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ABSTRACT: 
 

This study investigated comparatively heavy metals, physicochemical parameters and enzymatic 
activities of active and abandoned quarry sites in Ishiagu, Ebonyi State, Nigeria.  Soil samples from 
Crush rock quarry site (Active site), Ezza quarry site (Active site), Crush stone quarry  (Abandoned site) 
and   the control samples were used for the study. Soil samples were obtained from  discharge point 
and from two other points 100m and 200m away from discharge point in both active and abandoned 
sites and compared with data from un-impacted soil. Heavy metals were analysed using Atomic 
Absorption Spectrophotometer (AAS).  Results showed that quarry activities caused significant 
reduction (P<0.05) in soil pH,Chloride (Cl-) Nitrate(NO3-),Phosphate (PO4

2-), Sulphate (SO4
2-) and organic 

carbon. All the studied enzyme except Urease showed significant increase. Soil heavy metal content 
decreased as distance from the discharge point increased. These results suggest that withdrawal of 
quarry activities from crush stone quarry site is yet to bring reclamation of soil. 
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INTRODUCTION 
 
Weillinga et al., (1999) reported that soil is very important 
to human existence for various reasons especially 
agriculture and has been subjected to several abuses 
including dumping of waste and other contaminating 
activities. Soil pollution with potentially toxic metals and 
metalloids represent one of the most prominent 
environmental hazards from active and abandoned mine 
sites which affects countries having historic mining 
industries (Fernandez et al., 2009). Extensive lead and 
zinc ore mining and smelting have resulted in 
contamination of soil, This poses risk to human and 
ecological health as some of these heavy metals such as 
cadmium has been found to produce a wide range of 
biochemical and physiological dysfunction in humans and 
laboratory animals (Santos et al.,2004).  The 
contamination of agricultural soil by mine waste alters the 
soil quality in terms of nutrients. These agents mediate 

biogeochemical cycle as mining sector is one of the 
biggest sources that contribute to heavy metal 
contamination (Obiekezie et al., 2006) 
Upon exposure to the surface environment, over burden 
materials can be weathered leading to soil development 
in the abandoned mine sites. These anthropogenic soils 
are mainly minesoil devoid of distinct horizonation and 
show properties that differ from the original soil 
(Scencindiver and Ammons, 2000).  Ezeh et al.,(2007 ) 
reported that the nature of mining process creates a 
potentially negative impact in  the environment both 
during the mining operations and for years after the mine 
is closed.. This is more in developing countries. 
Excavation of large quantities of waste rock characterize 
open-pit mining in order to extract the desired mineral 
ore. This usually pose additional risk  to the environment 
by the fact that they often contain elevated concentration 
of toxic metals (Wan et al., 2009). This is the  
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predominant mining method employed in the extraction of 
lead/zinc minerals in Ishiagu, Ebonyi State, Nigeria.  
As a direct result of the open-pit mining operation, soil is 
destroyed over a considerable area and what is left of it is 
generally degraded and may continue causing 
environmental damage long after the mining period. Ezeh 
and Chukwu (2011), reported that over the years there 
has been a noticeable increase in the activities of quarry 
mining companies in Ishiagu Area of Ebonyi State, 
Nigeria and these activities have produced an ever 
growing number of active and abandoned quarry sites 
with its attendant problems unaddressed. Mine 
abandonment has led to serious negative environmental 
and ecological impact. 
There is therefore need to assess comparatively minesoil 
physiochemical parameters, enzymatic activities and 
heavy metal concentration of these abandoned and 
active quarry sites in order to ascertain the rate of 
reclamation from the negative impact of mining 
operations and determine its functionality for agricultural 
purposes.  
  
                                            
MATERIALS AND METHODS 
 
This study was carried out with soil samples from Crush 
stone quarry (Abandoned), Crush rock quarry (Active), 
Ezza quarry site (Active) and control soil collected from 
an area devoid of mining activities. The study area  is 
Ishiagu, Ebonyi State Nigeria which lies within latitudes 
5° 52΄- 6° 00΄ N and longitudes 7°30΄ - 7°35΄E. The Area 
is made up of both active and abandoned zinc and lead 
mine sites with its attendant problems unaddressed. The 
people are mainly farmers. 
 
