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UM e BOHZIEAR K — R R RRFEAC S KT R 2OH R IR B ATE BRI P 5] Sl ARifEsRdn 7d #1128 d Jm
MRUGHEA T TCA BRBT T S He RSB0 K 3 ARFREFFE R A TN AE , PSR [0 8 TR K PR 42 SR AP I S0 B 5 G £ 1RG0k
TR W5 EE OULALBR AN S KRR R . SEIRAS SRR KGR EAE 10% LN, BER T-UHE/INT 5000 mg- kg™, [ {L 1758 2
B SIS T 5 B R TR BE T 5000 mg - kg™, 56 B I ST 4 1T SE34 NS /N o K IAB B 6901 8%0Iht , [ A 15k 2 15 B 5 1k
BERE ARG s K YRIB AL 10900, 4 1 W L X5 B2 I S2 IR A7 7E B (L, HLBY{ELAE 1000 mg-kg™ BRI, SN 1119 28 d [k
F, BEES TR EE/INT 1000 mg kg™ I, [ 4 H1FLA2/ N T 10 nm BFLERIE N, FLARK T 10 m BOFLBRIBD , 5 BE S i 5 B S VR HEAE
KT 1000 mg-kg™ i}, = HFHAT C-S-H BERYIAYAEAL, 10 m DL FAYFLERFLEAL B A1 B2 880, 7 HAR R L4204 0.1~10 pm
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Strength and micropore characteristics of cement—solidified/stabilized zinc—contaminated red clay

FAN Hao-lun, SHEN Xiang—dong", ZHOU Hai-long, DONG Wei, XUE Hui—jun

(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China )

Abstract: Contaminated soil excavated from contaminated sites may be used as building materials for shallow foundation or bank protection
or other insensitive areas after solidification/stabilization(S/S) with cement, enabling reutilization of contaminated soil. In this study, air—
dried red clay sample amended with zinc nitrate was stirred with cement and was then compressed into specimens. The specimens were
cured for 7 d or 28 d under standard conditions. The effects of different zinc concentrations, cement rates, and curing times on the strength,
micropore, and moisture content of cement—stabilized zinc—contaminated red clay product were examined by unconfined compression test,
mercury injection experiment, moisture content measurement, and volume measurement. Results showed that the strength increased with the
curing time if cement rates were less than 10% and zinc ion concentrations below 5000 mg-kg™. However, the strength initially increased
but then dropped with curing time if zinc concentrations was above 5000 mg+kg™. At cement rates of 6% and 8%, the strength of the ce—
mented products was negatively correlated with the zinc ion concentration. At 10% of cement rate, there was a 1000 mg-kg™ threshold of
zine ion concentration that influenced the strength. Compared with zinc ion—free 28 d solidified/stabilized product, the products with zine
concentrations below 1000 mg-kg™ had more pores smaller than 10 nm, fewer pores larger than 10 pm, and greater strength. At zinc con—
centrations higher than 1000 mg-kg™, less C—S—H gel was produced, more pores larger than 10 pm were found, greater total porosity ob—
served, and more amorphous substances with 0.1~10 pwm pore size detected. High Zn additions increased hydrophilicity of the red clay, re—
sulting in elevated water absorption during curing, and thus dropped strength.

Keywords: zinc contamination ;red clay ; solidification/stabilization ; unconfined compressive strength ; micropore
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i 2 R Ml P v R i, M 4 R Vs bk
T E, PIEE SRS E %M Pb.Cu.Cr.Zn Cd,
Ni Hg As A\FIEEEITRT R, ZREEETGYM
T HER G b2 s AR YRR A SRR A A
A A ™ S R, A 48 52 4 i Vs
TEE YR BT, Ee R Y R
B Tk EEA L R T AR e Tk (R
PR SIS 1) Absakik B g i A wie s Aol A3
&5 35 i T HOR RS FHAE 5wy s A, A 1
Z % FK IS TCHLA AR5 e HEA T [ AR

IKVEE TS G - Rl K e S I 45 A k575 3+
R, EL Y3 KAl T B ffivs Yy 4 i 25 /N5 e
YRR REE | DT IS 2R I A PR KR o A IF5T
BIRRT SRR RIS IR 2 (B E 1 s — UL
SN Rk e AR A A AR T SR
T} 4k A= PO T T . ARBRRIS KR  AR AL Y

