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Table 1  Standard solution of multiple elements
ZICRAGWE (neg/1)
B
Li.Cu.Pb.Zn, Co.Ga W,
5 Cd.In Be Mo, Tl MoBa Sn S
Cr.Ni, V. As s.Sb . Bi

1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-2 0.010 2.00 0.10 0.50 25.0 0.25 10.0
1-3 0.020 4.00 0.25 1.00 50.0 0.50 20.0
1-4 0.050 8.00 0.50 2.00 100 1.00 40.0
1-5 0.10 10.0 0.75 5.00 200 1.50 60.0
1-6 0.20 20.0 1.00 10.0 300  2.00 80.0
1-7 0.50 40.0 1.50 15.0 400 2.50 100
1-8 1.00 80.0 2.00 20.0 500 3.00 150
1-9 2.00 100 2.50 25.0 600 4.00 200
1-10 3.00 120 3.50 30.0 800 6.00 300
1-11 4.00 160 4.00 35.0 1000 8.00 400
1-12 5.00 200 5.00 40.0 1200 10.0 500

GBWO07401 ( W5 #73E ) . GBWO07403 ( A JK A& +3) |
GBWO7404 (B H3E) SABFIEXS G2 o 45 HERA AR IR
0. 1000g ( Bz KT W 2= HiAe/N T 100 H F 14
Fedh) T 30mL R PUIH LM, A VK IR S
JWA SmL fiff B2, T B b IGHR (150°C) 7K fif
15min; fil 4mL S0 H R, 4k 22 K (150°C) 1 fi#
20min; il TmL & SR , K F O 2 240°C, ik
ZEME BT A ISR — SRARIR A5 R Sml,
TE LR E 120°CHREL Tmin, §2 A 100mL 3R 206 %
i, HKER B2 55, 15 - IR S iRk
) AL FRGTRY: , [ il o) A 25 1

2 giRkY5ihe
2.1 PESMER TR LR

ST SRR AL P A LTS R R
JR Ze B RS P R R B AR SR R AR
FFETHR, R SRR L AR = R B — 4,
TURE /D VR K 5 ARSI, B 150°C Ha Bk
b BRI AR AR 5 T, R T R SR
Fi AR e LT 460 SR PR S 4 2, 9 K 60 R ) R e
() (EUHRBR B wi Ay 112°C) , 4k %7 150°C A48, i
NG RIRBREE 56 =20, A = SR, o I 3 7
1R 28 240°C  FE LI BE T, 20U RS 2 1R LR R
T Al e SR R W VO 0 B AL T A R T 43
FEAME R, £ 2 MELE R R, bR Y R
GBWO7454 (BLPE45 3% )1 25 1) h 23 Fh 4 8 T £ i
SEBR S R AR AR MEY) B (S B N L T T X
T % AR R T U LA R A T SR
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Table 2 Analytical results of 23 metallic elements in the

GBWO07454 soil reference material

12 /,:HIH—- - - 12 v/»:w:—‘—-
w e 2OYE pep | el 2EE gep
5% (ke O g E ompkg OH (g
(mg/kg) (mg/kg)

%Mo 0.72+0.07 0.77  2.79
1404 0.175 £0.01 0.172  3.54
U510.0.049 +0.005 0.048  7.37
U8y 2.9+0.4 3.05 3.4

Li 322 303 5.01
%Be 1.9+0.1 1.85  3.25
Sty 774 79.6 1.08
20r 664 66.7  3.36

SMn - 632 +21 615 1.59 || '™'sh 1.13+0.05 1.16  4.95
o 12£0.5 11.8  0.67 s 7.2+0.3 6.98 1.9
ONi 301 29.4  1.98| “Ba 495+16 502 1.06

SCu 23.6+1.0 245 4.13| "W 8.3:0.5 8.56  6.06
O7n  66£2  67.9  3.38| 25T 0.5920.06 0.57  3.81
MGa 14.9£0.4 15.1  0.32 2%pp,  22+1  21.8  0.98
BAs 12.9+0.5 13.8  6.08| *®Bi 0.32+0.01 0.31  4.85
8BS 1926 197 1.86

