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Abstract- The aim of this study was to measure the toxicity levels of heavy metals (Fe, Zn, Cu, Pb, Cd, Mn and Cr) found in 

tested vegetables (Spinach, Cabbage, Cauliflower, Brinjal, Lady’s Finger, Tomato and Radish) grown in contaminated Cement 

Factory area compared with those grown in reference Clean (control) area. When compared with the reference in contaminated area, 

water, soil and vegetables contents of all analyzed metals was significantly higher, usually over normally content for Fe, Zn, Cu, Pb, 

Cd, Mn and Cr. Particularly, higher values than safe limits were found for Pb, Cd, Mn and Cr in water and for Cd in soil and Pb, Cd 

and Cr were observed higher in leafy vegetable especially Spinach, in contaminated (Cement Factory) areas. In an attempt to 

understand the pattern of metal contamination in the area, useful tools including Enrichment Factor were also employed to indicate the 

sources of soil contamination were anthropogenic in character. 

 

Index Terms- Industrial Effluent; Industrial Pollution; Toxic Heavy Metals; Quantification; AAS;  Water Pollution;  cement 

factory (Industrial Area). 

I. INTRODUCTION 

 lthough all industries in India function under the strict guidelines of the Central Pollution Control Board (CPCB) but still the 

environmental situation is far from satisfactory. According to Kumar et al., (2003) Cement industry is one of the 17 most 

polluting industries listed by the Central Pollution Control Board (CPCB).Different norms and guidelines are given for all the 

industries depending upon their pollution potentials. Most major industries have treatment facilities for industrial effluents. But this is 

not the case with small scale industries, which cannot afford enormous investments in pollution control equipment as their profit 

margin is very slender. As a result in India there are sufficient evidences available related with the mismanagement of industrial 

wastes. Consequently, at the end of each time period the pollution problem takes menacing concern. During the past few decades 

Indian industries have registered a quantum jump, which has contributed to high economic growth but simultaneously it has also given 

rise to severe environmental pollution. Consequently, the water quality is seriously affected which is far above in comparison to the 

national and international standards. The surface water is the main source of industries for waste disposal. Untreated or allegedly 

treated effluents  have increase the level of surface water pollution up to 20 times the safe level in 22 critically polluted areas of the 

country. The problem of water pollution has become still worse due to toxic heavy metals. The increasing trend in concentration of 

heavy metals in the environment has attracted considerable attention amongst ecologists globally during the last decades and has also 

begun to cause concern in most of the major metropolitan cities. Untreated or allegedly treated industrial effluents and wastewater 

contains variable amounts of heavy metals such as arsenic, lead, nickel, cadmium, copper, mercury, zinc and chromium, which have 

the potential to contaminate vegetables growing under such irrigation. These heavy metals have a marked effect on crops and 

vegetables through which bio-accumulator enter the food chain and ultimately affect the human beings as well. Cement is produced 

world-wide in large amounts as an important binding agent for the construction industry. Cement factory through the release of waste 

effluents such as heavy metals (HM), generated in the process of crushing limestone, bagging, and transportation of cement are carried 

by wind and/or water and deposited on soil, plants and water bodies. Globally, the problem of soil contaminated due to heavy metals 

has begun to cause concern in most cities since this may lead to geoaccumulation, bioaccumulation and biomagnifications in 

ecosystem. Several studies have been carried out on effect of cement and stone dust on stomatal clogging of Iphonia grantioides Boiss 

leaves (Abdullah and Igbal, 1991), groundnut (Prasad and Inamdar, 1990), chlorophyll contents of selected plants (Shah et al., 1989), 

periodical effect on growth of some plant species in Karachi, Pakistan (Iqbal and Shafig, 2001), production externalities and 

profitability of crop (Tijani et al., 2005) and growth of Phaseolus vulgaris L. cv. (Ade-Ademilua and Umebese, 2007) in the vicinity 

of a Cement Factory, Nigeria. However, very limited studies have been carried out on cement site in India. Extensive literature search 

showed that very few or no apparent toxicity studies were undertaken on heavy metals concentration in soil and vegetables in cement 

factory locations in India. However wastewater uses for agricultural irrigation can have multiple benefits for almost all countries, but 

it is particularly beneficial and cost-effective in low-income arid and semi-arid countries. In such areas additional low-cost water 

resources can have a high payoff in human welfare and health, with increased possibilities for food production and increased 

employment opportunities for poor population groups living in the peripheries of towns and cities, which are the source of copious 

wastewater channel. However, in humid areas of low- and middle-income countries, including India, wastewater flows from large 

industrial areas are untreated and laden with heavy metals in the nearby farmlands, thus presenting a serious health risk when entering 

water sources used for irrigation. The use of wastewater for irrigating agricultural crops, including high-value crops such as fruits and 

vegetables is common practised in India because of the scarcity of clean water resources and because wastewater is seen by small-
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scale producers as a cheap means to improve soil fertility and add essential nutrients for their crops. Although wastewater has a high 

nutrient value, it also has a food-safety risk due to the possibility of the transmission of many diseases through consumption of 

wastewater irrigated crops and vegetables and  posing a potential human health hazard. In addition, farmers and irrigation workers can 

acquire toxic heavy metals due to direct contact with untreated wastewater and contaminated soils, especially if exposed for a long 

duration (Ensink, 2006). Despite this knowledge, it is often difficult to get farmers, particularly poor small-scale producers, to alter 

behaviour by applying risk-reducing practices to wastewater irrigation, because food production using wastewater generates 

significant livelihood1 opportunities (Buechler and Devi 2002a, 2003b; Hamilton et al., 2005; Toze, 2006). Therefore, effective risk 

reduction strategies must account for farmers’ practices and attitudes towards the adoption of intervention to mitigate these risks.The 

present day by day increasing tremendous industrial pollution has prompted to carry the toxicity study of heavy metals contamination 

on vegetables grown in the vicinity of Cement Factory, Rewa, India, which is considered as the India’s 3rd largest cement producer 

