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ABSTRACT: Objective To conduct an in-depth analysis of the metal element content characteristics of cured meat

in Northeastern Chongqing and to explore the influence of regional differences and production methods on the

distribution of metal elements in cured meat. Methods A total of 40 samples of homemade and factory-produced
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cured meat from a total of 4 districts and counties in Northeastern Chongqing were collected respectively. The
pressure tank digestion combined with inductively coupled plasma mass spectrometry (ICP-MS) technology was
adopted. Quantitative analysis was conducted on 9 kinds of common metal elements in cured meat and statistical
analysis was used to compare the differences in different regions and production methods as well as the correlations
among the elements. Results The detection rates of 3 kinds of heavy metal elements, cadmium (Cd), chromium (Cr)
and total arsenic (As), in the cured meat samples were relatively high, but the overall content levels were relatively
low. The contents of Cd, As and lead (Pb) were all lower than the limits specified in GB 2762—2022 National food
safety standard-Limits for contaminants in foods. Only the Cr content of 1 sample was 1.2050 mg/kg, which exceeded
thel limit for meat products (1.0 mg/kg) by 0.205 mg/kg. The content of zinc (Zn), iron (Fe) and aluminum (Al) were
relatively high, while those of manganese (Mn) and copper (Cu) were low. The content of various metal elements in
cured meat samples from Northeastern Chongqing exhibited regional differences to varying degrees. Heavy metal
content varied slightly among different districts and counties, whereas other metal elements showed certain regional
differences. Production method mainly affected the content of Al and Cu. In addition, Zn was extremely significantly
positively correlated with Cu and Fe (P<0.01), Cu was also significantly positively correlated with Fe (P<0.05), and
Cd was significantly positively correlated with Pb (P<0.05). Conclusion The overall content level of heavy metal
elements in the cured meat of Northeastern Chongqing is relatively low, meeting the GB 2762—2022. The region and
production mode have certain influences on the content of Al and Cu. The research results reveal the distribution
characteristics of metal elements in the cured meat of Northeastern Chongqing, providing a scientific basis and

reference for the quality and safety supervision, production and consumption of cured meat products in the region.
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ZRACHL DX H AL VO )1 b AR SR YA, WREETTIN . FT . AR
BRI AR 2 AT EAR R = 5 X, J2 )1 i X AL S A
A F L X 22— 2 X PR A RO AT L T R A IR
ZITRIETE SR, B AR EE AR L) A
Fo PRI B AERER] B g SORn IR K OP
G HAAAEZE S, SRR 54 JE TR & i) BEAEEAL
KOO Pk, W AR X P b4 R OC R & AR
M EA BRSO B

AR RV, KRR TR B (Cd) . F(Pb).
M AR (Cr SR FESR LR, HERZHX
5 FORDR IR B T T 2 22 B 45 2 N R LR
BETE, Z2HFRTESE SRR TERERZ &R
PRAE, #EAkh T2 4E BN, HAS [0 X RIAS [ 5 22 )
R — R RE B sh S, Bildn, Wiwg . SN S b X

il

W Pb Ml Cd M FIE &S5 0.12~0.58 mg/kg F
0.02~0.11 mg/kg, FHAFoFES Y Pb & St GB 2762—2022
(B EEEZE ERrhisYRRE ) ol R
(0.5 mg/kg)® " PR FEHEARESF Pb, Cd. Cr. As
& Bl 2051 0.000~0.100, 0.000~0.081. 0.000~0.17
LI 0.000~0.110 mg/kg!'™, EAh, X 25 Bl X BL i P 46
FESLBIAESE A B, Cd. Pb Al Cr By 70 4558
0.001~0.017, 0.08~0.38., 0.22~2.27 mg/kg!”),

S e A G, B PR ZE R L B K A e R
FIREFR B Eh . RDRL NN S P 4 IR BT I R BRSO RRAE
S5 Cr. P UCE SRTFEI P IS I R, A
WAL FE A AL Cd. Pb I Cr Yy R
20%~60%, H:H A B R AR R AR I e R S
BN EM, AP ESE SRR AR5
AT, T T RE X T B A R 0 R M . A IR
#T Cd. Pb. As E&JEICERES| L& . HIhEE
REERG B HFIEACI 2L, HA BA B A R A Bk )
Uk, s A P o 4 TR VS G 1 W 5 XU BEA, X PR
JRREEGE A HEER L,