2.2 HUTENRAE

TE I R A HE ) BT GBWOT7450 (57 i 5035 35 7
4 He 1.3 SR BRI AR AR IS, PR IR
FIEE (B AN AR R 3 5 3k 42 O A ) R
(A)50% Ktz (fi 2 F1 K AR FLEL 12 1) 5mlL; (B)
50% 3% F K (36 FARFKARFRLL 12 1)5mL; (C) fif
fig - FERIR AR SmL (SR FER BRI BIEL S 20 < 1
REE KR RE—) o

1l s 25 5 2R 80,23 R s ORI A B .G
SRR -4 [BICR 43 R 90. 9% 97, 1%
M97.9% . F A FEFREL, T ARINFRER, — Lok in

1.08 F B ARRHGE:
0 BHEHE
1.02 F B CHEHE
Zg 0.96
=
B 990
0.84

Li V Mn Ni Zn As Mo In Sb Ba Tl Bi
Be Cr Co Cu Ga Sr Cd Sn Cs W Pb

K1 GBWO7450 v 23 FrixJ@oc £ HT A . B.C S Rp4IRTE
[EE a3
Fig.1 Comparison of recovery of 23 metallic elements pretreated

by A, B, C extraction methods in GBW07450
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24.13% ) ,ifi”° Ru 5" Mo & , W41 BN E A T4,
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FERE S A3 AT 5 1 : DX FJE FIR BT R i
BAFNES , T HL IR S , kS B T A R 2 R Mo
(F1 24.13% ) Fn'™ Cd (F= 1% 28.73% ) (R F= A
SIS T HE 38 19%° Mo ( F 5 15.92% , FH 215 50 5
A Mn T4 F1' Cd (FEE 12. 80% , F 321
A Ga T L BEAR T B0 RN B9 O R
PR, B2 T 45 R B B s @/ TR ST AL A R 1t
(80 , 25 RN TC R 43 B 5 I A Hh B B AIG s BT
TR —UF i ICP - MS [R] I 5 - S ot rh A
FE5 Al B BRAE 23 R BT R Bk, U TR
FHICIEZ M E As (S Bi, J5 & i i e
Sn (37, PR T TAERE,

3 RTFERIE TR RO L

Table 3 Comparison of detection limits between this method
and standard method
. £zt iR (mg/kg) . Haz B (mg/kg)
JLH JLHR
AIrk Wk AJrik ARMEDTIE
Li 0.026 0.06 As 0.25 B
Be 0.004 0.006 Sr 0.30 0.4
v 0.79 3 Mo 0.005 0.02
Cr 0.20 2 Cd 0.003 0.021
Mn 0.14 0.2 In 0. 0008 0.002
Tl 0.001 0.003 Bi 0.009 0.015
Co 0.005 0.02 Sn 0.02 -
Ni 0.08 0.6 Sb 0.01 0.02
Cu 0.32 0.6 Cs 0.002 0.003
Zn 0.90 1.1 Ba 0.95 1.1
Ga 0.07 0.1 W 0.006 0.02
Pb 0.22 0.003

2.5 JidbRiEBE e

16 [ K b fE W) Ji GBWO7401 (IS 45 4 ) |
GBWO7403 (f7 K4 1-4) .GBW07404 ( 54 ) %,
R X AR ATIE 6 (K S) . 4
HE, 25 TS B0 D A 45 SR P D (L 9 A i S T2

