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Health risk assessment of acrylamide contamination in fried and baked foods from 2009 to 2016
in Shanghai residents QIN Luxin, LIU Hong, LUO Baozhang, CAl Hua, YANG Jingjin, WU Chunfeng
(Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China)
Abstract:

[Background] Acrylamide has attracted much attention since it was found in food in 2002.
Acrylamide is formed in high-temperature fried starch-rich food during the Maillard reaction, and
has been identified as a teratogenic, carcinogenic, and neurotoxic compound.

[Objective] This study is designed to assess the health risk of exposure to acrylamide related
to the consumption of retail fried and baked foods from Shanghai markets using the food
consumption data and the data of acrylamide contamination in these foods.

[Methods] A stratified random sampling method was used to select fried and baked food
samples, and gas chromatography-mass spectrometry was used to determine acrylamide in food
samples. Food consumption was investigated by food frequency questionnaire (FFQ). Population’s
probability distributions of acrylamide exposure were assessed by @Risk 7.5 software and Monte
Carlo simulation algorithm. According to the dietary intake assessment model, the method of
low-dose extrapolation was applied to the carcinogenic and non-carcinogenic risk assessments of
exposure to acrylamide related to the consumption of retail fried and baked foods.
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[Results] The mean concentration of acrylamide in 1049 fried and baked food samples was 51.88 pg-kg™. Among different types of foods, the
fried and puffed foods had the highest concentration of acrylamide (89.43 pug-kg™ in mean). The mean consumption of fried and baked foods
by residents in Shanghai was 82.85g-d™. Among all investigated age groups, the juveniles (3-17 years old) had the highest consumption with
a mean of 96.41g-d™. The dietary exposure to acrylamide from fried and baked foods in Shanghai residents averaged 0.16 ug-kg™-d* (average
level) and the Pss exposure valued 0.41 pg-kg™-d? (high level). Particularly, the average- and high-level exposure estimates for the juveniles
(3-17 years old) were 0.24 and 0.59 ug-kg*-d™, respectively. In terms of non-carcinogenic effects, the proportions of at-risk residents defined
as with an exposure higher than the reference dose were 0.60%, 2.60%, 0.40%, and 0.20% in the all age group, juveniles, young adults, and
the elderly, respectively, and no risk in middle-aged adults and pregnant women. In terms of carcinogenic effects, the incremental lifetime
cancer risks of the studied population at average level and high level of intake were 1.08x10™ and 2.28x10, respectively.

[Conclusion] The Shanghai residents have a higher risk of impaired health due to exposure to acrylamide from fried and baked foods than

residents in other regions of China. Children and adolescents at 3-17 years are at a high risk and should be highly concerned.

Keywords: fried and baked foods; acrylamide; population exposure; risk assessment
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J2& JiE Bff 23 #1100y (International Agency for Research on
Cancer, IARC) FI AZERTEER YD (11AZR) @5 2002
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TEMERRPREABERE DY, ERERETITE
it 57 T4 4H 4R (World Health Organization, WHO)
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BIRESFMIEBELRTRIFRIL 10494, BIER
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BEBeMMERZE, N\PIRAELSTRESEERALE
IBERXBREES,
1.3 B2ZETME
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S, 9B LUIYEFNE 95 B DU EIEN—RRIBA
IKEMSBNAKF, 1RIEWHO BB T EH S E, — &%

www.jeom.org



#5-455J2 3 &% | Journal of Environmental and Occupational Medicine | 2021, 38(5) 469

