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Determination of 22 Inorganic Elements in Broussonetia papyrifera Leaves from Different Habitats and
Health Risk Assessment by ICP-MS

MA Pengcheng' , Liang Buwen®, Shen Guohua’, DONG Peizhi’* , XIANG Xinhua®* (1. Shanxi University of Chinese
Medicine, Jinzhong 030619, China; 2. Shanxi Key Laboratory of Food and Drug Safety Prevention and Conirol, Institute of Drug Inspec-
tion Technology, Inspection and Testing Center of Shanxi Province, Taiyuan 030031, China;3. National Institutes for Food and Drug
Control, Beijing 102629, China)

ABSTRACT .OBJECTIVE To establish an inductively coupled plasma mass spectrometry (ICP-MS) method for the simultaneous
determination of 22 kinds inorganic elements in Broussonetia papyrifera leaves, analyze the differences of inorganic elements in leaves from
different origins, and evaluate the safety and health risks of heavy metals and harmful elements, so as to provide a reference for the quali-
ty evaluation of Broussonetia papyrifera leaves and the effective development of resources. METHODS  After microwave digestion of
Broussonetia papyrifera leaves, 22 elements were analyzed by ICP-MS using Relative molecular mass similar elements as internal stand-
ards. After methodological investigations, samples were analyzed, and the orthogonal partial least squares discriminant analysis ( OPLS-
DA) method was utilized to compare variability of inorganic elements from diverse sources. Safety was evaluated by individual pollution
index(Pi) and comprehensive pollution index(Pc), while health risk was assessed by calculating maximum daily intake of heavy metals
(EDI), target hazard quotient (THQ), and carcinogenic risk (CR). RESULTS The linearity of the 22 elements determined was
excellent with a correlation coefficient r* =0. 991. The relative standard deviation (RSD) values of precision, stability, and reproducibili-
ly tests met analytical requirements. The detection limit of each element was between 0. 000 6 to 1.687 3 pg - L™", and recovery rate was
between 83.63% and 106. 58%. The contents of K, Ca, Mg, and P in 24 batches of leaf samples from different origin were higher,
which were 19 098, 5 258, 4 882 and 2 904 mg - kg™, respectively. Principal component analysis revealed 5 key factors, identifying

Co, Al, Fe, Ni, Sr, Mg, and K as the main characteristic elements of Broussonetia papyrifera leaves. Pi and Pc had excellent safety
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ratings. EDI and CR results indicated no potential health risks from heavy metals and harmful elements in Broussonetia papyrifera leaves,

but THQ suggests that the as element in the leaves may have an impact on human health. CONCLUSION The Broussonetia papyrifera

leaves are rich in inorganic elements, heavy metals and harmful elements have less impact on human health, the content of essential

elements such as K, Ca, Mg, Fe, Na and Zn are high. This method is sensitive, rapid and accurate for the quantitative analysis of the

inorganic elements in Broussonetia papyrifera leaves, which has important value for the study of its inorganic elements.

KEY WORDS: Broussonetia papyrifera Leaf; 1CP-MS; inorganic element; microwave digestion process; health risk assessment
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Tab.1 Source and batch number of Broussonetia papyrifera leaves
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(10.0 pg - mL ™" HEE-. 20230819, EH XA B4 )8
MR Bl gy ) , Mg (Al Ca [ Cr,Co Ni ,Cu,
Zn As . Se ,Cd.Pb Sr.Mo,Hg Mn K P Na Fe. I,
Re Au £ FUICREARERTE (1 000 pg - mL™"  HEKA
4R/ LT PPR I R ) AR E TR (&
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PalfiEme (RFL 5L 65% , L5 : 20230409, 5 24 4
PG R A A L 200 10(99. 999% , 1l 74
FIT AR T A FR A H] ) 24 HEA R (3 24 4 ok
BRI 1, 21 P548 & 25 ah R 38 BT E4F 250
FEF 008 R FHEYI AR [ Broussonetia papyrifera
(L.) L'Hér. ex Vent ]t

