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Abstract

Landfill leachate could constitute significant health impact on human health due to its penetrating 
tendency and eventual contamination of nearby groundwater. Therefore, assessment of the leachate 
probable environmental impact is paramount so as to prevent adverse ill-health to man and other 
living organisms. This study evaluates the heavy metals residue and the potential human health 
risk assessment factor of Celosia argentea (Lagos spinach) planted on soil mixed with leachate. 
The concentrations of the heavy metals in the harvested samples were determined with Flame 
Atomic Absorption Spectrophotometer (AAS). Heavy metals residue in Celosia argentea (Lagos 
spinach) was highest in soil mixed with 40 ml leachate. The daily intake of metals (DIM) of Zn 
(0.145 – 0.498 mg/kg) and Ni (0.032 – 0.090 mg/kg) were below the recommended limit while that 
of Cd (0.048 – 0.161 mg/kg) and Pb (0.158 – 0.341 mg/kg) were above the recommended DIM 
and the upper tolerable daily level. The health risk indexes (HRI) for Cd, Pb, Zn and Ni from this 
study were far greater than 1 (HRI > 1) except Cr that is less than 1. Thus, findings revealed that 
inhabitants may be highly exposed to health risks associated to these metals in the order Pb > 
Cd > Zn > Ni > Cr and as such people should be advised not to grow vegetables and other edible 
plants around the location of the dumpsite. Government and Policy makers should sensitize the 
public on the potential danger of eating heavy metal polluted foods.
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1. Introduction

 Landfill leachate is a heterogeneous 
mixture consisting of refractory organic com-
pounds, inorganic contaminants, heavy metals, 
humic acids, fulvic acids and high nitrogen 
concentrations (Wiszniowski et al., 2007). 

Studies have reported that leachate percolation 
contaminates nearby groundwater resources 
(Mor et al., 2006; Pande et al., 2015; Singh 
et al., 2016). Leachates high load of organic 
matter, high nitrogen content and mass flux of 
transported contaminants impact plants heavily 
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Figure 2. University of Lagos geographical coordinates showing the botanical and zoological garden of the 
University of Lagos.

and can enter the food chain through vegetation 
around the site (Weng et al., 2011).The high ni-
trogen levels may contaminate soil and phreatic 
groundwater (Cheng et al., 2011). It is important 
to note that nitrogen (N) is most imperative 
element for proper growth and development of 
plants which significantly increases and enhanc-
es the yield and its quality by playing a vital role 
in biochemical and physiological functions of 
plant.  Soil nitrogen availability has been long 
known to influence crop and root growth thus 
to have a direct impact on crop yield, attributing 
increased death rates for young individuals and 
leaf yellowing to insufficient nitrogen uptake 
(Lloyd D., 2003; Niste et al., 2013).
 The process of leachate formation and 
subsequent contamination is dependent upon 
the amount of water which passes through the 
solid waste. Water which infiltrates the surface 
of the cover material, assuming daily and final 
cover is applied, will first be used for soil evap-
oration and plant transpiration. Any excess 
water will percolate into the layers of solid waste. 
Additional surface runoff from surrounding 
land, moisture contained in the solid or liquid 
wastes placed in the site, moisture from solid 
waste decomposition, water entering during 
waste placement in the site, and ground water 
entering through the bottom or sides of the site 
also contribute to the generation of leachate 
(Fenn et al., 2005).

 The assessment of the potential impact of 
leachate is very important in the environment 

to avoid and prevent both severe and continual 
toxicity effect on the living organism and man. 
The phytotoxicity assessment on several test 
plants, such as Vicia faba, Zea mays and Hor-
deum vulgare have been used as receiving me-
dium due to their sensitivity to a wide range of 
contaminants. Phytotoxicity assays can be used 
to measure putative environmental risks. They 
are reliable, cost effective, quick, and simple. 
The use of plants offers an advantage over other 
organisms because they can be more sensitive 
to environmental stresses (Sang and Li, 2004; 
Sang et al., 2010; Srivastava, 2014). Presently, 
there is paucity of information on the human 
health risk assessment on the subject matter.
 Consequently, this study evaluated the 
heavy metals residue and the potential human 
health risk assessment factor of Celosia argen-
tea (Lagos spinach) planted on soil mixed with 
leachate.

