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Abstract

The purpose of this study was to assess physicochemical parameter and heavy metal

concentration of the soil in and around Robe town, Bale zone, Ethiopia. Seven soil samples

(three from dump sites and four from farm lands) were collected and analyzed through

different methods for analyzing the physicochemical parameters like, pH Sand/Silt/Clay

Content, MC, OM. and the heavy metals including Cr, Cd, Cu, Fe, Zn and Pb, were

investigated using Flame atomic absorption spectrophotometer (FAAS). The analyzed

result of all sites revealed that, high moisture content % (14.83 + 2.57to 19.96 * 0.72), pH

slightly acidic except S2 which is slightly basic, (5.77 + 0.08 to 7.60 * 0.33),high organic

matter % (13.83 = 0.49 to 16.60 * 0.90), sand % (53.00 = 4.51 to 65.33 * 2.42), silt %

(19.33 £ 1.03 to 24.84 + 4.62), clay % (11.33 + 1.03 to 19.50 + 2.50) sandy nature of soil

were observed and the concentration of heavy metals such as: Cr (32.53 + 3.51 to 41.81 *

1.06) ppm, Cd (0.57 £ 0.21 to 0.93 + 0.24) ppm, Cu (26.54 + 0.68 to 37.44 * 2.72) ppm, Zn

. (66.98 £1.09 to 170.48 + 1.51) ppm Fe (33483.55 + 1470.02 to 49012.18 + 2692.20) ppm

Article Info and Pb (18.04 + 0.37 to 20.77 + 0.46) ppm were obtained. The results showed that all of

the assessed heavy metals below maximum permissible limit except Fe, which is above

maximum permissible limit that recommended by Ewers, Based on the results obtained

from the study the level of metals concentrations safe for agricultural activities. But
different measures must be taken to minimize additional soil pollution.
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Introduction

Soil can be defined as unconsolidated minerals or organic material on the immediate earth’s surface and it
serves as a natural medium for plant growth and other activities (Brady and Weil, 2008). It is one of the
important and valuable resources of the nature, which has complex functions beneficial to human and other
living organism (Addis and Abebaw, 2014). It also acts as a filter, buffer storage, transformation system and
thus protects the global ecosystem against the adverse effects of environmental pollutants (Sumithra et al.,
2013). Environmental sustainability largely depends on the availability of soil ecosystem and any alterations
as a result of either pollution or contamination that alters the ecosystems and agricultural activities (Hong et
al,, 2014). Fertile soil and a congenial climate for productivity are valuable assets for any nation. But, due to
human activities, soil has become a receptor of many pollutants including pesticides, fertilizers, particulate
matters, and heavy metals. Contamination of soils by different pollutants results serious environmental
problem and it has significant influence on human health processes (Rahaman et al., 2015).

Heavy metals are metals and metalloids having atomic densities greater than 5g/cm3. Heavy metals include:
copper, iron, mercury, zinc, arsenic, silver, lead, chromium etc. Since heavy metals are not biodegradable;
they persist and accumulate over a long time in the soils and vegetation resulting to serious environmental
pollution (Mtuazi et al., 2015). Due to natural existence of heavy metals are in soil; high concentrations of
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these metals exhibit chronic effects as well as fatality (Olayinka et al., 2011). Various forms of heavy metals
in the soil of greatest concern are the exchangeable and the soluble, because these, are the forms that are
available to plants. All negative effects of heavy metals start from their absorption by plants, and to a lesser
extent by ground water contamination through leaching. As metals are absorbed by plants, they introduced
into the food chain (Dawaki et al.,, 2013).

