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Determination of Trace Elements in Cistanches Herba from Different Habitats by ICP-MS

XU Qinke, WEI Xuebing, LI Li, WEI Peng, GUO Zhaohui, SUN Ying" ( Gansu Pharmaceutical Inspection Institute,
Lanzhou 730000, China)

ABSTRACT: OBJECTIVE To establish a method for the determination of 37 kinds of inorganic elements by microwave digestion
and inductively coupled plasma mass spectrometer (ICP-MS) , and to detect and analyze 37 kinds of inorganic elements in cistanches
herba from different habitats, and to preliminatively explore the pollution distribution of various inorganic elements in cistanches herba
from different habitats. METHODS Using nitric acid and hydrogen peroxide as digestion reagent, microwave digestion was used to
pretreat the samples. The contents of 37 inorganic elements in cistanches herba were determined simultaneously by internal standard
correction and external standard quantitative ICP-MS method. RESULTS In the curve range of 0.50 — 100 wg - L~' (Hg:
0.20 =20 pg - L") showed a good linear relationship with the peak area (r=0.997 4). The detection limits were 0. 000 27 —0. 045
pg + L', The average recoveries were 76. 5% to 110.0% at high, medium and low levels. RSD of precision and repeatability were
lower than 4. 8% . The detection rates of 5 harmful heavy metal elements ( copper, lead, arsenic, mercury, cadmium) that need to be
controlled by Chinese Pharmacopoeia (2015 edition) in 40 batches of cistanches herba were 27.5% , 7.5% , 82.5% , 0 and 100% ,
respectively. The detection rate of barium, manganese, rubidium and strontium in 40 batches of samples is 100% , and the content is
much higher than other elements, there are obvious regional differences. CONCLUSION  This method has high sensitivity, good
reproducibility, reduced the inspection time and cost, and can simultaneously detect various inorganic elements in cistanches herba,
providing data support for optimal cultivation, quality assurance and drug safety of cistanches herba.
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Tab.1 Sample pretrentment using microwave digestion proce-
dure

t/min Power/W T/°C

0-10 1200 180

10-15 1200 210

15-25 1200 210

25-35 1 200 80
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Tab.2 Linear range, correlation coefficient, detection limit and quantitative limit of 37 trace elements standard curves

Serial number Element Linear equation Linear range/p.g + L. =1 Correlation coefficientr  LOD/mg - kg ~! LOQ/mg -+ kg ™!

