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A LIRS BRI G2 F 30 V5 U 5 - i R — 2 1 T LG TS TR TR A . SR 6 FOR TR R EURD (0. 05
mol/L EDTA 0. 1 mol/L CH;COOH 0. 01 mol/L CaCl, .1 mol/L CH,COONH, , 0.05 mol/L NaHCO, F10. 05 mol/L Tris-HCI) 43 %I
XGRS £ h 48 (Cd Pb Cu Al Zn) EEAE FRIFS PSS P ESs & 748 it sc A R (1 I8 & A A 7 4
B, 25505 e A VR IS 3 PSR T 25 T 4 i T R il PR 22 B AR R 15 R IR & RO TR S 4w A )
R, S5REW IERIRES HHRTEEBEASHIER, .5 CER 1Y 20. 3% —40. 0% ; LR W IRIE S AP 45525, b
(RN @x%ﬁéwuﬁaﬁ%ﬁéééﬁﬁi@cﬁo TGUR A A IR R T A B Cd  Cu A1 Zn AW, FET5 R IR IRy 44. 4%
R S0 L T B TR AR, A3 B CK AR BRI AIN T 0.3 2.3 M1 6.5 £, 4 T %5 Pb AWl , 7675 IR BN N 37. 5% INF AR}
Pb BYMISCE CK ALFE RN FE 0.4 £%, Pearson AHOCREUIHTAI R KRN 5 RIE S TIE P LB EE RISESMP G SAERES
J T i B B ORI
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The available forms and bioavailability of heavy metals in soil amended with

sewage sludge
TIE Mei®, SONG Linlin, HUI Xiujuan, ZHANG Zhaohong, XUE Shuang, CHEN Zhonglin, WANG Jie,
ZHANG Ying

College of Environmental Science, Liaoning University, Shenyang 110036, China

Abstract: This study, taking the soil amended with sewage sludge taken from the Northern Wastewater Treatment Plant
(Shenyang, China) as research object, investigated the dose-response effects of sewage sludge on chemical form
distribution of Cd, Pb, Cu and Zn in soil. Moreover, the bioavailability of different forms of heavy metals in soil amended
with sewage sludge was studied by means of Perennial Ryegrass pot experiment. The soil samples amended with sewage
sludge with a sludge dosage rate of 0.9. 1% ,16. 7% ,28. 6% .37. 5% .44. 4% and 50% (dry weight basis) were
designated as CK .S, .S, .S, .S, .S,.S,, respectively. The chelated form, acid-soluble form, exchangeable form and bound
form in neutral condition, alkali-soluble form and protein-binding form of heavy metals in soil amended with sewage sludge
were extracted with 0.05 mol/L EDTA, 0.1 mol/L CH,COOH, 0.01 mol/L CaCl,, 1 mol/L CH,COONH,, 0.05 mol/L
NaHCO, and 0.05 mol/L Tris-HCI, respectively. Results showed that the relative content of the chelated form of heavy
metals in soil amended with sewage was the highest, accounting for 20.3% —40.0% , followed by alkali-soluble form and
bound form in neutral of heavy metals. The contents of the exchangeable form in neutral, alkali-soluble form and protein-