No. Origin (in Chinese) Medicinal position No. Origin (in Chinese) Medicinal position
S1 Shanxi Jinzhong ( 11175 H) Leaf S13 Guangdong Huizhou (]~ ZR # M| ) Leaf
$2 Shanxi Jinzhong( 111§ 1) Leaf Sl4 Guangdong Huizhou( ] Z5 241 Leaf
S3 Hebei Anguo (L% [H) Leaf S15 Sichuan Meishan ( P4 J1] & 111) Leaf
S4 Hebei Anguo({iJb% ) Leaf 816 Sichuan Meishan ( PUJI| JE111) Leaf
S5 Shandong Weifang ( 111 4<#EL5) Leaf S17 Henan Nanyang (715 4 BH ) Leaf
S6 Shandong Weifang ( 111 535 ) Leaf S18 Henan Nanyang (1] % 55 BH ) Leaf
S7 Shandong Taian ( [[| 4454 ) Leaf S19 Henan Nanyang (1] 7% 75 BH ) Leaf
S8 Shandong Taian ( [[I 4 Z84%) Leaf S20 Henan Nanyang (715 55 FH ) Leaf
S9 Guangxi Wuzhou (] VGHEIN ) Leaf S21 Jiangsu Xuzhou (7LIRRM) Leaf

S10 Guangxi Wuzhou (] FGAEM ) Leaf S22 Jiangsu Xuzhou ( VLIRI5M) Leaf

S11 Guangdong Yunfu( "R = 1F) Leaf S23 Hubei Enshi( 4t E i) Leaf

S12 Guangdong Yunfu( ] & =) Leaf S24 Hubei Enshi( {4t iE) Leaf
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Tab.2 Microwave digestion program

Step Climbing time/min  Retention time/min  7/°C Power/W
1 6 10 120 800
2 5 10 150 1 000
3 5 10 180 1 000
4 3 20 190 1 200
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Tab.3 Results of linear relationship determination of 22 kinds element in Broussonetia papyrifera leaves

Element Linear regression equation 2 Linear range/ng + mL ~! Detection limit/pg + L.~! Quantification limit/pg « L~!
Mg Y =335.809X +9 315. 002 0.992 5-100 0.310 6 1.035 2
Al Y =106. 223X +1 373. 664 0.998 10 - 100 1. 106 4 3.688 0
Ca Y =115.436X +6 800. 423 0. 991 10 - 100 0.6115 2.038 3
Cr Y =10 035.259X +8 385. 348 0.999 5-60 0.0109 0.036 3
Co Y =19 044. 097X +3 542.515 0.999 1-50 0. 000 6 0.002 0
Ni Y =5285.409X +4 619. 323 0.999 1-50 0.005 7 0.018 9
Cu Y =14 549. 139X +47 443. 188 0.999 10 - 500 0.003 3 0.0109
Zn Y =2 198. 857X +46 701. 241 0.999 10 - 500 0.034 7 0.1155
As Y =1 030. 856X +871. 866 0.999 1-50 0.013 1 0.043 8
Se Y =45.756X +14. 690 0.999 1-50 0.024 5 0.0815
Cd Y =6 628. 947X +186. 673 1. 000 1-50 0. 000 5 0.001 7
Pb Y=111973.709X +74 716. 094 0.999 1-50 0.003 0 0.009 9
Sr Y=6789.477X +1 516.519 1. 000 5-100 0.013 7 0.045 6
Mo Y =9 667.835X +1 004. 183 0.999 5-100 0.001 2 0.003 9
1 Y =353.062X +1 185.295 0.999 5-100 0.076 6 0.2552
Re Y =78 368.492X - 54 133. 500 0.999 5-100 0. 000 2 0.000 8
Hg Y =15 524. 408X +4 136. 106 1. 000 2 -100 0.005 5 0.018 4
Mn Y =5 388.031X —-20 989. 468 0.999 10 - 800 0.008 9 0.029 8
K Y =261.979X +47 454. 364 1. 000 100 -4 000 0.451 6 1.505 4
P Y =4. 885X +150. 476 1. 000 200 -5 000 0.3317 1.105 8
Na Y =786.377X +167 842.223 0.997 500 -4 000 1.687 3 5.624 3
Fe Y =235.341X +17 167.719 1. 000 500 -6 000 0.253 4 0.844 6
®a MR 22 F 0T E e ERE KB R
Tab.4 Test table of recovery rate of 22 kinds element in Broussonetia papyrifera leaves adding sample
Element m( Original ) /g m(Added) /g m( Measured) /pg Average recovery /% RSD/ %
Cu 2.54 2.50 5.10 102. 40 1.83
As 0.16 0.16 0.30 87.50 1.25
Cd 0.02 0.02 0. 04 90. 50 3.01
Hg 0.01 0.01 0.02 92. 00 1.07
Pb 0.78 0. 80 1.45 83.63 0.73
Na 16.41 16. 40 33.09 101.70 1.13
Mg 2 441.01 2 440. 00 4776. 35 95.70 2.89
Al 160. 79 160. 00 318.23 98. 40 3.44
P 1451.92 1 500. 00 2 844.29 92. 80 1.95
K 9 549. 12 9 500. 00 19 674.53 106. 58 0.91
Ca 2 628.92 2 600. 00 5103.22 95.20 4.79
Cr 0.55 0.55 1.03 87.30 3. 14
Mn 19.32 19. 00 39.07 103.90 1.27
Fe 171. 83 170. 00 340. 95 99. 50 0. 65
Co 0. 08 0. 08 0.15 92.50 3.18
Ni 0.47 0.47 0.92 95.74 4.05
Zn 9.37 9.00 17.10 85.90 2.76
Se 0.11 0.11 0.21 90. 00 1.19
Sr 29.34 29. 00 57.93 98. 60 1.82
1 1.89 2.00 3.57 83.85 4.37
Re 0. 04 0. 04 0. 08 87.50 1.59
Mo 0. 84 0. 84 1.61 91. 67 2.17
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£S5 AR 2 HTESENLLER, mg - kg
Tab.5 Results of determination of 22 kinds element in Broussonetia papyrifera leaves of 24 batches. mg + kg™