Factory in the country. It is estimated that up to 447.8 hectares of agricultural land in Rewa city is being irrigated with cement 

wastewater (According to J.P. Cement plants, official data). This wastewater had been generally used as irrigating crops and 

vegetables. Along the industrial agricultural land the water had supplied directly to the fields. No canals, tanks and/or cha nnelled to 

the fields for irrigation were available. Hence more than 94 per cent of the water supplied to the agricultural land to the industrial 

sites (Cement plants) of Rewa city returns as waste water. The discharge of untreated waste water into agricultural field had  made 

it highly polluted due to accumulation of heavy metals. Many of peoples in these sub urban area of Rewa city have been depending 

upon wastewater irrigated vegetables for their food requirement. Agriculture land livestock rearing had amongst the most impo rtant 

livelihoods of the villages. So the main purpose of the present study was to determine the toxicity level in vegetables due to 

wastewater from A Cement Factory in North- East Region of Rewa within a rural area with no other industrial source in the area. 

Specifically, the study focuses on the distribution of heavy metals in soils and vegetation around the Cement Factory. Enrichment 

Factor was also employed to improve whether the source was anthropogenic or natural in contents? 

 

II. MATERIALS AND METHODS 

EXPERIMENTAL  

Study Area  

          
Figure 1. Location site map for experimental sites 

 

The study area is bounded between 24
0
28’24” to 24

0
39’11” north latitude and 81

0
 05’46” and 81

0
17’23” east longitude (Approx). The 

J.P. Cement (Rewa) Limited  factory is operating a 2.8 MTPA cement manufacturing plant at Jaypee nagar which is 18 km north of 

the Rewa Township in the Rewa District . There are no other industrial developments within the area. The cement factory plays a 

significant role in the local building industry in the economy of Rewa. The annual rainfall of this region is 1139.15 mms and average 

maximum and minimum temperature are 36.8
0
C and 12

0
C respectively. More than 90% annual rainfall occurs during the monsoon 

months. The factory’s surrounding area is essentially rural with minor agricultural activities. Settlements are scattered houses at 

varying distances with the nearest settlement of about 200m. Three sites following different irrigation sources (Bela, Naubasta and 
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Bhiti) were selected as the experimental sites. Bela and Naubasta are two large industrial areas in which cements are produced. The 

bulk of this untreated industrial effluents are mixed with water which is known as wastewater, used to irrigate vegetables and Bhiti site 

was rural area where irrigation was done by clean (ground) water on agricultural land, was selected as control site, around the Rewa 

city. Map of the sampling site is shown in Figure 1. 

 

Sample Collection  

The sampling sites were selected in such a manner to cover the entire vicinity of the Cement Factory.  Surface water samples were 

taken from the route into which waste water from factory is discharged; but also from vegetable fields where wastewater was used for 

irrigation. As control, surface water was sampled in fields irrigated with clean (deep bore well) water. Wastewater irrigated soil samples 

were collected from the cultivated fields near the Cement Factories Bela and Naubasta Limited along a distance of 60m from the Factory. 

Soil Samples were taken from the upper (0-20 cm) of soil because of the surfaces effective upper depth of cultivated soils, within the 

experimental sites with the help of a 25 mm diameter stainless steel tube auger which was pushed to the required depth when the tube had 

been removed from the soil, the core was extruded from the corer with the aid of a stainless steel rod and packed into polyethylene bags. 

Clean water irrigated soils (control soil) was also sampled for comparison.Vegetable samples were taken in the agricultural fields around 

the commune where they were known to be affected by waste water and where they were not (control). Samples of seven different kinds of 

vegetables; leafy vegetables included Spinach (Betavulgaris L. CV. All green), and Cabbage (Brassica oleracea L. Var. Capatuta). 

Inflorescence vegetable included Cauliflower (Brassica oleracea L. Var. botrytis), Fruit vegetables included Lady’s Finger (Abelmoschus 

esculentus L.), Brinjal (Solanum melongena L.), Tomato (Lycopersicon esculentum L.) and Root vegetable included Radish (Raphanus 

sativus L.) were taken from the same experimental sites where waters and soils samples were taken .The detailed of the vegetable samples 

collected from the experimental sites are given in Table 1.  

