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Abstract- This survey made an assessment of bio markers 
witnesses of a chronic poisoning to the lead via the consumption 
of the drinking water whose contamination has been proved in 
the cotton zone of Kérou. Contents of lead measured out in 
samples of water of boreholes and out in blood plasma by atomic 
absorption spectrophotometer have been compared. To check 
the health impact of water pollution by pesticides and toxic 
metals, the present study conducted the collection of blood and 
urine of 39 residents, following the ethical rules. Kerou in Benin 
is a good reference of a site to test the hypothesis of the 
connection between water pollution with heavy metals (Pb in the 
present investigation) and human health and the intensity of 
farming activities and cotton cultivation in the zone. 

After laboratory analyses, the calculation of the Daily 
Exposure Dose (DED) showed high doses of toxic substances 
especially the lead in the plasma. These high values can be 
attributed to residues of pesticides. Results also show a lead level 
in blood interrelation in water for boreholes F3, F5 and F7. The 
blood lead limit has been passed in zones of the F12 boreholes, 
F16 and F18. S igns of poisoning to the lead are not marked at the 
level of the biochemical parameters but at the level of symptoms 
of lead poisoning have been observed within the investigated 
population of the residents.   

These results were confirmed by checking the poisoning of 
the body of consumers around the measurement of bio-markers 
such as urea, creatinin, transaminase, total cholesterol and 
urinary calcium of 39 individuals. It has been shown that chronic 
poisoning to lead via the consumption of drinking water 
occurred and bio markers witnesses were assessed. 

Keywords- Cotton Culture; Boreholes Water; Blood Lead; 
Lead Poisoning 

I. INTRODUCTION 
Studies have highlighted the vulnerability of water from 

boreholes with manual pump type UPM or VERGNET 
particularly the toxic metal pollution in the cotton zone of 
Kérou (Elegbede, 2011), especially by lead. Dougnon et al., 
(2012) have shown that boreholes water used in  garden-sites 
in Cotonou are more contaminated by lead than cadmium for 
example. Air emissions of lead are main ly anthropogenic 
(Casas, 2005). Many authors have shown an increase by a 

factor of 20 in relation to human activities over the last two 
centuries (Elegbede et al., 2012) (Murozumi et al., 1969;  
Boutron and Patterson, 1983). The main sources currently are 
still burn ing automotive fuels in urban areas and the use of 
fungicides in  rural areas (Delu ise et al. 1996; Bourrelier and 
Berthelin, 1998). This study aims to evaluate b io-markers, 
evidence of exposure to lead through consumption of drinking 
water in the Coton town of Kérou related to high values of 
Daily Allowed Dose (DAD).  

 
Fig. 1 Location map of the study area showing sampled boreholes 

II. MATERIALS AND METHODS 

A. Study Area 
Fig. 1 describes study area. Kerou lies on lat itude 10o  

49’29’’ North of the Equator and on longitude 2o06’30’’ east 
of the Greenwich median. Kerou stands on the attitude of 
about 326 meters above the sea level. Kerou municipality is 
limited at  North-West by the Municipality of Tanguieta with 
which it shares the Pendjari Park and at North-East by the 
Municipality of Ban ikoara which is the first producer of 
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cotton at the national level. In the South, it shares its borders 
with the cotton belt of Pehonco, and Kouande Gogounou. It is 
divided into four Districts that are Brignamaro, Kerou, Centre 
Kaobagou and Firou. The climate of the reg ion is governed by 
the North Sudanese regime characterized by two distinct 
seasons: a dry season from October to April and a rainy 
season from May to September. The study area is the second 
known producer of cotton at the national level; it is located in 
the watershed of the Niger which is controlled by the streams 
tributary of Pendjari such as the Sota and Mekrou River. 
Annual rainfall is around 900 to 1000 mm. 