Soil Sampling 
 
Soil samples from Crush stone quarry site (Abandoned), 
Crush rock quarry site (Active), Ezza quarry sites (Active) 
and control soil were used for the study. Soil sample 
were collected from 0-30cm depth and were 
homogenized before use. Samples were collected at 
discharge point (Sample A), 100 meters from discharge 
point (Sample B), 200 meters from discharge  point 
(Sample C) along the route  of flow of effluent. Unused 
soil samples were stored (4oc) in a refrigerator for further 
use. 
 
Determination of soil physicochemical parameters 
 
Soil Temperature was determined at the site of soil 
sample collection using mercury in glass thermometer as 
described by APHA (1998). Soil pH was determined 
using fresh soil samples according to the methods  
 
 

 
 
 
 
 
described by Bates (1954). Similarly soil moisture content 
was determined according to the procedure described by 
APHA (1998).  Soil Electrical Conductivity was obtained  
using conductivity meter in 1:2 soil/water ratio as 
described by Whitney (1998).  
 Soil Organic Carbon was obtained  according to the 
procedure described by Walkely and Black (1934) while 
soil  Cation exchange capacity, Sulphur (SO4

2-), 
Phosphate (PO4

2-), Nitrate (NO3) were determined by the 
method of  Dewis and Freitas (1970) 
 
Determination of soil enzymatic activities 
 
The soil enzymes determined were Dehydrogenase, 
Urease, Hydrogen peroxidase and Alkaline phosphatase. 
Soil Urease was obtained according to the method of 
Tabatabai and Bremner (1972). Also soil Alkaline 
Phosphatase, Dehydrogenase and acid Phosphatase  
activities were determined by the method described  by 
Tabatabai (1982) while Hydrogen Peroxidase activity was 
obtained  by the method of  Alef and Nannipieri (1995) 
 
Determination of soil heavy metals and selected 
minerals 
 
Soil samples heavy metals and minerals such as Lead 
(Pb), Chromium (Cr), Cadmium (Cd), Nikel (Ni), Zinc (Zn)  
Manganese (Mg), Sodium (Na) Calcium (Ca) were 
analysed using  Perchloric acid digestion method ( APHA 
1998). 
Exactly 1.0g of air dried soil samples were weighed into a 
digestion tube and 3ml of conc. HNO3 was added. This 
was digested on electrically heated block for 1hr at 
1450C. Then 4ml of HClO4 was added to whatman #42 
filter paper and made to 50ml volume. The filtrate was 
analysed for heavy metal and selected minerals using 
Atomic Absorption Spectrophotometer (AAS). 
 
Statistical analysis   
 
Data collected were subjected to statistical analysis using 
one way analysis of variance (ANOVA) procedure and 
difference in mean were separated using least significant 
difference as described by Onuh and Igwenma,(2000) 
 
RESULTS AND DISCUSSION  
 
Values are mean of triplicate determination. Means in the 
same column, having the same letter(s) are not 
significantly different (p<0.05) using Least Significant 
Difference (LSD).      
Legend:   
 
A = Soil sample from discharge point 
B = Soil sample 100m away from discharge point                                                                               
C= Soil sample 200m away from discharge point 
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Map of Ishiagu, showing sampling locations. 
 

 
Table I shows the physicochemical parameters of soil 
samples analysed. Results indicated that the abandoned 
site recorded low  acid  pH  (6.00 - 6.07)  than that of the 
active sites (5.00 – 5.50). This acidic pH could be due to 
fresh mine effluent water in the active sites. Similar 
observation were made by other researchers (Nwaugo et 
al., (2009); Obikezie et al., (2006); and Akubugwo et al., 
2010) who observed acidic pH in active mine soils. 
Fernandez et al., (2009) reported that the pH range for 
agricultural soil to be (5.8 -7.2). This  suggests that the 

