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ABSTRACT: Objective To investigate the heavy metal pollution and evaluate the dietary exposure risk of soy
sauce in 2024. Methods This study collected 180 portions of soy sauce, including 139 portions of pre-packaged soy
sauce and 41 portions of bulk soy sauce. Content of 7 kinds of elements including lead (Pb), cadmium (Cd),
chromium (Cr), total arsenic (As), manganese (Mn), nickel (Ni) and copper (Cu) were determined by national
standards. The pollution degree of Pb and As was evaluated by single-factor pollution index method (P;) and
nemerow comprehensive pollution index method (Py). The dietary exposure risk was evaluated by target hazard
quotient (THQ) and total target hazard quotient (TTHQ). Results The heavy metals were detected in all soy sauces,
but there were differences in the types of heavy metals. According to the limited requirements of GB 2762—2022
National food safety standard-Limits of contaminants in food (Pb=< 1.0 mg/kg and As<0.5 mg/kg), only Pb in the
139 portions of pre-packaged soy sauce was detected to have unqualified samples, with an unqualified rate of 2.16%.
The average content of other detected heavy metals was sorted as Mn>Ni>Pb>Cr>Cu>As>Cd. The 41 portions of
bulk soy sauce Pb and As met the limited quantity requirements. And the average content of other detected heavy
metals was sorted as Mn>Ni>Cr>Pb. Out of 180 soy sauce samples, 3 pre packaged soy sauce samples had reached the
pollution level for Pb, while the rest were safe. Py showed that pre packaged soy sauce Pb was mildly contaminated,
bulk soy sauce Pb was close to the warning line, and As was safe. The THQ and TTHQ values of heavy metals in all soy
sauce were less than 1. Conclusion Most soy sauces have low contamination levels, only a small number of soy sauces
are in mild and moderate contaminated. Therefore, the quality monitoring of soy sauce condiments should be
strengthened. Under normal intake, the risk of dietary exposure of heavy metals in soy sauce is acceptable.
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PR 139 6y, T 2024 AR AERRAS K. . ML, 41
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TR al, ERN AR TAHBRAF); Pb. Cd. Cr,
As Ffi(Mn) \Ni., #(Cu)iR A AR HER R (TR R 1000 mg/L).
H(In). #ERD). BABI). HL(Sc)NAREIR(BTRIVEE 1000 mg/L)
(HEZEA 64 8 Bl 7 MR BT vy ); 5256 K A
GB/T 6682—2008 { 73152 50 % JH K MUAK FIR TG 5 125 ) g
A —ZK o
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iCAP-RQ HiL /B A S8 TR %1 (32 E Thermo
Fisher Scientific 23 )); MARS6 # i A (€ E CEM 2
l); FA324 HFRF(EdE 0.1 mg, [ IFFEFE R el
PR3 w]); Milli-Q 4 H sl ik HL(GE [E Millipore 23 ).
1.3 XEHE
13.1 #HmEe Bk

Pb. Cd. Cr. As. Mn. Ni. Cu A Jr %k M
GB 5009.268—2016 { &ML B P EITE
ROME ) Ak RS G A B TR . R
SEAFIGE 3 . Pb, Cd. Cr. As, Mn, Ni, Cu HJAH R
KOERRRILEE 1,

x1 BFREVHRREZR
Table 1 Limits of detection and limits of quantitation of
each element

e JLE H H FR/(mg/kg) JE R R/ (mg/kg)
1 Pb 0.020 0.050
2 cd 0.002 0.005
3 Cr 0.050 0.200
4 As 0.002 0.005
5 Mn 0.100 0.300
6 Ni 0.200 0.500
7 Cu 0.050 0.200

132 #HwELEFRELRES &

K FH B 115 YL 8 B0 (single-factor pollution index,
P) . WA £ 435 G 45 B0 (nemerow  comprehensive
pollution index, Py) WAl il 5 4 8 5 Yo U017, Py
NE()H:

