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WE. CXHSPANRASETES, BFE3ID~10% 209, RAKIBRE., #BERE. HEFARE.
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PR IR 3 ik Fe KA ki (ICP-MS/OES) AF 2 £ 3ub 2 K i W 33 A vzt frml e, Mk THEAI 7k RiE
Lt L F S A ER N E fesr b F U E HARMGF A, PR T RERBIK A 3424 T E RBER 6 Ha,
By T FRIA A 30mL 2 BR—-10mL 100g/L 8 & B 2 AE A, 77 ik HFR A 0.01 ~41.04pg/g, M2 2R 4L
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ANUER, T RAE R B R0 7 9 R B A N A i
i AR TR . B, B S R AR TS
(ICP-MS) il H1 86 #4555 15 1K 2 B Ol 3% 12 (ICP-
OES) & FEM 4 byt 1121 | 5 i 3 5 5 5 43
M ELAG T R B4 7 P e, (LA iy Ak By i e
7S F ICP-OES 1 ICP-MS #Ff 74 g L1510

Y A L 6 R A A e 1 i
U S UL ¥ A

oo, FRATE SRR DL & R 26 9 S LR 5
AT A, S [R) B T2 T R AR I 630 i 7 v A
SEJTHEL N, s 23 O A 1ICP-MS L
SE BB b 3 R R A R S TR AR, R
ICP-MS a5 B+ b i o 43 JR e, B A BT
PR ZHEAT T AL et 0522 SR AR T A5 5 5 v
S WA, (ELECAM BT T R R A, BRI 4
TR D S S SR A T () T AL B 7 3, A3 4 £
SRAEE I RN, S8 s bR 20,
SRR, ST R . KA AR LEGE 4
A LR 2 A O RE I, (LR AE IR AL i AR P R 5
SE ST B, WARE T 2R IT R 1 E
Wiz 2 PR, AR DR A B
SEUR A ST RTAL BT 22 T A0 A Y

A5 12 AT AR R A5 B N T 2 8, TERE 20T rh &
BT ORI BRAGVE T P2 B B R I [ 4
PE S L85 52 4, T EL RE RS 43— e i 7 TR 14
Wk S A ) o ik R, 2 W5 P 000 s SR 5 o
T 155 2 50 2 J A4 45 5 K A 7T 22 I AT A B 1,
(B2 iy T3 B a ) (it Ak, SR ILE) BIA
RO ERS, SR SR R, TV e P R R T A 1
BEIRRAR 122200 e SR o7 P o TG 1 1 L s
LRSI R . B, A SCS% T E R bR
(R 11 FhOCE A E Bl B 5

B FARL DGR )HT 974—2018) RIFTABRE 12,

VEPERRTREN ., MmN . PUBNRR A iR S a0, 1%
TR R AT i A AR A A AR, X R A
TRSR AR RE TS, UMK T LRI BRI I ikl R B A
BT A AN 58 2 1 TR1 A, I HLR e 3 R 5 HE 47 1
B R ICE KA AT A1 R A SR IBGH), 1 f PR IR
1, I ICP-MS 3£ %E H - M FE b i BBl 4H
B RS FH AR AN A A B DL R e R AL 24 FROCE,
[Fl i AT ICP-OES ¥ XA b o 4 B AL EE A1 5 6 41
B9 M EOCEBEATINE , HU0 o i 3
ARt RS R AT

1 s
1.1 {385 TAERAF
111 HUEHN A A B IR Y

X Series Il M & A 5 B RN G2 H
ThermoFisher A ). TAESM K. 45 TIR 1200W;
AHA M 15L/min; #f Bi <5 # 0.8L/min; 25 LS,
P 0.79L/min; % 1k #% JE 1 2.5x10°Pa; BE ¥ i} [A]
10ms. 7 o0 2 [\ 47 4 5] 8. *PBi, *Co. La,
MOCG\ 141PI‘\ 146Nd\ 14781'1’1\ 153Eu\ 157Gd\ ]SgTb\ 163Dy\
165H0\ ]66EI‘\ 169T1’1’1\ 172Yb\ 175Lu\ 89Y\ lnga\ 178Hf\
182W\ 98M0\ 232Th\ ZOSTI\ 238UO
1.1.2 MBS SR IR S

