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Determination of inorganic elements in pine pollen by ICP-MS
and safety and health risk assessment
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Abstract: In order to determine the content of 18 inorganic elements in pine pollen and evaluate the safety and health risks of
heavy metals and harmful elements. the samples were treated by microwave digestion method, and then determined by ICP-MS

method. The characteristic spectra and correlation coefficient matrix of inorganic elements in pine pollen were drawn by Origin
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2021 and Micro-Signal platform. The safety of pine pollen was evaluated by calculating the single pollution index P; of heavy
metal elements. The daily maximum tolerable dose, target hazard quotient and carcinogenic risk of heavy metal elements were
calculated to evaluate the health risk of pine pollen. The results show that pine pollen mainly contains six inorganic elements:
Na, Mg, K, Ca, Fe and Zn. The results of P; show that the pine pollen samples are not contaminated and the level is
excellent. The heavy metals and harmful elements in pine pollen samples do not pose health risks to the exposed population.
The determination and analysis of 18 inorganic elements in pine pollen by ICP-MS method provides a theoretical basis for the

quality and safety evaluation and further application of pine pollen.

Keywords: chemical analysis; pine pollen; inorganic elements; heavy metals and harmful elements; microwave digestion

method; ICP-MS method
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2.2 BRE&E F A RIE/C 2.5
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s e e N e o o ASRE S /MPa 0.1~0.2
% B U B Rh Re PR il 8 220 MBS PRISWORE s/ (L min b 0.960 8
FORR BRI 10 pg/L 09I AR IR I YA/ (L min ) 15. 000
U NN AW/ (L - min ) 0.700 0
2. 2.2 ‘{thnﬁT{EDHY/ﬁﬁﬁf‘Jﬁ%U% %Zj]ﬁi%%‘_ﬂ/(r'minil) 40
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Tab.2 Working conditions of microwave digestion instrument

EEL RESA Th il 0 ) / min R/ C fE 9 5[] / min
1 1 600 60 110 10
2 1600 15 160 10
3 1 600 20 205 30
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Tab. 3 Linear regression equation, correlation coefficient and detection limit

o o - R? éiftt?iIﬂ/ L()D/ﬂ L()Q/ﬂ
(pg+ L) (pg+ kg ) (pg + kg )
B 11 Y=98.936 0X+251.114 5 1.000 0 0~1 000 0.080 8 0.244 8
Na 23 Y=2 833.895 3X +534 923.257 0 1.000 0 0~1 000 0.099 1 0.300 3
Mg 24 Y=0946.402 1X+22 653.982 1 1.000 0 0~1 000 0.566 3 1.716 0
K 39 Y=792.825 6X+17 073.982 9 0.999 1 0~1 000 0.825 9 2.502 7
Ca 44 Y=50.916 2X +5 469.002 1 1.000 0 0~1 000 0.067 5 0.204 5
Sc 45 Y=5 200.591 5X+35.555 7 1.000 0 0~1 000 0.001 1 0.003 3
Mn 55 Y=14 162. 465 5X +25 285.753 7 0.999 9 0~1 000 0.039 3 0.119 0
Fe 57 Y=639.519 0X +55 561.722 1 1.000 0 0~1 000 0.048 9 0.148 1
Co 59 Y=56 273.827 2X +8 638.590 0 1.000 0 0~1 000 0.012 9 0.039 0
Cu 63 Y=41004.452 3X +49 459.227 9 1.000 0 0~1 000 0.047 8 0.144 8
Zn 66 Y=6 207.596 4X +12 049.228 5 0.999 7 0~1 000 0. 046 6 0.141 2
Ga 71 Y=28450.578 7X+521.124 1 1.000 0 0~1 000 0.029 3 0.088 7
As 75 Y=2980.968 4X + 174,446 4 0.999 9 0~1 000 0.020 5 0.062 1
Se 77 Y=67.076 1X+1.1111 1.000 0 0~1 000 0.086 1 0.260 9
Cd 111 Y=16 855.984 2X +47.778 1 1.000 0 0~1 000 0.003 5 0.010 6
Ba 137 Y=14 842.497 3X+9 370.315 9 1. 000 0 0~1 000 0.093 0 0.281 8
Pb 208 Y =381 710.550 4X +182 019. 1130 1.000 0 0~1 000 0.007 4 0.022 4
Bi 209  Y=525101.282 7X +3 144.851 9 1.000 0 0~1 000 0.000 3 0.000 9

