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Extraction Method for Available Cadmium in Acid Soils
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Abstract It is essential to establish a suitable extraction method for available Cd for acid soils because the available, instead of total amounts
of Cd are more and more frequently used as criteria for assessing soil environmental quality. The extraction ability for available Cd in acid
soils of 9 extractants, 0.1 mol - L' HCI, DTPA, 1 mol- L' NH,0OAc, 0.1 mol-L" CaCl,, 1 mol-L™" NH,CI, 1 mol - L™ MgCl,, 1 mol-L™" NaNO,, 1
mol - L™ Mg(NOs),, 1 mol-L™" NH,NO;, were evaluated. All the soils used in this study were collected from the fields of different parts of Fujian
Province. The results showed that the extraction efficiency of the 9 extractants were quite different but with a similar tendency that the extrac—
tion efficiency decreased with the increase in total soil Cd content. 0.1 mol-L™ CaCl, was found to be the best extractant among the 9 extrac—
tants since the available Cd extracted with 0.1 mol - L' CaCl, was significantly correlated with the Cd concentrations of water spinach and rice
grains and the extraction amount was medium. DTPA 1 mol-L" NH, OAc,1 mol-L™" MgCl, were also suitable extractants for available Cd in
acid soil while the others were not good enough. The best extraction conditions for 0.1 mol-L™ CaCl, were set to be 1:5 of the ratio of soil to
extractant, 60 minutes of shaking time with a shaking velocity of 210 r-min™ under 25 °C.

Keywords: acid soil ;available Cd;extractant; extraction condition
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B, g bl UL, H AT A A R AR O 1%
IRAGE— AT BRI L A5 R ) P e g2
BORMFRARA—2, D, 4l -3 s ot HAy nl
FOTE BERSAE o FREESE PR T L PR i b2
e A5 B L SR A RO SR EGR], RS
TSR b FHRE T 2RI AT AR A R Pk
HENBARE, SRR L AT BRI PRIBOR S AR
BORIFHERT T IR

1 #RFF7EE

1.1 7
L1 HHERVEYIRE

R T IT S5 I AR A T A A SE PRI O, FoATT5¢
45K FH HRR AR ) F AR R 3EFAH R B VE I TR ST .
AR IBGR BE B0 (%) 1 398 i 4 R B AR S e
(IR [ N 2R TV T N 18 = N o = 3 O 1713
BCRA LAY BB A 20 0 R B FH T B B K
HZwr g WhE B X el il TH R e 1
BERE S S AR DY BRI FE il R AR T 1k e e
VEVIRI TR/ X FEBERE A/ N IX HORAE 3~5 3R
JZE3(0~15 em) , IR A L 4F, M REA K FH
VEYI AT R AR AR, IR S A
FEYIRE S A SC e S AL B 5 1. T B B S i
J5 B MUETBR MR IR Y  FREFTE . BT 80~90 °C
SR T ERAR T HE 15~30 min 2 JEFARIRHET(29 60 °C),
FRUETEE, ISR E, BETE B f A
AN G 1 0.5 mm JE Je 0, 64 T3 E9
RS, ARG B3 20T WHEE G i eds
wH, LRSI R, ZXTEME, i 2 mm
iifi, i 0.149 mm i, fEAE TR B EAS &

o X BERES, pH (VSRR 4.8~5.4, &R &5 Hh
0.035~4.650 mg-kg™' , A ML & &L Fl Ny 25.24~70.74
g-ke !, HPRL(<0.002 mm) H 12.69%~34.99% , 25 133
AT 0.003~0.043 mg-ke!, TR 0.011~0.451
me-kg' . FTRIT FARHR . +3% pH.NY/T1121.2—2006
+35 pH AYIE , 13555 . GB/T17141—1997 +3E i
By ERATINAE (S8 iR O S ) HiEE
HUT :NY/T1121.6—2006 A3 MU H900 % | + kS
2 :NY/T1121.3—2006 + AL B E , 25 0
S AR . GB/T5009.15—2003 Bk FRAR RN E . A
[vi] b A A R TRV E S DL L3R 1,

1.1.2 FEUE

PEAASO0 JEFHR IS A G EETT , HL R il e
AR IRIHGHL, 50,200 mL #EPH , 10 mL 23
1.1.3 R EGR

(1)0.1 mol-L™" HCI MI(fAiFK 1*). WZHL 9 mL HCI
(RFEE) IAKFEREZE 1L,

(2)DTPA HI(fajFR 27):1.967 g DTPA ¥& T 14.92 ¢
TEA FI/bt K, F6 1.47 g CaCl,-2H,0 5 TKJA,
— A 1L AT, 7K ZE 2 950 mL, FFH 6 mol -
L HC RS 2 pH7.30, FeJa MUK E SRS, 0T 80k
A

