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Research status and prospect on risk assessment and key technologies for
the prevention and remediation of heavy metal pollution in leafy vegeta-
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Abstract: Demonstrate significant heavy metal contamination risks predominantly from atmospheric sedimentation, agro-
chemical applications, and industrial pollution, etc. Compared with other vegetable taxa, leafy vegetables have a signifi-
cantly elevated bio-accumulation of heavy metals. It is crucial for reducing such contamination risks to elucidating the ab-
sorption, accumulation, and enrichment patterns of heavy metals in leafy vegetables, coupled with developing targeted
phytoremediation strategies against contamination. While extensive research has been conducted across global agricultur-
al systems on point-source heavy metal contamination in leafy vegetables, investigations into non-point source pollution
mechanisms and associated human health risk assessments remain significantly understudied. A comprehensive review
and analysis of the literature on heavy metal pollution in major vegetables and leafy vegetables, both domestic and interna-
tional was conducted. The heavy metal pollution situations of different vegetable types were compared. It was revealed
that leafy vegetables were subject to the most severe heavy metal pollution, and there were marked inter-species diver-
gence in heavy metal pollution among different kinds of leafy vegetables. To address heavy metal contamination in leafy
vegetables, strategic cultivation in low-contamination farmlands is advised. Research should prioritize elucidating contam-
ination dynamics in open-field versus facility- grown systems, while concurrently selecting low-accumulation cultivars
and implementing tailored agronomic practices. This integrated approach effectively reduces contaminant levels and estab-
lishes a scientific framework for risk mitigation.
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Table 1 Types and hazards of main heavy metal pollutants in vegetable fields

GIRAEYLES
Type of heavy metal

xR E

Hazard to human health

Pb

Hg

Cd

As

FENNARET Pb,90% 75T H#Er, 10% W BB A ML 20 28 A\ AR %% 35 5 28 ek AR I 2120 B Jii ' DA S w2 R
DHREF= AN R

Ninety percent of lead which was ingested into the human body can be accumulated in the skeletal system, while the re-
maining 10% of lead are circulated through the bloodstream to various organ systems. This distribution pattern adversely
impacts erythrocyte functionality, cerebral and renal physiology, as well as neurological performance

Hg 2 —FrER el E o R, &H He FIRK S 15 B 55, FF X A FEdE A Wl il 45

Mercury is a highly dangerous heavy metal element. Mercury in wastewater containing can severely pollute the environ-
ment and cause irreversible harm to human health

Cd AT 2P A JH BB IR 3 B T 5 38 T3 A AL S5 A

Cadmium compounds can be absorbed by the liver or kidneys through respiration and potentially can cause harm to people,
including osteoporosis and softening

TR Cr 7 HLHIA 3R, o A A R RO K 1) J

The excessive chromium will seriously damage soil structure and pose a great threat to human health

KR As F SR 5 BP0, KRl As K551 Sk As hE, LS I S PR LS I 5

Long-term exposure to arsenic can lead to neurasthenia and skin damage, whereas excessive exposure may cause acute
arsenic poisoning as well as gastrointestinal and respiratory disorders
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Table 2 Pollution sources of heavy metal

EE. oA T HERIGYITE
Pollution source Mode of heavy metal pollution Type of heavy metal pollutant
ESRERS PRI R AT P A R B < DT T e T Pb.Cu.Zn
Traffic pollution The deposition of heavy metals from car exhaust can cause pollution in vegetable fields
Al G eSS AR A S — 2 BN EE R TR, KEMA 2 SECO0 R E SRS H Cd.Cr.Pb Hg.As.Cu.Zn
Agriculture pollution Fertilizers and chemical pesticides contain certain amounts of heavy metal elements, and

their excessive use can result in heavy metal pollution of vegetable soil
Tl g TAb = i G i S HA S IR AT, 3 NS T 38 8 o SR v G Pb.Hg.Cd.Cr

Industry pollution
lution when they enter vegetable fields
ERESRISEE
Domestic garbage
pollution

Untreated heavy metals and their compounds in industrial waste can lead to heavy metal pol-
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Abandoned old batteries, broken light tubes, residual cosmetics, glazed old dishes, and other

items all contain small amounts of heavy metals. When these heavy metals from household

waste are washed into vegetable fields by rainwater, they can cause heavy metal pollution
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Table 3 Heavy metal pollution risk assessment

GRS G P b i PG 7 LB PR FR
Heavy metal pollution assessment Assessment criteria Assessment methods or indicators
b3 RS YR A IR R VAL b AR A AP R R0E OB TR A S SR IR EOL R AR R

Soil heavy metal pollution Soil environmental quality

assessment standards

Cfr i e 4 E bR i s g
YRR (GB 2762—2022))
National Food Safety Stan-
dard-Limits of Contaminants in
Food (GB 2762—2022)

ISR T < R ¥ e A
Heavy metal pollution in
leafy vegetables

G R RN B A AU A DA BRIV FEE A A At b
Health risk of heavy metal Using health risk as the evaluation
intake criterion

The enrichment factor method, Nemerow index method, potential
ecological hazard index method, and land accumulation index method
FRERLE 7 A ih o Pb.As Hg Cd Ni.Sn.Cr iR £k . WAL £h -

2 IR IR IF[a] P WN- R AR I \3-50- 1,2- 0 R (M IR B R bR
The standard specifies lead, arsenic, mercury, cadmium, nickel, tin,
chromium. limit indicators for nitrate, nitrite, polychlorinated biphenyls,
benzo [a] pyrene, N-dimethylnitrosamine, and 3-chloro-1,2-propanediol

HRAE TR0 i, A B S DI £ T <5 R 5 Gt A AR A R IR
Based on experimental data, the risk of heavy metal pollution in food to
human health are quantitatively evaluated using mathematical models
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