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WE: N HIEh LR E SR TR MR TR, AT A R - R - SR - v SR DY R AR AR A PR
MEEE TR (CP-MS) AR, ST IR (Cd) . & (Co) . ] (Cu) 55 12 FhE S )& T & 1 AT
W5E o IBITRAFE F AT I FRAR T S ICP-MS ISR . FAS IS CESE, 5 AR E (Re, 1%Rh)
WIEEARTH, RERAT HEfe MR R, SR oo mRiEilgst Rir (X &% R?>0.999) ,
J7EER HUIR 9 0.01~0.5 mg/kg, HOkREIUE S 75.7%~112%, MXHRHERZ (RSD) N 2.7%~5.2%. FXAHEKR %+
BeRL A S T AR AR (GBWOT7407) BAIE VA BRI, W EATEARHEE R EE B N . AT VERBUZ . EE LT,
AT L EER SR I 135 Y UG PPAG B A T SRR R 33, 3@ T Kb L3R T 1) 22 o 3R ) 5 P
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Rapid Detection of 12 Heavy Metals in Soil by Microwave
Digestion-Inductively Coupled Plasma Mass Spectrometry

XIA Bing*”

1. Shanghai Academy of Environmental Sciences, Shanghai 200233

Abstract: To establish an efficient detection method for multiple heavy metal elements in soil, this study employed a
four-acid digestion system (HNOs-HCI-HF-HCIO4) combined with inductively coupled plasma mass spectrometry (ICP-MS),
achieving simultaneous determination of 12 heavy metal elements including cadmium (Cd), cobalt (Co), copper (Cu), and
others in soil samples. Through optimization of key parameters including sample digestion procedures, RF power, and
nebulizer gas flow rate, along with the introduction of internal standards (*®*Re and °Rh) for matrix interference correction,
the method stability and internal standard recovery rates were significantly improved. Experimental results demonstrated
excellent linear calibration curves for all elements (correlation coefficients R%> 0.999), with method detection limits ranging
from 0.01 to 0.5 mg/kg. Spike recovery rates were 75.7%~112%, and relative standard deviations (RSD) ranged from 2.7%
to 5.2%. Validation using national certified reference material (GBW07407) confirmed the method's accuracy, with measured
values consistently within certified quality control ranges. This sensitive and reproducible method provides reliable technical
support for soil environmental monitoring and pollution risk assessment, particularly suitable for high-throughput
simultaneous detection of multiple elements in large-scale soil samples.

Keywords: Microwave Digestion; Inductively Coupled Plasma Mass Spectrometry (ICP-MS); Four-Acid Digestion; Heavy
Metals
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AR M, Nk, ESPET 2022 4EJ5 35 =k A E LA, WHE E SRS NIZ ORIE AR,
SRR EE ST m R KRR A B 4 R 15 G S AR 1B 5 B R M B,

B0} 4 S Qe M AIE L A BOR 7oK, RIE B 2016 A HIEIS BT shit kI C “H+47 )
SEHELR, ZEDHE T B VRN LS SRR, BORXH (As) L R (Cd) L Y (P .
B (Cr) i (Cu) « 8 (ND 8 (Zn) SHMESEG T RGN, Ha7, L5
WITEM R FRYOEEEE (AAS) T JEF506065 1 (AFS) B HLUBHE & 55 B T R ik

(ICP-OES) IV, HJ iz H, %R T REUEML. HMBEMAITCEE AR, ZuREER RN
SR ROGE T E A R L, AT, BB S EE TARTEE (ICP-MS) HAT BN HIR . 58
ANV W] Z TR R T LBUTHRRE USRS, 1B O s SR A I E IR BRI,
il BEAE PR RRE (HY 1315-2023) AT, HLIEARE & 55 B9 44 5T 350 78 1 3 5 <6 Ja8 o e O 82 FH bk ok
iz R,