24 ARIFEMBSIET I IR AR TR EE

FEL PN, D7 0 2 R Al 47 € e o i R A
I BNE) (DZ/T 0295—2016) [ 2K

3 4k

EISSM e e SiT2PA (S 3R 2 i o VA
FE B R 7 TR = 2 IR A T ik - S i TR —
TR (20 = 1) R & IR FL I, v B & 25 B 7 1R B3
LI E IR b 23 BB R OCR M ik, &
TR T AT ) (DR IR AR | i IR TE H A
Bz B o =2 s KR B M A% T AN TR R 114
AR, B IR T A H 0 SE IR B, A dd v A
HUBTFIRERR h 2 o0 i R IR . @A I A H A
R B T A D VA AT L, 08D 1 9 A 1R e H 2 $h R
8P B, Ao 0 R DR, SR 1 O B3 40N, O
TEAG Y BIRARG 5 S5 TR e B o L 3 DA T AR AR |, AR
DR B AR, R R

o AR 532 06 A [ 2R Y ] S v ) T
1000 A AFSEPRRE A #EAT 204, 25 R N R, R W]
ITIENS LA A R 23 R R LR 1IN E B I
PRI

4 ZEH

(1] BB 2 3EiaiM. SAEYIAE - B S S5 T

AR SO ik [ 00 A 4 398 e 10 Y8 ki 50 15 AR L
[J]. A&miid,2020,39(2) ;235 —242.
He P H, Yang Z, Gong Z X. Simultaneous determination
of trace arsenic, copper, lead, zine, niclel and vanadium
in soils by hydride generation — inductively coupled
plasma — optical emission spectrometry [ J]. Rock and
Mineral Analysis,2020,39(2) ;235 —242.

(2] SREEF XM, B IR, 55 0 2K A - B & 25 B
TR RIS 1R PR L rh 1S Rl R OCR
M [T ] BRI (fhoz 20 i) , 2018,54 (4) .
428 —432.

Table 4  Comparison of experimental conditions between this method and standard method

o 3 H AT LINUEIRES
TR 0.1000g 0.2500g
FEMR TR SmL, FFR 4mL, =R TmL fifI2 10mL, F IR 1SmL, &5 HR 3mlL
it A0 FR i) 3hihq 25h Dk
TH AR 9R B PR SRR AL, SRS SR IA SFPIIIMA ZFIR G TR , 25 R R AR FHBCRAK
ST THAR - $hAR (20 + 1, RFRLL) IR HIZK AR B — 50 T Smll 21K JFE K 8mL ZE K F 2 ~3mL $HL, CL- W B
TR R FEAE 100mL B, TRR TEARZ 25mlL R TR 10 £%
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Table 5 Precision and accuracy tests of the method

GBWO07401 GBWO07403 GBWO07404
TR POEME W@ FHE RSD  #AXTER2E | AEME WEPHE RSD  AAXNRZE| W@l WETVHE RSD  MHXR2E
(mg/kg)  (mg'kg) (%) (%) (mg/kg)  (mg'kg) (%) (%) (mg/kg)  (mg/kg) (%) (%)