binding form of heavy metals were relatively low. The accumulation of Cd, Cu and Zn in ryegrass was found to increase with
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increase in sludge dosage rate. The highest content of Cd, Cu and Zn in ryegrass roots was observed with a sludge dosage
rate of 44. 4% , which was 0.3.2.3 and 6.5 times higher than those at control (CK), respectively. In contrast, the
accumulation of Pb in ryegrass decreased with the increase in sludge dosage rate. A decrease of 40% in Pb content in
ryegrass roots was observed with a sludge dosage rate of 37. 5% as compared to the control. In order to assess the
bioavailability of metals, correlation analysis using SPSS statistical software was performed to investigate the relationship
between the total accumulation of heavy metals in ryegrass and contents of available forms of heavy metals in soil amended
with different sludge dosage rate. The results of Pearson correlation coefficient analysis showed that a significantly ( P<
0.01) positive correlation was found between the contents of chelated form of Cu and Zn and plant accumulated metals. The
content of heavy metals in ryegrass had significantly positive correlations with the content of Cu and Zn bound form under
neutral condition in soil amended with sludge. There were power functions with positive coefficients relationships between
the contents of Cd and Zn in ryegrass and the contents of acid-soluble form of Cd and Zn in artificial soil. Whereas,
significantly (P<0.05) negative correlation was observed between Pb content in ryegrass and available forms of Pb content.
The overall correlation data showed that the contents of heavy metals existing in the chelated form, acid-soluble form and
bound form under neutral condition in soil amended with sludge correlated with the contents of heavy metals in ryegrass,
suggesting that the three available forms of heavy metals might be absorbed and used by ryegrass. Therefore, contents of
chelated form, acid-soluble form and bound form under neutral of heavy metals could be used as the indicator of bioavailable

fraction in soil amended with sewage sludge.
Key Words:; sewage sludge; heavy metals forms; ryegrass; bioavailability
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X HE 4 R IR B RSO0 A TR R BT, (E 4 i@ B RS ZN BE T A A O KB T 4 R e TS U RN 3 v A s e A A
YIRS ARGSE AR R B R T S AL E S RIEST . BRI ARIES
PRISAS EEA AT A, W45 Re 78 01 N RO A ) v W ISR A RS2 Bt 5 4 A IS A
ST A4 B 3 RS T 4 R S i S A I 4 R R R € R E R AT Y B
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1.2 SCETrik

B WA TS VAN HETE A RS TR BRI 2 mm 05, F 5 0845 e FEOR R o HE 3 S1TR S, 4331
TR I5 PRI 0% (CK) 9.1% (S,) .16.7% (S,) 28.6% (S,) 37.5% (S,) 44.4% (S;) F150% (S,) 7
el A L5, K5I A 2 TR D, SR N EM LIS & B K2R EER I AT,
i LA IR, D 30d J5, 45 BB 100g K AFEEIL 0. 15 mm G5, F TFAHICHE ARG A2 5 55 B 800g 43 1] %%
AFMEA T, BT 3 M, B EREFRZ R A K 50 d JEoREE, IR A0 KB oK B
THAH
1.3 Ak
1.3.1 5l HHEMAIR GRS AP & A pH (A 1w

K FH S BR A S-S BGE N 2 A RE A MU & 51 2.5 oK HEk e & BE S pH B,
1.3.2 58 T3 S IRARR SRR R S I AR AR I 2

HEFIFRI 0.5 g 215U - R G5 & T R SEHFEA T A 6 mL i HNO, , £ 85—95°C 7K il
ALBE 30 min J5 A ATHAREE, BT MDS-2002A By [ 555 A0 R G0 b, SR R 0 3 AR e b AT
THRE SRS S U ) 28 G BT 4C IR, BRI B 3 A PATHE, I LU IR S A fss F ke
KM ZEE Varian 23 F] SpectrAA 220 H 50 8 S A g H

HERRPRIURZ B (0.5 g) M (2.0 g) BT A S mL ¥ HNO, , 7E 85—95°C 7K i i 4b 2 30
min J&5 FIIA 1 mL H,0, , 28 A% P A I8 e il o 5 ik A b
1.3.3 J5ie . BIEAK IR A FE S PN FIE S E 48 1) 7 B $E

K HH 6 FRELIEUR 43 BN 45 AL BRAE G P B G2 TRVEAS P PESSHRAS P MRS A M S A RN R 1 R G
AR ES BT B, WE 1, BFEMTEE I (25°C) ,120 /min FHEHC3 h &, 4000 r/min F 2.0 20
min, 2198, BRI VAR L

