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spectrometry, ICP-MS)X} 180 {3 £l FFEASH Cr. Ni, Pb, Cd. As. Hg #1T & & 00, SLEEHEZ Microsoft Excel
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Cr FII Ni 78 3 K77 XA i A 1, 17 Po At 38 52 B0 XA 28 5, 9™ X dme e, KA 77 X Cd A HE 848005 (R 1Y
TCRMAEE R E 2 W25 G)IME L ER B MEEN Pb. Ni. Cr 2B EEME, HRFEHRESE)
MR Y [F) 2R TC B AR DG [F) 2B 45 ()RR XU PE 4 1, FE83 77 X Y Cr Fl Po AFTETETE RS, T 4i a5 18R
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Analysis of heavy element content in Shanxi specialty Ziziphus jujuba
Mill. and health risk assessment

DU Xing’, GUO Shu-Gang, WANG Wen-Jun

(Shanxi Provincial Center for Disease Control and Prevention, Taiyuan 030032, China)

ABSTRACT: Objective To evaluate the heavy metal contamination characteristics and health risks of Ziziphus
Jjujuba Mill. from 3 major production regions (Jiao cheng Jun Ziziphus jujuba Mill., Tai gu Hu ping Ziziphus jujuba

Mill., and Xiang fen Guan tan Ziziphus jujuba Mill.) in Shanxi Province. Methods Sample pretreatment was
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performed using a microwave digestion system, followed by quantitative analysis of Cr, Ni, Pb, Cd, As, and Hg in
180 Ziziphus jujuba Mill. samples via inductively coupled inductively coupled plasma-mass spectrometry (ICP-MS).
Experimental data were standardized using Microsoft Excel 2022, and non-parametric statistical analyses
(Kruskal-Wallis H test, Spearman’s rank correlation) were conducted with SPSS 26.0 IBM to investigate elemental
distribution patterns and regional correlations. Health risks were assessed using the United States Environmental
Protection Agency (USEPA) model with exposure parameters. Results A highly sensitive multi-element
simultaneous detection method was established with a limit of detection of 0.003 to 0.010 mg/kg, with a recovery
rates of 92% to 108% and a precision of 2.9% to 4.5%. Key findings included: (1) Hg was undetected in all regions,
while Cr and Ni were universally detected, Pb detection rates exhibited regional differences, with the highest in
Xiangfen, Cd detection rates were notably higher in the Taigu; (2) The studied elements exhibited significant spatial
heterogeneity; (3) Pb, Ni and Cr in Jiao cheng Jun Ziziphus jujuba Mill. and Xiang fen Guan tan Ziziphus jujuba Mill.
exhibited a highly significant positive correlation, while the correlations of the same elements between Tai gu Hu
ping Ziziphus jujuba Mill. and Xiang fen Guan tan Ziziphus jujuba Mill. showed a synchronous enhancement; (4)
health risk assessment identified potential non-carcinogenic risks for Cr and Pb in Xiangfen, and the daily intake of
As approached but remained below the international threshold. Conclusion This study systematically map the
heavy metal contamination profile of Shanxi Ziziphus jujuba Mill. for the first time and propose region-specific

grading standards for pollutants, providing a scientific basis for improving the quality and safety regulatory

framework of jujube products.
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L% (Ziziphus jujuba Mill)JE—Fp3f 525 A M
E L SR e R, 83 B A ST a8 ™ A o 8 H 2
i, HEFYEAEZE C (200~500 mg/100 g). PR AR LT
(cyclic adenosine mono phosphat, cAMP) K =iifi 331k & #%5
TYERLSY, R EZGIL) SRR R 2R, TR R
CRORE SR AE B Tl Tz AP g Tk
LR GARIT IX, TR 0% B85 A S A S A 21
AR S A A IR T AR A . S KRR, 1LTg
HEA 80 2B (T )RR A, ShFhik 100 &R0,
FRARA . R LT R AR, TR T A S A
ML SRR R, SR, Bl Tl Ak SRR N
W, PRI E SR N

] 8% A B 5T LAA (International Agency for Research
on Cancer, IARCY¥ Pb, Cd. As ZFE4EI| H—KEE
P AR RERE, PR-OERGE PRSI CE EE
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LR MEEZ KT, HXRTF LA RO EhE ETES
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R, ARWFFELANTEE 3 REFELE R —Z 3k