"Li 35«1 34.1 1.31 -3.22 | 18.4+£0.8 18.7 0.47 4.73 55 +2 54.2 1.08 -1.61
’Be 2.5+0.3 2.42 2.57 -3.20 1.4+0.3 1.44 3.68 2.86 | 1.85+0.34 1.97 1.52 6.49
Sty 86 +4 85.6 1.06 -0.47 36 +4 38.2 2.49 6.11 247 +14 241 1.36 -2.43
2Cr 62 +4 62.5 1.03 0.81 32 +6 31.0 0.87 -3.13 370 £16 366 0.27 -1.08
SMn | 1760 %63 1721 2.49 -2.22 304 +21 296 2.55 -2.63 1420 +75 1405 1.34 -1.06
PCo | 14.2£1.0 13.9 0.79 -2.11 5.5+1.0 5.74 2.02 4.36 22 +2 20.9 1.46 -5.00
ONj | 20.4£1.8 21.3 0.09 4.41 12 £2.7 13.1 0.09 9.17 64 +5 64.3 0.04 0.47
S Cu 21 2 20.7 0.05 -1.43 | 11.4+£1.6 10.9 0.04 -4.39 40 +3 39.7 0.05 -0.75
7n 680 +25 675 0.02 -0.74 31 £4 32.9 0.04 6.13 210 +13 215 0.04 2.38
MGa | 19.3£1.1 18.9 1.05 -2.07 31 £5 31.3 0.84 0.73 31 +3 31.7 1.19 2.26
S As 34 £4 32.3 2.56 -5.00 4.4+0.9 4.68 3.87 6.36 58 +6 59.1 1.23 1.90
gy 155 +7 158 0.08 1.94 380 £25 369 0.06 -2.89 77 6 79.4 1.25 3.12
BMo | 1.4+0.1 1.46 2.78 4.29 10.31+0.13 0.33 5.83 6.45 2.6+0.3 2.59 1.61 -0.38
Wed| 4.3£0.4 4.43 0.06 3.02 |0.06 +£0.022 0.058 0.05 -3.33 10.35+£0.06 0.37 0.09 5.71
5 | 0.08 £0.02  0.082 0.03 2.50 |0.031 £0.03 0.029 0.10 -6.45 10.12+0.03 0.11 1.06 -8.33
8gn | 6.1£0.7 6.03 1.77 -1.15 2.5+0.4 2.59 3.60 3.60 5.7+0.9 5.95 1.92 4.39
218K 1 0.87 £0.21  0.82 0.92 -5.75 10.44+£0.08 0.47 1.58 6.82 6.3=x1.1 6.17 2.36 -2.06
133 Cs 9+0.7 8.87 0.43 -1.44 3.2+0.4 3.25 0.88 1.56 | 21.4+£1.0 19.8 0.29 —-7.48
37Ba| 590 +32 599 0.10 1.53 1210 +65 1187 0.03 -1.90 213 £20 220 1.43 3.29
82w | 3.1x0.3 3.21 3.68 3.55 10.96+0.12 1.04 4.85 8.33 6.2 0.5 6.09 2.07 -1.77
2057 | 1.0+0.2 1.02 1.96 2.00 | 0.48 £0.05 0.5 2.50 4.17 10.94+£0.25 0.97 2.25 3.19
%Bph | 986 98.8 0.03 0.82 26 +3 26.2  0.06 0.77 58+5 57.4  0.06 -1.03
29Bi | 1.2+0.1 1.17 2.78 -2.50 10.17+0.03 0.18 4.62 5.88 | 1.04+£0.13 0.99 3.82 -4.81

Zhang G Y,Liu W,Cui S R, et al. Determination of 15 [J]. 168447 ¥7,2016,36(7) :63 —68.

metal elements in environmental soil by inductively Wang Y F,Wang J Y. Influence of four sample solution

coupled plasma atomic emission spectrometry with method with acid system on determination of sixteen

classification digestion [ J ]. Physical Testing and metal elements in stream sediment by inductively coupled

Chemical Analysis ( Part B;Chemical Analysis),2018, plasma mass spectrometry [ J |. Metallurgical Analysis,

54(4) :428 -432. 2016,36(7) :63 - 68.

(3] 8, RUEEC, 52 0 8 F SRR B 45 2 1 (AR i o I 7 (6] EWIF, PR, il - AR % 1ICP — MS & 1y
PP b S B R R [T ] ﬂc%ﬁﬁﬁtlﬁﬂjﬁﬁ, ORI Z i G mon R [ ] AR R 24,
2017,29(9) . 1444 - 1448. 2016,36(2) ;337 - 340.

Huang Q,Feng H Y, Wu Z Z. Determination of Cr, Cu, Wang C D,Luo S X. Determination of metal elements in
Cd and Pb in environmental evaluation soils by marine sediments by nitric acid - hydrofluoric acid
inductively coupled plasma — mass spectrometry [ J ]. digestion and ICP — MS[ J]. Journal of Guilin University
Chemical Research and Application, 2017, 29 (9) . of Technology,2016,36(2) :337 - 340.

