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Discussions on the human health risk assessment
by food-chain exposure pathways

LI Dan' GAO Yangjun' GENG Chunnv™>""
(1. Shanghai Environmental Science Academy, Shanghai, 200233, China;
2. The Ecological Technique and Engineering College, Shanghai Institute of Technology, Shanghai, 201418, China;
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Abstract: Food is an important guarantee for the survival of mankind. Food safety is related to
human life and health. Food contamination begins in arable farmland, including manufacturing,
packaging, storage, transportation, processing and other sectors. Food safety problems are likely to
occur at each step of the improper handling. Farmland as the cornerstone of a food supply source is
the pool of other pollutants from air, water, etc. With urban development, human economic activity
leads to increased pollution to farmland. Pollutant exposure through food intake, justas ingestion
through oral, respiratory, skin, should be given indispensable considerations in human health risk
assessment. Food safety has now become a very serious issue. In January 2010 the former Ministry of

Health established a “Food Safety Risk Assessment Regulations” (Trial) according to “Food Safety
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Law” , which setup an overall process to assess food risk from the soil to table. But it was not into the
details and thus difficult to put into practice. In 2014 Ministry of Environmental Protection issued a
“Risk Assessment of Contaminated Sites Technical Guidelines” , which provided detailed approaches
on assessment of the human health risk caused by soil pollution. However, although the Guidelines
considered exposure pathways like oral, skin, respiratory, drinking groundwater, food exposure was
missing. In this paper, CLEA ( contaminated and environmental assessment) of England and
HHRAP ( human health risk assessment protocol for hazardous waste combustion facilities) of
America are discussed in-depth in order to provide a framework of “Food Chain Pathway Exposure
Risk Assessment Guidelines”.

Keywords : food chain exposure pathways, human health risk assessment, agricultural land, Chinese

risk assessment guidelines.
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Table 2 Consideration of food types in risk assessment guidelines
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Table 3 Exposure scenarios analysis in CLEA™

RS =Y R PEAE B AR ZARKEE
K IS Yk N
Pk R LR EESH LR EQE%FA%
o K- 43 Lt H LY e PO
KB 4345 el 4

U R AR - Ml R SRR R IR AR RIA], 35 HHRAP (9 1l 5 57 78 PPAk X 38 Rl P A7 7
TS YRS T, 2 ER IR A dE 15 e DR K R 8 AR 32 5 > B HHRAP %8 TR A & &
FRFE RN FEFE A 3 P HOR 75 2 K B AR AR Y M A Sk R R BRI R i RAT % 22 5 40
AMILE € T Wik WS PR Y 288 1 5t (3R 4) .t T HAR AT 508 B W e 45 A b A 7
A A, T HHRAP 25882 A H = rhis Y i KU, 6 B (L3 ) iR (JLEE) B A
R R SRR ATEAR S 5 4 BRPPA b b B AR A7 50 PR b ) B 2% U I (JL ) (MR (JLEE) $EA
X G, FA R (JLE) JERJLE) #A 6 FIER.
2.1.2  ZREENBERHE AT

et 2 5 AU VA o6 B AR AR B RRIE AT R G IR T W A ay BRI B BRIR R E
HEA 75 i 2 XU DA T A Fe S A 1) R S S B, 45 B i A G v 1A — e AR ) A T R . A\l i
B HVPAS XS A 7 0 B W AT G W i s ) hy 2 5 0], HHRAP B 2 W) B 42 2R 8 1% 5 T R E ARk
NBERf e A R AR RLE R R R RILE R R JLE  JFHERE T HRe AR 28R A IUE. EPA &
WO JE BRI B 2R R 110 30 a, AR AR A B B 40 a; LMW R 6 a, R TN



34 TR BB IRAR TG XU DA 1) S B PN A R 435

350 d; A RBIRTE R 70 ke, JLEATE N 15 k>,

F4 HHRAP HfEf7 R F 15
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Fig.1 Pathways of pollutants into plants and animals'®’ Fig.2 Pathways of pollutants from water to fish'*’
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Table 5 Classification of foods in CLEA and HHRAP
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232 BYHEAE

TEAG DI AR, He W mT ek H AR X, AR CLEA A1 HHRAP H#8% 18 T HAs ABEE H
7 AT KU DAL DX B A L B AS [ P TS AR R R AR 2 I 2R 5 AE IS ) R bl | 2=
TR AEEACE AN AN CLEA S HERER AR AR BEYIA R ILE 6, 1 ZFLUITFIL
VBRI 1986 4ETF REMXTHEE 488 44 0 2 1 & JLE A, 1 % 2 DL L R N R4 AR EL
I S SRR R S R 8 S AT 45 SR — BU HHRAP REFE R WA R UL 7, G 8ds 35 B M 45 26 [
LV 1994—1996 4EFN 1998 4ETF R 1Y MA W18 AT A 455 AR YR A AR 6 8PP A
BERYRRAE , 43 025 AR R A S5 (0.

