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EL B LKDBITHIAR

XA, Er&ESR2, FEe,

QT2 E B IR S IR =24 e, Wbl 4371005
3 op E A S I BE, bt

TRBR I8 A R e S R . F

FEXR, MRET, B OER, s
2 EMCRY: RO 2R, G 430074;

100081)

B OE. CRHRGE LRSS (Rhizon-SMS) JRAL KA RS T IR #H L3 i o FH Lty o v o J VR S 1y
AR i, IR R S B AR, BT Z 0B B IH, SRR DA PR ACUIAI T 72, pHIEACAIAE X
TikE. LB pHA 13 P ZatBAE K A AR Z0AR G R . AT A Cu i pHIR T R OC R, CARIZn s 138V iy
pHA B ML R (p<0.0D). T L3P Cu. Cdv ZnfE L3 TR M/ R HK g o ARFFCHY, 3 FhE 48 Ky
KANBFE N : Cu>Zn>Cd. HiffiFreeze MCherryBif, BEAlog(Ky-Cd). log(Ky-Zn) HpHIIZ MR R, flitl T CdMZndE 35

TR -
KEER:  MRPS LIRAMCRAERS: ARG ELE; L WM
hESHES: S153.6; F595

TR ANGE TR SN R AR, e
TR ZR AR TR 40 IR o F 4 Ja A H 3 H I
ZTA] R 43 BCAT A At VA B 4 a8 7 Bt v PR 208 1 —
ANFEETTI o BT IR A TSR —AH AR ELAE L, XS PR
Wi < R R B P AT R B A o B

FRFr T3 MR A4S (Rhizon-SMS) 32 [ EPA
FIE (1) RAE A RS PR W) bR T vk, TR 3IZ NV H .
M PR ISR R KA R REH th 3 k. £
FUM R I A (suction cup) RAERAH 2SS o

A BT LR BK SRR IR . Ky

(L/kg) F7mu s rb S JORT ] 445 J5 1) A X 556 A
MR Y, P ES RS EM g (mg/kg) &+
HeK h H R B M guion (mg/L) 2 LE, H:

Kd= Mtotal ( 1 )

solution

OV OB FR T CAIIK o fH 15 138 0 #4k 1 i
H—iEK%. AndersonZEP R B 115 pH &5 HICIK 4
I EE N T . Christensen™ ] T HE# 4L S8 WipH. 1=
BERORL S B TN B FAc#e i & (CEC) BAK
TR R S i AR TR EMn, TR TRAL
Tk 328 30 R U 5 v R T A B - 398 R pHL AT DA R
72% (W77 2648 50 2 JUERMEIRARERUR I, i

WpHAE T LUEAT 5 FEAZ 16 50%, {Hit A HLCT]
ANJ7 R R DL SR m O BRI e R (RP=0.61)
W, WEgtuEspH B 3 HIC . CECHE phoE 13
K[ E R,

Cd & THAYAE LT e s, S rtiom. 3
NIRRT 1 — R IR T AP B RV
1988 4 FAO/WHO &R & il T Cd e ki
Al 52 % N (provisional tolerated weekly intake,
PTWD J 7 pg/kg(A ). Cu 1 Zn & \AAfE HEFIAE )
ANAI D IR R, AR R AR A A

TAI R A8 BT SR 2 B DX T 2 A4 AR M A e
My, A 85T EIR L R e B ARV )R] 4R B R LA
MNARAESRE . BRI, 0F AT R 44 BV R 5 X H 4 )
FE AT 25 A ] =3 P AH 3 BO A0/ WARIE o A 50R
H B AR B I OR A 2% AR LI, 5
7E: O Cus Cdv Zn 72 - AHI 73 BAT A5 @
W =S JES R E S E T .

