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Abstract : The purpose of this study was to investigate the effects of different long—term fertilization practices on fractionations and bioavail -
ability of Cu, Zn, and Cd in different soils. BCR extraction procedure was used to determine the fractionations of Cu, Zn, and Cd in soil sam—
ples collected from black soil, fluvo—aquic soil and red soil under different fertilization practices i.e. CK, NK, NPK, and NPKM for more

than 20—years. In black soil, application of P fertilizers increased the ratios of acid extractable and reducible fractions of Cu and Zn, while

organic manures increased the ratios of acid extractable and organic—bonded Cu and Zn, but reduced the proportion of organic—bonded Cd.

In fluvo—aquic soil, applying NPK or NPKM increased the proportions of acid extractable, reducible and organic—bonded Zn. In red soil, P

fertilizer application increased portions of acid extractable and organic—bonded Zn, and manure addition increased fractions of reducible and

organic-bonded Cu and Zn. Stepwise regression analysis between the content of heavy metals in crops and different fractions in soils indicat—
ed that the bioavailable fraction of Zn, Cu, and Cd was primarily acid extractable factions in black soil, and acid extractable, reducible and

organic—bonded fractions in red soil. In fluvo—aquic soil, reducible and organic—bonded Zn and Cd were most bioavailable fractions. The to—
tal and EDTA extractable Zn, Cu and Cd profoundly influenced their fractionations in black and red soil.

Keywords: long—term fertilization; heavy metal fractionation; bioavailability
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1.1 HEmRE

- SRR AL A3 A 2 0 RN AR B 3
AL R - HEAE 75 RO AR g 10 e 7 W 3 3 , 1k
B TEAR s BN L AR FEAb bR L SCHR(33] . B ER 4

AR PR A - BRI AL o : CKOG B AN IE ) , NK
(PO ) , NPK (U5 B0 BC it ) , NPKM (8 1
W IR ECEA HLAE ), M 38 Cu Zn (Cd 540
T AR /N RI AR BE bR BN AT KRR A, 43
FEROFIFEFT o AEARAE 5L AT ST 65 CHUR T, A
A EHLA 5 PR A

1.2 #F@mlE

EDTA-A $2 B2 Cu Zn Cd &AM E . FREX
5.00 g T3ERE ST 50 mL .04, BIA 25 mL 0.05
mol - L™ EDTA-ZANERIAWE , 75 B 08 5, B TR
Bl EAE 300 remin™ A5 KPR 2 h SRTEHCT 25048,
FELOHLE 4000 remin™ B0 20 min, B EER L AL
& Hh 0.45 pm MUERE B IE AR €5, FH Elan DRC-e
A ICP-MS M U8 Cu Zn ,Cd F ™,

T &R IE A PR B IER) BCR UL
PR 1),

FERERE S HNOs—H,0, 1R A TR0 T4 7™, FREX
FERAE 0.500 0 g, AT ARHE, A 9 mL /2 , 2212
A 3 mL XEAUK , AR RSO . TR AR S8 U
TR BB BeAR T, TEF VIR 160 CF R 23
T, R H 5% 2 45 2 25 mL, 21 JE, ] Elan
DRC-e % ICP-MS 52 3& ' Cu . Zn .Cd &,

1.3 BIESH

KIS ECHE F BT SAS 9.1 JE4T 5 2243 B Al
LSD Z 8 i, R 30 AN [ A B[R] 119 25 5 3 5 1, i A0
B ERFR A (=7 P N R VAT Rl 87 iR T wt £
TEZMEIEFR . F Microsoft Excel 2010 #E1 7854E 1Y
KIFRALHE

2 HERESH

2.1 KEAREMEAEXT 1158 EDTA-RIRENZS Cu.Zn Cd
S =M

FESR A 8 AN e b K A AR IE (NK/NPK )
Xf 43 EDTA-A[4REUE Cu Zn Cd S HEA BEE
M) (% 2), WAL B ALt A LIS (NPKM ) -+ 8 EDTA-#A]

