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ABSTRACT 
 

Quarrying as a land use is a potential source of water pollution but lack of access to safe drinking 

water has impelled people to make use of pond water from quarry sites. This study investigated the 

physico-chemical parameters and heavy metals of water samples collected at China quarry site in 

Ngwogwo Ivo Local Government of Ebonyi State, Nigeria. The concentrations of Cd (0.01±0.00 to 

0.02±0.00 mg/l), Pb (6.70±0.78 to 7.87±1.08 mg/l), Ni (1.03±0.04 to 1.37±0.04 mg/l), As 

(1.99±0.02 to 2.35±0.09 mg/l), Fe (3.66±0.44 to 4.18±0.04 mg/l) and Zn (2.47±0.06 to 3.17±1.13 

mg/l) were higher than the permissible limit of drinking water by World Health Organization, 

WHO and Standard Organization of Nigeria, SON. Also, the values of biochemical oxygen demand, 

BOD (37.57±1.44 to 53.13±0.86 mg/l), chemical oxygen demand, COD (59.55±0.51 to 61.28±0.64 

mg/l), dissolved oxygen, DO (5.14±1.51 to 5.75±1.09 mg/l), Mn (3.64±0.91 to 5.10±1.27 %) and 

Ca (91.88±0.18 to 102.83±0.59 %) were higher than the permissible limit recommended by WHO. 

Consequently, it is recommended that quarry workers and inhabitants of Ngwogwo should be 

discouraged from making use of the pond water since it is not fit and will expose them to serious 

health challenges. In addition, Ebonyi State Government should demand Environmental Impact 

Assessment report from miners before issuing operating license to them. 
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1.0. Introduction 

 

Safe drinking water is very essential for sustenance of good health and livelihood of people living in 

both urban and rural areas. It carries nutrients to all cells in our body, flushes out toxins and waste as 

well as regulates body temperature. Thus, the provision of safe drinking water is a basic human need 

over the world. In Nigeria, most rural communities do not have access to safe drinking water (Egboh 

and Emeshili, 2007) and where some water sources are available; its quality remains questionable 

with potential health risks (Okovido et al., 2018). Thus, many rural dwellers suffer the burden of 

walking long distances in search of water for daily domestic use (Ogbonna et al., 2020a). It is 

estimated that about sixty (60) million Nigerians lack access to portable drinking water (Majuru et al., 

2011). 

  

Quarrying is an activity embarked by man to extract non-metal and nonfuel minerals from rock and 

mining of precious metals and other types of solid minerals forms an important part of many 

countries’ economy (Okere et al., 2001; Ogbonna et al., 2011; Ogbonna et al., 2020b). 

Notwithstanding this, abandoned quarry sites are often filled with groundwater and rainwater 

drainage, leaving behind an artificial lake basin (Ruuskanen et al., 2013). As a result of lack of access 

to clean water, communities inhabiting quarrying sites sometimes source water from quarry ponds for 

washing of clothes, bathing among others. For instance, the use of abandoned mining ponds in Bestari 

Jaya Selangor, Malaysia has been initiated by the State Water Authority as an alternative water 

resource to cater for the increasing water demand (Madzin et al., 2015). Globally, records showed that 

about 780 million people do not have access to clean and safe water and around 2.5 billion people do 
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not have proper sanitation (Rahmanian et al., 2015). Consequently, around 6 to 8 million people die 

each year due to water related diseases and disasters (UN-Water, 2013). Therefore, water quality 

control is a top-priority policy agenda in many parts of the world (WHO, 2011). Water quality and 

suitability for use are determined by its taste, odor, colour, and concentration of organic and inorganic 

matters (Dissmeyer, 2000). 

  

Previous studies showed that mining is a major source of potentially toxic element as heavy metal in 

the environment (Kusin et al., 2012, 2014; Kusin and Aris, 2014; Benvenuti et al., 1997; Asklund and 

Eldvall, 2005; Wang and Mulligan, 2005; Navorro et al., 2007; Schwab et al., 2007; Ogbonna et al., 

2012; Ogbonna et al., 2018a; Ogbonna et al., 2020b). The accumulation of dissolved heavy metals in 

water is hazardous to water bodies and human health when their values are higher than the 

corresponding threshold (Pape et al., 2012; Varol et al., 2013; Bu et al., 2015; Ogbonna et al., 2020a). 

Potentially toxic elements have proven to be a major threat and there are several health risks 

associated with them (Mathew et al., 2014) which include dermal, respiratory, cardiovascular, 

gastrointestinal, haematological, hepatic, renal, neurological, developmental, reproductive, 

immunological, genotoxic, mutagenetic, and carcinogenic effects (Lin et al., 2013). 

  

Drilling of boreholes as alternative source of safe drinking water is very difficult and unachievable 

task in some part of Ebonyi State due to salt deposit and tremendous formation of bedrocks down the 

soil profile/aquifers. For instance, inhabitants of Ivo local government area depend mostly on 

rainwater and very few streams/rivers which are far from most clans and communities. During the dry 

season, families rely heavily on hand-dug wells and pond waters for domestic activities such as 

washing of clothes, bathing, cleaning of house floors as well as irrigation of vegetables among others. 

The pond water might be contaminated by heavy metals released via rock chemical weathering, 

atmospheric deposition, mine wastewater discharge, surface and subsurface runoff. The use of such 

pond water may be a route of entry of contaminants (e.g. heavy metals) into human body, hence there 

is need to investigate the quality and safety of pond water at China quarry site in Ngwogwo, Ebonyi 

State. Several studies have been carried out on water quality of pond waters at mining sites which 

include a quantitative study of the winter plankton of Urschel’s quarry (Cowell, 1960), community 

structure and coexistence of an artificial crater lake (Bogaert and Dumont, 1989), controls on pit lake 

water quality at sixteen open-pit mines in Nevada (Shevenell et al., 1999), limnological study on a 

lake formed in a limestone quarry in Kraków, Poland (Galas, 2003), limnological study of a lake 

formed in limestone quarry in Kraków, Poland (Ślusarczyk, 2003). Other studies include 

physicochemical properties and heavy metal content of selected water sources in Ishiagu, Ebonyi 

State- Nigeria (Akubugwo et al., 2012), the environmental properties of water-filled Ojamo limestone 

quarry, southern Finland (Ruuskanen et al., 2013), diversity of freshwater invertebrates in Wazo Hill 

quarry ponds in Tegeta area, Tanzania (Mahulu et al., 2015), comparing heavy metal mobility in 

active and abandoned mining sites at Bestari Jaya in Selangor, Malaysia (Madzin et al., 2015). 