FE AT AL B RAT M AR R BEIA T, BRI Al R AOHERA I . A0 IR A 5 s A
BRI DS, A ST DA S s v A o155 . o, TR R ROR DR ik, PRI, & T End B
A SRR, BT A AR LI A AR . ARSI TR T AR A R (THBR- L R A R - = AR R
GRIER) , 45 ICP-MS WHRTE (LLBE. BROANAR) KfibdiE e it (KED #E:0) $oR, #ary —
Fhmsk. fase . WHtEARZ e ARSI 7 iERel, Z 5l i AR I S5 1 . PRI B T3 5
W, RERA TR S EEN, AR LIRS QR Sl SR AL TR R EOR S
.

1 MRERE
1.1 (UFEEFMRAF

NexION 350X HLBAE &S5BS TR A (EEFIEIR/RERAT]D 5 MARS 6 T VH AR S T
B AR FERGERRI (£E CEM AH]) 5 WGII-230BE Y i PG X TR CREER 2 I S A 38 4%
HIRATD ; R (FL424 0.15 mm, 100 H) ; AG285 HL-F /i K7 G LR EI-FEFI 2 AFD
F BB WA 1.

ifie (gl | 3B hga) |« ARER (Rgal) - mER (Rgal) e E B2 R
SR IRA T 12 Fh & B ARvEIR 4V (CL-CAL-2, 100 mg/L) W [ i 22 SEat BHRE 4 45 TR

ANFE RAWFRER (1Re. 193Rh, 10 mg/L) FIEEH (7% Be. Ce. Fe. In. Li. Mg. Pb. U,
FEJFN 1% HNO3) I H EEH LR /R A R, TIEFREY) T GBWO07407 (GSS-7) WH gk
%%W&ﬁ%&ﬁ@&ﬂo

"'

1 SEIFZENEREE: (1) NexION 350X BBBFBAEFEFERIEN: (2) MARS 6 RUBIHEN: (3) HEBRY
Fig. 1 Main experimental instruments and equipment: (1) NexION 350X inductively coupled plasma mass spectrometer;
(2) MARS 6 microwave digestion system; (3) MARS 6 microwave digestion system
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1.2 HEBRBRNELE
R 12 HE 4 8 R IR IR E A KT, 2 SR E — 2 AR I 2 Je R PR UETR T 100
ml ZEIRS, I 1%MEBRIERFERREREZE, R, WIREI4 Co~Co 10 MKEF S (&5 F A Hikr

MR bAERIIIKE WK 1.
R 1 RERTIBRRE

Table 1 Concentrations of standard series solutions

JG Co Ci Cz Cs Cs Cs Cs Cs Cs Co
= (ug/) (pg/L) (pg/L) (pg/L) (pg/L) (ug/L) (pg/L) (pg/L) (pg/L) (pg/L)
5 0 0.5 1.0 2.0 5.0 10.0 / / / /
i 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 / /
S| 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 /
&% 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 /
i 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 200
R 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 /
£ 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 /
2 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 200
M 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 100 200
i 0 0.5 1.0 2.0 5.0 10.0 20.0 50.0 / /
£ 0 0.5 1.0 2.0 5.0 10.0 20.0 / / /
B 0 0.5 1.0 2.0 5.0 10.0 20.0 / / /

1.3 HAHg5anE
1.3.1 # ey R EF b &

S Tk P R AR — B 1) S B SR VSRR, S BRAE h IRR AR AR AE FL IR B bR v (HIT
166) AT FEAREFMIFAEBEIE N BN, BREFEGPEA . SRy, BT F
THFEEE 5 fL4% 0.15 mm (100 H) ffijaE 4.