1 Ag!? C =0.057 471 41 +0. 066 906 7 0. 50-100 0.999 9 0.000 5 0. 001

2 AsT C=1.347 7741 -0.246 076 9 0. 50-100 0.999 8 0. 004 0.01

3 Ba'¥? C =0.068 003 0/ -0.368 938 7 0. 50-100 0.999 9 0. 001 0. 004

4 Be’ C =440.571 41 -0.057 632 9 0. 50-100 0.999 9 0. 000 07 0. 000 2

5 Bi202 C =0.023 304 51 +0.561 363 5 0. 50-100 0.999 3 0.001 0. 005

6 ca't C=0.126 948 71 +0. 112 984 4 0. 50-100 0.999 9 0. 000 07 0.000 2

7 Cel40 C=0.031 745 91 +0.225 377 0 0. 50-100 0.999 9 0.000 2 0.000 6

8 Co* C=0.171 992 01 +0.280 299 6 0. 50-100 0.999 9 0.000 7 0. 002

9 Cr? C=0.289 017 31 -0.149 617 2 0. 50-100 0.999 8 0. 002 0. 005
10 Cs!3 C=0.045 328 41 +0. 154 665 2 0. 50-100 0.999 9 0. 000 06 0.000 2
11 Cu® C=0.231 053 81 -6.636 678 0. 50-100 0.999 8 0. 009 0.03
12 Dy!63 C=0.058 106 21 +0.075 143 9 0. 50-100 0.999 9 0. 000 05 0. 000 2
13 Frl66 C =0.051 954 81+0.024 537 5 0. 50-100 0.999 9 0.000 3 0.001
14 Eu!%? C=0.048 790 71 +0.295 233 7 0. 50-100 0.999 9 0. 000 08 0.000 3
15 G417 C =0.085 909 0/ +0.261 322 6 0. 50-100 0.999 9 0.000 2 0.000 7
16 Hg?? C=0.153 872 71 +0.380 189 2 0.20-20 0.997 4 0.000 7 0. 002
17 Ho'65 C=0.016 883 71 +0.391 279 8 0. 50-100 0.999 7 0. 000 2 0.000 6
18 In'13 C =0.045 020 47 +0.137 330 8 0. 50-100 0.999 9 0. 000 05 0. 000 2
19 La'® C=0.036 394 41 +0. 196 851 0 0. 50-100 0.999 9 0. 000 4 0. 001
20 Li’ C =1 026. 1781 +0.256 840 8 0. 50-100 0.999 8 0. 000 05 0. 000 2
21 Lu'? C=0.023 153 91 +0.032 032 9 0. 50-100 0.999 9 0. 000 2 0.000 6
22 Mn3 C=0.469 072 41 +0.125 211 9 0. 50-100 0.999 8 0. 001 0. 005
23 Nd 146 C=0.074 743 61 +0.319 813 5 0. 50-100 0.999 9 0. 000 06 0.000 2
24 Nif0 C =0.284 332 171-0.233 760 7 0. 50-100 0.999 8 0. 002 0. 006
25 PH208 C=0.039 093 51 -0.541 734 8 0. 50-100 0.999 9 0. 001 0. 004
26 pr!4! C=0.029 440 07 +0.413 322 3 0. 50-100 0.999 8 0. 000 06 0. 000 2
27 Rb% C =0.594 836 41 +0.364 683 6 0. 50-100 0.999 9 0.000 3 0.000 8
28 Sc® C=1.183 2741 +0. 498 099 5 0. 50-100 0.999 8 0.000 5 0. 002
29 Sm!47 C=0.093 714 11+0.373 438 3 0. 50-100 0.999 9 0. 000 1 0.000 4
30 S8 C =0.250 044 51 +0.283 439 7 0. 50-100 0.999 8 0. 001 0. 004
31 Th!'% C=0.017 194 51 +0.329 0511 0. 50-100 0.999 8 0. 000 2 0.000 7
32 Th232 € =0.027 729 31 +0. 189 597 5 0. 50-100 0.999 9 0. 000 4 0. 001
33 TJ205 C =0.027 957 41 -0. 148 459 4 0. 50-100 0.999 9 0. 000 6 0.000 2
34 Tm!69 C=0.020 832 41 +0.655 435 6 0. 50-100 0.999 3 0. 000 07 0.000 2
35 vl C=0.382 192 97 +0.376 613 7 0. 50-100 0.999 9 0.000 3 0.000 8
36 Y8 C=0.114 733 41 +0. 318 146 4 0. 50-100 0.999 9 0. 000 1 0.000 4
37 Yb!72 C =0.050 401 81 +0.049 465 6 0. 50-100 0.999 9 0.000 3 0.000 9
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R3 HAMELR T E A ERE FEL ZAE. n=6

Tab.3 Recovery rate, precision and repeatability of 37 trace elements in samples. n =6

Serial Recovery rate of labeled samples(RSD) /% Precision Repeatability
number Element L, RSD Ly RSD Lg RSD RSD/% RSD/ %