Furthermore, dissolved radon and uranium in groundwater in a potential coal seam gas development 

region in Richmond River Catchment, Australia (Atkins et al., 2016) and metal pollution assessment 

of the abandoned mine ponds and ground water of parts of the Jos Plateau, North Central Nigeria 

(Zang and Edafetano, 2017). Most of these studies documented species assemblages and limnological 

properties of pond waters while others dwelt only on concentration of heavy metals in pond water. 

Research on water quality assessment in Ebonyi State, Nigeria are: physicochemical water quality 

indicators of groundwater (i.e. boreholes) samples from five communities (Ukiwe et al., 2012), 

analysis of spring water quality in Ebonyi South Zone and its health impact (Afiukwa and Eboatu, 

2013), trace metal toxicity in our environment: case studies of influx of metals in soils, crops, waters 

and air (Itumoh et al., 2013), quality assessment of selected groundwater samples in Amike-Aba 

Abakaliki Local Government (Ngele et al., 2014), physiological parameters and nutrients variations of 

streams and rivers in Abakaliki Local Government (Omaka et al., 2014), assessing the suitability of 

surface water for domestic purposes in Uburu in Ohazara Local Government (Babatunde and Umahi, 

2014), comparative analysis and treatment of well water (Iganga et al., 2015). In furtherance of this, 

assessment of heavy metal contamination of water sources from Enyigba Pb-Zn district in Abakiliki 

Local Government (Nnabo, 2015), assessment of contamination of underground water sources in 

Enyigba Pb-Zn district in Abakiliki Local Government using metal enrichment and pollution indices 

(Nnabo, 2015), evaluation of physicochemical parameters of selected rivers (Ani et al., 2016), 

comparative assessment of heavy metals in drinking water sources from Enyigba community in 

Abakaliki (Aloke et al., 2019) and quality audit of drinking water sources in Ikwo rural setting of 
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Ikwo Local Government (Titilawo et al., 2020) of Ebonyi State, Nigeria.  The work by Akubugwo et 

al. (2012) focused on water quality assessment of selected hand dug wells in Ishiagu, Ebonyi State. 

There is no information available in the scientific literature on physico-chemical characteristics and 

heavy metals of pond waters at China quarry site in Ngwogwo, Ebonyi State, Nigeria. This study, 

therefore, appraised the physico-chemical characteristics and heavy metals of pond water at China 

quarry site and the result obtained were compared to permissible limits set by World Health 

Organization, WHO (2003, 2007, 2011), Federal Ministry of Environment (FMEnvi, 2011), Standard 

Organization of Nigeria (SON, 2007) and Federal Environmental Protection Agency (FEPA, 1991) to 

ascertain its status and suitability for human use. 

 

2.0. Methodology 

 

2.1. Study area 

China quarry site is located in Ngwogwo in Ishiagu, Ebonyi State, Nigeria. It is located on the plains 

of the South-eastern savannah belt and lies within Latitudes 5°51' and 5°59'N and Longitudes 7°24' 

and 7°40'E. The area falls within the tropical rainforest belt of Southeastern Nigeria (Keay, 1959). It 

has an average temperature of 27° C and annual precipitation of about 1,925 mm (Ofomata, 2002). It 

experiences two seasons viz, the wet and dry seasons. The dry season start from December and end in 

March while the wet season commence from April and end in November (Ogbonna et al., 2020b). 

The highest elevation is about 110 m above sea level and formed by erosion-resistant igneous 

intrusive while the lower areas are underlain by soft rocks (Edeani, 2015). The composition of the 

igneous rocks at Ishiagu range from intermediate to basic (Ofoegbu, 1985). The major industrial 

activities located in the area include Pb/Zn mines and quarry sites. The people of the area depend 

primarily on surface water bodies such as streams, wetlands and pit lakes. The pit lakes were formed 

by the activities of quarrying and mining companies. The settlers are predominantly farmers that 

produce mainly cassava, yam, maize, rice among others. 

 

2.2. Water sample collection and analysis 

Reconnaissance survey was carried out prior to sample collection to identify among other things the 

positions of the pond waters, the terrain, wind direction, and the major activities going on in the China 

quarry site. Three (3) large pond water in the South east (SE), South west (SW), and South central 

(SC) directions of the China quarry site were selected for collection of water samples. The rationale 

for the selection is for spread and even distribution of pond water sampling at the site so as to remove 

bias and reduce or limit the level of error. The ponds are designated P1 for South central, P2 for South 

east, and P3 for South west sampling stations while the control sample was collected from a small 

stream located about 4 km from the quarry where there was no visible source of contamination. Dark 

brown glass bottles (1 litre) were used to collect water samples for pH and dissolved oxygen, DO 

analyses. Polyethylene bottles were used for collection and storage of water samples for other 

chemical analyses (Chia et al., 2011). Each sampling bottles of one (1) liter by volume were pre-

conditioned with 5% nitric acid and later rinsed thoroughly with distilled de-ionized water. At each 

sampling station, the sampling bottles were rinsed with sampled water three times before sampling 

was done. The pre-cleaned sampling bottles were filled to the brim at a depth of 1 m below the 

wastewater in four (4) cardinal points (N, S, E and W) and central (C) of each pond water (e.g. 5 

bottles from each sampling station i.e. pond water). The five representative water samples from each 

sampling station and control were acidified with 10% HNO3 analytical grade, covered air-tight, 

labeled well, placed in an ice-chest container and transferred to the laboratory for pre-treatment and 

analysis. The portion of the water sample for metal analysis were treated with 1 ml of Hydrochloric 

acid (HCl) in 500 ml sample to arrest microbial activities while those for non-metal analysis were 

freshly refrigerated in a cooler packed with, ice blocks to avoid microbial action affecting their 

concentration. While in the laboratory; they were stored in the refrigerator at about 4°C prior to the 

analysis (APHA, 1998). Sixty (60) water samples were collected every nine (9) days in February 2019 

from the three (3) sampling stations and control site. Thus, a total of 180 water samples were collected 

in all. 
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2.3. Determination of the physic-chemical parameters 

Water temperature (°C) readings were taken in situ using a mercury thermometer. Total dissolved 

solids (TDS) and pH were measured using a portable Hanna pH/TDS/temperature meter (model no 

H1991300). The modified Winkler azide method (Lind 1979, APHA 1998) was used to determine 

dissolved oxygen (DO) and biochemical oxygen demand (BOD). DO and BOD5 were titrimetrically 

determined after fixation with winkler solutions at day 1 (for DO) and day 5 (for BOD5) respectively. 