AT R AL U B MR 4, SRAE 180 34
A, R P HL BORE B AF B T 14 5T 3 2% (inductively  coupled
plasma mass spectrometry, ICP-MS)45 & Bk i i R 1O
%t Cr. Ni, As, Cd. Hg. Pb 6 P& /@ c & k175 it oy
1, 454 2450 (analysis of variance, ANOVA), Pearson
DML, RERGTARRF X4 RPES)E
TCE MR . &k 25 5 RO, JETFEEREE R
% (United States Environmental Protection Agency, USEPA)
it i XU AR T 5 A A= 9 3P A O TR F(0.18~0.35)H2)
VPG SRR AR 58 XU o B ThR UE G 2 S X 21 S TRk A
LB, AR B TE LT 8 LA & L A fE R i
FOCACSRAERL A, [ o Ay 2 it 2 4 JRURS: M 00 A 47 4
HERIR SRR,
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1.1 #&mXKiE

AW T 20224 8 A 2 10 A 20483, K38 GB/T
8855—2008 (et /K RABEFEHAE %) , FEIITEE 3 K
FROLTEE RS . RAF . 29, FT IRl &
JTH T Ao X R Ecs L v Bt A R 1 B 81 (S 25%
KA 30%. FEU 45%). ShFPRES (R . WA, Bk
)R AR R W R )3 TR
PRiEFT o2t o Sl A SRR, B2 (™ X - A -+



102 B dn 2 4 R R I A 4R

%16 &

BT G yh e LU BT IURE A, BB RIFASIRI A . KA
A, TR E LS 60 7y, it 180 A,
1.2 UBFE5RH

iCAP RQ HLEHEA S FIR RIS (EE Thermo
Fisher Scientific 2\ #]); PreeKem TOPEX 13k 1 R 45 ( i
7SR 28 F1); Retsch ZM200 #8850 F3 R (2 5 Retsch 2
wl); SQP K% HL T RF-(EE 0.1 mg, FEEBESHIIRlEY
A RA A, Milli-Q M4k ZRAEGHBHR 18.2 MQ » cm,
TOC<5 ppb, £[E Millipore /A Fl)s

BOLRVRMERMB(Cr. Ni, As, Cd, Hg. Pb, itk
B 1000 pg/mL, FEZA 48 KA TR HG);
WHRER (Rh. In. Re, BT 10 pg/mL, FEAAN 5%fi
7, 3% Inorganic Ventures /A H]); £14 RS 5 Mrn e o
(GBW10204, Ixz: kRt A RA \); B Aimy iR (A =
68%, 4B <0.1 ppb, Ak LT RS A BRZA );
SEI FH K (— 2%, GB/T 6682—2008( 43-H 5256 28 FH K HUAR Al
I L) )o BRI S0 R FH AR TE A IE AR 5 A
TS
1.3 fRERRAE

RAFRUEF (10 ng/mL): 435K % & B Cr Ni,
As.Cd .Pb #r#EfE £ W (1000 png/mL)4% 1.0 mL (Eppendorf
Research® K #t, 1E E£0.5%), H 5% W ERE R
100 mL &8I (A 2), B3EERE N 10 pg/mL KRG
PR bR 2B BUR A RN (10 pg/mL), DA
5% ER T B A RS, FCil Cr. Ni. As. Cd. Pb WA
FRUER TV, BTEWEEERRE y 1.5, 10, 30, 50 ug/L; Hg
PRyfEwR: Bl B He AR ifEfE 251000 pg/mL), H1% 5%
NG JAR R, FehlW BEREE S 0.1, 0.5, 1.0, 1.5,
2.0 pg/L, WOGLRAE TAR OB, WAREIR: Sk E
Rh (10 pug/L). In (10 pug/L). Re (10 pg/L)FH 5% fii ik %
RAGRER 50 pg/LAE R NFRE IR, BIEE TS S5k
B
1.4 LWTE
141 HHIRLLE

SRR LIRS 24K (FRBL 3 = 18.2 MQ * cm)
PO ke (<30 s)F, 7RI JG B R K 4R 2 0E K 4
AN TR IE SRR AR F(3.2%+0.5%) . FHEH Y
(B 2 mm=0.5 mm)#) i )5 HERH AR EL 20.0000 g+0.0005 g
R A T SRR, SR FH RS THEA (80 °C ¥ T
i 2 h—60 °C BT 4 h), THRESHRGE T TN E R
JBE B2 4% 758 #1 30 min, K5 iL R EIEEGESE
PR PR 22 < 0.2 mg)o AT 09T RE A B A7 T e E vk
TR EEEDR T, I TR N RAE LIS 5 20
Bridi A .

