
 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 6, Issue 07 July 2024,  pp: 76-87  www.ijaem.net  ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-06077687               |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 76 

Geochemical Evaluation Of Quarry Dust 

And Soils Around Quarries In Ngbo And 

Abakaliki Areas, Southeastern Nigeria. 
 

Laniyan, D. M1; Nnabo, P. N1; Obasi, P. N2© Ozibo, G. O3
 

1
Department of Geology, Ebonyi State University, Abakaliki, Nigeria 

3
Department of Geology/Geophysics, Alex Ekwueme Federal University, Ndufu-Alik, Nigeria 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 25-06-2024                                                                          Date of Acceptance: 05-07-2024 

----------------------------------------------------------------------------------------------------------------------------- --------- 
ABSTRACTS 

The need for infrastructural development has 

increased the establishment of quarries in Ebonyi 

state, Nigeria.  Quarry operations have been linked 

to the introduction of heavy metals in the 

environment as the breakdown of rock materials 

into aggregates exposes them to weathering 

processes. This study has evaluated the 

concentration of heavy metals in quarry dust and 

soils around the Abakaliki and Ngbo areas. Twenty 

(20) samples; 8 dust samples and 12 soil samples 

were analysed for heavy metals (Pb, Zn, Cu, Fe, 

Co, Ni, Ag, As, Hg, Mn, Cd, and Cr) using Atomic 

Absorbtion Spectrophotometric method.  Result 

shows low geochemical concentration of heavy 

metals in all the dust samples analysed. Only Cd 

recorded mean concentration values that exceeded 

the average continental shale values. Soil samples 

were comparatively low except for Pb and Mn 

which recorded high concentration above the 

threshold around Ezillo and Umuogharu quarry 

sites. Heavy metals dominance from soils of the 

study area is in the order Fe > Mn > Zn > Pb > Cr > 

Ni > Co > Cu > Cd >As.. 

 This shows low effect of quarry operations on the 

arable soils of the area. 

 

I. INTRODUCTION 
The quest for harnessing geologic 

materials for building and construction purposes 

has been on the increase as the demand for their use 

in areas of need by humans continues to increase 

rapidly. In addition, quarrying of these materials 

has become a source of income and revenue for 

both the government and individuals. Humans are 

always carried by the gains of harnessing these 

natural resources without much consideration for 

the protection of the bio-environment within the 

areas of these quarrying activities. Studies have 

established that heavy metals like Pb, As,Fe, 

Cu,Zn, and Cd which contribute to the pollution of 

arable soils emanate from rocks and other mining 

activities (Obasi and Akudinobi, 2019, 2020; 

Ahmed, 2020; Onwe et al, 2020; Eyankware et al., 

2020; Eyankware et al., 2022; Ekpa et al., 2023; 

Suneetha and Gupta, 2018; Obasi, 2009).  These 

metals could also affect aquatic plants, animals, 

human health, and the ecosystem (Kalu, 2018).  

In the Abakaliki and Ngbo areas, there 

have been continuous increases in quarrying 

activities due to an increase in demand for these 

litho materials for various construction purposes in 

the southern part of Nigeria. The abundant deposit 

of igneous materials – pyroclastic, granitic, and 

sedimentary materials - the limestone, sandstones, 

and the highly indurated shales of Abakaliki have 

made quarrying activity in the area a very lucrative 

venture. It is a huge source of income, 

employment, and investment opportunities; 

however, its attendant environmental consequences 

can never be relegated. Quarrying activity can 

adversely alter preexisting ecosystems when there 

are changes in hydrogeological and hydrological 

regimes (Abate, 2016; Ekpa et al; 2023). This in 

turn induces damage to property, depletion of 

groundwater, loss of fertile topsoil, forest 

degradation, deterioration of aquatic biodiversity, 

and public health challenges.  

Globally, with particular emphasis on 

Africa, quarrying is not often well managed for 

environmental friendliness and sustainability. The 

methods often used are very crude, as there are 

cases of collapse of quarry sites, and when this 

occurs, there is no effort towards rehabilitation of 

such quarries; hence they are usually left open. 