The calculated difference between DO (Day 1) and (Day 5) was recorded as BOD5 concentration in 

mg/l units. Total suspended solids (TSS), total alkalinity (TA) and chemical oxygen demand (COD) 

concentration were titrimetrically determined using the procedure of APHA (1998). 

  

2.4. Determination of heavy metals and macronutrients 

The five representative water samples from each sampling station (e.g. N, S, E, W and C from P1) 

were mixed to form a homogenous sample. A 250 ml from each of the acidified water was measured 

and transferred into separate clean conical flask and 5 ml of nitric acid were added to each of the 

conical flasks. The mixture was placed on a Bunsen burner to heat at 100°C with addition of few 

drops of hydrogen peroxide until there were no brown visible fumes coming out, and volume reduced 

to about 5 cm
3
. The mixture were filtered separately with Whatman 0.45 µm filter paper in a 25 ml 

volumetric flask and topped to labeled mark with water. The analyses for heavy metals and 

macronutrients in the samples were carried out in triplicates using the Atomic Absorption 

Spectrophotometer (Unicam Solar 969 with acetylene air flame). For the background correction, six 

(6) blanks were digested as pre-test samples and each analyzed for Pb, Ni, As, Zn, Cd, Fe, Na, K, Mg, 

Mn, Co and Ca using AAS. 

 

3.0. Results and Discussion 

 

3.1. Potentially toxic elements (mg/kg) in pond water 

Table 1 summarized the concentration of heavy metals in all the water samples collected from the 

Ponds at the China quarry site and the control site. The result indicates that the highest and lowest 

concentrations of heavy metals in water were obtained at the quarry and control sites, respectively. 

The high concentration of heavy metal in water samples from the quarry area is attributed to dust and 

water drainage from the quarry that leached and deposited pollutants such as heavy metal into the 

pond water. Terrestrial and aquatic bodies adjoined to source of pollution are recipients of 

contaminants such as heavy metals (Ogbonna et al., 2019; Ogbonna et al., 2020a). From the results, 

the highest concentration of Cd (0.02±0.00 mg/kg), As (2.35±0.09 mg/kg) and Ni (1.37±0.04 mg/kg) 

were obtained in water samples collected from Pond 1, and the values are significantly (P < 0.05) 

higher than their corresponding values in Pond 2 (0.01±0.00, 2.08±0.04 and 1.05±0.03 mg/kg), Pond 

3 (0.01±0.00, 1.99±0.02 and 1.03±0.04 mg/kg), and control (0.001±0.00, 0.04±0.13 and 0.05±0.04 

mg/kg). The Pond 1 might be the highest recipient of contaminants (heavy metals) released from 

quarry activities such as blasting, crushing, and transportation and wind deposition of dust at China 

quarry area. Quarry activities such as blasting, transportation and disposal of waste rocks cause dust-

air pollution (Nwachukwu et al., 2018) that settle on soil, plants and water bodies resulting to heavy 

metal pollution (Ogbonna et al., 2011). From personal observation, quarry workers cleaned their 

bodies mostly in Pond 1 after work on daily basis especially during the dry season. This might have 

enhanced the level of heavy metals in Pond 1 since heavy metals are part of dust particles washed into 

it (Pond 1). The concentration of Cd increased from 0.01±0.00 (Pond 3) to 0.02±0.00 mg/kg (Pond 1) 

and the values are lower than 0.03±0.01 to 0.53±0.01 mg/kg (Akubugwo et al., 2012) and 0.01 to 0.43 

mg/l (Anyanwu and Onyele, 2018) but higher than 0.00015±0.00 mg/l (Ogbonna et al., 2018b). The 

concentration of Cd in Pond 1 is 2, 2 and 20 times higher than its corresponding values in Pond 2, 

Pond 3 and control, respectively. The highest concentration of Cd (0.02±0.00 mg/kg) in pond water 

samples from China quarry site is higher than the permissible limits of 0.003 mg/kg (Cd) 

recommended by the World Health Organization (WHO, 2003) as well as 0.01 mg/kg (Cd) set by 

Standard Organization of Nigeria (SON, 2007) (Table 2). Consequently, the concentration of Cd in 

water samples from the ponds can pose a serious health challenges to quarry workers and animals that 

inhabits the quarry area since the animals may likely drink from the ponds when thirsty. Cadmium has 

no bio-importance and it is toxic to all life, including fish, birds, plants, mammals (including man), 

and microorganisms (Eisler, 1985; Nolan, 2003; Young, 2005; Nordberg et al., 2007, ATSDR 2008; 

Ogbonna et al., 2018c) and it cause  adverse changes in the arteries of human kidney and replaces 
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zinc biochemically and cause high blood pressures and kidney damage (Feng et al., 2011) and 

interferes with enzymes and cause a painful disease called Itai-itai (Sperotto et al., 2014). It also 

affects human brain and bones (Jarup et al., 2000). 

   

The concentration of Ni increased from 1.03±0.04 (Pond 3) to 1.37±0.04 mg/l (Pond 1), and the 

values are higher than 0.005 to 0.25 mg/l (Anyanwu and Onyele, 2018) and 0.00013±0.00 to 

0.00017±0.00 mg/l (Ogbonna et al., 2018b) in related studies. The concentration of Ni in Pond 1 is 

1.30, 1.33 and 27.40 times higher than its values in Pond 2, Pond 3 and control, respectively. The 

concentration of Ni (1.03±0.04 to 1.37±0.04 mg/l) in this study is higher than 1.0 mg/l (Ni) 

recommended by World Health Organization (WHO, 2003) and 0.01 mg/l (Ni) set by Standard 

Organization of Nigeria (SON, 2007) (Table 2). The concentration of Ni can pose serious health risk 

to quarry workers that usually use water from Pond 1 to clean their bodies after work during the dry 

season. Nickel cause lung, liver and kidney damage as well as cancer, respiratory failure, birth defects 

and heart failure (Adelekan and Abrgunde, 2011; Al Hagibi et al., 2018). 