R 6 CLEA M BRARIA B ZAMEY T A%

Table 6 Average ingestion rates of different age groups for home-grown vegetables and fruits in CLEA™’

BAE(g-kg™d™)

A B

gt =5 ek VN AR P2
1 7.12 10.69 16.03 1.83 2.23 3.82
2-4 6.85 3.30 5.46 3.96 0.54 11.96
5-16 3.74 1.77 3.38 1.85 0.16 4.26
17-18 2.94 1.40 1.79 1.61 0.22 2.97

£ 7 HHRAP M ARFEY T EHEA R
Table 7 Average ingestion rates for food in HHRAP™

P RHENRE/ (gokg™d™")

R R JLED JE e JER LD il el R )Lz"
RAEY) 1.30 3.03 1.07 2.60 1.07 2.60
4P 1.23 0.76 N/A N/A N/A N/A
41 1.71 2.84 N/A N/A N/A N/A
P 5.19 3.46 N/A N/A N/A N/A
X 7E 0.17 0.32 N/A N/A N/A N/A
A 0.56 0.43 N/A N/A N/A N/A
101 N/A N/A N/A N/A 3.13 0.87

TEa: BAMRERTHME 70 kg;b: JLE AT 15 kg; N/A TCEHR.
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F 3 Ts Yl ot R R R AR 28R EBGE T R Y BAR TS S . B Wb B AR Y
PR AR T A3 2 A AT O ok 5 8, SR T 3k A UG 9% ik SRR 2 D R I 0 4 5 7 KR Y S5 AN 3 43 A Al
b BREEF B TR TR O R R B E R — 4R H T
CLEA ¥4 5128 6 28, 43 BB 284k i b H AR 1o Je W i & &, #EAT I ANAS 25 88 ARFER A XY
JF 4 A A S [ CLEA 00 e X (1) M Al AR st 2 A = VR 48 A 475 e 4 (4 3 % (T TR
FR ,mg-d™) ARSIV Y i) F 2 H B 55 2 (Average daily exposure, ADE,g-kg™'d™") A= (2) “3F
GECHIN

IR = Y C.CF,CR BWHF, (1)
IR x EF x ED
ADE = ¢ ) (2)
BW x AT

Hor € A HIEF G YYRE (mg- o' T8 ;CF o8 HIERIY A E R (mg-g ' BEH/mg- o' T5) ;
CRONEWHEAER (g-kg'd™") ;BW NIKEE (kg) s HF 4 A BIEERIVESIRY F 72350, TER 49, X 9 6 2
VEY), o ; EF HRBAR(d-a™") ;ED N REEFFZENE (a) s AT AP EEHIRE (d) .

2% E HHRAP 25 7 PP, XEHEXS 7 Fh &9 H 8 A B TR (R 8) K& Fh B 4G
BT IAI R A Y isA2 1 B R iR B 1,( X 3) W AR R b B A S B 5 B BRAL A R IR T M)
R R RS YR IR 05 e ) B A PR o R AR 2 PPA DXCBURR IR AR [, G V5 Qe 7E 1458 K
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AT AR A I B 5 A8 ) FBOR HH ) o 80 A Rl 2 A 3 P A S5 F00 D7 v 5 | AU, -l v AR
P YR %A HHRAP 73 525 Y T 310 (kL) 75 B Wit V928 & 15 Sy o il |
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MR 1 SR N 72 E YA

F 8 HHRAP FOR[E (i is fe e Rt
Table 8 Recommended equation for calculating pollution concentrations in food®
ks B P

Py P, PG5 3R i R IE i TR |25 SR AR R I
TR Y B (mg kg™ ), Pry, e Hb T R 45 1o 4R
WS RT SE T5 M RN VR B (mg kg ™" ) 5 CR,, . CRy, (CR, fiF
AFIZEBIA RS AR5 G 1 B AR mg - kg™ d ™" F, A
Y15 e o B, o 4.

beef

I, =[((Py+P +P)CR, +

4 1, /(mg-kg™'-d”!
W1, / (mg-kg ) (P+CR,,) + (P, CR,,) F,,

BHANE Y 0% L CRF ACH B U S Y ) TR B (mg - kg™ ) 3 CR; S H B3 A %
I, /(mg-kg'-d™") PR mg-kg ' dU s F A LTS Y4B, Jo 4.

