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a b s t r a c t
Africa’s inadequate monitoring is a major issue in combating persistent organic pollutants (POPs). The level of
monitoring of these highly toxic persistent substances which have the ability to bioaccumulate through the food
chain, thus causing serious health challenges is still very low in Africa especially in West Africa. Most West
African countries are yet to implement the Stockholm Convention plan (2001) for reducing and eliminating the
dirty dozen as coined by the UNEP. Just nine out of the sixteen West African countries have been given approval
for National Implementation Plan (NIP) updates. All relevant stakeholders in West Africa must ensure that detailed monitoring of POPs in the environment is done regularly, with suﬃcient data collected, analyzed and well
documented. Also, people should be sensitized on the harmful eﬀects of POPs. Laws prohibiting indiscriminate
dumping of refuse should be enforced and the ban on over used cars and electronics from developed countries
should be implemented.

1. Introduction
Environmental organic pollutants are highly hazardous organic
substances that are persistent in the ecosystem, which living organisms bioaccumulate in their tissues, and do cause serious health challenges and environmental stress (Amiard et al., 2016; Eugine and
Vincent, 2016). Persistent organic pollutants (POPs) resists biological,
chemical, and photolytic degradation which makes it diﬃcult to get
rid of them in the environment (Jacob, 2013). They are usually halogenated with high lipophilicity and low solubility in water, thus leading
to their ease of bioaccumulation in fatty tissues (Ennour-Idrissi et al.,
2019). They are often times semi–volatile and this characteristic makes
them travel far before deposition. Studies have shown that foods, as
a source of nutrients, also contain other chemical substances including POPs (Camel et al., 2018). The environmental and tropic level circulation of POPs is via food consumption and frequent use of substances like surfactants and through the pollution of air (Wu et al.,
2021). These highly toxic substances ﬁnding their way into the food
chain has caused serious health problems globally and Africa in particular (Bruce-Vanderpuije et al., 2019). Some of the major adverse effects of POPs include; increased risk of tumours, reproductive impairment and malfunctions, skin rashes, swollen eyelids, hyperpigmentation, short term memory loss, etc. (Kogevinas, 2001; Li et al., 2006;
Weber et al., 2008). Three major POPs have been identiﬁed which are
∗

Pesticides: Organochlorine pesticides (OCPs) such as dichlorodiphenyltrichloroethane (DDT); Chemicals used in industries such as polychlorinated biphenyls (PCBs) and related compounds; and industrial byproducts such as polyaromatic hydrocarbons (PAHs) which are not usually classiﬁed as persistent organic pollutant because they can be eﬀectively metabolized and without further bioaccumulation (Gaur et al.,
2018; Wenjing et al., 2019). However, because to the lipophilic nature
of PAHs and its frequent discharge in large quantities into the environment (Faboya et al., 2020), they are frequently classiﬁed as POPs in
many scientiﬁc publications and write ups (Jones and de Voogt, 1999;
Viktor et al., 2004; Ang et al., 2005; Ashraf, 2017; Alharbi et al., 2018).
OCPs are used in pests control; most of them in insecticides while one of
them in fungicides (hexachlorobenzene). OCPs such as DDT and related
compounds were intentionally produced and consumed in the ﬁrst half
of the 19th century. It was reported that some countries in Africa still
used DDT to control mosquitoes even up till 2014 (van den Berg et al.,
2017a). These chemicals ﬁnd their way into the environment through
agricultural runoﬀ from farmlands and improper disposal of the containers of these pesticides properly (Olisah et al., 2019b, Olisah et al.,
2020a). The global treaty termed Stockholm Convention for humans
and environmental protection against contamination from POPs initially
listed twelve POPs which was called the dirty dozen by the United Nations Environment Program. However, at the 2019 Convention on POPs
in May, a total of twenty-eight POPs were listed (Fiedler et al., 2019).
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Fig. 1. The Initial Twelve (12) Persistent Organic Pollutants as declared by Stockholm Convention.

Structures and names of the initial twelve POPs listed are presented
in Fig. 1 while the newly added sixteen (16) POPs are presented in
Fig. 2.
Majority of peer-reviewed articles relating to the prevalence and
monitoring of POPs in West Africa revealed that there are inadequate
studies on monitoring of POPs especially contamination of the air
(Mochungong and Zhu, 2015). This implies that more needs to be done
in monitoring the level of POPs in West African countries. The objectives of this review article is to create awareness on the increasing level
of POPs in West Africa, re-emphasize the need for regular monitoring
and proper documentation of POPs contamination levels in West Africa,
ensure regulatory bodies and all stakeholders sensitize the populace on
the need to reduce the release of POPs into the environment, and also
to enforce existing laws against release of POPs in West Africa.

Some of the major industrial processes serving as sources of POPs
are: the manufacture of some chemicals such as chlorophenols, waste
incinerators, dyeing of leather and textile, and waste oil reﬁning
(Mansour, 2009). Unhealthy agricultural practices such as seasonal bush
burning/forest ﬁre (Faboya et al., 2020), improper disposal of pesticide
containers among others are agricultural sources of environmental POPs
(Department of Environmental Aﬀairs, 2012). Lack of proper disposal of
wastes, unkempt dumpsites, and an increase in vehicular traﬃc are also
major means by which POPs are released into the environment.