Plasma 3000 FEJEHH & 45 55 TR & B 65 (39
AN S A I H AR B A7 BR A Bl TAE SR S48
T 1250W; ¥ E1 3 3 15L/ming ff B <5 3
0.2L/min; %5 Wi # 0.8L/min; 6 M 2§ 15 & —40°C ;
SRR 38°C. FRMIITE 43 °4: Mn, Ti. Ba, Sr.
K. Ca, Mg, Al, Fe.
1.2 SRR AR YR

PEBURE A AR & (3.57%. 1.31%. 2.6%) Y
+ 58 B A o A B K — bR HE T GBWO7978.
GBWO07979., GBWO07980(H [ M i B} 2 e i1 Bk 4 B
MR 2 S A A5 i I AR AR A R IE VLA TS
T 28 4 i R FE AR i (G5 ST, S2. S3. S4.
S5) VE R SEBGHRE S, I [FIE AR 5 e e i B 0k 2%
(R BTERE i o SRS IRE 2 K DFEE Rt 200
H i 5
1.3 BRUETE A 32 20

2 0 3 IR A b UE i £ 1 W: BWT30063-10-N-
100C5Z i B B 42 SR EL AR AR R B 2L, &0 R T
A 23 900 10mg/L); NCS148589(%ik 4 44 4H 45 £H
i, £ 0 2K IR 3 98 100pg/mL); BWJ4002-
2016(%, i 1000pug/mL), NCS141835(%# £k
P, 2503 P MR E 431 A 10mg/L); NCS148701
(PP BE AR 2K, 45 0 2R Uit vk B2 43 5128 100pg/mL).

TERE SR E A A P, 5 AR ER B & 5 BUA
HER LR R P, S T SARE T v
CHIERPUEY 11 FhoeE B9 E ks - R A 45
B TR R S G IEYE ) (HT 974—2018) FIET AMFT ik
R0 R 2 A ORI B YR, SRS RE
Vo R ) B SR A 7 DT T, AR IEAR RN . FEHL
16 2 o0 R IR A bR AR A TR, FH SRR S A TR )
1) BEAR I 5 B B 1 2 TC R IR B AR IR T R ),
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Table 1 Different concentrations of standard solution series.

AT I \
e fEMIER 353
[T

Bi, Co, La, Ce, Pr, Nd,
N Sm, Eu, Gd, Tb, Dy, Ho, 0,1,2,5,10,
bz 1
Er, Tm, Yb, Lu, Y, Ta, 20, 50pg/L
Hf, W, Mo, Th, Tl, U
N . 0,0.1,1,2,5,
TRAR 2 Mn, Ti, Ba, Sr
10, 20mg/L
. 0,1, 10, 20, 50,
TRFR 3 K, Ca, Mg, Al, Fe
100, 200mg/L

A AR R E B R JRA TRA R,
DU RRER (3 PH AR S5 3015 25 A3 FRA 7D L i B R 41
(A s AE AR e A7 B A 7).

AR WA R OREE TR R A R
Al), veERR R KU b 2# R A R A D
1.4 BTk
1.4.1  FEATTARIE

TEBA 4 33 RSB i A /D 2 i TRk 481G, B
1.0g BREREN . 0.1g PUTERER AN 0.4 f B R #1L TR 20 1
BT, PR T HE 3R I A 2 1g IR A6 0.2
FE R ZE 0.0001g), FeJa AT R, £ H A
AIEIRAYIN R . 5 DR, BN e HIRE T
g, FHEZE 1000°C, 4£4F 30min, 5 1F 1 #V5E
ST R A HEHA BT CA 100mL UK 1 Bedf
SETLY) B SO 2R S I S, Uk R, AR
FRHIA 10mL 100g/L {51 B2 A1 30mL e EhAR, Fiis
Al 52 AV A, B RS 2 S00mL B P, E 4,
GRS
1.4.2  HUBHEGSE BEIARmTE b

