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Research progress on health risk assessment of heavy metals in food

LIN Xin-Xiao, WU Ze®

(College of Ecological and Environmental Engineering, Guizhou Minzu University, Guiyang 550025, China)

ABSTRACT: Heavy metals are global pollutants with irritating toxicity, target organ toxicity and carcinogenicity.
Ingestion through food is an essential pathway for heavy metals to enter into the human body. Thus, an accurate
assessment of the health risks posed by food ingestion is necessary for heavy metals. Simulating the in vitro
bioaccessibility experimental methods are common approaches to obtaining human bioaccessibility data for heavy
metals, which is more reliable than directly utilizing the concentration of heavy metals. This paper reviewed
highlights the experimental methods for assessing the human bioaccessibility of food and existing health risk
assessment methods for heavy metals, discussed and compared the advantages and limitations of current methods,
providing researchers with ideas and directions to determine the bioaccessibility of different pollutants in food, and
improving the accuracy of food safety assessment and heavy metal exposure assessment for human health.
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1 SRR A%

SE[E PRI E (United States Environmental Protection
Agency, USEPA), 2012 47E ( Standard operating procedure
for an in vitro bioaccessibility assay for lead in soil ) ({4
A A W R I R S SR AR NI S AT g AR IR ) 4
WA . AR R IR S B i AR T
AR 100% W 0, AT 8 E B E R4y, A he
R PEAR A Al R JXUBS: (4 AR i, YAO 2P Cd
15 G KR (AR P R IR 5 b, ORI A Rl R T
P 9 R RS 225 IR AR W T R MY 2.7~4.6 £, RBIA
2 S A A] R PR RS i RO Hh i R AR . A
S B6-E A 25 35 1T ARG 2 4 8 0 A g m R U I
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W) S B TEAR i AR kA kR O TR A L E AR
RN NER AR LS, 5SS RS R R,
PEAE AT N )12 B Sh A 0 45 Rz g U
il ZHU 255 o [ g 7 i B As. Cd T P FE/)
AR LE YR I, IF5EER As. Cd # Pb A9 ml F
FHESR 1R 0.33% . 0.45%F1 0.74%, FEARNF AR ™ A
B, (HEIIMWE . FHEFAIFNES As. Cd F1 Pb 1y &t Tt

w, HELSERAENEE, M@ ER, Eoxt
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PEAIASEL A A1, i FLAF Ut a6 B A1 0 B 4 BR Y, 1Rt
W LR T RBEA B AL R RO o T s Ak — e s,
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iU E=S AWiRr S
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FURMES AR HEE . AR, 1 HAZ IR,
1 P s
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RSN AR S # SARETRRI B AETY , FASARR 5
TS T SR, - F 0 H A1, DA A8
AU A= 2 B 35 3k (physiologically base extraction test,
PBET) . i fif B /25 W) F) R 0F 5% Bk 5 4 5 ¥ (solubility/
bioavailability research consortium, SBRC). 4k & i :(in
vitro gastrointestinal, IVG). 7 [E #5 #E B 55 B 12 (Deutsches
Institut fiir Normung e.v. Method, DIN) . KR A= 9 a] 25 PR
#:(Unified BARGE Method, UBM), fif 2= /A 3k T AR 53755 [
FWEFE B2 (Rijksinstituut voor Volksgezondheid en Milieu,
RIVM) HIE PR a6 2 2 7 i bR vE RS AR SN AL
TI(INFOGEST). %R = 2 FF R Ak 1 R

