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INTRODUCTION

The increase in industrial, agricultural, and wurban
activities in the Democratic Republic of the Congo (DRC)

Heavy metal contamination in food poses significant risks to food safety
and human health. Chronic exposure can lead to serious health issues, with
the impact of contaminated foods influenced by factors such as exposure
level, body mass, age, and gender. Vulnerable populations, including
pregnant women and children, are particularly at risk. Long-term exposure
to heavy metals is associated with various disorders, including metabolic
diseases like diabetes and obesity, as well as reproductive system
disruptions and cancers. This review synthesizes available data on heavy
metal contamination in foods within the Democratic Republic of the Congo
(DRC) and provides recommendations for enhancing heavy metal risk
assessment. A comprehensive search of PubMed/MedLine, Google Scholar,
ScienceDirect, and EMBASE yielded ten relevant studies published between
2011 and 2021. The distribution of studies included five from Kinshasa
(50%), three from Katanga (30%), and two from Kongo Central (20%).
Seventy percent of the studies focused on vegetable samples, with
additional analyses of fish (30%), beef (10%), and aquatic invertebrates
(10%). Risk assessment metrics, including Estimated Daily Intake (EDI),
Target Hazard Quotient (THQ), Metal Pollution Index (MPI), and Hazard
Index (HI), were employed in five studies (50%). The findings highlight the
urgent need for comprehensive monitoring of heavy metals in diverse food
sources throughout the DRC to accurately assess associated health risks and
inform public health interventions.

has led to a concerning rise in heavy metal contamination

in food, which poses significant risks to human health.
Unlike many organic compounds, heavy metals are not
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biodegradable and tend to accumulate in the environment
(Bourrelier & Berthelin, 1998). Globally, there is an
increasing risk of heavy metal (HM) contamination (Luo et
al., 2021; Rizwan et al., 2021).

Food provides essential nutrients for the human body,
including vitamins, minerals, proteins, and carbohydrates.
However, the presence of heavy metals in food is raising
concerns about food safety and quality. The long half-lives
of heavy metals in soil and their complex metabolism post-
ingestion make them particularly harmful (Tang et al.,
2016; Ekhator et al., 2017). According to Gollenberg et al.
(2010), prepubescent girls experienced disturbances in
reproductive hormones, resulting in decreased fertility
upon reaching reproductive age (Chang et al, 2006),
marked by irregular menstruation (Tang & Zhu, 2003).
Eating food, including plants for energy intake and
animals for protein intake, is one of the main ways that
metal pollutants enter the human body (Radwan & Salama,
2006). Most of the world’s population consumes fruits and
vegetables, and the World Health Organization (1990)
recommends a daily intake of 400 g or more of fruits and
vegetables (Oyebode et al., 2014).

The degree to which an animal is exposed to heavy metals
during its growth depends on its environment and, in
particular, on the food it eats. As a result, the animal may
their
concentrations and chemical speciations, may eventually

absorb heavy metals, which, depending on
accumulate in the animal’s body, undergoing varying
degrees of degradation. The Japanese Minamata disease,
caused by mercury poisoning of fish and subsequent
human exposure to mercury, exemplifies bioaccumulation
through the food chain. A primary concern with heavy
metals is their persistence in the environment, which
promotes bioaccumulation in various target organs,
including the liver and kidneys.

This principle also applies to plants: based on their growth
environment, they accumulate metals present in the soil or
nearby atmosphere (Shahid et al., 2013b; Mombo et al.,
2015a). According to Huff (2007) and Andujar (2010), these
metals can rapidly accumulate in metabolic organs such as
the liver and kidney, leading to a range of toxic symptoms.
Metals can damage the kidneys, bones, liver, brain, and
other organs by interfering with various biochemical

processes. In the DRC, these metals (Cu, Pb, Ni) and
certain metalloids such as arsenic are naturally present in
the soil in highly variable concentrations, particularly in
volcanic regions, where rocks contain high concentrations
of Cu, Ni, and Pb. Given the added impact of industrial
and agricultural pollution, these metals can ultimately
enter the human food chain, causing multiple public
health problems. This study was conducted to provide
verifiable scientific data and to alert sectoral authorities,
encouraging them to establish normative guidelines to
manage the affected areas effectively. The bioavailability
and toxicity of metals upon consumption are influenced
by their chemical speciation and compartmentation within
the target organism, whether plant or animal. Ultimately,
the pollution intake amount, bioavailability, and
concentration within the food matrix determine the level
of human these factors in

exposure, integrating

quantitative health risk assessments.

METHODS

Search Strategy

This study is based on a comprehensive review of the
literature, screening approximately 250 research papers in
general and 42 articles specifically focused on the
Democratic Republic of the Congo (DRC) documenting
contamination levels of heavy metals in food. A systematic
search and review were conducted using four keywords
("Heavy metals," "Contamination," "Risk assessment," and
"Vegetable samples") across PubMed/MedLine, Google
Scholar, ScienceDirect, and EMBASE, which are accredited
and indexed databases. Articles from January 2011 to
December 2021 were included, with a focus on heavy
metals, soil and vegetable contamination, and associated
health risks. Additionally, relevant articles published by
ScienceDirect and Google Scholar between January 2013
2021
contamination and impact were screened and included as

and  December addressing  heavy  metal

references in this review.

Data Collection

Eligibility criteria were applied when evaluating full texts
and abstracts, which included studies on heavy metal
contamination published in reputable scientific journals
that measured heavy metal concentrations in food. Articles
were classified based on publication year, location, food of
interest, analytes (study year), analytical methods, and
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mean (min-max) concentrations of heavy metals. Studies
failing to meet these criteria were excluded.

For each article, data such as publication year, location,
food of interest, analytes (research year), analytical
methods, and mean (min-max) concentrations of heavy
metals were extracted (Tables 1 and 2). The results from
the DRC were compared to permissible values established
in the literature and similar research.

Table 1:
Heavy Metal Contaminant Analysis Using Advanced Analytical Tools
Author Location Vegetable Analytical ~ Analyte Trace
samples methods study year  metals
investigated
Mpumbu Former Amaranthus AAS Cu, Co, Cd,
2013 Katanga hybridus and Pb and Zn
Spinacia
oleracea
Mudimbu  Former Manihot ICP-MS Mg, Al, Cr,
2015 Katanga  esculanta, Fe, Co, Ni,
Amaranthus Cu, Zn, Cd,
hybridus and Pband U
Psidium
guajava L.
Nuapia Kinshasa  Cabbage, beans,  ICP-MS, FromJuly Al As, Cd,
2017 fish and beef ICP-OES till Cr, Cu, Hg,
from markets and October Mn, Pb, Se,
Mercury 2016 Zn
analyseur
Suami Kongo Fishes from ICP-MS August Cr, Cu, Zn,
2018 Central Atlantic Coast and AAS 2016 Ni, Sb, Cd,
Pb, Se and
Hg
Suami Kongo Oysters and ICP-MS November  Hg, Cr, Ni,
2019 Central Shrimp and AAS 2017 Cu, Zn, Se,
Cd, Sb, Pb,
Mn, Co and
Fe
Ngweme Kinshasa  Amaranthus ICP-MS July 2018 Cr, Co, Cu,
2020 viridis from and AAS Zn, As, Cd,
gardens Pb and Hg
Mata 2020 Kinshasa  Ledermaniella ICP-MS March Cr, Ni, Cu,
schlechteri and AAS 2019 Zn, As, Cd,
Pb and Hg
Ngweme Kinshasa Amaranthus ICP-MS In Cr, Co, Cu,
2021 viridis from and AAS Febuary Zn, As, Cd,
markets 2019 and Pb and Hg
August
2019
;'\(]':']F“yel"‘ Former Amaranthus CP-MS Mn, Co, Ni,
vet Katanga hybridus, and ICP- Cu, Zn, As,
Cucurbita OES Cd, Pb and
maxima, Manihot U

esculanta, Ipomea
batatas,
Lycopersican
esculentum and
Phaseolus
vulgaris.