AR, R ESEEN A RARERE, ) Z2RA
JE TR (atomic absorption spectrometry, AAS)., J&T
PP (atomic fluorescence spectrometry, AFS) ., HLEHES
S5 B TR & B 6% ¥ (inductively  coupled plasma optical
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emission spectrometry, ICP-OE) ., H /SRl & 45 B I T ik vk
(inductively coupled plasma mass spectrometry, ICP-MS)ZF 4%
AU Horh, ICP-MS HAT R . K HBRACRIZ IC K [
Rl Y v I Y S NN Pt allL K B K G 2 VR I3 N
S EFRNIABERE, AP aETRIFMUR
T Cd.Pb As Fil Cr S 7EA FHBBILR, BEIFH(Cu).
BEZn) . Hh(Mn)FIE(Fe) S NMALT &8 ICR, LUERADS
ARt (A HA AR RS 1 4R TR . XL Jm e R ek
FEPUARARIE Sy 55y A AR, S Rtk
JEORBRUR . N IR AR RSN o SR AR
PG IR, oA REXT A A 5 ™ A AN RS2, BT LA A2 DA
TR R, XETEA &R 5 HAL SR TR TR
MSEEE 0. 1o, AR5 TR AR A hhak
FEER T A2, X DX i 4R et X AN ] IX L
ANy AR PN B 68 15 YRR AT B /D . JET I,
AR LRI X 4 AN IX BRI S, SREEMIAZEE A
AL AR B PIRE AL, SRHT ICP-MS HRXS Cd., Pb, As,
Cr. Cu. Zn, Mn. Fe. Al % 9 F &)@ ek 7o SR 43
Mro BETEBRHARIUIT A ha BT R & KO- 5 22 RHE,
ISR T 7 SR MR 28 5, DRz s DM IS P it i
ERAE SRS

1 MR5ERE

1.1 AR

NE DT IT 22797, AREAIFM 4 M ARJEE A £
FEIREL, SREERFMERF A I RFE S (G5 NOFM L
AT RFERL (5 GC), 3T 40 . Hid, & A
ARESD 20 (T 5 . 2277 5 4. ARVE 5 0. FFIH 5 1),
Hohn oy R, FEAARERE . KT G, T A
JEPARESD 20 ORI S 6. Z=97 S . ARE S . JFM S
B3y SRR RIAMA2E SRR AL 22, A RE B A 5
Jer BRI AR R AL, SRR S ILA)ZE SR W2 R A 4
A, SR I R el P 2 R R K T Ak B S A T L
—HETE, we s m g XI5 Yy, IO EE T g
PRI SREEGHEM L BV E T AR5 YR IR E s,
P75 A 5 5 AR TE 0~4 °CA 1 T ARAE I T 24 hiNig
[ 523, T80 CokAf A A RAT 5 H
1.2 ik Fl

Cd. Cr. As. Pb, Al, Mn, Fe, Zn, Cu FrfEAR(FTR
WEER 1000 mg/L, InAs kR A BRA F); IHIERPERR
CHRBHL (P ENVABR AR ] AR (DL gl F=R)IARL L
SRR H); 5256 K R alK
1.3 ¢ =

BP121S AU 5734 RKF-(FS E 0.1 mg, FoRFRE 120 g,
i RN 2e A\ ); DHG-9240A % H 0B8R TR 46 ( I

T ER L TR A BRA F]); KQ-250DE RUR A K VA (1)
TR S AL A B2 w1 ); X-SF-50 T 7 914 fe e (Be A 38 DU 4
ZIE T RN RE); ICAP Q %I ICP-MS HaJBHE & 25 35 T i
I [FEBR R B (P EDA FRA ], CD-150GD R4l K
AR (EE DA S IR AL A 2N ), T-25 TR S 2 4R A 3L (T [
IKA />]); FP-FDL-50-TD B i T HL 4 6k 2 AR (1
A R

