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Abstract. Increase in food and vegetable demand due to growing world population may be linked to health risks from 

contaminated foods. Basella species are vegetables that grow luxuriantly in locations exposed to domestic wastewater, but there is 

scanty information on the effect of wastewater-irrigation on their growth and safety. This study assessed the effect of domestic 

effluent irrigation on growth, nutritional quality and heavy metal accumulation in Basella. Basella alba L. and B. rubra Roxb were 

irrigated with tap water or domestic effluent wastewater for a period of 12 weeks. Growth parameters data were collected every two 

weeks to determine the effects of wastewater irrigation on the growth of the vegetables. At 12 weeks, proximate analysis was 

conducted to determine the nutritional quality of the vegetables and the amount of heavy metals accumulated in the plant tissues 

were determined by Atomic Absorbance Spectrometry. The data were subjected to analysis of variance and the mean separated. 

Domestic effluent wastewater adversely affected the growth and yield of the Basella species. There was no difference in nutritional 

quality between species and type of irrigation sources, however, heavy metal accumulating was higher in plants irrigated with 

domestic effluent. Zinc, lead, copper, iron and cadmium accumulated in Basella spp. were within the standard permissible levels. 

Although growth varied between tap and bathroom effluent irrigated plants, there were no significant differences in nutritional 

content and quality. Heavy metals accumulating in bathroom effluent irrigated plant was within permissible limits which suggest 

the vegetables were safe for consumption and posed no health risk. 
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Introduction 

 

Vegetables are an important part of the human diet and a 

major source of vitamins, dietary fibre, antioxidants, choles-

terol-lowering compounds, carbohydrates, proteins, miner-

als, organic acids, and low caloric fats, the essential amino 

acids arginine, isoleucine, leucine, lysine, threonine and 

tryptophan, but mostly contain low soluble oxalates (Sheela 

et al. 2004, Khare 2007, Olajire & Azeez 2011, Oyewole et al. 

2012). Use of Basella alba L. as an effective bio-sorbent for re-

moval of lead (II) and chromium (III) from aqueous solu-

tions has been demonstrated (Babalola et al. 2008). Common 

vegetables in Nigeria, especially in the southern part of the 

country, are relatively scarce and expensive during the dry 

season. In such times, the lesser-known B. alba and B. rubra 

Roxb. which are fast-growing tropical, perennial, leafy 

plants are used as vegetables by the local folks. The two spe-

cies of Basella are usually grown around home gardens, 

where domestic effluents serve as the major source of irriga-

tion. The plants are rare in the wild (Wambugu & Muthamia 

2009). 

Wastewater from industries, hospitals, farms, and homes 

are usually contaminated with the heavy metals such as 

lead, copper, zinc, boron, cobalt, chromium, and arsenic of 

which many are toxic to plants, animals and human 

(Kanwar & Sandha 2000, Khan et al. 2008). Long-term appli-

cation of wastewater could result in significant buildup of 

heavy metals in the soil and plants tissues, which could en-

ter into the food chain and cause a potential health risk to 

consumers (Ghosh et al. 2012). Application of untreated 

wastewaters for irrigation had reportedly increased levels of 

lead, chromium, and other heavy metals in vegetables above 

the critical and prescribed limit for animal and human diets 

(Sharma et al. 2006, Sachan et al. 2007). 

An increase in global food and vegetable demand due to  

increasing population could be linked to health risks posed 

by contaminated foods. More so, that Basella species grow 

luxuriantly around locations where they are exposed to do-

mestic wastewater. Work on nutrient composition of vegeta-

bles grown with irrigation water sources exist; information 

on the effect of wastewater-irrigation on growth and safety 

of Basella spp. is not available. Therefore, this study was un-

dertaken to assess the effects of domestic wastewater efflu-

ent irrigation on growth, nutritional quality and heavy metal 

accumulation in Basella species grown in the savanna area of 

Nigeria. This study was carried out to assess the growth, nu-

trient content and safety of the vegetables grown under tap 

water and bathroom water irrigation. 
 