2. Marerials and Methods 

 This experiment was conducted in the 
Botanical and zoological garden of the Faculty 
of Science, University of Lagos, Akoka, and 
Lagos. University of Lagos is located in Lagos, 
Nigeria between the magnitudes of 6031´0´´N 
3023´10´´E/ 6.516670N 3.386110E (Fig.2)

2.1 Sample Location and Collection
  The Olusosun landfill located at Ojota, 
Lagos State, Nigeria was used as a case study 
for this experiment. Landfill leachates samples 
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were collected from the dumpsite at random. 
The samples were collected in a 20 litres con-
tainer.

2.2 Data Collection 
 This experiment followed the design of 
Hang et al. (2016). Soil contaminated with leach-
ate was analyzed to determine its heavy metal 
and physico-chemical properties of the soil. 5 
bowls were filled with 2 kg of soil mixed with 
leachate of different volumes (20ml, 40ml, 60ml, 
80ml, 100ml) and the control (soil sample from 
botanical garden), the soil were marked proper-
ly. The seeds were sourced from the Lagos State 
Agricultural Farm Settlement, Odongunyan 
Ikorodu, Lagos were sown directly in different 
concentrations and in the control soil sample. 
The seeds planted in each concentration were 
in two replicates. After six weeks of planting 
(AWP), whole plants from each replicates and 
the control were harvest for laboratory.

2.3 Data Analysis 
 Twenty grams (20 g) of soil sample mixed 
with leachate, control soil, plants grown in 
contaminated soil and control plants were an-
alyzed for metal extraction. The samples were 
weighed into a conical flask; distilled water and 
Nitric acid was added in ratio (1:3), heated on 
a Burner until all the reddish-yellow flames 
were expelled, allowed to cool and filtered into 

a 10ml standard flask. The concentrations of the 
metallic elements in the harvested sample were 
determined with the use of Flame Atomic Ab-
sorption Spectrophotometer (AAS). A suitable 
standard curve was generated on the AAS using 
standard solution of the metal. Standard concen-
tration of 6, 12, 18, 24, 30 µg/g were utilized. A 
digital concentration read-out (meter) indicates 
the concentration of the metal contained in the 
samples (Quevauviller et al., 2007). The poten-
tial health risks of heavy metal consumption 
through vegetables were analyzed based on the 
daily intake of metal (DIM) (Chary et al., 2008), 
health risk index (HRI) (Jan et al., 2010), and 
the target hazard quotient (THQ) (Wang et al., 
2005; Storelli, 2008). The estimated daily intake 
was calculated based on the formula:

                                                                         (1)

 
 Where, Cmetal is the heavy metal con-
centration in vegetables (mg/kg), Cfactor is the 
conversion factor, Cfoodintake is the daily intake of 
vegetables. The conversion factor of 0.085 used 
to convert fresh vegetable weight to dry weight 
(Sajjad et al., 2009), daily vegetable intake of 65 
g/day (Oguntona, 1998) while the average body 
weight used was 65 kg (Oguntona, 1998). 

Figure 3. A map showing Olusosun landfill.
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The health risk index (HRI) was calculated using 
the formula: 
                                                       
                                                                         (2)

The THQ was calculated using the formula:

3       1 0 
    

EF x ED x FIR xC x
RfD xWAB xTA

�

=THQ
   

                                                                         (3)

Where; 
EF = Exposure Frequency (350 days/year)
ED = Exposure duration (54 years, equivalent to 
the average lifetime of the Nigerian population); 
FIR = Food Ingestion Rate (vegetable consump-
tion values for south western adult Nigerian is 
65 g/person/day) (Oguntona, 1998); 
C = Metal Concentration in the edible parts of 
vegetables (mg/kg); 
RFD = Oral Reference Dose (Pb, Cd, Zn, Cr and 
Ni values were 0.0035, 0.001, 0.300, 1.5 and 0.020 
mg/kg/day, respectively) (USEPA IRIS, 2006), 
WAB = The Average Body weight (65 kg for 
adults vegetable consumer in South western 
Nigeria) (Oguntona, 1998); 
TA = Average Exposure time for non-carcin-
ogens (ED x 365 days/year). If the THQ value 
is greater than 1, the exposure is likely to cause 
obvious adverse effects.

2.4 Statistical Analysis
 Statistical Package for Social Science 
(SPSS) version 20 was used for data analysis. 
Independent two sample t-test was used to de-
termine if there is significance difference among 
the measured parameters.

