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Abstract Abbreviations

Introduction: Soil contamination by heavy metals is a growing
concern worldwide. These toxic elements, derived from various
anthropogenic and natural sources, accumulate in crops and enter
the food chain.

Review objective: This article is a narrative review that aims to
show the wide availability of heavy metals as potential risks to hu-
man health. We searched for articles from systematic reviews and
clinical studies that used PUBMED to compile possible sources of

poisoning.

Essential points of the review:
The most important sources of heavy metal poisoning are related
mainly to soil contamination and its subsequent transfer to food.

Seleniferous areas: These areas contain high natural concentra-
tions of heavy metals, which pollute the soils and, therefore, the
crops that grow in them.

Industrial pollution: Industrial activity is an essential source of soil
contamination by heavy metals since these metals can be released
into the environment through various industrial processes.
Biomass: Different animal samples indicate the biomass is contam-
inated with heavy metals.

Conclusion: Heavy metals are present in different forms and
within populations. Soil contamination is highlighted as the pri-
mary source of heavy metal poisoning through food intake, espe-
cially rice, wheat, and meat.
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As: arsenic.
Ba: barium.
Cd: cadmium.
Co: Cobalt.
Cr: Chromium.
Cu: Copper.
HG: mercury.
Mn: manganese.
Ni: nickel.

PB: lead.

Se: selenium.

Zn: zinc.
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Introduction

Heavy metals are chemical elements that have a high density
and, in general, are toxic to living beings, even at low concen-
trations. Unlike other pollutants, heavy metals do not break
down in the environment but instead accumulate in soils, wa-
ter, and living organisms through a process known as bioac-
cumulation [1]. Some examples in this category are lead (PB),
mercury (Hg), cadmium (Cd), arsenic (As), chromium (Cir),
and thallium (T1), which are compounds that naturally form
part of the Earth's crust as a result of geological processes that
involve many minerals and cannot be degraded or destroyed
2].

A 2014 study on the coast of Ecuador determined the
presence of the heavy metals cadmium and lead in the estuary
of the Chone River; 66 samples were obtained. The cadmium
concentration in water was relatively high in isolated areas
(0.129 mg/L). The cadmium accumulation level was rela-
tively high in the sediment (0.0033 mg/g). High-concentra-
tion mul sites were also found for lead from 0.18 to 0.21
mg/L. In places with a greater flow of water from the estuary
of the Chone River, the concentrations were 8 UPSs (practical
units of salinity) and less influence on the currents of the sea-
water (30 UPSs). Compared with Ecuadorian legislation,
these results reveal high concentrations of cadmium in the
ecosystem of the estuary under study, which could affect the
health of organisms that live at the level of the water column,
such as fish, as well as the recreational activities of local bath-
ers, of the cantons Sucre and San Vicente Manabi [3].

Evaluating heavy metals in milk can be considered an in-
dicator of environmental contamination. A study in Ecuador
aimed to determine the presence of lead, mercury, and arse-
nic in raw milk from Machachi, Province of Pichincha, Ecua-
dor. Fifty-eight samples were collected from 29 dairy farms
with extensive grazing systems located up to a maximum of
one kilometer around the Municipality of Machachi, where
there 1s industrial activity and which is close to Panamericana
Sur. The samples were analyzed via atomic absorption spec-
trophotometry with a hydride generator (mercury and arse-
nic) and a graphite furnace (lead). All the samples analyzed
presented lead levels, with an average of 0.208 mg/kg (rang-
ing between 0.0016 and 0.719 mg/kg), 98.28% (57/58) of
which contained levels higher than the maximum allowed by
the NTE INEN 9 of 0.02 mg/kg. Mercury was also detected
in four samples (mean of 0.00009 mg/kg, range between 0.00
and 0.002 mg/kg), and arsenic was detected in two samples
(mean of 0.00003 mg/kg, range 0.00 to 0.001 mg/kg); how-
ever, these values were below the limit allowed by the Codex
Alimentarius (0.01 mg/kg) in foods in general. With these

results, the authors concluded that there could be an area con-
taminated with Pb, so continuous monitoring should be car-
ried out in milk, and the investigation should be extended to
possible sources of contamination, such as drinking water, ir-
rigation water, forages and food received by dairy cows in the
area [4]. It has also been shown that contamination with
heavy metals occurs in protected areas of Ecuador, such as
the Manglares Cayapas Mataje Ecological Reserve in the
province of Esmeraldas. The element with the highest con-
tamination value was cadmium (Cd). The study concludes by
highlighting the need to adopt substantial changes in agricul-
tural uses and practices and to reform legal regulations and
management programs to provide, in an integrated and inclu-
sive way, the basic guidelines of action for conservation. of
natural and cultural heritage, the provision of ecosystem and
cultural services that contribute to the sustainability of the
area, the excellent living of its local populations and the
strengthening of the management of the protected area [3].

Differences between microminerals and heavy met-
als
The classification of a metal as "heavy" is not based solely on
its atomic weight or density but rather on its toxicity to living
things and its persistence in the environment. The metals con-
sidered heavy and toxic are as follows:

. Chromium: In particular, hexavalent chromium
(Cr(VI)) is highly toxic and carcinogenic.

*  Nickel: At high concentrations, it can be toxic and
cause allergies.

. Selenium: Although it is an essential element in
small amounts, it can be toxic at high concentrations.

Metals that are not considered toxic heavy metals but es-
sential for life are called microminerals.

*  Copper: This is essential for many biological pro-
cesses but can be toxic to some aquatic organisms at high con-

centrations.

. Iron: This iron is essential for transporting oxygen
in the blood and other biological processes.

. Manganese: Essential for metabolism and neuronal
function.

. Molybdenum: Essential as a cofactor in many en-
zymes.

. Zinc: Essential for the growth, development, and
function of many cells [6].

Aluminum, mercury, and lead are the most common
causes of heavy metal poisoning in our environment; how-
ever, these elements are so toxic to life that they are consid-
ered the most poisonous metals: thallium.
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Thallium, a chemical element with the symbol TI, has an
atomic number of 81 on the periodic table. Thallium sulfate
was once used as a poison for ants and rats. The occupational
limit of exposure to thallium is 0.1 mg/m3 on the skin for
eight hours a day. Levels of 15 mg/m3 are considered imme-
diately dangerous to health. Thallium is readily absorbed
through the skin and during inhalation. Because thallium is
tasteless, odorless, and soluble in water, accidental and crimi-
nal poisoning has been reported [7].