 

Materials and Methods  

 

A pot experiment was conducted in a screen house at the Botanical 

Garden, University of Ilorin, Ilorin, Nigeria. Ilorin (Lat. 8o 24ʹN- 8o 

36ʹN; Long. 4o 10ʹE-4o 36ʹE) has both dry and rainy seasons with an-

nual total rainfall of about 1200 mm. The relative humidity is about 

65% during the dry season and fluctuates between 75 to 80% during 

the rainy season. The annual mean temperature is between 30 to 34 
oC and monthly variation of 25 oC to 28.9 oC (Olaniran, 1988). Efflu-

ent (a mixture of water, soaps and urine) from the students’ common 

bathroom was used as the source of wastewater; the water used for 

the control was from the inlet tap to the bathroom. Twelve-L capaci-

ty pots filled with well-drained loamy-sand soil were watered with 

bathroom effluent before sowing. The Seed of B. alba and B. rubra, 

collected from the National Centre for Genetic Resources and Bio-

technology, Ibadan, Nigeria, were planted separately in pots which 

were arranged in a randomized complete block design, spaced 1 m 

apart, with 5 replicates. Pots were watered daily with 1.5 L of bath-

room effluent or tap water. Vines were staked to prevent breakage. 

No additional fertilizer or pesticides were applied to plants. Data 

were collected on length of the primary stem, leaf length, leaf width 

and number of leaves at 2-week intervals. At 14 weeks after planting 

(WAP) plants were uprooted and fresh weights determined. Tissues 
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were dried to  constant weight at 80 °C in a Gallenkamp oven and 

the dry weight determined. 

The proximate analysis of tissues was carried out according to 

Oyedeji et al. (2014) and the standard protocol of AOAC (1990). 

Heavy metals in the soil and plant leaves were determined by the 

method of Gupta et al. (2011) using concentrated sulphuric (H2SO4) 

nitric (HNO3) and hydrochloric (HCl) acids. The Cd2+, Cu2+, Fe2+, 

Pb2+, and Zn2+ contents in plant tissues were determined by with an 

Atomic Absorption Spectrophotometer (Analyst 200, Perkin Elmer, 

Waltham, MA). 

Data were subjected to analysis of variance. If interactions were sig-

nificant, they were used to explain the results. If interactions were 

not significant means were separated using the Least Significant Dif-

ference (LSD) methods of SPSS software for Windows (ver. 20, SPSS, 

Chicago, IL). 

 

 

Results  

 

Bathroom effluent wastewater irrigated Basella spp. was less 

vigorous than plants irrigated with tap water. Shoot length 

was higher for tap water irrigated than the bathroom efflu-

ent wastewater irrigated plants at 10-14 WAP (Figure 1). The 

B. rubra irrigated with tap water had longer shoots over 

time. Leaf formation was the same (2/plant) at 2WAP but 

varied for the remaining weeks. At 4 WAP, more 

leaves/plant occurred in tap water irrigated Basella spp. than 

for bathroom effluent wastewater treated plants (Figure 2). 

The B. alba irrigated with tap water had had more 

leaves/plant than did the bathroom effluent wastewater 

treated B. rubra. At 6-8 WAP, numbers of leaves/plant for 

control and treated Basella spp. were similar, nonetheless, 

tap water irrigated B. alba had more leaves than the rest. Leaf 

formation at 10-12 WAP was highest in B. alba irrigated with 

tap water; the least number of leaves/plant was on B. rubra 

treated with bathroom effluent wastewater. Leaf area of the 

Basella spp. irrigated with tap water and bathroom effluents 

wastewater differed (Figure 3). Leaf area of tap water irri-

gated plants was higher than those of the bathroom effluent 

wastewater treated plants at 2-6 WAP, however, at 8-12 

WAP, irrigation with bathroom effluent wastewater in-

creased leaf area more than for tap water.  

Fresh and dry weight yield of B. alba and B. rubra in re-

sponse to irrigation from different water sources varied. 

