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WEMEBELBARS TR, ZRAE G RIGN ., &
MR R T 2 = L LR (DTPA)-= 2 B %
(TEA)-CaCl, B AR, Z T M Fn e d 11
THEERAMSTTRRR, HEHE DTPA fEH
BAANSZHELREE TSGR ESGY,
TEA BB FFH W pH R E MIEM, CaCl, H iy
Ca®" BEME L3 h CaCO, B9V . b HoA 8 A B
4 )@ 0 ZOB I o AR g R T . BRI
&k M, EiR DTPA-TEA-CaCl, & & & BUH
ER I E S B ARSI, AMS ZIn KBS H
B AR Zn BN E A — E W RE W, il O F
— LR IER Y], AE Zn 2 F K A DTPA-
TEA-CaCl, E &R BGH T 1) CaCl, . B, A 2%
KA Ca(NOy), Bt DTPA-TEA-CaCl, & %&
) CaCl, . B it AR B $2 1 TR E AR B
# DTPA-TEA-Ca (NO,), # W+ 856 £ Cu,
Pb.Zn.Ni,Cd.Cr,As Fl Hg 4t 8 fh & 4 )& A & &
SEIH T

1 SLIGERS

1.1 BERIIEEG

X-SERIES 1T 7Y s J8 A A 55 2 1A T 3 4L (3
[ ThermoFisher /A7), EEALLS = 8. JHH0 o) R
1350 W, 588 S ) 14. 5L/ min, A0 &
2 1. 05L/min, 4 B KU & 28 1. 00 L/min, 2k H] Bk
W A4l L 455 B8 B ] Sl 40 ms, YE £ 8 AT E [l &
% Cu,? Pb,* Zn,* Ni,” Cr,"" Cd,” As,”” Hg;
HY-2 BI4E 5 Ik % a4 CR N T LTI 2% A BR A | D
PXS-3C # pH i L EEA D .
1.2 FERXA

AR UERE S GBW7460,GBWO07412a, GBW07416
F GBWO7461 ;354 [ Hiy o3 B} 2% B 1l Bk ) 341 b K
k27 8 25 B 58 B BF 1 s Cu, Pb, Zn, Ni, Cd, Cr, As,
Hg.Re Fil Rh AR #EAf & W W (AL 35 A Bk BH A
FRAFD &G R ¥ 1. 000mg/mL, 436
MRS T 2 i 45 oT R E M 2 K AR
W PR A R L 2K ¥ AR S 4l DTPA L it i
AL TAHBRA D  TEACK B R ELL T4 BRA
A CaCl, (LB =L THRAF L8 REA T
D . Ca(NO,), (P4 P BE 2= e A FR A | 3558 53
Mréti

S5 K R S Ee & F R Ak, B S RN T
1. 00 us/cm,

1.3 XWHE
1.3.1 ZEFEH 7%

0. 005 mol/L. DTPA-0. 1mol/L TEA-0. 01 mol/L
Ca(NO;), ¥ : £ —4] 1000 mL %5 70 . B 414
B AR B 1.967g DTPA & T 14.92g (13.3mL)
TEAEE T KT 8 1. 64g Ca(NO,), #
TARAAE R — 0 B WL, SR )5 B bR PR b o W e A
1000mL ZF &, InK 245 950 mL, LR (1+
1) RN AR 5 75 W R B8 O 80 pH IR, &
W pH N 7. 2. ER B &,

1.3.2 8HELZEBUSHRIERE

FRILZ 4 10. 00g R 1 2 0. 01 @) T 3ERE S T
200 mL 4 w5 ) H SURDH P 4% W L (R TR ()
HERBGIMAR(mDZ . e 1 4 B2y 10g 1
e R A 40 mL BEGA TR FRD A 1 : 4 0
A 40mL 0.005mol/L DTPA-0. Imol/L TEA-
0. 01mol/L Ca(NOy), . e %K% . T 20°C 4
B EAERG % E L) 180r/min ME R4ED 2h,
WG, EAE A0mL, 37 Bt g, i 18 )5 B 1%
FIIER /P L 5 mL, €A E 50mL,

