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Abstract: The aim of this study was to determine the concentration of toxic metals such as Lead (pb), Chromium (Cr), Zinc 

(Zn), Copper (Cu), Iron (Fe) and Cadmium (Cd) in pharmaceutical effluents, agricultural soil and vegetables (Pumpkin, Green 

Chilli and Spinach) in Sahiwal Region, Punjab, Pakistan, where many pharmaceutical industries producing effluents that 

contain toxic metals, reagents, organic compounds and catalyst. These pharmaceutical effluents are being used for irrigation 

purpose. Different samples of efflents, soil and vegitables analysed. Though the detected amounts are exceeded from WHO 

irrigation limits in water samples other than zinc. The analysis of soil sample showed that All metals were exceeding the 

controlled sample and WHO limits. The testing in vegetables samples showed that all the metals exceeded the permissible limit 

other than Fe and it was concluded that agricultural soil and vegetables of small industrial estate area of Sahiwal region were 

contaminated by increasing concentration of toxic metals due to untreated pharmaceutical effluents. There is a need of regular 

monitoring of pharmaceutiocal effluents enterimg into irrigation water sources in order to save quality of vegatables and health 

hazards. 
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1. Introduction 

Sahiwal is a famous city of south Punjab situated about 20 

km away from River Ravi Punjab Pakistan. Different 

pharmaceutical industries like (M/S pharmaceutical 

industries, Kohinoor pharmaceutical industries, working in 

this city in small industrial area Sahiwal, producing many 

Pharmaceutical compounds. But these industries have 

released very toxic substances in the natural sources [1]. The 

effluents from these pharmaceutical industries discharged 

into small canal which goes from west side of industrial 

estate Sahiwal. These effluents are a fresh water resources for 

irrigation in this area 

Effluents are harmful wastage of industries excrete through 

water in waste water bodies Many Studies have reported in 

their documents that disposal of these effluents directly to 

land and fresh water bodies has potential to contaminate 

them as well as air, soils and crops grown on these soils 

which will have diverse effect on human health. They are 

found in the naturally occurring ecosystems with large 
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variety of concentrations [2].
 
and they have been associated 

the potential for irrigating about 21 thousands hectares of 

land on daily basis or alternately about 7.8 million hectors on 

annual basis [3]. 

Effluents from pharmaceutical industries are called 

pharmaceutical effluents. Pharmaceutical compounds are 

being used for human and veterinary medicines several 

beneficial purposes during the manufacturing, Antibiotics, 

Analgesics Antiepileptic, Antiseptics, Antihypertensive, 

Hormones, Contraceptives, and Beta-blockers. They have 

many organic matter in and heavy metal contents, the excess 

of these chemicals they have unknown effects on nature of 

things that we considered to be safe because we would only 

expect them to be present in trace concentrations [4]. High 

concentration of these chemical change the bio activity of 

things and ultimately change the food chain. Inactivating 

substituent attached to the molecule, depending on the 

pharmacology of the substance in concern [5]. 

Pharmaceutical substances used in fish farms will be transfer 

directly to the receiving waters, because the most convenient 

method of treating fish with antibiotics and 

chemotherapeutics is by the use of bed additives 

Pharmaceuticals compounds in the Environment adopted 

different routes of incorporated into the fresh water bodies, 

industrial plants and pharmaceutical effluents, surface of soil 

(bio solids wastes and water waste reuse) [6]. The physico-

chemical study of these wastes should showed that these 

industries follows the standard valued of Federal 

Environmental Protection Agency (FEPA) [7].
 

Chemical 

oxygen demand (COD) is an important pollution index of 

waste waters is the oxygen valued in biological oxygen 

demand (BOD), amount of nitrogen and phosphorus in waste 

water are important for the measurement. Other than these 

water quality parameters include temperature, pH and total 

suspended solids (TSS) [8].
 