FEM A ICP-MS #E47 o A il i i # v, B F

%2 AFERERDEREEDRE, BT REOEEIR

R AR e 2, S ORI 45 2R A7 B AR
RO MK, PRI e 428 R de 50009 ' R 1 7 o
B " Re 1E R IARTCE, RIS IEHERRLY o
143 GRS S E TR SDGE T

BEX} ICP-OES fF1E DG TE T ARG T4k,
— B A T HAR MR L s 1 3 B i ok AR
DT, AR S 2 AR, SR )
Pr& U RIEL AR | T PN T, Itk
21 BT 2 2 AL W K s Mn 257.610nm,
Ti334.940nm, Ba 455.403nm, Sr 460.733nm, K 766.490
nm, Ca 315.887nm, Mg 285.213nm, Al 396.152nm, Fe
259.940nm,

2 H#iR5iie
2.1 FESRSRFMFRE

KT ARAT AR T R, SRR T 0] LA
ZIUE LR v IR XA EAE A B 12, (HAR L 43oc
LRGSR R ER BRI, 2B fd
R RAMEN . UL, T ffHeaX A (), 78 AR P2 HL
R A—E J AR5 Z KT RIE LAY
SRATN T K A, IR BN R AR A P HRCR

R TR E T A TR ) e R o, MR RR SR R
U A R B s 3 Yy AT I E . A T
4 Ffr A [A] Lb ) Ay £ R - 40mL 6 R . 30mL 5 iR
—10mL 100g/L i A M2 % W . 20mL £k 8 —20mL
100g/L 5 1 BRIV . 10mL £hBR—30mL 100g/L i £1
PR T T, Ko H T 5 B ) = A b R 27 8 A A s oA
Y% GBW07978. GBW07979. GBW07980 174K
MK, DA G K dhoc 2 i, 3% 2 90 THE
el AN [] 2 1) 4 BB 2 BORE o B 25 A, = Fhbmifi
Yy RO I e (E . O S BRI R, DA
40mL 5 RV $2 ORI B, 000 5 (5 A A A B AR IR AR,
AIRESE T ULFME DL A Bk 5 5 AN
RIS [R5 B A R 1Y R &R, 30mL £ R

Table 2 Analytical results of Ta and Hf in soil reference materials with different extraction systems.

Ta it (ug/g) Hf &8 (ng/g)
BRI I T
o - TR R R s SR R AR
e L 40mL 5 . 40mL b
et | L

A 301 11 1:3 e 301 11 1:3
GBW07978 1.26 0.99 1.24 1.16 111 8.3 7.01 8.21 8.0 7.9
GBW07979 1.27 1.03 1.26 1.19 115 73 635 7.3 6.96 6.82
GBW07980 2.63 2.01 2.55 245 236 7.9 6.15 7.83 7.66 7.45
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—10mL 100g/L f1 PRV AR Z IR 45 2R e i b
HEAE, 1, Be R IR IGUCR By . R, AR S50k
% 30mL £ B2 —10mL 100g/L i A7 B2 I& W AF N 2
B
2.2 brifErhZen ks H PR

3% Z 0 R IR AR T IE, PL&TT
0 TR R AR BR, R A5 Sl R DA bR 2
il o 1R 2R, BT 5 A o 2R 0 A OC R B AR N T
0.9990, F34b, Xof REAE fil S 56 7 VA 20 P4 T 2 25 1
FEG 11, ATHE 25 509 3 A5 b5 o e 22 M A HE B,
33 MO EK HIBRN 0.01 ~ 41.04pg/g(32 3), REMETH 2
CHby BT 7= S 50 = 00 K R = A B YR ) (DZ/T
0130—2006) [ HTER .

