International Journal of Scientific and Research Publications, Volume 9, Issue 11, November 2019
ISSN 2250-3153

268

Environmental Hazards and Health Impacts of
Organochlorine Pesticides (OCPs) qua POPs
in Benin’s Cotton Basin
Fangnon Firmin Fangninou *,**, Prudence Houedegnon *,**, Janet Nassali *,**,
Ahyana Maxine Bowen *, **, Naila Benarab *, **, Ithabeleng Anna Moleli *, **
*State Key Laboratory of Pollution Control and Resource Reuse, Key Laboratory of Yangtze River Water Environment, College of Environmental
Science and Engineering, Tongji, University, Shanghai 200092, P.R. China
**UN Environment-Tongji Institute of Environment for Sustainable Development, College of Environmental Science and Engineering, Tongji
University, Shanghai 200092, P.R. China.
DOI: 10.29322/IJSRP.9.11.2019.p9530
http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

Abstract- Organochlorine pesticides (OCPs) are carbon-based
classes of chemical compounds classified as persistent organic
pollutants (POPs) and produced for agricultural purposes. OCPs
are used in the cotton-growing, which is now one of the mainstays
of the appeal of these compounds in Benin, although their use was
banned following the 2001 Stockholm Convention. In fact, the
OCPs have raised problems such as contamination of the
environment (soil, sediment, water, air and biota), hazards to
organisms and also human health problems. Due to their solubility
and persistence, they have been detected in foodstuffs, chains and
food networks in Benin (vegetables, meat, milk, fish, crabs,
amphibians, birds). Exposure to OCPs is associated with adverse
effects in cotton producers, including headaches, dizziness,
convulsions, loss of consciousness, blurred or dark vision,
weakness, change in blood pressure, skin irritation, etc. Chronic
effects related to pesticide exposure can lead to cancer, diabetes,
reproductive disorders, Parkinson's disease and even death (e.g.
endosulfan in Benin). OCPs are therefore well-known carcinogens,
teratogens, endocrine disruptors, neurotoxins, etc. Although longterm/low-dose exposure to OCPs and POPs in general has long
been suspected of causing adverse health effects, genetic and
biochemical mechanisms underlying the effects of pesticides on
these diseases remain to be elucidated in further studies.
Index Terms- Organochlorines Pesticides, Persistent Organic
Pollutants, Cotton, environment, health, Benin.
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I. INTRODUCTION

rganochlorine pesticides (OCPs) are a set of classes of
synthetic compounds, ranked as POPs introduced as a result
of technological and chemical revolutions leading to remarkable
breakthroughs, but also caused an unexpected health issue. A
common known OCP, dichlorodiphenyltrichloroethane (DDT)
was applied in the period 1942-1960s as malaria control, typhus,
and yellow fever diseases 1, 2. However, their present harmful and
serious adverse effects on the biosphere due to their
physicochemical nature characterized by high lipophilicity, acute
toxicity, persistence in environmental matrices (soils, sediment,
air, and biota) classifying them as “long-range” 3-6.
Pesticides are chemicals used to impede, destroy, repel or reduce
any harmful organism and are categorized as insecticides,
rodenticides, herbicides, algaecides, fungicides or bactericides 7.
http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