4. Exposure of humans to POPs in West Africa
Persistent organic pollutants which are rarely produced in Africa
pose a major challenge in the continent due to various routes by which
they are transferred from one continent to another. One major route
through which POPs entered into West Africa was related to the use of
OCPs especially DDT for control of pests which dates back to the 1940s
(Klánová et al., 2009). The cultivation of some food crops such as maize,
and also cash crop (cocoa) which grows very well in West African countries especially Nigeria were cultivated using OCPs. Many of these OCPs
still exist in our environment despite the ban on their usage (Sojinu et al.,
2011). Some agriculturists especially in Sub-Saharan Africa still use
these banned substances for controlling pests (Oyeyiola et al., 2017).
These substances therefore bioaccumulate in the environment because
of their persistence and then biomagnify when it gets into the human’s
fatty tissues. Bioaccumulation of the OCPs in a biological system poses
serious health risk (Gwary et al., 2012). Statistics by World Resources Institute (WRI, 1996) shows that some countries in West African namely;
Benin, Cote d’Ivoire, Ghana, and Mali were among top consumers of
pesticide (Table 1).

2. Study area
West Africa is the western most region of Africa which covers an area
of about 5,112,903 km2 with coordinates 13.5317o N and 2.4604o W.
The United Nations speciﬁes that West Africa consists of 17 countries (Fig. 3) which are Nigeria, Burkina Faso, Mali, Benin, Senegal,
Cape Verde, Cote d’Ivoire, Ghana, Guinea, Togo, Guinea-Bissau, Liberia,
Niger, Mauritania, Sierra Leone, The Gambia, and Saint Helena, Ascension and Tristan da Cunha (Masson and Pattillo, 2001). The total population of West Africa was estimated in 2018 to be about 381 million
(UNDESA, 2019).
3. Sources and occurrence of POPs in West Africa
Four major sources of POPs (Fig. 4) in the environment have
been identiﬁed: Industry, waste, traﬃc, and agriculture (WHO, 2008).
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Fig. 2. The sixteen (16) newly added Persistent Organic Pollutants as declared by Stockholm Convention in 2019.

Fig. 3. Map of West Africa showing most prevalent POPs in ambient air in ﬁve West African countries (Modiﬁed from UNEP 2015).
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Fig. 4. POPs in the Environment.

Table 1
Historical use of pesticide in ﬁve countries in West Africa (modiﬁed from WRI 1996).
West African Country

Year ofUsage

Metric TonsUsed (MT)

Hectares(‘000 Ha)

Intensity(Kg/Ha)

Benin
Gambia
Cote d’Ivoire
Mali
Togo

1989
1993
1992
1992
1987

85
100
5,330
295
1,700

1,860
180
3,690
2,203
669

0.05
0.56
1.40
0.13
2.50

The use of pesticides in Africa especially in West Africa is still very
low compared to other continents, representing about 2 - 4% of the total used globally (Agrow, 2006) and this low usage of pesticides have
been attributed to a high poverty level, ﬂuctuating rainy season, and
indiﬀerent soils which prevented small scale agriculturists from modernizing in many countries in West Africa (Repetto and Baliga, 1996;
Mansour, 2009). A school of thought is that since the amount of pesticides used in other continents of the world compared to that used in
Africa is very low (Matthews et al., 2003) the risks factor must also
be correspondingly lower. This conclusion does not however, consider
health hazards that arise from toxicity of the use of these compounds
and critical short-comings in poor handling practices (Williamson et al.,
2008). Sadly, many of the banned or restricted OCPs in Europe and
North America are still in circulation for the control of pests in West
Africa (Szmedra, 1994; Adewumi and Fapohunda, 2018). Despite the
ban on highly toxic POPs (Bergkvist et al., 2012), there are some
OCPs that are still commonly used and exposed to humans via food
chains, such as DDT (Jacob, 2013). India still produces DDT while China
stopped its production in 2008 (Van den Berg et al., 2017b). In India,
around 4000 metric tonnes of DDT active ingredients were estimated to
be produced in 2005, while between 2003 and 2005, China produced a
total of about 4500 metric tons of DDT (Van den Berg et al., 2017b). The
estimate further revealed that 45% of DDT productions were exported
to Africa countries with South Africa and Ethiopia producing DDT from
ingredients imported from China. Some other African countries import
DDT formulated in South Africa (Klanova et al., 2009). Evaluation studies of POPs such as PAHs, PCBs, and PCDFs/PCDDs in Africa indicates
that West African countries such as Nigeria, Ghana, and Ivory Coast were
among the countries with the largest emission of POPs (UNEP, 2002).
Another major route of POPs entering into West Africa is through
electronic waste (e-waste) on dumpsites. When these electronics used
in oﬃces and homes become obsolete, they are disposed at dumpsites,
especially in Ghana and Nigeria (Asante et al., 2019). Studies have revealed that a brand new computer system’s average lifespan reduced
from four and half years in 1992 to two years in 2005 (Widmer et al.,
2005; Habib Al Razi, 2016). This drastically increased the amount of
computer systems for disposal and those exported to developing countries (Habib Al Razi, 2016). Thus, the open burning of e-wastes is a

