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Abstract 

The current study was designed to evaJume heavy IllClaJs (Ni . Cr. Ft!, Cu. Cu. Mil. 1) [1. 

Zn. Cd) contamination in water. soil. and food crops (edible pans) V.iilh di lTc n:nl 

irrigation sources from Sialkot and Wazi r!:lbad cities known ror industrial Ilctivitil!s for 

possible potential human health risk. Surface soil and 12 food crops irr igated with 

waste, tube well water and unknown sources were ana lyzed through atom ic 

absorpt ion spectrophotometer for selected heavy meta ls analyses. All tbe metal s 

except Cd in the soil and Cd, Pb. Cu. Cr in the irrigation wale I' and Cd, Pb. Cr in the 

food crops samples were within permissible limits . Mean concentrations o f Cd (0.27-

0.64 and 0.14-0.44 mgtJ) and Cr \ 1.8-18.2 und 0.27-1.67 Illg/l) in both \vaSll' Llild luhl.: 

well water and e ll (0. 18-0.66 mg/I) and Pb (3.08-7.3J mg/l) in the \\ll:"!L'\I;lIl'!" 

e,xceeded the pennissible lim its sel by FAO 19H5. Cd tom:t'nJraliuJ1 In hlllil I\'l;-.I( 

U,13- 1 1.13 mg/kg) and tube we ll water' (1.28-4 .18 mglkg) irrigated ,'ioil s \~t.·r'L: uhplt' 

the European Union standard . 2002. All the food {TOPS irrigaled with l\tl sl!.'. tllh..: I,"{'II 

and unknolvn sources accumulated high levels of Pb (22.4-40.8S. IS.28-26.7lJ. I H-

32.26 mg/kg) and Cd (1.18-3.81 , 0.41-1.20, 0.97-2.82 mg/kgJ that tan puse human 

health risk , while. Cr conccmratiol1s in wastewater and unknQ\ovl1 irrigllted lood crop~ 

wercabove the permissible WHO/FAD, 2007 Umils . 

Plant concentr<lt ion factor (peF) was > 1 for Mn and Pb in diffen:nt food ('rops i l1 

part icular to leafy vegetables. The Pb showed higher HRI> I in all t.he food crops 

irrigated with three irrigat ion sources. Cd for all IIle vegetables irrigllted wi th waste 

and unknown practices posing deleterious human heal th risk. wh ile Health risk index 

W:J S < I for Mn in unknown and tube we ll irrigaled food crops- except Splllfll-'lfI 

oleracea irrigated with wastewater. The study insights tlm t wast{'w'lIl.:r irrigau:J 

samples revealed higher health risk as compared III lInkncl\\l1 and lllht' Ill'll \\:111.:1' 

irrigclted samples. Prior tn.:all11enl o r W(ls t(! waleI' and ils rnulitll.: tlhltlll{,rrtlg \ .. 

suggcsteJ 10 avoid pussible !.' onl:HllitlHlioll or food chain, 

IV 



Chapter 1 Introduction 

Introduction 

Enhancement of perilous impacts on ecosystem due to toxic metal s 

contamination has become problem at local , regional and global level (Mal ik and /.eh . 

2009; Malik et ai. , 2011) . The current growing global problems in regard to 

environment are the toxic metals that have enhanced hazardous impacts on organisms 

(Zheng et ai. , 2007). Heavy metals pollution is well known for their toxic, ubiquitous, 

non degradable and accumulative nature (Dong et ai. , 2010). Heavy metals are non 

biodegradable due to their long half lives, have the potential to accumulate in different 

body parts to produce dangerous side effects. Heavy metals are suspected to enter into 

the envirolUnent as a result of natural and anthropogenic activities like mining, parent 

rock material , agricultural practices , waste disposal, sme lting. sewage s lud ge and 

wastewater irrigation practices (Jarup, 2003 ; Sathawara et al.. 2004: Cui t.:t al.. l O() .. let. 

2005b). Worldwide rapid urbanization and industriali zation in 20lh ce ntul") . hus 

dramatically increased the discharge wastewater (effluents and municipa l V\ C\ SlI' S) 

accompanied with variety of toxic pollutants (including tox ic metals) (S in gh a nd 

Agrawal, 2009; Ping et ai. , 2011). A ll such kinds of po llutant accompani ed w ith 

heavy metals made their way to water channels that further used for irrigation 

purposes of vegetables, cereals crops etc . 

1.1 Wastewater irrigation practices 

Wastewater is extensively used in different parts of world including developing 

and developed countries from Asia, Europe, South America and United States of 

America for the purpose of crops irrigation. The lands with 1.33 x 106 ha, 70 ,000 ha 

of China and Mexico are irrigated with processed wastewater. The central va lle y a nd 

coastal areas of California are in claim to irrigate their land w ith tOlal or 7R % oj" 

wastewater, whi le in India 2600 Mm3 of wastewater is in I ~wor Cor their cmps 

irrigation. Wastewater is also used in 13 problematic region of' G reece ror vege tah les 

production (Van der Hoek, 2004; Kalavrouziotis et aI. , 2008 ). 

Total of 20 million ha of land are irrigated with wastewater throughout the world and 

the food crops contaminated with these wastewater are consumed by the world 10% 

population (Hamilton et ai. , 2007; WHO, 2006) . 

Human Health riskfrom toxic chemicals via consumption of food crops in th e vicinity of 
selected industrial areas, Pakistan Page 1 



Chapter 1 Introduction 

The water available for irrigation purpose in Pakistan is about 172 billion Ill ] 

that is not the abundant quantity of water to fulfil crops prerequisite (Abbas ct al .. 

2007). Pakistan produced total of 26% of vegetables with these waste water (A /\TSL. 

2004; Ensink et ai. , 2004). According to 1998 population census report the tot al 

sewage discharge capacity in 14 problematic cities of Pakistan was 1.83 x 107 Ill ; II I 

(FAO, 2002). Wastewater irrigation for food crops is the most familiar practices in the 

urban, suburban and agricultural areas of Pakistan. Waste water refers to the 

marginal-quality water that originates from urban and suburban regions and nowadays 

got their values in water scanty areas for their irrigation. Marginal water comprised of 

domestic and industrial effluents posing risk to food crops and human health, if used 

without prior treatment (Srinivasan and Reddy, 2009). Wastewater is not only famous 

for organic matter and nutrients deposition but also act as an elevated source of 

different kind of heavy metals. However long term usage of wastewater for food crops 

productivity would leave deleterious effects on plants due to their increas ing 

concentrations of heavy metals (Sarfaraz et a!. , 2007) . 

1.2 Impacts of wastewater on Soil 

Soil as a sink, translocate toxic metals to other environmental compartment s 

Viz: water, air, plants etc. , resulted in food chain contamination and linall)' to 

humans . Soil allows depositing notable concentrations of heavy metal s due to waste 

water irrigation. Soil fertility or alkalinity may be effected due to irrigation practices 

of industrial effluents with passage of time in the agricultural land (Kumar and 

Chandra, 2004; Rattan et ai. , 2005) . The ability of soil to retain heavy metals 

decreases due to long term waste water irrigation, because in such cases the soil will 

prefer to leach down or release trace metals for absorption to plant into water or soil 

solution and this wastewater irrigation practices of food crops act as important route 

for metal translocation (Rai and Tripathi , 2008). 

Metals for their persistence nature in soil become avai lablc: for plant roul and 

easily trans locate to the leaves and edible part of plants (Singh et 211. . 2004 : Bnrll1<ln el 

a!. , 2000) . However the low hori zon of soil is considered to be the Icast mctal s 

accumulator than the uppermost layer of soil because of their low mobility (Sallllasi 

and Tavassoli , 2006; Lamy et ai. , 2006; Murtaza et ai. , 2008 ; Hussain et a!.. 2010 ). 

The overcrowding of heavy metals in soil potentially degrades health of the so il and 

Human Health riskfrom toxic chemicals via consumption of food crops in the vicinity of 
selected industrial areas, Pakistan Page 2 



Chapter 1 Introduction 

also to contaminate food chain mainly due to the food crops grown on such soil 

(Rattan et al. , 2002). Heavy metals accumulate in higher ratio in food crops irrigated 

on contaminated soil to non contaminated soil (Marshall et a!. , 2007: Sharm a ct a l .. 

2006a, 2007b) . So il and vegetables are contaminated strongly with Cd and Pb nr 
Copsa mica and Baia mare, Romania, and have decreased the chances or human Ii f'c 

in the residency area to reduced average age at death by 9- 10 years (Laca tusu et 21 1 .. 

1996). In agricultural soi l China, heavy metals and metalloid is of great concern in 

regard of food safety and health risk issues with their deleterious impact o n soil 

ecosystems (Hu et al. , 2004; Sun et al. , 2005 ; Zhang, 2005 ; Zhu et al. , 2005; Li et a!. , 

2006). Heavy metals experiences an adverse effect on human health due to soil 

contamination when come in contact or due to transfer (De Miguel et a!. , 1998; 

Mielke et al. , 1999; Madrid et al. , 2002; Cui et al., 2004). 

1.3 Impacts of wastewater on Plants 

Plant acts to exchange elements between living and nonliv ing environment in 

the natural ecosystem (Chojnacka et aI. , 2005). Heavy metal s settled at hi gh 

concentration in the root region as compare to shoot, while the lowest concentrati o n 

was observed among edible parts (Kal avrouziotis et a!. , 2008 ). Food crops a rc 

considered as composite of carbohydrates, minerals, proteins, vitam ins and essentia ls 

metals (Macro and Micro nutrients), having important paJ1 of our diet and al so with 

some toxic elements (Thompson and killey, 1990; Khan et a!. , 2008 ). 

Plants are also renowned for their absorbance capacity of heavy metal s from 

the polluted soil and their deposition as dust particles on the surface o f p lants 

(Khairiah et al. , 2004; Chojnacha et al. , 2005). Different species of food crops show 

different accumulation rates to heavy metals due to their absorption capacity and 

tolerance limits at varying levels of sewage sludge amendments (Bhogal et al. , 2003 ; 

Garrido et al. , 2005; Lavado, 2006; Singh and Agrawal , 2008). Properties of soil and 

types of food crops are the main factors that influence heavy metals. Heavy metal s 

intensively bioaccumulate in leafy vegetables in high proportion as compare to other 

food crops (Adriano , 2000) because of their broadened leaves or due to higher 

transpiration and translocation rates (Itanna, 2002). 

The metabolic pathways in plants are a lso destabili 7.ed by the presence o r 

heavy metals in the soil , which in turn reduce yie ld of vegetabl es (A I-Q urain y <l nd 

Human Health riskfrom toxic chemicals via consumption of food crops in th e vicini ty uf 
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Chapter 1 I ntrod uction 

megeed, 2009). Heavy metals like Cadmium and Lead have a negative role to inhibit 

photosynthesis activity, process of transpiration, metabolism of carbohydrates and 

various kinds of activities concerned to metabolism in plants (Chandra et al. , 2009). 

The food crops cultivated on such polluted soil become an exposing way to organisms 

with heavy metals via food chain. 

1.4 Effect on Human health via food crops consumption 

Contaminated food crops consumption with heavy metal s can a lso deplete the 

essential nutrient of body that are responsibl e further for various disorders (Lyent'-a r 

and Nair, 2000; Turkdogan et al. , 2002) . Food safety is a major problem wor ld wid l' 

but growing demand for food and its safety have broaden the researchers attenti on 

toward the risks associated with the consumption of contaminated food stutTs i.e . 

heavy metals in the vegetables (Mello, 2003; Gholizadeh et al. , 2009). Food 

consumption is a major contributor pathway (more than 90%) to human exposure than 

other pathways (Loutfy et al. , 2006). Heavy metals intake via food chain by human 

population throughout the world is broadly recorded (Muchuweti et al. , 2006). 

The possible Human health related and environmental problems are produced 

due to excessive concentration in human tissues and their biomagnifications via food 

chain (Krogmann et al. , 1999). Heavy metals accumulate in li ving organism' s bod y or 

tissue through the main route of food chain ex posing greater hea lth risk to an imal s 

and humans as long with passage of time (Sarfaraz et al .. 2007). Hea vy mcta ls 

accumulation (Cd, Pb, Cr) can led to severe hea lth problems in the human hodv 

(Oliver, 1997), while Pb and Cd are also renowned lo r their mutage nes is. 

teratogenesis and 
. . 

carcmogenesls behaviour (Radwan and Sa lama. :20()6 ). 

Cardiovascular, kidney and bone diseases (larup, 2003). This elevated level of heavy 

metals concentrations is causative for several lethal diseases among which kidney , 

autoimmunity are of great concern, depending on their exposure frequency and 

duration (Kerkvilet, 1995). Trace metals are also responsible for other problems in 

human like to stimulate genomic instability (Coen et al. , 2001), endocrine disruption 

(Dyer, 2007), Neurotoxic (Myer et aI. , 1997), and damage blood neutrophils 

(Mushtakova et al. , 2005). Contaminated food with these meta ls can ex peri ences 

major problems in case of their hea lth perspective such as dec reased immunological 

defenses, intrauterine growth retardation and impa ired psycho-social beh<l\ illl' 

Human Health riskfrom toxic chemica ls via consumption of food crops in the vicinity oj 
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Chapter 1 Introduction 

disabilities associated with starvation and a high occurrence of upper gastrointestinal 

cancer (Scott et ai., 1996; Arora et a i. , 2008). High intensity of Cd exposure may 

observe pulmonary and renal effects (European Union, 2002 ; Young, 2005). Other 

heavy metals problems recorded were diarrhoea, stomatitis , tremor, hemoglobinuria 

caUSll1g a rust-red Color to stool , ataxia, paralysis , vomiting and convulsion, 

depression and pneumonia (McCluggage, 1991). Zn and Cu considered be i ng 

essential metals but their excessive accumulation in food crops led to tox icity in 

humans and animals (Kabata-Pendias and Mukhelj ee, 2007). TLirkdogan et al. (20()2) 

stated that in Van Turkey cancer rates of upper gas trointestinal increases due tll the 

heavy metals in soil and vegetables. Heavy metal s are considered to he hi gh ly [():\il' 

due to their low solubility in water and in the body. They are hardl y removcd frolll the 

body of human and animals even at their low concentration (Arora et aI. , 2008). 

Most of the industries in Pakistan discharge their huge quantities of was tes 

along with toxic chemicals i.e. heavy metals that vary from the type of industry in 

Pakistan. In Faisalabad, Pakistan, Qadir et al. (2000) have reported several fo ld higher 

concentration of Cd in wastewater than permissible level. Several other studies have 

noticed that industry wastewater of the major cities of Pakistan had higher Cd, Pb, Cr 

concentrations (Hussain et aI. , 2006; Khan et aI. , 2007 ; Murtaza et aI. , 2008). whil e 

Tariq et al. (2006) observed high level of Cr and Pb in wastewater drains of Peshawar 

city than the safe limits . Two rice variet ies a long the bank of Null ah Dek in 

Sheikhupura, Pakistan irrigated with this water with heavy metals 'We re a lSll 

investigated (Sarfaraz et aI., 2007). 

Nullah Aik and Nullah Palkhu are the most polluted streams pass in g thl'Ou gh 

the industrial city of Sialkot and Wazirabad, receiving most of the industri als 

effluents , urban and domestic sewage and municipal wastes of the above c it ies . I'he 

farmers irrigated their food crops in the vicinity of both the Nullahs by thc 

wastewater. This wastewater will subsequently builds up toxic chemicals , especiall y 

heavy metals in the soil and vegetables (Kumar and Chandra, 2004; Rattan et aI. , 

2005 ; Singh et aI. , 2004; Sharma et aI., 2007; Marshall et aI. , 2007) . 