1.3.2 HomaT b

FREUAR I 38R 620 0.1 g CREBIE 0.0001 @) » B T i A 18 L 1) 58 DU B 2 095 55 P ¥ i g
W, ARYOIIN 6 mL IRESER . 3 mL IRERERAN 2 mL SRR . KT MR E 2 B T IR TS HE N, RO
TR, RIREE 2 MIRIH RSB R PTG, WA R ER R =R . TIPSR, A
JE K R E B T AT E R RO, W EERRIRE 160 °C, THIR S 1 mL /&R T V8 il i et
%) 60 min R FHE R, AHEEERE, HEETKIEMNEY, RIEBEREREE 50 ml ZE0%8

t, HEETKERZ 50 mlo I 5E Hi {3 BRI eI 2 « BB A S B 1R L3 2.
®2 WEEHBSERERF
Table 2 Reference procedure for microwave digestion
A JHEEE (min) HFRIEE (°C)  LREFIFA] (min)

5 120 2
4 150 5
3 5 185 40

2 HREHMH
21 WEFHHRK

N ORAES TR E VR, 5  IREAT HESL LY SRAFHE SR IDUHE DR A5 BT 5 2 e ZE LA AR
A, BRI A 7 R AR IR AT R . B SR B =4 B ZHRESESH
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fEACES I R EBUE (In 115>40000 cpsv) I 5ts®fE (Bkgd<l) . A4 (CeO 156/Ce 140<0.025) K

XHLfaf B 77~ 2 (Ce?* 70/Ce 140<0.03) i A i FEEER, L5 1T ICP-MS TAESEILE 3.
F*3INBNEEGOMRL

Table 3 Optimization of instrumental measurement conditions

WED BAERE  SETHAE Reul ;‘;g‘g TR MR B
IW (L min) (L min?) (L min) " wE AR X Fix
] A
1240 W 1.05 18 1.1 L/min AR 6.9 [ WM B
nm mA -

2.2 tREHZLH

R IE e S, A 1% RS BRI AR RE R AT 2006 BE, &=, WARARHESE R
WG S RAELRIIN, SRS BRE 2R 5 MG B 30 R B A VOB ok AR RN ERE R GL kAT 20T
DA T0FR IO 0 SR B SR R A, 6T 7 P e JSL{EAR P A e AR 1) LU AR A AL, ST ARAE RN 2R, &l

A B s E T EAS BN A [ 5 7 REAAR 9% SRR 4.
R4 FREHEZHAXRYFEEASE

Table 4 Correlation coefficient and regression equation of the calibration curve

TR HRRBRE AR

fiif 0.9999 y=0.001x
5 0.9999 y=0.001x
i 0.9999 y=0.004x
BE 0.9999 y=0.001x
e 0.9999 y=0.007x
e 0.9999 y=0.005x
ik 0.9999 y=0.005x
h 0.9999 y=0.004x
i) 0.9998 y=0.008x
! 0.9999 y=0.003x
£ 0.9999 y=0.004x
i 0.9999 y=0.012x

2.3 FHEKLR

IRAEFABEARAE (HI 168-2020) , %R BAE S HTDIR, B 11 RS AR, 5K & e g5
RIS IIRE, RS LR 11 UCPATIE E AR AR 2, AR TSR R A 5
MDL =t ;g6 xS (N: BEAREL t= EHIFEA n-1, BASEE 99%IN ) t (H A A, S: bRz
HEE&ITCRRINER N, BARE 5. 5§ (H) 1315-2023) AL, ASZIGEE 12 fick
(RIS H BRISIS T PR AR ME HI 803-2016 HHAH N2 76 3= RS HE IR, 150 BH AR SR 58 7525 56 4 T 2 5 B Bt Al

XA PR AR
*5 TWEFERBHR
Table 5 Detection limit of the laboratory method

R (mglkg)

S A
TR TSl HI 1315208 SRR e
fif 0.03 0.2 A2
] 0.01 0.03 2
T 0.1 2 i 2
£ 0.5 5 i 2
] 0.2 0.7 i 2
£ 0.1 2 i 2
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Continued Table 5 Detection limit of the laboratory method
i H R (mglkg)

— AN
R TSmERIR | HI13152003 pmin | Sk
Gl 0.1 0.4 A2
B 0.1 0.3 A
H 0.1 1 A2
2 0.2 2 A2
A 0.01 0.1 A2
& 0.01 0.06 2