major source of POPs release into the atmosphere and the environment
which poses harmful health eﬀects on humans (Asante et al., 2016).
Also, POPs found and are ﬁnding their way into West African countries through air and water from developed countries where they are
released in large quantities. Environmental persistence of organic pollutants is determined by the environmental conditions of a particular
place (Jacob, 2013). The life span of POPs in the atmosphere of tropical
regions such as West Africa is just several days while their life span in the
atmosphere in polar regions is several years (Huang et al., 2006). The
stability of POPs in the atmosphere therefore allows them to be transported through several kilometres (Kumar et al., 2005). Some highly
polluted sites in West Africa are shown in Fig. 5.
5. The prevalence of POPs in West Africa
5.1. Food contamination with POPs
Food, which is very vital to the survival of humans, acts not only
as the source of nutrients but usually does contain some other classes of
toxic substances such as POPs (Camel et al., 2018; Vaccher et al., 2020).
Many West African countries make use of a substantial amount of pesticides due to relatively harsh condition of climate that enhances the
rapid growth of disease and pests vectors (Linderholm et al., 2010). The
residues of these pesticides usually enters into the ecosystem and hence
food chain; gets accumulated and may become toxic for human consumption (Van den Berg et al., 2006). Concentration and accumulation
of large amounts of POPs by organs in ﬁsh may cause serious health hazards to humans (Mansour, 2009). OCPs contamination level in ﬁsh samples in River Niger, Nigeria was carried out using ten diﬀerent species
of brackish ﬁsh. OCPs contamination level were determined using standard methods and the results obtained show that twenty OCPs were
identiﬁed and measured using gas chromatography – electron capture
detector (GC-ECD). The OCPs with highest mean concentration summation in the ﬁsh samples from the Niger River was 4302 ± 2066 𝜇g/kg
fresh weights while the lowest concentration was 2320±876.4 𝜇g/kg.
These values are beyond the OCPs limit recommendation by WHO/FAO
(2000 𝜇g/kg fresh weight) and may therefore pose harmful health effects on consumption by humans (Unyimadu et al., 2018). In a related
4
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Table 2
Mean concentrations of PCDD/Fs, DL-PCBs, and PCDD/Fs + DL-PCBs
(Total) and mean PBDEs contamination level in food group (modiﬁed
from Vaccher et al. 2020).
Food group

N

PCDD/Fs

DL-PCBs

TOTAL

Mean PBDEs

EGGS
FISH
MEAT
MILK/DAIRY
OIL/FAT

4
9
7
7
11

0.034
0.161
0.021
0.032
0.102

0.012
0.117
0.010
0.017
0.021

0.046
0.278
0.030
0.048
0.123

6.9
92
2.4
7.4
2.8

Concentrations (pg/g ww); dl-dioxin like

America, and Asia (670, 500, and 460 ng/g lipid, respectively) and were
more than the median levels recorded in other continents (240-370 ng/g
lipid). The results obtained further revealed that median levels of SCCPs (68 ng/g), MCCPs (94 ng/g), CPs (160 ng/g), PCBs (23 ng/g), and
DDT (240 ng/g) are also relatively high in samples collected in Africa in
comparison to those collected from other regions with few exceptions
as shown in Table 3. Among the sixteen (16) African countries sampled,
seven (7) are in West Africa (Mali, Nigeria, Cote d’Ivoire, Togo, Niger,
Ghana, and Senegal).
Petrlik et al., (2019) carried out a study on POPs contamination in
eggs in two West African countries at a total of six sites which are; Agbogbloshie electronic-waste scrap site in Ghana, which is the largest in
the world; incinerators for medical wastes in Accra (Ghana), Kumasi
(Ghana) and Yaoundé (Cameroon); and two waste dump sites with an
open-burning system in Yaoundé (Cameroon). Their report revealed that
the eggs samples from Agbogbloshie’s scrap yard in Ghana contained the
highest contamination level with brominated dioxins ever measured in
eggs. The study further revealed that these eggs also contained the second highest contamination level with chlorinated dioxins ever measured
in eggs. Also, indicator PCBs (28, 52, 101, 118, 153, and 180) in the
sampled eggs were four times higher than the European Union (EU) recommended standard while dioxin and dioxin-like PCBs were 171 times
more than the EU recommended standard. The study further revealed
very high levels of SCCPs and PBDEs and relatively high HCB in the
sampled eggs. These ﬁndings raised concerns in Ghana about e-waste
recycling at Agbogbloshie. Sampled eggs at sources close to the medical waste incinerator in Accra, Ghana were 13 times more than the EU
dioxin limit and eggs sampled in Yaoundé were two times more than
EU limit. The eggs found from the vicinity of Yaoundé medical waste
incinerator was found to contain high levels of HBCD.
Signiﬁcant level of OCPs have been reported in fruits, vegetables,
and foods consumed in West Africa and the occurrence of these OCPs
have been linked to the use of pesticides for the control of vectors during their cultivation (Manirakiza et al., 2003; Sojinu et al., 2012). Level
of some OCPs were measured in higher plants in Nigeria (Sojinu et al.,
2012), vegetables and fruits in Nigeria (Oyeyiola et al., 2017); local
cheese and yoghurt (Darko and Acquaah, 2008), tomatoes, lettuces, cabbage (Bempah et al., 2012), and pawpaw (Bempah and Donkor, 2011)
in Ghana; tomatoes, cabbage, lettuces consumed in Togo (Kolani et al.,
2016); and onions and red pepper in Senegal-Gambia (Manirakiza et al.,
2003) as presented in Table 4.