HI3R 3 Al 1, 18 R R B AE 0~1 000 pg/L WH WA BA4F M6 R, i A A X R B A NT
0.999 1, LOD {4 0.000 3~0.099 1 pg/kg, LOQ WA 0. 000 9~2.502 7 ng/kg, XWIKILE M LOD
I LOQ M HUE R RE AR L b 1 & 5230 2K,

3.2 NEBREEMESHLE

100 pg/L ZICRIB G ARUER AL B2, 17 TAE S B AT A 6 Wk, 3H50 45 31 & I 22 JT R 0K % )%
RSDH (L3 4>, HFE 4 AL, RSD R 1. 2% ~4. 9% . R WAL RS AR % 1 R4,

SEATRREURAAE R 6 Oy F5 BR“2. 2. 37 BT iR Uy 2 il A (i R AR 2. 17 TAE S 8 AT I e L 159 3 4
HMELEM RSDEULE 4, HE 40T H ,RSD EHWE N 1. 5% ~4. 9% . 25 R R WAL 1Y B2 R,
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Tab. 4 Precision and repeatability test results

TCER AWK

B Na Mg K Ca Sc Mn Fe Co Cu Zn Ga As Se Cd Ba Pb Bi

W#%BERSD/% 4.1 3.5 2.7 4.1 3.6 4.6 3.9 3.1 4.1 1.2 4.4 4.9 3.2 3
FEMRSD/Y% 4.7 4.2 4.7 4.2 3.5 4.8 3.5 2.6 3.0 1.5 4.9 4.5 3.5 4.

NE|

3.3 #mEMERUE
Xt 3 AN AR5 P Bl 0 9 A 2 TOUAL B, S AT W 4 3 00 W AE A AR i 4 IR R S T 3 M E P B R A
THLICER &1 A3 2] 18 MhICHLIC R By B i 70 0, Wk 5.

5 3HMmERTISHANAZRESHMNELER(n=3)

Tab.5 Determination results of 18 inorganic elements in pine pollen (n=3)

mg/kg
% : H ST R a5 : 4
20231102 C20231116 20231128
Pb 0.751 250 0.602 467 0.708 327 0. 687 348
Cu 18.107 500 16. 281 244 17. 367 432 17.252 059
As 0.222 250 0.326 701 0.275 304 0.274 752
Cd 0.157 250 0.138 456 0.146 468 0.147 391
B 2.339 000 2.489 761 2.723 741 2.517 500
Na 5 238.722 750 4 987,856 432 5 189. 553 738 5 138.710 973
Mg 1 207.675 500 1 198. 236 700 1276.135 200 1227.349 133
K 2 156. 248 500 2 245. 367 800 2 324.513 100 2 242.043 133
Ca 1427.712 750 1587.217 840 1 454. 853 640 1489.928 077
Sc 0.006 000 0.012 000 0.009 000 0.009 000
Mn 2. 431 500 2. 784 900 2.193 900 2.470 100
Fe 132.095 750 141. 032 100 139. 114 500 137.414 117
Co 0. 457 500 0.398 700 0.415 300 0.423 833
Zn 94. 197 000 89. 367 500 92. 425 800 91.996 767
Ga 0.054 500 0. 060 900 0.056 900 0.057 433
Se 3. 263 500 3.798 600 3. 842 300 3. 634 800
Ba 0. 950 500 0. 897 600 0. 908 500 0.918 867
Bi 0. 000 750 0.000 890 0.000 780 0.000 807

Hi28 5 A, 3 AR AL B BE S b 2 Na Mg K. Ca %5 5 S0 R P % 5 43 5 5 138. 710 973,
1 227.349 133.,2 242.043 133,1 489. 928 077 mg/kg; HIK ,Fe.Zn i LR EMAEH T IO & B U Z 1 &
B0 137, 414 117,91, 996 767 mg/kg; Pb.Cu, As.Cd 4 Fh & 4 J8 L XK IEM AL H B9 F 1 & & 0 5 K
0. 687 348.,17. 252 059.0. 274 752.0. 147 391 mg/kg, 2020 R( HHe A R k0 [ 24 )™ 3 19 5 4 J PR 1 ok
& Pb<<5. 0 mg/kg,Cu<C20.0 mg/kg,As< 2.0 mg/kg,Cd<1.0 mg/kg., %55 AMY Ml ek O stqr
AR AE WM/ T 2—20040) ) #5219 Ph<<5. 0 mg/kg.Cu<{20.0 mg/kg.As<2.0 mg/kg.Cd<<0.3 mg/kg, Al LA
A HAIERBFE S Pb.Cu As Cd 4 PR 48 T R BIFAF O BREAREZIR RIS IE R RE 2 22 2 T 52
3.4 MIEMPEITEHFELEEMNEL

