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Fig. 1 A comprehensive schematic diagram of the migration and transformation of heavy metals in nature-food

industry chain-human body
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Tab.1 Content of common heavy metals in different food raw materials
£t R K i it fif 275 3CHik
Raw-food material Mercury/(mg/kg)  Cadmium/(mg/kg) Lead/(mg/kg) Arsenic/(mg/kg)  References
fa
S 3.000 0.200 14.100 24.900 [26]
Fish
e 0.126 0.156 0.186 0.226 27
S7s 1
oK i Shellfish : : : : (271
Aquatic oKk
product RIS 0.016 0.243 0.059 0.937 [28]
Freshwater crabs
¥ P
HOKUFSE . 0.050 0.005 0.011 0.195 [28]
Freshwater shrimps
. L2 cpit
T Wild type 0.211 0.496 0.940 3.122 [29]
Edible -
mushrooms nee 0.042 0.167 0.173 0.313 [29]
Cultivated type
/J(.*H 0.004 0.308 - 0.064 [30]
Rice
S
ﬁm 0.013 0.420 0.280 0.040 [31]
Lt Spinach
Plant f=e
Sorghum - 0.136 0.255 0.236 [32]
T EE
Tobacco 1.940 0.570 0.370 0.160 [33]
XA
Chicken meat <DL 0.005 0.004 [34]
g PR
Duck meat <DL 0.004 0.009 [34]
FEAR ey
Livestock and ~_’ - <DL 0.013 0.007 [34]
Pigeon meat
poultry meat
A
Beef 0.210 0.017 0.028 [34]
*A
Mutton <DL 0.008 0.003 [34]

T —RR ARKGI , DL R R A TR

Notes: — indicates no detection, DL indicates the detection limit.
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Fig.2 The main factors affecting the transfer and transformation of heavy metals in food processing
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Tab.2 Forms and toxic effects of common heavy metals in food
— VAT LR
e
LR fLasH Food casily B 2% ik
Heavy metal . . . .
Chemical name enriched Toxic action References
elements .
with heavy metals
— L (MMA e oo N s
TRBMMA) g ok e, R
Monomethylated arsenic Fish, rice The toxicity is weak and can be excreted directl
acid (MMA) ’ ¥ ¥
LR (DMA (B SNIE SN i o . .
CTIEAR(DMA) K IR TR g g i At -
Dimethylated arsenic Fish, shellfish, The toxicity is weak and can cause meeakar te death
acid (DMA) rice e toxicity is we can cause megakaryocyte death.
SR (AsB) M D2k JoEE, AT AR
Arsenic betaine (AsB) Fish, shellfish ~ Non-toxic, can be directly excreted
. = N s = > X 1] ya Y
BRI ASC) ok T, T AL AsB, RIS 3 MMA I DMA
it Arsenic choline (AsC) Fish Non-toxic, easily oxidized to AsB, and can be [4, 64-66]
Arsenic decomposed into MMA and DMA.
T (AsS) g £ 2 MR A A B i — A R
Arsenic sugar(AsS) Seafood fish Toxic dimethylarsinic acid is metabolized in human body.
i Woek @2 IRtk ey, i
Arsenic grease Crustaceans, fish Fat-soluble arsenic compounds, non-toxic
R (As®) 1520 S 4 PR E=
Arsenate Shellfish, rice  Highly toxic, carcinogenic
WARFRER (As™) e N7/ 2 c U LT
Arsenite Shellfish, cereals Highly toxic, teratogenic
H oK (MeHg) (BN E PN
Methylmercury (MeHg) Fish, vegetables  Great toxicity
R, LN SN b \
2R (Eg) KOS BER e ) ks m R
Fish, shrimp,
Ethyl mercury(EtHg) crabs Damage to the human nervous system and heart
RN = Y S U YN EERT U N 8N
AR Rl 2 245
LR 0 V**IJ]FF fom . ' . '
K Oreanic mereur — It is easy to enrich in the liver and kidney, and some of it [4, 67-68]
Mercury g Y will enter the brain tissue, causing damage to the cerebral ’
cortex, cerebellum and peripheral nerves
Lok (Hg K H AL ” .
L g O bt SN RS
& . Vg Plant acid food ~ Toxicity is small, not easy to absorb
its compounds)
. LlkzES 3 S i
JE205% (Hg0) l?éz“mﬂ./f(.ﬁ%ljﬂ%’if FECPEE '
— Accumulation in the form of mercury vapor into the body
Elemental mercury (Hg0) .
leads to poisoning
AL DUk REKR EEMERE
- Organic cadmium Shellfish, rice  Toxicity is weak
izdmi m [69]
u ToALsE LiNih PR
Inorganic cadmium Shrimp Stronger toxicities
Va2t K 2k REVES 175 N A g T
Triethyl lead Seawater fish  Strong toxicity, induce brain cell apoptosis
it P23 . MOz AR 2 7071
Lead Tetraethyl lead Nerve poison, serious damage to the nerves ’

IR

Inorganic lead

Yolk eggs

BEPESS
Weak toxicity
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Research progress on heterogeneity risk of heavy metals in food industry
chain

LIU Haiquan'*?*, CHEN Mengmeng', PAN Yingjie"'**, XIE Qingchao'®, ZHAO Yong'*"

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Engineering Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of
Quality & Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural
Affiairs, Shanghai 201306, China)

Abstract: Heavy metal is a typical persistent pollutant, which can enter organisms through various ways
such as respiration, drinking water and food chain transmission, and can be circulated among plants,
animals, microorganisms and humans. At the same time, with the transfer of heavy metals and the
transformation of valence or form, heavy metals with different valence or form may have significant
toxicity differences and produce typical toxic effects on organisms. In food production, raw materials,
processing, and human digestion and metabolism may cause changes in the valence, morphology, and
total amount of heavy metals, thereby significantly affecting their toxicity. At present, in the risk
assessment of heavy metals in food, the risks caused by changes in their morphology or valence are
ignored. This paper reviews the risks caused by the transfer and transformation of heavy metals in the food
industry chain, which is of great significance for the scientific assessment of the toxicity of heavy metals
entering the human body through the food chain, especially the heterogeneous hazards of heavy metal in
the process of transfer and speciation or valence transformation, in order to provide theoretical guidance for
the scientific assessment of heavy metal pollution in food.

Key words: food; heavy metals; heterogeneity; risk; food supply chain
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