 

Table 1: Description of vegetable samples analyzed 

Common   

Name 

Designation Scientific Name Edible Parts 

Spinach SP Betavulgaris L. CV. Leaf 

Cabbage CA Brassica oleracea L. Var. Capatuta Leaf 

Cauliflower CF                Brassica oleracea L. Var. botrytis          Inflorescence 

Lady’s Finger LF Abelmoschus esculentus L. Fruit 

Brinjal BR Solanum melongena L. Fruit 

Tomato TO Lycopersicon esculentum L. Fruit 

Radish RA Raphanus sativus L. Root 

 
Sample digestion 
Water samples were digested according to APHA, (2005); the irrigation water sample, 50 ml. was transferred into beaker and 10 ml. of 

concentrated nitric acid (HNO3) was added. The beaker with the content was placed on a hot plate and evaporated down to about 20 ml at 

80
0
C .The beaker was cool and another 5 ml. concentrated HNO3 was also added. The beaker was covered with watch class and returned to 

the hot plate. The heating was continued, and then small portion of HNO3 was added until the solution appeared transparent. The beaker wall 

and watch glass were washed with distilled water and the solution was filtered through whatman NO. 42 filter paper and the total volume 

were maintained to 50 mL with distilled water. Soil and vegetable samples were digested according to Allen et al., (1986). To 5g of each 

of the air dried and sieved samples was thoroughly grinded, 1.0g of each of the ground samples were placed in 100 ml beaker. 15 ml 

of HNO, H2SO4 and HCl mixture (5:1:1) of tri-acid were added and the content heated gently at low heat on hot plate for 2 hrs at 80
0
C 

until a transparent solution was obtained. After cooling, the digested sample was filtered using whatman NO. 42 filter paper. It was 

then transferred to a 50 mL volumetric flask by adding distilled water. Triplicate digestion of each sample was carried out together 

with blank digest without the sample. 

 

Sample analysis 

Concentrations of Fe, Zn, Cu, Pb, Cd, Mn and Cr in the filtrate of digested soil, water and different kind of vegetables samples were 

estimated by using an Atomic Absorption Spectrophotometer (AAS, Perkin Elmer analyst 400). The instrument was fitted with 

specific lamp of particular metal. The instrument was calibrated using manually prepared standard solution of respective heavy metals 

as well as drift blanks. Standard stock solutions of 1000 ppm for all the metals were obtained from Sisco Research Laboratories Pvt. 

Ltd., India. These solutions were diluted for desired concentrations to calibrate the instrument. Acetylene gas was used as the fuel and 

air as the support. An oxidising flame was used in all cases. Guideline for maximum limit of heavy metals (Fe, Zn, Cu, Pd, Cd, Mn 

and Cr) in irrigation water, soil and vegetable was adopted from the reference by Indian Standard, WHO/FAO, European Union 

Standard and USEPA (see table 2).  
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Table 2: Guideline for safe limits of heavy metals 

  Samples Standards Fe Zn Cu Pb Cd Mn Cr 

Water 

(mg L
-1

) 

Indian Standard (Awashthi 2000) NA 5.0 0.05 0.10 0.01 0.1 0.05 

WHO/FAO (2007) NA 2.0 0.20 5.0 0.01 0.2 0.10 

European Union Standards (EU2002) - - - - - - - 

USEPA (2010) NA 2.00 1.00 .015 .005 .05 0.10 

Kabata-Pendias    (2010) 0.80 NA NA NA NA NA NA 

Soil 

(mgkg
-1

) 

Indian Standard (Awashthi 2000) NA 300-600 135- 

270 

250-500 3-6 NA NA 

WHO/FAO (2007)  - - - - - - 

European Union Standards 

         (EU2002) 

NA 300 140 300 3.0 NA 150 

USEPA (2010) NL 200 50 300 3.0 80 NA 

Kabata-Pendias  (2010) 1000 NA NA NA NA NA NA 

Plant 

(mgkg
-1

) 

Indian Standard (Awashthi 2000) NL 50.0 30.0 2.5 1.5 NL NA 

WHO/FAO (2007) 450 60.0 40.0 5.0 0.2 500 5.0 

European Union Standards  

             (EU2002) 

NL 60 40 0.30 0.20 NL NA 

USEPA (2010) - - - - - - - 

Source: CPCB 

 

𝐄𝐧𝐫𝐢𝐜𝐡𝐦𝐞𝐧𝐭 𝐅𝐚𝐜𝐭𝐨𝐫(𝐄𝐅) 

The enrichment factor (EF) has been calculated to derive the degree of soil contamination and heavy metal accumulation in soil and in 

plants growing on contaminated site with respect to soil and plants growing on uncontaminated soil (Kisku et al., 2000).According to 

Ergin et al., (1991) and Rubio et al., (2000) the metal enrichment factor (EF) is defined as follows:  

Enrichment Factor (𝐸𝐹) =   
[𝑀𝑥 /  Mref]𝑆𝑎𝑚𝑝𝑙𝑒

 [𝑀𝑥 /  Mref]𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
 

 

Where M = Metal Concentration in soil sample and EF is the enrichment factor. (Mx/Mref)sample is the ratio of metal and 

(Mx/Mref)background is the ratio of metals and heavy metal concentration of a background. The background concentrations of metals 

were taken from an undisturbed area. 

Five contamination categories are recognized on the basis of the enrichment factor as follows: 

EF<2 is deficiency to minimal enrichment 

EF<2-5 is moderate enrichment  

EF<5-20 is significant enrichment  

EF20-40 is very high enrichment  

EF>40 is extremely high enrichment  

(Sutherland 2000) 

Despite certain short comings, the enrichment factor, due to its universal formula, is relatively simple and easy tool for assessing 

enrichment degree and comparing the contamination of different environment. 