According to 8 just only 0.1% of applied pesticides achieve the
targeted pests, while the remainder stays in their respective
environment matrices through uptake, bio-accumulation and
consequent bio-magnification along ecosystems and food chains 911
. Most pesticides are known fat-soluble and is able to easily
accumulate within human tissues, maternal blood placenta, and
breast milk 12-14 which have been described as good biomarkers
of human exposure assessment to organic pollutants and reported
in myriad studies across the world including Benin 15, China 16,
Japan 17, Spain 18, Sweden 19, UK 20.
OCPs qua POPs due to their widespread applications are mainly
found to be concentrated in high density populated of subtropical
and tropical regions 21 where vulnerability factors such as extreme
hot temperatures, galloping annual rainfall are prevalent 22. Such
areas are conducive to cash crops (e.g. cotton), which use
invaluable amounts of OCPs. Unsustainable growing cotton i.e.
with broad inputs of pesticides are responsible for large-scale
ecosystem hazards and local living people's health and livelihood
impairments.
Benin is, ranked among the leading cotton producers in Africa,
where cotton-growing accounts for up to 75% of export revenues
23
and consumes 90% Beninese's insecticide market 24, compared
to 24% world's insecticide market needed to that speculation 25, 26.
For very long some OCPs were broadly used in cotton pests
control including DDT, lindane, endosulfan, heptachlor, endrin27,
28
. Such products now have been banned from use at the
Stockholm Convention in 2001 and in Benin.
The widespread use and application of OCPs qua POPs in Benin
resulted in the nearly 37 cases of deaths during the 1999-2000
season and 5 deaths out of 105 cases between 2007 and 2008 due
to the poisoning of Endosulfan in the Borgou region 29.
In North Benin, which records as the most cotton-growing area,
high OCP concentration levels detected in aquatic ecosystems
such as rivers of national parks, streams, and other surface waters
supporting aquatic life 30. Aquatic ecosystems are thus the final
course of agricultural pesticides 31, 32. For instance, DDT and
dieldrin were detected at high levels in fish species of Oueme river
(Protopterus annectens, Schilbe intermedius, Clarias gariepinus)
27, 30
.
If recurrent cases of OCP residues are still detected despite their
ban then there is a problem of their recent use likely in the growth
of cotton in Benin. This current paper affords an overview of the
www.ijsrp.org
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relationship between Organochlorine Pesticides used in the
Beninese cotton-growing basin and their effects on the natural
environmental matrices and human risks.
II. OCPS/POPS LEGISLATION AND REGULATIONS
Pesticide remanence in food and cash crops has created a host of
harmful effects on human and non-human organisms. Given the
risks, it is urgent that measures are taken to prevent any further
release about these hazardous compounds. Therefore, various
international specialized institutions (Secretariat of Stockholm
Convention, WHO, World Bank, FAO, UNEP, GEF, UNITAR),
government (CCME, EPA) and non-governmental organizations
(CIEL, IPEN, IFCS, PANNA), truly concerned by these
contaminants, have consented considerable. POP production, use,
and release, mostly organochlorine pesticides, implemented at the
Stockholm Convention were banned or severely restricted in order
to tackle POPs accumulation and biomagnification. From the
abovementioned conventions, POPs were regulated and listed in
Annex 1-4, [35].
Benin doesn’t currently have a pesticide disposal infrastructure.
However, the reduction and/or elimination of POPs pesticides is
regulated by FAO guidelines and ratified conventions such as
o Stockholm Convention on POPs ratified in January 2004;
o Rotterdam Convention on the Prior Informed Consent (PIC)
Procedure for Certain Hazardous Chemicals and Pesticides in
International Trade, ratified on January 5, 2004. Under PIC,
implemented jointly by FAO and the International Register of
Potentially Toxic Chemicals (UNEP/IRPTC) in 1994,
"pesticides banned or severely restricted for health reasons
or the environment are subject to the Prior Informed Consent
procedure. No pesticide in these categories should be
exported to an importing country participating in the PIC
procedure contrary to that country's decision..." 33. For
instance, endosulfan in Annex III of the Rotterdam
Convention on PIC.
o Basel Convention on the Control of Transboundary
Movements of Hazardous Wastes and their Disposal,
accession on December 14, 1997.
o -convention of Viennes, adhered on July 1, 1993, concerning
the adjuvants present in the formulation of the molecules of
pesticides
Through an investigation in Benin, it has been established a list of
sixty-six phytopharmaceutical products whose importation and
packaging for the national marketing as well as employment in
agriculture are prohibited. From the sixty-six substances, seven of
the twelve POPs revealed being listed in the Stockholm
Convention. There are OCP such as DDT, heptachlor, dieldrin,
aldrin, endrin, chlordane, and Mirex 34. The review shows that the
legislative framework for POPs is recent and is contained in the
broader chemicals or poisonous substances. Benin is practically a
country essentially consuming POPs that it imports. The lack of
coherence of national policies on plant health protection, the
sporadic or partial nature of agricultural control and the absence
of pest risk analysis are some elements leading to ineffective
implementation of the regulation, facilitating the informal. The
informal pesticide distribution system has evolved very actively
and has grown significantly due to the existence of a local service
to the rural world, flexibility towards producers and the practice
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of costs. This circuit is this path that still encourages the use of
OCPs and involves risks related to human, animal and
environmental health.
III. OCPS EXPOSURE PATHWAYS
Through various routes, humans can be exposed to OCPs and
hazardous substances including diet, occupation, accidents and
both indoor and outdoor environments. These routes are easily
assimilable to the breathing polluted air, dermal penetration or
ingestion of contaminated foods and drinking water 2, 35. Overall,
exposure to pesticides can either be acute or chronic. In fact, acute
exposure occurs obviously during pesticide production or
chemical accidents 36. For certain pesticides, point sources (e.g.
WWTP) are responsible for high contamination compared to nonpoint sources. Symptoms of intoxication and exposure mode are
closely bound, meaning chronic exposure occurs most commonly
via dietary pathways 37. For instance, chronic exposure recorded
about the 12 banned POPs happened mostly through food products.
Animal fatty tissues and edible oils especially from cottonseeds
are major foods containing the greatest concentrations of
pesticides. Food contamination by pesticides is one of worldwide
concern 35 and chronic effects of prolonged exposure to pesticides
may become important enough to cause clinical symptoms.
Therefore, Maximum Residue Limits (MRLs) is the legally and
toxicologically acceptable maximum concentrations used to
approve pesticide residues (in mg/kg) on or within foods and feeds
38, 39
. When residue value is higher than the MRL value then the
residues are compared with the Acute Reference Dose (ARfD)
and/or the Acceptable Daily Intake (ADI) 11, 40.
Survey programs across Benin territory have found pesticide
residues in several agricultural products. Traces of
organochlorines from DDT and derived groups, heptachlor
lindane, dieldrin, and chlordane were reported in 17 fresh products,
7 stored commodities, and 116 plant product samples 41, 42. Among
the various contaminated agricultural products, yam chips, okra,
cowpea, tomato were cited. In Benin's river flood plains, grown
vegetables contained various concentrations of OCP, including
DDTs (1,578 μg / g dw), drins (57 μg / g dw) and lindane (444 μg
/ g dw) which were above MRLs and safe consumption limits by
WHO guidelines 2.
In addition, traces of these same pesticides have been identified in
goat and cow's milk 41, 42. The investigation of OCPs'
bioaccumulation and exposure risks in Ivory Coast State reveals
general contamination of cow's milk and butter by HCH
(hexachlorocyclohexane), DDT and cycloidians groups 43. The
majority of pesticide pollutants introduced into the environment
accumulate in livestock through fodder or contaminated water 44.
Water is involved in transporting pesticides from the field to
surface or groundwater at the first rainy events after application
with the 5% loss due to runoff. Pesticide fate depends on a
relationship pesticide-soil property with meteorological
conditions and site characteristics.
Pesticide residues identified in the different samples may, in the
long term, because of their tendency to bioaccumulate, have toxic
effects to varying degrees on the higher links of food chains (the
problem of survival and reproduction). Contamination of water,
plants, and insects (e.g. bees) involves the entire food chains. The
man at the top of all food webs is not spared from this threat given
his consumption of products contaminated by pesticides.
www.ijsrp.org
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IV. OCPS CONTAMINATION OF NATURAL ENVIRONMENT:
SURFACE & GROUNDWATER, SEDIMENTS AND SOILS
There is recorded evidence of OCP contamination in Benin water
resources. Cotton pesticides are generally soluble in water,
ranging between 0.3 and 1000 mg / L 45. Rapid contamination of
aquatic ecosystems by pesticides is facilitated via leaching, runoff,
equipment washing, empty container disposal and the vicinity of
crop growing field to water bodies. In Benin’s cotton zone 46% of
cotton and corn producers have a field within 500 m of water
bodies or fish ponds. That means agricultural production facilities
threaten aquatic life and the neighboring populations who make
domestic use of these water bodies 46. Recently, high
concentrations of endosulfan (58–746 .g/L), DDT (6.45–100 g/L),
dieldrin (1–48 .g/L) and heptachlor (34–83 .g/L) were detected in
freshwaters (Fig.1) including Agbado (Savalou), Atacora, Djona,
and W Park Rivers 27, 30 which by far exceed drinking water quality
standards in Benin.
In addition, OCP residues including DDT and metabolites,
Lindane, Endosulfan, and Aldrin and derivatives have been
identified and quantified in sediments in Benin collected in
Nokoué Lake 47, along the Ouémé River 48, Agbado River 49, Kiti
river 50, Magou river 51, and at the Gogounou-Kandi-Banikoara
cotton belt 28. Sediments in some of these waters show DDT and
metabolites residues high relative to detection limits and also
compared to sediments in the subregions 30. The high values of
endosulfan reported in the Gogounou-Kandi-Banikoara cotton
belt (120-150 mg/kg) were comparatively higher than some other
streams. The high endosulfan presence may indicate recent use of
this pesticide in cotton-growing regions through its reintroduction
with the regional project on the prevention and management of
worm cotton resistance Helicoverpa armigera 52.
In general, contaminated surface waters can sink to sediments.
High values reported in certain sediments in Benin can be
explained the belonging and proximity of the to the cotton fields,
but also by the low solubility of OCPs settling on sediments when
the streams are contaminated 30, 46.
The risks of soil contamination are all the greater as the products
are intensively used and have high persistence in the soil.
Pesticides joint soil during spraying or cleaning application
equipment. These pesticides penetrate the soils where they
undergo dispersion phenomena destroying mineral and organic
elements and non-target organisms. The rest is infiltrating or
draining towards streams.
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making them as well an adequate bioindicator in aquatic
ecosystems 54, 55.
On certain adult birds in California, synthetic compounds cause
acute mortality rate, sublethal stress, reproductive failure,
elimination of egg formation, shell thinning, chick-rearing and
behaviors hatching changes 56. A study conducted in India
reported that repetitive use of OCPs leads to a decline in birds'
population like the bald eagle, sparrow hawk and peregrine falcon.
Therefore, pesticides lead to habitat and population loss,
behavioral changes and decline in several birds 57. Moreover,
pesticides act on wildlife endocrine system and disrupt the
estrogen receptors (ER) or androgen receptors (AR). Most
environmental chemicals are suspected to have anti-estrogenic
effects 58 leading to a decrease in prolactin production 59.