Crgy WINPT 5 Yo ) BLR B (mg - kg™ ) 3 CRyy, 7 H T ERA S

a0 I, /(mg-kg™-d7!) Iigw = Cia * CRygy * Fg, =y
ran / ( ek = B ” R 7 T mg kg4 s P, SLRHTS RSN H, TR,

2.4 KU RAE

CLEA BRI & T I fz Bk KB RG 3 Flai 48, Sl ad B nl LAAS 31— A28 1 H #2282 1 ADE.
CLEA #5%0% ADE S{@EEFRME(E HCV (Health Criteria Value) [ FGAR SR P-4y 458 75 Y 1) G AR B Y
ADE/HCV < 1, Ui B XU 76 T #5252 B3 L P 5 24 ADE/HCV > 1, 18075 Y37 M ELAG V5 78 Ao fa e XU

HHRAP XU A AY 322 T P9 255 458 X5 T Y %) Al 350 Ao KU i 1380 (X 4 A s) ™ R 2
PESTHT IR (14 2 0] FAE . H BRT5 e 40 e B IR (B e HR T A SR A5 Y 0 R P38 080 1) 95.9% B A5 IX 1] 1)
T BRAEDR T MR SR 100, P 4% B AN SR A H AR5 0 10 T B B 1 5 AU A

I - ED - EF
HL= X D AT 363
I. - ED - EF - CSF
TCR = 3, AT - 365 (5)

A HE IR B AGRR B G ERE, TC A 1o R H 5 0 i IR AR (mg-kg™'d™") ;ED %
W (a) s EF MBI (d-a™") ;AT N FIFE A E ; RID S/ mg-kg™'d™'; CSF A BUs@ AR
.

(4)

3 HiER|WHEEEXKEITGE T
3.1 faf>= CSOIL

o 22 RS DA S 00 CSOIL 7 B g i B AN 6] o0 hy £ 38 25 R AER VIR IR 86 4 A1 5,
R 5 2 SR SR el 19 A b 8 3k i AR 3508 (8 WSO T 7 A A AR 2 i AR AR b iR e 45
T T VEASBA A5 T - A AR IR AT A AL TCLS Y R A R A ) RS
FESHAAE R S EEVE A R XS A 4 2 — T35 Ye kb SR (B i T 72
DRI 1 351 A PR N R L2 e SRR 30 2 8 T A T DX 1), CSOIL =22 H 758 B Be A = Bir Be i X
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R VPG AR T
3.2 &R

T R fidt R JXUIRS: DAy (R HE 22 DL SE I S EAS , B2 ST T W0 9 i A AU DA ( Preliminary quantitative
risk assessment, PQRA) Sl IR RO A B S B R AT A KU R AR 4 AT PQRA
B A P R I A% e 18 7 v R ST B0 A T COXURS: e R A ) 5 SR T 78 XU, A5 38 e 1o T U 9% ol
A I AT AL B o BEARE ] TSR PQRA PN RO SRZ AN AT He 32 1, WISk B 00 455 1 37 b 1 IXURS: TFAily
( Detailed site-specific risk assessments, DSSRA ) YEi#E— 1A .
3.3 Hii=

BPG 2N T N AAEE KUR PPAR 1 7 AR R, B Y B AR R R TR RS e R R R R
AR —AS P32 5 B IF FLZGG& 48 76 AR B T il <0 T A R ol Tl 58 TR 35 5 b Jr 4k
PRI G 2 A S 0 e SE R T DX FH 2 A 15 S T AR AR A 5 A A [ R R T i A
Fa i AR B A SRS HUE S 15— R AR A 398 F(E (SGVs) Figi G LR &
{E ( Combined SGV).

