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DGR, — 12643 1 PR RGO B TR I s
8 i 4 i i %6

—%—‘H;%i\‘l‘z, i*ﬂl‘z, /ﬂ\_}(?l’ e ’ i%%&“z
(L. R ERR2z B b Y BT RT, b 201800
2. hEFREEBERS:, dLET 100049)

PR MOUH A B BAREF B TR (ICP - MS) 2 3R #H & b & B uE 0l ey w A7k, Lar a2
T VAR R 6 04 AR B SR N AR R X AT A R AR A K, sksh, R ICP - MS | 7 3k sk
FH TG ALY mE R AR, AT LR PA, Rk = ANBRAR R BOL T EAE, R &0 9 b &
ABEE B TR #E (HR - ICP - MS) | 52 £3E4f9u F 8 A4 & L% (Cr.Co Ni,Cu.Zn Pb.Cd #= U) 09 &%,
TR T HRE A Z AR R RGBT R 09 AN BRTH R AT B R IR AR R 69 R, A
T REMAEE G %, ZREAV . 2B R LEARESDRBE, RA HR - ICP - MS &0, £ R & & T /R IE
LT, B R T (6mL A5 ER +3mL 382 +3mL R ER ) Bk & 1 (2mL #5828 +6mL B8R + ImL S8R )
A AL L AR AEAR D A, kA B TR A 0.001 ~0. 715ug/g, # 2% E (RSD,n =6) s F 7.0% . MK M 5L
EARF R E R BRI R TRARAT AR TR, BRARAZATNRAETRY ., AABRAKARAOHES
WP Ty R B ZH e A A T S TR T RS T 8 e B LA e e,

KEIR: L3, 2 BAE; BOREM, BN, SoHLRBAEE T HRRAEE

£

(1) RARBBRAKZ , BMEMEA HR -ICP -MS &m 2 3P4 BT %,

(2) HR - ICP - MS #6 A B K th T, THES T L P2 B TLE, LE FHRE,

(3) 7 A diFR 2 0.001 ~0.715g/g, T ith & LA 5 8 A2 L F Fl B2 a9 & K

FESES: 0657.63 XERARIRAD: A

T 4 R VS e B 2 A A BRI 3 Y R4 (] B
Z—, DR RIS YR 2 e Y H I,
+ 4 R 4B TR R AT A RS S,
v 4 JB JG 2 09 I S Sl SR TR T U 0RO 3 vk
(AAS) VWi RS A % B 7 Ik R B Ok % %
(ICP-OES) "7 | o JHE & 45 B9 1 1K J5 3% vk
(ICP - MS) "4 Hirbt AAS 3 VR ELA m i R
U, H L — i R BB E AT 2 90 K A9 A I R

ICP - OESE B H A Kt FRAK | 1] 2 50 2 [R] i 73 A7 26
DU ARAFAE SR LRGP0 AR S R i i 200 7
ARSI, ICP - MS HA G BRAK R T
PO LA B T8 A B BEPRAE I AT, BB
R OCER I E 1 W T B, (ERE I E L0 R
IR M A5 R B HERR P, a0 Cd &2 Mn Al
Zr [R5 T B T TR NG R Se
5% Mg FYAE % FH0H Ca BT T4, Mo 32 Fe

WrES B EA: 2021 —06 —09; {&£E HEA: 2021 —08 —03; = HET. 2021 — 11 - 04

BEETE: o ERBE S R L W AR M e I S B R 578 Y8 (XDA21000000 )

F—1EE: ZERa WL, TR, N S22 005 E - mail: xyli@ sinap. ac. cn,

BISIEE: semia, Il 0F58 03 , NBEAZ BB A RH SE it 3524 Bt RS BEMFSY o E — mail: zhanglinjuan@ sinap. ac. cn,
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M ZCRME R T8 T %, BT
R TE RN BR 5 5 A SE A5, (HLIX 88 75 vk DR AF AR
E1RZ2E FOE AN 7k 424 ), i
FEl A T B Al o

i ICP - MS il ¢ + 3 IR & & B TR
L, PEIEAT AR A3 BT 22 B0 T B X [ AR A 3R S AT
FALEE o T 303 52 2%, A 3 9 0 O3 B 4
AR S AR AR R, B
Mg L IERES P & R TR & =, IR FE G IS 1)
HAFR T o H FH ) i b 3 A e/ BRI
SRR/ O S A Hrp B
FRIZ 2%, 5 B M AR BR 44 | & A EE | i B 1 1 55 0
FIM PG BAE &, T B0 S TR R S 3 i 24
SR IR LR T A Y R
I H R RS IR ER IR L S TR IR = SR SE R R 11 TR
BARZ IR A 58 9 e sl e 7 A 55 =X
PO . TP A S5 AAEFERTHS R LR
RO R R (I I e 1 E A RE I
25 FUEAG ERVER SR, Tl b F 5%
REGHET AL B2 B ER AR L T M D R
T VAT A SO T A R 4 R SRS B AT AL PR
Jrik B T R OB ff 1ICP — MS 35 R | o
g IR R L on R IR DS A HIR A
iR + A LA + ERRIE R TK + A E + A
SRR ZR S T e, TR o2 T Ui A Cu (Zn
Pb Cd .Cr Fifp 4@ IeE , W53 BB Fh 5 s Al a2
AR, WS R MR + 3R + AR
PR+ B R B T i T P I K AR 3 i v, SR B
TR 50 FoT R I E , (Hi% 7 AT AE TR
THAEZ H o U R A REEM I 2 1Y In) 8, RN
SO0 FORMIERTR + ATR + SRR + o AR AT Ak
PR T oA, F ICP — MS U g 48 V Cr %5
12 FhoT R, WF 55 38 B K SR 0 i I3 25 SR w1,
ERIR + MR + SR + o SR AL By 2k A I 245
RIGLEAREAE T B A

P B A S5 B TR % (HR - ICP -
MS) A5t FAL G UAR AT ICP — MS HAT B & R
W R RS T RE S B
HEZCHMEN T EEP SR TR
£ Kiruba 2877 SR ATEUSRIR + R0 B
fit ,HR — ICP — MSJ 3¢ 33 33 oo &K, w52 = W]
KAy TCE I E -5 DGEEAISF , {2 Zn Pb 5550
RIMERAR, 7T RE 2 i TR F O R TH i IR RASRE
SEARX SR IT R, BIESED AR + &