P=C/S (1)

X PO E SR | 19T e g, HAAEOKR, 5™ E; C
Ry A S S RO, mg/ke; S MHE G T
RPN BRI, me/kg. & HH GB 2762—2022 #LE, ¥
i Pb A1 As FIBREE 51 1.0 mg/kg A1 0.5 mg/kg, B
ATPREAR R HAY 5 Tl 43 o BR A VR AR DG ZK

Pyt A (Q2) 0

2 2
Py= (F?avc + I:?max ) /2 (2)
itqj: Piavc j‘j I:>i qz‘i‘,"jﬁa Pimax i‘j Pi E’ikﬁo Pi ))—2 I:>N ‘iﬁg&*ﬁé
FEAM LA 21,
#2 PRPyOEE
Table 2 Classification standard of P; and Py

e TG YL SR
P; Px
P<0.7 7R=8 ey
0.7<P<1.0 e Lk
1.0<P<2.0 BREEEY RS Y
2.0<P<3.0 rfEE s Y RS g
P>3.0 R Y GERCE S

1.3.3 #Eh T2 BIEERISIRE T %

H ¥ /G 3 22804 (target hazard quotient, THQ)MIZEE
H b5 16 E 2 502: (total target hazard quotient, TTHQ)J& 3 [#
[E] % 3145 {347 J5) (Environmental Protection Agency, EPA)%E
WOR A 1A —Fh ok 2 7 5 4 8 A9 IR R 12 22 55 X
Ko TG AR T AR, BERE, AESZNE,
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TTHQ=3 THQ (4)

b Ep MEREESR, 365 d4FE; Ep MRBERANE, BURE
NP3 FR4 77.3 4520 Fie A H RS, 8.47 g/d";
C J il b A5 A 5 42 Js 5 i, me/kg; Rep 9 AR5 H 4T
i PR R BUR 1 IR 2 5 R, Pb=0.0035 mg/(kg * d),
Cd=0.001 mg/(kg * d), Cr=0.003 mg/(kg * d), As=0.0003 mg/(kg * d),
Mn=0.14 mg/(kg * d), Ni=0.02 mg/(kg * d), Cu=0.04 mg/(kg * A},
Wi AT, %S (b EE R EIR S B MERR
452020 48) ) H IR E R R A HAE, 64.3 kg Ty h
AEBUE Y- R B E], 365 d/4EXEp, # THQ (TTHQ)<I,
Ui B 4 Jm X AR S B A X T #4324 THQ
(TTHQ)>1, . B H 4 J X A A4 1% i £ 48 A AU il s vl 422
SZE IR, B A, e A £ T R A AR

1.4 HIEAE

Z A T 40 27 (World Health Organization, WHO)
AR £ 5 AP R K S e ] {5 AN 2028, R R
W R T 60%HF, BT A Hh B A A FREAR, A
KA HINT 60%IF, FrA A I E T 172 46 1 R
ARFFEH, 139 (3L HTH Pb. Cd. As. Mn KA H 5
INTF 60%, A AR B 172 B BRAGE; Cr. Cu ok
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W Cd. As. Cu REHEHR KT 60%, Fifi Akt
Bt FAG H BRAC

K1 Excel 2016 XF IR b i T A L 38, SFitsr
#r, Origin 2017 £:18,

2 EREHR

21 BEHPEESEES=ESW

180 ¥ kRN EE4E Pb, Cd. Cr. As, Mn, Ni, Cu
FURHIE B ISR 3 s, S5 R3RWI, 180 Myttt in A 4
JERLH o 139 Pt o 2 il 7 R E SR R, H
RECHBIEAARDTF 2 KELJE, BT 57.55% MR &
S BRULESE, KHELILE 1 Bisdm 7 8H54
B, P E NS BRI Mn (5.587 mg/kg)>Ni
0.753 mg/kg)>Pb (0.109 mg/kg)>Cr (0.075 mg/kg)>Cu
(0.057 mg/kg)>As (0.015 mg/kg)>Cd (0.013 mg/kg), %45 F

