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barbarum L. from Nuomuhong Farm, Chaidamu, and evaluate the health risk of heavy metals in Lycium barbarumL.
via the dietary route to humans. Methods The content of 6 kinds of heavy metals in Lycium barbarum L. was
determined by inductively coupled plasma emission spectrometer. The pollution degree of Lycium barbarumL. heavy
metals was evaluated by single factor index, mean pollution index, pollution factor analysis and Nemero’s composite
pollution index. The target risk factor method was used to evaluate the health risk of single and complex heavy metal
intake of Lycium barbarum L. Results The single pollution index of 6 kinds of heavy metals in Lycium barbarum
L. in this area was less than 1, and the comprehensive pollution index was less than 0.7, and the mean pollution index
of the lock-in freshness group was less than 0.1, which was uncontaminated, and the mean pollution index of the
sun-dried, hot air dried, and hang-dried groups was less than 0.2, which was a slightly contaminated state, and among
them, Cu, and Cd were the main contaminating factors. Through correlation and principal component analysis, the
sources of heavy metal pollution in the drying process of Lycium barbarum L. were characterized by diversified and
multiple pathways, and the heavy metal content of Lycium barbarum L. that had undergone lock-in freshness
treatment and hang-dried treatment had a higher safety coefficient; the single or compound heavy metals ingested by
the human body through the consumption of Lycium barbarum L. did not pose a health risk to either children or
adults. Conclusion The pollution degree of heavy metal of Lycium barbarum L. in this region is low, and the
content is in accordance with the limited requirement of Chinese Pharmacopoeia 2020, and there is a certain effect of
different drying on the heavy metal content of Lycium barbarum L., and this test can provide a reference basis for the
prevention and control of heavy metal pollution of Lycium barbarumL. in the drying system.
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Table 1 Sample digestion procedure of graphite furnace

LB HARREE/SC  R4FE ] /min RES

1 120 30 AL RRE . R

P . 4F 30 min B

2 150 90 i fﬁ min 38
i 15s

3 150 40 FrE . FE . R

D SE R JC 2 B (5 S AR, AR I 0 2% 1) o v 35 o A
Ay, Hom A AR, bR LR . DAL S
SIHTFRIEY) BT GBW10199 NbrdERESh, VENEHES AL
AR AR

(Q)FE S 48 & B e

I FH H B A 55 B A R B Y T {SORT A AT i T £
#H Cd. Cr. Cu, Pb, As. Ni FELRBILEMW T EIT
WM5E . HA ICPE-9000 1Y RESHCh: s KB AFREK;
MR OB R, Sl 1200 W; SR AR >
14 L/min; 48804 1.2 L/min; XS %+~ 0.70 L/min;
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Table 2 Evaluation criteria for mean pollution index
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Table 3 Evaluation criteria of integrated pollution index
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Table 4 Standard curve equations for heavy metal elements

MXRE WK

STk 5 LRk )1y R ’
(r) /nm
Pb Y=0.0106802X-0.2783779 0.99991 220.353
Cd Y=5.222909x10 *X-0.0586611 0.99996 226.502
Cr Y=0.0039726X-0.0866304 0.99995 206.149
AS Y=0.0028391X-0.1342330 0.99986 228.812
Cu Y=2.202861x10*X-0.060283 0.99992 324.754
Ni Y=0.0015699X-0.0867747 0.99995 231.604
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Table 5 Descriptive statistics of heavy metal contents in different dry preparations of Lycium barbarum L.
T+l FE i eIzt As cd Cr Cu Ni Pb

H/IME/(mg/kg) 0.024 0.010 0.140 8.373 0.194 0.047
e 8 I KAl /(mg/kg) 0.033 0.032 0.242 12.540 0.362 0.112
S E/(mg/kg) 0.029 0.025 0.177 10.626 0.256 0.076

5 5 7 EU% 11.1 24.1 16.8 13.2 19.3 272
f2/ME/(mg/kg) 0.023 0.021 0.107 6.08 0.131 0.043
W4 0 K AH/(mg/kg) 0.028 0.026 0.194 10.74 0.233 0.064
S (E/(mg/kg) 0.026 0.024 0.149 8.113 0.179 0.053

