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Abstract 

The scrap metal recycling processes produce solid, liquid and gaseous wastes among which is a large quantity of solid slag. 

This study assessed heavy metal (HM) contents in waste slag dumpsites and their immediate soils in two industrial towns in 

South western Nigeria. Five slag dump sites were selected each in Odoguyan, Lagos State and Ogijo, Ogun State, for this 

study denoted OD1-OD5 and OG1-OG5 respectively. Samples of slag and immediate topsoil from each location and a 

control soil from a remote location (X) were randomly collected in three replicates. These were analysed for Cd, Cu, Cr, Pb, 

Fe and Ni using Atomic Absorption Spectrometry (Perkin Elmer Win Lab AA). Data analysis was conducted using ANOVA, 

while mean separation was by Duncan’s Multiple Range Test (DMRT) at P≤0.05. The Result showed that the lowest mean 

HM contents occurred in the control soil samples with only Pb being significantly lower (P ≤ .05). Significantly highest mean 

concentration of all six metals (P ≤ .05) occurred in the slag in Odogunyan, each in different sites, except Cu and Pb where 

both were highest at OD2. In Odoguyan soil, mean Cu and Cr in all sites were significantly higher (P ≤ .05) than values 

obtained in both slag and soil of all sites at Ogijo. Higher mean HM levels in slag did not result in equally higher values in 

the soil of corresponding sites at Odoguyan. In Ogijo, higher mean HMs also occurred in the slag, except for Cd in all soils 

and Cu in soils at OG4 and OG5, which were significantly higher (P ≤ .05) than those in the slag. Higher mean Fe and Pb in 

slag in locations OG3 and OG5 resulted in higher mean contents in their immediate soils, although values in the slag were 

significantly higher (P ≤ 0.05). Furthermore, the mean Cd and Fe contents in the soil of all sites and Cr in OD3 exceeded the 

limit set by the Federal Ministry of Environment of Nigeria for arable soils, indicating serious health risks in these locations. 

Treatment and large-scale utilisation of slag are recommended to prevent such risks. 

 

Keywords: Environment, Pollution, Heavy metals, Scrap metal, Recycling industry, Slag waste. 
 

Introduction 

Anthropogenic actions, particularly industrial activities, have 

led to an ever-increasing contribution of toxic heavy metals 

(HMs) to the environment
1-3

. As a result of the increasing 

demand for metals, increasingly more HM pollutants have 

become widespread
4-6

. One way by which heavy metals get to 

the environment is through industrial activities, especially 

through industrial discharges
7, 8

. In recent years, such discharges 

have gradually increased in the environment resulting in higher 

levels of HMs in the soil
9,10

. This has further resulted in the 

deterioration of the environment, thereby giving rise to serious 

adverse effects on plants and animals, including humans
11,12

. 

Steel manufacturing and scrap metal recycling are some 

activities that have contributed immensely to increasing levels 

and types of HMs in the environment
,14

. The activities of metal 

recycling industries generate diverse forms of waste dumped 

randomly on soils, ultimately resulting in heavy metal 

contamination of these soils
13,15

. Reports have indicated that 

locations close to metal recycling industries are severely 

polluted by toxic HMs such as Pb, Zn, Cu, Cd, etc.
16,17

. 

Scrap metal recycling has become a popular technology 

worldwide adopted in the production of steel from used metal 

and to prevent the continuous exploitation of raw materials for 

steel production. However, just like the steel slag is the main 

solid waste produced during the steel manufacturing process,
18

 

scrap metal recycling processes produce a large amount of 

waste in different states (solid, liquid and gaseous), among 

which is a large quantity of solid slag
19,13

. Slag is the solid by-

product left over after the desired metal is separated. In scrap 

recycling, slag is obtained when scrap metal is melted in an 

Electric Arc Furnace (EAF) at a high electric current. Slag 

production by the steel industry has been estimated to be about 

96–145 million metric tonnes annually with recent annual 

estimate being placed at over 1600 million tonnes
21

. 

Although slag has long been recognised as a valuable by-

product of the steel industry
22,23

, it has also been documented as 

a source of environmental contamination
24

. In developed 

countries, slag wastes are utilised for different applications, the 

most popular being their incorporation into cement and as a base 

and sub-base aggregate in road construction
22,25,26

.  
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However, in developing nations, slag wastes are 

indiscriminately discarded openly
14 

and sometimes hidden in 

nearby bushes. 