SR R R 0 P A5 4 PAL 9 e 8 9 e I T gk
44h,JF HR - ICP - MS fEA R 0 BN E 1
b 49 BlonER, Horp Cd A In (] 1 S T 408K
FRAE o AR SCR ARG i HR - ICP - MS Il 72,
XFEEBIESE T IR ER AR SR AN R T ) =Rl R R
Xof SR HER T T AR RCR , 5T T LA B i AL B
Jrko M HR - ICP - MS fEAZEAT T HAIE A1
DT, X E 2248 1y R AR A P Y Cr, Co Ni | Cu,
Zn Pb Cd F1 U ZEHEAT 047, Bk 1 23 Hr i A ey
SEPEFIE PR, 57 1 ] B AR R R R TR
FET o I AE AT AR SCRIE T AR B
MG S I SR IR S %

1 ey
L1 AL e TR

11 OB AR O G A AR RS AN
(HR - ICP - MS, Attom %!, 3% [E Nu Instruments ) ,
HARALE B F 2= TAES BT S0 % 1300W,
VAR R E 13. 0L/ min, B B S 1. 0L/min, 554k
#rE J133. Opsi, B4, 7 PE 300, SR 4 7 Ak g,
VSRS 200w/ min

AT AR (VB24 B bt S # R A HD D 5
T A ( ETHOS One Y, 2 K A1) 35 /R 38 2y
A)) s MK & 58 (2 E Millipore A7) .
1.2 FERRIET AR

SEPR A A R B A A B S L R 2
148 (0 ~Sem) |, RAE 5 768 KR 4719 5250 %= R T,
RO T HEMREIY G HATUHE 1 200 H i

FE % — 9% b5 1 4 5. GBWO07407 , GBWO07385
GBWO07541 ., GBWO07564 ., GBWO07567, GBWO07568 .
GBWO7573 , H H [ 1 5T B} 27 e 1 3k 49 3L 1 2R 1 27
HhAETFSE ] ; GSBO7 — 3272 - 2015, g v [ 31 4%
PRIPFARAERE SRR TR o AR ) oL i a5
A4S T i EZRER R AP R 2 A i g, HAL
TEFNICER M ZA T i,

e F I, A 4 50 RN SEBRAE S Y FE S X T R4S
HF 105°C T4 2h,

ICP - MS £ G & #p #fE % #& CLMS - 2N:
10wg/mL( 3£ [E SPEX CertiPrep 24 H]) o

fiEIR : UPS 2% (7N d B Ak 22 A A FR A H]) &

LURIR ERR IR - Y8 Do gk A ([ 25950 1k
FAHRAA) .
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1.3 FEEhbRE

TR BT E R 2 A SR 2 2 (L
W 4 @R SRt iR OB ARk ) (HJ 832—
2017) SR A AN FH S A R L Eh R . SRR TR 15 4L
IR ZR , o SR B A Bl T 6E BT i v 4
JBICERME . FRICO0. 1 ~0.25¢ il TR IWF L
W T R, I A SRR R BRI R 1
(6mL fi R +3mL $h PR +3mL HHR) RIAER I
(2mL fif§fiR + 6mL L2 + ImL SRR ) FIRR A R I
(SmL iR +2mL 578 + 2mL S HIR) . LMK 1
FsRR P TR  FEH RS R M B SRS, U
THARTE, 76 S 150°C R

e T el Al RS
Table 1 ~ Experimental conditions for microwave digestion
N N —oH [ 1 3) N
5 120 10
2 10 160 20
3 10 185 50

MR 7 T FIER A R 11233k i A e e s i
J5 2% IR E A 25mL R . TRIAR A
i 28 VRO A — 2, M 2. OmL YR AR AT 1. OmL
SRS TR S A 160°C TNk 2h, qnitt i & kG
FEINA 2. OmL ¥ A% 2 190°C Jn#k Sh, JF 35 &L 82, Jin
RS IRIEE B, UM 50% FifiR 5 ~ 10mL, 180°C

A 3h 5 FRUGEE R, freJm T 2588 1 /KE 4 2 25mL
AR % BERE Al AT AL B 5 2 1 =S VR

2 g5
2.1 TR

M F 3RS J% I e i S A AE ) S R
T RO T 25 T8 TS P Fe
A Ca™ O XF™Ni {9 T4, Ca™ O X7 Ni g F 41,
o Cr B THE, S % Cd 1T, ©S°0"0
Xt Cu WS, A YRR C & [l 2 ] LU
A BT ARSCRAIN HR - ICP - MS HA
RYE MZR PSS T, Lmhit—2LE
A A2 S50, SRR A X B e TR e T
PN FEOCR R R (P Cr.” Co *Ni \* Cu *Zn |
Bpb M Cd FFTU) 5 LU R R T

TIAh KBRSk BE A I AE O ~ 10/ L i [l
N, AR A5 TC B AEAE ARV VR R R B0 B, 40 il s
ANTR) ARS8, (AR 0 7 28 R B A o o 1 288 3R 1S ]
P o A b R B T LA o I B AR v B, AT A i A 4K
Mo SR R TR
2.2 SRR R RSOR

AL SR FTR = Fh R AR 2R, 3 5% 38 bR ofE
Y5 GBWO7407 (k214 ) 1 GBWO7385 (/K R LAY
V) #EATIH AR, R HR - ICP — MS I i 35 i v i)
8 P& mit R . AR AT AL 3 £y,
FHICBT R 2, YR FERT 3 5K BRAT,

#2 b Rh SIRoC R bra ik
Table 2 Analytical results of metal elements in certified reference materials
AT VR Mg \ Mk F 1 ‘ RIER I ‘ [
o ol (ne/s) Wl xR AleC WEME AHXR2E AleC MEME AHX 2 AleC
(pg/g) (%) (pg/'g) (%) (pe/g) (%)