(3)1 mol- L NH,0Ac H(f&FK 3*). FREL 77.08 ¢
NH,OAc #f#IFIKFEBER 1 L,

(4)0.1 mol-L" CaCL¥( f&#x 4%) . FRHL 14.70 g CaCl, -
2H,0 IR R 1 L,

(5)1 mol - L™ NH,CI(f&j#% 5*) . #RHX 53.50 gNH,CI
B IUKFRRZ 1L,

(6)1 mol - L MgCLBWA & (fRIFR 6%) : FRIX 203.30 g
MgCl,-6H,0 A B KB ERZE 1L,

(7)1 mol - L' NaNO;® 2 B 5] ( fai #% 7). FRHL
85.00 g NaNO; KRR 2 1 L,

&1 Ul T EEKER

Table 1  Basic properties of the soils studied
FE g5 KA 5 pH {H +44> Cd/mg « ke'! AHLF/mg « kg R % LSRR H/mg - kg
TRO01~008 [ERBIRE 48~5.2 0.035~0.502 29.85~67.20 19.59~34.08 0.003~0.015
TR009~012 bkt 49~5.4 0.125~0.311 40.16~57.72 14.09~28.61 0.010~0.031
TRO13~022 Y&y 5.0~5.2 0.105~4.650 25.24~70.74 17.63~27.03 0.017~0.043
TR 023~030 [ERBIRE 49~52 0.180~0.080 46.98~28.46 12.69~34.99 0.011~0.228
TR 031~036 Y&y 5.1~53 0.081~0.182 25.99~48.19 14.08~17.31 0.028~0.451
TR 037 e 5.1 0.100 31.19 23.99 0.075
TR 038~042 Ry 5.0~5.2 0.040~0.085 25.89~46.36 15.4~24.26 0.012~0.054
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(8)1 mol - L™ Mg(NO,),® ( fajFR 8%) : #RIX 256.41 g
Mg(NO,), 2B TR ERE 1 L,

(9)1 mol - L' NH,NO, ( & #% 9*) . #RHX 80.04 ¢
NH,NO, I K= 1 L,

B FRFIBRARH A1, 2R 53 B4t
1.2 Ak
1.2.1 $RHGA

PRI 2 mm £LAZ JE e i i XTI 5.00 ¢ T
200 mL R, A b 9 R KR BUR 25.0
mL, 7E (25 1) CEAE T, A K -1 g f6 L R 3 Pl
L PL 180 remin! (ARG YR 1 h, 37 Bl 38T
50 mL ¥RPHA , WK 1.00 mL JE T 10 mL Z) 5k
B LL 1% HNO, S B2 10 mL, & BEA7 A5 00T
KA W R S 7 5 LI (S
WP R ARl e A B, (RIS B ) o

e 2250 . W HR 10.0 mL 1 000 wg-mL! 45F5
HEN 2T 1 LA RO, 1 mol- L'HNO, W E
25, WCHL 5.00 mL HARUHEVS W T 1 LA RS, A 1
mol - L™ HNO, ¥ IE 75, Bl R 0.05 pg - mL™ FBbRHERS
W, W 0.05 g mL! FRFRIERT K 5.00 mL T 50 mL
A, A S mL AR AH R REG, L 1%
HNO, IEZS, B 0.005 pg-mL™ FAARAEA R, 5
FE A R] S5 EHLINRE o R 5 AR o 45 SR 43 B L B
FPL ARG 5 - 5 VEW R IR DG AR
RN 2 SRRSO PR IR A TR BRI Y
5%,

AN R BGR i R FH  AR BUSR 3
1.2.2 FEHEFMILE

R b AR 28 R 2 1 S AR BBOR A TR I A 1
AR, A0 15 B A ) ) B2 B (0.05.,0.1
0.15 mol -L7Y, t¥ I (1:2.5.1:5.1:10) ., FRFGHHHK
(120,180 210 240 r-min™) . FEHUREE ((20£1)°C .