One significant environmental impacts of such indiscriminate 

dumping of slags is the leaching of HMs as well as other soluble 

components into the soil with which they are in direct   

contact
27-30

. Slags are sources of hazard, because in their non-

treated form, they contain high levels of toxic HMs, which 

could potentially be transferred into the atmosphere, 

surrounding soils, and surrounding water bodies, whether 

surface or underground. This could ultimately affect biological 

organisms including humans
31,32

. The soil characteristics 

influences the movement of HMs and their consequent 

contamination of the environment and water bodies by these 

metals
33

. The decline of water quality in sources of water 

located near slag dumps due to high levels of metals present in 

slag's leachates has been reported
34

. Consequently, the 

continuous and indiscriminate discharge of heavy metals into 

the surrounding environments poses a danger to the lives of 

residents around such areas
35

. The dangers posed by HMs 

emanates from their ability to bioaccumulate in living tissues 

when they are taken up and the rate at which they accumulate in 

them exceeds the rate at which they degrade, transform or are 

eliminated from the body
36,37

. Some edible plants have high 

accumulation capacity for some HMs in their edible parts. Such 

metals include Zn, Al, Cu, Fe and many others. The 

accumulation of these metals at high levels in plants can 

negatively affect their growth and development, while some 

high accumulators may remain unaffected. Such plants can 

serve as important pathway of exposure for people on 

consumption if grown in HM-contaminated soils
38-41

. 

 

Metals may display some levels of toxicity in both plants and 

animals
42,43

. Although, plants and animals require certain 

metallic elements in minute quantities to carry out some 

physiological processes
44,45

, higher levels of these elements can 

become harmful to them
46-48

. At low concentrations, HMs, such 

as Fe, Cu, Ni, and Zn are essential for maintenance of 

physiological functions for survival the various life forms
49,50

. 

However, excessive amounts of these metals could show some 

health risks that are non-carcinogenic
51

. High levels of Ni have 

been reported to cause the alteration in the metabolic activities 

of the plants by preventing the activity of enzymes, cellular 

respiration and synthesis of chlorophyll
52

. In humans, Ni is a 

cancer-causing agent whose toxicity can have adverse effects on 

the immune system. It also has a potential to cause many other 

health effects, such as cardiovascular disease and respiratory 

tract cancer
53

. Copper is a vital micronutrient in plant, but at 

high levels, Cu can be possibly toxic to plants
54

.  

 

In humans, excess copper may induce damage caused by excess 

free radicals, damage to genetic material and reduced cell 

multiplication
55

. In most severe forms, copper toxicity may lead 

to rhabdomyolysis, heart and kidney failure as well as numerous 

health disorders that could ultimately result in death of affected 

individuals
56

.  

 

Some metals on the other hand show highly toxic effects on 

living organisms even at very low concentrations and have no 

known functions inorganisms
57

. Lead is a highly toxic metal 

with no known biological function. It bioaccumulates in the 

human body causing respiratory impairments. Report has shown 

that Pb toxicity may also lead to causes comfortable bowel 

movement, cerebral edema, loss of muscle function, and 

eventual death
39

. Lead also has serious negative effects on 

children
58

. Excess concentration of Pb in plants cause damage to 

chlorophyll, inhibit photosynthetic processes and cause 

significant reduction in plant growth
59

. Exposure to Cd can 

result in a variety of adverse effects, such as kidney and liver 

disorder, damage to the testicles, the adrenal gland and the 

blood cell production system
60

. Chronic exposure to cadmium 

may lead to cancer
61-60

. Toxicity to chromium may cause 

yellowing of leaves and death of some tissues in plant
63

. The 

International Agency for the Research on Cancer (IARC) 

classified Cr(VI) as a group 1 human carcinogen owing to its 

ability to induce cancer by causing changes in the genetic 

materials
64,65

.  