Cr GBW07385 80 £5 83.3 4.1 0.02 77.5 -3.1 0.01 78.2 -2.3 0.01

GBW07407 410 +23 399 -2.7 0.01 431 5.1 0.02 414 1.0 0
Co GBWO07385 16.0 +0.6 15.8 -1.3 0.01 16.0 0 0 14.9 -6.9 0.03
GBW07407 97 +6 102 5.2 0.02 94.6 -2.5 0.01 103 6.2 0.03
Ni GBW07385 38 +2 40.1 5.5 0.02 41.4 8.9 0.04 38.8 2.1 0.01
GBW07407 276 £ 15 296 7.2 0.03 281 1.8 0.01 293 6.2 0.03
Cu GBWO07385 35+2 36.4 4.0 0.02 37.5 7.1 0.03 33.7 -3.7 0.02
GBW07407 97 +6 104 7.2 0.03 107 10.0 0.04 103 6.2 0.03
7n GBW07385 96 +4 93.7 -2.4 0.01 95.7 -0.3 0 103 7.3 0.03
GBW07407 142 £ 11 136 -4.2 0.02 142 0 0 156 9.9 0.04
b GBWO07385 32 +3 33.0 3.1 0.01 31.7 -0.9 0 28.1 -12.0 0.06
GBW07407 14 £3 13.1 -6.4 0.03 13.0 -7.1 0.03 12.1 -14.0 0.06
cd GBWO07385 0.28 £0.02 0.279 -0.4 0 0.279 -0.4 0 0.267 -4.6 0.02
GBW07407 0.08 +0.02 0.076 -5.0 0.02 0.081 1.3 0.01 0. 065 -19.0 0.09
U GBW07385 2.6 0.1 2.55 -1.9 0 2.70 3.8 0.02 2.55 -1.9 0.01
GBW07407 2.2+0.4 2.28 3.6 0.02 2.05 -6.8 0.02 2.08 -5.5 0.02
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(I ER L F I VS ) (DZ/T 0295—2016)
XTUERR FE I 225k AlgC < 0. 05, 45 R BoR,
PRiR R 1 ik R 1 H AR HEY (1) Cr Co Ni,
Cu.Zn Pb Cd 1 U il 2 25 H 5 b5 {5 3L A — 34
A 7 I rp - bR 5T Pb A Cd 2 45 SR A 11K
HAth 6 Fh 4 Jm TR I e 25 R ShnE (A —2 ., F
WO ERIRZR T L IL AT H Ni (30 e 5 SR A i =5
PO iZEH T HR - ICP - MS R A8 25019
iR R M Zn I E 25 R LR iR R 1A AR e, X
AIRESE T A B S R R A BRI, 4% Zn Z 5]
THS0"°0 FPSHS . BRIR R I ERAE S 58
SOy, v AL AED Y AR T i Ph & n R
Pb I Cd 052 45 A 1% , 7T il e h T % 52 0 82 A EE
RS2 T Pb I Cd (KK, FEERRA i 5
R ICE Pb Al Cd KA RIVR IS, C A MK
SCHRT Y G . AR BRIR R T A T AL B 5
VR RN T 2 58 i B IGHE R B, kg
RS Liy R

W T Zr Mo [ Z ALY A1 AL 1) 1 7™
T4, R ICP — MS X+ 3 rh Cd #E17 e U &2 L
BRI, X RS TR SR e RO A A B T e
Jt i (ICP — MS/MS) |, il 3 76 flf 48 52 17 9t 3 AR
ALMMH™ 20 H P Mo 0 4 Xt Cd B & T
W73, ST AR SR i Cd R ESR 3 B
ARSI 55 T b Ze 5 KT 2000pg/g
Mo &K T 1000ng/g B, THARETE 2 THER 52
FECd MR ER N, A SCE R R AR IR &R
L0 I0 99 i A 5, A HR - ICP — MS B 290
B SR R Cd P (8 5 AR (A AH — 38, Ui AE
LR ST HR - ICP - MS BB A7 &b I B Zr Mo
P E A FAE LY X Cd T30, AT E TR
TFE L REVER I E 3 R Cd,
2.3 R R T IR PR PR

Fi AR S A BT () B D B e 2 11 RO 25 1
WA TN , AR R B W 43 A s s v B T
AR SN (HJ 168—2010) , LAz (AT 11 W8
(BRI 22 1 3 (558005 WAt R, A2 I o 11
U BARE I 22 1 10 F5 30 iE e fR . AR 5K
I r R PR A e PR L3R 3, Al L =R
THARAR R 2 48 8 PP 4 Jm o0 2R B K b FRAER A
%, TG 43 51 4 :0..002 ~0. 715 pe/g (BRIAR T ),
0.001 ~0.434pg/g(MRIAZR 1) ,0.003 ~1.491 pe/g
(ERIARZR ) o MIEET 7, BRI 2 A4S PR A
Horp LAZn gl gy, AT RE 2 TRR AR W

63 R F 0TI IR A R
Table 3 Limits of detection and limits of quantification for the

three acid digestion procedures

k%R 1 RIER T RiER
&R
TE KB ErbR | K R | KR e R
(pg/g) (ng/e) | (ng/g) (pe/g) | (ng/s) (pg/g)
Cr 0.715 2.38 0.309 1.03 0.887 2.96
Co 0.002 0.007 | 0.004 0.012 | 0.005 0.016
Ni 0.185 0.615 | 0.032 0.106 | 0.160 0.534
Cu 0.019 0.063 | 0.044 0.147 | 0.039 0.129
Zn 0.125 0.418 | 0.434 1.45 1.49 4.97
Ph 0.007 0.023 | 0.018 0.060 | 0.056 0.185
cd 0.010  0.033 | 0.009 0.030 | 0.024 0.081
U 0.009 0.03 0.001 0.002 | 0.003 0.011

