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ABSTRACT
A study was carried out to determine the heavy metal contamination of the soils in three refuse dumpsites in 
Jos metropolis located in Rayfield Resort, Dariye Park and Farin Gada within the Jos-Bukuru Complex of 
Younger Granite Province of northcentral Nigeria. Six (6) soil samples were collected at depth of 40 cm from 
the three dumpsites. The soil samples were subjected to X-Ray fluorescence (XRF) analysis to determine the 
concentrations of heavy metals. The values of heavy metals in the soils from the three dumpsites were found 
to be: zirconium (382.537-1045.734 ppm), strontium  (54.584-185.030 ppm), uranium (8.496-12.055 ppm), 
rubidium (60.189-111.280 ppm), thorium (13.305-30.138 ppm), lead (26.790-277.342 ppm), arsenic (7.971-
27.819 ppm), zinc (129.790-734.643 ppm), copper (31.899-247.048 ppm), nickel (42.454-72.670 ppm), iron 
(22162.547-64319.262 ppm) and manganese (214.146-449.344 ppm). These heavy metals concentration 
observed at the dumpsites exceeded the World Health Organization (WHO) permissible limits for soils. The 
values of Zr, Sr, U, Rb, Th, Pb, As, Zn, Cu, Ni, Fe and Mn in soils from the dumpsites could be attributed to 
the availability of metal containing wastes at the dumpsites which have eventually leached into the underlying 
soils. Heavy metals contaminations of soils from the dumpsites as revealed in this study can be associated 
with the decomposition of domestic and industrial wastes indicating anthropogenic sources. It is also possible 
that geologic processes such as weathering, leaching and dissolution as a result of acidic conditions with pH 
values of 4.50 to 5.27 in the soil samples can result to a geogenic sources of metal accumulation.
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INTRODUCTION
The studies of the determination of waste 

generation in Nigeria have been reported by Adedibu 
(1985) and Mbuligwe (2002). The management of 
compositions of the municipal solid wastes has been 
affected by many factors (Ogwueleka, 2009; Imam et 
al., 2008) and recycling of these wastes will help to 
mitigate the effect in the environment (Agunwamba, 
1998; Ogwueleka, 2009). Heavy metals in the soils 
seem to be mobile (Kuo et al., 1983; Kaasalainen and 
Yli Halla, 2003) and soils in an environment can be 
contaminated from a lot of anthropogenic sources 
(Khan et al., 2008; Zhang et al., 2010 and Basta et al., 
2005; Akinwale, 2019). 

Refuse dumpsites are located in different areas 
in Jos due to increase in population (Odewumi et al., 
2020). Dumpsite wastes are commonly burnt to get 
rid of the organic matter while ashes obtained are rich 
in metal contents due to the non-segregation of the 
wastes at the dumpsites. Invariably, the burnt ashes 
are not just from the organic sources but also from the 
metal constituents of the dumpsites. The burnt ashes 
are leached into the soil, thereby contaminating both 
the environment and soils. The present study focused 
on the determination of heavy metals contaminations 
of soils from three dumpsites located at Rayfield 
Resort, Dariye Park and Farin Gada areas within Jos 
metropolis (Fig. 1).

Figure 1: Location map of study area (RayField, Farin Gada and 
Dariye Park) within Jos Metropolis (Adeniran et al., 2013)

MATERIALS AND METHODS
This present study was carried out in Jos metropolis, 
Plateau State, northcentral Nigeria. Jos is located 
between latitudes 9048’00’’ to 9059’00’’N and 
longitudes 8048’00’’ to 8055’00’’E. The present 
study was carried out in three solid waste dumpsites 
located at Rayfield Resort, Dariye Park and Farin 
Gada within Jos metropolis (Fig. 1) 

