

in phosphorus sorption on sandy soil. Normalized carbon sorption capacity of Ca-bound complex was 388.35 mg-kg
original sample. The sorption mechanism of phosphorus on Ca-bound complex was micro-hole function filling. In addition, Fe/Al-bound complex played
an important role in phosphorus adsorption. Normalized carbon sorption capacity of Fe/Al-bound complex was 500.23 mg-kg ™', which was about 1.93
times the original sample. The sorption mechanism of phosphorus on Fe/Al-bound complex was Fe/ Al oxide or hydration oxide coordination sorption apart
from micro-hole function filling. The adsorption capacity was determined by not only organic matter content, but also existent state of organic matter which
was an important factor in sorption characteristic of phosphorus on sandy soil. Treating original sample as a basic standard, adsorption capacity of
phosphorus on Ca bound complex and Fe/Al bound complex were estimated in accordance with 1.51 and 1.93 times.

Keywords: sandy soil ; organo-mineral complex ; phosphorus ; sorption ; normalized partition coefficient ; normalized sorption capacity

MR BB T LR I KA AR IR BE R I
KA EHEZVIN KR (FBE, 1999; Archer et al. ,

PR SR 3l B 14 i S BUR KR E B SR 1997) . fEVF S IX, DIk HHERE by = 0 3E 2 TR BE TS
Xof KA b R A S O FR A B T RO, BIESE B, AR AR R KR W A B 32 R UR (- Shober et al.
AV A SR V5 e XK IR B BN E T B 2007 ; Sharpley et al. , 2003 ; van der Molen et al. ,

1 5|5 (Introduction)
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1998 ) . [RIH, BEARIAL L 6 2 A FH - 38 v (e E A
IR FE 2R H R 5 Je Th 455 1 W f
TS B JIC R TV ok A Wl A R R B 2 e O R 2K
B9 3 ZIE A ( Dougherty et al. ,2011; Zhang et al. ,
2006 ; 5K E4E 2008 5 1V HZIAF, 2007 ) . HF5E R W, £
Bk SRR R R RN IEMXCR, 28
TP ARG S e T L h IR o
DIA w5 oy 1 3 (RIS 3855 1999 1 4095 55
1991) . it 2k TG IR R M EEIE A R
T 3t AP 2 4 A i i 48 2R R o Wl AR 0 R R R
1Y 87.37% (WIZAESE,2009) , 30 A4 PRIK i
RIEVPHEATAY PO, N 4.0 x 10° t( 3KHE ,2006) . 7K
A PR ARAAT A - S B85 o e 52 B I HA 3 4
YRR S I PR AT AR 1K TS e W)
B A (3K K B %, 1998 ) . 39X Wl 14 0 K
M7 (Q,) SR & 5 W EAHE AL &
SRR b TR B A0 I BT &5 5 RE /)N AT 36 A
BRI ( i A7 4, 2011 5 F 45,2011 Fh A
85,1997 . [A)IS AATSE R MY, 3 v i JE e B kA
=R R = A < v e ol e s
(Borggaard et al. ,1990) , = 3E X W 19 e O B 25
(Q,) SHEMER(Fe_, ) R FEMK(EE
85,2011) . FEIE SR 25 N IE I TCETE Fe* -Fe? *
RAZAY HA B Ry & AR AR 58 1Y I 7 e
73 BTN B [ E (AR, 2001 5 S IPB A
2004) . JTAEAE , AR -3 A K A BURL B 4 8 5
I BB BT (2T W BB FE T ) W BRAR AR R B
i Z W o (5 B T R B ) S 2R AR T 1)
J& W) - S S B R] % A2 ELATE R SRR AR TR
W) R A UKL v PR S ) o 1) o S R T A O
A BEFRITRE A FNESE ALY, B
TERA I TP IR e AL 5 VR 52 2084 | T 7l
JoT R LA A VA ) 2R D TG PR PN B8 P ) R 42 (2R i
55,2003). HARSAFN, b i 9 5 RUA HILTT
— AR S R 4 S TE— R, 1
JE B o R 40 3 1% 235 5y B S 0 A - i
PR CISFRA LT U A 1) 2 SR RO 2 T,
Mg E SR A YL TS Y BT R A )
N (B 55 55, 2009 ; Cheshire et al. ,
2000) . TIEA LGB SR FERGHE AR (G,
) MR E S (G, 4H) , BT LR Ry P
FEAIT FREGE, HEEAHE 5K
50% Zidq i H TG PERR B A S A AR A