5 2 EU% 5.7 6.2 17.5 20.3 21.3 13.3
fe/IME/(mg/kg) 0.022 0.021 0.034 5.87 0.092 0.029
- 6 i KAE/(mg/kg) 0.031 0.028 0.133 8.74 0.164 0.059
SFHME/ (mg/kg) 0.027 0.025 0.109 7.963 0.134 0.047

A5 Z B % 10.3 10.0 34.4 13.2 18.4 22.8
fe/IME/(mg/kg) 0.020 0.018 0.120 6.25 0.075 0.022
B b 6 i KAB/(mg/kg) 0.026 0.024 0.138 7.75 0.136 0.045
A/ (mg/kg) 0.023 0.021 0.127 7.137 0.106 0.033

5 FEU % 15.0 15.4 5.4 8.8 23.7 352

#x6 AETHIMICEEREERES
Table 6 Analysis of variance for heavy metal content of different dried Lycium barbarum L.

Tl FE B As cd Cr Cu Ni Pb
G T ek 2 18 0.029* 0.025* 0.177° 10.626" 0.256" 0.076"
HET 4k 38 12 0.026" 0.024* 0.149° 8.113° 0.179° 0.053°
(R hEL! 6 0.027* 0.025" 0.109° 7.963° 0.134° 0.047°
BB 4 6 0.023° 0.021° 0.127% 7.137° 0.106* 0.033¢

Vs [ B R RN R 22 5% 5 (P<0.05)..
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Z (A 3 AL, Pb 55 Cu ZIRIANIETE WA, DL 4y
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Fig.1 Box plots of heavy metal content of different dried Lycium barbarumL.

HRAEE 2¢ WA THIfLE 48 As-Cd, Cd-Cu, Cd-Cr,
Cr-Pb, Cr-Ni, Cr-Cu. Cu-Pb, Cu-Ni. Ni-Pb Z[]fAHE
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0.93, HJEIUH SR AYIEA M . Forh As A1 Cd ¥5 Je R TEAH
[, S5HAhE SR TR YORIEAHE; Cd5 Cufl Cr A
e IIEIRYE, 5 Ni il Pb B9I5 YL IRASTH]; RS Cr X5 Cd.
Cu. Ni. Pb HAEEMFEIEME, £ Cd fl Cr #5548 4
P54 H Cr. Cu. Ni. Pb EHERITRZ AR

HRAEE 2d AT A EEH AL B2 45 )R As-Pb.As-Ni As-Cu,
As-Cd. Cd-Pb, Cd-Ni, Cd-Cu. Cu-Pb. Cu-Ni, Ni-Pb Z

) A AF S R 43314 1,00, 095, 0.95. 1.00. 1.00, 0.94,
0.95. 0.94. 0.89. 0.94, LA %4 ¥4 580 A A 5 9 15 AH 56
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a 10 b 1.0
As| As 0077 054 -074 084 097 08 As| As 098 083 -033 053 -0.69 038
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Cr ° @ Cr  -0.081 063 053 02 ¢r ‘ ‘ Cr  -0055 079 075 || 02

0 0
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As Cd Cr Cu Ni Pb As Cd Cr Cu Ni Pb
c 10 d 1.0
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’ 0.6 ‘ 0.6
cd cd 084 082 070 054 cd Cd 0057 095 094  1.00
0.4 0.4
Cr ' ‘ 098 086 086 02 ¢r Cr 024 023 -00017|| (02
0 0
Cu ‘ ‘ ’ 0.88  0.90 02 Cu ‘ ‘ Cu 0.89 094 02
0.4 ~0.4
V0 @ @ ‘ el ¥ KN B »
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2 Tk 4 Jm A G
Fig.2 Heavy metal correlation of dried Lycium barbarumL.
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Cd, 5 F WA TR R 18.093%, {uiF Cd. As. Pb, 2 . et/ Pb
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HEEHEABS, XA T =& 48 1 PCI (58.809%)
EHFAK,
B3 AFTFHfiLESE PCA B
£T ERPBFEITHE Fig.3 PCA plot of heavy metals in different dried Lycium
Table 7 Contribution of variance of principal components barbarum L.
FRSY ORREME rTERERce RISk 2.6 FREITFHHICELESHINGE
! 3989 29809 29809 e 8 FERad A [l 400 A R o kA e
2 1086 18.093 77.902 BERPAY, PR 250 2020 {4 As, Cd. Pb, Cu4 FE4LE
3 0.747 12.452 90.354

