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The purpose of this study is to assess the level of lead and cadmium 
contamination in irrigation water and lettuce (Lactuva sativa L) from 
six Ouagadougou market gardening sites, including Tanghin dams 1 
and 2, Boulmiougou site, Bissigin, and National School of Public Health 
sites (ENSP). A survey was conducted among 58 market gardeners to 
determine their perceptions of the quality of irrigation water, the 
quality of vegetables produced, and the associated health risks. 
Physical and chemical parameters of irrigation water and lettuce were 
measured using standard methods. The lead and cadmium levels were 
determined using atomic absorption in conjunction with a 
spectrometer. According to the survey results, wastewater from city 
gutters, dams, and wells was the primary source of water for irrigation 
activities, with rainwater being the most commonly used. The majority 
of market gardeners are unaware of the health risks associated with 
irrigation water quality and the market gardening produced. Lead and 
cadmium levels were above FAO and WHO recommendations. These 
vegetable crops may pose a risk to human health. 
 
Keywords : Lettuce, irrigation water, heavy metals, lead, cadmium  

 
 
 
 
 
 
 
 

 
 

INTRODUCTION 
 
Market garden production is an increasing activity in 
developing countries, providing incomes and food security 
for several in cities. Nearly 800 million people are engaged 
in this activity worldwide (Sataloff et al., 2000). It’s a 
profitable activity mainly practiced by vulnerable groups in 
urban areas (Moustier and Pages, 2018). Market gardening 
is exposed to various pollutants such as microbiological, 
pesticides and heavy metals (OMS, 1989). It’s then a risks 
factor to human being health. Heavy metals are part of the 
most dangerous pollutants. Their toxic effects on human 
organisms   have    been    put     in     evidence   (Järup, 2003; 

Turkdogan et al., 2002). 
In Ouagadougou, market gardening is produced in areas 

with high level of cars and motorcycle traffic, near to 
industrial sites and dump sites. Produced vegetables are 
then permanently exposed to pollution. These market 
gardens are also irrigated with water of dubious quality 
and the soil fertilized using compost, animal excreta and 
chemical fertilizers. In addition, market gardeners use 
irregular and abnormally high doses of pesticides for pest 
treatment  (Kanda et al., 2006). The multidimensional ways 
of   pollution  and  the   non-compliant agricultural practices  
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Figure 1 : Study sites  

 
 
 
are factors in both soil and plants contamination by heavy 
metals and other organic compounds (Singh and Kumar, 
2006).  

The present study aims to determine the contamination 
level of lead (Pb) and cadmium (Cd) in irrigation water and 
lettuce (Lactuva sativa L) grown in Ouagadougou.  
 
 
MATERIALS AND METHODS 
 
Study sites  
 
This study was carried out on urban market garden sites in 
Ouagadougou. There are about sixty-six (66) market garden 
sites and lettuce is the more cultivated vegetable with 1 272 
ha or more than 60% the total area (Bellwood-Howard et 
al., 2015). Our study was conducted in the market garden 
sites of Tanghin dams 1 and 2, Boulmiougou, the sites of 
Bissigin, in and behind the National School of Public Health 
(ENSP) as shown in Figure 1. 
 
Survey 
 
The survey was conducted between April and May 2019 in 
the market garden sites of interest. Sociological approaches 
such as semi-structured questionnaires, interviews were 
used in addition to observations to obtain credible data. 
About fifty-eight (58) market gardeners was randomly 

selected and involved in the study. The main information 
collected concerned socio-demographics (age, gender, 
social status and main activity), description of farming 
practices (types of vegetables grown, water supply sources, 
irrigation systems, types of pesticides and fertilizers used) 
and finally the perceptions of market gardeners on the 
quality of water and vegetables.  
 
Water and lettuce sampling  
 
Water was collected from various water sources (wells, 
canals, dams) used for vegetables irrigation. The collected 
water samples were then transferred to polyethylene 
bottles previously soaked in 0.01N HCl solution and rinsed 
with deionized water for heavy metal analysis (Chary et al., 
2008). A total of ten (10) water samples were collected, 
including six (06) from wells, three (03) from dams and one 
(01) from a canal. At the same time, lettuce samples were 
collected randomly from several market gardeners in the 
selected sites and transferred in plastic bags. All collected 
samples were stored at 4°C in a cooler and then 
transported to the laboratory for analysis. A total of forty 
(40) lettuce samples were collected. 
 