RESULTS

A total of 10 studies on food contamination by heavy
metals (HMs) conducted between 2011 and 2021 were
examined (Table 1). The earliest study, from 2013, was
conducted in Katanga, and the most recent study, in 2021,
was in Kinshasa. The majority of these studies (50%) were
conducted in Kinshasa. Among the studies that reported
HM levels, 70% focused on vegetables, 30% on fish, 10%
on beef, and 10% on aquatic invertebrate samples. The
cumulative percentage exceeded 100% as one of the
studies assessed HMs in a combination of vegetables, beef,
and fish. Amaranthus species was the most commonly
studied vegetable (71.42%). All studies investigated
contamination by trace elements, but only 50% included a
risk assessment.

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
was the primary method used for detecting HMs, while
Atomic Absorption Spectrophotometry (AAS) was used
specifically for mercury (Hg) determination and, in one
study, for all metals. The concentration of HMs in
vegetable samples decreased in the following order: Cu,
Cd, Pb, and Zn < As < Co, Cr <Ni < Hg, Mn, U < Al < Mg,
Fe. In fish and aquatic invertebrate samples, the order was
Cu, Cr, Cd, Pb, Se, Hg, and Zn < Ni, Sb and Mn < Al, As,
Fe, and Co.

Heavy Metals in Vegetables

Amaranthus Species

Mpumbu reported the presence of copper (Cu), cobalt (Co),
cadmium (Cd), lead (Pb), and zinc (Zn) in Amaranthus
hybridus, with concentrations of 21.9 (Cu), 1.2 (Co), 1.2 (Cd),
1.72 (Pb), and 101.33 mg/kg (Zn). In every market, the
copper content in vegetables exceeded the standard limit
of 10 mg/kg. However, certain markets did not meet the
permissible limits for lead (Pb: 3 mg/kg) and cadmium
(Cd: 2 mg/kg) set by France (Mpumbu et al., 2013).

Kalonda et al. (2015) found that A. hybridus contained
concentrations of magnesium (Mg), aluminium (Al),
chromium (Cr), iron (Fe), Co, nickel (Ni), Cu, Zn, Cd, Pb,
and uranium (U) ranging from 20290 to 23000 (Mg), 5173
to 8919 (Al), 5.666 to 18.51 (Cr), 112.7 to 1642 (Fe), 11.71 to
116.2 (Co), 0 to 5.863 (Ni), 45.69 to 516.2 (Cu), 370.5 to 497.1
(Zn), 1.295 to 7.717 (Cd), 5.352 to 10.25 (Pb), and 0.302 to
0.534 (U) (Mudimbu et al., 2015).
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Table 2:
Heavy Metal Analytical Results from Foods Control
Food Year Heavy metals concentrations (Means or ranging) in mgkg™ or ug g
Cu As Hg Fe Mg Mn Se Ni u Al Co Pb Cd Cr Zn Sb

Amaranthus 2013 219 12 172 12 101.33

2015 45-516 - 622.7 22513.3 3.78 0.44 73267 68.5 7.71 3.66 10.01 426.3

2020 16.11 0.1 0.1 123 1.73 8.91 1.62 297 652.91

2021a 74113 17 0.2 15 18.3 15 3.6 348.2

2021b 139 15.8-2606 22-119  01-32 212624 1.3-354 042 8.3-482
Spinach 2013 243 14.14 149 0.72 149 94.24
Cabbage 2017 3.8 3.33 ND 5.34 0.64 521 214 2.93 3.07 27.93
Beans 2017 33 1.62 ND 0.18 - 22.56 1.98 113 1.63 19.05
Manihot 2015 521 24513 4902.7 0 0.2 71287  33.46 4.07 0.835 4.58 383.26
Psidium 2015 102.9 457.33 5789.7 6.39 0.33 5823 35.19 5.074 0.09 348 321.13
Ledermaniella 2020 55-784 .08-0.15 .02-0.07 0.1-0.6 04-207 02-048 04-0.74 336-59.7
Fish/Atlantic 2018 0.02-0.5 1.21 1.05 4.25 0.09 0.59 1.00 299 0.09
Oysters 2019 4.2-37.2 0.2 457.3 1.87 1.89 0 0.52 0.08 0.03 0.12 46.36 0.0-0.01
Shrimp 2019 16-60.5 05-0.26 14395 1.1-3.6 0.6-25  0.06 0.04 02-018 .03-0.13  .03-0.08 47-55.9 <LD-
Fish/market 2017 6.53 3.48 1.53 10.51 0.12 9.1 0.39 0.64 0.37 1417 0.01
Beef 2017 0.69 1.62 ND 7.18 0.29 11.93 0.16 0.16 0.58 547
Fishes/Congo 2019 .09-2.7 0-072 1215 0.2-496 .01-0.05 0-1.21 2.8-59.72
River
Permisible 73*% 1.00%* 0.001*+* 425 500* 704 0.36**+** 12- 50 0.3* 0.2* 1.3* 99.4*
level mg/kg 30¢ 10 71+ 0.58 10 12¢ 50f

0.2h 0.1

Ngweme analyzed A. viridis from various sources and
reported Cr, Co, Cu, Zn, arsenic (As), Cd, Pb, and Hg. The
concentrations in Kinshasa gardens reached 2.97 (Cr), 1.73
(Co), 12.30 (Ni), 16.11 (Cu), 652.91 (Zn), 0.10 (As), 1.62 (Cd),
8.91 (Pb), and 0.1 mg/kg (Hg). The estimated daily intake
(EDI) and weekly intake (EWI) for Cd in Cecomaf and
Lemba-Imbu leaves, as well as Pb in Cecomaf, Rifflaert,
and Lemba-Imbu leaves, surpassed the recommended
limits. However, EDI and EWI values for Cu, Zn, As, and
Hg were below the recommended limits. Except for As at
Lemba-Imbu, the calculated target hazard quotient (THQ)
values exceeded suggested limits (Ngweme et al., 2020).

In another study, Ngweme found high concentrations of
hazardous metals in leafy vegetables during both dry and
wet seasons, with values reaching 3.6 (Cr), 1.5 (Co), 29.7
(Cu), 348.2 (Zn), 1.7 (As), 1.5 (Cd), 18.3 (Pb), and 0.2
mg/kg (Hg). The concentrations of metals, excluding Cu,
exceeded permissible levels established by the FAO/WHO
for human consumption (Ngweme et al., 2021).