® 1 IREERBESHAREERNAE

Table 1 Sequential extraction procedure for heavy metal fractions

IR Step JEZ Fraction RG] Extracting agent X5 F & Agent volume PVE TR Procedure
1 BRI 0.1 mol-L" HOAc 20 mL 22 °C+5 TR 16 h
2 BRI/ e S 0.5 mol- L™ NH,0H-HCl 20 mL 22 °C+5 TR 16 h
y H0,, ZE i 1 h;85 °C£2 C 7KW 1 hs Ha0,, [RIFETRLEE 2
LA 0, - R . L 5 H s .-
3 HHEEDS H,0,(pH2~3), 1 mol L NH,0Ac 25 mlL A4S 1 mL, A NHLOAc,22 °C+5 CHE 16 h
4 phifi s oK 15 mL I 18011466
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& 2 KEARRIREAERS £3] EDTA-AIRERA Cu.Zn Cd S EMIFM (mg-kg™)
Table 2 Contents of soil EDTA-Cu,Zn,and Cd in different long—term fertilizer treatments(mg-kg™)
Bt WL AR
B
Cu Zn Cd Cu Zn Cd Cu Zn Cd
CK 4.77h 2.19b 0.05b 2.04b 1.43b 0.05b 1.87h 1.90b 0.09b
NK 4.75b 1.57b 0.06b 1.98b 1.56b 0.06ab 1.38b 1.35b 0.01c
NPK 4.57b 1.89b 0.07b 1.90b 1.60b 0.05b 1.58b 2.64b 0.04bc
NPKM 21.88a 39.32a 0.80a 2.45a 3.22a 0.06a 34.77a 45.71a 0.64a

1 FFECE G AR R RR 2 56

PR CuZn Cd 75

APLERE!

i T AR AR B, AT
FHREIEESRNAYCEE . B EMYEES AL
2.2 KEIAR R MEABRS £3% Cu.Zn . Cd FEAHIFNE
2.2.1 % Cu.Zn.Cd KL E

5% KT T,

AILAE B Xk A B A A J 35 4 v

25 Cu.Zn.Cd FRHEHL

ZEE AR (AN IR

HIEE 42 JR Ah AR 1 57
R PRt AL AE B 4N £ 3% Cu Zn (Cd G, {H

KA A AL FEXT 158 CuZn Cd HIEAE WO T HBGES SIS T CuZn EAME G

WA BRI (R 3.K 4.k 5), LHALERES AU T & AYLTCHIBCA TS 5 1 Cu,
x3 B2 KEPEARMEIRAIE Cu.Zn . Cd BEEEE(mg-kg!)
Table 3 Fractions of Cu,Zn,and Cd in black soil(meanszstandard deviations, mg-kg™)
HER Qb FRER IS AL A HEES Bt 75 B
Cu CK 0.13+0.03b 4.28+091¢ 1.89+0.36b 13.6+1.2a 22.1+0.67b
NK 0.23+0.02b 5.75+0.48bc 2.91+0.20b 11.5£0.11bc 22.8+0.38b
NPK 0.27+0.007b 6.39+0.31b 2.41+0.31b 10.8+0.46¢ 22.2+0.37b
NPKM 0.92+0.24a 12.7£2.22a 10.8+1.29a 13.4+2.34ab 42.0£1.59a
Zn CK 0.38+0.11b 7.39+0.97¢ 3.44+047c 35.2+4.26a 51.6+3.10b
NK 0.6+0.18b 10.5+0.33¢ 3.76+0.71bc 29.9+1.40a 50.5+1.90b
NPK 0.95+0.21b 17.7£1.82b 5.45+1.68b 21.4+2.26b 52.0+1.44b
NPKM 10.7+2.25a 33.3+1.62a 10.4+2.74a 21.2+7.20b 84.1+4.58a
Cd CK 0.028+0.006b 0.092+0.004b 0.014+0.002b 0.087+0.02a 0.21+0.007b
NK 0.026+0.001b 0.088+0.011b 0.011+0.000 5b 0.054+0.005b 0.21+0.03b
NPK 0.038+0.003b 0.110+0.016b 0.015+0.003b 0.046+0.011b 0.22+0.008b
NPKM 0.32+0.03a 0.88+0.11a 0.041+0.006a 0.074£0.015a 1.23+0.17a
T4 BT KRR HEIEAE Cu.Zn . Cd BESEE(mg-kg)
Table 4 Fractions of Cu,Zn,and Cd in fluvo—aquic soil(meanssstandard deviations, mg-kg™)
) Jb 3 EREIGS AP ETS BN ES BRI 7S J8iriy

