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Abstract: Problem statement: Water and soil are vital resources used in agriculture. Current data 
establish a link between the pollution of soil, water and public health. For this reason, this study 
attempted to establish a link between the level of pollution of garden sites in lead (Pb), Cadmium (Cd) 
and Arsenic (As) and the health quality of vegetables grown there, through the quality of soil and of 
the irrigation water. Approach: Composite samples of vegetables, irrigation water and soil taken in 
the same periods at two garden sites in the city of Cotonou and another one in the village of Aplahoue, 
were analyzed for Pb, Cd and As by atomic absorption spectrophotometer. The amounts (average ± 
SD) have been compared by the statistical Student p test (T>t) = 0.05. Results: The results show that 
all the vegetables grown on the three sites are differently contaminated with Pb, Cd and As, as well as 
their irrigation water and the soil. However, the link attempted to be established between pollution of 
soil, irrigation water and quality of vegetables, could not be obvious, it has been discussed. Soil 
pollution with toxic metals seems to be of minor importance and does not directly influence the 
contamination of vegetables Conversely to soil pollution, the levels of contamination of irrigation 
water by trace metals (Cd and As) are much closer to that of vegetables, apart Pb. However, the high 
urban and atmospheric pressures in Cotonou have significantly influenced the contamination. For, it is 
in Aplahoue, farming environment, that the lowest amounts of metals in water and in the vegetables 
have been recorded. Conclusion/Recommendations: There is a risk of contamination in the food 
chain by heavy metals whose consumption through these gardening products could cause public health 
problems. Thus, the adoption of reasonable behavior and the development of new technologies are 
needed to associate food security, economic development, the preservation of the environment and 
public health.  
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INTRODUCTION 
 
 Market garden produces are sought to address 
micronutrient, vitamin and protein deficiencies in 
Africa where food rations is mainly consisted of grain 
(Gnandi et al., 2008). With the economic crisis in 
Cotonou Benin, there has been an increase in the 
number of gardens as well as the increase of the 
cultivated areas (Assogba and Miguel, 1999). Most of 

the plots are scattered in cities, as the case of Cotonou. 
In these cities, many of the gardens are either on old 
garbage dumps or located near swamps, which are for 
most of them, areas of dumping of all kinds (Mougeot, 
2000). It is not rare to find in these garbage, used 
batteries, paint pots, oil, crap metals, drugs and 
laboratory reagents. All these products are known to be 
direct or indirect emitting sources of toxic metals. In 
this environment, there is no guarantee about the 
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sanitary quality of the harvested products. However, 
there exist some gardening sites in semi-rural regions 
that appear to be less polluted, such as the site of 
Aplahoue. The purpose of this current work is then to 
try to establish a direct link between the pollution of 
a garden site and the sanitary quality of the 
vegetables that are cultivated there in order to make 
an evaluation of the environmental health risk. The 
site of Aplahoue, apparently less subject to 
population pressure is taken as comparison with the 
gardening sites of the city of Cotonou.  
 

MATERIALS AND METHODS 
 
Study area: The two sites in Cotonou, Godomey and 
Houeyiho are far about 150 km from the Aplahoue site. 
Houeyiho site, 15 hectares in area, is located in the 
heart of the city, in a fenced enclosure, which is less 
affected by population activities. It is the most 
important site in Cotonou where market produces 
gardening is permanent and organized with a compost 
production unit from the garbage collected. Inside the 
site are small shallows that are used for the watering of 
the vegetables. Conversely, gardening on the Godomey 
site is intermittent and the site is located on a flood 
plain, a swamp site having on its edge a pile of garbage 
of all kinds. Aplahoue site is a large crop field where 
irrigation water comes from a small river that runs 
through fields of cotton and food crops. 
 