SRR g A — W 22 S0k, X v g R
BHFPREIAES | A7 T ASAOE, A E AR A R =
FRARYCH Mn (100.00%)>Cd (94.24%)>As (88.49%)>Ni
(82.73%)>Pb (58.99%)>Cr (30.22%)>Cu (3.60%). H, &
48 Mn (B E BB 1.0 mgke, 2R 100.00%;
Mn 5 HBR 0.1 mg/kg, Horb 86.33%# il Mn & 5
1 20 f5K R (2.0 mg/kg) o IZBFST 4SS 5 A A I BF ST
SR, SR FH R A S B T AR - O A I R vl P
FlEaE, SR ER Mn &5 TER Fe. Zn Sy HAE
&)@ . Mn JE AR FH R ITRZ —, WAENEH A RS

H 2.5~5.0 mg, {ARMIHEA LD i 25 1 B A R G RAR B R
G E, S FURIRBEMPLAEIC T, HBLE T, 5
H Mn i AT AR TR AR R B B i
Mn ML HEILE, HHGEREBTHOESE,
(B, A DGR 78 e BAAE i A 77 IOk 2 — /N 22 % Mn
ORI, = i o v U RS RO R, R it i
Mn JEGRUEF= B 2 3800 BB s Y, W, 4
g Mn &5 i 2 AR JFURME My OISO+ A2 T ek
[, SWMEY RS BT T . TTREE S Mn 257 | Fkik
5 (e HR 2 IR b AR A48 ) 78 020 F &2k
JEE b, Bl Mn %

139 frifuedil b 4R Ni A Pb (9735 & REAE
0.1~1.0 mg/kg ZIi, F il FI KT 50.00%, FHir Ni 195
BT ND~2.156 mg/kg, 384 0.753 mg/kg, #ith 3
82.73%; Pb W iEyuih ND~2.098 mg/kg, V34t
0.109 mg/kg, #iH 2R 58.99%, HAATE4)E Cr. As, Cd.
Cu ki, FHEEIETF 0.1 mgkg, H Cd T As
ok 2R 358 F 85.00%, 43l 60 55 IS —A7; Cr ks
3 30.22%, Cu Mt 3 EA, 105 mrma R, )
P GB 2762—2022 FRELESR, 139 {3#3hAG H 3 4343 Pb
SEBI 1.0 mgkg, NEME 2.16%, AT XU PEAL;
As BIFFA IR EOR, P12 4 . b EL R Y
TR T W, —Jy Tk A N ETS Y ELan ERM A
IKBRIEACA . ARTEASINEE; 55— D7 Dk A AME A S5 YL L
WA= ke fFiE . RARDIEE,

®3 EHPEESRISEER

Table 3 Heavy metal pollution situation in soy sauce

Frit/(mg/kg) R b A A
KAy 4R n - >5 fi% >10 5 >20 1%
T Fl g R <KHE >Hr 1 BR Ko R Ko R o R
Pb ND~2.098 0.027  0.109 57 82 37 14 9
Cr ND~0.790 0.050  0.075 97 42 3 1 0
Mn 0.793~14.319 4995  5.587 0 139 139 136 120
Fifu s Ni ND~2.156 0.659  0.753 24 115 39 3 0
cd ND~0.120 0.009  0.013 8 131 58 16 5
As ND~0.117 0.010  0.015 16 123 65 29 10
Cu ND~0.533 0.050  0.057 134 5 3 1 0
Pb 0.105~0.812 0299 0331 0 41 41 31 12
Cr 1.016~3.213 1692  1.784 0 41 41 41 41
Mn 10.163~27.145 17.625  18.047 0 41 41 41 41
e Ni 2.314~10.153 5816  5.934 0 41 41 41 37
cd ND 0.002  0.002 41 0 0 0 0
As ND 0.002  0.002 41 0 0 0 0
Cu ND 0.050  0.050 41 0 0 0 0