There were significant interactions between irrigation water 

sources and species for biomass yield and nutrient composi-

tion (Table 1). Source of irrigation water affected fresh and 

dry weights, fibre, crude protein and carbohydrate composi-

tion of both species. There were interactions within species 

in term of nutrient composition except for ash and fat con-

tent. Also, there was no interaction with respect to moisture 

composition of vegetable species regardless of the source of 

irrigation. The fresh weight of tap water irrigated B. rubra 

was lower than that of B. alba. The biomass wet weight was 

greater for B. alba irrigated with tap water than either species 

irrigated with the domestic effluent wastewater. When B. ru-

bra was irrigated with tap water or domestic effluent 

wastewater the response of the species to irrigation sources 

was similar (Table 2). Basella irrigated with bathroom efflu-

ent wastewater had lower weights compared with Basella ir-

rigated with tap water. 

 

 
 

Figure 1. Shoot length of Basella rubra and B. alba in response to  

irrigation with domestic effluent wastewater or tap water. 
 

 

 
 

Figure 2. Number of leaves of Basella rubra and B. alba in response to 

irrigation with domestic effluent wastewater or tap water. 
 

 

 
 

Figure 3. Leaf area of Basella rubra  and B. alba in response to  

irrigation with domestic effluent wastewater or tap water.  
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Table 1. Biomass yield and nutrient content interactions of Basella species irrigated with domestic effluent wastewater or tap water. 
 

Source 
Biomass weight (g) % Nutrient composition 

Fresh Dry Moisture Ash Fat Fiber Crude protein Carbohydrate 

Irrigation water (I) 690.994** 5872.860** 0.001ns 0.007ns 0.124ns 0.006** 0.010** 0.028** 

Species (S) 211.512** 802.458** 0.013ns 2.960** 0.653** 2.341** 17.304** 11.801** 

Interation (S × I) 12.649** 200.983** 0.001ns 0.001ns 0.137ns 0.002* 0.001ns 0.009* 
 

ns, *, ** not significant or significant at P<0.05 or P<0.01, ANOVA.  

 

 

Table 2. Mean dry and wet weights of Basella rubra and B. alba irrigated 

with domestic effluent wastewater or tap water. 
 

Water type Species 
Biomass yield (g) 

wet weight dry weight 

Effluent B. alba 80.62b 226.87b 

 B. rubra 74.25b 218.66b 

Tap  B. alba 97.85a 279.10a 

 B. rubra 87.40ab 254.76ab 
 

Data in the interaction analyzed with Least Squares Means and means 

separated at P<0.05, LSD. 

Values in columns followed by the same letter are not significantly differ-

ent. 

 

 

Table 3. Proximate of the leaf of Basella. rubra and B. alba irrigated with domestic effluent wastewater or tap water.  
 

Water source  Species 
Nutritional composition (%) 

Moisture Ash Fat Crude fiber Crude protein Carbohydrate 

Effluent  B. rubra 90.15a 0.88b 0.76a 1.81a a 4.08b 2.56a 

 B. alba 90.10a 1.90a 0.05b 0.93b 6.49a 0.53b 

Tap  B. rubra 90.06a 0.86b 0.72a 1.80a 4.03b 2.61a 

 B. alba 90.08a 1.84a 0.04b 0.89b 6.45a 0.68b 
 

Values in columns followed by the same letter are not significantly different at p<0.05, LSD. 

 

 

Table 4. Concentration of heavy metals present in domestic effluent wastewater or 

tap water irrigated soil used to grow Basella rubra and B. alba. 
 

Water type 
Concentration (mg kg-1) 

Cd Cu Fe Pb Zn 

Effluent 0.02ab 0.20b 184.40b 0.26b 38.68a 

Tap 0.03a 0.49a 201.75a 0.41a 41.23a 
 

Values represented by the same superscript along the column are not significantly  

different at p<0.05, LSD. 