#1 BRVESEERSHER

Table 1 The extraction conditions of available form of heavy metals in sludge

. 0.05 mol/L 0. Imol/L 0.01 mol/L 1 mol/L 0.05 mol/L
g
B EDTA(Z.~ CH, COOH CaCl, CH, COONH, NaHCO, 0. 05 mol/L
Extracting agent ” L, B, e e Tris-HCIL
JHE VU Z R 4 (BAIR) (HALES) (WEIRER ) (BRFR M)
W BES PRI SIESE /S iR E S RSN ARG ES
o Chelate Acid-soluble Neutral Neutral Alkali-soluble Protein binding
Chemical form . . . . . .
form form exchange form bound form form form
[& ¥ Lt Solid :liquid 1:5 1:5 1:5 1:5 1:5 1:5
pH(25°C) 4.6 2.8 7.0 7.0 8.5 8.0

1.4 Bdlgeitsrr

SEHSEE R FH Origin 7.5 YEE] . SRA SPPS 13.0 G M A S50 Ba A7 B P 2 220 M1, BVFESF-2401E
(N=3) LAl -, % LSD Hl Duncan J7%:, 76 P=0.05 5 0. 01 /K F#T5dE 2 5 B &R, DL
AT e Fe R A B (R A5 48 A i 22 53 35 M, TR Person ( two-tailed ) W #EFTAH 40 HT
2 GRS
2.1 RIANGIRHAC HexT 4 e FR Ak 1 o G 52

2R 2 W, BEAE TS RS N LA 3G I TR & IR A AL & i pH LRSS N, V5 Ve B TS XS 1 4
W4 B 48 BRI 3 (P <0.05) , b 15 IR AN LL i A 38 i TR & -3 Cd |, Cu T Zn 08 35 38 0
(P <0.05) ,Pb MiHalEE /N,
2.2 RIANGIRHAD Xt 1 5 8 4 SR A RS R R
2.2.1 R[FENSIREC X 58 o 4w 2 A A IRV A 1 52 )

R 3 AL TSR R E S R GRS R R ERT L, Hlmusinfedt 7 b ESR-2E5Y
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I, B A2 Zn SIS INEZ , Kl Cu B Cd, S97E S, 43k RAE, 43 51 223. 83 .34. 57 #10.92 mg/
kg, B8 CK 43538 T 37.5 3.1 AL 1A% 15 RIS INXS Ph 2 GG i 7E Sy A IR KME , 2 39. 77 mg/kg, {H
BEIREUN , BB CK 3N T 0.6 £, 15T G H 3 b DUF E 42 J8 2 5 A AE LU K /NR LR Pb>Zn>Cd>Cu,,

x2 AREGRELL LEELERIIE

Table 2 Effect of sludge dosage rate on physical and chemical characteristics of soil and contents of heavy metals in soil

AL AR b3 Treaments

Physico-chemical properties CK S, S, S5 Ss Ss Se T57¢ Sludge
AL Organic matter /%~ 3.61+0.64a  4.57+0.48ab  5.3420.97ab  7.12+0.74bc  9.27+0.50c ~ 12.40+1.10d  15.540.48¢  34.07+2.04f
pH 6.97£0.05a  7.06+0.02ab  7.1740.1lbc  7.26+0.06cd  7.39:0.06de  7.45:0.06ef  7.49+0.08¢f  7.59:0. 18f
Total Cd / (mg/kg) 1.50£0.02a  1.84:0.04b  1.96:0.04b  2.35:0.05c  3.020.04d  3.27:0.06e  3.42:0.03¢ 4.87+0.25¢
Total Pb/ (mg/kg) 88.86+2.91a 89.47:2.18a  94.90:4.34ab 96.101.60ab 99.53:4.43ab 105.213.38bc 110.74£2.58c  132.0424.24d
Total Cu / (mg/kg) 51.970.44a  63.02+3.25b  79.06%2.95¢ 101.45+2.30d 136.61+1.56e 157.73+3.88f 163.15+1.37f  292.06+12.60g
Total Zn/(mg/kg) 90.85+3.98a 152.836.00b 210.279.43¢ 385.76+4.45d 500.430.88¢ 575.05+7.59f 584.31+7.79f  720.00+1.53¢

