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Adsorption Characteristics and Influencing Factors of Mercury in
Sandy Soil of Dong Ujimqin Banner Prairie
WANG Daohan, LI Zelong, TANG Jiaxi

(College of Environmental Science and Engineering » Liaoning Technical University, Fuxin, Liaoning 123000)
Abstract: Taking the grassland sandy soil of East Wuzhumugqi as the research object, and simulating mercury
deposition, orthogonal experiment was adopted. The effects of soil/solution ratio, initial mercury concentra-
tion, pH, humic acid and concentration of sodium nitrate on the adsorption of grassland sandy soil for HgCl,
were studied through the method of orthogonal experimental design. The mercury determination in soil were
determined by water bath digestion atomic fluorescence spectrometry. The results showed that the smaller
the soil/solution ratio was, the larger the initial mercury concentration and the stronger the soil adsorption
capacity. The amount of mercury adsorbed by soil was affected by the amount of humic acid, the concentra-
tion of sodium nitrate and solvent pH, and the adsorption amount increased first and then decreased with the
increasing of the above three factors. When the solvent pH was 7.5, the concentration of exogenous humic
acid was 0. 6 mg/g and the concentration of sodium nitrate was 0. 08 mg/L, the soil adsorption capacity
reached the maximum. The factors affected the adsorption of sand for HgCl; followed the order of initial
mercury concentration > soil/solution ratio > pH > sodium nitrate concentration >> humic acid content.
Fitting experimental data showed that the accumulation behavior of mercury in sandy soil accorded with the
adsorption kinetics process and well correlated with Lagergren quasi-second-order kinetic model, which indi-
cated that the adsorption process was mainly chemical adsorption and the adsorption process was irreversible.

Keywords: mercuric chloride; sandy soil; adsorption

UTSeAE R e G R ok Y B T R AT
ZORTEN . MR IRET R A AR IR R A
T KR A ORI R 1 2R P . TR R K
HZ R &Y BAT# LV BRI AR, B K
R I RS BB 0 5 R 3 DL T M, B i - R it —
AR W, SRR AR, AR KWL

LT SR DX 3 B R f, T J 3 A SR % A O R
Kocman %51 Hl Garcla-sdanchez 2517 % 5k B X HITE R G
A Dok B & i MIRAAE S AT T8 R BR AR &
X Hf 39 5 7R A di R T 3k 500 mg/ kg, TR X - R
FELL HeS T ASAFAE Bl ik 6026 ~80% . IR IA 4
IXIE 9520 7R L HgO JE :UAFTE . AR 15 18 45 B 52

175 B #5:2018-08-22

REWE :ERARB IS H (41501548 L THHAB TR F=HE AR R E (LJYL021) 5 K4 A4 418 Il 255 H (201710147000014 ,

201710147000215)

H—{EE . FME1971—) 5, 5% W+, E M5 Yk A A E TG, E-mail: 284437305@qq. com
BAE R . Vh (1983 ) 53 VI, 1, 5 B Al 3R 5 5 2k 5B E-mail: tangjiaxi1986@163. com



302 KPR R

% 33 &

ARV L Atk ) <5 A O R DX 100 4 B8 A1 RLARRE S 2 BRLOR
i R/MR YR L3 > W) > oK BT X L R
SORE AR, Yuan 0% A [ I 757 SRR L T K
B DX BT ) S AT TR S 00T R BT R OR &
i HgSO, &R Z A LA S B R L K] BRI
SR HEA RN,

] P A2 2 0 R e SR B W R AT S R 2
AT TR Z 5T . 2 8 P e R BT X FIHE R 16 &
DX DL S 3 v R 1) 23 A R AR 5% A LA X i
Jot - 88 K OR A - 8 v W B AR AIE B9 5 R IR B = R B
WFFE » JCHAT N 52ty B Ji i X R HE vl ) Jo] S A0 4 i

IR 118 W R4 I AR5 i) DR 20 AF 9 AL ARG . AR B SR
FEBFSE T /WP R R B o H L B R DL S R
G PN SR T R M XD A W BRF HgCL, (1 5
M) Shy T Bl 192 i BR S L T 6 PN 558 oty Ml X 3 ol = 4R
15 YR K
1 BetS05i%
1.1 ik

M+ R [ AR B BT AR S ER IO I OR
22 116°13", b 2F 44°02") » 2 KT B 4% WP 5 100
H i £ L BRAR PR R L 1.