Pharmaceutical effluents are 

classified into their unusual condition, COD, TDS, TSS, and 

total hardness. The continuously addition and lower values of 

complex medical mixtures in water and may cause in toxic 

and chronic damages [9], [10]. behavioral changes [11], [12],
 

addition in tissues reproductive loss [13],
 
and restriction of 

cell proliferation [14]. Pharmaceutical industries consist of 

large number of chemical and biological compounds so these 

effluents change the quality of water. quality parameters for 

irrigated water contaminated with these effluents and 

increase pH, temperature, total dissolved solid (TDS), total 

solids, total suspended solid, grease, chloride and oil, and 

increase in water parameters like biochemical oxygen 

demand (BOD) and chemical oxygen demand (COD), 

indicated higher pollution level in effluents [16] the 

concentrations of, BOD, TDS COD, selenium, copper, 

fluoride arsenic, and iron were recorded 5 to 10 times higher 

than maximum permissible limit these effluents are rich 

source of chemical composition of soil, the repeated 

irrigation of these waste water accumulate appreciable 

quantities of heavy-metals and micro-nutrients in the soil. 

The contamination of these parameter in soil also affect the 

quality of soil and crops. The contents of toxic metals in 

effluents adversely affect germination, rate of root growth 

root initiation, stem growth, panicle emergence, and filling of 

grain. In extreme cases the plant dies because of effluent 

water application [17] also reported beneficial effects of 

organic effluents on plants [18] mentioned deleterious effect 

of industrial effluent in pea germination and initial growth. 

Therefore, the study was planned to determine the content of 

different toxic metals accumulation in irrigated soil which 

translocate them into vegetables. The bioactive 

characteristics of pharmaceuticals contaminants introduced 

into irrigated water which produce adverse effects on 

humans. The adverse effects of veterinary pharmaceutical 

contamination appeared in other organism [19], [20]. 

Heavy metals like, Ni, Pb, Cu and Cd are not essential for 

growth of plant, they are taken from soil and absorbed by 

plants in harm level. When they are ingested by human 

through vegetables irrigated by these effluents create health 

risk to humans and wildlife. When the soils are continuously 

irrigated by these sources the concentrations of these heavy 

metals are increases over the allowable limit. Increasing 

concentrations of toxic metal in soil are responsible for 

absorbance of toxic metal by plants in different stages of 

growth plant species [21]. 

pharmaceutical industries and other industries like 

smelting, steel, iron industries and agriculture as well as 

domestic activities [22], are major sources of toxic metal in 

effluents and soils. Therefore, the determination the 

concentrations of these toxic metals in soils become more 

important. This is not only determine the contents of metal 

contents but also types of metals. 

Lead, Copper, cadmium, zinc, arsenic, aluminum and 

chromium are present in agricultural soils, from many studies 

showed that the agricultural soil is effected by toxic metals 

through again and again use of effluents as a source in 

irrigation and fertilizers. These toxic metals found in 

effluents of industries and in many fertilizers and pesticides. 

Cd, is also found in agricultural soils which is added by 

effluents and fertilizers, water containing these toxic metals 

applied for irrigation all toxic elements found in these 

sources keep accumulating in soil [23]. 

In these condition, vegetables containing elevated level of 

toxic metals as compared to those cultivated in unaffected 

soils because they take these metals. The use of untreated 

pharmaceutical effluent continuously for production of 

vegetables may cause absorption of metals in dangerous 

amounts which is different for different vegetables. 

Zinc, lead, chromium, nickel and cadmium are the metals 

mostly present in green vegetables cultivated in the sites of 

small industrial estate area Sahiwal. A. A spectrophotometry 

was used to check and compare the levels of these metals in 

the vegetables. These pharmaceutical effluents are 

responsible for elevate level these toxic metals in vegetable 

of that soils [24]. Heavy metals are not easily biodegradable 

and through these vegetables metal accumulation takes place 

in human organs producing unwanted side effect [25], [26]. 

This condition responsible for varying degree of effects 

based on these exposures. 
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2. Experimental Work 

The selected area for the sampling of pharmaceutical 

effluent, soil and vegetables was two kilometers away from 

small industrial estate Sahiwal. This current research work 

was carried out in department of Chemistry University of 

Lahore Sargodha campus and AAS (atomic absorption 

spectroscopy ) tests was examine with the help of my 

colleague Mr. Nasir and Radiant pharmaceutical (Pvt). Ltd. 