R PBRE HR/NE FREFRERARBE (P >0.05) ; RPHUEN mean +SE, HEA N=3; CK.S,.S,.5;.5,.55.8¢ 2B RFKIMI5 LI Pi5 R A HIMNF R
0% 9.1% \16.7% 28.6% 37.5% A4.4% F150%

®3 TRAFBRELN TESEERESSNRASLENTM

Table 3 Effect of sludge dosage rate on contents of the chelated and acid-soluble forms of heavy metals in soil

B JLE RbFE Treaments
Chemical form  Element CcK S, S, Sy Sy Ss Se 159 Sludge
BAEd cd 0.43+0.03a 0.57£0.04b  0.55£0.03b  0.59+0.04b  0.82+0.09c¢d  0.92+0.03e¢  0.87+0.05ce 0.76+0.05d
Chelate form (28.9) (30.8) (27.9) (25.1) (27.3) (28.2) (25.4) (15.6)
/(mg/kg) Pb 24.68+0.38a  36.33+1.14b  31.95+0.66c  35.84+0.59b  38.120.60d 39.45+0.52¢  39.77x0.55e 35.90+0.32b
(27.8) (40.6) (33.7) (37.3) (38.3) (37.5) (35.9) (27.2)
C 8.39+0.43a  12.78+0.29b  16.35+0.43¢  23.06+0.16d  31.99+0.55¢  34.57+0.60f  33.19+0.59¢ 17.25+0.33h
N (16.1) (20.3) (20.7) (22.7) (23.4) (22.0) (20.4) (5.9)
7 5.82+0.10a  60.67+0.63b  58.95+0.77c¢ 125.52+4.95d 181.07+1.95¢ 223.83+7.93f 208.62+2.13¢ 91.98+2.90¢
" (6.4) (40.0) (28.0) (32.5) (36.2) (39.0) (35.7) (12.8)
TR cd 0.19+0.03a  0.37£0.05bc  0.4120.03b  0.64+0.02d 0.82+0.03e 0.63+0.05d 0.76+0. 0de 0.33£0.09¢
Acid-soluble form (12.7) (19.9) (21.1) (27.4) (27.3) (19.4) (22.2) (6.7)
/(mg/kg) Ph 1.38+0.04a 2.82+0. 10b 2.16+0. 06¢ 2.77+0.06d 3.31+0.03e 3.60=+0. 06f 4.35+0. 15g 3.75+0.09h
(1.6) (2.1) (2.3) (2.9) (3.3) (3.4) (3.9) (2.8)
C 0.48+0.05a  2.82+0.10b  3.47£0.13¢  3.3420.04c  2.75:£0.09b  1.19£0.04d  1.37+0.05e 1.64£0.04f
" (0.9) (4.5) (4.4) (3.3) (2.0) (0.8) (0.8) (0.6)
7 12.18+0.78a  59.05+2.18b  67.06+1.02¢ 101.84+2.36d 110.41£0.96e 92.07+1.74f  96.31x0.69¢ 84.14£1.49h
" (13.4) (38.6) (31.9) (26.4) (22.1) (16.0) (16.5) (11.7)