F1 TEEXRBUAMER

- FKR/ ALK/ Bk / HokL/ ki K/
p

(g+kg™» (g+kg™ ™ (g+kg™™) (g+kg™™) /(g kg™ (mg « kg™")
5.75 41 23.9 142.5 260. 2 597.3 7.40X10°°

L2 RBEHSSWTE
T 2016 4F 10 H 72 AR BRI B B AT RAE
TG HURT A 48 W% B BE T 5 i AR B 3 A S B CA HL Bk
R R AR M) DL K pHORT S K SOk
R AR . 4 pH R A R R I E OK £ B H
2.5+ 1)y K FORT 1 38) S T LA 2 2 L A BLak
R B R BT AR AL — 23 B I E LR SR
KL BEAX 3 A CR T B = M8 i 3t 73 b o) oK 75 1R
FHE KK W T i — i 98 6 6 BE vk CAFS) I &
AREA LG BIAT J 3 e KR I 2R F A 2 A R
(RS2 L C A BIF 52t 3R WY, X TE LR AT 0 M AR
o B2 T JEL G A ey 2 DR R AT [ 9 L L BT AL
it pH R B AE . HR [T R R R S A
SV Al oF S B I B B D 5 A R 5 o A BIL R
b S B R R O W By S R o SR R R
AR EEE R s pHLon] 2 e b EROM A% R R T IR
fift 2 e DA [ AT L ) 0 RS AR E 5 il TR 4k T LAAE Ay R
Jot LS o E 2 5 W) M R G R R T R R . A
SO FAF T /W) IR R W L pHLL T B R R K L i
TR 1H 4 J3E X SR A P9 58 ity e it DX R R 45 SR
SO P A R B B LR 2.
&2 HgClL WX &

R BN, WIRARKE/ IR/ THRRHIR
H5 (geml™') (mgeL ) (mgeg ') (g:L7H
1 1:1 0.1 5.9 0 0
2 1+5 1.0 6.5 0.3 0,08
3 1:10 10.0 7.5 0.6 0. 80
4 1:20 20.0 8.5 0.9 8.00
5 1:25 50.0 9.5 1.2 80. 00

H TSR AE - S P A R 6 52 22 7ot DR 3R TR AR T 2
FHEARZR 5347 » AT RE 5 S50 DR) s 22 D 3% [T A AN > 1Y
K L A IR A5 AN B R AT B8R S BOR IR A2 U

BTER . AR Los GO IERRCGR 3),
# 3 HgCl, WMHA I E 38 L (59

R Bt/ MR/ ISR L THRR R/
%5  (geml™") (mgeLH (mgeg ') (mgeL™H
1 1:+1 0.1 5.5 0 0

2 1:1 1.0 6.5 0.3 0,08
3 1+1 10,0 7.5 0.6 0. 80
4 1:1 20.0 8.5 0.9 8.00
5 1:1 50.0 9.5 1.2 80. 00
6 1:5 0.1 6.5 0.6 8.00
7 15 1.0 7.5 0.9 80. 00
8 1:5 10.0 8.5 1.2 0

9 1+5 20.0 9.5 0.08
10 1:5 50.0 5.9 0.3 0. 80
11 1:10 0.1 7.5 1.2 0,08
12 1:10 1.0 8.5 0 0. 80
13 1:10 10,0 9.5 0.3 8.00
14 1:10 20.0 5.9 0.6 80. 00
15 1:10 50.0 6.5 0.9 0.00
16 1:20 0.1 8.5 0.3 80. 00
17 1:20 1.0 9.5 0.6 0

18 1:20 10,0 5.5 0.9 0.08
19 1:20 20.0 6.5 1.2 0. 80
20 1+20 50.0 7.5 0 8.00
21 1:25 0.1 9.5 0.9 0. 80
22 1:25 1.0 5.5 1.2 8.00
23 1:25 10,0 6.9 0 80. 00
24 1:25 20.0 7.5 0.3 0
25 1:25 50.0 8.5 0.6 0.08

W B 3 5 - AR i 1/ 9 (B /AR R o A P TR
T 50 mL B8 ImA 19 mL IRG W (4r
ST R 2 BT IE ) pH R FE R vk BE LR IR M vk
JEHY 0. 01 mol/L Y CaCl, ) - AT E 12 h LA
AR Z LB, A 1 mL fE s Rk B 0y HgClL %
W RS, 25 CHEIRY . 200 7 0.5,1,2,4,8,12,
15,24,36,48 h Bt H .4 000 r/min &> 10 min, B |=
WAL 0. 45 pom GLAL 8RR L 0 A SR MR
1.3 HiEE