Processing and analysis: Composite samples of soil 
and irrigation water have been taken as well as eight 
different species of vegetables: Amaranthus hybridus 
(amaranth), Daucus carota (carrot), Lactuca sativa 
(lettuce), Spinacia oleracea (spinach), Allium cepa 
(green onion), Brassica oleracea (cabbage), Corchorus 
olitorius (fiddle), Salanum macrocarpum (nightshade). 
 All the samples have undergone the necessary 
treatment before heavy metals analysis by 
electrothermal atomic absorption spectrophotometer 
according to the method described in (Anane et al., 
1995; Vaidya and Rantala, 1996).  
 
Statistical tests: Results are presented in tables as 
average ± standard deviation and analysed using Stata 
8.0 software. All statistical treatments performed in this 
study show many comparisons. This procedure involves 
comparing pair-wise all or part of the results using 
Student p test (T>t) = 0.05. 
 

RESULTS AND DISCUSSION 
 
 The results are summarized in Table 1-3. 
 The results show that all the vegetables grown on 
the three sites are contaminated with Pb, Cd and As, as 
well as their irrigation water and the soil.  

The amounts reveal that for all metals the regulatory 
limits are over passed but the level of contamination 
varies from one site to another one. According to Table 
1, levels of soil pollution are significantly different for 
Pb and Cd at the Houeyiho site compared to the other 
two sites (p<0.05). Normally, the use of waste to make 
compost at the Houeyiho site should decrease the level 
of lead according to (Compaore and Nanema, 2010). 
The proof is that the level of cadmium in the soil on this 
site is the lowest (0.05±0.02 ppm). However, data about 
the amount of metals in the soil seem to be of less 
importance. Indeed, beside the case of Pb between 
Houeyiho and Aplahoue (Table 3), vegetables on the 
three sites have statistically the same contamination 
level in toxic metals (p>0.05) in spite of the significant 
difference between the toxic metals levels in the soils. 
Thus, the contamination of the vegetables in toxic 
depended not only on the toxicity of the soils. Besides, 
in the watering water, levels of metals pollution are 
higher and significantly different for Pb, Cd and As on 
the Godomey site compared to Houeyiho and Aplahoue 
sites (p<0.05) in spite of no-significant difference 
between the toxic metals levels in the vegetables. 
Godomey records the highest contents for the three 
metals: Pb (5.07 versus 3.39 and 2.67 ppm), Cd (1.54 
versus 0.84 and 0.79 ppm) and As (562.6 versus 344.5 
and 277.3 ppm). Godomey site is located on a flood 
plain, a swamp site having on its edge a pile of garbage 
of all kinds that can contain pollutants. Thus, like the 
case of soil, the concentration of the vegetables in a 
metal did not depend only on its amount in the water. 
However, the amount of the metal in the irrigation water 
at least seems to influence the contamination of the 
vegetables. In fact, apart the case of Godomey that has 
been explained above, levels of Cd and As in water at the 
sites of Houeyiho and Aplahoue are not significantly 
different as well as levels of these two metals in 
vegetables at these two sites. Even though it is only an 
insignificant quantity at the site, the bio-available level of 
a micro-pollutant represents all the molecules in the 
surrounding area and is able to contaminate the 
organisms (Lebourg et al., 1998). In this case, a metal 
found in the irrigation water represents the total 
quantities of metal in solution, but metals found in the 
vegetables are those that are rather ionized or free in the 
air (Tessier and Turner, 1995). For Cd and As that are 
ionisables and as such are bio-available to plants 
(Camobreco et al., 1996; Richards et al., 1998; Vulkan et 
al., 2002; Pitten, 1997; Gong et al., 2002), theirs 
concentrations in the water are close to those found in the 
vegetables. It’s not the same with Pb. When its 
concentrations in the water at the two sites are not 
significantly different, there is significant difference 
between its levels in vegetables (Table 2 and 3).  