TE: ND FoR A M o



LERE Ul

SEEAR, A 2024 A F PO X T B G R T e A R XU A

351

41 (PRI E S BT BRI & 5 139 (3T
BT —EZF . 41 DYECEREmP UG 4 XES
J&Mn., Ni, Pb. Cr)HA& 1A K 100.00%, As. Cd. Cu
Ak, Ul BB T A SR A R Ak e . A
HEEJFE BN S EEHEFIK KA Mn (18.047 mg/kg)>Ni
(5.934 mg/kg)>Cr (1.784 mg/kg)>Pb (0.331 mg/kg), ARIE
GB 2762—2022, 41 ¥ ihs Po Al As & EHFF AR
HIOR, 5 139 priva it sEsmailELE
Mn. Ni. Pb. Cr B P& RS TS, Hi Cr &M
i, RTINS RAY 23.79 £, X2 R HBLAYR
A —J5 T A 68 S AR AR 7= T2 56, 59— 5 il gesk I
Fhigig R 22 T, K, 125 . BRI S ZRT
BEl5 gy,

- | | B
1

B e T 6w A I W A0

Fig.l Detection situation of heavy metal types in
pre-packaged soy sauce

2.2 #imh Pb 1 As iR RS IEME

K Py Al Py Xt 180 17335 A i Fh Pb Il As AT XU
A, S5 ILER 4,139 I TEL S0 P A1 As Rk 25
YLK 5 Fe 250 97.84%F1 100.00%, 15t B 4 K 22 K7
KT S Ye KUK . 2.16% 9% Pb Ab TI5 44Kk,
W2 (M EREETE Y, 1y EEIS Y, % 3 Y IEEA YA Pb
TR, THZ 3 MRS KA T.Z, Pb

15 Y T B S PG ST 3 AR 15 18] PG 2 3 S B o RS e A
Fevn, RIS 59035 T 55 R FH R R 7 SRR S FH TR 2K
A 7= Pb F As 19 Py {20920 1.486 1 0.168, Pb 37 |42 5F
B, As LA, GG KR 50.00%), BT
BeFih Po 1 As (175 Y2 Tl AELERY, (H As BRI YUK
TR, FELATEEIN . 41 (AECEE R Pp, Fl PaAc<0.7
MRS 500 39 A 41, AT RAKE, Hb 1 40#H Pey
fiF 0.7 Al 1.0 Z[8], AbF L4k, 41 ¥ Pb
As 9 Py EEMIL 0.7, BFRaKE. BIERENR, il
Pb {5 YL BN 5 AL, 76 H 8 B B 7 LIOGH: .
23 EHESEREA|XKE M

K F THQ/TTHQ X4 M5 A 4 R IEF T/ 2 K
K PEAf, THQ A TTHQ 45 L3R 5. SREEM 139 My ifudt
¥ Pb, Cr. Mn, Ni, Cd. As. Cu iy THQ & KfEHA>
B 0.079. 0.035. 0.013, 0.014. 0.016. 0.052 1 0.002, 41
By Bt Pb.Cr . Mn \Ni [ THQ i KAE 3514 0.031,
0.141, 0.026 1 0.067, HH 1 )y Hifu e im Po &=
ik 2.098 mg/kg, HEIEFRERRE(E (1.0 mg/ke)y 2.10 £%, Pb
HBZF)5YL, {2 Pb B THQ FH KMEAUH 0.079; 1 frHi#
H Cr i THQ ##Ed 0.1, {HIZ AR T 8 — T 4 f B JXURG: 1
H 1.0, 55 7 FonE RIS, i i im fEes
Fah iy TTHQ fe KB4 4 0.139 1 0.208, ¥k T L&
SR B ERERGEEME 1.0 XEFEFHEAR TS
TR AR A R KU AR, W3z . AR ik
i, B H R EEARK D, BE R miE AR
RS TR