ASCHFGE LN LURG + o 20K e TR E A 2
A3 P DN SE AT SN a R TP X )
Aite) o 20K AR AR R 1 B B R IR IR
J12E 1 RE 7R SE PR T AR A ORI 51 AR T G %
TFE45E TR T R AR T e X A A A R e, A
PERAAAE NS B IR XA R 3k FEEEF
15 Y8 HE R =0 55 AN I A K R YRR 2 B 4 T
BRI ) P RO LA R R i 3Rl s Y
B ER I TR AR

TESEBRA T AR 2 B B Y k1 7
AKUREA AR B, 22 F5 RSP i i 8 22 i SOk TR 2
I s e S A BB DI SRR R, SRR ] A SEBE
1Y IR R, TR IR B AR
HEMIMEE XL

FEF UL BUR , 7R S i R 19 2= IR, XK
Ve AAN S W BETS Ye 2 RS + A TIF 9T fa o T R
FE FIOWALBR A5 K38 ARFR AR LA, X Rk BTG
Y2 4 B B SE bR T AR R AL A

I #R5FE

L1 iRBaHR A

AR i AR P52 R A R T U1 B
AR TS Qe i b R AR R 2R, 1, LB 0
A PRI i S A e FHZ RS - 0k 53
SRR 1, FEYIMSEERAR WA 2,

SCES KR R FL R PO 42,5 K8, Bk N

1.02% , H: B0y W4 3,

(B A BHES TG sk ) . A TFFER, AR XS 7K
PR KA S HAR /N
® 1 AR TR STER

Table 1 Distribution of soil particles

kift/mm  <0.005 0.01~0.005 0.05~0.01 0.075~0.05 0.25~0.075

SR EU%  5.31 18.23 57.22 10.62 8.62

®2 XHRATHETEMESEIER

Table 2 Main physical properties of experimental soil

e W RiLe RATH KA
soggra IR BRI gy kwign lgeens Ffgrem?

39 41.0 19.4 21.6 15.47 2.13 2.710

#®3 P-0425 KREERS
Table 3 Main components of cement P+ 0 42.5

3% Si0, ALO; CaO MgO SO; Fe,05

Tl% 2212 5.11 63.98 1.06 2.23 5.50

1.2 iR HE
1.2.1 kel 5

LR £ AR IKT BRI 2.36 mm i Ay
R AR 4 8 AE H AR T s R
Mg SEN R A B E — RN R T
W, B Je BT L AR A R B P Y2 o &t
B FAE T LR R 100,1000,5000,10 000 mg -
kg™, B 0.01% .0.1% .0.5% 1%#) 1+ Jfi i, F 30439
FH Zn0.01 .Zn0.1 .Zn0.5 . Znl FT&rm , AN EEEE T -
FH Zn0 Fo o KT £ KRB 490 T 4 S
6% 8% 10%, T 3L $6.S8.S10 Ferm, 4k 15 2H ik,
FR 4 (2 1% TR TCHLES & F2 e M ORHR 38 LA ) (JTG
E51—2009 ) il A [ 46 580450 F 15 2 38 2ok o 52 12 40 )
PR AR 3 K 169 A K26, FRE— 5
A5 5 4 e 4 38l #  He Si il a5
H50 mmxp50 mm [ 5 AT B, AR 5 il A IR
(20£2)°C MR LE 95%FR4 46 , A LYE FIAKJE 1= 115
THRESY 7d & 28 d,
1.2.2 HU R0 5L

P4 2R ARG, i WDW-50
T3 e BRI A 2H R T FR AT 5 B, BG4 i
SRR O BB R
1.2.3 Jis SRR KR

FERF AR 8 B | 2 H - R R R
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KA IEFFF 1R ERRET R

ROMAEASRB ST & EAR (L R RIBCE41E ) A
R (B 900N — Yk, B 4 Yt ST S48 ) 145 44
L, e BB A I A B ) B o e AR
TG R FH RIRE T R A5 A 2 e 1) ot AR AR
P JTG E51—2009 KA 5¢ BT BT He 156 )5 178
NFREA AR, AR 12 h 5l 5
IR IR IE AR AR ) F KR
1.2.4 FIOMRFLBR R S 56

TEH 28 d ¥ 11 5 s eI BR Bt e a5 I 9 X At
T 12 h JFA KT, i H Autopore9500 R4
T ALBR 34T
1.3 #iEsbIE

