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Pollution spread throughout terrestrial and aquatic ecosystems, and many
remain transported around the globe by air transport. Furthermore, food as well
as production chains remain dispersed through the global economy. Thus, the
current study examined the potentially harmful amounts of cyanide as well as
trace metals in cassava flour sold in Oke Ogun community township markets.
Its goal was to quantify the degrees of Lead, Cyanide, Arsenic and Chromium,
evaluate their health impacts on customers, and evaluate WHO-allowable dietary
quantities. Using a stratified sampling strategy, five township markets were
visited to obtain samples of finely ground fermented cassava flour (Kishi, Igbeti,
Igboho, Iseyin, and Shaki). The materials were properly digested before being
examined with an Atomic Absorption Spectrophotometer (AAS). Lead (0.028-
0.053mg/L), Cyanides (0.010-0.018 mg/L), Chromium (0.034-0.065mg/L) and
Arsenic (0.006-0.012 mg/L), were the results obtained. At conclusion, due to the
lower content of these metals, the cassava flour sold in Oke Ogun community
markets is safe as well as appropriate for human utilization, with no nutritional
risk consequences. As a result, it is advised that cassava flour marketed be closely
checked and assessed on a continuous basis. Therefore, regular monitoring
of toxic metals in Nigeria is strongly advised in order to avoid a significant
environmental and public health issue.

health risk, cyanide, heavy metals, cassava flour, human consumption, Oyo State

1. Introduction

Cassava (Manihot spp) remains a starchy staple with roots that remain high in carbohydrates,
which remain a primary energy source. With the possible exception of sugarcane, the cassava
plant is the largest generator of carbohydrates among agricultural plants. Palmate lobed leaves,
inconspicuous flowers, and a big, starchy, tuberous root with a tough papery brown bark and
white to yellow flesh distinguish the plant (Olalekan et al., 2018b). It is one of the most perishable
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tuber crops, with significant postharvest loss (Diasolua et al., 2003;
Olalekan et al., 2018b). Cassava root is not a tuberous root, but rather
areal root that cannot be propagated vegetatively. The mature cassava
storage root contains three separate tissues: the bark (periderm), the
peel (cortex), as well as the root itself. The parenchyma, which is the
edible part of the fresh root, encompasses roughly 85% of the total
weight, comprising the xylem vessels, which is radially distributed in
a matrix of starch containing cells. The concentration of cyanide in
cassava differs depending on the species, age, location, as well as
environmental factors (Olalekan et al., 2018b). Cassava flour, generally
known as “lafu” in Yoruba, is a common staple processed cassava
product diet in Nigeria that includes necessary as well as beneficial
minerals required for the body’s morphological processes. It is a good
carbohydrate source, which is commonly denoted to as the main body
tissues fuel (Robert et al, 2000; Olalekan et al.,, 2018b) since it
produces energy that the body requires to function effectively in its
everyday activities. Human activities (human induced) may promote
the occurrence of harmful pollutants such as cyanide as well as trace
metals in cassava flour, rendering it unsafe for human utilization,
particularly when they remain present in large concentrations (Raimi
and Sabinus, 2017a; Suleiman et al., 2019; Raimi et al., 2019¢, 2020a,
2022a; Isah et al., 2020a,b; Morufu Olalekan et al., 2020a; Morufu,
2021; Olalekan et al., 2021, 2022b; Hussain et al., 2021a,b; Morufu
etal, 2021a; Asiegbu et al., 2022; Oshatunberu et al., 2023). In urban
centers, the predominant cyanide sources as well as metal pollution
remain anthropogenic (human actions), whereas contamination
resulting from nature sources that predominates in remote areas
(Raimi and Sabinus, 2017b; Olalekan et al., 2018b; Ogidi et al., 2021).
Toxic pollutants such as cyanide as well as heavy metals remain
commonly found in densely populated urban areas with high traffic
density as well as industries (Odipe et al., 2018; Premoboere and
Raimi, 2018; Raimi et al., 2018, 2020b, 2022a,b; Sawyerr et al., 2019;
Deinkuro et al., 2021; Morufu Raimi et al., 2021b,e,f,g; Ifeanyichukwu
et al,, 2022; Olalekan et al., 2022; Raimi and Sawyerr, 2022; Stephen
Olalekan et al., 2023). Cyanide, a harmful pollutant, is found naturally
in most plants but is abundant in cassava as well as in bamboo shoot
(Olalekan et al., 2018b). It enters the environment via volcanoes as
well as nature biogenic procedures involving significant plants, algae,
bacteria, tobacco smoke, as well as industries discharges, waste water
treatment, fungi biomass burning, wood smoke, burning plastics
smoke, vehicular emissions, as well as inadequately processed cassava
products (Agency for Toxic Substances and Disease Registry, 1997;
Williams et al., 2019; Raimi et al., 2019a; Morufu Olalekan et al,,
2019b; Ajibola et al., 2020; Olalekan et al., 2021; Morufu et al., 2021¢,f;
Clinton-Ezekwe et al., 2022). Chemicals that act as environmental
pollutants in soil as well as may provide dangers to human health and
the milieu as a result of these include organic and inorganic substances.
Figure 1 depicts a structured classification of a number of the most
frequent pollutants found in soils based on their chemical features.
Because new contaminants may emerge and can be classified in a
variety of ways, comprising retention or moving to different
environmental matrices, their impacts on biological systems are
dictated by the contaminant’s intrinsic features as well as local soil

Abbreviations: ATSDR, Agency for Toxic Substances and Disease Registry; AAS,
Atomic Absorption Spectrophotometer; HCl, Hydrogen Chloride; IITA, International
Institute of Tropical Agriculture; WHO, World Health Organization.
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factors. Understanding pollution trends and making pollution-
remediation decisions require recognizing the sources of trace
elements in the environment.

