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ABSTRACT

Objective: The main objective of this research was to evaluate the growth parameters and sanitary quality of Solanum nigrum L. irrigated with
polluted water from Avo’o river in Nomayos.

Methods: Faecal sludge, water from Avo’o River and Solanum nigrum L., were analysed with respect to microbiological and parasitological parameters.
Four points (SO: Control site, located in Mbankomo at 3 km away from faecal sludge discharge area; S1: located at 810 m before the faecal sludge
discharge area; S2: located at 100 m away from the faecal sludge discharge area; and S3: located at 350 m after the faecal sludge discharge area) were
considered for sampling events. For faecal indicator (FC: Faecal coliforms and FS: Faecal Streptococci), the membrane filtration method was used.
Helminthes eggs were determined using the method of Bailenger, modified by Rodier. The growth parameters of S. nigrum L., measured in different
site mentioned above, were plant height, number, length and width of fresh leaves.

Results: High concentration of FC (6857 + 5180) and FS (2500 * 1876 CFU/100 ml), as well as helminths eggs (273 + 186 eggs/L) were obtained in
Avo’o water samples. The strong correlations (r=0.9) clearly show that the waters of the Avo’o stream influence the growth of S. nigrum L.

Conclusion: Despite the best growth of Solanum Nigrum L. irrigated with water from Avo’o River, high concentration of parasites was obtained on
their leaves (43 eggs/100 g) highlight the necessity of a better management of faecal sludge in this city.
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INTRODUCTION

In urban areas of many developing countries, the excreta disposal
location is dramatic. Every day, all around the world, thousands of tons
of sludge from onsite sanitation systems, such as traditional latrines,
public toilets, and septic tanks are disposed of without previous
treatment [1-3]. During the past decade, an increasing number of
countries have explored the possibility of municipal wastewater
and sludge reuse [4-7]. The use of wastewater for irrigation and
municipal sludge utilization is becoming widely practiced not only
in countries with a water deficit but also in countries with a more
temperate climate. The method as well as the extent of reuse, however,
varies according to the local infrastructure and the circumstances
prevailing in each country. Faced with rapid population growth,
cities in developing countries are subject to food insecurity and high
levels of unemployment. Urban agriculture, a booming business,
seems to be an additional way for the reduction of unemployment
and provides food security to the city. In effect, many people have
taken refuge in the production of vegetables, especially in lowlands
and swamps which are floodplains with permanent moisture and
richness in organic matter [7-12]. Many studies have shown the effect
of wastewaters on the growth and productivity of plants in various
countries of the world. Actually, the work of Mercanoglutaban and
Halkman [13], Djaouda et al. [14], FAO [15], Fouepe et al. [16] focused
on the evaluation of the biomass of several species of Eucalyptus
camaldulensis, Acacia cyanophylus, and Populus nigra mentioned that
P, nigra plants showed the greatest growth in height while Cyanophylus
and Acacia manifested highest growth in diameter. Furthermore,
the highest biomass was generated by A. cyanophylus, followed by
Arundo donax, while biomass generation was low for Eucalyptus sp.,
and lowest for Populus nigra. In a recent work, the feasibility of using
wastewater and sludge from secondary sewage treatments plants

was studied in forest plant species of Pinus brutia (Greek origin) and
Pinus maritime [14,17,18]. The present research work was conducted
in a peri-urban area of Yaounde call Nomayos. It aimed at evaluated
the effect of various treatment combinations of ordinary water and
water contaminated by fecal sludge on the growth characteristics of
Solanum nigrum L. The objectives were as follows: (a) To characterize
different kinds of water used for irrigation of S. nigrum L. in the
study area, (b) to evaluate the growth parameters of the plant, and
(c) to evaluate the sanitary risks associated to the Solanum nigrum L.
produced by farmers.

METHODS

Site description

This work was carried out along the borders of two rivers at Nomayos,
a locality near Yaoundé which serves as indiscriminate dumping site of
sludge collected by vacuum trucks from onsite sanitations in Yaounde
(Fig. 1). The site has a surface area of about 300 m? and receives
approximately 1350 m® of untreated fecal sludge per week.

