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ABSTRACT 

Quarrying is an important economic 

activity carried out to meet the insatiable 

needs of man, however contaminated and 

suspended particulate matters that come 

with it poses greater danger to human and 

environmental health. The risk associated 

with heavy metals in vegetables grown 

around quarrying sites in Okigwe 

Southeastern Nigeria was investigated. 

Leaves of indigenous vegetables eggplant 

(Solanum melongena) and pumpkin 

(Telfairia occidentals) were assessed, using 

physical, chemical and risk assessment 

model. The concentrations of heavy metals 

(cadmium, nickel, lead, cobalt, iron and 

mercury) in vegetables grown around 

quarry sites were determined after 

digestion using atomic absorption 

spectrophotometer. Results obtained shows 

the concentration of heavy metal found in 

S melongena to be in the decreasing order 

of Fe >Pb> Co > Cd > Ni > Hg, while the 

concentration of heavy metals obtained in 

T. occidentals were found to be in the 

decreasing other Fe >Pb> Cd > Ni > Co. 

Results also showed that the concentration 

of cadmium and lead obtained were above 

the permissible maximum tolerable daily 

intake of 0.001 and 0.004mg per person 

as recommended by WHO/FAO. The 

hazard quotient for heavy metal in 

pumpkin decreased in the following order 

Cd>Pb Ni Fe Co while that of 

Solanummelongena were Cd >Pb> Co > Fe 

> Hg > Ni. The hazard indices also showed 

the eggplant (1.49) to have a higher value 

compared to the pumpkin vegetable (1.14) 

which showed the two vegetables exceeded 

unity. The study therefore established a 

high health risk associated with 

consumption of heavy metal contaminated 

vegetables grown in and around quarry 

sites. Regular monitoring of heavy metals 

in food stuffs is recommended to prevent 

excessive accumulation in food chain 

Keywords: Assessment, Heavy metal, Contamination 

INTRODUCTION 

Quarrying is a significant monetary 

activity which involves the extraction of 

non-fuel and non-metal minerals that are 

used principally in the construction 

industry. Notwithstanding, it is a 

significant wellspring of air pollutants in 

nature [1]. These toxicants are to a great 

extent particulate in nature, resulting 

from mechanical procedures, for example, 

smashing of rock/mineral into smaller 

sizes or through collection by buildup of 

gases and vapor. Suspended particulate 

matter from quarry sites is a noteworthy 

source of air contamination, the 

seriousness of which relies on 

factorssuch as local climate, particle load 

in the air, size and chemistry of the 

particles [2]. Particulate contamination 

from quarrying and other activities have 

been known to adversely affect human 

wellbeing, soil and air quality and on 

vegetation developing around them [3].  

Rock residue (granite dust) is a waste 

created during cutting and grinding 

procedure of rock stone. The waste from 

granite stone industry is a non-

biodegradable fine powder [4]. What's 

more, during the way toward mining and 

cleaning of granite, the residue causes a 

sickness condition called Silicosis, which 
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is a deadly, chronic, lung disease brought 

about by the inhalation of granite/silica 

dust by unprotected workers, and 

presumably those people whose living 

arrangement is within the vicinity of the 

stressed environment. These residues 

additionally cause Physiological 

modifications like; mutilated foliar 

structure and scraped spot of leaves and 

cuticles, necrosis and stunted growth. 

Inhibition of photosynthesis, stomata 

conductance and large, oxidative pressure 

and biochemical changes in foods grown 

within the vicinity of the stressed 

environment. [5].  The effects of 

quarrying exercises on organic products 

are noteworthy, and the collection of 

particulate matter on plant might be 

toxic and leads to health problems in 

people who consume the natural 

products. The reaction of plants to air 

contamination from a given source can 

likewise be analyzed by determining the 

air pollution tolerance index of such 

plants through the evaluation of pH, 

ascorbic acid, total chlorophyll, and 

relative water content of leaves.  

Plants, such as fruits and others play 

many roles including serving as a source 

of medicine, food and are basic in the 

stabilization of natural systems. They are 

stationary, and are subsequently a 

reliable means of monitoring air 

pollution from different sources 

including quarry sites. Their leaves and 

other parts additionally give covering 

that trap and collect particulate matter. 

Plants with higher length, such as, trees 

are known to suffer more pressure and 

damage.  

These Fruit alludes to sweet, leafy, edible 

parts of a plant that contains seeds, and 

is typically eaten raw, albeit a few 

varieties can be cooked. They come in 

wide assortment of colors, shapes and 

flavors. The common types of fruits that 

are promptly available include: Apples 

and pears, Citrus-oranges, grapefruits, 

mandarins and limes, Stone organic 

product nectarines, apricots, peaches and 

plums, Tropical and exotic bananas and 

mangoes, Berries-strawberries, 

raspberries, blueberries, kiwifruit and 

passion fruit, Melons-watermelons, rock 

melons, and honeydew melons, Tomatoes 

and avocados, which are broadly 

dispersed over the globe. Aside from the 

medical benefits got from eating these 

fruits, they likewise contain some basic 

macronutrients and micronutrients that 

are exceptionally basic for the body of 

man and animals that devour them [6]. 