The existence of heavy metal in environmental samples (so il , sediment, water and 

biota) can cause a potential risk to human health . It is necessary to monitor hum an 

exposure to toxic and trace metals (Arain et aI. , 2009). Thus information about heavy 

metals accumulation in food crops and their dietary intake is necessary fo r asscssi ng 

Human Health risk from toxic chemicals via consumption of food crops in the vicinity oj 
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their risk to human health. No previous data and scientific work is availab le on th e 

assessment of heavy metals in food crops and potential human health ri sk vIa 

consumption of these food crops from different irrigation sources. This was the first 

study to evaluate human health risk via food consumption in the study area. But in 

future more study is needed on Human health risk assessments because human 

consumed not only that particular food crops but also other food crops and dietary 

food stuffs not mentioned in the current study were also consumed, which gains 

significance for future studies. Research in developing countries with increasing 

demand of quality food production and risk associated with contaminat ion of heavy 

metals is scanty; hence such kind of research will be more useful for ,'ulurl' 

perspective. However research work with regard of metals uptake, bioaCCLIlllu lalioll 

and health risk in term of wastewater irri gation is still desirable. 

1.5 Aims and Objective 

Following main objectives have been focused: 

• To quantify the concentration of heavy metals in the water, soil and commonly 

grown food crops irrigated with different sources . 

• To evaluate Plant concentration factor (PCF) of the toxic chemicals from different 

irrigation practices. 

• To calculate daily intake of metals (DIM) due to consumption of particular food 

crops by the local human population. 

• To investigate potential Human health risks associated wit h consumption 0" food 

crops contaminated with toxic chem icals (heavy metals ). 

Human Health riskfrom toxic chemicals via consumption of food crops in the vicinity 0/ 
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Materials and Methods 

2.1 Study Area 

A twelve s ites comprising of fo ur waste water (two each) along the hanks Dr 

N ullah Aik and Palkhu, fo ur tube we ll water (two each) in the same area were 

selected in Punjab province of Sialkot and Wazirabad for the co ll ec ti on 0 1' '''·ate r. su il 

and food crops samples, while four market s ites of the above ment io ned a rcas werl' 

selected fo r the co llection of unknown irr igati on sources of food crops. 

Sialkot which is an industrial city situated in the east of Paki stan bet wee n 3:2 

24'N-32° 37'N Latitude and 73° 59'E and 75°20'E longitude, having populati on of903 

per krn2 (Qadir et al. , 2008). The m aximum average rainfall in that area is 1000 mm 

and the climatic conditions characterized with hot summer with maxi mum 

temperature of 45 °C and cold winter season. 

Wazirabad is also an industrial city positioned in the district of Gujranwala, 

Punjab at 32° 27' O"N and 74° 7' 0" E on the bank of ri ver Chenab, whe re N ull ah 

Palkhu link. It is separated 45 km away from Sialkot and 30 km fro m d istrict 

Gujranwala . 

Sialkot is the aggregate of to tal 3229 functi onal industri a l unit major 0 1' \\. hic h 

are tanneries (264), factories of surgical instruments (220). leather garm ent prod ucin g 

units (244), leather sport product units (900), ri ce husking mill s (57) and !l ou r m ills 

(14) (Qadir et al. , 2008). 

There are about 300 industri al units 111 Wazirabad o f whi ch 50% we re 

registered w ith authorized manufacturers association. The city is renowned fo r vari ety 

of their cutlery products like hunting, pocket, laguiol e, table and military kni ves a lso 

in combination with production of different kind of swords and axes . Bes ides of 

cutlery product production it also strengthen country economy with leather goods, 

surgical items, beauty and sp0l1s products (http ://www.phsadc .orglindex .php). 

The Cleaner production centre (CPC) rep0l1ed that the leather industry 111 

Sialkot city generates 297 tons/day of leather which account s lo r tota l 9388 ny' o j' 

tanneries effl uents. Each Tannery industry in Sialkot c it y genera tes 547-8 14 Ill ' 'cia ) 

(ETPI , 1998) of effluents wi th total effl uents prod uct ion o f 11 000 111 3 (Daw Jl da ih. 

2006). There is no municipa l sewage treatment pl ant fo r organi c. inorganic aJld o ther 

ki nd of wastes , so therefore total of 19 m illi on m3 per annum of was tewater d irec tl ) or 

Human Health riskfrom toxic chemicals via consump fion o.flood crops in /he \'ieinily 
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indirectly discharged by the Sialkot city into Nullah Aik and Palkhu (WWF, 2007). 

The waste water production capacity of Sialkot city is estimated to be 1503 gallons 

per day (Randhawa, 2002). 

Most of the effluents of the cutlery and other locali zed smal l or large sca le 

industries , domestic and urban sewage and agric ultural runoff of Waz irabad may be 

directly or indirectly find their way to Nu ll ah Aik and Palkhu along with aggregates 

of high toxic chemicals (Heavy metals) . 

Nullah Aik (32°63'N- 74°99'E and 32°45'N- 74°69'E) and Null ah Pa lkhu 

(32°69'N- 74°99'E and 32°37'N- 74°02'E) wi th their altitudes of 530 111 and :290 Jll 

comes from Himalayas of Jammu and Kashmir respect ive ly to meet the River Chen ah 

after passing through Sialkot and Wazirabad city . Nu ll ah Aik and Palkhu Ilows in the 

east to west direction with total annual discharge of 315 and 288 Cs per second 

respectively and total of 2.5 million peoples are living in the vicinity of both the 

Nullahs . Domestic and urban sewage, municipal wastes, industrial effluents, solid 

wastes, ferti lizers and pesticides runoff from agricultural lands are directl y or 

indirectly dump into Nullah Aik and Palkhu that will deteriorate the water quality of 

both the streams and changes gradually into industrial and municipal drains. 

Two kinds of irrigation practices are common in the ag ricultura l area or 

Sialkot and Wazirabad i.e. waste water and tube well water irri ga ti on. The agr icultul,li 

lands are situated around the bank ofNullah Aik and Nu ll ah Palkhu with var ieti es or 

cereal crops, pulses and vegetables which was grown for local population 

consumption. These food crops were irrigated with polluted waste wa ter that is 

pumped through hundred of machines w hich is located along the banks or the 

Nullahs. The food crops were also irrigated in the same area with tube we ll wa ter 

having no access to waste water. Such kind of waste water irrigation practices wou ld 

significantly builds up heavy metals in soil and food crops. Consumption of such 

contaminated food crops with heavy metals is a major route in food chain and 

important pathway for human exposure and will experience hazardous health risk to 

human beings. The industrial effluents and all kinds of domestic, urban and municipal 

wastes require proper treatment prior of their disposal into the Nullah Aik and Nu ll ah 

Palkhu. 

Further details of the study sites are g iven below. 

Human Health riskfrom toxic chemicals via consumption a/food crops inlhe \'icil1lil 
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2.2 Sites Descriptions 

The Geographical data of each site was taken with the help of GPS (Global 

Positioning System, Garmin). The description of each site is ment,ioned below. 

10 o 10 20Km 
N Nullah Palkhu and Alk 

r SomplineSltes Iww= r TW= r us= r ' 

D Study Strech 

Fig. 3.1 Map of the study area showing twelve sampling sites irrigated with 

waste, tube well and unknown irrigation sources 

Site 1 (32°26'20.0"N, 74°25 ' 39.9"E) was located on Nullah Aik at Daska with altitude 

of 237 m. The waste water of these Nullahs was pumped through electric motor 

machine for irrigation activity of food crops. The water of this Nullah was polluted by 

various kind of industrial effluents, domestic sewage etc. 

Site 2 (32°26'29.6"N, 74°25'18.4"E) was situated at 240 m altitude at the agricultural 

site of Daska irrigated with tube well or clean water. Fertilizers use and pesticides 

sprays were the common practices of the area. 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinity 
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Site 3 (32°25 ' 44.2"N, 74 °17'16.9"E) has altitude of 228 m located at Null ah Aik from 

where most of the lands along the bank of Nullah were irrigated with this polluted 

waste water. All the eminent anthropogenic activiti es of Sialkot district like industrial 

effluent, domestic sewage, municipal waste and surface runoff of fertili zer and 

pesticides from agricultural lands were linked to water pollution of that Null ah. 

Site 4 (32°25 ' 24.0"N, 74°18' 22.3 "E) was tube we ll water site having e leva ti on or 231 

m. Farmers used pesticides and fertilizers for their crops in that area. 

Site 5 (32°28 '91.7"N, 74°21'36.4"E) was the unknown or market source or s3mbria1 

where most of food crops were so ld for consumption of loca l population. The 

vegetables were brought to the market from different sources of unknown ori g in . 

Site 6 (32° 31' 7.10"N, 74°33'26.08"E) food crops were bought from bazaar orS ialkot. 

where the irrigated source of food crops were unknown. 

Site 7 (3i28'31 .9"N, 74°11'07.5"E) was located on Nullah Palkhu at Bailey having 

altitude of 227 m. Most of the food crops along their bank were watered with the 

polluted waste water with motor pump. This site was highly po lluted with domestic 

sewage of sodhra town. The Palkhu Nullah was also potentially affected by industrial 

effluents, domestic sewage and urban runoff of Sialkot and Wazi rabad whi ch directl y 

or indirectly discharged into that Nu ll ah. 

Site 8 (32°28'43.6"N , 74°11'30.4"E) was the site where food crops we re irri gated with 

clean or tube well water. This site was situated at Bailey. Wazirabad at 225 Ill. 

Fertilizer and pesticides were the most prominent activities of the agr icu ltura l land. 

Site 9 (32°27' 25.6"N,74°08'49.7"E) having elevat ion of 223 m was located along the 

bank of Nullah Palkhu w here the waste water of the stream \vas sucked through 

pumps for the purpose of irrigation of lands by the farmer. At this point waste water 

was fUliher polluted by the municipal and industrial wastes of Wazi rabad. 

Site 10 (32°27' 10.8"N, 74° 09' 1.5"E) was situated at 225 m elevation. The food crops 

were irrigated with tube well water. Agriculture practices were the major potential 

polluting activity in that area. 

Site 11 (32°26'41.02 "N, 74°6'56 .87"E) was located at the main bazaar of Wazirabad 

where food crops were sold here, grown on unknown sources of irri gation . 

Site 12 (32° 27'5 .38"N, 74° 9' 25 .30" E) was located at Chak sati a from where /'()od 

crops were bought. 
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2.3 Sampling Strategy 

The research study for various samples collection was planned at the end of 

April 2011 in the industrial region of Sialkot and Wazirabad. All the samples of the 

desired purpose were co llected in the earl y morning till before ni ght. 

In the study area of Sialkot and Wazirabad, Pakistan, two wastewa ter 

irrigation sites each along the Null ah Aik and Palkhu and two tube wel l \,va ter 

irrigation sites in the same areas were selected for samples co ll ec tion or wa ter. soi Is 

and food crops , whi le for unknown source, food crops were bought i'rom buth c iti es 

market (local market). 

2.3.1 Soil Sampling 

A total of twenty four soil samples measuring 1 kg were co ll ected from 0-20 

cm depth using prewashed steel auger in the vicinity of food crop species. Each 

sample comprised of 3-5 sub-samples combined to form composite which was kept in 

polythene bags, air dried at room temperature, crushed into powdered, sieved through 

2 mm mesh and kept in prewashed metal free glass containers till further laboratory 

analysis. 

2.3.2 Water Sampling 

A twenty four samples comprised of both waste and tube we ll water \NC re 

collected in triplicate fro m sites used for irrigation of food crops and presel'\'Cd in (I 

plastic bottles already pre-rinsed with 10% nitric acid so luti on followed bv disti li ed 

water and stored at 4 °c prior to analysis. 

2.3.3 Food crop sampling 

Twelve food crops including vegetables (Coriandrum sativum, Allium cepa, 

Abelmoschus esculentus, Allium sativum, Capsicum annuum, Daunts carota, Solanum 

melongena, Spinacia oleracea, Raphanus sativus, Lycopersicum esculentum) , and 

cereal crop (Triticum aestivum) grown on waste and tube well water were co llected 

during April 2011 . A total of twelve food crops from market or unknown source 

either for home consumption or sa le were also co ll ected during sun ey/sampling 

Human Health riskfrom toxic chemicals via consumption o//()()d crops in th l! \'icillil\ 
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period. All food crops samples were kept in polythene bags and prese rved at <+ "c in a 

freezer. Food crops of each species were collected as a composite or individuall y 

depend on the desired weight, required for the analysis. The plant samples were 

sectioned into edible and non edible parts and further washed with tape water and 

distilled water to remove all observable dust particles deposited and for the purpose of 

dryness it was fUliher blotted with tissue paper and divided into small pieces for 

overnight dryness. The plant samples were further oven dried at temperature of 70-80 

°c for 24 hours until all moisture are complete ly diminished. The dried samples were 

fUliher pulverized into powdered by Micro hammer mill (Retsch, P-318. No. 61 1771 ). 

placed in small polythene zip-bags at ambient temperature. The fresh dried cdi hk 

parts of all plant samples were weighed with digital balance (Sartori us. cp 62 2) 

2.4 Digestion Procedures 

2.4.1 Soil digestion 

Powdered soil samples of 1 g each were digested in 15 ml of aqua regia in 3 : 1 

(HCL, HN03), left overnight and heated near about 150 °C until brown fumes turnoff 

and made addition of 5 ml HCL04 (70-72 %) and heated it near to dryness. The 

remaining solution was filtered through Whatman filter paper No.42 and volume was 

raised up to the mark 50 ml with double distilled water (F AO/SIDA, 1983). 

2.4.2 Water digestion 

For dissolved metal analysis 250 ml of each water samples was liltcrcd lI s in g 

Whatman filter paper No.45 (APHA, 1998) and pH was adjusted with addition or 1-2 

ml of ultra pure HN03 kept at 4 DC till further analys is (De Carlo et a !. . 2(}()4). /'tn 

particulate metal analysis , filter papers cuttings were dried overnight and d igcsll'd ill 

the 10 ml acid mixture ofHN03 and HCL04 in 5:1 so lution. T he mixture was heated 

until transparent so lution was obtained . Cool the so lution for a whil e and then li ltcr 

through Whatman filter paper no.45 to obtain a volume of 50 ml with distilled water 

and preserved them in plastic bottles already pre-rinsed with 10 % HN03 solution. All 

the digestion procedure was adopted by the method of US EPA (1990). 

Human Health risk/rom toxic chemicals via consumption offcwd crups in the I'icinill ' 
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Total metal s were calculated by combining di sso lved metals and sLispendL'Ll 

particulate metals in water. 

2.4.3 Plant Digestion 

A total of 10 ml mixture of HN03 and HCL04 in 2: 1 was added into 0.25g 

food crop sample which was left for overnight digestion . It was heated for a 

movement until brown fumes was changed into white fumes . The so lution was 

filtered over filter paper no . 42 by raising the remaining volume with de-ionized 

distilled water up to the mark 50 ml and kept in plastic bottles at room temperature for 

heavy metals analysis. 

2.5 Metals analyses 

Total of nine heavy metals i.e. Co , Cr, Cu. Fe. N i. Ph. Mn. Cd and /n \\ l'rl' 

analyzed in different samples of so il , water and food crops by l'lam e !\ 1(ll1li c 

Absorption Spectrophotometer (Varian F AAS-240) . 