Sources of heavy metal contamina-

tion

Rice

Heavy metals are rich in seleniferous areas, and soil contami-
nation by heavy metals causes excess heavy metals in rice and
other food crops [8 -10]. A study in a seleniferous area in
Enshi, China, investigated the bioaccumulation of heavy met-
als. The soils were contaminated by Mo, Cu, As, Sb, Zn, Cd,
T, and Hg caused by the erosion of Se-rich shales. Among
these heavy metals, Cd and Mo had the highest bioavailabili-
ties in soils. The bioavailable fractions of CGd and Mo repre-
sented 41.84% and 10.75% of the total Cd and Mo in the
soils, respectively. Consequently, much higher bioaccumula-
tion factors (BAFs) of Cd (0.34) and Mo (0.46) were found in
rice than those of other heavy metals (Zn 0.16, Cu 0.05, Hg
0, 04 and Sb 0.0002) [9].

Another study [10] of 137 soil samples from agricultural
land around a lead/zinc smelter in an area of 64 km2 was
conducted. The concentrations, spatial distributions, and po-
tential sources of nine heavy metals (As, Cd, Co, Cr, Cu, Ni,
Pb, V, and Zn) in soils and their possible ecological risks were
investigated in detail. The results revealed that the average
concentrations of Cd, Pb, Cr, and Zn in these soils were
higher than their background values in Henan Province, and
the average Cd content was 2.83 times greater than the haz-
ard detection values in the standard. Chinese nationals deter-
mine that agricultural areas near industrial areas have a high
risk of contamination.

Wheat

With the increasing industrialization of agriculture, sewage
sludge production increases yearly. A greenhouse experiment
was performed to investigate the accumulation of heavy met-
als in wheat (7riticum aestivum L.) grown in 30 calcareous soils.
Wheat grown on soils treated with sewage sludge had the
highest average dry matter content, which was 2.11 and 1.25
times greater than wheat grown on control soils and those

treated with sewage sludge, respectively. In all the treatments,
the wheat roots presented higher levels of heavy metals than
the wheat shoots. Among all the heavy metals examined, Pb
and Cu had the highest bioconcentration factors for roots and
shoots (BCFRoots and BCFShoots) in the control soils and
those treated with sewage sludge, followed by Cd in the soils
treated with spiked sewage sludge. Co and Ni had the lowest
BCFRoots and BCFShoots among all the treatments. Given
that a wide range of calcareous soils were used in this study
and that calcareous soils constitute the majority of soils in the
Middle East, the findings are relevant to all countries in this
region [11].

In fresh and frozen meats

In one study, 13 heavy metals were analyzed in representative
samples of cattle meat, poultry meat, cattle offal, and poultry
offal (20 per category) from markets and retail stores in 16 cit-
ies in Shandong Province, China. The heavy metals investi-
gated were Cu, Cr, V, Ni, As, Se, Sn, Cd, Pb, Sb, Mn, Ba and
Hg. The results revealed that the mean levels of total heavy
metals in the meat and offal were 1.56 mg/kg and 39.8
mg/kg, respectively. Cu, Cr, Mn, N1, Se, Ba, and Pb were
found in all the samples (100%), followed by Hg (95.0%), V
(91.3%), Sn (73.8%), Cd (51.3%), As (21.3%) and Sb (11.3%)
[12]. In another study, 30 samples, 15 from chilled beef and
15 from frozen meat were collected from various merchandis-
ing stores in Sharkia. The chilled meat samples’ average Pb
level (mg/kg) was 0.64 = 0.14, undetectable for Hg, 0.02 +
0.14 for Cd, and 4.66 + 0.57 for As. In the frozen samples,
the average concentrations were 0.89 £ 0.21 for Pb, 0.08 £
0.03 for Hg, 0.02 + 0.004 for Cd and 5.32 + 0.59 for As. In
general, the levels of MH in frozen meat samples were more
significant than those in refrigerated samples [13].

In oysters and clams

Opysters and clams are abundant and widespread seafood.
These bivalves have proven to be suitable bioindicators for
evaluating the accumulation of heavy metals in aquatic envi-
ronments. In one study, the presence of heavy metals such as
As, Cd, Hg, and Pb was investigated in cultured Saccostrea
glomerata oysters and Meretrix lyrata clams collected from
VanDon - Quang Ninh and CatBa - Hai Phong. The results
revealed that the concentrations of heavy metals in the oysters
Saccostrea glomerata and clam Meretrix lyrata were in the
order of As> Cd> Pb> Hg. Among the four heavy metals
studied at the six sampling sites, the concentrations most con-
taminated with As were 2.81 £ 1.07 and 1.6 + 0.62 mg/kg
wet weight for clams and oysters, respectively [14].
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In the banana shrimp

A study was carried out to analyze the level of contamination
by the heavy metals nickel (Ni), zinc (Zn), and lead (Pb) in
shrimp (Penaeus merguiensis) caught in the northern Persian
Gulf. The concentrations of heavy metals in the shrimp mus-
cle followed the order Zn> Ni> Pb. The Zn and Ni contents
were higher than the standard limits recommended by the
WHO. The combined impact of all the metals was less than
the acceptable limit of 1 in shrimp. The carcinogenic risk of
Ni was more significant than the unacceptable value. The
findings did not indicate any potential health risks from daily
consumption of this species. However, prolonged shrimp con-
sumption can pose a risk of carcinogenic effects from nickel.
Monitoring these trace metals in seafood is necessary to en-
sure the quality of seafood and food safety [15].

Crayfish

One study evaluated the concentrations of metals in the ab-
dominal muscle and exoskeleton of 3- and 4-year-old crayfish
(Orconectes limosus) collected from Lake Gopto. In autumn
(October 2014), 93 males and 35 females were collected. The
analyses revealed that heavy metals accumulated in the mus-
cle and exoskeleton in the following sequence: Zn> Cu> Pb>
Mn> Ni> Hg and Mn> Pb> Zn> Ni> Cu> Hg. Compared
with studies conducted two years ago, significantly higher Pb
concentrations were detected in the muscle, and higher con-
tents of Zn, Pb, Mn, and Ni were detected in the exoskeleton
[16].