Except for pesticide inputs, most contaminant emissions are
difficult to quantify and, as a result, remain very unclear. Industrial
pollutants remain introduced into the environment at several stages of
their life cycle, including manufacturing, the generation of
contaminant-containing commodities, transportation, usage, as well as
disposal. As a result, regardless of the route of exposure, exposure to
small amounts of cyanide can be fatal. Cyanide is extremely dangerous;
it inhibits cellular respiration in the body by blocking an enzyme in
mitochondria called cytochrome oxidase. The expression heavy metals
refer to a set of metals and metalloids that are connected with pollution
plus toxicity, but then also include approximately elements that remain
required for living creatures at small quantities. Heavy metals such as
chromium, manganese, iron, calcium, copper, selenium, cobalt,
magnesium, as well as zinc, remain important trace components for
humans, animals, as well as plants but turn out to be toxic if the
homeostatic mechanisms that maintain their physiological limits
remain interrupted or if their body intensity is extremely high, whereas
mercury, cadmium, lead, nickel as well as arsenic remain potentially
toxic at certain levels (Kaur and Gupta, 2009; Olalekan et al., 2022;
Raimi and Sawyerr, 2022; Raimi et al., 2022a,b; Stephen Olalekan et al.,
2023). Antimony (Sb), Arsenic (As), as well as selenium (Se) are
examples of trace elements that are not metals. Trace elements have a
long-shelf life and aren’t eviscerated by metabolic processes. Trace
elements can exist in a number of different forms, along with sulphides,
organometallic complexes, salts, oxides, as well as ions dissolved in soil
solution. Chemical processes like adsorption on particles or
pH-dependent dissolution in water drive the partitioning of water, air,
and soil (Alloway, 2012). Trace elements remain natural (geogenic) in
origin, as several rocks contain significant quantities of trace elements
that remain introduced into the milieu via anthropogenic or weathering
activity. Despite the fact that some heavy metals remain essential and
beneficial, as excessive levels of these metals can induce morphological
irregularities, decreased growth, increased rate of human mortality, as
well as mutagenic consequences in humans (Morufu and Clinton,
2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018a, 2020; Morufu
et al,, 2021f). Furthermore, series of studies has shown that excessive
heavy metals accumulation in the anatomical and physiological system
is typically the result of greater occupational exposure to the metals,
which can lead to health snags like anemia, renal dysfunction, cancer,
neurological problems, as well as hepatic damage, neuromuscular,
hematological, reproductive, renal, as well as central nervous systems
(Li et al., 2001; Afolabi and Morufu, 2021; Afolabi and Raimi, 2021;
Morufu et al., 2021d,e,f; Olalekan et al., 2022; Raimi and Sawyerr, 2022;
Raimi et al., 2022a,b). Several health problems have been linked to
regular consumption of sub-lethal amounts of cyanogens, a few of
which have caused mortality as well as poisoning as a result of intake
of cyanide from improperly processed cassava products (Wheatley and
Churel, 1993; Adindu et al., 2003; Nhassico et al., 2008; Olalekan et al.,
2018b). In Nigeria, there have been isolated reports of an entire family
dying suddenly after consuming a cassava meal laced with a deadly
dosage of cyanide as a result of faulty processing (Adindu et al., 2003;
Olalekan et al., 2018b). As a result, optimal cassava processing practices
are required, as well as ensuring that residual cyanide, arsenic, lead, as
well as cadmium levels in cassava flour from carefully chosen markets
in Oke Ogun community remain within acceptable standards.
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FIGURE 1
According to IUPAC, systematic classification of the major pollutants in soil (Ni¢ et al., 2009). Fluorinated, chlorinated, and brominated compounds are
examples of halogenated compounds. Adapted from Swartjes (2011), Raimi et al. (2022c¢).

Efforts were made in this study to investigate the potential harmful
thresholds of cyanide as well as other heavy metals in some local
commercial cassava products collected from selected township markets
in Oke Ogun Community, Oyo State, Nigeria. This is to determine the
health risk that eating of cassava products can bring to the local
residents. Thus, the studys findings are expected to reveal the
nutritional properties composition as well as thresholds of harmful
heavy metals in cassava to help consumers understand the value as well
as potential risks associated with its intake.

2. Description of the study area

Oke Ogun area is in Oyo State and can be found at Latitude
7.33333 and Longitude 4.06667. According to the 2006 census, it has
aland area of 13,537km? and a population of 1.4 million people. Oke
Ogun area comprises ten (10) Local Government Areas, all of which
have land ideal for agricultural as well as allied purposes (Figure 2).
The main source of income for the residents of Oke Ogun is
agriculture. The climate of the area is favorable for crops cultivation
such as maize, cassava, yams, palm produce, and so on. Saki and Kishi
have extensive livestock pastures. Oke Ogun region is the state’s food
basket, accounting for 60% of the state’s land mass.

3. Sample collection

Samples of finely ground fermented cassava flour were obtained
from various marketplaces in the Oke Ogun town of Oyo State in
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Southwest Nigeria. Stratified sampling was used to purchase samples
from different markets in each town in the following communities:
Iseyin, Igbeti, Kishi, Igboho, and Shaki. To prevent additional
contamination throughout sampling, shipping, as well as storage, the
samples were kept in airtight polyethylene bags that had been rinsed
with dilute HCl and dried before use. The specimens were conveyed
to the Ibadan Laboratory of the International Institute of Tropical
Agriculture (IITA) for further testing.

4. Sample preparation

4.1. Ashing procedure for analysis of
samples for lead determination

In a porcelain crucible, 2 g of finely ground fermented cassava
flour was weighed, 1 mL of HNO; concentration was added, and the
sample was burned on an electric hot plate. The charred sample was
then burned in a controlled muffle furnace at 450°C until no brown
vapors were produced and completely white ash was collected. The ash
was allowed to cool in the furnace before adding 5mL of IM HNO;
solution and 5mL of 30% HCl as well as warming the solution on an
electric hot plate. After cooling, the solution was decanted into a
10mL volumetric flask using a funnel and washed with deionized
water. The solution was up to the mark with deionized water. The
technique remained repeated for each sample as well as the
consequential solutions were dispensed into sample bottles for Atomic
Absorption Spectrophotometry (AAS) analysis for lead. The methods
used for the commercial production of the different dried cassava
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FIGURE 2
Map of Nigeria showing Oke Ogun region in Oyo state.

products are described by Awoyale et al., (2017). All the analyses were
done in duplicate. Extraction procedure of sample for cyanide
determination: 2 g of finely powdered fermented cassava flour was
ground into a paste and dissolved in distilled water in a corked conical
flask overnight. The mixture was filtered into a 50 mL volumetric flask
with a funnel and Whatman 44 filter paper, then filled with distilled
water to the mark.

