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B E: By A vE /S8 (licium verum) 4 (Pb) . HE(Cd). #%(Cr) 3 SR ICE &8, FHIETRE e UK
WAk Ak ARG OGRS AT I AL AR FR, DABT(Se). B(In) . SR(BIOE R NFRICE, I LS4 4
B R T 5 (inductively coupled plasma mass spectrometry, ICP-MS)[R B ERE S AT 3 FhE4IE TR S,
K H ARG E & 8 (target hazard quotient/total target hazard quotient, THQ/TTHQ)¥:HEATRE & XU 1AL . R
R BEETE BN, Pb, Cd. Cr M3 REIIA/NT 0.9997, AR ENBCRAE 92.5%~101.8%3E Fl A . 22 #Ek A
farh 3 A4 R I E 0T389 B il s FRAR YR Pb (0.230 mg/kg)> Cr (0.130 mg/kg)> Cd (0.0120 mg/kg), & &
B B R R R, AR S R B v BUIRAR YK K P (139.13%)>Cd (91.67%)>Cr (84.62%), W RE 5 AR\ fFE
i AP - 3 T SR S R R O, 22 HER\SAAE ALY THQ J2 TTHQ ¥/hT 1, 8 /\fiktdi b Pb &% &t
PICF KRR AR, 3 Fh e 4w o0 3 J0 B R 12 XU
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Analysis of lead, cadmium and chromium and dietary risk assessment of
Ilicium verum in Guangxi
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ABSTRACT: Objective To detect the content of lead, cadmium and chromium in star anise (Illicium verum) of
Guangxi, and evaluate the dietary risk. Methods The samples were digested by microwave digestion instrument,
scandium, indium and bismuth were used as internal standard elements, the content of 3 kinds of heavy metals in the
samples were determined simultaneously by inductively coupled plasma mass spectrometry (ICP-MS), the dietary risk of 3
kinds of heavy metals were evaluated by target hazard quotient/total target hazard quotient (THQ/TTHQ). Results The
correlation coefficients of the 3 kinds of heavy metals were not less than 0.9997 in their respective linear ranges, and the
recoveries were in the range of 92.5%-101.8%. The average content of lead, cadmium and chromium in the 22 batches of

star anise samples from high to low was lead (0.230 mg/kg)>chromium (0.130 mg/kg)>cadmium (0.0120 mg/kg), the
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dispersion of the content range was large, and the coefficient of variation from high to low was lead

(139.13%)>cadmium (91.67%)>chromium (84.62%), which might be related to the different content of heavy metals

in the planting soil of different star anise samples. THQ and TTHQ of 22 batches of star anise samples were less than

1. Conclusion The content of lead in star anise samples are lower than the national limit standard, the 3 kinds of

heavy metals in star anise samples have no obvious dietary risk.

KEY WORDS: inductively coupled plasma mass spectrometry; lllicium verum; lead; cadmium; chromium; dietary

risk assessment
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TRTERR, SRMERERSAS, TR AE A TR & g
FHIEWEBERM O, /A Nicium verum)VE —F R IR
B BRI ESRAVERN S, ARG A T
FRYCEAT PR HAER T2, B —E 2T,
PRt ANz &7, FPREaEE—, HetRe 70%2
P01 (b)) L B(Cd) . B(CofERH A A a5 e, %
I KBTI R R AR, A Y EETE A ET,
faE AT, GB 2762—2017 (b %A E % bRk
il TG G BR A )R E kLS b Pb R B 3.0 mg/ke,
{AXF Cd F1 Cr RAEFREEK . BEARRSR 0 22 560 /A il
OGRS, 02 A EPUR S RO A T
BEHRAMBE . B 2L . BNEE, maaEs, N
535.9 mg/kg; A/NCRINE TP MRS L BE L H L k.
BELBR AR SR, WS ERE, TIEY 879 mg/kg; X
A AR A S R FIBOEEE A T E T 6
SRR TR Cd. Pb &, AR, BES Tl bt fmgin
P, 3 K2 FIRE AR T Yt R, )
T AP ESRBYY Pb, Cd. Cr FEIIFTREE KK
fili, SRR W D4R R S8, A RGRA SERREE X