In sea cucumbers

A study evaluated the contents of heavy metals (Cu, Zn, Cr,
Pb, Cd, As, and Hg) in young sea cucumbers (Apostichopus
japonicus) from the Bohai and Yellow Seas coastal areas in
northern China. Sea cucumber hatchlings were collected
from twenty commercial hatcheries distributed in five coastal
cities. The mean concentrations of heavy metals in mg/kg
were as follows: Cu (0.179), Zn (2.634), Cr (0.108), Pb (0.065),
Cd (0.161), As (0.372), and Hg (0.034). All the mean concen-
trations were below the maximum residual limits established
by Chinese legislation, but the As concentration in 10% of the
samples exceeded the safety threshold. Significant differences
were found in the contents of Cr, Pb, and Hg among the five
investigated areas. In general, the levels of heavy metals in sea
cucumber juveniles are relatively low, and more attention
should be paid to the toxic metals Pb, Cd, As, and Hg in fu-
ture routine monitoring programs [17].

Salty fish

In Zagazig, Egypt, four types of locally produced salted fish
(salted sardines, fetish, dahlia, and herring) were tested for
lead (Pb), cadmium (Cd), arsenic (As), and mercury (Hg) con-
tents. The recorded results revealed that all the analyzed met-
als were present in the evaluated samples except for mercury,
which was not found in the salted herring. Herring contained
the highest residual Pb and Cd contents, followed by sardines,
feseikh and sahlia, in that order. After sardines, herring and
sahlia, the feseikh had the highest concentration. In that or-
der, sardines, feseikh, and sahlia had the highest amounts of
mercury. Several samples were found to be above the maxi-
mum allowable levels. There were no apparent hazards asso-
ciated with the consumption of such conventional seafood,
based on the HQ and HI values calculated for the heavy met-
als under investigation based on daily intake [18]; 3 additional
studies did not determine the toxic levels of heavy metals in
local carp or fish [19-22].

Cow milk

A systematic review [23] presented the potential toxicity of
heavy metals such as lead (Pb), mercury (Hg), cadmium (Cd),
iron (Fe), nickel (Ni), aluminum (Al), and copper (Cu) in raw
cow milk. A total of 60 original articles published since 2010
that reported the levels of these metals in raw cow milk world-
wide were reviewed. The data revealed that the highest levels
of N1 (833 mg/L), Pb (60 mg/L), and Cu (36 mg/L) were de-
tected in raw cow milk collected from an area composed of
granites and gneisses from granite in India. In contrast, the
highest level of Cd (12 mg/L) was detected in the barite min-
ing area of India. The Fe values in the raw cow milk samples
were above the WHO maximum limit (0.37 mg/L), and the
highest values (37.02 mg/L) were recorded in India. The
highest level of Al was recorded (22.50 mg/L) in raw cow milk
collected near the food-producing plant region in Turkey.
The target hazard ratio (THQ) values for Hg were less than
1, suggesting that milk consumers are not at noncancer risk,
except in Faisalabad Province (Pakistan), where THQ) values
= 7.7. For the other heavy metals, the THQ values were > 1
for Pb (10 regions of 70), Cd (6 regions of 59), Ni (3 of 29), and
Cu (3 of 54).

In a second systematic review [24] of 48 articles with
data from 981 milk samples, the initial evaluation revealed
that Cu, Cd, Zn, and Pb were the most common contami-
nants, which exceeded the maximum permissible criteria in
94%, 67%, 62% and 46% of the samples, respectively. Based
on the target hazard ratio and carcinogenic risk results, milk
consumers in 33 (68.75%) and 7 (14.5%) studies were exposed
to moderate to high carcinogenic and noncarcinogenic risk
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levels, respectively. The highest level of risk 1s due to the con-
sumption of pasteurized and sterilized milk, which is detected
in Pakistan, Brazil, Egypt, Slovakia, and Turkey.

In a third systematic review in China [24], 16 studies
were included that analyzed the levels of metals in milk and
dairy products in 20 provincial administrative regions. Most
of these studies detected toxic heavy metals, including mer-
cury, lead, cadmium, chromium, and arsenic, in samples of
milk and dairy products. The lead concentration in milk from
these studies did not exceed the Chinese standard for milk.
However, three studies reported relatively high lead levels in
commercial and raw milk, surpassing the European Commis-
sion standard. The contaminated environment surrounding
the farm, feed, and packaging materials are likely sources of
metals in milk and dairy products. The hazard index for the
11 metal elements tested in milk and dairy products was less
than 1, indicating negligible noncarcinogenic health risks
from exposure to these metals. Children are at greater risk
than adults. This review illustrates that research in this field is
limited to China.

In a fourth systematic review of 66 published articles
[26] between 2000 and 2021, arsenic (As), mercury (Hg), lead
(Pb), and cadmium (Cd) were examined. Pb was the most
studied (43%). The As concentration was 12.71 pg/kg (95%
CI 0.16-25.26), the Hg concentration was 16.09 png/kg (95%
CI4.31-27.70), the Pb concentration was 197.04 pg/kg (95%
CI75.28-318.18), and the Cd concentration was 31.67 pg/kg
(95% CI 20.14-43.20). The concentrations of metalloids in
the milk were within the different threshold limits for Pb and
Cd. Some studies in America, Africa, and Asia have reported
elevated concentrations of Pb and Cd. The simulated hazard
ratio (RQ) and integrated hazard ratio (IRQ) values generally
remain above one, indicating potential risks to human health.
In particular, the IRQ value increases when more metals
(loids) are considered. Subgroup analysis showed that low-fat
milk contains relatively high concentrations of metals (loids).
Although the concentrations of metals (loids) in milk largely
comply with safety limits, some regions present concentra-
tions of concern.