4.2. Determination of lead, arsenic and
cadmium using atomic absorption
spectrophotometry

The amount of arsenic, lead, and cadmium in the sample solutions
was analyzed using an atomic absorption spectrophotometer (GBC
avanta version model 2.02) with an air acetylene flame at a specified
wavelength for the metal. The digested samples were transferred via a
mixing chamber into the burner, where the air met the fuel gas (C,H,),
acetylene was fed to the burner at a given pressure, and the mixture
was burned, and the radiations from the ensuing flame were measured.

4.2.1. Determination of cyanide using UV/visible
spectrophotometer

5mL of the sample filtrate was placed in a corked test tube, together
with 4mL of the alkaline picrate, and the solution was incubated in a
water bath for 5min. The absorbance of the corked test tube was read
using a Novaspec model 4049 UV/visible spectrophotometer at 490nm,
which is the wavelength of maximum absorption (max) of cyanide, after
color development (reddish brown color), and this technique was
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repeated for each sample. On the calibration graph, the absorbance of a
blank solution containing 1 mL pure water and 4mL alkaline picrate
solution was also read and extrapolated.

5. Results and discussion

In the food industry, understanding the concentration as well as
pattern of particular metals present in food products is frequently
critical to consider. Trace metals are essential for maintaining health
throughout life because they are involved in the function of several
enzymes (Khurshid and Qureshi, 1984; World Health Organization,
1992; Wheatley and Churel, 1993; Rosling, 1994; Institute of Medicine,
Food and Nutrition Board, 2001). This is due to the fact that such
metals seem to be inherently contained in foods and thus are
nutritionally critical for humans, but they are toxic once consumed in
large amounts. These metal insufficiencies are the most serious health
and nutrition issue confronting populations in both developed and
emerging countries (Olivares et al,, 2004). During the sampling period,
the greatest proportion of cyanide was found in cassava flour at Station
K; (0.0019mg/kg), followed by Station K; (0.0018 mg/kg), and lowest
at Stations K, (0.010 mg/kg) and Ks (0.010 mg/kg), respectively (Table 1;
Figure 3). The mean concentration of cyanide (0.014 mg/kg) in cassava
flour sold in marketplaces in Oke Ogun communities was less than the
WHO limit (10mg/kg; Table 2). Small quantities of cyanide,
irrespective of exposure method, can be fatal. A dose of 50 to 100 mg
taken within 24h by an adult can totally stop cellular respiration,
resulting in death. Malnutrition, diabetes, congenital abnormalities,
neurological problems, and myelopathy are all long-term complications
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(FSANZ, 2004; Olalekan et al., 2018b; Ogidi et al., 2021). According to
Maziya-Dixon et al. (2007), scientists as well as international regulatory
agencies have not synchronized on safe cyanide levels for both human
as well as animal consumption. However, the SON standard for
hydrogen cyanide (10 mg HCN/kg) in cassava products, on the other
hand, agrees with the conclusion of the third session of the FAO/WHO
Food Standards Program Codex Committee on Contaminants in
Foods that a level of up to 10mg HCN/kg in edible cassava flour
(Codex Alimentarius Commission (CAC) 2013). The Joint FAO/WHO
Food Standards Programme (Joint FAO/WHO Food Standards
Programme Codex Committee on Contaminants in Foods (JECFA),
2009) established 10 mg/kg as the tolerable limit for hydrogen cyanide
in food in accordance with this conclusion. As a consequence, if the
CNP is less than 10mg/kg, all of the products are safe for human
consumption. The difference in CNP content between products from
different locations, on the other hand, could be due to differences in
cassava varieties, locations, and processing methods. As stated by the
cassava cyanide disease network, cyanide is especially harmful since it
binds to cytochrome oxidase and inhibits its action in the electron
transport chain, which is a key energy conversion process in the body,
and that high levels of cyanide in cassava products could harm
consumers. One instance is acute intoxication, which manifests as
headache, dizziness, vomiting, stomach pains, and diarrhea is one
example” (Cassava Cyanide Diseases Network (CCDN), 2011).
During the sampling, the level of lead in cassava flour was highest
at Station K; (0.053 mg/kg), followed by Station K, (0.049 mg/kg), and

TABLE 1 Cyanide and heavy metal concentrations in Cassava flour sold in
selected Oke-Ogun community markets.

10.3389/fsufs.2023.1165501

lowest at Station Ks (0.028 mg/kg; Table 1; Figure 4). Furthermore,
the mean lead concentration (0.040 mg/kg) in cassava flour sold in
marketplaces in Oke Ogun communities was lower than the WHO
limit (0.1 mg/kg) for food (Table 2). Because of the reduction in
human activities in the Oke Ogun community, the lead concentration
was below the WHO standard for food, which will aggravate the
presence of lead in the soil. This is consistent with the study of
Agency for Toxic Substances and Disease Registry (2006), which
found that majority of lead concentrations found in cassava flour are
caused by human activities. Long-term contact with lead may harm
nervous connections (particularly among young children), as well as
cause blood and brain disorders. In women who are pregnant, it
could cause miscarriage as well as reduce males’ fertility through
sperm damage (Agency for Toxic Substances and Disease Registry,
2006; Olalekan et al., 2018b).