Lahore. 

The study area of the topic consist three distinct environs 

effluents, soil, vegetables. 

Samples of these environs were collected from different 

places and time duration. 

Nine Effluent samples were collected from a small canal of 

small industrial estate Sahiwal. Before the collection of 

Samples, sample bottles were purchased from local market of 

Sahiwal. Sample bottles were sterilized with sodium Thio 

Sulphte (NaS2O3) and then washed with double distilled 

water twice. Three Sample bottles marks with (Effluent 

Sample surface) E. S. S. I, II and III from 10, 200 and 500 

meter respectively and samples were taken from the surface 

of water. Three Sample bottles marks with (Effluent Sample 

center) E. S. C. I, II and III from 10, 200 and 500 meter 

respectively and samples were taken from the center of water. 

Three Sample bottles marks with (Effluent Sample bottom) 

E. S. B I, II and III from 10, 200 and 500 meter respectively 

and samples were taken from the bottom of water point. To 

avoiding contamination bottles were sealed and the samples 

ware further preserved for further analysis. PH and 

temperature were measured. Polythene bags were purchased 

from the local market of Sahiwal and labeled S. S. 1.(Soil 

sample 1) from surface of soil. S. S. 2 (Soil sample 2) from 5 

cm depth of soil and S. S. 3 (Soil Simple 3) from 10 cm 

depth of soil. Three sample were collected at three different 

point. Sample 1 were taken from the surface of the soil. 

Sample two was taken from 5 cm depth and sample three 

were taken from 10 cm depth and different time. The soil 

samples were collected from the effluent irrigated fields. The 

pH, EC were checked at the site with pH Meter and EC 

meter. After drying in open air it crushed and passed through 

2mm mesh sieve. For heavy metals extraction, 10g of air 

dried soil is kept in 20 ml of ammonium bicarbonate-

diethylene tri amine Penta acetic acid AB- DTPA. These 

mixture were shaken for 15 minutes, then filtered and this 

filtrate was kept in clean plastic bottles and analyzed for 

selected metals (Cd, Cr, Zn, Cu, Fe, and Pb). 

The sample of the vegetables were collected randomly 

from fields along the industrial estate of Sahiwal and first 

preserved in polythene bags pumpkin sample, green 

chiliSample and spinach vegetables samples were washed 

with distilled water and packed in polythene bags for 

laboratory. The samples were dried and then finely cut into 

small pieces, Putted in ceramic dishes. Then heated in 

electric furnace (Carbonated Electric Furnace with ceramic 

Lining) at 100°C for half an hour, after this heating, the 

second heating was at 300°C in a Petri dish the area) after 

that these samples Placed in covered crucibles at 450 °C for 

two hours in an electric furnace. Temperature was increased 

gradually to avoid the loss of contents by volatilization. After 

drying and ash making, the organic digestion was done. For 

this purpose 2mL HNO3 to 0.5 g sample was done and then 

again heating the sample for half hour then adding 2 mL 

hydrogen peroxide to 0.5g sample and heating for half an 

hour. Subsequently multi- acid digestion was done by 10 mL 

HNO3, 3mL HClO4 (Per chloric acid) + 5mL HF 

(hydrofluoric acid) and placed on a hot plate. Again 5mL 

HNO3 was added in the sample. Leaching of sample was 

done by adding 1 portion of HNO3 and 1 portion of (30 mL 

each) distilled water in the sample beaker was covered with 

watch glass then these were placed in hot beaker for 2 hours 

sample were filtered dried and volume was made 50 mL with 

distilled water covered with watch glass [51]. 

3. Results and Discussions 

The color of the effluent sample was taken in a test tube 

containing glass comparator. tube the color of the sample was 

matching the pure water. Temperature was determine by 

mercury glass thermometer by direct dipping the 

thermometer in the effluent sample pH of the sample was 

determined on the site using pre-calibrated pH meter (TS- 1, 

Suntex Taiwan) electrode was dipped in standard buffer 

solution of pH 7. 