In poultry for human consumption

Bird tissues are bioindicators for research on the relationships
between environmental levels of heavy metal accumulation.
Heavy metal concentrations in the internal organs (heart,
liver, and kidney), feathers (primary and mammary), and
bones (sternum and femur) of two focal species, Amaurornis
phoenicurus and Gallinula chlorpus, were analyzed. The ac-
cumulation of heavy metals varies depending on the target tis-
sue, the variables associated with the species of birds, and the

type of heavy metal. Although Zn and Cu had the highest
concentrations among the two species, Cu accumulated
mainly in internal organs, As in feathers, and Pb in bones.
The concentrations of As, Ni, and Pb in the feathers of both
focal species were lower than those reported in the literature,
whereas the concentrations of Cd and Cr were above the toxic
levels. The results also revealed that the spatial correlation for
heavy metal concentrations between bird tissues was weaker
than the nonspatial correlation, suggesting low spatial auto-
correlations and variability. Furthermore, the multiple regres-
sion analysis revealed a significant correlation for the esti-
mates of Cr, As, and Pb in the heart, sternum, and kidney of
A. phoenicurus, respectively, and potentially Cr in G. chlor-
pus femur through the use of feathers. These results support
the feastibility of using feathers as indicators of contamination
by the heavy metals As, Cr, and Pb [27].

Canned tuna

Human consumption of fish protein, including canned tuna,
constantly increases worldwide. However, there are some
concerns about possible exposure to high concentrations of
metals in canned tuna. In a systematic review [28], from 23
articles, 1295 tuna samples were taken, and the concentra-
tions of the metals copper (Cu), selenium (Se), iron (Fe), zinc
(Zn), mercury (Hg), lead (Pb) and chromium (Cr) were deter-
mined. , arsenic (As), nickel (Ni), tin (Sn), and cadmium (Cd)
in canned tuna. The order of classification of the metals based
on the mean concentrations (pg/g wet weight) was Fe
(13.17)> Zn (9.31)> Se (2.23)> Al (1.8)> Cr (1.63)> Cu (1.52)
> As (0.38). > Ni (0.33)> Pb (0.24)> Cd (0.14)> Hg (0.11)>
Sn (0.1). Except for Cd and Se, the concentrations of other
metals in canned tuna were below the limits recommended by
the United States Environmental Protection Agency
(USEPA), the World Health Organization (WHO), the Or-
ganization of the United Nations for Food and Agriculture
(FAO) and the National Standards of Iran. Organization
(INSO). The minimum and maximum target hazard ratios
(THQs) for adults were 5.55E-5 for Al and 2.23E-08 for Cir.
For children, they were 7.23E-05 for Al and 2.91E-08 for Cr.
The THQ and total objective hazard ratio (TTHQ) were
<1.0 for adult and child users. As's incremental lifetime can-
cer risk (ILCR) was 3.21E-5 in adults and 4.18E-5 in children.
Adults and children who consume canned tuna in Iran do not
face a noncarcinogenic risk but rather a carcinogenic risk due
to As.

In wild birds
In one study [29], mercury, iron, copper, and zinc levels were
measured in 18 great cormorants (Phalacrocorax carbo)
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collected from the Anzali and Gomishan wetlands in the
southern Caspian Sea. The mean levels of metals in the dry
muscle, liver, and kidney tissues were 2.26, 5.71, and 3.79-
Hg; 943.54, 379.97, and 348.05-Fe; 42.64, 14.78, and 60.79-
Cu; and 71.97, 134.63, and 77.82-Zn, respectively (mg/kg).
The results of the Pearson correlation analysis revealed a pos-
itive and robust relationship between liver fat and mercury (r
=0.95, R 2=0.90). In addition, there was a significant differ-
ence between the values of all metals and the allowed limits
presented in the EPA, the WHO, and the CCME, where all
the values were above the standard levels. Therefore, since
humans sometimes eat the muscles of a bird, this result 1s a
severe warning. However, the relatively high levels of heavy
metals that accumulated in different tissues of the great cor-
morant at that time resulted from the high weight and nutri-
tion they had in their migration's terminal days owing to a
lack of natural physical activity.

Wild sparrows

Passerine birds such as sparrows have been used as effective
sentinels of ecosystem pollution. They can provide direct evi-
dence of the environment's bioavailability and accumulation
of heavy metals. In a study [30] of the bioaccumulation of
heavy metals (Cu, Zn, Pb and Cd) and Ca in different organs
and tissues (feathers, internal organs, skeletons and muscles)
of an urban bird, a tree sparrow (Passer montanus) was col-
lected from a contaminated site [Baiyin (BY)] and a relatively
uncontaminated site [Liujiaxia (LLJX)], and their associations
were investigated. Significantly higher and lower concentra-
tions of heavy metals and Ca were found in different organs
and tissues of sparrows in BY than in LJX. However, except
for Pb, the heavy metal concentrations were below the thresh-
old for sublethal effects. Age-dependent variations in metals
were quantified, and it was found that adult birds contained
higher concentrations of different metal organs and tissues,
except feathers than chicks and juveniles did. The tissue dis-
tributions of heavy metals in sparrows of various ages and
sexes were similar at the two study sites, and heavy metal ele-
ments accumulated mainly in feathers. This study investi-
gated the correlations between heavy metals in different or-
gans and tissues. It revealed that their correlations were strong
in chicks and adults but weak in juveniles. Furthermore, Pb
and Cd in young sparrows' internal organs, skeletons, and
muscles can be estimated from feathers, whereas Cu and Zn
are found in adult sparrows.

Sea turtle hatchlings
Anthropogenic sources can cause the accumulation of heavy
metals in marine organisms through ingestion, absorption, or

inhalation. In the case of sea turtle embryos, heavy metals can
be absorbed by the egg from the incubation environment or
transferred maternally to offspring, causing neurological, re-
productive, and developmental problems. In a previous study
[31], deceased pups were collected from two beaches near a
cement factory in Ras Baridi, and the concentrations of heavy
metals (chromium (Cr), manganese (Mn), iron (Fe), cobalt
(Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), selenium
(Se), cadmium (Cd) and lead (Pb)) in the liver, muscle and re-
sidual yolk of the pups were measured. Heavy metal concen-
trations were significantly different between the sampled tis-
sues.