1 #MR57FE

TERFFCCIERE 24 AN, BT RUS E K 2
m, 9 0.8m, V& 2.2m [KEEE. 7EHIT 20, 40, 60.
80 130, 160, 210 cm JAJEAL S RAE LIEAE N 1 ke

ORATH : [HE ARBFEIESTIH (40772155)  JF T 32057 5 S50 H (BKO704) F1 AR W4 57 5 H1 55 Hhy 3R 207 30 70 55 506 28 FF il 4: 15 H (BGEG0809)

o
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FEFF 420 - B T bR B X S VR R 2R
R, EHIIEREE 204 40, 60, 80, 130.
160 cm Kb E k. B BCRER LT DR
OE B 35— A IS, 78 2 30T - AR IR Ut
T It AR RKE g ek 24 h DA . @3E . H
T A2 W8 DK B S Sk 1 R A T 1) 3 TR B AL 4T
FL, FTALETuE ) R mAR, K s ) IR,
i 2 OSSR R, ISR e e S A8 Il AL, 4
W e S RN AL e, AR 2R B B Sk, D R K
BRI RSN @FHe . & IE A H
G EATIEZE, WA . @HYE. Fa R AR,
RN AER -0.7 ANFRAE RS o Fe BT B 1) 3 9
HARKE, HHFHEEmEEL. SEMRSER. ©

KA AEGUIA BIERING, - 20 b i P8 5 B Al AR
Ffo

1

8 WP Cu A1 Zn H IRIS Intrepid 4% it
A E - R 7244 DZ/T0064-93), Cd H M6 41
S5 TR RO A e o R E R W T VK
GB5750-85) . T HiuF W pH 3% [H s 4y HACH
sensION4 {F#5 5 pH T2 . AL C A EE IR
B A -AM InARTE I 52 o

2 SiSTte

TIEARGEEBIRE

ANTRIR P -3 b (1 G B R LR 1, KAl
e/ IME A 22 2 MRS, P, 7620 em EE L,
FHR 1K Cu IR U 0.001 ~ 0.404 mg/L, “FH4{E
30.018 mg/L; Cd #AE{E Y 0.01 ~0.08 pg/L, 13
{4 0.06 pg/Ls Zn #EUHE K 0.034 ~0.343 mg/L, T
I 0.095 mg/L.

2.1

RRIRE LIEARS Cu. Cd. Zn iREHIAGIT (n=24) (mg/L)

Table 1 Cu, Cd and Zn concentrations in soil solution at different depths

RE Cu (mg/L) Cd (ug/L) Zn (mg/L)
Tl EME EORMi cv T mME KMl cv TE BOME O EROKME cv
20 0.018 0.001 0.404 0.004 0.06 0.01 0.08 0.002 0.095 0.034 0.343 0.024
40 0.026 0.001 0.126 0.009 0.10 0.06 0.20 0.003 0.080 0.004 0.260 0.019
60 0.021 0.001 0.059 0.005 0.10 0.07 0.14 0.001 0.092 0.007 0.211 0.017
80 0.023 0.005 0.064 0.005 0.12 0.06 0.14 0.004 0.100 0.031 0.260 0.018
130 0.022 0.002 0.051 0.004 0.08 0.05 0.09 0.002 0.076 0.008 0.189 0.016
160 0.008 0.001 0.019 0.002 0.06 0.04 0.08 0.003 0.059 0.018 0.110 0.008

FEX VA VR B < S AT R B s A D I AR
M s AR R O B AR R, 34T 2 e In]
Ho BT SFEE L M H 7% (stepwise),
ﬁlog(corg)‘ pH. log(Zn o) BENTTHE

MEE 2 TIE, TR R Cuckif, A T
WP A HIC (Cop) BENT 7Y, HoAt 354G 1 5
BN AR TR X e h cd kv,
A I BpHIEN T 7 e X T 3 P 9 Zn,
TSR pHAT 3 (K Zndlk EHAE O B AR RS
o CATORHRE, TP I ESE Moion)

®2 TEARRPEEEMNFGE

Table 2 Prediction equations for heavy metal in soil solution

JifE
log(Cu) = 1.56 + 0.1310g (C.ors)

R (p)
0.322 (p<<0.0001)

log(Cd) =-0.6317-0.1307 pH
log(Zn) = -0.8728 - 0.0407 pH 0.645 (p<<0.0001)
log(Zn) = -0.211-0.0232 pH + 0.128 log (Znwa) 0.725 (p<<0.0001)

0.423 (p<<0.0001)

U (Cop) IBRHL:

log(M =a+ b x pH + ¢ x IOg(Mtotal)

solution )