Fig. 5. Some polluted sites in West Africa - E-waste dump site in Nigeria (A),
Polluted site in Senegal (B), Niger-Delta Polluted Site in Nigeria(C) and Agbogbloshie Scrap Yard in Ghana (D) (Getty images).

study carried out by Ezemonye et al., 2015 on Tilapia zilli and Clarias
gariepinus to test the level of ﬁsh contamination with 16 pesticides from
three (3) major rivers in Edo State, Nigeria. The analyses of pesticides
were conducted using GC-ECD and the obtained results reveal that 5.53–
9.98 𝜇g/g wet weight pesticide residues were found in tissues of Clarias
gariepinus which was more than the 3.49–4.98 𝜇g/g ww found in Tilapia
zilli while the most prominent organochlorine pesticide present was the
summation of 𝛽 – hexachlorocyclohexane. The results obtained further
revealed that OCPs present in the ﬁsh samples do not pose immediate
harmful eﬀects on humans since the reference limit and the hazard quotient are lower than recommended. A study carried out on tilapia ﬁsh
from inland and coastal areas in Ghana revealed that the mean PCBs
concentration was 62 𝜇g/kg (Asante et al., 2013) which is more than
the mean concentration reported for tilapia ﬁsh in Lake Volta while between 0.9 and 12.37 𝜇g/kg ww was reported for catﬁsh (KuranchieMensah et al., 2011). The results obtained show that the mean PCBs
concentration reported were less than the recommended amount (2000
𝜇g/kg) by the united states food and drug administration (USEPA, 2000;
Bruce-Vanderpuije et al., 2019). In similar studies carried out in Ghana
to ascertain DDT contamination levels in ﬁshes obtained from selected
lakes and reservoirs revealed that the mean concentration of DDT were
highest in tilapia gotten from Tono reservoir with a mean concentration value of 250 𝜇g/kg as reported by Akoto et al., (2016); while AduKumi et al., (2010) reported a mean concentration value of 253.4 𝜇g/kg
for tilapia zilli in Lake Volta.
A total diet study conducted by Vaccher et al., (2020) in four SubSaharan African countries on ﬁve hundred and twenty-eight (528) fatty
foods consumed from those areas out of which three are in West Africa.
The fatty foods pooled into forty-four (44) composite samples revealed
that contamination levels of POPs were similar to those earlier reported
in similar studies carried out globally (Kiviranta et al., 2004; Rivière
et al., 2014). The spectrum of POPs tested for were PCDDs, PCDFs,
PCBs, BFRs, OCs, PFAS and CFRs. In most cases, higher POPs concentrations were shown by ﬁsh food group (Table 2), with smoked ﬁsh having higher concentrations of POPs than non-smoked ﬁsh. The process
of smoking was suggested to be responsible for this observed diﬀerence
(Riviere et al., 2014; Vaccher et al., 2020).
A comparative study carried out between 2012 and 2019 and reported by Kratschmer et al., 2021 on the levels of chlorinated paraﬃns
(CPs) present in human milk samples in comparison with other persistent organic pollutants collected in ﬁfty-three countries from ﬁve continents (Europe, Africa, Central/South America, Australia/Oceania, and
Asia) was carried and the results obtained revealed that median ƩPOPs
levels are highest in human milk samples collected from Africa, South

5.2. Contamination of water with POPs
Several studies have been conducted on the prevalence of
POPs in freshwater aquatic environments in West African countries
(Alani et al., 2012, 2013a; Akoto et al., 2016; Fosu-Mensah et al., 2016;
Essumang et al., 2017; Unyimadu et al., 2017a; Moslen et al., 2019).
A study on the PCBs contamination level in River Niger, Nigeria revealed that the contamination level of PCBs in the river is beyond
the acceptable level. The report concluded that water from the river
is not good for human consumption (Unyimadu et al., 2017a). POPs
variation in tidal creek (Okpoka) in the Niger Delta, Nigeria revealed
5
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Table 3
Minimum–maximum concentrations range of CPs in comparison with total persistent organic pollutants levels (ƩPOPs) in milk samples from six continents (modiﬁed from Kratschmer et al. 2021).
Area