HEATRRAE, TR TEEs 24 b i ) As

Cd. Pb. Cu &
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WNES R PERETEN . @ H A5 YR Ees ]
W, MR A ESEICEMN PEY/NT 1, WIS YRR
Ao FEWGT . MF . BT BIEESE 4 FhTHIE), As AR
FIGYFEELE 0.012~0.014 Z 0], Cd B Fi5 Y38 500E
0.021~0.025 Z [a] . Pb B H Fi5 YLF8EHE 0.007~0.015 Z
], Cu B FI5 A5 EE 0.357~0.531 2 fa]; Hb Pb,
Cu FE 45Tl 4L 1] 1y B R 175 e A8 Bk R B0/ MR O Il
4. MTA. BTl Pt . KT HT R IEAR RS
As Fl Cd &, (AERTLAAE Pb. Cu W& &L, X TTHE
SN As F1 Cd 1Y 4@ & W IR T MR A AR B B0 5t
{H, T Pb F1 Cu BRI A FEHF RS, THLR P dsE
W EEECE, PR EE . R AL
THEESR As WIS YR, BER AR 5T Rk R Ik 3
50%, HUJEE AR, 93 MREAPIERY, cd EEE
Pepgtrh, WGIEMTTECRR R, HIKIERIE . Bk 5%
PABAHLAE, 3 B T 4 i 7EAE AR IR N & 4, el ad Mo A
RS —FR4y, 2 NI BBUNM 05 % A cfa et

L AT Y BOE AT AT AL, 4 FhFHIAACE 4R
) PIAEARY R T 0.147, #tT 0.113, BT 0.112, i
0.099, HAWT4 . HHAMmm ARt E SRS &t
TR YRAS, BiE L H R 4 B i Ak R T5 etk

2, Vb I A T o) b At T ) 2 4 B R, A Y
P A8, ZEM T4 L B9 R/ IMEIK i Cu>Cd>Pb>As;
EHTA. BTH., Biffd L WR/AMMRRY A
Cu>Cd>As>Pb, Cu fll Cd & FEMTGYEFE T, %L51E 55
BARTRE SR LI e e R —2, b E 2
WIS A PR AR, AR ML R BT
IR 15 A8 5L P o503 318 0.390,0.292,0.298,0.262,
BNF 07, HESBESTELTLZERES. U GB
2762—2022 ( B LB R fE gy RE ) &
Cr PR E{E 1.00 mg/kg. Ni AIBREE(E 1.00 mg/kg FKE
As, Cd. Pb, CuZMHEZM, XL 42 (At E 48
TREEFR R, M S ELEEIREN 0.00%,
FHA P A M AT L TR 4 R e iR B PR
2.7 ARIFHMEICESBEERXEITEN

MR 9 AT, AF Tkt ES)E As. Cd. Cr.
Pb 1 Cu Xt JLE KBS THQ AR T 1, FMAZ il AR+
BISEEAMAC LA L 5 Fpip—F & R e R A ST R RRUE,
[ A AT 2 4 JE X LB AR AR TTHQ W¥/hF 1, i
M2 TR B Sk AR MAC L E 5 FCRR R4 8 2 Bl
A5 YA JLEE RN 7 A A R AR

®8 ARTHINMICEERISRPTNER

Table 8 Evaluation results of heavy metal pollution of different dried Lycium barbarum L.