(25£1)°C, (30£1)°C) FEHUA] (30,60, 120 min) \F
FEE(5.10 2) 5 6 MR REAFIKEIREE, Ykt —
AR A ), B AR P 2 AN [A] A1, At R 2 451
—HHAR, 4 EE , LRI AR, A—1
R AR R — PR 2 3 2 A 8
TR T M FR<2 mm BT HFE 5.00 ¢ F 200
mL ¥RV, e 1:5 R H g A e in AR
PE, 7E 180 remin™ PRIFHHE | (25+1) CIRE MR
60 min, 57 B3 6T 50 mL SORDH P, 3T 40 B4 5
TR E T 0 i o i

2 HBRE5SH

2.1 REGIREE
2.1.1 ANFHRIBGRIX R - Hesm i S ek
DLRT R B A R o e R e i AR
FORPEBGA M FRICR  RI0LE R (% 2)FW, AR
GRS Rl — R BCR B AN (A A 4R
i i s R i B A 1] 2 AR S B Y G R )
FRIURASAPITT « 1952555463897 1* I
FITE AR B i <0.5 mg-kg! IHRIUR AR, HH
MARBGRI R S hiF £, 1 HAE 36 AMIHRAESL
23 MEBCE L 100%, HAAF 5T 4z 8 1 £ iR R
FI RGBS ST IL LS B A e AE
FIFERE , DRI BV A 8 B BT, 8% 9% T 77 42
BOAIHREBCRERAE, 2518 1.33%~72.38% ,0.43%~
61.67%1 0.48%~64.88% , H:Hp 43 A 76 10% LA T 4351
i 43.24% 48.65% 1 62.16% ., ITHABFIY % 5
FEIRTIAP X 4 A 2+ & muHh 0.121~
3.153 mg-kg ', WIERIRBCR KA, b ZER AR K
HH R A INME RN, H S iR 22 , BT LAAESE bR
PR SORT, Hidy 5 FPERIBGR) 47 SRS bt
22t /N, 2 I FLPR A, AR S AR AR rp AN [ 4

R 2 FREEEAX L EARERMIRIE R ILER

Table 2 Comparison of the extraction results of different extractants

i 0.1mol » L! DTPA Imol« L' 0.1mol+L' I1mol«L"' Imol*L! 1mol+L' 1moleL! 1mol-L"
HCl NH,OAc CaCl, NH,Cl MgCl, NaNO; Mg(NO;),  NH,NO;

SRS RN ) % 97.57 61.21 3227 4353 60.50 35.68 17.08 26.24 19.23

i ESTYNIEIEY 169.18 98.00 65.30 83.82 98.20 66.22 64.88 72.38 61.67
i ESTENIEIEY 35.40 33.85 10.95 7.23 14.58 12.13 0.48 133 0.43
MELE R (E/mg - ke 0.382 0.315 0.128 0.118 0.196 0.269 0.021 0.056 0.024
W5E 45 Rbr2e 0.484 0.478 0.187 0.132 0.220 0.451 0.017 0.046 0.018
MELE R fME/mg « ke 0.047 0.024 0.018 0.015 0.031 0.008 0.001 0.002 0.003
MELE R E A E/mg - ke 1.812 1.712 0.706 0.548 0.878 1.576 0.056 0.182 0.063

WL 36 36 36 36 36 36 36 36 36
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BUABRIEZZ AR AT « 4%<3<57<6"<2",

2.1.2 AEFEBGAPEEE S R e m e R
IRIGZEIR SR . B 7% A 9 SR BGRI$R UK i

5 e et Z A A BaE A, AR IGR 2

B - e A B B ARG T HAH G R B A0

FIKF (n=36,105,=0.418) ,r {E R/ NEALITUT - 2¢<

6°<3'<1#<5"<4*<8*<9*<T* HAKIF 3,

=3 FAERBFLEFVRAES TEREEN
HEXXRE
Table 3 Correlations between the available Cd extracted with

different extractants and the soil total Cd contents

e B 5 HERA AR
FHRGR FHR R
1* HCI $=0.3659x+0.113 1 1 =0.987%*
2 DTPA 3=0.364 1x+0.047 5 7 =0.994%*
3 NH,0Ac 3=0.141 9x+0.023 6 1 =0.988**
4 CaCl, $=0.101 8x+0.050 5 1 =0.974%*
5 NH,CI $=0.166 1x+0.070 3 =0.975%*
6 MgCl, 3=0.3432x+0.016 6 7 =0.992%*
7 NaNO; 3=-0.000 5x+0.022 #=0.024
8" Mg(NOs) $=0.0313x+0.0327 7 =0.891%*
9* NH,NO; 3=-0.002 1x+0.024 6 #=0.153
KA n=36, 7001=0.418