 

Quality assurance 

Appropriate quality assurance procedures and precautions were taken to ensure the reliability of the results. Samples were carefully 

handled to avoid contamination. Glasswares were properly cleaned, and reagents were of analytical grades. Deionized water was used 

throughout the study. Reagent blank determinations were used to correct the instrument readings. For validation of the analytical 

procedure, repeated analysis of the samples against internationally certified plant standard reference material (SRM-1570) of National 

Institute of Standard and Technology were used, and the results were found within ±2% of the certified values. 

 

Statistical analysis 

The recorded data were subjected to two-way analysis of variance (ANOVA) to assess the influence of different variables on the 

concentrations of heavy metals in the vegetables tested. All the statistical analyses were computed with SPSS software version 17. 
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III. RESULTS AND DISCUSSION  

  

Metal concentrations in irrigation water and soil  

Tables 3 summarize the concentrations of seven heavy metals, respectively, in water and soil and samples collected in the vicinity of 

the J.P. Cement factories as well as control site. All the seventh elements display their presence in all the water and soil samples used 

for the study. It is clear from the results that the concentration of heavy metals in contaminated water (wastewater) samples obtained 

from the two source sites: Bela and Naubasta Cement Limited were significantly higher than those of the samples of control (clean) 

water obtained from Bhiti village (Table 3). In Bela and Naubasta Cement Limited sites, the concentration of Zn and Cu were 

however below the permissible limit set by Indian Standard (Awashthi, 2000), FAO/WHO (2007), EU Standard (EU 2002) And 

USEPA (2010), but the concentration of Pb by USEPA (2010), Cd by Indian Standard (Awashthi, 2000) and FAO/WHO (2007), Mn 

by FAO/WHO (2007) and Cr by Indian Standard (Awashthi, 2000) were higher than permissible limits. However, because no 

permissible limits were available for Fe, level of Fe suggested by Kabata Pendias (2010) was used for Fe and it was found that Fe 

concentration in all three sites were below the permissible level (see Table 2 Guideline & 3). In comparison of the concentration of 

heavy metals in contaminated water of J.P. Cement Factory Rewa with Cement Factory of NIGERCEM, Nigeria showed that Cd (0.04 

mg L
-1

) and Cr (0.149 mg L
-1

) were lower, but for Fe (0.298 mg L
-1

) and Zn (0.069 mg L
-1

) were higher during the present study. The 

data obtained from heavy metals in waste water from the present study varied more or less regularly with the findings of the other 

authors (Khan et al., 1998; Nakshabandi et al., 1997 and Sridhara et al., 2008).  

Soils around cement factories showed high concentrations of metals especially Cd ,which showed exceed the permissible limit set by 

EU Standard (2002) and USEPA (2010) (Table 2 & 3) on top soils of 0-20 cm deep. Since there were no other sources of 

contamination in the area, the source of Cd in soil may be attributed to dust particles from cement factory (Bela). The lower 

concentrations of remains heavy metals (except for Cd ) than the safe limits may be due to the continuous removal of heavy metals by 

the vegetables and cereals grown in this contaminated areas and also due to leaching of heavy metals into the deeper layer of soil 

(Singh et al., 2010). This highest conc. of Cd in contaminated soil of Bela Cement Factory was significantly higher than 3.02 mg/kg at 

Nigeria Cement Company (NIGERCEM) site reported by C. Ogbonna et al., (2011) but significantly lower than 7.84mg/kg reported 

by Mandal and Voutchkov (2011) in the vicinity of cement factory. Whereas the lower (within safe limits) concentration of all seven 

metals at control site, indicating that there were no sources of contamination in the area, hence the site is free of contamination, 

represented as control site. 

 

Table 3: Mean heavy metals concentration in irrigated water and soil 
SAMPLE SITES Mean Heavy Metal Concentrations  

Fe Zn Cu Pb Cd Mn Cr 

F
o

r
 

c
o

n
ta

m
in

a
te

d
 

w
a

te
r
  

 (
m

g
 L

-1
 D

W
) 

WWI-I 

 

0.689±0.445 0.248±0.005 0.041±0.013 0.067±0.013 0.031±0.006 0.375±0.024 0.077±0.010 

 

WWI-II 

 

0.371±0.093 0.109±0.0513 0.025±0.004 0.105±0.081 0.027±0.006 0.230±0.030 0.036±0.009 

 

CWI-III 

 

0.005±0.0032 0.003±0.0008 0.002±0.0008 ND ND 0.001±0.0002 ND 

fo
r
  

c
o

n
ta

m
in

a
te

d
 

so
il

  
 

(m
g

 k
g

 -1
d

w
) 

WWI-I 

 

174.38±3.39 163.42±5.77 29.19±3.03 20.08±1.74 4.03±0.053 66.08±2.41 21.05±0.779 

 

WWI-II 

 

185.22±6.12 156.95±11.06 40.70±4.95 14.47±0.799 3.24±0.353 57.88±3.03 24.84±2.02 

CWI-III 

 

61.01±8.25 43.75±6.71 16.54±2.87 7.4±1.04 0.65±0.023 44.52±9.38 5.76±2.27 

Mean±SD Values ; ND= Not Detected; Student t- test was done for mean heavy metal concentrations between WWI and CWI sites ; Level of significance: p<0.001 

  

