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36 MELH TERFTEE"

BB OEGALR I

(1. THBFRMNTE BRI, LA FM 2253005 2. BEFEHAFHMAFER, TH FMN  225300)
WE:BR ZIRENEZMNGHT 36 HAMATELRA TN B BRBEE B FIRAEICP - MS) ik 5 RIAMEL M ik
B, MR X A R A X (KED) , 5 & FRr iy 24 1550 W, RARE A Smm, RKBIAE A 1.045 L/ min, A FF AT A
14 L/ min, 33 AR F 4 0.9 L/ min, %530 454 40 v/ min, #AF R AAWR AR, TR, ELMNE 3R ER 36 AMTE
EROMNESBRELRECEA AN L o AL E ML X R RIF(r>0.995,n=6); T H X6 RSD % 3. 13% ~15.06%(n=6), B
) H 58 B X0 RSD 1 1. 85% ~ 11. 56% ;T35 @i 5 1 77.17% ~ 102. 85%,RSD # 1. 67% ~ 15. 16%(n =9) .5 #A4f 5u F 36 F+ LA
AR AR TREAA S B 8 R R ZHESD CEHMGT, THA TREBEHT 36 AN K LA EZNE,
RER: ZPBHG B BARSE B TRk MO H ok R 200 RZ 44

Determination of 36 Inorganic Elemental Impurities in Montmorillonite Powder by

Microwave Digestion — ICP — MS
XIONG Huan',CHEN Xuan’,ZHU Qiong’
(1. Taizhou Institute for Drug Control,Taizhou,Jiangsu,China 225300; 2. Nanjing University of Chinese Medicine Hanlin College , Taizhou, Jiangsu,
China  225300)
Abstract: Objective

determination of 36 inorganic element impurities in Montmorillonite Powder. Methods

To establish an inductively coupled plasma — mass spectrometry (ICP — MS) method for the simultaneously
Microwave digestion method was used to
process the sample,the testing mode was kinetic energy discrimination (KED),the plasma output power was 1 550 W,the sampling
depth was 8 mm,and the maximum current carrying capacity was 1.045 L / min,the flow rate of cooling air was 14 L / min,the flow
rate of auxiliary air was 0.9 L / min, the speed of peristaltic pump was 40 r / min, the injection system was an acid resistant
system, with manual injection and repeated measurements three times. Results The 36 inorganic element impurities had a good
linear relationship (r > 0.995,n = 6). The RSD of the repeatability test was in the range of 3.13% - 15.06% (n = 6),and the
RSD of the intra — day precision test was in the range of 1.85% - 11.56%. The average recoveries of 36 inorganic element
impurities were in the range of 77.17% - 102.85% , with RSDs of 1.67% - 15.16% (n = 9).The impurity content of
36 inorganic element impurities in five batches of samples was lower than the limit value and control threshold. Conclusion This
method has high sensitivity and good accuracy,which can be used for the content determination of 36 inorganic element impurities
in Montmorillonite Powder.

Key words: Montmorillonite Powder;ICP — MS;microwave digestion method;inorganic element impurities;quality control
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Pb.Cd.Hg.Co.V .Ni As £ (Li) . 2€ (Mg) .55 (Ca) . i
(Mn) #k(Fe) M (Cu) 8% (Zn) AR (Ag) Jifi (Se) EH(Sr)
JCER 071 X U w5 N R 2 U R T B P O 2
(1CH) Q3D{IT 2 2= i 45 T I ) )18 v 24 b ot 2 e HoAh
(B A5 5GHE TT R py A 6 A 1B 2T e R 2R I
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RN £ /% i e R R N8 ) 7 27 RN S W, & i
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T RO R ARSI B AR ARV B R T R A AR T
R, R T e 0 TR E SR, WA R T
PEFNTE 5o 5 152, 2R M B 98, AT it P, )iz
FHF B 5 250 IR B M ORE S 4 i T R A
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HLITZE 240 & f 1 1CP — MS B2, R 25 A 7 4l 1Y) o
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1 XE5RKHE
1.1 {¢z%

ICAP RQ AU ICP - MS Y (FEHR K /RBHEL <
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24 FE G Z 0 R AR HER TR (ME—FR1H1 239023 - 1,
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Cu.Fe % (Ga) .Li Mg.Mn Ni . Pb 8 (Sh) .4} (Sn) 48
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1 000 pg/ mL) , & (Rb) .70 2 B i 15 W (ME— bR iR
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VTR (ME—HFRIH 233031 — 1, JFHE R R 1000 g/ mL) ,
5 (Rh) FRIT R PR UEVA TR (ME—FRIA 239037, BT s Wk 2
1 000 pg/ mL) , #8 (Pd) 55T Z b5 fE % W (ME— bR 17
226049, Fi VR E A 1 000 g/ mL) 48 (Ag) FAIT EFRifE
W (ME—FR1H23B018 — 1, Bt iR 4 1 000 pg / mL) ,
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Bi A KA 64 8 B AR B o ; SR
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B ZICEAMER 2 mL, B [/]— 200 mL 3RHEIH A+,
WBEWOE 2  F25] A .