T Excel B 5250 0 22 il i 2k I AR I
R R A8 A a3 A T 5250 o0 i, TR XA AR b5
e R 2R 3264 1 5 2553 #T

2 HR5iTie

2.1 FMBRTERE

AR 7 .28 d FRifEFRY 2 S5 Jo M PR 5 B B B
FIARAERLEE AN 1 FIER o AT LA B 5 e 0 Tk B 1)
R E R B, Zn0.01 . Zn0.1 . Zn0.5 5 A h0i5 Je it
Zn0 FHALL, 47 it FsF (1] Fy 345 Jon vy see B2 384, 55 4% 28 d K
P55 6% 8% i Bk 5 #7 b e A TS YL 1 K e
Tk, AR 4 AT, 28 d /KRB 6% 8%I% A
S INVEETS YL Zn0 X558 i 43791 o 3.38 .3.73 MPa,
U 0.01% 1 - 51 1 1 B 25 5 9 B2 0 Il ) B 3
2.93.3.25 MPa, H Rl 5% B A3 nas B 4k sl T R
A2k VB TR 10% 1), Zn0.01 F1 Zn0.1 1 T/
BETR 543 5 3.98.3.76 MPa, 34 1% B INEE
() Zn0 S IC N B 5% FE 155 o

WFFEIN B B X KA A T E A B AR
A K IR K AR AR B Ca[Zn( OH );H,0,], T , X 46

x4 EERTELFMEMPREELNEER (MPa)
Table 4 Unconfined compressive strength of cured solidified

Zn—contaminated soil

" Kie BEG YR
it iy
B Zn0  Zn001  Zn0.1  Zn0.5 Znl
74 s6 2.96 2.58 2.50 111 0.20
S8 3.37 3.15 2.84 1.17 027
S10 329 325 2.50 1.67 0.37
28 d s6 338 2.93 2.53 1.10 0.11
S8 373 325 2.94 1.72 0.15

S10 3.71 3.98 3.76 2.00 0.25

(a)6% KI5 =

W H/d

[ (1)8%rkiets

JCAM PR T 55 & /M Pa
(3]

(=)
oLk

10 20 30
1 H/d

(e)10%K B

TEABRAT T 38/ MPa

10 20 30
1 H/d
~O-Zn0 —&Zn0.01 -3 Zn0.1 ~-Zn0.5 - Zn1
B 1 ki B T T MIBRHUE SR B R BT 1L

Figure 1 Variation of unconfined compressive strength of cemented

soils over curing time

DUPE AL ZEAE 7K P FRr 2 17 BHL (- kAR, By U T
# R G R e B i 5 S AHRA T R I o UK
TRABARAE 1090 , U E B 5 1 10K U8 il L BEA
PR T AR BE IS A R e, S R K D Kk Ak
A R 7K A5 R R B A /KA 7= X 5 JBE S ) 5T
TRATBIR , 1TSS ) o 4 S S A W D0E AT B T o
JEE it BT DA B K e 2 i (R B 22 K Ak S iz
Jei , ALBRIK pH ARS8y , AT FL B K Hh B 8 1 7 B
PERRIE T A= A A TOTE , 4% T — e R A a)
BOTAEA S mio e AR EE . (HBEES T RO B
PATAE— DB, /N T BUE B 8 12 AR DT §2
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E KV IEL Wy s B, X R (B 2 7™ B BELAS 7K
TeokAk, BEARHR B . AR SL R STk e 10%
iF, FHE 1(e) A & FZn0.01 F1 Zn0.1 76 7 d 3] 28 d #
W AR R A TR, B H R R A )
0.03.0.06 MPa-d™, [t ZnO %5 B3 il 0.02 MPa-d™
#r, HF) 28 d B Zn0.01 F1 Zn0.1 JCA R 5 B 4351y
3.98.3.76 MPa, 3 Zn0 [ 3.71 MPa, Tii /K e 548 6%
F1 8% A I A I [ ME, A Je Bt
TRHIKAR SO 5 AR B B S B A D DTTE P T R i
FEHE AN AR AR 25 B AR K Ve 7K Ak 3 B ) 5
P o TRLIE , FE R /K VB (A5 Y ik B rh A AR
A, I FLIZIEFENAE 1000 mg-kg™ BT .