24 FHEBEERE

e S IG S R AR SE PR L3RR AL, AR B i h BT RPN, e R INIKE
HIRE SR IR O T NG B RE SR, RO ey RIR B L3RR S RN EERIIE 6 0K, MESRER: 12
Fpocgh, LIERE S A AR IR 22 VG Y 2.7%~5.2%, kRS A EEAE B R AT, T 2 LR SO R

H LRSI EDSR, SR W& 6.
®6 TRHERNBEE

Tabble 6 Precision of soil samples

- e (mglkg) BRAERZE AR

- 1 2 3 4 5 6 SEHE (SD) 7= RSD(%)
il 7.34 7.35 6.75 6.76 7.08 7.29 7.09 0.28 4.0
21.9 21.2 19.9 20.0 21.6 21.2 21.0 0.83 4.0
. 0.500 0.500 0.469 0.478 0.496 0.499 0.490 0.01 2.8
" 2.74 2.74 2.59 2.56 2.61 2.66 2.65 0.08 2.9
o 173 176 164 164 165 170 169 51 3.0
398 372 343 358 384 369 371 193 52
. 16.8 16.7 15.6 15.7 16.1 17.0 16.3 0.58 3.5
* 44.2 435 40.2 411 42.8 426 424 1.50 3.6
e 217 21 19.3 20.1 20.9 20.6 20.6 0.82 4.0
" 63.7 64.3 60.6 60.1 62.1 64.2 62.5 1.85 3.0
4 333 34.2 317 31.6 32 33.1 32.7 1.04 3.2
105 100 91.3 95.9 103 101 99.4 5.00 5.0
W 67.8 68.1 62.4 61.8 64.2 65.4 65.0 2.65 4.1
147 140 132 134 143 143 140 5.78 4.1
- 2.54 2.53 2.36 2.36 2.43 2.47 2.45 0.08 3.2
8.05 7.78 7.37 7.31 8.13 8.02 7.78 0.36 4.6
it 111 11 10.3 10.2 10.4 10.6 10.6 0.36 3.3
" 43.6 426 40.2 41 444 444 42.7 177 4.2
w0 20.4 19.7 18.0 18.9 19.9 19.1 19.3 0.85 4.4
64.8 66.1 61.6 61.3 63.4 64.5 63.6 1.89 3.0
e 2.13 2.07 1.94 1.98 2.07 2.04 2.04 0.069 3.4
4.27 4.37 4.03 4.09 4.10 4.32 4.20 0.139 3.3
n 10.4 10.1 9.14 9.51 10 9.68 9.81 0.45 4.6
21.0 21.6 20.1 20.2 20.6 21.1 20.7 0.56 2.7

25 RHEEWEXR

RIEAEIARMHE (HI168-2020) YK, 18 HUE A UEARAEY) BT GSS-7 X 77 i ) IR FE AT S8,
P HR R et AR R R ACES SR B 6 IR, AT HERA REIRAE, S5 BoR, PrA b ik i
IR RAR A A, S R IR 7.
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Table7 Trueness evaluation experiment using certified reference materials (CRMs)

M (mglkg) o
FrAE(E Ve
TLE ®%ERE REE
1 2 3 4 5 6  PIMAE mg/kg
(%)
fili 567 568 573 573 566 571 570 4843 18.8 =
#%  0.086 0.094 0.092 0.087 0.088 0.095 0.090  0.08+0.02 125 2
1691 1706 1689 1713 1697 1716 1702 178013 -4.38 2
B 133 134 133 134 131 134 133 14241 -6.34 2
% 102 103 102 104 101 103 102 9746 5.15 2
B 423 434 408 417 406 417 417 410423 1.71 2
B 243 251 242 242 239 244 243 245421 -0.82 2
Bh  0.388 0.399 0.393 0.391 0.395 0.398 0.394  0.42+0.09 -6.19 2
o121 119 123 125 124 126 123 1433 -12.1 2
B 282 283 275 285 276 282 280 27615 1.45 2
¥l 298 298 298 298 298 298 298 2.940.3 2.76 2
Bi 982 100 951 962 945 972  96.9 9746 -0.10 &