Ambayeba’s study showed that A. hybridus

contaminated with manganese (Mn), Co, Ni, Cu, Zn, As,

was

Cd, Pb, and U, with concentrations (in pg/g) ranging from
39.4 to 128 (Mn), 1.63 to 16.4 (Co), 4.9 to 17.9 (Ni), 24.8 to

166 (Cu), 59.5 to 324 (Zn), 0.800 to 2.60 (As), 0.359 to 2.25
(Cd), 1.11 to 10.4 (Pb), and 1.47 to 5.79 (U). The levels of Cd
and Pb exceeded international standards. Similar results
were found for other vegetables, including pumpkins,
cassava, sweet potatoes, tomatoes, and common beans
(Ambayeba et al., 2021).

Permissible limits were notably exceeded for certain
metals such as Hg, with a threshold of 0.001 mg/kg;
concentrations found in A. viridis species were as high as
0.2 mg/kg. Lead and cadmium also surpassed acceptable
limits, with detected concentrations of 1.2 to 1.5 mg/kg for
Cd and 1.72 to 10.25 mg/kg for Pb, exceeding the
permissible levels of 0.3 and 0.2 mg/kg, respectively.

Other Vegetables

(2013) stated that
contaminated with copper (Cu), cobalt (Co), cadmium
(Cd), lead (Pb), and zinc (Zn), with metal concentrations
greater than 24.32 mg kg-1 for Cu, 1.49 mg kg-1 for Co,
1.49 mg kg-1 for Cd, 0.72 mg kg-1 for Pb, and 94.24 mg
kg—1 for Zn.

Mpumbu Spinacia  oleracea  is

Kalonda (2015) indicated that Manihot esculenta and

Psidium quajava L. are contaminated with magnesium (Mg),
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aluminium (Al), chromium (Cr), iron (Fe), cobalt (Co),
nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd), lead
(Pb), and uranium (U). The metal concentrations (in mg
kg—1) for Manihot esculenta ranged between 4045-5867
(Mg), 6719-7835 (Al), 3.357-6.604 (Cr), 222.1-257.8 (Fe),
11.79-54.87 (Co), 0 (Ni), 30.28-67.24 (Cu), 418.9-717 (Zn),
0.102-1.621 (Cd), 3.331-5.21 (Pb), and 0.169-0.22 (U). For
Psidium guajava, the values (in mg kg—1) ranged between
3958-6929 (Mg), 6580-7524 (Al), 2.620-4.455 (Cr), 218.1-
900.2 (Fe), 4.653-76.84 (Co), 0-19.19 (Ni), 200.1 (Cu), 279.3-
393.2 (Zn), 0.059-0.139 (Cd), 4.089-5.797 (Pb), and 0.222-
0.452 (U) (Mudimbu et al., 2015).

Nuapia (2017) reported that both beans (Phaseolus vulgaris)
and cabbage (Brassica oleracea) are contaminated with
aluminium (Al), cadmium (Cd), chromium (Cr), copper
(Cu), mercury (Hg), manganese (Mn), lead (Pb), zinc (Zn),
arsenic (As), and selenium (Se). The mean microelement
concentrations in the cabbage and bean samples were in
this order: Al > Zn > Mn > Cu > As > Cr > Cd > Pb > Se.
The majority of the metals tested in raw foods exceeded
the maximum permissible limit set by the Joint
FAO/WHO Expert Committee on Food. The estimated
daily intake for each food exceeded the WHO /FAO (2000)
upper tolerable limit (UL); however, As, Cd, Cr, Hg, and
Se were all above the UL level. All of the combined total
hazard quotient (THQ) values exceeded one.

Mata (2019) claimed that the aquatic plant Ledermaniniella
schlechteri is contaminated with chromium (Cr), nickel (Ni),
copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd), lead
(Pb), and mercury (Hg). The metal concentrations (in mg
kg—1) varied dramatically between sampling sites, with
typical values ranging from 0.44 to 9.1 for Cr, 0.14 to 4.52
for Ni, 5.5 to 78.4 for Cu, 336.14 to 1520.91 for Zn, 0.08 to
0.9 for As, 0.21 to 0.78 for Cd, 0.44 to 11.81 for Pb, and 0.02
to 0.24 for Hg. The average content of Zn, As, Cd, and Hg
in plant samples from all sampling sites exceeded what the
FAO and WHO considered safe for human consumption.
According to FAO/WHO regulations and computed
values, the impact on human health is expected to occur.

Heavy Metals in Fish

According to Nuapia (2018), the heavy metals with the
highest mean concentrations in fish muscle were Zn, Mn,
Al, Cu, As, Hg, Cd, Pb, Cr, and Se. The majority of the

metals tested in raw foods exceeded the maximum
permissible limit set by the Joint FAO/WHO Expert
Committee on Food. The estimated daily intake for each
food exceeded the acceptable limit set by WHO/FAO
(2000). Al, Cu, Mn, Pb, and Zn had lower estimated daily
intakes from raw food, whereas As, Cd, Cr, Hg, and Se
had estimates that exceeded the upper tolerable daily limit
(UL). Both male and female food samples had total THQ
values greater than one overall.

Suami (2018) discovered significant differences in heavy
metal concentrations in fish muscle tissues across sites and
species (p < 0.05), with maximum values (in mg kg—1 wet
weight) of 1.00 for Cr, 2.69 for Cu, 29.90 for Zn, 4.25 for Ni,
0.09 for Sb, 0.59 for Cd, 0.09 for Pb, 1.05 for Se, and 1.21 for
Hg. The Food and Agriculture Organization (FAO),
European Union, and World Health Organization (WHO)
determined that the levels of metals in fish were safe for
human consumption, with the exception of mercury.

Mata (2019) found that the concentrations of hazardous
metals (measured in mg kg-1 wet weight) in fish muscle
tissues ranged from 0.00 to 1.21 for Cr, 2.80 to 59.72 for Zn,
0.12 to 1.53 for Se, 0.01 to 0.05 for Cd, 0.22 to 4.96 for Pb,
0.00 to 0.72 for Hg, and 0.09 to 2.65 for Cu. M. moorii and D.
fasciolatus had the highest concentrations of Pb (4.96 mg
kg-1) and Zn (59.71 mg kg-1) among the fish species
studied. Similarly, B. wubangensis (0.72 mg kg-1), D.
fasciolatus (0.53 mg kg—1), and M. moorii had the highest
levels of Hg (0.70 mg kg-1). These concentrations
exceeded the reference limits for human consumption set
by FAO/WHO (0.53 mg kg-1 wet weight). In general, all
fish species had Cd, Cr, and Cu concentrations that were
acceptable.