4 RpIFHEE

FIRT, TR (R ZARAETT & 1 KU A AR Y | i 2 9 CSOIL AL AT IR {75 34 37 3 kA7 KU DAl O
A A A 45 i 5 S Y ofe s SE Y CLEA BRY AT DU S5 1 G 13895 Yepm e, I n] EA7 45
AU A 5 56 BRI A8 2 E M PR R IT & Y Cal TOX FE8Y 3 203 H] USEPA 2 4 T3l KURS: PEAli 48
T A FORTHR B 8 5 AU, BERSREA T 505 R 20, X T — BR 8 IH 14 ] DL i 5 A e
PRI IHG T L S e JXURG: A AN 5 1 5 28 S . Cal TOX RSB AT DATHAR 45 7€ H A fE B JXURS: 7K P~ I 1) 5 37 3
Re SEP L

5 HFiLTRE

X LA B G0 T W A8 KBS PP AZ 00 N 25 1) L3R A AT, 45 B RURS: A R A2 014 E 1 5
G R LT Pk Bt TSR A SR R A A5 E A UEDN. SE R HHRAP 2 AHX L w3 N 4
T B — 15 S0, B TR 1983 4F 35 [ [ B2 e 4 A0 XURS: T i 8 U S HESE , LU A e ) Sk il 52
B, T3 G5 5 AT i #ie BB G 3 0 )t — 800 G R DA | 2 58 DA AR XS ZRAE DU 25 32 Ay I % JRU S
PEAR AOAZ O N 25 UEAT 52 25 1Y TR , HHRAP 1 4T 377 3 XURS IEAG 1Y 3 A4S B B JR I 187 AL 3% 11 H i 401 A )
TGRACS SMFEA |22 36 [ () VU A vk i 57 7 KU PEAGHE SR, B2 TS Ao R T e i et i 2
B DA S AR AN S0 KU TS AL. LA, 56 XU DA I R B8 38, A o8 3 I R B AR 5 dm ok
FBESROBARIE E ARG Yt S b A5 R 8 1 5 BSR4 B A2, 3o 8 T 0 T R A R 5
Yy B B RS PEAG T AR BT S 1A 0 2, B AT RE A Hods i 5s , RS [ N RMIE A L E 58 T
KRB T AR (B = S AR A B 1 Fn gt — 1.

T E A H IR BDR DA ZE R, A 1997 SR EFRBDIRDLAIRY AR, FREA 1T 52 Wid
Z BRI BE 75 5 5 30 H MR B IR 8 ARS8 Ay (4 B 3T YUR LA AR Bk, 4
LB 10 5 T AR 0 19.4% , PP BE 5 gk |5 1.8% , B V5 4 1,19 e M5 Je 58 Ho R A 2 3ok
F T RAUUE, SR R, 15 /K HEWE 75 TR A% DL B A 25 40 A0 A0 K i, V5 e RS AN IR 18 22 52 i
T FURWIEY I, PR A R 5 Tl 3T V5 Y 4 b [ b 27 1) 0 00 3 [ 1940 75 G 3 1 XU A T NI
WIS AE | B 28 KA 1 i G S b XU PP 12 AR D00 ) v i oA 94 % 380 e ) ot 5 e 2 0 3 2 1180 XL T AV 14
P2 %o [ A0 B 1 0 B s A XU DA AR 52 RNER T, 78 BU LA i A SRR B2 A 5T, 3l 2 i % A
W 2 A A R XU TAY (18 SR AR B Dy 32 R ) o RS AR, ) o7 3 17 R [ I 1 B B R R ik
1 AU A ™ 3.

AR5 YA AWM 518 2 H S EARBFR I H (201109052) 58 AL T &Y% 5 8 1R 142 1 KUK
AR P HESR S ], SR 1T P T AH SC BRI o S s v RS Sk b o SR BB A, V5 R IR 454 AT
A TEAT R ARSI, 75 B B 42 LA SR R0y TR 25 SRS B R[], PR I i o T e 5k 78 S 500 A
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T 37 3 P ) R A Rt i e A 8 B A o B, o) % R i 1 1B R b 2 L DAY 20 SR 5
PrRif AR BCE R ) RIS G 5 BRI B0 R 8, SR T B W R A2 (0 A R XU 2 37 I
R AR R R AR AR E R AE SUHESE , 1R W FR R i RO B R | L S Ry
Bt 00 E 15 e AL A, P i BRI S AR R LSRR R S AR - sh e 7% R B
FLP IR E R AL S E TS A B R S A A AR 1 AT 6 114 £ ) i 2 B ik A2
B PP AR 28 BN SE .
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