BNKFRSHRENERENIEOTE, MAEER
Pso, T Pso EEF RGN, BT EERERIFE
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ERERGHREZSETCHIFBELTRNIME
35.1% %, EiEmERABRHEEERTRMEN
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HREBEESTZESENEN, NEIANEEIEBUZEEN
[z KB,
1.4.2 EURMR NGTTHE  Ric=meofesefaoneXteoXter/taro
XA R I ABFER L BUR X BE (incremental lifetime
cancer risk, ILCR) , TSI ; men WABIREE, pgkg™d® ;
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(mg-kg™d™) ™ 5 faoar /9 FF B8 K B 1% 1A 5 A F (age
dependent adjustment factors, ADAF) , LB ; tep /9
= B8] (exposure duration, ED) , £F ; te N E BT
2 (exposure frequency, EF), d- &1 ; tx N FIEF @
(average time, AT) U, &, ZATITEREZLELT
—E R HEL R 2 B /K FATg NAYEE &R £ IR, LU
5132 10% FYSEEO MM K B K AR O BB 2015
TPFR1E (benchmark dose limit, BMDL) YERFIZ5ME
83 cSF A 0.51 (mg-kg™-d™) 102, 33F3~15 %5 /D4 |,
B fronr BXE A 3, 16 % K LA AB¥ faonr BUE A 1o teo BX
BFREIDXBINEREFE, t:/365d-F 7, taK
A 2017 F LB AOFEAS R 83 5, ZREEIFIR
RIPZEXS T ILCR BIK LA EFRAE, TAZI ILCRTE 1x10°~
1x10"SEEIAEY, HEEUEMN NP2 ZMME ; ILCR KT
1x10* BY, HEURMN X CE FAE RSB TENRE,
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#43E H Microsoft Excel 2003 R\, K SAS 9.1.3
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EDM, MARLLEBEASNKE ; FESDHERH

Eb %% 3K A Kruskal-Wallis H & F1 4038, 7/ Lb 3K B
Nemenyi /%o 137K/ a=0.05,

2 2
2.1 HIEEER R RPRGBER SRR
EEmE 1049 MIEIBIELX B R, a2
B G W A IR IR, TN 42.14%, PREFE ARG
BiRRRE D (GIF . BE) 9% 51.88ugkg?, 5
95 B E 212.40 ug-kgle AREIFHE R TP RIGEL
& EFR2MEME (¥*=13.02, P<0.05), HIEFEK/NE
mAPARFERERRERE RS, 9877 89.43 ugkg?, F
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Table 1 Acrylamide concentration in retail fried and baked foods

in Shanghai
(] (Unit) : pgkg?

Bmih [EFiN<} _

Food type Sample size X s Pss
K E %I SR (Rice and wheat product) 478 52.76 89.22 236.90
JEE R T (Bakery product) 398 3451 121.28 119.45
SHIERE b/ VB S (Fried puffed food) 173 89.43  205.42 453.00
&1t (Total) 1049 51.88 96.22 212.40

2.2 HIEBIEE R RABEEKT

FETEAERBEEESREESINNR
82.85g-d?, 95 H DU M 211.82gd% BRI FR
EUHIEBELXBMEBREFRSHERE (F=384.85, P<
0.05), P KEFIREEERS, IBFEBRRZ, H
Ve AL BB R E R

KFANGB17%5) EFEAN(18~44%), HEFE
A (45~59% ) BEAN (G60% ). I MIEIEES
B HE 295D 59 96.41. 83.59. 69.67. 72.97.
79.14gd?, REIABHIEBE LB RBEEERE2ME
[E (F=7.14, P<0.05), BEXMBE A (3~17%) JHNEIE
BRBMERERS, HABZEERTRAITER
X5 boh, KEEAN 3~17%) W FIZIER G SRLE
B RIVEEES THEMARE (F=9.46, P<0.05 ;
F=46.81, P<0.05) (¥ 2),
2.3 HIEEEXELPRGHRBZES TG

BITEMITERE LiEhERER A MIEREESR
BmMBANAGBRRII9%08 0.16 ngkg'd?, 5955
DI 0.41 pgkgtd? (Bl1) . REIABER B B HIE
IEIELX B RMBARBBRNBESBHERMRRE,
ZEPITEERBEAN 3~17%). SEA (18744 %),
FREAN (45759 %) BEA (>60%) . ZIEFBNEHR:

www.jeom.org



470 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(5)

