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ABSTRACT: The study was designed to assess the heavy metal contents in human blood of 

farmers in six agricultural farms irrigated with untreated industrial effluents, urban wastewater, canal 

and tube well water and source apportionment in peri urban area of Multan city,Pakistan. Human blood 

samples (n=30) and wastewater, soil, Brassica and Maize plants, Chicken liver, groundwater and raw 

milk (each n=30) were analyzed for cadmium (Cd), chromium (Cr), copper (Cu), manganese (Mn), 

nickel (Ni) and lead (Pb) by Inductively Coupled Plasma-optical Emission Spectrometry (ICP- OES). 

Mean contents of Cd, Cr, Mn and Ni exceeded the WHO safe limits in human blood of population 

exposed to wastewater farms and all metals were within safe limits at canal and tube well water farms. 

Contamination level of human blood at industrial wastewater irrigated farm was highest and was 

lowest at tube well water farm. Total contents of metals in blood were 100 to 350 times higher at 

wastewater irrigated farms than that at canal water farm. The multivariate statistical analysis indicated 

that the wastewater, soil and foodstuff grown at respective farms were common sources of human 

blood contamination. The human population exposed to wastewater irrigated fields may suffer to 

serious health implications due to blood contamination with heavy metals exceeding safe limits. Use of 

properly treated wastewater in agricultural farms  may safeguard the health of public and ecosystem.     
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INTRODUCTION 

 The humans and other living organisms are 

directly linked with their environment for survival (Irshad 

et al. 2015). The rapid industrialization, urbanization and 

their resulting wastes are main causes of increasing 

water, soil and air pollution (Åkesson et al. 2008). 

Industrial waste contain different chemical compounds 

and heavy metals (Speight 2017). Some elements having 

high toxicity level like Cd, Cr and Pb are retained in soil, 

and cause serious health implications to animals and 

humans via dust ingestion, skin contact and intake 

contaminated food grown on such soils  (Kusin et al.2018 

; Yang et al.2018). Heavy metals are natural component 

of earth crust and are present in natural soil at very low 

concentration and are considered safe for ecosystem. 

Such natural soil is considered as 

unpolluted/uncontaminated/preindustrial soil (MEF 

2007). Past and current industrial developments and 

commercial activities, improper waste treatment and its 

disposal, over 200 year's period, are main causes of soil 

contamination which has raised the heavy metal 

concentration in soil (Chen et al. 2005; EC 2013).About 

20 million ha (7 percent) of land is irrigated with 

wastewater in the world (UN Water 2015).The 

application of even treated wastewater in irrigation 

without precautionary measures can lead to accumulation 

of nutrients, pathogenic microorganisms, salts and heavy 

metals in land (Qadir et al. 2010).Untreated wastewater is 

being used to grow various crops in vicinities of all the 

cities and this mode of disposal of wastewater is 

considered as the cheapest way (Qadir et al. 1997). The 

soils irrigated with wastewater and vegetables grown on 

such soil were contaminated with heavy metals above 

permissible limits. The regular intake of vegetables 

grown with untreated wastewater may accumulate the 
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heavy metals in human body to the toxic level.There is 

complicated relationship between soil contaminants and 

human health. Three million contaminated soil sites are 

estimated in Europe which needs immediate remediation. 

(van Liedekerke et al. 2014). 

 The humans are consumers of all food stuffs like 

ground water, agricultural produces like vegetables, meat, 

milk etc and are exposed to their respective living 

environmental conditions and remain in contract with air 

and soil. The humans living in polluted areas are exposed 

to contaminants and heavy metals accumulate in their 

body. The accumulated heavy metal in soils are depleted 

through erosion, leaching and plant uptake (A Kabata-

Pendias 2010). The intake of heavy metals by humans via 

contaminated food stuffs is one of the pathway and pose 

risk to human health (Khan et al. 2008). Inhalation and 

ingestion of contaminated soil dust and particles is direct 

pathway exposure to population living in contaminated 

area (Cambra et al. 1999). The heavy metals accumulate 

in human organs and do not eliminate from the body 

(ATSDR 2012). The chronic exposure to chromium, 

cadmium and lead causes lungs damage, kidney diseases 

and fragile bones (ATSDR 2017). 