Heavy Metals in Invertebrates

This study provides the first metal measurements in four
major seafood species from Muanda's Atlantic Coast:
oysters (Egeria congica) and prawns (Macrobrachium spp.,
spp., spp.). (2019)
discovered significant differences in metal accumulation

Parapenaeus and Penaeus Suami
between oyster and sand shrimp species, including Hg, Cr,
Cu, Sb, Mn, Co, and Fe, but not Ni, Zn, Se, Cd, or Pb.
Except for the levels of Cu and Pb in a few samples of
Macrobrachium spp. and Egeria congica, all tested samples

(both oyster and prawn species) contained metal amounts
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below those that would raise concerns about seafood
safety.

Heavy Metals in Beef

According to Nuapia (2017), cabbage and beans are
contaminated with Al, Cd, Cr, Cu, Hg, Mn, Pb, Zn, As,
and Se. Metal levels in beef samples were quantified in the

following sequence: Al, Mn, Zn, As, Cu, Cr, Se, Cd, and Pb.

Most of the metals studied in raw foods exceeded the
recommended maximum acceptable limit set by the Joint
FAO/WHO Expert Committee on Food. The upper
tolerable limits for estimated daily intake for each food
were established by WHO/FAO (2000). The estimated
daily intake of raw food was lower for Al, Cu, Mn, Pb, and
Zn, whereas As, Cd, Cr, Hg, and Se exceeded the upper
tolerable daily limit (UL). All food samples had combined
THQ values greater than one, for both male and female
samples.

DISCUSSION

Ten studies indicated that food samples are contaminated
with copper (Cu), antimony (Sb), arsenic (As), mercury
(Hg), iron (Fe), magnesium (Mg), manganese (Mn),
selenium (Se), nickel (Ni), uranium (U), aluminum (Al),
cobalt (Co), lead (Pb), cadmium (Cd), chromium (Cr), and
zinc (Zn). Four trace elements—Cu, Pb, Cd, and Zn—
accounted for 25% of all the samples collected. Among the
most prevalent heavy metals are lead and cadmium, both
of which are extremely hazardous. Cadmium is released
into the atmosphere due to natural or human activities,
and people can be exposed to cadmium through food
ingestion, inhalation of contaminated air, or consumption
of water rich in the metal. Lead, a non-biodegradable
metal, is found in nature (Radwan & Salama, 2006; Afshin
et al., 2008; Mitra et al., 2022). Copper and zinc are vital for
biochemical and physiological processes necessary for
maintaining health (Prentice, 1993; ATSDR, 1994; Linder &
Azam, 1996).

The Pb concentration ranged from 0.08 to 354 mg/kg, with
Amaranthus hybridus from the former Katanga region
exhibiting the highest value. The Pb content in vegetable
samples exceeded the levels permitted by the Food and
Agriculture Organization (FAO) for human consumption.
Other foods, such as fish, ocean invertebrates, and beef,
fell below the permissible values. It is noteworthy that the

concentration of Pb in fish marketed in Kinshasa was 4.33
times higher than in fish from the Atlantic coast. The Cd
concentration ranged from 0.03 to 3.66 mg/kg, with the
highest concentration found in Amaranthus hybridus from
the former Katanga region. With the exception of Psidium
quajava from the former Katanga, the Cd content in
vegetable samples exceeded the FAO's allowable limits for
human consumption. Other items, including fish, marine
invertebrates, and cattle, had amounts below the allowable
limit. An excessive intake of these metals is linked to
various illnesses, including those affecting the
neurological, skeletal, cardiovascular, and renal systems
(WHO, 1992, 1995, 2019; Steenland & Boffetta, 2000; Jarup,
2003). Furthermore, these heavy metals are associated with
teratogenesis, mutagenesis, and carcinogenesis (Radwan &

Salama, 2006).

The copper content of vegetables in the studies reviewed
ranged from 3.3 to 3416 mg/kg. The spinach from the old
Katanga region had the highest copper concentration (3416
mg/kg), followed by Amaranthus viridis from a garden in
Kinshasa (516.2 mg/kg) and Ledermaniella from Kinshasa
(1029 mg/kg). the FAO's
permitted limit of 73 mg/kg. The highest concentration in

These values exceeded

invertebrates from the Atlantic coast was found in the
(6046 mg/kg),
surpassing the FAO limit of 30 mg/kg (wet weight). In fish

shrimp species Macrobrachium spp.
samples, the concentrations of Cu were well below the
permissible value of 30 mg/kg (wet weight). Samples from
fish marketed in South Africa exhibited higher average
concentrations than those from Kinshasa (Nuapia et al.,,
2018), with fish marketed in Kinshasa being 12.74 times
higher than fish samples from the Atlantic coast of
Muanda. The Zn concentration ranged from 5.47 to 652.91
mg/kg, with the highest concentration in Amaranthus
viridis from former Kinshasa's gardens. With the exception
of spinach and cabbage, Zn concentrations in vegetable
samples were above those allowed by the FAO for human
Other
invertebrates, and cattle, had amounts below the allowable

consumption. items, including fish, marine
limit. The Zn concentrations in fish samples from Kinshasa
were less than the Canadian Food Inspection Agency's
(CFIA) (2011) limit of 50 mg/kg. However, samples from
Johannesburg and Nigeria exceeded the upper limit
(Nuapia et al., 2017; Wangboje et al., 2018). In rare cases,
various disorders can lead to a buildup of zinc and copper
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in bodily tissues. While Zn and Cu rarely cause toxicity in
the human body, they can do so at elevated concentrations
(Anderson et al., 2004; Chan et al., 2004). Zinc can lower
levels of high-density lipoproteins and immunological
responses (Harmanescu et al.,, 2011). Prolonged exposure
to high copper levels can lead to numerous adverse health
effects, including liver and kidney damage, anemia,
immunotoxicity, and developmental toxicity. Many of
these outcomes are consistent with oxidative damage to
macromolecules.  Several

membranes or enzymes,

including  glutathione reductase and  glucose-6-
phosphatase, can have their sulfhydryl groups bound by
copper, inhibiting their ability to protect cells from free
radical damage. If accumulated excessively, copper can
cause gastrointestinal distress, liver damage, immune
system dysfunction, neurological system impairment, and
reproductive harm (Schiimann et al., 2002; ATSDR, 2022).
Gastrointestinal distress is one of the most frequently
reported adverse effects of copper on health (Yalcin Tepe,

2014).

Only samples from Kongo Central were used to determine
Sb, while samples exclusively from the old Katanga region
were used to assess Mg and U. The primary concern with
uranium is the release of radon, one of its gaseous decay
products, in confined areas, such as poorly ventilated
homes or mines (Keith et al., 2015; WHO, 2010). Uranium
is also nephrotoxic and may affect other organs (Ma et al,,
2020). Iron was not detected in any vegetable samples
from Kinshasa, whereas As, Hg, and Se were absent from
samples from the old Katanga region.