2.6 Data analyses 

2.6.1 Transfer factor 

Heavy metals exchange occurred from soil to food crops, so it is the ratio of 

the heavy metal in plant to soil. Metal concentrations in the soil and food crops for the 

transfer factor were calculated on the basis of dry weight, accompanied with their 

formulation as follows. 

Cp la n t . 
peF = --. (C UI et aI. , 2005) 

Csoil 

Where Cplanl and Csoil show metal s concentration on dry we igh t basis in the ext racts 01 ' 

plant and soil respectively. 

2.6.2 Human Health Risk Assessment 

Different questionnaires from 65 peoples between ages or 14-50 yea rs I'm 

evaluation of health risk were asked from the local population of the Sialkot and 
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Wazirabad. The information recorded from the loca l population in th e ljUcst i(lnmlirc:-; 

were their age, body weight, disease and dai ly co nsumption of each rood crnp :-; . 

2.6.2.1 Daily intake of metals (DIM) 

Prior to calculate Health Risk Index (HRI), first of a ll dail y intake of metal s 

(DIM) were calculated. 

DIM Cmetal X Cfactor X Dfood intake 

Baverage weight 

Where Cl11etal, Cfactor, Dfood intake and Baverage weight represent the heavy metal s 

concentrations in plants, conversion factor, dai ly intake of food crops and average 

body weight respectively. The conversion factor (CF) of 0.085 was used for the 

conversion of fresh vegetables weight to dry weight (Rattan et a!.. 2005). 

The average daily consumption of food crops and their average bod y we ight for 

adult's population were 0.527 kg/person/day and 55.5 kg re spec ti ve ly. 

2.6.2.2 Health Risk Index 

HRI refers to the ratio of the da ily intake of meta ls (D IM) in the rODe! crups \() 

the Reference oral dose (RID) given by the fo rmula. 

HRI= DIM (US-EPA, 2002) 
Rill 

The population will experience risk if the value of HRI is equal or exceeded than 

l.The HRI< l will limits the safe mode for local population through consumption of 

food crops and vice versa. 

2.7 Statistical analysis 

A ll the data are statisti cal ly represented in the form of means. Range and 

standard deviation. T-test were used for signifi cance of di ITe rence at P<O.O:i in 

response to different irrigation sources . Analys is of variance at P<O.05 \"ere te :-; lcd 

among waste, tube well and unknown irrigated rood crops lor signi licancc ul · 

differences . All these statistical analyses were performed us ing Sta tis tic a l packag\.· 

SPSS (version 13) and Statistica (version 7). 
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Results 

3.1 Heavy metals in irrigation water 

Range and mean concentrations of heavy metals are li sted in Table 2. The 

mean concentrations of heavy metals in wastewater were in the ord er 0 1" 

Fe>Pb>Cr>Mn>Cd>Ni>Zn>Cu>Co, while in tube well water Fe concentrations \\ere 

highest followed by Pb, Cr, Mn, Cd , Co, Ni, Zn and Cu. Fe Showed mCl .\iIllLlJ11 

concentrations between range of 2 .19-26.39 and 1.23 -9.78 mg/kg , wh i Ie least 

concentrations was recorded for Co (0.19-0.41 mg/kg) and Cu (0 .008-0.17 Illg/kg) in 

waste and tube well water respectively. All the mean heavy metals concentrations 

except Fe were significantly higher in waste as compared to tube well water (P<O.OS). 

3.2 Heavy metals in soil 

In the waste water irrigated soil heavy metals mean concentrations were 

significantly higher (P<O.OOI , P<0.05) compared with tube well water irri gated soi l. 

Heavy metals in wastewater irrigated soi l were found in the order of 

Fe>Zn>Cr>Ni>Pb>Mn>Cu>Cd>Co, while the trends revealed by heavy metal s In 

tube well water irrigated soil were in order of Fe>Zn>Ni>Cr>Mn> Pb>Cu>Co>Cd as 

listed in Table 2. The maximum mean concentra ti ons or heavy metals in \V<lst e and 

tube well water irrigated soil were 1473.S2-1 64S .98 and 443.8 2- 1559.48 lllg/kg ror I' l' 

respectively while the minimum concentrations was observed in Co (S.55 - 1 (lO S 

mg/kg) and Cd (l.28- 4.28 mg/kg) in waste and tube we ll water irrigated sl)i I 

respectively. 

3.3 Heavy metals in Edible parts of Food crops 

Heavy metals concentrations in the edible paJ1 of food crops irrigated with 

waste, tube well and unknown source of water are listed in Table 4, Table 5 and Table 

6 respectively. In all food crops higher concentrations of Fe was recorded as listed in 

the Table 3 and ranged from 42.91-283.85, 24.04-135.71 and 14.37-150.33 mg/kg in 

waste, tube well and unknown sources respective ly. The minimum mean 

concentrations for Cd (0.4-1.2 mg/kg) and Cli (0.69-4.72 mg/kg), (0.0 5-3.06 mg/kg) 
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were observed in tube well , wastewater and unknown irrigated food crops 

respectively. Concentrations of studied metals recorded in wastewater irrigated food 

crops were relatively higher as compared to unknown source food crops and food 

crops irrigated with tube well water. 

The distribution of all the heavy metals vary widely among different food crop 

species and also among sites irrigated with different sources. It can experienced that 

heavy metals mean concentrations in edible part of food crop irrigated with 

wastewater are higher than ed ible food part of tube we ll water and a lso higher hca\ 'y 

metals concentrations was observed in unknown source as compared to ILihe \.vc ll 

water ilTigated food crops . 

The mean heavy metals concentrations in a ll the food crops sampl es grnwn nil 

wastewater followed the order of: Spinacia oferacea>Coriandrum .\(/ /il'UI11 '" /)U/IC/I ,\ 

carota>Mentha spicata>Raphanus salivus>Abelmoschus esculel1flll,lIl/ulII 

cepa>Triticum aestivum>Capsicum annum> Lycopersicum esculel1fum - :~ Ilillm 

sativum>Solanum melongena and for tube well irrigated food crops the trends 

followed were ; Mentha spicata>Spinacia oleracea>Coriandrum 

sativum> Abelmoschus esculentus> Raphanus sativus> Triticum aest ivum> Daucus 

carota> Allium cepa>Solanum melongena> Lycopersicum esculentum> Allium 

sativum>Capsicum annum. The unknown irrigation source obeys the fo llowing heavy 

metals concentrations trends Il1 all the food crops shown as : Sp inacic.! 

oleracea> Mentha spicata> DauCLls carrOla> Coriandrum sal i1 '11111 > 1.),COIJ(!/'s/clI/17 

esculentum> Triticum aeslivul11 > Raphanus sal i )IllS >.4 he 1/11()lch liS 

esculentus>Capsicum annum > Solanum mefongena>AlIium cepo>,4lliul11 IUI/l'II"' , It 

was observed that highest heavy metal s concentrations were re vea led by Icnl\ 

vegetables irrigated with different irrigation practices as compared to a ll other Il)()ll 

crops as shown in Table 3. 

Among all the heavy metals Fe was recorded as max imum in a ll o r the rood 

crops except Triticum aestivum irrigated with waste and unknown sources. whereas 

observed highest value of Mn, While the minimum concentrations for C u was 

observed in Allium sativum, Capsicum annum, Daucus carota, Raphanus sativus, 

Spinacia oleracea, Lycopersicum esculenlul11 irrigated with waste, tube well and 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinilY 

of selected industrial areas, Pakistan Page 1 G 



Chapter 3 Result s 

unknown irrigation practices and also in Coriandrum sativum , Allium cepa, Mentha 

spicata grown on waste and unknown sources, while the lowest values in Solanum 

melongena of waste and tube well irrigation sources. The minimum concentrations for 

Cd was revealed in Abelmoschus esculentus , Triticum aestivum , Coriandrum sativum 

(tube well), Solanum melongena (unlmown source), Mentha spicata (tube well) 

irrigated with waste, tube well and unknown source of water, while only the lowest 

concentrations ofCr was detected in Allium cepa grown on tube well water. 

Among heavy metals the maximum mean concentrations ofCr were 6 .08 , 5.47 

and 2.08 mg/kg in Spinacia oleracea and Mentha spicata while the minimum 

concentrations were in Lycopersicul11 esculentus (1.46 mg/kg) . Triticllm ues/il 'llIlI 

(1.82 mg/kg) and Allium cepa (0.48mg/kg) irrigated with waste, unkno'v\'n sourc e <mel 

tube well sources of irrigation respectively as listed in Fig. 3.2. The highes t va lue I'm 

Ni were recorded as in Solanum melongena (6.40 mg/kg) and lviel1/hu .Ipicu/u 

(5.15 ,2.72 mg/kg), while it highlights (3 .36,2.64 and 1.34 mg/kg) concentrati ons 1"0 1' 

Triticum aestivum and Spinacia oleracea irrigated with waste, unknown and tube we ll 

water respectively (Fig. 3.2) . The maximum and minimum concentrations of Fe was 

revealed in Coriandrum sativum (283 .85 mg/kg), Mentha spicata (135.71 mg/kg) 

Daucus carota (150 .33 mg/kg) and Triticum aestivum (42 .91 mg/kg) , Allium safivum 

(24.04 mg/kg) and Allium cepa (30 .66 mg/kg) irrigated with waste, tube well and 

unknown irrigation practices respectivel y as shown in Fig. 3.3. When food crops were 

irrigated with waste and tube well water maximum concentration of Cu was observed 

in Abelmoschus esculentus (4 .72 , 1.66 mg/kg) and minimum in Daucu.I caro/({ (0 70. 

0.17 mg/kg) respectively , while for Trifilicum aestivum (3 .06 mg/kg) ma ximulll and 

for Allium cepa (0 .79 mg/kg) minimum concentrati ons were obse rved. 'vvhen the 

treatment was unknown as enli sted in Fig. 3.4. Mentha spiCa/a re vea led highest Co 

concentrations of 11.36, 7.91 , 8.17 mg/kg and lowest 01' 3.28, 0.7 1 Ill g/kg in 

Lycopersicum esculenfum and 2.03 mg/kg in Solanum melongena. when the so urce or 
irrigation was waste, tube well and unknown respectivel y as shown in Fig. 3. 5. Waste. 

tube well and unknown irrigation practices build up high concentrations of Mn in 

Spinacia oleracea (201.26 mg/kg), Mentha spicata (52.58 mg/kg) Triticum aes f ivum 

(52. 15 mg/kg) with minimum values shown in Solanum melongena (14 .89, 8.49, 7.56 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinity 
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mg/kg) respectively (Fig. 3.6). Highest values for Pb we re detcc ted in rood crops 01 

Allium cepa (40.85 mg/kg), Mentha sp icata (26.79 mg/kg) and L)'copel'sic/lI7/ 

esculentum (32.26 mg/kg) and were 22.41 mg/kg for Spinacia oleracea and 15.28. 18 

mg/kg for capsicum annum revealing the least concentrations when grown on the 

above three irrigation practices (Fig. 3 .7). Lycopersicum esculentum (20.32 mg/kg) 

and Abelmoschus esculentus (14.46, 18 .63 mg/kg) showing maximum concentrations 

for Zn when the treatment of irrigation were waste ,tube well and unknown sources, 

while the least concentrations were exhibited by Allium sativum (8.94 ,10.32 mg/kg) 

and Solanum melongena (4.36 mg/kg) for waste ,unknown and tube we ll water 

respectively (Fig. 3.8). The food crops inc luding Me ntha spicala (3 .81 m g/kg).A lliul11 

cepa and Spinacia oleracea showing hi ghest concentrati ons lor Cd with the ic ,lst 

concentrations followed by Triticum aeslivul11 (1. 18.0.41.0 .97 mg/kg) irri ga ted with 

waste, tube well and unknown source respective ly as shown in Fi g. 3.9. 

Analysis of variance (one way ANOV A) of a ll the studied hea \'y meta ls I'nr 

waste, tube well and unknown irrigation sources were signifi cantly hi gher at P<O.OOO, 

Tamhane' s T2 test for conservative pair wise comparisons for heavy metals i. c. C r. 

Ni , Fe, Cu, Co, Mn, Zn, Pb, and Cd were significantly different at P<O.OOO 1 and 

P<O.OOI among wastewater vs tube well water sites. Wastewater vs unknown source 

were significant higher for Ni , Fe, Co, Mn, Pb, Cd (P<O.OOO and P<0.05 ). The Tube 

well vs unknown sites were significant different at P<O.OOO 1, P<O.OO and P<O.OS for 

Cr, Ni , Fe, Cu, Pb, Zn, and Cd respectively. 

3.4 Transfer factor in edible part of Food crops 

The transfer factor for the food crops irrigated with waste and tube we ll vva ter 

were > 1 for Mn and Pb as shown in Table 7 and 8. The highes t PCF we re ex hi bi tcd in 

wastewater between range of 4.94-6.07 and 0.9 1-1.43 for Mn . Ph in rood crops o i' 

Spinacia oleracea and Allium cepa respective ly, whi le in tubc we ll wa ter irrigated 

food crops it were maximum in Mentha spicala for Pb (2 .66-3.96 ) and Mn (~~(J-

3.43). 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinity 
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Chapter 3 Res ult s 

The wastewater irri gated food crops show the l'o ll o ''' 'ing trends 01' h C~l\ ' : 

metals of PCF in order of; Mn> Pb>Z n>Cd> Cu> N i>Cr, whil e th e trends in tu nc we ll 

water irrigated food crops were ; Pb> Mn> Zn>Cd>C u>Ni>Cr for heav y mcta ls. 

The PCF in wastewater irri gated food crops fo r C r, N i, C u. Mn. Pb. /n. and 

Cd ranged between (0.03-0.14) , (0.08-0 .15), (0.05 -0.34), (0.4 1-5.52). (0.6 1- 1. 1 I ). 

(0.20-0.45), (0 .13-0.42) respectively and in tube we ll irrigated food crops it we re 

between (0 .02-0.08), (0.04-0.09), (0.03 -0.34), (0.43-2.94), (1.20-3 .29) , (0. 14-0.47), 

(0.14-0.41) for Cr, Ni, Cu, Mn, Pb, Zn, and Cd respectively. 

3.5 Daily intake of metals (DIM) and Human Health risk Assessment 

DIM for heavy m etals were evaluated for di ffe rent food crops presented III 

Table 9, Table 10 and Tab le 11 irrigated with tube well , wastewater and unknown 

sources respectively. The mean concentrations of a ll the heav y meta ls res ult hi g h 

DIM values in waste water irrigated food crops fol lowed by unkn own and tunc \\,e ll 

water irrigated food crops . 

Different food crops species of Spinacicl a/eracea. So/unul1I l77 e/O I1,\',l ' I7 U. 

Coriandrum sativum, Abelmoschus esculel1lus, Allium cepa, Ly cojJasiclll77 

esculentum, and Mentha spicata proved e levated D IM values for Cr, Mn and N i. Fe. 

