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ARTICLE DETAILS ABSTRACT

Article History: An inquiry was carried out to investigate the presence of chemical contaminants, like lead, copper, zinc, and
chromium, in the garbage disposal sites of Duste Abattoir in Jigawa State. The research was spurred by the
elevated levels of heavy metals frequently discovered in public waste disposal sites. Samples were gathered
from both the Duste Abattoir and public waste disposal sites to address a knowledge gap in this field. The
findings of the investigation show that all areas examined are vulnerable to heavy metal contamination, with
lead (Pb) presenting the highest risk, followed by copper (Cu) and zinc (Zn). Chromium (Cr) has a lesser
impact on the environment. Pollution indices suggest that Pb and Cu are the main contaminants, with Zn
following closely behind. It was also established that the Abattoir site is more at risk of heavy metal
contamination compared to the public site. Moreover, organic carbon and pH levels displayed a significant
positive connection with chromium and zinc inorganic forms. It is crucial to consistently monitor waste
materials from the abattoir and municipal sources to safeguard the environment and residents, particularly
young children, from the risks associated with heavy metal pollution in the area. It is also suggested to
decontaminate the abattoir waste before use for agricultural purposes.
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1. INTRODUCTION

The term "potentially toxic elements” is a recent concept that emphasizes
not all elements are toxic at all concentrations to humans and plants.
According to soil chemists, heavy metals are elements found between
Group IIA and IIIA in the periodic table, possessing partial d-orbital filling
(Bohr et al,, 2001). These heavy metals have an atomic density greater
than 6 g/cm3 and a specific gravity of more than five (Abdu, 2010).
Copper, zinc, and some metals are considered important essential
nutrients in biochemical reactions, whereas metals such as Pb or Cr are
not viewed as plant nutrients (Sparks, 2002). The result found that after 8
years of sludge treatment, there was a notable migration of cadmium,
chromium, lead, and zinc in the soils (Borgard et al., 2009). Likewise,
showed that more than 90% of the heavy metals used were concentrated
in the top 15cm of soil (Fonseca et al,, 2013). Another study observed a
minimal downward movement of cadmium and zinc in the soil profile,
indicating the vertical transportation of heavy metals into groundwater by
(Violante et al,, 2010). This Analysis identified that heavy metals have the
potential to leach into sandy, acidic, and low-organic soils during periods
of heavy rainfall or irrigation (He and Ali, 2013). Abdu et al. (2012)
discovered soil pH affects Cd, Cr, Cu, Pb, and Zn mobility. Reichman (2002)
noted Cd and Zn move more than Cu and Pb in soil pH <6 >6.5.

Incorrect disposal of abattoir waste could lead to the spread of pathogens
and harmful substances to humans, potentially leading to outbreaks of
waterborne illnesses and cancer (Ubwa et al, 2013). Agrochemicals,
biosolids, sewage sludge, and wastewater applications may introduce
trace elements into agricultural soils (Abdu, 2010; Abdu et al, 2017).
Agbenin and Atin (2003) reported an increase in total Pb by 19 and 17%

owing to fertilization with NPK and farmyard manure, respectively,
compared to the natural site in some Nigerian savanna. The transportation
of metals in soil is a sophisticated process that is impacted by chemical
factors like organic content and pH (Abdu et al., 2012). Research on soil
indicates that consistent usage of organic wastes, fungicides, and
pesticides can elevate the levels of heavy metals (Han et al., 2000). Soils
with elevated concentrations of heavy metals are seen to produce
enhanced runoff carrying these metals (Catlett, 2012).

According, an abattoir is a facility for slaughtering animals for meat, while
elaborate on it as a place where meat products are processed, inspected,
preserved, and stored for human consumption (Ubwa et al,, 2013; Hornby,
2006). Regrettably, in Nigeria, meat processing often occurs in inadequate
structures and is carried out by unskilled workers, resulting in the
production of waste materials like blood, fat, solids, salts, and chemicals
(Ubwa et al, 2013; Olanike, 2002). Research has also detected heavy
metals in different parts of cattle (Jukna, 2006). A major challenge facing
agricultural output is using municipal and abattoir discharges as a source
of organic matter. Such would enhance the true productivity level of
farmlands. Unknowingly, these waste materials are always rich in
contaminated materials (Such as Pb, Zn, Cr, Cu, and so on) that are a risk
to human health if care is not taken. The presence of organic matter
significantly affected the availability of heavy metals in soil, as stated by
(Hou et al,, 2019). As noted, the humus layer acts as an important bio-
geochemical barrier, preventing metal ions from permeating with seepage
water and promoting element accumulation by (Sparks, 2012).