T AT DU R M A3 AT 3 HEAS AL A RE S R JE LG R Y & i oA ff ] Origin 2021 B0R2 AR 265 JEHL
TR FREE AL WA 1,

mm C20231102 BN (20231102 B (20231102
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Fig. 1 Characteristic spectra of inorganic elements in pine pollen
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Na| 100 | 0.97 |-094| 091 w/j\l ..‘ ' ." ‘ .‘
ee O o0
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K |[-031]-043| 054 |-0.60| 0.99 0.78 . . ‘. . o .. [ )

: 0N
12 Ca|-099|-097]| 093 | -0.90 100 | -0.46 .‘...‘. ‘. ﬁé
Lo £

SC -0.97 | -0.99 | 1.00 | -1.00 | 0.39 | -0.94 0.53 | 093 ‘ ‘ .. . . . .
CO 0.88 | 0.94 | -097| 0.99 | -0.60 | 0.83 -0.72 | -0.82 | -0.97 | -0.38 | -1.00 ‘ . ‘ . .
- 9000

Ba 0.84 | 091 | -095| 0.97 | -0.66 | 0.79 -0.77 | -0.77 | -0.95 | -0.30 | -1.00 | 1.00 | 0.89 | -0.89 | -0.97 .

Mn| -0.77 | -0.68 | 0.59 | -0.52 | -0.51 | -0.83 | -0.87 [ -0.37 | 084 | 0.59

F—0.2

Fe -0.85|-0.91| 095 | -0.97| 0.66 | -0.79 0.77 | 0.78 | 0.95

Zn 1.00 | 1.00 | -0.99 | 0.97 0.98 -0.39 | -0.98 | -0.99 | -0.71 | -0.89
Ga | -1.00 | -1.00| 099 | -0.97 -0.98 2 0.40 | 098 | 099 | 0.70 | 0.90 | -0.93 | -1.00

Se | -0.67|-076| 084 |-087| 0.8 | -0.60| 0.46 | 0.91 | 058 | 053 0.96 | -0.94 | -0.74 | 0.74

Bi |-1.00|-0.98| 095 |-0.92 -1.00 | -0.42 1.00 | 095 | 0.82 | 0.80 | -0.84-0.99 | 098 | 0.61 | -0.80

B2 MiEH LT E AR KA
Fig. 2 Correlation heat map of inorganic elements in pine pollen

& 2 Al 1. Pb A1 Na,Zn,Cu fll Zn, As il Sc,Bi #1 Ca,Co I Ba BIF K RZEA N 1. 0, Pi B X SL T H W
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As\Sc.Bi Z [H] A A 5 F R R — 0. 99, BEHTIX 26 50 3 PP 2 18] 7 AR B9 SR G E & 5 B il KL Ga Al As,
Sc,Pb Fl Cu,Cd Hl Co Z IR B AHSC R EHR A 0. 99, 136 B 3X 2L 50 2 W PR 2Z 18] 8 s Y A A TE AR G OC &R . HoAth
JC A HL 22 E) Atk 7S 5 A R DG
3.6 REWEH

i 3 T R AR R R R TS R B P 25 2020 RRCH AR N R IR IR 25 i) v BT R E /Y Pb <<
5.0 mg/kg As<{2.0 mg/kg.Cd<C1.0 mg/kg YT 4 Jm B & A5 vk LR 24 P AR K i) 390 1 1 100 2 (AT Mk B
HE(WM2—2004) YHLE ) Pb<<5.0 mg/kg.As< 2.0 mg/kg.Cd<<0. 3 mg/kg )T 4@ R & Fr i, (RS 46
3 5 A 10 R X A R A ) IR Sy B AE A 25 B 1 P 5 4 T R 8 — s Y B IR

RIEX (D ITEASRNIEEES T Pb ) P, H0.150 3, As By P, 4 0.111 1,Cd By P, 5 0.524 2, =%
B/NT 0.7, RIS AL R EE S R BE PbLAs . Cd 3 P FHE AR 0 R I5 5 b T R K.
3.7 BERKITM
3.7.1 H e K AT i 52 $5 A it