14 SKWHE

1.4.1 Homeyh &

80 °CUKFE IS ARE R, BT =EE AR, &
PR BEEY), T ) B b T R . R Ab
R, PR LA G D72 TR A A, DIE /N,
WA R T R RIR G . WG, HrERan
PR HR(-50 °C, 48 hAbFR [, P A B ALK HA s
B ACR, 1 60 HJR O, MEIAIREA A . BEFE A
WA AREANAS, BT 18 °CHIUKA AR %5 T
1.42 XA

FRE0.50 g iXFE T M NRESD, INA 3 mLAHAR, #E
W, REANEWINE, WAHEETIRALTHE: L
FHEZE 80 °C, £REF 120 min; SRJFFHEZE 120 °C, fREF
120 min; %5 FHEZE 160 °C, {735 240 min. W 5285,
TEFE SR 2, B8 e R MINE, K 0 A 9 FE IR
EHFE KRBT, T 100 cCHEA B 5 min, HKEAZE
25 mL, RA1& M, R AR, 25 A A A REE,
HAA I RE SR 2 2 —80 M MAERIA 3 mL
SR, FE R, IREANBWINE, BAER TR P
AR ) A HEAT T A7 (80 °CA4:4%F 120 min, 120 °C£F 120 min,
160 °CL-EE 240 min), THATHUG, THAH, FISIEMAGS
WANE, KiHmNTER S, A AEMAE, T 100 °CHE
PR S min, FIZKEAZE 25 mL, IRAI&H .

1.4.3  BAAFAE AR IR BLH

W TP 7 BT R AR HEI R R 2 T R IR A AR 4
W, 5% (V)RS R I T 7% 20 TR TR s o T AR TR T
F, KR EAE W 1.

1.44 Ly

2R R BRSSPI RS 2 15 mL EP
&, T ICP-MS Hahibfedirh, defre mille, H1/ES
B 2,

1.5 HIENIE

28R FH B TR 15 Y 8 B0 AR B 53 XS TRARE it B

SRRIEYRM, )

_G
R=— 1
5 M

P PO BJEITE XN BN TE YRR GO i B JRoT
RS, mg/ke; SN i GEICR SRR, mg/kg.
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N: 2 0.6<P<1.0 I, FRGRDIFEHEE L, |8 TERET
Yoo M P=1.0 B, FRRT5YRYER R O M S TLAERRIE,
& FERE YL,

Ji SPSS 26.0 #AFHEAT RS AL B, R RN K 2
(least significant difference, LSD)Z 5 Lb 4572 1 Pearson #
KO, BB AR AR — ST B A, B AT
3UOEATINGE, 455D EERER 2228 7R, SRA GraphPad
Prism 8 4l EI %, 5% GB 2730—2015 (M E4
EZbRAE TR R A ) X i P B 4 S 1 L I SR Rl e
AT S

2 HERS5HH

21 AERIEBEAESETRISRIFE

Cd.Cr.As FKE 1448 100.00%, Pb FRS HIZEH 12.50%.
FouES, Cr &R, THMIE#(0.5820+0.2510) mgke,
KA As [(0.0420+0.0690) mg/kg], Pb [(0.0099:+0.0283) mg/kg]
FI Cd [(0.0042+0.00439) mg/kg] & AN AR, W 3. 5H

258 £ i 2 4 T B A 2 i 5517 %
F1 IREBRRRTIRERE (ug/L)
Table 1 Series mass concentration of standard solution (ng/L)