 

Although soil contamination by HM from several sources have 

been documented, little attention has been paid to contamination 

caused by slag waste from scrap metal recycling processes in 

the study area. This occurs largely due to the general belief that 

recycling is an environment-friendly process, making regulatory 

agencies to practically neglect the need to closely monitor the 

activities of these industries. This study assessed heavy metal 

concentration in slag dumpsites and their immediate soils in 

Odonguyan and Ogijo areas of Lagos and Ogun states 

respectively. The area has many metal recycling industries 

located close to one another, some of which include Land Craft 

Nig Ltd., Pukit Steel Nig. Ltd., Sun Flag Steel Nig. Ltd., Top 

Steel Nig. Ltd., African Steel Mills Nig. Ltd., etc. in Odoguyan 

and Everest Nig Ltd., Monarch Steel, Agriex Nig Ltd., Phonix 

Steel mill Ltd., Real Infrastructure Nig Ltd., African Fundries 

Steel Mill, Quantum Steel Company, etc. in Ogijo. Five 

locations were selected in each study area. 

 

Methodology 

Study area: This work was carried out in two neighbouring 

industrial and boundary towns of Odogunyan in Ikorodu, Lagos 

state and Ogijo in Ogun state. The coordinates of each location 

were obtained using the GPS Coordinates. A map showing the 

locations was also prepared (Figure-1). 

 

Collection of samples: Samples of slag and soil were collected 

from ten (10) locations where heaps of slag waste produced as 

by-products of scrap metal recycling, have been deposited; five 

in Odogunyan in Lagos State designated OD1, OD2, OD3, OD4 

and OD5, and five in Ogijo in Ogun state designated OG1, 

OG2, OG3, OG4 and OG5.  
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In each location, slag was randomly collected from the heap in 

three replicates from the heaps. Samples of topsoil were also 

randomly collected from three spots around and two (2) meters 

away from the heap. Three of the slag dumpsites used in this 

study are shown in Figure-2 (A -C). The control soil samples 

were collected from within the Lagos State University of 

Science and Technology (Lasustech), Ikorodu campus, a site 

remotely located at about 5 and 13 Km respectively from 

Odoguyan and Ogijo study areas.  

 

Samples preparation and analysis: Collected soil samples 

were air-dried, while samples of slag samples were crushed to 

fine particles. Both were sieved with a 2 mm sieve. Exactly 10g 

of both cast and soil were taken in three replicates to the 

laboratory for analysis. Samples were digested and filtrates from 

digested samples were analysed for six HMs including Pb, Cd, 

Cu, Cr, Fe and Ni following standard methods described by the 

Association of Official Analytical Chemists
66

. The metals were 

determined on the filtrate of the digested sample using Atomic 

Absorption Spectrometry (AAS) (Perkin Elmer AA100), using 

the respective lamps and wavelengths for each metal. 

 

Analysis of data: Data obtained were subjected to analysis of 

variance (ANOVA) using the statistical package for the social 

sciences (SPSS) 20.0 software. Mean separations were carried 

out at a 5% level of significance using Duncan’s multiple range 

test (DMRT). In all parameters analyzed, the results obtained 

were mean values from three replicates. 

 

Results and Discussion 

Results: Results obtained for the mean concentration of each 

HM considered in this study are presented in Table 1. Results 

showed that there were significant differences (P ≤ 0.05) in all 

metals tested in both the slag and soil samples. It was observed 

that in all sites in Odogunyan, the mean concentration of all 

HMs considered was significantly higher (P ≤ 0.05) in the slag 

compared to those in the soil as well as those in both slag and 

soil in Ogijo. The lowest mean HM contents were observed in 

the control site, but only the mean Pb concentration was 

significantly lower (P ≤ .05) than those from samples in all 

other sites (Table-1). 
 

The mean concentration of heavy metals in slag and soil in 

Odogunyan: In Odoguyan, the highest mean heavy metal 

contents in slag were distributed as follows; Cd (327.00±55.69 

mg/kg) and Cr (214.87±97.06mg/kg) were observed in location 

OD1, Cu (590.40±113.54mg/kg) and Pb (362.73±52.03mg/kg in 

OD2, Fe (41443.33±10188.91mg/kg) in OD3 and Zn 

(58.27±20.66 mg/kg) in location OD5 (Table-1). These values 

were significantly higher (P ≤ 0.05) than those observed in all 

other samples of both slag and soil of all sites in this study The 

lowest mean HM in slag for Cd, Cr and Pb were found in 

location OD3, Cu and Fe in location OD4, while that of Zn 

occurred in location OD1.  