Cadmium concentrations in cassava flour were highest at
Station K; (0.065 mg/kg), followed by Station K, (0.061 mg/kg), and
lowest at Station K (0.034mg/kg) during the sample period, as
shown in Table 1; Figure 5. During the sampling period, the mean
Cadmium concentration (0.050 mg/kg) in cassava flour sold in Oke
Ogun community markets was less than the WHO permitted level
for Cassava flour (Table 2). Cadmium is low in the sample stations
due to a reduction in the use of cadmium-containing fertilizers,
which is the primary cause of the increase in cadmium in the soil
with cassava plant, which is consistent with Jensen and
Bro-Rasmussen’s study (Jensen and Bro-Rasmussen, 1992).
Cadmium has a negative impact on essential organs in high levels.
Low levels of Cd and Pb in biological systems have also been linked
to a variety of human organ disorders, some of which are irreversible
(Sawyerr etal, 2019). As a result, lead and cadmium are important
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FIGURE 3
Concentration of cyanide in the Cassava flour sold in the markets.
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TABLE 2 Comparison of present study with WHO standards for Cassava flour.

WHO Mean of the present study = Mean + Standard deviation (SD)
1. Cyanide mg/kg 10 0.014 0.014+0.004
2. Lead mg/kg 0.1 0.040 0.039+0.012
3. Cadmium mg/kg 3 0.050 0.048+0.014
4, Arsenic mg/kg 2 0.010 0.009+0.003

Analyses of cyanide as well as some heavy metals in cassava flour sold in selected Oke-Ogun Community markets.
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FIGURE 4
Concentration of lead in the Cassava flour sold in the markets.
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The maximum concentration of arsenic in cassava flour was
observed at Stations K, (0.012mg/kg) and K, (0.012 mg/kg), while the
lowest value was reported at Station Ks (0.006 mg/kg) during the
sample period, as shown in Table 1; Figure 6. Finally, the mean
amount of arsenic value (0.010mg/kg) for Cassava flour sold in
markets was less than the WHO standard (2mg/kg; Table 2).
According to Saha et al. (1999) this was due to the fact that there were
less industrial operations in the research area, which resulted in less
arsenic being released into the environment. Excessive arsenic intake
from diet will harm a group of cells in the human body, causing
malfunctions in cell respiration, cell enzymes, and mitosis. Thus far,
environmental chemicals are widely found in food and may have
adverse effects on fetal development. As this chemical pose
considerable reproductive health risks, the clinical community is
being urged to incorporate environmental health awareness as well as
assessment as a regular part of preconception and maternity care.

6. Conclusion

Global annual production of industrial chemicals has more than
doubled to around 2.3 billion tons since the turn of the century, with
an 85 percent increase expected by 2030. Food and environmental
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degradation are thus projected to worsen until there is a rapid
transition in production and consumption habits, as well as a
governmental dedication to genuine ecological sustainability that fully
appreciates nature. While human activities have released thousands of
different synthetic chemical compounds and naturally occurring
components with potential toxicity into the milieu since ancient times.
These pollutants can persist in the milieu for hundreds to thousands
of years and can be found all over the globe. As a result, the study’s
findings revealed that the dietary concentration threshold of Cyanide,
Cadmium, Arsenic as well as Lead in cassava flour sold in selected
markets in the Oke Ogun community were lower than the World
Health Organization’s permissible safe food levels of potentially toxic
elements, despite their low concentrations. As a result, cassava flour
sold in Oke—Ogun community markets was found to be safe and
acceptable for human consumption, with no dietary risk effects.
Hence, there is need for continuous surveillance for the specific
purpose of food safety, export and certification of origin of all foods.

7. Recommendations

Pollution has no boundaries: toxins are disseminated throughout
land as well as aquatic ecosystems, and several are transported
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FIGURE 5
Concentration of cadmium in the Cassava flour sold in the markets.
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FIGURE 6
Concentration of arsenic in the Cassava flour sold in the markets.
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Stations

worldwide by air travel. Furthermore, they are circulated across the
world economy via food as well as industry networks. Hence, these
findings can inform the development of future interventions to
prevent or reduce environmental chemicals lifestyle choices due to
exposure in our food and food products in order for those
recommendations to be successfully translated into behavioral changes.

Frontiers in Sustainable Food Systems 07

It is suggested, based on the research findings and conclusion that:

« Cassava flour sold in Oke Ogun should be spread to other parts
of the community and exported. Also, human daily actions that
can increase the concentration of these potentially hazardous
metals should be avoided.
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o Cadmium-containing fertilizers should be prohibited from
being used on cassava farm fields in order to prevent
further contaminations.

Increase spending on tailored research on emerging pollutants,

together with detection as well as risk evaluation.

» Develop and improve heavy metal pollution inventories and
monitoring at the national, regional, and global levels; Establish
and strengthen national biomonitoring and epidemiological
surveillance systems toward recognizing, analyzing, and tracking
harm and illnesses caused by cyanide and heavy metals in cassava
flour, as well as to support preventive activities.

o The government should hire experienced environmental health
professionals to monitor and assess environmental media that
have the potential to increase the level of these potentially
harmful metals in the area on a regular basis.

« The government should advocate for a global commitment to
preventing, halting, as well as remediating food contamination as
component of the Zero Pollution/Concerning a Pollution-Free
World goal, based on municipal, state, national, as well as
regional activities and targets such as the European Green Deal.

o The government should conduct a global food pollution awareness
campaign geared at the public at large in order to help them
comprehend why food pollution is important to everyone and how
they can help to solve the problem. Also, to raise public awareness of
the importance of environmentally responsible and sustainable usage.

« Encourage citizen research plus observatories in order to expand

early warning systems as well as community-based food pollution

monitoring. As well as promote the release of material in freely
accessible sources and facilitate the sharing of scientific
knowledge via global events.

Establish as well as strengthen monitoring networks for averting,
overseeing as well as remediation of dispersed pollution. Also,
create a national training program to build capacity on the entire
food contamination cycle.

References

Adindu, M. N,, Olayemi, E. E, and Nze-Dike, O. U. (2003). Cyanogenic potential of
some cassava products in Port Harcourt Markets in Nigeria. ] Food Comp Anal 16,
21-24. doi: 10.1016/S0889-1575(02)00128-X

Afolabi, A. S., and Morufu, O. R. (2021). Investigating source identification and
quality of drinking water in Piwoyi Community of Federal Capital Territory. Abuja
Nigeria. doi: 10.21203/rs.3.rs-736140/v1 [Preprint].