Africa

Asia

Europe

Central America

Oceania

South America

Samples (N)
SCCPs
MCCPs
CPs
PCBs
DDT
ƩPOPsb

16
40-310(68)
47-370(94)
98-680(160)
1.4-140(23)
96-630(240)
230-1,000(670)

4
27-160(59)
38-540(69)
65-700(130)
5.2-25(15)
45-470(130)
180-850(460)

15
9.8-100(33)
19-110(31)
28-170(75)
23-170(64)
64-1,500(130)
220-2,300(300)

5
28-48(38)
46-110(58)
85-140(100)
7.1-31(18)
63-620(100)
180-780(240)

9
36-190(86)
34-200(87)
73-370(170)
4.1-38(9.6)
68-1,400(130)
170-420(370)

8
17-110(41)
5.6-140(28)
23-250(68)
4.8-29(14)
46-1,900(250)
290-1,900(500)

Note: Values reported are minimum–maximum with median in parenthesis. b ƩPOPs include: aldrin, dieldrin, heptachlor, endosulfan,
chlordane, endrin, 𝛼/𝛽/𝛾-HBCDD, PCDD/Fs, SCCPs, MCCPs, PCBs, HCB, 𝛼/𝛽/𝛾-HCH, DDT, toxaphenes, mirex, pentachlorobenzene,
hexabromobiphenyl, chlordecone, and pentachlorophenol.
Table 4
Some OCPs contamination in some fruits, vegetables, and food products in West Africa.
Country (Location)

FoodCategory

ƩDDTs

Endosulfans

Lindane

Aldrin

Dieldrin

Nigeria
(Lagos)
Nigeria
(Lagos)
Nigeria
(Lagos)
Nigeria
(Lagos)
Nigeria
(Olomoro)
Nigeria
(Oginni)
Nigeria
(Irri/Calabar)
Ghana
(Aboaba)
Ghana
(Ayeduasi)
Ghana
(Accra)
Ghana
(Accra)
Ghana
(Accra)
Ghana
(Accra)
Togo

Tomatoes

<0.3

0.16

<0.2

0.7

<0.1

Water melon

<0.3

0.29

<0.2

1.92

<0.1

Carrots

<0.3

<0.09

<0.2

1.22

<0.1

Cabbage

<0.3

0.17

0.22

1.07

<0.1

Higher plants

6.40±7.81

30.2

1.66±1.91

Oyeyiola et al. (2017)
Sojinu et al. (2012)

Higher plants

1.58±0.04

7.69

0.14

Sojinu et al. (2012)

Higher plants

2.65±1.37

17.2

0.58±0.46

Sojinu et al. (2012)

Local cheese

163.1

0.57-9.06

0.88-30.49

Yoghurt

10.6

0.02-0.12

BDL-0.34

Tomatoes

BDL-10

BDL-20

Darko and
Acquaah (2008)
Darko and
Acquaah (2008)
Bempah et al. (2012)

Lettuces

186

24

Bempah et al. (2012)

Cabbage

402

196

Bempah et al. (2012)

Pawpaw

100

Togo
Togo
Senegal(Dakar)Gambia(Banjul)
Senegal(Dakar)Gambia(Banjul)

Refs.

Oyeyiola et al. (2017)
Oyeyiola et al. (2017)
Oyeyiola et al. (2017)

Bempah and
Donkor (2011)
Kolani et al. (2016)

Tomatoes
0.245±0.031

0.166±0.010

0.018±0.005

0.451±0.052

0.177±0.010

0.011±0.002

0.262±0.022

0.001±0.001

Onions

0.104±0.171
4.53

Red pepper

2.89

Cabbage

Kolani et al. (2016)

Lettuces

Kolani et al. (2016)
2.68
Manirakiza et al. (2003)
Manirakiza et al. (2003)

BDL – Below detection limit

that surface water contamination level caused by dieldrin ranged from
0.00001 𝜇g/l to 0.01 𝜇g/l while that of endrin ranged from 0.00001
𝜇g/l to 0.02 𝜇g/l. These values are within WHO and USEPA allowable limit (Moslen et al., 2019). A critical review written by BruceVanderpuije et al. (2019) on the state of POPs in Ghana revealed that
Lake Bosomtwe contained mean PCBs concentration was between 1,090
and 7,190 ng/l, with PCB-52 the most prevalent congener (Aﬀul et al.,
2013a). The PCBs concentration is beyond the USEPA maximum of 500
ng/l allowable limit in drinking water (USEPA, 2009). Similar studies
on OCPs contamination in River Densu in Weija and Nsawam which are
urban water in Greater Accra region was around 180 ng/l (KuranchieMensah et al., 2012). The observed OCPs levels were less than WHO
recommended maximum residue limits for surface water (WHO, 2017),
and groundwater (WHO, 2006; Aﬀul et al., 2013b) Lawani et al. (2017).
gave a report on the level of POPs pollution in river Oueme in Benin