JEAF R R EIE R R (R RAE,1999).
FHEF LT BT 1 [ A 5T AT e I A, (RN [ 4)
5 W A T W 1 BE 1 AF AR AR K25 57, M il 1 i
BB 45 BH 25— 5 45 W B R 5 47 W8 B (i SR A%,
1998 ). H1 & 78 o RE Mk R I8 ) AL 5 & A 1K
(Gerke et al. ,1992) , $2 43t T 5 % 1Y JCAIL B W% B 157
J, TS5 T X 1 19 W B ( Borggaard et al. ,1990;
Yuan et al. ,1993). A, WF5E HIEA R A LA L
A VA B %) W2 B R A 52 e oF - L A 5 14 A ) b BR
PG R ELA RER B 2 S, T H RO T R AR L
HEMY S5 HIRE G RN A I T E A ot
T BFFRFAIF S M A 5 00 i DL 3. 4 [ 4 4842 ot o
At S AR O B A SR W 2 o P A O AR 5
FEUR W A 285 W A B A O O DX A A T X (A
KA,2006) . PRI, AR SC38 8 5% 75 30 3] i 3> +
ARV LT I 5 A R Xt 1l 1) R B 45 1 2 LA S0
VL 3 LT I3 2 R 4 7 R A e ) 485 4 i
fli B LR 5.

2 #BL5F ik (Materials and methods)

2.1 LAt

2.1.1 FFFAMLAE SHPEAIHIX - HEE
(ERREBE MO - FERFSE T, 1980) , 4% 8 PG 10 1]
DRI D A 1 1 B A g LA SR AR MY
FEHLE B R FE . AEPGIL T AL B 5 AR,
N SN 574 5 = W L 8 B = I VA 2 1Y -
F14(118°52'10"E (42°39'8"N) s HiiE 3 INREDT, 4%
BIBLTARNEE (121°5713"E 43°44'21"N)  ARHR AR
(121°24'47" E 43°24'47"N) JA4:48(121°18'16"E
43°18'16"N) ; NIiF 1 DMHET, 7 T A T4 (122032
36"E 43°41'44" N).

2.1.2 +EHSHXE  HNHEHHE 6000 m®
(60 x 100) , BEJ5 PR M TE AR 1507 %, R4 0 ~ 20
em BFZE T3 BUNEE 50 ~ 60 4, RS HI4) ), Y
IVEESE Y EE 3 ~5 kg, HRRT % H1.

2.1.3 +EFRBF & BEARESREBGET 0.25
mm fLIH B XA 10 g, BT 100 mL .08 4,
TIAKEXT 25 B 1.8 (M E IR (IR 5 E 0 H AR TR L
1:3.350L1)50 mL, #8753 53 #% 10 min, F2H A HL
PRI TEE L, mAM AU TR, HE 3K,
BRESTPICRAA LY R 1k B W 5 B R T
TEIRAE ARSI 95% L FEwhk 3 ~5 W, 1
EBTFRMPE3 ~5 W, AR T & . leke s &
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FEEEIE T (G, 4) ARSI AE 0T (G, 41) P& 45
ADIEFET(H, 4).