Its hydrogeology is dominated by Precambrian granitic-
gneiss covered with a thick layer of clay-altered laterit ic. 
Infiltration o f rainwater is very intense due to the high density 
of the fracture network and the nature of the soil generally  
clay-lateritic  with h igh permeability. The crystalline basement 
consists of igneous and metamorphic rocks and is waterproof, 
facilitating runoff chemicals substances in the beds of rivers. 
These geological format ions explain the nature and properties 
of soils which are ext remely fragile. The area is dominated by 
cotton cultivation with uncontrolled use of pesticides and 
fertilizers. They are undeniable sources of metals found in  the 
river and in groundwater. 

B.  Sampling and Analysis  
Thirty-nine people who were drinking water from eighteen 

(18) contaminated boreholes (Elegbede et al, 2012) were 
interviewed. Out of those people twenty five (25) bloods were 
taken and analyzed. The results revealed that all the 25 blood 
were contaminated by lead. One must notice that the level of 
the lead depends on closeness of the inspected person to 
Mekrou River or the cotton farms. People were surveyed on 
the basis of form attached to this document. As many samples 
of blood were made in the conditions of health standards and 
ethics. The various informat ions on factors which are likely  to 
identify lead exposure were obtained by interview, and blood 
samples for blood lead levels were maintained in laboratory 
conditions. Lead was analyzed in the laboratory by flame 
atomic absorption spectrophotometer (Thermo Electron 
Corporation with So lar correction) according to the protocols 
suggested by Anane et al. (1995) and Vaidya et A l (1996). 
The data were represented by spots blots in Excel. 

III. RESULTS AND DISCUSSION 
Lead poisoning is defined as the level of lead that is higher 

or equal to 100μg/liter. The taking into account of this disease 
is difficu lt because it is about affect ion with no specific 
symptoms. It  can thus easily pass unperceived. Only  the 
proportioning of lead in blood can prove it. Previous study in 
this area showed the Daily exposure dose per body, weight 
(DED/bw) obtained for adults was 3.85μg/kg/day and 
12.54μg/kg/day for children. They are largely exceeding 
allowed limit by WHO which is 3.6μg/kg/day of the body 
weight. Although the daily exposure dose per body weight 
exceeded WHO limit, it is however lower than those reported 
by Adam et al. (2011) which are 22.35μg /kg/ j and 
6.87μg  /kg/j for children and adults respectively in another 
northern area at 70km from Kérou in Benin. However, to this 
DED/bw the amount day laborer brought by general food 
must be added (DEDf), since the children are exposed to this 
same metal via other food in the same way as population in 
general. 

The results showed that there was lead in the blood of the 
inspected people and this is in connection with certain bio 
markers factors of toxicity. This identificat ion crossed the 
data of investigations into recorded pathologies specific to 
metals and the level of contamination of the organis m of the 
surveyed person. The level of contamination of the body by 
heavy metals and the pesticides is known by the identification 
through conversation, proportioning, of parameters 
biomarkers of toxicity (Fig. 2). The average b lood lead is of 
0.024mg/l. However the blood lead threshold which makes it  
possible to take cover from clinical signs is related to the 
Daily A llowed Dose (DAD) which is reached with a blood 
lead of 20μg/L, that is to say a DAD of 3.6μg/kg (WHO, 
1986). Indeed, human consumption of contaminated food by 
lead which can cause a blood concentration of 10μg/dL, can 
involve the inhibit ion of the enzymes responsible for the 
synthesis of heme. This inhib ition is complete for 90μg/dL 
(Landrigan and Tod, 1997).  It is considered that the blood 
lead increases starting from contributions by 5μg/kg/day.  The 
threshold of toxicity is defined like a lead concentration in 
total blood higher than 60μg/dl. The effects of lead were then 
considered in a simple way: or the ind ividual showed clin ical 
signs of poisoning. Then, the conviction came that lead could 
reduce the intelligence and deteriorate behavior with blood 
lead lower than 60μg/dl; with insufficient levels to produce 
obvious symptoms. Thus, was born the concept of subclinical 
poisoning with the lead, based on comprehension owing to the 
fact that lead produces a spectrum of toxicity in which clin ical 
symptoms like encephalopathy, the renal insufficiency and 
anemia had their subclinical counterparts in a reduced 
intelligence, a faded operation of the renal tubules and high 
protoporphyrin rates. 