T T i B Pl | e 4 TSR A R, T
LR AT ICE M AT P R GRS TR
J 3% ¥ (inductively coupled plasma mass spectrometry,
ICP-MS)H A # i BRAK . LR MEVa ) . — R A RE P 43
Mr 2T R R, TN T & 2SR R R A e 1 43
B U2 H AR 6% & K (target hazard quotient/total
target hazard quotient, THQ/TTHQ)¥: 1 35 [H # % )5 F
2000 AEgFP24 SR HFTE R —F S T A RS YR
RUSHTAL I WOTEER G5 IR T REEAGL . ZRERTR] K
TR, AT AT R —E L E X T, AT
P R E SRR AR, FUARERATE AP0, A
WFFTAER A TH A, 12 ICP-MS [RIFHIE 5 Pb,
Cd.Cr3 ME4EBITRE S RMEER L, 456 Binfa® 250k
X} 3 A E AR TR AT IR RS TEAL, B\ 2 et
PR RHMR I 2%

1 MR5ERZE

1.1 #E5R

SRR R TF T PHE AR IX

Pb. Cd. Cr HICEFRUESA (1000 pg/mL, FETHE
BHERFFTBE); HT(Sc). #(In). BE(BI)AARER (100 pg/mL,
A 04 JE B i AR Ty, MR . 30%5t 4
AL, BN TERBD)A R )1, bR 8o
FEL 45 K R F5E GB/T 6682—2008 {23 Hrs2iy 2 ik
FUAK FRIE 778 ) PR I SE 50 — R KR
1.2 UFE5E%

AL204 B FRF-HSAE 0.0001 g, HRE-HCF) 2 HE bR 5T
S (EEDABRATF], iICAPQ HiL B & 25 B AR E X (35 [
Thermo Fisher Scientific 23 7]); MARSS il i i (3£ =
CEM 2> #l); Milli-Q Bl 4> [ shB 4K HL(3E [ Millipore 23l ).
1.3 ZWFE
1.3.1 HfeuaE

PRI TR 5 0RERL 0.5 g A4, B TRk
THARRES, HETIIIA 9 mL fiSfRA | mL 30%l & b4, %
WAL R AR R (LR D)o FREMEESEE, 1o
MR ge O R B I R 4 | mL 84S, —JKEZA S 25 mL
R, RIS HEA TS 19056

®1 BOREHBRER

Table 1 Microwave digestion procedures

d5d TR s} E] /min BEEHE/°C PR R E] /min
1 5 125 5
2 5 185 20
1.3.2 A7/ wh & A4
# Pb. Cr FruEVE R 2% BRI IR 1. 5. 10,
20 150 pg/L FIBRIE R FIVAW, Cd bRiE T 2% hs BR 1A T

By 0.1, 0.5, 1.0, 2.0 1 5.0 ug/L WIARHERINIEW, LA
2% BRI TRAE R 2 1
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SIARINER: 1450 W; BESIZEELH: 45 t/min; A FETH
HE: 0.5 mL/min; AW E: 0.8 L/min; Hi B A
1.0 L/min; % B F RS & 14 L/min; Al §if i £ R
(collision cell technology, CCT)& /< ifif: 1.2 L/min; PR
JLE L JREH ©Sc ! PIn 2PBi; IIE LR K TR 2Pb
"ed, *cr.,
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BB REEXEEEARXMIME, ZMESE
AT K I A )5
EF X ED X FIR x C

Rep X Wug x Ty

TTHQ = ) THQ )
rh, Ep NEBAK, 365 dAE; Ep MREBRFANE, 30 4524,
Fir A ANE RO AL, 1.25 g/dP C hyidad fil Mk
AP G JE B, me/kg: Rep AEEAEREA T HEIERL
95 O IRZ: 2554, Pb=0.0035 mg/(kg-d), Cd=0.001 mg/(kg-d),
Cr=1.5 mg/(kg-d)**; W NFIIKE, 63.45 kg™ T, Kk
SR R A ], 10950 Y,

DA B NAATS e 5 22 50 a0 A A DA
PR, AR THQ<I, BEHIBCA B W R (e H A KBS s
THQ>1, UBERAAH G AR I £ H AU, THQ {H AT
B AR B . TTHQ FH T 2 R0 8 48 1 52 A TR B AR
W, TTHQ>1, W2 BHAH G R 88 A TEA I AR

1.4 HUBRALIE
SIS E I Microsoft Excel 2016 i1 SPSS 25.0 #:47
HTALEE

2 HERS5HH

2.1 MERML R AR ARTT R BIEE

2%pp, MCd 1 PCr YIEFE: 2%Pb AUFEBE LR 52.4%,
HFHegy; MMed BERE ek, b 28.73%, {HIE i
FEIAT In A NFR, Pn £xF Med e e A T,
Mod MEREH N 12.8%, HMMed %, HZ TN,
S2Cr E N 83.79%, HIEH R THL.