Physicochemical properties of the irrigation water  
 
Hydrogen potential (pH), temperature (T°), and electrical 
conductivity (EC) of irrigation water were measured in  situ  
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Table 1. Thresholds used to diagnose the contamination of the plants (FAO/WHO, 2015)  
 

heavy metal Concentration (ppm) Reference 
Vegetables sheets 
   
Cd 0.2 (FAO/WHO, 2015) 
   
Pb 0.3 (FAO/WHO, 2015) 

 
 

Table 2. Socio-demographic characteristics of the study population 
 

Variables Categories Number Frequency (%) 

Gender 
Female 32 55.17 

Male 26 44.83 
Total 58 100 

    

Age (years) 
18-35 28 48.28 
36-55 22 37.93 

56 and over 8 13.79 
 Total 58 100 
    

Education 

without any education 38 65.52 
Primary 14 24.14 

Post primary 6 10.34 
Secondary 0 0 

Higher Education 0 0 
Total 58 100 

 
 
 
in each selected water points, during sampling. Electrical 
conductivity and temperature were measured using a 
SCHOTT conductivity meter with a probe, while pH was 
measured using a WTW Ph3110 pH meter.  
 
Determination of heavy metals in irrigation water and 
lettuce sample 
 
All the chemicals were reagent  analytical quality, and Milli-
Q water grade (Elix UV5 and MilliQ, Millipore, the United 
States) was used for samples digestion and calibration 
solutions. Wet digestion was performed according to the 
method described by Awofolu (2005) with slight 
modification. Briefly, 0.3g of each freeze-dried lettuce 
samples were digested with 6 ml of of HNO3 69% 
(Hiperpur, Panreac AppliChem, Darmstadt, Allemagne) and 
2 ml of H2O2 30% (Wako Chemical Co, Japan) in a 
microwaves digestor system (Bergh of Speedwave ® 
Germany). An individual stock standard solution containing 
1000 mg/l of Pb and Cd purchased from MERK (Germany) 
were used for preparing the solution for calibration 
standards and spiking. The digested samples were then 
transferred in a Teflon becher, and the volume was 
completed to 50 ml by Milli-Q water.  

The water samples were filtered through Millipore 
filtration assembly, using 0.45 mm membrane filter. The 
filtrate was then acidified with concentrated HNO3 to make 
a pH <2 prior to analysis (Baize and Paquereau, 1997).  

The elementary analyses were carried out with an atomic 

absorption spectrometer VARIAN 240FS (Australia), 
equipped with single hollow cathodes lamps.  The 
concentrations of the elements were determined using an 
external calibration curve. Table 1 show the thresholds 
used to diagnose the contamination of the plants.  
 
Statistical analysis 
 
The survey data were processed and analyzed with the 
Epiinfo 7.4.2 software, which made it possible to generate 
descriptive statistics. As for the biological tests, the mean 
values of the various parameters studied were compared 
using the XLSTAT 2019 software at a threshold of 0.05%. 
 
 
RESULTS 
 
Socio-demographic characteristics of the study 
population 
 
The socio-demographic characteristics retained in this 
study were gender, age and level of instruction for market 
gardeners. They can influence significantly the cultivation 
practices of producers. The results obtained for these 
different parameters are shown in Table 2. 
 
Sources of irrigation water 
 
From  direct   observations  and  interviews, it  appears  that 
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Figure 2 : Distribution of the source of water used in market garden irrigation 

 
 

Table 3. Markets gardeners perception of health risk associate to their activity 
 

Perception criteria Number of 
respondents 

Percentage % 

Presence of contaminants in irrigation water 
Yes 21 36,21 
No 37 63,79 

Types of contaminants 
Microorganisms 07 12,07 

Chemical products 20 34,48 
Plant and plastic debris 01 1,72 

Knowledge of the health risks associated with the 
use of waste water 

Yes 24 41,38 
No 34 58,62 

Total number of respondents 58 100,00 

 
 
 
three (03) types of water, viz: well water, dam water and 
wastewater are used for vegetable irrigation on the various 
market gardening sites in Ouagadougou (Figure 2). Only 
well water is used by 79 percent of producers. About 17 
percent of producers use both well and dam water and 4 
percent of them use both well water and wastewater as it’s 
showed in (Figure 2). Gardens which are close to dams and 
wastewater effluents are irrigated by those water while far 
away garden are irrigated by the water from the wells 
which are there installed or using motor pumps.  
 