1.42 Haib ik

VEE B R BT R R T e IO AT AR B 0.5000 gCRE i =
+0.0001 )& T RIUF LB R, E&=MMA 7.0 mL
FA AL SR (65%~68%) o FEARIR AT Wit 1 5 T 38 JRUef o 131
AR 1 b, B RO R SMGE N 47 SR, K % P I i
HEE TR P, RESEFIRER: B
80 °C (5 min F+ Z HARRIE, f#+F 5 min), 5 —FrE: 110 °C
(5 min 2 BAREEE, 45 5 min), =B 150 °C (5 min
T+ &= BARIREE, FFF S min), HEMUETEL 180 °C (5 min F+ &
AR, fREE 20 min). THARSEAUG 4 A RB A EER
(25 °C£2 °C), T3l XUbE 8 218 it R 55 . IR =
BREAR I, (80£2) CHN#AM AR B MIATZ 0.5 mL.
IR IR AR, EREERE 25 mL A BAEH(E 5%
TRIZI 24 h TALH), SRA KB F /KD EZREREE &I+
SERFER BAE, ARG RIS .
1.43 A S&tenl ik

A% GB 5009.268—2016¢ & i & EZAnE B i
ZICE MM E YEE— 3L, R ICP-MS AX [Jid & filf 4 S
o AR (B BEBIAL ), 4 BEER(10%0% =) 8T 0.8 amu,
JRAR A AETE B 5~250 amu, SHARLAMETER =107 14, W5
T R Cr. Nio As. Cd. Hg. PbocE & i, (A
CAESEC BT 1550 W, B0 1.05 L/min, 3%
FEREE 5.0 mm, BEEAMSIA] 0.1 s, SR FHSSRE R AR =,
HhRZE T,
1.44 FREi4H

Set AR AR T ORI E 3 4TS
a5, AHXT BRI 22 (relative standard deviation, RSD)¥EHi] <
20%; @% 10 MESTRA 1 4125 AX G2tk 2R AL),
AT SH{E<E & R (limit of quantitation, LOQ); @)X A
LT ARy LAY 2 M AR ME Y B (GBW 10204, Hh 3 B2 ) kAT
IREAIE;, @R 20 MFE RS ER R A A, MK
ZR ()4 =0.999; ©Hg JCE A6 I AP 44247 71
(Au, 1 pg/RRERS
1.4.5 4B R Faif

J:F USEPA H #5 fG F 7 % (target hazard quotient,
THQ)R AU JEA 118 P Z2 B PEAR, AR FR:

THQ:EFXEDXIRXC )

RIDXxBW x AT

RBHENZ:

N KT (body weight, BW)=70 kg, %2 & %8
(exposure duration, ED)=70 a, 7K 3 A & (fruit intake,
IR)=0.05 kg/d(Z IR EJE RIEEFE R BN Pos BEA);

JL#E(3~6 %): BW=20 kg, ED=6 a, IR=0.03 kg/d(Z Ml
(hEJLHEBEBARRE) );

W LG 5 E): BW=10 kg, ED=3 a, IR=0.01 kg/d
ETHEEHE MEERE AR FIR).
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He W (exposure frequency, EF)=365 d/a;

SF-Y4 B} [A] (averaging time, AT)=EDx365 d;

% 2% 3| & [(reference dose, RfD), mg/(kg * d)]:
Pb=3.6x10"°, Cd=1.0x10", As=3.0x10-*, Hg=3.0x10"*,