PTDI 4 H 8 E vl i 52 8% A G A T 5t T AR 20 U SR L ZUF Jm B0 B il B8 N 500 2= L S AL ZE L P,
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As.Cd % PTDI 43514 0. 003 50,0. 002 14.0. 000 66 mg/ (kg * d) .5 H £ K Al it 2 5 A &/ T PTDI, B3k
N 4 B A5 AT S 0 R AN S AR fde B 7 A O SR e
A2 HHHEHE S Pb As . Cd 3 M EGEAFITRNWEHRERAIMZEARE AL RILE 6, Rk
6 AT, A FIJLZE PboAs Cd 3 P 4 )@ A F U R B8 H J KAl 32 5 A 2 ¥/ T PTDI, 3 W] ik I # 4E
WAE b e FErP 0 4 S 1 B R A R AN 2 1 R RS
k6 MEBHFTELEY Vi Yine 7 Y

Tab. 6 Ygn» Ying and Yeg of heavy metals in pine pollen

- Y,_:DinO‘/(mg ckgted™D i Yo X 10° \ Yo X107
BLAE N JL#E BLAE N L3 BLAE A JL#E
Pb 1. 340 1.150 0.180 0. 480 4,024 0. 034
As 0. 400 0. 340 0.005 0. 004 2.100 1.796
cd 0. 280 0. 240 0.010 0.090 6.045 5.166

3.7.2 HbRfEE R

ARG H REUZ USEPA $2H 9 — A TIPS AR U o) b 46 8 KU i 38 . iR AR 8 3 &
BT, 000 2 B DA v B BN 4 T A T R R R (R T A T T A s L B W) 3 B R 4 SR R R T
EPUPNINGEE SEIIATE S AR

AR (3R E] Pb.As Cd 3 Fi i & @A 5 0 R BV EEAR G 35 RE THAES R ILE 6, ik 6 Al 1%
EAFILE Pb As . Cd 3 FIC R M EAR S H REIG LI/ T 1, R W LIS B 25 o ) o 45 I 5 o R VP Al
AU B Ph As . Cd X T AR A 25 7 A= 5
3.7.3 BumMK

HUE KR 2 18 TR 22 5% T EL AT S0 AN 1A 5 T TR 37 R S0 P s O SR L [ PR AR
W Ak # Bk & 4 (international union of pure and applied chemistry, IUPAC)$§ i ,Pb.As.Cd ZEE 4B A F
TEAEA—EMIEEE. ZES BT RLA T 1X10 " ~1X 10" B B A B/ JL R S0 K, 8T
110" f HA ™ 5 B AR .

R (DI RS Pb.As Cd 3 F i 4 J@ A F o R 9 BUm U, 45 R WL 6. FH 3R 6 A1, BiAE A FL
B B XS /N T 110 %, SRR BB B i b I A B9 P As Cd T 42 J 2 % A I fadt e R ) 1l 32
I KU

AHEFEAE F ICP-MS 3540 il 2 T #4888 h i JEHLOC 2% . % 07 I v] AR B g 2 Roc 2. 9 H B A
Sy TG T JE MR R EUE R TR R D BRI AR 2 AR i T AR AR T Na ST R Y B i i
s R Mg K Ca.Fe.Zn 5 M CHLIC R M9 & 5 8 5 10 Pb.Cu As Cd 4 FPEE & )8 U &R 19 & 75 2020
JiR QA N R A A [ 2 ) DA R (2 R 0 B s 50 g 0 R AT AR v ) P AR VE RS . DRk AT AT AR A A
PAAERSAE SR 2 2T FEM

WFFE R W] Na JC 2 0] DL RS 35 e, 2 47 2 07 4 . 2 AP UL 1A 4 2R i 28 21 20 v 3 22 19 4 4
Z = Mg gt R HLA PR G FOHL A AR I L RR S ol B L AT A o A I R ARG R L SR Ak B B e i
SRS R E R AR T B AL R 2 = T R S A R P A A PR e T S AR A
K K oo R VAR 0] DL 5 40 M98 35 TR A 0198 081 A7 7 4 457 00 UL 2 6B 0 Aok 28 L 1R 2% A 1k 45 7 Tl LA
TAEHY s Ca MR RARA S ERELZH IR N TFARNEHRETEAEEEHS s Fe XS5 A
DA DAL I 20 28 11 B S LT B 1 40 M 0 3R IR 0 11 2 B B AR BB Fe & S 803010 5 Zn o0 &
FR R Az fim 2 A8 RS T 2087 A B TR EE AR AE KR E B0 AR s 1 8 B LR AE X 5 e
By B PR B AR S B 2B F — 8 A, 3 HERA AR R B B b Zn O AR B BT Cu, 1T
AT FE AR Cu L Zn A A B G 31 — 5 A0 18 35 7 S o S5 0 A6 0 & 48 B s 1 B AT — 2 Y
FRUT L R TR BT B A A5 R B S AN AR B LB R P A LR T S S 2 AR
AR—F, THLICR X T o 254 25200 & 3 A — 2 B9 82 , DR w] I R A A6 R Hh A T ML T R R R
R AE - R Z — .