Afolabi, A. S., and Raimi, M. O. (2021). When water turns deadly: investigating source
identification and quality of drinking water in Piwoyi Community of Federal Capital
Territory, Abuja Nigeria. Online ] Chem 1, 38-58. doi: 10.31586/0jc.2021.010105

Agency for Toxic Substances and Disease Registry (1997). Draft Toxicology Profile For
Cadmium. Public health services, U.S Department of Health and Human Services.
Altlanta, Georgia: Agency for Toxic Substances and Disease Registry.

Agency for Toxic Substances and Disease Registry (2006). Division of Toxicology and
Environmental Medicine. Tox FAQs:CABS/Chemical Agent Briefing Sheet: Brazil.

Ajibola, A. F, Olalekan, R. M., Catherine, S. A. O., Olusola, A. A., and Adekunle, A. P.
(2020). Policy responses to addressing the issues of environmental health impacts of
charcoal factory in Nigeria: necessity today; essentiality tomorrow. CSM 3:pl. doi:
10.22158/csm.v3n3pl

Alloway, B. J. (2012). Heavy Metals in Soils: Trace Metals and Metalloids in Soils and
Their Bioavailability. Berlin: Springer Science+Business Media.

Asiegbu, O. V., Ezekwe, I. C., and Raimi, M. O. (2022). Assessing pesticides residue in
water and fish and its health implications in the Ivo river basin of South-Eastern Nigeria.
MOJ Public Health 11, 136-142. doi: 10.15406/mojph.2022.11.00390

Awoyale, W,, Abass, A. B., Ndavi, M., Maziya-Dixon, B., and Sulyok, M. (2017).
Assessment of the potential industrial applications of commercial dried cassava products
in Nigeria. J. Food Meas. Charact. 11, 598-609. doi: 10.1007/s11694-016-9428-7

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1165501

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

Acknowledgments

The authors thank all reviewers, for feedback and discussions that
helped to substantially improve this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Cassava Cyanide Diseases Network (CCDN) (2011). Working together to eliminate
cyanide poisoning, konzo, tropical ataxic neuropathy (TAN) and neurolathyrism.
Cassava Cyanide Diseases and Neurolathyrism Network News 18, 5-15.

Clinton-Ezekwe, 1. C., Osu, 1. C., Ezekwe, 1. C., and Raimi, M. O. (2022). Slow death
from pollution: potential health hazards from air quality in the mgbede oil fields of
South-South Nigeria. Open Access J. Sci. 5, 61-69. doi: 10.15406/0ajs.2022.05.00177

Codex Alimentarius Commission (CAC), (2013). Codex Standard 176-1989. Standard
For Edible Cassava Flour. Adopted 1989. Amendment 2013. FAO, Rome, Italy.

Deinkuro, N. S., Charles, W. K., Raimi, M. O., and Nimlang, H. N. (2021). Oil spills
in the Niger Delta region. Nigeria: Environmental Fate of Toxic Volatile Organics.

Diasolua, D., Kuo, Y., and Lambein, F. (2003). Cassava Cyanogens and free amino
acids in raw and cooked leaves. Food Chem Tox 41, 1193-1197. doi: 10.1016/
S0278-6915(03)00111-X

Emurotu, J. E., Salehdeen, U. M., and Ayeni, O. M. (2012). Assessment of heavy metals
level in cassava flour sold in Anyigba market Kogi state, Nigeria. Adv. Appl. Sci. Res. 3,
2544-2548.

FSANZ (2004). Final assessment report proposal P257. Advice on the preparation of
cassava and bamboo shoots. Report Number 2-04. Canberra: FSANZ.

Hussain, M. L, Morufu, O. R., and Henry, O. S. (2021a). Patterns of chemical pesticide
use and determinants of self-reported symptoms on farmers health: a case study in Kano
state for Kura local government area of Nigeria. Res. World Agri. Economy 2, 37-48. doi:
10.36956/rwae.v2il.342

Hussain, M. I., Morufu, O. R., and Henry, O. S. (2021b). Probabilistic assessment
of self-reported symptoms on farmers health: a case study in Kano state for Kura
local government area of Nigeria. Res. World Agri. Economy 2, 1-11. doi: 10.36956/
rwae.v2il.336

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1165501
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/S0889-1575(02)00128-X
https://doi.org/10.21203/rs.3.rs-736140/v1
https://doi.org/10.31586/ojc.2021.010105
https://doi.org/10.22158/csm.v3n3p1
https://doi.org/10.15406/mojph.2022.11.00390
https://doi.org/10.1007/s11694-016-9428-7
https://doi.org/10.15406/oajs.2022.05.00177
https://doi.org/10.1016/S0278-6915(03)00111-X
https://doi.org/10.1016/S0278-6915(03)00111-X
https://doi.org/10.36956/rwae.v2i1.342
https://doi.org/10.36956/rwae.v2i1.336
https://doi.org/10.36956/rwae.v2i1.336

Jacob et al.

Ifeanyichukwu, C. E., Christian, L. O., Morufu, O. R, and lyingiala, A. A. (2022).
Hydrocarbon-based contaminants in drinking water sources and shellfish in the Soku
oil and gas fields of south-South Nigeria. Open J. Yangtze Gas Oil 7, 213-230. doi:
10.4236/0jogas.2022.74012

Institute of Medicine, Food and Nutrition Board, (2001). Dietary Reference Intakes for
Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese,
Molybdenum, Nickel, Silicon, Vanadium, and Zinc. National Academy Press, Washington, DC,
800.

Isah, H. M., Raimi, M. O., Sawyerr, H. O., Odipe, O. E., Bashir, B. G., and Suleiman, H.
(2020b). Qualitative adverse health experience associated with pesticides usage among
farmers from Kura, Kano state, Nigeria. Merit. Res. . Med. Med. Sci. 8, 432-447. doi:
10.5281/zenod0.4008682

Isah, H. M., Sawyerr, H. O., Raimi, M. O., Bashir, B. G., Haladu, S., and Odipe, O. E.
(2020a). Assessment of commonly used pesticides and frequency of self-reported
symptoms on farmers health in Kura, Kano state, Nigeria. J. Educ. Learn. Manag.
HolyKnight 1, 31-54. doi: 10.46410/jelm.2020.1.1.05

Jensen, A., and Bro-Rasmussen, E. (1992). Environmental contamination in Europe.
Rev. Environ. Contam. Toxicol. 125, 101-181.