JLE #2751 1 #2751 2 %753 #7514 #7515 %75 6

Cd 0.00 0.50 1.00 3.00 3.00 5.00

Cr 0.00 2.00 4.00 5.00 8.00 10.00

Cu 0.00 2.00 4.00 5.00 8.00 10.00

As 0.00 2.00 4.00 5.00 8.00 10.00

Pb 0.00 2.00 4.00 5.00 8.00 10.00

Al 0.00 5.00 8.00 10.00 12.00 50.00

Mn 0.00 5.00 10.00 12.00 14.00 50.00

Fe 0.00 4.00 8.00 9.00 10.00 50.00

n 0.00 2.00 6.00 8.00 10.00 50.00

#®2 ICP-MS LIESH INHHRWFFAR L, AWFFE R Cd #l Pb & 4k THARAKF-
Table2 Working parameters of ICP-MS e A )t S 1 25 1 0T S, S T [0 A 27
PRAR  PH | PMEW PR oo As VI A E 25, IEIR LRI Cr i
SEOEW 1500 Bl %%g;% B, As R, Cd Al Pb B LAY REAEY, %00 24 1
pr——— — — WP 5 A S, B AT I A o )
{(L/min) Is | REFHEARE B/ R AA — R A IE . & B4R TRy
AR 080 | mrEvE/mm . 6T GB 2762—2022 (i L &E KM P50
/(L/min) ' FREE ) T BLE BT5 B PR B, Py 3R (<0.6), (B4 1 MRS,
WUITEE R Bl ) Cr ISHORL T % 2 BRME(< 1.0 mg/kg), #/R Cr ikt
/(L/min) W AL A P R A OCTE RR R . A DESTE
iﬁii 4 Kol st H 3 ﬁ%ﬁ%%ﬁ%ﬁﬁ*x}ﬁ&%ﬁﬁ%%%iéﬁﬁ%
P—— ; R ; Z—, WHEET Cd. Pb M A, SAMFS S5 RA 3

e —— Cr L Cr M CrORNEAAELE . 3 Mk feiE 4k
wls) 0.3 LR LS S 3 NI A R AR SR, 3 AR AT — S O AR

1M 6 s HoA B M aetk . Buste fsige st r R
N, FEGAGFEIAEE . AR RS N R HE Y,
AP FE oA BB S R O O, R RE R A Ak HE 5
P F 3 A% R ) B A 2 06, AT 7 AR e i iy
NG Y B I R W, AR LA R s T 2R
BETARRERME C, SEFEMT C FEENY
0.05~0.2 mg/kg®, EARIFSE A AN FIRE b A FE A B EE AR T,
PRI A it T A B 3o R R R R G 0 P R e
BEAb, A SR 5 B S5 A DR o Bt S R IS A R Cr
T EER R, SCERIRGE, 7852 TR K el X 4 55
Wl (1) FRAE X, RN BB FRE i Cr =Rl 3k 0.8~1.5 mg/ke,
7 AR AR FRAFREE T AR Cr Sl W IR T 0.3 mg/kg™l,
HERUEMELE, ATFRBERAT Cr WFEH S
(0.5820 mg/kg)ibF I iR Bl (B, 2B X SR8 &
A fEXT Cr R B EAT —E . AN, BRI T T4t
SE Cr RFE . AP A, AREE A A 2y 2
Pl CrskE, SRS 1AERIE A (Cr & 827 0.35 mg/kg)
ML, T 2 AERISA T Cr P THE 2 0.75 mg/keBT. X
SAMFSERERR G Cr KA TR R RS, 150 B J 28 K R
BRRIE R AT BE 2 S BN BIRE A, Cr f = 1 B2 5
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Table 3 Content of harmful metal elements in cured meat
JLRME cd Cr As Pb
B KAH/(mg/kg) 0.0120 1.2050 0.2220 0.1130
e/ IME/(mg/kg) 0.0005 0.2830 0.0032 n.d.
L5/ (mg/kg) 0.0026 0.5070 0.0140 n.d.
PR 2 /(mg/kg) 0.0039 0.2510 0.0690 0.0283
SH U BE ((mg/kg) 0.0042 0.5820 0.0420 0.0099
iz 1R/ % 100.00 100.00 100.00 12.50
PR (B /(mg/kg) <0.1 <1 <0.5 <05
LSRR 0.04 0.58 0.08 0.01
7 A PR/ (mg/kg) 0.002 0.050 0.010 0.020
HEAR /% 0.00 2.50 0.00 0.00
H:nd FR R
22 ARILEREMEETERE R B HAR TR MR, WARIUEE R AL & AT
LEHABAR T, Al Fe Zn Cu FORBARYT 100000, ke CABRIRY, ifht ALSRE AR RO A2
Mn KK 8125%. JUb Zn [(470643.167) mgkg], Fe  FIERPECNL, GERSUANIH, & A BRI R . K
[(3.881i2.542) mg/kg]ﬁ] Al [(2.292:|:1.428) mg/kg]ﬂ‘]ﬁ% ,ﬂﬁj’%/\ﬂi Al 'Qf*éélgﬁ?lﬁjﬁ{ﬁ \ﬁ\%ﬂyjﬁﬁﬁﬁﬁ%%f*g{:%
FH RS, T Mn [(0.266:20.383) mg/kg]fl Cu [(0.183+  FEot AT RMK, [ s ol “F4L B (CH I H e (U A A
0.104) mg/kg]H & m ARG T 1 mg/kg), Wk 4. ¥R FIER, TSGR T S B XU T, L v A S R A
BRI Zn A Fe SRR THALTE, S RKE0g  FRE— IR
x4 BATPHMEETERE
Table 4 Content of other metal elements in cured meat
JLEME Al Mn Fe Zn Cu
I KA /(mg/kg) 4.323 1.439 11.743 11.942 0.409
fe/ME/(mg/kg) 0.148 0.000 0.652 0.457 0.035
F 5/ (mg/kg) 2.786 0.123 3.439 4,077 0.166
FrifE 2= /(mg/kg) 1.428 0.383 2.542 3.167 0.104
R /(mg/kg) 2.292 0.266 3.881 4706 0.183
it /% 100.00 81.25 100.00 100.00 100.00
23 FERERMNEBTRARER st \ S~
R X B PR A R T S A 5 M 1.25¢ F R
VAR, 4% Eooft Cr O RERERS, As Yoz, LB 1 30R, JF ohd] I i m S
NIRRT B A RE S b Cr S i g, PRk i 4 <005 i -
51124 (0.74440.652) mg/kg F1(0.734+0.183) mg/ke, MiZs ¥ B £ 0% ‘
[(0.551%0.189) mg/kg] I AK1Z EL[(0.443+0.099) mg/kgl]is A o 003 [
A BT AR AR ARG M XA As (0.115 mg/kg)fe i, 0.02
HUAARFELL0.073 mgkg), 310025 mg/kg)FIZ=TrEL 0.01F T .7 !
(0.010 me/kg). Pb (AEARIREAT K, FLALEC ARG, 1M o=t " o
Cd 1 4 M BFEan P AR, (RS EI/NT 0.010 me/kg. LR