In Ethiopia, day to day drastically increases the usage of chemical fertilizers instead of manures for crop
productivity but because of chemical fertilizers the quality of the soil is reducing. Therefore, it is essential to
analyze the physicochemical characteristics of soil. Results of physical and chemical tests provide the
information about the ability of the soil to supply mineral nutrients. The soil condition is an important factor
as it is an universal medium for plant growth, which supplies essential nutrients to the plants (Wodaje and
Alemayehu, 2014). Soil physicochemical parameters like, soil pH, texture and organic matter contents are
important with regards to the forms of the heavy metals and their bioavailability (Aydinalp and Cresse,
2009). On the other side, in developing countries the open dumping strategy is common due to the low
budget for waste disposals and non-availability of trained manpower (Ali et al. 2014). The municipal solid
waste has been found to contain an appreciable quantity of heavy metals, which may eventually end up in
the soil and leach down the profile. This makes municipal solid waste one of the principal sources of heavy
metals in the environment (Parameswari et al., 2015). Indiscriminate and unscientific dumping of municipal
wastes is very common in many cities of Ethiopian. The present study is an attempt to evaluate and compare
the potentially bioavailable concentrations of some principal heavy metals, particularly, Fe, Zn, Cu, Pb, Cr and
Cd in some selective farm lands and dumpsites in and around the Robe town, Ethiopia..

Material and Methods

Description of the Study Area

The study was carried out at around Robe town, which is located North-Eastern of Ethiopia, with a latitude
and longitude of 7°7'N 40°0'E7.117°N 40.000°E and an elevation of 2,480 meters (8,175 ft) above sea level
with average annual rain fall of 1100mm. It has a moderately highland climate with average minimum and
maximum temperature ranges of 8 °C and 22°C, respectively (source Robe meteorology station office). The
seven sampling points of the study area were randomly selected from dump sites and farm lands, using GPS
(global positioning systems) (Figure 1). Site 1, Maddawalabu University farm land; site 2, dump site were
found in Maddawalabu University; site 3, dump site were found around Mebrat Hayle; site 4, Radio station
dump site; site 5,farm land were found out of the town; site 6, Robe TVET school farm land; site 6, the farm
land found around Shaya river.
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Figure 1. Map of the study area with sampling sites.
Sample Collection

The composite soil samples were collected from each seven sampling sites using Auger from 0-15 cm
borehole after the removal of grassy part. Polyethylene bag was used to collect the soil samples. The soil
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samples were air dried until constant weight were obtained, then grounded with ceramic pestle and mortal
and sieved with 2mm sieve. The dried soil samples were kept packed with plastic bag till analysis.

Soil physicochemical analysis

Soil pH was determined using a digital pH meter, according to the methodology suggested by Estefan et al.
(2013). Sand/Silt/Clay and moisture content of the soil determined by hydrometer method and Gravimetric
method, respectively (Wufem et al., 2014). The organic carbon content of the soil samples were determined
by loss on ignition method (Maguire and Heckendorn, 2005).

Soil heavy metal analysis

Heavy metals (Fe, Zn, Cu, Pb, Cr and Cd) in soil samples were analyzed using aqua regia digestion method
and determined by flame atomic absorption spectrometer at Ezana mining laboratory as described in the

manufacturer’s instruction manual after the digestion procedure (S¢anéar et al, 2000; Adagunodo et al.,
2018).

Data analysis

All the data were captured and entered in to computer and using Microsoft excels statistically using SPSS
16.0. Variation of each parameter between sites was analyzed using one way ANOVA at 95% confidence level
were calculated and the results were presented as mean and standard deviation (Mean * SD).

Results and Discussion
Results of Physicochemical Parameters

The soil samples collected from in and around Robe town were analyzed for five physicochemical
parameters.