PBET Jy¥:A] LA B S s B0 40 Se. Cd A9 2E 9 A] F
P, {H PBET Hik4E GP TIMAZLRMLIR, XRS5
M 5 F i e 1 4 s A AT IERY . SBRC ik By FHRAE,
HIRTE GP T THALEE, (Hi T H &R K2 e 7,
2O AR BGE R P E TR JF % pH. 7E GP 1, SBRC 5
FTLAZRAS Po. As B R 9l R T BCE, VG i 2
M E ST Cd B A9l R M e (A8, 5 SBRC A4
e, 1 IVG-GP H s i H & F A S8 AL 4 . DIN AR —
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e T 4 IR A 2R A T AR R IR UER, HAE R AR
PAEYRT R AR FAAEAR, X FERT L &
Y& mFhay Sk BN, ZHENG Z5UBRH 5 Ay
GBS As BRI RN, 2525 RITE GP A AT
FIFIPEH UBM>SBRC>DIN>PBET>IVG HE4l, 7&H kBt
As FYLEYI TR FESE SBRC>UBM>PBET>IVG>DIN HE51] .
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Table 1 Static model and its characteristics
LAY PAw AN WF & 15t ] YA E =B
k T B Bt (gastric phase, GP)
RUBY 1 -
PBET UBY % 996 fF #r BX (intestinal phase, IP) [26-27]
SBRC KELLEY % 2002 4 %1: [25]
IVG RODRIGUEZ % 1999 4 (I}}f [28]
I B B
DIN HACK 1996 4£ GP [29]
IP
1 B Bt
UBM BRI A= 0] B A B9 N I 2011 4F GP [30]
IP
T HE B BE
RIVM far 22 A A 5 EREE [ R AT 1995 4E GP [31]
IP
ik 35 AR LR 0 R . BT B
INFOGET INFOGEST26 % 2014 4£ %, [32]

RIVM J5 3538 A B4 8 A9 IR T, ar L
TCEMEEEEY TR . RIVM FiECHFIE
KRG T 4 A A PR B SR EAG AR R AR, R
N EE B, BN R 5 KA i G A= vl R
PR AR RSN AL AR

INFOGEST Jy i 2 1 T UM OG A5 1 4 388 P A v 1
M FAMFSEA L, S6MRAFEAMENRESENAE
WAy R o A AR SE B S R R AR T Y B e 2
INFOGEST J5 i) 2k i 2 —PP,

122 & HALARE

AR TC IR BT A FR W &2 Je Bl sl 1
HAE BRI E AR P, R, PR A A s SR,
UL B Sh AR N5 B A 90 42 75 R Bi(simulator of the
human intestinal microbial ecosystem, SHIME) . fif 22 Jif FR&}
2FWESE BE ' 172 (TNO’s gastrointestinal model, TIM) . 7%
B R 7 (dynamic gastric model, DGM) , Z [ 8] 2 4t (dynamic
artificial digestive system, DIDGI), A& H#HIEY (human
gastric simulator, HGS) . #h# K R E + — 35 & 4 (dynamic
rat stomach-duodenum system, DRSD). & A\IAE il &
4 (dynamic human stomach-intestine system, DHSI), A T.%%
W (artificial colon, ARCOL). A& B 7 k45 #l #% (gastric
digestion simulator, GDS) 114 h #L ik B & 4t (in vitro
mechanical gastric system, IMGS). HHj, SHIME # 7 K i
U7 B A Y 48 A R 2 AU, B
BT NEE GEMA W RGN, UE T B XS
1t P G A A e R AR O A s A ROR
FLEMRE R ANER 2 PR

1.3 AEZmpmiEs

BT RS AR YRS E A SR B, 3% T 40 i 1 i
YE MRS M 223305 A A N IFGT 22 18] B 4538 1 HP (] 7 1 32
B TTZ KM Caco-2 4 THEHUZE T 5z 4 X 5 4
B, B is ARHE AR i, RAMIRO 2510458 1
ff ALY Caco-2 4TI E 5 Fhisk 2 (=% . TEMRSE
JECHE L L SRR HAR) Hr R AR X AR R M, SEIRIERA,
W R B 3R P PT AR  FR AR R D SR R TR, SR AR S T
IR R A YA B TR AE R . Caco-2 4HIERIR T
AW E I, SMoae2e e/ Nam L4, 565
INBRIPIRZ: T Rz AR . B, fF Caco-2 2 ffifsiR!
LR UL 7, S — 20 T E 48 A2 vl A,
RE RN A AR ARG T B R e . SR,
Caco-2 Yifi F A G —, SFHGERBIRE . FiFRe
M)At 4, 0 V) S P 4o 5 R B A R S R R 3R