FoNERESRALET SR T

FIH CH,COOH X5 UeiR & T S rh RIS B &R 2 S RNk 3 o 15 4 FhE & B mRin s %ﬂj
KT LI, HIR/NERIBLN Zn>Cd>Pb>Cu, 15 RTINS TIEFRIEZA Cd P Fl Zn & &2 B35 FRIFA
1 Zin 5 e B TS U8 IS 0 A3 TG S S, 7 S, dlik e KAE 0. 82 mg/kg A1 110. 41 mg/kg, % CK ﬁ%ﬂiﬁu
T 3.3 F15.1 % B 2475 IR A I ARSI e | FRIA S Cd F1 Zn & B AT LB EA FFFRAR ; FRIA A Ph S E AL
) 5 35 PRI TR I B e, 7E S, 2RI Al 4. 35 mg/kg, ¥ CK B4 T 2.2 4% V5 Ve IR I FRIA 2% Cu 7
SIS TR G BEERRIR RS FEE LB R S, AFEM 4. 5% TR Sy AL 0.8%
2.2.2 A5 IRAC X e 48 rh PSS AR NS 5 AR IS

KRS CaCl, X5 URIR & HIEh MAc e S FH 4 RS TH I, S50t 3R 4 w0, V5 e i U it 43 v
PEAZ IS Cd il Ph &t AN EL B AN B 3, 75 IR A TP M2 Cd . Cu A1 Pb 8435076 0.3.0. 7
mg/kg F1 1.2 mg/kg AN, H AP PEAZHAS Cu A1 Pb HUHIIRT 0.4% F11.3% , Jitii5 T3P PEACHAS Zn R
Kt
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CH,COONH, 7EVATR pH {E 2 HPPER AT B B AP S A S EENE SR, k4 nTEH, 5IRIE
A R 4 R E AR PSS S B B /N A Cd >Zn >Pb >Cu, ISR RS A4 Cd SR HA B3
(#I7E0.25 mg/kg IR, Wi dEZE A4S Ph Cu A Zn &84 BrES I, 43 5I4E 1. 13—3. 03 mg/kg .0.90—2. 10
mg/kg F1 6. 62—12. 19 mg/kg Z[A] , (AR} 325575 P 1 Cu B 2SR AIE 1.4% 0. 7% LAF .

£4 TRAFRELN TIBEEEEPETRENESTSENTM

Table 4 Effect of sludge dosage rate on contents of the neutral exchange and neutral bound forms of heavy metals in soil

&

BE JTLE K3 Treaments
Chemical form Element CK S S, S, Sa Ss Se 757¢ Sludge
LRLESE S N 0.12£0.03a  0.18+0.03bed  0.1920.04be  0.21:0.04de  0.21£0.05ce  0.13%0.02ab  0.1420.02ab  0.24+0.03¢
Neutral exchange (7.8) (9.6) (9.7) (8.8) (7.0) (4.1) (4.0) (5.0)
form ol 0.84+0.07a  0.91+0.06a  1.06£0.07b  1.12+0.05b  1.23£0.05¢  1.05£0.05b  1.12+0.04b  1.290.03c
/(mg/kg) (1.0) (1.0) (1.1) (1.2) (1.2) (1.0) (1.0) (1.0)
c . 0.01£0.01a  0.09£0.02b  0.19£0.02c  0.53£0.03d  0.67£0.03e  0.45£0.04f  0.17+0.02¢
" " (0.0) 0.1) (0.2) (0.4) 0.4) (0.3) 0.1)
.30+0. 02
7Zn nd nd nd nd nd nd nd 0 ?g+?)0
A o 0.19+0.02ab  0.19+0.04ab  0.19£0.02ab  0.19£0.02ab  0.19£0.01ab  0.22£0.01a  0.17£0.02b  0.22+0.04a
Neutral bound form ¢ (12.9) (10.1) (9.5) (7.9) (6.3) (6.6) (5.1) (4.5)
/(mg/kg) . 1.32£0.04a  1.13£0.04b  1.49+0.04c  1.5740.05c  1.9740.09d  3.030.13e  2.76%0.12f  2.83=0.08f
’ (1.5) (1.3) (1.6) (1.6) (2.0) (2.9) (2.5) (2.1)
c 0.95:0.09a  0.90+0.02a  0.93+0.04a  1.10£0.05b  1.6740.06c  2.10£0.06d  1.94+0.07e  2.21:0.11d
" (1.8) (1.4) (1.2) (1.1) (1.2) (1.3) (1.2) (0.8)
; 4.85:0.48a  6.62+0.56b  7.38+0.19c  8.69+0.41d  12.1920.20e 11.78+0.38e 11.66+0.3le  18.93+0.34f
" (5.30) (4.3) (3.5) (2.3) (2.4) (2.1) (2.0) (2.6)