2.1.3 ARG B STEYR & m iR
2.1.3.1 AN [RIRIBGRI S B 5 2503 i 2 FE A DG 6
%

GiitRH], S FRIBGR R U 5 25 DS o i
PR EARSG, Horh 9f MOCHEA B3, 79 MG B 3
IR, HoA PR IBGR 4R R 5 25 O SR 5 i I AR DG
Wik B K (n=17,r 00=0.575,r 105=0.465) , r {H
KINIEARNGFE Jy « 28 <6< 5¥<3¥< 1 #<4 <8< T#<9* | HLAK I,
*4,
2.1.3.2 AN[FFRBGAR B SRR S AR

itk S FRIBGR R U SRR 1Y
SEIEAE G, Horh R 5%, 7% 9 $EEGR i PR G SRR A AR
T AEAHOCHEA B AL, 4% AR B K-, HoAth
%%Hiﬁﬂ*ﬁééﬁti@itﬁi%§ﬂ<qz(n=14,moﬁ41623,r0m=
0.497) ,r (B K/NZEARII T Hy .44 <3* <2< 1% <6 <8% <5<
7'<9*, HARLFR 5,

RZEIRARHT 2 3¢ 4% 5* R 6F FRIGRIER AT LASKL
B R N P - 1R el - RN R A Ak, (HZ5
GRE 4 IO EGE, BRI REER S 1%
JH b ERIZS 032 AEAT 0 A 2 S A S A O

F4 FAERBALEFVRAESTLERESE
MHEXXR
Table 4 Correlations between the available Cd extracted with

different extractants and the Cd concentrations of water spinach

L5530 S i A 5K R

75 FEHH

HRK R K FREK
1 HCI y =0.023 2x+0.004 2 r=0.865%*
2* DTPA 3=0.023 4x+0.006 r =0.888%*
3* NH4OAc $=0.056 7x+0.008 r=0.869%*
4* CaCl, $=0.070 1x+0.006 5 r=0.852%*
5" NH,4CI =0.049x +0.005 7 r=0.874%*
6" MgCl, $=0.026 5x+0.005 5 r=0.887%*
7* NaNO; y=0.757 2x+0.011 4 r=0.506%
# Mg(NO3), »=0.198 1x+0.0078 4 r=0.814%*

9" NH4NO; $=0.557 4x+0.013 5 r=0.339

FEAR =17, 7001=0.575, ro005=0.465

x5 AEARBALEFIRAESBARSENHEERXR
Table 5 Correlations between the available Cd extracted with

different extractants and the Cd concentrations of rice grains

o G SRR S RO R

M HR HIEFREL
1" HCI y=0.222 8x+0.012 7 =0.602%
2 DTPA y=0.351 1x+0.013 r=0.610*
3 NH;OAc =0.880 3x-0.000 7 r=0.612*
4 CaCl, =0.590 6x+0.002 1 r=0.710%*
5" NH,CI =0.188 2x+0.019 2 r=0.288
6 MgCl »=0.802 9x+0.016 5 r=0.562*
7 NaNO; y=0.173 1x+0.036 4 r=0.162
8" Mg(NOs), 3=0.173 1x+0.036 4 r=0.503*
9" NH4NO; y=0.173 1x+0.036 4 r=0.155

FEAS n=14, ro0=0.623, ro0s=0.497

LIS 45 AR ME 2 (0.132) 763X 5 ARG Hdee/)y, He
ity 4 FhERIBGAISE I A %50 5 49 K B 23 0
S B A M SRS SRR UA B
FHIG, 17,77 8 1 O $RERIAEA IR Hhasci i 22 A
WFFEAE R 9 FERIGH 1,47 0.1 mol - L CaCl,
SRR ME AU AR EGR, e RRATR 4
PERGRI A THE AR A
2.2 IREURERIERE

PEIGR Ak B 2 TR A RO PR IO A
. B 1 AT RUE 3 S AR A RS
F4) Hi B A Vi 2 5 BT PN L BB o 8 ) v i
& HIREN K 24811388, 0.05 mol - L' 55 0.1 mol -
L 22 8]S4 A0 X 22 4 8.48% ,0.1 mol -1 5 0.15
mol - L 22 [B] P B A X i 25 K 8.22% , —FH /N T
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Figurel Correlations between the concentrations of CaCl,

and the available Cd extracted

10%; 0.05 5 0.15 Z[EPE A 2238 16.67% , 2
SERERT 0.1 mol - L AV BE J vpr | 55 At 2 e i 42
BUZefseoN, & e B An i gk B, IR, 38477
BEFE 0.1 mol - L MR EE A A AR 26 1) B AR IGH]
2.3 B RIERIERE