K Lagergren — 2% 3l 12 7 AT HLA . 09T HE



513

L TE R A 2R S R R 0 I R I 0 SR R B AR R K H S e TR 3R 303

BAR &M T £ HeCl, W Mftae fimy2s b, a4k
PR Excel 2003 F1 SPSS 17. 0 &4k Ab 2
t 1 t

g K.¢ q.
Pz Sy W B ERF ] Cho) s S e 220 B A7 1R BT R g g
BRI Ceg/ @) s g R W B 38 1)1 487 B 7 W B o (g /@) 5
ke O T 20 B 3 AR (g/ (pg = D))
2 RS0
2.1 B/t S TR R B

P& 1 AT R B 7E W — [ P AH i iR —
AP R R L 1 h PR B G 4, 2 h AR A
IR BTl . B B R Y T R B IR S B
N ER e R VA AR A N R VAN i g o 0§
HgCl, i)W B B e 38 . 3 ] BB 2 o T 3 A PR AT
LY (DOM) & 4 R 3 2 3L R AR 36 45 2 R 1 Ty
ReMl, ATYE N AP AR S &R T RAHE & R A%
G AVEFTIE B ICHLE & 1 DT 52 ) 3 42 ) B8 17+

SRV W B W R R
—— [/%l1:1 —o— /L5
—A— %/‘2%1 110 —se— F/WIL 25
400 —o— [E/#WL:20
350 4 © \M ©
0300 Haese o XX X
2,250
=200
ﬂg 150 lla-a—a—a—a A A
& 100 -0—0—0—0 o o
50
0-0—y{0O—~0o—0 o o
0 1 1 1 J
0 10 20 30 40 50
W% Bt B TR)/h

B 1 AEE/ & T3 HeCl §% iR WM i 2
2.2 WIHARK BT S AL TR R B A

Hi &1 2 WAL, WA R W B 0. 1,1, 0 mg/L A, 1
h JEA IR BP M KOF . 2R Mk B e A TR AR
W46 R v BE R 10.0,20. 0,50, 0 mg/L B, 2 2 h |5
R0 A 35 1) S A7 R e A L 28— B s ) A /0N W 30 3 B
B H. o, 50. 0 mg/L ik B i B KT 10. 0,
20.0 mg/L. SRAYP) R M BE BRI, PR BT Bt F 3 X R 1Y
WY B 5, AR BE Ry 50. 0 mg/ L B, 0% B o A
KAk 555.555 6 pg/g: WA M 0. 1 mg/L W},
OB e/ AR 1,658 9 pg/g.
2.3 pH 33 4K 7R IR Bt B 22 M

H & 3 AT R [R) pH R R B PR A i i RS
FHHE .2 h CREASTRB ST (., R+
176 A1 2 TR P10 W A7 3% ¥ 49 0 0 WK% R IS 17 ¢ T~ 17, Wi
B2 R KRR /IMR N 7. 5>8. 5>6. 52>5.5>9. 5,
2.4 [EIEBRK 3T S 4L 5R W B A9 B

T &L 4 AT AT, TR B F A e B TE) P9 MR TR P AT RS B

THE .2 h B4 EA B s IEAE . 1T 24 h R OKE
I AL B A T VRS O B o S [ AR 3% v ) I B A7 3%
R R . B RV B O s TR R S AU S i A
DRI IR MR BE 0 0.6 mg/ g I A IR R A2 fF MG S g 5k
b8 . WIMAMRE SRR 0. 6 me/g. W H i

—— RIRE0.1mg/L
—a— RIREL1.0mg/L

—0— RIEE10.0mg/L
—»— RIRE20.0mg/L

600 r—o— RIRAES50.0mg/
500 —
400
20300
20200
2100 x
Py A
B o4
= %% o
B 8
6
4
2 o
0 1 1 J
0 10 20 30 40 50
% 3 B [H)/h
B 2 AE#NEFKRER L3 HeCl, %8 KM &
—o— pH9.S§ —o— pHS5.5
—A&— pH6.5 —»— pH8.5
—o— pH7.5
/x—x}_.éﬁ
A\A
o-o/o—o—c O
~g—D0—-0—0O 0 ln]
10 20 30 40 50