Cu CK 0.13+0.02a 3.23+0.14a 4.46+0.01a 7.11£0.92b 16.1+£0.61a
NK 0.12+0.02a 3.48+0.67a 3.79+0.79a 7.06+1.59h 15.7+0.38a
NPK 0.15+0.02a 3.76+0.29a 4.25+0.27a 6.50+0.05b 16.4+0.70a
NPKM 0.12+0.008a 3.36+0.05a 3.79+0.42a 8.88+0.56a 17.4+0.78a
Zn CK 0.33+0.05b 3.22+0.02b 1.50+0.01¢ 32.1+1.50a 41.3+2.11ab
NK 0.23+0.05b 3.26+0.71b 8.63+2.03a 20.9+1.49¢ 36.4+5.16b
NPK 0.22+0.02b 4.13+0.89b 5.36+0.94h 26.7+0.01b 40.3+2.01ab
NPKM 0.92+0.08a 7.41£0.19a 9.61+x1.01a 21.7+1.70¢ 44.0+2.47a
Cd CK 0.026+0.004b 0.040+0.001¢ 0.008+0.001b 0.074£0.003a 0.17+£0.01a
NK 0.048+0.004a 0.069+0.01b 0.015+0.002a 0.064+0.007ab 0.18+0.02a
NPK 0.053+0.009a 0.067+0.003b 0.015+0.002a 0.043+0.006b 0.17£0.008a
NPKM 0.057+0.003a 0.083+0.004a 0.012+0.001ab 0.060+0.007ab 0.19+0.02a
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x5 TEKPERERELIE Cu.Zn.Cd EEEESE(mg -kg')

Table 5 Fractions of Cu,Zn,and Cd in red soil(means#standard deviations, mg-kg™)

HaR poseH FREE IS EEE S AHEEE BRI JE8 s

Cu CK 0.29+0.02¢ 3.04+0.06b 2.24+0.18b 22.8+0.88a 31.5+0.95b
NK 0.47+0.09b 2.25+0.15b 2.34+0.77b 21.0+0.65b 29.0+1.63b

NPK 0.37+0.02bc 2.58+0.15b 1.82+0.77b 21.4+0.15b 29.1+0.89b

NPKM 0.65+0.11a 30.8+3.84a 13.2+0.82a 21.2+0.56b 73.1+0.58a

Zn CK 1.75+0.24b 3.52+0.35b 3.23+0.14be 57.6x1.21a 73.5+2.24b
NK 2.16+0.20b 1.30+0.13b 1.92+0.01¢c 50.1+1.90b 62.0+1.45¢
NPK 3.00£0.23a 2.54+0.69b 4.49+0.14b 49.1£1.62b 65.7+2.17bc

NPKM 2.95+0.50a 24.2+2.81a 30.8+0.92a 44.9+1.76¢ 114+3.41a

Cd CK 0.053+0.017be 0.154+0.003a 0.02+0.017b 0.055+0.004b 0.28+0.02b
NK 0.025+0.003¢ 0.055+0.002b 0.008+0.001b 0.082+0.006b 0.17+0.008c
NPK 0.059+0.004b 0.065+0.010b 0.020+0.012b 0.074+0.013b 0.24+0.02bc

NPKM 0.31+0.01a 0.16+0.04a 0.27+0.05a 0.19+0.001a 1.04+0.12a
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Figure 1 Distribution of Cu,Zn,and Cd fractions in different treatments
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W E KR AN ALY Cu WS £ Cu
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AL G R B A (P<0.05) , T /N2 R A
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AMPEEAS Cd & B AR (P<0.01), 1/
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SHANEESE R E,

CLHE BRR EORFEAT Cu it G H AL S
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Table 6 Stepwise regression between content of heavy metals in crops and different fractions in soils

etz &3] HER 1EH) I8 5 5 7 R? F P

o Cu FOKRFEFF Y=4.842-2.777Aci 0.503 13.2 0.003 0
Zn TR Y=9.193+0.522Aci 0.751 39.2 <0.000 1

