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Analysis of nickel, cobalt and manganese content in spices in Chongqing
from 2023 to 2024 and its dietary exposure risk assessment

HOU Mei-Ling'*", ZHENG Qin-Yue'?, GU Shi-Wei'?, FENG Gui-Rong'?,
HUANG Dan-Dan'?, ZHANG Qian-Yu'?, CAI Xiao-Qin'?

(1. Chongqing Institute for Food and Drug Control, Chongqing 401121, China; 2. Key Laboratory of Condiment
Supervision Technology, State Administration for Market Regulation, Chongging 401121, China)

ABSTRACT: Objective To comprehensively evaluate the contamination levels, spatial distribution
characteristics and dietary exposure risks of 3 kinds of heavy metal elements [nickel (Ni), cobalt (Co) and
manganese (Mn)] in major spices in Chongqing. Methods A total of 240 batches of Zanthoxylum bungeanum,
Capsicum annuum and Zingiber samples were collected from 4 major regions of Chongqing (Northeast, Southeast,
West and main urban area) from 2023 to 2024. The content of Ni, Co and Mn was determined by microwave
digestion-inductively coupled plasma mass spectrometry (ICP-MS) following GB 5009.268—2016 National food
safety standard-Determination of multiple elements in food. The contamination level was assessed using the single
factor index (P;) method, and Pearson correlation coefficient (PCC) and principal component analysis (PCA) were
applied to explore the source relationships among the elements and their spatial distribution patterns. The dietary
exposure risk was evaluated using the target hazard quotient/total target hazard quotient (THQ/TTHQ) model.
Results The 3 kinds of heavy metals showed good linear relationships (r>0.999) within the mass concentration
range of 0-100 pg/L. The limits of detection (LOD) and limits of quantitation (LOQ) were 0.0003—0.0030 mg/kg and
0.001-0.010 mg/kg, respectively. Spike recoveries ranged from 92.9% to 103.4%, with relative standard deviation
(RSD) less than 5%. The content of Ni, Co and Mn in the tested spices ranged from ND-36.62, ND-9.17 and
ND-2169.42 mg/kg, respectively. Obvious spatial distribution differences were observed, with overall higher levels
of all 3 kinds of elements in the Southeast region. Correlation analysis indicated a highly significant positive
correlation between Ni and Co (r=0.80, P<0.01). PCA further confirmed the high homology of Ni and Co, while Mn
had a relatively independent source. Dietary risk assessment showed that the TTHQ of 3 samples (1 chili and 2
gingers) exceeded 1, indicating certain health riskes, with Mn being the primary risk contributor. Conclusion The
contamination of Ni, Co and Mn in Chongqing-produced spices exhibits distinct spatial distribution characteristics
and inter-element correlations. While the overall situation is controllable, localized pollution and variety-specific
risks exist. It is recommended to include Mn in the spice safety risk monitoring system and strengthen supervision in
high-risk regions.

KEY WORDS: spices; nickel; cobalt; manganese; spatial distribution; principal component analysis; dietary

exposure risk
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RsgeRiie; (3)R M HARG F R B0 A H ARG H R 8 (target
hazard quotient/total target hazard quotient, THQ/TTHQ)#%:
TUPEAS FURE £ 28 68 XU o ABFTE 4 2R m] S = kL 7 4
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1.1 #&EXKIE

TEML, BRML, AEZEFES T 2023—2024 45K ZRAE
HERTH AL AT . PG & 3= X Y 32 2 A Fp
FHHD, 2 KRRk 22 1, 23t 240 HE VR GHABL 60 L
AF 6l ik, TR 119 Hit),

F1 BERERENH

Table 1 Distribution of each samples area

el

W EDBIIAR EIRCE R . A KT 6 FE S, &
FE R ARHERT AL BRI 2, 11545 0 R 1 F- 2 AR B3 (%)
N AR A7 Ml 22 (relative standard deviation, RSD, %),
VAPEA 7 i RS %5
1.42 5 FEKFFH0

22 SCHK[12], R B F 15 4L 98 $X (single factor
pollution index, P;)ikXf -3 & 4 & 15 PP A7 4397 o
P 4% IR ()R

Pi:

0|0

O]

b PO A RS GO TP E SR TS,
mg/kg; § N HEEJE | ISHHURE, mgkg. T GB 2762—2022
RHCEFFE Ni, Co. Mn HIRREL, ABIE § S5 30k 13-15]
FWAENI: 5 mg/kg; Co: 3.5 mg/kg; Mn: 100 mg/kg), H.H
TG bR L2 2.