Joint FAO/WHO Food Standards Programme Codex Committee on Contaminants
in Foods (JECFA) (2009). Discussion paper on cyanogenic glycosides. Electronic
working group members, 3rd session. March 23-27, 2009. FAO/WHO, Rotterdam,
the Netherlands.

Kaur, A., and Gupta, U. (2009). Preconcentration of zinc and manganese using
1-(Pyridylazo)-2-naphthol anchored Si0, nano particles. Eurasian J. Analyt. Chem. 4,
234-244.

Khursid, S. R., and Qureshi, I. H. (1984). The role of inorganic elements in human
body. Nucleus 21, 3-24.

Li, X. D., Poon, C. S., and Liu, P. S. (2001). Heavy metal contamination of urban soils
and street dusts in Hong Kong. Appl. Geochem. 16, 1361-1368. doi: 10.1016/
S0883-2927(01)00045-2

Maziya-Dixon, B., Dixon, A. G. O., and Adebowale, A. A. (2007). Targeting different
end uses of cassava: genotypic variations for cyanogenic potentials and pasting
properties. Int. J. Food Sci. Technol. 42, 969-976. doi: 10.1111/j.1365-2621.2006.01319.x

Morufu, O. R. (2021). Self-reported symptoms on farmers health and commonly used
pesticides related to exposure in Kura, Kano state, Nigeria. Ann. Comm. Med. Public
Health 1:1002.

Morufu, R., and Clinton, E. (2017). Assessment of Trace Elements in Surface and
Ground Water Quality. LAP Lambert Academic Publishing. Mauritius.

Morufu, O. R., Clinton, I. E., and Bowale, A. (2021d). Statistical and multivariate
techniques to trace the sources of ground water contaminants and affecting factors of
groundwater pollution in an oil and gas producing wetland in Rivers state, Nigeria.
medRxiv [Epub ahead of preprint]. doi: doi:10.1101/2021.12.26.21268415

Morufu, O. R,, Henry, O. S., Clinton, I. E., and Gabriel, S. (2021e). Many oil Wells, one
evil: Potentially toxic metals concentration, seasonal variation and human health risk
assessment in drinking water quality in Ebocha-Obrikom oil and gas area of Rivers state,
Nigeria. medRxiv [Epub ahead of preprint]. doi: doi:10.1101/2021.11.06.21266005

Morufu Raimi, O., Kayode Samson, T., Bankole Sunday, A., Zulkarnaini Olalekan, A.,
Oluwaseun Emmanuel, O., and Temitope Jide, O. (2021b). Air of uncertainty from
pollution profiteers: status of ambient air quality of sawmill industry in Ilorin
Metropolis, Kwara state, Nigeria. RJEES 1, 17-38. doi: 10.31586/rjees.2021.010102

Morufu Olalekan, R., Hussain Muhammad, I., Lawrence Okoronkwo, U., and Henry
Akpojubaro, E. (2020a). Assessment of safety practices and farmers behaviors adopted
when handling pesticides in rural Kano state, Nigeria. AHOA]J 4, 191-201. doi: 10.15406/
ah0aj.2020.04.00170

Morufu Olalekan, R., Suleiman, R. M., and Odipe, O. E. (2019b). Women role in
environmental conservation and development in Nigeria. Ecol. Conserv. Sci. 1. doi:
10.19080/ECOA.2019.01.555558

Morufu, O. R., Olawale, H. S, Clinton, I. E., and Olaniyi, O. A. (2021f). Quality water
not everywhere: Exploratory analysis of water quality across Ebocha-Obrikom oil and
gas flaring area in the Core Niger Delta region of Nigeria, 04 October 2021, PREPRINT
(version 1). Res. Sq. doi: 10.22059/poll.2021.331612.1201 [Preprint].

Morufu, O. R,, Tonye, V. O., and Adedoyin, O. O. (2021c¢). Creating the healthiest
nation: climate change and environmental health impacts in Nigeria: a narrative review.
Scholink Sustain. Environ. 6:p61. doi: 10.22158/se.v6n1p61

Morufu, O. R, Tonye, V. O., Ogah, A., Henry, A. E., and Abinotami, W. E. (2021a).
Articulating the effect of pesticides use and sustainable development goals (SDGs): the
science of improving lives through decision impacts. Res World Agri Economy. 2, 29-36.
doi: 10.36956/rwae.v2il.347

Nhassico, D., Muquingue, H., and Cliff, J. (2008). Rising African cassava production,
diseases due to high cyanide intake and control measures. J. Sci. Food Agri. 88,
2043-2049. doi: 10.1002/jsfa.3337

Ni¢, M, Jirat, J., and Kosata, B. (2009). IUPAC compendium of chemical terminology:
Gold book. 2.1.0 edition. Research Triagle Park, NC, IUPAC. Available at: http://

goldbook.iupac.org

Odipe, O. E., Raimi, M. O., and Suleiman, E. (2018). Assessment of heavy metals in
effluent water discharges from textile industry and river water at close proximity: a

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1165501

comparison of two textile industries from Funtua and Zaria, North Western Nigeria.
Madridge J. Agri. Environ. Sci. 1, 1-6. doi: 10.18689/mjaes-1000101

Ogidi, O. I, Enenebeaku, U. E., Okara, E., and Elumelu, S. A. (2021). Toxic metal
profiles, carcinogenic and non-carcinogenic human health risk assessment of some
locally produced beverages in Nigeria. J. Toxicol. Risk Assess. 7:039. doi:
10.23937/2572-4061.1510039

Olalekan, M. R., Abiola, I, Ogah, A., and Omini, D. E. (2021). Exploring how human
activities disturb the balance of biogeochemical cycles: evidence from the carbon,
nitrogen and hydrologic cycles. Res. World Agri. Econ. 2, 23-44. doi: 10.36956/rwae.
v2i3.426