 

Table 1: Heavy metals (mg/kg) in pond water 
Samples  Pb  Cd  As  Ni  Fe  Zn  

P1  7.87a ± 1.08  0.02a ± 0.00  2.35a ± 0.09  1.37a ± 0.04  4.18a ± 0.04  2.75a ± 0.31  

P2  6.70a ± 0.78  0.01b ± 0.00  2.08b ± 0.04  1.05b ± 0.03  3.90a ± 0.15  2.47a ± 0.06  

P3  7.47a ± 0.71  0.01b ± 0.00  1.99b ± 0.02  1.03b ± 0.04  3.66ab ± 0.44  3.17a ± 1.13  

Control  4.88a ± 0.18  0.001c ± 0.00  0.04b ± 0.13  0.05b ± 0.04  1.11b ± 0.06  1.21a ± 0.06  

Values are mean ± standard deviation of 3 replicates 
a,b,c,d,e Means in the same column with different superscripts are significantly different (P<0.05) 

 

Table 2: Comparison of concentration of heavy metals in pond water with international and national 

standards 
Heavy 

metals  

This study   WHO 

2011   

NDWQS 

2007  

FEPA 

1991   

FMEnv 

2011  

DPR 

2002  

SON 

2007  

USEPA 2002, 

2018  

Fe  3.66-4.18 0.3   0.3  20  20  20  0.3  0.30  

Cd   0.01-0.02 0.003  0.003  >1.0  0.03 - 0.3  0.03–0.3  0.003 0.001  

Ni  1.03-1.37 0.05  NA 0.02-0.10  NA NA 0.02  0.05  

Zn  2.47-3.17 3  3.0  <1.0  NA 5 3.0  2  

As  1.99-2.35 0.01  0.01  50  NA NA NA 0.05  

Pb  6.70-7.87 0.01  0.01  0.05  0.04  0.5  0.01  0.04  

NA = Not available 
 

The value of As increased from 1.99±0.02 (Pond 3) to 2.35±0.09 mg/l (Pond 1) and the values are 

higher than 0.00 to 0.010 mg/l in water samples from six (6) ponds at abandoned barite mine site in 

Cross River State, Nigeria (Adamu et al., 2015) and 0.003±0.001 to 0.029±0.004 mg/l in water 

samples from surface and underground water sources at cement quarry site in Mfamosing in 

Akamkpa, Cross River State (Egbe et al., 2017). The concentration of As in Pond 1 is 1.13, 1.18 and 

58.75 times higher than its values at Pond 2, Pond 3 and control, respectively. The concentration of 

As (1.99±0.02 to 2.35±0.09 mg/l) is higher than the permissible limit of 0.01 mg/l (As) recommended 

by the World Health Organization (WHO, 2007). The high concentration of As in the pond water can 

be deleterious to the health of quarry workers and inhabitants of Ngwogwo that collect water from the 

ponds for domestic purposes. Similarly, the pond water may be a route of entry of contaminants such 

as heavy metals in plants when use for irrigation purposes by inhabitants of Ngwogwo during the dry 

season. 

  

The highest concentration of Pb (7.87±1.08 mg/l) and Fe (4.18±0.04 mg/l) at the China quarry site 

were obtained in water sampled from Pond 1 but the values are not (P > 0.05) significantly different 

from their corresponding values in Pond 2 (6.70±0.78 and 3.90±0.15 mg/l), Pond 3 (7.47±0.71 and 

3.66±0.44 mg/l) and control (4.88±0.18 and 1.11±0.06 mg/l). The concentration of Pb (7.87±1.08 

mg/l) at Pond 1 is 1.17, 1.05 and 1.61 times higher than its concentration at Pond 2, Pond 3 and 

control, respectively. The source of Pb and Fe may be attributed to dust from quarry activities as well 

as weathering and leaching of Pb and Fe compounds into the ponds. The concentration of Pb 

increased from 6.70±0.78 (Pond 2) to 7.87±1.08 mg/l (Pond 1), and the values are higher than 

0.26±0.01 to 3.11±0.01 mg/l obtained in hand dug wells in Ishiagu in Ebonyi State (Akubugwo et al., 

2012), 0.01 mg/l in selected water sources in Ekiti State (Oguntuase et al., 2019) and 0.01 to 0.72 

mg/l in rural spring in Umuariaga in Ikwuano, Abia State, Nigeria (Anyanwu and Onyele, 2018). The 
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concentration of Pb in this study is higher than the permissible limit of 0.01 mg/l (Pb) recommended 

by the World Health Organization (WHO, 2003) and 1.0 mg/l (Pb) set by the Standard Organization 

of Nigeria (SON, 2007) (Table 2). The high concentration of Pb in the pond water can constitute 

serious health risk to animals that might drink from the ponds as well as the health of farmers that 

used the pond water for irrigation of their vegetable crops during the dry season. This, in turn, may 

result in bio-magnification of Pb in animals and people that will consume such metal contaminated 

crops. Exposure to Pb will affect the gastrointestinal tract, kidneys and the central nervous system 

(Tirkey et al., 2012), loss of memory, nausea, insomnia, anorexia, and weakness of the joints, failure 

of reproduction, inhibition of haemosynthesis, irritation and production of tumour (Adelekan and 

Abegunde, 2011). Lead (Pb) is a non-essential element and toxic in trace amount (Awofolu et al., 

2005; Al Hagibi et al., 2018). 

  

The concentration of Fe increased from 3.66±0.44 (pond 3) to 4.18±0.04 mg/l (pond 1), and the value 

is well below 2.12±0.01 to 566.00±0.20 mg/l (Akubugwo et al., 2012) but relatively lower than 1.20 

to 5.12 mg/l (Anyanwu and Onyele, 2018). The concentration of Fe in Pond 1 is 1.07, 1.14 and 3.77 

times higher than its values at Pond 2, Pond 3 and control, respectively. The concentration of Fe in 

this study is higher than the permissible limit of 0.3 mg/l (Fe) recommended by World Health 

Organization (WHO, 2003) and the standard limit of 0.03 mg/l (Fe) set by Standard Organization of 

Nigeria (SON, 2007). Iron is essential to most life forms and to normal human physiology as well as 

integral part of many proteins and enzymes that maintain good health (Beard, 2000; Al Hagibi et al., 

2018). It (Fe) is an essential component of proteins involved in oxygen transport and regulation of cell 

growth and differentiation (Dallman, 1986) and production of haemoglobin in red blood cells in 

human (Beldi et al., 2006). Notwithstanding this, excess amounts of Fe in human and animals can 

result in toxicity and even death (Al Hagibi et al., 2018). 