FRUEI 45 B 25 B B Hg AT EFRIEAIR 0. 5 mL,
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1,8 85 CHREMR % LR 4 h, 11 2 RE N P AE (00 % 45
SRR K 58 A, REISCHE TH A 0 P A R A MR 23 1 mL
BF, FH 0 7K s 1 i G PN 90 % VS TR A BB 5% # %8 50 mL
ZEmifirh, AR AiAKCE 2 25 WS A s, s
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M) 7 A 7 O 22 % 7 %) 0t v A A D R, 10 £ 28
1 ) (s 74 i 255 ST X 07 114) G v M e PR &5 SR
W1, RUTIE R

G 2 B RGBT R MR 2 10,0 pg / LY
PRt 2V W A B TR A 1. 0 g / LIARHE 2%
WBAIE R, TR 1 d N2, 1T (i 5 % e ik b
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Tab.1 Results of the methodology investigation

ABEE AUR ZER

& =375 2
" - ' (pg/L)  (pg/L) (pg/L)

RSD(%) Ao I (%,n =9)

AAHEE RRAHEE TARKE RBEEAR

34 i” J)]
REm=6) #BHh=12) (=6 (n=6) FamiE B

L Y=10381.4167 X+784.028 4 0.999 8
Be  ¥'=2096.5616 X+6.0000 0.9999
"B ¥Y=1070.6048 X+744.0253 0.9999
Mg Y=6541.4505 X+27925.6113 0.999 8
YAl Y=10303.8918 X+35202.2233  0.9997
ST ¥Y=8927.7757 X+39595.924 6 0.999 4
Vo ¥=18026.6257 X+10026. 1334 0.9999
Cr ¥=35090.9346 X+38243.6428  1.0000
Mn  ¥=156325.4286 X+25999.4516 0.9994
MFe  ¥=88.478 5 X+300.0053 0.9992
YCo Y=65811.014 8 X+5409.2106 1.0000
ONi  ¥=16156.7633 X+8595.007 7 0.9999
BCu  Y=89181.724 8 X+9525.701 0 0.997 6
n  Y=13672.0569 X+13955.8949  0.9996
NGa Y=125857.4744 X +824.032 1 0.99738
PAs 7=9856.4852 X+490.0114 0.9995
7Se  V=1350.3948 X+25921.275 1 0.9999
PRb - ¥=359518.2234 X+2330.2461  0.9991
%S V=419194.2313 X+49455.8332  0.9999
Mo ¥=11265.270 1 X'+ 114.001 2 0.9999
“Ru ¥=7696.5870 X+1.0987 0.9993
"“Rh ¥'=507256. 184 2 X+ 88.000 6 0.999 5
P ¥=116182.4346 X+408.008 0 0.9979
Ag Y=176618.1229 X+ 540.014 0 1.0000
"Cd ¥=31828.4118 X+162.001 6 0.9998
"Sn ¥Y=127130.0287 X+5343. 1846 0.9955
Sh - ¥=106386. 920 7 X +420. 009 5 0.9983
YBa  ¥=79724.5993 X+53403.0319  0.9976

—

.0~50.0 0.0476 0.1587
.0~50.0 0.0128 0.0427
.0~50.0 0.2848 0.9493
.0~50.0 0.5825 1.9417
.0~50.0 0.4445 1.4817
.0~50.0 0.6584 2.1947
.0~50.0 0.0796 0.2653
.0~50.0 0.1188 0.3960
.0~50.0 0.0149 0.0497
.0~50.0 0.5482 1.6446
.0~50.0 0.0193 0.0643
.0~50.0 0.0615 0.2050
.0~50.0 0.0070 0.0233
.0~50.0 0.1431 0.4770
.0~50.0 0.0022 0.0073
.0~50.0 0.0155 0.0517
.0~50.0 0.5724 1.7172
.0~50.0 0.0021 0.0070
.0~50.0 0.0218 0.0727
.0~50.0 0.0108 0.0360
.0~50.0 0.0030 0.0090
.0~50.0 0.0001 0.0003
.0~50.0 0.0009 0.0030
.0~50.0 0.0023 0.0077
.0~50.0 0.0038 0.0127
.0~50.0 0.0064 0.0213
.0~50.0 0.0027 0.0090
.0~50.0 0.1273 0.4243