Methodology

Samples of faecal sludge, water from Avo’o River and S. nigrum L.,
were analyzed with respect to microbiological and parasitological
parameters. For this, 4 points (SO: Control site, located in Mbankomo
3 km away from faecal sludge discharge area; S1: Site one located
at 810 m before the faecal sludge discharge area; S2: Site 2 located
100 m away from the faecal sludge discharge area; and S3: Site 3 located
350 m after the faecal sludge discharge area) were considered for
sampling events. Looking microbiological analyses, fecal streptococci
and fecal coliforms were determined in each sample using the
membrane filtration protocol described by Rodier [19], WHO [20] for
parasitological analysis, helminthes eggs were determined using the
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Fig. 1: Site of study: (a) depositing of fecal sludge, (b) wastes on
the site

method described by Bailenger and modified by Rodier [19], WHO [20].
The growth parameters of S. nigrum L., monthly measured in different
site mentioned above were evaluated and considered parameters were
plant height, number, and length and width of fresh leaves. Plant height
was measured using a double decameter; number of fresh leaves and
number of the dead plant determined by counting; length of leaves,
measured with a caliper.

Data analysis

The ANOVA test was conducted to reveal the effects of different
treatments applied on the bacteriological, parasitological, and
morphological parameters of S. nigrum L. using SPSS software.

RESULTS AND DISCUSSION

Analyses of sludge, waters of Avo’o River, and lettuce plants from the
studied sites revealed the presence of indicators of fecal pollution:
Fecal coliforms and fecal streptococci (Table 1). Mean values of
these bacterial indicators in fecal sludge are 22.86x10° CFU/100
ml and 10.68x10° CFU/100 ml, respectively, for fecal coliforms and
streptococci. These mean values are 1400 and 370 CFU/100 ml, 3200
and 1480 CFU/100 ml, 4580 and 1540 CFU/100 ml, 1112 and 264, 20
CFU/100 ml, and 3888 and 1448 CFU/100 ml, respectively, for sites S1,
S2, S3, SO, and S. nigrum L. plant. A very strong linear correlation with
Pearson’s test was observed between the levels of indicators of fecal
pollution in the sludge, the waters points of river Avo’o, and leaves of
S. nigrum L.

Microbiological characteristics of water use

The most important feature of this work is the very high values of
pathogens in sludge, revealing the highly polluted nature of the raw
sludge drain. Similar results were obtained by FAO [15], Esaw and
Mohamed [21], Kengne [22] working on the factors affecting the
dewatering of fecal sludge using constructed wetlands in tropical
region. The bacteriological characteristics of Avo’o River waters
contaminated by drains from the Nomayos sludge discharge area
reveal pollution levels that are highly above the standards restrictive
values recommended for irrigation waters used in the cultivation of
edible crops (<1000 CFU for fecal bacteriaand 1 helminth ova/100 g of
S. nigrum L. of edible crops) [20]. These values reflect the importance
of sludge on the environmental pollution. Similar observations were
made by Bea et al. [11], Mercanoglutaban and Halkman [13], Kengne
et al. [22] who noted that the uncontrolled discharge of excreta in
the environment does not respect the principles of ecological and
health care, especially in developing countries. In addition, these
authors described the transmission routes of disease: Direct contact
with feces during swimming and the consumption of food and water
dysentery, malaria, etc., affect as many as 53% of urban dwellers both
in Douala and contaminated by pathogenic germs. For these authors,
the wastewater contaminated with excreta can be used in agriculture.
However, care must take to avoid contamination for municipal sludge
and wastewaters generally contain four major kinds of pathogens [6]:
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Table 1: Microbiological characteristics of samples (n=33 for
each sample)

Sample CF (UFC/100 ml) SF (UFC/100 ml)
Fecal sludge 22.86x10°£25.47x10*  10.68x10°+16.46x10?
SO 1112.00+1013.25 264.20+189.52

S1 1400.00+1160.44 370.00+132.06

S2 3200.00£2280.77 1480.00+£1200.00

S3 4580.00+2902.06 1540.00+£1420.56
Solanum nigrum L. 349.41+119.85 153+114.68
(UFC/100 g)