Olalekan, M. R., Albert, O, Iyingiala, A. A., Sanchez, D. N., and Telu, M. (2022b). An
environmental/scientific report into the crude oil spillage incidence in Tein community,
Biseni, Bayelsa state Nigeria. J. Environ. Chem. Toxicol. 6, 1-6. doi: 10.37532/
pulject.2022.6(4);01-06

Olalekan, R. M., Dodeye, E. O., Efegbere, H. A., Odipe, O. E., Deinkuro, N. S.,
Babatunde, A., et al. (2020). Leaving no one behind? Drinking-water challenge on the
rise in Niger Delta region of Nigeria: a review. Merit. Res. J. Environ. Sci. Toxicol. 6,
031-049. doi: 10.5281/zenod0.3779288

Olalekan, M. R., Olawale, H. S., Clinton, I. E., and Opasola, A. O. (2022). Quality
water, not everywhere: assessing the hydrogeochemistry of water quality across Ebocha-
Obrikom oil and gas flaring area in the Core Niger Delta region of Nigeria. Pollution 8,
751-778.

Olalekan, R. M., Omidiji, A. O., Nimisngha, D., Odipe, O. E., and Olalekan, A. S.
(2018a). Health risk assessment on heavy metals ingestion through groundwater
drinking pathway for residents in an oil and gas producing area of Rivers state, Nigeria.
Open J. Yangtze Gas Oil 03, 191-206. doi: 10.4236/0jogas.2018.33017

Olalekan, R. M., Sawyerr, O. H., Odipe, O. E., and Ogungbemi, O. H. (2018b).
Assessment of cyanide and some heavy metals concentration in consumable cassava
flour “lafun” across Osogbo metropolis, Nigeria. MOJES 3, 369-372. doi: 10.15406/
mojes.2018.03.00115

Olivares, M., Pizarro, P, De Pablo, S., Araya, M., and Uauy, R. (2004). Iron, zinc, and
copper: contents in common Chilean foods and daily intakes in Santiago, Chile.
Nutrition 20, 205-212. doi: 10.1016/j.nut.2003.11.021

Oshatunberu, M. A., Oladimeji, A., Sawyerr, O. H., and Raimi, M. O. (2023).
Searching for what you Can’t see-evaluation of pesticide residues in grain sold at
selected Markets of Southwest Nigeria. Curr. Res. Public Health 3, 10-36. doi:
10.31586/crph.2023.566

Premoboere, E. A., and Raimi, M. O. (2018). Corporate civil liability and compensation
regime for environmental pollution in the Niger Delta. Int. J. Recent Adv. Multidiscip.
Res. 5, 3870-3893.

Raimi, M. O., Adeolu, A. T,, and Enabulele, C. E. (2018). Assessment of air quality
indices and its health impacts in Ilorin Metropolis, Kwara state, Nigeria. Sci. Park J.
Scient. Res. Impact 4, 060-074. doi: 10.14412/SR12018.074

Raimi, M. O., Adio, Z. O., and Odipe, O. E. (2020b). Impact of sawmill industry on
ambient air quality: a case study of Ilorin Metropolis, Kwara state, Nigeria. Energy Earth
Sci. 3, p1-p25. doi: 10.22158/ees.v3nlpl

Raimi, M. O., Bilewu, O. O, Adio, Z. O., and Halimat, A. (2019a). Women
contributions to sustainable environments in Nigeria. J. Scient. Res. Allied Sci. 5, 35-51.
doi: 10.26838/JUSRES.2019.5.4.104

Raimi, O., Ezekwe, C., Bowale, A., and Samson, T. (2022b). Hydrogeochemical and
multivariate statistical techniques to trace the sources of ground water contaminants
and affecting factors of groundwater pollution in an oil and gas producing wetland in
Rivers state, Nigeria. Open J. Yangtze Oil Gas 7, 166-202. doi: 10.4236/
0jogas.2022.73010

Raimi, M. O., Iyingiala, A. A., Sawyerr, O. H.,, Saliu, A. O., Ebuete, A. W,
Emberru, R. E,, et al. (2022¢). “Leaving no one behind: impact of soil pollution on
biodiversity in the global south: a global call for action” in Biodiversity in Africa:
Potentials, Threats and Conservation. Sustainable Development and Biodiversity. ed. S.
Chibueze Izah (Singapore: Springer)

Raimi, M. O., Oluwaseun, E. O., Nimisingha, D. S., Funmilayo, A. A., Edewor, O. P,
Lateefat, H. M., et al. (2019¢). Assessment of environmental sanitation, food safety
knowledge, handling practice among food handlers of Bukateria complexes in Iju town,
Akure north of Ondo-state, Nigeria. Acta Scient Nut Health 3, 186-200. doi: 10.31080/
ASNH.2019.03.0308

Raimi, M. O., and Sabinus, C. E. (2017a). Influence of organic amendment on
microbial activities and growth of pepper cultured on crude oil contaminated Niger
Delta soil. Int. J. Econo. Energy Environ. 2, 56-76. doi: 10.11648/j.ijeee.20170204.12

Raimi, M. O., and Sabinus, C. E. (2017b). An assessment of trace elements in surface
and ground water quality in the Ebocha-Obrikom oil and gas producing area of Rivers
state, Nigeria. Int. J. Scient. Engg. Res. 8, 583-621.