These give rise to land acquisition and the influx of 

outsiders in the areas that are relatively free from 

these effects with increased demand for social 

amenities (Mulatu, 2013). The problems associated 

with quarrying differ from one site to the other 
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therefore proper assessment needs to be done to 

delineate the impact of quarrying at a particular 

site. These will guide towards devising the proper 

remedial measures towards limiting the 

environmental effect of quarrying in a given site. 

The release of harmful dust and gaseous pollutants 

into the atmosphere, not only results in air pollution 

but most of the time results in outbreaks of 

epidemics (Aghamelu, et al 2011). 

Heavy metals (HM) such as zinc, 

cadmium, lead, iron, and mercury are common air 

pollutants emitted mainly from various industrial 

activities. Although the atmospheric levels are low, 

they contribute to the deposition and build-up in 

soils. Heavy metals are persistent in the 

environment and are subject to bioaccumulation in 

food chains (Obasi, 2020; Igwe et al., 2022; Obasi 

and Akudinobi, 2019). According to (Otles and 

Cagindi, 2010) exposure of HMs in human beings 

over a long period of time may lead to muscular, 

physical and neurological degenerative processes 

that mimic Alzheimer's disease, muscular 

dystrophy, and multiple sclerosis. HM is found in 

soil, water, sediment, air, plants and may spread to 

environment components which may be caused by 

nature of interactions occurring in this natural 

system. The interaction of HM chemically or 

physically may trigger change in the environment; 

this may result to pollution of water bodies and 

soil. HM toxicity has proven to be major sources of 

concern as it pose several health risks to humans. 

They play important biological role in the human 

body, but on the contrary their toxicity may lead to 

malfunctioning of humans (Alkesh, 2017). 

Vanbussel et al., 2014 reported that low 

concentration HMs in soil such as Cu, Ni, and Co, 

Zn,  in soil are needed for certain biochemical and 

physiological  processes in living organisms. When 

these HMs exceed the stated threshold 

concentrations they may be considered toxic. 

Faroon et al., (2012) pointed out that Cd is one of 

the major HM that is considered to cause harmful 

effects on physiological processes of animals, 

humans, plants and aquatic organism. According to 

Nwoyo et al., 2017, high concentrations of HM 

reduce plant growth, lower biomass production, 

reduces protein content and synthesis of 

chlorophyll pigments, which could lead to severe 

reduction in crop yields. Sprynskyy et al; 2007 and 

Jardoa et al; 2006 suggested that the uptake of HM 

by plants via absorption and subsequent 

accumulation is a potential threat to animal and 

human’s health.HM toxicity on plants, human and 

environment cannot be under estimated as it has led 

to several health challenges and even death of 

animal and man across various states in Nigeria. 

It is against this background that a detailed 

physicochemical evaluation of quarry dust, soils 

and water resources is being carried out. This 

research will determine the levels of 

physicochemical parameters in the quarry dust, 

water sources, and soils. It will compare the 

concentration of toxic heavy metals in surface 

water and groundwater from the study area with 

World Health Organization (WHO) permissible 

limits for drinking water. And assess the 

occurrence and spatiotemporal distribution of toxic 

heavy metals in the soils and compare them with 

known standards. 

 