R2 SRERERSBRITE

Table 2 Grading standards for metal pollution index

X 35 P 251 W TS SR P, sy
Y Gy N S N N SN “ ! Pi<l LA
ZET . il 8 MIXH) 2 1<P<2 BTG Y
ViR (S ESIL . B, ARE. AL AL K6 3 2<P.<3 T
AR E) >4 =
_ i 4 P>3 EIEREH S
WP KA L AL AT LK

BRIl . RE . TE AKX RE)
FEICETAL SukYE . dERE . wdb. BE S AX) 41

1.2 UFE5E%

iCAP RQ HLEHE G %% F AT (3£ E Thermo
Fisher Scientific 2#]); MARS6 U fi#{X (GEE CEM 4>
#]); Milli-Q Advantage A10 #B4l/K 2 45 (3& [ Millipore 2
Fl); BSA224S K% H T KK 0.1 mg, [ Sartorius
),
1.3 i 3

TR al, ERNRATAHRAF); Ni. Co. Mn
BT EARUER I (BT RVR B 1000 mg/L, o E i RAEsE
BE); PIARICE Sc. Ge HITHEIMERIR(TTRIEE 1000 mg/L,
H T HEREFR ), SEIR FACRIBALK (18.25 MQ + cm),
1.4 LWTE
141 FikFRiE

9675 % GB 5009.268—2016,

¥ 4 BR (limit of detection, LOD) 5 i€ ¥t BR (limit of
quantitation, LOQ): LA 3 f#{5 W HL(SN=3)1 % J5 % 1) LOD,
P10 /5451 L (SIN=10)i14 07 81 LOQ.

KRS PSP FEABRE i (22015 Ni. Co. Mn
S HBMSF LODWE b2 LI, HEAT 3 MREEAKF(IR .

143 JERREITAE
R THQ/TTHQ FAY B— 1 Pl it 42 iR I £ 52 55 X,
G U1 THQ/TTHQ < 1, i & 8 A KUK o] 5 % ;
THQ/TTHQ>1, JEETHEARKUS AT HE3Z, (EAR I KU B
Mo, 8RR THQ M AR Q)T

THQ:EFXEDXFIRXCX10_3 )
Rep XWap XTa
ZFE SR TTHQ AKX 3) A
TTHQ =) THQ 3)

Kb B W ABEREHUR, 365 d/4F; Ep WREIH AN, 704E;
Fr A4 HEEARE, B 1.4 g/d") C hF=k b iiig i &
&)@ &, me/kg; Rep AR H AT e RS AEE08E 1 IkS:
5, Mn=1.4x10" mg/(kg * d), Co=1.6x10" mg/(kg * d),
Ni=2x10"7 mg/(kg * )" Wyp AT E AHIAE, 60 ke;
Ta FAEBUEE- Y R EEHFIR], 365 /4 >Ep.
1.5 HUBEAIE

>k A Microsoft Excel 2019 F1 Orgin pro 2022 {417
B BG4 Hr

2 HER55H

2.1 FFEFWIEER
AT T P8 1Y 4% -ICP-MS 13 7228 Ni. Co.
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Mn F 3 TIRE, 3 FOCETE 0~100 pg/L J5 ¥R BE VL Rl Y
LMERR RAF, MHRRERB(NBART 0999, RUIZIEHA
RAFRLRPER N, J5 A9 LODs A 0.0003~0.0030 mg/ke,
LOQs 4 0.001~0.010 mg/kg, REMEHEHFFRTRERS
BRI TE R K. R 3 AIARACE T B4 [ R
4 92.9%~103.4%, RSDs #/INT 5% (n=6), R BHIZ 71 WM
. AEE L, 6 2o R E R ARER
2.2 HFFRH Ni. Cov Mn SEN

TR 240 #ER TR NiL Co, Mn H&HillE 45
R 3. M3 3 ATHL 3 AR EAFFFR P& EE
SBE. Ni & EJEETE ND~36.62 mg/kg, FH&ERIY
EML(1.99 me/ke)>HiM(1.65 mg/ke)>HE2(1.16 mg/kg). (HIS

WERSE, A 13 HEREES Ni &3 #id 3% R (5 mg/kg),
v, TEABUT HEVK, BRBRURIA: 2545 3 #iEiK, fsfEik 36.62 mg/kg
U7 T A L X AR, 20 R 225 BRI 7.3 /5. Co i
JEFIE ND~9.17 mg/kg, P& EBAERTELIT, Hrh, DU
PR 7 (0.35 mg/ke), =5 TAEM(0.12 mg/ke), {H AT
Y5 YLK, Mn S BYEFITE ND~2169.42 mg/kg, F-3 & &
PLA: 00 %5 (174.69 mg/kg), = TAEH(53.78 mg/kg) FIH
#1(26.18 mg/kg). A 26 HEkAZHEM Mn & Bl SR
(100 mg/kg), FEsfiik 2169.42 mg/kg, HEFA MR ZEE
Ve, a5 R E i et ) B g
B Mn F0E, X—RUH5AEREH TR EEEM
MM S5 —3.