pH of the abandoned site was generally within that 
suitable for plant growth when compared with the pH of 
the active sites. Nwaugo et al.,(2009)  explained  that this 
could be due to accumulation of materials that  acted as 
buffering materials thereby reducing  the  soil acidity. This 
low acidic pH in the abandoned site does not guarantee 
soil reclamation as the other parameters measured were 
still not within the acceptable limits 
The abandoned site had the highest cation exchange 
capacity (30.43cmol/kg). This was obtained 200m away  
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from the discharge point while sites closer to the 
discharge points recorded low cation exchange 
capacities (18.00-19.20cmol/kg) However, the active 
sites recorded low cation exchange capacity at  the 
discharge points. This could be attributed to the negative 
effect of heavy metals as cation exchange capacity is 
directly related to the capacity of the absorbing heavy 
metals. 
Electrical conductivity is a measure of the amount of 
dissolved salts or ions present in the soil and was also 
found to be higher (P<0.05) in the abandoned site 
(157.82µs/cm) than the active sites. This is believed to be   
due   to high level of heavy metals in the abandoned sites 
as a result of sedimentation. Lee et al., (2002) also 
reported   high electrical conductivity in soil to  be due to 
excessive concentration of heavy metals while  Wan et 
al., (2009)  obtained high electrical conductivity in 
abandoned mine sites. 
The soil organic carbon content of the abandoned site 
was found to be lower than the active sites and control 
(P<0.05). This is associated with the long time 
abandonment of this site leading  to high level of heavy 
metal accumulation within   thus, affecting its  organic 
matter content. Akande et al., (2013)    reported low 
organic carbon content in abandoned quarries. This also 
showed that the impaction of soil in the abandoned site is 
still pertinent 
Similarly the soil moisture content were found to be 
higher (P<0.05) in the active sites than the abandoned  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sites.  This could be attributed to availability of mine 
effluent water in the active quarry sites.   Nwaugo et al. 
(2009) reported that excavation activities in mines bring 
up sand particles to the surface leading to water retention 
in active quarry mining sites Nitrate, sulphate and 
phosphate ions were higher (P<0.05) in the active quarry 
sites than abandoned quarry site. Microorganisms 
convert ammonium to nitrate (NO3

-) anion. The negatively 
charged nitrate is repelled by the negative charges of the 
soil and could easily leach out when mine effluent water 
passes through the soil. Chloride (Cl-) anion reacts 
similar to nitrate and this in part explains the low 
vegetation and organic carbon observed in these sites. 
The ultimate leaching of these plants nutrients  from the 
abandoned sites leads to unproductivity and  infertile soil. 
   
Values are mean of triplicate determination Means in the 
same column having the same letter(s) are not 
significantly different (p<0.05) using Least Significant 
Difference (L SD).     
 
Legend                                                                                                      
 
A = Soil sample from discharge point   B= Soil sample 
100m away from discharge point      C = Soil sample 
200m away from discharge point 
   
Table II shows the enzyme activities of the soil samples 
analyesd. Measurement of various soil enzymes could be 
used for estimation of soil recovery after disturbance and 
for soil quality assessment (Marcin and Maria, 2012) The 
findings of this study showed that the highest urease 
activity (43.38 mgNH3-Ng-1 drysoil 2h-1) was recorded  
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CONTRL 

 

 

 

27.50a 

 

6.70a 

 

25.80e 

 

34.64j 

 

8.99h 

 

20.58a 

 

61.2c 

 

6.36a 

 

1.06d 

 

0.91c 

 
EZA 
QUARRY 

A 27.04b 5.03e 15.23k 89.60g 30.67d 17.53d 54.4k 4.20b 1.07c 0.83d 

B 27.01b 5.00e 28.00c 114.5e 25.37g 18.42c 58.6g 1.30b 1.08b 0.76e 

C 26.43c 5.43d 24.00f 104.50f 59.44a 17.03e 59.0e 2.00b 1.08b 0.71f 

 
CRUSH 
ROCK 
QUARRY 

A 26.00d 5.50d 20.27h 149.8c 31.85c 18.44b 56.88i 0.10b 1.07c 0.16j 

B 26.08d 5.50d 28.80b 74.40h 29.65e 15.32i 66.3a 0.20b 1.07c 0.15k 

C 26.00d 6.00c 11.65l 66.40i 54.73b 14.62j 57.8h 1.00b 1.42a 0.14l 

 
CRUSH 
STONE 
QUARRY 

A 27.10a 6.00c 18.00j 157.8a 27.48f 15.43h 58.73f 0.10b 1.07c 0.19h 

B 27.50a 6.07c 19.20i 150.7b 6.68j 11.83k 57.8h 0.10b 1.08b 0.18i 

 C 27.00b 6.00c 30.43a 140.0d 5.08l 11.78l 56.67j 1.20b 1.08b 0.20g 

LSD  0.12 0.18 0.30 0.52 0.33 0.01 0.05 0.75 0.02 0.004 
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Table 2. Soil Enzyme Activities 