FORFEFE Y=-11.386+0.703Res 0.515 13.8 0.002 6

Cd FOKRFEFF ¥=0.075-0.826Aci+0.351Red 0.525 6.6 0.0115

W+ Zn 5SS A Y=23.046-0.744Red 0.360 73 0.018 0
FORFEFE Y=15.961-1.12Red 0.338 6.6 0.023 0

INEE R Y=41.184-2.211Red-0.466Res 0.731 16.3 0.000 4

INEFEFE Y=7.566-0.506Red+0.4570rg 0.720 154 0.000 5

cd INEFEFE Y=0.017+0.695Red 0.535 15.0 0.001 9

213 Cu FOKRFEFF ¥=3.098+0.2020rg 0.627 23.5 0.000 3
Zn TOKRATRE ¥=19.98-2.555Aci+0.854Red—0.4720rg 0.675 8.3 0.002 9

FRFEFF ¥=21.795+0.5030rg 0.823 65.2 <0.000 1

INZZ PR Y=43.399-4.104Aci+0.943Red 0.842 34.7 <0.000 1

INEFGFE Y=19.143-5.701Aci+1.0740rg 0910 65.9 <0.000 1

Cd FKoFFAL ¥=0.002+0.047Red 0.324 6.7 0.021 5

FoRFEFF Y=0.093+1.739Aci 0.537 16.2 0.001 2

INERERE Y=0.085+0.473Red 0.533 16.0 0.001 3

INEFEFT Y=0.344+0.632Aci 0.402 9.4 0.008 4

—EZES . TRMVNFAL Cd i HIHA A &
AR FIERC, T FARF/NEREAT Cd 55 5 R
PR PSS W F B ARG DL, 7EZTHE b 1 SRR G |
AMEETNAENDHE S EESRMBAA—EN
EX /R §d e

3 g

3.1 E£E EDTA-FIRIGESEXMEE
T3 E S R A RS RV AT RS, — M KA S
LA SR AL, FEIRBGAA : EDTA [ DT-
PA \NH,C1.CaCl, HCl NaHCO, 28 . AS[FWF5E & 1E 4T
XPACAE XS A+ 3 4 i A RS S AT Y R i 4
IR AS [R]B82) 4 F FF I 25 95% ] 0.1 mol - L™ HCI 42
I A3 M 2 it AR AT 18 AEXHIIRE 7 A% FH 0 1 4%
4 R A RS SRS, 5 SR A I it HE 5 A AR Ak
PR 25 5N 3 Jones ZEP85% ] DTPA-TEA $2 5t
Ay BTN 8 YE 22 i AR 20 Z24E ) + 3 Cu . Zn Cr.Pb,
Ni GRS T &, S5 RN AE AL 3L i B K
Tt ABALPE . AFFE K EDTA- 4N ER$RE0: , 3%
B A WAL B AR A S EDTA-1]
PEPGE CuZn Cd & IXEEMFTRAS RN 2 52 + 1
A pH AT P& 2 it 5 Z R R 52,
I B FASFHRBGA R I SCE AR . L, £ e

X 4 B — R HCS W sE e A Rk — DAY
=Fh+3E - NPKM Zb B Cu.Zn . Cd A 5UE & &
¥ T NPK Ab3, Ui B 00t FH A MLAL RE S
TEEAREEE SR O, SRS R 38 1 G i B
ANI], PR L LT RE  BE K T 4 T RE S g
P KA WU 4 8 S AR G, AHUIEREA 1
A RN e A A LR B 2R A R
ZeIAEA A i Ar L PR R, DTS2 ) 4 R A
RS E . IR 0T CuZn Cd ARE S RY
TR Z M A AH DG OC R S5 R (R 7) KB, 4L

F7 CuZn CdBHSEES HBEBEUERZBIHBXRE
Table 7 Correlation coefficients between available content of Cu,