Migratory animals

Heavy metal pollution in Indian wetlands is increasing due to
industrial, agricultural, and urban development activities.
Shorebirds occupy relatively high trophic levels and are espe-
cially vulnerable to heavy metal contamination. In one study
[32], the concentrations of heavy metals (zinc, copper, cobalt,
chromium, lead, and cadmium) were measured in 22 com-
mon species of migratory shorebirds (220 samples of shore-
bird droppings). Hazardous concentrations of Zn were deter-
mined: 84.72-224.74 mg/kg; Cu: 26.63-170.36 mg/kg; Co:
13.98-14.42 mg/kg; Cr: 14.78-98.16 mg/kg; Pb: 18.95—
157.29 mg/kg; and Cd: 9.33—60.56 mg/kg. This study re-
vealed trophic transfer from soils to prey and from these to
birds.

Marine sediments

In the coastal city of Hong Kong, which experiences substan-
tially different metal loads from anthropogenic activities, a
previous study [33] evaluated the contamination of coastal
sediments with ten heavy metals (As, Cd, Cr, Cu, Pb, Hg, Ni,
Zn, Fe, V). The results revealed that the contamination trend
with these metals decreased from the interior to the exterior
of the coast of the studied area. The order of contamination
was Cu> Cr> Cd> Zn> Pb> Hg> Ni> Fe> As> V| of which
Cd, Hg, and Cu were the most significant potential ecological
risk factors compared with the other metals. It was also shown
that Cr, Cu, Hg, and Ni could originate from industrial dis-
charge and transportation activities. V, As, and Fe were de-
rived mainly from natural sources, whereas Cd, Pb, and Zn
were identified in municipal discharges and industrial
wastewater.

In acid rain near mining areas

The leaching of heavy metals from abandoned mines can se-
riously threaten surrounding areas, especially in regions influ-
enced by acid rain with high frequency. One study [34]
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evaluated the potential risks of heavy metals in tailings col-
lected from a small-scale abandoned multimetal mine. The
results suggested that the Zn, Cu, Pb, and Cd in the tailings
could cause very high risks. Both the batch and semi-dynamic
leaching tests consistently confirmed that the leaching of
heavy metals (particularly Cd) could lead to severe contami-
nation of the surrounding environment. Heavy metal leach-
ing rates are pH-dependent and related to their chemical spe-
ciation in mine tailings. The leaching behavior of Cu and Cd
was dominated by surface washing, and that of Zn was con-
trolled initially by diffusion and then by surface washing. The
leaching mechanisms of Pb and As varied with pH. It was es-
timated that acid rain could considerably increase the release
fluxes of Zn (20.8%), Cu (36.7%), Pb (49.9%) and Cd (35.3%)
in the study area.

In dust storms

In one study [35], the potential hazards of heavy metals in
dust storms were investigated by collecting samples. The
heavy metals in the dust storms were contaminated by anthro-
pogenic sources, leading to higher concentrations than the in-
itial values. The enrichment factors and geo-accumulation in-
dices revealed that heavy metals come from natural and an-
thropogenic sources and that anthropogenic sources strongly
influence Cu, Ni, Zn, and Pb. The heavy metals in the dust
storms were divided into four sources: Cu and Ni were at-
tributed to industrial sources, mainly from local mining and
metal processing; Cr was contributed primarily by industrial
sources related to industrial production, such as coal combus-
tion; Pb and Zn were contributed mainly by sources of
transport; and Ti, V, Mn, Fe and As came from natural and
agricultural sources. The level of comprehensive ecological
risk from heavy metals in dust storms was low, but there were
moderate and high risks at individual sites. Both adults and
children had the highest carcinogenic and noncarcinogenic
risks from ingestion, and the risk to children was more signif-
icant than that to adults.

Fly ash from garbage incineration furnaces

Fly ash from municipal solid waste (MSW) incineration is a
hazardous waste that contains heavy metals. Secondary alu-
minum slag (SAD) is a dangerous waste dumped during alu-
minum smelting and contains active aluminum nitride (AIN).
In a previous study [36], aluminum nitride reduced heavy
metals in MSWI fly ash to an alloy. The final result was trans-
parent for the construction, and iron and zinc were reduced
in 67 and 100% of the ashes, respectively. This work provided
a novel idea of recycling solid waste into alloys and clear glass
for construction.

Road dust

Heavy metals are persistent and bioaccumulative in road dust.
In a previous study [37], the contamination by heavy metals
reported in the dust of the urban roads of several cities on dif-
ferent continents (Asia, Europe, Africa, America, and Aus-
tralia) was reviewed. Pb, Zn, Cu, Ni, Cd, Cr, Mn, and Fe con-
centrations were higher than their initial values in the soil.
Heavy metal pollution levels vary widely among cities, coun-
tries, continents, and periods. High levels of Pb and Cd con-
tamination are observed in road dust because of the operation
of leaded gasoline and the population of older vehicles. The
highest level of Zn contamination was observed in road dust
in Europe, followed by Asia, Africa, Australia, and America
(North America and South America). Cu pollution and the
pollutant load index (PLI) are the highest in Europe and the
lowest in Africa, with intermediate PLI values in American
and African cities. The potential ecological risk on different
continents was most significant in Asia, Europe, Australia,
America, and Africa. A comparative assessment of the non-
cancer risk to children indicated that Australia is the most sus-
ceptible country due to high exposure to heavy metals in road
dust, followed by Asia. However, there is no susceptibility risk
in European, African, or American cities. No potential hazard
was observed for adults due to noncarcinogenic metals. The
carcinogenic risk for all age groups was within the threshold
limit range for all world regions.

Car drivers in urban areas

In a study [38] in Yazd-Iran, urban taxi drivers were evalu-
ated for seven heavy metals, including arsenic, cadmium, co-
balt, chromium, lead, manganese, and nickel. The exposure
concentrations were determined via air sampling in the
breathing zones of 40 randomly selected intercity taxi drivers,
20 in winter and 20 in summer 2019. Arsenic and lead had
the highest exposure concentrations among the seven heavy
metals, whereas cobalt and chromium had the lowest concen-
trations. Arsenic, cadmium, manganese, and nickel will likely
cause some adverse noncarcinogenic health problems
(THQ> 1) in drivers throughout their working lives. The 95%
ECR percentile of the heavy metals measured was 1.3E - 03,
much higher than the value of 1E - 06. The concentrations of
arsenic and nickel were higher in the winter than in the sum-
mer. Taxi drivers in the city of Yazd were shown to be at con-
siderable risk to their health.