1.5 HIEAIE

SEHERIRZE Excel 2022(Microsoft) #3115 % F SPSS
26.0 IBM JEZ:50 4511 (Kruskal-Wallis H 3 . Spearman £k
M) /R G R M FLEE S s e, JF51 A USEPA g
JE AR S TR 1A 7 XU TR <

2 HEREHHR

2.1 FHEFFN
LM E S AR

KA 6 MBS ML (Tt B 0~50 pg/L), 4%
TEREAERE()H =0.999 4% SIN=3 1 SIN=10 53 3315 LOD
5 LOQ, Cr. Ni: LOD 0.010 mg/kg, LOQ 0.030 mg/kg; As. Pb:
LOD 0.004 mg/kg, LOQ 0.012 mg/kg; Cd. Hg: LOD
0.003 mg/kg, LOQ 0.009 mg/kg.
2.1.2 EAEIE

15 A IEFREY) TR GBW 10204 2173 ¥, [E
wHEEMIEBE, HAROTRINIEE: Cr (0.237+£0.031) mg/kg,
Ni (0.502+0.041) mg/kg, As (0.094+0.012) mg/kg, Cd
(0.020+0.002) mg/kg, Hg (0.0037+£0.0005) mg/kg, Pb
0.07 mg/kg (S H)MATINFR LS . 45 WK 1, 6
FhOCZE M FIBCRITE N 92%~108%. Hi Cr (%
(92%~108%) & 5 FH A T 236 [ 4 &, (HILT FR{EAH
AR, T fig -5 A O T A R v R A Y Crr— Crd A
RN S EREZERA R, MAEERLHMFE GB
5009.268—2016 5 USEPA 6020B X %23k (ul i % .17
T 80%~120%)!1),

2.1.1

F1 AEFREMRGBWI0204)HESE T ENRNLER
Table 1 Validation results of heavy metal detection in Ziziphus
Jjujuba Mill. certified reference material (GBW10204)

JUE  FRAE(E/(mg/kg)  TEME/(mg/kg) BICR /% RSD/% (n=6)

Cr  0.237+0.031 0.228+0.025  92~108 3.5
Ni  0.502+0.041 0.485£0.038  95~105 2.9
As  0.094+0.012 0.089+0.010  94~102 32
Cd  0.020+0.002 0.019£0.001  96~104 4.0
Hg  0.0037+0.0005  0.0035£0.0004  93~107 45
Pb  0.07(3H{H) 0.066£0.005  97~103 3.8

2,13 MEEITAE

WAL 6 A1FATREI E A TRG % B4R, 5T RIS %
FEH 2.9%~4.5%, i He (1 RSD W4 55 (4.5%), AT REN KT H:
FEAF: i AL PR TR vp VR A R R .
22 AEFEMARESRETRE S FHE

FPET 1R 2 0] IR [R] 7= b 2T 48 o 4 @ D0 3 A H AR AL,
Hg 78 3 K= X B AR, Cr fl Ni 78 3 K7 K B am 46, 1

0.3 -

021

0.1+

JLE TR/ Y%

-0.1 ! | | | 1 1
Cr Ni As Cd Hg Pb
ENENTES
1 AR LA R & R
Fig. 1 Box plot of elemental content in Ziziphus jujuba

Mill. from various origins

Table 2 Distribution table of heavy metal elements in 3 kinds of Ziziphus jujuba Mill. (n=60)

#*2 3HEFEERTLESENHEMN=60)

JLE EEtan SCIRIE A KA FEUE L GB 2762—2022

Fien e 0.0193~0.252 0.0112~0.831 0.0363~0.134 -

Cr M (P55, Prs) 0.0333(0.028, 0.0385) 0.0303*(0.0265, 0.0371)  0.0556 (0.0492, 0.0747) -
it /% 100.0 100.0 100.0 -

e 0.0449~0.183 0.042~0.401 0.0737~0.237 -

Ni M (Pss, Pss) 0.0754* (0.0665, 0.106) 0.0733*(0.0577, 0.105) 0.137 (0.125,0.161) -
i 3R /% 100.0 100.0 100.0 -

PNl ND~0.00486 ND~0.0247 ND~0.00809 -

As M (P55, Prs) 0.002"(0.002, 0.002) 0.002°(0.002, 0.002) 0.002 (0.002, 0.00491) -