 

The highest concentration of Zn (3.17±1.13 mg/l) was obtained in Pond 3 but the value is not (P > 

0.05) significantly different from values recorded for Pond 1 (2.75±0.31 mg/l) and Pond 2 (2.47±0.06 

mg/l). The concentration of Zn in Pond 3 is 1.15, 1.28 and 2.62 times higher than its values in Pond 1, 

Pond 2 and control, respectively. The concentration of Zn (2.47±0.06 to 3.17±1.13 mg/l) in this study 

is higher than 0.011±0.007 to 0.046 mg/l in water quality characteristic of Rungiri quarry reservoir in 

Kiambu, Kenya (Kilonzo et al., 2019), 0.01 to 0.55 mg/l (Oguntuase et al., 2019) and 0.21 to 0.90 

mg/l (Anyanwu and Onyele, 2018) but well below 10.56±0.01 to 217.55±0.51 mg/l (Akubugwo et al., 

2012). The concentration of Zn in this study is relatively higher than the permissible limit of 3.0 mg/l 

(Zn) recommended by the World Health Organization (WHO, 2003). Zinc is an essential nutrient for 

human health (Hotz et al., 2003; Al Hagibi et al., 2018) but higher levels of Zn causes stomach 

cramps, vomiting, headaches, nausea, skin irritations, respiratory disorders, anaemia and loss of 

appetite (Rajappa et al., 2010). Generally, the order of abundance of heavy metals in pond water at 

China quarry site in Ngwogwo Ishiagu is as follows: Pb > Fe > Zn > As > Ni > Cd. 

 

3.2. Physico-chemical properties of pond water 

The results of the physic-chemical parameters of water sampled from ponds at China quarry site in 

Ngwogwo Ishiagu, Ebonyi State, Nigeria is summarized in Table 3. The result show that the highest 

values of total solid, TS (427.09±0.90 mg/l), total dissolved solid, TDS (335.19±1.16 mg/l) and 

biochemical oxygen demand, BOD (53.15±0.86 mg/l) were obtained in water samples collected from 

Pond 1 and the values were significantly (P < 0.05) higher than their corresponding values in Pond 2 

(409.41±1.49, 330.07±2.00 and 45.30±3.06 mg/l), Pond 3 (401.58±1.57, 328.26±1.35 and 37.57±1.44 

and control (189.70±4.51, 223.75±3.35 and 25.13±1.00 mg/l), respectively for TS, TDS and BOD. 

Biochemical oxygen demand (BOD) is a measure of the quantity of oxygen used by micro-organisms 

(e.g. aerobic bacteria) in the oxidation of organic matter. The oxygen consumed in the decomposition 

process robs other aquatic organisms of the oxygen needed to live (Ogbonna et al., 2018b). The 

highest BOD recorded in Pond 1 may be attributed to high content of organic, inorganic and oxygen 

demanding pollutants present in the pond as well as low dissolved oxygen, DO (5.14±1.51 to 

5.75±1.09 mg/l) since low dissolved oxygen will result in high biochemical oxygen demand which is 

an indication of pollution (Tekenah et al., 2014). The result corroborate the findings of Oladiji et al. 

(2004), Amadi et al. (2006), Akan et al. (2008) and Akubugwo et al. (2012) that attributed their 

results to the presence of organic, inorganic and oxygen demanding pollutants in the water sources. 

The value of dissolved oxygen is relatively higher than 5.0 mg/l recommended by the World Health 

Organization (WHO, 2011) but lower than 20 mg/l (DO) recommended by Federal Environmental 
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Protection Agency (FEPA, 1991) and 7.5 mg/l (DO) by Federal Ministry of Environment (FMEnv, 

2011). The value of BOD in this study increased from 25.13±1.00 at the control to 53.15±0.86 mg/l at 

Pond 1, which is higher than 2.48±0.43 to 20.74±2.22 mg/l obtained in hand dug wells in Ishiagu 

Ebonyi State (Akubugwo et al., 2012), 0.0405 to 0.0675 mg/l in water collected from Ubeyi River in 

Afikpo, Ebonyi State (Ogbonna et al., 2018b), 1.20 to 7.03 mg/l in water sampled from streams and 

Rivers in Abakiliki, Ebonyi State (Omaka et al., 2014) but lower than 56.60±0.21 to 158.40±5.76 

mg/l obtained in water samples from Benue River (Anhwange et al., 2012). The value of BOD 

(25.13±1.00 to 53.15±0.86 mg/l) in this study is well above the permissible limit of 3.0 mg/l (BOD) 

recommended by World Health Organization (WHO, 2011) and Federal Ministry of Environment 

(FMEnv, 2011) as well as 10 mg/l recommended by Federal Environmental Protection Agency 

(FEPA, 1991) (Table 4). Thus, the pond water at the China quarry site is polluted. Another evidence 

of pollution is the high level of total solids, TS (189.70±4.51 to 427.09±0.90 mg/l. The values of total 

dissolved solids, TDS (223.75±3.35 to 335.19±1.16 mg/l) and total suspended solids, TSS 

(46.63±5.02 to 115.68±1.59 mg/l) which indicate materials carried in suspended form (Amadi et al., 

2006; Akubugwo et al., 2012) falls within the permissible limits of 200 to 500 mg/l (TDS) and 80 to 

150 mg/l (TSS) recommended by World Health Organization (WHO, 2003, 2011), respectively 

(Table 4). The values of TDS in this study is well below 2000 mg/l and 1000 mg/l (TDS) while the 

values of TSS is well above 30 mg/l and 25 mg/l recommended by Federal Environmental Protection 

Agency (FEPA, 1991) and National Drinking Water Quality Standard (NDWQS, 2007), respectively 

(Table 4). The value of pH in water sampled from the ponds range from 6.86±0.11 to 7.39±0.01 

which is slightly acidic to alkaline. This may be attributed to the decomposition of organic material 

that has buffering effect in the water. The highest value of pH (7.39±0.01) was recorded for pond 1 

and the value is not different (P > 0.05) from the value obtained in Pond 2 (7.20±0.10) but 

significantly (P < 0.05) higher than values recorded for Pond 3 (6.86±0.11) and control (6.23±0.19), 

respectively. The pH of water samples from Pond 1 (7.39±0.01) and 2 (7.20±0.10) is within the 

alkaline range and this result corroborate with the findings of Nwachukwu et al. (2018) that reported 

similar pH value (7.52±0.11) in their study of critical issues of sustainability associated with quarry 

activities in Iyuku community in Auchi, Edo State of Nigeria. The values of pH (6.86±0.11 to 

7.39±0.01) in this study is relatively lower than 6.43±0.06 to 7.67±0.06 obtained in water samples 

collected from hand dug wells in Ishiagu, Ebonyi State (Akubugwo et al., 2012), 6.88 to 7.75 in 

selected water sources in Ekiti State, Nigeria (Oguntuase et al., 2019) but higher than 6.38±0.07 to 

6.53±6.53 (Ekweozor et al., 2017). The value of pH in this study fall within the 6.5 to 8.5 

recommended by World Health Organization (WHO, 2003) and 6-9 established by Federal Ministry 

of Environment (FMEnv, 2011) (Table 4). 