Republic and the result obtained showed that the level of pollution
in the nine diﬀerent sampled sites ranged from moderate to strong
organic pollution levels as shown in Table 5. This report is corroborated by Houssou et al. (2017) that concluded that river Oueme is under the inﬂuence of increasing and high anthropogenic activities. Similarly, contamination levels of river Togo with POPs was studied by
Gbénonchi et al. (2016) and the result revealed that OCPs contamination
levels in river Togo in rainy season was between <0.001 and 0.093±0.20
μg/l for lindane and from < 0.001 to 0.98 ± 0.07 μg/l for dieldrin in dry
season. The report further revealed that concentrations of OCPs in water
were higher during the dry season while the concentrations of OCPs in
the sampled water in dry season were beyond the maximum acceptable
limit of 0.1 μg/l except for heptachlor, heptachlor epoxide, pp’-DDE,
and pp’-DDD. They concluded that contamination levels in river Togo is
due to human activities.
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Table 5
Organic pollution index (OPI) of sampled stations (modiﬁed from Lawani et al. 2017).
Stations

OPI Value

Level of organic pollution

S1
S2
S3
S4
S5
S6
S7
S8
S9

2.75
2.25
2.75
3
2.75
3.75
2.75
2.75
2.25

Strong
Strong
Strong
Moderate
Strong
Moderate
Strong
Strong
Strong

of 8%, Abeteﬁ had 3% increase while Bamako also experienced significant elevation in Ʃ17 PCDD/F concentrations (345 fg/m3 ); Ʃ9 PBDE in
all the three monitoring sites in West Africa remained relatively constant; a signiﬁcant decrease in Ʃ6 DDT was observed in all the monitoring sites except for Brazzaville and Sheda with 6 – 16% elevation
(p < 0.05); Ʃ32 Endosulfan witnessed a range of decrease between 24
and 54% (p < 0.01) at all the monitoring sites and Ʃ4 HCH concentrations showed a signiﬁcant decrease ranging from 12 to 33% (p < 0.05)
in almost all the monitoring sites.
5.4. Contamination of soils and sediments
Soil contamination with POPs is a major issue that aﬀects both agricultural and non-agricultural soils in West Africa because of the persistence and bioaccumulation of these organic pollutants in the soil
(Ashutosh et al., 2012). OCPs contamination level in the surface soils
were the major focus of POPs contamination studies in agricultural soils
in Ghana (Bentum et al., 2006; Ntow et al., 2007; Fosu-Mensah et al.,
2016). Agricultural soils from rural areas in Ghana used for cultivation
of cocoa and tomatoes were measured for OCPs contamination level
Fosu-Mensah et al. (2016). reported that the contamination level from
lindane gave a measured mean concentration of 50 𝜇g/kg in a cocoa
farm soil at Brong Ahafo region, and between 2,100 and 15,500 𝜇g/kg,
in farm soils in the central region of Ghana (Bentum et al., 2006). It was
further reported that 𝛽-HCH, dieldrin, and p,p’-DDT contaminants in cocoa farm soils had a mean concentrations which ranged between 5 and
50 𝜇g/kg. A report by Ntow et al., (2007) showed that the mean value of
tomato soils endosulfan dissipation ranged from 230 to 2300 𝜇g/kg and
endosulfan sulphate revealed a mean concentration value range of 40 to
650 𝜇g/kg for the soil at the top while 𝛽-endosulfan at the lower depth
of the soil showed mean concentration value range of 110 to 650 𝜇g/kg.
In a related study conducted in Nigeria by Alani et al. (2013b); soil samples were collected from Okobaba, Iddo, and Apapa, three locations near
the lagoon in Lagos State. The collected soil samples were analyzed for
PCBs, OCPs and PAHs using GC-MSD. The results obtained show that soil
samples from the Iddo area has the highest level of PAHs contamination
between 30.92 and 2,706.93 ng/g. This high level of PAHs was linked
to the high level of municipal activities such as agricultural, industrial,
domestic waste burning and other activities prevalent around that area.
The analyses of 27 PCBs detected in the collected soil samples revealed
that PCBs concentrations value was between 0.07 and 23.64 ng/g. The
highest PCBs contamination recorded was in the Okobaba area of Lagos
State. Similarly, the mean concentration of OCPs contamination level in
the tested samples was between 0.13 and 117.98 ng/g. The most prevalent OCPs were p,p′-DDT, p,p′-dichlorodiphenyldichloroethane (DDD),
and p,p′-dichlorodiphenyldichloroethylene (DDE) with mean concentrations of 33.22, 63.61, and 118.00 ng/g, respectively in tested soils
Faboya et al. (2020). conducted a study on PAHs levels and distribution
pattern in soils from hill top in Oye-Ekiti, Ekiti State in Nigeria which
has been exposed to a series of wild ﬁre by seasonal hunters. The investigation was carried out using GC-MS and measured mean concentration
of PAHs present in the soils were between 104.36 and 1868.93 ng/g
with the mean value of 713.36 ng/g. It was observed that average PAHs
value obtained in the soils were more than reported values in similar
soil samples from the other part of the world.
High prevalence of POPs contamination from water bodies’
sediments and coastal areas makes them highly studied (BruceVanderpuije et al., 2019). The Sediment Quality Guidelines were used
by Unyimadu (2017b) to determine the level of POPs contamination in
brackish and fresh water bodies in River Niger, Nigeria. Fifteen sites
in total were sampled for two years with three rivers each from Niger
State, Kogi State, and Anambra State, while six sites were sampled
from Bayelsa State. The samples collected were analyzed for POPs
contamination with GC-ECD and results obtained show that the mean
summation of PCBs range from 688 to 2964 𝜇g/kg dw and this exceeded
the threshold and the probable eﬀect concentrations of sediment’s qual-