+d x log(Cmg) 2
EAE A, by v dNEEL. IR TR B
VIR B R e e IR B . AN R [
5 H T AN R 75 G 16 AT RN i, o) - ek
HRCu. Cd. Zn, J7REIIERE R E53 7014 0.611. 0.884.
0.618%,
TEARWIIH, Cdy Zni gtk R 7 Ferd, pHAESF
BT ZEAR R0 42.3% 1 64.5%. Foit e TPt
APLCIESE TIERORL T 5, A4 B AR R E AT RS AN RE
B e RERI KN X1 CdRIZn, pHAZ R
HE TN R ES BT, RIS
T HUTE A AR R TSR . AR 7 ] DL
H, BERRE T ICURICd. ZnsE A, LI
LR R R TR AE 10 32.2%, IR ipH
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5 4 3] D55«

)& 1) K 2 BAT WL

R B SRR 1 N 579

A3 i B & AT EAN RN T R . R 23 By
W, HIEEE T CuSpHE A BEM LR, MicCd
MZn5 HIEEH T IpHA B LR R (p<0.01).

Kg WO, 3 RS AR LU
BE#EpH R[4, Cu. Cds ZnfIK ot R . McBride 257,
Gray “5U'RI Sauvé SEWH] N AR RK FIpHZ 7)) 56
/%:

logk,=axpH + b (3

K 1] 2 3 71 T 46 Jem ook [ 4% 565 T 1 338 1) 8 B e

J1; KoMK, RUIESEA HIEPRITEEBR. H
3 AL, 3 ME G JE K o KNI : Cu>Zn>Cd,
R 3 MES R/ BB IT AT R Cd>Zn>
Cu, SauveZ5H A5 H [H] 1458

DL+ 3pH. log(Mowa)~ 10g(Corg)~ log(Fikr) 1E
AR, R Z 0N AR, AR
AT RER B 20 FIA Tk o e 24 i s v R A 0 AL 5%
4,

#3 RELIREEENEARRMESERE

Table 3 Distribution coefficients and logarithmic distribution coefficients for heavy metals in surface soil

SEHE Cu Ccd Zn
K4 Log (Kg) K4 Log (K¢) Ky Log (K¢)
SFREME 3143.7 3.24 1028.9 2.98 1405.9 297
rh e 1526.7 3.18 854.7 2.93 877.8 2.94
SN 26584.2 4.41 2080.6 3.32 17701.1 425
/M 90.26 1.96 690 2.84 179.9 226
A% 506.8 0.05 2122 0.07 2452 0.04

*4 RELRESRESEANNMES LIRPHERBEXFTE
Table 4 Correlative equations of logarithmic distribution coefficients

of heavy metals and physiochemical properties of surface soil

R Jits R’
Cu log(Kq) =0.21 +0.39 x log (Cu (1) 0.51
Cu log(Kg) =0.371 + 1.14 x log (Cu o) — 0.47 xlog (Corg)  0.67
Cd log(K4) =—4.4834 + 1.137 x pH 0.74
Cd log(Kg) =—1.71 + 0.39 x pH + 0.32 x log (Cd (ota1) 0.81
Zn log(Kq) = 1.2866 + 0.249 x pH 0.62
Zn log(Kg) =— 0.38 +0.20 x pH + 1.37 x log (Zn o)  0.78

M 4 Pl X TCulIKy, B T 1log(Cu o )
10g(Corg)s WA HABARTRENTTHE . [MIVAT7 FERENS i RE

4 y = 0.2494x + 1.2866
R2=10.6167
=
i 3
*
2 3 Al
en
=}
—
2
5.0 6.0 7.0 8.0 9.0
pH
B 1

Fig. 1

Ko7 2272 511 67.0%.

XF-CdFIZn, pHFNog(M o) #REREANZEMETTHE
FEFTAL IR R, XHFCARIZn, pHZY 5 BE8 filRe )7
ZEAR TN T4% F62%. EVFZHETTH, JINGE AR
ARSI E RBRI KN AW, 5
N A Flog(Mom) REW A RECKIRHE Fy: X
FCd, RHEH] 0.81; X F2Zn, REEF] 0.78. AR 1,
FHpHAFCd Znfd 37 (1 iy ek MR A v, HopHT 1 (1) &R
oy A 1.137 #10.249; Kl 1 Hlog(Ky-Cd) HpHE 2k
REARBR, pHERE I 1 A7, CAFZnlfIK 73 2 i
KeI¥) 4.93 551 1.59 £ o 1 Ut Wl pHAE A 45 E 4 8 7r +
—IK Z (A Ay eI — A LN 5%, L Cd UK .
Christensen%! % FH ALK 5T