G R /%

8.3

20.0

38.3
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=28
JLE ety BRI KA A I E R GB 2762—2022
I ND~0.0235 ND~0.0261 ND 0.05
cd M (Pss, Prs) 0.0015%(0.0015, 0.006) 0.0015%(0.0015, 0.00853)  0.0015 (0.0015, 0.0015) -
W /% 36.7 46.7 0 -
L ND~0.0172 ND~0.0479 ND~0.0496 0.1
Pb M (Pss, P3s) 0.0015(0.002, 0.00882) 0.00416"(0.002, 0.00585) 0.029 (0.026, 0.038) -
i /% 61.7 51.7 100 -
bR ND ND ND -
Hg
i /% 0 0 0 -

1 ND R ARKE I M (Pas, Prs) AHNE(25%~T5%53 0 80);  EART-1EF 40 0] 2% 55 (Kruskal-Wallis K556, P<0.05); Mk s 2% & T

HAb4](Dunn’s F/F R, P<0.05), LR LS HIRE,

Pb 6 AR R B2 5, B X, KA X Cd K
AL, Cr. Ni fE 3 A7 LR R HEREY 100.0%
(n=180), X S & £ X 4B AR CoNi
i A PR — B Po B ARIK 71.1%, SEBL 5 XIS

FE: I E R 100.0%> 38R 61.7%> KA A 51.7%,

A i 2 Tl el X i A8 i R A AR A T, (A
RIS, Cd TERATMENIK K 46.7%) 8% M T4
[ TR K (19.8%) S, T2 U B M ARG H, KR
WL A A S AFETE 2S5 0 As 1 KIS0 A R (FE U 38.3%
vs oA )™ X 8.3%~20.0%)5 B 4 i i 1= 48 As T {48 (B 43
SR YA, R R AR I fE £ S H AR RS R
Cd 1 Pb & =454 GB 2762—2022( £ Wit EZERE &
di s e B ) B R
23 TESHEM

Wit Kruskal-Wallis #5(H=18.37, P<0.01)R] %I#F5%
MICRBFAER E S 2R, X528 07 hESIRTE
Yt e 25BN O S AR . YA KT Cr
BBk 0.831 mg/kg (GB 2762 FRAH 83.1%), HE4E A%
(EF=3.2)#B 5l et A I 438 Cr 5 5+ 1.8 £52Y, Hopp ar
RES LUF I ZE M K43 R L T BEA7 7 B AH & Tolk (e
LW R4, HHEERMS Cr Bk EREE R
Yyl sE ik RS TR BARH; & Cr 25Uk
T2 0 28 25 TR 700 ) s A NS GBS 4 Wl 4 e 2 4% ) g K S it ) T g
S Cr 2R W5 X8 4 pH AR (U1<6.5) 1] fEH
Cro BRI A R, R Pl ™, e HLR S Y
Cr A VERITT RE TR AR RS, dEmisg it fe R /1 .

Y E MR Ni PO (0.137 mg/ke) 38 5 Tk
WA K SRARE(0.1 mg/kg), Hi TDI 252 5Tk #(47.6%) 5 b
IR SRR TG YA PR L AR As E RS
F(38.3%) 5 HHE pH LA (=—0.72, P<0.05), fF4 As
FERRYE + e P A TG AL LD R TCER Cd k3R
TG, 5 ERA MR KU AR TS Y — 5

2.4 FLEMBEXMSH

HI 3R 3 ATAl, SO H U H M AR Pb
(p=0.89*%) | Ni (p=0.82**), Cr (p=0.78**)L}} T Z IEAH,
FLK 7% a8 05 96 9 0 R 0 ) 26 U0 % G
(p=0.65~0.83**) [ 145R, $&/n 3 HAFZESLRISMNE A
AR, AR K AFHHOCE: (p=0.41**), 7T RE YR T 79 b WA N 1t
T RB, B Cd BEREAERRYE 5 rh s B RRL, e
Cd w4, FEURAGH Cd: 2™ X 3 pH L g (B 26 1410
il Cd i), Bhn A& Cd BEILECR, B Cd B
BONE; FEVY As ML A (p<0.2): SR IX T As ST
7 ) g ik 89%1%7, S KL B As i1l i K-+ 4
RGILH B=EY, 550 A TR (Pb-Ni-Cr) JC i % P [F)
B