BRERHE T B T + A AN T BE SRR 5 . He SOk
(TREERAF,1998) J7 ik  IRICE 4IRS 5 ¢, BT 100
mL B0 AITA 0.5 mol - L™ BB 50 mL, &5.0
TIN5 5 REHCAE INAE VKK B TR 7 I VA DY
PRAFEE P U0 T VR B A KO TR 0 TR ) R TR
T, T 21.5 kHz 300 mA #8770 20 min. 248
T AR BORE S LA 3000 - min T EE B C 10
min, B0 J5 , WCHE 1 ARV, T A ek O A T
FE & TP ABRBRAN TR 20 mL, PEV 3 K, BR H
WHTC Ca® . SR A5 AR BT (G, ), FF i v )
R AT (G, ) B LSS (Hy 4l)
R, FEBUSFE S FATA 0.1 mol - L™ HLER I 50
ml, {4 Bk P v 4 1 0 0 IS ) B8 T K & TR
KRG LB FRGEE P, AR, % .

2 LRI T T (H 2 A - #i IOk (XM
8¢ ,2009 ; FE3CUE5E,2005) F ik FRICEE UL S ¢,
BT 100 mL B0 /b i e B oK 2 R
SRIGINA 30% i3 8L & 10 mL, ESEHNA 2 IR, 7S
P53 10 min, (AL BT AR 5853 70850 B
30% 1 A AL A 10 mL, ARSI A . S E R
it A S A L R BR.

FREGE T 0. 149 mm FLIH 6l & A9 KT REM 1 g,
FHTIN E HAA MU 5, DA O AR T RE 5 A sk
T AR B 3T 22 ORISR s A 1 T o
2.2 =ikt

FREGE L 0. 25 mm LAY XTAESL 2.5 ¢,
F 100 mL 3R IR ERELLE B, 2 IIAAS R v
B R A (P TR — %08 (oAl ) C T, 00 ik
PR R B 512 10,20 .30 .40 ,50 .60 ,70 .80 ,
90,100 mg-L™")25 mL; #R% Wt 24 h, # 1k -1 2
h, FIEWRGE T 0. 45 pm fCFLIE RS IS, D B vk
F 0 2 B8 R 55 - A6 V5 R WA e 22 (T AR A
i XA O A B . BRI 3 KR IR R
BUNT 5% BYRTHE T BUH 3 Ul 45 5 5 4.
2.3 MR &

ST A v SR R ER B B o3 D60 B T
(EZRBER B R,2002) , 4 32 5 5 20 iR A
AHRT 9 BE 4 2 vk FRE B — RO e ik 0 25 5 8 08
BT 43 4 0 5 (a3, 20005 Tan et al. , 2007 ;
Christensen ,2001 ) , J& 5 5t & & % F /K & 0 4% R
PR b L A I (-3, 2000) , 38 pH {ER

FHELA 32500 78 (&4, 2000 ) , 3k A2 20 A R
LS-POP ( VI) JOGHE BE 43 A7 G 2 .
2.4 iTEF %
2.4.1 WWEWEFE  HWHBKRE SR
TR FBE () 25 (T A5 R 0l A IR B T
2NER .

g, = (o= CIY (1)

KA, Co NI B (mg - 17", € R W oS- £y st
R (mg-L7") ,V R PAFA AR (mL) ,m it
BORE B B R (), Q0 W B P A g R A
(mg-kg™").
2.4.2 HMa®RZHE WEARAEIEBE A K
XoF W 0 W BRHREAE T Freundlich W% B 5 72 (2) Sk a2 &
R,
Q. = kC: (2)
o, QA W B Bsf (4 W B 3t (mg - kg ™' ) 5 €
g 52 56 ST s Y A I B SR BE (mg - L) 5 kR
W RT3 TE 2R B8, TE — 8 V-1 3 VRO B SR AT, WY
JOTAE AR AR T 9 20 TE b, RT U8 R A I ) X6
IR B0 5T ) I RS 25 B Y DR/ 5 e Sy W o 3 3 4,
I R 86 T 5 R VAR R ) A, WA B 3 hn ) R K

(2) SHE LA TS W78 1nQ, = Ink + -InC, , LI

InQ X} InC &L, Bl A] SRAS AR AEAE.
2.4.3 WARIKE VWEANEGYERE SR
A BRHRF AR Langmuir %ﬁl}ﬁjﬁﬁ( 3) ke EHA.
bC
0. = 55 ®