Zn ,and Cd and soil physical and chemical properties

THEER HE)E pH SOM AR A
Bt EDTA-Cu  0.446 0.926%*%  0.898**  0.812%*
EDTA-Zn  0.468 0.978**%  0.967**  0.915%*

EDTA-Cd  0.447 0.976**  0.970**  0.919%*

. EDTA-Cu  0.007 0.878%*%  0.797**  0.708**
EDTA-Zn  -0.302 0.947%%  0.969%*  0.842%%*

EDTA-Cd  -0.187 0.743%%  0.775%*  0.781**

214 EDTA-Cu  0.699%*  0.948**  0.939**  (.880%*
EDTA-Zn 0.685%*  0.952*%*  0.940%*  0.890%**

EDTA-Cd  0.680**  0.904**  0.946**  0.808%*

T IR SRR A R 1R MK T,
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B EARCGSESE SRS pH 28 EEASE, 7R
A A EARSEEAN BE. —R R A RES Cu,
Zn Cd F ¥ 5  e HLST RO s i
IEAZE, Ui =AM H I E S R A IS S R 5L
JOT RO AR A O . AR SGERI R AL
TR0l 454 e FF A HLIEAS [ 22 , RV [/ — 2 ML
B, HORIE AR, HLTG SRR S R A AN 24, TETk
XA HUIE B 4 S A T W, DR A SO A i
PR 4 8 & % = o 1 398 B 4 AT S0 38 i 2
BRI o
32 TEESEAEX CuZn.Cd BES SN
T SR A AR AR IO R,
{H R [N 4 8 TR SR R 57 o ANBiF S8l ad 430
Cu.Zn Cd A GRS HBEZ MM LR(E )L
P FRRERIES CuZn Cd, B A5 1w
P&t 2 IEAHOC(P<0.01) 538+ FABRIE S Cu 484k
YILEEAS In, FREEEUS Cd Al Zn 5 B0E 52 0 2% IR A
F(P<0.05) ; 213 FBRARH A Cu Al Zn 5 RS HH
Kb AT S B R B IEAHSE(P<0.01),
3.3 11 pH FEHERIS Cu.Zn Cd RIS
148 pH J&m + 3 E &R B S — A=
B okl BEE AR R pH R, 3%
TGS RNAT BT 3 1 14 B7 F i a2, ) o 4 i
TR 70 , 4 R R T M T v O AN S
pH SRS AP G A HE G Cu Al
Zn S FIEARSE(P<0.01), I 578 + BREEHUS L2k
GEEE AVEERES In I Cd R FE MK ), X
AIRESE A TE pH BARAIE L, Bl 1 38IA R pH AT+
=L EAE ARG ST 7 pH B RO,
S IRAA RS F R pH TS R,
AU i AR 2 —, LI
MU (0 22/ DA e 3R 8 R R0 , i FLi 2o
5+ i 4R u R B A YR R -
SIBMIEARHE . A A HUIELE IR 4R IE
BEEL O LA EFM(RI T4 FELSE L,
BB FRIE S CuZn Cd 8+ Cu BRIZEES . Afk
YIS G SMANG AR, AR S M E S EESY
AR EM LR (R 8), UL A PR R 4 3
SRR —AEEF R ARG SIS A
A A TR IE , T REANAT HLITT Ho JE A 1R -5 5 e EL A7)
AN O AN R B A ML B 4 TR TR A AL VE
AW, & HRY S ES RV B RER KNG Y,
T 0 B 4 T A B i, W ORR 5 FE 4 R TP LY

FMERERIZ 2R ERRE TR
F=8 CuZn Cd BRESESESEEZE pH HEWKRZE
EOLEE

Table 8 Correlation coefficients(r) between Cu,Zn, and Cd
fractions and total content,pH,and SOM