II. GEOLOGY AND PHYSIOGRAPHY 
The study area, Abakaliki and Ngbo are 

located in Ebonyi State, (see Fig. 1); the area is 

known in southeastern Nigeria for the hosting of 

most quarry industry in the region. It lies between 

latitudes 6º15’0’’N to 6º40’0’’N, and longitudes 

7º45’0’’E to 8º22’0’’E, in the Lower Benue 

Trough.  The area is underlain by the Abakaliki 

shales of the Asu River Group. The sediments are 

also associated with saline seepages, lead-zinc 

mineralization, basic intrusions and pyroclastics 

(Agamunu, 1989). The group consists of 

fossiliferous shales, siltstones, limestones and 

minor fine to coarse grained sandstones (Agumanu, 

1989).  These sediments were intruded by the 

Santonian tectonic event alongside the Cenomanian 

– Turonian Sediments (Orazulike, 1994). The shale 

formation of the Abakaliki area is characterized by 

an average thickness of about 500 meters; with the 

dominant shale litho unit being dark grey coloured, 

highly consolidated; and with micaceous 

mineralogy in most locations. According to Ozibo 

et al., (2023), in the Ngbo area the beds are 

exposed at Akpegu Amoffia Ngbo, abandoned 

SGEEN and Macdaniel’s Quarry sites in Amoffia 

Ngbo, Seaman Mining and Construction Ltd., 

Umuezaka Ngbo. When subjected to intense 

weathering, the calcite cemented shale turns light 

brown or very brownish within the area where they 

are exposed (Okogbue and Aghamelu 2010). These 

highly consolidated sandstone deposits in the 

formation have equally attracted the attention of 

various construction to the exploration of the 

pyroclastic materials of the Abakaliki area and that 

of other intrusive and extrusive rock materials of 

Abakaliki, Amasiri, and even Ishiagu areas, all in 

Ebonyi State respectively..    

The study area falls within the tropical 

rainforest zone of southeastern Nigeria 
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characterized with average annual rainfall varying 

from 1750mm-2250mm (Inyang, 1975). Two 

seasons rainy and dry seasons are typical in the 

area.  The rainy season lasts from March to 

October, with its peak in July through August and 

September, accompanied by dry season from 

November to February which most often is 

occasioned by seasoned water drought. The 

Northeast trade wind known as the harmattan wind 

keeps the humidity low from December to January. 

The mean annual temperature range of the dry 

season is about 27
o
C and occurs in the months of 

February and March. The vegetation of the area is 

parkland, which is derived savannah. This is 

characterized by stunted trees and pockets of 

derelict woodland and secondary forests consisting 

of few shrubs with dispersed large trees and 

climbers.  

 

 

III. METHODOLOGY 
3.1 Sample collection and preparation of dusts 

and soils 

A total of twenty samples consisting of 

eight (8) dust samples and twelve (12) soil samples 

(Table 1; Figure 1) were collected within the study 

area for this anaysis. The dust samples collected 

were passed through a sieve and samples from the 

fines were measured into small sample bags and 

taken to the laboratory for analysis. Collection of 

the soil samples was done using a hand auger at 

depths of 15 - 30cm. During the sampling, about 1 

kg of each soil sample was collected using a 

stainless-steel spade and a plastic scoop. The soil 

samples were air-dried at room temperature, 

disaggregated mechanically, and separated by an 

automated sieve shaker into various fractions of 

grain. All the dust and soil samples collected were 

stored in sealed small polythene bags and taken to 

the laboratory for pre-treatment and analyses.  

 

Table 1. Locations and Coordinates of dust and soil samples 

S/no. 
Sample 

no 
Coordinates 

Sample 

type 
Location 

1 DL05 6° 27ʹ 48ʺN  8° 02ʹ 08ʺE Quarry dust  Umuezaka Ngbo 

2 DL06 6° 27ʹ 48ʺN  8° 02ʹ 08ʺE Quarry dust  Umuezaka Ngbo 

3 DL13 6° 30ʹ 21ʺN  8° 00ʹ 27ʺE Quarry dust  Uduoye Quarry 

4 DL18 6° 26ʹ 48ʺN  7° 52ʹ 13ʺE Quarry dust  Jingchiang quarry, Ezilo 

5 DL25 6° 18ʹ 30ʺN  8° 02ʹ 06ʺE Quarry dust  Stone crusher, UmuogharaEzza 

6 DL27 6° 18ʹ 28ʺN  8° 02ʹ 06ʺE Quarry dust  Stone Crusher, Umuoghara 

7 DL28 6° 18ʹ 28ʺN  8° 02ʹ 06ʺE Quarry dust  Stone Crusher, Umuoghara 

8 DL29 6° 18ʹ 28ʺN  8° 02ʹ 06ʺE Quarry dust  

Stone Crusher, Umuoghara 

 

 