8 JH AR TR] | SCSOMNR FEE IR S5 B IR 5 | AR T S s
# .
2.4 ZRhERIA AR PEREM LLES

M T LR R R B R A, AR L
HERE SR RO SR BOR, 7 2R 538 IR M M 1A 2R
A BERFRIERA A T 4G R o ASTEIXTLE T = FPIRIH
AR BITERE, ink 4 Frs. FEMAERRIAR T Al
FAE FRT B AR B P 9 IR X 88 3 , (ELAT S it AT
AR, iR FECLE TR ARSI
M2 R AR AR IR AL, AR IR A I ATAL 25 35 D
AR + $RIR + SURBRIH RS, BN T BRIR , SRR A A
FHEEm o AR B AR S A,
SEAFTERR R 22 A RIS | B A2 AR FEE R %
YA R R R AR AR KN G
2RI UREZ T A,

#4 RN Z L

Table 4 Comparison of the three acid digestion procedures

Hege i H FRIAR 1 RiER Rk R
TRRER: 0.25¢ 0.20g 0.10g
i BN 74
omLTHE +  2mLfl s T ﬁfﬁi fﬁg‘lg& *
FAA SmL bR+ 6mL Hhi + e ARE.
3L SUREE 1wl SRR 8 ~9mL AR \EUR R ,
= = 5 ~ 10mL 50% Fifik
% 12ml, 9ml, >20mL
WEERSE] 3 ~4h 3 ~4h >15h
WG A bERE  KOERR SEAW R

AL DL b SRR AR AT A, R ] AR A AR b P
TR 8 MR EOUR AT RESE i (AR IR R I
HPb 1 Cd 1] BEA #4405k S S0 5 45 2R D 11K 5 TR
R LA AH EE R 1R & T B A FE I 2D R T 4 /D

— 377 —



E= R T i

31 2022
w3 http; // www. ykes. ac. cn F

Gy FAAE S, R X PR R AT RTINS 32722015, 400 R R AR R 1 F0 I BEATH00 1 %

TR R T R AN E R BT R 3 03, fEOU I I 250 25 AR T BEAT
2.5 SyprdiikivEgr BEITRE RN, MELSIRILE TRS, 4R R
2.5.1 JjikuEwnE NLBRT GBWO7573 Ry Cd SR TGS %

LY T 5 A EZ AR MEY B GBWOTS4L ., (EHZ BT A R 3 A R
GBWO07564 . GBWO07568 , GBWO7573 I GSBO7 - &b, At 4 Ja& 0 3R 1000 5 15 A £ AL X 158 2 7

5 IR R 5 IEAERE

Table 5 Accuracy tests of the two acid digestion procedures

kR 1 [
RN SRR FRufEE e . . .
e BIBILR (ue/) ) 5 1B EROR S AlgC ) 5 (L HHXF R 22 AlsC
(pg/'s) (%) (pg'e) (%)
Cr 47 £2 44.6 -5.1 0.02 51.2 8.9 0.04
Co 8.9+0.3 8.74 -1.8 0.01 9.54 7.2 0.03
Ni 22.220.7 22.8 2.7 0.01 24.2 9.0 0.04
) Cu 16.9 +0.6 16.6 -1.8 0.01 17.2 1.8 0.01
CBWO7541 Zn 53 £3 50.1 -5.5 0.02 56.0 5.7 0.02
Pb 20.0+0.8 20.0 0 0 18.7 -6.5 0.03
Cd 0.108 £0. 005 0.099 -8.3 0.04 0.114 5.6 0.02
U 12.5 0.5 12.3 -1.6 0.01 12.0 -4.0 0.02
Cr 166 +4 151 -9.0 0.04 164 -1.2 0.01
Co 30.3x1.3 30.9 2.0 0.01 27.5 -9.2 0.04
Ni 60 £2 61.1 1.8 0.01 56.6 -5.7 0.03
Cu 76 +2 81.3 7.0 0.03 72.7 -4.3 0.02
CBWO7564 Zn 181 23 182 0.6 0 196 8.3 0.03
Pbh 71 £3 73.1 3.0 0.01 66.6 -6.2 0.03
Cd 0.69 £0.05 0.683 -1.0 0 0.740 7.2 0.03
U 9.0+0.5 9.58 6.4 0.03 9.58 6.4 0.03
Cr 34 13 34.3 0.9 0 30.8 -9.4 0.04
Co 7.020.2 6.46 -7.7 0.03 7.13 3.7 0.01
Ni 10.7 £0.6 10.3 -3.7 0.02 11.0 2.8 0.01
. Cu 15.1+0.5 15.2 0.7 0 15.4 2.0 0.01
CBWO7568 Zn 65 +3 59.7 -8.2 0.04 63.3 -2.6 0.01
Pb 39.5+1.2 40.3 2.0 0.01 38.7 -2.0 0.01
Cd 0.098 +0. 005 0.107 9.2 0.04 0.104 6.1 0.03
U 5.3+0.3 4.93 -7.0 0.03 4.92 -1.2 0.03
Cr 313 31.9 2.9 0.01 29.6 -4.5 0.02
Co 1.79 £0.09 1.69 -5.6 0.02 1.66 -7.3 0.03
Ni 14.9 £0.9 15.8 6.0 0.03 15.4 3.4 0.01
. Cu 9.5+0.8 9.06 -4.6 0.02 8.90 -6.3 0.03
CBWO7573 Zn (19) 17.6 -7.2 0.03 18.2 -6.7 0.02
Pb 11.3 £0.7 12.0 6.2 0.03 11.1 -1.8 0.01
cd (0.03) 0.019 -35.0 0.19 0.021 -31.0 0.16
U 1.45£0.08 1.58 9.0 0.04 1.40 -3.4 0.02
Cr 63.6+£5.6 62.5 -1.7 0.01 67.2 5.7 0.02
Co 11.2£1.6 10.7 -4.5 0.02 12.2 8.9 0.04
Ni 29.7+3.4 28.5 -4.0 0.02 31.4 5.7 0.02
GSBO7 —3272 - Cu 71.8 4.1 70.3 -2.1 0.01 78.3 9.1 0.04
2015 Zn 523 £40 510 -2.5 0.01 504 -3.6 0.02
Pb 971 +99 1002 3.2 0.01 896 -7.7 0.03
Cd 3.09 £0.48 2.84 -8.1 0.04 3.35 8.4 0.04
U — - - — - - —