Tl TLE P PI L P PR A1 /(mg/kg) PR /%
As 0.014 0.025 2.00 0.00
cd 0.025 0.043 1.00 0.00
T b 7 Cr - 0.147 - 0.390 - 0.00
Cu 0.531 0.907 20 0.00
Ni ; ; - 0.00
Pb 0.015 0.026 5 0.00
As 0.013 0.028 2.00 0.00
cd 0.024 0.053 1.00 0.00
Cr - - - 0.00
LR Cu 0.406 0.113 0.896 0.292 20 0.00
Ni - 0.00
Pb 0.011 0.023 5 0.00
As 0.014 0.030 2.00 0.00
cd 0.025 0.057 1.00 0.00
b 7 Cr - 0.112 - 0.298 - 0.00
Cu 0.398 0.891 20 0.00
Ni ; ; - 0.00
Pb 0.009 0.021 5 0.00
As 0.012 0.029 2.00 0.00
cd 0.021 0.054 1.00 0.00
cr 0.00
BfE A 0.099 0.262
Cu 0.357 0.901 20 0.00
Ni 0.00
Pb 0.007 0.017 5 0.00

TE: N AA MR .
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Table 9 Targeted hazard factors for heavy metals in Lycium barbarum L.

Tl EiEan As cd Cr Pb Cu

JL# THQ 0.002 0.006 0.013 0.005 0.059

PG~ Ab 33 A THQ 0.002 0.013 0.010 0.003 0.003
TTHQULZE/H ) 0.085/0.032

JLE THQ 0.002 0.005 0.011 0.003 0.045

JEF b 7R M THQ 0.001 0.012 0.009 0.002 0.003
TTHQULZE /) 0.067/0.027

JL# THQ 0.002 0.006 0.008 0.003 0.044

A M A THQ 0.001 0.011 0.005 0.002 0.002
TTHQULZ /B N) 0.063/0.022

JL#E THQ 0.002 0.005 0.009 0.002 0.040

B A P M THQ 0.001 0.011 0.007 0.001 0.002
TTHQULZE/H ) 0.058/0.023

3 HFit5iTie

ARFTRAER LN, Seb AR Y 42 BTk
1 6 FiE4EICE, Hh As. Cd. Cu. Pb Db 2y 8t
THiRESE SRR EHENZS%E, Cr fl Ni Ll GB
2762—2022 1 1.00 mg/kg MBREE S %, XL T
RN A R S YAE A TR, A IS5 RO JC ™ E AR
MG, WHRETFIHEE . WP EEISREHS T, T
filkAeH As. Cd. Cu. Pb ZEICER G YK TF-H4b T2 47
RS W AR T HEESE & =0 P, WET2m
1445 T 4 J O Sk AR LA L O 55, A6 261 17 7 4 R % St )
. IS AREE T T4 B As. Pb. Ni, Cr Z[H
B TS YL E BAT TR R, HEF4E Cd. Cr, Ni 5 Y i B A
WM, HiZTHAmE Cd 5 Cr 74— ki54, Pb, Cu
HAMS 53w, mT A% Cr, Cu, Pb. Ni A5 5
TEEAT RIJEYE, BBt 5 As. Cd. Pb, Ni, Cu Z[E75
P AR, £ESBSEE TR 2 E 0
MR R, KRR THEREFNESRBISRERAS
FEAL H 2 FPaR A RO4FAE, HL28 5 B A R T 1 A M AT B
SRR e,

WANFHIMIAS As. Cd JCEAYT5 e 0 2 2 I8 FHIFT A9
HEE, ZTH R mEs/N, Po, Cu LR 22| Tl
Fr R AT, (E RN, Cu TuREEMALH B
FREKT, BRESRESRES, AR EHEDR
FE R SRR AR, T B EE R B AE A RS
AR PIERAEY AR 4 A F A 2 S B bR AL, R
KR ER HAS B AP SR E 4R Cu AR, DAY T B A AT
MEBRBORGFED 2, i a3 aod 1 A 7= A B R v A R
TR A5 Y &A%, WP Cu JCRBEA L ZMFFERA
RHLRE . BUE NIRRT . fGFE SIS — R8>,
AT 25 5 B 72 N R E T AL i 4R & kA T
R oA, 50 B 45l 2Ot H AT 5 4 5 114 R
PUATE i 72 ot B 4 R V5 e IR T RO B e

10 SR AR MIAT IR 22 4l 5
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