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Z MRt (B In i BZARGR T AEE
1.2 FZiRXHA

Cu.Zn.Fe Mn B.IC % br it 25 W (1 5 &=
FEBE) A TC R B B 1000 pg/ml; Cu.Zn. Fe,
Mn 1B A FrE TAEW : Cu.Zn Fe . Mn T V& B2 53 51 Ry

2.50.,2.00,25.0,10. 0pg/mL, 43 5 # B 2. 50, 2. 00,
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514 s DTPA 2 2 % (pH 7.30): FR B 1.967¢
DTPA & F 13.3mL = Z B i F1 2> & K v, 1%
1.47g ZIKEALES (CaCl, « 2H, O Tk, =% —
HE A 1L F &, in/KZE 950mL, 7€ pH it L H
6mol/L HCl M2 7. 30, HACGEZR T HRBH .

AR M A A R S A B bR E W TR
GBWO07412a,. GBW07458, GBW07461 4 i H [H #b
JBT AR 27 B b 3K 40y L b, 2R Ak 2 ) £ 0 5 e iE o) LA
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i \CaCl, « 2H, O HCI ¥ 8 23 #réli s Ar < (4l
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Table 1 The certified values of available copper, zinc, iron and manganese in calcareous soil available
component analysis certified reference materials mg/kg
B e 5 s 5 AR Cu ARG Zn AR Fe AR Mn

CRM No. Available copper Available zinc Available iron Available manganese
GBWO07412a 3.3 2.4 202 31
GBWO07458 2.6 2.3 142 67
GBWO07461 2.6 1.04 76 21
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1.3.1 HALE

FREL 10. 0 g(MERE 2 0. 01 @) i i 2 mm fLAR 5 il
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PRGHRIE G 2h, BUR B0 10 min, T 33 17575 W .
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BRSO K B 2 20 B R A e . [ e )
TR
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H Cu.Zn.Fe . Mn A 5 M T A 8 F B0 6 TR
HIRE AR IR Y] & TR B W AR 0.5,
10.30,50,200ng/mL Cu;0.5,10,30,50,200ng/
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50,100,300, 1000ng/mL Mn, I A 5 il it ¥ &5 &
DTPA BT IR ICEL FK 22 FE5 .
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BREECN 0~40 5B XA R CuZn Fe,Mn il
FISZIE L ZE R 2(n=05), M3 2 0 0L, W B A
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5% 10~ 30 B, I 18 5 A 8 (6 — B, A8 X s
250 0.57% ~4. 1% s M BEAG 50 T 30 B, AHX bR
WEDR 25 R 2. 8 %0~ 6. 8 %0, K %5 JE M X T 5 B A5 B0
10~30 A2 2%, JU H K & B T R W] e, 3 AT
FIE 2 5 R A3 50 A LA 7 Ay 31 5 1 AI o PRI =
P58 22 RE A AR KT E,  DR e A B A5 45 10~ 30,
2.2 JRiETFH

il i S Z AL Z R 7 8 F T2 ICP-MS
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Table 2 Influence of different dilutions on determination

A Cu HHAE Zn FRA Fe FH A& Mn
PR e B A8k Available copper Available zinc Available iron Available manganese
aniizii .
N Dilution DS . 44 S 4] 4
CRM ) FIE - pgpy OB g, PEE ey PEE O pep)
multiple Average/ o Average/ o Average/ o Average/ o
(mg/kg) ! (mg/kg) ’ (mg/kg) ‘ (mg/kg) !
0 2.30 11 0.80 11 58 5.2 17 6.9
5 2.43 6.9 0.90 5.1 65 3.5 19 4.3
10 2.57 3.2 1.00 3.4 75 1.4 21 3.5
GBWO07461
20 2.61 1.3 1.04 2.2 77 0.57 21 2.9
30 2.62 2.4 1.06 4.3 78 1.1 20 4.1
40 2.61 5.2 1.03 6.8 77 2.8 21 5.4
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3~5mL/min B} %2 T F 25 (15 800ng/mL
Fe bR W 72" Fe L BT = A (5 5w i, 45 SR 3%
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(RSN A A B X (S ETRE S T U
2.4 KAEMZIGHR

Fie FRASCER T 18 TAE 25 A0 R o 8 V3R 9 2R A T
WA DA TC 28 19 0T et Wk BE (o) SRy A8 A A, L X6 7 1)
S8 BETHEUE (CPS) AL b, il e il it 2k, &5
FW,CuZn W E W E K 5~200ng/mL B, Fe )
J5 B VR BE R 100 ~ 3000 ng/mL B, Mn (% T & ik B
9 30~1000ng/mL B, £ JC 2 B it v BE 43 il 5 o
FETTEUE 2 &G R M R B R F 0.9998, 41
F3Pn, Kb REEE W E 11 k2 TR bR
DR 2219 3 A5 5 . AR Cu.Zn.Fe.Mn 1945 i
43 5124 0. 003.,0.007,0.01,0. 003 mg/kg, & br 1
77 H] 804—2016(ICP-AES) B AR A HIBR .
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Table 3 Linear equations, correlation coefficients and detection limits

TR Ly 2 S R R i BR Detection limit/(mg/kg)
Element Linear equation Correlation coefficient S28 J7 ¥ Proposed method HJ 8042016