A, Q N ANIE B (mg-kg ™", AT EDULFRAE T
IS 750 XoF R 86 J5 %) 1R RRF B 7 R/ 5 b Shy W R A T A
5w L VR B R (FE— IR, Q, F1 b Xf
— 7 A 70 R o ke R ) L 2 (3) ek
wm C. 1 1
AL FR AT 15 @ = E + a
L, BT SRAS A5 FRIE(A.
2.4.4  BRARNE M B R Bk AT AR R R E
2230k (PR T2 ,2009) 71, MR A (4) Al
(5) TR AL W B 0 i R (K, ) AV B 16 1 D
M BT ( Qe » mgekg ™).

C.,bhc/Q. %t C f%

(4)

(5)
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o K W R 73 PE R w0, AL 1 205
3 RS54 (Results and analysis)

BRI LA B 0 TR U ST
A LSRR S BT LR 2. thak 2 AT,

3.1

H5.26% F15.76% . - 3EREM ) pH {8 7. 23,
PEIR K. J FE o A BRRAE D - B SR (H) & i
B, Y S RN 0. 58% , 5 H 418 5 B L)
44.27% ; HRONER RGBT (G,) P& =N
0.52% , (5 LB H 0T L R 39. 57 % 5 85 Bl Ji A o

ot TROHLRD BT o BB K, R 56. 18% 5 Houk Sk 4
W, 5 33.60% ; KA FI R RL AT & HE E AN 43

(G) e

FeA5 R 16. 16% .

®2 il TEERNENER

K, P& a0, 21% , 5 5 2418 78 5

Table 2 Physical and chemical properties of tested sandy soils

g K RAR Sy LA LR G4l G4 Hy 4 o
MR A e ke AR mE el ARl &R

REFLIE 1L 7.35 57.81% 30.46% 6.41% 5.82% 1.37% 0.26% 19.12% 0.36% 26.47% 0.74% 54.41% 1.36
AR 7.32  58.08% 31.96% 5.65% 5.25% 0.88% 0.15% 17.44% 0.37% 43.02% 0.34% 39.53%  0.86
AR 7.28 56.31% 34.84% 5.24% 5.10% 1.16% 0.20% 17.39% 0.43% 37.39% 0.52% 45.22% 1.15
TR 7.08 55.31% 34.39% 6.24% 5.35% 1.56% 0.17% 10.90% 0.73% 46.80% 0.66% 42.31% 1.56
T4 7.12  53.38% 36.37% 5.25% 4.80% 1.63% 0.26% 15.95% 0.72% 44.17% 0.65% 39.88%  1.63
-3 7.23  56.18% 33.60% 5.76% 5.26% 1.32% 0.21% 16.16% 0.52% 39.57% 0.58% 44.27%  1.31

T HLEMALAR 2000 ~200 pm , HAPRIFR 200 ~20 wm, HPRDRAE 20 ~2 wm, KBRS <2 pm; He S A ERIFURR , 645 G, .G, Hy.