Moisture content (MC)

As described in Table 1, the moisture contents of all sampling area ranged from 14.83 * 2.57 to 19.96 + 0.72
%. Soil collected from dump site (S3) has relatively lower moisture content than the remaining sites but, Soil
collected from Robe TVET school farm land (S6) has relatively higher moisture content this may be due to
repeated activity of farming. These indicate that the metal ion concentration in Mebrat Hayle dump site
might be higher than Around Robe TVET school farm land due to the effect of reducing conditions on the
metal ion (Angle et al,, 2006). With the exception of S1 the experimental findings of 95% confidence level
showed no significant difference between the farm lands. Comparably there was also no significant
difference in all dump sites. Similarly, a study evaluated how different combinations of air temperature and
soil moisture content, reflecting realistic climate change scenarios, affect the bioaccumulation kinetics of Zn
and Cd (Gonzalez-Alcaraz et al., 2018).

Table 1. Mean * SD values of the physicochemical parameters of each sampling point (N=6).

Sampling Physicochemical Parameters

point MC % pH OM% Sand (%) Silt (%) Clay (%)
Site 1* 15.86 £ 1.93b 6.48 £ 0.042 13.83 £ 0.492 53.00 + 4.51b 24.84 £ 4.622  22.16 +0.75¢
Site 2™ 17.20 + 2.372 7.60 £ 0.33P 16.43 + 1.872 65.33 £ 2.422 23.33+£2.062 1133 +1.032
Site 3™ 14.83 + 2.572 6.37 £ 0.342 15.93 +0.812 61.33 £2.42b 2433 +£1.962  14.33+2.33b
Site 4™ 17.03 £ 0.832 6.25 £ 0.252 14.05 + 0.63P 57.66 £ 1.96¢ 25.00 £ 2.752  17.33 £ 1.63¢
Site 5 18.56 £ 1.352 5.77 £ 0.08b 16.28 + 2.40b 61.16 + 2.562 19.33+£1.03>  19.50 £ 2.50
Site 6 19.96 £ 0.722 6.01+0.32b 14.56 + 0.492 61.33 +2.422 24.00+3.792 1433 +1.96°
Site 7 19.66 + 3.882 6.54+0.172 16.60 + 0.90b 62.00 + 3.572 24.66 +4.500 13.33+3.012

*= Farm land, **=Dump site, MC : Moisture content, OM : Organic matter

NB: The mean with the same latter in the same star are not significantly different (P< 0.05).

Soil pH

The pH values of the soil samples in all the sites ranged from 5.77 £ 0.08 to 7.60 £ 0.33. This result seems
that the soils obtained from all sampling area were slightly acidic except Maddawalabu University dump site
which is slightly basic. Since at low pH (acidic) metals are more soluble and more bioavailable in the soil
solution, the range of pH values obtained in all study area except site S2 will favors plant uptake of heavy
metal and hence toxicity problems are possible (Osakwe et al., 2015). Horeboka farm land shows slightly
acidic from the other farm lands; this may be due to application of fertilizer in the farm lands. Apart this soil
acidity cause by the removal of basic elements through leaching and crop uptake (Wufem et al,, 2014). At
95% confidence level S2 has significant difference from the two remaining dump sites this may be only
house hold garbage is dumped in the area. and in farm lands S1 and S7 has significance difference from S5
and S6.
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Organic matter (OM) content

The OM contents of all sampling area were ranged from 13.83 + 0.49 at S1 to 16.60 + 0.90 at S7. The values
obtained from the dump sites did not differ significantly at 95% confidence level except S4, but significant
difference showed S1 and S6 with S5 and S7 in farm lands. Brady and Weil (2008) classified organic matter
level of soil into classes: < 0.4% organic matter of soil as very low, 1.0 - 1.5% as moderate organic matter
soil and > 2.0% as high organic matter soil. Based on this, all the soils may consider under high organic
matter. The deposition and decomposition of huge quantities of many organic wastes and sewage sludge
might be responsible for the organic matter enrichment in this soil. Apart from this accumulation and
subsequent decomposition of plant residues also result in building organic matter (Gairola and Soni, 2010;
Aietal,, 2018).