The arsenic content in this review ranged from 0.1 to 3.48
mg/kg. The highest levels of As were found in fish sold in
Kinshasa (3.48 mg/kg), followed by cabbage (3.33 mg/kg),
Amaranthus viridis (1.7 mg/kg), and beans and beef (1.62
mg/kg each) sold in Kinshasa. These amounts exceeded
the FAO permitted limit of 1 mg/kg. Oliveira et al. (2017)
reported that the concentration of arsenic in Tilapia sold in
the Indonesian market was lower than that found in
Amaranthus viridis samples marketed in Kinshasa, which
were at least 17 times higher than those from Kinshasa
gardens. It is also important to highlight that the
concentration of arsenic in fish marketed in Kinshasa was
significantly elevated. An increasing body of research
suggests that long-term exposure to inorganic arsenic (iAs)

may raise the risk of keratosis, hyperpigmentation, and
cardiometabolic illnesses, such as diabetes mellitus and
cardiovascular diseases (EPA, 2002; Kuo et al., 2013; Maull
et al., 2012; Moon et al., 2012; Mohammad et al., 2015).

The mercury content ranged from 0.02 to 1.53 mg/kg. Fish
samples from the Atlantic coast (1.21 mg/kg), Amaranthus
viridis sold in Kinshasa (0.2 mg/kg), Amaranthus viridis
from Kinshasa's garden (0.1 mg/kg), and Ledermaniella
from the Congo River had lower mercury levels than the
fish marketed in Kinshasa (1.53 mg/kg). The FAO,
European Union (EU), and World Health Organization
(WHO) have established permissible thresholds for
vegetables (0.001 mg/kg) and fish for human consumption
(1 mg/kg). The fish samples from Kinshasa had lower Hg
concentrations than those from Johannesburg and higher
levels than those found in fish marketed in Palestine
(Nuapia et al, 2017). Mohamed et al. (2012) reported
(0.011 mg/kg) (0.024 mg/kg)
contamination in Saudi Arabia, while Zvjezdana et al.
(2016) reported cabbage (0.0097 mg/kg) and beans (0.013
mg/kg) contamination in Croatia, indicating that the

cabbage and beans

cabbage and beans from Kinshasa were not contaminated
with Hg. The toxicity of methyl mercury (MeHg) is greater
than that of inorganic mercury, and the effects of mercury
on human health are closely related to its form.
Methylmercury is the primary stable organic form of
mercury absorbed by the body from food and is well
known to be neurotoxic (Garcia-Bravo et al., 2010, 2011;
Suami et al., 2019).

Aluminum content ranged from 9.1 to 7,326.7 mg/kg. The
highest levels of aluminum were found in vegetables from
the old Katanga region, with Amaranthus hybridus showing
a concentration of 7,326.7 mg/kg, followed by Manihot
esculenta at 7,128.7 mg/kg and Psidium guajava at 5,823
mg/kg. These concentrations were significantly higher
than those found in vegetables from Kinshasa and far
exceeded the Food and Agriculture Organization's (FAO)
permitted levels for human consumption. For example, the
concentration of Amaranthus hybridus was 140.6 times
higher than that of cabbage and 324.7 times higher than
that of beans. Aluminum (Al) is considered a potentially
harmful element with no known biological function in the
body. While Al can be toxic at elevated concentrations, it is
significantly less harmful than mercury (Hg) or lead (Pb).
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High levels of aluminum exposure have been linked to
various health issues, including osteomalacia, Parkinson's
disease, Alzheimer's disease, autism, and autoimmune
disorders (Shaw et al., 2013; Ekhator et al., 2017).

Chromium concentrations ranged from 0.03 to 10.1 mg/kg,
with Amaranthus hybridus from the former Katanga
highest
Ledermaniella, chromium levels in the vegetable samples

exhibiting  the concentration. Except for
exceeded the FAO's recommended limits for safe human
consumption. Other food items, including fish, marine
invertebrates, and cattle, had chromium levels below the
allowable limit. Suami et al. (2019) reported a significant
difference (p < 0.05) between oyster and shrimp samples;
however, the chromium concentrations in both were
below the permitted limit of 12 mg/kg established by the
Food and Drug Administration Guidance Document for
Chromium in Shellfish (US FDA, 1993a). Oysters were
found to accumulate more chromium than shrimp, based
on average chromium concentrations. Chromium (III) is an
essential nutrient that facilitates insulin binding to its
receptor sites, playing a critical role in glucose, lipid, and
protein metabolism in both humans and animals
(Anderson, 1997). While chromium may inhibit certain
enzyme systems or interact with organic molecules at high
levels, it is less toxic. Conversely, chromium (VI) is a
potent oxidant that can damage cells, with exposure
primarily occurring through dietary consumption and
household emissions. It is associated with allergic
reactions and poses a lung cancer risk when inhaled

(Merzenich et al., 2001; Costa & Klein, 2006; IARC, 1990).

Of the studies focused on heavy metal contamination in
food, only five (50%) assessed potential health risks
associated with the consumption of specific foods by
calculating the Estimated Daily Intake (EDI) (Mpumbu et
al., 2013; Nuapia et al., 2018; Mata et al., 2019; Ngweme et
al.,, 2020) or the Target Hazard Quotient (THQ) (Nuapia et
al., 2018; Mata et al., 2019). The EDI was estimated based
on daily food intake in grams and the concentration of
each heavy metal in the diet. Mpumbu and Ngweme’s
of EDI values that
Amaranthus sp. leafy vegetables could pose health risks to

analysis indicated consuming
humans. Nuapia's research showed that the estimated
daily intake of raw food from Kinshasa was low for

aluminum, copper, manganese, lead, and zinc, while the

estimated daily intake of arsenic, cadmium, chromium,
mercury, and selenium exceeded the acceptable limits.

CONCLUSION

The current study is the first review of heavy metals in
food in the Democratic Republic of the Congo (DRC) and
found that the overall level of trace metal contamination in
the environment was higher in the former Katanga region
than in Kinshasa. Some heavy metal concentrations in
food samples exceeded the permissible levels for human
consumption established by the Food and Agriculture
Organization (FAO), the European Union (EU), JECFA,
and the World Health Organization (WHO). Regular
consumption of these foods may seriously endanger
people's health. The main sources of heavy metal
contamination include vegetable production on polluted
soil, wastewater irrigation, pesticides used to treat and
prevent vegetable diseases, and atmospheric deposition in
areas with contaminated air.

There have been few studies on food, primarily focusing
on vegetables (especially Amaranthus spp.) and conducted
in only three provinces: Kinshasa, former Katanga, and
Kongo Central. The authors concluded that, to accurately
assess the hazards to human health, more thorough and
periodic studies should be conducted to monitor the levels
of heavy metals in various foods from all regions of the
DRC.

As a recommendation, we urge state and sector authorities
to regulate mineral exploitation throughout the country,
particularly in the regions covered by our study, especially
in the Katanga region. This can be achieved by producing
guidelines for mineral exploitation and establishing a
national reference document for the permanent
monitoring of heavy metal levels in all products that may
become contaminated. We also advocate for this study to
be extended to other provinces not involved in the current
research and for a comprehensive analytical study to be
carried out to produce more detailed figures and statistical
data reflecting the reality of this issue throughout the

country.
Ethics Approval: Nil required.

Conflicts of Interest: None declared.