T W SRS B - 7 R ERE i P B 45 IO R ROBRIE(L .
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-9.4% ~9.2% Z 8], Hrh RIER 1 h&4)ET
REIHRTRZETE -9.0% ~9.2% Z [a]; Rk R 1
KA RIT R AR 2ZETE —9.4% ~9.1% Z [a], ]
SEH S PR IE AW A, HERA B (AlgC) /N 0. 05,
FFA (b i BRI 22 R BT ) ( DZ/T 0295—
2016) (B3R , B 43 M7 7 16 B A B0 ) HER o, 72
ATRETMRIEMIES T, e BT Z 0K W H
A 2 o
2.5.2 JiEKEIE

EIE Z AR Y I GBWOT567 , 4351l R F R 14
Z 1A AT 30 A, B A A TR it A7 Ak 2
6 1y, TEMAL I B A5 T b T4 JR e R & /il
MESFICETFR 6, SR E R . MRER 1 P54
J@ T AR AR AR 22 (RSD) 7 0. 7% ~6.5% Z
] 5 R A R T P 4% 4 8 JC R AR HE A 25 762 2%
~6.8% Z [H] o T A2 45 L 1 AR X B o I 22 5/ T
7.0% 3k J& {1 b i B 3 BR A 2F PR YR ) (DZ/T
0295—2016) (1) 223K , & B 4 B 7 36 B A 8 AF 1)
2.6 B dIEFES BT

PRUEY) T BAT Y ) R e e v v A
- HERE R AL PR SIS 0 4 T T AR )
BEFENT G SRR A T HE BT A R D L
N T A5 B E 43 BT R A AT T A M, AR S
XPRAR I = A bR 3R (RE R g 1.2.3, 3

46 WIRhHRAR R I TERTEIEL (n =6)

ZRAT BRZe BB R AT 200 H A TALF)
AR FR 1A #E47 T R BEAI HR - ICP - MS
OMHT . RERTEATALBE 3 Gy, I 4 B M T R
7o A=A SR I 5 45 S 4 X A v I 22
(RSD)/NTF 9. 0% , % WA KE i oA BLIF (9 3 59 1k
SRR TARLE, BRIKZ 1 %R Zn . Cu I 45

FE ARG, T Ni (P 5 45 5 O s o X TS b - 38R
P R A 28 T AL B 05 X 2 B3 R T B AT SR
T SEARAEY) T o A A R A — B it A
LI 2 SR A A 22 SR R IR R T A I
AL FIRE i, 4% 0 22 0 5 45 SR 1 AR X 22 760 ~ 7. 3%
], T 2EL I 225 SR T i 2 S, e Wk AT Ak 1
ST T I 5 4 A — 3

3 i

AR OB R, HR — ICP — MS g 1 - 4%
FrRUERE il A SEBRAE A Cr Co (Ni,Cu Zn ,Pb Cd Fil
U %5 8 P& JE o E i &, X LI oE T AN ) T A 44
FXF - AR 0T 0 T AR SR RS T e e AR
PRI . BRG], —MRRIR R AT EL T PR TR
RA M (SmL AR +2mL $H R + 2mL ZU9IR) 1) Zn
N (RS A =i L Cd 1 P I (AR 2 A1, F A 25 25
AR GIRMEE B RIAR 1 (6mL iR +3mlL
2 +3mL R ) MR R 1T (2mL iR + 6mL
2 + ImLZUJRURR ) MR s B RS %85 12 R 1 14 4T e

Table 6 Precision tests of the two acid digestion procedures (n=6)

GBWO7567 MRIAR 1 MIAZ 1
EAEPIES PrfEfE 6 YA T RSD 6 VeIl FHE  RSD
(pg’g) (ne/g) (p/e) (%) (ne/g) (pge) (%)
11 109 111 113 118 119
Cr 118 +3 110 1.2 118 2.2
109 111 109 121 119 117
17.2 17.1 17.1 17.7 18.4 18.6
17.6 +0. 17.2 ) 18. 2
Co 7.620.7 17.3 17.4 17.2 7 0.7 19.2 19.1 18.1 8.5 3
i 012 59.9 57.4 59.1 .7 25 60.1 62.1 61.9 610 ) s
! * 60.4 61.0 60.4 . : 61.9 61.8 58.3 : .
40.7 40.2 41.7 43.5 48.9 45.0
41 £2 41.4 2.1 45. )
Cu * 41.6 42.6 41.7 45.9 44.5 42.4 3.0 5.0
, 10229 103 100 102 o1 s 97.3 100 103 0 -
" = 100 100 101 : 105 105 99.3
39.0 36.6 37.2 36.2 38.0 38.4
Pl Tl 7.7 2. . )
? 36.7+1.0 38.2 37.0 38.4 3 5 40.1 39.8 39.1 38.6 3.6
d 0.30 £0.03 0.277 0.313 0.315 0,308 6 0.303 0.313 0.366 0. 36 o
R ER 0.317 0.292 0.334 : : 0.334 0.319 0.320 - :
3.92 3.46 3.76 3.57 3.62 3.95
4.0 +0. 67 4. 77 4.
v 020.3 3.65 3.60 3.62 3.6 3 3.91 3.86 3.68 3 3

— 379 —



HoO

et

3} 2022
w3 http; // www. ykes. ac. cn F
I 4T R U AT NS AT S (3] UG, BOAEA, 0, 45, FEaha X R M L 8 R
Table 7  Analytical results of metal elements in soil samples VYL E TR [T ], T HEEE R ,2021,52(1) 1198 —202.

WBIkZ 1 Wik Z 1T Dai P F, Huang D J, Wang S, et al. Determination and

o B P RSD | P RSD AR 2 comprehensive evaluation of heavy metal pllution of

TR G X X (%) farmland soil in a uranium mining area . Chinese

(w/e) (%) |(u/e) (%) g area[J]
Fm P - .9 e, ) Journal of Soil Science,2021,52 (1) :198 -202.
[215] . . . . .
Cr ) 534 0.9 56.4 3.4 1.7 [4] XuJ W,Liu C,Hsu P C,et al. Remediation of heavy
RS 3 52.2 2.1 49.0 0.6 3.2 metal contaminated soil by asymmetrical alternating
Rl 1 11.5 2.6 13.2 3.0 6.9 current electrochemistry [ J . Nature Communications,

Co FEdh 2 14.2 2.1 13.1 3.1 4.0 2019,10(1) :2440.