Sample Cu As Cd Hg Pb Na Mg Al P K Ca
S1 5.10 0.45 0.02 0.02 1.43 36.6 7 063 366 1 960 16 646 6 284
S2 4.56 0.38 0.02 0.03 1.42 34.3 6 905 378 2 057 17 376 6 427
S3 4. 66 0.51 0.07 0.01 2.75 45.5 4182 689 2 086 17 095 4 665
S4 4.48 0.48 0.07 0.01 2.74 46.6 4403 689 2 087 17 436 4 656
S5 5.47 0.13 0.02 - 0.75 35.6 5130 168 3119 17 222 4373
S6 4.84 0.11 0.02 - 0.73 39.7 5851 168 3118 17 501 4420
S7 4.19 0.36 0.02 - 1.55 60.0 3879 400 2203 11 146 5621
S8 3.94 0.35 0.02 - 1.53 53.8 3700 403 2214 11 333 5 660
S9 5.79 0.54 0.04 - 1.94 20.7 4 226 411 2728 21 411 4117
S10 5.42 0.51 0.04 - 2.16 20.4 4373 419 2784 22 027 4175
SI1 5.37 0.29 0.02 - 1.09 25.5 3916 237 2 943 21 346 5721
S12 5.00 0.26 0.02 - 1.07 26.8 4236 239 2974 21 661 5723
S13 5.84 0.31 0.02 - 1.29 29.0 5455 331 2532 20 539 4570
S14 5.51 0.29 0.03 - 1.26 24.2 5089 344 2621 21 332 4721
S15 5.57 0.34 0. 06 0.02 1.57 21.8 5564 166 2315 18 754 6772
S16 4.95 0.32 0. 05 0.01 1.45 18.6 5 241 155 2183 17 637 6 300
S17 4.86 0.30 0. 06 0.01 1.98 35.2 4051 264 4834 18 637 4769
S18 4.57 0.29 0. 06 0.01 1.96 33.5 4 160 283 5131 19 840 5071
S19 6. 00 0.18 0.02 - 0. 68 28.0 5243 126 2 657 20 318 6 445
S20 5.71 0.15 0.02 - 0.67 27.9 5512 129 2 694 20 731 6 488
S21 5.64 0.33 0.03 - 1.75 38.4 4022 499 3821 22 696 5137
S22 4.92 0.26 0.02 - 1. 60 30.9 3 537 474 3528 21 645 4851
823 4.83 0.31 0. 06 - 2.08 28.6 5 746 179 3478 21 482 4499
S24 4. 46 0.28 0. 06 - 2.05 25.9 5673 189 3614 22 537 4712