Additionally, heavy metals like lead, chromium, cadmium, and zinc are
frequently found in public disposal facilities. These metals pose a
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considerable risk to both humans and animals as they can contaminate the
environment through the ingestion of tainted water or plants. The
dumpsite is usually contaminated with waste from municipalities and
slaughterhouses, which are known to contain high concentrations of heavy
metals (Smith, 2009). Public attention to assessing the risk presence of
toxic elements has been significantly neglected in the study area.
Information on environmental quality is of great importance as it can be
utilized in preventing toxic materials from taking into farms and drinking
water supply indeed from the Abattoir. The poisoning of groundwater due
to some heavy metals like lead, chromium, copper, and zinc has been
reported in almost all parts of Nigeria (Agbenin, 2001). Multiple studies
have shown that activities at slaughterhouses contribute to the pollution
of surface and underground water, air quality, and the overall health of
residents in the surrounding area (Patra et al,, 2007; Katarzyna et al.,
2009; Ubwu et al,, 2013). Metal ions, in particular, are cited as a significant
concern due to their high toxicity, carcinogenic properties, and inability to
biodegrade. Therefore, the analysis of pollution indices is essential in
assessing the impact of metal ions on the environment. Soil contamination
can negatively affect food security by reducing crop yields due to toxic
levels of pollutants and rendering crops grown in polluted soil unsafe for
consumption by animals and humans.

The primary aim of this research was to analyze the environmental impact
of lead (Pb), copper (Cu), zinc (Zn), and chromium (Cd) in specific
dumpsites located in Duste, Jigawa State, Nigeria.

2. MATERIAL AND METHODS
2.1 Study Area

The study took place in Duste, Jigawa state, with precise coordinates of
latitude (11°45’ 22.25” N) and longitude (9°20°20.26” E). The city is
situated in an area characterized by a tropical savanna climate, featuring
distinct wet and dry seasons.

2.2 Soil sampling and preparation

Waste samples were collected in the selected main Abattoir discharge
centers represented as location A while B is the municipal discharge
center in Duste. Waste samples were gathered at a depth of 0-30 cm from
designated sites, where each collection included 15 auger points. After
collection, the samples were air-dried, blended well, crushed with a
porcelain pestle and mortar, and sifted through a sieve with a pore size of
less than 2mm for testing.

2.3 Laboratory analysis

The pH of the soil was tested in water and 0.01M CaCl; solution at a 1:1
ratio. Bases (Ca, Mg, K, Na) were determined with the NH40OAc method by
(Thomas, 1982). Organic carbon was estimated with the Walkley-Black
method by (Nelson and Sommers, 1982).

2.4 Total heavy metals

A dried and ground sample (1g) was placed in a tube. Each sample
received a mixture of HClIO4 (1cm3), HNO3 (5cm3), and H2S04 (0.5cm3).
According to method, the tube was swirled and heated until white fumes
were observed, with digestion lasting for 10-15 minutes (Agbenin's,
1995).

After cooling, tubes were filtered into a 50 ml flask with a Whatman No. 42
filter. Water was then added to fill each flask. Heating with 0.5cm3 HNO3
caused a volume decrease. The digest was filtered, diluted, and prepared
for analysis. A control digestion without a sample was done. Using AAS,
lead, zinc, chromium, and iron concentrations were measured against FAO
and WHO safety limits set (2008).

2.5 Inorganic concentrations of heavy metals

DTPA chelation method analyzed inorganic metal concentration. A 20g
sample (<2mm) mixed with 20 ml 0.005 M DTPA solution was shaken for
2 hours, then filtered. Zn, Pb, Fe, and Cr levels were measured using AAS
by (Lindsay and Norvell, 1978).

2.6 Statistical Analysis

The data underwent analysis of variance to determine the contamination
level of heavy metals in the study samples using pollution indices such as
the geo-accumulation index, enrichment factor, and contamination factor.
Correlation Analysis was conducted with SAS to further analyze the data.