1.3.3 8HMELEREMNERE

R AR T kR B Cu Pb.Zn Ni,Cd.
Cr.As Fl Hg WA S JG » R LSRR 6 45 8 1K
AN E 11 s Al TAER M T2 dl & T &R
(A U 1 2 L SR P S5 2 T AR R A T I o, Bk
D 42 3 TR P B 76 6 ATE IR AT, ARV TR R
£ 10 ng/mL BY Re.Rh AYTRFRIA T .

2 HR5iTE

2.1 BRBUERMMA
M HJ804—2016 #r#Eh DTPA-TEA-CaCl,
ARG &4 JE A 8Os B0, % E
BRI A Zn 25 FEER X 0] BE & X 1
AR Zn (I R 3 SR R R e L e IR S 56
2,0 9K DTPA, TEA Fl CaCl, # DTPA-TEA-
CaCl, & G = WA 45 21 43 vie 5 e i )i AH Bz 9 DT-
PA.TEA il CaCl, B4 43 /K ¥ W (DTPA, TEA #l
CaCl, R EE /M 1. 967.14. 92, 1. 11g/L) .,
WP ARS Zn M EE ERILE L, R L P
BAHEAT WL, DTPA-TEA-CaCl, & 4 15 i F) 35 B 1+ 45
AR Zn 25 2N 0. 65 ug/mL(DTPA, TEA
M CaCl, L5 KIE WA RS Zn S HZHFD .
HR S35 v 5% ] DTPA-TEA-CaCl, & & 35 B 12 B
SRR AERE B GBW7460,GBW07412a, GBW07416 il
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GBWO7461, E K% 40mL, X %K R P A RS Zn &
AT 0 E, W E (E 4 Ak 3.10, 125, 1,73,
1. 29 pg/mL,DTPA-TEA-CaCl, & & =BG 1A 5L
B Zn A5z R R A T AR HERE S A AL
B Zn HFRBE RN 21.0%.52.0%.37. 6%,
50.4%,1% W DTPA-TEA-CaCl, B &R WF M4
A Zn 28 A XF R Zn G RS SE 45 R Y 5
ANEEZM ., £ 1AL, DTPA, TEA il CaCl, iX 3
B RO L L CaCl, A RLE Zn 25 IG5 &
&, 4 & DTPA-TEA-CaCl, & &3 WA 1k & &2
AP S Zn 2 A 93, 8%, X B DTPA-
TEA-CaCl, E /BB A RS Zn 25 1 EE K
BT CaCl, HAA A Zn &8, FIK.H T A R0H
Bk CaCl, ' Zn 25 FIXA AL Zn W€ 77 A2 1 52 )
SEBERELL Ca(NO;), B DTPA-TEA-CaCl, &
FZHY CaCl, Kxf HHErP 4 8 A S TR TR
W, BISR ) DTPA-TEA-Ca(NO; ), & 2 X % 1
4R A S TR TR

%1 DTPA.TEA # CaCl, iX 3 HH A HKBRK
HERSE In=H 4R
Table 1 The test results of available state of