In auto workers

In a previous study [39], the concentrations of heavy metals
such as lead (Pb), cadmium (Cd), and chromium (Cr) were
evaluated among automobile workers who were
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occupationally exposed in the city of Mingora, Khyber Pakh-
tunkhwa, Pakistan. Three automobile service groups were
studied: battery recyclers, spray painters, and mechanics. A
total of 40 blood samples were collected from groups of auto-
mobile workers, while ten blood samples were collected from
control individuals from different locations in the study area.
The battery recycling group presented the highest Pb level
(5.45 £ 2.11 pg/dL), surpassing both the aerosol painter
group (5.12 + 1.98 pg/dL) and the mechanical group (3.79 *
2.21 pg)./dL). This can be attributed to their increased expo-
sure to Pb contamination resulting from the deterioration, dis-
mantling, crushing, or shredding old batteries. In the context
of chromium (Cr) exposure, a similar trend was observed
among the battery recycling groups and painters and me-
chanics groups. However, for cadmium (Cd), the mechanical
group presented the highest level of exposure (4.45 £ 0.65
pg/dL), which surpassed those of the battery recycling group
(1.17 £ 0.45 pg/dL) and the painter group with aerosol (1.35
1 0.69 pg/dL), which was attributed to his increased exposure
to welding fumes and other activities in his workplace.

In incinerator workers

Exposure to chemicals released during municipal waste dis-
posal and treatment is increasingly considered a potential oc-
cupational health problem. Several toxic metals emitted by an
incinerator, including As, Be, Cd, Cr, Pb, Mn, Hg, Ni, and V,
have potentially poisonous properties; therefore, their expo-
sure may concern workers' health. In a systematic review [40],
from studies investigating toxic metals measured in incinera-
tor workers’ main biological matrices (blood, urine, hair), the
metals measured in incinerator workers are generally low,
with some notable exceptions for Cd and Pb. However, these
results may be affected by several confounding factors related
to nonoccupational exposure, including diet, area of resi-
dence, and others, as well as by several methodological limi-
tations, as we found in the studies reported.

Thermometers

The health sector contributes significantly to mercury (Hg)
contamination because of the possible presence of mercury in
thermometers, blood pressure cuffs, amalgams, etc. Other po-
tential sources of mercury in this sector are used frequently
and in large volumes, where the presence of the metal is not
obvious and could collectively contribute to contamination;
for example, some chemicals used for the clinical diagnosis of
diseases may contain mercury [41, 42].

Dental amalgams

A lead source in Ecuador is dental amalgams, also known as
silver fillings, which are mixtures of mercury, silver, copper,
tin, and zinc used to fill dental cavities. Mercury in dental fill-
ings 1s in a metallic form, which is not very toxic, but it evap-
orates at 25 °C and becomes mercury vapor, which is very
harmful. Dental amalgam fillings can release small amounts
of mercury in vapor form, which can enter the body via inha-
lation [43].

Medicines

Among the medicines outside the primary table, one of the
common uses stands out: algae-based products such as Spir-
ulina, which are widely promoted for their vitamin B12 con-
tent. Knowledge about contamination with cyanotoxins,
heavy metals, pesticides, or polycyclic aromatic hydrocarbons
(PAHS) is scarce, although some studies have reported high
contaminants in spirulina products. Regular intake of spir-
ulina, and most likely other products derived from algae, as a
dietary supplement in grams, requires closer monitoring of
potentially harmful components [44]. There have also been
reports of traditional Chinese herbal medicines contaminated
with heavy metals [45], as well as conventional herbs with
marshmallow roots (Althaea officinalis L., radix) from Polish
pharmacies [46]. The reporting of heavy metal levels in
"Ayurvedic" medicine from the Indian medical system to
cleanse the body and restore the mind—spiritual balance has
repeatedly reported alarming levels of cases of heavy metal
poisoning [47].

In medicinal plants

Heavy metals can be found in medicines of plant origin. In
February 2022, 28 drug samples (solid and liquid) were col-
lected from Texas pharmacies to investigate heavy metals
such as zinc, iron, and lead. The levels of zinc, iron, and lead
(mg/kg) in the solid samples were 1.95--51.43, 29.09--
2055.92, and ND-26.68, respectively, whereas they were
0.043--4.267, 0.100--5.25, and ND-1.434, respectively, in the
liquid samples. The average values of total noncancer risk
(TNCR or HII) and total risk of cancer (TCCR) associated
with the intake of heavy metals from solid samples were 4.54E
-03 £ 1.1E - 03 and 2.11E - 06 £ 6.0E - 07, whereas those
related to the intake of heavy metals from liquid samples were
1.98E - 04 £ 4.1E - 05 and 9.44E - 09 £ 2.3E - 09, respec-
tively. Compared with liquid samples, solid samples have
higher concentrations of heavy metals. The concentrations of
zing, iron, and lead in the liquid samples were lower than the
acceptable standards recommended by the WHO of 50, 20,
and 10 mg/kg, respectively. On the other hand, few solid
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sample results are more than acceptable. However, the
TNCR and TCCR results for all the samples were within the
limits globally recommended by the US EPA. Finally, the
heavy metal results revealed no health risks associated with
the use of the investigated drugs [48].

Ingestion of contaminated animal products

When one of these heavy metals is released into the air, water,
or soil, it can be absorbed by plants and crops, consumed by
livestock and fish, and eventually ingested by humans unin-
tentionally by closing the food chain [49, 50].

Donor blood

The risk of heavy metal poisoning from donor blood has been
the subject of numerous scientific investigations. The evidence
from scientific studies highlights the risk of heavy metal poi-
soning in donors with high blood concentrations of heavy
metals. The risk of toxicity is exceptionally high in vulnerable
populations such as newborns and premature babies, as well
as in pregnant women and other people with conditions that
require multiple blood transfusions. This is worse in develop-
ing countries where some population members participate in
illegal refining and artisanal mining [51].