Sand/Silt/Clay Content

As described in table 1 the sand/silt/clay content of the soil ranged from 53.00+4.51 (S1) to 65.33 * 2.42
(S2),19.33 +1.03 (S5) to 24.84 + 4.62 (S1) and 11.33 + 1.03(S2) to 19.50 £ 2.50 (S5) present of sand, silt and
clay respectively, these indicate that the soil contained higher composition of sand followed by silt and clay
in all the sampling sites. The statistical analysis showed that there was significant difference in the sand
content between the dump sites, but no significant difference showed in farm lads with exception of S1 were
(P < 0.05). The silt content was also not significantly differ at 95% confidence level except at S5 among the
farm lands and not differ significantly in all dump sites, while in clay content S6 and S7 of farm lands sites
has significance difference from S1 and S5 but, all dump sites were significantly different at the 95%
confidence level. Trace metals have preferential accumulation in the clay and silt fraction of soil, the
concentrations of heavy metal in soil increase with decrease in the sizes of the soil particles (Inobeme et al.,
2014). This sandy nature of the soil might be due to the depletion of humus from the soil.

Heavy metal concentrations in soil samples

As per results from Table 2, the level of Cr content in different sampling area was ranged from 32.53 +3.51
(S5) to 41.81+£1.06 ppm (S2). The result reveals that the concentration of Cr is higher in dump sites than the
farm lands except S4 sampling area. The highest level of Cr content recorded at S2 dumpsite, that may be due
to different contaminants such as disposal of Cr containing wastes and the lowest value of S5 which is
Horeboka farm land indicates that the place is less polluted due to less existence of anthropogenic activities
because the area is far from the dump site and also from the Town. Statistical analysis at 95% confidence
level also showed that there was no significant variation in the Cr concentrations among dump sites with the
exception of S4. There were no significant variations among all farmland except at S7. High concentration of
Cr obtained in S7 from the farm lands might be due to more liquid waste reach the area. The concentration of
Cr is in all sites were below the maximum permissible limit (Ewers, 1991).

Table 2. Heavy metal concentrations in soil samples

Metal concentration of soil sample, ppm
Sites Cr Cd Cu Zn Fe Pb

S1* 3490+£1.092 0.88+0.242  37.44+2.72) 96.41+1.132 44583.22+3067.422  19.10+0.652
Sz~ 41.81+1.06@ 0.93+0.242  37.06+2.10b 170.48+1.512 49012.18+2692.202 19.43+1.98b
S3* 41.47+£1.572 0.67£0.222  28.54+1.002 83.67+1.93b 36482.75+1838.83> 20.77+0.46a
S4* 34.77+490> 0.76+0.222  27.69+0.862 74.05+8.09¢ 33483.55+1470.02¢ 20.51+0.85b2
S5* 32.53+¥3.512  0.57£0.21¢ 26.54+0.682 72.79+3.30P 33973.75£1320.36> 18.04%0.372
S6* 32.91+1.432 0.79+0.263 27.93+1.032 66.98+1.09¢ 35753.48+340.31> 19.64+0.64>
S7* 35.49+0.84> 0.84%0.132  34.35%£1.59¢ 97.01+2.692 45008.2+1665.742  16.08+0.32¢
Ewers (1991) 100 3.00 100 300 5000 100

**=dump site, *= farm lands

NB: the mean with the same latter in the same star are not significantly different (P< 0.05).

The Cd content was the lowest at S5 while the highest at S2 with the mean values that ranged from 0.57 *
0.21 ppm to 0.93 * 0.24 ppm, respectively. The lowest concentration of S5 might be due to no waste disposal
in the area. The highest Cd content recorded in site S2 might be due to disposal of impurity in several
products, including phosphate fertilizers, detergents. The statistical analysis using one way of ANOVA at
95% confidence level showed no significant difference in the concentrations of cadmium among in all dump
sites, and also with the exception of S5 no significant difference was showed among the farm lands. The
concentration of Cd in all sampling area shows below the maximum permissible limits that recommended by
Ewers.