e NRERESBAEE S E LSRN E DL nd REMUBRK

2.2.3 A[FENGURHED XY 1 58 4w il A A N TS A A B N

NaHCO, $EPREI5 el A B3 h D sc e S A E SR, 3R S v a5 Rt 11
Bl E 2SS4 25 Ph F Cu SRR, A4 T 0. 24—0. 41 mg/kg 1 1.02—2. 45 mg/kg Z [, 775 Ho Bl 43 51
ET0. 8% F12% ;15 VST I AL HE T B 22 4 25 Zn B ¥ 41, (LG 35 Bt (R0 11— 1. 55 mg/ kg Z [f] , L fl

£5 ARFBRELN TEEERHESRENEAREFSTIENTM

Table 5 Effect of sludge dosage rate on contents of the alkali-soluble and protein-binding forms of heavy metals in soil

Wi & A3 Treaments
Chemical form Element CK S, S, S, Sa Ss Se 157 Sludge
[CRisR /o N 0.20+0.05a  0.18+0.03ab  0.18+0.04ab  0.1920.02ab  0.18+0.03ab  0.20+0.04a  0.22+0.02a 0.14+0.04b
Alkali-soluble (13.6) (9.8) (9.4) (7.9) (6.1) (6.2) (6.3) (2.9)
form - | J 0.26£0.03a  0.25+0.03a  0.2420.04a  0.41+0.05b  0.35+0.04b 0.80+0. 05¢
/(mg/kg) " " (0.8) (0.3) (0.2) (0.4) (0.3) (0.6)
c 0.82+0.08a  1.020.11b  1.48+0.04c  1.57+0.04c  2.01%0.03d  2.45:0.05¢  2.03=0.09d 2.55£0. 09
" (1.6) (1.6) (1.9) (1.6) (1.5) (1.6) (1.2) (0.9)
p 0.01£0.0la  0.11£0.02a  0.2310.02b  0.73£0.05¢  1.10£0.12d  1.32£0.08e  1.55+0.08f 1.310. 06e
" (0.0) (0.1) (0.1) (0.2) (0.2) (0.2) (0.3) (0.2)
EHRGEES cd 0.02+0.02a  0.01%0.0la  0.0120.0la  0.02£0.0la  0.03%0.02a  0.02+0.02a  0.02+0.0la 0.02+0.01a
Protein binding (1.1) (0.4) (0.5) (0.9) (0.9) (0.5) (0.5) (0.4)
form Pl 0.26£0.06a  0.32+0.03a  0.45£0.05b  0.54+0.06bc  0.66+0.06d  0.51£0.05bc  0.47+0.07b 0.600.07cd
/(mg/kg) ’ (0.3) (0.4) (0.5) (0.6) (0.7) (0.5) (0.4) (0.5)
c 0.2410.05a  0.39£0.04b  0.51£0.04c  0.54:0.03¢  0.67+0.06d  0.90+0.04e  0.67+0.08d 0.76+0.07d
" (0.5) (0.6) (0.7) (0.5) (0.5) (0.6) (0.4) (0.3)
. i ’ y 1.724¢0.09a  1.1220.12b  0.0920.02c  0.40+0.04d 4.55£0.25¢
o : 8 8 (0.5) (0.2) 0.1) 0.1) (0.6)
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KT 0.3% , WAEmPERRSE T, Cd 6P R A 3 FhEE 48 16 1

K HH Tris-HC 28 w65 Y8 TR G + 18 b 8 4 i 7R 25 00 B DA B AR AL o - T3, S5 3R 1,15
PE R aS s g v pU b E 4 8 0 8 RS AR S ERE A B3 HAEE L BIITE 1% LIF
2.3 TGURESHINT R RN TR R AR