— e e = m em e e s e em em e e e em em e e m em em e e e e e

®0s  ¥'=41950.0002 X+2.0000 0.9996 1.0~50.0 0.0003 0.0010
I ¥=273021.383 1 X+40.0002 0.9997 1.0~50.0 0.0001 0.0003
Pt Y'=104204.061 1 X+ 18.000 1 0.9985 1.0~50.0 0.0005 0.0017

Au ¥=173903.2394 X+3862.6149  0.9977 1.0~50.0 0.0026 0.0087
"Hg ¥=60065.6306X +5138.4192  0.9992 0.2~2.0 0.0175 0.0583
T ¥=795079. 8182 X+ 174.002 1 0.9998 1.0~50.0 0.0001 0.0003
Mph - Y=558467.378 0 X +235005.7774 0.9997 1.0~50.0 0.0511 0.1703
Bi ¥Y=941606.0143 X+4274.7265  0.9998 1.0~50.0 0.0012 0.0040

3.18 2.02 3.36 1.79 89.12 10.58
1.95 2.28 5.21 3.14 88.33 10.37
2.14 3.49 3.13 2.22 90. 26 8.47
2.16 3.56 4.02 311 88.97 5.03
1.38 3.61 4.99 3.50 90.29 4.45
0.94 2.17 5.25 1.35 89. 67 4.57
2.47 4.67 3.74 4.16 88.00 1.67
3.90 1.85 10.28 3.26 86. 50 7.46
1.17 3.55 4.38 .15 86. 56 5.06
2.79 7.85 3.79 3.21 89. 87 2.49
4.11 2.60 4.50 3.74 80. 41 7.55
1.88 2.44 4.34 3.24 87.87 9.98
2.10 5.86 4.52 1.85 83. 64 12.62
3.37 2.24 3.79 3.93 90. 36 4.73
1.34 1.99 3.93 3.81 86.20 11.62
2.64 3.66 3.96 3.06 88. 05 9.63
2.64 2.36 3.93 2.79 87.51 11.69
3.4 4.14 4.47 1.99 88. 44 5.43
3.28 6.37 3.43 4.24 95.34 8. 54
6.37 3.83 13.76 4.92 97.99 3.25
2.64 2.94 4.83 5.44 90. 69 1.96
3.14 4.41 8.88 6.01 91.27 12.66
1.86 3.22 15.06 1.05 100. 17 3.88
2.28 2.42 4.27 0.59 94. 06 2.99
1.16 2.37 5.59 2.44 86.72 15.97
2.24 3.24 4.26 4.28 94.70 6.32
2.98 2.04 5.69 3.88 91. 82 10. 08
4.47 2.55 4.65 1.18 98. 14 10.73
0. 66 2.31 3.76 1.20 78.00 3.81
5.99 2.95 6.97 3.84 102. 54 5.84
1.32 1.92 4.81 1.87 91.76 14.00
1.38 2.09 3.44 1.09 71.17 2.08
5.24 11.56 10.39 5.47 102.85 4.99
2.30 2.73 3.48 1.87 101. 90 9.92
4.46 3.23 4.03 1.98 98.79 11.41
2.18 2.56 4.73 3.12 94. 88 15.16
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AR TR K 2K

M BORE B (LS AS1541) 12 43, Hivp
6 X AR IEN 25 W A (BT B2 R 1 g/ mL) 1. 0 mL, 53
A1 6 3 AR HEIE £ W B (5T 2 W B 0. 05 g / mL)
0.8 mL, #% 2. 21 J7 il 2 sl A S o, 4% 2. 1 0T
RS AR A2 25 LR 1, R s A M AT

o MR < G 2 I BB SV BN 10 pg / LR
VE LRI A R ] 1. 0 g/ LAYPRUERRZR 5 B
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2.4 HmEENE
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3 iTig
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JCE B8 2 55 ok S A B i e 25
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AT A E B