For TSS measurements, a water sample was filtered with 

weighed What man filter paper 42, then filter paper was 

washed with deionized water than it was affixed in an own at 

100°C. 

After drying and cooling, the quantity of suspended solids 

calculated in mg L
-1

from the difference of weight. 

After investigated soil contents of heavy metals in the 

study As, Cd levels in all the selected vegetables is higher 

than WHO and CODEXA limits Arius standard, with 

maximum concentration were observed in spinach in 

Pakistan Cd level as 0.24-2.1 mg/ Kg has been investigated 

in vegetables [65]. And it has also been investigated that Cd 

level in aerial part is more than other parts of some 

vegetables whose stems and leaves are mostly edible should 

not specifically grown in areas irrigated with effluent. 

The observed value of Cr in all the vegetables ranged from 

2.5 mg/Kg to 4.6 mg /Kg the highest chromium content 

(4.6mg/Kg) was Spinach as heavy metals accumulate in more 

roots and leaves. Cr has more absorption tendency in soil but 

it is not retain long time in the soil and is used up by plants. 

In the present study, the concentration of chromium is lower 

in soil but higher in vegetables. Maximum studies including 

this have shown that Cr is present in permissible limits 100-

150 mg/Kg while in global demand it is 60 mg/Kg According 

to one study Cr is 3.74 mg/Kg in leaves 7.56 mg/kg in edible 

parts, spinach irrigated by effluents show high values of 

chromium 3.93 mg /Kg as compared to fresh water 0.004 mg 

/Kg. Lead is also higher in leafy parts spinach 0.3 mg/Kg and 

fruiting vegetables 0.1 mg /Kg this revealed that Pb was at 

high concentrations than permissible limits. other studies in 
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Pakistan showed in vegetable ranging lead level 0.03 to 0.4 

mg /Kg 

In present study it has showed that all vegetables samples 

exceeded Zn permissible limits with maximum concentration 

in spinach while iron is not harming to plants. 

The concentration of Fe was within the safe limits in all 

the vegetables. 

The trends of heavy metals observed in selected vegetables 

were as follows: 

Cu = Spinach > Pumpkin > Green Chili 

Pb = Spinach > Pumpkin > Green Chili 

Fe = Spinach > Green Chili > Pumpkin 

Zn = Green Chili >Spinach > Pumpkin 

Cr = Spinach > Pumpkin > Green Chili 

Cd =Spinach > Pumpkin > Green Chili 

Results of current study have shown that irrigation with 

pharmaceutical effluents increase the concentration of toxic 

metal in soil and vegetables (Table 1 & Figure 1). 

Table 1. Irrigation with pharmaceutical effluents increase the concentration of toxic metal in soil and vegetables. 

Samples Cd (mg/Kg) Pb (mg/Kg) Zn (mg/Kg) Fe (mg/Kg) Cr (mg/Kg) Cu (mg/Kg) 

Effluents 0.7±0.00 4.5 4.0 8.5 0.08 1.9 

Soil 6 22 155 60 5.0 35 

Pumpkin 1.1 1.5 328 7.0 2.5 9 

Spanch 1.0 2.24 270 1.1 4.2 10 

Green chili 1.12 0.3 260 9.0 4.6 14 

 

 

Figure 1. Toxic matels conc(mg/kg). Vs vegetables. 

4. Conclusions 

It was concluded that toxic metal concentrations were 

increased in irrigation water of small industrial area Sahiwal 

by discharging pharmaceutical effluents in the following 

order Fe > Pb > Zn > Cu > Cr > Cd and when the agricultural 

soil irrigated with water, 

The contents of these toxic metals aggregate in the soil by 

the order, Fe > Cu > Zn > Pb > Cd > Cr. All the metals in the 

vegetable samples Zn was higher than permissible level in 

spinach while Iron was present in higher concentration but 

this is not dangerous for plants nontoxic to plants. Results of 

this study have shown that toxic metals in vegetables 

irrigated with effluents of pharmaceuticals accumulate in the 

different parts of vegetables 
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