3. RESULTS AND DISCUSSION
3.1 Chemical Properties

The pHw of samples from both locations was alkaline (Figure 1). This is
due to organic content in the dumpsite of the Abattoir. Similar results were
observed with pHs. Location A has high organic content (mean value of
15.53g/kg) which is greater than the critical value, according to Esu
(1991). The OC mean value (12.18g/kg) in location B is moderate (Esu,
1991). The samples from both locations are rich in Ca, Mg, and Na contents.
This may be associated with organic content in all studied samples. This is
in line with the observation of (Brady and Weil, 2002). The trend of all
selected chemical properties is as follows: location A > location B but
otherwise with Na content.

Chemical Properties
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Figure 1: Selected Chemical Properties In Abattoir Waste Area.

3.2 Focus On The Concentrations Of Specific Heavy Metals

The mean Pb values (320.19 to 444.96 mg/kg) from all the studied
locations (Table 1) were found to be above both the international
threshold of 300 mg/kg for Pb in arable soils (Abdu, 2010) and the
maximum allowable concentration of 85 mg/kg in Nigerian soils as

stipulated by the Department of Petroleum Resources of Nigeria (DPR,
2002). Location A (Table 1) is at more risk of Pb toxicity compared to
location B. Copper mean values in all locations are less than the
international threshold of 200-300a mg/kg in soils with less maximum
allowable value (DPR, 2002). The zinc means value in location A (Table 1)
is greater than the international threshold of 80-200a in soils and location
B with zinc concentration less than that of the international threshold as
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indicated above (Abdu, 2010; Yahaya et al.,, 2021). The concentrations of
chromium in all the studied locations (Table 1) are less than that of the
international threshold of 400mg/kg. The order of magnitude of the total
and labile values of selected heavy metals could be arranged as follows:
location A>location B (Table 1) and location B >location A (Figure 2),
respectively. The formation of metal-organic complexes is the reason for
having less value in the labile form of heavy metals in location A (Figure,
2), which serves as a center of abattoir waste materials. Heavy metals
ranked: Pb > Zn > Cu > Cr. Several studies observed Pb as the most
contaminant in their study sites (Abdu, 2010; Haris et al., 2017).

Labile form of selected heavy metals
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Table 1: Average Of Specified Heavy Metal Elements
Heavy metal | LocationA | Location B UK (mg/kg) Remark
Lead (Pb) 44496 320.19 300 >JAPL
Copper (Cu) 196.37 166.67 200-3002 < IAPL
Zinc (Zn) 241.19 172.14 80-2002 <IAPL
Chromium (Cr) 16.99 5.39 400 <]APL
25 3 35 < 4.5
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Figure 2: Labile Form Of Heavy Metals

4., POLLUTION INDICES
4.1 Contamination Factor

In this study, the degree of chemical pollutants in the analyzed samples
was assessed using the contamination factor (Table 2). Lead (Pb) values
showed that location A has a strong contamination factor while location B
varied from moderate to a strong level of contamination factor. Copper
and Zinc values indicated that all the studied locations have strong and
none to medium contamination factors, respectively (Table 2). The
chromium value has fallen under none to medium as in Zinc. The pollution
analysis indicated that lead and copper are most prevalent in the locations
and reflect the impact of anthropogenic activity.

Table 2: Contamination Factor
Heavy metal Location A| Remark Location B Remark
Lead (Pb) 5.23 ST 3.77 MC - ST
Copper (Cu) 5.45 ST 4.63 ST
Zinc (Zn) 1.72 N-M 1.23 N-M
Chromium (Cr) 0.16 N-M 0.05 N-M

ST=Strong contamination; MC-ST= Moderate to strong contamination; N-
M= none to medium contamination

4.2 The Enrichment Factor

The enrichment factor for particular heavy metals is displayed in Table 3
for all locations whereas location B has a high value of the studied
elements (Pb, Cu, and Zn). Lead, Copper, and Zinc have strong and
moderate enrichment factors, respectively (Table 3) while Chromium has
fallen under deficient enrichment factors. The order of enrichment
contamination could be arranged as Copper>Lead>Zinc>Chromium.The
vast majority of chemical pollutants come from anthropogenic activities
such as sand mining, construction, waste disposal, agriculture, and
discharge from municipal, residential, or industrial activity (Wei and Yang
2010; Balogh et al,, 2016; Haris et al,, 2017).