53 Cu y=15310.9x +36 455 0.9999 0.003 0.005

567Zn y=3005.8x+5657 1.0000 0.007 0.04

i Fe y=12498.0x +45117 0.9998 0.01 0.04

55 Mn y=10542.5x+9409 1.0000 0.003 0.02

2.5 BEEMERE

i J S 50 Ty 0k W A M A RS Ly A b
bR ®) Bt GBWO07412a, GBW07458, GBW07461
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Table 4 Determination results of available Cu, Zn, Fe and Mn in calcareous soil available component

analysis certified reference materials

B ) I % N W {8 T AH X 7
Y5 Flcrr/lénl Certified/ Found/ Average/ I 22
CRM No. ) (mg/kg) (mg/kg) (mg/kg) RSD/ %

HHE Cu 3.3 3.38, 3.39, 3.35, 3.40, 3.42, 3.33, 3.41, 3.43, 3.39, 3.29 3.38 1.3
GBWO74124 HHE Zn 2.4 2.31, 2.41, 2.33, 2.36, 2.36, 2.36, 2.43, 2.41, 2.38, 2.34 2.37 1.6
HZ Fe 202 202, 201, 199, 205, 206, 199, 207, 210, 206, 196 203 2.2
A& Mn 31 32, 32, 31, 32, 32, 32, 32, 33, 32, 31 32 1.3
HHA Cu 2.6 2.47, 2.46, 2.59, 2.56, 2.53, 2.56, 2.59, 2.57, 2.61, 2.58 2.55 2.0
GEWO7458 HE In 2.3 2.32, 2.30, 2.41, 2.35, 2.39, 2.35, 2.41, 2.46, 2.44, 2.55 2.40 3.1
HWZS Fe 142 136, 135, 143, 140, 138, 139, 144, 144, 144, 141 140 2.4
HRZE Mn 67 67, 66, 69, 68, 68, 69, 70, 69, 69, 68 68 1.7
HHA Cu 2.6 2.56, 2.56, 2.59, 2.50, 2.53, 2.59, 2.67, 2.62, 2.56, 2.62 2.58 1.9
GBWOT461 HIE Zn 1.04 1.00, 1.03, 1.04, 1.02, 1.06, 1.05, 1.10, 1.03, 1.03, 1.10 1.05 3.1
A Fe 76 78, 78, 80, 78, 78, 80, 81, 81, 79, 80 79 1.6
H A Mn 21 20, 20, 20, 20, 20, 20, 21, 21, 20, 20 20 2.1

x5 FWMABENAR

M T EEREHHA CucZn Fe Mn Ul E 45 B 3FEE

Table 5 Comparison of two methods for determination of available Cu, Zn, Fe and Mn in calcareous soil

5 )7 ¥ Proposed method

¥ i JLE HJ 804—2016 Il & {8
Sample Element 5 i M X 1 A 22 Found by HJ 804—2016
Found/(mg/kg) Average/(mg/kg) RSD/ %
HHAs Cu 1.78, 1.73, 1.74, 1.75, 1.81 1.76 1.8 1.70
. HIUE Zn 0.56, 0.52, 0.58, 0.52, 0.55 0.55 4.7 0.56
H 1 ATHZS Fe 38.7. 38.5. 38.8. 40.3. 37.1 38.7 2.9 37.7
HEE Mn 14.8, 14.7, 15.0, 15.3, 15.2 15.0 1.7 15.5
HHUZE Cu 2.56, 2.56, 2.59, 2.50, 2.53 2.55 1.3 2.62
] HIUE In 1.00, 1.03, 1.04, 1.02, 1.06 . 2.2 1.03
Fedh 2 A Fe 78.78.79.,78.78 78 0.57 76
HEE Mn 20,20,21,21,20 20 2.7 21
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Determination of available copper, zinc, iron and manganese in
calcareous soil by inductively coupled plasma mass spectrometry
with diethylenetriaminepentaacetic acid extraction

LUO Zhi-ding,ZHANG Ning " , WANG Jing-gong, LIU Qing-xue
LI Xing,JIANG Yun-jun

(Hebei Research Center for Geoanalysis, Baoding 071051, China)

Abstract;: The available Cu, Zn, Fe and Mn in calcareous soil sample were extracted by diethylenetriamine-
pentaacetic acid (DTPA). Since the contents of matrix salts in sample solution were high, the sampling
cone and skimmer cone of instrument were easily blocked if the sample solution was directly determined by
inductively coupled plasma mass spectrometry (ICP-MS). The salification in atomizing chamber and torch
tube would influence on the determination accuracy. After leaching sample with DTPA, the sample
solution was diluted for 10-30 times. Meanwhile, DPTA solution was added into standard solution series
for matrix matching to eliminate the matrix interference. The mass spectrometry interference of
polyatomic ion " Ar'®O with the determination of **Fe was eliminated using helium collision mode. Conse-
quently, the determination of available Cu, Zn, Fe and Mn in calcareous soil by ICP-MS was realized. The
flow rate of helium was optimized and the optimum flow rate was 4. 5mL/min. Under the optimized exper-
imental conditions, the mass concentration of elements had linear relationship with the counting value for
Cu, Zn (5-200ng/mlL), Fe (100-3000ng/mL) and Mn (30-1000ng/mL). The correlation coefficients were
all not less than 0. 9998. The detection limit was 0. 003-0. 01 mg/kg. The contents of available Cu, Zn, Fe
and Mn in certified reference materials of soil for available composition analysis were determination accord-
ing to the experimental method. The found results were consistent with the certified values, and the rela-
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tive standard deviations (RSD) were between 1. 3% and 3.1%. The proposed method was compared with
the standard method HJ 804-2016 (inductively coupled plasma atomic emission spectrometry), and the de-
termination results were basically consistent.

Key words:inductively coupled plasma mass spectrometry; calcareous soil; available copper; available zinc;

available iron; available manganese; diethylenetriaminepentaacetic acid (DTPA)
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