2 RN

N AR T P R S MEE T JE— R 3 | S AT
W77 o 2 Rl B E A RN SRR, A AR 4
Ja A e AU o 127 VR SR —E TR, SRR Rt
FNRZERE I, AR . ARvES . BT N
SRR AR A M RSB0 8 A PR 58 4 PF L) Xt XU B A A5 7,
BTG e i) 2 6% o B B B s AR AR AR, [, Zi5
Y. UL B AR (I 2 BT S — 2B i a0, R Y
it BREXU S A B2 20 B e, AT i 8 ) A0 B A RS,
USEPA A7) 2R3 1 3+-48 PEAS #E AR S & 2 B (target
hazard quotients, THQ) . BJ& X { (carcinogenic risk, CR) .,



F 14

AP A A

228

20161 R B e S P Y o 36 o ol
PR A G T TS A SONT T V0 & ool 403 T {46 4 G0 S0 o T ) 6 3T T 44 1
[09°8s] WACEIRH 36 Y V465 B 6 SaD THEEE IS S Y o $ao
T
“ , O 2 Y0 0 10
l6s°s] T “FhE L GUIENY "l HO UEIH 3 h , A 1008V
W W S B NIRF I T S ST Y B G RO 2,
e B ¢ e g FAREIRE WA G TRy
Proad X136 E T 4 G s : }
B505] Tt ¢ A B BB e [ G A YIS 0 6 Bl e 8 T e o sHa
S v A A B IR MY
T G A B L MO B R S G |
[95+s] RETO AT I S AT B G B s 0 R TR B T YN e R AR asua
_ WY WVKECT G RN TR T RN [ S B HO s . s
WM HY T CH G OE I R Sy QAOE I T T GO M I o B 260
VRS T Y13D W W
ST G T A T BT e o2 ) B o B 2, 7 L o 6 59 e
(15081 (ZHCI AN — 6 S BT T WG AN TN SV BT TAY (e 00 T US40 2 7 o Woa
LN TN WP LTI ) WO 46T U A G 0 5 Feste T G A MR I g iy
2L 0 T S T 3 R0 3 66 AT A3 WO
n g
3= \ )
681 ity ST A 5D TR ORT BTN T A4 a 1a1a
* IV FHMSEEE o g e I GBI A6 8 00T B I I el
SO £ 7
T AT RN 20 0 5 ) YR FOR G AR T [ TG TR ) T L
BT TR B SR TR e )T [ TATE T o J0 0 ELRFBE06 oSSm0 L0 A6 14 20 B P 11 0 S 5 Y
[Lo-9v]  GHNGRGHTIIR ‘th WIL T € GGG 60200 ch B T LS B BG4 L) T 3 Yy P WIL
GO WA BRI WL T bR oI o § I RAL S H B TIZE (G260 6 e a9
TOGGFE M TBAT L A I0-LHRT LT b IRYKERI A T AT T oy A STl o] S R o € £
S 2 0 Y A 6 O B T T3 T 4 10 BT S b
L TR o T oy EUATHILAR U
[sp-zv] ¢ FORRr D M I SOGTNA L SR b S S0 T T AL 4 o S5 B 7 ) € 430 o G4 T s b T BA5Y ANIHS
ST AR N M T 2T ANTHS  FHH T A SO Q60T LD GRS, v~T Sy U5 % — (o] 3 1 &
MM i w1 BT e

SONSLIdIRIRYD §)I pUR [OPOW JIWRUA(Q T d[qeL

FHEYRASE %



5512 4]

MBI, S Bl P E a0 A R KURS DA F 5 0 i

229

YE ) 4EF H 3% A (chronic daily intake, CDD)AI™ ATETEE
HUJaw AU (hazard quotient, HQ)YBFA, HFRE KUK, B #IERH &
BN, I RSE R N8O A . HHRE BB HAT 240 i
LAY . 2RI, v AR B R A R T
ZWYte, TLARE 5 s e tek . L. Kbk,
WA LAE S Y R TR . WBRBIE . LY mEE
T A B TE AR AT, 3 [ A CLEA BRI h@ 3+
SV-¥4 7% 5t (average daily exposure, ADE)PEA fd R XU,
ZAEIIE A DA AT Yl MR AR ) O T B R R A 1 fit
BRI ITAN, 2B B 2% RS e g Rl 5 s . KR AE
B AR W Y T BE . (HJ2, CLEA BB R H A 1E
B2 ZRmThEE, N ERE IS fif 241 CSOIL 4
T 690 5t 440 XU FE 4L (risk characterization, RISK)IFA fi
BREXURS: o AR R A RE A 3R B E O S b A A5, R
CSOIL FRLA R 5 Y WA 2oil ik st T K HEAR A, K,
CSOIL A AN NRITETE HQ X F i KBS @ 12 #R AR,
TE U VPAS 5 T BT S A PR SF IR, P32 Uk B 5 T
HABERL g A AN, CSOIL FREAN I 2 e 1 i fif