Retained bullets

Lead toxicity secondary to retained bullets after a penetrating
gunshot wound is rare but probably underdiagnosed, given
the substantial number of firearm injuries. In a systematic re-
view of 142 articles on systemic lead toxicity secondary to re-
tained bullets in patients, several factors appeared to increase
the risk of developing lead toxicity, including the location of
the bullet, the presence of a recent fracture or trauma, the
number of fragments, hypermetabolic states and the duration
of retention of the bullet. In particular, bullets located within
a body fluid compartment, such as an intra-articular space,
appear to have a substantially greater risk of developing lead
toxicity. Although patients with lead toxicity from retained
bullets have symptoms similar to those of patients with lead
toxicity from other sources, the diagnosis of lead poisoning
can occur months or years after a gunshot wound. Sympto-
matic patients with elevated blood lead levels tend to improve
with a combination of chelation and surgical removal of the
retained bullets [52].

Pollution by industrial effluents and mining

Some methods are available to remove heavy metals from in-
dustrial wastewater [53]; however, informal, illegal mining in-
dustries are limited in developing countries [54].

Residual oil produced from the automobile crank-
shaft

In a meta-analysis of the toxicological implications associated
with the exposure of humans and laboratory animals to spent
crankcase oil, 28 studies were analyzed, and 14 were used for
the meta-analysis, which included 1,243 subjects. The meta-
analysis revealed that exposure to residual crankcase oil
caused a significant reduction in the body weight of the ani-
mals (n =5, SMD; - 1.2; 95% CI; (- 1.78, - 0.67), P = 0.0001,
12 = 22%) and in the red blood cell count (n = 5, SMD; - 1.28;
95% CI; (- 2.18, - 0.38, P = 0.02); 12 = 78%) and hemoglobin
(n =4, SMD; - 1.12, 95% CI (- 2.71, 0.46); P = 0.16; 12 =
89%) in the animal models. However, there was a significant
increase in aspartate aminotransferase (AST) (n = 6, SMD;
0.76; 95% CI; (0.41, 1.11), P = 0.0001, 12 = 89%), alkaline
phosphatase (ALP) (n = 5, SMD; 1.92; 95% CI; (0.02, 3.83),
P=0.05,12 = 92%), and creatinine (n = 4, SMD = 1.56; 95%
CI; (0.05, 3.07), P = 0.04, 12 = 90%) compared with those of
the control. On the other hand, there was a nonsignificant ef-
fect on alanine aminotransferase (ALT) (n = 5, SMD; 1.13;
95% CI; (- 0.37,2.62); P=0.14; 12 = 92%), urea (n = 4, SMD;
1.23; 95% CI; (- 1.18, 3.65), P = 0.32, 12 = 94%), concen-
trated cell volume (PCV) (n = 5, SMD; 0.10, 95% CI; (- 0.36,
0.56), P = 0.67; 12 = 47%), and hemoglobin concentrations
(n = 6; SMD; - 0.74; 95% CI; (- 1.73, 0.26), P = 0.15; 12 =
89%). Other findings include oxidative stress, the bioaccumu-
lation of heavy metals, and immunotoxic, genotoxic, and car-
cinogenic effects [35].

E-waste recycling

E-waste recycling can release heavy metals into the environ-
ment and cause adverse health effects. A nested case-control
study of 51 pairs of subjects with and without asthma evalu-
ated the associations between exposure to heavy metals from
electronic waste recycling and the prevalence of asthma.
House dust, airborne dust, blood, and urine were collected
from residents of two neighboring sites in Ubon Ratchathani
Province, Thailand. Multiple e-waste management activities
are carried out at the first site, while the second site is primar-
ily agricultural. Chromium, mercury, nickel, and lead con-
centrations in household dust and air were higher at the elec-
tronic waste handling site (P <0.05). Still, exposure levels were
similar in subjects with and without asthma [56]. Twenty Chi-
nese studies conducted in e-waste recycling areas were in-
cluded in this systematic review. The included studies were
conducted with an exposed group versus a control group.
Most of the included studies reported that blood Pb levels
were 25 pg/dl and that exposure to Pb from e-waste affects
children's health as a result of informal recycling of e-waste,
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such as a decrease in serum cortisol levels, inhibition of hemo-
globin synthesis, impact on neurobehavioral development,
and physical development effects [57].

In children's paintings

Due to their physical and chemical properties, heavy metals
are still used in producing various commercial products. Us-
ing such products increases the possibility of exposure to
heavy metals; some of them are classified as probable human
carcinogens (Group 1) by the International Agency for Re-
search on Cancer. The exposure of schoolchildren to heavy
metals at an early age can lead to serious health problems
throughout life and a high probability of developing cancer.
In one study [58], the presence of heavy metals was deter-
mined in acrylic paints commonly used by schoolchildren.
Acrylic paints of different colors were analyzed to detect seven
possible heavy metals: manganese (Mn), cobalt (Co), nickel
(N1), zinc (Zn), arsenic (As), cadmium (Cd), and lead (Pb). The
elements identified in all the samples analyzed had concentra-
tions ranging between 0.05 and 372.59 pg/g. Cd constituted
the lowest percentage (0.05%), whereas Zn constituted the
highest percentage, which was tremendously high (68.33%).
Furthermore, the contamination of the paints was also color-
specific, with considerable concentrations of heavy metals
found in the dark brown color (526.57 pg/g). In contrast, the
scarlet color (12.62 pg/g) contained lower amounts.

Cosmetics

Toxic elements have been reported in traditional Kohl-based
eye cosmetics in the Spanish and German markets. The levels
recommended by the European Union are Pb <20 ppm, As
<5 ppm, Cd <5 ppm, Sb <100 ppm, and Ni <200 ppm. In
Germany, the levels are more restrictive: Pb <2 ppm, As <0.5
ppm, Cd <0.1 ppm, Sb <0.5 ppm, and Ni <10 ppm. Pb levels
ranged from 1.7 to 410,000 ppm 1n six study samples, four
above the recommended limit for at least two heavy metals
[59].

Another study in Saudi Arabia tested 31 commonly used
cosmetic products (hair cream, beauty cream, skin cream,
hair nutritional formula, hair gel, daily whitening scrub,
shampoo, and hair gel), shower, body care, body lotion, hand
washing, daily use, beauty products, shaving cream, tooth-
paste, beauty and germ soap and cream soap). According to
the maximum concentrations, the heavy metal contents were
arranged in the following decreasing order: Al> Cu> Mn>
Pb> Cr> Ni> Hg> Co> As> Cd in cream products; Al> Pb>
Cu> Cr> Mn> Ni> Hg> As> Co> Cd in shampoo products;
Al> Cu> Pb> Cr> Mn> Ni> As> Co> Hg> Cd in soap

products; and Al> Cu> Mn> Pb> Cr > Co> Ni> Cd> As>
Hg in toothpaste products [60].