ORCID iDs:

Mputu, M. L.": Nil identified

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v5i6.53




Mputu et al., Orapuh Journal 2024, 5(6), e1153

Heavy metals contamination and health risk assessment in food samples from
the Democratic Republic of the Congo: A systematic review

Mankulu, K. ].2: https://orcid.org/0000-0003-4047-6241

Ndelo, M. P.": Nil identified
Nuapia, B. Y.”: Nil identified
Ndelo-di-Phanzu, J.": Nil identified

Open Access: This review article is distributed under the Creative
Commons Attribution Non-Commercial (CC BY-NC 4.0) license. This
license permits people to distribute, remix, adapt, and build upon this
work non-commercially and license their derivative works on different
terms, provided the original work is properly cited, appropriate credit is
given, any changes made are indicated, and the use is non-commercial.

See: https:/ /creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

Afshin, M., & Zarasvand, M. A. (2008). Heavy metals in
selected edible vegetables and estimation of their
daily intake in Sanandaj, Iran. Southeast Asian
Journal of Tropical Medicine and Public Health, 39(2).

Agency for Toxic Substances and Disease Registry
(ATSDR). (1994). Toxicological profile for zinc.
Atlanta, GA: U.S. Department of Health and
Human Services, Public Health Service.

Ambayeba Muimba-Kankolongo, C., Banza Lubaba Nkulu,
C., Mwitwa, J., Kampemba, F. M., Nabuyanda, M.
M., Haufroid, V., Smolders, E., & Nemery, B. (2021).
Contamination of water and food crops by trace
elements in the African Copperbelt: A collaborative
cross-border study in Zambia and the Democratic
Republic of Congo. Environmental Advances, 6,
100103.
https:/ /doi.org/10.1016/j.envadv.2021.100103

Anderson, H. A., Hanrahan, L. P., Smith, A., Draheim, L.,
Kanarek, M., & Olsen, J. (2004). The role of sport-
fish consumption advisories in mercury risk

communication: A 1998-1999 12-state survey of
women age 18-45. Environmental Research, 95(3),
315-324.

Anderson, R. A. (1997). Chromium as an essential nutrient
for humans. Regulatory Toxicology and Pharmacology,
26, 355-41S.

Andujar, P., Bensefa-Colas, L., & Descatha, A. (2010).
Acute and chronic cadmium poisoning. La Revue de
Meédecine Interne, 31, 107-115.

ATSDR (United States Agency for Toxic Substances and
Disease Registry). (2022). Toxicological profile for
copper. U.S. Department of Health and Human
Services. https:/ /www.apha.org

Bourrelier, P. H., & Berthelin, J. (1998). Trace element
contamination of soils: Risks and their management.

Canadian Food Inspection Agency (CFIA). (2011).
Performance report, 154, 12-17.

Chan, H. M., & Egeland, G. M. (2004). Fish consumption,
mercury exposure, and heart diseases. Nutrition
Reviews, 62(2), 68-72.

Chang, S.-H., Cheng, B.-H., Lee, S.-L., Chuang, H.-Y., Yang,

C.-Y., Sung, F.-C.,, & Wu, T.-N. (2006). Low blood

lead concentration in association with infertility in

women. Environmental Research, 101, 380-386.

https:/ /doi.org/10.1016/j.envres.2005.10.004

M., & Klein, C. B. (2006).

carcinogenicity of chromium

Costa, Toxicity and

compounds in
humans. Critical Reviews in Toxicology, 36, 155-163.

Ekhator, O. C,, Udowelle, N. A., Igbiri, S., Asomugha, R.
N., Igweze, Z. N., & Orisakwe, O. E. (2017). Safety
evaluation of potential toxic metals exposure from
street foods consumed in Mid-West Nigeria.
Journal of Environmental and Public Health, §.
https:/ /doi.org/10.1155/2017 /8458057

EPA. (2002). Guidelines for ensuring and maximizing the

quality, objectivity, utility, and integrity of information
disseminated by the Environmental Protection Agency.
FAO/WHO. (2000). Evaluation of certain food additives and
contaminants (World Health Organization Technical
Report Series No. 859). Geneva, Switzerland:
World Health Organization.
FAO/WHO. (2007). Expert Committee on Food Additives.
Cambridge, England: Cambridge University Press.
FDA (Food and Drug Administration). (2001). Dietary
reference  intakes for wvitamins and  minerals.
Washington, DC: National Academies Press.
Garcia-Bravo, A., Loizeau, J.-L., Bouchet, S., Richard, A.,
Rubin, J.-F., Ungureanu, V.-G., Amouroux, D., &
Dominik, J. (2010). Mercury human exposure
fish
contaminated by a chlor-alkali plant: Babeni

through consumption in a reservoir
Reservoir (Romania). Environmental Science and
Pollution Research, 17, 1422-1432.

Garcia-Bravo, A., Bouchet, S., Amouroux, D., Poté, J., &
Dominik, J. (2011). Distribution of mercury and
organic matter in particle-size classes in sediments

contaminated by a wastewater treatment plant:

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v5i6.53



https://orcid.org/0000-0003-4047-6241
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.envadv.2021.100103
https://www.apha.org/
https://doi.org/10.1016/j.envres.2005.10.004
https://doi.org/10.1155/2017/8458057

Mputu et al., Orapuh Journal 2024, 5(6), e1153

Heavy metals contamination and health risk assessment in food samples from
the Democratic Republic of the Congo: A systematic review

Vidy Bay, Lake Geneva, Switzerland. Journal of
Environmental Monitoring, 13, 974-982.
Georgette, N. N., Atibu, E. K., Al Salah, D., Muanamoki, P.
M., Kiyombo, G. M., Mulaji, C. K., Otamonga, J.-P.,
& Poté, ]. W. (2020). Heavy metal concentration in
irrigation water, soil and dietary risk assessment of
Amaranthus viridis grown in peri-urban areas in
Kinshasa, Democratic Republic of Congo.
Watershed Ecology and the Environment, 2, 16-24.
Gollenberg, A. L., Hediger, M. L., Lee, P. A, Himes, J. H,,
& Buck Louis, G. M. (2010). Association between
lead and cadmium and reproductive hormones in
US. girls. Environmental Health
Perspectives, 118, 1782-1787.
https:/ /doi.org/10.1289/ehp.1001943
Harmanescu, M., Alda, L. M., Bordean, D. M., Gogoasa, 1.,
(2011). Heavy metals health risk
assessment for population via consumption of

peripubertal

& Gergen, L

vegetables grown in old mining area: Banat County,
Romania. Chemistry Central Journal, 5, 64-73.
Henry, K. M., Sivalingam, P., Konde, J., Otamonga, J.-P.,
Niane, B., & Mulaji, C. K. (2019). Concentration of
toxic metals and potential risk assessment in edible
fishes from Congo River in urbanized area of
Kinshasa, DR Congo. Human and Ecological Risk
Assessment: An International Journal.
https:/ /doi.org/10.1080/10807039.2019.1598253
Hossain, H. A. Z,, Aish, A. M., & Wafi, H. N. (2017).
Baseline concentration of heavy metals in fish
the
Mediterranean Sea along Gaza Coast, Palestine.

collected from Gaza fishing harbor in
Turkish Journal of Fisheries and Aquatic Sciences, 17,
101-109.