I R E TR AR AR A —
M 2 AT LU Y -3 S0 i S AR -V
FET P I 8 B AR T T v, 5 v O R B
KX T R RN, SREGR 1S n , se 4B
B o AR AT BRI SS, &880 1
2.5 5 1:5 Z [P AX R ZE A 12.09%,1:2.5 5 1:10
ZAPER AR 2235 13.70% , B AT =2 a0 22 38 1o
10%, T 1:5 5 1:10 Z [EPE A% 22 1.62% , i%
ARG TR OISR 45 R — B, BT ATE I o 45 2R g
T R A FTEE T, AR IR 5 2 T AN O T =%
& TRATAA AR R LA 105 hT

010
Y A/A———A .

5 0.08 R b 1
H e S S
ﬁ 0.06 - Kk 3
£ 004 AT
& R THES
# 0.02 S HE 6
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1:5 1:10
T
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Figure 2 Relationships between the ratio of soil to

1:25

extractants and the available Cd extracted
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Figure 3 Relationships between shaking velocity and
the available Cd extracted

K, 445531 ,120 remin™ 5 180 r-min™ Z [AESE
HAEI X 24 10.67%,180 remin™ 5 210 r-min™
ZIAPE AR 22 15 7.32% , 1 120 r+min™ 15 210 1
min™ Z[E[AF] 17.95%, 1M 210 remin™ 5 240 r-min™
ZIEAH 1.75% , L vl LA H RT3 210 1+ min™
A AR R -
2.5 RBGRERIERE

ML 4 T LI Y -3 S50 i B Bt A Bt i
(AT o T o PR A AR — e 3 L ol B I
BT, 25011 20 °CH5 25 “C22 )i & 45 o F- 2440
S ZE A 11.18% ,20 °C5 30 °C2Z [8] 454 % 22 4
7.90% 1 25 “C5 30 CZ [0 4 3.29% , N L AT LLE H
PRIUREE A 25 Cf IEAGE R, 1 i ZE R o 45
B PRBE TR X AR A G R S A ]
Mol 25 B A Al B AR, TR & 20 CAEXT
PRIXE , BT LAFRAT TIA A B B B 7 R 25 CREM A

0.12
Lf” 010 A—————d———A 4 pu
£ 008 | 0/0\4 Rakily
il K H3
006 | ‘o
e —0—#1.“:14
E oot K?/‘\g*\% A BEE S
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5002t
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Figure 4 Relationships between temperature and the

available Cd extracted
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Figure 5 Relationships between time and

the available Cd extracted

25 RSN 25K 11.84% ,30 min 5 120 min Z[H]
SRR ZE 1K 14.44% , 1 60 min 5 120 min 22 [8]
H 2.61%, R AT LLA A2 BT TE] 60 min B 4438 [ 4H
W B 1 22 B Cd 5 A Cd AT DLREAS 1k 21 0 [ S8 48 F
iy 2 S R A S A S AHAT T,
2.7 TRHEEMIERE

IRIGZE TR |6 REN: 2 AN B2 5 84 )
47 0.057 F10.052 mg-kg™,5 g 5 10 g Z [A] -2k %}
2R 7.81%, f2EBN, FREERE 5 g B A2 %
SR, T EL A R RIS Y RGN 2

3 NG

(1) B 25 R 3=, AN [ 2 BGR X ] — - e v Ay
BESTREEBCE I AR, (HEAETE LI & i
i BRBCRAR, + 3w S IR ICRE & i

(2) TEASA IS (I A R 4= S | 38 2o X AN [m] 2
BOR GRS R 250 SRFIREA s A O
PP AR PR E R R A AR, DL 4'CaCl, $2HL
PIRCR AT, ARSI R 5 L2 203
FFEAR 45 Tt R AH OGP EAR IR B ik 25 7K Tin HL AR IR
A R B B R 5 L 2DTPA | 3'NH,0AC |
6'MgCl, I, Fl 4F AN[a] Z Ab S 5 RE A4 5 it B A o6
PE IR B B2 AR BGRI e A I PR AR
FRCRAT

(3)H 0.1 mol - L' CaCl, &y FR M + A 3R i 12
B, Ak 254 . RIS g 3 2 mm G AOAE
it A 25 mL 32HGR], T 210 remin™ 25 C&4F F R
¥% 60 min.,

SE
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