Zn blank in the single solution of

DTPA, TEA and CaCl, pg/mL

R DTPA TEA CaCls

Solution I R I
WS In 2

ARE In 2 H 0.013  0.022 0.61*

Available state of Zn blank

C R A TR TR P CaCly i BT A 0T 34

2.2 BREEGHRK
2.2.1 ZEF pHE

FE MR O103.01 W SE 58 5 L EC ] 0. 005 mol/L DT-
PA-0. 1 mol/L TEA-0. 01 mol/L Ca(NO,), % &, If
FHERR (141D M Z KR pH I B3R 5% W pH
{HN 6. 0~8. 0, 8K J5 4% L 56 )y i X H AN [R] pH {H
(A3 B X 3 AR E RE 5 GBWO07460 ) Cu, Pb,
Zn . Ni.Cd.Cr.As Fl Hg B9 %S 3E 47 3= WO &
ZERME L s, HIE 1AW, Cu Pb.Zn B S
I (B B2 JBGR) pH A %) 722 46 T 28 4k 1 17 L 2
FLXATREEH TR B pH T Cu.Pb.Zn A 243
(s AR EEARTR] . T At 7T A G I E (E 7E pH
{E2H 6. 0~8. 0 JuH N AR FFFRE s IR R pH H A
7.2 B, BIRS T R ARSI SN e R
ek . UL, LI A IR BUGR pH {Eh 7. 2,
oy
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CuihEE
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ZniAEME
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Fig. 1 Effect of pH for the extraction agent on the

determination results of available state of each element
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FER A TE s M5 it B 2h J5 . & TR A S
(A f T AR . B SN E AR — 5, Xl fg
J2 KR I 4 Bt I 25 9 BB i) ) 38 o 95 1 Y 4%
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Fig. 2 Effect of oscillating time on the determination

results of available state of each element
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BEARI B S Y Ry 1 s 4 I & T B A IS
I (B O (B B o 23T, 3X AT BB 2 B Ok W 4R
I i VL 3 PR35 B R 3R B 4 R
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i AR AR IR IR I E SR TR RS
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1.6
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Fig. 3 Effect of the ratio of soil to extraction
agent on the determination results of

available state of each element

SR R A BRI MU R L 1 s 4,
2.3 DTPA-TEA-Ca (NO; ), 1 DTPA-TEA-CaCl,
ARG RENE RN

433 A 0. 005 mol/ L. DTPA-0. 01 mol/L CaCl,-
0.1mol/L. TEA # "™ F1 0.005mol/L. DTPA-
0. 1mol/L TEA-0. 01 mol/L Ca(NO,), iKMW & &
R XF 4 AR ERE B GBW07412a, GBWO07416,
GBWO07461 F1 GBW07460 rh 8 Fl 8 4 J& A3 24 A R AT
BEBCRT 22, 2 2 M G B BGITE pH 7. 2, 1
JE R 20°C IRGITE N 2h, B 1 s 4 B9 EA0F
TREGERILE 2, RAMWF L REG, & 0EK
R0 2 1 AR R — 3, B A E A AR AT 3 3R B SR A X
PR R XX 8 i e 4 J A S R B RO & —
. 2 PEEIS T LA 1L SR A DTPA-TEA-
Ca(NOy), KRB BT, Zn B & (H 5 HAl @ i 8
I, Heas (4 B8 DTPA-TEA-CaCl, &
A% - HEAR 81. 4%, HiZ ik Zn TR K
PR A BB AR, X HE— IR T B AR
Ca(NOy), B CaCl, AR FEAL Zn 25 (XL
SERMTHL. R 1R RW R ERBEM
DTPA-TEA-Ca(NO;), TR B R , H 2 R K
T AXNAME Zn PR T, BAS
X R HAME SR A SRR eSS R A

R2 RARAMHARERREREN T REAUEHAIAMGEAENRT S HELEAUATSHNELR

Table 2 Determination results of eight heavy available metals in soil available component analysis