Am. J. Environ. Sci., 8 (3): 248-252, 2012 
 

250 

Table 1: Soil contamination by toxic metals at the three sites 
 Lead (ppm)           Cadmium (ppm)   Arsenic (ppm) 
 --------------------------------------- ------------------------------------------ -------------------------------------------------------- 
Sites G H  A G H A G H A  

 9.527 49.75 4.62 0.74 0.09 0.63 151.2 138.79 112.34 
 9.956 47.92 4.62 0.81 0.04 0.72 165.1 142.58 107.43
 11.24 50.72 5.02 0.74 0.03 0.56 158.8 151.33 115.55 
Samples of soils 10.12 50.20 5.10 0.83 0.08 0.93 162.0 145.94 104.76
 9.75 48.51 4.92 0.75 0.04 0.89 160.8 139.84 92.69
 10.81 51.67 4.72 0.77 0.03 1.10 153.3 137.91 92.22
 9.90 49.10 4.91 0.64 0.04 0.68 163.2 153.34 115.28 
Average± S D 10.19±0.16 a 49.7±1.297b 4.85±019a 076±0.06a 0.05±0.02b  0.79±0.19a  159.2 ±5.16a 144.25±6.16a 105.75±9.89a 
G, H and A are respectively the initials for Godomey, Houeyiho and Aplahoue. SD = Standard Deviation. T-test: Means for identical letter for the same 
metal are not significantly different; those with different letters for the same metal are significantly different. So p<0.05 for Cd and Pb between Houeyiho 
and the other two sites; for the rest p>0.05. ppm is equivalent of mg/kg 

 
Table 2: Contamination of irrigation water by toxic metals at the three sites 
 Lead (ppm)   Cadmium (ppm)  Arsenic (ppm) 
 --------------------------------------- --------------------------------------- -------------------------------------------------------------- 
Sites G H A G H A G H A 
 4.81 2.85 2.24 1.65 0.79 0.92 583.11 335.41 281.02
 5.07 3.51 3.10 1.45 0.82 0.62 592.82 344.52 280.51
 3.97 3.52 2.09 1.43 0.79 0.74 571.81 353.12 269.61 
Samples of water 4.96 3.45 2.51 1.16 0.92 0.90 542.51 343.94 282.41
 5.41 3.52 3.50 1.80 0.72 0.83 502.41 342.14 265.71 
 5.71 3.54 2.81 1.62 0.83 0.65 573.71 336.54 275.91
 5.54 3.35 2.41 1.63 0.99 0.85 572.93 356.13 285.90 
Average± S D 5.07±0.58b 3.39±0.24a 2.67±0.50a 1.54±0.20b 0.84±0.09a 0.79±0.11a 562.6±30.75b 344.54±7.76a 277.3±7.29a 
T-test: The values for identical letters, for the same metal are not significantly different; those with different letters for the same metal are significantly 
different. p<0.05 for Pb, Cb and As between Godomey and each of the other two sites; for the rest p>0.05 

 
Table 3: Contamination of vegetables by toxic metals at the three sites 
 Lead (ppm)   Cadmium (ppm)  Arsenic (ppm) 
 --------------------------------------- --------------------------------------- ---------------------------------------------------------- 
Sites G H A G H A G H A 
L. sativa 4.84 3.10 6.03 0.89 0.63 0.07 237.62 260.48 315.13 
A. hybridus 5.01 3.73 5.92 0.93 5.13 0.32 171.63 259.92 302.15 
S. macrocarpum 2.52 3.38 5.99 0.82 0.64 0.81 282.73 316.28 219.19 
B. oleracea 6.69 3.12 6.32 1.73 0.55 0.79 230.81 325.30 195.08 
D. carota 1.06 1.14 2.37 1.22 0.72 0.53 300.51 251.45 270.18 
C. olitorius 3.5 4.76 5.52 0.91 1.17 1.10 271.76 241.41 255.12 
A. cepa 2.85 3.36 4.80 0.43 0.26 0.34 358.67 323.52 196.40 
S. oleracea 4.08 3.46 4.95 0.34 0.52 0.75 231.84 204.01 232.02 
Average± S D 3.82±1.73 3.26±1.0a 5.24±.88b 0.91±0.43 1.20±1.60 0.59±0.33 260.7±56.04 272.8±44.25 248.16±45.56 
T-test: values followed by letters are significantly different; others are not for the same metal. P<0.05 for Pb between Houeyiho and Aplahoue (they are 
significantly different for the Pb), for the rest p>0.05 