Huff, ]J.,, Lunn, R. M., Waalkes, M. P., Tomatis, L., &
Infante, P. F. (2007). Cadmium-induced cancers in
animals and in humans. International Journal of
Occupational and Environmental Health, 13, 202-212.

International Agency for Research on Cancer (IARC).
(1990). Monographs on the evaluation of carcinogenic
risk to humans: Chromium, nickel, and welding (Vol.
49). Lyon, France: Author.

Jarup, L. (2003). Hazards of heavy metal contamination.
British Medical Bulletin, 68, 167-182.

Keith, L. S., Obaid, M. F., & Bruce, A. F. (2015). Uranium.
In Handbook on the toxicology of metals (4th ed., pp.

1307-1345). Elsevier.
https:/ /doi.org/10.1016 /B978-0-444-59453-
2.00059-7

Kuo, C. C., Katherine, M., Kristina, A. T., & Ana, N. A.
(2013).
diabetes: An updated systematic review of the

Environmental chemicals and type 2

epidemiologic evidence. Current Diabetes Reports,
13(6), 831-849.
http:/ /link.springer.com/article/10.1007

Linder, C., & Azam, M. H. (1996). Copper biochemistry
and molecular biology. American Journal of Clinical
Nutrition, 63, 7915-796S.

Luo, W., Ning, Z., Zhengjie, L., Zhou, X., Dongjie, W.,
Guoping, L., Guodong, X., & Yiyao, W. (2021).
Increase in Cd adsorption capacity of rice stubble

from being alive until death in a modified rice-fish
system. Ecotoxicology and Environmental Safety,
111441.
https:/ /doi.org/10.1016/j.ecoenv.2020.111441
Ma, M., Ruixia, W., Lining, X., Ming, X., & Sijin, L. (2020).
Emerging health risks and underlying toxicological
mechanisms of uranium contamination: Lessons
the
International.
https:/ /doi.org/10.1016/].envint.2020.106107
Mata, H. K., Al Salah, D. M. M., Konde, N. J., Kiyombo, M.
G., Mulaji, K. C., & Poté-Wembonyama, ]. (2020).
Level of toxic metals in consumable aquatic plant

from past two decades. Environment

Ledermanniella schlechteri from Congo River and

potential  risk  assessment through  plant
consumption. Journal of Food Science and Nutrition, 6,
74.

Maull, E. A., Habibul, A., Josha, E., Matthew, P. L., Ana, N.
C,, Jingbo, P., Ellen, K. S., Miroslav, S., Chin-Hsiao,
T., Kristina, A. T., & Dana, L. (2012). Evaluation of
the association between arsenic and diabetes: A
National Toxicology Program workshop review.
Environmental Health Perspectives, 120(12), 1658-
1670. http:/ /ehp.niehs.nih.cov /1104579 /

Merzenich, H., Hartwig, A., Ahrens, W., Beyersmann, D.,
Schlepegrell, R., Scholze, M., Timm, J., & Jockel, K.

H. (2001). Biomonitoring on carcinogenic metals

and oxidative DNA damage in a cross-sectional
study. Cancer Epidemiology, Biomarkers & Prevention,
10, 515-522.

Orapuh | orapj.orapuh.org

10

https://dx.doi.org/10.4314/orapj.v5i6.53



https://doi.org/10.1289/ehp.1001943
https://doi.org/10.1080/10807039.2019.1598253
https://doi.org/10.1016/B978-0-444-59453-2.00059-7
https://doi.org/10.1016/B978-0-444-59453-2.00059-7
http://link.springer.com/article/10.1007
https://doi.org/10.1016/j.envint.2020.106107
http://ehp.niehs.nih.gov/1104579/

Mputu et al., Orapuh Journal 2024, 5(6), e1153

Heavy metals contamination and health risk assessment in food samples from
the Democratic Republic of the Congo: A systematic review

Mitra, S., Arka, J. C., Abu, M. T., Talha, B. E., Firzan, N.,
Ameer, K., Abubakar, M. I., Mayeen, U. K., Hamid,
O., Fahad, A. A, & Jesus, S. G. (2022). Impact of
heavy metals on the environment and human:
Novel therapeutic insights to counter the toxicity.
Journal of King Saud University - Science, 34(3),
101865.

Mombo, S., Eva, S., Camille, D., Laplanche, C., Pierart, A.,
Longchamp, M., Besson, P., & Castrec-Rouelle, M.
(2015). Bioaccessibility of selenium after human
ingestion in relation to its chemical species and

in maize. Environmental
Geochemistry and Health, 38, 869-883.
https:/ /doi.org/10.1007 /s10653-015-9767-z

Moon, K., Guallar, E., & Navas-Acien, A. (2012). Arsenic
exposure and cardiovascular disease: An updated

compartmentalization

systematic review. Current Atherosclerosis Reports,

14(6), 542-555.
http:/ /www.ncbi.nlm.nih.gov/pmc/articles/ PMC
3483370/

Mulambi, M. M. M., Yannick, U. S., Francois, N. N,,
Emmanuel, M. M., Prisca, K. K, Muyembe, M.,
Kampanyi, I, & Kimuni, L. N. (2013). Evaluation
des teneurs en éléments traces métalliques dans les
légumes feuilles vendus dans les différents
marchés de la zone miniére de Lubumbashi. Journal
of Applied Biosciences, 66, 5106-5113.

Mudimbi, K. D., Tshikongo, K. A., Kule-Koto, K. F.,
Busambwa, C., Bwalya, Y. K., Cansa, H. M,
Tambwe, J.-L. K., Kalala, Z. L., & Otshudi, A. L.
(2015). Profil des métaux lourds contenus dans les

plantes vivriéres consommées couramment dans

quelques zones minieres de la province du Katanga.

Journal of Applied Biosciences, 96, 9049-9054.

Ngweme, G. N., Konde, J. N. N., Laffite, A., Kiyombo, G.
M., Mulaji, C. K., & Poté, J. W. (2021).
Contamination levels of toxic metals in marketed
vegetable (Amaranthus viridis) at Kinshasa,
Democratic Republic of Congo. Journal of Food
Science and Nutrition, 7, 87.

Nuapia, Y., Chimuka, L., & Cukrowska, E. (2018).
Assessment of heavy metals in raw food samples

cities.

from open markets in two African

Chemosphere, 196, 339-346.

Oliveira, L. H. B, Ferreira, N. S., Oliveira, A., Nogueira, A.
R. A, & Gonzalez, M. H. (2017). Evaluation of
distribution and bioaccumulation of arsenic by
ICP-MS in tilapia (Oreochromis niloticus) cultivated
in different environments. Journal of the Brazilian
Chemical Society, 28(12), 2455-2463.

Oyebode, O., Gordon-Dseagu, V., Walker, A., & Mindell, J.
S. (2014). Fruit and vegetable consumption and all-
cause, cancer, and CVD mortality: Analysis of

Journal of
Epidemiology  and  Community  Health, 1-7.
https:/ /doi.org/10.1136/jech-2013-203500

Prentice, A. (1993). Does mild zinc deficiency contribute to

Health Survey for England data.

poor growth performance? Nutrition Reviews, 51,
268-270.