3.2

DR AT FUA & 3 B R M AR R

43 9% F Freundlich W Bt 77 72 (2) Fi Langmuir

MR RS 757 (3 ) T WA 1) 0% B 45 i R HEA T UL, 5 2
RO 3. 85 REW Vb L AR A YU 2 5 A

®3 WMERENESSH

Table 3 Regression parameters for phosphorus sorption

R4 oy Langmuir 2 Wt 7 7 Freundlich W%} 77 &
Q,/(mg-kg™") R? K R?
(TR EANE e 268.97 0.994 57.69 0.949
2R WA 249. 64 0.993 48.11 0.942
AR 350.28 0.990 62.36 0.961
i MERgi 367.86 0.993 73.02 0.997
T4 438.32 0.996 68.56 0.978
-y 335.01 0.993 61.05 0.965
MEFIIE 4R 486.97 0.997 68.97 0.965
R 520.38 0.992 62.36 0.987
(G, +G, + Hy  AMREREA 485.61 0.991 33.02 0. 960
) bERiqi! 380.38 0.993 68.57 0.949
T 509. 35 0.990 48.11 0.942
Ty 476.54 0.993 56.21 0.961
(TR EANE s 439.62 0.996 12.76 0.997
AR 528.56 0.994 15.23 0.978
G, + Hy 2 i%*&i%%ﬁ 545.38 0.998 20.58 0.985
bEg-gt 467.88 0.999 23.77 0.995
T 611.56 0.995 17.83 0.990
1y 518.60 0.999 18.03 0.989
MR 4 85.96 0.992 4.20 0.998
TR 83.56 0.978 3.58 0.996
MR 108. 02 0.978 2.84 0.999
Hy 4 s
TR 87.02 0.976 3.49 0.997
T4 124.13 0.995 3.30 0.999
Ty 97.74 0.984 3.48 0.998
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M REAT A 395 A Langmuir W FF 258 X, R 7R
0. 976 ~ 0. 999 2 [a]; [A] i}, i W& B AT 0 45 &
Freundlich W% Fff 45 i =X, H R*7E 0. 942 ~ 0. 999 Z
[B). AR AL A A B () AR A & ( Q)
KEVNETF ] .G, 4H + Hy 41(518.60 mg-kg™') > H
H(G, + G, + Hy 41, 476. 54 mg-kg ') > Ji#E
(335.01 mg-kg ') >H 4 (97.74 mg-kg™"). W fff
SILRE(K) REI/NHET y : J5AE (61.05) > H4H
(G, +G, +H,#,56.21) >G4 + H, #H(18.03) >
H,4H(3.48).

3.3 DEFEANT RAAERFLUNE S K
i

ANFEA PG 5T A A B I B 23 S 28 K0 40 A
M B AT BB AE T B (XI9IR 5745, 2009 ) , A1 24 T
FUA[R) 55 T 285 1) 8 AL 0T e 52 R A5 52 Wi T A
[l —Jk i EEAT HOA, A A T A R A2 5B S 1Y
JE LT RS A B R R S 0. ARG S (4) F(S) A
[Fi) S A T AL 1) s s A TR T 23 BE R AR (K, )
BRI AR B L Q) T RER LR 4.

®4 WHERZRBIZHLMAESH

Table 4 Normalized carbon regression parameters for phosphorus sorption

LA . Langmuir W fff 77 2 _ Freundlich Wt 5 72 .
Quoe/ (mg-kg™") o JERE L] K, o JERE L]
WA 11 196.33 100% 42.11 100%
ARG 283.68 100% 54.67 100%
AR 301.97 100% 53.76 100%
JEA .
TR 235.81 100% 46.81 100%
AT 268.91 100% 42.06 100%
T 257.34 100% 47.88 100%
WA 11 358.07 182.38% 50.71 120.42%
ARG 605. 09 213.30% 72.51 132.63%
FH(G, +C, + Hy AR 422.27 139. 84% 28.71 53.40%
4) Mgt 243.83 103.40% 43.96 93.91%
T 312.48 116.20% 29.52 70.19%
S 388.35 151.02% 45.08 94.11%
WL 4 399.65 203.56% 11.6 27.55%
ARG 744.45 262.43% 21.45 39.24%
G, + Hy 4l PN 574.08 190. 11% 21.66 40.29%
TR 336.60 142.74% 17.10 36.53%
TR 446.39 166.00% 13.01 30.93%
S 500.23 192.97% 16.96 34.91%
EEDAERNEE 85.96 43.78% 4.20 9.97%
IRV 83.56 29.46% 3.58 6.55%
Hy 41 PN 108.02 35.77% 2.84 5.28%
TR 87.02 36.90% 3.49 7.46%
T 124.13 46.16% 3.30 7.85%
Ty 97.74 38.41% 3.43 7.42%