certified reference materials with two different leaching systems

DTPA-TEA-Ca(NO3)2

DTPA-TEA-CaClz

b . A E
gan S W MR mAM RMER EREC WEE R A REE ERR ot/
CRM No. Element Found/ M 2% RSD Blank/ LOD/ LOQ/ Found/ i 2% RSD Blank/ LOD/ LQD/ (pg/g)
(ng/g) (n=12)/% (pg/g) (pg/g) (png/g) (pg/g) (n=12)/% (png/g) (pg/g) (pg/g)
Cu 2.92 1.5 0.03 0.05 0.17 2.96 2.6 0.02 0.06 0.20 2.9
Pb 1.92 2.2 0.02 0.07 0.23 1.89 1.9 <20.01 0.09 0.30 1.9
Zn 2.44 3.0 0.13 0.12 0.40 2.40 5.0 0.70 0.23 0.76 2.4
Ni 0.91 5.6 <20.01 0.02 0.06 0.92 5.7 <<0.01 0.02 0.05 1.1
GBWO07412a . .
Cr 0.023 17.3 0.002 0.003 0.010 0.027 16.6 0.001 0.002 0.007 (0.025)
Cd 0.032 14.3 <20.001 0.002 0.005 0.032 11.2 <0.001 0.002 0.006 0.033
As 0.061 16.2 0.003 0.004 0.012 0.055 14.5 0.001 0.003 0.010 (0.070)
Hg 0.005 25.0 <20.001 0.001 0.003 0.006 30.0 <20.001 0.001 0.003 (0.005)
Cu 0.25 6.4 0.03 0.05 0.17 0.24 6.0 0.02 0.06 0.20 0.24
Pb 1.37 2.8 0.02 0.07 0.23 1.46 4.9 <20.01 0.09 0.30 1.5
Zn 0.54 5.2 0.13 0.12 0.40 0.55 10.1 0.70 0.23 0.76 0.53
GBW07416 Ni 0.070 10.8 0.005 0.02 0.06 0.064 8.2 <0.01 0.02 0.05 0.072
Cr 0.021 18.4 0.002 0.003 0.010 0.022 20.9 0.001 0.002 0.007 (0.018)
Cd 0.020 15.2 <<0.001 0.002 0.005 0.024 21.7 <<0.001 0.002 0.006 0.016
As 0.040 16.5 0.003 0.004 0.012 0.042 13.3 0.001 0.003 0.010 (0.045)
Hg 0.004 30.8 <20.001 0.001 0.003 0.005 25.8 <20.001 0.001 0.003 (0.004)
Cu 2.51 2.0 0.03 0.05 0.17 2.54 2.4 0.02 0.06 0.20 2.6
Pb 3.68 1.6 0.02 0.07 0.23 3.76 1.9 <0.01 0.09 0.30 3.8
Zn 1.01 3.8 0.13 0.12 0.40 1.03 5.4 0.70 0.23 0.76 1.04
GBW07461 X _ _ - .
Ni 0.26 7.8 <20.01 0.02 0.06 0.25 10.2 <20.01 0.02 0.05 0.26
Cr 0.020 20.5 0.002 0.003 0.010 0.022 16.7 0.001 0.002 0.007 (0.020)
Cd 0.045 8.5 <20.001 0.002 0.005 0.047 11.8 <20.001 0.002 0.006 0.049
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gZxR2
o DTPA-TEA-Ca(NO3)» DTPA-TEA-CaCl;
(7327 o - — - - — - AE(E
5 4 L= & {8 AR A A KRR ERR L WEE AR 7 ZEE BIMRT ERERT Copified/
CRM No, MmNt Found/  fii% RSD  Blank/  LOD/  LOQ/  Found/ fi% RSD  Blank/  LOD/  LQD/  (,e/g
(pg/g)  =12)/% (pg/® (pg/g) (pg/g) (pg/g)  =12)/% (pg/® (pg/g) (pg/g)
GBWOT461 As 0.047 15.5 0.003 0.004 0.012 0.049 13.9 0.001 0.003 0.010 (0.053)
) Hg 0.004 21.6 <20.001 0.001 0.003 0.005 31.3 <20.001 0.001 0.003 (0.004)
Cu 1.40 2.3 0.03 0.05 0.17 1.37 3.3 0.02 0.06 0.20 1.36
Pb 0.68 2.8 0.02 0.07 0.23 0.67 5.6 <20.01 0.09 0.30 0.67
Zn 0.62 4.7 0.13 0.12 0.40 0.59 10.5 0.70 0.13 0.43 0.57
. Ni 0.20 6.1 <20.01 0.02 0.06 0.19 9 <20.01 0.02 0.05 0.20
GBW07460 ) i
Cr 0.019 17.9 0.002 0.003 0.010 0.016 5 0.001 0.002 0.007 (0.015)
Cd 0.028 13.8 <20.001 0.002 0.005 0.032 .1 <<0.001 0.002 0.006 0.025
As 0.035 15.5 0.003 0.004 0.012 0.042 18.3 0.001 0.003 0.010 (0.038) *2
Hg 0.006 26.3 <20.001 0.001 0.003 0.005 33.4 <20.001 0.001 0.003 (0.005) *2