V. OCPS EFFECTS ON BIOTA, EXPERIMENTAL ANIMALS
Some examples of in vivo studies in human subjects or animal
models and animal studies associated with human microbiota
using a range of relevant pesticide concentrations were recently
conducted.
Biota
Links have been established between POP pesticide exposure and
fauna decline, disease or behavioral and congenital anomalies in
fish, birds, and mammals, involving human health investigations.
Wildlife populations could also be considered a sentinel for human
health to sound the alarm bells 53. Bird communities are a great
terrestrial indicator of environmental pollution 44. More commonly,
fish show toxicological effects related to contaminant exposure,
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Fig. 1. OCPs occurrence in Benin
Data source: Adapted from 30

In Benin, recurrent use of OCPs in cotton growing and in market
gardening causes many fish species death including Clarias
gariepinus, Tilapia nilotica and Polypterus endlicheri, observed
in river systems and other Niger River tributaries 30, 51. Such
species of carnivorous fish, collected in various rivers located
either internally or externally protected areas — Pendjari and WBenin Park, flora and habitats — contain high concentration
levels of DDT, DDE, Endosulfan, Lindane, heptachlor, dieldrin
due to high lipophilicity, low water solubility and high persistence,
www.ijsrp.org
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given them bioaccumulation and biomagnification capacity along
the trophic chains 30. In addition, lindane (105 μg / g), dieldrin (75
μg / g), heptachlor (30 μg / g), pp-TDE (28 μg / g) was reported in
males Sarotherodon melanotheron within the Ouémé River 60
leading to health disruption of fishes due to the high lethal
concentration. Recently, OCP residues collected in fish (Clarias
gariepinus, Clarias ebriensis), amphibians (Bufo regularis,
Xenopus muelleri) and crabs (Cardiosoma aramatum) in the Kiti
River in Benin, were ranged between 23-515 ng / g lipid for ΣDDT
and from 27- to 75 ng / g lipid for α-Endosulfan 50. Contamination
levels of residual Organochlorine compound collected were found
highly greater to limit of detection fixed to 0.1 ng / g lipid due to
cotton-growing activities in the area.
Overall, pesticide toxicity towards wildlife depends on the
persistence and chemical degree toxicity. However, dose, time and
duration of application are fundamental variables in a pesticide's
toxicity. For example, Wildlife is more vulnerable to pesticide
effects during nesting, breastfeeding, or in times of low food
availability.
Experimental animals
The use of OCPs has resulted in persistent and widespread
contamination of the natural environment, with effects on animal
and human organisms. As a result, laboratory toxicity tests in
animal models have been of inevitable use in assessing these
effects, and even in detecting fatal cases.
For several years, fruit flies (Drosophila melanogaster) have been
broadly used for environmental toxicology studies and elucidating
human diseases. Therefore, it has been recommended as an
alternative animal model for screening the risks caused by
environmental chemicals in a study conducted by Sharma and
collaborators 61. Indeed, 0.02 to 2.0 µg /ml endosulfan
concentrations exposed in the third instar fruitfly "Oregon R+"
larvae diet has resulted in organismal responses such as a fly
emergence delay with a remarkable decrease in adult flies' number
and locomotor behaviors 61. Moreover, chlordane exposure to
zebrafish larvae (Danio rerio) have significantly a lower survival
rate, developmental and hatching time delay and decreased
embryo productivity. Such results indicated even chlordane at
short-term exposure in daily-life acts as an endocrine-disrupting
chemical and would result in changes in phenotypes and
reproductive development 62. A recent study has established the
link between neurodegenerative risks in zebrafish and dietary
exposure to dieldrin. Thus, dieldrin neurotoxicity is explained by
the protein alteration related to the mitochondria, immune system,
and Parkinson's disease 63. exposure of heptachlor to mice resulted
in movement deficits similar to parkinsonism and nerve
dopaminergic neuronal loss 64. Epidemiological investigations
have revealed evidence of an obvious or almost no association
with exposure to DDT and tumor development, or even cancer in
humans. However, exposure to DDT demonstrated in rats and
mice has induced obvious hepatho-carcinogenic tumors in the
lungs, the liver and adrenal glands 65. In addition, daily oral
ingestion of 1.10 mg/kg lindane led to changes in gene expression
in Rat Liver accounting for carcinogenicity. Recently, exposure of
1000 ug / L lindane to D. melanogaster is associated with tumor
cell migration and changes in gene expression in Unfolded Protein
Response (UPR) and Mitogen-Activated Protein Kinase signaling
pathways (MAPK) 66. Knowing that each type of organochlorine
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pesticide possesses intrinsic toxicity, it remains important to
establish the molecular mechanisms underlying the adverse effects
of environmental pollutants no matter they are pesticides,
industrials products or disease control compounds.
VI. ORGANOCHLORINE PESTICIDE (OCP) EXPOSURE AND
HUMAN HEALTH EFFECTS
A UN report published in 2017 said that although pesticide uses
are well-correlated with food production increase, they had
catastrophic effects on human health and the environment without
ending hunger. it is counted every year, 200,000 individuals on
average die as a result of exposure to toxic pesticides around the
world 67. Pesticide adverse effects associated with human health
are related to the pesticide individual toxicity. Certain pesticides
are nervous system disrupters. Others are the skin or eye irritants.
Some are probably or possible carcinogens. And others may act as
hormonal or endocrine system disrupting in the body. For
instance, WHO states, "Pesticide toxicity is dependent on its
function and other factors. As a result, the herbicide compounds
for humans are less toxic than the insecticidal ones."68. OCP
exposures at an acute, chronic or lethal dose are associated with
diseases that can lead to death. Synergistic effects of pesticides are
another phenomenon much less known and studied yet potentially
even more dangerous. Also called "cocktail effect" and potentially
devastating in the long term, health consequences of a mixture of
different chemical pollutants remain severe. Thus, some of the
pesticides found alone in water at given doses are considered nonhazardous, sadly the cumulative effects of many are largely
unknown. Worse still, there are pesticides spread in natural waters
to that point the number of their combinations at various
concentrations is virtually impossible to simulate.
Endocrine system
OCPs are known as endocrine-disrupting chemicals (EDCs) since
they interfere with the endocrine system function and normal
molecular circuitry 44. They are able to affect hormone signalinglike estrogen, thyroid and androgens, which are an essential part
of normal embryonic development 69, mammalian reproduction
and neurological function 70. A study on prenatal exposure of
Chinese pregnant mothers to DDT, HCB, b-BHC, and Mirex is
associated with a significant birth weight decrease 71. A similar
study conducted previously on Ukrainian subjects showed a
weight decrease for the highest levels of OCP exposure 72. Spanish
study revealed that certain OCP exposure to prenatal
circumstances could impair the fetus anthropometric
development, reduce 0.39 cm in birth length for each 10-unit
increase in HCB concentrations, decrease 107 g, 63g, 53 g and 79
g in birth weight for each 10-unit increase respectively 4,4-DDE,
4,4'-DDT, b-BCH and HCB concentrations in cord serum, and
head circumference of birth is reduced of 0.26 cm 73. Certain
researchers found a bonding between precocious puberty in
females and pesticide exposures 74, 75 while others found their
association with delayed puberty 76. Indeed, a study of a group of
participants from the Michigan Fishery Cohort revealed an
increase of 15 ug / l in utero DDE exposure, reducing the age at
menarche by 1 year 77. Reduced gonadotropic hormones, delayed
physical and sexual developments, delayed puberty and estradiol
were associated with increased levels of OCPs in the blood of
women living in South Kazakhstan cotton-growing regions 78. It is
www.ijsrp.org
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even obvious that precocious puberty mechanism is related to
previous exposure to estrogenic endocrine disruptors like DDT in
immigrants from developing countries to Belgium while native
girls showed undetectable concentrations 74.
Neurotoxicity
Certain pesticides due to their toxicity are associated with neuron
loss (neuronopathy), oxidative stress, cytoskeleton disruption,
calcium overload, or mitochondria damaging, either by necrosis or
apoptosis 79. Lindane and some cycloidians including aldrin,
chlordane, heptachlor, and dieldrin, have moderate to high acute
oral toxicity with the central nervous system as their primary target
80
.
The USA cohorts samples composed of ranchers, farmers and
fishermen exposed to pesticides present a 70% higher incidence of
Parkinson's disease (PD) 81. In addition, several studies have
recognized that occupational and chronic exposures to pesticides
are a potential risk factor for various neurodegenerative diseases
including madness and mild cognitive impairments, closely to
Alzheimer's disease (AD) 82, 83. In addition, several studies have
recognized that occupational and chronic exposures to pesticides
are a potential risk factor for various neurodegenerative diseases
including madness and mild cognitive impairments, closely to
Alzheimer's disease (AD) 84. Similarly, in North India population,
authors reported a significant association between AD and high
levels of dieldrin (OR =2.086, 95% CI = 1.224-3.555) and β-HCH
(OR = 2.064, 95% 95% = 1.373-3.102)85.
It has been recognized that mitochondria have homeostatic
functions in ion homeostasis, metabolic cell signaling, in the cell
morphology regulation, mobility and multiplication, and in
triggering apoptosis. Any events from environmental toxins (e.g.
chlorinated cyclodiene: Dieldrin) that significantly alters ATP
levels, the universal source of chemical energy in the cell, inhibit
of biosynthetic pathways essential for mitochondrial function86.
Recently, studies shown β-HCH and p'-DDE tend to accumulate
in the liver resulting in mitochondrial dysfunction and changes in
hepatic metabolite profile87.
In children, OCP exposures are associated with neuron
development problems recognizable by the reduction in mental
and psychomotor functions 88, autism spectrum disorder (ASD)
and Hyperactivity or not with Attention Deficit Disorder (ADHD)
89
.
Carcinogenicity
Global cancer 2018 has reported 18.1 million new cases of cancerrelated incidence and mortality. In fact, overall cancer cases,
11.6% of lung cancers, 11.6% of breast cancers, 7.1% of prostate
cancers, 9.2% of colorectal cancers, 8, 2% of stomach cancers and
8.2% of liver cancers were diagnosed90. Moreover, organochlorine
pesticides have been reported to increase the risk of hormonerelated cancers, including breast, prostate, stomach and lung
cancers 44. The 1999-2004 National Health and Nutrition
Examination Study in U.S. adults found a significant association
between serum levels and the risk of prostate cancer prevalence91.
In patients from southeastern Iran, the recording of higher serum
levels of certain OCP (HCH, DDE, and DDT) is associated with
colorectal cancer progression (CRC), the third most common
cancer-caused worldwide death92. In addition, there is ample
epidemiological evidence that exposure to endocrine-disrupting
http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530
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chemicals is associated with an increase in the incidence and
prevalence of various human diseases, including breast cancer
which is highly prevalent in the presence of p,p’-DDE 93.
Therefore, the human burden of carcinogens remains a concern of
the world, especially when these cancer tumors migrate to
neighboring tissues.
Recently, in the Borgou region, one of the leading departments of
the Cotton growing area in Northern-Benin, the highest diabetes
prevalence of 4.6% was recorded compared with the national
average 94. Thus, type 2 diabetes was associated with high DDT
and other organochlorine pesticide concentrations in diabetic
individuals. That means, despite DDT and 6 other OCPs are
banned in Benin since 2004, they keep being provided by
neighboring countries and national retailers for cotton pests,
fishing and food preservation ends 15. Beninese Organization for
the Promotion of Organic Agriculture (OBEPAB) in 2016
conducted a survey with nearly 500 cotton farmers on aspects
relating to pesticide use and its impact on human health. In fact,
17% reported signs and symptoms of acute pesticide intoxication
more than six times in previous years, while 21% lost 2-5 days of
work due to the effects of pesticide exposure 23. Human health
effects are caused by Skin contact (handling of pesticide products),
Inhalation (breathing of dust or spray), Ingestion (pesticides
consumed as a contaminant on/in food or in water) 33. Several
kinds of affection experienced after pesticide application in Benin
were reported for this purpose Fig. 2.