Soil samples were collected at depth of 40cm from 
three dumpsites within Jos metropolis namely: (i). 
Two (2) samples were collected at Rayfield Resort 

dumpsite on latitudes 09°50’36.2” to 09°50’39.5” N 
and longitudes 008°54’43.0” to 008°54’55.2”E; (ii). 
Two samples were collected at Dariye Park dumpsite 
along Bauchi junction on latitudes 09°57’33.1” to 
09°57’33.4”N and longitudes 008°53’20.1” to 
008°53’20.5” E and (iii). Two samples were collected 
at Farin Gada dumpsite on latitudes 09°57’25.5” to 
09°57’26.2”N and longitudes 008°51’48.5” to 
008°51’48.8” E. 
The soil samples were collected by digging for a depth 
of 40cm in the subsurface at the three dumpsites using 
a shovel. The samples were placed in different labelled 
sample bags. The depth of each of the sampling point 
was measured using a measuring tape.  The samples 
were moved from the dumpsites to the Laboratory 
for sample preparation and geochemical analysis. 
The samples were air-dried at room temperature to 
remove moisture and the dried samples were ground 
to powdered form using agate mortar and pestle. 
Five grams of the ground samples were measured using 
analytical balance and packaged into different sample 
bags for geochemical analysis. Six soil samples were 
subjected to X-Ray fluorescence (XRF) analysis at 
the Department of Science Laboratory Technology, 
University of Jos, Nigeria. The pH analysis was also 
carried out on dried soil samples using a pH meter. 

RESULTS AND DISCUSSION
The results of heavy metal concentrations of soils 

from the three dumpsites are presented in Table 1. 
Figure 2 shows heavy metals concentrations of soils 
from Rayfield Resort dumpsite and Figure 3 shows 
heavy metals concentrations of soils from Dariye 
Park dumpsite while Figure 4 shows heavy metals 
concentrations of soils from Farin Gada dumpsite. 
The Comparison of the values of heavy metals 
from Rayfield Resort, Dariye Park and Farin Gada 
dumpsites with FAO/WHO (2001) permissible limits 
are presented in Table 2. 

Molybdenum content in Rayfield Resort ranges 
from 6.951 to 7.285 ppm, Dariye Park ranges from 
7.196 to 14.926 ppm and Farin Gada ranges from 
8.18 to 9.365 ppm respectively. Mo values in all three 
dumpsites are below WHO (2001) permissible unit of 
45 ppm (Tables 1 and 2). Zr content in Rayfield resort 
(471.296 – 482.354 ppm), Dariye park (382.537 - 
1045.734 ppm) and Farin Gada (487.296 - 657.573 
ppm) dumpsites exceeded WHO permissible unit of 5 
ppm in soils (Table 2). 

Strontium content in Rayfield Resort (127.452-
128.523 ppm), Dariye Park (54.584 - 133.79 ppm) 
and Farin Gada (121.323 - 185.03 ppm) exceeded 
WHO permissible unit of 4 ppm (Table 2). Farin 
Gada sample 2 has a high U concentration of 12.055 
ppm while Rayfield Resort 1 has U concentration of 
8.496ppm (Table 1) and these values are higher than 
WHO permissible unit of 3ppm (Table 2). Rubidium 
concentration in Dariye Park (82.111 - 111.280 ppm), 
Rayfield Resort (70.162 - 75.654 ppm) and Farin 
Gada (60.189 - 62.956 ppm) exceeded the WHO 
permissible unit of 7ppm (FAO/WHO, 2001). 

Thorium concentration in Rayfield Resort (26.214-
30.138 ppm), Farin Gada (16.045 - 27.129ppm) and 
Dariye Park (13.305 - 24.278 ppm) exceeded WHO 
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permissible limit. Mercury was detected in only 
Dariye Park sample 1 (11.186 ppm) but did not 
exceed WHO permissible limit (FAO/WHO, 2001). 
Zinc content in Farin Gada (518.467 - 734.643 
ppm), Dariye Park 2(178.924 - 241.411 ppm) and 
Rayfield Resort (129.790-132.918 ppm) exceeded 
WHO permissible unit of 50 ppm. Zinc is essential 
for several functions in the human body (Chasapis et 
al., 2012; Salako et al., 2016; Marias and Blackhurst, 
2009; Garba et al., 2015). 