9 DL03 6° 27ʹ 46ʺN 8° 02ʹ 07ʺE Soil  
Quarry pit Seaman quarry, 

Umuezaka Ngbo 

10 DL04 6° 27ʹ 46ʺN 8° 02ʹ 07ʺE Soil  
Quuarry pit Seaman quarry, 

Umuezaka Ngbo 

11 DL08 6° 27ʹ 38ʺN 8° 3ʹ 12ʺE Soil  
Azuakadoro market, Umuezaka 

Ngbo 

12 DL 12 6° 30ʹ 21ʺN 8° 00ʹ 27ʺE Soil  Uduoye Quarry 

13 DL14 6° 29ʹ 38ʺN  8° 00ʹ 24ʺE Soil  NdiaguIdaka, Amoffia Ngbo 

14 DL20 6° 25ʹ 28ʺN 7° 52ʹ 20ʺE Soil  EgworOkpoto 

15 DL22 6° 18ʹ 21ʺN 8° 02ʹ 06ʺE Soil  
Abandoned quarry pit, 

Umuoghara, Ezza 

16 DL24 6° 18ʹ 23ʺN 8° 02ʹ 05ʺE Soil  
Around quarry at Umuoghara, 

Ezza 

17 DL30 6° 18ʹ 28ʺN 8° 02ʹ 06ʺE Soil  Stone Crusher, Umuoghara 
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18 DL31 
6° 24ʹ 

53.35ʺN 

 7° 47ʹ 

47.36ʺE 
Soil  Proxy Investment Ltd, Ezillo 

19 DL33 6° 24ʹ 30ʺN 7° 47ʹ 45ʺE Soil  
Quarry pit at Proxy Investment 

Ltd, Ezillo 

20 DL35 6° 47ʹ 40ʺN 7° 47ʹ 47ʺE Soil  
Near stream at Proxy 

Investment Ltd, Ezillo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2(A) Geologic Map of the Lower Benue Trough (LBT) Zaborski, 1998) (B) Stratigraphic Settings of 

the LBT (modified from Nwajide, 2013) (C) Location map the study area showing soils and dust sample 

locations. 

 

 

 

Du

st 

sa

mp

le 

C 



 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 6, Issue 07 July 2024,  pp: 76-87  www.ijaem.net  ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-06077687               |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 80 

3.2 Laboratory Analysis. 

The dust and soil samples were digested in 

aqua-regia (HNO3/HCl) in the ratio 1:3. The 

digested samples were analyzed for Pb, Zn, Cu, Fe, 

Co, Ni, As, Mn, Cd, and Cr. The analysis was done 

using an Atomic Absorption spectrophotometer 

(AAS) at the Analytical Concept Laboratory, Port-

Harcourt. Standard stock solutions for all the 

elements were procured from Merck as well as 

prepared in the laboratory following the procedures 

as described in APHA (2012). The glassware used 

was Pyrex, which was washed several times with 

soap, distilled water, and diluted nitric acid to 

remove any impurities. Similarly, water samples 

were directly aspirated into the AAS, and the 

concentration of each metal (Pb, Zn, Cu, Fe, Co, 

Ni, As, Mn, Cd and Cr) was determined when 

extracts were sprayed into the flame, light rays 

from a hollow cathode lamp is shone through the 

flame, thereby triggering atoms of the elements to 

be determined, leading to radiation absorption. The 

rate of absorption is directly proportional to the 

concentration of the element. Each element is 

detected with its cathode lamp, and the 

concentrations are recorded in mg/L units. 

 

IV. RESULT AND DISCUSSION 
4.1Results of quarry dust and soil samples 

The results obtained from the in-situ 

measurements and laboratory analysis of quarry 

dust and soil samples are presented herewith (Table 

2 and 3) respectively.  

 

Table 2: Concentration of heavy metals in quarry dust samples (ppm) 

 
 

Table 3: Results of heavy metal concentration from analysis of soil samples. 

 
All values are presented in parts per million, kg/mg. 

Note: ’a’ represents average continental values after Wedepohl (1971);‘b’ represents values adopted from Shaw 

(1956). All values are presented in partsper million, ppm. 
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4.2. Discussion 

4.2.1 Heavy metals in the sampled dust from the 

study area 

The result from the laboratory analysis of 

the quarry dust samples collected and analyzed for 

heavy metal (Pb, Zn, Cu, Fe, Co, Ni, Ag, As, Hg, 

Mn, Cd, and Cr) within the study area is presented 

(Table 2). The respective distributions of the 

concentrations for each heavy metals in all the 

sampling locations were also presented (Fig.2a-i). 