Convulsions

2%

Memory loss

3%

Vomiting

9%

Insomnia

34%

Tremors

34%

General weakness
Blurred vision
Skin irritation
Eye irritation

46%
51%
91%
93%

Fig. 2: Various Symptoms due to cotton pesticides reported by farmers
in Benin

Data source: Adapted from 23
VII. CLIMATE CHANGE AND PESTICIDES EXPOSURES
Overall, Global Climate Change (GCC) was predicted to increase
the level of exposure to many environmental pollutants due to
direct and indirect effects on the patterns of use, transport, and the
fate of chemicals95. It might affect the different steps in the
pathway from a chemical source in the environment through to an
increase in vulnerability on human health.
Climate change including elevated carbon dioxide (CO2)
concentrations, changes in temperature and precipitation probably
today increase the frequency and severity of pest outbreaks with
high pesticide use, contamination, and concentration of POPs and
heavy metals96-98. For instance, climate impact projections on
Chinese origin pesticide usage will rise 0.5-1.2%, 1.1-2.5% by
2040, 2.4-9.1% by 2070, and 2.6-18.3% by 210099. Changes in
www.ijsrp.org
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temperature could act as co-stressors capable of affecting
physiological processes in wildlife 69.
In fact, in aquatic species, lipid content is a key biological factor
accounting for the concentration of POPs 100. Within estuarine
ecosystems, climate change resulting in variations in temperature
and salinity, for example, could affect the susceptibility of marine
organisms to pesticide contamination. In Florida, the toxicity DDT
tested with Blue Crabs (Callinectes sapidus) revealed to be less
toxic to these estuarine organisms at high temperatures 101.
Contrariwise, the toxicity of two common other pesticides in
estuarine grass shrimp, Palaemonetes pugio, increased with
temperature and salinity102. Therefore, Changes in climate
stressors such as temperature and salinity may alter the toxicity of
some pesticides and the nature of the effect will depend on both
the organism, its stage of development, and the chemical
contaminant.
Overall, the fate of pesticides is not sufficiently understood in
tropical regions compared to temperate zones. But, the mechanism
of tropical climates facilitates the rapid dissipation of pesticides
involving increased volatility and improved chemical and
microbial degradation 103.
VIII. CONCLUSION
There is growing evidence that organochlorine pesticides affect
the natural environment and human health. Cotton cultivation in
Benin uses a myriad of organochlorine pesticides that cause
adverse effects. Despite recurrent cases of illness and death, there
is virtually no link to the effects of pesticide exposure. As a result,
toxicological data related to human health in Benin are almost
non-existent. However, in order to reduce the environmental risk
of organochlorine pesticides that cause disturbances to human
health and biota, it is important to put in place certain strategies
that are becoming increasingly important. These include (1)
reducing the risk of pesticide transport through surface or ground
water, (2) reducing the amount of pesticides used, and (3) reducing
the persistence or mobility of active ingredients. It will also be
necessary to develop best management practices (BMPs) that can
reduce runoff, soil erosion or increase soil organic matter content,
which will help to limit the transport of pesticides in the
environment.
ABBREVIATIONS
FAO
UNEP
GEF
UNITAR
CCME
EPA
CIEL
IPEN
IFCS
PANNA