Metal concentration in plants 
It is observed from the results Pb (8.9 mg/kg), Cd (2.39 mg/kg) and Cr (5.25 mg/kg) conc. in all vegetables (Highest for Spinach) 

exceeded the permissible limits for contaminated cement areas. Present study revealed that the conc. of Pb was exceedingly and/or 

slightly above in all seven vegetables at all sites including control and crossed safe limits. Pb concentration in all vegeta bles from 

both contaminated sites were exceedingly high whereas at control site, was slightly high concentration. As there was no industrial 

unit near the control area, it seems soil of that area naturally have high concentrations of those elements which may be come  from 

atmospheric deposition by air or other anthropogenic sources. Accumulation of Pb mainly due to J.P. Cement plants due to 

transportation, re-suspended road dust and diesel generator sets. The reason for highest Cd accumulation in contaminated vegetables 

especially for greens (Spinach) from cement factories was that they were Cd sensitive and relatively high Cd accumulators. Cd was 

easily taken up by food crops especially leafy vegetables. The concentration of Cd (2.39 mg/kg) was much higher than 0.85-1.186 

ppm and 0.92 ± 0.92 μg/g in greens and Piptatherum sp. around cement factories in Konya, Turkey (Onder et al., 2007) and Vallcarca, 

Spain (Schuhmacher et al., 20098), respectively. Plants absorb Cd from the soil via the roots (Pip 1991; McLaughlin et al., 1999) and 

can become toxic by displacing Zn (Singh et al., 2010).Also, comparable to others studies the highest mean concentration of Cd from 

cements factories was higher than 0.15-0.60mgkg
-1

 reported by Sardans et al., (2005). This was also similar to Demirezen and Ahmet 

(2006) that highest Cd accumulation in leafy vegetables from industrial area of Turkey and of Greece, reported by Fytianos et al., 

(2001). Present results are in conformity with Farooq et al., (2008), Singh et al., (2010), Sharma et al., (2010) Yogananda et al., 
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(2012) and Yadav et al., (2013) who reported that this high concentration of Cd in leafy vegetables might be a threat for the 

consumers. The highest Cr conc. obtained in this study was much higher than world average of Cr (0.06 mg/kg) reported by Forstner 

and Whittmann(1984). Also comparable to others studies the highest conc. was higher than concentration of Cr  (0.217 mg/kg) 

Industrial  site of Faisabad, reported by Farooq et al.,(2008) but several fold lower than Cr concentration in Spinach (70.79mg/kg) 

from Industrial area of Bellandur,Bangalore, reported by Ramesh and Murthy (2012).  

 

Enrichment Factor (EF) 

Tables 4 display a summary of the EF values for each heavy metal in terms of Different irrigation sources. According to Zhang and 

Liu , EF values between 0.5 and 1.5 indicate that a metal  is entirely from crusted material or natural processes, whereas EF values 

greater than 1.5 suggests that the source were more likely to be anthropogenic. The result of the present study showed that, the 

enrichment factor for Fe and Zn in all studied sites were within 0.5 and 1.5, indicated that factors mostly from natural sources. 

Enrichment factors (EF) for Cu showed that they were deficiency to minimally enriched (EF <2), since the EF values of the metal 

(Cu) were less than 2. Enrichment factors for Pb showed that with the exception of samples from CB-V CN-II CN-V and CN-VII sites 

Pb enrichment for all sites were moderately enriched (EF<2-5) whereas for Cd enrichment for all sites were deficiency to minimal 

enriched(EF <2) except  from CB-III CB-V and CN-VI which showed moderately enriched (EF <2-5) while for Mn samples from  

CB-VI CN-IV and CN-VII sites indicated that they were moderately enriched (EF <2-5) while from remaining site it showed 

minimally enriched (EF <2). Enrichment factors for Cr showed that Chromium is the only metal with significantly enriched (EF>5-20) 

from CB-V and CB-VII sampling sites while from remaining site it was found to be moderately enriched (EF <2-5). The result of 

the present study show that, with the exception of Fe and Zn enrichment, all the metals were over deficiency to minimally enriched to 

significantly enriched (EF>5-20)  in all the studied sites (Table 4 ). Since the EF values of the metals are greater than 1.5 (except for 

Fe and Zn) this indicated that the environment under the study is minimally/ moderately enriched to significantly enrich with all the 

metals. The differences in the EF values may be due to the difference in the magnitude of input for each metal in the soil and/or 

differences in the removal rate of each metal from the soil. All these prediction were made in accordance with Zhang and Liu 

(2002).Environment and human health impact of toxic trace metal contamination is a function of mobility and phytoavailalability The 

movement of heavy metal down the soil profile is often evident in high applications of heavy metals, usually in sewage sludge, in soils 

with low organic matter and clay contents, acidic conditions and when high rainfall or irrigation water rules have been applied. The 

movement occurs through soil macropores or cracks which is also referred to as preferential flow (Dowdy and Volk, 1983). 
 