The Palestinian cosmetics market 1s also contaminated
with products that exceed the limits for cadmium (9.5 + 2.3
ppm), Cu (33.8 £9.2 ppm), and Zn (151.0 + 7.4 ppm) [61].
A systematic review [62] revealed 16 publications published
between 2012 and 2020 that measured the levels of heavy
metals such as lead, cadmium, iron, nickel, chromium, and
mercury in various cosmetic samples. The study findings sup-
port the existence of these metals as pollutants or cosmetic
components, which pose substantial health risks; however,
regulations and acceptable limits vary between different coun-
tries, representing a significant challenge for the cosmetic in-
dustry.

Skin-lightening products

The Minamata Convention on Mercury prohibits the manu-
facture, import, or export of skin-lightening products that
contain mercury concentrations greater than 1 ppm; how-
ever, there is a lack of knowledge about the worldwide preva-
lence of mercury-added skin-lightening products. A system-
atic search included 41 articles from 22 countries published
between 2000 and 2022. In total, mercury concentrations
were captured from 787 samples of skin-lightening products,
and the overall combined central mean mercury level was
0.49 pg/gram; the interquartile range (IQR) was 0.02-5.9. A
total of 1,042 human biomarker measurements were com-
piled from 863 individuals. We also synthesized information
on the use of 3,898 products and the self-reported health im-
pacts associated with the use of mercury-added products by
832 people. This review suggests that mercury continues to be
a widely active ingredient in many skin-lightening products
worldwide and that users are at risk of varying and often high
exposure [63].

In tattoo ink

Today, tattoos have become very popular worldwide. With
the help of tiny needles, tattoo ink can be placed inside the
skin's surface, and many unknown ingredients can be intro-
duced. These ingredients include polycyclic aromatic hydro-
carbons, heavy metals, and primary aromatic amines, which
are unintentionally introduced along with the ink or produced
inside the skin by different processes, such as cleavage, metab-
olism, and photodecomposition. These could pose toxicolog-
ical risks to human health if present beyond permissible limits.
Polycyclic aromatic hydrocarbons such as benzo(a) pyrene are
present in carbon black ink. Primary aromatic amines can
form within the skin due to the reductive cleavage of organic
azo dyes. Environmental protection agencies report that they
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are highly carcinogenic. Heavy metals, namely cadmium,
lead, mercury, antimony, beryllium, and arsenic, are respon-
sible for cancer, neurodegenerative, cardiovascular, gastroin-
testinal, lung, kidney, liver, endocrine, and bone diseases.
Mercury, cobalt sulfate, other soluble cobalt salts, and carbon
black belong to Group 2B, meaning they can cause human
cancer. On the other hand, cadmium and its compounds be-
long to Group 1 (carcinogenic to humans) [64].

On t-shirt prints

Heavy metals are often used in different textile processes, such
as dyeing and printing. When toxic elements are present in
amounts more significant than those recommended in textile
materials, they can pose a potential risk to human health
through absorption through the skin. In one study, the con-
centrations of several heavy metals (Co, Cu, Cr, Cd, and Pb)
were analyzed in T-shirts discolored by skin contact and
printed for a particular program in Mettu. High levels of Cu
were detected in black, green, blue, and red t-shirts, ranging
between 26,726 and 179,315 mg/kg. Cr exceeded the recom-
mended limits in most T-shirt samples and was present mainly
in yellow, black, and blue colors. Cd levels were found to be
within normal ranges. However, all the T-shirt samples pre-
sented low levels of cobalt, ranging from 1.33 = 2.13 to 3.94
+ 0.21. The maximum lead concentrations were 3.40 £ 0.19
mg/kg for the red samples and 2.71 £ 0.13 mg/kg for the blue
samples. In this investigation, the Pb, Cu, and Cr concentra-
tions in the red- and green-colored T-shirt samples were
above the standard values suggested by OEKO Tex [63].

In disposable food containers

The use of disposable materials is booming with the rapid de-
velopment of urbanization and industrialization, which can
inevitably lead to the release of toxic and harmful substances
during their use in daily life. In one study [66], large amounts
of metals were released from disposable food containers in hot
water, and the order of metal concentration was Zn> Ba>
Fe> Mn> Ni> Cu> Sh> Cr> Se> Be> Pb> Co> V> CD.
Furthermore, the hazard ratio (HQ) of the metals in young
adults was less than 1 and decreased in the order of Sb> Fe>
Cu> Be> Ni> Cr> Pb> Zn> Se> Cd> Ba> Mn> V. In ad-
dition, the excess lifetime cancer risk (ELCR) results for Ni
and Be indicated that chronic exposure to Ni and Be may pre-
sent a nonnegligible carcinogenic risk. These findings suggest
that there may be potential metal-related health hazards for
people who use disposable food containers in high-tempera-
ture environments [66].

In toys and children's jewelry

Heavy metal contamination in children's toys and jewelry is
constantly challenging in different countries. These pollutants
can enter the body of children through the oral, dermal, and
respiratory routes. In a systematic review of studies of contam-
ination in children's toys and jewelry in 15 countries, includ-
ing the United Kingdom, Saudi Arabia, Cambodia, China,
Kosovo, Nigeria, North America, Kazakhstan, the United
Arab Emirates, Pakistan, Iraq, Israel, the West Bank/Pales-
tine, the Czech Republic and Turkey. In conclusion, chil-
dren's toys and jewelry made of plastic or metal continue to
present the most severe contamination by toxic elements and
the presence of lead (Pb), nickel (Ni), cadmium (Cd), arsenic
(As), mercury (Hg), chromium (Cr), and copper. (Cu), sele-
nium (Se), barium (Ba), zinc (Zn), cobalt (Co), manganese
(Mn), bisphenol A, phthalates, parabens, azo dyes, and flame
retardants are considered constant challenges [67].

Conclusions

Heavy metals are present in different forms and within the
population's reach. Soil contamination is highlighted as the
main source of heavy metal poisoning through food intake,
especially rice, wheat, and meat.
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