Be that as it may, in the same way as 

other anthropogenic components, 

quarrying activities cause noteworthy 

impact on the environment [7]. 

Specifically, it is frequently important to 

blast rocks with explosives so as to 

extricate material for processing yet this 

technique of extraction gives rise to noise 

pollution, air contamination, damage to 

biodiversity and habitat destruction. The 

air contamination isn't just a disturbance 

(in terms of deposition on surfaces) and 

potential health consequences, 

specifically for those with respiratory 

problems, but dust can likewise adversely 

affect fruit plants, for example, blocking 

and damaging their internal structures 

and abrasion of leaves and cuticle as well 

as chemical effects which may affect long-

term survival. [8]; [9]. 

This work investigated the risk associated 

with heavy metals in vegetables grown 

around quarrying sites in Okigwe 

Southeastern Nigeria.  

MATERIALS AND METHODS 

Sample Collection 

Fresh samples of fruits and vegetables were collected randomly from a quarry site in 

Umunochi, Abia State, Nigeria. 
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Figure 1: Image of samples; (A): Eggplant (Solanummelongena), (B): Pumpkin 

(Telfairiaoccidentalis). 

Proximate analysis 

The proximate analysis for each of the 

plant sample was carried out using 

standard methods described by 

Association of Official Analytical 

Chemists [10].  

Heavy Metal Analysis 

The heavy metal present in each sample 

was analyzed using Atomic Absorption 

Spectrophotometer (AAS). 

Sample preparation 

Each sample was washed thoroughly with 

water, and allowed to dry. After drying, 

the samples were pulverized using clean 

mortar and pestle, so as to achieve a 

proper mixing. Finally the sample were 

digested by weighing 5gm of the sample 

using electronic weighing balance, into 

250ml conical flask and 30ml of Aqua-

Regia (i.e. mixture of HNO
3

 : H
2

SO
4

 : HCl). 

The mixture was heat on a hot plate 

between 150-200
0

C, until the volume 

remain 7-12ml. the digest was filtered 

using Whatman filter paper and the 

volume made up to the mark in 50ml 

volumetric flask by adding ionized water 

and was stored in a plastic container for 

AAS analysis. 

The digested sample was thoroughly 

mixed by shaking, then 50ml of the 

digested sample was transferred into a 

glass beaker of 250ml volume, the sample 

was aspirated into the oxidizing air-

acetylene flame or nitrous oxide flame of 

AAS. When the aqueous sample was 

aspirated, the sensitivity for 1% 

absorption was observed. The absorbance 

of the sample was correlated to obtain the 

concentration of metal in the sample from 

the standard calibration curve plotted by 

the AAS. 

Statistical analysis 

Statistical analysis of data was carried out 

using ANOVA. The estimated daily intake 

dose was calculated as follows: 

EDI =  

Where C
i

(mg kg
-1

) is the concentration of 

heavy metals in edible portions of 

vegetables (I = heavy metal e.g. Co, Cd, Pb 

etc.) 

IR (g per day) = the average daily 

consumption of vegetables 

BW (kg) = average body weight 

Metal hazard quotient (HQ) was calculated 

as follows: 

HQ =  

Where EDI (mg kg
-1

) = Estimated daily 

intake dose 

RfD (mg/kg/day) = Reference dose [11] 

Hazard index: Metal pollution index is 

calculated as the geometric mean of 

A B 
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concentration of all metals in edible part 

of plant. [12] 

MPI (mg/kg) = (C1 X C2 --------- X Cn)∑
1/n 

n 

 

RESULTS AND DISCUSSION 

Results for proximate analysis 

The result for proximate analysis and 

heavy metal analysis of the vegetable 

samples are stated in Table 1.  The result 

of the proximate analysis showed that the 

percentage moisture content, ash content 

and crude protein are higher in the 

eggplant. This is presented in the table 

below. 

 

Table 1: Result of proximate analysis of Eggplant and Pumpkin plant around quarry site. 

Parameters Eggplant Pumpkin 

Moisture content (%) 

Ash content (%) 

Crude Protein 

66.10 

7.83 

20.56 

14.55 

4.00 

19.69 

 

Result for Heavy Metal Analysis 

Table 2: Results of heavy metal concentration (mg/kg) in Eggplant and Pumpkin planted 

around Quarry site. 

HEAVY METAL 

(mg/kg) 

WHO/FAO Permissible 

values (mg/kg) 

Egg plant Pumpkin  

Cadmium (Cd) 

Nickel (Ni) 

 Lead (Pb) 

 Cobalt (Co) 

Mercury (Hg) 

 Iron (Fe) 

0.2 

< 1.0 (0.5) 

0.5 

2.0 

0.05 

2.5 

 

3.02 ± 0.03 

0.22 ± 0.03 

4.96 ± 0.06 

3.62 ± 0.11 

0.02 ± 0.01 

42.26 ± 0.13 

3.52 ± 0.04 

0.16 ± 0.03 

3.36 ± 0.03 

0.08 ± 0.03 

ND 

12.86 ± 0.04 

Where ND = Not Detected 

 

Calculated Hazard quotient and Metal 

hazard index of Eggplant and Pumpkin. 