WA, AT REFTEN 4 XS AR Zn, Fe,
Al FRAEHE, T Mn il Cu & NAERTEAE, WK 2,
o, Zn o B0 5(7.828 mg/kg)>AEIE H(6.264 mg/kg)>
FFMI X (3.298 mg/kg)>Z= 17 H(2.879 mg/kg), HIXAES

RN ZE R B, P<0.05, 2. 4~5 ],

1 IR DB R it ) T 4 5 e 2 5

Differences in the content of heavy metal in cured meat
samples from different districts and counties

Fig.1
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FH1TE

ZE W BATAE B3 2 5 (P<0.05) . AR E M AFE S Fe
(5.144 mg/kg)Fl Al (3.537 mg/kg)& & i, W B
I Al Fat B T AR ATEMN . Cu s o
Zn Sy ARERAEARAL, DA B-(0.289 mg/kg)ft i, ZET E
(0.135 mg/kg)fefik, HANAERE 1 BAZE 1 B alfie B 825

T AR AEH X B PR & S TR LR O i R AN
BENMIEEES, BB GRS X B2/, 1
Hofth 4 JE Ju R S M E 22 5 . U IX Sk 22 SRR AE
T H At b, DX AR B PR ] BPF 9 TPt A R, S SRR A
B R Ty A P,

12,00 f

10.00 [ M

8.00 | — | HLBRIX
% 6.00 | * [ ‘ -
E 400k T T - 1K
< 4.00
=l il

&I 2.00

1.50

1.00 f

0.50 [ h ;
0 .