3. Results and Discussions

 The heavy metal was higher in the soil 
mixed leachate than that of the control soil 
samples. The two sample t-test for the metals 
revealed that the concentrations of lead, chro-
mium, zinc were higher in the soil contaminated 
with leachate than in the control soil. Nickel and 
chromium were not detected in the control soil 
samples. The leachate has the highest concentra-
tion of metals, followed by the soil mixed with 

leachate and lowest was recorded in the control 
soil sample. There was a significant difference 
in the concentrations of zinc, chromium, lead, 
cadmium and nickel between the soil contam-
inated with leachate and the plant samples at 
20ml, 40ml and 60ml volumes (P < 0.05). 
 The highest metals concentrations was 
recorded in plants grown in soil mixed with 
leachate at 40 ml concentration. These findings 
corroborate the study of Abdul-Qadir et al., 
2015. A significant difference was observed 
when C. argentea planted on soil contaminated 
with leachate and control plants were compared 
at 0.43, 0.12 and 0.23 respectively at (P < 0.05) 
significant levels. Heavy metals accumulation 
increases with soil mixed with leachate volume 
of 20 ml, 40 ml and 60 ml. respectively. The 
level of accumulation at 80 ml and 100 ml were 
insignificant and this is because of excessive 
accumulation of heavy metal which resulted 
in stunted growth of Celosia argentea. The 
health risk of the inhabitants of Lagos and the 
environments due to heavy metal intake from 
vegetables consumption i.e., the daily intake 
of metals (DIM), health risk index (HRI), and 
target hazard quotient (THQ) were presented 
in Tables 6 and 7. The DIM in Celosia argentea 
species for Zn (0.145 – 0.498 mg/kg) and Ni 
(0.032 – 0.090 mg/kg) were significantly lower 
than the recommended daily intake of met-
als and the upper tolerable daily intake level 
(UL).  
 However, DIM of Cd (0.048 – 0.161 mg/
kg) and Pb (0.158 – 0.341 mg/kg) exceed the 
recommended DIM and the upper tolerable 
daily level. Cr (0.142 – 0.236 mg/kg) is lower 
than the recommended oral reference dose 
(RFD) of 1.5 mg/kg (USEPA, 2010). The HRI 
in Celosia argentea the leachates concentration 
ranges as follow; Cd (48.440 – 160.650), Pb 
(45.143 – 97.429), Zn (0.483 – 1.190) and Cr 
(0.095 – 0.158). The HRI for Cd, Pb, Zn and Ni 
from this study were far greater than 1 (HRI > 
1) except Cr. Generally, HRI < 1 meaning that 
the exposed population is safe of metals health 
risk while HRI > 1 means the reverse (Khan et 
al., 2008). The population in the study area is 
therefore at greater risk of Cd, Pb, Zn, Ni and Cu 
as also reported by Tsafe et al. (2016).  The THQ 

DIMHRI
RFD

=



78

O.A. Lanrewaju et al. / EnvironmentAsia 12(1) (2019) 74-82

Leachate Heavy metals Concentration (mg/L)
Zinc 4.07±0.003
Nickel 0.90±0.002
Lead 3.00±0.002
Cadmium 1.08±0.001
Chromium 1.04±0.002

Table 2. Heavy metals concentration of leachate sample

Table 3. Heavy metals concentration of the soil contaminated with leachate and the control soil 
(soil sample from University of Lagos botanical and zoological garden)   

Heavy metals Concentration (mg/kg) Control soil concentration (mg/kg)
Zinc 3.87±0.001 2.20±0.001
Nickel 0.04±0.000 ND
Lead 1.97±0.001 1.37±0.002
Cadmium 1.00±0.002 0.98±0.002
Chromium 0.68±0.002 ND

ND: Not detected

Figure 5. A graph showing the heavy metal concentration of soil contaminated with leachate and the 
control soil sample

Parameters Soil mixed with landfill leachate sample
pH 8.1
Conductivity (µs/cm) 15,008
Salinity (mg/l) 12.69
Total Dissolve Solute (mg/l) 6,718.60
Biological Oxygen Demand (mg/l) 122
Chemical Oxygen Demand (mg/l) 259.2
Nitrate (mg/l) 1.23
Phosphate (mg/l) 0.82
Chloride (mg/l) 1,065.00

Table 4. Physico-chemical content of the soil mixed with landfill leachate sample
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Element
Leachate volume