BRAYE %85 5179 0.24. 0.14. 0.08. 0.11. 0.10 pg-kg™d?
(%&3),

®2 LEHFARABRNFRMSHIFIEEXRRIERE

Table 2 Consumption of fried and baked foods in different groups

in Shanghai
{1 (Unit) : gd™
=tREll Fie /% N 5 . Py
Food type Age/years Number

:'?fj:;ﬁﬂ:?;pm duce 37 701 4211 4865  100.00
18~44" 459 5098 6828  150.00
45~59 241 4886 5071  150.00
>60 525 4570  80.76  106.85
f:ganant women 399 4533 4878  115.40
&1t (Total) 2325 4593 6153  142.47
ﬁfﬁfﬁ;uct 3~17 701 3962 5940  100.00
18~44" 459 2608 4121  100.00
45~59 241 1948 2555  100.00
>60 525 2605  66.89 80.00
ﬁ:?nam women 399 3046  44.87  100.00
&1t (Total) 2325 3022 5352 100.00
Fﬁﬁ%ﬁe’gfﬁ Ty 701 1468 2834  56.99
18~44" 459 6.52 21.93 28.49
45~59 241 133 5.78 7.12
>60 525 1.22 9.69 3.20
ﬁ:gnant women 399 335 1117 19.73
&1t (Total) 2325 6.70 20.34 29.92

Sphibiiz =N
ﬁii?ﬁiiﬁ;g 3~17 701 9641  90.82  242.19
18~44" 459 8359 8997  214.25
45~59 241 69.67  62.88  192.47
>60 525 7297 107.69  178.38
ﬁ:gnant women 399 7914 7081  201.76
&1t (Total) 2325 8285  89.78  211.82

CE] REAESHHIRI, a : F=1.60, P>0.05 ; b : F=9.46, P<0.05 ; c '
F=46.81, P<0.05 ; d : F=7.14, P<0.05, * : 18~44 % AZ21ABRIM,
[Note] Analysis of covariance, a: F=1.60, P>0.05; b: F=9.46, P<0.05;
c: F=46.81, P<0.05; d: F=7.14, P<0.05. *: Pregnant women are
excluded from the 18-44 years age group.

5.0% ]
B ABRFRES

Total exposure of the population
&//\M&(Min) 0.00333
BAE(Max) 1.4662

X 0.16
Pas 0.41
n 10000

0 04 06 08 10 12 14 16
ARG R E S/ (ug-kgt-d ) [Acrylamide intake/(ug-kg?-d?)]
Bl bshERMFEEXERPRGHEREZEESH
Figure 1 Probability distribution of acrylamide intake from fried
and baked foods in Shanghai residents

R3 FRABHEEELXRESRTRGHREZEST
Table 3 Percentiles of acrylamide intake from fried and baked
foods in different groups in Shanghai

B4 (Unit) © pgkg™d?

S /% (Age/years) X Pys Ps Pso Pos Pors
3~17 0.24 0.04 0.05 0.19 0.59 0.71
18~44" 0.14 0.02 0.02 0.10 0.36 0.45
45~59 0.08 0.01 0.01 0.05 0.23 0.27
>60 0.11 0.01 0.02 0.08 0.29 0.37
Z=43 (Pregnant women)  0.10 0.01 0.02 0.08 0.27 0.32
&1t (Total) 0.16 0.02 0.03 0.13 0.41 0.50

[E] * : 18~44 FHZARRIN

[Note] *: Pregnant women are excluded from the 18-44 years age group.

2.4 WiHEHREZENERERE TG

241 AFEUEMINEEENFOITE RIEREEME
MEERNIEBERNSERE, LBmEABTE
99.40% KB R HIEIEIE LB mAGEIRN B EKF
£ F 0.702 ug-kg*-d?, M 0.60% I ERFESIFIEHK
MR BIXEE (B 2).