1R TR IR R A 3 A B A (R AR v R 22 L
Hg JoiIAE fH . 8 UL 22 5 = Jr 5556 %8 R SCHk[ 13 100 = T £

OB PR T I E 45 2R A A
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Extraction of eight available-state heavy metals in soil with
diethyltriamine pentaacetic acid-triethanolamine-
calcium nitrate system

XIE Fei,GU Zi-xin, YAN Yan
(East-China Metallurgical Institute of Geology and Exploration, Hefei 230088, China)

Abstract: It is of great significance to evaluate the soil pollution status of cultivated land using the indicators
of available-state heavy metals to reflect the real pollution status of the soil. The heavy metals in soil
should be leached before the determination of available state. When diethyltriamine pentaacetic acid (DT-
PA)-triethanolamine (TEA)-calcium chloride (CaCl,) composite leaching system was used to extract the
available-state heavy metals in the soil, it was found that the blank value of available-state Zn was relative-
ly high, which had a certain influence on the determination of Zn. According to the concentration of each
component in DTPA-TEA-CaCl, composite leaching system, the corresponding solution of single compo-
nent (i.e., DTPA, TEA and CaCl,) was prepared for the determination of blank value of available-state
Zn. It was found that more than 93% of blank value of available-state Zn was from CaCl, in DTPA-TEA-
CaCl, composite leaching reagent. Therefore, it proposed to use Ca(NQO;), to replace CaCl, in DTPA-
TEA-CaCl, system for the extraction of available-state heavy metals. In other words, a new DTPA-TEA-
Ca(NO;), system for the leaching of available-state heavy metals in soil was developed. Moreover, the leac-
hing conditions were optimized. The results showed that the optimal conditions for DTPA-TEA-Ca(NO; ), system
were listed as follows: the pH of 0. 005 mol/L DTPA-0. 1 mol/L TEA-0. 01 mol/L Ca(NO;), solution was
7. 2; the ratio of soil (mass of soil, g) to liquid (volume of leaching agent, mL) was 1 ¢ 4; the sample was
leached on reciprocating oscillator with rate of 180 r/min at 20 °C for 2 h. Eight available-state heavy metals
in standard soil sample, including Cu, Pb, Zn, Ni, Cd, Cr, As and Hg, were leached with DTPA-TEA-
Ca(NO;), system and DTPA-TEA-CaCl, system, respectively. The measured results were compared. It
indicated that the measurement results of available states of elements were consistent with the certified
values for both methods. In other words, the leaching effect of eight available-state heavy metals by two
systems was same. It was further found that the determination result of available state of Zn was more
close to the certified value in DTPA-TEA-Ca(NQO;), system. Moreover, the average value of blank was about
81.4% lower than that in DTPA-TEA-CaCl, system, which further proved that the replacement of CaCl,
in DTPA-TEA-CaCl, system by Ca(NQO;), could effectively reduce the interference of blank value of Zn
with the determination results.

Key words:soil; heavy metal; available state; diethyltriamine pentaacetic acid (DTPA); triethanolamine
(TEA); calcium chloride (CaCl,)