Cu, Pb, Zn, Co and Cd when treated with wastewater irrigat ion practices , w hil e in 

tube well irrigated food crops the highest DIM value for Cr, Ni and Cu, Zn and Mn, 

Pb and Cd were observed in different food crops of Mentha spicata, Abelmoschus 

esculentus , Coriandrum sativum, Allium cepa respectively, while the m axim um DIM 

values revealed by heavy metals were in Spinacia oleracea (Cr, Cd) , Mentha spicata 

(Ni) , Abelmoschus esculentus (Pb, Zn) and Triticum aestivum (C u, Mn) respec ti ve ly , 

w hen treated with unknown source of irrigation, 

HRI for tube well , was te and unknow n irri gated food crops we rc li sted in 

Table 12, Table 13 and Tab le 14 respeeti ve ly. HRI was more th an I 1'0 1' Cd . Ph and 

Mn. HRI was observed greater than I for Cd in a ll f'ood crops e '< ce pl h i / ic/ tli l 

aestivum in waste and unknown irrigated food crops, whe reas for tube ,,, e ll irri ga ted 

food crops HRI were < 1. Maximum HRI of 3,0731 and 2.272 in waste and unkntl\\'n 

sources were Shown in Mentha spicata and Spinacia oleracea res pecti ve ly . Th e M n 
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Chapter 3 Results 

HRI value were <1 in all the three irrigated food crops types , except in Spinacic-l 

oleracea irrigated with wastewater, whereas observed HRI of 1.1603. Pb showed 

elevated health risk (HRI> 1) in a ll the three irri gated food crops as compared to Mil 

and Cd. The maximum health risk for Pb were exhibited in Allium ('epu (9A::2mn. 

Lycopersicum esculentum (7.4399) and Coriandrum salivum (6.2309) grown in waste . 

unknown and tube well irrigated practices. 

Human Health riskfrom toxic chemicals via consumption olf()()J CI'OPS in/he " /cinil\ 
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Chapter 3 Results 

Table 3.1 Food crops species collected from different sites 

.-----

SPECIES English name Families 
Edihle part of 
food crops 

. --

Coriandrum sativum L. Coriander Apiaceae Leaves 

.----~ 

Allium cepa L. Onion Li liaceae Bulb 

Abelmoschus esculentus L. Lady s finger Malvaceae Fruit 

Allium sativum L. Garlic Liliaceae Bulb 

Capsicum annum L. Capsicum Solanaceae Fruit 

Daucus carota L. Carrot Apiaceae Root 

Spinacia oleracea L. Spinach C henopodiaceae Leaves 

- - ----- -- - -
Raphanus sativus L. Radish Brassicaceae ROOl 

--- --+-
Mentha spicata L. Mint Lamiaceac ! l .cLl\ 'CS 

I ---- _ ... --- -

Solanum melongena L. Brinjal Solanaceae I,' ru i 1 

- -

Lycopersicum esculentum Tomato Solanaceae Frui 1 

L. 
- - -----_. 

Triticum aestivum L. Wheat Poaceae Grain 

Human Health riskfrom toxic chemicals via consumption of/o od Cl'OpS il1lhe \'/1'/17/1\ ' 

of selected industrial areas, Pakistan I-': l,'l,l' :2 I 
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Chapter 3 Results 

Table 3.2 Heavy metals concentrations in waste (n=12) and tube well water (n=12) (mg/L) and soil (mg/kg) irrigated with 
waste (n=12) and tube well water (n=12) 

Wastewater irrigated soil T ube well irrigated so il P Values Wastewater Tube well water P Value 

Mean ±S.D. Range Mean±S.D Range Mean ±S.D Range Mean±S.D Range 
Heavy metals 

Cr 43 .03 ± 11.095 31.65-61.65 24.87±6.0088 14.2-37.7 0.0001 4.74±4.43 1.8-1 8.2 0.85±0.55 0.27-1.67 0.0063 

Ni 42.09 ± 11.73 3005-64.3 30.71 ±6.15 22.8-43.6 0.0070 0.46±0.29 0.21-1.29 0.12±0.04 0.05-0.2 0.0006 

Fe 1551 .08 ±59.38 1473 .52-1645.98 1280.17±387.47 443.82-1559.48 0.026 9.46±7.83 2.19-26.39 4.73±3.76 1.23-9.78 0.073 

Cu 13.704 ±5 .5735 5.33-2203 5.823±3.61 0.13-11. 13 0.0005 0.3 5±0.126 0.18-0.66 0.07±0.05 0.008-0.17 0.0000 

Co 8.34 ±1.29 5.55-1 0.05 5.23±1. 76 1.85-7.7 0.0001 0.33±006 0.19-0.41 0.15±0.059 0.05-0.27 0.0000 

Mn 36.4 7± IS .59 18.33-66.78 19.84±5.5 12.72-28.03 0.002 1 1.99± 1.23 0.64-4 .88 0.35±0.16 0.12-0.72 0.0001 

Pb 36.91 ±29.37 11 .5-90 12.75±9.44 0.00-29.5 0.013 5.03± 1.59 308-7.32 2.47±0.74 lJ2-4.12 00000 

Zn 45 .19±13 .22 22.39-60.71 30.7/ ±/1.7 11.14-45.47 0.0095 0.45±0.1 0.19-0.6 0.07±0 058 0.03-0.24 0.0000 

Cd 9.15 ±1.33 7.13-11.1 3 2.89±1.00'/ /.28-4.28 00000 0.55±009 0.27-0.64 0.27±0.08 0.14-0.44 0000 
- -- -- - - --

I 
I 
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Table 3.3 Heavy metals concentrations in Total Edible Food crops irrigated with 

Tube well water, Wastewater and unknown source 

T.W W.W u.s 

Heavy metals 
Mean±S.D Range Mean±S.D Range Mean±S.D Range 

Cr 1.27±0.46 048-208 3.21±L\7 146-6.08 2.69±\'21 0.91-547 

Ni 1.99±048 1.34-2.72 4.61±0.79 336-639 3.61±0.86 233-S .IS 

Fe 57.4±37.33 24.04-1357 1 117.66±88.19 42.9 1-283.85 72IS±4603 14.37-15033 

Cu 0.91 ±0.5S 0.17- \.99 \.84±\'21 0.69-4.72 1.35±0.77 0.OS-3.06 

Co 3.44±1.8 1 0.7 1-7.91 7.24±2.54 3.28-11.36 407±2.17 1.54-8 .17 

Mn 19.7± 14.65 848-58.39 5S.02±4943 14.89-201 .26 22.55± 13.89 6.91-52. 15 

Pb 2 \. 56±7.13 15.28-42 32.22±4.89 2241-40.85 23 .67±6.08 1146-32.26 

Zn 9.69±3.27 436-1446 15 .85±3.44 8.94-2032 14.15±2.86 8.9 1-1 8.63 

Cd 0.82±0.25 04-\'2 2.64±0.91 L\ 8-3 .81 1.84±0.61 0.94-2.82 

WW=wastewater, TW=tube well water, US=unknown source 

Human Health risk from toxic chemicals via consumption olfood crops in the vicinity o{seleCled indus/rial areas, Pakistan 
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Table 3.4 Heavy metals concentrations (mg/kg) in Food crops (n=4) (edible part) irrigated with waste water 

Species Value Cr Ni Fe Cu Co Mn Pb Zn Cd 

Coriandrum M±SD 4.25 ± 3.67 4.43 ± 1.12 283.85 ± 183.27 303 ± 2.37 7.93 ± 3.40 76.38 ± 49.94 34.46 ± 13.45 15 .58 ± 2.63 3.75 ± 0.45 

salivum Range 1.1 0 - 9.55 3.14-5 .75 120.45 - 484.60 0.15 - 5.95 3.40 - 11.40 16.50 - 127.90 21.00 - 5300 12.95 - 19.23 3.37 - 4.35 

Allium cepa M±S.D 3.05 ± 2.49 4.99 ± 1.54 50.20 ± 3.35 1.45 ± 0.33 10.76± 1.13 44.69 ± 20.67 40.85 ± 8.85 15.09± 5.02 3.79 ± 0.20 
Range 0.45 - 5.60 3.70 -7. 10 46.85 - 54.85 1.05 - 1.85 9.20 - 11.65 24.10 - 70.20 33 .50 - 52.91 8.58 - 20 .15 3.50 - 3.95 

Abelmose/lUs M±S.D 4.03 ± 2.00 4.0 I ± 1.83 57.11 ± 1.65 4.72±3.17 835 ± 3.77 50.33 ± 30.47 35.29 ± 9.62 19.48 ± 5.18 2.07 ± 0.27 
esculentus Ranoe 1.1 0 - 5.50 2.37 - 5.86 54.71 - 58.48 0.90 - 8.17 3.20 - 12.25 11.95 - 86.50 24.00 - 47.50 14.35 - 25.31 1.77-2.35 

Allium salillum M±S.D 2.57 ± 039 5.22 ± IA6 61.93 ± 22.25 1.21 ± 0.68 8.18 ±4. 15 24.44± 11.01 31.00 ± 5.80 8.94 ± 2. \1 3.07 ± 0.53 
Range 2.20 - 3. 11 333 - 6.70 44.05 - 94.45 0.30 - 1.95 2.20 - 11.40 8.55 - 33.60 24.50 - 38 .50 7.10 - 11.47 230 - 3.50 

Capsicum annum M±S.D 2.60±2.15 4.58 ± 0.76 55 .82 ± 13.86 1.80 ± 1.26 906 ± 5.60 38.95 ± 17.99 28.00 ± 7.27 14.58 ± 409 1.85 ± 0.6 1 
Ranoe 035-5.30 3.65 - 5.45 40.20 - 73.75 0.25 - 2.90 1.55 - 14.80 12.85 - 5380 21 .00 - 35 .00 9.54-18.76 1.12-2.47 

Daucus carow M±S. D 3.45 ± 2.46 430 ± 1.64 224.87 ± 88 .53 0.70 ± 0.56 5.75 ± 4.66 51.75 ± 40.8 1 26.85 ± 3.08 12.42 ± 2.40 2.61 ± 0.24 
Range 0.85 - 5.60 2.90 - 6.35 14937-352.20 0.15 - lAO 1. 54 - 11.05 15 .34 - 96 .05 2400 - 3 1.00 10.78 - 15.89 2.30 - 2.80 

Spillacia oleracea M±S.D 6.08 ± 1.83 4. 16 ± 0.55 229.24 ± 33.67 209 ± OA6 7.22± 1.18 201.26 ± 20.05 22.4 1 ± 2.42 17.47 ± 1.01 3.26 ± 1.18 
Range 4.20 - 7.90 3.63 - 4.93 198.29 - 262.90 1.64 - 2.50 6.11 - 8.35 180.2 1 - 221.35 19.33 - 25 .00 16.39 - 18.35 1.84 -4.50 

Rap/wnus sativus M±S.D 2.75 ± 1.24 5.3 1 ± 2.05 10 IA6 ± 62.97 0.77 ± 0.26 5.20 ± 3.66 21.88 ± 17.98 34.07 ± 3.80 12.58 ± 7.76 2.60 ±0.30 
Range 0.88 - 3.40 2.85 - 7.00 39.32 - 155.70 0.55 - 1.05 2.75 - 10.50 5.92 - 47.70 28 .50 - 36.50 7.07 -23.53 2A5 - 3.05 

Melltha spicata M±SD 3.21 ± 1.64 3.89 ± 0.69 191.50 ± 19.85 1.69 ± 0. 15 11.36 ± 1.25 54.95 ± 8.67 37.30 ± 19.20 18.63±2.14 3.81±0.51 
Range 1.70 - 4.97 3.25 - 4.75 171.31 -214.20 IA6 - 1.80 10.11-1 2.83 43 .76 - 64.74 20.39 - 55.23 16.43 - 21.5 1 3.12 - 4.35 

Solallum M±S.D 2.74 ± 0.49 6.40 ± 1.59 50.26 ± 4.89 0.94 ± 034 3.74 ± 0.77 14.89 ± 1.08 31.85 ± 2.20 15.57 ± 1.62 1.40 ± 0.28 
melo/IUella Range 2.25 - 3.22 4.88 -8 .15 43.64 - 55.38 0.58 - 1.32 2.80 - 4.52 13.94 - 16.25 29.78 - 34.00 14.23 - 17.90 1.11-1.76 
Lycopersicum M±S. D IA6 ± 0.70 4.74 ± 1.53 62.79±536 0.79 ± 0.56 3.28 ± 0.70 23.61 ± 2.11 32.41 ± 2.04 2032 ± 23 9 23 5 ± OAI 
esculelllum Range 0.80 -2.13 3.28 - 6.21 56.65 - 68.86 0.20 - 135 2A6 - 3.96 21.05 - 25 .89 30.00 - 34.32 1737 - 22 .83 1.84 - 2.75 
Triticum aeslivul1l M±S.D 2.39 ±0 .89 3.36±0.34 42.91 ± 3.23 2.93 ± I 32 6.06 ± 0.94 57. 15 ± 1.76 32 .13±7.11 19.58 ± 0.73 1.18 ± 0.20 

Range 1.74 - 3.70 3.05 - 3.65 38.35 - 45.20 2.20 - 4.90 5.50 - 7A5 54.80 - 58.50 22.50 - 37 .50 18.93 - 20.22 0.97 - I A5 
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Table 3.5 Heavy metals concent rations (mg/kg) in Food crops (n=4) (edible part) irrigated with T ube well water 

Species Values Cr Ni Fe Cu Co Mn Pb Zn Cd 

Coriandrum M±S.D 1.6 1 + l A6 1.71 + 0.25 83.47 + 33.75 133 + 125 4.37 + 3.28 28.27 + 3 1.1 6 2702 + 139 1190 ± 3.87 0.99± OAI 

sativum Range 0.20 - 3.6 1 1.50 - 2.00 51.66 - 12700 0.02 - 2.43 0.75 - 8.35 3.85 - 73.55 25.50 - 28.87 9.76 - 17.70 OA5 - 1.32 

Allium cepa M±S.D OA8 + 0.33 2AO + 0.81 31.23 + 9.11 0.75 + 0.6 1 3.35 + 3.22 14.72 + 9.69 23.05 + 9.59 8.25 ± 1.78 1.20 ± 0.42 
Range 0.05 - 0.85 1.56 - 3.40 23.05 - 44.20 0.02 - 1.50 135 - 8.15 4.95 - 28 .11 16.50 - 37 .00 6.15 - 10.50 0.60 - 1.55 

AbeLmoschus M±S.D 1.41 + 0.59 2.70 + 1.1 6 46A7 + 2.9 1 1.66 + 1.21 2.85 + 1.82 22.27 + 14.55 19.94 + 1.72 14A6 ± 6.28 0.67 ± 0.26 
esculentus Range 0.69 - 1.93 1.93 - 4AO 42.63 - 49 .60 0.24 - 4.55 1.35 -5.45 7.82 - 39.30 17.82 - 21.52 10.97 - 23 .88 0.33 - 0.95 I 

Allium sativum M±S.D 1.32 + 1.12 2.24 + 0.96 24.04 + 9.2 1 0.65 + 0.58 402 + 2.79 9.54 + 3.18 19.06 + 3.34 6.75 ± 0.88 1.16 ± 0.52 I 

Range 0.35 - 2.55 1 05 - 3.2 1 1205 - 32.55 0.11 - 135 0.77 - 7.26 6.37 - 13.70 15.50 - 23 .53 5.66 - 7.70 0.55 - 180 
Capsicum M±S. D 0.98 + 0.67 2A2 + 0.57 26.25 + 634 0.89 + 0.65 2.95 + 2.51 12.00 + 3.88 15.28 + 7.65 6.67 ± 1.59 1.07 ± 0.66 
annum Range 0.12-172 1.65 - 2.9 1 19.64 - 33 .72 0.07 - 2.30 0.87 - 6.60 7.45 - 16.93 9.39 - 26A3 4Al - 8.07 0.34 - 1 94 
Daucus carola M±S.D l A4 + 0.98 1.94 + 0.63 43.61 +9 .13 0.17 + 0.1 3.3 1 + 2.68 11.2l + 7.75 16.92 + 139 7.02 ± 1.22 0.64 ± 0.39 