0.702
99.4% 0.6% ]

B ABRGRES

Total exposure of the population

= 0. 02 04 06 08 10 12 14 16
RIHEHIZEE S/ (ug kg d?)[Acrylamide intake/(pg-kg-d™)]

B2 LbshRERMFIBEXRSRGHERENIERUEYE
g 7S
Figure 2 Non-carcinogenic health risk of acrylamide intake from
fried and baked foods in Shanghai residents

Hh, 52.60%8KMEA (3+17%). 040% T
FA (18744 %) LUK 0.20%BIEEAN (60 % LU L) £7H
VEIBIER B RIBARGIRRNBREKTELS, FES
FRAEBUEM M AR ; FEA (45~59%) MZ2IFR
AR R B 7K T H TS A A E R 4 R R A R X B
242 BUBMNMERXTE 3~15%. 16 ¥ KL
FABETHIFEEXR RN AKRRENZEEESD
mE 3. 4

BEBILCRITESZE, D3I LI9EAE 95 B 7 1iL
BIEN—RIBNKENSBNKTFE, EBH—RRIEBEAN
KEABERBRBHEEELXRERMBAABERSN
AEHENIL A 1.08x10%, BIE 10 F A Z 14
11 MEERGINXEG ; SBRNKEABLEREN
b9 2.28x10*, Bl 10 5 AR ZIE 1049 23 NMEEER
BIRIXEG (Bl 5. & 4)o
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0.049 0.630
5.0%
= W3 ISP RER
= Exposure of the 3-15 years group
E £/J\M&E(Min) 0.00226
<] BA{E(Max) 3.0933
= M 0.252
Y Pos 0.620
55| n 10000
£
R
B gob - . . . . |
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

ARG R =S/ (ug-kgt-dY)[Acrylamide intake/(ug-kg*-d?)]

3 35 FABMIEBELXERTRGHEEZEESH
Figure 3 Probability distribution of acrylamide intake from fried
and baked foods in 3-15 years age group in Shanghai

0.020 0.310
8 5.0% ]
z, B 16U L RER
3 Exposure of the >16 years group|
26 5/IME(Min) 0.00256
25 BEA{E(Max) 14073
o T
{ga 95 N
'l:l& 3 n 10000
R 2
M1
E | R
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

AR R E R/ (ug-kg™-d?)[Acrylamide intake/(ug-kg*-d™)]
4 16 5 R EABEHIEBEXSRPTARGHRERBEENDH

Figure 4 Probability distribution of acrylamide intake from fried
and baked foods in >16 years age group in Shanghai

36 228
1.0 5.0%
. —
j
20.8 B 2 \BFRAESURNG
3 Lifetime cancer risk for the entire population
£ 506 £/)ME(Min) 6.45x10°
R SAfE(Max)  5.71x10*
B eoa x 1.08x10*
B 5 Prs 2.28x10*
E 0.2 n 10000
>S5
(]
0.0 L : s ‘ " ‘ |
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ARAEFEXF{E/105(Lifetime carcinogenic risk values/10¢)

E5 bEmERMFIBEXRRDTRFEHERESNEZLERUE
R ERS
Figure 5 Cumulative distribution of incremental lifetime cancer
risk of acrylamide intake from fried and baked foods in Shanghai
residents

x4 LETERERBIFEEXTREMRIGITREAE
BIERPE
Table 4 Incremental lifetime cancer risk of acrylamide intake
from fried and baked foods in Shanghai residents

N —ARIBNIKTF EIRNKTFE

Population Average intake level High intake level
3~15 % (3-15 years) 5.99x10° 1.48x10™
>16 % (>16 years) 4.82x10° 1.27x10™
% AB¥ (Total) 1.08x10™ 2.28x10*

3 iTig

BEERKEALTNWHO TR RFIFIBEESE
K Z R & (Joint FAO/WHO Expert Committee on Food
Additives, JECFA) F 2005 FUREE B EHX#IE, BH
2IR—RIBNK S BNKFE AR A IHBEBZH
ZBKFDH41.00 ug-kg™d™* F14.00 pg-kg*-d* 114,
KON E 2011 FRIREITHFE 18 5 L ERFA—
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0.29 ug-kg*-d* #10.49 ug-kg*-d* 42,

RERTEEESRGHREEETHIEEELR
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F2EHIEITERD, S5 mERSHARM
EHE—ENFHREN, BN A @Risk I H kR EEM
B EARBIABRGHREBREKTEHBELR,
BARIEE LBRETRENTE, B, T RGHER
RENEBRENMITGEBITAGHRENEERES
# (Rfd. BMDL. CSF %) MIABREKTFEHIEZ L,
HEEEYSI AT B ENSEENRT ZER
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