Table 3: Enrichment Factor
Heavy metal |LocationA | Remark Location B Remark
Lead (Pb) 11.55 STE 11.75 STE
Copper (Cu) 12.07 STE 14.49 STE
Zinc (Zn) 3.80 ME 3.83 ME
Chromium (Cr) 0.38 DE 0.17 DE

STE= Strong Enrichment; ME= Moderate Enrichment; DE= deficient
Enrichment

4.3 Geoaccumulation index

According to the Geoaccumulation index (Table 4), the concentrations of
lead and copper in the two study areas fell into the categories of highly and
moderately polluted, respectively. Regardless of location, zinc
concentrations have displayed a geoaccumulation index that ranges from
Unpolluted to Moderately Polluted. All of the chromium concentrations
were within the geoaccumulation index's unpolluted category. High levels
of lead and copper, however, point to anthropogenic contamination of
these metals at the locations.

Table 4: Geoaccumulation Index
Heavy metal |LocationA | Remark Location B Remark
Lead (Pb) 3.89 HP 3.42 HP
Copper (Cu) 1.54 MP 1.31 MP
Zinc (Zn) 0.76 UP-MP 0.28 UP-MP
Chromium (Cr) -2.94 0] -4.64 UP

HP=Highly polluted; MP= Moderately polluted; UP-MP=Unpolluted to
moderately polluted; UP= Unpolluted

4.4 Correlation Between Selected Heavy Metals And Chemical
Properties

According to the results of the correlation study (Table 5), pHw had a high
and significant correlation with pHs (0.940**) and Na (0.928**), but a
strong and negative correlation with ZnL (-0.953**). According to this,
pHw has increased with increasing pHs and Na while decreasing with
increasing ZnL. The mean pHs value had a substantial negative correlation
with ZnL (-0.830*) and a positive correlation with Ca (0.845*). This
confirms the idea that pH has a significant impact on Zn bioavailability. A
study also reported an increase in Zn with increasing pH. OC has a
significant positive (0.863*) and negative (-0.831*) correlation with CrT
and CrL, respectively (Reichman, 2002). This might be ascribed to the
chelating effect of organic matter. The CrT availability increased with
increasing organic matter and organic matter reduced the bioavailability
of CrL. The Ca had a negative significant correlation with CuL (-0.958%).
This finding is contrary to the results reported, who found a positive
correlation between extractable Cu and Ca. CuL is less readily available as
Caincreases by (Hassan et al., 2016). According to several studies (, Ca has
a competitive advantage over CuL. Mg and ZnT showed a positive but very
significant relationship (0.953**). This suggests that ZnT increased as Mg
increased.
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Table 6: Correlation

Parameter PHw pHs ocC Ca Mg Na PbT CuT ZnT CrT PbL CuL ZnL CrL
pHw

pHs 0.940%*

0] 0.463 0.503

Ca 0.708 0.845* 0.038

Mg 0.657 0.610 0.067 0.631

Na 0.928** 0.796 -0.573 -0.456 -0.700

PBT 0.160 0.195 0.400 0.109 0.594 -0.375

CUT 0.511 0.733 -0.221 0.604 -0.027 -0.324 |-0.026

INT 0.524 0.463 -0.671 -0.221 0.953** | -0.531 | 0.483 |-0.176

CRT 0.647 0.673 0.863* 0.247 0.382 -0.713 | 0.345 | -0.120 | 0.090

PBL 0.574 -0.379 -0.242 -0.080 -0.618 0.712 |-0.142 | 0.214 |-0.482 | 0.608

CUL 0.589 -0.765 -0.036 | -0.958* | -0.412 0.307 |-0.058 |-0.704 |-0.431 | -0.114 | -0.189

ZNL -0.953** | -0.830* | -0.526 -0.517 0.722 | 0.996** |-0.326 | -0.704 |-0.563 | -0.704 | 0.722 0.361

CRL -0.368 -0.280 | -0.831* 0.224 0.260 0.473 |-0.001 | -0.461 | 0.475 | -0.596 | 0.1823 | -0.176 | 0.427 1

** = correlation is significant at the 0.01 level
* = correlation is significant at the 0.05 level

The pH in both water and salt is alkaline in all the locations. The
concentrations of OC in all the locations are generally high. Lead is the
most dominant chemical contaminant in the studied samples with values
greater than the international threshold of 300mg/kg, followed by Copper
and Zinc. Chromium concentrations are not a problem in the sites. Lead
and copper serve as the most contaminant elements in the studied sites
followed by Zinc based on pollution indices analysis (Contamination,
Enrichment, and Geoaccumulation factors, respectively). Pearson
correlation indicated that Zinc labile had a negative but significant
correlation with both samples' pH. OC had an inverse relationship with CrL
and a direct correlation with CrT.