20ml 40ml 60ml 80ml 100ml
Zinc 4.751±0.004 5.855±0.004 5.301±0.005 4.202±0.003 1.708±0.001
Lead 3.314±0.003 4.011±0.003 3.668±0.003 2.968±0.004 1.864±0.001
Chromium 2.482±0.003 2.784±0.003 2.635±0.003 2.338±0.002 1.674±0.001
Cadmium 1.594±0.002 1.890±0.003 1.740±0.02 1.440±0.003 0.570±0.000
Nickel 0.870±0.001 1.055±0.001 0.960±0.000 0.784±0.003 0.375±0.000

Table 5. Heavy metal concentration of Celosia argentea (mg/kg) after six weeks of planting

Figure 6. Graphical representation of heavy metals residue concentration in Celosia argentea (Lagos spin-
ach) planted on soil contaminated with leachate after six weeks of plantation.

Potential human health risk assessment parameters of heavy metals
 

Table 6. Daily intake rate (mg person-1day-1) of heavy metals in Celosia argentea grown on soil 
mixed with leachate

Leachate volume
 Heavy metals Element

Zinc Lead Chromium Cadmium Nickel
20 ml 0.404 0.282 0.211 0.135 0.074
40 ml 0.498 0.341 0.236 0.161 0.09
60 ml 0.451 0.312 0.223 0.148 0.0816
80 ml 0.357 0.252 0.199 0.122 0.067
100 ml 0.145 0.158 0.142 0.048 0.032
*DL (mg day-1 person-1) 8 0 0 0 0.5
*UL (mg day-1 person-1) 40 0.24 0 0.064 1

* Recommended daily intake (DL) and upper tolerable daily intake (UL) levels of heavy metals in 
foodstuffs (FDA, 2001; Garcia-Rico, 2007)
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values range showed that Cd was 0.547 – 0.812, 
Pb was 0.511 – 1.099, Zn was 0.013 – 0.055, 
Cr was 0.011 – 0.018 and Ni was 0.027 – 0.051 
respectively. 
 This showed the risk associated with Cd, 
Pb, Zn, Cr and Ni exposure for the period of 
life expectancy considered, and the inhabitants 
are highly exposed to health risks associated 
to these metals in the order Pb > Cd > Zn > 
Ni > Cr. Generally, Zn, which is an important 
nutrient for humans, is considered a much low-
er health risk to humans than Pb, Cd, and As 
(Alexander et al., 2006). In this study, the THQ 
in all heavy metals except Pb is far less than 
1 in Celosia argentea in all the concentration; 
therefore, it does not pose health risk concern. 
Higher THQ for Cd, Pb, and Ni were reported 
by Singh et al. (2010) in vegetables from waste 
water irrigated area. Higher THQ for Cd and Pb 
in an area near a lead (Pb) and antimony (Sb) 
smelter in Nanning, China, was also reported 
by Cui et al. (2004) and Zhou et al. (2016) in 
vegetable species planted in contaminated 
soils. However, for special populations, such 
as those with a weak constitution, those that 
were sensitive, and women that were pregnant, 
the potential health risks of heavy metal ac-
cumulation through vegetable consumption 
were likely to be higher than for the normal 
population. Moreover, vegetable consumption 
was just one part of food consumption. Other 
foods like fishes, meat, tobacco, rice, and cassava 
(Osu et al, 2015; Iwegbue, 2015; Jolaoso et al., 
2016). For Lagos populace, food consumption, 
air pollution, drinking water are the important 
pathways for human exposure to toxic metals 

(Jolaoso et al., 2016; Njoku et al., 2016).

4. Conclusion 

         This study provides data on heavy metal 
pollution in Olusosun landfill and the heavy 
metal residue present in Celosia argentea. From 
the findings, it is evident that the landfill leach-
ate is significantly polluted with heavy metals 
especially in the case of Zinc although the 
concentrations of the heavy metals in the plant 
tissues were quite low. While these vegetables 
are not considered hyper accumulators, they 
are still capable of accumulating these metals 
and if they are grown on soils with severe heavy 
metal pollution they will be very toxic to human 
health. Locations with higher heavy metal con-
centration produced plants with higher heavy 
metal concentrations. People that reside near 
Olusosun dumpsites should be discouraged 
from eating vegetables growing around the 
location of the dumpsite.
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