Table 4: Values of the Enrichment Factor (EF) for heavy metals from the cement factories 

Sampling 

areas 

Enrichment Factor 

Fe Zn Cu Pb Cd Mn Cr 

CB-I 0.78 1.06 1.69 3.76 1.90 1.55 2.38 

CB-II 0.22 0.67 1.51 2.99 1.93 1.57 2.32 

CB-III 0.67 0.78 1.65 4.22 2.45 1.55 4.67 

CB-IV 1.29  1.06 1.89 3.90 1.78 1.90 4.90 

CB-V 0.57 1.40 1.50 1.95 2.99 1.89 7.00 

CB-VI 0.47 0.99 1.56 2.67 1.90 2.45 4.33 

CB-VII 1.23 0.98 1.85 2.45 1.60 1.50 10.95 

CN-I 0.65 1.04 1.79 2.55 1.56 1.67 2.99 

CN-II 1.18 0.55 1.56 1.89 1.88 1.59 2.67 

CN-III 1.29 1.00 1.50 2.41 1.52 1.94 3.09 

CN-IV 1.37 0.83 1.63 3.11 1.57 2.04 4.67 

CN-V 0.78 1.00 1.58 1.67 1.90 1.81 3.70 

CN-VI 1.16 0.57 1.77 2.56 2.15 1.55 5.00 

CN-VII 1.20 0.90 1.51 1.53 1.85 2.10 4.23 
                  CB= Contaminated areas of Bela cement Ltd; 

                  CN= Contaminated areas of Naubasta cement Ltd. 

 

 
 

IV. CONCLUSION 

Around the world as countries are struggling to arrive at an effective regulatory regime to control the discharge of industrial effluents 

into their ecosystems, Indian economy holds a double edged sword of economic growth and ecosystem collapse. Heavy metals 

accumulation increases with time in the soils when irrigation is carried out using wastewaters. In this scenario the present study gains 
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significance indicating the need for proper disposal of wastewater and further abatement of metal pollution and associated risk due to 

the consumption of foods grown on wastewaters. The present experimental data indicates high level of pollution along Cement 

Factories of Rewa, India. The experimental data suggests a need to implement common objectives, compatible policies and 

programmes for improvement in the industrial waste water treatment methods. It also suggests a need of consistent, internationally 

recognized data driven strategy to assess the quality of waste water effluent and generation of international standards for evaluation of 

contamination levels. The existing situation if mishandled can cause irreparable ecological harm in the long-term well masked by 

short term economic prosperity. The study showed elevated concentrations of metals in all environmental media suggesting a definite 

adverse impact on the environmental quality of the disposal area. All these studies have clearly indicated the distressing situation and 

warrant the need for controlling the metal pollution from industrial wastewater .From this study Concentrations of metals were found 

to be high in vegetables with special reference to Pb, which were found to be very high. 

 

REFERENCES 

[1] A.A. Tijani, O. Ajobo, M.S.V. Prasad, and J.A (1990). Inamdar. Effect of cement kiln dust pollution on groundnut. Indian Botany Contamination.7: 159-

162. 

[2] A.A. Tijani, O. Ajobo, A.A. Akinola (2005). Cement production externalities and profitability of crop enterprises in two local government areas of Ogun 
State. Journal of Social Sciences.11: 43-48. 

[3] A.L. Singh, R.S. Jat, V. Chaudhari, H. Bariya, S.J. Sharma (2010). Toxicities and tolerance of mineral elements boron, cobalt, molybdenum and nickel in 

crop plants. In: N.A. Anjum (ed.). Plant Nutrition and Abiotic Stress Tolerance II. Plant stress 4 (Special Issue 2). pp. 31-56. 
[4] Mandal, and M. Voutchkov (1011). Heavy metals in soils around the cement factory in Rockfort, Kingston, Jamaica. International Journal of Geosciences. 2: 

48-54. 

[5] Abdullah, C.M. and Iqbal. M. Z. (1991). Response of automobiles, stone and cement particulate matters on stomatal clogging of plants. Geobios. 1991, 18: 
196-201.  

[6] Al-Nakshabandi, G. A., Saqqar, M. M., Shatanawi, M. R., Fayyad, M. and Al-Horani, H. (1997). Some environmental problems associated with the use of 
treated wastewater for irrigation in Jordan. Agricult Water Manag. 34, 81-94. 

[7] Allen, S.E., Grimshaw, H.M., Rowland, A.P., (1986). Chemical analysis. In: Moore, P.D., Chapman, S.B. (Eds.), Methods in Plant Ecology. Blackwell, 

Scientific Publication, Oxford, London, pp. 285–344.  
[8] Awashthi, S.K. (2000). Prevention of Food Adulteration Act no 37 of 1954. Central and State Rules as Amended for 1999, Ashoka Law House, New Delhi. 

[9] Buechler, S., Devi, G.M., (2002a). The Impact of Water Conservation and Reuse on the Household Economy. In: Proceedings of the Eighth International 

Conference on Water Conservation and Reuse of Wastewater, Mumbai, September 13–14. 
[10] Buechler, S.J., Devi, G., Raschid-Sally, L., (2003b). Livelihoods and wastewater irrigated agriculture along the Musi River in Hyderabad City, Andhra 

Pradesh, India. Urban Agric. Mag. 8, 14–17. 

[11] Chauhan, G.,Chauhan, U.K. (2014). Risk assessment of heavy metal toxicity through contaminated vegetables from waste water irrigated area of Rewa 
(M.P.), India. International Journal of Advanced Technology in Engineering and Science , Volume No.02, Issue No. 08, pp 444-460; ISSN (online): 2348 – 

7550. 

[12] Chauhan, G. Chauhan, U.K.(2014). Relationship between heavy metal and transfer factor from soil to vegetable collected from waste water irrigated area of   

rewa (m.p.) india-"International Journal of Technical Research and Applications e-ISSN: 2320-8163, www.ijtra.com Volume 2, Issue 5 (Sep-Oct 2014), PP.  