Our results showed that there are signs of toxicity  
according to informat ions provided by the people surveyed in 
comparison, as shown in Tables Ⅰand Ⅱ.  All the known 
signs of lead poisoning were listed among surveyed people:  
weaken, abdominal pains, constipation, disturb digestive, 
anorexia, vomiting, behavioral problem, apathy or irritability, 
hyperactivity, disorders of the attention and the sleep sickness, 
bad psychomotor development, reduction in the cognit ive 
performances. In  the Kérou community, the recurring signs 
after the investigations were the digestive anorexia and 
disorders (lack of appetite, constipation) which are mostly the 
signs of the intoxication of lead without counting the nervous 
disorders. But one notices the catch presence of tobacco in the 
surveyed population. This can influence the effects of lead 
considerably. 

 
Fig. 2 Correlation between blood lead levels and lead in water 
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TABLE I RESULT OF BLOOD LEAD PROPORTION AND LEAD LEVELS WATER 

FDrills Villages Locality Pb 
Water (mg/l) 

Pb 
Blood (mg/l) 

F1 
 

Firou 
 

Firou Market - -0.0401C 
F2 Camp Peul –EPP - -0.2962C 
F3 Farm Manager 0,0394 -0.7316C 
F4 Marékpo - -0.9045C 
F5  Ganboré 0,0167 0.0087 
F6 

Kerou 
 

Gantodo School 0,0079 - 
F7 Toundagou 0,0613 0.0080 
F8 Center - - 
F9 Boni - - 

F10 Konigourou Center 0,098 0.0080 
F11 

Briganmaro 
 

Kossou-North - 0 .045 
F12 Kossou-South - 0.0340 
F13 Hospital 0,0048 -0.0279C 
F14 Ouinra-Center - 0.0192 
F15 Bérékossou - -0.0206C 
F16 Banbaba - 0.0286 
F17 Wodora - 0.0153 
F18 Boukaro - 0.0707 
F19  Mekrou-River 0,0604 - 

Standards   0,04 0,002 

NB. Dashes (-) means that content is null or is not determined. Values followed by the letter C are to be corrected because of detection limit of the 
spectrophotometer which is too high to measure very low values. The study has considered them as null contents. The average lead concentration found in water 

in Kérou commune was 0.0796 ppm. The ppm is the equivalent of mg/kg or mg/L. Therefore 0.0796 ppm = 79.6 μg/kg 

TABLE II RESULTS OF BIOLOGICAL INDICATORS OF LEAD TOXICITY 

N° Age Weight Observation Urem Crea Transa 
TGP 

Chol 
Total 

CA 
Urinary 

Blood 
Lead 
(ppm) 

 
NV   

Signs of lead poisoning: weaken, 
abdominal pains, constipation, delay of 

growth are evocative clinical signs of an 
intoxication lead, disturb digestive 

vagueness: anorexia, vomiting, 
behavioral problem: apathy or irritability, 
hyperactivity, disorders of the attention 

and the sleep, bad psychomotor 
development: reduction in the cognitive 

performances. 

0.15 to 
0.45 g/l 

6 to 14 
mg/l 

inf. with 
49 g/l 

inf. with 2 
g/l 

150 to 250 
mg/l 

 
0,020 

1 50 63 Losses of appetite, heartburn, bilharzias 0.19 13.2 12.3 1.72 46.2 0 .045 
2 20 57 Excessive perspiration at rest, headaches 0.16 12.2 19.2 1.32 29.4 0.0340 

3 28 50 Excessive perspiration at rests, turbid 
digestive, sterility, renal disease, bleeding 0.30 15.8 21.2 1.42 99.2 - 

4 24 57 

A loss of appetite, constipation, excessive 
perspiration at rests; turbid digestive 
weakens anorexia, t iredness, tremor, 
giddiness, temporary loss of vision. 