F3 SRR, HISGAR BTG IR R

2.3 JiIENE R EERIHER L

R T SR A 1 (ARG B R AN B, 4 RS
J5 1 o b Bk Ak 27 8 A+ 8 AR E ) GBW07978,
GBWO07979. GBW07980 17l /& 11 ¥k, AH X% 22
(RE) ¥J7E-5.23% ~ 4.85% Z[8], Ut BHIZ )y ¥k 6 T
5 45 70 2 I E 5 B9 A X AR U R 25 (RSD) ¥ 78
0.48% ~ 4.36% Z[0] (% 4)o ULHIZ 7 0 2
PRPERES, 38 T 28 4 4 3R S A AT
2.4 FBREESh T

B AEAR 7 VE AR SL bR T AR A Ak, X R
VLI AR b X R A b 6 BT 3 R4 (S1. S2. S3)
AT M 100K, 45 B 43 I 2 {H /) RSD ¥ 7£
0.16% ~ 4.97% Z 18], /NT 5%(F 5), % ks %

Table 3 Linear regression equation, correlation coefficient and detection limit of the method.

W7k T Bl SV TP e R
(mg/L) (R (ng’g)
Bi 0.1 1=40.351x+0.239 0.9998 0.10
Co 0.1 $=0.015x-0.0055 0.9996 0.03
La 0.1 $=0.0471x-0.102 0.9999 0.10
Ce 0.1 $=0.0505x—0.1016 0.9999 0.06
Pr 0.1 $=0.0741x-0.1802 0.9999 0.01
Nd 0.1 $=0.0272x-0.0517 0.9999 0.02
Sm 0.1 $=0.0259x~0.1029 0.9997 0.02
Eu 0.1 »=0.0513x-0.028 0.9998 0.01
Gd 0.1 $=0.0236x+0.0011 0.9998 0.02
Tb 0.1 $=0.1101x-0.3521 0.9999 0.01
Dy 0.1 $=0.0328x+0.0183 0.9997 0.02
(CPMS Ho 0.1 1=0.1182x-0.4174 0.9999 0.01
Er 0.1 $=0.0395x+0.0808 0.9999 0.01
Tm 0.1 »=0.121x-0.0324 0.9997 0.02
Yb 0.1 $=0.0429x+0.0003 0.9999 0.01
Lu 0.1 $=0.1457x-0.5858 0.9999 0.01
Y 0.1 $=0.0347x+0.0356 0.9998 0.06
Ta 0.1 $=0.0347x+0.0356 0.9998 0.01
Hf 0.1 »=0.0003x+1.26x107° 0.9998 0.03
w 0.1 $=95.71x+1.0292 0.9998 0.21
Mo 0.1 $=0.0227x-0.0021 0.9999 0.02
Th 0.1 »=0.086x—0.0021 0.9993 0.02
Tl 0.1 $=0.0451x-0.0121 0.9997 0.01
U 0.1 »=0.1328x-0.0523 0.9995 0.03
ALO; 100 1=7.484x+198.657 0.9996 41.04
TFe,0, 100 $=327.867x+47.898 0.9998 37.59
MgO 100 =139249.452x+31935.310 0.9993 474
CaO 100 $=3914.427x+2990.342 0.9992 17.76
ICP-OES K,O 100 y=1875.342x+2452.084 0.9994 38.52
Mn 10 $=34.057x+459.306 0.9994 1.32
Ti 10 y=37.370x-644.631 0.9994 2.46
Ba 10 y=541247.043x+1325.417 0.9998 0.63
Sr 10 y=11023.809x+670.300 0.9998 0.15
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Table 4 Precision and accuracy tests of the method.
GBW07978 GBW07979 GBW07980
R THREM WE MAEE  RSD | BAME WS WMUE  RSD | W DGEE  FIXIBZ  RSD
(ng/g) (ng/g) (%) (%) (ng/g) (ne/g) (%) (%) (ng/g) (ng/g) (%) (%)