K1 4R IS TR B e 2 e ik 1 R REARER XS Cd  Cu 1 Zn MRS (P<0.05) , 7E Sy ZH MW ik fix
K, 4390 9. 65 mg/kg 101.09 mg/kg F1976.90 meg/kg, %5 CK H4 A1 T 0.3 .2.3 6.5 1% ; ifif A A FARFL XS Ph
A e AV B T DR S It 3N 2. 2 TR (P <0.05) ,7E S, ZHIN 3k 22.79 mg/kg,J& CK 19 0.6 1%,

TR B 4w o i N T ARSI AR S i TS R AU G 0 T X Cu AT Zn A IR AL
5T AR LB (S, —S, ) A& L3 rp it 5% Cd A Ph MR IR 5 CK [A] G 8 % 22 5+ (P<0. 05) , 1 LA
BTG U LRI (S,—S, ) B, IR Cd IRIMicht £ 55 CK Z 122 R 3% (P<0.05) R4 AL IR ] 122 5
FEAS G2 R Ph B B A0 BE TS VS i 2 B 3G T 2 3 AR
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Fig.1 The heavy metal contents in leaves and roots of ryegrass grown in soil with different sludge dosage rates
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G Ve IR A T 8 4 8 A5 A S B i S AE YR N 4 T WA s TR 8 A DGR R/ N EEA T L AT A
(% 6) , BAEFRNNT Cd WS HEPE A AIRIFDS Cd & A e B B FCE RN B G S
STRIAZS 3 WARXS Zn WCE 37 TIPS TRV S AN TP S G A TR S 2 Zn 5 HERZ IR B35 MG PE R
SN R 25> RS B 8 ST SC S STRVE RS XF Cu W PR S HIRIRIATS Cu & A CTEAR 3 4),
HHEIEE Cu &R B EAIC AR/ NRINEE G S PSS G 28 > th P AS 33 > 0P S8 4 25 > 28 11 i
A AR Ph I 542 Ph & B2 BN,
3 iFig
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Table 6 Correlation coefficient between the heavy metal contents and the contents of different forms of heavy metals in ryegrass

i BES BRR s SR EEE VT A DREEN HHRE AN
- Chelate Acidic exchange Neutral exchange Neutral bound Alkaline exchange Protein binding
Element
form form form form form form
Cd 0.884 " 0.764 " -0.046 0.434 0.202 0.699
Pb -0.798 " -0.967 " -0.864 " -0.827" -0.851" -0.825""
Cu 0.970 ** -0.262 0.954 " 0.975 " 0.954 " 0.923 "
Zn 0.982 " 0.775* - 0.954 ** 0.952** 0. 166

* Fn P <0.05 WA + « TR P <0.01 Bl FHE

AN BT (TS U8 ) R R HER I BEAE T S I g AT HILIB S AR ) B 2 R AR AR A DTS T B 4 )R
FE A+ BEAE h IAFAEIE A TR FE AR A A sk E ™ . ARIRGE R 6 RO [R) 1 5 42 BRI 35 TR R A+
oA RS E A R BRI SR AT 75 L Cd Pb Cu Al Zn DLZS G SAFE L BIEOR , U5 Je kA +
em e R b 2 A R E A MRS B, U8 T R R TP o, S it 1 S 22 p W R o, A7 B T
&R - S WA S, T EDTA AIfE—@E R FRUH e g LR e e 2 SRR, H
A PB4 B 5 4 R b g R A0, b S B B R R Ok o (HTS U R A 14 4 Fh T
SIREA NS R O A BB 225 BEA Zn 3 BRI B IR o, T3 25 25 Cu 0
/N IX AT RS R A 1 8 B AT 13 LT & 13 i [w] s, A B8 2 1 Cu™ 5 R h AW R oy T A Bl
B REMT ( FERIR AL PRI 555 ) TP AR E R BCAZ AL B9, th T Cu RYRC & Wa BE R/ R T2 3] Cu
(A= 3 T RTEAE Cu MTE AR, 3X 5 Gupta %6 Al Nomeda %5 (R 78 45 9 — 30, W98 L8, 15 R 1Y
USINBEAS 35 5 5 13 PRI AS Cd Pb M Zn A5 & A0EH G B R 1 L) T B X 55 R TP RIS S H B R
FAAE LN BARA OC . TRVA A & SR ATAE LR T2 6 28 B & R AFTE LU 2 PR R 38 IR 55 rh AN W] A2 A HILIR
VEBCAAR I 5 B 4 R 48 5 ok BE AP TR 22 57