5. CONCLUSIONS AND SUGGESTIONS

The data indicates that heavy metal contamination, particularly with Pb,
Cu, and Zn, is a potential concern in all locations due to human activities.
However, location A shows a higher risk of contamination compared to
location B. Pb and Cu has the highest contamination, enrichment, and
geoaccumulation values in all locations, with Zn following closely behind.
It is essential to limit waste disposal near the abattoir to protect the
environment and residents, especially children, from heavy metal
pollution. Government regulations should prevent farmers from using
abattoir waste as fertilizer until a suitable alternative is found.
Remediation of all locations is strongly encouraged to reduce
environmental risks.

REFERENCE

Abdu, N., 2010. Availability, transfer, and balances of heavy metals in
urban agriculture of West Africa. Kassel University Press GmbH,
London.

Abdu, N., Abdullahi, A.A. and Abdulkadir, A., 2017. Heavy metals and soil
microbes. Environ Chem Lett 15, Pp. 65-84.
https://doi.org/10.1007/s10311-016-0587-x

Abdu, N., Agbenin, ].0., and Buerkert, A,, 2012. Fractionation and mobility
of cadmium and zinc in urban vegetable gardens of Kano, Northern
Nigeria. Environ Monit Assess 184, Pp. 2057-2066.
https://doi.org/10.1007/s10661-011-2099-2

Agbenin, J.0., 1995. Laboratory Manual for Soil and Plant Analysis.Selected
methods and data analysis, Pp. 80-88. Department of Soil Science,
Ahmadu Bello University Zaria.

Agbenin, J.0., and Atin, A.M., 2003. Copper sorption characteristics and
activity in a savanna acid soil from Nigeria. Water, Air, and Soil Pollution
150

Balogh, Z., Harangi, S., Kundrat, J. T, Gyulai, I, Téthmérész, B., Simon, E.,
2016. Effects of anthropogenic activities on the elemental concentration
in surface sediment of oxbows. Water, Air, and Soil pollution, 227(1),
13.do0i:10.1007/s11270-015-2714-x.

Borgard, 0.K,, Hansen, H., Hoim, P.E., and Strobel, W.B., 2009. Experimental
assessment of using soluble humic substances for remediation of heavy
metal polluted soils. Journal of Soil Sediment Contamination

Brady, N.C,, and Weil, N. C., 2001. The nature and properties of soils.13th
edition. Prentice-Hall Inc. Simon and Shuster, A Viacom Company Upper
Saddle River, New Jersey. Pp. 81

Catlett, K.M., Heil, D.M., Lindsay, W.L. and Ebinger, M.H., 2002. Effects of
soil chemical properties on Zinc2* activity in 18 Colorado soils. Soil
Science Society of AmericaJournal,66: Pp. 1182-1189.

DPR. 2002. Environmental Guidelines and Standards for the Petroleum
Industry in Nigeria (EGASPIN). Department of Petroleum Resources
(DPR), Lagos, Nigeria.

Esu, LE., 1991. Evaluation of soils for Irrigation in the Kaduna Area of
Nigeria. An unpublished Ph.D. A thesis submitted to the Soil Science
Department, Ahmadu Bello University, Zaria

Haris, H., Looi, L.J. and Aris, A.Z, 2017. Geo-accumulation index and
contamination factors of heavy metals. Zn and Pb, in urban river
sediment. Environ Geochem Health 39, Pp. 1259-1271.
https://doi.org/10.1007/s10653-017-9971-0.

Hassan, A. M., Murabbi, A., and Victor, A. 0., 2016. Depth Distribution of
Available Micronutrients under Different Land-use Systems. Direct
Research Journal of Agriculture and Food Science, Vol.4 (5), Pp. 81-86.

He, Q, and Alj, M., 2013. Assessment of trace and heavy metal distribution
by four sequential extraction procedures in contaminated soil. Journal
of Soil Water. China. Pp. 123-456

Hornby, A. S., 2006. Oxford Advanced Learner’s Dictionary of Current
English, 7th edition. Pp. 1381. Oxford University Press.