5 YR BE R B 1% g, JGis KRB A
Z/PH IS E IS, KR i s B AR F AR, TR
Bifi 5 % A e B S B TS TR IS o il
BB KA R, BARAR, AN 2 B o B Ak 2 B
BT R R R 1%L B, ™ RS K e KAk
N, FEAAN A KA RERRES , JoM PR 58 B i R HL
e K S T RIS O X PSSR IGO0 T8
T AR KRR AL, BN % 5 A SR
Pl KR IRBUR AL RO AR A G
22 GKREMERET

B K e E i AR e SR B 7.28 d BT
AR 3 FR . FTLAE Y, 3340 7 d B, BR Znl DL
ST RARACIAE 1 g AN, T Znl BiieBl R e, 2
Bt 7K DR A5 3G I BT S iR . F3K 28 d iR
fie, MR 5 P AR b 45 R, Zn0.01 Zn0.1 52
HEAE Zn0 Al 2E 1 g LU, 5 7 d kB o f Al 22
AT 1 g, {0 Zn0.5 F1 Znl HIERE 2 33 ] (1) 16
TR BT 5 B R B I 1 L, Zn0.5 1 Zn0.1 3k
28 d i 7 d AR, SRS B AE 25 g Fl S g

| A

2 KiRIBE 10%BEFRIRE 1%7KiE LikER
Figure 2 Cemented test soil block containing 10% of

cement and 1% Zn
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Figure 3 Mass results of cured solidified Zn—contaminated soil

RS HFEEIBENTMRETL(2)

Table 5 Mass changes of cured solidified Zn—contaminated soil

e Y S T RESCEE
Zn0 Zn0.01 Zn0.1 Zn0.5 Znl
S6 7~28 d T, 062 0.54 -0.03 2.64 5.1
28 d 5 Zn0 [tz 0.00 -0.21 -0.68 2.52 9.18
S8 7~28 d JFiiAEfE,  -0.01 0.02 045 350 643
28 d 5 Zn0 (i 000 006 049 3.69 1093
S10 7~28 d ffiikA8fk, 0.8 0.13 -0.15 3.09 7.05

28d 5 7Zn0 FiEm2: 000 0.5 -0.18 3.38 10.33

DL b, HoKB R S R i s B e R, i
AL S R AR R AR A AR A KK TR KR
MK

M 4 AEPKJRIBE T AR A, 167
d BFBR Znl DA HA A 25 -1k BE A 5 2 il
FrREHM2E 1% LI, H A5 K RERH BT B X A2 RN
TEICIIA] KU I 5 AKAIEAE T LR 7K 53, I 5L
FEMIZK I3 KT IR 2 P S R 7K 4 AR 6 T
N, BiK28 d B Zn0.1 [ 5 K L Zn0 ik, H
Zn0.01 5 Zn0.1 iR & /K RIME T 14.7% , 500116 &
IKREA W 1.3% L) F A0S 7 d A S KRR
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Figure 4 Variation of moisture content of cemented soil

over curing time

F 6 KiEEMLSETLRT 28 d SKE(%)
Table 6 Moisture content of cement—solidified Zn—contaminated

soil after 28 d curing

K IEE SRS
Zn0 Zn0.01 Zn0.1 Zn0.5 Znl
S6 14.54 13.84 14.21 15.47 19.48
S8 13.79 14.35 13.50 16.14 19.53
S10 14.50 14.67 13.97 16.16 17.73

WEFEA K o X ULRAZE 7 d 2 28 d B FE R IH R §

IKAC S, AH S 0] 38 AN T [, f K AR T FE 7K 43
5N AR K A3 FEAKE T . SR 1T Zn0.5 7E 28 d
IS K R B (B 4) 78 16% 44, 5016 &K

FRILAKAI] 58 B AE eI [E] K Ak s 1o, 2% 12 201 T, KAk
THAERIZK A3/ N NS SRS 7K 43, H 3B 7K e
T T Znl WFEIFFIG & K S RERLE 0, /K UK Ak
S BT R A RS , SEARIEA TR AR RN T HL
ZUKG bR B U B R AR R IR S R
HOK o FHOCIFSE R BH , Z0RG - 2R SR (9 Rz 1, 5
B Z 0BS5S 1 A R SR T
KR TS T 2085 L B PR, (i 20k £
T ARG B SRR, SRR iR A H AR TR B I
T H B KRR o