S0: Control, S1: Before discharge, S2: Discharge area, S3: After discharge area

Bacteria, protozoa, viruses, and helminths eggs. This contamination
of S. nigrum L. is accentuated by the irrigation method; sprinkling
irrigation significantly increases the risk of contamination. However,
most farmers use wastewater to irrigate their crops by spraying
with watering cans. It has been applied to establish the health risks
associated with consuming wastewater-irrigated food crops and also
applied quantitative microbial risk assessment for the evaluation of
health risks for farmers using wastewater under different irrigation
regimes and technologies [18,22-24] and vegetables [6,21,25-27].
The use of these plants for food supply without respect of hygiene
can be associated to waterborne diseases. Outbreaks of waterborne
diseases (diarrhea, cholera, typhoid fever, dysentery, malaria, etc.)
affect as many as 53% of urban dwellers both in Douala and Yaounde.
Others such as typhoid fever and diarrhea represent, respectively,
32% and 43% of waterborne diseases that affect the population of
Cameroon [22].

Parasitological characteristics

There have been approbation numbers of risk factors for the reuse of
wastewater for agricultural irrigation. Some risk factors are short term
and vary in severity depending on the potential for human, animal, or
microbial pathogens to have contact with the environment [28]. It is
worth recalling that the most common human microbial pathogens
found in wastewater are of enteric origin. This uncontrolled use of
wastewater in agriculture has significant health implications for
product consumers, farmers and their families, vendors, and producer
communities in wastewater irrigated areas [1].

A total of 3601 helminths eggs/L of fecal sludge, 285 helminths ova/L
of irrigated water, and 43 helminths eggs/100 g of S. nigrum L. were
obtained. These parasite concentrations show that fecal sludge his
high pollutant with influence on the parasitological characteristics
of Avo’'o River water and lettuce. Looking to these concentrations,
sludge analyzed can be range in category. A sludge type according to
the classification of Strauss et al. [12] because the concentrations
of helminth eggs are similar to those obtained by these authors. The
characteristics of samples exhibit a great disadvantage of wastewater
reuse due to its effect on public health.

Regarding the types of parasites observed in the samples, parasite
species recorded at different sampling points are Ascaris lumbricoides,
Enterobius sp., Trichuris trichiura, Taenia sp. and Schistosoma sp.
Heterogeneity was observed in the type and number of parasite
species recorded at the sampling sites. SO sample site has registered
only two parasite species which are A. lumbricoides (28.33 eggs/L)
and T trichiura (3.33 eggs/L). Globally, A. lumbricoides was the most
represented species with a frequency of 84.16%. Sites SO and sample
of wastewater of Avo’o River allowed the registration of five species
of parasites A. lumbricoides, Enterobius sp., Hookworm sp., T trichiura
sp., and Schistosoma sp. Average numbers of eggs per liter samples are
540;123; 33; 141; 66; 62; 25; 13; and 26, respectively, for each parasite.
The presence of parasites in the river water can be explained by its
proximity to indiscriminate sludge discharge site. This has a direct
influence on the quality of water resources of the site (Table 2).
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Table 2: Mean number of helminth eggs in different samples n=33 for each sample

Mean+Standard deviation (eggs/L)

Parasites SO S1 S2 S3

Ascaris L. 28.33£10.30 143.33+51.13 168.33+62 228.33+107.9
Enterobius sp. 0 28.33+¥10.29 45+24.30 50+41.00
Ancylostoma sp. 0 37.50£24.16 36.67£26.40 43.33%36.01
Trichuris trichiura 3.33%£11.5 2.50+8.66 24.75+23.65 35+32.05
Taenia sp. 0 0 0 0

Schistosoma 0 2.1+1.85 4.5+1.66 6.66+23.09
Entamoeba histolytica 0 42.5+49.33 71.17+51 88.33+64.25
Entamoeba coli 1£3.40 3.33+7.84 26.67+35.00 35.00+49.81
Total 32.66+24.75 237.20+£140.33 377.63+224.01 486.65+354.11

Table 3: Matrix of correlation between different growth
parameters of Solanum nigrum L.