Raimi, M., and Sawyerr, H. (2022). Preliminary study of groundwater quality using
hierarchical classification approaches for contaminated sites in indigenous communities
associated with crude oil exploration facilities in Rivers state, Nigeria. Open J. Yangtze
Oil Gas 7, 124-148. doi: 10.4236/0jogas.2022.72008

Raimi, M. O., Sawyerr, H. O., Ezekwe, I. C., Olaniyi, O. A., and Gabriel, S.
(2022a). “Toxicants in water: Hydrochemical appraisal of toxic metals
concentration and seasonal variation in drinking water quality in oil and gas field

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1165501
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.4236/ojogas.2022.74012
https://doi.org/10.5281/zenodo.4008682
https://doi.org/10.46410/jelm.2020.1.1.05
https://doi.org/10.1016/S0883-2927(01)00045-2
https://doi.org/10.1016/S0883-2927(01)00045-2
https://doi.org/10.1111/j.1365-2621.2006.01319.x
https://doi.org/10.1101/2021.12.26.21268415
https://doi.org/10.1101/2021.11.06.21266005
https://doi.org/10.31586/rjees.2021.010102
https://doi.org/10.15406/ahoaj.2020.04.00170
https://doi.org/10.15406/ahoaj.2020.04.00170
https://doi.org/10.19080/ECOA.2019.01.555558
https://doi.org/10.22059/poll.2021.331612.1201
https://doi.org/10.22158/se.v6n1p61
https://doi.org/10.36956/rwae.v2i1.347
https://doi.org/10.1002/jsfa.3337
http://goldbook.iupac.org
http://goldbook.iupac.org
https://doi.org/10.18689/mjaes-1000101
https://doi.org/10.23937/2572-4061.1510039
https://doi.org/10.36956/rwae.v2i3.426
https://doi.org/10.36956/rwae.v2i3.426
https://doi.org/10.37532/pulject.2022.6(4);01-06
https://doi.org/10.37532/pulject.2022.6(4);01-06
https://doi.org/10.5281/zenodo.3779288
https://doi.org/10.4236/ojogas.2018.33017
https://doi.org/10.15406/mojes.2018.03.00115
https://doi.org/10.15406/mojes.2018.03.00115
https://doi.org/10.1016/j.nut.2003.11.021
https://doi.org/10.31586/crph.2023.566
https://doi.org/10.14412/SRI2018.074
https://doi.org/10.22158/ees.v3n1p1
https://doi.org/10.26838/JUSRES.2019.5.4.104
https://doi.org/10.4236/ojogas.2022.73010
https://doi.org/10.4236/ojogas.2022.73010
https://doi.org/10.31080/ASNH.2019.03.0308
https://doi.org/10.31080/ASNH.2019.03.0308
https://doi.org/10.11648/j.ijeee.20170204.12
https://doi.org/10.4236/ojogas.2022.72008

Jacob et al.

area of Rivers state, Nigeria” in Heavy Metals-new Insights [Working Title]. eds. P.
H. Saleh and P. A. I. Hassan (United Kingdom: Intech Open).

Raimi, M. O., Sawyerr, H. O., and Isah, H. M. (2020a). Health risk exposure to
cypermethrin: a case study of Kano state, Nigeria. In 7th International Conference on
Public Healthcare and Epidemiology. September 14-15 Tokyo, Japan.

Robert, K. M., Daryl, K. G., Peter, A. M., and Victor, W. R. (2000). Harpers
Biochemistry. 25, Mc Graw Hill, New York, NY, p. 658-670.

Rosling, H. (1994). Measuring effects in humans of dietary cyanide exposure from
cassava. Acta Hortic. 375, 271-284. doi: 10.17660/ActaHortic.1994.375.27

Saha, J. C,, Dikshit, A. K., Bandyopadhyay, M., and Saha, K. C. (1999). A review of
arsenic Poisoining and its effects on human health. Crit. Rev. Environ. Sci. Technol. 29,
281-313. doi: 10.1080/10643389991259227

Sawyerr, H. O., Raimi, M. O., Adeolu, A. T., and Odipe, O. E. (2019). Measures of
harm from heavy metal pollution in battery technicians’ workshop within Ilorin
Metropolis, Kwara state, Nigeria. CSM 2:p73. doi: 10.22158/csm.v2n2p73

Stephen Olalekan, A., Olayinka Adewoye, S., Olawale Henry, S., and Olalekan
Raimi, M. (2023). Comparative assessment of seasonal variations in the quality of

Frontiers in Sustainable Food Systems

10

10.3389/fsufs.2023.1165501

surface water and its associated health hazards in gold mining areas of
Osun state, south-West Nigeria. Adv. Environ. Eng. Res. 4, 1-61. doi: 10.21926/
aeer.2301011

Suleiman, R. M., Raimi, M. O., and Sawyerr, H. O. (2019). A deep dive into the review
of National Environmental Standards and regulations enforcement agency (NESREA)
act. Int. Res. J. App. Sci. 1, 108-125.

Swartjes, E. A. (ed.) (2011). Dealing With Contaminated Sites. Dordrecht, Springer.

Wheatley, C., and Chuzel, G. (1993). “Cassava: the nature of the tuber and the
use as a raw material” in Encyclopaedia of Food Science, and Food Technology and
Nutrition. eds. R. Macrae, R. Robinson and M. Sadler (San Diego, CA: Academic
Press), 734-743.

Williams, E. A., Olalekan, R. M., Yarwamara, E. I, and Modupe, O. (2019). Renewable
energy sources for the present and future: an alternative power supply for Nigeria. EES
2:p18. doi: 10.22158/ees.v2n2p18

World Health Organization (1992). Guideline for Arsenic Concentration in Food.
Health Criteria and Other Information. Vol. 2. Geneva: World Health Organization. pp.
306.

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1165501
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.17660/ActaHortic.1994.375.27
https://doi.org/10.1080/10643389991259227
https://doi.org/10.22158/csm.v2n2p73
https://doi.org/10.21926/aeer.2301011
https://doi.org/10.21926/aeer.2301011
https://doi.org/10.22158/ees.v2n2p18

	The notorious daredevils: potential toxic levels of cyanide and heavy metals in cassava flour sold in selected markets—taken Oke Ogun Community, Oyo State as an example
	1. Introduction
	2. Description of the study area
	3. Sample collection
	4. Sample preparation
	4.1. Ashing procedure for analysis of samples for lead determination
	4.2. Determination of lead, arsenic and cadmium using atomic absorption spectrophotometry
	4.2.1. Determination of cyanide using UV/visible spectrophotometer

	5. Results and discussion
	6. Conclusion
	7. Recommendations
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note

	References