Radwan, M. A, & Salama, A. K. (2006). Market basket
survey for some heavy metals in Egyptian fruits
and vegetables. Food and Chemical Toxicology, 44,
1273-1278.
https:/ /doi.org/10.1016/j.fct.2006.02.004

Rizwan, M. S, Imtiaz, M., Zhu, J., Yousaf, B., Mubshar, H.,
Liagat, A., Allah, D., Zahid, M. 1., Guoyong, H.,
Muhammad, A, H. (2021).
Immobilization of Pb and Cu by organic and

& Honggqing,

in contaminated soil.
Geoderma, 385, 114803.
https:/ /doi.org/10.1016/j.ceoderma.114803

Schiimann, K., Classen, D. H. H., Kénig, ]., Multhaup, G.,
Riikgauer, M., Summer, K. H., Bernhardt, J., &
Biesalski, H. K. (2002). Hohenhem consensus
workshop: Copper. European Journal of Clinical
Nutrition, 56, 469-483.

Shahid, M., Xiong, T., Nasir, M., Leveque, T., Quénéa, K.,
Austruy, A., Foucault, Y., & Dumat, C. (2013).
Water extraction kinetics of metals, arsenic, and

inorganic amendments

dissolved organic carbon from industrial
contaminated  poplar  leaves.  Journal  of
Environmental Sciences (China), 25, 2451-2459.

https:/ /doi.org/10.1016/51001-0742(12)60197-1
Shaw, C. A, & Tomljenovic, L. (2013). Aluminum in the
central nervous system (CNS): Toxicity in humans

and animals, vaccine adjuvants, and autoimmunity.
Immunologic Research, 56(3), 304-316.

Stancié, Z., Vujevic, D., Gomaz, A., Bogdam, S., & Vincek,
D. (2016). Detection of heavy metals in common

Orapuh | orapj.orapuh.org

11

https://dx.doi.org/10.4314/orapj.v5i6.53



https://doi.org/10.1007/s10653-015-9767-z
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3483370/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3483370/
https://doi.org/10.1136/jech-2013-203500
https://doi.org/10.1016/j.fct.2006.02.004
https://doi.org/10.1016/j.geoderma.114803
https://doi.org/10.1016/S1001-0742(12)60197-1

Mputu et al., Orapuh Journal 2024, 5(6), e1153

Heavy metals contamination and health risk assessment in food samples from
the Democratic Republic of the Congo: A systematic review

vegetables at Varazdin City Market, Croatia. Arhiv
za Higijenu Rada i Toksikologiju, 67, 340-350.

Steenland, K., & Boffetta, P. (2000). Lead and cancer in
humans: Where are we now? American Journal of
Industrial Medicine, 38, 295-299.

Suami, R. B., Al Salah, D. M. M., Kabala, C. D., Otamonga,
J.-P., Mulaji, C. K., Mpiana, P. T., & Poté, J. W.
(2019). Assessment of metal concentrations in
oysters and shrimp from Atlantic Coast of the
Democratic Republic of the Congo. Heliyon, 5.

Suami, R. B,, Sivalingam, P., Kabala, C. D., Otamonga, J.-P.,
Mulaji, C. K., Mpiana, P. T.,, & Poté, J. (2018).
Concentration of heavy metals in edible fishes from
Atlantic Coast of Muanda, Democratic Republic of
the Congo. Journal of Food Composition and Analysis,
73,1-9.

Tang, N., & Zhu, Z. Q. (2003). Adverse reproductive
effects in female workers of lead battery plants.
International Journal of Occupational Medicine and
Environmental Health, 16, 359-361.

Tang, S. (2016). Comparison of the levels of five heavy
metals in human urine and sweat after strenuous
exercise by ICP-MS. Clinical Biochemistry, 49(3),
183-188.
https:/ /doi.org/10.1016/j.clinbiochem.2015.12.017

U.S. Environmental Protection Agency (EPA). (2002).
Region 9 preliminary remediation goals. Washington,

DC: U.S. Environmental Protection Agency.

US FDA. (1993). Guidance document for chromium in shellfish.
Washington, DC: U.S. Department of Health and
Human Services, Food and Drug Administration.

Wangboje, O. M., Ekome, P. C., & Efendu, U. 1. (2017).

Heavy metal concentrations in selected fishes and

water from Orogodo River, Agbor, Delta State in

Nigeria. Asian Journal of Environment & Ecology, 3(1),

1-10.

(1992).

Geneva, Switzerland: World Health Organization.

WHO. Cadmium: Environmental health criteria.

WHO. (1995). Lead: Environmental health criteria. Geneva,
Switzerland: World Health Organization.

(2010). WHO guidelines for indoor air quality: Selected
pollutants. Copenhagen, Denmark: WHO Regional

WHO.

Office for Europe.

WHO. (2019). Exposure to cadmium: A major public health

concern. Geneva, Switzerland: World Health
Organization.

WHO/FAO. (2000). State of food and agriculture. Geneva,
Switzerland: World Health Organization.

WHO/FAO. (2011). Joint FAO/WHO Food Standards
Programme: Codex Committee on Contaminants in
Foods. World Health

Organization.

Geneva, Switzerland:

Yalcin Tepe, A. (2014). Toxic metals: Trace metals -
Chromium, nickel, copper, and aluminum. In
Encyclopedia of Food Safety (Vol. 2, pp. 356-362).
https://doi.org/10.1016 /B978-0-12-378612-
8.00205-5

Zaqoot, H. A., Aish, A. M., & Wafi, H. N. (2017). Baseline
concentration of heavy metals in fish collected

from Gaza fishing harbor in the Mediterranean Sea
along Gaza Coast, Palestine. Turkish Journal of
Fisheries and Aquatic Sciences, 17, 101-109.

Zhuang, P., McBride, M. B,, Xia, H,, Li, N., & Li, Z. (2009).
Health risk from heavy metals via consumption of
food crops in the vicinity of Dabaoshan mine,
South China. Science of the Total Environment, 407(5),
1551-1561.
https:/ /doi.org/10.1016/].scitotenv.2008.10.061

Zvjezdana, S., Vujevic, D., Gomaz, A. Bogdam, S., &
Vincek, D. (2016). Detection of heavy metals in
common vegetables at Varazdin City Market,

Croatia. Arhiv za Higijenu Rada i Toksikologiju, 67,
340-350.

Zhuang, P., Zou, B., Li, N., & Li, Z. (2009). Heavy metal
contamination in soil and soybean plants in the
vicinity of a landfill in China. Environmental
Geology, 57(4), 1275-1282.
https://doi.org/10.1007/s00254-008-1419-8

Orapuh | orapj.orapuh.org

12

https://dx.doi.org/10.4314/orapj.v5i6.53



https://doi.org/10.1016/j.clinbiochem.2015.12.017
https://doi.org/10.1016/B978-0-12-378612-8.00205-5
https://doi.org/10.1016/B978-0-12-378612-8.00205-5
https://doi.org/10.1016/j.scitotenv.2008.10.061
https://doi.org/10.1007/s00254-008-1419-8