Range 0.53 - 2.65 1.12 - 2.63 33.45 - 55 .57 0.02 - 0.55 0.86 - 5.86 5.1 0-22.56 15. 10- 18.44 5A3 - 8.04 0.11 - 0.97 

Spinacia M±S.D 0.52 + 0.22 1.34 + 0.22 11 4.43±3 .65 0.56 + 0.21 2.64 + 0.88 27.85 + 3.09 17.66 + 4.94 8.90 ± 1.29 0.66±0.16 
oleracea Range 0.30 - 0.80 1.1 4 - 1. 65 11 0.54- 119.32 033 - 0.79 1.95 - 3.90 24.38 - 3134 11 .57 - 23.00 7.49 - IOA8 OA8 - 0.84 
Raphanus M±S.D 1.52 + 0.88 1.52 + 0.98 47.36 + 18.57 0.50 + 0.26 337 + 238 1152 + 9.74 21.68 + 3.77 10.29 ± 5.89 0.8 5 ± 0.26 
slltivus Range 0.50 - 2.60 0. 15 - 2A4 28. 10 - 66 .72 0.23 - 0.80 1.37 - 6.50 3.90 - 25 .80 18.50 -2700 534 - 18.83 0.55 - L1 5 
Menthll spicata M±S.D 2.08 + 1.85 2.72 + 0.64 135.7 1 + 2lJ4 1.24 + 0.5 7.9 1 + 3.14 52.58 + 938 26.79 +2.5 13 .44 ± 2.82 0.8 1 ± 0.46 

Range 0.55 - 4.60 1.77 - 3.11 115.84 - 16 1 15 0.88 - 1.86 3.83- 11.25 43.73 - 61.25 24.54 - 30.12 10.34 - 16 .56 035 - IA4 

Soillnum M±S.D 1.4 1 + 0.13 18 1 + 0.09 44.67 + 3.72 0.55 + 0.18 1.27 + OA7 8A9 + 1.67 19.33 + 3.05 436 ± 0.57 0.56 ± 0.21 
melol1 o ena Ran oe 1.28 - 1.58 1.69 - 1.90 39.74 - 48 .78 03 1 - 0.75 0.71 - 1.83 633 - 10.29 15.72 - 22.97 3.82 - 4.96 0.25 - 0.74 
Lycopersicllm M±S.D 0.97 + 0.57 1.57 + OA7 34.24 + 3.20 0.53 + 0.32 0.71 + 0.27 12.52 + 1.06 18.03 + 2A2 10.13±V I 0.87 ± 0.14 
esculentllm Range 0.13-138 0.95 - 1.99 29.59 - 36.77 0.07 - 0.82 OA7-0.98 I IA5 - 13 .87 14.94 - 20A3 7.67 - 12.98 0.65 - 0.99 

Triticum M±S. D 1.52 + 0.88 1.63 + 0.81 31.1 3+ 4.26 1 39 + 1 24 4.58 + 2.13 2339 + 23.05 18.82 + 530 14.07 ± 2.57 OA 1 ± 0.22 
lIestivlJm Ranoe 0.85 - 2.75 OA5 - 2.20 25.85 - 35 .50 0.25 - 2. 80 1.63 - 6.70 3.50 - 50.95 14A1 - 26.35 11.49 - 16.33 0.17 - 0.70 
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Table 3.6 Heavy metals concentrations (mg/kg) in Food crops (n=4) (edible part) irrigated with unknown source 

Species Value Cr Ni Fe C u Co M n Pb Z n Cd I 

Coriandrum M±S.D 4 .13 ±2.09 3.S8 ± 1.1 3 109.03 ± 9.53 1.62 ± 0.6 1 6.84 ± 3.90 30.50± 14.73 22.18± 16.94 17.38±3.1S 2.67 ± 1.38 I 

sativum Range 2.30 - 7.12 2.86 - 5.25 96.77 - 11 9.05 0.88 - 2.34 3.25 - 11.89 16AO - S11 5 5.00 - 38 .78 15. 11 - 21.83 1.35 -4 .54 
M±S.D 206 ± 0.28 3.39 ± 1.08 30.66 ± 8A5 0.79 ± 0.36 5.88 ± 4.S7 13.75 ± 1.73 20.9 1 ± 5.09 12. 13±2.19 1.46 ± 0.8 1 

, 

Allium cepa Range 1.80 - 2A l 2.1 1 - 4 .60 23A5 - 40.S5 0.30 - 1.15 1.2 1 - 11.67 11.65 - 15 .87 14.50 - 26.50 9 .99- 14.8 1 0 .96 - 2.66 

Abe/mose/lUs M±S.D 2.14± 1.I 3 3.37 ± 0.54 49A7 ± 14.99 2.09 ± 0.65 3.62 ± 1.22 8.37±3.8 1 31.56 ± 8.35 18.63 ± 2 .74 1.8 1 ± OAI 
esculenlus Range l.l 3 - 3.35 2.93-4. 15 3 1.40 - 67 .25 1.33 - 2.90 2.50 - 5.33 4.75 - 12.54 21.50 - 41.42 IS. 16 - 2IJ3 IJO - 231 

Allium sativum M±S. D 2 .28±0.86 3.63±0.8 1 45.85± 19. 79 111±0.66 4.33±1.75 10.01±1.95 2 1A9±6.3 10.32±0.88 1.88±0.58 
Range l A5-3.2 2.85-4.77 29A-73 .66 0.3 - 1. 77 2.85 -6.64 7.95- 12.55 13.5-27.44 9.22-1l.l 5 1.2-2.63 

Capsicum M±S.D 1.84 ± 0.75 3.52 ± 0.30 43 .32 ± 15AO 1.33 ± 0.97 2A2 ± 1.06 25 .18±5.17 18.00±6.74 14 .2 1 ± 2 .98 203 ± 0.88 
annum Range 1 00 - 2.50 3.20 - 3.85 29.65 - 62.22 0.32 - 2.65 1.05 - 3.54 19A5 - 31.95 11.00 - 26A5 I OA2 -1 7A7 1.10 - 2.98 

Daucus caroW M±S.D 2 .73 ± 1.80 3.57 ± lA8 150.33 ± 20A6 0.80 ± OAI 4.67 ± 2.70 23. 17± 9.68 19.32 ± 704 12.0 1±2A8 1.67 ± 0.35 
Range 0.75 - 4 .67 1.50 - 4 .87 128 .75 - 177 .33 0 .25 - 1.23 1.25 - 7.76 11. 8S - 34.22 10.00 - 26.87 8.86 - 14.76 1.25 - 2. 10 

Solallum M±S.D 2.23 ± 0.54 4.65 ± 0.82 36A7 ± 5A2 1.79±0.19 2 .03 ± 0.38 7.56 ± 2.05 26A2 ± 3.30 12.98 ± IJ2 1.57 ± 0.36 
me/OIlUellll Range 1.75 - 2.96 3.85 - 5.63 31.40 - 42.73 1.65 - 2 .05 1.55 - 2.35 4 .80 - 9.35 23 .00 - 29.50 11.51-14.66 1.05 - 1.85 
Spillacia M±S.D 5A7±IAO 2.68 ± 0.98 140.89 ± 20.77 1.67±0. 19 2.38 ± 0.77 34.15± 1004 23.30 ± 2 .73 15.81 ± 2 .05 2 .82 ± 1.05 
oleracea Range 3.40 - 6.50 1. 54 - 3.70 123 .70 - 16844 l AO - 1.83 1.50 - 3.20 21.95 - 45 .74 19.87 - 25.50 13 .55 - 18.22 l AO - 3.84 
Lycopersicum M±S. D 2.46 ± 1.07 3.82 ± 1.08 7602 ± 53 .77 0.99 ± 0.63 2.38 ± 0.50 20.53 ± 13.77 32.26 ± 12.20 14 .95 ± 3 .52 2 .00± 0.49 
esculelllum Range lAO -3.60 2.85 - 4.80 15.95 - 123.34 0.05 - 1.38 1.80 - 2.83 6.75 - 33A7 20.50 - 43.22 10.16-18A5 1.34 - 2.50 
Mentha spicala M±S.D 3.25 ± 0.74 5. 15±IJO 11 8.56 ± 24.38 1.04 ± 0.84 8.17±4A2 36.14±5.19 2907 ± 2.29 14.83 ± 1.86 2 .59 ± 1.1 2 

Range 2.34 -3 .95 4 .18 - 7.05 86.15 -144 .59 0 .30 - 1.95 3.05 - 12.34 3 1.70 - 42A3 27.45 - 32.34 12.77 - 16.93 1.10 - 3.77 
Raphlllllls M±SD 3.31 ± 0.96 4 .64 ± 0.93 56A5 ± 27.88 0 .98 ± 0.66 300 ± 1.57 12.22 ± 5.62 21 .44 ± 6.83 11.01 ±3 .56 1.61 ± 0.6 1 
sillivus Range 2A8 - 4 .30 3.80 - 5.78 30A5 - 87 .11 0.15 -1.75 1.25 - 4.82 5.70 -1 7.75 13.00 - 28.87 7.40 - 14 .89 0 .75 - 220 
Triticum M±S. D 1.82 ± 0.58 2.64 ± 0.73 40.26 ± 4 .11 306± l A8 5.93 ± 2.35 52. 15 ± 5.22 2807 ± 8A5 17.02 ± 5.57 0 .97 ± 0.75 
aeslivuln Ranoe 1.05-2A7 1.93 - 3.65 35.29 - 45 .19 1.28 - 4.90 3.33 - 8.95 48.27 - 59.78 19A8 - 39.23 1113 - 23 .86 0.11 - 1.89 - - - _ Q.: _- - - ----- - -
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Chanter 3 Results 

Table 3.7 Plant concentration factor (PCF) (on dry weight basis) for food crops (n=4) grown in wastewater 

Species Value Cr Ni Cu Mn Pb Zn Cd 
Coriandrum M±S.D 0.10 ±0.09 0.11 ± 0.03 0.22 ± 0.17 209 ± 137 0.93 ± 036 034 ± 0.06 0.41 ± 0.05 
sativum Range 0.03 - 022 0.07 - 0.14 0.01 - 0.43 0.45 - 3.51 0.57 - 1.44 0.29 - 0.43 0.37 - 0.48 
Allium cepa M±S. D 0.07 ± 0.06 0. 12±0.04 0.11 ± 0.02 1.23 ± 0.57 \.II ± 0.24 033 ± 0.11 0.4 1 ± 0.02 

Range 0.01 - 0.13 0.09 - 0.17 0.08 - 0. 13 0.66 - 1.93 0.9 1 - 1.43 0.19 - 0.45 038 - 0.43 

Abelmoschus M±S. D 0.09 ± 0.05 0.10±0.04 034 ± 0.23 138 ± 0.84 0.96 ± 0.26 0.43 ± 0.11 0.23 ± 0.03 

esclllentus Range 0.03 - 0.13 0.06 - 0.14 0.07 - 0.60 033 - 2.37 0.6 5 - 1.29 0.32 - 0.56 0.19 - 0.26 

Allium sativllm M±S. D 0.06 ± 0.0 1 0.12±0.03 0.09 ± 0.05 0.67 ± 0.3 0 0.84 ± 0.16 0.20 ± 0.05 0.34 ± 0.06 

Range 005 - 0.07 0.08 - 0.16 0.02 - 014 0.23 - 0.92 0.66 - 1.04 0. 16 - 0.25 0.25 -0.38 

Capsicum annum M±S. D 0.06 ± 0.05 0.11 ± 0.02 0.13 ± 0.09 1.07 ± 0.49 0.76 ± 0.20 0.32 ± 0.09 0.20 ± 0.07 

Range 0.01 - 0.12 0.09 - 0.13 0.02 - 0.2 1 035 - 1.48 0.57 - 0.95 0.2 1 - 0.42 0.12 - 0.27 

Daucus carota M±S.D 0.08 ± 0.06 0. 10 ± 0.04 0.05 ± 0.04 1.42± 1.1 2 0.73 ± 0.08 0.27 ± 0.05 0.29 ± 0.03 

Range 0.02 - 0.13 0.07 - 0.15 0.0 1 -0. 10 0.42 - 2.63 0.65 - 0.84 0.24 - 0.35 0.25-0.3 1 

Spinacia oleracea M±S.D 0.14±004 O.IO± OOI 0. 15±0.03 5.52 ± 0.5 5 0.6 1 ± 0.07 0.39 ± 0.02 0.36 ± 0.13 

Range 0. 10 - 0.18 0.09 - 0.12 0. 12 - 0.18 4.94 - 6 07 0.52 - 0.68 0.36-0.41 0.20 - 0.49 

Raphanus sativlIs M±S D 0.06 ± 0.03 0.13 ± 0.05 0.06± 0.02 0.60 ± 0.49 0.92 ± 0. 10 0.28 ± 0.17 0.28 ± 0.03 

Range 0.02 - 0.08 0.07 - 0.17 0.04 - 0.08 0.16- 1.3 1 0.77 - 0.99 0.16 - 0.52 0.27 - 0.33 

Mentha spicata M±S.D 0.07 ± 0.04 0.09 ± 0.02 0.12±0.01 l. 51 ± 0.24 1.01 ± 0.52 0.41 ± 0.05 0.42 ± 0.06 

Range 0.04 - 0.12 0.08 - 0.11 0. 11 - 0. 13 1.20 - 178 0.55 - 1. 50 0.36-0.48 0.34-0.48 

Solanum meiongena M±S. D 0.06±00 1 015±004 0.07 ± 0.02 0.41 ± 0.03 0.86 ± 0.06 0.34 ± 0.04 0.15 ± 0.03 

Range 0.05 - 0.07 0.12 - 0.19 0.04 - 0.10 0.38 -0.45 0.8 1 - 092 0.3 1 - 0.40 0.12 - 0.19 

Lycopersicum M±S.D 0.03 ± 0.02 0.11 ± 0.04 0.06 ± 0.04 0.65 ± 0.06 0.88 ± 0.06 0.45 ± 0.05 0.26 ± 0.04 

esculelltum Range 002 -0.05 0.08 - 0.15 0.01 - 0. 10 0.58-0.71 0.8 1 - 0.93 038 - 05 I O.2()-O30 

Triticlll1l aestivul1l M±S.D () 06 ± 0 02 008±0.0 1 0.21±0.12 1.57 ± 0.10 0.87 ± 0.17 0.43 ± 0 07 () 13 ± 003 

Range 004 - 0 09 005 - 0.09 0.07 - 0.36 1.50 - 173 0.6 1 - 102 0.39-0.45 o II - 0.1 8 
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Chanter 3 

Table 3.8 Plant concentration factor (PCF) (on dry weight basis) for food crops (n=4) grown on Tube 
well water 

Species Value Cr Ni Cu Mn Pb Zn Cd 

M±S.D 0.06 ± 0.06 0.06 ± 0.0 1 0.23 ± 0.2 1 1.43 ± 1.57 2.12± 0.11 0.39 ± 0.13 0.34 ± 0.14 

Coriandrum sativum Range 0.01 - 0.15 0.05 - 0.07 0.00 - 0.42 0.19 - 3.71 2.00 - 2.26 0.32 - 0.58 0.16 -0.46 