#*3 FHFRH Niv Cow Mn NEEHN
Table 3 Content analysis of Ni, Co and Mn in spices

AR F R BEAR M/ (mg/ke) RAH S 7 1 2 SRR
/(mg/kg) /(mg/kg) /%
1B 119 ND 10.27 1.99+1.83 5.88
Ni R 60 ND 36.62 1.65+4.76 5.00
% 61 ND 6.26 1.16£1.46 4.92
AER 119 ND 0.48 0.12+0.07 0.00
Co B 60 0.01 9.17 0.35£1.16 1.67
2 61 0.01 1.95 0.31£0.38 0.00
AER 119 ND 208.68 53.78+31.02 7.56
Mn PR 60 6.73 326.66 26.18+43.20 3.33
A2 61 15.41 2169.42 174.69+309.80 42.62

IE: ND FoRAKK N, MSHREESE 142 WHSBRGETT

2.3 SHRKEIFM RZTIE)TR T MIFE
RG] F AR BULIPM 45 R GR 4), 240 LR A=,
Y SRR FARIBYLREP <), ZI5YEM Ni, Co.
Mn (P> 1)RE S d AT B3R 5.42% . 0.42%F 15.42%, Fr,
TG YR S (P>3) B B R AR ORI AE 22 b, RIS
Fr R 4 B 0 B AR RE A 25 . X Al
KFE, 4 PRI CESRUT: NiFHESE NN AR
(2.02 mg/kg)>HiTa(1.90 mg/kg)>F I (1.28 mg/ke) = WA
Jb(1.28 mg/kg); Co FHME i N4 ¥(0.34 mg/kg)>+E
3(0.22 mg/kg)>hT PG (0.19 mg/kg)>¥i 4<L(0.18 mg/kg); Mn
S S B N AR T (86.89 mg/kg)>IRFE (76.72 mg/kg)>T
3(75.38 mg/kg)>IAAL(71.42 mg/kg), FWIAFRE S
Ja 5 YA 7 AR B 2 ) S Btk o MAAS X Py (B A1 Sk B (1B 1),
3FICRWNI. Co. Mn)iy P RAEHISE AT A M X, H.
BHRERUE R, FHEK S, RWZH XI5 RSN
Sk, BRAYBAURE AL P NI, Co &8 53 i, I 53 X
Sl 5 25 1 (AN U KAL) K 7 s A 35 g A e 110257200,
5 R A5 BT 5 L X 3 95 YR A A A9F 5T % BRAR

o 4k, ERXIERA 3 #K Mn FREE S P>3), WHES
BT TGS . A TG Y S AR AE G, FERIETR
B AHER RN Tl A AR TR AT BB Min 1 S R IR M4
JbH X 3 FhoCR TG YL BARAE FRARAK, FWITE YR A
BHAENE), BT S

F4 BFFERH NI, Cov Mn HiTHRKFIFMN
Table 4 Evaluation of contamination levels of Ni, Co and
Mn in spices

BEEE MR AR P<1 1<P=<2 2<Pi<3 P3>3

AEHL 119 112 6 1 0
Ni BRI 60 57 2 0 1
K2 61 58 3 0 0
LB 119 119 0 0 0
Co B 60 59 0 1 0
A 61 61 0 0 0
1EML 119 110 8 1 0
Mn  HUR 60 58 1 0 1
% 61 35 14 5 7
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Fig.1 Supplementary figure boxplot of heavy metal P; in spices
from different regions of Chongqing
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HARTE 3 A B ICR M RO R, ARFFEHET T
J2 IR A e 43 HT (Pearson  correlation coefficient, PCC)-Yj
F 54343 #7 (principal component analysis, PCA).

PCC 45 (Pl 2)F W], Ni 55 Co Z [MIFA7EM 58 1 5. 25 1F
AR R (r=0.80, P<0.01), FHI = nf g HAT Hh[m] iy v 4o
HKUSARML BT RS 1 -4 T o X5 HT AT LR R G p
T4 SR I MU B AT 45 R — 30, $R T Bk U I
— Bk B E A IE S, HILZ T, Mn 5 Ni, CoZ
[ R AR OG5, G 78 HOR PR B PRS47 T BEAN IR T Ni
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RN 3 AEERE A A B S, RS B A
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Fig.2 PCC heatmap of Ni, Co and
Mn content in spices
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Fig.3 PCA of heavy metals in spice samples

I e B — B Je i/, SR AT I IR SE T 3 HAT R 1Y)
[P A B R AE ;T Min f8 268 A 1) o DU 7 57y 1 L,
5 Ni, Co e 90°, Sz iF sl IF A X <7 i 2%
W, FRA AR BRI A S T A T R AR — B

LRE A MRS E A 85 R, Ni il Co V5
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Table 5 Dietary exposure risk assessment based on THQ model
o S e s THQ
TR B FRIES 5L TTHQ
Ni Co Mn
I/ ME 0.0000 0.0000 0.0000 0.0001
_— RRAE 0.0856 0.0504 0.2484 0.3830
ALt 119
FXIE 0.0166 0.0128 0.0640 0.0934
THQ (TTHQ)>1 ¥ 0 0 0 0
I/ ME 0.0013 0.0008 0.0080 0.0186
- . KME 0.3051 0.9549 0.3889 1.6489
BRI 0
FXIME 0.0139 0.0366 0.0312 0.0816
THQ (TTHQ)>1 ¥ 0 0 0 1
I/ ME 0.0003 0.0008 0.0183 0.0217
e . RARAE 0.0522 0.2034 2.5826 2.6548
1
FXIME 0.0096 0.0326 0.2080 0.2502
THQ (TTHQ)>1 ¥ 0 0 2 2
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