37-41”.  

[13] Chauhan, G. Chauhan, U.K.(2014). Human health risk assessment of heavy metals via dietary intake of vegetables grown in waste water irrigated area of      
Rewa, India -"International Journal of Scientific and Research Publications (IJSRP), Volume 4, Issue 9, September 2014 Edition". 

[14] Codex Alimentarius Commission (FAO/ WHO), (2001). Food additives and contaminants. Joint FAO/WHO Food Standards Programme, ALINORM   

01/12A:1-289. 
[15] CPCB (Central Pollution Control Board), (2002). Parivesh, Newsletter from CPCB. Available at /http://www.cpcb.delhi.nic.in/legislation/ ch15dec02a.htmS. 

[16] Demirezen, D and A. Ahmet (2006). Heavy metal levels in vegetables in turkey are within safe limits for Cu, Zn, Ni and exceeded for Cd and Pb. J. Food 

Qual., 29: 252-265. 
[17] Dowdy, R.H., and V.V. Volk (1983). Movement of heavy metals in soils. p.229-240. In D.W. Nelson et al. (ed.) Chemical mobility and reactivity in soil 

systems. SSSA spec. pub. 11, SSSA and ASA. Madison, WI. 

[18] E. Pip (1991). Cadmium, copper and lead in soils and garden produce near a metal smelter at Flin Flon, Manitoba. Bulletin of Environmental Contamination 
and Toxicology. 46: 790 796. 

[19] EPA (1989). Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part A). Washington, DC: US Environmental 

Protection Agency, Office of Emergency and Remedial Response; Report nr EPA/540/1-89/002. 
[20] EPA (2010e). The limits of pollutants in food. China: State Environmental Protection Administration. GB2762 2005. 

[21] Ensink JHJ, Van Der Hoek W & Amerasinghe FP (2006) Giardia duodenalis infection and wastewater irrigation in Pakistan. Transactions of the Royal 

Society of Tropical Medicine and Hygiene 100, 538–542. 

[22] Ergin, M., Saydam, C., Basturk, O., Erdem, E., Yoruk, R., (1991). Heavy metal concentrations in surface sediments from the two coastal in lets (Golden 

horn Estuary and Izmit Bay) of the northeastern Sea of Marmara. Chem. Geo. 91,269-285.  

[23] European Union (2002). Heavy Metals in Wastes, European Commission on Environment (http: //ec.e uropa.eu/environment/waste/studies/pdf/heavy meta ls 
report.pdf ). 

[24] F.H. Shah, I. Ilahi, A. Rashid (1989). Effect of cement dust on the chlorophyll contents, stomatal clogging and biomass of some selected plants. Pakistan 

Journal of Science and Industrial Research., 35: 542-545. 
[25] Farooq, M., F. Anwar and U. Rashid (2008):Appraisal of Heavy metals grown in the vicinity of an industrial area. Pak. J. Bot., Vol.40 pp 2099-2106. 

[26] Forstner, U. and Wittmann, G. T. W. (1984). Metal Pollution in the Aquatic Environment. Springer Verlag, Berlin, Heidelberg. 486 

[27] Kisku, G.C., Barman S.C and Bhargava S.K (2000): Contamination of soil and plants with potentially toxic elements irrigated with mixed industrial effluent 
and its impact on the environment. Water Air Soil Pollut., 120, 121-137.  

[28] Fytianos, K., Katsianis, G., Triantafyllou, P., Zachariadis, G., (2001). Accumulation of heavy metals in vegetables grown in an industrial area in relation to 

soil. Bull.Environ. Contamin. Toxicol. 67, 423–430. 
[29] Hamilton AJ, Boland A, Stevens D, Kelly J (2005a) Position of the Australian horticultural industry with respect to the use of reclaimed water Agric Water 

Manage 71, 181–209 

[30] Hamilton AJ, Mebalds M, Aldaoud R, Heath M (2005b) A survey of physical, agrochemical and microbial characteristics of waste-water from the carrot 
washing process: implications for re-use and environmental discharge J Vegetable Sci 11, 57–72 

http://www.ijsrp.org/research-paper-0914.php?rp=P333126
http://www.ijsrp.org/research-paper-0914.php?rp=P333126


International Journal of Scientific and Research Publications, Volume 4, Issue 11, November 2014      8 
ISSN 2250-3153  

www.ijsrp.org 

[31] Kabata-Pendias, A., & Pendias, H. (2010). Guidline for Fe concentration for food safety. Safe levels of iron to prevent renal toxicity of human subjects. 

Journal of Nutrition 77: 791-1174. 
[32] Khan, Y. S. A., Hossain, M. S., Hossain, S. M. G. M. A.,& Halimuzzaman, A. H. M. (1998). An environment of trace metals in the GMB Estuary. Journal of 

Remote Sensing and Environment, 2, 103–113.  

[33] Kumar S.S., Ajay S., Sunisha B., Preeti S. Deepali S., (2003) .Impact Assessment of a Cement Industry on some Environmental Descriptors, M. Sc. 
Dissertation, School of Environmental Biology, APS University Rewa, India. 

[34] M.J. McLaughlin, D.R. Parker, J.M. Clark (1999). Metals and micronutrients — food safety issues. Field Crops Research. 60: 143-163. 