®3 FRIFMEFELEGESEERELRN
Spearman FHHX R ()
Table 3 Spearman rank correlation coefficients (p) of heavy

metal contents in Ziziphus jujuba Mill. through pairwise
comparisons across different regions

o IR vs. SEIRIR AL vs. RAFAZIAL vs.
T ORBERE U E MR U E MR
Cr 0.12 0.78%* 0.65%*
Ni 0.08 0.82%* 0.71%*
As 0.23* 0.15 0.18
Cd 0.41%* -0.06 -0.12
Pb 0.17 0.89** 0.83%*

H: p>0.7 FERASE, 0.3<p<0.7 FHEEAK, p<0.3 HFHE; *Fk
78 P<0.05, **3R P<0.01,

25 BHRRENEITFN
H2 4 AT, FETEIXAY Cr F1 Pb fELETRAE UG, T

LEEHERBRIBR G LR . B2 % f R 57 A
(THQ=1.853) 1% & F [ i 4 77 FRAE (THQ=1), 54> Tl
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XA bl B KU K A P, s 4 Tl 5 g I HE A S5 3R
BEA B, Ab AR VSR R, Po (9 & R BR T HE,
Pb 2 #& KUK (THQ=1.24) R S5 FRAE, 45 T4 &A%
SLEE R ZEAGE R 17.3%), BiesiT 2y
JUE b Pb BREEARMECUNRTFRER M <0.01 mg/kg), Ifsmfb )5kl
7 b 4 R AT S 0 TR RS TR, DARRAR U AT
T R ;45 1 22 82 KUK (THQ=0.685) AL T2 4 B, 13
R HA I BB . @IS H R 2R R Al i (WRk
SR T R R AR, 2T Sl A KU T L

As [ BIEER, LU 2T As 1Y H Y945 A (042 pg/kg
MR )22 305 [ o A B ST LA B B (B (0.3 pg/kg AR, As
H 548 A B2 30T [ bR B, RAJS7E 4 43 BN, 7 3 2o
A W 5 90T IR Y B LR AR AR, W) AR Sl X As
B EERR IE B2 20 Ak

=4 BERNETNR
Table 4 Health risk assessment table

S TR KAERE ERERRE RfD
THQ THQ THQ /[mg/(kg * d)]
Cr 0.555 0.505 1.853 0.003
Ni 0.377 0.367 0.685 0.02
As 6.667 6.667 6.667 0.0003
cd 0.150 0.150 0.150 0.001
Pb 0.043 0.119 0.829 0.0035

T A THQ=1 8] TTHI=1 MRS B, PE7mvEAE A3 XU .

3 #ig

AR EE ST T BT OB I i -ICP-MS I 2ot R A
K5k, HRrEX R RIF(2=0.999), REUEE, HUAER
558 R YA A I N AR iE, LOD 4 0.003~0.010 mg/kg,
MK 92%~108%, RSDs<4.5%, ALLRH il Fl
A WA T AT SR A B R SR, XA h B 4 JE o
RIS HARPAE S L2 [ o A R R T T R G W, 25
Hi: Hg 16 3 K- XERMH, Cr. Ni fE 3 N X L dih
A, Pb K SRR 3 IS, Cd 78 R TR
HOR R, TR MR RS Y, As TEFEUN T IX Y
MR &S THM™ X, cd fl Pb FRHSFE GB
2762—2022 KPR R E R O E AT R B, 3 bl
A 4 JE U R AL P AN AR . B R A XK
TEM B, FEUEIAP Cr Ml Pb R EERE S, itk
WA R, IsREEREEE, BT Cof' St ARE S,
Cr% ly— LSO, HR I ICP-MS AEERs IR 25 4%
YA A AE, N b U A 5T T T AN 2 Cr
HATAFIE, fHTERKRR R IR R, 2
AR SR As RS A RMEET (S, T IR R R

Il 5 DA BREEARE . P9 B U 7 R (L L A
Ja 5 Y PR, 4 T T SRR AE 75 G 43 bR o
O AR Db /e oy A L VR S & ey RS I E R S
TRRARAE

SE MR
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