It was observed that the concentration values for 

the following heavy metals; Pb, Zn, Cu, Ag, As, 

Hg, and Mn, obtained in all the sampling locations 

where quarry dust samples were analyzed, lie 

below the background values. In this study, the 

average continental shale values were adopted 

(Wedepohl, 1971; Adamu et al., 2015; Ochelebe et 

al., 2020; Ekwere et al., 2021). Furthermore, the 

respective heavy metals including Pb, Co, Ni, Cd, 

and Cr, showed concentration values obtained to 

have exceeded the average shale concentration 

employed as the background value in this study. 

The heavy metals and their respective locations 

with concentration values include: Pb showed 

values that exceeded the background at DL06 

(23.86), DL28 (21.01), DL29 (26.13); Co showed 

values that exceeded the background only at DL17 

(19.28); Ni showed values that exceeded the 

background at DL17 (73.50),  

DL28 (75.80); Cd showed values that 

exceeded the background at DL13 (0.74), DL17 

(0.70), DL25 (0.67), DL27 (0.55), DL28 (0.67), 

DL29 (1.31); Cr showed values that exceeded the 

background at DL17 (90.22), DL28 (117.20). 

Also, the statistical summary of results 

obtained (Table 2) showed that from all the quarry 

dust samples analyzed, only Cd recorded mean 

concentration values that exceeded the average 

continental shale values. While mean concentration 

values of the other heavy metals (Pb, Zn, Cu, Fe, 

Co, Ni, Ag, As, Hg, Mn, and Cr), are all below 

their respective background values. 

The mean concentration of Pb was 

observed to be 19.51 with a range of values 

between 6.42 - 26.13; Co showed a mean 

concentration value of 11.21 with a range of values 

between 3.42 - 19.28; Ni showed a mean 

concentration value of 43.35 with a range of values 

between 8.89 - 75.80; Cd showed a mean 

concentration value of 0.85 with a range of values 

between 0.28 - 1.31 ; Cr showed a mean 

concentration value of 63.01 with a range of values 

between 8.21 - 117.20; Mn showed a mean of 

499.77 and ranged in values from 268.10 - 639.10; 

Fe showed a mean of 4011.62 and ranged in values 

between 3831.30 - 4141.90; Zn showed a mean of 

30.16 and ranged in values between 14.86 - 39.06; 

Cu showed a mean of 7.77 and ranged in values 

between 0.75 - 13.41; while As showed a mean of 

0.07 and ranged in values from 0.00 - 0.12. 

 

4.2.2 Assessment of heavy metals levels and their 

distribution in soils 

Results of the heavy metal concentrations 

in soils from the study area are presented (Table 3). 

It reveals minimum, maximum and mean values of 

heavy metal concentrations from soils in the study 

area, and compared with average continental values 

from shale (Wedepohl, 1971) representing the 

background values employed in the study. It was 

revealed that all the heavy metals analyzed in the 

soil samples were below the average shale values, 

except Pb and Mn. Pb recorded high values above 

the background values at the locations DL18 

(20.47), DL24 (27.81) and DL30 (24.68), Mn 

recorded such vales at DL24 (1154.00). These 

metals may have been released into the soil 

environment through natural process of weathering 

of the host rock as suggested by some previous 

authors (Adamu et al., 2015; Ochelebe et al., 2020).  

On the basis the mean concentration 

values, all the heavy metals are present in amounts 

less than the average continental shale values after 

Wedepohl (1971). The soil sample show that Pb 

recorded an average concentration of 13.77 with a 

range of 0.29–27.81, while Mn had a mean of 

417.04 and ranged from 60.10 – 1154.00. The other 

metals analyzed from the soil samples had average 

values and ranges (in bracket) respectively as; Fe 

(3845.56, 2922.70 – 4208.60), Zn (19.56, 5.28 – 

42.36), Cr (11.24, 2.38– 32.80), Ni (9.46, 1.13 – 

20.91), Co (7.58, 0.30 – 18.02), Cu (2.56, 0.00 – 

6.58), Cd (0.07, 0.00 – 0.19), and As (0.02, 0.00 – 

0.06). 