XPRPURTRIA 707 25000, 45 R R WK Je 48 it Al
FA REE SR B3 (P>0.05), 55 Ye vk i 25 5
PEN R (P<0.01)  ARHEIE 5 s , AXEA L Zn0.01
Zn0.1 52 BEEF ] Zn0 (W PRFRAS Ak i, 35 81
SEVERERK WK AE 2%~4% 22 18] . PR 21K+ 18K
RERK R FETR I 95% MR T FR P4 HH Pl —LE i
K AR B F R K e e I F KAk, AR ) CSH R4S
SR HARFR KR AK , B LA 35 AR AR L4 R
o M Zn0.5 343 7 d IABUELABTE 2%~4%2Z 1],
M KRARAY AT A S AE 1E 5 A TRk Ab S, AT
SETE 28 d BF L BRI T — MR R R H
IRFRIR A AR IFAE 2%~4% 22 8], 332 R R K

12r
(a)F&Pr7d

101

8. —

PRI /%

1ng M [k
L 0.01 0.1 0.5 T

. BRI % )
(b)FP128d

10} n

RV /%

| H_E b B
L 0.01 0.1 0.5 1
V5 YU 1 1%

0s6 [@ss ES10
5 SRR EML MR

Figure 5 Volume changes of cured solidified Zn—contaminated soil
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AU RN 7= A B B 0 kil T e B ZTRG IRK
JH , AELIE S0 6 RS2 2 e PR L DA 1) RS BB 2544, r LA
28 d M5 S 7 d A HEIG KA K XS F2Znl, JiHHR
WK I FLAETS Yy ™ E BELASHK AR SO, B M —
TR AR B T S8 B AK , 76 7 d 3] 28 d (3R
T AR P ARSI 7S K Ay AR BRAR SR K, R T
FLSA 1 N R 14 , fof e F5E Bt o B (R84 R R 27
TR, 7RG Y 2R LK TR AL A FR 2 i 1)
BT KR IR S R MR AN K, D F 7K SR B £
B E SRR KR KA, 1T Zn0.1 5 28 d 57K
RAL TS H0EE, SO R0 B E LS AT . sk
JE BB TR T 2 B BHLAS HK R K Ak S T S5
SRPEREARON, TR Tl T 2085 )5 e o, (o
HOH BT — 2 PR K WK IR , B R e R 444
e FECE S YL B0 BT R — A 5 A
2.3 WMFLEE

X} 28 d KPR 4BHE 10% 1 7K U8 [ AL 8 15 Ye M1
P A5 R 5L B0 A, 25 R Nk 7 B LB RSl
oA 6 ron o FLBR K /N B ) 4> 2 B8 Hor—
pibulsuk &8 H g AL G L FLBR Y 4325 : CSH BEAE
YA R N FLEBR B /N T 10 nm (LB ; CSH 5E W

RT FERLEUSTYERIRER
Table 7 Pressured—mercury testing result of cured solidified
Zn-contaminated soil
AL FLER 2/ %

10~100 100~1000 1~10 pm  >10 pm

Sy EFLER
e El% <10 nm

nm nm
Zn0 27.90 2.62 7.42 5.47 6.84 5.55
Zn0.01 28.00 2.66 7.70 5.74 7.14 4.76
Zn0.1 29.06 2.82 7.99 6.13 7.44 4.68
Znl 33.96 0.22 5.37 9.97 6.93 11.47

0r §<10 nm [ 10~100 nm
M1 100~1000 nm & 1~10 um

L [3>10 pm RRRee

W
(=}

FLBA AL A15/%
S

=
=

0 0 0.01 0.1 1

BRI 19%
6 SESERLEMLMFLIREMILE S T
Figure 6 Porosity and pore distribution of cured solidified

Zn—contaminated soil

7 A FL B 76 10~100 nm [AFLER 0.1~1 wm 5L
Bt 1~10 pum FFLER ; AR 10 pm (FLER

FH Il 6 Rl 1, Bl o 4 T e B (R T e FL DR
TR, ARG YRR B 0 ETHE 0.1%HF LB
M 27.9% F T3 29.1% , ZEAIRIEA K . ARIEE A
[ 2 TR BT KR 1Ak ™= P i FLAR 20 A1 1 Dl
7 RIS FLBRR TR W /N 0.1% 85 4K
ViR bl A 2 e B N, £L4%2 /T 10 nm (1) CSH
BEW AR N B LB 2.62% 3 03 2.82% , fLi%
10~100 nm [ CSH #¢ 5 9 AUkz (] FLBR AN 7.42%38 i
) 7.99% AL KT 10 wm HIFLEBIINS.55% T B 2
4.68%, U]/ 2 BEAG KR KAk i
IKA SO A B CSH BEIE )5 A TS e i K
AU BT AE Y CSH BECYIAH FLFLBR 2, i 22 (5.
D RGeS A Zn(OH), DLTE , X SEUTTE I 72
FRAEWFLBRZ i FLAR R T 10 pm FLBR I 2
Wb