B3 | 102 1.0 | 108 0.9 2.9 . e o

e 6 20 20 29 | 30 (5] 4F22, WSS, SRR, 77 AR — KO T IR0t 1%
Ni FESh 2 32.3 8.4 27.9 3.6 7.3 O T ORPTARY e R VB B LT s it

FEEL 3 25.8 1.2 23.7 2.1 4.2 w,2018,27(2) .14 - 17.

i 1 26.1 1.5 29.7 2.0 6.5 Ren L,Hu X L,Wu L J. Determination of Cu,Zn,Ni,Cr

Cu Frih 2 30.8 1.0 29.9 2.3 13 in soil and sediment by graphite digestion — flame atomic

FEdh 3 25.5 0.8 27.6 3.6 4.0 . . )
e P 5.0 1 2.0 0.8 absorption spectrometry [ J ]. Chemical Analysis and
[2]5) . . . . .
Zn | KEE2 | 873 0.9 | 91.2 2.4 2.2 Meterage,2018,27(2) : 14 - 17.
fEE3 | 945 3.1 | 9.6 1.3 2.6 (6] M= BBV B WO - R 5 B Tk
L b e B BT S 5 B 8 B 2 0T 19 5 B
PI £ 2 49. . 44. . .1 »
B o I e A 3] BRACRS (R ) ,2019,55(1) :63 —67.
#': 0 1.20 8. 3 0 1.19 8- 3 0. 1 Yang Y Q,Zhao C P,Zhao J,et al. Determination of eight
[218] . . . . .
cd B, 0.186 5.4 | 0.179 5.6 1.9 heavy metal elements in soil by microwave digestion —
B3 | 0.226 4.4 0.225 8.9 0.2 inductively coupled plasma atomic emission spectrometry
Hidi 1 2.07 2.4 2.1 1.9 1.0 [J]. Physical Testing and Chemical Analysis ( Part B
v g"; iij (1”; zég (1’(9) Zz Chemical Analysis) ,2019,55(1) :63 —67.
= : : - - : [7] Martins C A, Scheffler G L, Pozebon D. Straight forward
determination of U, Th, and Hf at trace levels using

- + e R ek 53%

WAL I AT BER o DA 15 D0 L M J3E RS % L LU ultrasonic nebulization and axial view ICP — OES[ J].

Ry N Sy an 2 Ly =N P A .

BORIRR T FRRIRR I IR A Hh i, R ik Analytical Methods,2016,8(3) :504 — 509.

F NS . St e G BRSO e £ A [8] BAE& /AR, 20K, 4 AR - B S

)T Af 1R 2R SR T VR R E EAE O R ] R,

ARSI ST Y D7 TR AR HT AL BEAAS DU 7 AR A 2021,40(1) :95 - 102.

ﬁﬁﬁl‘,{ﬁﬁﬁ HR - ICP - MS {E A T8 IF 1 Zhao 7 F, Ren X R, Li C, et al. Determination of

N T — 3 i i il samples ICP - MS/M i

PR B BT £ 9t 2RI . A S TAETT cadm.lum in soil samples by IC | S/MS u‘smg oxygen

%Eﬁ%ﬁﬁ{%ﬂjﬁﬁﬂ:ﬁ\@%fﬂiﬁéﬁﬁ%{ﬁ%&,ﬁ\ reaction mode[ J ]. Rock and Mineral Analysis,2021,40

. § (1):95-102.
fiby 4 J TR I E o P s
(9] BEGHN, ZIER, EAEM. GO - ICP - MS € i
R IR Bk oo R [T ] Ae2AilR], 2021,43 (4)

4 ZELHK 515 -519.

[1] Stofejova L, Fazekas J, Fazekadova D. Analysis of heavy Huang J S, Li Z H, Wang J H. Determination of rare
metal content in soil and plants in the dumping ground of earth elements in marine sediments by microwave
magnesite mining factory JelSava—Lubenik ( Slovakia ) digestion ICP — MS [ J]. Chemical Reagents, 2021, 43
[J]. Sustainability,2021,13(8) ;4508 —4521. (4):515 -519.

[2] Wang Z H,Qin H Y, Liu X Y. Health risk assessment of [10]  ERZSF, WhHAS &5 00 , 4. A B - ICP — MS 3

heavy metals in the soil — water — rice system around the
Xiazhuang uranium mine, China [ J ]. Environmental
Science and Pollution Research, 2019, 26 (6 ):
5904 -5912.

— 380 —

e e 9 Bh < Jm A9 kR LT ] A E N,
2020,46(11) ;70 -175.
Qiu D P,Yao X S,Zhao L, et al. Discussion on detection

method of 9 metals in soil by graphite instrument



%53 3] B, AR — 70 v R A 45 B A B E e 8 R TR F41E
digestion — ICP — MS[ J]. China Measurement & Test, soil by electrothermal plate digestion [ J ]. Safety and

(11]

(12]

[13]

[14]

[15]

[16]

[17]

2020,46(11) .70 -75.

Venus M, Puntaric D, Gvozdic Vet al. Determinations of
uranium concentrations in soil, water, vegetables and
biological samples from inhabitants of war affected areas
in eastern Croatia ( ICP — MS method) [ J . Journal of
Environmental Radioactivity,2019,203.:147 - 153.
PINIEH , FER BT, B, 45 B A e TR

T2 M SR i R BB B A R e P ) R R LT [‘f%
Tk L] BAL K 5 (AL~ 20 i), 2016, 52 (9) -
1026 - 1030.

Sun C Y, Dong L. M, He Y T, et al. Elimination of
interferences in ICP — MS determination of Sc, Ga, Ge,
In,Cd and TI in geological samples[ J]. Physical Testing
and Chemical Analysis ( Part B: Chemical Analysis) ,
2016,52(9) :1026 - 1030.

He D, Zhu Z L, Miao X, et al. Determination of trace
cadmium in geological samples by membrane desolvation
inductively coupled plasma mass spectrometry [ J ].
Microchemical Journal ,2019,148 .561 —567.