   

Table 3: Physicochemical properties of pond water  
Samples pH TA (mg/l) TS (mg/l) TDS (mg/l) TSS (mg/l) DO (mg/l) COD (mg/l) BOD (mg/l) Temperature ºC 

P1 7.39a±0.01 104.10a±1.08 427.09a±0.90 335.19a±1.16 115.68a±1.59 5.75a±1.09 61.28a±0.64 53.15a±0.86 30.67a±0.64 

P2 7.20a±0.10 102.07a±1.05 409.41b±1.49 330.07b±2.00 114.47a±1.22 5.68a±0.94 60.40ab±0.53 45.30b±3.06 30.42a±0.37 

P3 6.86b±0.11 96.30b±2.15 401.58c±1.57 328.26c±1.35 111.48a±0.36 5.14a±1.51 59.55b±0.51 37.57c±1.44 30.32a±114 

Control  6.23c±0.19 85.37b±1.48 189.70d±4.51 223.75c±3.35 46.63a±5.02 18.06a±2.13 20.37b±0.55 25.13d±1.00 28.43a±1.25 

Values are mean ± standard deviation of 3 replicates 
a,b,c,d,e Means in the same column with different superscripts are significantly different (P<0.05) 

 

Table 4: Comparison with international and national standards 
Parameters This study    WHO 2003, 

2011  

NDWQS 

2007      

FEPA 

1991  

FMEnv 

2011  

DPR 

2002  

SON 

2007  

USEPA 

2018  

pH  6.86-7.39 6.5-8.5  6.5-8.5   6-9 6-9  6.5-8.5 6.5–8.5  NA 

TA  96.30-104.10 200  NA NA NA NA NA NA 

TS 401.58-427.09 500  NA NA NA NA NA NA 

TDS 328.26-335.19 200-500  1000   2000  NA NA 500  NA 

TSS 111.48-115.68 80-150  25    30  50 50 NA NA 

DO  5.14-5.75 5  NA 20  7.50  NA NA NA 

COD  59.55-61.28 7.5  NA 30  NA NA NA NA 

BOD  37.57-53.13 3.0  NA 10    3  3 NA ≥ 10  

Temp 30.32-30.67 25-30°C  NA 30°C  <40°C NA NA NA 

NA = Not available     
 

Total alkalinity (TA) is highest in Pond 1 (104.10±1.08 mg/l) but the value is not different (P > 0.05) 

from the value recorded for Pond 2 (102.07±1.05 mg/l) but it is significantly (P < 0.05) higher than 

values obtained in Pond 3 (96.30±2.15 mg/l) and control (85.37±1.48 mg/l). The value of total 
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alkalinity range from 96.30±2.15 to 104.10±1.08 mg/l which is lower than 36.67±1.53 to 335.00±1.00 

mg/l reported by Akubugwo et al. (2012) but well above 1.0 to 1.3 mg/l (Oguntuase et al., 2019). The 

value of total alkalinity in this study is well below the 200 mg/l (TA) recommended by World Health 

Organization (WHO, 2011). Chemical oxygen demand (COD) is the amount of oxygen consumed to 

chemically oxidize organic water contaminants to inorganic end products. The highest COD 

(61.28±0.64 mg/l) is obtained in Pond 1 but the value is statistically (P > 0.05) the same with value 

obtained in Pond 2 (60.40±0.53 mg/l) but significantly (P < 0.05) higher than values recorded for 

Pond 3 (59.55±0.51 mg/l) and control (20.37±0.55 mg/l). The value of COD in this study is well 

above the 7.5 mg/l (COD) recommended by World Health Organization (WHO, 2003) and 30 mg/l 

(COD) recommended by Federal Environmental Protection Agency (FEPA, 1991) (Table 4). The 

value of COD increased from 59.55±0.51 to 61.28±0.64 mg/l at China quarry site and the value is 

lower than 2.48±0.43 to 112.00±8.00 mg/l reported by Akubuqwo et al. (2012). The values of 

temperature in the three water ponds sampled at China quarry site did not differ significantly (P > 

0.05) from one another. The temperature range from 30.32±1.14 (pond 3) to 30.67±0.64 °C (pond 1) 

which is relatively higher than 26.3 to 27.1 °C (Oguntuase et al., 2019), 27.37±0.21 to 28.7±0.26 °C 

(Ekweozor et al., 2017) but relatively lower than 29.27±0.05 to 30.90±0.00 °C (Akubugwo et al., 

2012). The values of temperature in this study is relatively above 25 to 30 °C (temp) recommended by 

World Health Organization (WHO, 2003). Generally, the order of abundance of the physic-chemical 

parameters is as follows: TS > TDS > TSS > TA > COD > BOD > Temperature > pH > DO. 

   

3.3. Macronutrient content in pond water  

Table 5 summarized the result of macronutrient content in pond water at China quarry site in 

Ngwogwo, Ishiagu in Ebonyi State, Nigeria. The result indicate that significant differences exist 

among the means of the parameters (e.g. K, Mg and Ca) tested in the water samples collected from the 

three (3) ponds (P1, P2 and P3) at China quarry and control. The highest and lowest values of 

macronutrient in water samples were observed in water from the quarry ponds and control sites, 

respectively. From the result in Table 5, the highest values of K (1.78±0.08 %), Mg (3.99±0.01 %) 

and Ca (102.83±0.59 %) were obtained in water samples collected from Pond 1 and their values are 

higher than their corresponding values in Pond 2 (1.15±0.16, 2.11±0.01 and 92.18±1.31 %), Pond 3 