Sample Cr Mn Fe Co Ni Zn Se Sr 1 Re Mo
S1 3.08 57.17 375 0.18 0. 86 21.4 0.48 49.9 3.40 0.10 0. 65
S2 2.96 57.8 365 0.16 0.82 20.2 0.52 57.0 4.01 0.10 0.62
S3 1.96 64.1 673 0.36 2.01 19.3 0.34 84.3 4.62 0.08 0.36
sS4 1.90 63.6 646 0.35 1.94 19.2 0.25 87.5 4.98 0.08 0.34
S5 0.63 55.1 214 0.10 0.97 20.7 0.09 55.2 2.32 0.07 0.95
S6 0. 60 54.4 203 0.09 0. 86 19.0 0.13 57.3 2.41 0.07 0.90
S7 1.04 41.3 411 0.20 1.16 15.9 0.20 36.1 3.76 0.07 0.33
S8 0.94 40.7 389 0.18 1.09 15.4 0.20 37.4 3.81 0.07 0.30
S9 0.88 21.2 433 0.13 0.44 17.7 0.19 33.8 5.34 0.07 5.33
S10 0.81 20.7 411 0.12 0.41 17.2 0.25 34.6 5.50 0.07 5.01
S11 0. 86 21.9 266 0.11 0.50 17.4 0.29 48.4 4.79 0.07 1.92
S12 0.77 21.5 255 0.10 0.47 16. 8 0.18 49.9 4.80 0.07 1.80
S13 1.04 41.1 435 0.18 0.67 23.3 0.26 52.6 3.45 0.08 1.97
S14 1.00 41.7 426 0.17 0. 64 23.2 0.16 53.3 3.50 0.08 1.80
S15 0.64 38.7 194 0.18 1.17 18.3 0.11 81.2 4.36 0.08 1. 47
S16 0.54 35.5 171 0.16 1.04 16.9 0.13 78.2 4.24 0.08 1.31
S17 0.99 19.6 298 0.14 1.27 17.9 0.15 69.5 2.48 0.07 2.37
S18 0.96 19.9 297 0.13 1.18 17.6 0.13 71.2 2.71 0.07 2.28
S19 0.33 30.8 149 0. 06 0.39 15.4 0.32 49.3 2.21 0.18 2.72
S20 0.30 29.9 144 0. 06 0.38 15.3 0.26 51.9 2.17 0.18 2.58
S21 1.79 38.6 552 0.26 1.38 25.4 0.23 71.5 5.79 0.07 1.38
S22 1.56 35.5 487 0.22 1.19 22.8 0.20 67.1 5.26 0.07 1.23
823 0.54 38.0 227 0.09 0.96 17.0 0.14 64.8 2.46 0.07 1.41
S24 0.51 37.9 222 0.08 0. 88 16.3 0.17 66.2 2.53 0.07 1.33

AR S gt
Note; — — No detected.
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Tab. 6 Specific adjustment information of 22 kinds element in

Broussonetia papyrifera leaves content

Expansion Element Minification Element
X3 Cu,Cr +6 Al,Fe
X0 As,Cd,Hg,Pb,I +35 P
X15 Co,Ni +75 Ca,Mg
X20 Se,Re,Mo +100 K

CPPRIRII P L CPPEEODPE S Voo
B1 st 22 fnReER AN
Fig.1 Heat map analysis of 22 kinds element in Broussonetia

papyrifera leaves

T E 22T 2025 452 H 55 60 B4 3
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Tab.7 Principal component characteristic values and contribu-

tion rates of 22 kinds element in Broussonetia papyrifera leaves

Principal Variance contribution Cumulative variance

Eigenvalue
component rate /% contribution /%
1 7.116 32.343 32.343
2 4. 695 21.340 53.683
3 2.977 13.531 67.214
4 1.938 8.811 76. 025
5 1. 667 7.578 83. 604
8 4
6 B
E
g
= 4
o
]
2
0