[35] M. Schuhmacher, M. Nadal, J.L. Domingo (2009). Environmental monitoring of PCDD/Fs and metals in the vicinity of a cement plant after using sewage 
sludge as a secondary fuel. Chemosphere. 74: 1502-1508. 

[36] M.Z. Iqbal, and M. Shafig (2001). Periodical effect of cement dust pollution on the growth of some plant species. Turkish Journal of Botany. 25: 19-24. 

[37] O.E. Ade-Ademilua, and C.E. Umebese (2007). The growth of Phaseolus vulgaris L. cv. Ife Brown (Leguminosae) in a cement site rich in heavy metals. 
Pak. J. Biol. Sci., 10: 182-185. 

[38] Ramesh H. L. and V. N. Yogananda Murthy, (2012). Assessment of heavy metal contamination in green leafy vegetables grown in Bangalore urban district 

of Karnataka. Advances in Life Science and Technology, 6:40. 
[39] R.G.D. Steel, and J.H. Torrie (1980). Principles and Procedures of Statistics: A Biometric Approach. Boston, MA: McGraw-Hill. 

[40] Rubio B., Nombela,M.and Vilas,F., (2000).Geochemistry of major and trace element in sediment of the ria de Vigo (NW Spain) an assessment of metal 

pollution, Marine pollution Bulletin, 40(11),968-980.  
[41] S. Onder, S. Dursun, S. Gezgin, A. Demirbas (2007). Determination of heavy metal pollution in grass and soil of city centre green areas (Konya, Turkey). 

Polish Journal of Environmental Studies. 16: 145-154. 

[42] Sardans, J. and Penuelas, J. (2005).Trace Elements in Some Mediterranean Plant Species. A Research Supported by Spanish government Project PEN – 
2003 -04871/GLO CGL – 2004 – 01402/BOS and by the European Project ALARM (FP6,Contract 06675). Chemosphere, 60 (205), 1293-1309. 

[43] Singh, A., Sharma, R.K. Agrawal , M.and Marshall, F.M. (2010): Risk assessment of heavy metal toxicity through contaminated vegetables from waste 

water irrigated area of Varanasi, India. Trop. Ecol., Vol. 51, pp 375-387. 
[44] Sridhara Chary N., Kamala C.T. and Samuel Suman Raj D. (2008): Assessing risk of heavy       metals from consuming food grown on irrigated soils and 

food chain transfer, Ecotoxicol. Environ. Safety.,Vol. 69, No 3, pp 513-524.  

[45] Sutherland, R.A., (2000). Bed sediment-associated trace metals in an urban stream, Oahu, Hawaii. Environ. Geol., 39: 611-37.  
[46] Toze, S (2006). Reuse of effluent water-benefits and risks Agric Water Manage 80, 147-159 

[47] USEPA (US Environmental Protection Agency) (2002). Region 9, Preliminary Remediation Goals.<http://www.epa.Gov/region09/waste/sfund/prg>. 
[48] U.S. Environmental Protection Agency (US EPA) (1989). Risk Assessment Guidance for Superfund: Human Health Evaluation Manual [part A]: Interim 

Final. U.S. Environmental Protection agency, Washington, DC, USA [EPA/540/1-89/002] 

[49] U.S. Environmental Protection Agency [US EPA] (2010). Integrated Risk Information System. Available at: http://cfpub.epa.gov/ncea/iris/compare.cfm 
[Accessed Jan. 08, 2010] 

[50] USEPA (2010). Risk-based Concentration Table. United State Environmental Protection Agency, Washington, DC. 

[51] WHO/FAO (2007). Joint FAO/WHO Food Standard Programme Codex Alimentarius Commission 13th Session. Report of the Thirty Eight Session of the 
Codex Committee on Food Hygiene, Houston, United States of America, ALINORM 07/ 30/13. 

[52] Yadav, A., Yadav, P.K. & Shukla, D. N. (2013). Investigation of Heavy metal status in soil and vegetables grown in urban area of Allahabad, Uttar Pradesh, 

India International Journal of Scientific and Research Publication, Vol. 3 Issue 9. 
[53] Zhang, J. and Liu, C. L. (2002). “Riverine composition and estuarine geochemistry of particulate metals in China-Weathering features, anthropogenic impact 

and chemical fluxes”, Estar. Coast. Shelf, 54, 1951-1070  

 

 

 
 

 

AUTHORS 

 Author – Geetanjali Chauhan (PhD Scholar), M.Sc. in Environmental Science, Allahabad Agricultural Institute- Deemed 

University,Allahabad . Email :geet.chauhan27@yahoo.com.   

 

Correspondence Author – Geetanjali Chauhan; Email : geet.chauhan27@yahoo.com; Contact No.  +918127453338. 

  

 

 

 

 

 

 

 

 

 

 

 

 

http://cfpub.epa.gov/ncea/iris/compare.cfm
mailto:geet.chauhan27@yahoo.com
mailto:geet.chauhan27@yahoo.com


International Journal of Scientific and Research Publications, Volume 4, Issue 11, November 2014      9 
ISSN 2250-3153  

www.ijsrp.org 

 

 

"Factory farming cement is one of the 

biggest contributors to the most serious 

environmental problems. Cement industry 

causes more heavy metals emissions than all 

the cars, trucks, planes and ships in the 

world. We must reduce all the emissions 

that are destroying the planet. We must go 

from capitalism to socialism." 
 