Bi 0.38 0.37 -1.70 1.72 0.31 0.30 —4.81 2.91 301 301.66 0.22 1.14
Co 16 16.33 2.09 1.7 15.5 15.57 0.47 1.10 9.5 9.63 1.40 1.43
La 41 39.68 -3.22 0.86 37 37.48 1.29 0.90 55 57.52 4.58 1.18
Ce 82 80.74 —1.54 1.23 70 72.83 4.04 1.01 111 115.20 3.78 0.76
Pr 9.6 9.36 —2.47 1.08 8.5 8.44 -0.76 1.22 12.5 13.02 4.15 1.21
Nd 37 35.07 -5.23 1.53 332 34.04 2.54 0.56 459 47.05 2.51 0.94
Sm 7.1 7.12 0.22 2.14 6.3 6.27 -0.41 0.96 9.0 9.06 0.62 0.99
Eu 1.4 1.39 —0.86 1.56 1.4 1.41 0.60 1.37 1.27 1.23 —3.44 1.63
Gd 6.2 6.14 -0.92 1.32 5.8 5.99 3.35 1.72 8.0 8.06 1.07 1.17
Tb 1 1.03 2.51 2.03 0.94 0.91 -3.41 1.87 1.34 1.39 3.39 2.50
Dy 5.6 5.65 0.84 0.48 5.2 5.24 0.84 1.45 7.8 7.86 0.78 1.38
Ho 1.12 1.10 -1.78 1.51 1.04 1.05 1.16 1.64 1.55 1.57 1.33 0.97
Er 32 3.06 —4.39 1.95 2.9 2.95 1.80 0.73 4.6 4.82 4.8 1.14
Tm 0.51 0.52 2.57 1.37 0.46 0.47 2.27 2.34 0.75 0.77 2.09 1.17
Yb 32 3.35 4.80 1.78 2.9 2.94 1.30 1.17 5.1 5.06 —0.69 1.14
Lu 0.5 0.51 2.51 0.96 0.43 0.44 2.83 1.72 0.78 0.78 0.14 1.94
Y 29.9 30.05 0.51 0.78 28.6 28.63 0.12 1.08 43.7 45.49 4.09 1.11
Ta 1.26 1.27 0.57 1.88 1.27 1.26 -1.17 0.94 2.63 2.65 0.89 1.03
Hf 8.3 8.08 -2.65 1.20 7.3 7.23 -0.92 1.5 7.9 8.03 1.61 1.48
w 2.1 2.20 4.85 1.02 1.8 1.82 1.31 1.54 164 156.9 —4.33 1.38
Mo 0.68 0.65 —3.80 3.81 1.11 1.11 0.03 2.49 12.2 12.79 4.83 1.14
Th 13.6 13.53 —-0.55 1.82 11.2 11.2 —-1.05 1.30 23.9 24.58 2.83 0.99
Tl 0.73 0.74 1.96 1.56 0.58 0.60 4.50 1.69 2.13 2.11 -1.02 1.13
U 3.1 3.05 -1.68 1.43 2.1 2.08 -1.11 1.17 15.6 15.36 —-1.55 0.85
AlLO; 148400 143880 -3.05 1.27 132100 135064 2.24 1.71 127000 128578 1.24 0.79
TFe,0, 51300 53188 3.68 2.93 49800 49198 -1.21 4.36 82900 85404 3.02 2.18
MgO 12400 11998 —3.24 3.21 20700 21485 3.79 3.89 9200 9441 2.62 1.76
CaO 13900 14023 0.88 1.69 21800 22191 1.79 1.68 11800 12137 2.86 1.89
K,0 27200 27411 0.78 2.00 25100 25720 247 2.84 18300 17964 -1.84 2.05
Mn 923 908 -1.60 2.35 674 660 —2.38 1.48 1675 1740 3.86 2.47
Ti 4760 4742 -0.37 2.13 4570 4616 1.00 1.98 4100 4138 0.93 1.17
Ba 639 641 0.38 3.17 679 674 -0.79 4.28 255 248 -2.71 3.49
Sr 186 182 —2.40 2.51 151 154 1.82 2.70 26.3 26.45 0.55 1.69