: Food and Agriculture Organization of the United
Nations
: United Nations Environment Programme
: Global Environment Facility
: United Nations Institute for Training & Research
: Canadian Council of Ministers of the Environment
: U.S. Environmental Protection Agency
: Center for International Environmental Law
: International POPs Elimination Network
: Intergovernmental Forum on Chemical Safety
: Pesticide Action Network North America
ACKNOWLEDGMENTS

The author of this paper would like to thank Dr. Zhenyang Yu and
George Lartey-Young for their contribution to the manuscript.

http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

273

Thanks are also extended to Professors Oscar Teka and Boya
André Aboh for their constant support.
REFERENCES
1.
Bate, R., The rise, fall, rise, and imminent fall of DDT. 2007.
2.
Thompson, L. A.; Darwish, W. S.; Ikenaka, Y.; Nakayama, S. M.;
Mizukawa, H.; Ishizuka, M., Organochlorine pesticide contamination of foods in
Africa: incidence and public health significance. Journal of Veterinary Medical
Science 2017, 16-0214.
3.
Alharbi, O. M.; Khattab, R. A.; Ali, I., Health and environmental effects
of persistent organic pollutants. Journal of Molecular Liquids 2018, 263, 442-453.
4.
Mansour, S. A., Persistent organic pollutants (POPs) in Africa:
Egyptian scenario. Human & experimental toxicology 2009, 28, (9), 531-566.
5.
Jacob, J.; Cherian, J., Review of environmental and human exposure to
persistent organic pollutants. 2013.
6.
Ali, I.; Gupta, V.; Aboul-Enein, H. Y., Chirality: a challenge for the
environmental scientists. CURRENT SCIENCE-BANGALORE- 2003, 84, (2), 152156.
7.
Alavanja, M. C., Introduction: Pesticides use and exposure, extensive
worldwide. Reviews on environmental health 2009, 24, (4), 303-310.
8.
Pimentel, D., Amounts of pesticides reaching target pests:
environmental impacts and ethics. Journal of Agricultural and environmental
Ethics 1995, 8, (1), 17-29.
9.
Passuello, A.; Mari, M.; Nadal, M.; Schuhmacher, M.; Domingo, J. L.,
POP accumulation in the food chain: integrated risk model for sewage sludge
application in agricultural soils. Environment international 2010, 36, (6), 577-583.
10.
Volschenk, C.; Gerber, R.; Mkhonto, M.; Ikenaka, Y.; Yohannes, Y.;
Nakayama, S.; Ishizuka, M.; van Vuren, J.; Wepener, V.; Smit, N.,
Bioaccumulation of persistent organic pollutants and their trophic transfer through
the food web: Human health risks to the rural communities reliant on fish from
South Africa's largest floodplain. The Science of the total environment 2019, 685,
1116.
11.
Zikankuba, V. L.; Mwanyika, G.; Ntwenya, J. E.; James, A., Pesticide
regulations and their malpractice implications on food and environment safety.
Cogent Food Agr 2019, 5, (1).
12.
Qin, Q.; Xu, X.; Dai, Q.; Ye, K.; Wang, C.; Huo, X., Air pollution and
body burden of persistent organic pollutants at an electronic waste recycling area
of China. Environmental geochemistry and health 2019, 41, (1), 93-123.
13.
Yu, Y.; Wang, X.; Wang, B.; Tao, S.; Liu, W.; Wang, X.; Cao, J.; Li,
B.; Lu, X.; Wong, M. H., Polycyclic aromatic hydrocarbon residues in human milk,
placenta, and umbilical cord blood in Beijing, China. Environmental science &
technology 2011, 45, (23), 10235-10242.
14.
Müller, M.; Polder, A.; Brynildsrud, O.; Grønnestad, R.; Karimi, M.;
Lie, E.; Manyilizu, W.; Mdegela, R.; Mokiti, F.; Murtadha, M., Prenatal exposure
to persistent organic pollutants in Northern Tanzania and their distribution between
breast milk, maternal blood, placenta and cord blood. Environmental research
2019, 170, 433-442.
15.
Azandjeme, C. S.; Delisle, H.; Fayomi, B.; Ayotte, P.; Djrolo, F.;
Houinato, D.; Bouchard, M., High serum organochlorine pesticide concentrations
in diabetics of a cotton producing area of the Benin Republic (West Africa).
Environment international 2014, 69, 1-8.
16.
Wang, H.-S.; Chen, Z.-J.; Wei, W.; Man, Y.-B.; Giesy, J. P.; Du, J.;
Zhang, G.; Wong, C. K.-C.; Wong, M.-H. J. E. i., Concentrations of organochlorine
pesticides (OCPs) in human blood plasma from Hong Kong: markers of exposure
and sources from fish. 2013, 54, 18-25.
17.
Fukata, H.; Omori, M.; Osada, H.; Todaka, E.; Mori, C., Necessity to
measure PCBs and organochlorine pesticide concentrations in human umbilical
cords for fetal exposure assessment. Environmental Health Perspectives 2005, 113,
(3), 297-303.
18.
Porta, M.; de Basea, M. B.; Benavides, F. G.; Lopez, T.; Fernandez, E.;
Marco, E.; Alguacil, J.; Grimalt, J. O.; Puigdomenech, E.; Grp, P. I. S., Differences
in serum concentrations of organochlorine compounds by occupational social class
in pancreatic cancer. Environmental Research 2008, 108, (3), 370-379.
19.
Glynn, A. W.; Wolk, A.; Aune, M.; Atuma, S.; Zettermark, S.; MaehleSchmid, M.; Darnerud, P. O.; Becker, W.; Vessby, B.; Adami, H. O., Serum
concentrations of organochlorines in men: a search for markers of exposure.
Science of the Total Environment 2000, 263, (1-3), 197-208.
20.
Thomas, G. O.; Wilkinson, M.; Hodson, S.; Jones, K. C.,
Organohalogen chemicals in human blood from the United Kingdom. Environ
Pollut 2006, 141, (1), 30-41.
21.
Pokhrel, B.; Gong, P.; Wang, X.; Khanal, S. N.; Ren, J.; Wang, C.; Gao,
S.; Yao, T., Atmospheric organochlorine pesticides and polychlorinated biphenyls