 

 

The proximate composition of the species varied with re-

spect to sources of irrigation (Table 3). Moisture content was 

similar for B. alba and B. rubra which ranged between 90.10 – 

90.06% and 90.15 – 90.06% respectively. The B. alba had 

higher ash content than B. rubra irrespective of the irrigation 

water source, but Basella rubra contained more crude fat than 

B. alba. The crude protein composition in B. alba was higher 

than in B. rubra, while Basella rubra contained more carbohy-

drate than B. alba. In general, irrigation water source did not 

affect the proximate composition of plants. 

Heavy metals were present in the soil at the end of the 

experiment (Table 4). Soil irrigated with bathroom effluent 

wastewater had higher Fe concentration than soil irrigated 

with tap water. Contents of Zn, Pb, Cu and Cd were higher 

in soil receiving bathroom effluent wastewater than for irri-

gated with tap water. There were significant interactions be-

tween species and irrigation water source (Table 5). Bath-

room effluent wastewater irrigation increased Zn, Fe and Cu 

uptake in Basella species.  Heavy metal accumulation due to 

irrigation in shoots of B. alba and B. rubra varied (Table 6). 

Iron content was highest in B. alba irrigated with bathroom 

effluent wastewater than plants irrigated with tap water. For 

B. rubra irrigated with bathroom effluent wastewater iron 

was higher than for tap water irrigated plants. Plants grown 

with bathroom effluent wastewater had more Fe than those 

grown with tap water. B. alba had low concentrations of Zn 

compared with B. rubra. Lead accumulation was similar for 

all plants except for B. alba irrigated with tap water which 

had the least amount of lead. Basella rubra irrigated with 

bathroom effluent wastewater effluent had the highest Cu 

and Cd accumulations (Table 6). 

 

 

Discussion 

 

In some places, inhabitants take advantage of any available  
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Table 5. Heavy metal accumulation interactions of Basella species grown under tap water and domestic  

effluent wastewater irrigation. 
 

 Heavy metal accumulation (mg·kg-1) 

Source Cd Cu Fe Pb Zn 

Irrigation water (I) 0.41E-04** 0.337** 192.560** 7.52E-6** 0.576** 

Species (S) 1.55E-04** 7.537** 1151.108** 6.60E-06** 44.892** 

Interaction (S × I) 0.1E-07ns 0.072** 45.903** 8.33E-10ns 0.075** 
 

ns, *, **, not significant or significant at P≤0.05, P≤0.01.  

 

 

Table 6. Concentration (mg kg-1) of heavy metals accumulation in Basella rubra and B. alba irrigated with 

domestic effluent wastewater or tap water. 
 

Water type Species Accumulated heavy metals (mg kg -1) 

Zn Pb Fe Cu Cd 

Bathroom effluent B. alba 10.580b 0.030a 74.150a 1.440c 0.018ab 

 B. rubra 14.620a 0.031a 58.460b 3.160a 0.026a 

Tap B. alba 10.300b 0.029a 70.050a 1.260c 0.015bc 

 B. rubra 14.010a 0.030a 46.550c 2.690b 0.022a 

 

 

source of water to produce vegetables for consumption. 

However, Ogunbusola et al. (2012) reported that growing 

vegetables around the bathroom and toilet facilities should 

be avoided as it affects growth and could result in food con-

tamination. Gupta et al. (2011) stated this practice could 

have effects on types of microorganisms found in association 

with plants. The bathroom effluent likely contained chemi-

cals which might inhibit plant growth by interfering with the 

soil pH, enzymatic activities and cause a shift in microbial 

activities in root rhizosphere resulting in reduced growth 

(Ogunbusola et al. 2012). 