2.6 SCBRAEE AN E
FESZIG = SR AE I RE S FR A LI B 7 — AN A S BE TR I, R0 R S i bR IR, fR iR
IR HE #2810 SR T e, S5 R EoR, IR SOINAR [FISCRALE 75.7%~112%2 1], 55 PR BE R IEXT

IFSFESS EICR (70%~125%) AR FEZR, o] B Se Pt bl (A . e 45 R 3K 8.
R 8 T IRHEMRE AR BB ST

Table 8 Spike recovery experiment for soil samples

_— JERER TASFE S IEE (mglkg) ERAKE  hnkRE R
JUHR
mg/kg 1 2 3 4 5 6 CPFHME mglkg (%)

i 476 914 878 926 972 868 892 908 5.0 86.4
i 071 296 293 299 314 28 29 297 2.5 90.4
i 208 364 357 372 379 355 362 365 200 78.4
2 504 669 649 68 70 636 656 665 20 80.5
i 213 444 428 442 462 42 426 437 20 112
% 44.0 143 144 149 152 142 140 145 100 101
M 66.0 217 214 221 232 212 208 217 200 75.7
i 0.83 325 313 323 343 309 31 321 2.5 95.2
e 313 561 548 573 601 540 547 562 25 99.5
= 209 437 433 439 456 418 420 434 25 89.9
el 173 414 409 428 442 397 409 417 2.5 97.6
K 124 364 363 365 385 351 350 363 25 95.6

3 i

31 HICERESHEBRERNOGE

AT IEPRAE (HI1315-2023) FRTACEREVRAE, ASSZIGAERE S AT AL BRI 2 Fh R B B B I RS TR
SR -E E IR SR RN ISR R SE, KW E /KRN EU SRR 1A 2 76 0 TH A e T e 5 A

N AT DU R ST ) AR AT AR AR SN e 4, KRR

Sipras R, B s

FERLRIUARE AN e SR AT LLBRTHE AR R NS ALRE 7, ATt — D s A it b, I L SUBRAE
AR I BT R £ R R (R SRR AT, R A PR R B R A A TR,
3.2 ARARNEZFSEFTHHKIE
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TESZBRRE S BRI A b AR e, — RO F AR SR M RIS IEAX A5 5 (s o P e S
e AR SRS TE AR 0 T4t 22 AR TC R IR IEI b, — RBOE 2 %k i R it
FEHR AL LLZRE, BRSO s T mE g, Ay gitmnmh i
BARI LA BRAE I AR T, WAREICRREE, BITERPEREIN (AR EICRTE 70%~130%2 1))
AT R A S RS R R TR L. 53 AN A S e R S RV E AR R TR IE 7R, Kk
K2 AT BE T THRRE T, S TR IR i .

4 L5

(1) ARSCEG R VYRRV AR R A5G ri R & 8 B TR U HOR, SEBL 1 Rt i rh 12 PhE 4
JEITER A FIRIE o 8RR SEORIR IE R T, RORER T ik AR M R o] S

(2 K25 Rl oR: & o e ZaAH 5C REEH KT 0.999, 7t HBRIEH 4y 0.01~0.5 mg/kg,
X AR EM 22 (RSD) N 2.7%~5.2%, SERRFESINFR [EIWE R 75.7%~112%, 3534 & 8 58 b itk
HJ1315-2023 (1) /775K

(3) ASLIGAY 1 K — % L3R A S AR ED) T (GBWOT7407) BGIF J7 vk IERRIE, Wl (L I7E
WAEE TR A, JPEEIEL . REUES, WTHT &SRB 2 o R ES BN AR %
T it PRSI
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