M±S.D 0.02 ± 0.01 0.08 ± 0.03 0.13±0. 10 0.74 ± 0.49 181 ± 0.75 0.27 ± 0.06 0.41 ± 0.14 
Allium cepa Range 000 - 0.03 0.05 - 0.11 0.00 - 0.26 0.25 - 1.42 1.29 - 2.90 0.20-0.34 0.21 - 0.53 
Abelmoschus M±S.D 0.06 ± 0.02 0.09 ± 0.04 0.28 ± 0.34 1.12 ± 0.73 1.56 ± 0.13 0.47 ± 0.20 0.23 ± 0.09 
esculel/tus 

Range 0.03 - 0.08 0.06 - 0.14 0.04 - 0.78 0.39 - 1.98 1.40 - 1.69 0.36 - 0.78 0.11 - 0.33 

M±S.D 0.05 ± 0.04 0.07 ± 0.03 0.11 ± 0.10 0.48 ± 0.16 1.49 ± 0.26 0.22 ± 0.03 0.40±0.18 

Allium salivum Ranoe 0.01-0.10 0.03 - 0.10 0.02 - 0.23 0.32 - 0.69 1.22 - 185 O.IS - 0.25 0.19 - 0.62 
M±S.D 0.04 ± 0.03 0.08 ± 0.02 0. 15 ± 0. 17 0.60 ± 0.20 1.20 ± 0.60 0.22 ± 0.05 0.37 ± 0.23 

Capsicum annum Range 000 - 0.07 0.05 - 0.09 0.0 1 - 0.39 0.38 - 0.85 0.74 - 207 0.14 - 0.26 0.12 - 0.67 

M±S.D 0.06 ± 0.04 0.06 ± 0.02 0.03 ± 0.04 0.57 ± 0.39 1.33 ± 0.11 0.23 ± 0.04 0.22±0.13 

Daucus carOIa Range 0.02 - 0.11 0.04 - 0.09 0.00 - 0.09 0.26 - 1.14 1.18 -1.45 0.18 - 0.26 0.04 - 0.33 
M±S.D 0.02 ± 0.01 0.04 ± 0.01 0.10 ± 0.04 1.4± 0.15 1.38 ± 0.39 0.29 ± 0.04 0.23 ± 0.05 

Spinacia oierllcell Range 0.01 - 0.03 0.04 - 0.05 0.06 - 0.14 1.23 - 1.58 0.9 1 - ISO 0.24 - 0.34 0.17 - 0.29 

M±S.D 0.06 ± 0.04 0.05 ± 0.03 0.08 ± 0.04 0.58 ± 0.49 1.70 ± 0.30 0.34±0.19 0.29 ± 0.09 
Raphanus sativus Range 0.02 - 0.10 000 - 0.08 0.04 - 0.14 0.20 - 1.30 1.45 - 2. 12 0.17-0.6 1 0.19-0.40 

M±S.D 0.08 ± 0.07 0.09 ± 0.02 0.34 ± 027 2.94 ± 0.52 3.29 ± 0.63 0.44 ± 0.09 0.2S±0.16 
Meltlha spicala Range 0.02 - 0.18 0.06 - 0.10 0.15 - 0.73 2.20 - 3.43 2.66 - 3.96 0.34 - 0.54 0. 12 - 0.50 

M±S.D 0.06 ± 0.01 0.06 ± 000 0.09 ± 0.03 0.43 ± 0.08 1.52 ± 0.24 0. 14 ± 0.02 019±007 

Solaltum melonoenll Range 0.05 - 0.06 0.06 - 0.06 0.05-013 0.32 - 0.52 1.23 - 1.80 0.12 - 0.16 0.09 - 0.26 
Lycopersicum M±S.D 0.04 ± 0.02 0.05 ± 0.02 0.09 ± 0.06 0.63 ± 0.05 1.41 ± 0.19 0.33 ± 0.07 0.28 ± 0.05 
eSCuiel/fum Range 0.0 I - 0.06 0.03 - 0.06 0.01 - 0.14 0.58 - 0.70 1.1 7 - 1. 60 0.25 - 0.42 0.22 - 0.34 

M±S .D 0.06 ± 0.04 0.05 ± 0.03 0.24 ± 0.2 1 IIS ± 1.I6 1.48 ± 0.42 0.46 ± 0.08 014±0.08 
Triticum lIesfivum Range 0.03 - 0.11 0.01 - 0.07 0.04 - 0.48 O. IS - 2.57 1.1 3 - 2 07 0.37 - 0.53 0.06 - 0.24 
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Chapter 3 Results 

Table 3.9 Daily intake of metals (mg) for individual heavy metal in food Cl"OpS irrigated 

with tube well water 

Metals Cr Ni Cu Mil Pb ZIl Cd 

Coriandrul11 sativul11 0.0013 0.0014 0.0011 0.0228 0.0218 0.0096 0.0008 

Allium cepa 0.0004 0.0019 0.0006 0.0119 0.0186 0.0067 0.0010 

Abelmosclllls esculentus 0.0011 0.0022 0.0013 0.0180 0.0161 0.0117 0.0005 

Alliul11 sativul11 0.0011 0.0018 0.0005 0 .0077 0.0154 0 .0054 0.0009 

Capsicum anllum 0.0008 0.0019 0.0007 0.0097 0.0123 0 .0054 0.0009 

Daucus carota 0.0012 0.0016 0.0001 0.0090 0.0137 0.0057 0.0005 

Spinacia oleracea 0.0004 0.0011 0.0005 0.0225 0.0142 0.0072 0.0005 

Rap/wllus sativus 0.001 2 0.0012 0.0004 0.0093 0.0175 0.0083 0.0007 

Melltha spicata 0.0017 0.0022 0.0010 0.0424 0.0216 0.0108 0.0006 

Solalluml1lelon~ena 0.0011 0.0015 0.0004 0.0069 0.0156 0.0035 0.0005 

Lycopersicul1l esculentul1l 0.0008 0.0013 0.0004 0.0 101 0.0146 0.0082 0.0007 

Triticum aestivul1l 0.001 2 0.0013 0.0011 0.0189 0.0152 0.0114 0.0003 

Table 3.10 Daily intake of metals (mg) for individual heavy metal in food Cl"OpS irrigated 

with wastewater 

Metals Cr Ni Cu Mil Pb ZIl Cd 

Corialldru11l sativutll 0.0034 0.0036 0.0024 0.0616 0.0278 0.01 26 0.0030 

Allium cepa 0.0025 0.0040 0.0012 0.0361 0.0330 0.01 22 0.003 1 

Abelmoschus esculelltus 0.0033 0.0032 0.0038 0.0406 0.0285 0 .0157 0.0017 

A llium sativutn 0.0021 0.0042 0.0010 0.0197 0.0250 0.0072 0.0025 

Capsicum annum 0.0021 0.0037 0.0015 0.0314 0.0226 0.0118 0.0015 

Daucus carota 0.0028 0.0035 0.0006 0.0418 0.02 17 0.0100 0.0021 

Spinacia oleracea 0.0049 0.0034 0.0017 0.1624 0.0181 0.0141 0.0026 

Raphanus sativus 0.0022 0.0043 0.0006 0.0177 0 .0275 0.0102 0.0021 

Mentha spicata 0.0026 0.0031 0.0014 0.0443 0 .0301 0.0150 0.0031 

So/anul1lmelollgena 0.0022 0.0052 0.0008 0.0120 0.0257 0.0126 0.001 1 

Lycopersicul11 esculentul11 0.0012 0.0038 0.0006 0.0191 0.0262 0 .0164 0.0019 

Triticum aestivu111 0.0019 0.0027 0.0024 0.0461 0 .0259 0.0158 0.00 I 0 

-

--

Human Health riskfrom toxic chemicals via consumption of food crops in the vicinity of 
selected industrial areas, Pakistan Page 29 



Chapter 3 Resu lts 

Table 3.11 Daily intake of metals (mg) for individ ual heavy metal in food crops 
irrigated with Unknown source of irrigation 

Metals Cr Ni Cu Mn Pb Zn Cd 

Coriandrum sativum 0.0033 0.0029 0.001 3 0.0246 0.0179 0,0140 0.0022 

A llium cepa 0.001 7 0.0027 0.0006 0.0111 0.0169 0.0098 0.0012 

Abelmosc/IlIS esculentus 0.001 7 0.0027 0.0017 0.0068 0.0255 0.0150 0.0015 

A llium sativum 0.00 18 0.0029 0.0009 0.0081 0.0173 0.0083 0.0015 

Capsicum annum 0.00 15 0.0028 0.0011 0.0203 0.01 45 0.0115 0.00 16 

Daucus carota 0.0022 0.0029 0.0006 0.0187 0.0156 0.0097 0.0013 

Spinacia oleracea 0.0044 0.0022 0.0013 0.0276 0.0188 0.0128 0.0023 

RaplulI111S sativus 0.0027 0.0037 0.0008 0.0099 0.01 73 0.0089 0.0013 

Mentha spicata 0.0026 0.0042 0.0008 0.0292 0.0235 0.0120 0.0021 

Solanum melongena 0.00 18 0.0038 0.00 14 0.0061 0.0213 0,0105 0.00 13 

Lycopersicul1l esculentul1l 0.0020 0.0031 0.0008 0.0166 0.0260 0,0 12 1 0.00 16 

Triticum aestivum 0.001 5 0.0021 0.0025 0.0421 0.0227 0.0137 0,0008 

Table 3.12 Health Risk index for individual heavy metal from different food crops 
irrigated with tube well water 

Metals Cr Ni Cu Mn Pb Zn Cd 

Corial/(/rul1l sativul1l 0.0009 0.0689 0.0267 0.1630 6.2309 0.0320 0.80 II 

A llium cepa 0.0003 0.0968 0.0152 0.0848 5.3154 0.0222 0.9685 

A belmoschus esculentlls 0.0008 0.1089 0.0335 0.1284 4.5983 0.0389 0.5428 

A llium sativum 0.0007 0.0904 0.0131 0.0550 4.3948 0.0182 0.9322 

Capsicum {mnum 0.0005 0.0975 0.0179 0.0692 3.5231 0.0180 0.8616 

Daucus carota 0.0008 0.0783 0.0034 0.0646 3.9024 0.0189 0.5 186 

Spinacia oleracea 0.0003 0.0542 0.0113 0.1606 4.071 3 0.0239 0.5347 

Rap/willis sativus 0.0008 0.0612 0.0100 0.0664 4.9984 0.0277 0,6840 

Mentha spicata 0.0011 0.1098 0.0249 0.3031 6.1779 0.0362 0.6497 

Solanul11111elollKena 0.0008 0.073 0 0.0110 0.0489 4.4564 0.01 17 0.45 28 
Lycopersicul1l 
esculentllm 0.0005 0.0633 0.0107 0.0722 4. 1584 0.0272 0,6639 --
Triticu111 aestivu111 0.0008 0.0656 0.0280 0.1348 4.3388 0.0378 0.3 269 

-
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Chapter 3 Results 

Table 3.13 Health Risk index for individual heavy metal from different food 
crops irrigated with wastewater 

Metals Cr Ni Cu Mn Pb Zn Cd 

Corialldrum sativum 0.0023 0.1787 0.061 2 0.4403 7.9455 0.04 19 3.0227 

AWUIII cepa 0.0016 0.20 13 0.0293 0.2576 9.4208 0.0406 3.06 10 

Abell1loschus esculelllus 0.0022 0.161 7 0.0952 0.2902 8.1369 0.0524 1. 6667 

Allium sativum 0.001 4 0.2 106 0.0243 0.1409 7. 1488 0.0240 2.47 99 

Capsicum annum 0.0014 0.1849 0.0363 0.2246 6.4569 0.0392 1.4932 

Daucus carota 0.0019 0.1733 0.0140 0.2983 6.1923 0.0334 2. 1066 

Spillacia oleracea 0.0033 0.1680 0.0421 1.1603 5. 1686 0.0470 2.63 12 

Raplumus sativus 0.0015 0.2144 0.0155 0.1261 7.8556 0.0338 2. 1005 

Mentha spicala 0.0017 0.1569 0.0341 0.3168 8.6004 0.0501 3.0731 

Solanum melongena 0.0015 0.2582 0.0190 0.0858 7.3442 0.0419 1.1 279 

Lycopersicum esculenfum 0.0008 0. 191 2 0.0159 0.1361 7.4739 0.0547 1.8947 

Triticum aestivum 0.001 3 0.1356 0.0590 0.3295 7.4082 0.0527 0.9524 

Table 3.14 Health Risk index for individual heavy metal from different food crops 
irrigated with unknown source 

---1 
Metals Cr Ni Cu Mn Pb Zn Cd --
Cori(llu/rum sativum 0.0022 0.1443 0.0326 0.1758 5. 11 42 0.0468 2. 1530 

Allium cepa 0.0011 0.1367 0.0 159 0.0793 4.8225 0.0326 1. 1744 

Abe/moscllliS esculentus 0.001 2 0.1359 0.042 1 0.0483 7.2785 0.050 I 1.4568 

Allium sativum 0.001 2 0.1461 0.0224 0.0577 4 .95 57 0.0278 1.5 174 

Capsicum annum 0.0010 0.14 19 0.0268 0.1451 4. 1509 0.0382 1.6405 

Daucus carola 0.0015 0.1441 0.0161 0.1336 4.4559 0.0323 1.3499 

Spinacia oleracea 0.0029 0.1082 0.0337 0.1969 5.3719 0.0425 2.2720 

Rap/wnus sativus 0.0018 0.1873 0.0198 0.0704 4.9430 0.0296 1.2954 

Mentha spicata 0.0017 0.2078 0.0209 0.2083 6.7043 0.0399 2.0904 

So/allUI11 me/ongella 0.001 2 0.1877 0.0361 0.0436 6.0932 0.0349 1.2672 

Lycopersicum esculellful11 0.0013 0.1543 0.0199 0 .1 184 7.43 99 0.0402 1. 6 142 

Triticul11 aestivum 0.0010 0.1067 0.0618 0.3007 6.473 1 0.0458 0.7829 
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Fig. 3.2 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Cr. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.3 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Ni. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.4 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Fe. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.5 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Cu. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.6 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Co. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.7 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Mn. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.8 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Pb. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.9 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Zn. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Fig. 3.10 Heavy metals concentrations in the Edible parts of Food crops grown 
with Tube well, Wastewater and Unknown source of irrigation for Cd. The bar 
indicates standard deviation of different Food crop species with their mean 
values. 
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Discussion 

4.1 Heavy metals in irriga tion water 

Maximum permissible limits for heavy metals in water are fe (SOO), Co (50) 

/lg/ml (Koenig et a!., 1990), Cd (0.01), Cu (0.20), Pb (5), Zn (2), Mn (2), Ni (2) and 

Cr (0.1 0) /lg/ml (F AO, 1985). Heavy metals like Cd, Pb, Cu and Cr exceeded the 

permissible limit in the wastewater of Nullah Aik and Palkhu but Cd and Cr in tube 

well water also surpass the F AO 1985 limits. This may be due to possible leaching of 

these heavy metals from the soil into water table with excess ive wastewater irrigation 

in the area. Industrial and urban wastewater is directlylin directly released into the 

surface water without pnor treatment in the study area. Various activities 

electroplating, coloring, metal surface treatment, fabric printing, batteries, paints, 

Surgical instruments and Garages wastes disposed into the irrigation water, that 

further used for irrigation purposes. Beside that anthropogenic activities i.e. , parental 

rocks materials degradation of Himalayas of Jammu and Kaslmlir and addition of 

wastes from many industries lik e Tanneries and cutlery industries, Domestic and 

municipal wastes , and different agricultural practices of Sialkot and Wazirabad 

contribute to pollute the water of the study area. This wastewater irrigation with 

passage of time enriched the agricultural soil with different toxic metals . 