Presence of chemicals and toxins in the soil, or irrigation 

source, could reduce water and nutrient uptake and affect 

material translocation of plants (Seyyedi et al. 1999). Alt-

hough Zn, Fe and Cu are required in trace amounts for plant 

growth, presence of Pb and Cd in the bathroom effluent 

wastewater are capable of reducing biomass yield of B. rubra 

and B. alba. This agreed with the reduction in growth and bi-

omass yield of B. juncea irrigated with sewage-contaminated 

water (John et al. 2009). Presence of contaminants may in-

duce stress, low water potential, reduce nutrient uptake and 

disturbance of microtubules organization in the meristem 

region. Contaminated irrigated plants could experience dis-

ruption of the proton pump absorption mechanism which 

consequently leads to reduced growth, reduction in cell 

number, or size, and low biomass yield (Eun et al. 2000). 

The results of this work for some nutrients agreed with 

Sheela et al. (2004). The moisture content in Basella spp. was 

higher than in other vegetables (Asaolu et al. 2010). The high 

protein content of Basella irrigated with bathroom effluent 

wastewater indicates the addition of nitrogen or its com-

pounds to the soil. The ash content obtained for Basella was 

relatively low compared to other vegetables (Asaolu et al. 

2010). This indicates that Basella has low vitamins and min-

eral elements composition. 

The significant interactions between bathroom effluent 

wastewater and Basella species showed that irrigation water 

source affects metal content in tissues.  Cadmium is a highly 

poisonous heavy metal, it is a non-essential element in foods, 

and natural waters and can cause health risk (Sobukola et al. 

2010). According to IFS/FAO/WHO (2105), the safe limit for 

Cd consumption in vegetables is 0.2 mg·kg-1. Although B. 

rubra accumulated more Cd than B. alba, cadmium content in 

this study are under the safety level of IFS/FAO/WHO 

(2105) for food materials. 

Zinc is the least toxic heavy metal examined, and essen-

tial in the human diet as it is required for maintenance of the 

immune system. The recommended dietary allowance for 

zinc is 12-15 mg·day-1 (Ogunlesi et al. 2010). A higher con-

centration of zinc in vegetables may cause health problems. 

The concentration of zinc in B. rubra and B. alba in this study 

was within the IFS/FAO/WHO (2105) (99.40 mg·g-1) safety 

level, as moderate zinc uptake could have been used in plant 

metabolic activities.  

Lead may occur in vegetables grown on contaminated 

soils, and enter the body through food and cannot be re-

moved by washing of vegetables (Itann 2002). Lead pollu-

tion in irrigation water, farm soil, or from highways traffic 

could increase its occurrence in plants. Although some 

plants can accumulate lead without visible change in ap-

pearance, or yield, in many plants, lead accumulation can 

exceed several times the threshold of maximum level per-

missible for human consumption. In this study, the lead con-

tent was within the IFS/FAO/WHO (2105) permissible limit 

(0.3 mg·kg-1). Iron content was highest in B. alba was lower 

than the IFS/FAO/WHO (2105) permissible limit of 425 

mg·kg-1. None of the irrigated Basella exhibited necrosis or 

chlorosis which are usually attributed to iron toxicity. 

Copper accumulation in Basella was low and within the 

IFS/FAO/WHO (2105) permissible limit of 73.00 mg·kg-1 

and posed no health risk. Muhammad et al. (2008) studied 

responses of vegetables to Cu toxicity and found that Cu 

levels in both roots and shoot increased, but root Cu concen-

tration increased more than shoots with increasing Cu levels 

in growth media. Copper mainly accumulated in roots, a 

small fraction of Cu was transported to shoots (Sachan et al. 

2007). Moshen (2008) demonstrated that Cu concentration in 

shoots was influenced by Cu concentration in soil and in-

creased with an increase in the soil Cu concentration. 

Although differential growth occurred between tap and 

bathroom effluent wastewater irrigated plants, there were no 

differences in nutritional content due to irrigation source.  
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Heavy metal accumulated by plants irrigated with bathroom 

effluent wastewater was higher than for plants irrigated 

with tap water with more heavy metals accumulated in B. 

rubra than B. alba. The concentrations were low and within 

the IFS/FAO/WHO (2105) permissible limits leading to the 

supposition that the vegetables were safe for consumption 

and posed no health risk. 
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