KAV SZ AR (RAFULE), WA X5 B M e, Bk
kAl e AR A R s R AT, EHE R AT LA
—EREIE b H 7 BOR 0 X 86 2 i Y PRI A e
— S A A5 B AT OO I A 2NN 3 R .

3 EYAFAMSRERRITERES

JLAI A R SIMEL T B o O 145 DAl AN AR
AR, SR, SRR S G . B & B A fE
BHEET5 T R RS HL S5 NAAFAE 22 S 0, LA RASBEAE A i PR
B, ARSMERI T RS2 —FiA T WAL R ik, T
i B WO ML E SR 22 etk AR AL S T A
KB . Caco-2 2N ISR REASLIDL A= 4y 1R 14 T A A 380
FR R R, TS T — RO i A R T
L[N e S/ A1V G O DL N 2 3 U TR
P, ZERUARER AU B, TR S Z HAb . fA RO
[T AT BRI R SO R B M T AE-5 A S8 | Bz i

IR 4 st Lv 2048 ) Caco-2/HT-29 3%

#3 AERFEERHITHQRN

Table 3 Evaluation formula of heavy metals in food

5%
EF7 Ak 5
FEAR = i g JH it
THQ=CxEFXEDXIRD/BWxATxRFD N . .
A THO T WA . ikt 3 o HIVAREE THOSL, MUt
NP RERZR O, A IRERRRIGII ARG, At
THQ mg/kg; EF N RBEMNR, d/a; ED WREBHEWH BENARBEUR MRS, 2z, WAELE PRy ok i fid [67]
%?iﬁ‘]‘l‘lﬂ 2 IRD %J%H%E/\,i%;%%%fﬁ o/d: BW % BE R ARBUR RS . THQ MR B XU
IR T, ks AT A i s e o i 22 TSR AT AL F )
W], d; RFD RAESUE Y 2% 7l i, me/(kg.d) K
M CR>1x10™, NHFFAEA ] 3252 1 2L
CR=CXIRD*EFXEDxCSF/BWxAT FE A 2 1x10°<CR<1x10* B, £ WAL H 48 B0 .
CR kep: CSF W4 R SOBISORALRI T, AL F 74 ml B B0 MG, 4 CR<1x10° (671
B, SRR AR B0 KU
CDI=CxIRXEFXED/BW xAT
A CDI A% HIEA R, mg/(kg.d); C 75 Yed ik o
CDI %n@@dRﬁﬁ%éﬁ?ﬁéMEFﬁ@;%$ i GB 2762—2017 ( & Z R EZ bR RN P ES)E (1]
350 d/a; ED 4 SFEAT ], 30 a; BW 2V HIIATE, ke: e A s YRR i ) Y EPOR e g
BomY AT T E], 365%70 d
. HQ=CDI/RFD HQ<1, MIFHRBAFEAKITREEN AN ARTETEE |
Q b RID WHEAMSH AR, me/ked); SR F s diys ORI S (71]
ADE=A1xB1xC1/BWxAT+A2xB2xC2/BWxAT+A3xB
3xC3/BWxAT R f': ADE i H V-2 # 1, mg/(kg-d); e
Al SRR, me/d; Bl W EGH, dia; C1 gy ADPHCVSL SIEMRSZOGIAN: 0o ) o by
ADE X4 ADE/HCV>1, #1753 HLA % = [68]
FRLLita], a; BW R ARIRTE, kg AT SH-F-¥8 ], d fm&%m%’ IRARSEE m s m R K
Al. Bl. Cl W% Efliatc; A2, B2, C2 g Ads T o
fili&4%; A3, B3, C3 Jy 2 kiEfikiz
RiSk=(Eoe/MPR0,31)+(2;5/MPRi“ha1) \ . A = —, AN 7
e oo wHBR SRR, o ow A THERE ST LR ey
ik, MPR o 9 1B/ B 5 AoV R DEDIA T SR AT AL AL R 691