WARIEER ®Sc. "PIn A1 *PBi W3R AT FERIEA
N, AL AR A B s, 2 E SRR P g AT AR TR,

THQ = x 1073 (1)

H A 55 43 M oc 28 s B 19 S U, e R R ARG 3R Tk
T 4SSC\ 1151n *ﬂ 209Bi %%Ijﬁﬁi SZCI‘\ lllcd *ﬂ 208Pbo
22 ZMFREFMEER

FEAH AR E /T, ZERRERE T, H Tune BRI
B AR R R RS, FRUE R R 3Bk, sk, R
FH il 43 J2 i R, E S RB I MAE R Co [ 5 (H i
FE>30000, *Co/'’CI'°0 [ {E>18.

Ay BIRFIR A (AT Pb, Cd. Cr iR FRiE R 505k
FRE, MSRARERRR LT R . e R A
HIBR, 45003 2, Pb 1 Cr ££ 1~50 pg/L JEEMN, Cd 7E
0.1~5.0 pg/L JEM PN RENLF, HERBE)BHANT
0.9997, #HFRJ 0.003~0.027 pg/L, FEEH6IME R .

2.3 HFEEFMERE

SHRESR IR IR E R IE 5 K, 3 FhoeR MAHX AR IR 22
(relative standard deviations, RSDs)7E 1.67%~3.15%=[H],
TERESD A 3 FhOCE BIARMER I, I 5E ks 1] e 78
92.5%~101.8%2 8], FHA Ty 1 HLA B AT (9 7 BE A0 A B2,
RN 3,

24 )\FAHmEENL

WM T 22 4R PH /AL H P, Cd Fil Cr 19 & 4,
2R 4,

K25 /T 5, N Pb SRV REIE 0.012~
1.490 mg/kg Z[H], V34 &4 0.230 mg/kg; Cr % Bl [H
£ 0.050~0.540 mg/kg Z[[], P& K 0.130 mg/kg; Cd
BB A, FRORMEALHN 0.0540 meg/kg; M4k, Pb, Cd Al
Cr ZRMEHBRERR, 5 REIE 80%LL I, Pb ik
F 139.13%. #5242V P g R 00 g4 R 00 R 1 I i
eI E T AR Cd. Pb &, Cd 4 0.160 mg/kg, ##
AP Cd SEUE, ANEKERN 3 5 Pb H
0.870 mg/kg, TEAMRALEZ N, HiEA R &
B4 5. AENfARES S 3 MELSEICRTENER
A B b T A TS e O R IR A O . Ak
B, 220K USRS P 3 PR 4 R UL R A AR
i, (HYTH WAL AELE Pb i Cr 5B BN, B
DAEEIEAT IR £ RS PEA o

F2 IMESERLENLMSE. HXARMGHR

Table 2 Linear equations, correlation coefficients and the limits of detection of 3 kinds of heavy metal elements

WEITLER iy HICREU(r) it B/ (ng/L)
2%pp Y=145566.9723X+343558.6077 0.9997 0.027
cd Y=8639.1378X+254.4837 0.9998 0.003
2Cr Y=10017.5615X+3135.2324 0.9999 0.019
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Table 3 RSDs and recoveries of 3 kinds of heavy metal elements (n=5)
JER o 0 A2 {EL/ (/L) JIbRE/(pg/L) 5 {1/ (ng/L) RSDs/% T2 /%
Pb 5.698 1.00 6.623 2.71 92.5
Cd 0.351 1.00 1.337 1.67 98.6
Cr 3.543 1.00 4.561 3.15 101.8

#z4 22#t/\A Pb. Cd. Cr TEEE(=3, mg/kg)
Table 4 Content of Pb, Cd. Cr in 22 batches of star anise
samples (n=3, mg/kg)