LOCATION SITE 

SOIL 
DEHYDROGENASE 
mgTPFg-1 drysoil6h-1 

     (x 10-5) 

ACID 
PHOSPHATASE 
mg/g/h 

ALKALINE 
PHOSPHATASE 
mg/g/h 

HYDROGEN  
PEROXIDASE 
Ml 0.1ML-1 
Kmno4g-1 drysoil 

UREASE 
mgNH3-Ng-1 

drysoil 2h-1 

CONTROL   
1.09 x 10-4b 

 
6.82b 

 
2.90a 

 
0.009c 

 
37.98b 
 

 
EZA 
QUARRY 

A 5.1 x 10-5e 3.41e 2.41e 0.086b 9.16k 
B 3.4 x10-5k 3.93d 2.50d 0.004d 15.21g 
C 5.7 x 10-5d 4.13d 2.85b 0.091a 17.32f 

 
CRUSH 
ROCK 
QUARRY 

A 4.4 x 10-5f 11.09a 2.67c 0.008c 14.48h 
B 3.6 x 10-5j 2.56f 2.85b 0.008c 1.45l 

C 3.7 x 10-5i 3.41e 2.32f 0.007c 11.68j 

 
CRUSH 
STONE 
QUARRY 

A 3.8 x 10-5h 5.12c 2.67c 0.001e 14.28i 
B  3.9 x 10-5g 3.41e 2.50d 0.001e 32.16c 

C          3.8 x 10-5h 1.71g 2.24g 0.001e 43.38a 

 
LSD 

         (9.1 x 10-5) 
0.000091 

 
0.282 

 
0.011 

 
0.003 

 
0.09 

 
 

Table 3. Selected Heavy Effluent Contaminated Soil (mg/kg)Metal Content of Mining 

LOCATION SITE LEAD 
(mg/kg) 

ZINC 
(mg/kg) 

CADMIUM 
(mg/kg) 

NICKEL 
(mg/g) 

CHROMIUM 
(mg/kg) 

MANGANESE 
(mg/kg) 

 
CONTROL 

 
 

1.68j 
 

1.91j 
 

0.09i 
 

     1.96l 1.02h 
 

       1.58j 

 
EZZA 
QUARRY 

A 2.41f 3.30h 0.55f 4.40g 1.90a 2.70d 
B 2.10h 3.70d 0.45g 3.71i 1.70b 2.45e 
C 1.91i 3.45f 0.25h 3.95h 1.55d 2.20g 

CRUSH ROCK 
QUARRY 
 

A 2.65d 3.65e 1.21a 5.30c 1.65c 2.35f 
B 2.21g 3.41g 1.05b 5.40b 1.45e 2.15h 
C 2.45e 3.25i 0.75e 4.65f 1.15c 1.95i 

 
CRUSH 
STONE 
QUARRY 

A 3.75a 4.31a 0.95c 5.65a 1.30f 3.40a 
B 3.61b 4.05b 0.85d 5.40b 1.01h 3.15b 

C 3.40c 3.95c 0.75e 5.25d 0.85i 2.90c 

LSD      0.017 0.016    0.013 0.017      0.014 0.015 
 
 

Table 4. SELECTED MINERAL CONTENT OF MINING EFFLUENT CONTAMINATED SOIL 

LOCATION  Magnesium  
(mg/kg) 

Sodium (mg/kg) Potassium 
(mg/kg) 

Calcium (mg/kg) 

CONTROL  2.65i 212.30j 649.50j 0.440i 
EZZA QUARRY A 2.40k 313.50e 722.10e 0.95g 
 B 2.76f 351.50b 798.05a 0.85h 
 C 2.26l 247.10g 750.50c 1.05f 
CRUSH ROCK 
QUARRY A 3.76a 389.50a 788.50b 1.61b 

 B 3.55b 294.50f 712.50f 1.69a 
 C 3.30c 342.10c 741.10d 1.30e 
CRUSH STONE 
QUARRY A 3.21d 332.50d 617.50k 1.30e 

 B 2.55j 226.10h 655.50h 1.45c 
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Table 4 cont. SELECTED MINERAL CONTENT OF MINING EFFLUENT CONTAMINATED SOIL 

LOCATION  
Magnesium  
(mg/kg) 

Sodium (mg/kg) 
Potassium 
(mg/kg) 

Calcium (mg/kg) 