MR TR 19%0), FLBRR BT R B T
5, ALK T 10 pm AFLBRIEHEH 11.47% , 5 HAh v
BEM ELIE I T —A5 LA b, mfLAE/NF 10 nm () CSH
BERE IR LB R A 0.22% , XS R hy e e g
T Em A AKIe KA, AR T R o B R
H 45 Bensted M HEIE , X 2L AR W] RE & C,S Al
CsA TEZKAL SO T4 1 B L A3 8N )77 AR 1 s
FRERF I E B2 . SR AT SE ZE A5 5T ek
BT YK PR ik B FLBRAE0.1~10 wm [a]FF & Ho 4515
K, T/NF 10 nm (4 CSH &R AR R FLBR A1+
%o BRIHGIA Ay e B2 ) B A SR APl R v BE A TG K
PeARKAL RN, KAz il e Yy, HoJG e Ry i) 3 22
LA LE 0.1~10 wm [B] o IES2X SR I B TCE
TIYIRHAS T KU KARAE R, RIEHE £ RS + BT 260K
P, KRR LS , (1 FL72E 10 um DL LB A5
iz i RSB R

MELE] 6 [l 45 G B AR AT UR B, fLAR R T
10 pum PFLBRR S it 5 00 B AT 25 ORI AR DG, 5
HE LR KT 10 wm OFLBUEL D, BEBIFLAA R T 10
pm (LR A AL, ZEK T IE 5 KL A IE G0 T X o
FESEIR R o T 2575 Bk BETE 0.1% A2 A LA K
T 10 pm LB/, HR B R TS IS Y i
IR E5 A F SO T Yo nl DU S 20k K T
1A= Py B WL AT, UEBHK B 10% 01k, BF
B U BEAE 1000 mg kg™ FfF T A E— 1> 52 M 28 JEE 1)
I {1
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3 #ig

(1)K IR IB R 6% 8%It},28 d JGMBR 5%
JE Wil VR B I BG nim R BE. [E KRB
109615, B 5 - J3E 0T 568 55 1) 5 Wi A7 R, v
FE RN FE 1000 mg -kg™ BT, ¥ BEAR T BI(E, To PR 568
JERGT, B R K U 11k ™ 4 ry 5 B, sz 22 D) ol e e
A1 i TG PR i 3 A T I %

(2) BB T W JE AE 5000 mg-kg™ DL R I, [ 4k
77y TN PR 5 FEE B 4 B 4 i 14 Wk B2 AE 10 000
mg - kg™ B TN PR 55 P85 Bl 46 G i S s R
R KRB EAE 10% VLN IEEES T 15169, Joml R ss
JE RIS IR A H S8R IR A K

(3)KIEB TR 10%HT, 5 2 F W EAE 1000 mg-kg™
DL 28 d [E4EF97, 10 nm LT FLB Rl EE B - i
B3 KT i, T 10 pm DL_E RO FLBR BERE B Tk
Oy N(TF:

(4)7KUeiBat 10% 0], = B W aF e T2 EH
KR AAL , AKARAE B C-S—H BERS ML /L, Ko
AL ALE 0.1~10 pum [ATCERIY), LRS54 H B
FOKME, SR AR T ROK 43 HARERE I, [F]E 10 pm
Ph_ESFLBRALE LRGN, [ Ak i B AR

S

[1FE Rk, SREIIE, B, 25, 45077 (Typha orientalis Presl) % 8 &

TGP As (Cd Pb AT PES REFIL]. ROl FREER 22740,
2011, 30(10):1966-1971.
WANG Feng—yong, GUO Zhao—hui, MIAO Xu—feng, et al. Tolerance
and accumulation characteristics of Typha orientalis Presl for As, Cd
and Pb in heavily contaminated soils [J]. Journal of A gro—Environment
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