1% =R B IS5 pH AL

B+ Cu PR PRI 0.959%* 0.272 0.843%
AL 0.889%% 0.282 0.940%
HILEA 0.891% 0.230 0.606*
BB 0.386 0.713%% 0.492
Zn [[EE S 0.941%% 0.419 0.960%*
AL AR 0914+ 0.176 0.844%
HHSEES 0.8467%* 0.152 0.582+
BB -0.475 0.328 -0.343
Cd PR PEHES 0.983%* 0.425 0.914:%
AUMEEEDS 09474 0.444 0.965%*
HHE AR 0.954% 0.459 0.888%*
RS 0.238 0.765%% 0.265
Wt Cu PRI 0.198 -0.569 0.491
AUMEEES 0.144 0.004 -0.142
HHE AR 0.031 0.089 -0.327
RS 0.570% 0.357 0.549%
Zn [[PE S 0.588%**% 0216  0.937**
Ak A S 0.521% -0.264  0.955%%
HHE AR 0.367 -0.018 0.580%
BB -0.193 0.178 -0.589%
Cd R PEHES 0.514% -0.116 0.589%
AL AT 0.490 -0.246  0.778**
HHEED 0.044 -0.110 0.148
FRIE A -0.293 0.447 -0.485
18 Cu [(FERES 0.907#%  0.485*%  0.880%*
FAILEETS 0994%F  0757FF  0.962%*
BHHLSEEE 0.997#%  0.729%%  (.953%*
FRE A -0.552%%  -0.400  -0.626%*
Zn PR PRI 0.817%%  0.443%  (.839%*
YA AT 0987 0.769%%  (,952%*
HOLEA 0.984%%  0.728+%  0.963%*
RS —0.674%%  —0.298  —0.847%*
Cd R PEHES 0.992#%  0.730%%  0.953%*
YA ST 0.818%%  (0.875%F  (.658%*
HHEED 0.997#%  0.730%%  0.958%*
RS 0.971%%  0.613%%  0.952%*

BEWA G T T K MET AR,
34 BEEBRESHNEEZMEZSH

N+ E S R IE A A R R N E 48 B
EDTA-$E RS S - PR A0 57 2 A0 552 M 5 40 L]
21, BRHR 2 A6 [ 5 V4060 52 ) B 42 Ak TP
B FENR, 2R RN ESJRIE AN FE 50N
IR 28 Rl - A A i & Jm AP AN AT 5 (3R 9)0
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Table 9 Stepwise regression equations for heavy metal fractions and influencing factors
LRk R? F P

B Cu PRI ¥=0.357+0.051EDTA-0.001pH-0.048K 0.972 125.8 <0.000 1
AL AT Y=-3.026+0.354S0M 0.884 99.9 <0.000 1
HHLES Y=-6.091+0.721Total-0.31SOM 0.963 156.1 <0.000 1

FRIEDS Y=4.369+1.19pH 0.508 13.4 0.003
Zn PRELINS Y=-3.335+0.164Total+0.184EDTA 0.975 2322 <0.000 1
ALE A Y=-12.874+1.116Total 0.836 714 <0.000 1
HHLEES Y=-4.193+0.452Total-0.014K 0.878 432 <0.000 1
Cd FAHR A Y=-0.046+0.01Total+0.246EDTA-0.005S0M 0.994 586.7 <0.000 1
A A Y=-0.181+0.01Total+0.739EDTA 0.995 1082.4 <0.000 1
BPLEES Y=-0.007+0.001Total+0.003EDTA 0.937 88.5 <0.000 1

Bt Y=-0.036+0.015EDTA 0.585 18.3 0.001

W1 Cu RIS ¥=0.122+0.0008P 0.453 10.8 0.005 9
Bt Y=2.853+1.263EDTA 0.416 9.3 0.009 4
Zn FRHRIS Y=-0.529+0.56EDTA-0.009P 0.968 183.6 <0.000 1
ANPGRS Y=3.052-0.722Total+0.861SOM 0.938 91.1 <0.000 1

BHLEES Y=3.088+0.042K 0.539 15.2 0.001 8

Bt 45 ¥=29.98-0.066K 0.575 17.6 0.001

cd PRI Y=0.000 1+0.04K 0.396 9.5 0.0119

AALEE AT ¥=0.000 3+0.048K 0.657 24.8 0.000 2

FRiE A Y=-0.029-0.000 7P 0.394 8.5 0.012 3
e Cu R RIS ¥=0.16+0.004Total+0.0007K 0.895 89.7 <0.000 1
AL ES Y=-5.338+0.247Total+0.49EDTA 0.996 2503.9 <0.000 1
AHLEES Y=-6.362+0.291Total-0.063EDTA 0.995 1 944.4 <0.000 1