 
 This is the case of the Houeyiho and Aplahoue 
sites. In the contrary, when concentrations of lead in the 
water at two sites are significantly different, there is not 
significant difference between their levels in the 
vegetables. This is the cases between Godomey and 
Houeyiho or Godomey and Aplahoue. Everything 
happens like the levels of lead found in the vegetables 
are not linked to the irrigation water. Normally, there 
should not be higher level of lead in vegetables (Ross, 
1994) because it is not ionized (Ablain, 2002). 
However, according Table 3, Pb is abundantly found in 
the vegetables; it means that it should be from various 
sources. Some authors (Pietel et al., 2000) thought that 
the Pb found in the vegetables is mostly atmospheric. 
Then the vegetables-leave would have been exposed 
than those without leave. Such hypothesis is proved by 

the results. Indeed, levels in lead of Daucus carota and 
Allium cepa that are no-leave vegetables, respectively 
being among the low-level group (1.06 and 2.85 versus 
average 3.82 ppm at Godomey site; 1.14 and 3.36 
versus average 3.26 ppm at Houeyiho site; 2.37 and 
4.80 versus 5.24 ppm at Aplahoue site). Therefore if the 
contamination by cadmium and arsenic in the watering 
water seems to be much closer to that of vegetables, it 
is because the metals are ionized in water which 
determinate theirs bio-availability. So, the 
contamination of vegetables does not depend on the 
toxics levels in the soil neither in the watering water but 
to bio-availability of metal (Xian, 1989). Studies have 
highlighted some other factors involved in the 
bioaccumulation of toxic metals by organisms, such as: 
the speciation of the metal, the intrinsic nature of the 
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organism and the biotic, physic and chemical factors 
according to (Tessier and Turner, 1995). Finally, the 
overall results help to notice that high urban and 
atmospheric pressures in Cotonou where the Godomey 
and Houeyiho sites are located, have significantly 
influenced the contamination in toxic metals of the 
soils, the irrigation water and the vegetables when we 
compare the results from these sites to those of the site 
in Aplahoue, a rural area. For, it is in Aplahoue, 
farming environment, that the lowest amounts of Pb, Cd 
and As in water (2.67, 0.79 and 277.3 ppm); the lowest 
levels of Pb and As (4.85 and 105.75 ppm) in soil and 
the lowest amounts of Cd and As (0.59 and 248.16 
ppm) in the vegetables have been recorded. The heavy 
vehicle traffic near the gardening sites in the city of 
Cotonou, the use of adulterated oil, the proximity of 
garbage dumps and the presence in great number of 
craftsmen stalls which are toxic metals contamination 
sources explain these results. 
 

CONCLUSION 
 
 Surface waters are an important resource in 
agriculture. Unfortunately, the one used on some 
gardening sites of Benin is contaminated by toxic metals 
from the air or soil. The results of this study revealed that 
when the soil is contaminated, so is the water in the soil 
and the vegetables or plants that grow there. It is difficult 
to clearly establish the link between contaminated soil, 
water and the sanitary quality of grown vegetables. But 
the study has helped to understand that the pollution of 
the market products has no borders. Thus, there is a risk 
of contamination in the food chain by heavy metals 
whose consumption through these gardening products 
could cause public health problems. Thus, the adoption 
of reasonable behaviour and the development of new 
technologies are needed to associate food security, 
economic development, the preservation of the 
environment and public health.  
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