Smoke much. 

0.26 16.1 19.8 1.25 51.1 0.0192 

5 45 66 

Losses of appetite, constipation, 
headaches, nightmare, disturb digestive, 
t iredness, nervousness. His two wives 

have made stillborn in 2009 
X X X X X X 

6 50 70 

Losses of appetite, heartburn, headaches, 
renal insufficiency, problem of bone, 

t iredness, giddiness, involuntary loss of 
weight, sudden death of infants. Smoke 

much. 

X X X X X X 

9 18 35 Weaken, digestive disorders, loses of 
appetite, constipation, anorexia X X X X X 0.0153 

10 44 65 Losses of appetite, headaches, renal 
insufficiency, Smokes. X X X X X X 

11 45 53 
Losses of appetite, headaches, renal 

insufficiency, abdominal pains, 
constipation, nightmare, excessive 

tiredness, anorexia 
X X X X X X 

12 11 15 Nothing 0.42 12.0 30.2 2.39 26.2  

13 35 60 

Losses of appetite, temporary headaches, 
Tremor, losses of vision, anorexia renal 
insufficiency. Gave birth to  three times 

still-born children, 
0.27 13.2 25.4 1.79 - 0.0707 
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14 28 54 
Losses of appetite, constipation, problem 
of skin, insomnia, migraine, tremor of all 

the body. Do not smoke but chews. 
0.23 10.0 20.2 2.48 21.4  

15 53 56 
Losses of appetite, constipation, stops 

dries, digestive disorders, deafness, 
nervousness. Smoke much. 

0,27 3,4 12,0 3.12 54,2  

16 45 60 Losses of appetite, constipation, stops 
dries, headaches, Fume 0.18 10.4 13.4 3.71 90.1  

17 40 54 
Weaken, cold, constipation, excessive 

perspiration at rest, hyperactivity, 
insomnia. Smoke much 

0.24 10.0 12.0 3.02 59.5  

18 35 48 
Weaken, lost of appetite, loss of 

coordination, stops dries, cold, disturb 
digestive, hyperactivity, insomnia. 

0.20 10.0 27.0 3.21 29.4  

19 22 56 Losses of appetite, colds, stops dries, 
cold, disturb digestive, constipation. 0.27 12.2 29.8 1.86 28.4  

20 35 53 

Losses of appetite, colds, stops dries, 
cold, excessive perspiration at rest, renal 

insufficiency, hyperactivity, Trembling of 
the feet, nervousness, three times still-

born children for the same woman, chews 

0.30 13.6 22.7 1.34 30.0  

21 26 45 Losses of appetite, colds, headaches, 
abdominal pains, t iredness. 0.26 12.3 24.2 1.43 36.2  

22 20 65 Losses of appetite, excessive perspiration 
at rest, heartburn, chew much 0.21 11.8 10.0 1.56 99.2  

23 22 70 

Losses of appetite, stops dries, 
constipation, excessive perspiration at 

rests, turbid digestive, abdominal pains, 
frequent loss of memory, hyperactivity, 

nervousness, Fume much 

0.31 11.7 28.4 1.02 51.8 0.0087 

24 30 65 

Anorexia, nauseas, nightmare, Losses of 
appetite, stop dries, constipation, and 
excessive perspiration at rests, turbid 

digestive, abdominal pains, frequent loss 
of memory, hyperactivity, insomnia, 

nervousness, tremor of all the body. Two 
sudden deaths children, chews much. 

0.27 14.0 30.0 1.00 26.2 0.0080 

25 41 68 

Losses of appetite, colds, stops dries, 
heartburn, excessive perspiration at rests, 

turbid digestive, abdominal pains, 
frequent loss of memory, insomnia, 

nervousness, problem of menstruation, 
sterility, renal insufficiency once made 

deaths born 

0.20 10.4 36.2 1.89 92.2 0.0080 

26 50 54 
Losses of appetite, headaches, disturb 
digestive, eye trouble, giddiness; Pose 
tremor the tobacco on the language. 