Based on the mean values obtained, heavy 

metals dominance from soils of the study area is in 

the order Fe > Mn > Zn > Pb > Cr > Ni > Co > Cu 

> Cd >As. High concentrations of Fe, Zn and Pb in 

the soils could be related to the weathering of 

shales present within the study area or metallic 

sulphide deposits elsewhere from parts the lower 

Benue Trough which have been transported 

(Ekwere et al., 2013; Ekwere, 2019) as well as 

from anthropogenic activities within the area. 

Noticeable major human activities that may lead to 

heavy metal contamination in soils and sediments 

include automobile repair and service workshops, 

urban dumpsites and other communal waste 

disposal practices. The distribution patterns of the 

heavy metals in soils were presented (Fig. 2a-j). 
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The variation in concentration of heavy metals 

analyzed suggests a great influence of the 

underlying geology and the type of human 

activities prevalent within and around the study 

area. These metals are dominant within the 

underlying shales, limestones, sandstones and 

pyroclastic materials within the study area. It was 

observed that Pb, Fe, Co and Mn show a variation 

trend in the NW-SE trend, while Zn, Cu, As, Cd 

and Cr all show a NE-SW trend.  Highest 

concentrations of these metals maybe from the 

shales within the study area, since they serve as 

sinks hosting these metals (Zarei et al., 2014; 

Adamu et al., 2015; Ekwere et al., 2021). Thus, the 

metals are released and transported within the soil 

from the elevated basement terrains to the lower 

plains of the basins. 

The spatial distribution patterns of the 

heavy metals in soils were presented (Fig. 2a-j). 

The variation in constituent metal concentration 

level suggests a great influence on the underlying 

geology and the type of human activities prevalent 

in the study areas. These metals are dominant 

within the underlying shales, limestones, 

sandstones, and pyroclastic materials within the 

study area. It was observed that Pb, Fe, Co, and Mn 

show a variation trend in the NW-SE trend, while 

Zn, Cu, As, Cd, and Cr all show an NE-SW trend. 

The highest concentrations of these metals may be 

from the shales within the study areas since they 

serve as sinks hosting these metals (Zarei et al., 

2014; Adamu et al., 2015; Ekwere et al., 2021). 

Thus, the metals are released and transported 

within the soil from the elevated basement terrains 

to the lower plains of the basins. 

 
 

 

 

 

 

Figure 2a: Distribution pattern for Pb 

in soils and dust Umuoghara. Ezzillo, 

Unezakan of the study area 

 

Figure 2b: Distribution pattern for Zn 

in soils of the Umuogbara. Ezzillo, 

Umuezaka study area 
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Figure 2c: Distribution pattern 

for Cu in soils of the study area 

 

Figure 2d: Distribution pattern 

for Fe in soils of the study area 

 

Figure 2e: Distribution pattern 

for Co in soils of the study area 
Figure 2f: Distribution pattern 

for Ni in soils of the study area 
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Figure 2g: Distribution pattern 

for Asin soils of the study area 

 

Figure 2h: Distribution pattern 

for Mn in soils of the study area 

Figure 2i: Distribution pattern 

for Cd in soils of the study area 

 

Figure 2j: Distribution pattern 

for Cr in soils of the study area 
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V. CONCLUSION 
Heavy metals such as Pb, Zn, Cu, Fe, Co, 

Ni, Ag, Hg, Mn and Cr showed that values of their 

mean concentrations from the dust samples 

obtained and analyzed, alllie below the background 

values, except Cd that had a value 0.8 mg/l which 

exceeds 0.3 mg/l (the background value). 

Furthermore, it was observed that the through the 

natural process of weathering of the underlying 

host rocks, heavy metals have been released in the 

soil environment. Values of the mean 

concentrations of heavy metals in soils all lie below 

their respective background values, although there 

is exception to some local variation that exists. 

These variations observed may be attributed to a 

great influence of the underlying geology and the 

nature of human activities prevalent in the study 

area. On the basis of mean concentration values, 

heavy metals in soils are in the order Fe > Mn > Zn 

> Pb > Cr > Ni > Co > Cu > Cd > As.  
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