MPR gt A 85 K AT SRV (R WA 22 B2 59

IR
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F5 290 it A TR R AA S0 A R TR AT 5% 2 ) R AR RS B v 4 Y
AR R o 25 R SR B4 A RS T A AN AN A A AR
T 5 B b 25 0T 4 g 2 43 19 A 4 v ) R R A AR
T H; CATZESH ARSI Ak /Caco-2 4 M A5 R A 5 b [
BERRERL BR . HRVEER AT R . R H PBET AN
SHIME #EAIA 454, FIH Caco-2 £ HIA LA 4 WZ i
AR, RPRAEE AL BB AN SRR R R

BRI Py SZ I AT DLy B T4 4 R A 2R W Al
R, (AfEFERERT . SR FEEAE T AN, T 5%
JR 3k e R ], 15 5 R R AR HMSE RO 5% A ] )
L ARSME RIS A T R RN RE S NG M. B L, %2
STAR RS M (in vivo-in vitro correlation, IVIVC)JEH
FE, W, ZHENG % mF38 v As 0 oy A=l A
ARSI Py vl ) YA T L . BFR 2R BH IVIVC FEAEAHG
P, PBET W] LUSE HERHL TN As AOZES vl R, DLIFEAY
B As BYfaRRE XU

5 [ [ R IR B R AP Jm B H ) N 2 R XL A5 7R 56
Fom MAEEOEE R, COE R BN, R I RSE RN
B o T B R T Y Ak B ) AU A 25 SR o
W), 25 R3] —& Bl 4R A B A nl FL A M,
3ok 2 i A AT R R S R A R O T R 4R R B i AR
fat e RS A g iF 77677 i, WU 2SR5 kRS o He 19
AT R SIS . SRR, KA BN E AR AR 2L
R EBLEAR, TR I A e XU B 380 T A= 9wl 1 FE A Dy
T AT LA I 22 4o AR A (), 25 # CDL{E
R HQ 9, TR H A A BT I S0 KU

CDI:CXIRXEFXEDXB 1
BW x AT

B A 8 sl AH 428 04 R vl R R 4, JLALRER 3 R .

4 HRIE

SIRCES N i S S R B I LI IR P SE L N
W SO B dh P R B . R AR
ah TP A R AR R 100% M0, BT T AR
(6 A=y T A, K IO B 28 U Y BT o (R AL
FUR, A BORLE FH T AT 8 0 v A v [ AR 5 ) 4 s
VAR A S b Bz B M AR IR R SR R (A MBS A
JIE L BRM . ATERESEOLAR, DU, S TSR AR
Caco-2 i Jfid JH T 5 18 I il b Kz 4 it X 5 < Js f) Wi WAL
Az AR, TP 2 3 T RS £ i B X A A
il FREVEAE 14 i B DXL

AR R T TRAE VAN BT A0 P G o A i B X
W v Al R TR, (H S 4 92 56 A AR I A B A B
DR AT RAEAS SR S AN VD SE PR 1) PR SMSE R A 0 5 B
E B, A AN MR PR Caco-2 4

BEA B B, ARIETREBOE KRS
XFLL LD, K BT I R A, T RL R XU P Y
HERTE

BEXT H AR b R R A AR n] MR ST S, 2
XA XU T B ARSIBIEFE 7 1) B R L DFHA A
B ARSMERY | AR RN SR RS Ll S A A
BEE AN R REA R A W) TR IR 20, S il b 28 4 g
(Lo & S IR v IV E B AW a A S T v Y ST
I AR E HUPR 1 Caco-2 Al P ALSE R RS, AR
MEBGZER R AT AL Tr i TEARR BT, Mk
() Caco-2 ZH AT S AT N AR PRI, - ] s AT i 4
PEFITATFEPE, G HOE & T AL AR i 0 R R B -1 A
HARIG T, ST AR 2 AR, S) ST AT
NN B E ARG
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