Higher concentrations of Cr in tube well water was due to the leathers and taImeries 

industry in the area. Ullah et a!. (2009) also recorded such higher concentrations of Cr 

in the ground water of Sialkot, Gujrat and Lahore. The mean concentrations in the 

wastewater were 0.55 for Cd, 0.35 for Cu, 5.03 for Pb and 4.74 mg/kg for Cr, as 

recorded several fold higher concentrations in the present study. 

In comparison to the present study, Singh et a!. (2010) have reported lower 

values for Cd (0.02), Pb (0.09), Ni (0.06), Cu (0.056) and Cr (0.05) /lg/ml in waste 

water of Varanasi, India, Similarly Sharma et a!. (2006) also found lower 

concentration of Cd (0.03), Pb (0.26), Ni (0.070) and Cr (0.09) in the waste water 

co ll ected from Dinapur, India . In contrast hi gher concentrations of Pb, Cu and Ni 

were recorded in treated and untreated wastewater samples from India (Gupta et a!. , 

2007). 

The present study highlights higher concentration of wastewater than tube well 

water. Similar results were also obtained in the study of Rattan et a!. (2005); where 
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except Fe, all trace metals showed significant values (P< 0.05) in wastewater than 

tube well water. Irrigation practices such as with wastewater may increase the 

concentrations of Mn, Zn, Pb, Cu, Cd and Fe in surface soils. These results are in 

agreement with other studies (Xiong et aI., 2003; He et aI. , 2003a, 2004b ; Zhang et 

aI. , 2005 ; Feng et aI. , 2005; yang, 2005). 

4.2 Heavy metals in soil 

The present study indicated that mean heavy metals concentrations were 

higher in soils irrigated with wastewater diverted from Aik and Palkhu streams as 

compared to soils irrigated with tube well water. Wastewater irrigation is a known 

practice in Pakistan and surface water from streams and rivers is diverted or pumped 

into nearby agricultural fields (Qadir et a I. , 2008). Surface water ofNuliah Palkhu and 

Aik has been reported to irri gate food crops from last few decades. There is linear 

relationship of heavy metals accumulation in soil with irrigation time (Lucho

contantino et aI., 2005). It is suspected that irrigation of agricultural soils with waste 

water for longer period may be one the factor responsible for contamination of heavy 

metals (Chary et aI., 2008). 

The permissible limits for metals in soil are Mn (2000) , Fe (50000) and Co 

(50) . Cd (3). Cu (140). Pb (300) , Zn (300) , Ni (75) , Cr (150) ~lg/g as given by Pendias 

et aI. , 1992; Ewers, 1991 ; Ayers and Westcott, 1985; European Union Standards , 

2002. Among all the metals, Cd concentration was calculated in the range from 7.l3 

to 11.13 mg/kg that exceeded than permissible limits set by European Union 

Standards (2002), while other metals were within safe limits. All the heavy metals 

except Cd were within safe range in soil irrigated with waste and tube well water and 

that was due to regular elimination of heavy metals by food crops and leaching 

activity of heavy metals into deeper zone of soil in the area (Singh et aI. , 2010). Easy 

availability, readily solubility and high exchangeable capacity of Cd in soil are the 

factors that favors Cd uptake into the edible parts by the plant (Luo et aI. , 2011). As 

compared to the current study, higher level of Cd (22.2-51 mg/kg) were found in 

wastewater irrigated soil samples collected from Titagarh, India, while lower 

concentrations (0.41-1.71 mg/kg) in the wastewater irrigated soils from Beijing, 

China (G upta et aI. , 2007; Khan et aI. , 2008). Mapanda et al. (2005) studi ed lower 

values for Cd (3.4 ~g/gm) in the wastewater irrigated soil of Harare, Zimbabwe. 
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J-looda et a!. (1997) and Y u et a!. (2006) have studied increased metals 

concentrations in soil. Our results were also in accordance with Singh et al. (2010) 

and Sharma et aI. (2004) that high Cd, Pb, Zn, Ni and Cr were accumulated in the 

wastewater irrigated soil as compare to Clean water irrigated soil due to regular 

sewage irrigation practices. Besides wastewater irrigation practices, Agrochemicals 

and possible atmospheric deposition are also responsible for soil contamination in 

agricultural lands . 

4.3 Heavy metals in Edible part of food crops 

Soil contamination with wastewater led to an elevated level of heavy metals in 

the edible parts of vegetables (Khan et aI., 2008 and Mapanda et aI. , 2007). 

Wastewater irrigation has the potential to characterize some physico chemical 

changes in the soil and also uptake of metals in food crops especially by vegetables 

(Khan et a!. , 2008) . 

Permissible limits for food crops are 500, 425 , 67, 50 mg/kg set by F AO

WHO, 1985 for Mn, Fe, Ni and Co respectively, while for Cd (0.2), Cu (40), Pb (5), 

Cr (2.3) and Zn (60) mg/kg WHO/FAO 2007. All the heavy metals except Cd, Pb and 

Cr are within permissible limits. Heavy metals like Cd and Pb exceeded the 

permissible limits in all the food crops irrigated with waste, tube well and collected 

unknown sources. Cr also surpasses the permissible limits in most of the food crops 

irrigated with wastewater rood crops except Lycopersicum esculenlum. Similarly, Cr 

concentration was also above permissible limit in leafy vegetables (Coriandrum 

sativum, Mentha spicata, Spinacia oleracea), Root vegetables (Daucus carota, 

Raphanus sativus) and Lycopersicum esculentum from unknown source. 

The toxic accumulation of heavy metals (Cd, Pb, Cr) in the food crops may be 

due to wastewater irrigation practices and possible atmospheric pollution (industrial , 

heavy traffic and Kiln emissions etc) and leaching of heavy metals into water table 

which contaminate the underground water. Other acti vities in current study area were 

agricultural practices, Animals dung ' s and human excreta are the possible sources of 

contamination in the food crops. Phosphate fertilizers are also recorded as possible 

heavy metals source of pollution in agricultural land due to massive application 

because Cd is present as impurity in phosphate rocks (Zhou et aI. , 1994). Most of the 

heavy metals are the part of the earth crust as a natural constituent. The concentration 
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of Cd, Pb and Cr in vegetables field reached at phytotoxic level irrigated with 

wastewater (Hussain , 2000 ; Qadir et al. , 2000). The food crops grown on the 

wastewater irrigated soi l become enriched with heavy metals , posing deleterious 

etlect to population and our study are in concurrent with previolls studies findings 

(Liu et al. , 2005; Cui et aI. , 2005; Bi et al., 2006; Muchuweti et aI., 2006; Sharma et 

al. , 2007; Khan et aI., 2008). 

Khan et al. (2008) indicated accumulation of these metals in varIOUS food 

crops . Gupta et al. (2007) and Singh et al. (2010) also reported greater level of Pb, Cd, 

Cr, Zn, Ni which exceeded permissible limits in the vegetables samples collected 

from Titagarh and Varanasi, India respectively. Vegetables collected from different 

sites of Shaoguan city, China have found also higher concentrations of Cd and Pb 

than the permissible limits (Zhuang et aI., 2009). Our results also show similarities 

with other studies on behalf of their increased heavy metals in the edible pmis of food 

crops due to long-term wastewater irrigation (Khan et al. , 2007; Arora et aI. , 2008 ; 

Liu et al. , 2005). The present study clearly indicated that all the heavy metals 

concentrations in the wastewater irrigated food crops were higher than tube well water 

irrigated food crops that brought manifold increment in different food crops which 

were in agreements with Arora et a1. (2008) and Singh et a1. (2010). Food crops 

grown on wastewater irrigated soil also deposited higher metals concentrations than 

the food crops grown on reference and control soil (Jan et al. , 2010). 

Majority of the food crops bought from unknown source or market 111 the 

present study re vealed metals concentrations closer to the wastewater irrigated food 

crops as compared to those which are irrigated with tube well water. It can suspected 

that market food crop might have some sources of contamination either grown in 

contaminated soils or irrigated water. Food crops of study area are practiced with 

wastewater of Nullah Aik and Palkhu for recent few decades that contaminated the 

food chain with toxic heavy metals of the study area with their deleterious effects to 

population. These results are also in agreement with findings of Arora et aI. , 2008 for 

vegetab les . 

Leafy vegetables (Spinacia oleracea, Mentha spicata, Coriandrum sativum) 

exhibited maximum metal concentration among food crops studied. Relatively high 

transpiration rate, fast growth rate and large broadened area of leaf may enhanced the 

metals translocation in leafy vegetables (Itanna, 2002 ; Muchuweti et aI. , 2006) and 
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these factors make them sensitive as a recipient to atmospheric pollution, dust from 

soil and splashing ofrainwater (Luo et ai., 2011; Zhuang et ai., 2009). 

Low concentrations in species such as Triticum aestivum, Allium sativum, 

Solanum melongena and Allium cepa were observed which may be due to the regular 

elimination of heavy metals by food crops or leaching of the heavy metals into deeper 

zone of soil (Singh et ai. , 2010). Morphological and physiological changes playa vital 

role in metals translocation, elimination, and accumulation that may be due to the 

variation of food crops grown on different sites (Carlton-smith and Davis , 1983 ; 

Kumar et ai. , 2009) . Our result also in concurrent with that of Kawatra and Bakhetia 

(2008) that reported high heavy metals concentrations in vegetables irrigated with 

sewage irrigated areas as in comparison with tube well irrigated of Ludhiana city of 

Punjab, India. These non essential heavy metals become toxic via consumption of 

food crops. As the consumption rates increases, their deleterious effects may also 

become increases for human and the study suggesting to avoid those food crops that 

posing greater health risk. 

4.4 Transfer factor in edible parts of Food crops 

The plant concentration factor (PCF) play key role in transferring heavy 

metals from soil to plant for human exposure via food chain. PCF changes widely for 

plant species of the proposed metals (Alloway and Jackson, 1991; Cui et ai., 2004). In 

the present study PCF for Mn, Pb were> 1 in most of food crops irrigated with waste 

and tube well water. However, high transfer values showed greater accumulation of 

individual heavy metals in the food crops, especially in leafy vegetables than other 

metal s. The high Pb concentration above permissible limits in tube well water 

irrigated food crops is due to the higher PCF values than Wastewater irrigated food 

crops. Those metals that have high transfer factor make their way to edible part easier 

than that of low transfer factor (Luo et ai., 2011). PCF changes widely for food crops 

species and also with irrigation sites. In the present study decreased values of PCF in 

food crops were observed as the metals concentrations in soi l increased, showing an 

inverse association among transfer factor and total metals concentrations. Such 

inverse relationships are correlated with findings of Wang et al. (2006) and Khan et 

al. (2008) for vegetables. PCF were lower for wastewater irrigated food crops as 

compared to tube well water irrigated food crops (in case of Pb and Cu except DauCLts 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinity 
of selected industrial areas, Pakistan Page 41 



Chapter 4 Discussion 

carola and Spinacia oleracea) and also in Cd, Zn, Cr for some food crops species, 

while for other metals and food crops not so and is indication of food crops not to 

increase linearly with their elevated concentrations in metals and also in agreement 

with Hooda et ai. (1997), where they recorded low transfer factor in case of Zn and Fe 

for wastewater irrigated food crops than tube well water irrigated food crops. Singh et 

ai. (2010) reported high PCF for all metals except Cu in wastewater irrigated site as 

compared to control site and our study also show such trends for PCF for some metals 

and food crops mentioned above. 

4.5 Daily intake of metals and Human health risk assessment 

It is of prime importance to locate the exposure pathways of any pollutant to 

the organism for the quantification of their health risk. In spite of other routes, food 

chain is one of the key pathways to human exposure . Several exposure pathways for 

individual metals are responsible due to their contaminated sources of air, water, soil, 

food and the consuming population (Caussy et ai. , 2003). Food is the key pathway for 

several metals to the population consuming local food crops grown on wastewater and 

contaminated soil. 

Food crops produced in the present study may consume directly by the local 

inhabitants or sold to the market for dispersed population consumption. Some of the 

leafy vegetables (Spinacia oleracea, Coriandrum sativum, Mentha spicata) and 

Capsicum annum, Lycopersicum esculentum, Daunts carota, Raphanus sativus, 

Allium cepa are used as salad and pose greater health risk as compared to vegetables 

cooked. Studied food crops are consumed daily in their meals by the local population 

as a Salad and/or as in cooked form. Among the studied food crops, Triticum aestivum 

is used as cereal crop consumed in higher proportion as compared to other vegetables. 

Reference oral dose (Rill) is the dail y exposure of any toxic or pollutant to the 

population that pose no appreciable risk of hazardous effect in their lifetime (US

EPA, IRIS). Oral reference doses (RID) estimation for different deleterious metals 

Cd, Cr, Cu, Ni, Pb, Zn and Mn are IFo3
, 1.5Fo, 4F2

, 2E-2
, 3.5F3

, 0.3Fo, l.4FI 

mg/kg/day respectively (US-EPA, IRIS). Studied heavy metals except Cd, Pb and Mn 

have HR< l showing that these metals are health risk causative in different food crops. 

Cd showing HRI> 1 in all the wastewater and unknown irrigated food crops except 

Trilicum aeslivum , while tube we ll water irri gated food crops were free of risk 

Human Health riskji-om toxic chemicals via consumption offood crops in the vicinity 
of selected industrial areas, Pakistan Page 42 



Chapter 4 Discussion 

(HRI <1). The highest HRI values > 1 was exhibited by Pb in all the food crops 

irrigated with waste, tube well and unknown sources, while Mn revealed HRI> 1 only 

in Spinacia oleracea when irrigated with wastewater and the others waste, tube well 

and unknown water irrigated food crops were free of risk posing no health risk to the 

population. However Cd and Pb in view of as the non essential metal contributing 

their hazardous health effect at extreme low concentrations (Ikeda et a!., 2000) . 

In comparison to the current study Zhuang et a!. (2009) and Singh et a!. (2010) 

also reported HRI for Cd and Pb above the permissible limits in vegetables and 

cereals. Our study revealed HRI> 1 for Mn that was observed only in Spinacia 

oleracea. Jan et a!. (2010) also reported HRI> 1 for Mn in Spinacia oleracea and other 

vegetables grown on wastewater irrigated soil. Khan et al. (2010) recoded HRI> 1 for 

Pb in all the selected vegetables of gilgit, Pakistan, while Cd, Cu, Ni and Zn showed 

HRI<1 experiences no health risk to the consuming population except Cd. 

The present study gains significance in-term of health perspective posing risk to the 

human population from the toxic metals like Pb, Cd and Mn via studied food crops 

consLimption. 