1 Agl?? 96. 4 4.6 97.3 2.4 95.4 1.1 0.8 0.4

2 AsT 88.3 1.3 86. 8 1.5 84.5 0.9 0.6 1.8

3 Bal¥? 109 2.6 9.5 0.8 98. 1 0.6 0.2 1.2
4 Be® 102 3.4 99. 1 3.2 98.7 2.8 0.3 4.8

5 Bi2® 103 3.8 95.4 2.1 98.1 1.0 1.1 0.6

6 cdttt 87.8 1.3 91.4 0.5 95.2 0.8 1.8 0.9

7 Ce!40 98.3 1.8 96.7 0.9 97.1 1.2 0.4 1.1

8 Co¥ 99.9 1.3 97.7 1.0 98.7 0.6 0.3 1.1

9 Cr? 81.8 2.6 89.4 1.5 106 1.1 2.1 1.3
10 Cs!33 97.8 1.4 97.8 0.9 96. 5 0.5 0.6 1.4
11 Cu® 97.2 4.8 94.4 3.6 93.9 1.9 2.3 0.5
12 Dy!63 109 1.5 103 0.6 106 1.2 0.3 1.1
13 Er!66 109 1.2 101 0.6 107 0.5 0.2 0.9
14 Eu!53 96. 8 1.3 95.6 0.8 97.4 0.3 0.1 1.0
15 Gd17 95.6 0.9 98.9 1.0 97.6 0.4 0.2 0.9
16 Hg22 76.5 3.8 86.7 3.2 83.8 2.7 3.6 2.7
17 Ho'63 108 1.1 104 1.3 107 0.8 0.4 0.6
18 In!!5 95.8 1.2 98.5 0.8 96.2 0.4 0.8 1.3
19 La'¥ 93.5 2.7 93.6 1.9 95.9 0.7 0.2 1.0
20 Li’ 110 4.2 88.5 3.3 84.7 2.9 1.6 3.5
21 Lu!? 108 2.5 102 1.3 107 1.1 0.1 0.5
22 Mn53 102 3.9 96.7 3.7 93.8 2.1 1.5 1.3
23 Nd'46 97.5 1.4 98.1 1.6 96. 6 2.0 0.5 1.2
24 Nj60 89. 1 2.8 90. 3 1.7 87.7 1.1 1.8 1.0
25 Ph208 109 2.6 98.3 2.8 104 3.1 1.8 0.7
26 prl4l 96.6 1.1 98.5 1.5 97.4 0.5 0.7 1.1
27 RbSS 99. 1 1.6 95.9 1.1 98.5 0.4 0.3 1.3
28 Sc# 103 1.3 106 0.8 103 0.9 0.4 1.9
29 Sm!47 96. 4 0.9 94.8 1.1 97.1 0.6 0.6 1.1
30 Sis8 104 3.3 97.6 3.8 98.6 1.5 1.4 1.3
31 Th'> 9.8 1.5 98.8 1.8 97.9 0.4 0.4 2.1
32 Th232 98.1 0.9 96. 4 0.6 95.9 0.6 0.7 1.3
33 T1205 104 0.9 102 1.1 104 0.5 0.3 1.0
34 Tm!6? 88.2 1.1 95.5 0.9 109 0.3 0.4 1.1
35 & 102 2.4 99.6 0.5 102 1.2 0.5 1.0
36 Y8 102 1.2 95.8 1.3 104 0.8 0.3 1.1
37 Yb!72 106 0.3 99.2 1.5 102 0.9 0.2 0.9
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R4 OBAKXEPITHITENEE

Tab.4 Contents of 37 elements in 40 batches of cistanches herba

Content/mg - kg ~!