T T T T T T T T

T T T
1 3 5 7 9 11 13 15 17 19 21
Compositional data

2 MRt 22 T EERSETHE A
Fig.2  Principal component factor lithotripsy diagram of 22

kinds element in Broussonetia papyrifera leaves
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Tab.8 Composition mairix of 22 kinds element in Broussonetia

papyrifera leaves

Element 1 2 3 4 5
Co 0.935 -0.042 0. 062 -0.090 0.023
Al 0.913 -0.144 0.235 -0.158 -0.128
Fe 0. 883 -0.196 0.273 -0.244 -0.029
Ni 0. 810 -0.109 -0.357 0. 165 0.230
Pb 0.729 -0.412 0.112 0.491 0. 000
Cr 0.719 0.491 0.303 -0.042 0. 151
As 0. 688 -0.128 0. 456 0.313 -0.334
Mn 0. 589 0. 526 -0.226 -0.163 0.331
Sr -0.056 0. 898 0. 255 0.176 0.043
Mg -0.218 0.727 0.113 0. 246 0.410
Se 0.320 0. 709 0.448 -0.011 -0.162
Ca -0.212 0.704 -0.027 0.178 -0.317
Hg 0.373 0.597 0. 131 0.517 0. 156
Re -0.425 0.581 0. 164 0. 047 -0.193
P -0.278 -0.545 -0.137 0.171 0.415
Cu -0.509 -0.013 0. 649 -0.233 0.158
K -0.393 -0.363 0. 841 0.079 0.384
Mo -0.459 -0.435 0. 620 0.157 -0.242
Na 0.591 0. 167 -0.602 -0.284 -0.194

I 0. 520 -0.29%4 0. 535 -0.180 -0.315
Cd 0. 358 -0.397 -0.069 0. 764 0. 205
Zn 0. 369 0.025 0.377 -0.497 0. 641
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Fig.3 OPLS-DA score diagram (A) and VIP value diagram (B) of 22 kinds element in Broussonetia papyrifera leaves. n =2
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R MHrtPESENRASLEE(EDD) fagoE A& (CR)

Tab.9 EDI and CR of heavy metals in Broussonetia papyrifera leaves

EDI/ x10 ~*mg - kg=! - d !

CR/ %10 %mg - kg=! - d~!

Sample
Pb Cd As Cu Hg Pb Cd As
S1 7.67 0.11 2.42 27.4 0.11 0.23 2.31 12.7
S2 7.62 0.11 2.04 24.5 0.16 0.23 2.31 10.7
S3 14.8 0.38 2.74 25.0 0.05 0.44 8.07 14.5
4 14.7 0.38 2.58 24.0 0. 05 0.44 8.07 13.6
S5 4.03 0.11 0.70 29.4 - 0.12 2.31 3.70
S6 3.92 0.11 0.59 25.9 - 0.12 2.31 3.12
S7 8.32 0.11 1.93 22.5 - 0.25 2.31 10.2
S8 8.21 0.11 1.88 21.1 - 0.25 2.31 9.92
S9 10. 4 0.21 2.90 31.1 - 0.31 4.61 15.3
S10 11.6 0.21 2.74 29. 1 - 0.35 4.61 14.4
S11 5.85 0.11 1.56 28.8 - 0.18 2.31 8.22
S12 5.74 0.11 1. 40 26.8 - 0.17 2.31 7.37
S13 6.92 0.11 1. 66 31.3 - 0.21 2.31 8.79
S14 6.76 0.16 1.56 29.6 - 0.20 3.46 8.22
S15 8.43 0.32 1.82 29.9 0.11 0.25 6.92 9.64
S16 7.78 0.27 1.72 26.6 0.05 0.23 5.71 9.07
S17 10.6 0.32 1.61 26.1 0.05 0.32 6.92 8.51
S18 10.5 0.32 1. 56 24.5 0.05 0.31 6.92 8.22
S19 3.65 0.11 0.97 32.2 - 0.11 2.31 5.10
$20 3.60 0.11 0.81 30.6 - 0.11 2.31 4.25
S21 9.39 0. 16 1.77 30.3 - 0.28 3.46 9.36
S22 8.59 0.11 1. 40 26.4 - 0.26 2.31 7.37
823 11.2 0.32 1. 66 25.9 - 0.33 6.92 8.79
S24 11.0 0.32 1.50 23.9 - 0.33 6.92 7.94
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