Hou, S., Zheng, N., Tang, L., 2019. Effect of soil pH and organic matter
content on heavy metals availability in maize. Zea mays L., rhizospheric
soil of non-ferrous metals smelting area. Environ Monit Assess 191, Pp.
634 https://doi.org/10.1007/s10661-019-7793-5

Katarzyna, R. A.,, Monkiewicz, J. and Andrzej, G., 2009. Lead, cadmium,
arsenic, copper, and zinc contents in the hair of cattle living in the area
contaminated by a copper smelter in 2006-2008. Bull Vet Inst Pulawy,
53, Pp. 703-706.

Lindsay, W.I,, and Norvell, W.A,, 1978. Development of DTPA soil test for
zinc, iron, manganese, and copper. Soil Science Society of American
Journal, 42: Pp. 421-428.

Nelson, D.W., and Sommers, L.E., 1982. Organic carbon. In: Page, AL,
Miller, R.H. and Keeney,

D.R. (eds). Methods of Soil Analysis.Part 2 Agronomy 9. Madison WI. Pp.
538-580.

Olanike, K. A, 2002. Unhygienic operation of a city abattoir in south
western Nigeria: Environmental implication. AJEAM/RAGEE, 4(1), Pp.

Cite the Article: Murabbi Aliyu, Isa Magaji Azare, Amina Muhammed Gausu, Umar Saleh, Abdurrahman Saminu Ibrahim (2024). Environmental Risk Assessment of

Lead (Pb), Copper (Cu), Zinc (Zn), and Chromium (Cr) in Duste Abbatoir Dump Site in Jigawa State, Nigeria. Journal of Wastes and Biomass Management, 6(2): 75-79.




Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 75-79

23-28.

Patra, R. C,, Swarup, D., Naresh, R., Kumar, P., Nandi, D., Shekhar, P., and Alj,
S. L., 2007. Tail hair is an indicator of the environmental exposure of
cows to lead and cadmium in different industrial areas. Ecotoxicol
Environ., Saf,66, Pp. 127-131. http://dx.doi.org/10.1016/j.ecoenv.
2006.01.005

Ubwa, S. T, Atoo, G. H., Offem, J. O., Abah, ]., and Asemave, K., 2013. Effect
of Activities at the Gboko Abattoir on Some Physical Properties and
Heavy Metals Levels of Surrounding Soil. International Journal of
Chemistry; Vol. 5, No. 1; Pp. 2013

Smith, S.R., 2009. A critical review of the bioavailability and impacts of
heavy metals in municipal solid waste composts compared to sewage
sludge. Environment International 35; Pp. 142-156.

Reichman, S.M., 2002. The Responses of Plants to Metal Toxicity: A Review
Focusing on Copper, Manganese, and Zinc. Australian Minerals and
Energy Environment Foundation 144 High St Prahran VIC 3181
Melbourne, Victoria, 3000.

Thomas, G.W., 1982. Exchangeable cations.In: Page, A.L., Miller, R.H. and
Keeney, D.R.(eds). Methods of Soil Analysis. Part 2 Agronomy 9.
Madison WI. Pp. 159-165.

Violante, A., Cozzolino, V., and Pigna, M., 2010. Mobility and Bioavailability
of heavy metals and metalloids in soil environments. Journey of Soil
Science and Plant Nutrition.

Wei, B, and Yang, L., 2010. A review of heavy metal contaminations in
urban soils, urban road dust, and agricultural soils from
China. Microchemical Journal, 94(2), Pp. 99-107.
doi:10.1016/j.microc.2009.09.014.

World Health Organization, WHO. 2008. Guidelines for Drinking Water
Quality. Health Criteria and Other Supporting Information, 1, WHO,
Geneva.

Yahaya, S. M., Abubakar, F., and Abdu, N., 2021. Ecological risk assessment
of heavy metal-contaminated soils of selected villages in Zamfara State,
Nigeria. SN Applied Sciences volume 3:168. https://doi.org/10.1
007/s42452-021-04175-6

- 9
- —_————————— -

Cite the Article: Murabbi Aliyu, Isa Magaji Azare, Amina Muhammed Gausu, Umar Saleh, Abdurrahman Saminu Ibrahim (2024). Environmental Risk Assessment of

Lead (Pb), Copper (Cu), Zinc (Zn), and Chromium (Cr) in Duste Abbatoir Dump Site in Jigawa State, Nigeria. Journal of Wastes and Biomass Management, 6(2): 75-79.



https://doi.org/10.1