W% Ff B [H)/h
3 A pH TR Xt HegCl, B8 0% B ih 2
—— FHEBKREI2mg/L  —o— BERKE0Img/L

—— BHEBKEImg/L —x— EEBWEImg/L
—— JBHMRIKE0.6mg/L

280
260
18 [P .
2200
- 180
2140 4 4
=120 °
1# 100
= (858 o-0——p~_p—0——n o
= 40
20
0
1 1 1 ]
20 30 40 50
W Bf I ) /R

B4 FEEEBRRED LI HeCl, #0R M 8%
2.5 EHER IR BT S SR TR B A R

FH P 5 AT T S ()i T o BT S T Sk i W o
R HEATE] 2 h,90% LA E AR E FE MR TR
BT M, B B )AL W R R AR A, 24
h A AR5k B S i . - 3 [ A 2 T A IR B AL 2 i B
. YAESERENH R 0. 08 mg/L B, 0% B Ak
2.6 WHizh =0

HH 2 4 AT B % HgCly Y 0 B ok 2 4 47 1l



304 KPR R

% 33 &

54 Lagergren fE 290 3h Ji 22y 8, HAH G R BN TE
0.99 LI, Lagergren W — 4% 5 77 24 455 AU {5 i W Bff
A H W B R 3R TR B A B s 6 B E i oF
DB P E o W B ) 78 527 Ak 2 0 B AL B A% 5 361 3 R Ak
SPGB U5 K B W R SR 5 W R BT =2 1R Y H - S R
ML F5EHL o [) I i 12 58 305k A 0K 12 B TP AN ] 3
W o T 3R W B by TT LA S WRWR B S AR MR . Ry EL K
Ko B RS, P B L 1 20, W1 ER R
W N 20,0 mg/L,pH & 6.5, JEFE R E N 0. 60
mg/ g i FREA Yk B 80. 00 mg/ L B, W B Js 1
S5 7N

—o— FHERHIIRZ0 mg/L —o— FYER4IIR 5008 mg/L
—A— THERPIIRE0.80mg/L —— MM AES.00mg/L

—03—50 T R 9 ¢ 80.00 mg/L

300

N
w
<

]
(=4
[=]

Sp

WM B/ (ng » g™)

0 10 20 30 40 50
B Y B TR/

B 5 TREMEEMNKERD L HeCl iR i 2k

F4 HeClL ELEHPRM S NFUESHRHERE

LA AR WG B SR 1/ q=1/ ks = ¢.2)+1/q.
/Wi 1:1 1:5 1:10 1:20 1:25
R? 0.9970 0.9997 0.9994 0.9995 0.9991
ks 0.1781 0.0904 0.0195 0.0109 0.0131
q 15.7978 80. 6452 156. 2500 303. 0303 357. 1429
WIEREE (mg « LD 0.1 1.0 10. 0 20.0 50.0
R? 0.9961 0.9993 0.9979 0. 9965 0.9993
ky 7.9512 0. 6667 0.0228 0. 0055 0. 0324
q 1. 6589 12.5000 119. 0476 238. 0952 555. 5556
pH 5.5 6.5 7.5 8.5 9.5
R? 0.9982 0.9988 0.9981 0.9981 0. 9997
ky 0.0869 0.0096 0.0259 0.0462 0.1426
q 128. 2051 217.3913 277.7778 232, 5581 54. 0541
JEFER M E (mg + g~ ') 0 0.3 0.6 0.9 1.2
R? 0.9908 0.9964 0.9985 0.9993 0.9984
ks 0.0588 0.0413 0.0241 0.0518 0.0278
q 238. 0952 163. 9344 263.1579 138. 8889 100. 0000
MR E (mg « L) 0 0.08 0. 80 8. 00 80. 00
R? 0.9991 0.9984 0.9965 0.9982 0.9972
ks 0.0278 0.0324 0.0345 0.0461 0.0196
q 200. 0000 277.7778 123. 4568 208. 3333 100. 0000

TE o SRR IR ] Ch) 5 g S o R 220 B8 7 W5 B 700 Fy 8 BEF k Cpag/ @) 5 g S 0% BEE 3 80 S 467 IR 19 52 BT ik Cpa/ ) 5 o Ry 7 — 0 MR R 5 30 8 i (g / (g hDD 5 R?