 

 
Figure-1: Map of study locations in Odoguyan (OD1-OD5) and 

Ogijo (OG1- OG5). 
 

 
A    B    C 

Figure-2 (A-C): Slag waste dumpsites in some study locations. 
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Table-1: Mean concentration of heavy metals in slag dump of metal recycling factories and immediate soils in study locations at 

Odogunyan and Ogijo. 

Sample 

type 

Study 

site 

Heavy Metal (mg/kg) 

Cd Cu Cr Fe Pb Zn 

Slag 

OD1 327.00±55.69
L 

178.63±57.46
m 

214.87±97.06
o 

4233.33±1483.61
f 

103.83±26.20
n 

26.07±6.84
j 

OD2 185.97±59.81
j 

590.40±113.54
o 

84.43±20.07
k 

36806.67±5855.91
m 

362.73±52.03
r 

48.80±9.59
m 

OD3 137.23±37.91
i 

263.13±96.12
n 

75.30±19.52
j 

41443.33±10188.91
n 

77.57±28.73
l 

41.00±18.86
l 

OD4 213.63±97.55
k 

92.17±13.73
k 

136.97±37.58
n 

22333.33±11373.99
i 

81.23±22.37
m 

27.23±13.74
k 

OD5 214.03±60.38
k 

153.00±43.11
L 

93.13±21.97
L 

29903.33±15161.52
l 

225.70±51.34
p 

58.27±20.66
n 

Soil 

OD1 22.27±6.32
d 

64.93±14.72
g 

67.87±26.97
i 

2905.33±922.32
cde 

22.10±4.96
e 

2.70±0.55
e 

OD2 29.77±8.81
f 

72.27±7.25
h 

42.67±15.03
h 

2770.67±84.42
cde 

52.00±7.37
i 

4.17±1.39
fg 

OD3 28.07±9.37
ef 

71.63±9.19
h 

107.47±46.88
m 

1742.00±497.36
a 

53.20±16.88
i 

1.33±027
bc 

OD4 46.23±9.46
h 

76.23±19.61
i 

68.33±14.07
i 

2608.00±97.00
bcd 

71.00±9.75
k 

4.03±1.51
fg 

OD5 34.93±6.27
g 

82.70±26.43
j 

38.07±8.28
g 

3168.00±639.65
de 

55.53±12.41
j 

1.97±0.92
cd 

Slag 

OG1 1.67±0.83
a 

26.20±16.03
e 

16.63±2.59
e 

2340.00±586.17
abc 

39.50±8.54
g 

1.93±0.63
cd 

OG2 2.40±1.45
ab 

18.87±7.25
d 

9.70±2.45
d 

22005.00±8577.79
i 

26.63±9.29
f 

3.87±1.20
f 

OG 3 3.33±1.76
ab 

14.57±2.34
c 

16.80±3.59
e 

27200.67±10404.36
k 

26.77±3.58
f 

2.50±0.95
de 

OG 4 1.73±1.18
a 

6.03±1.84
b 

15.00±2.72
e 

23546.67±15137.16
j 

46.47±8.78
h 

5.40±1.29
h 

OG 5 0.97±0.67
a 

6.20±1.47
b 

23.20±5.81
f 

22114.67±13688.35
i 

264.70±24.90
q 

8.17±1.01
i 

Soil 

OG 1 11.50±5.57
c 

2.63±1.07
ab 

8.17±2.34
cd 

3414.33±1274.39
e 

17.50±6.91
c 

0.80±0.17
ab 

OG 2 5.33±1.79
b 

3.53±2.73
ab 

5.23±1.05
ab 

1945.67±171.94
ab 

20.60±6.35
de 

3.83±1.66
f 

OG 3 12.17±8.38
c 

4.60±2.08
ab 

5.10±2.36
ab 

9276.33±7767.05
h 

19.47±3.44
d 

4.00±1.69
fg 

OG 4 14.40±6.48
c 

29.87±24.11
f 

5.53±2.21
ab 

1793.67±266.66
a 

11.67±7.04
b 

4.67±0.54
g 

OG 5 25.67±21.22
e 

32.93±28.52
f 

6.07±3.31
bc 

5212.00±1664.05
g 

111.50±10.85
o 

1.63±0.55
c 

Control 

soil 
X 0.85±.0.62

a 
1.10±0.73

a 
2.87±0.99

a 
1646.67±435.90

a 
9.37±1.02

a 
0.53±0.15

a 

FMEnv. Limits 

(for arable soil) 
1.00 200.00 100.00 50,000.00 200.00 150.00 

Mean values of the same parameter along the same column having the same superscripts are not significantly different (DMRT, P ≤ 

0.05), OD = Odoguyan; OG = Ogijo; FMEnv= Federal Ministry of Environment of Nigeria standard limits. 