Market gardeners' perceptions of the vegetables risk 
associated   
 
Among the 58 market gardeners surveyed, 41.38% knew 
that the use of wastewater in market gardening constitutes 
a health hazard for farmers and consumers because it may 
contain microbiological, chemical and physical 

contaminants (Table 3). Which mean that the majority of 
gardeners (58.62%) ignore the danger in the use of 
wastewater. The chemical products are the most known 
among the contaminants by market gardeners.  
 
Physico-chemical characteristics of irrigation water 
 
The average temperature of the dam water and wastewater 
was 28.70°C and 34.50°C, respectively, while the well water 
temperature was 27.03°C (Table 4). The pH of all irrigation 
waters is relatively basic, ranging between 7.63 and 9.75. 
(Table 4). The pH of wastewater is higher than that of dam 
and well water (Table 4). The electrical conductivity of 
wastewater (EC = 1877 μS/cm) was significantly higher 
than that of dam water (EC = 631,33 μS/cm) and well water 
(EC = 650,33S/cm). According to the FAO standard, all 
conductivity values are less than the acceptable limit of 
3000 μS /cm. 
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Table 4.  Physicochemical characteristics of irrigation water  
 

Type of water Temperature (°C) pH Conductivity (µS/cm) 
Waste water  33 9.75 1877 
Dam water 31.13 7.74 631.33 
Well water 27.03 7.62 650.33 
P value (5%) < 0,0001 < 0,0001 0,002 

 
 

Table 5. Concentration of heavy metals in irrigation water 
 

Heavy metals Irrigation water (ppm) P value 5% 
Waste water Dam water  Well water  

Pb 2.55. 10-3 2.51 ± 0.31. 10-3 2.40 ± 0.19. 10-3 0.92 
Cd 0,73.10-3 0,73 ± 0,18.10-3 0,74 ± 0,15.10-3 0.48 

 
 

Table 6. Concentration of heavy metals in lettuce at different sites 
 

Heavy Metals  Lettuce (ppm) 

Dam 1 
n= 08 

 Dam 2 
n=08 

Bissigin 
n=06 

Boulmiougou 
n=08 

ENSP couryard 
n= 05 

ENSP canal 
n=05 

Pb 42.28±1.94 33.44±11.62 25.39±9.74 37.90±15 33.16 ±20.95 23.22± 7.55 
Cd 11.47± 6.84 7.86±6.54 13.73±5.77 13.56±10.53 3.88±3.28 5.27±1.70 

 
 
 
Contamination of irrigation water and lettuce with 
heavy metals  
 
The analysis of heavy metals in irrigation water showed a 
contamination with lead (Pb) and cadmium (Cd). 
Concentrations of lead and cadmium in waste water  
respectively 2.55.10-3 ppm and 0.73.10-3 ppm. It is 2.51 ± 
0.31. 10-3 ppm for Pb and 0.73 ± 0.18.10-3 ppm for Cd in 
dam water. The heavy metals level in well water is 
respectively 2.40 ± 0.19. 10-3 ppm (Pb) and 0.74 ± 0.15.10-3 
ppm (Cd) (Table 5). There is not a significant difference in 
the heavy metals level among samples according to 
statistical test. However, all water sources are 
contaminated at levels below the FAO/WHO maximum 
allowable limits.  

Like irrigation water, lead and cadmium have been found 
with very high concentrations in lettuces, however. The 
highest lead concentrations was found in lettuce (Pb= 42.28 
± 11.94 ppm) from the market garden site of Tanghin dam 
1 while the highest Cd concentrations was observed in 
lettuce from the market garden sites of Bissigin (Cd= 13.73 
± 5.77 ppm) and Boulmiougou (Cd= 13.56 ± 10.54 ppm) 
(Table 6). Pb and Cd concentrations obtained in lettuce 
were above FAO/WHO recommendations. 
 
 
DISCUSSION 
 
Market gardening at the study sites is practiced by both 
sexes, however with a high number of women (55.17%). 
This finding could be explained not only by the higher 
number of women in the general population but also by 

their low purchasing power. Similar results have been 
reported by Romba et al. (2020). Thus for Romba et al., The 
strong representativeness of women could be explained by 
the fact that market gardening is an activity income 
generating allowing them to be independent financially and 
to support their families, in particular in the education of 
children. Like the results obtained by Diop (2013) and 
Tarnagda et al. (2017), this present study has shown that 
market gardening is more practiced by young people 
between 18 and 35 years old (Diop, 2013; Tarnagda et al., 
2017). This situation could be explained by the low level of 
training observed by producers. In fact, market gardening 
does not require a specific qualification and offers an 
entrepreneurial opportunity to uneducated young people. 