It was observed that cadmium had the 

highest hazard quotient, followed by lead. 

Mercury was only detected in the 

eggplant. Also, pumpkin had a slightly 

higher hazard quotient for cadmium than 

the eggplant, but in the case of lead, the 

quotient was higher in the eggplant. On 

the other hand, the hazard index for both 

the eggplant and pumpkin exceeded 

unity. These are shown in tables 3 and 4 

below. 

 

Table 3: Hazard Quotient (HQ) of Vegetables planted Around Quarry Site 

Metal HQ for Eggplant HQ for Pumpkin 

Cd 

Ni 

Pb 

Co 

Hg 

Fe 

16 

0.05 

6.5 

0.44 

0.2 

0.35 

17 

0.04 

4.5 

9.3 x 10
-3

 

ND 

9.6 x 10
-2

 

ND = Not Detected 

 

Table 4: Hazard index for Eggplant and Pumpkin planted around quarry site 

 Eggplant Pumpkin 

Hazard index 1.49 1.14 
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DISCUSSION 

The results of heavy metals concentration 

in selected vegetables obtained in this 

study are shown in table 2 above. Heavy 

metals have been widely acknowledged to 

adversely affect the nutritive values of 

agricultural produce on account of their 

deleterious effect on human beings. 

Therefore, national and international 

regulations on food quality have set the 

maximum permissible levels of toxic 

metals in human food. As such, an 

increasingly important aspect of food 

quality assurance has been to control the 

concentrations of heavy metals in food 

[13].  

From the results, mercury being highly 

toxic metal  that targets the liver, immune 

system and the pituitary gland, causing 

untold damage that sometimes result into 

death was only detected in eggplant with 

concentration, less than the permissible 

value from WHO/FAO. Previous research 

has shown some appreciable amount of 

Hg, in fruits and vegetables. [14], 

reported high mercury content 0.16 and 

0.77 mg/kg in mango and pawpaw, 

respectively all of which are contrary to 

the results of this study. 

It was observed in this study that the two 

vegetables (eggplant and pumpkin) 

accumulated lead beyond tolerable limits 

for human consumption. Lead is a serious 

cumulative body poison which enters into 

the body system through air, water and 

food and cannot be removed by washing 

fruits and vegetables [15]. Accumulation 

of Pb in these food items beyond tolerable 

levels calls for some intervention. The 

concentration of cadmium (Cd), as 

observed in the vegetables was 

substantially higher than the maximum 

permissible values, while the 

concentration of cobalt (Co) is slightly 

higher in eggplant, but lower in pumpkin. 

The concentration of nickel (Ni), as 

observed in the vegetables was 

substantially lower than the maximum 

permissible values.  

Hazard Quotient. 

The findings show that hazard 

quotient(HQ) values of all heavy metals 

were<1 in all the vegetables except for Pb 

in eggplant and pumpkin; and Cd also in 

the eggplant and pumpkin (Table 3) 

When HQ exceeds one, this means there 

are potential health effects from exposure 

[16]. The high HQ for Pb observed in 

Eggplant (6.5) and pumpkin leaf(4.5) has 

significant carcinogenic health 

consequences to consumers. High HQ for 

Pb was also reported in China and India 

[17]; [18]. Although there was no apparent 

health risk to localpopulation due to 

consumption of individual metal present 

in the vegetables (except for Pb in I. 

batatas and A. hybridus), the potential 

risk could be multiplied when considering 

all the heavy metals together [5]; [6]. 

Hence, estimation of hazardindex (HI), 

which takes care of the chemical 

mixtures, is veryimportant in assessing 

multiple effects of the heavy metals. 

Hazard Index (HI). 

The results in Table 4 show that the 

highest HI for eggplant (1.49) and 

pumpkin (1.14) exceeded unity. When the 

HI surpasses unity, this tells us that 

eating of the food can cause health effects 

[4]; [5]. In the studied vegetables, the total 

HI is dominated by Cd and Pb 

contributions, that is, 69.4% and 27.7% in 

the eggplant; 72.3% and 20.1% in the 

pumpkin. 

CONCLUSION  

In summary, the results revealed that Cd 

and Pb contents were higher than the FAO 

standards in the vegetables studied. The 

presence of Hg inthe eggplant calls for 

serious concern. The findings on the 

hazard quotient (HQ), and hazard index 

(HI) revealed that consumption of 

eggplant and pumpkin from this 

site could pose carcinogenic risks to 

human health due to high level of lead 

(Pb). No matter how low levels of heavy 

metals are present in vegetables, their 

presence is not desirable. Therefore, this 

study suggests the regular scrutiny of the 

heavy metals present in soil foodstuff to 

avoid extreme accrual in the food chain 

and thus elude human health risks. 

Consequently, this study encourages 
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environmental protection agencies, 

administrators, and public health workers 

to create public awareness to avoid the 

consumption of vegetables grown in 

contaminated soils, hence reducing health 

risks. 
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