FERE . FIAR DT R P Rk 2 B4~ 52 bR
FEdn (S4, S5) BEAT AL BEANINRE , P54 2 A i
FICER LK G K RICERE | B IS R — 2
(% 6)o VL EZRYIFRIAAT LREMS I L L hr = R+
R 4 R oalllE 50 N8

3 &g

K FHBRIRAN . IR ONBRAE . DUBNRRERAE A, I
AT ORAE IR S SE R . RIS PR R R
BRI B AGE A IR, LAIIHIAE . 55 5 CRn
K fi#t, #7. 7 ICP-MS 1 ICP-OES #H45 & B /3 #r o7
25, SCILT PR A FESL T b 33 RO E 1 R B E
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Table 5 Analytical results of 33 elements in ground substrate samples of black soil (n=10).

SEBRAR S ST SERRAR S S2 SEBRFEA, S3 SEBRAR A S1 SLBREES S2 SBRFEM S3
TE [WEfE  RSD | WiEf  RSD | W@ RsD || JUF [ WEf  RSD | W&  RSD | WEf  RSD
(ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%) (ng/g) (%)
Bi 2.89 0.16 0.24 374 0.17 236 Ta 0.91 2.19 1.08 2.13 1.57 1.17
Co 11.16 1.19 13.64 1.52 11.45 1.46 Hf 9.13 1.46 6.87 2.09 6.73 1.66
La 21.57 1.37 26.71 2.17 25.24 1.86 % 0.87 3.62 1.28 2.00 1.08 1.57
Ce 40.74 1.55 50.85 1.57 47.67 1.82 Mo 0.38 4.97 0.52 3.61 0.78 2.77
Pr 4.66 2.17 5.75 235 5.57 2.54 Th 5.48 242 8.90 1.10 6.17 1.62
Nd 17.39 1.37 21.03 2.00 20.67 132 Tl 0.40 2.49 0.55 1.92 0.46 2.70
Sm 3.05 2.55 3.75 1.93 3.86 228 U 1.36 2.00 1.58 2.00 2.52 1.63
Eu 0.70 2.40 0.83 1.63 0.86 2.20 ALO, | 130291 157 | 131927 140 | 135236  1.15
Gd 3.17 2.17 3.75 2.85 3.88 2.38 TFe,0, | 52914 3.72 57903 255 47205 3.30
Tb 0.44 3.67 0.55 1.26 0.57 4.56 MgO 10160 3.26 11095 2.95 11263 2.11
Dy 2.38 226 3.20 2.18 3.17 225 Ca0 9997 3.65 9990 2.61 11334 2.14
Ho 0.48 225 0.65 1.83 0.62 226 K,O 28325 3.2 27825 235 29015 1.91
Er 1.31 1.99 1.83 2.03 1.72 2.46 Mn 1792 2.46 1134 229 2605 2.66
Tm 0.20 3.15 0.29 222 0.27 1.92 Ti 5331 1.58 5676 2.02 5905 1.84
Yb 131 1.77 1.92 1.70 1.72 1.93 Ba 863 252 686 253 968 2.95
Lu 0.21 1.35 0.30 2.01 0.26 228 Sr 143 1.73 140 2.59 197 221
Y 16.56 1.42 2272 1.62 21.92 1.74

Fo SRR AR ERRFE AP BRI e e R e

Table 6 Comparison of analytical results of Ta, Hf and rare earth elements in actual samples using different digestion methods.