Market gardening activity is farmers adaptation 
strategies to climate change in arid areas (Gemmell and 
Schmidt, 2012; Majule et al., 2013; Ozer et al., 2013). In 
Ouagadougou market gardeners have developed several 
strategies to overcome water scarcity by using wastewater, 
dam water and well water despite the associated health 
risks. Much of the wastewater comes from households and 
shallow swamps resulting from the leaching of soil soiled 
with human and animal faeces (Djegbe et al., 2018). The 
study period is one the higher period in Ouagadougou, 
which also affects the temperature of irrigation water. 
Wastewater has a higher temperature than well water. This 
difference in temperature of these two water sources may 
be explained by the fact that well water benefits from the 
shade provided by the shrubs while wastewater is directly 
exposed to sun's rays. These observations are similar to 
those of Djegbe et al. (2018) and Pazou et al. (2010) who 
stated   that   heat    exchanges   with   the   atmosphere   are 
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favored by this exposure to solar radiation. 

The higher pH level of wastewater compared to water 
from dams and wells observed during this study is certainly 
related to the existence of several water effluents likely to 
increase the pH of the water such as laundry water, dishes, 
household toilets that are discharged into the gutters. The 
high level of pH of wastewater has already been reported 
by Djegbe et al. (2018) for sewage and by Gemmell and 
Schmidt (2010) for river water. Low pH of the well water 
obtained would be related to the geological nature and the 
chemical properties of the soil where the wells have been 
implanted. The electrical conductivity values obtained 
indicate strong mineralization of the wastewater. This 
strong mineralization could be due to the mineral richness 
of various wastes from anthropogenic activities.  

The survey also showed a lack of knowledge among 
market gardeners concerning the health risks associated to 
the quality of water used for vegetable irrigation. Similar 
observations were reported by Wognin et al. (2013). 
According to them only a small number of market 
gardeners are aware of the health risks related to the 
quality of irrigation water. Then consumers are the first 
exposed to these risks, followed by market gardeners 
themselves because they are in permanent contact with 
these contaminated waters.  

Overall, vegetables are more contaminated than 
irrigation water. This observation has been put in evidence 
in previous researches (Djegbe et al., 2018; Khan et al., 
2013; Koumolou et al., 2013; Maleki et al., 2014). It 
highlights the fact that several sources participate to 
vegetables contamination, not only irrigation water. The 
results of the heavy metals level in lettuce are sometimes 
exceeding the standards recommended by the FAO/WHO 
(2015). Kouakou et al. (2015) and Djegbe et al. (2018) 
reported similar high level of heavy metals in vegetables. 
Atmospheric deposition from dumping and incineration of 
household and industrial waste such batteries, cans, 
plastics, plant debris, animal carcasses, oil spills and from 
motor and vehicle traffic may be the main sources of heavy 
metals. Market gardening sites are bordered by several 
dumps which contribute to the contamination of their 
irrigation water and soil. There is a high contamination of 
lettuce with Pb and Cd. The proximity to the national 
electric production station and the great hospital (CHU 
Yalgado) could also explain this contamination level in 
Tanghin Dam 1 site.  

Diseases associated to heavy metals are kidney and liver 
disorders, lead poisoning resulting in clinical disorders, 
biological abnormalities and various histopathological 
alterations anorexia, vomiting, irritability, behavioural 
disorders, abdominal pain and constipation; severe 
intoxication, convulsions, coma, bone deterioration and 
hypertension; cardiovascular manifestations and 
tachycardia ; chronic intoxication: digestive disorders, 
melanodermal and neurological syndromes (Degbey et al., 
2011; INSPQ, 2003; Khan et al., 2013; Rodier, 2009). The 
contamination level is higher than FAO and WHO standards, 
which mean these market gardener consumers are at risks.   

 
 
 
 
CONCLUSION 
 
This study revealed that lettuce grown in Tanghin, Bissigin, 
Boulmiougou and ENSP market gardening sites are 
contaminated by lead and cadmium than irrigation water. 
The contamination level of lead and cadmium in lettuce is 
higher than FAO and WHO recommendations. There is a 
need of monitoring of this activity and sensitization for 
citizens health protect and diseases prevent. 
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