Manganese content of Dariye Park (431.358 
- 449.344 ppm), Farin Gada (372.828 - 420.584 
ppm).and Rayfield Resort (214.146-215.179 ppm) 
exceeded WHO permissible unit of 50 ppm (FAO/
WHO, 2001). Farin Gada 2 (27.819 ppm) has the 
highest concentration of arsenic followed by Dariye 
Park 2 (8.288ppm) and then Rayfield Resort 1 
(7.971 ppm). Arsenic concentration in the dumpsites 
exceeded WHO permissible unit of 0.39 ppm. Nickel 
concentration in Farin Gada (50.010 - 72.670 ppm), 

Dariye Park (62.145 - 66.257 ppm) and Rayfield 
Resort (42.454 – 45.767 ppm) exceeded WHO 
permissible unit of 35ppm.

Iron concentrations in Rayfield Resort (55365.967- 
64319.262ppm), Dariye Park (43115.402 - 54106.148 
ppm) and Farin Gada (22162.547 - 25082.350 ppm) 
are higher than WHO tolerance unit of 50 ppm (FAO/
WHO, 2001). Iron plays an essential role in the 
metabolic processes (Sevcikova et al., 2011; Beard, 
2001; Izah et al., 2016; Lieu et al., 2001; Iwegbue 
et al., 2013). Copper content of Farin Gada (171.167 

- 247.048 ppm) and Dariye Park 2 (42.540 - 76.135 
ppm) are higher than WHO tolerance unit of 36 
ppm except in Rayfield Resort with Cu values of 
31.899 to 35.354 ppm. Copper is one of the essential 
heavy metals found in the environment (Prashanth 
et al., 2015). The concentration of lead in Farin 
Gada (268.829 - 277.342 ppm), Dariye Park (35.706- 
56.954 ppm) and Rayfield Resort (26.790 -38.640 
ppm) exceeded WHO tolerance units of 5 ppm. 

Table 1: Heavy metal concentrations (ppm) of soils from dumpsites within Jos metropolis
Heavy metals Rayfield Resort 1 Rayfield Resort 2 Dariye Park 1 Dariye Park 2 Farin Gada 1 Farin Gada 2
Molybdenum (Mo) 6.951 7.285 14.926 7.196 9.365 8.18
Zirconium (Zr) 471.296 482.354 1045.734 382.537 657.573 487.296
Strontium (Sr) 127.452 128.523 54.584 133.79 121.323 185.03
Uranium (U) 8.496 ND ND ND ND 12.055
Rubidium (Rb) 70.162 75.654 82.111 111.28 62.956 60.189
Thorium (Th) 30.138 26.214 24.278 13.305 16.045 27.129
Lead (Pb) 26.790 38.640 56.954 35.706 268.829 277.342
Arsenic (As) 7.971 ND ND 8.288 ND - 27.819
Zinc (Zn) 129.79 132.918 178.924 241.411 518.467 734.643
Nickel (Ni) 42.454 45.767 66.257 62.145 72.67 50.010
Copper (Cu) 31.8999 35.354 42.540 76.135 171.167 247.048
Iron (Fe) 64319.26 55365.967 54106.15 43115.4 25082.35 22162.55
Manganese (Mn) 214.146 215.179 449.344 431.358 372.828 420.584
Mercury (Hg) ND ND 11.186 ND ND ND
pH value 5.27 5.11 4.69 4.65 4.78 4.50

ND: Not detected 

Table 2: Comparison of the values of heavy metals from three dumpsites with FAO/WHO (2001) permissible limits
Heavy metals WHO Standards Rayfield Resort Dariye Park Farin Gada
Mo 45 6.951 - 7.285 7.196-14.926 8.180-9.365