ARG R
2.7 HitERMSARHEZRRSN
LG s i AL ok RERAY EE R 5
BRI [ RSP I 2 2R i A 130 Af i R G 8K BRIV A
T TS R R AR L b PR R B S W 4 A A 32

AR A R R . 28 TR B e 2y BRORE JBE 1 R
N ZERE R EENR W ENE . AREN R,
12 5 AT A 22 th R BN /INHR I - 400 B ol vk J8E = [/
> pH > Fil IR B e S5 = B SR R R %

x5 BEREFERMEHRE B pg/g
ZH & /W WA TR S pH V& B s e i i 18 M e 2
ST 7657 05 B b K (B 357. 1429 555. 5556 277.7778 263.1579 277.7778
Y- A W% B = B /M 15.7978 1. 6589 54. 0541 100. 0000 100. 0000
Y- A W% B A 22 341, 3451 553. 8928 223.7237 163. 1579 177.7778
3 W B Y bt Hg® 8 7F pH 6. 2~8. 5 Ju B Pyt bfi pH 3

TR I VAR 1 X L A A B AR L ik
JEE ST AERINT . ¥ 700 A0 e S v SR 8 1k B 22 BRI A% BT 8l
RTINS B0 B A B 5 o B 1 1 5GP g
AT BRFBE T 1) ) S 245 5 3003 T — AR R R A TR I L 23 R
A B A B o DA T 2 S B S B e A

TS PR RS e T B R R Hg® i W B
e pH o 8~9 . B pH I b Tt & K kA AL

Ko ARSCR A S e i 0 £ HeCl, W B AIF 58 %
B pH 5. 5~7.5 Ml A, R W Bk B pH 33 i 3
s pH 7. 5~9.5 i [ A L oR W B BE pH 3 T R
. AIRERY IR IRAT 2 Fh . (1) BB 5 L 1 8 T B 4 58
R ) e 22 AR T S S R R T HT A A Y
OH™ , JG 3% fill 4 593 i 6 F £ 399 22, 39 K BH B 1 52 ik
o3 5 I BT BE T 5 (2) BRCPE T RO RS R ORE Y OHL



513

L TE R A 2R S R R 0 I R I 0 SR R B AR R K H S e TR 3R 305

5 He"" 45 A% i Heg(OH), ULYE . B 5 7 B 43 i i
v fige AR A Hg O B AR 1 ¥ 0 1B R ot ) o 2 5
BOW TR BRI FR G b, SR T E HLAT 2L R
T 4545 R BH B 1 DR 0% BA AE T 450558

AHLUBUR MR A 2 FLE] « I 58 4 & A B
AR TR B A HLIB R A HL— JCHLE & I
R DL n b e v AR, 4988 b S T e 1 S
BFRE T BEAT HLBT & R I s s R A A 2
P R 28 4 s 28 45 10 5 S D R A . TS Bk 55 B Y
R AR E 1 1SS S ) g BRI R S A LTS
100 T HEXF IR A T A2 A8 3 3006, AT SE R bR i
INFNEIEHERR AL T 0. 3~1. 2 mg/ g I+ fie KR I K
A 0.6 mg/g 4b AR TR T 0.6 me/g ¥ T E
MR R AR . ASBIT ST £ 1 pH =5, TR LR B 1 I
BiF 2 - s AT LT L B R B S A 3 R AR Y
SER . ARG FE R A S MR BE I 0. 6 mg/g I L I BE
W2 510 b gAY B S5 T L W R L
G FE TR 1 B AT A0 W8 B 005 A0 8 R W R R T3 8
) d 5 DAL T R R R 22

FiF P2 kT LA S el i S H G 1 8RS ) - 4
X A S T B KR ST B R
FEL A O TR A1 5 1 i R 0 T 1 ) < e A R e
KB . APITER SIS S A —E 2 5 HRIR
TS T v SR 5 T B R B R OC R . AT RE R T
NO, ™ 5 Heg*" %4 JE M oA R BB & 0 R & 1
TERD = r (0 W B 7™ A T 52 T 2
4 &5

CLD T/ /0N & i B 200 B e 38 ARG 9 X L 1Y
i B RE 3 BB 5 b M F SR Y W BT B U U p T AP U
I B T e 3 RS T A ok B2 1%y 9% DR T 2% R e 498 R 9
AN AR YR pH Sy 7.5, SRR BE R VR Ol 0. 6
mg/ g, i BREN e B 4 0. 08 mg/L B, + 38 X 5K 1) Wi
i K 3 e K