5.3. Air contamination with POPs
Geographical and spatial variations aﬀect the level of air contamination with POPs, and also depend on input from emission sources (BruceVanderpuije et al., 2019). Studies on emission of PCBs in West Africa
revealed that the concentration is high especially in Gambia and Ivory
Coast both with up to 300 pg/m3 and the lowest PCBs contamination
level was recorded in Ghana (9 pg/m3 ) (Gioia et al., 2011). The results
obtained in Ghana are in tandem with an earlier report obtained through
the Global Atmosphere Pollution Study (Pozo et al., 2006; Pozo et al.,
2009). The report further revealed that Sierra Leone had a cumulative
PCBs concentration of 12.64 pg/m3 while Cape Verde had 99 pg/m3 .
Low PCBs level in Cape Verde is further corroborated by a report by
Nøst et al. (2018) where ambient air sampling was carried out between
May 2012 and June 2013. The second global monitoring report on POPs
in Africa region in 2015 revealed that the most prevalent POPs in ambient air sampling sites were pesticides with DDTs, endosulfans, and
HCHs being the most prevalent pesticides. Furthermore, the concentrations of dioxin like PCBs were lower than indicators PCBs in the sampled
air. Also, the levels of POPs which are unintentionally produced such
as PCDDs and PCDFs were high in monitoring sites. The most prevalent POPs in ambient air in ﬁve West African countries is shown in
Fig. 3. DDTs contamination in mothers’ milk was the highest with dieldrin, heptachlors, HCHs, endosulfans, and toxaphene also detected but
at much lower concentrations and frequencies (< 20 ng/g fat). Some
industrial POPs of concern such as PCBs, dl-PCBs, PBDEs, PCDDs, and
PCDFs were also detected but at lower concentrations in sampled mothers’ milk. A report by Klanova et al. (2009) on POPs monitoring in the
passive air across the continent of Africa revealed that Dakar in Senegal has the highest concentration of PCBs in passive air samples. The
average mean obtained was 104 ng/sample and this is an indication
that PCBs contamination level in the ambient air was 500 ng/pgm3 in
Senegal. The lowest PCBs contamination levels were recorded in monitoring sites in Mali and rural sites in Mali and Nigeria having a value of
around 1 ng/sample. The third highest PAHs level of 9 μg/sample was
measured at the urban background in Senegal and the cotton growing
region in Mali, while the lowest concentration of PAHs were recorded in
Tombouctou in Mali. West Africa is yet to be identiﬁed as a signiﬁcant
PCBs emission source region by the global emission monitoring system
(Breivik et al., 2007; Gioia et al., 2011). However, the relatively high
level of POPs in West Africa have been linked with dumping of e-wastes,
biomass burning/forest ﬁres, ship wreckage, industrial and agricultural
sources (use of pesticides), among other sources (Eckhardt et al., 2007;
Gioia et al., 2011) White et al. (2021). further monitored the levels of
POPs in the passive air in nine (9) African countries out of which three
(3) are from West Africa. The monitoring of twenty POPs was carried
out from 2008 to 2019 and the report revealed that mean concentrations of 6 indicator PCB congeners (Ʃ6 PCB) decreased at all the monitoring sites with the least reduction observed at one of the monitoring
sites in West Africa (Sheda in Nigeria) with the range of reduction being
17–21%, p < 0.01); atmospheric Ʃ17 PCDD/F concentrations were relatively constant in the monitoring sites with Sheda having an increase
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ity guidelines (SDGs) of 59.8 and 676 𝜇g/kg dw respectively in all
sampled locations. Similarly, OCPs values exceeded the SQGs values
in 3 to 5 folds for chlordane, DDE and Lindane. Based on the results
obtained from this study, River Niger’s sediment can be classiﬁed as
toxic. He further suggested that benthic zone health risk from POPs
contamination in River Niger should be monitored and evaluated regularly Unyimadu et al. (2019). conducted a related study on sediment’s
distribution and concentration of OCPs present in Niger River, Nigeria
using 120 sediment samples obtained from 15 diﬀerent sampling points
along the river. The results obtained reveal the highest concentration of
OCPs (5023 ± 1596 μg/kg) was recorded at a location in Onitsha, while
OCPs concentration (1570 ± 2044.5 μg/kg) was lowest at Nicolas River
in a particular location. They further reported that the concentration
of chlordane (24.4 to 134.1 μg/kg dw) in certain locations in Lokoja
and Nicholas exceeded the probable eﬀect concentration guideline.