SEBRAEA S4 SEBrkEH S5 SBrkEdh S4 SEBrkEdh S5

SE% [FJriE (W) ETRE | Ak (k) HEmE || 0% | Ak k) Hmmms | Ak s ek

MENE (ng/e)  MEM (ne/e) | MEH (ng/e)  ME(H (ne/e) WEM (hge) WM (ng/e) | WEM (hg/e)  MEM (e
Ta 0.542 0577 83 7.01 Gd 2.005 2.089 6.004 5318
Hf 5.483 5.964 7.9 6.15 o 0.351 0.345 0.958 0.881
La 13.19 13.59 45.48 44.81 Dy 1.846 1.974 5.697 5.351
Ce 23.88 25.39 86.46 84.29 Ho 0.403 0.424 1.108 1.051
Pr 3.169 3.358 9.75 9.554 Er 1.151 1214 3.219 3.154
Nd 12.59 13.02 37.07 3631 Tm 0.203 0.21 0.504 0.499
Sm 2334 2.46 6.89 6.731 Yb 1.345 1379 3.182 3.185
Eu 0.588 0.633 131 1269 Lu 0.213 0.234 0.499 0.485

Determination of 33 Elements in Ground Substrate of Black Soil by
ICP-MS/OES with Alkali Melting Digestion

YU Haiyue'?, ZHANG Qi'*, LU Bing"*", HAN Chenhao'?, WANG Taoyuan'*, LI Mingliang'*
(1. Harbin Natural Resources Comprehensive Survey Center, China Geological Survey, Harbin 150086, China;
2. Harbin Observation and Research Station of Earth Critical Zone in Black Soil, Ministry of Natural Resources,
Harbin 150086, China)

HIGHLIGHTS

(1) In order to effectively dissolve samples with high organic matter content, NaCO;, LiBO, and Li,B,O, with high
melting point and non-oxidizing properties were selected as fluxes.

(2) Tartaric acid was added to the acid extraction agent and complexed with Ta, Hf, W and other easily hydrolyzable
elements, and the ideal extraction effect was obtained.

(3) The method established here is basically consistent with the determination results of the blocked acid solution
method, and the operation is simpler.
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ABSTRACT: The organic matter content in black soil samples is high, typically ranging from 3% to 10%.
Traditional pretreatment methods such as open acid dissolution digestion, microwave acid dissolution and digestion,
high-pressure closed acid dissolution and digestion, and ashing method cannot completely digest the sample, and
different elements need to adopt different digestion and determination methods, resulting in long experiments,
complex operation processes, high analysis costs, and are not suitable for the simultaneous determination of multiple
elements. Sodium carbonate, lithium tetraborate and lithium metaborate were selected as mixed fluxes to digest the
samples, and a method of adding tartaric acid to the acid extractor was proposed to extract the samples. 33 elements
in the ground substrate of black soil were determined by inductively coupled plasma-mass spectrometry/optical
emission spectrometry (ICP-MS/OES). The traditional method for analyzing black-soil samples is not suitable for
the simultaneous determination of rare earth and other multiple elements, nor for elements prone to hydrolysis such
as tantalum and hafnium, while ICP-MS/OES is suitable. The effects of different extraction systems on the
extraction of tantalum and hafnium were studied, and the optimal ratio of 30mL of hydrochloric acid and 10mL of
100g/L tartaric acid was determined. On this basis, the detection limit of the samples was 0.01-41.04pg/g by the
experimental method of control samples, and the results satisfied the requirements of soil analysis and detection. At
the same time, different kinds of soil reference materials were selected for practical testing, and the measured values
of each element were basically consistent with the standard values, with the relative standard deviations (RSDs)
between 0.48%—4.36% and the relative errors between —5.23%—4.85%. In addition, to further verify the feasibility
of the method, the relative standard deviations were all between 0.16%—4.97% when applied to actual samples.

KEY WORDS: rare earth elements; Ta; Hf; inductively coupled plasma-mass spectrometry; inductively coupled

plasma-optical emission spectrometry; tartaric acid; alkali fusion; black soil
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