(O %t HeCly 1y W B i 2 82 4f 1 5 45 La-
gergren WE " B 1 2E 07 B M OC R B AE 0. 99 LU
X SR B o R T LA A R O LR R
A,

(B LRG AR RE M Jsh 4 HeCl, MR FHBE
4 2 B R HR/IME IR W 6 AR e J5E = [ /3 > pH >
TR T e 88 T = JE L R VAR

SE k-

[1] Yang Z H, Zhang SJ, Li Y P, et al. Remediation of
heavy metal contamination in calcareous soil by washing
with reagents: A column washing [J]. Energy Environ-
mental Sciences, 2012, 16. 778-785.

[2] Soares L., Egreja F, Linharesl A, et al. Accumulation

and oxidation of elemental mercury in tropicalsoils [J].

(3]

[4]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Chemosphere, 2015, 134(1); 181-191.
Elsayed E, Mohamed M, Ahmed M, et al. Sorption,
release and forms of mercury in contaminated soils stabilized
with water treatment residual nanoparticles [J]. Land Degra-
dation &. Development, 2017, 28(2) . 752-761.
PRBAERNBA)™, 2006, S5 5 FE T 30 AR 3 b o 4 7
A S IPA )] MR 5 PRI 2017,45(3) :322-328.
Mgty THE, T HAA, 5. R X8 7+ 5 RE 7K
KT 3R 4 1R BRF fige 0% R AE [T ], PR 85 A2 2% 4, 2017, 11
(3):1913-1919.
Kocman D, Horvat M, Kotnik J. Mercury fractionation
in contaminated soils from the Idrija mercury mine redi-
on [J]. Journal of Environmental Monitoring, 2004, 6
(8): 696-703.
Garcua-sanchez A, Contreras F. Adams M, et al. At-
mospheric mercury emissions from polluted gold mining
areas ( Venezuela) [J]. Environmental Geochemistry
and Health, 2006, 28(6): 529-540.
ARG T RN AR AR 1 B T SR X FR 4
SR V5 Y 1y =5 8] 43 A R AE [T 1. B8 R 2%, 2010, 31(9)
2228-2233.
Yuan C G, Li Q P, Feng Y N, et al. Fractions and
leaching characteristics of mercury in coal [ J]. Environ-
mental Monitoring and Assessment, 2010, 167 (1).
581-586.

TR, MR, TR, & SUREXIETE W ORIE S
i 5 WA [T ] REERLF . 2014, 35(3): 1060-1067.
MG BB INAE LR L A SR EN AR T Sl R L R 1
ZS [a) A8 5 B O R aE A LA [ ], 3% 4f, 2011, 48
(3):506-515.

Chen L, Xu Z, Ding X, et al. Spatial trend and pollu-
tion assessment of total mercury and methylmercury
pollution in the Pearl River Delta soil, South China
[J]. Chemosphere, 2012, 88(5): 612-619.

W1 s RS, FRR L 45, JOATLoR A R SR 7E 4 5 b ity g B —
SRR B 5 [T ). Al 37 58 B 4% 4% 4, 2013, 32(6)
1159-1165.

REM RN AR 2. A R B — B2 6T 5 F A
it PR R R LT ], 70T 56 560 % 5 2006, 25(9) : 49-52.

TRAN. T A SR TR M A A 98 R AR R L 000 R R AR O A
W BFFELD]. B R« AR K 252008 29-35.

PG L IR TE v 00 B — A R R AR A g T kA
[D]. G LR K2, 2012.

I S, 38X A . 3 v R 1 R R — AR W AT A BF 3
[J7. &35 42 ,2010,41(5) . 1270-1274.

ZECE 18T A T L AFL AR Y EGDE S2 ik 5E &
TR X IR B T £ VR ST A 5 B B D # LT . b R i
R 2B ,2012,42(6) :034-039.
Tk, FHE A BT A, 45, SUNR IR 15 Y X % 2 R 30K
[ (37 3R A AR AL LT . b2l 41, 2012,57(33) : 3119-3124.
Tt T E M AR H 5 T S R 0 R —

AERFGE LD Bt # i  PUAb R MR R4, 2012,