is however regrettable that most developing countries lack the technical know-how and facilities needed to eﬀectively manage and recycle wastes. In most countries in West Africa, the laws and regulations
prohibiting the production, importation, distribution, exportation, sale,
and use of POPs are either weak or non-existing (Hafeez et al., 2016;
Rehman et al., 2020). Where these laws are existing, the enforcement
of the laws are lacking due to corruption, insincerity on the part of government, lack of knowledge on the harmful eﬀects of POPs, and inadequate waste management scheme. Wastes (municipal, industrial, and
e-wastes) are indiscriminately dumped in water bodies, drainages, and
private lands especially in big cities (Sheriﬀ et al., 2021). Most big cities
in West Africa are ﬂooded with illegal dumpsites which are not well
managed by the government thus resulting in indiscriminate burning of
wastes thereby releasing large quantities of POPs into the atmosphere.
It is now very common to see residential building very close to even
the government approved dumpsites in West Africa especially in big
cities. These therefore increases the risks of exposure to POPs emanating
from these dumpsites. Also, the enforcement on the ban on importation
of POPs containing substances especially OCPs (DDT) from developed
countries is weak and lacking in most West African countries.
It is very important that all countries in West Africa key into the
Stockholm Convention agreement on the eradication of POPs in the environment by ensuring that they have a working and updated NIPs, environmental protection agencies in West African countries should improve in their service deliveries, laws regulating the production, distribution, and use of POPs should be well implemented, there should
be enforcement of laws against indiscriminate dumping of refuse, and
also all stakeholders must ensure the sensitization of her citizens on the
adverse eﬀects of POPs on the ecosystem.

Gbénonchi et al. (2016) conducted a study using forty–eight (48)
sediment samples collected in both rainy and dry seasons to determine
the severity of OCPs contamination level in Lake Togo used historically
for agriculture and in combating public health disease vectors. The obtained from the analysis of the sediments which were carried out using
GC-ECD revealed that the level of p,p’-DDE in the sampled sediments
in the rainy season was between < 0.001 and 0.98±0.18 𝜇g/ kg dw
while the level of contamination from heptachlor epoxide was between
< 0.001 and 2.19 ± 0.13 𝜇g/kg dw in the dry season. From the results
obtained, they observed that the concentrations of OCPs in sampled sediments were lower during rainy season than the dry season. They therefore concluded that the contamination level from pesticides to human
health during the dry season in the lake is likely to be more hazardous
(Gbénonchi et al., 2016).

8. Conclusions and suggested recommendations
6. Stockholm convention (SC) and national implementation plans
(NIPs) in West Africa

The issue of POPs contamination is a global issue, especially in West
African countries. The level of pollution of air, water, soil, and food with
POPs is high and thus requires urgent attention before it causes severe
health hazards to the biotic component of the environment. Level of
POPs in the major rivers in West Africa should be monitored regularly
and eﬀorts should be made to reduce the level of POPs contamination
in water bodies. West African countries should ensure that they implement the SC plan for minimizing and eliminating releases of listed POPs
into the environment. Concerted eﬀorts should be made in reducing the
release of POPs to the environment through industrial routes, combustion products from aged automobiles, the use of obsolete organochlorines, unattended dumpsites, and indiscriminate burning. All stakeholders; Government, Industrial institutions, NGOs, and the populace at large
should raise awareness on the harmful eﬀects of POPs and how to reduce or eliminate them in our environment. There should be a reduction in the use of fossil fuels; bush burning and forest ﬁres should be
discouraged, and law enforcement against the use of banned pesticides
by UNEP should be done. In addition, dumpsites should be engineered
and well attended to; alternative and cleaner sources of energy should
be encouraged and laws against indiscriminate dumping of refuse and
open burning should be enforced.

The Stockholm Convention on the regulation of POPs production and
use in May 2001 and enforced on May 2004 (UNEP, 2004) had its main
focus on reducing and eliminating the release of the initial 12 POPs
on the list of United Nations Environment Program (Mansour, 2009).
In 2018, additional sixteen (16) POPs were added to the twelve (12)
initial POPs listed, yet most West African countries have not been able to
reduce not to talk of eliminating the initial 12 POPs. The United Nations
industrial development organization (UNIDO) is the principal agency
assisting developing countries in preparing NIPs. In Africa, thirty (30)
countries have solicited assistance from UNIDO which is helping in the
following areas:
Creating POPs awareness within the country; assessment of chemical management and infrastructure; establishing POPs inventories; information management enhancement; designing a working national coordination plan SC implementation guidelines; involving the country’s
stakeholders; POPs contamination evaluation; the priority setting in addressing lingering problems; and planning of actions to meet the Convention’s stated obligations (Mansour, 2009).
It also helps create awareness of POPs contamination through NGOs
at community level using one of its initiatives, which is the Global Environment Facility (UNIDO, 2003). Forty (40) countries have been given
NIPs updates approval by UNEP, out of which nine are in West Africa;
ﬁve countries (Burkina Faso, Guinea, Liberia, Nigeria, and Togo) under
UNIDO; three countries (Benin, Gambia, and Ghana) under UNEP; and
one (Senegal) under GEFSEC (GEF, 2013).
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