 

In the soil, the highest mean Cd and Pb (46.23±9.46mg/kg and 

71.00±9.75mg/kg respectively) were observed in locations 

OD4, Cu and Fe (82.70±26.43mg/kg and 3168.00±639.65 

mg/kgin location OD5, Cr (107.47±46.88mg/kg) in location 

OD3 and Zn (4.17±1.39mg/kg) in location OD2 although mean 

Zn content in the soil was not significantly different from the 

value in Location OD4 (4.03±1.51mg/kg) (Table-1).  
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It was further observed that a higher mean HM in the slag did 

not give a corresponding higher value of such heavy metal in 

soil of that location.  

 

Results further showed that in Odoguyan, the lowest mean HM 

occurred in the soil. Cd, Cu and Pb had the lowest mean HM 

concentration in location OD1, the lowest mean Fe and Zn in 

location OD3, while the mean lowest Cr was observed in 

location OD5 (Table-1). There was no significant difference (P 

≥ .05) between the lowest Fe concentration and mean Fe in the 

control sample.  

 

The mean concentration of heavy metals in slag and soil in 

Ogijo: In Ogijo, the highest mean Cd (3.33±1.76mg/kg), Cr 

(16.80±3.59mg/kg) and Fe (27200.67±10404.36) in slag were 

observed in locations OG3, Pb (264.70±24.90mg/kg) and Zn 

(8.17±1.01mg/kg) in O5, while the highest mean Cu 

(26.20±16.03) occurred in OG1. Furthermore, results showed 

that the concentration of Fe, Pb and Zn in slag also had 

significantly higher (P ≤ 0.05) than those recorded for all other 

samples (Table-1). 

 

In Ogijosoil, the results obtained did not follow the exact pattern 

observed in Odoguyan study area. It was however observed that 

the mean concentration of Cd and Cu in the soil at locations 

OG5 with values 25.67±21.22mg/kg and 32.93±28.52mg/kg 

respectively were significantly higher (P ≤ 0.05) than those 

slags and soil of all sites in the study area. Results in Ogijo also 

showed that the mean values of Cd in the soil in all sites except 

OG2 were significantly higher (P ≤ 0.05) than those in the slag.  

The highest Pb (111.50±10.85mg/kg) also occurred in OG5, but 

this was significantly higher than those in all other samples in 

the study area except in slag at OG5. The highest mean Cr, Fe 

and Zn were observed in OG1, OG3 and OG4 respectively (-1). 

It is noteworthy that higher mean Fe and Pb in slag in locations 

OG3 and OG5 also resulted in corresponding higher mean 

values of the same metals in the soil of these locations although 

values in the slag were significantly higher (P ≤ 0.05). 

 

The lowest mean Cu (2.63±1.07mg/kg) and Zn (0.80±0.17 

mg/kg) in the soil in Ogijo were observed in OG1, Cd 

(5.33±1.79/kg) occurred in OG2, Cr (5.10±2.36mg/kg) in OG3, 

whereas Fe (1793.67±266.66mg/kg) and Pb (11.67±7.04mg/kg) 

occurred in OG4 (Table-1).  

 

Discussion: Several reports have shown that most heavy metal 

pollution is largely caused by anthropogenic activities
4,9,67

. In 

the present study, the scrap metal recycling industries, through 

their various activities, are a viable source of heavy metal 

contamination of the environment. Environmental pollution 

caused by similar or related industries has also been 

documented in several studies
13,34,68-70

. Results also showed that 

piles of solid slag produced as a waste product of the scrap 

metal recycling process contain higher levels of Cd, Cu, Cr, Pb, 

Fe and Ni. This result agrees with earlier work by Garcia-

Guinea et al
13

, who reported that steel slag deposits had high 

levels of metals such as Fe, Mg and Cr. An earlier report 

showed that slag waste contains various concentrations of 

possibly harmful trace elements including Cr, Cu, Mn, Mo, Pb, 

V, W and Zn
32

. Furthermore, the elevated concentrations of HM 

in slag observed in the present study suggest that these wastes 

may have been discarded without any treatment to eliminate the 

toxic metals present in them.  