Al Mn Fe Zn C

B2 A XN AR A B Jm on R i 2E
Fig.2 Differences in the content of other metal elements in cured
meat samples from different districts and counties

24 TEEFARABERANERERIRSEER

AT TR REMRAG LT AT ESE S ENE
WK, W 3. o, TSR (0.077 mg/ke) As FiE
W= FARKME A (0.015 mg/kg), REMEA(0.572 mg/kg)Fl
T (0.595 mg/kg)Y Cr & EA124 . Pb Fl Cd FERFE M
T AR RS R, T \TRE. REW, £
J5 X Cd. Cr. As Fl Pb BRI YUK P52 A R, X —
SEIRL5 EUAT A G PN N T A R o X 4 S A A Y
W T —5 . B T B R A s bR AbEE
PEREH RS A S/ E 4R AR, BARLSIEILT
el ZITEI NTE S

T MARF A ALF Cu 7778 8 & M 22 F5(P<0.05),
Zn, Fe, Mn 3 Fl O EZMERAHE, WHE 4, HiAEK
F, LA Al S8#1.510 mgke) BERTREMENA
(2.899 mg/kg) (P<0.05), {HT.J J P Cu (0.240 mg/kg) i &
BT ARZE PN (0.138 mg/kg) (P<0.05), HHLLZF, T A
Zn Ml Fe it 2@ TRAEMN, RENA Mn 25T
T B5RER, AFAET AR RIS AL Al Cu
T HSEIELK, WX Zn, Fe, Mn SFEFICEMMA L.
Al fl Cu FEMZSF A RES N Lid B R Al %A G,
AR RN, &R EmE T4 REBR a6 S

BRI AT, ARG R b T AR BEA 2R
7 IR TR 1 KR,

1.10
0.90 F T

0.70 | m— R

050 |
030
0.10 | £
0.03
0.02f T
001F
0

Cd Cr As Pb
JLRAIR

B3 AR AT M A A R 2 5

Fig.3 Differences in the content of heavy metal in cured meat
samples produced by different methods

i /(mg/kg)

10.00 [ -
8.00 | w - X
6.00 w

%4.00 - T T I I

qqip o I

3
0.90/
0.60 F T
0.30 N T
0

Al Mn Fe Zn Cu
JLEAK
Kl 4 ARA SRR SR TR SRS

Fig.4 Differences in the content of other metal elements in cured
meat samples produced by different methods

25 AEERETREEXMEST

AN 42 8 TC B I AH DG PR AE — s R EE b e e ke 1Y
AR, W ARACEE R S 4B TR AR A A LA 5.
ZEH R, Zn 5 Cu (r=0.91, P<0.001)#1 Fe (r=0.73, P<0.01)
EWBETEME, Cu 5 Fe Z IR &3 FEAH(r=0.60,
P<0.05), Cd 5 Pb IR H B 3 1EHH & & & (r=0.55,
P<0.05), Z5REW, BRI AT Zn, Fe, Cu 3 Fh
JCE ] R ELA 3 [F] 0 R R B 2E AR 7N T R AR AR
B & ML, (AT E G -4 e B YL n)

R Y Zn-Cu-Fe MM 3 F Al s HA MR
A AR IR . CAFREM, X 3 FoTR¥EAAEY
Wil E R E TR, ERENFES S MaEA G,
& R W MR SRR R Y, AR S R R
LR, R, B SRR B S T A o,
3] B S LA £ PR I B A BRILAAARAE . BRAh, SRR
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G FEN T Zn 55 Cu. Fe YA R E0H #7E 0.65~0.88
Z L AR S i A 45 SR, DTS R R OT A AR
etk BT Z AW, MRS R TS5,

J—Ji, Cd 5 Pb FEMIARAUME A P A IEAH DG OE &
(r=0.55, P<0.05), $&/R & ] g E A LL R i SMIE R 15 e ok
Jio Cd Al Pb il % R UE TR POk SR sy, 1
SR N JE A NG 7 20 2 b HLAT 508 14 DI [ 0 B AN A%
feJ1. ARV, BRI s 25 WG R Cd
i Po B REUKFE, (RIS 2 FE 4 )8 704 WK 9 o] REAETE
MUE AR, AR A 5 2% 1T RE 5 w0 14 P4 21 20 A RS 7 B
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