3.3 EENEERST
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2ARICER VN fm & iR m iy 4. 82 4%, Ti TR

e R AR Y 3. 67 4% JICH Q3D 45 1 PDE B (1) 24 Fh

JUE,SHLFE S BTG ICH By 2K, AU 841 Al
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Tab.2 Results of the content determination of 36 inorganic element impurities in Montmorillonite Powder samples

_ 5 (mg/ kg) FRE PDE
S A51541 A68861 230404 220337 2202113 (mg/kg) (pg/d)
Li 6.9316 30.484 1 3.2693 4.1795 9.1833 61.1111 550
‘Be 0.4837 2.3330 1.0899 1.3428 0.799 7 - -
"B 0.9013 3.1630 0.5436 0.9059 0.876 2 - -
Mg 5564.9256 7516.6169 5941. 864 1 7934.6769 7 887.680 7 - -
Al 10 939.962 7 15 109. 406 7 11451.026 3 16 442.617 2 18 233. 664 9 - -
BTi 115.0151 43.614 2 55.5637 105.228 8 159.901 4 - -
Sy 3.4727 1.3455 1.3011 1.583 4 6.259 3 11. 1111 100
2Cr 0.1437 0.9957 0.9812 1.276 7 2.6384 1222.2222 11 000
*Mn 44,486 5 48.4712 68.940 8 84.097 5 73.3523 - -
Fe 70 958.905 2 12 195.924 5 20 636.417 8 18113.1742 51117.6359 - -
*Co 1.1912 0.4763 0.3518 0.4323 1.646 4 5.5555 50
ONi 2.4592 2.2314 2.1997 2.648 8 3.9953 22.22272 200
Cu 0.638 4 0.2773 0.2012 0.228 8 2.0009 33.3333 3000
87n 7.9295 6.367 8 5.3242 6.780 6 14. 644 1 - -
""Ga 0.789 4 1.298 3 0.7312 0.9371 1.2398 - -
®As 0.1424 0.1637 0.1649 0.1947 0.224 4 1. 666 6 15
"Se ND ND ND ND ND 16. 666 6 150
Rb 2.499 5 1.2805 1.0839 1.128 6 5.0758 - -
8Sr 26. 662 1 34.360 6 30. 846 3 38.4112 43.8136 - -
Mo 0.0238 0.0328 0.0418 0.047 7 0.040 6 333.3333 3000
"Ru ND ND ND ND ND 11. 1111 100
'%Rh 0.0140 0.0193 0.0170 0.0191 0.024 6 11. 1111 100
195pd 1.1333 1.8154 3.3878 5.2230 1.516 8 11. 1111 100
A g 0.3426 0.440 4 0.4606 0.5234 0.401 1 16. 666 6 150
"Cd 0.0108 0.0079 0.0179 0.0213 0.0139 0.5556 5
18Sp ND ND ND ND ND 666. 666 6 6 000
12IS} ND ND ND ND ND 133.3333 1200
YBa 14. 067 4 22.198 5 4.402 3 6.5534 27.089 0 155.5556 1400
0s 0.002 2 0.003 6 0.004 2 0.004 9 0.003 5 11. 1111 100
93y 0.004 4 0.008 0 0.0056 0. 006 7 0.004 6 11. 1111 100
195pt 0.009 4 0.0163 0.0109 0.0136 0.0100 11. 1111 100
Y Au ND ND ND ND ND 11. 1111 100
*Hg ND ND ND ND ND 3.3333 30
2057 0.003 8 0.003 7 0.0160 0.0222 0.0059 0.8889
208ply 0.407 6 0.5327 0.5104 0.5067 0.5322 0.5556 5
B4 0.0020 0.0118 0.017 6 0.0222 0.006 1 - -
ENDETARE SR, - AFRWPANL,
Note:ND indicates undetected, — indicates unspecified.

1247 - 1251. (7] F @, % A, B4%,%. BLHM- w8 BEEET
[15] % F*,EA£Z,94%. WABSGFETH - RiEEn HREEMNERRBLALIET SHELELE[]].

Rk P IALERASE] T EHL, 2024, A AT X, 2023,32(6) 1 40 - 46.

33(9):7 - 10. [18] £ &, RmeF Al . LABSF BT - HikER
[16] % 4,4 WA ATER, 5. ©RBLFH T HRAEEN AHiem 23 8 A4 B E[)]. IRIAR E 5,2022,49(16) :

REGR LRGP 10 AR Z S]] PERSL, 3025 - 3028.

2024,33(8):88 - 91. ik H 11 :2024 - 05 - 185 1& 101 H 11:2024 - 11 - 24)
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