Human Health riskfrom toxic chemicals via consumption offood crops in the vicinity 
of selected industrial areas, Pakistan Page 43 



Conclusion 

Wastewater irri gation practices significantly builds-up heavy metals accumulation in 

all the samples of soils and food crops as compared to the tube well water irrigated 

soil and food crops but besides wastewater ilTigation practices atmospheric pollution 

for metals in food crops also problematic for human population. Consumption of 

these food crops contaminated with heavy metals is a major route via food chain and 

important pathway for human exposure. The mean concentrations of Cd in waste and 

tube we ll water irrigated soi l and for Cd and Cr in both waste and tube well water and 

for Pb and Cu in wastewater and also in edible parts of food crops for Pb, Cd and Cr 

crossed the permissible limits. High HRI> 1 for all the food crops were recorded for 

Pb in waste, tube well and unknown irrigation practices and for Cd in all the 

vegetables samples of waste and unknown irrigation sources, while HRI> 1 for Mn in 

Spinacia oleracea irrigated with wastewater. The PCF values > 1 for Mn, Pb were 

found in the order of Mn>Pb>Cd. This study will strengthen our awareness about 

those spec ies which accumulate high toxic chemicals or metals and also about 

management plan strategies for abatement of future heavy metals pollution in food 

crops that led to chronically health risk to the exposing population. 
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Appendix 1: Table showing Analysis of variance (ANOY A) 
among Heavy metals of waste, tube well and unknown 
source sites. 

ANOVA 

Metals df F Sig. 

Cr Between Groups 2 2 1.56629 <0.0001 

Ni Between Groups 2 61.89058 <0.0001 

Fe Between Groups 2 13.39818 <0.0001 

Cu Between Groups 2 8.028412 0.0004 

Co Between Groups 2 19.57189 <0.0001 

Mn Between Groups 2 18.29379 <0.000 1 

Pb Between Groups 2 29.08858 <0.000 I 

Zn Between Groups 2 27.71822 <0.0001 

Cd Between Groups 2 65.74761 <0.0001 

Y 
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Appendix 2: Tamhane's T2 test for conservative pair wise comparisons among sampling 

Sites 

Heavy 
95% Confidence Interval 

metals Sources of sample P-value Lower Bound 

Waste water Tube well <0.0001 1.161 2.73 

Cr Tube we ll Unknown sources <0.0001 -2 .15 -0.93 

Waste water Tube well <0.0001 1.99 3.171 

Waste water Unknown sources 0.004 0 .229 1.519 

Ni Tube well Unknown sources <0.0001 -2 .19 -1 .231 

Waste water Tube well <0.0001 32.7 108 .9 

Waste water Unknown sources 0.03 3.15 82.22 

Fe Tube we ll Unknown sources 0.003 -48.43 -7.89 

Waste water Tube well 0.001 0 .31 1.62 

Cu Tube well Unknown sources 0.005 -1.031 -0.14 

Waste water Tube well <0.0001 2 .139 5.23 

Co Waste water Unknown sources <0.0001 1.27 4.43 

Waste water Tube well <0.0001 17.9 56.9 

Mn Waste water Unknown sou rces 0.0003 12.93 51.53 

Waste water Tube well <0.0001 8.25 15.56 

Waste water Unknown sources 0.000101 3.41 12.04 

Pb Tube well Unknown sources 0.01 -7.74 -0 .61 

Waste water Tube well <0.0001 3.76 7.96 

Zn Tube well Unknown sources <0.0001 -6.2 1 -2.49 

Waste water Tube well 0.0001 1.46 2.21 

Waste water Unknown sources 0.0005 0 .27 1.193 

Cd Tube well Unknown sources <0.0001 -1.45 -0.769 -_._-

v 
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Appendix 3: Showing Daily consumption of each food crops per person per day (Kg) by the local population of Sialkot and Wazirabad and also their 
body weight, Age and diseases concerned 

Weight Coriandru lll All iulll Abelmoschu Allium Capsicum Daucus Solanum Spinacia Raphanus Mentha Lycopersicum Triticum 
S.No Name Age (Kg) Diseases sativulll cepa s esculentus sativulll annum carota melongena oleracea sativus spicata esculentum aestivllm 

1 Mllbeen 25 55 spontylesis 0.000) 0.00 14 0.03 0.002 0.00003 0.002 0.023 0.032 0.02 0.00002 0.02 0.21 

2 Afsar 29 60 Rhinitis 0.0003 0.004 0. 14 0.0003 0.0002 0.003 0.12 0.023 0.004 00003 0.03 0.2 
Kidney prob lem 
and gastro 
intestinal .., 

Shehzad 20 50 infection 0.002 1 0.005 0.1 0.00004 0.0002 0.002 0.02 0.02 0.02 0.0002 0.04 0.164 .) 

4 Arbaas 32 Nil 0.003 0.005 0. 13 0.001 000005 0.003 0.17 0.03 0.004 0.0003 0.06 0.25 

5 bi lal 15 48 Debil ity 0.0012 0.003 0. 14 0.000 1 0.0003 0.004 0.13 0.17 0.033 0.0000 I 0.001 0.23 
High Blood 
Pressure 

6 shamim 4 1 69 +weakness 0.0003 0.006 0.15 0.0005 0.0003 0.025 0.03 0.042 0.0 13 0.0003 0.04 OJI 
Farzeen 

7 Jan 25 55 Ni l 0.004 0.004 0.003 0.00004 0.02 0.04 0.13 0.01 00003 0.05 0.18 
High Blood 

Akram Pressure and 
8 Sheikh 39 73 Diabetes 0.0005 0.0006 0.02 0.0000 I 0.00023 0.004 0.01 0.027 0.006 0.000 1 0.00 1 OJ3 

Masooma Obesity + 
9 bibi 36 65 Weakness 0.002 0.004 0.1 0.0003 0.00003 0.0204 0.1 0.17 0.0006 0.00003 0.03 OJ 

High Blood 
Afsana Pressure 

10 khan 43 81 +weakness 0.0002 0.004 0.1 0.0001 0.00 1 0.0027 0.03 0.13 0.003 0.0003 0.04 0.233 
Jameel Diabetes 

II bloer 50 78 +weakness 0.003 0.006 0.17 0.00 1 0.00003 0.0027 0.1 0. 17 0.003 00003 0.0 1 0.166 
Aamir 

12 nasi f 15 40 Nil 0.003 0.0003 0.01 0.0004 0.000 1 0.0033 0.023 0.13 0.01 0.00005 0.02 OJ33 
Aftaab 

13 alam 22 59 Nil 0.0004 0.005 0. 17 0.003 0.000 1 0.013 0.14 0.027 0.0 13 0.000 1 0.03 0.2 
14 Rashid 45 68 Diabetes 0.00001 0.0007 0.13 0.0027 0.0000008 0.003 0.1 0023 0.01 0.00002 0.03 OJ 
15 Umer 19 50 Nil 0.0023 0.003 0.027 0.00 1 0.00007 0.003 0.023 0. 1 0.01 0.00023 0.0 1 0.167 
16 Sohail 21 49 Under weight 0.002 0.006 0. 13 0.002 0.00003 0.0 1 0.1 0.02 0.006 0.00 1 0.006 0.2 
17 Nabeel 26 70 Nil 0.0003 0.007 0.13 0.0003 0.00001 0.002 0.1 0.13 0.0006 0.0003 0.001 OJ 
18 Sehrish 19 52 Ni l 0.001 0.006 0.1 0.0003 0.00003 0.003 0.02 0.033 0.02 00003 0.006 0.23 
19 Badar raj 18 49 Nil 0.0002 0.003 0. 1 0.001 0.000027 0.003 0.13 0.13 0.013 0.00 1 0.03 0.16 
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20 Munaffa 2 1 51 Diabetes type 0.0003 0.008 0. 1 0.0005 0.000006 0.001 0.02 0.13 0.0 1 0.0002 0.003 0. 18 

21 Kalllralll 28 55 Nil 0.00 1 0.003 0.1 0.003 0.00003 0.003 0.11 0.026 0.0 13 0.0004 0.03 0.16 

22 Barkat 35 69 Blood pressure 0.0001 0.0009 0.03 0.003 0.00004 0.0 13 0.1 0.13 0.0 1 0.0001 0.05 0.3 

23 Jan bib i 39 78 Nil 0.0001 0.004 0.1 0.001 0.00004 0.007 0.13 0.027 0.0 16 0.00003 0.03 0.267 
Bostaan 

24 khan 44 82 Obesty 0.000 1 0.0012 0.01 0.003 0.00002 0.0023 0.13 0.02 0.01 0.0003 0.03 0.17 

25 Shalllcelll 31 58 Ni l 0.001 0.001 0.1 0.001 0.0001 0 0) 0.13 0.03 0.003 0.0003 0.03 0.2 

26 Marjaan 20 56 Nil 0.001 0.0009 0.004 0.01 0.0001 0.001 0.1 0.16 0.0 1 0.0003 0.03 0.16 
Jalllshed 

27 Ali 23 58 Allergy 0.00 1 0.006 0.1 0.0003 0.00003 0.0 16 0.13 0.03 0.003 0.0003 0.03 0.264 
Weakness 

28 Shah ida 40 71 
epilepsy since 
childhood 0.003 0.001 0.16 0.0003 0.000007 0.00 1 0.021 0.033 0.0006 0.001 0.05 027 

Kaleem 
29 fakhir 30 56 Nil 00003 0.004 0.1 0.003 0.00003 0.002 0.16 0.033 0.0006 00003 0.03 0.167 

Fakhir Head ach 
30 khan 28 60 occastional 0.001 0.006 0.1 0.0003 0.00002 00) 0.023 0.02 0.002 00003 0.03 0.167 

31 Ambreen 21 52 Nil 0.003 0.001 0.1 0.0003 0.000003 0.005 0.1 0.023 0.016 O.OO? 0.003 0.3 
Waseem 

32 Changez 3 1 63 Head ach rare 0.0001 0.005 0.1 0.003 0.0003 0.006 0.0 1 0.03 0.0006 0.0003 0.03 0.234 

33 Talha 18 48 Weakness 0.003 0.003 0.1 0.0 1 0.000 1 0.0 1 0.03 0.02 0.006 0.0002 0.001 0.234 
34 Rashid 33 68 Nil 0.003 0.002 0.13 0.0005 0.000007 0.003 0.1 0.03 0.003 0.0001 0.03 0.2 

35 Baber Ali 15 50 Ni l 0.003 0.003 0.1 0.003 0.00002 0.0 1 0.13 0.13 0.003 0.0003 0.003 0.13 
Ehsan-

36 ul-Hag 20 53 Nil 0.0002 0.006 0.02 0.001 0.001 0.003 0.1 0.13 0.012 0.001 0.05 0.13 
37 Fazal 30 69 Nil 0.0003 0.008 0.16 0.0003 0.001 0.004 0.03 0.16 0.015 0.0003 0.06 0.233 
38 Amjad 15 48 Nil 0.0004 0.006 0.16 0.001 0.0001 0.0033 0.02 0.3 0.013 0.002 0.03 0.257 
39 Imran 35 76 Nil 0.03 0.006 0.1 0.0003 0.00003 0.003 0.13 0.3 0.0006 0.0003 0.06 0.267 

Ali 
40 Qasim 14 45 Nil 0.001 0.003 0.16 0.0003 0.0001 0.001 0.13 0.1 0.0006 0.001 0.006 0.167 
4 1 Fahad 16 56 Nil 0.001 0.003 0. 13 0.0003 0.00003 0.003 0.1 0.3 0.013 O.OO? 0.001 0.167 

0.00002 
42 Sara 15 47 Nil 0.001 0.001 0.13 0.0003 4 0.017 0.023 0.2 0.016 0.003 0.03 0.2 

0.00000 
43 Aftab 31 60 Nil 0.003 0.001 0.1 0.001 6 0.003 0.4 0.13 0.0003 0.00 1 0.03 0.3 
44 Kiran 16 39 Nil 0.0001 0.003 0.03 0.00003 0.00002 0.002 0.023 0.03 0.0006 0.00005 0.001 0.133 
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45 Shakeel 14 41 Nil 0.001 0.0027 0.1 0.001 0.000 I 0.0 1 0.06 0.13 0.0005 0.00005 0. 0 I 0. 133 
Afsar 

46 khan 21 50 Allergy 0.001 0.0033 0.023 0.001 0.0001 0.023 0.02 0.03 0.00083 0.0003 0.033 0.2 
Abdul 

I 
i 47 safer 22 48 Weakness 0.001 0.006 0.023 0.0003 0.00003 0.013 0.02 0.05 0.0006 0.001 0.03 0.167 

48 Afsheen 15 42 Ni l 0.0001 0.003 0.16 0.002 0.00 I 0.0033 0.13 0.23 0.0006 0.00005 0.006 0.133 
49 Umair 17 48 Weak 0.00001 0.005 0.13 0.0003 0.00003 0.013 0.03 0.03 0.013 0.00006 0.03 0.1667 
50 Waqar 20 48 Diabetes 0.001 0.006 0.06 0.0005 0.0003 0.023 0.16 0.2 0.013 0.001 0.03 0.2 
51 Ambar 16 45 Weakness 0.0023 0.0063 0.1 0.016 0.00003 0.0023 0.13 0.04 0.006 0.000006 0.03 0.167 

Sadaf 
52 jan 22 52 Weakness 0.001 0.003 0.01 0.0003 0.001 0.02 0.16 0.04 0.006 0.00003 0.03 0.133 

Blood 
53 Dawar SO 65 pressure 0.001 0.001 0.14 0.001 0.0003 0.014 0.Q3 0.033 0.01 0.01 0.06 0.2 
54 Akbari 19 49 Sleeplessness 0.001 0.003 0.013 0.002 0.0000 I 0.004 0.1 0.03 0.002 0.00006 0.003 0.167 

Shahbaz 
55 khan 29 59 Ni l 0.027 0.009 0. 13 0.001 0.0001 0.004 0.1 0.03 0.01 0.00003 0.03 0.23 
56 Basit 20 48 Diabetes 0.001 0.006 0.16 0.0016 0.00003 0.0004 0.03 0.13 0.013 0.0001 0.05 0.23 
57 Shamim IS 45 Ni l 0.0001 0.003 0.1 0.001 0.0001 0.002 0.01 0.04 0.01 0.00002 0.03 0.167 

Saleem 
58 khan 27 SO Nil 0.001 0.006 0.023 0.0006 0.00003 0.013 0.1 0.23 0.013 0.0001 0.03 0.2 

Idrees 
59 khan 25 56 Nil 0.0009 0.006 0.03 0.002 0.00003 0.0025 0.013 0.04 0.013 0.00003 0.03 0.23 
60 Mobeen 30 SO Feeble 0.0001 0.0006 0.13 0.003 0.00003 0.004 0.031 0.03 0.0002 0.001 0.06 0.267 

Rema Luck of 
61 noor 19 49 appetite 0.0001 0.006 0.06 0.0003 0.00003 0.027 0.1 0.23 0.01 0.00003 0.03 0.23 

Barkat Co lic pain 
62 bibi 22 52 bouts 0.0002 0.006 0. 13 0.0003 0.00002 0.003 0.01 0.06 0.0003 0.001 0.Q3 0.23 

Laiba 
63 Jan 25 59 Nil 0.0027 0.003 0.1 0.003 0.0003 0.0023 0.006 0.14 0.01 0.00003 0.03 0.267 
64 Sidra 14 35 Nil 0.003 0.001 0.014 0.001 0.00003 0.003 0.03 0.1 0.003 0.00005 0.001 0.13 
65 Sohail 30 76 allergy 0.005 0.005 0.013 0.001 0.00003 0.00067 0.023 0.14 0.013 0.001 0.06 0.3 
Total Consumption of Each Food 0.0038 0.001615 0.00014 0.00735 0.00807 0.000587 0.2133 
Crop/Person/day 0.0021 75 0.09297 I 724 65 0.078185 0.09295 9 48 0.02732 5 

--

v 

Human Health risk from toxic chemicals via consumption of food crops in the vicinity of selected industrial areas, Pakistan Page 64 