Detection

Element
S1 2 S3 4 S5 S6 S7 S8 9 S10 Sl S12 SI3 Sl4 SI5 SlI6 S17 SI8  S19 20 rate/%
Ag ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
As ND ND 7.5 ND ND ND ND ND ND ND ND 0.4 0.1 ND 0.4 ND ND ND ND ND 7.5
Ba 29 09 10 1.8 28 23 26 17 10 41 1.3 168 357 80 424 183 27 54 1.1 15 100
Be ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Bi ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cd ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Ce ND ND 25 ND ND ND ND ND ND 1.2 1.4 1.5 1.1 0.5 2.0 0.7 0.7 0.8 ND ND 25
Co ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cr 52 1.4 100 35 25 23 27 1.0 08 67 1.2 78 99 16 190 53 51 31 20 20 100
Cs ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cu 54 07 100 10 57 42 92 58 58 56 56 32 88 20 7.2 41 20 58 58 67 100
Dy ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Er ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Eu ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Gd ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Hg 0.1 0.2 8.5 0.1 ND ND ND ND ND ND ND 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 82.5
Ho ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
In ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
La ND ND 2.5 ND ND ND ND ND ND ND ND ND ND ND 1.1 ND ND ND ND ND 2.5
Li ND ND 42.5 ND 1.5 1.2 ND ND 2.2 0.5 ND 1.1 1.1 0.6 2.6 1.9 1.3 1.3 1.9 ND 4.5
Lu ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Mn 13.6 1.9 100 43 55 46 44 33 286 458 583 29 83 132 31 64 250 131 29 28 100
Nd ND ND 12.5 ND ND ND ND ND ND ND 1.0 1.1 0.8 0.5 1.4 ND ND ND ND ND 12.5
Ni 1.6 05 100 08 15 39 24 19 18 29 19 39 28 14 53 15 1.6 23 1.0 07 100
Pb ND ND 27.5 ND ND ND ND ND ND ND ND 0.4 0.2 ND 0.7 0.0 0.5 0.2 ND ND 21.5
Pr ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Rb 30,3 1.4 100 1.7 45 49 42 29 37 48 34 285 3.2 21.7 127 169 6.0 56 63 3.0 100
Se ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Sm ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Sr 26.3 39 100 54 129 143 122 63 9.4 144 85 653 106.7 69.1 110.8 57.2 16.0 4.9 19.3 9.1 100
Th ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Th ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Tl ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Tm ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
V ND ND 20 ND ND ND ND ND ND 1.0 ND 2.2 1.8 0.9 3.0 1.1 0.8 1.0 ND ND 20
Y ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Yb ND ND 0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Content/mg - kg ~! Detection
Element
21 S22 23 0S4 N5 N6 27 S8 29 B0 31 SR S33 S S35 B6 BT B8 S39 SM0 rate/%
Ag ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
As ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 7.5
Ba 20 08 1.1 1.8 20 69 22 1.6 36 1.7 37 43 24 03 09 04 08 04 31 1.0 100
Be ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Bi ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cd ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Ce ND ND ND ND ND 1.2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 25
Co ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cr .9 07 20 22 36 47 19 1.3 29 28 53 93 10 05 23 08 1.3 29 08 04 100
Cs ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Cu 84 63 49 64 58 96 70 56 7.1 97 84 106 45 35 52 57 39 57 66 42 10
Dy ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Er ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Eu ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Gd ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Hg 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 82.5
Ho ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
In ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
o o ; - 183 -
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43R 4( continued )

-1

Content/mg - kg Detection
Element
21 2 23 0S4 S5 26 N7 SW® Y B0 Bl SR S SHM SB35 $B6 BT B8 S39 S0 rate/%

La ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2.5
Li ND ND 45 ND ND ND ND ND 60 04 1.1 ND ND ND ND ND ND ND ND 26 425
Lu ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Mn 43 1.8 35 51 119 168 60 110 58 1.6 6.6 130 3.2 12 1.3 1.8 19 3.5 288 1.5 100
Nd ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 12.5
Ni .3 06 06 20 1.4 33 1.7 1.6 12 24 14 33 07 02 16 1.2 05 08 24 03 100
Pb ND ND ND ND ND 02 ND ND 0.2 01 02 01 ND ND ND ND ND ND ND ND 27.5
Pr ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Rb 52 30 51 36 52 7.7 1.2 7.0 82 39 31 130 25 32 50 79 29 44 44 28 100
Sc ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Sm ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND O
Sr 10.0 7.0 109 6.6 93 133 88 79 120 34 80 81 40 66 103 28 49 102 88 39 100
Tb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND O
Th ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Tl ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Tm ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
v ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 20

Y ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0
Yb ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND O

TE:ND = 455N TR L R 5 i S1.82.,83 88,812 ,S13 822,823,825 7} g N 5¢ 1% 559 \S10,S11,S17 18 528 830 ,S31 = Hu it s HoAxy™ Hudg Ay it o
Note: ND — the result is less than the instrument detection limit; Indicates that the result is less than indicates that the result is less than the detection limit of the instrument;

Samples S1, S2, S3, S8, S12, S13, 822, S23, S25 were produced in Inner Mongolia; S9, S10, S11, S17, S18, 828, S30, S31 are produced in Gansu province; The rest

are produced in Xinjiang.