The value of Cu in soil content is highest at S1 with mean value of 37.44 + 2.72 ppm while the lowest at S5
with mean value of 26.54+0.68 ppm. The one way ANOVA analysis showed that there are not significantly
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differ within the dump sites except S2, and also except S1 with S7 no significance difference showed within
the farm lands. The highest value of Cu in S1 might be derived from chemical fertilizers and pesticides used
in agricultural land. Concentrations Cu of in all seven sites are below the maximum permissible agricultural
soil concentration recommended by Ewers (1991).

The Zn content was lowest at S6 the mean value was ranged from 66.98 + 1.09 ppm while highest value is
observed at S2 the mean value ranged of 170.48 + 1.51 ppm at the 95% confidence level indicated that there
was statistically significance difference among all dump sites and also among farm lands except S1 with S7.
The higher Zn content in S2 is recorded might be due to repeated activity of waste combustion and dumping
of pesticide can. While the lowest value of S6 recorded might be due to less existence of anthropogenic
activities. The level of Zn concentration observed in all sites was below the maximum permissible that
recommended by Ewers. The level of Fe content in different sampling sites was ranged from 33483.55 +
1470.02 ppm of S4 to 49012.18 + 2692.20 ppm S2. The one way ANOVA analysis showed that S1 and S7 are
significantly different from S5 and S6 in farm lands and also in all dump sites at the 95% confidence level,
this might be because of the same contaminant reach S1 with S7 and S5 with S6 due to the area were not far
each other. High concentration of Fe in Maddawalabu dump site might be due to high discharge and burning
of cosmetics material, thin and cans. While relatively less in the others. The experimental value of Fe
concentration from all sites was far higher than the maximum permissible agricultural soil concentration
recommended by Ewers.

The value of Pb in sampling area was ranged from 18.04 * 0.37 ppm to 20.77 * 0.46 ppm, the lowest value
observed in Horeboka farm land while the highest value observed at Mebrat Hayle dump site. There was no
significant difference in concentration of Pb across the farm lands except S7 and also dump sites except S3
with S4 at 95% confidence level. The lowest value of S5 might be due to less existence of anthropogenic
activities in area, while the highest value of S3 might be due to disposal of more wastes from garages and
combustion of fossil fuels. The levels of Pb obtained in the soil from all site below the maximum permissible
limit of agricultural soil concentration that reported by Ewers (1991). The obtained results showed that the
metal concentration decreased in the order of Fe > Zn > Cr > Cu > Pb >Cd, in both dump sites and farm lands.
From the analyzed metals, the concentration of most metal were higher in dump site than the farm lands
except radio station dump site, lower concentration of this site might be due to less and only domestic waste
were dumped in the area. Generally, in dump sites disposal of high metal wastes, sewage sludge and waste
combustion might be responsible for high concentration of metal.

Conclusion

The present study showed that the results obtained from the physicochemical analysis of all soil samples
were slightly acidic except S2 which is slightly alkaline and contained high amounts of organic matters and
sandy nature of soil followed by silt and clay content. The results of heavy metals indicated that, they are in
lower concentrations in all sites than of the maximum permissible limit reported by Ewers with the
exception of Fe. Finally, based on the results, we concluded that the obtained level of metals concentrations
was low in all sites and safe for agricultural activities. But, researchers reported there is an indication that
heavy metals are not biodegradable, while they are accumulated in the environment (Mtuazi et al., 2015); it
may detoriate the soil quality. Therefore we recommended that Different measures must be taken to
minimize soil pollution; the farmers should be educated on the problems associated with excessive usage of
fertilizers and other chemicals. New modern sanitary landfill need to be developed thus the open dumping of
waste should be discouraged and proper drainage should maintain for liquid wastes. Periodic monitoring of
soil environment for heavy metals in the study area is recommended and in future, further study should be
done to investigate the levels of different heavy metals, common cations, sediment concentrations, and other
soil physicochemical parameters of the soils in the study area.
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