(0.99±0.01, 2.06±0.04 and 91.88±0.18 %) and control (0.06±0.04, 0.98±0.03 and 12.15±1.05 %). The 

high values of K, Mg and Ca in Pond 1 may be attributed to deposition of dust particles from China 

quarry activities since these element (K, Mg and Ca) are part of the composition of granite (Table 6) 

vis-à-vis the leaching of the element into Pond 1 via runoff as well as infiltration from the bottom of 

the pond. The value of K (1.78±0.08 %) in water samples from Pond 1 is 1.55, 1.80 and 29.67 times 

higher than its corresponding values in Pond 2, Pond 3 and control, respectively. The values of K in 

water sample increased from 0.99±0.01 at Pond 3 to 1.78±0.08 % at Pond 1, and the values is higher 

than 0.0022 to 0.0045 % in pond water in quarry site in Akure, Ondo State, Nigeria (Akande and 

Jimoh, 2013) as well as 200 and 50 mg/l (K) recommended by World Health Organization, (WHO, 

2011) and Federal Ministry of Environment (FMEnvi, 2011), respectively (Table 7). The value of Mg 

(3.99±0.01 %) in water samples from Pond 1 is 1.89, 1.94 and 4.07 times higher than its 

corresponding values in Pond 2, Pond 3 and control, respectively. The values of Mg in the water 

samples from China quarry site increased from 2.06±0.04 in Pond 3 to 3.99±0.01 % in Pond 1, and 

the values are higher than 0.00 to 0.0150 % reported in pond water in a quarry site in Akure, Ondo 

State State, Nigeria (Akande and Jimoh, 2013). Also, the values of Mg in this study is well above the 

permissible limit of 50 mg/l (Mg) recommended by World Health Organization, (WHO, 2011) and 40 

mg/l (Mg) recommended by Federal Ministry of Environment (FMEnvi, 2011) (Table 7). 

  

Table 5: Macronutrients in pond water  
Samples Mn (%) K (%) Na (%) Mg (%) Ca (%) Co (%) 

P1 5.10a±1.27 1.78a±0.08 0.99a±0.08 3.99a±0.01 102.83a±0.59 14.14a±1.33 

P2 4.29a±1.10 1.15b±0.16 0.92a±0.04 2.11b±0.01 92.18b±1.31 12.23a±1.38 

P3 3.64a±0.91 0.99b±0.01 0.85a±0.13 2.06b±0.04 91.88b±0.18 12.15a±1.05 

Control  1.48a±0.74 0.06b±0.04 0.28a±0.04 0.98c±0.03 12.15c±1.05 4.46a±0.72 

Values are mean ± standard deviation of 3 replicates 
a,b,c,d,e Means in the same column with different superscripts are significantly different (P<0.05) 
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Table 6: Macronutrient content in granite chippings 
Samples Ca (%) Mg (%) K (%) Na (%) Co (%)    Mn (mg/kg) 

Dust 5.41a ± 0.01 3.23ab ± 0.01 0.24a ± 0.02 0.42a ± 0.00 1.40e ± 0.04  94.21a ± 0.13 

0.50 (unmixed) 5.32ab ± 0.01 3.16d ± 0.00 0.13d ± 0.00 0.29c ± 0.02 1.72b ± 0.01 90.68e ± 0.00 

0.50 (mixed) 5.36ab ± 0.06 3.20bcd ± 0.01 0.22a ± 0.01 0.41a ± 0.00 1.92a ± 0.02 93.20b ± 0.27 

3/8 inch 5.28bc ± 0.08 3.11e ± 0.01 0.18b ± 0.01 0.41a ± 0.00 1.54d ± 0.08 90.43e ± 0.11 

3/4 inch 5.20cd ± 0.01 3.17cd ± 0.00 0.15c ± 0.00 0.41a ± 0.01 1.36e ± 0.01 91.55d ± 0.35 

½ inch 5.00e ± 0.00 3.21bc ± 0.02 0.14cd ± 0.01 0.40a ± 0.00 1.40e ± 0.01 92.23c ± 0.32 

1 inch 5.11de ± 0.09 3.36a ± 0.04 0.14cd ± 0.00 0.42a ± 0.01 1.62c ± 0.01 92.17cd ± 0.33 

Hardcore 4.42f ± 0.00 3.04f ± 0.00 0.23a ± 0.00 0.33b ± 0.01 1.53d ± 0.01 84.80f ± 0.42 

Source: Ogbonna et al. (2020c) 

Values are mean ± standard deviation of 3 replicates 
a,b,c,d,e Means in the same column with different superscripts are significantly different (P<0.05) 
 

Table 7: Comparison of macro elements content in pond water with international and national 

standards 
Macronutrient This study   WHO 2003, 

2011   

NDWQS 

2007  

FEPA 1991 FMEnv 

2011  

DPR 

2002  

SON 2007  USEPA 

2018 

K  0.99-1.78 200  NA NA 50  NA NA NA 

Na   0.85-0.99 200  NA NA 120  NA 200  NA 

Ca  91.88-102.83  100  NA NA 180  NA NA NA 

Mg   2.06-3.99 50  150  NA 40  NA NA NA 

Mn  3.64-5.10 0.5  0.2  0.02-0.10  NA NA 0.05  0.05  

Co  12.15-14.14 NA NA NA NA NA NA NA 

 

The value of Ca (102.83±0.59 %) in water samples from Pond 1 is 1.12, 1.12 and 8.46 times higher 

than its corresponding values in Pond 2, Pond 3 and control, respectively. The values of Ca in the 

water samples at China quarry site increased from 91.88±0.18 in Pond 3 to 102.83±0.59 % in Pond 1, 

and the values are higher than 0.00 to 0.0200 % obtained in pond water samples in a quarry site in 

Akure, Ondo State, Nigeria (Akande and Jimoh, 2013) and 0.19116911 to 0.22470230 % obtained in 

surface water of Kenyir Lake, Malaysia (Hussain and Abdullah, 2018) (Table 8). The values of Ca in 

this study is higher than 100 mg/l (Ca) recommended by World Health Organization (WHO, 2011) 

and 180 mg/l (Ca) recommended by Federal Ministry of Environment (FMEnvi, 2011) (Table 7). The 

highest values of Mn (5.10±1.27 %), Na (0.99±0.08 %) and Co (14.14±1.33 %) were obtained in 

water samples collected from Pond 1 but the values are not significantly (P > 0.05) different from 

their corresponding values in Pond 2 (4.29±1.10, 0.92±0.04 and 12.23±1.38 %) and Pond 3 

(3.64±0.91, 0.85±0.13 and 12.15±1.05 %) but significantly higher than values in control (1.48±0.74, 

0.28±0.04 and 4.46±0.72 %). The value of Mn (5.10±1.27 %) in water samples from Pond 1 is 1.19, 

140 and 3.45 times higher than its corresponding values in Pond 2, Pond 3 and control, respectively. 