74 LI A S A NI S i 2025 4F

AWy — 0 25 6 R B0 24 61 L CL R 2t o1 25 6 SR B 37K B 2 5L 0 5 — 59
B Al B S 2 AT R TF A AL PR Y T 2 00 £
S U IR0 4 T B AL B 2 8T P LATE 60 P ALY 17 B O 1052
WG T TR B9 WU I FFLA R AR DR %5 — SR B0 B8 9525 £ oL R L
JF D R TE 8 R TR AE B AP BT 2 1%

ABFSE TSR T B AE R P As,Cd 3 R 4 I8 76 36 1 B30 5 L 565 5 W RAAE B0 B KV 0
54 AP 45 DL R T 52 A W 5 3R O BOE DU 95 67 X8 B 0 B 06 T L 3 779
P45 S A AR BB RE B T 4547 9 Ph As Cd 3 BT 4 U0 % R 206 AR AR E. LS AR e
T T HC 7 5 B Y o T BT 6 K 15 4 i ICP-MS B e 52, 76 3 0 52 PR EL
i

AT FLAMBT T LU0 B9 B0 FE B AR50 T 1L BEAS S5 R SR IR M R 45 A
AR AE B L1580 . A0 6 B S O I T 5% . A0 B VR A AT
S R HLIE 36 5 24 B P12 0 6 38 I T S0 2 T M 6 00 0 4 A7 O 2 B
N B

£ % 3 ik /References

(1] FEng BB ARl 45 e AR E FRAE S R BT 5 [0, B AT 507 %, 2016,37(21) : 208-211.
WANG Hui,GENG Yue, XU Hongnan,et al. The non-nutritional bioactive substances in pine pollen[]]. Food Research and Developent,
2016,37(21):208-211.

[2] HRAMZE 2. g N RIEAEZ # M. bt i = =258 A, 2020.

(3] LML, 224605 4 2R AMAE M 09 25 OO S ik e LT ). P 24 57, 2009, 20(12) : 957-958.
LUO Yanxi.CAI Huafang,ZHONG Yusen. Research progress on medicinal efficacy of pine pollen[ J]. China Pharmacy.2009,20(12) :957-
958.

(4] FHFE ok, 2 AR . B AL 2 B4 1 43 55 5 % ], TR PHZG R R % %44, 2011, 28(6) : 429-432.
TANG Yu,ZHANG Yu,YUAN Jiuzhi, et al. Isolation and identification of chemical constituents from pine pollen[]]. Journal of Shenyang
Pharmaceutical University,2011,28(6) :429-432.

(5] XBAh . B, 10, 5. WA TR 16 1k A3 43 H7 7 vk I 2 A T R i g e [ . 259 43 B 22 36, 2012, 32(1) 1 173-178.
DENG Qian, TONG Shanshan,DING Lixia,et al. Research progress in the analysis methods of functional components in pine pollen and
its biological activities[ J]. Chinese Journal of Pharmaceutical Analysis.2012,32(1):173-178.

L6 XUHA BRI, B 12, 55 AS R RS TEK) 412 R 0 %o A 1t M 75 5 A B B S5 50 40 1 DR A LD ). £ R4, 2024, 45(6) 1 105-112,
LIU Qisong,CHEN Yang, YANG Changjun, et al. Protective effects of different pine pollen extracts against cyclophosphamide-induced
ovarian damage in SD rats[J]. Food Science,2024,45(6) :105-112.

(7] Aaripesie, PN [, T8 . AR LB I AT 2808040 B 25 BPE T LD ). ZR B Mol K2 454 . 2007, 35(9) : 78-80.
HE Xiaoyan,SUN Xueyuan, YU Zhiyang. Effective components and pharmacological function of pine pollen[ J]. Journal of North-East
Forestry University,2007,35(9) :78-80.