B Pb cd Cr

1 0.014 0.0057 0.079

2 0.036 0.0075 0.140

3 0.065 0.0071 0.087

4 0.051 0.0070 0.110

5 0.260 0.0160 0.094

6 0.130 0.0100 0.160

7 0.380 0.0270 0.052

8 0.580 0.0064 0.110

9 1.490 0.0540 0.080

10 0.280 0.0061 0.540

11 0.073 0.0059 0.250
12 0.400 0.0140 0.061
13 0.130 0.0090 0.220
14 0.012 0.0070 0.140
15 0.150 0.0092 0.050
16 0.200 0.0130 0.210
17 0.130 0.0095 0.090
18 0.320 0.0150 0.076
19 0.069 0.0072 0.072
20 0.050 0.0051 0.076
21 0.140 0.0074 0.053
22 0.098 0.0080 0.085
FHME 0.230 0.0120 0.130
FrifE 2 0.320 0.0110 0.110

2 5 2 EU % 139.13 91.67 84.62

2.5 Pb. Cd ¥ Cr TEEENKLITMH
AWFFE R THQ/TTHQ X /N MM A Pb, Cd,

Cr #ATREE NG . T/ /\ MY Pb. Cd F1 Cr 1
THQ/TTHQ {E W3 5.

MEES T LI Y, 22 HER TV AR S T R A —
EEEN THQ#RN 0, UrA 1) TTHQ {H35<0.01, A 3 Ff
EERICRTHEEEXE . 5 9 SR Pb &k El
1.49 mg/kg, EFRMERREME3.0 mg/kg)dy 50%, {H Pb (K
THQ {4 0.008, X5 /\MAVEREFRRS, AR
G B A RN .

%5 /\AH Pb. Cd# Cr B THQ/TTHQ &
Table 5 THQ/TTHQ values of Pb, Cd and Cr in star anise

THQ
FE i TTHQ
Pb cd Cr

1 0.000 0.000 0.000 0.000
2 0.000 0.000 0.000 0.000
3 0.000 0.000 0.000 0.001
4 0.000 0.000 0.000 0.000
5 0.001 0.000 0.000 0.002
6 0.001 0.000 0.000 0.001
7 0.002 0.001 0.000 0.003
8 0.003 0.000 0.000 0.003
9 0.008 0.001 0.000 0.009
10 0.002 0.000 0.000 0.002
11 0.000 0.000 0.000 0.001
12 0.002 0.000 0.000 0.003
13 0.001 0.000 0.000 0.001
14 0.000 0.000 0.000 0.000
15 0.001 0.000 0.000 0.001
16 0.001 0.000 0.000 0.001
17 0.001 0.000 0.000 0.001
18 0.002 0.000 0.000 0.002
19 0.000 0.000 0.000 0.001
20 0.000 0.000 0.000 0.000
21 0.001 0.000 0.000 0.001
22 0.001 0.000 0.000 0.001
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ABIFFE AR T A AN T 7 /SRR S R A T f Ak
I PR B A5 B T UR S R AR 22 TR R PbL Cd
Cr 3FVESEICE S m, kM, Pk, Mgt ok
E, N 3 MELBESTEYAR, HERK, HbPory
SR T Cd M Cr, (HATAREM S P S RS A
GB 2762—2017 (%K . SR THQ/TTHQ #%:%F 3 FiEH 4 /&
JCRIAT THEE R PEAS, 4588, 3 FhE 48 uE L
SRR XU

ML 22 HEK SRS R 3 R E AR TR MY
T AR RIS S5 R 40 BT, BESLIE] Pb. Cd. Cr &k
WMEEMRK, TR REHET 80%, mmisEl 139.13%
(Pb), A BEL5 AN AR b Pl 4 48 vh 5 4 J8 V5 e 15 0 B 3B
S S BEXT 9 SREALAY Pb (1.49 mg/kg) T 10 SAELL Y
Cr (0.54 mg/kg), Al FE— 25 MR ZFE SRR S, /4T
N AHEAEE P Ml Cr W& RSO, R E S RCRE+
-\ PR RS LA

ARG AT T PN 3 R4 )8 p ARG R
B, SRR I AR AR R . AR, ARSI RE AL R
BV B A X E AT A B E 1T, RS ANX
AR MR FEEARL,; A, AROF7 00 AR
# Pb. Cd. Cr S HLHAT T, T —2 A1 % BT h AR LA
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