5
y = 1.1137x - 4.834
2 —
R<=0.7396 -~
Y4
<2
&
3 37
2
5.0 9.0

3% Cd. Zn FIHEHEALKS pH X &

Relationship between logarithmic distribution coefficients of soil Cd and Zn and soil pH value
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TrEAFCus ZnHEATIFSY, L 3EpHXTZnfK ¢ Eb CuZE i
L. L bk, AR, XTI AR
log(K4-Cd) log(Ky-Zn), pHAE N HAE & g% & v fij i
MK R, IFHFREFEA (p<0.01).
2.2 BKMETEEEELIEPRITIBRE

JiFreeze MCherry! 3, Kofln] LU KGR E
SIEAE RPN, SRR

V. /V, =[1+(p/e)K,]" (4)
b, Vi RESEA LS WELDIERE, V, 215
HOKAEALBR R TR S, Vu/Vy & SR A
MITHHE . patiERE, PHEARURE, o2t
B LB . Christensen ! IEIF S0 5 7K J2 1
B 5kg/L (p=1.6kg/L, £€=0.32),

FEARWFIE R K ZH AP+, FER ) 20 cmik, p =
1.68 kg/L, &= 0.35, #IbitHp/e P3N 4.8 kg/L, 1R
A (@), PR 4.8 Kglmie KT 1, #al (4) mJLL
Bk

V,/V, =(4.8K,)" (5)

(1)88 L Vm/vw :O_2083><]O('1-137PH+4-834>
0.80 r
0.70 r
0.60
0.50 r
0.40 r
0.30 r
0.20 r
0.10 r
0.00

Cd

Vm/Vw (%)

5.0 8.0 9.0 10.0

pH

Vm/Vw (%)

MR LA RS, Cdy Znfflog(Ka) n LA - HE %
VB pH P S ] B ) M (B A 7

log(K,)=b+axpH (6)

H (5) AU (6), AL B A 3% i)
TR Y 3% pH KR

V., /V, = (4.8x1000) D
o e i B e Je A2 R 3K
log(V,,/V,)=-b—axpH-0.68 (8

R (7D WTLAFRAS Rl pH AR A T 5 42 g R AR X
IR, e RIE 2. WK 2 iTLUEH, pHA 8
feAalst,  Zof AT L) R 0.0001, — i, 4
I KR E A 100 m/al, AR B ZniE A
J%24 0.02 m/a. {EpH=5 i, CARIAHXIERE L EZn
M 50 f5 /547 . 2MpH>6.5 I, ZnffiEAH I B Lhcd
IR TR 2R, MlpH>6.5 I, CdY 1
Z AR B L L Zn B KAS 2 . CAMR /N IS I RS 38
FE, Y TR Cd 3 2EE R = HIER 4R (0 ~ 15 em),
M Zo ] LA NI B (1 HE

0.060 | V,/V,, =0.2083x10(0-249pH-1.2886)
0.040 |
0.020
0.000
5.0 6.0 7.0 8.0 9.0 10.0

pH

B2 tifEd Cd. Zn B9HEIIEREE 5 L% pH BIX R

Fig. 2 Relationship of relative migration velocities of Cu, Cd and Zn in soil with soil pH

M pH EXSE A MmNk E, pH % Cd -+
bR K. fE pH 24 S I, Cd MAHX IR
FEAE 0.02936 ZiA7, R Cd BRI ()3 A% T80 A2 - AL IR
K111 2.936%, m kA Cd 7k pH 41 M ECKIER .
Cd 76 TRl S B pH FH R 216 28 1 R ik
N, EURFE Cd e LI pH FEDE, K pH &L
(AL A o

g R CA T B AR B o R Cd — M AE O
~ 15 emfJR 2 HHEM, 20 cmL F &R EEH WD K
R I CARIWL B 2R AE 80% ~ 90%. -3 XF CAffIL

B [ pHAE S IE A OG ;B B (R Cd nl 4t 7K BT ¥ H i 3
%, pHBK, CAREHRE. WipH 4 K, CAMI%H
R 50%; pH 7.5 I, CARAMER e,

3 QI:I'HS

X RS A PET s 24 AT R AR B+ 30
SR A R A T S AT < UK 2R BEAT A R
gL, FTUMSH AT J L4 iR

(1) RIS Wb B Jm IR A A, 33
W BALPE AT O AR RN 2 Tu e M B I, g5
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)& 1) K 2 BAT WL