www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 9, Issue 11, November 2019
ISSN 2250-3153
in urban areas of Nepal: spatial variation, sources, temporal trends, and long-range
transport potential. Atmospheric Chemistry and Physics 2018, 18, (2), 1325-1336.
22.
Sandoval-Herrera, N.; Mena, F.; Espinoza, M.; Romero, A.,
Neurotoxicity of organophosphate pesticides could reduce the ability of fish to
escape predation under low doses of exposure. Sci Rep-Uk 2019, 9.
23.
UK, P. A. N., Is cotton conquering its chemical addiction. Retrieved
November 2017, 21, 2017.
24.
Ton, P., Cotton production and rural livelihoods in West Africa:
situation and trends in the context of trade liberalisation and structural adjustment.
Enda: 2001.
25.
WWF, Thirsty crops: our food and clothes: eating up nature and
wearing out the environment? Living Waters: Conserving The Source of Life.
WWF, The Netherlands. 2003.
26.
Chapagain, A. K.; Hoekstra, A. Y.; Savenije, H. H.; Gautam, R., The
water footprint of cotton consumption: An assessment of the impact of worldwide
consumption of cotton products on the water resources in the cotton producing
countries. Ecological economics 2006, 60, (1), 186-203.
27.
Agbohessi, P. T.; Toko, I. I.; Ouédraogo, A.; Jauniaux, T.; Mandiki, S.;
Kestemont, P., Assessment of the health status of wild fish inhabiting a cotton basin
heavily impacted by pesticides in Benin (West Africa). Science of the Total
Environment 2015, 506, 567-584.
28.
Adam, S.; Edorh, P. A.; Totin, H.; Koumolou, L.; Amoussou, E.;
Aklikokou, K.; Boko, M., Pesticides et métaux lourds dans l’eau de boisson, les
sols et les sédiments de la ceinture cotonnière de Gogounou, Kandi et Banikoara
(Bénin). International Journal of Biological and Chemical Sciences 2010, 4, (4).
29.
Vikkey, H. A.; Fidel, D.; Elisabeth, Y. P.; Hilaire, H.; Herve, L.;
Badirou, A.; Alain, K.; Parfait, H.; Fabien, G.; Benjamin, F., Risk Factors of
Pesticide Poisoning and Pesticide Users' Cholinesterase Levels in Cotton
Production Areas: Glazoue and Save Townships, in Central Republic of Benin.
Environ Health Insig 2017, 11.
30.
Agbohessi, T. P.; Toko, I. I.; Kestemont, P., État des lieux de la
contamination des écosystèmes aquatiques par les pesticides organochlorés dans le
Bassin cotonnier béninois. Cahiers Agricultures 2012, 21, (1), 46-56 (1).
31.
Wang, C.; Lu, G. H.; Cui, J.; Wang, P. F., Sublethal effects of pesticide
mixtures on selected biomarkers of Carassius auratus. Environ Toxicol Phar 2009,
28, (3), 414-419.
32.
Gilliom, R. J., Pesticides in U.S. streams and groundwater.
Environmental Science & Technology 2007, 41, (10), 3407-3413.
33.
Ongley, E. D., Control of water pollution from agriculture—FAO
irrigation and drainage paper 55, food and agriculture organization of the United
Nations. Rome. Center for Inland Waters Burlington, Canada 1996.
34.
Djibril, I.; Worou, T. C.; Abdon, A.; Mama-Issa, S.; Gounou, A. S.,
Aspects institutionnels, politiques, reglementaires relatifs aux polluants organiques
persistants.
Rapport
definitif,
MEHU,
Benin
2004,
47.
https://www.changementsclimatiques.bj/wp-content/uploads/2016/10/ASPECTSINSTITUTIONNELS-POLITIQUES-REGLEMENTAIRES-RELATIFS-AUXPOLLUANTS-ORGANIQUES-PERSISTANTS.pdf.
35.
Gaines, T. B., Acute toxicity of pesticides. Toxicology applied
pharmacology 1969, 14, (3), 515-534.
36.
EJF, The deadly chemicals in cotton. In Environmental Justice
Foundation in Collaboration with Pesticide Action …: 2007.
37.
Stober, J., Health effects of POPs, Proceedings of the Subregional
Awareness Raising Workshop on Persistent Organic Pollutants (POPs) Kranjska
Gora, Slovenia, 11-14 May 1998. 1998.
38.
Codex Alimentarius Commission Joint FAO/WHO Food Standards
Programme World Health Organization, Codex alimentarius Commission:
procedural manual (Twenty-first edition). Food & Agriculture Org., Rome: 2013.
39.
Organization, W. H., Principles and methods for the risk assessment of
chemicals in food. 2009.
40.
FAO Joint, Pesticide residues in food: 2017: report of the Joint Meeting
of the FAO Panel of Experts on Pesticide Residues in Food and the Environment
and the WHO Core Assessment Group on Pesticide Residues, Geneva, Switzerland,
12–21 September 2017. 2017.
41.
MEHU, Inventaire des Pesticides POPs au Bénin, Cotonou, octobre
2004. 9-12.
42.
Ministère de l’Environnement et de la Protection de la Nature, Plan
national de mise en oeoeuvre de la convention de Stockholm sur les polluants
organiques persistants. 2007, 134.
43.
Traore, S. K.; Dembele, A.; Mamadou, K.; Mambo, V.; Lafrance, P.;
Bekro, Y.-A.; Houenou, P. J. A. S. R. I. d. S. e. T., Contrôle des pesticides
organochlorés dans le lait et produits laitiers: Bioaccumulation et risques
d’exposition. 2008, 4, (1).

http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

274

44.
Jayaraj, R.; Megha, P.; Sreedev, P., Organochlorine pesticides, their
toxic effects on living organisms and their fate in the environment.
Interdisciplinary toxicology 2016, 9, (3-4), 90-100.
45.
Thurman, E. M.; Zimmerman, L. R.; Scribner, E. A.; Coupe, R. H. J. U.
G. S. F. S., Occurrence of cotton pesticides in surface water of the Mississippi
embayment. 1998, 4, 22-98.
46.
Adechian, S.; Nasser Baco, M.; Akponikpe, I.; Imorou Toko, I.; Egah,
J.; Affoukou, K., Les pratiques paysannes de gestion des pesticides sur le maïs et
le coton dans le bassin cotonnier du Bénin. [VertigO] La revue électronique en
sciences de l’environnement 2015, 15, (2).
47.
Yèhouénou, E.; Pazou, E. Les résidus de pesticides chimiques de
synthèse dans les eaux, les sédiments et les espèces aquatiques du bassin versant
du fleuve Ouémé et du lac Nokoué. Thèse de Doctorat unique: Université
d’Abomey-Calavi, 217p, 2005.
48.
Pazou, E. Y. A.; Boko, M.; van Gestel, C. A. M.; Ahissou, H.; Laleye,
P.; Akpona, S.; van Hattum, B.; Swart, K.; van Straalen, N. M., Organochlorine
and organophosphorous pesticide residues in the Oueme River catchment in the
Republic of Benin. Environment International 2006, 32, (5), 616-623.
49.
Agagbé, A. A. Etude écotoxico-chimique des résidus de pesticides dans
le bassin-versant de la rivière Agbado par la technique d'analyse ELISA en phase
solide. Thèse d'ingénieur des travaux en aménagement et protection de
l’environnement,
université
d'Abomey-Calavi
(Bénin).
http://www.epac.bj.refer.org/article.php3?id_article=0252, 2008.
50.
Yehouenou, A. P. E.; Glin, L.; Vodouhe, D.; Fanou, J.; Babadankpodji,
A.; Dassou, S.; Vodouhe, S.; Van Hattum, B.; Swart, K.; Van Gestel, C. J. A. J. o.
F., Agriculture, Nutrition; Development, Pesticide contamination of the dridji
cotton plantation area in the Republic of Benin. 2014, 14, (3).
51.
Soclo, H. H.; Azontondé, A. H.; Dovonon, L. F.; Djibril, R.; Sagbo, A.
U., Etude de l’impact de l’utilisation des engrais chimiques et des pesticides par
les populations riveraines sur les écosystèmes (eau de surface, substrats des
réserves de faune) dans les complexes des Aires Protégées de la Pendjari et du W.
Rapport d'étude. Cotonou: CENAGREF 2003.
52.
Glin, L.; Kuiseau, J.; Thiam, A.; Vodouhé, D.; Dinham, B.; Ferrigno,
S. J. P. U., London, Living with Poison: Problems of Endosulfan in West Africa
cotton growing systems. 2006.
53.
United States Environmental Protection Agency Persistent Organic
Pollutants: A Global Issue, A Global Response.
54.
Mahboob, S.; Niazi, F.; AlGhanim, K.; Sultana, S.; Al-Misned, F.;
Ahmed, Z., Health risks associated with pesticide residues in water, sediments and
the muscle tissues of Catla catla at Head Balloki on the River Ravi. Environmental
monitoring and assessment 2015, 187, (3), 81.
55.
Ogbeide, O.; Tongo, I.; Ezemonye, L., Risk assessment of agricultural
pesticides in water, sediment, and fish from Owan River, Edo State, Nigeria.
Environmental monitoring and assessment 2015, 187, (10), 654.
56.
Fry, D. M., Reproductive effects in birds exposed to pesticides and
industrial chemicals. Environmental health perspectives 1995, 103, (suppl 7), 165171.
57.
Mitra, A.; Chatterjee, C.; Mandal, F. B., Synthetic chemical pesticides
and their effects on birds. Res J Environ Toxicol 2011, 5, (2), 81-96.
58.
Okubo, T.; Yokoyama, Y.; Kano, K.; Soya, Y.; Kano, I., Estimation of
estrogenic and antiestrogenic activities of selected pesticides by MCF-7 cell
proliferation assay. Arch Environ Con Tox 2004, 46, (4), 445-453.
59.
Khan, D. A.; Ahad, K.; Ansari, W. M.; Khan, H., Pesticide exposure
and endocrine dysfunction in the cotton crop agricultural workers of southern
Punjab, Pakistan. Asia Pacific Journal of Public Health 2013, 25, (2), 181-191.
60.
Okoumassoun, L.-E.; Brochu, C.; Deblois, C.; Akponan, S.; Marion, M.;
Averill-Bates, D.; Denizeau, F., Vitellogenin in tilapia male fishes exposed to
organochlorine pesticides in Ouémé River in Republic of Benin. Science of the
Total Environment 2002, 299, (1-3), 163-172.
61.
Sharma, A.; Mishra, M.; Shukla, A. K.; Kumar, R.; Abdin, M. Z.;
Chowdhuri, D. K., Organochlorine pesticide, endosulfan induced cellular and
organismal response in Drosophila melanogaster. J Hazard Mater 2012, 221, 275287.
62.
Xiong, J., Toxicity of chlordane at early developmental stage of
zebrafish. J bioRxiv 2017, 119248.
63.
Cowie, A. M.; Sarty, K. I.; Mercer, A.; Koh, J.; Kidd, K. A.; Martyniuk,
C. J., Molecular networks related to the immune system and mitochondria are
targets for the pesticide dieldrin in the zebrafish (Danio rerio) central nervous
system. J Proteomics 2017, 157, 71-82.
64.
Hong, S.; Hwang, J.; Kim, J. Y.; Shin, K. S.; Kang, S. J., Heptachlor
induced nigral dopaminergic neuronal loss and Parkinsonism-like movement
deficits in mice. Exp Mol Med 2014, 46.