[8] MAO Genxiang.ZHENG Lingdi,CAO Yongbao.et al. Antiaging effect of pine pollen in human diploid fibroblasts and in a mouse model
induced by D-galactose[ ] ]. Oxidative Medicine and Cellular Longevity,2012. DOI. 10.1155/2012/750963.

[9] CHENG Yong.QUAN Wei,QU Tao, et al. Effects of 60Co-irradiation and superfine grinding wall disruption pretreatment on phenolic
compounds in pine (Pinus yunnanensis) pollen and its antioxidant and a-glucosidase-inhibiting activities[ J ]. Food Chemistry,2021, DOI:
10. 1016/j. foodchem. 2020. 128808.

[10] LI Bing, WEI Kai, YANG Shifa, et al. Immunomodulatory effects of Taishan Pinus massoniana pollen polysaccharide and propolis on
immunosuppressed chickens[ ] ]. Microbial Pathogenesis,2015,78:7-13.

(110 3 BP0/, Ho 3 2 5 0 % 50 A R AE K B4 40 LT ). o ARG 0 2 7. 2021, 31(7) . 784-788.
CUI Qin, LI Yongjun, LIU Xiaoyun. Distribution character and principal component analysis of inorganic elements in Angelicae Sinensis in
Daodi, Gansul J]. Chinese Journal of Health Laboratory Technology,2021,31(7);784-788.

[12] EARFT . ARAR, B, 55, 25 2580 o0 AR R Y A A R R AR 20 A LT 0. R 2584, 2020, 43(7) :1570-1576.
GONG Fuyu,CHENG Lin, HAN Mei, et al. Characteristics analysis of ecological factors in accumulation of effective components in scutel-
laria baicalensis[J]. Journal of Chinese medicinal materials,2020,43(7):1570-1576.

(1370 XUk, SCET L B 8 4. EA LTRSS h 28 25 MGV ST [T . L= W58 5 Wi 1T . 2009, 21(1) :81-84.



1 XU 45 ICP-MS 2 0 5 8 A4 TEHLIT 2 7 i B 2z 2 | (i FE XU T £ 75

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

LIU Jin, WEN Zhining, QIN Jieping,et al. Study on the relationship of the properties of neutral medicine of traditional Chinese medicines
and seven inorganic elements[ J]. Chemical Research and Application,2009,21(1):81-84.

FEAUC B HE A SRR I8 B AR IREE R AR A 25 25 MR i s e L) . E 252275, 2010,35(1) £ 126-128.

TANG Shihuan, YANG Hongjun, HUANG Lugi. Discuss on effect of physical environmental factors on nature of Chinese materia medica
[J7]. China Journal of Chinese Materia Medica,2010,35(1) :126-128.

fFoe%e, X200 2R A, A4 AL IR & 0 B TR BRSO i 1a AR 2 2 LG R [T, W E R 24, 2009, 20(6) - 1488-1490.

FU Xianjun, LIU Hongbing, LI Guogiang, et al. Study on the contents of mineral elements of 14 Chinese traditional medicines for lung
Channel tropism by inductively coupled plasma mass spectrograph (ICP-MS) method [ ] ]. Lishizhen Medicine and Materia Medica
Research,2009,20(6) :1488-1490.

XU RS ARG WA MG S 11 Ahoc R i & s ge L) ], AR BE 254 1), 2008, 26 (12) : 2577-2578.

LIU Dan, LI Junsong, L1 Weidong, et al. Studies on changes of content of eleven elements in crude and calcined ochre[ J]. Chinese Archives
of Traditional Chinese Medicine,2008,26(12):2577-2578.

W vk %8 BLWTL BR A5 BB T AR B L i JEALIE R I M L) ] p AR R 2 2%, 2018.,.33(8) :3294-3299.

YANG Bing,QIN Kunming,XU Ying, et al. Determination of inorganic elements in raw and processed products of Semen Cassiae[ ] ].
China Journal of Traditional Chinese Medicine and Pharmacy,2018,33(8) :3294-3299.

i, T R AR 2R A R R B AR R BETELT ). P AR BE 2 0K, 2012, 27(7) £ 1785-1787.