M3 K4 TR 5 kG, TR pH AEATURIE 12 Fh 13805 Yy g 5, i B 525 + 38R
S P TR AR T A W B AR BE 2 SRR pH [ R RRYE A B TR R & R G S M B S W AR
B, 30 T AR AL sh itk A AR W SOk s RIS T pH (EAE TP SRR B ACS A R RO A BT
B MPRIEAS M WAEBE AT T R A T 5 4 J8 A ES AT o 30 PR R > ) Bl 4 S W BR B8 pH
(BSR4 23 S5 b v i B R S A R L BEIR ER A 455 R RE I B, T A B 4
e BA S - B 38 e e 7 BEAR, ST 1 i 43 S PR AT RS R T

PRIUI TS L3 b B R A RS 1Y i S A S PR 4 R AR SC M RE A T A 1 SRAE 1 s Th R
MR TR FPE Y SEIRZE R B RN Cd &R SiETE TP A A B RIRIADS Cd S Hm YIAHG &
& Zn Fi 5iis LIPS RIFESHYESS SR Zn S REACHE R FUAN Cu & Sitis IR S
A HEE AR Co & Z MAA7E 0 A ; B 5 Ph & it 575 BRI S A S &8 Pb H i
YIFX z«embel"yovc'ﬁ221 il Merrs 252 5@ 558 15 e b G RS B4 B S A1, EDTA Al #2539 rp g
HSHBRIRER A5 G S E R IR A /KRS 2 S0 54 8 1Y W 3z i 55 A BRAC S 2 5 IS R 1
TR A MR BB AR AU, T I AR BREREE , A R & SR A A vk . AR T b B2 &
AR AS 19 55 B R0 LU R RAEAS [m] 2 42 & i A 80 K/ MR 43 53128 Zn>Cu>Cd>Pb  Zn>Cd>Cu>Pb, Tiij
TERRVESRAE T G 8 A R /IR 25 7 2 R FL G 8 2 S AR AE e &9 5 IR 45 G e )
RANASTE], LA e & 00 3 it o RS () B 4 T o i i ) 2 S R [R5 1 S 4 Jm A A e o Sl A DGR 23 B
AT RN Ph i 5B A Ph & a4 5 8 OO BEBITS Je i B il R B S Ph
SN AR AR 250 HLIRZE W) B i A5 AR B S Bl g rp Ph JEAS A T A B G i BE 55/ INEY PCO,
1 PhSO, S UTHEY) , Wi 7RI Ph WO RS 4tk 1 Ph MG IFE 45 R 5 F IR S5 — 3,

H A, 75 U8 1Y it 8 A A A — i [ SR BTG P A BRAR 7 v o — o B TS e T R AR i1
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LR A U kG AL T (BRI O 1 s P R S A A A AR RS
TP HINE AR P S S MRS Cd  Cu I Zn WS ESEMHHOR, WXt rp A PE A5 0F T A S R
B2 —E B, AR TR GE A, P, B 15 D8t T P PR : (4 - S i, REAS [ 4k 5 e h 5
B JE ISP BRAGIL AR AR AT AS | 39 T Vet ) 22 2=
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