0.16 11.2 16.0 1.46 51.4 - 

27 30 47 
Losses of appetite, headaches, nauseas, 
giddiness, tremor, three sudden times 

dead of infants,   one miscarriage. 
0.17 13.2 12.0 1.47 26.3 - 

28 37 68 
Losses of appetite, stops dries, excessive 

perspiration at rest, colds, headaches, 
heartburn, one dead - born. Smoke much 

0.19 13.2 49.0 1.24 91.7         -  

29 35 68 Losses of appetite, disturb digestive, 
abdominal pains, headaches, 0.16 13.8 34.3 0.98 56.2 - 

30 27 50 
Losses of appetite, colds, stops dries, 

heartburn, renal insufficiency, headaches, 
migraine. Smokes. 

0.17 14.4 15.7 1.09 31.1 - 

31 25 48 
Losses of appetite, colds, stops dries, 

heartburn, renal insufficiency, headaches, 
migraine, gum pain, nervousness. 

Miscarriage only once. 

0.24 11.0 17.8 1.72 31.1 - 

32 28 60 Losses of appetite, colds, stops dries, 
disorder digestive, nauseas, giddiness. 0.22 7.6 22.3 0.99 91.1 - 

33 25 44 
Losses of appetite, colds, stops dries, 

heartburn, disturb digestive, renal 
insufficiency, nauseas, giddiness, 

0.13 9.6 12.6 0.89 56.2 - 

34 20 45 
Losses of appetite, colds, nervousness, 

hyperactivity, giddiness, itching of skin, 
t ires and tremor 

0.37 12.2 12.3 102 31.1 - 

35 43 53 
Losses of appetite, colds, stops dries, 
constipation, excessive perspiration, 

hyperactivity. 
0.22 13.9 40.2 1.26 76.2 - 

36 20 43 
Losses of appetite, colds, stops dries, 
nervousness, dental decays, gum pain, 
constipation, hyperactivity. Sterility 

0.30 12.0 22.1 1.34 81.1 - 
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suspected, since 7 years married without 
child. 

37 45 43 Losses of appetite, colds, two children 
dead 0.20 13.2 12.3 1.11 93.1 - 

38 74 64 

Losses of appetite, colds, nauseas with 
much of vomiting, dental decays, gum 
pain, sees with only one eye, hears with 
only one ear, he has 36 children among 

them one dead of  inhalation of pesticide, 
another one  fell into the Mékrou River. 

Chew 

0.22 12.2 16.4 1.09 66.2 - 

39 56 59 

Losses of appetite, colds, itching of skin, 
loss of memory, headaches, chronic renal 

insufficiency, hyperactivity, gum pain, 
tremor 

0.28 12.0 48.0 1.04 55.1  
 

NV= Normal value 

In addition, the b iochemical analyses of the blood of 
surveyed people concerning urea, creatin in, transaminase, 
total cholesterol and urinary calcium shows variability 
compared to the values of reference. The urea and creatinin  
are waste of the metabolism which informs about the 
purifying function of the kidney, principal target of heavy 
metals and the pesticides. Any nephrotoxic substance (tubular 
damage) even in the short run is likely to modify the blood 
concentrations of this two waste in the direction of an increase 
(they are reabsorbed in the injured tubules and return in the 
blood, in which  increase, the results showed that the found 
contents were in the normal fork at knowing 0.15 to 0.45g/l 
for urea. Only  one case has a creat inemy exceed ing the 
standard (14.4mg/ l against 14mg/l). 