LI Shibo, WANG Jie,ZHAO Jianbang., et al. The characteristics research of harmful heavy metal residues in angelica herbs[ J]. China Jour-
nal of Traditional Chinese Medicine and Pharmacy,2012,27(7) :1785-1787.

PR M LT A5, 3T ORI IS 250 b JE G Jm AR 5 0 K Bk B 0 B BORUE BEA [0). 2590 3 Hr 2 35, 2021,41(6) : 1000-1008.

FEI Yiqin, XIAO Ling, WANG Bo,et al. Residue analysis and risk assessment of heavy metals and harmful elements in 37 plant medicinal
materials[ ] ]. Chinese Journal of Pharmaceutical Analysis,2021,41(6):1000-1008.

X5 5 W EAR SR, = MR T B 28 LA B ST (). = M Aol BB, 2001(2) 1 67-70.

LIU Jiabao,FAN Guodong, FENG Wu. Preliminary report on flavone substances in pollen of Yunnan pine[ J]. Yunnan Forestry Science
and Technology,2001(2):67-70.

B, B, EROC S I CO, A HUE ARSI ZE by v By 8 i i i 5 [, & i B, 2010,35(4) £ 208-210.

GAO Aixin, WANG Zhoulian, WANG Jingwen, et al. Research on the extraction of phytosterol in pine pollen by supercritical CO, extrac-
tion technology[ J]. Food Science and Technology,2010,35(4):208-210.

73 B, e SR BEE . I SR CO, ZEIURA AE R 1 Tl I B2 6 GC 4[] 7R P 25 2 e 2 3R . 2010, 27(4) 1 347-348.

YANG Wanzheng, LU Jing,ZHANG Xiaofeng. Super-critical CO, extraction of oil in pine pollen and GC analysis[J]. Journal of Chengde
Medical University,2010,27(4) :347-348.

51 58 3 o o P 0, B T ) L A IO TR ol AR A € -0 33 6 P 35 0 W R 2B A 4 R Pl 23 LD . P 245 64,2007, 30(12) : 1521-1525.
ZHANG Xiaoshan,CHEN Tufeng,ZHANG Haidan, et al. Headspace solid-phase microextraction-gas chromatography-mass spectrometry
for analysis of volatile components from pollen pine[ ] ]. Journal of Chinese Medicinal Materials,2007,30(12):1521-1525.
A TR UEBE 5k BE L AR AR R B ZL A OGS A L B AT XS R B A A AT LT ] OGR4 5O 3E 20 4T . 2005, 25(11) 1 1797-1800.

WANG Yamin, WANG Hongjie, ZHANG Zhuoyong. Analysis of pine pollen by using FTIR, SEM and energy-dispersive X-ray analysis
[J]. Spectroscopy and Spectral Analysis.2005,25(11):1797-1800.

SCHMIDT K,AUTENRIETH D,NAGISETTY R. A comparison of field portable X-ray fluorescence (FP XRF) and inductively coupled
plasma mass spectrometry(ICP-MS) for analysis of metals in the soil and ambient air[J]. Research Square, 2024. DOI: 10. 21203 /rs.
3. 153849271 /v1.

XNYe, 22 Ae B I SE i, A A B A S S TR D R O i R e SR A A AR B AE R B R 4 BT e N R R (). B R g
e 53 . 2014, 50(5) : 655-660.

LIU Ying, LI Huachang, FENG Xianjin, et al. Recent developments of application of ICP-AES and ICP-MS to analysis of secondary
resources| ] ]. Physical Testing and Chemical Analysis(Part B:Chemical Analysis),2014,50(5) :655-660.

B4« FEFNE B SE BRIy, A5 T S A TH 16 b JEHLIT R AW g 5 A R XU SR AG LT, dr B R LA T AR, 2024, 14(5) -
640-651.

TUOLIEWU - Ayibota, TENG Liang, ZHANG Xiaoxue, et al. Determination and health risk assessment of 16 inorganic elements in
populi euphratica resina from Xinjiang[J]. Chinese Jorunal of Inorganic Analytical Chemistry,2024,14(5):640-651.

VAROL M,KAYA G K,ALP A. Heavy metal and Arsenic concentrations in rainbow trout (Oncorhynchus mykiss) farmed in a dam res-
ervoir on the Firat ( Euphrates) River: Risk-based consumption advisories[ ]J]. Science of the Total Environment, 2017, 599/600
1288-1296.