AR 1) i s 14 TR 6 Tie 3R 8RB, i 3R 4
AN 2 Bl B Ak W B 43 T R BSORE X T TR 1Y
94.11% ,G, + Hy H By br Ak W ik 43 e 22 20 >4 T
JRFERY 34.91% |, AR gk« 24" RBRJa , Hkbrib
W 3 Tie R A L BB IS B R AR Y 7. 42% . AT UL, H 40
I T T Tl P R 8 4 i R SR e A i A SRR 7

T b A AR AT 6 5t Ay 56 o e o L 9% B £ T 1 T
B AE S TR 1. 51 £, G, + Hy AL B br AL 1
R B AT 2 T B RE A 1. 93 7%, JE 78 B ol < o8 42
FBRJE, Fo A An Ak 1 B AR R B R R Y
38.41% . FI UL, G, + H y 28 JE§ 58 O ol ke Py e R % o £
AN
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4.1 HRERLEK

PG LT s v % ) W A T R A T 2 B
TR Bt ( Q) F3 R 312,55 mg-kg ™' (LT A
,2011) . ARWEFE U A RO B B T R R
(335.01 mg-kg™ ') #TI%MEH, G, + Hy 41 (518. 60
mg-kg™' ) T 4 (G, + G, + Hy 4, 476.54
mg-kg ™) B L WL B R HD R TIZ(E (312,55
mg-kg "), FUA H, 2 A9 B 10 AT B i/ TIZAE. 45
AN R A B DLT R S Rk
I JEE B JBT F) L 2 % 98 %) 2 R AR 1 5 i LB A T
SCHM T LA P 30 AT S8 3880 = o) ol 1 1 A - i
ZB(K) R 31,55 (£ S5 ,2011) , A5 4S
Y FEREFIELH (G, + G, + Hy 2H) AW R4 1t 22 %%
KFIZE, G, + Hy 4L F0 H, 25 1 W B0 i 22 5049/
TiZME (K 3).
4.2 DEAENT REAEE RS X8R L E

Fit

AP TR A bk B2 vk A R AR TE 1
H B AN B (a5 ,2002) . BFSE R,
AALERIRI A ML —FERE R I 3 &2 AR 0 it
Hp S G, MR AR & & 2 IEHE (RER
25,2002 . [Rls, S8 A0 A 0 T 25 B H: 4 2 o 4 19 A
RURRITE IR 8B F (T #F 55, 1981) . L3RI
RV A IR £ B AR TR ADRLAR (1) 1 3%
PH R A e (2086 R 455, 2003 ), 1717 78 141 B A 235 4 v 77
TEFLBR IS 77 2 Rl R B B 7K P T8 7 1 A
AR G A S AR ok 3R T T R A L, O
i — 25 (A K 1 2 A2 ) 2 18, TV AR e i A L
BB A (S 245 2008 ) . 45 Fk 5 A AL Kok
A S A O B B b 78 24 B I, B
At B0 FEL Al B4 KR A 4 R 7 R i P 5 B I
1L BT RS RN A A e — R 3K A IO 11 B
M. 3 23 BH B 7 0 4 7 HDOE A L i &2 A 1k
(Weng et al. ,2005 ; Kaiser et al. ,2003) , FH &+ 19
G B, FH S 7 1 42 A FH ot B o 2 ( Theng,
1979). =M YRR B XA HLBRZET 9 L k2%
YEFRRSZ I H — M B85 18 1K, A A TR A 251
BRI, DR T K P 8 Sk g 11%) WO o 7 L 6
JE A A
4.3 WX GBEA KA AR A A B B AL A Bk