XL A3 AL T A AR T TTHQ 84518
0.006~0.139 F10.102~0.208, 98.56%) Fi £ % ¥ il TTHQ {11
B T HIOCHE i fe /ML, TRIEE, B3 50.00% B 08 # il
TTHQ B R F A% i e K AE X He 431 TTHQ 31, #X
B TTHQ {2 P 4 1 5.69 15 BT A A6t 35 4
@, BRE4E Pb Ak, BRI E 4R A THQ M KfH
B3 o R R B T X I PRI THQ de KA Hor Al &l
Cr i) THQ Wi = F-Hilfu e vl o e A g d e, [R]is ¢
TEHCE S M E SR Cr TS YR AL RS, Blpiist, 14
B R B R o &5 LR, A S s UR i e
B R AL b

=4 Edth Pb. As IR IR
Table 4 Risk assessment of Pb and As in soy sauce
i Pi 53 2/ _
A Gy : Pu T
P<0.7 0.7<P<1.0 1.0<P<<2.0 2.0<P<3.0 P>3.0
Pb 135 1 2 1 0 1.486 VY RCE
T —

As 139 0 0 0 0 0.168 G
-_— Pb 39 2 0 0 0 0.620 b

As 41 0 0 0 0 0 b
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#x5 EHPEELREMN THQ/TTHQ
Table 5 THQ/TTHQ of heavy metals in soy sauce

7 THQ/TTHQ Gl I ¥IE
Pb 0.000~0.079  0.004
Cr 0.002~0.035  0.003
Mn 0.001~0.013  0.005
THQ Ni 0.001~0.014  0.005
it cd 0.000~0.016  0.002
As 0.000~0.052  0.007
Cu 0.000~0.002  0.000
TTHQ Pb. Cr, Mn, Ni, 0.006~0.139 0.026
Cd. As. Cu
Pb 0.004~0.031  0.012
Cr 0.045~0.141  0.078
Mn 0.010~0.026  0.017
THQ Ni 0.015~0.067  0.039
[EES cd 0.000~0.000  0.000
As 0.001~0.001  0.001
Cu 0.000~0.000  0.000
TTHQ Pb. Cr. Mn, Ni. 0.102~0.208 0.148
Cd., As, Cu
3 % ®

AWFFEFR GB 5009.268—2016 H&5—paXt 2024 48
M F &S 180 MMM REfTT Pb. Cd. Cr. As,
Mn. Ni. Cu 7 KEL @GR, 4558 5x, 180 17
TR MR R A, ok A 22 . 139 (3Tl
AEHEM Y, Mn, Ni. Pb i FH & &Hid 0.1 mgke, HA
3y Fiifu B35 Pb 2 BB GB 2762—2022 FREZK; Cr.
As. Cd. Cu P& RALT 0.1 mg/kg. 41 (R ML
Kith Mn. Ni, Pb., Cr. 180 f3#& i 3 3 Wifuded&im Pb
TG YK, HAKES, Pb Al As BIRIKBTG YL 5%, Py
WoR, PR P AL FREG YL, HCRE ML E R,
VLEAFE I Pb V5 fe H W B B A TR | QI . %
SR A EAS R, BT %M E 48 19 THQ A TTHQ (A
BUNT 1, R IR AR T K& R st AR =1
JRE £ XU S T 3 1

ARHFFEXT 2024 4ETTEE 180 b 7 84 @ 15 YL s
LG £ KU A T A0 AT PPl AT Ay vl 20 4 W4 ™ it o
UMM NSRS A AN, B R E— iR
(BCEFEMAE AL, QCREEIRT 7 X E 41 (e
T, AR T PR (R RO R, BB A
41 QEABIARMARGEIIGE, U 7 KE 4IRS
BT, I E 4 8 (U0 Hg . AL, Sn 28) 975 e84, [RIeT, [
RN B AN K, 58 e T rh A FE 4 ) PR AR
PR PR ol = R AR R R, TR R A
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