R B SRR 1 N 381

FW: WP EEEEWOR I Cu, R SRR AL C
HENTTRE, oA e A AT A AR S TS
Fio T H8amrb i cd, HAT LI pH 3EA 5
o X T HBEWP Y Zn, ISP pH A4
I Zn AEAAE N BRI TR, TR
Cu 5 pH ALK R, 11 Cd M Zn 5 HIEAW 11
pH T EMLIELR (p<0.01).

() WHET L Cu, Cdy ZnfE T3S 5K
A R EK g: Cu 90.26 ~26584.2 Likg, “T-H41H
9 3143.7 L/kg, 47K 1526.7 Likg; CdA 690 ~
2080.6 L/kg, “T-¥JMH N 1028.9 L/kg, A%k 854.7
L/kg: Zny 179.9 ~ 17701.1 L/kg, “FIHME N 1405.9
L/kg, A%k 877.8 Likg. AWIITH, 3 FESIEM
Ky KN A : Cu>Zn>Cd, Fon 3 PP 4@ 1%
HREB NP A : Cd>Zn>Cu.

(3) Hlog(K¢-Cd)~ log(Ky-Zn) 1K HAr &, pH
YER BAR B RR A LR SR T R, TR E AR (p
<0.01).

(4) R¥EFreeze FCherryfiY, HtHlog(Ky-Cd).
log(Ky-Zn) S5pHIMZME X &R, flitt T CAFZnsr 5
(TR TS . fEpHN 8 Zidy, ZnfIMIREERE I LN
0.0001, 7EUEIGHL T EIZaiE LA 0.02 m/a; pH
>6.5 I, Znff T W] W EECdrE 3 P AT A% i
EEEK, ElpH>6.5 I, Cd'Yy-+3% 2 m) A2 Zn
KFZ. fEpH=5 I, ZnlWAIXHERHEE ECAf 50
it . CARIER /NIRRT RS I, Poe TWRMHCd
FHAAERZLHEELE (0~15cm), MZnn] LLA FiTHB
B R

SR
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Study on Soil-Water Distribution Coefficients of Heavy Metals by Rhizon-SMS

HAO Han-zhou', JIN Meng-gui®, LIRui-min’>, WANG Zhi-nong®, LIU Cheng-wu', CHEN Zhi', ZHONG Xue-bin'
(1 Resources and Environment College, Xianning University, Xianning, Hubei 437100, China; 2 School of Environmental Studies, China University of

Geosciences, Wuhan 430074, China; 3 China Institute of Geo-environment Monitoring, Beijing 100081, China)

Abstract: In situ soil solutions in cultivated land in Henan Plain were sampled by rhizon soil moister sampler (Rhizon-SMS). The heavy
metal concentration in soil solution was predicted by semi-experience model which were obtained by statistical method. A function including organic
carbon content of soils was obtained for Cu in soil solution, a function including soil pH for Cd in soil solution, and a function including soil pH and
total Zn content in soil for Zn in soil solution. Cu concentration in soil solution showed no linear correlation with soil pH, but Cd and Zn
concentrations in soil solution showed positive correlation with soil pH. The distribution coefficient (K4) for Cu, Cd, and Zn in soil-solution phase
were calculated. The K4 for Cu, Cd, and Zn was in order as Cu > Zn> Cd. Those showed that the mobility of Cu, Cd, and Zn in soil was in order as
Cd > Zn > Cu. Log (K4-Cd) and log (K4-Zn) showed simple linear correlations with soil pH and the obtained functions were significant (p<0.01).
Based on Freeze and Cherry model, combined with log (K4-Cd) and log (K4-Zn) linear correlations with soil pH, Cd and Zn migration velocities in
soil were estimated. The lower migration velocity of Cd in soil suggested most Cd accumulated in 0 ~ 15 cm topsoil, but Zn migrated further
downward in soil profile.

Key words: Rhizon-SMS, Distribution coefficient, Heavy metal, Soil, Henan