www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 9, Issue 11, November 2019
ISSN 2250-3153
65.
Harada, T.; Takeda, M.; Kojima, S.; Tomiyama, N., Toxicity and
Carcinogenicity of Dichlorodiphenyltrichloroethane (DDT). Tox Research 2016,
32, (1), 21-33.
66.
Shen, J.; Yu, Z.; Yin, D.; Li, W., Tumor cell migration of Drosophila
melanogaster by lindane exposure with involvement of MAPK and UPR pathways
and mitochondrial dysfunction. Asian Journal of Ecotoxicology 2018, 13 (5), 95109 (in chinese).
67.
Rifai, R. UN: 200,000 die each year from pesticide poisoning.
https://www.aljazeera.com/news/2017/03/200000-die-year-pesticide-poisoning170308140641105.html (October 16),
68.
World Health Organization Pesticide Residues in Food.
69.
Gatto, M. P.; Cabella, R.; Gherardi, M., Climate change: the potential
impact on occupational exposure to pesticides. Ann I Super Sanita 2016, 52, (3),
374-385.
70.
Ejaz, S.; Akram, W.; Lim, C. W.; Lee, J. J.; Hussain, I., Endocrine
disrupting pesticides: A leading cause of cancer among rural people in Pakistan.
Exp Oncol 2004, 26, (2), 98-105.
71.
Guo, H.; Jin, Y.; Cheng, Y.; Leaderer, B.; Lin, S.; Holford, T. R.; Qiu,
J.; Zhang, Y.; Shi, K.; Zhu, Y., Prenatal exposure to organochlorine pesticides and
infant birth weight in China. Chemosphere 2014, 110, 1-7.
72.
Gladen, B. C.; Shkiryak-Nyzhnyk, Z. A.; Chyslovska, N.;
Zadorozhnaja, T. D.; Little, R. E., Persistent organochlorine compounds and birth
weight. Annals of epidemiology 2003, 13, (3), 151-157.
73.
Lopez-Espinosa, M. J.; Murcia, M.; Iniguez, C.; Vizcaino, E.; Llop, S.;
Vioque, J.; Grimalt, J. O.; Rebagliato, M.; Ballester, F., Prenatal Exposure to
Organochlorine Compounds and Birth Size. Pediatrics 2011, 128, (1), E127-E134.
74.
Krstevska‐Konstantinova, M.; Charlier, C.; Craen, M.; Du Caju, M.;
Heinrichs, C.; De Beaufort, C.; Plomteux, G.; Bourguignon, J.-P., Sexual precocity
after immigration from developing countries to Belgium: evidence of previous
exposure to organochlorine pesticides. Apmis 2001, 109, (S103), S135-S143.
75.
Parent, A.-S.; Teilmann, G.; Juul, A.; Skakkebaek, N. E.; Toppari, J.;
Bourguignon, J.-P., The timing of normal puberty and the age limits of sexual
precocity: variations around the world, secular trends, and changes after migration.
Endocrine reviews 2003, 24, (5), 668-693.
76.
Ozen, S.; Darcan, S.; Bayindir, P.; Karasulu, E.; Simsek, D. G.; Gurler,
T., Effects of pesticides used in agriculture on the development of precocious
puberty. Environmental monitoring and assessment 2012, 184, (7), 4223-4232.
77.
Vasiliu, O.; Muttineni, J.; Karmaus, W., In utero exposure to
organochlorines and age at menarche. Human Reproduction 2004, 19, (7), 15061512.
78.
Bapayeva, G.; Issayeva, R.; Zhumadilova, A.; Nurkasimova, R.;
Kulbayeva, S.; Tleuzhan, R., Organochlorine pesticides and female puberty in
South Kazakhstan. Reproductive Toxicology 2016, 65, 67-75.
79.
Costa, L. G.; Giordano, G.; Guizzetti, M.; Vitalone, A., Neurotoxicity
of pesticides: a brief review. Front Biosci 2008, 13, (4), 1240-1249.
80.
Thiruchelvam, M.; Richfield, E. K.; Goodman, B. M.; Baggs, R. B.;
Cory-Slechta, D. A., Developmental exposure to the pesticides paraquat and maneb
and the Parkinson’s disease phenotype. Neurotoxicology 2002, 23, (4-5), 621-633.
81.
Ascherio, A.; Chen, H.; Weisskopf, M. G.; O'Reilly, E.; McCullough,
M. L.; Calle, E. E.; Schwarzschild, M. A.; Thun, M. J., Pesticide exposure and risk
for Parkinson's disease. Annals of Neurology: Official Journal of the American
Neurological Association and the Child Neurology Society 2006, 60, (2), 197-203.
82.
Hayden, K. M.; Norton, M. C.; Darcey, D.; Ostbye, T.; Zandi, P. P.;
Breitner, J. C. S.; Welsh-Bohmer, K. A.; Investigators, C. C. S., Occupational
exposure to pesticides increases the risk of incident AD The Cache County Study.
Neurology 2010, 74, (19), 1524-1530.
83.
Yan, D. D.; Zhang, Y. J.; Liu, L. G.; Yan, H., Pesticide exposure and
risk of Alzheimer's disease: a systematic review and meta-analysis. Sci Rep-Uk
2016, 6.
84.
Richardson, J. R.; Roy, A.; Shalat, S. L.; von Stein, R. T.; Hossain, M.
M.; Buckley, B.; Gearing, M.; Levey, A. I.; German, D. C., Elevated Serum
Pesticide Levels and Risk for Alzheimer Disease. Jama Neurol 2014, 71, (3), 284290.
85.
Singh, N. K.; Banerjee, B. D.; Bala, K.; Basu, M.; Chhillar, N.,
Polymorphism in Cytochrome P450 2D6, Glutathione S-Transferases Pi 1 Genes,
and Organochlorine Pesticides in Alzheimer Disease: A Case-Control Study in
North Indian Population. J Geriatr Psych Neur 2014, 27, (2), 119-127.
86.
Gomez, C.; Bandez, M. J.; Navarro, A., Pesticides and impairment of
mitochondrial function in relation with the parkinsonian syndrome. Front BiosciLandmrk 2007, 12, 1079-1093.
87.
Liu, Q.; Wang, Q. H.; Xu, C.; Shao, W. T.; Zhang, C. L.; Liu, H.; Jiang,
Z. Y.; Gu, A. H., Organochloride pesticides impaired mitochondrial function in
hepatocytes and aggravated disorders of fatty acid metabolism. Sci Rep-Uk 2017,
7.