Zr 5 471.296 – 482.354 382.537-1045.734 487.149-657.573

Sr 4 127.452 - 128.523 54.584-133.790 121.323

U 3 8.496 ND 12.055

Rb 7 70.162 - 75.654 82.111 60.189-62.956

Th 15 26.214 - 30.138 13.305-24.278 16.045-27.129

Pb 85 26.790 - 38.640 35.706-56.954 268.829-277.342

As 0.39 7.971 8.288 27.819

Hg 72 ND 11.186 ND

Zn 50 129.790 - 132.918 178.924-241.411 518.467-734.643

Cu 36 31.899 - 35.354 42.540-76.135 171.167-247.048

Ni 35 42.454 – 45.767 62.145-66.257 50.010-72.670

Fe 50 55365.97 -  64319.26 43115.40-54106.15 22162.55-25082.35

Mn 50 214.146-215.179 431.358-449.344 372.828-420.584
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Figure 2: Heavy metals concentrations of soils from 
Rayfield Resort Dumpsite

Figure 3: Heavy metals concentrations of soils from 
Dariye Park Dumpsite

Figure 4: Heavy metals concentrations of Soils from 
Farin Gada Dumpsite

 Heavy metals obtained from the XRF analysis 
of soils underlying the dumpsites in Jos include: Zr 
(382.537-1045.734 ppm), Sr (54.584-185.030 ppm), 
U (8.496-12.055 ppm), Rb (60.189-111.280 ppm), 
Th (13.305-30.138 ppm), Pb (26.790-277.342 ppm), 
As (7.971-27.819 ppm), Zn (129.790-734.643 ppm), 
Cu (31.899-247.048 ppm), Ni (42.454-72.670 ppm), 
Fe (22162.547-64319.262 ppm) and Mn (214.146-
449.344 ppm) respectively. These heavy metals were 
observed to have contaminated the soils surrounding 