Concerning transaminase, the value guides (49g/l) is not 
exceeded; it is the same with urinary calcium. Calcium just 
like iron are in  competition with heavy metals (Pb, Cd, Hg): 
any excessive presence of these traces elements in the urines 
(or the saddles) is a proof of the act ion of metals which would  
thus have occupied the place of these elements on the sites of 
the enzymes which will be thus inactive. Fortunately this 
situation is not yet observed but on the other hand for total 
cholesterol, several cases of going beyond of the limit (2g/l) 
were recorded. The origin of this lead is food, primarily the 
drink water like that was demonstrated the precedent results 
on the water proportioning of drillings.  Water can  be 
contaminated by passage through lead drains. Enrichment is 
variable according to the degree of acid ity and aggressiveness 
of water. Our results had shown that the content of lead  in  the 
water of drilling in the Kerou Commune exceeded standard 
WHO (0.04mg/l) because the recorded content was of 
0.07965mg/ l and of 0.0604mg/ l in the Mékrou river.  The new 
European standard fixes the maximum content lead in water at  
10μg/ l, and the states have until 2013 being put in conformity. 
Water is however, not the only source of exposure of the 
organism to lead. A lso lead is found in the air, grounds, food 
and dust; the individual contributions vary according to the 
environment and from the age (Kremp and Barbier, 2001).  
The food can be contaminated by water and various 
containers (ceramics, pottery, tins, crystals, leads of hunting). 
WHO has fixed an  amount tolerable day of laborer to 
3.5μg/kg. However, even if it  is by  the blood lead  that we 
could highlight intoxicat ion at lead in the commune of Kérou, 
the blood lead is used to evaluate a recent exposure but, it is 
only a poor indicator among the preceding  exposures since 
lead quickly excreted or stored in the bones. The lead content 
of the teeth has the advantage of reflecting a cumulat ive 
exposure to lead; however, that does not make it possible to 
determine the age or the diagram of exposure, which can be 
critical factors of lead toxicity. The research must then be 
based on information obtained from the parents. The multiple 
measurements spaced in time get more valid informat ion; this 
approach became besides the standard in the exploratory 
studies.  

IV. CONCLUSIONS 

This work aimed to evaluate the risks of exposure to toxic 
metals and pesticides in the cotton zone of Kérou. It was a 
question of making the physicochemical and toxico logical 
characterizat ion of the water of the wells and drillings of the 
Commune of Kérou and evaluating the medical risks of 
exposure to toxic metals and the pesticides via the 
consumption of this water by the population. The physic-
chemical characterization of Mekrou River, water of well and 
drillings of the area of study made it possible to release the 
behavior of certain descriptive parameters of the 
physicochemical quality of water. A comparison of the 
contents of the principal elements measured in subsoil waters 
of this zone for various sites of sampling indicates a 
difference in concentration between the wells and drillings. 
This difference is characterized by high values in  water of the 
wells than protected drillings. However the investigations 
wanting to go further on this level of protection made it  
possible to highlight the vulnerability of water of drillings 
pollution by toxic metals and the residues of pesticides, 
coming primarily from the cultivation of cotton and the 
domestic activities. The evaluation of exposure risks of 
related to the consumption of contaminated water by toxic 
metals and the pesticides took support on the example of lead 
according to the standardized step. Adam et al. (2012) showed 
the same conclusions. The results showed that there was risk 
of accumulat ion of lead in the organism in comparison with 
the daily exposure dose (DED)   and calculated quotient of 
danger (QD).  

To have a clear idea on this assumption, sampling of b lood 
is made on exposed population and analyzed on lead contents, 
with the search for certain indicating biochemical parameters 
of toxicity. It appeared that the assumption of intoxication 
was not to reject being given the disorders listed within the 
surveyed sample, d isturb identifiab le with lead poisoning, 
characteristic disease of intoxicat ion by lead. Moreover, the 
blood of surveyed contained lead is beyond the threshold of 
toxicity. Furthermore, b iochemical parameters, even if they 
are not all out-limits, were enough alarmed to attest of a 
probable intoxicat ion by lead  in  the commune of Kérou. In  all 
the ways, at the point where there are the results, they are 
sufficiently  worrying so that a monitoring o f the water 
pollution of well and drillings is in itiated with series of 
sensitizing for the medical safety of the drink water, essential 
to the wellbeing of the population of Kérou in particular  and 
that of Benin in general.  
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