1444 - 1448. (7] XUl &, #hSC%, SCHURE, 25 ki 28 4 - A RO

(4] BN BOR A BREL, 5. H RO 45 55 88 1 I i 12 B S5 TR TG I I 5 b B ot PR R FIAR LT .
WARICER PEFE R DF 5T [T 1. v [ 3R 35 15, 2016, 32 I3prikaf,2015,43(9) (1371 - 1376.
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internal standard element of ICP — MS[ J ]. Environmental foam — inductively coupled plasma — mass spectrometry
Monitoring in China,2016,32(1) .84 —87. [J]. Chinese Journal of Analytical Chemistry, 2015,

[S] EmR, EILA. PRI R0 B & 25 B 43(9) :1371 - 1376.
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Determination of 23 Metal Elements in Detailed Soil Survey Samples by
Inductively Coupled Plasma - Mass Spectrometry with Three Acid
Stepwise Digestion

LIU Xiang - lei"*, SUN Wen —jun'”, WEN Tian —yao'”, LI Yong —xin', WANG Teng — fei'
LIU Xue - li', YAN Yu', LI Huai — chao’
(1. The First Institute of Geological and Mineral Resources Survey, Henan Province Geological Exploration Bureau,
Luoyang 471023, China;
2. Ecology and Exploration Geochemistry Application Engineering Technology Center of Henan Province, Luoyang
471023, China;

3. Luanchuan County Environmental Protection Monitoring Station of Henan Province, Luanchuan 471500,

China)

HIGHLIGHTS

(1) The different characteristics of nitric acid, hydrofluoric acid and perchloric acid are effectively used by the
three — step acid addition and temperature control digestion method.

(2) The samples can be extracted more thoroughly by this method, and the mass spectrum interference of chloride
ion can be reduced effectively.

(3) The method can simultaneously determine 23 elements in one solution with high analysis efficiency.
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ABSTRACT

BACKGROUND: The soil detailed survey samples have the characteristics of large quantity, complex matrix, and
high organic matter content. The traditional digestion method using a variety of mixed acid systems not only leads to
incomplete digestion of organic matter, but also leaves black carbon in the solution after digestion. Because the
sample is only extracted with dilute nitric acid, some insoluble oxides, sulfates, and fluorides are difficult to form
soluble salts, resulting in incomplete extraction. If the reverse aqua regia is used during extraction, it is easy to
introduce a large amount of chloride ions and cause the interference problem of chlorine multi — atomic ion mass
spectrometry.

OBJECTIVES: In order to accurately determine 23 metal elements in soil. The analysis efficiency and quality can
be improved by making full use of the different characteristics of nitric acid, hydrofluoric acid and perchloric acid in
sample digestion.

METHODS : Soil samples were digested on electric heating plate, by stepwise addition of nitric acid, hydrofluoric
acid and perchloric acid. For the digested samples, nitric acid — hydrochloric acid (20 : 1, V/V) mixed solution
was used as the extractant, effectively reducing the interference of chlorine polyatomic ion mass spectrum and
extracting elements thoroughly. Twenty — three metal elements in the soil were simultaneously determined by
inductively coupled plasma — mass spectrometry (ICP —MS).

RESULTS ; This method can effectively digest organic matter and silicate components in soil. It has the advantages
of less reagent consumption, less mass spectrum interference of chlorine, simple operation process, high working
efficiency, and lower detection limit (0. 0008 — 0. 90mg/kg, 3s). This method was applied to the national level
standard substance such as dark brown soil, limestone soil, yellow brown soil samples for the determination of 23
elements, and the measurement result was superior to the traditional digestion method. The precision (RSD, n =6)
was 0.022% —5.83% and relative error was —8.33% 10 9. 17% . The results are consistent with the certified
values, indicating that the method is applicable and reliable.

CONCLUSIONS : The method for the simultaneous determination of 23 elements in soil samples by ICP — MS with
three acid stepwise digestion has high applicability and reliability.

KEY WORDS: detailed soil survey samples; metal elements; nitric acid — hydrofluoric acid — perchloric acid

digestion ; inductively coupled plasma — mass spectrometry
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