 C 2.95e 218.40i 693.50g 1.35d 
LSD  0.018 0.169 0.144 0.015 

 
 
from the abandoned site 200m away from discharge 
point.  Result suggests that heavy metals had an 
inhibitory effect on the soil enzymes as the abandoned 
site recorded the lowest   enzyme activities except  
urease  an extracellular enzyme. This decrease could be 
a result of negative impact of heavy metal accumulation 
in the soil associated with sedimentation. Soil enzymes 
are primarily derived from microorganisms, plants and 
animals. Hence, factors affecting microbial activities 
invariably affect soil enzymes. This agreed with Orinya et 
al., (2013) who observed low enzyme activities in an 
abandoned cement factory. The result shows a decrease 
in enzyme activities except in Urease. This suggest that 
the adverse effect of quarry activity is still very evident as 
the enzyme activities are far from the control sites. 
Values are mean of triplicate determination.Means in the 
same column, having the same letter(s) are not 
significantly different (P<0.05) using Least Significant 
Difference (LSD)                                                                                                                                                       
 
Legend:                                                                                                                                                                   
 
A= Soil sample from discharge point  
B = Soil sample 100m away from discharge point.  
C = Soil sample 200m away from discharge point. 
                                                                                                                                                                                                                                                                          
Table III shows heavy metal concentration (mg/kg) of the 
soil samples analysed. Result showed that crush stone 
quarry (Abandoned site) had the highest concentration of 
most of the heavy metals analysed such as 
Lead,(3.75mg/kg), 
Zinc,(4.31mg/kg),Manganese(3.40mg/kg) and 
Nickel(5.65mg/kg)  than the active site, Cadmium  
recorded higher value(1.90 mg/kg) in the active site. 
Results suggest that the  impaction of the soil decreases 
with distance from the  discharge points mainly in the 
abandoned quarry mining site. Similar result was 
obtained by  Onwuchekwa et al.,(2009) who evaluated 
the effect of mine-water on Agricultural soil quality. This 
higher (P<0.05) concentration of heavy metals  in the 
abandoned site  could be attributed to none availability of 
mine effluent  water in the abandoned sites over a long 
period of time. Factors like sedimentation and leaching of 
these metals come into play making these heavy metals 
more available in soil. This is in consonance with 
Onwuchekwa et al., (2009) who  reported higher 
concentration of  heavy metals in old mine discharge 
area than in new mine water discharge area. This also 
agreed with Orinya et al.(2013) who evaluated the 
concentration of selected heavy metals and effect on soil 
enzyme activities in abandoned cement factory. This 

higher value (P<0.05) in the abandoned sites could be 
attributed to low acid  pH of the abandoned site which 
could reduce metal mobility thus, increasing the amount 
of heavy metals retained in soil.  
Values are mean of triplicate determination.  Means in 
the same column, having the same letter(s) are not 
significantly different (P<0.05) using Least Significant 
Difference (LSD).                                                                                                 
 
Legend:       
  
A = Soil sample from discharge point ,   
B = Soil sample 100m away from discharge point.                                                                              
C = Soil sample 200m away from discharge point. 
In Table IV, the mineral concentration of analyzed soil 
samples are presented. Magnesium is mainly found as a 
component in Ferro magnesium minerals in rocks. 
Sodium in soil is present in small quantities and restricted 
to acid and semi acid region (Akande et al., 2013). 
Calcium is important   both as a soil conditioner and as a 
plant nutrient. Potassium is needed for plant growth as it 
increases crop resistance to leaf diseases. .Adeoye 
(1986) reported that the critical range of Magnesium, 
Sodium, Potassium and Calcium for agricultural soils in 
Nigeria is between 0.62-2.69Cmol/kg, 0.03-0.5Cmol/kg, 
0.27-0.70Cmol/kg and 1.69-9.00Cmol/kg respectively.  
These high level (P<0.05) of minerals observed  in the 
mining sites from this study when compared to control 
could not be  available to plants as these nutrients are 
lost continually due to leaching from mine effluent water, 
Nutrient cycle is thus broken down and soil ultimately 
become unproductive.  
 
 
CONCLUSION.  
 
The findings of this research showed that withdrawing of 
quarry mining activities from the abandoned site is yet to 
bring about the reclamation of soil for agricultural 
functionality. Therefore, proper environmental 
management program and remediation should be carried 
out to reduce the effect of quarry mining activities on 
agricultural soil as its impact is still pertinent even years 
after the mine is closed. 
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