WRIETE , HHAL, T AR, 55 BRIRER A 4R i PR FI B Y
LB 3 25 88 T IR B i 5 TR IE Jr ik [T .
AR, 2021 ,40(2) 1187 - 195.

Chen F F, Ran J, Xu G D, et al. Inductively coupled
plasma — mass spectrometric analysis of nickel and
scandium in carbonate rock samples and interference
correction methods [ J ]. Rock and Mineral Analysis,

2021,40(2) ;187 — 195.

BAB R BRI, 55, A —éﬁﬁﬁﬂm%%iﬂﬁé
G532 ~ %!@%%A#%?Mi I N S b SRR
RIRAE AN B LA (1], R 4 43 B, 2020, 40 (7).

52 -59.

Jin Q,Li X J,Chen Q Z, et al. Determination of boron,
germanium, molybdenum, tin, iodine and tungsten in
geological samples by alkaline fusion — strong acid cation
[J]. Metallurrgical Analysis,2020,40(7) :52 -59.
Fe/hae XML ICP — MS 1 -3 12 Fh 4 J& oo
RIFRRERLATAL BT 3L [T ] A2 o0 Hr it 4, 2019,28
(4):115-118.

Cheng X H, Deng J S. Comparation of pretreatment
methods in determination of 12 metal elements in soil by
inductively coupled plasma mass spectrometry [ J ].
Chemical Analysis and Meterage ,2019,28(4) ;115 - 118.
ERIEA, 2 5% IR, A5 VL BRI AR A ] R A 2 %o
LI 6 R m TR IME MR [) ] Z a5
3% T#,2019,26(4) .56 - 60.

Wang X B,Li Y L,Lu Y, et al. Effect of different acid

systems on determination of six heavy metal elements in

(18]

[19]

(20]

(21]

(22]

[23]

[24]

Environmental Engineering,2019,26(4) ;56 —60.
VRBE b, XA, AR VK, 55 K R TR 43 )& 43 4T Hif
AEFRJ [ T]. o EERSE ) ,2018,34(2) 196 - 102.
XuY Y,Liu Y Y,Deng C B,et al. Pretreatment method
for heavy metal analysis of stream sediment [ J ].
Environmental Monitoring in China, 2018, 34 (2 ).
96 - 102.

BB, BSR4 A TRBRIR IR R 1CP - MS 1%
5E -3 S TR h 16 Fhfis 0K M Th #1 ULT].
WAL ,2020,39(1) ;271 -274.

Liao S H,Zhao Z N, Yan D, et al. Determination of 16
rare earth elements and Th and U in soil and sediment
by ICP — MS under atmospheric pressure sulfuric acid
[J]. Environmental Chemistry,2020,39(1) ;271 -274.
PNGEE, 25, X A R B % - B S T
IRJE T A6 20 5 I AK R TR b 15 Fib
WAy T]. R 44T ,2014 ,34(11) 156 - 60.

Sun X H, Li Z, Liu X L. Determination of fifteen
components in soil and stream sediment by inductively
coupled plasma atomic emission spectrometry after
microwave digestion [ J]. Metallurgical Analysis, 2014,
34(11) :56 - 60.

A, AR A0, SF. i B R PR - R A
S5 B TR BT v () I 0 A T VE DA T 48 FPOC R
LJ]. &0 ,2021,40(2) :305 - 314.
Wang J H, Li Z H, Yang F, et al. Simultaneous
determination of 48 elements in marine sediments by
ICP - MS with lithium metaborate fusion[ J]. Rock and
Mineral Analysis,2021,40(2) :305 -314.

EA, IR, BB, 45 BN R - ICP - MS [H)
I RE PR U P SO FPoT R [ ] WA ) o
2021,40(4) :611 - 618,624.

Wang J] H, Li Z H, Huang J S, et al. Simultaneous
determination of 50 elements in marine sediments by
microwave digestion ICP — MS[ J]. Marine Environ -
mental Science,2021,40(4) :611 —618,624.

Wi, E1E , Ak DT, . (Al I A b rh AR AR R R
Al JE TR E LA L) ] T R R R A 4l
(BRFAR) ,2020,41(1) .74 - 79.

Yang H, Wang S Y, Huang J Y, et al. Optimization of
simultaneous detection method for heavy metal elements
content of Ph,Cd, Cr,Hg and As in soil[ J]. Journal of
Henan University of Science and Technology ( Natural
Science) ,2020,41(1) .74 -79.

TIGESE. WO T e v a3 4 e A A O i A
FELT]. WdeAl Bl ,2019,58 (17) <113 - 115,118.
Huang X Q. Study on the methodology of determination of

— 381 —



434

HoO

meaK
http; // www. ykes. ac. cn

2022 4

[25]

[26]

[27]

[28]

[29]

[30]

heavy metal content in soil by microwave digestion[]J].
Hubei Agricultural Sciences,2019,58(17) :113 —115,118.
SRHRE 1R F-, 20, 45 T - RS
TR B E PR e R AR [T A
B ¥2E AR ,2021,40(3) 1605 - 613.

Zhang Y W, Jiang J P, Li H, et al. Optimization of
microwave digestion inductively coupled plasma mass
spectrometry for determination of rare earth elements in
soil[ J]. Acta Petrologica et Mineralogica,2021,40(3) .
605 - 613.

SKF 2, W Bl I A i D E DU R S b
BIRICRAATAE PFEEORDEFE [T ] SIS IR R,
2013(7) :224 -225,227.

Zhang L.,Ye H M, Wang G. Sample pretreatment methods
for determination of 5 kind of heavy metal elements in
digestion [ J ]. Modern
and Technology, 2013 (7).

sediment by microwave

Agricultural Science
224 — 225,227.
Kiruba K,Satyanarayanan M,Sawant S S, et al. New soil
reference material validation for trace and rare — earth
elements by high — resolution inductively coupled plasma
mass spectrometry [ J ]. MAPAN—Journal of Metrology
Society of India,2020,36(1) ;147 - 156.

TR, ROV RIEAR , 4. 18 70 M Pl R 5 458 8 1 AR
1 (HR — ICP — MS) & 7 - 375 YR B0 ) £ 4 At o
(49 FhoTR T ). EEHL T, 2021, 11 (1)
12 - 19.