3 i it

Fr Py 7 1CP-MS #4072 o, iy 4 210 T
SRR UERR IR T2, Fi AL HE AR T AR e
Ve T AR b, U R i 58 A VA 30 S RS Y
IR A 2 G BT o TR T B U
AL, FH BT 6 1 TG T A SO RT LS 3 B
PRIl B B i 14 T g I ELTR) A mT DAE A ] 1 it B2
JEJI T AL Z2 e i o X AERAR R R AL 7EAL
BT O AR R LR X B D AR ot A T A 5
UG AN T SRR AR, A B AL BRI [R] , W] DL ek
7 1CP-MS FAG I , 88/ i IR A & 7T LA 4 THC A
il P 73ty AR 0 N 5 222 4 KUK A K il /b Xof 3R 35
A5 9% o

15 TCP-MS {6z i i 2 v, 7 o i 5000 e
FErh, — AR P T 2R i A B e, o el g 18
B, AHURAE LRI 1 AR v A (Cd'™ ) R (NP
HR 2 PTTETC R TR0 s 1Y, T P AN JC R AR
AT TR R R, IR SRR B BRI A%
BIGHEHL T Cd" A1 NI R A TR 42

CrpE 2588 ) 2015 4E P RUE T E B8 A
FILREREMA 17 M, tRSTHEN
<5 mg - kg 58<0.3 mg - kg ;<2 mg - kg ';
HK<0.2mg- kg™ ' ;4] <20 mg - kg ", A FE R
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FIAHH BE SR KA H TR & &0 S5 % HiR
HEFR I A g SRR, X 5 MES& R LA F T
RIGTEBR BETL A -

PR L T AR R B RP R , 3277 L 3 G it
HR RS AR EZ 50 7 HLIT R K %
1 100% HOCER FEICHR iU R RICER (T
FMEICR, KPSt R M TR R RS EMME
BhE 3 R A ] — B g%, BT B R
W HR SR IR FEEIC R & ik
B4 4 42.4 mg - kg ' F1110. 8 mg - kg™, = Hh
Hl TR S ER KN 58.3 mg - kg™', 7= b
WS NG R & RN 31.3 mg - kg™ it
WA HUOTR TR EoTR TR AU
PR b I 22 5

TEHLICE X T A RA 0 0 i o0 2= Rk 4 77
MR ICE , 76 ICH ST R 48 3 i W i & 4 & T
RO =2K 00— R OR RmEA RN
BETE, T S AT KU PEAL 5 58 2R ou R R 2 4
BUS N 4 25 1% 42 A 6] B o 75 22 1 47 KURS: OF
fili AL FE AL BN A VB BRI VB BB R
FE R TR IR AW BN ENITER, AW
WME 7 LT Z RPN oT R . WA P&
- NER AR E SRR R IE (PPN N | VW

H I 22 24 2024 4F 1 F 85 59 B 2 )




R R AR LR HETTR . B
TR AE N P 7 ZAR R — R B 5, SR A L 2
et A A2 0T By A B A R T LA L L R
JUERTEHF E 10 25 30 B8R B R e VR 9
B, B o0 ER A 35 5 RE T = A B o BRI R
IEH NAE (BT R BA L 2 =N i 58 N
Hrds , 7SO i A AR 1 35k 2 T BONRAS Fh o 22
FEEER AR DR P A o B 2 R T
AP P N X (DT DRl G VA
M.

4 % %

ARBIFGEIL ek O - A 5 B T R
PR A 37 FIEHLOC R LT T 78 REAMHT, ot
T 37 R BT B E ik . POk R
AR e R RO 0 £, 7T T AR 37
FeHLICZ A RN E -
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