Dead of height Fresh Dry Length  Width of
plant leaves leaves ofleaves leaves

Dead 1 -0.516 -0.801 0.792 0.965 0.882
plant

Height -0.516 1 0.925 0.103 -0.278 -0.062
Fresh -0.801 0925 1 -0.275 -0.621 -0.428
leaves

Dry 0.792 0.103 -0.275 1 0.913 0.984
leaves

Length of 0.965 -0.278 -0.621 0913 1 0.965
leaves

Evolution of growth parameters

Plant growth is expressed in terms the number of fresh leaves, height of
plant,andleavesleafareaincreased with time irrespective of the different
treatments studied (Fig. 2). There is a significant difference (p<0.001)
with Student’s test in plant fresh leaves, height of plant, and length of
leaf and width of leaves between treatments. After 9 weeks of operation,
an increase of parameters proportional to treatments was noted for the
treatment (S0-S3). The use of wastewater resulted in greater number
of plant leaves, plant height, and leaves areas. On the number of fresh
leaves, treatment 3 (S3) located after the fecal sludge discharge site
showed the largest number of leaves with an average of 34.63 leaves
in the 9% week for site 1 and 40.33 leaves for site 2. A gradual increase
in the height of plants was also observed as a function of time and the
treatments studied for all investigation sites. The mean values obtained
in the 9 week were 11.5 cm? and 13.99 cm? for treatment S3 on sites 1
and 2, respectively. Site 2 yielded plants with largest leaf surfaces. From
the 1 to the 5" week of growth, evolution was similarly independent
of sites and treatments used. The rapid increase of these parameters
could be justified by the presence of excessive nutrients bring by
fecal sludge, all of which are mineralized and rendered bioavailable
by bacteria present in the soil [29]. These results corroborate with
those obtained by Tripathi et al. [30] which showed that there exists a
relationship between increase in nutrient concentration in wastewater
and absorption by plants for growth. Similar observations were made by
Kalavrouziotis et al. [18] working on the assessment of sewage effluent
quality from sewage treatment plant.

Analyses of correlation between different growth parameters

Correlation matrix between growth parameters of S. nigrum L. shows

that:

e There is a strong correlation between fresh leaves and height of
S. nigrum L. with r=0.9

e Thereisastrong correlation between dead of plant, length and width
of fresh leaves with r=0.9

e Strong correlation between dead plants and dry leaves with r=0.7

e There is a negative correlation between height and width of fresh
leaves with r=-0.278 and r=-0.062
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Fig. 2: Evolution of growth parameters of Solanum nigrum L.
(a) Height of plant, (b) average number of dead plants, (c) average
of length and width of fresh leaves, (d) average number of fresh
leaves and dry leaves
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Fig. 3: Median component analysis of growth parameters of
Solanum nigrum L.

e There is a negative correlation between number of dry leaves and
number of fresh leaves with r=-0.275

e Strong correlation between number of dead plants and dry leaves
with r=0.84

e Absence of correlation between height and dry leaves of S. nigrum
L. with r=0.10.

These strong correlations clearly show that the waters of the Avo’o
stream influence the growth of S. nigrum plants. The number of fresh
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leaves increases with width of plants (r=0.9). The number of fresh
leaves increases with height of plants (r=0.9) and the number of dead
plants is influenced by the number of dry leaves (r=0.84) (Table 3).

The PCA confirms the results of the analysis of variance which shows
that sites and seasons have a highly significant effect on the parameters
at the threshold p<0.001 (Fig. 3). There is, therefore, a link between the
waters of Avo’o stream contaminated by the fecal sludge dump and the
growth of S. nigrum L.

CONCLUSION

The reuse of wastewater contaminated by fecal sludge for irrigation
of crops can be associated to infectious diseases caused by pathogenic
microorganisms because the majority of pathogens that affect humans
are derived from feces and transmitted by the fecal or oral route.
Despite the noticeable growth of S. nigrum L., high concentrations of
fecal coliforms, fecal streptococci, and parasites were identified on
their leaves. The necessity to better manage fecal sludge in this city is
required for social and environmental health safety.
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