 

Results obtained in the present study also showed higher levels 

of tested HMs in the slag compared to the immediate soils of all 

dumpsites in the two study areas. Also, higher levels of HMs 

were present in the immediate soils compared to soil from the 

control site. This suggests that the slag deposits that have 

accumulated in the soil over time are most probably the origin 

of toxic metal contaminants in the surrounding soils. Following 

a study of heaps of steel slag that had accumulated for over 40 

years in plots of land and industrial areas in the southern part of 

Madrid (Spain), it was concluded that the presence of high 

levels of metal contaminants in soils originated from piles of 

steel slag that had accumulated over a long time
13

. Another 

report further showed that the accumulation of steel slag in the 

vicinity of the Dana Steel Rolling Mill plant in Katsina State, 

Nigeria, resulted in varying degrees of contamination of various 

toxic metals in the soil at the recycling facility
70

. All these 

reports agree with the results obtained in the present study, 

which indicated that the accumulation of HM-contaminated slag 

wastes over a long time is the most probable source of HM 

pollution in the immediate soils of the study sites. 

 

In comparing the two study areas, higher levels of HM were 

observed in the slag at Odogunyan, compared to those in Ogijo. 

The differences in the HM content in slag between the two 

study areas may have resulted from the sources of scrap metal 

used, the methods of the recycling process, the possibility, 

possibility and efficiency of treatments to remove toxic metals 

from slag and the length of time slag has accumulated in the 

soil
13,71

. The slag in Odogunyan appeared to have been more 

freshly dumped when compared to the slag found at Ogijo, 

which was observed to be much older. In this case, a larger 

proportion of the heavy metal may have leached from the slag 

into the surrounding soil and over time is also washed away by 

run-off since the area has high annual rainfall, hence, the lower 

levels of HM content in both slag and soil in the Ogijo area.  

 

It was further observed that the higher HM content in slag did 

not necessarily correspond to higher content in the soil. Reports 

have shown that the release of HM from solid slag and their 

distribution in the soil depends on several factors including HM 

reactions in soils, their uptake by plants, weathered products of 

the slag under varying climatic conditions and many others
13,72

. 

These site-specific factors may have resulted in variations 

between the levels of metals in the slag and soil of each study 

site and how they were distributed in the soils of the study site. 

 

Iron (Fe) had the highest concentration in both cast and soil. 

High levels of Fe, agree with the results of an earlier report that 
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showed 43% of Fe among HM in slag samples tested
13

. 

However, it disagrees with a report in another study conducted 

within a metal recycling facility, where chromium had 

excessively high contamination, while Fe was moderate
70

. In 

addition to high levels of iron released by slag, the exceptionally 

high Fe content in the soils in all study locations, including the 

control, may have resulted from the soil type of the study area, 

since soils in Southwestern Nigeria where the study area is 

located has been classified as being rich in Fe
73

. 

 

Cadmium and Fe contents in all sites and Cr in OD3 exceeded 

the permissible limits of 1.0, 50.0 and 100.0mg/kg respectively 

for arable soils. These results mean that the soils in these 

locations may pose serious negative health risks because these 

metals can enter the groundwater or surface water bodies and 

accumulate in aquatic organisms
74

. They may also contaminate 

soils and be absorbed by plants. Through any of these routes, 

these highly toxic metals could get to humans and other 

organisms, where they may cause serious health hazards. 

Therefore, large-scale treatment and use of slag wastes for 

various purposes is required to prevent their accumulation on 

the land surface and forestall the risk of soil contamination 

caused by prolonged slag-stockpiling
75

. 

 

Conclusion 

Data obtained from this study showed that slag wastes produced 

from scrap metal recycling activities contain high levels of 

heavy metals including Pb, Cd, Cr, Fe, Cu and Ni. These metals 

are also present in varying compositions in the immediate soils 

where slags are indiscriminately dumped, having leached into 

the soil from the slag. The Fe and Cr concentrations in the soil 

of all study sites were beyond the permissible level, thus, 

portending serious health risks to organisms living in the study 

area. 
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