the dumpsites from anthropogenic and/or geogenic 
sources. This is similar with the report of Bello et al., 
(2015) on dumpsite from Katsina where soils were 
contaminated from anthropogenic sources.
 Orudu and Leizou (2017), reported heavy 
metals values in soils from dumpsite in Yenagoa 
and stated that the values were within permissible 
levels.  The Pb and Ni values were significantly lower 
than the values of Pb (26.790-277.342 ppm) and Ni 
(42.454-72.670 ppm) obtained from three dumpsites 
within Jos metropolis which were higher than WHO 
permissible limits and pose a threat to people in 
the area. Azeez et al., (2011) reported on dumpsite 
from Abeokuta and showed that Cu, Cr, Mn, and Zn 
accumulated at soil depths between 0–40 cm while 
Pb, Fe and Ni were at depths above 40 cm. The Mn 
values (214.146 - 449.344ppm) obtained from the 
dumpsites in Jos are lower than Mn value reported 
by Azeez et al., (2011) while Ni values (42.54-72.670 
ppm) from the dumpsites in Jos are higher than Ni 
reported by Azeez et al., (2011) from Abeokuta. This 
attests that the soils underlying the dumpsites in Jos 
were contaminated by heavy metals from the wastes.
 Heavy metals contaminations of soils from 
the dumpsites in Jos resulted from the decomposition 
of waste from anthropogenic sources resulting in 
leachate plume that migrated from dumpsites to the 
soils. This is similar with the report of Dirisu et al., 
(2019) on heavy metals contaminations on soils of 
Ewhare Dumpsite (Agbaro-Warri) that was linked to 
the decomposition of waste that migrated from the 
dumpsite to the soil. The values of Fe (22162.547-
64319.262 ppm) and Pb (26.790-277.342ppm) in the 
subsurface soils were higher than the values of heavy 
metals reported by Ukpong et al., (2013) on soils 
around Uyo Waste Dumpsites
 The values of Zr , Sr, U, Rb, Th, Pb, As, 
Hg, Zn, Cu, Ni, Fe and Mn obtained from the soils 
underlying the dumpsites within Jos metropolis are 
attributed to the availability of metal containing 
wastes at dumpsites in Dariye Park, Farin Gada and 
Rayfield Resort which have eventually been leached 
into the underlying soils. This is similar with the 
report of Ilori et al., (2012) and Awokunmi et al. 
(2015) on dumpsites from Ilesha. The concentrations 
of the selected heavy metals (Mn, Cd, Cr, Pb and Fe) 
reported by Ilori et al., (2012) were lower than the 
WHO maximum permissible limit. This in contrast 
with Jos dumpsites where the values of Zr, Sr, U, Rb, 
Th, Pb, As, Zn, Cu, Ni, Fe and Mn exceeded WHO 
permissible limits
 The soils underlying the dumpsites in Dariye 
Park, Farin Gada and Rayfield Resort have been 
contaminated with heavy metals and this is indicated 
by higher concentration of heavy metals obtained in 
the soils (Table 1). The soil depths where samples 
were collected occur in the zone of accumulation 
(Levinson, 1980). 
 Nickel values (42.454-72.670 ppm) from 
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three dumpsites in Jos (Table 1) were higher than 
the soil grand mean worldwide Ni value of 22 ppm 
reported by Kabata-Pendias and Pendias (2001). 
Nickel is concentrated in soil horizons rich in organic 
matter and clays (Lin et al., 2008; Van Hullebusch 
et al., 2006). Nickel and some other heavy metals 
are mobile in acid conditions, where dissolution and 
leaching are more likely to occur (Alloway, 1995). 
The pH values of the soil samples from the present 
study shows acidic conditions with pH values of 
4.50 to 5.27 (Table 1). This indicates that Ni which 
is in mobile form could be leading to leaching and 
dissolution in the area suggesting the contribution of 
a geogenic source of metal accumulation.
 The high concentrations of Pb (26.790-
277.342 ppm) and Zn (382.537-1045.734 ppm) 
obtained at the depth of 30 to 50 cm in the soils 
underlying the dumpsites in Jos were higher than the 
soil grand mean worldwide values of Pb (25 ppm) 
and Zn (64 ppm) reported by Kabata-Pendias and 
Pendias (2001). Zn is very mobile and bioavailable 
metal, and the high contents in soil from dumpsites 
suggests anthropogenic and/or geogenic origin. Pb 
values (26.790-277.342 ppm) obtained from the 
dumpsites in Jos were relatively high compared to the 
soil grand mean worldwide Pb value of 25 ppm. This 
indicates that the source of Pb contamination could 

be anthropogenic and/or geogenic sources.
Thus, Heavy metals contaminations of soils from 
dumpsites can be associated with the decomposition 
of domestic and industrial wastes indicating 
anthropogenic sources while geologic processes such 
as weathering, leaching and dissolution as a result of 
acidic conditions suggest geogenic sources.

CONCLUSION
The values of Cu, Zn, Fe, Ni, As and Mn from Farin 
Gada, Dariye Park and Rayfield Resort dumpsites 
were found to exceed the WHO permissible limits of 
soils. Higher values of these metals can be toxic to 
humans and as well damage major organs like liver, 
kidneys and lung. 
 The values of Zr , Sr, U, Rb, Th, Pb, As, Hg, Zn, 
Cu, Ni, Fe and Mn in soils underlying the dumpsites 
are attributed to the availability of metal containing 
industrial and domestic wastes at dumpsites which 
have eventually been leached into the surrounding 
soils. 
 Heavy metals contaminations of soils from 
dumpsites can be associated with the decomposition 
of domestic and industrial wastes indicating 
anthropogenic sources while geologic processes such 
as weathering, leaching and dissolution as a result of 
acidic conditions suggest geogenic sources
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