http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

275

88.
Jurewicz, J., Exposure to Pesticides and Neurobehavioral Development
in Children-Review of Epidemiological Studies. Pediatric Research 2010, 68, 606606.
89.
Roberts, J. R.; Dawley, E. H.; Reigart, J. R., Children's low-level
pesticide exposure and associations with autism and ADHD: a review. Pediatric
Research 2019, 85, (2), 234-241.
90.
Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R. L.; Torre, L. A.; Jemal,
A., Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca-Cancer J Clin 2018, 68,
(6), 394-424.
91.
Xu, X. H.; Dailey, A. B.; Talbott, E. O.; Ilacqua, V. A.; Kearney, G.;
Asal, N. R., Associations of Serum Concentrations of Organochlorine Pesticides
with Breast Cancer and Prostate Cancer in US Adults. Environmental Health
Perspectives 2010, 118, (1), 60-66.
92.
Abolhassani, M.; Asadikaram, G.; Paydar, P.; Fallah, H.; AghaeeAfshar, M.; Moazed, V.; Akbari, H.; Moghaddam, S. D.; Moradi, A.,
Organochlorine and organophosphorous pesticides may induce colorectal cancer;
A case-control study. Ecotox Environ Safe 2019, 178, 168-177.
93.
Ellsworth, R. E.; Kostyniak, P. J.; Chi, L. H.; Shriver, C. D.; Costantino,
N. S.; Ellsworth, D. L., Organochlorine pesticide residues in human breast tissue
and their relationships with clinical and pathological characteristics of breast
cancer. Cancer Res 2019, 79, (4).
94.
Houinato, D.; Segnon Agueh, J.; Djisgbenoude, O., Rapport Final de
L’enquête STEPS au Benin. Programme National de Lutte contre les Maladies
Non Transmissibles et Organisation Mondiale de la santé, Cotonou 2007.
95.
Balbus, J. M.; Boxall, A. B. A.; Fenske, R. A.; McKone, T. E.; Zeise,
L., Implications of global climate change for the assessment and management of
human health risks of chemicals in the natural environment. Environmental
Toxicology and Chemistry 2013, 32, (1), 62-78.
96.
Delorenzo, M. E., Impacts of climate change on the ecotoxicology of
chemical contaminants in estuarine organisms. Curr Zool 2015, 61, (4), 641-652.
97.
Hooper, M. J.; Ankley, G. T.; Cristol, D. A.; Maryoung, L. A.; Noyes,
P. D.; Pinkerton, K. E., Interactions between chemical and climate stressors: A role
for mechanistic toxicology in assessing climate change risks. Environmental
Toxicology and Chemistry 2013, 32, (1), 32-48.
98.
Kattwinkel, M.; Kuhne, J. V.; Foit, K.; Liess, M., Climate change,
agricultural insecticide exposure, and risk for freshwater communities. Ecol Appl
2011, 21, (6), 2068-2081.
99.
Zhang, Y. Q. W.; McCarl, B. A.; Luan, Y. B.; Kleinwechter, U.,
Climate change effects on pesticide usage reduction efforts: a case study in China.
Mitig Adapt Strat Gl 2018, 23, (5), 685-701.
100.
Cabrerizo, A.; Muir, D. C. G.; Kock, G.; Igaluk, D.; Wang, X. W.,
Climatic Influence on Temporal Trends of Polychlorinated Biphenyls and
Organochlorine Pesticides in Landlocked Char from Lakes in the Canadian High
Arctic. Environmental Science & Technology 2018, 52, (18), 10380-10390.
101.
Koenig, C. C.; Livingston, R. J.; Cripe, C. R., Blue crab mortality:
Interaction of temperature and DDT residues. Archives of Environmental
Contamination and Toxicology, 1976, 4(1), 119–128.
102.
Delorenzo, M. E.; Wallace, S. C.; Danese, L. E.; Baird, T. D.,
Temperature and salinity effects on the toxicity of common pesticides to the grass
shrimp, Palaemonetes pugio. J Environ Sci Heal B 2009, 44, (5), 455-460.
103.
Coats, J. R.; Yamamoto, H., Environmental fate and effects of
pesticides. American Chemical Society: 2003.

AUTHORS
First Author: Fangnon Firmin Fangninou 1,2,3
Email: fangnonfi.fangninou@gmail.com,
Mobile: +86 199 4625 4873, +229 977 535 47
Second Author: Prudence Houedegnon 2,3
Email: prudencehouedegnon@yahoo.fr ,
Mobile: +86 199 4625 2690, +229 97173586.
Third Author: Janet Nassali 2,3
Email: janet.nassali@gmail.com.
Mobile: +86 136 7199 4941, +256 774 653 136
Fourth Author: Ahyana Maxine Bowen 2,3
Email : ahyanabowen@gmail.com.
Mobile : +86 131 6241 3697, +1 473 403 0697

www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 9, Issue 11, November 2019
ISSN 2250-3153

Fifth author: Naila Benarab 2,3
Email: benarab.naila7@gmail.com.
Mobile: +86 199 4625 4957
Sixth author: Ithabeleng Anna Moleli 2,3
Email : 1893680@tongji.edu.cn .
Mobile : +86 138 1803 1714

http://dx.doi.org/10.29322/IJSRP.9.11.2019.p9530

276

1

Correspondence Author
Master candidate, Tongji University, College of Environmental Science
and Engineering, UN Environment-Tongji Institute of Environment for
Sustainable Development (IESD)
3
Address: 1239 Siping Road, Shanghai 200092, P.R. China
2

www.ijsrp.org