Bt Y=25.215-0.226S0M 0.392 14.2 0.001 1
Zn PRI Y=1.323+0.01K 0.820 100.0 <0.000 1
APEEATS  Y=-3.736+0.283Total +0.366EDTA-2.085pH-0.022K 0.992 613.7 <0.000 1
HHLEES Y=-17.052+0.284Total +0.074P 0.988 839.6 <0.000 1
B Y=82.866+0.17Total-1.532S0M 0.837 53.8 <0.000 1
Cd FAHR A Y=-0.018+0.25Total+0.116EDTA 0.989 916.0 <0.000 1
A AR Y=-0.063+0.171Total +0.027pH-0.000 6P 0.911 68.4 <0.000 1
BYLEES Y=-0.086+0.277Total+0.003SOM 0.995 19379 <0.000 1
FRIEDS Y=0.124+0.309Total-0.025pH 0.968 320.2 <0.000 1

T : EDTA U3 EDTA-$RBUS T 4w 5 4 s pH AU L3 pH (E; K AUR LU 15 4 s SOM AU L e A L
i P AR U

341 Bt 342 W+
SRR L E SR AR S SR 2N

i 5 Total 03K T EE 2

—LERFFE R K LA L3, K5 4w

R, BR Cu BRACH A EAME GBI S ) Cd TR A S, IR L KR S SRS A w5
ﬁi{é‘uﬁl\ JRL PHE SRS SESRAE B R LR ERAR . 0 Tu 7 i
FHIEMK EDTA-RBGEN HE B SIS m - EN lﬁ%iﬁ%ﬁf%ﬁﬁﬂﬂ%ﬂﬁﬂﬁﬁ%%%i%( pH4.6)

ﬁi JEF AR, 5 0 Cd B S R

IKVES AR 223 C

i, 1M1 Chen S5 U”J?;if)'ﬂ%ﬁa

FAEAE, M Zn F1 Cu FREEBUSAAAEAR G EEFIUE F&ﬁiiﬁ(p% 5K ST 5247 C

/% , HAEHLFERZ N 1 pH A HLBUZER +
Cu FE AR R H 2N 5 ?*/—\?5

Zl-‘ﬁﬁﬁi i LB Cd E&ﬁc?ﬁ&u%ﬂﬁﬂc%
FHIEASC, Wi5skiE Cd & B 2%
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K, BUCH S R RE RS+ Cd BRI RZ
—, BRGrE—BE
3.4.3 L1

TIEE S E LR R MAEANE S BES S
B R BRRIES Cu MIERLECS Zn &b, Hig
HEJRAFIEAE Y E 4 )8 S ARG hnm A
AR L &R A LA & SRS SN F 25
WHE T, SEILS SN Cd R 8 FEAHE, SRES
Cu Fl Zn 5 2505, B A PLR & B A 0%
RERE AR E AR X 5T E A PR AL 3 L e
AL AL PR 3 S A PLEE &2 Cd el g5 3 2
—E

4 Hig

(1) 309 AL BE X = A -3 Hf EDTA - AT 45 ¢
A Cu.Zn Cd F A 2 Kt A PUIE R 2%
ML W EE SR EDTA-TRES & &

(2) B+ b, APLICHLE i 2 2425 18 Cu Zn,
Cd £ FIE SR & W - B A HUTCH LB i 2 2
FRIEIUS EA A A EE Zn Cd &5
ZIEE b A HLICHLECHE B 25 4 e PR A IR AR Ak 4
BEMAENLEEZA CuZn Cd 5 &,

(3P4 I, KW AL IE X 48 S TE 2 L il
WA R, AL R AL it A MR R & T RIR IS A4k
WA CuZn Cd W ELHI, BRIR T AME G Cd
EE A 5 80 = b Bt A B B B it A B 2 e i R AC
W EMEE ST MA NG A Zn ;2038 I,
fERE LAt A ML EE & T S 4 & B AN A &
Cu 1 Zn B ELE, B Ab 0 4 iy PR 4 RS A gk v 2
Cd Hef], Bt A MLAE 46 B S UGS A HLES & 38 Cd
Ll

(4) B4 I CuZn Cd YA BES IR IS
FE 4 E Zn Cd AR BEE VA ZE 6 S
FHLES G F 40 F RIS Ak mss &
SAIEE G S ELSEAEA —EMAEYA R,

(5) 348 MR Al EDTA- Al RS 2 BB+
HEREASNFEZmA T, HIEE SR O & ED-
TA-FHR UGS A ML R 21 4 8 T A 1 250
M 5.
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