o AL 45 3

P4 S5 R RWY, UL MR AR L 10 R
388.35 mg-kg ' S FRAERY 1.51 4%, 10 G, + Hy
2H R P 0L AT W B A 500. 23 mg-kg ™' A4 T
JERERY 1. 93 5. H8Eh LB A /Y B RS RE
RRFRA: (LS () 47 Jo Wi o6 () 1) B T AR ZE AR R 22
St WEIE R IR, A ST Bl 1 R B 6 4 B B T 5 4 T
R I A57 1 o ( i S 1998 ) 17 -+ 48 vh i1 G E B
BRER AR RN K Ak S8 A0 W 2 i A 2 B R N R o
(Borggaard et al. ,1990) . B E ALY MoK AL ALY
T IE AT, BT LR R B R 1 AR (R
#RAE,2001 ;2840246 2004 ; Huang e al. ,1986). [A]
B, KBRS 5 G A i S 0 0 I A i A R P A
YA SR ) 45 A 2R N 1 (PR RS, 1999 ) . 1Rk
FREEE SR BRAEAE AL BRI 5 7 S B A1, 38
AEAE B 1% FC 57 AR, DT T 2K 460 8 0 I T 1l 114 WO e
AE 7 LU0 5 A T AR
4.4 W& A WG FORE R R M ALIE AR 3

73 L5 AR BE R 8 A RBR)E Hy 4
(IR A FFF AR 97. 74 mg-kg ™', HUAEIA 2 5 kR
(1) 38. 41% , KRR T 0 i) 0 AR of 2. A LI 2
VR AIARAETE I S 45 ) ot (52 A% 5% ,2011) , HA BLE
Aed = I e IR S AN S =, DR
R IR AR TR (%) 16 A 5 A AL 22 I A
KKR (RS, 2002). iGLE AL BA B
TR L 2% T FRURIAR 568 119 3 T fb 2% 16 1, BB IR FAF 5 410
FIES 7 (anmi iR Eh ) (BRIWPE45 2004 ) . JE 58 a9 &
BrJE BEREIR T AL 2 A R A R a5 4, k2
T AR A B AL S AP ) BE AT A 1 5T, B4
BRER AL B K AL S AL P I e 7 2B Xl 1 BC A7
W BV, PTG 1 398Xl 1) W
4.5 VEXBRAINT REEGHRMASHERE

&

K A AL - 18 21855 o o 27 B i L
YRS KA R AE | KSR R R TR B K s
VI LA AR (SROK B 5, 1998 ). AN R
B E RS A (G, 4]) kiR R A1 (G,
4) e R P EENAE D RE &K,
HEmA B A EREB RN 50% A A (RERS%E,
1999) . ARIEAITRIFFT 25 5, LA 14 B35 1 AR g o o
B B PLE BTE G R BRR A AL R
B VA8 2 1 R A T A S SRR 1 1. 51 AT 1. 93
FEA .
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5 #5i8(Conclusions)

1) 3d e o S S 2 B B B I 1 b % il 1)
W B RE ) R R A, LA RN B o ( Q) R ABIA 2]
FERY 38.41% , W BE 43 TiE R A (K) HOAEIA 2 JE A
7.42% . VATA P BT G R 252 i g 7 v + i
RRFIG LR 2R il BH AR FN R B A ST A7 AE FE R B P
AT AL BHE L, A S5 R & 5 A g
ELAT LA 2 B .

2) 8 v (18 R A KT B ) A A A T
Bff oA 388.35 mg-kg ™' M FIREEM 1. 51 £%, 85
SR ML TR A AR T R s b 2 FL A R R 45
Fa (RSB Sl i A AT SR AR S5 4 h A AE AL BR S SR
SR Ff

3) BETE R SR A LT 5T 52 5 1R OE B i) T SR AR
R R R LB S 78 XA W BE A | 3 A A 4R
SR K AR S Ak % B8 %) T A7 W BREAE D, JHE A b
AR FNE B 7T 3% 500. 23 mg kg™ A Y TR ALY
1.93 1.

4)BFFE R, AT - 38l 1 W B A 7 i RAR
BEEEBMEIMN S R, BREEIREHEENE R
A B A A 6 Bl I B AE ) B B R LA
JRFE R B E5 A AL T A AR R R B A AL
JoT 52 AR 28R P A A T 3 e LR Y 1. 51 A
1.93 f5Ah 5.

REEEREN . ETA (1954 —) B, 4%, LTEHA R T AN
AT e 15 4| 3 ik 5 K. E-mail ; wangerli1954@ 126. com.
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