Yuan Y, Zhao P, Chen H ], et al. Determination of 49
elements in samples of the soil contamination
investigation by high resolution inductively coupled

plasma mass spectrometry [ J ]. Chinese Journal of

Inorganic Analytical Chemistry,2021,11(1) ;12 - 19.
Hh/NFy R RUE, XU HR ~ ICP — MS #F 5 8] =4
M2 B R TR UUR) b 4 e ¥ Y 1 25 ) 23 A 2
AR [T]. o6 2= 506 3% 2 #r, 2016, 36 (8)
2705 -2711.

Ma X L,Deng F Y, Liu Y. Study on spatial distribution
and seasonal variations of trace metal contamination in
sediments from the three adjacent areas of the Yellow
River using HR - ICP - MS [ J]. Spectroscopy and
Spectral Analysis,2016,36(8) ;2705 —2711.

Huang Z Y,Ni Y Y, Wang H, et al. Simultaneous
determination of ultra — trace level *’Np and Pu isotopes

in soil and sediment samples by SF — ICP — MS with a

— 382 —

[31]

(32]

[33]

[34]

[35]

[36]

single column  chromatographic [J 1]
Microchemical Journal ,2019,148 .597 — 604.

SRR, 5K KoK, W BH L 45 B4 — SO i R
S B TR BE R DN E S XETE O YA O R P R R
JCHE[J]. e 5 ,2018,34(2) ;105 — 111.

Zhang Y H,Zhang L. S,Chang Y, et al. Determining trace

separation

elements in rock samples containing refractory minerals
by pressurize — microwave inductively coupled plasma
mass spectrometry[ J]. Uranium Geology,2018,34(2) .
105 - 111.

RS, XU, I8, 2. DUPRI A - HUIEHE B 55
TR BE LI E b 24 R A TR R
PR (T a0 it) ,2020,56(4) :428 —437.

Zhang G Y, Liu J B, Yan F, et al. Determination of 24
rare elements in soil by inductively coupled plasma mass
spectrometry with four acid digestion [ J ].

( Part B: Chemical

Physical
Testing and Chemical Analysis
Analysis) ,2020,56(4) .428 —437.
Hh PR I . TR B A A s M.
JEat: A EFR SR R, 1992.
China National Environmental Monitoring Centre. Modern
analytical methods of soil elements[ M ]. Beijing: China
Environmental Press,1992.
EHE, REAE ARG, 5 MO R - RS
VR BTIE [R) E Hb SRE b 45 IR [T,
AR, 2011 ,30(4) 1440 —445.
Wang ] Y, Wu B C,Li Z W, et al. Determination of
elemental content in geological samples by one — time
acid dissolution and inductively coupled plasma — mass
spectrometry[ J ]. Rock and Mineral Analysis,2011,30
(4) :440 —445.
Schnetger B. Trace element analysis of sediments by HR
— ICP - MS using low and medium resolution and
different acid digestions [ J ]. Fresenius * Journal of
Analytical Chemistry,1997,359.468 —472.
BAEAE AR, B S, G MO R A 2R X (R R 1
— WO 5 55 B0 MR B v 0 2 [ R B2 b 16

EEIGRERMEWT]. A6 0L, 2015,34(6)
617 - 622.

Xuan Z F,Xu S C, Fang X W, et al. Influence of four
kinds of acid systems on determination of 16 metal
elements in solid wastes by ICP — MS with microwave
acid digestion[ J]. Rock and Mineral Analysis,2015,34
(6):617 -622.



%53 3] B, AR — 70 v R A 45 B A B E e 8 R TR F41E

Determination of 8 Metal Elements in Soil by High — resolution Inductively
Coupled Plasma — Mass Spectrometry with Microwave Digestion

LI Xiaoyun'* | WANG Yu'?, JIN Chan', ZHANG Linjuan'** , WANG Jiangiang'”
(1. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

HIGHLIGHTS

(1) The soil samples were digested by microwave using different solvents, and the metal elements in soil were
determined by HR — ICP — MS.

(2) HR - ICP - MS can effectively eliminate interferences and directly analyze metal elements in soil without
interference correction.

(3) The detection limits are 0. 001 - 0. 715uwg/g, which meet the simultaneous determination of metals in soil

samples.
E ted t
Soil sample vaporate . © Result calculation
remove acid
Microwave digestion HR-ICP-MS analysis
ABSTRACT

BACKGROUND: Microwave digestion combined with inductively coupled plasma — mass spectrometry
(ICP - MS) is a commonly used method for the determination of metal elements in soil samples. Different solvents
can be used in the pretreatment, and the digestion method has a great influence on the accuracy of the analysis
results. In addition, the accuracy of the results will be affected by the interference in the determination of some
elements by ICP — MS.

OBJECTIVES; To accurately determine metal elements in soil samples by high resolution — inductively coupled
plasma — mass spectrometry ( HR —ICP — MS).

METHODS:: Soil samples were digested by microwave using three different solvents, and 8 metal elements (Cr,
Co, Ni, Cu, Zn, Pb, Cd and U) were determined by HR — ICP — MS. The digestion effects of the three acid
digestion methods using different amounts of nitric acid, hydrochloric acid and hydrofluoric acid on certified soil
reference materials were studied, and the optimal pretreatment procedure was determined.

RESULTS: The proposed procedures have been verified by national soil reference materials. It was found that the
measured values of digestion method [ (6mL HNO, +3mL HCI +3mL HF) and digestion method Il (2mL HNO,
+6mL HCI + 1mL. HF ) were consistent with the certified values, using HR — ICP — MS without interference
correction. The detection limits of both procedures were 0. 001 — 0. 715ug/g. The relative standard deviations
(RSD, n=6) were all less than 7.0% . In terms of digestion, accuracy and precision, acid system | was slightly
better than acid system [I , but acid system II had the least amount of acid.

CONCLUSIONS: The two preferred procedures have high applicability and reliability, and can be used for the

direct determination of 8 metal elements in soil samples.

KEY WORDS:; soil; metal elements; microwave digestion; acid digestion; high resolution — inductively coupled

plasma — mass spectrometry
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