The values of Mn increased from 3.64±0.91 in Pond 3 to 5.10±1.27 % in Pond 1, and the values are 

higher than 0.41 to 1.02 % in pond water samples around Aviation quarry Zaria, Kaduna State, 

Nigeria (Chia et al., 2011), 0.000009 to 0.000084 % in pond water in a quarry (Garba et al., 2019) 

and BDL to 0.00000 % in quarry pond at Isinigbo/Igoba in Akure, Ondo State (Akande and Jimoh, 

2013). Similarly, the values of Mn in this study is higher than 0.5 mg/l (Mn) recommended by World 

Health Organization, (WHO, 2011), 0.2 mg/l (Mn) recommended by Standard Organization of 

Nigeria (SON, 2007) and 0.02 to 0.10 mg/l (Mn) by Federal Environmental Protection Agency 

(FEPA, 1991) (Table 7). The value of Na (0.99±0.08 %) in water samples from Pond 1 is 1.08, 1.16 

and 8.54 times higher than its corresponding values in Pond 2, Pond 3 and control, respectively. The 

values of Na increased from 0.85±0.13 in Pond 3 to 0.99±0.08 % in Pond 1, and the values are well 

above 200 mg/l (Na) recommended by World Health Organization, (WHO, 2011), 120 mg/l (Na) 

recommended by Federal Ministry of Environment (FMEnv, 2011) and 200 mg/l (Na) recommended 

by Standard Organization of Nigeria (SON, 2007) (Table 7). Similarly the values of Na in this study 

are above 0.00205 to 0.00300 % in quarry ponds in Lokpa-Ukwu and Lekwesi in Umunneochi, Abia 

State, Nigeria (Mbaneme et al., 2018) and 0.00000 to 0.000102 mg/l in quarry pond in Akure 

(Akande and Jimoh, 2013). The value of Co (14.14±1.33 %) in water samples from Pond 1 is 1.16, 

1.16 and 3.17 times higher than its corresponding values in Pond 2, Pond 3 and control, respectively. 

The values of Co increased from 12.15±1.05 in Pond 3 to 14.14±1.33 % in Pond 3, and the values are 

higher than 0.18 to 1.85 % in pond water samples around Aviation quarry Zaria, Kaduna State, 

Nigeria (Chia et al., 2011). The order abundance of macronutrient in pond water is in the increasing 

order:  Na < K < Mg < Mn < Co < Ca.   
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Table 8: Comparison with related studies  
 This study   Hussain and Abdullah  

(2018) 

Chia et al. 

(2011)  

Osakwe and 

Asuquo 

(2017) 

Ayoade and 

Nathaniel 

(2018) 

Omotosho et 

al. (2019) 

Enuneku et 

al.  

2017  

Fe  3.66-4.18 27.4709-52.4427  ND ND 0.35-1.37 22.39-24.03 ND 

Cd   0.01-0.02 ND ND ND 0.02-0.04 1.80-2.40 ND 

Ni  1.03-1.37 0.1699-0.7388  ND ND 0.05-0.15 ND ND 

Zn  2.47-3.17 1.0255-2.5341  ND ND 0.03-0.09 1.20-2.20 ND 

As  1.99-2.35 0.2564 -0.3556  ND ND ND ND ND 

Pb  6.70-7.87 ND ND ND 0.04-0.13 0.42-0.97 ND 

pH  6.86-7.39 6.84-7.13  5.9-8.3 7.13-8.15 7.53-7.59 6.30-9.00 6.12-6.31 

TA  96.30-104.10 ND 17.0 ND 39.14-46.05 ND 9.87-16.13 

 TS 401.58-427.09 ND ND 142-426 ND 1292-2704 15.29-23.70 

 TDS 328.26-335.19 15.93-16.71  209 132-430 249.96-264.94 1537.2-3472.5 7.42-19.43 

 TSS 111.48-115.68 1.28-4.44  ND 12.3-13.9 0.77-0.80 206-420 4.93-9.73 

DO  5.14-5.75 2.28 -6.88  5.35 6.79-8.48 4.23-6.34 3.50-5.20 2.04-4.27 

COD  59.55-61.28 4.70-8.20  ND 19.94-32.68  120-195 ND 

BOD  37.57-53.13 0.77-1.13  1.70 6.14-7.61 2.81-4.44 65-85 1.23-1.93 

Temp 30.32-30.67 30.91-31.40  26.9-28.7 ND 28.45-31.22 20-32 25.38-26.18 

K  0.99-1.78 891.1032-950.8119  ND 4.01-6.68 5.62-7.40 ND ND 

Na   0.85-0.99 ND ND 3.51-4.27 ND ND ND 

Ca  91.88-102.83 1911.6911-2247.0230  ND 8.30-18.9 ND ND 1.81-2.03 

Mg   2.06-3.99 430.8243-517.3665  ND 41.2-54.6 ND ND 1.17-1.52 

Mn  3.64-5.10 4.2531-5.5967  ND ND 0.50-1.29 ND ND 

Co  12.15-14.14 ND ND ND 0.03-0.04 ND ND 

  

4.0. Conclusions 

 

The results of the analysis of pond water from China quarry site indicate that quarrying is a potential 

source of contaminants to aquatic bodies. The concentrations of the potentially toxic element such as 

Cd, Pb, Ni, As, Fe and Zn are higher than the permissible limits recommended by the World Health 

Organization (WHO) and Standard Organization of Nigeria (SON). Similarly, the values of 

biochemical oxygen demand (BOD), chemical oxygen demand (COD), and Mn are higher than the 

permissible limit of World Health Organization (WHO) and Federal Environmental Protection 

Agency, FEPA. The values of DO and Ca are higher than the permissible limit of WHO while the 

value of TSS is higher than the permissible limit of FEPA. Thus, the workers at China quarry site and 

the inhabitants of Ngwogwo use water from polluted ponds. Therefore, it is recommended that quarry 

workers and inhabitants of Ngwogwo should be discouraged from making use of water from the 

ponds for domestic purposes and irrigation of crops during dry season. More so, Ebonyi State 

Government should demand comprehensive Environmental Impact Assessment (EIA) report from 

quarry operators before issuing operating license to them.  
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