LT SO PR R 2 R EE ML LML T B MR A R Uk 2006,



76 mode B oHOoR % % iR 2025 4F
[30] AW ARHIAME, ABIN 4F . 3. HPLC-MS/MS 75 I 2 £h FR P DU /R v v 78 3k R B3 M 2= B [T ). T BB K22 41,2024, 45(3) . 277-282.

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

HAN Jiarui, XU Yanmei, HAO Lijuan,et al. Determination of potential genotoxic impurities in labetalol hydrochloride by HPLC-MS/MS
method[J]. Journal of Hebei University of Science and Technology,2024,45(3) :277-282.

WM/T 22004, 25 FIAL ¥ B i) ) A 48 57 4 (ATl b kLS.

Wk Ige I, FLFF B 07 BH L A6 58 3 i v i 4 T 9 g A3 BT R A R XU AT A T, I 2544 75,2019, 44(14) :3094-3099.

YAO Jiaojiao, KONG Dandan, LUO Jiaoyang, et al. Safety evaluation of heavy metals contaminated Astragalus membranaceus using
health risk assessment model[J]. China Journal of Chinese Materia Medica,2019,44(14) :3094-3099.

JAR e, B ok 5 ARR B T T A R 0 S BN e MR TR 25 7 U M AR 9 R T AR LT, 255 ), 2018, 53(3)
432-438.

ZHOU Li, YANG Jian,ZHAN Zhilai,et al. Determination of heavy metals in Coptidis Rhizoma of different habitats and risk assessment of
heavy metals under different ways of administration[ J]. Acta Pharmaceutica Sinica,2018,53(3) :432-438.

TRARAE T X E R, 55 ICP-MS B4 G Ab 2 T 2% B U0 7 53 7 K (2 Be KUBE 7 A% L) ). Th 2544, 2023, 46 (4) :919-924.

ZHANG Linxiang, HAO Peijun, LIU Fuqgiang,et al. Origin analysis and health risk assessment of aquilariae lignum resinatum by ICP-MS
combined with stoichiometry[ J]. Journal of Chinese Medicinal Materials,2023,46(4) :919-924.

BT T B A A R KB HLOC R M (). R O Ak 2 4, 2022, 53(8) 1 2272-2280.

HUANG Shaojun, MA Liuhui, MENG Sijie, et al. Inorganic element analysis in Sarcandra glabra produced in Guangxi[ J]. Journal of
Southern Agriculture,2022,53(8):2272-2280.

e KB, A 158 4 LR FIRA TR R B E SR B X L A LT ] BRI S 0 4. 2017, 38(14) - 219-224.

WANG Qian, GENG Yue, LI Xiao, et al. Comparison and analysis of nutritional components of bee pollen and pine pollen[]]. Food
Research and Development,2017,38(14):219-224.

ZROR M AR SR £, AFL T 25 AR B K B Ak 2 i B BN T F 5 BE R LT/ OL DL ¥k FH 25 Bh K 2% % k. (2023-11-24) [2024-08-09 .
https://link. enki. net/doi/10. 14066/j. cnki. cn21-1349/r. 2022, 0835.

LI Rongsheng,FU Qingshuai,GUO Junhong,et al. Research progress on chemical composition and modern application of Chinese medi-
cine pine pollen[ J/OLJ]. Journal of Shenyang Pharmaceutical University. (2023-11-24) [ 2024-08-09]. https://link. cnki. net/doi/10.
14066/j. cnki. cn21-1349/r. 2022. 0835.

B wh e, BT AFL A AEA T 16 B R BRI OC R 1Y TXRE X3 He AT [T, il 2 50614 407, 2012, 32(8) 1 2250-2253.

CHEN Wei, HAN Xiaofeng, LYU Jiangang.et al. Determination of 16 elements in the different pine pollen by TXRF[]]. Spectroscopy and
Spectral Analysis,2012,32(8):2250-2253.

Rt 70, B L A5 A BB A VERE BAA BT ST (], 25245, 2015, 34 (1) : 16-19.

LU Mei, YAN Feng, LUO Haiyan, et al. Toxicological research on the edible safety of pine pollen[]]. Journal of Pharmaceutical
Research,2015,34(1) :16-19.

P8, 5, LA e, 55 MAER NI I P R BRI RE/ T[] ]. £ 25,2016,37(3) :330-333.

WEN Pingjing. PENG Liang. WANG Shaolong.et al. Analysis of human food safety and laxative function of pine pollen[]]. Medicine and
Pharmacy of Yunnan,2016,37(3):330-333.