 The above scenario reflects that the human 

population exposed to contaminated environment intake 

heavy metals in their body and blood. The contamination 

level depends on the level of exposed environmental 

conditions. It is hypothesized that the human population 

residing in wastewater irrigated agricultural farms may 

intake the heavy metals in their blood through different 

pathways. Therefore, the objectives of this study were to 

i) investigate the concentration of Cadmium (Cd), 

Chromium (Cr), Copper (Cu), Manganese (Mn), Nickel 

(Ni) and Lead (Pb) in human blood of population residing 

at agricultural farms under different qualities of 

wastewater irrigation ii) identify the sources of heavy 

metals in human blood using multivariate statistical 

analysis. The novelty of study that this is the first study 

conducted in Pakistan. 

MATERIALS AND METHODS 

Study area: Multan is 5
th 

largest populous district of 

Punjab having current population 2.8 million. It is located 

at 30.2
o
 north, 71.4

 o
 east on east bank of Chenab River in 

the geographic center of Pakistan (NESPAK, 2017; Iqbal 

et al. 2019). The climate is cold in winter and very hot in 

summer with maximum mean temperature in summer 42 

and 21
O
C in winter, and annual rainfall 186 millimeters 

(Abbas et al. 2014). 

  Multi discipline environmental issues are 

prevailing in study area due to old and current 

urbanization and industrialization. Haphazard industrial 

clusters were established and are operational within city 

area and Multan Industrial Estate (MIE) on an area of 

1300 acres having more than 300 industrial units is 

functional on west side of the city. The untreated 

wastewater of Multan industrial estate is being used to 

irrigate the agricultural land. The urban wastewater 

having effluents of industrial units located in city area is 

being discharged into WASA sewerage system which is 

disposed of in water bodies used directly to irrigate land 

for agricultural produce (Iqbal et al. 2019; Iqbal et al 

2020). The same practice is being carried out in other 

cities and towns of Pakistan (Ensink et al. 2004; Van Der 

Hoek et al. 2002). Therefore the finding of this study may 

be replicated in other cities of Pakistan.  

 Six agricultural farms, major agricultural 

produce producer were selected in suburb of Multan City 

as representative farms. A- farm under untreated 

industrial effluents irrigation, B and D farms under 

untreated urban wastewater , C- farm under mixed water 

(canal water + urban untreated wastewater), E- farm 

under canal water (control area) and F- farm under tube 

well water irrigation (Figure 1). 

Sampling and analytical methodology: The human 

blood samples were collected through medical officer of 

concerned basic health unit (BHU). The persons visited 

their concerned BHU for their treatment and diagnostic 

purpose and medical officer took blood samples for 

pathological diagnose with standard protocol and method. 

A portion of such blood sample (each 5 ml) in designed 

vials for preservation was taken from medical officer 

with the consent of concerned person. Total 30 human 

blood samples of locally born farmers (Male age 50-60 

years) (each site n=5) were collected and placed in ice 

boxes and freezed till analyses 

 Composite samples of wastewater/water used 

for irrigation, soil, drinking water from hand pumps, 

Maize and Brassica plants, domestic chicken liver and 

buffalo’s milk (Each n=30) were collected from each 

farm according to standard methods for determination of 

selected metals contents to use the data for statistical 

analyses. Samples were assigned proper identity with 

inventory. 

 Analytical analyses of samples for selected 

metals was performed in center of environmental 

protection studies laboratories, Pakistan Council of 

Scientific and Industrial Research, Lahore accredited for 

ISO with ICP-OES Perkin Elmer, USA, Optima DV 5300 

in accordance with standard guidelines and methods 

(APHA, 2005; ASTM, 2007; AOAC, 2002). 

 Multivariate statistical analyses was performed 

for source apportionment of the heavy metals in human 

blood including i) ANOVA, ii) Pearson correlation 

matrix (PCM), iii) Hierarchical cluster analyses (HCA), 

and iv) Principal component analysis (PCA). 
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Figure 1 Study area of Multan City, Pakistan. 

 

RESULTS 

 Concentration of the selected metals in soil, 

groundwater, wastewater, Maize and Brassica plants, 

livers of domestic chicken, and raw milk of buffaloes 

across all farms were systematized for statistical analysis 

(data not shown).The results (Table 1) showed that mean 

concentrations of Cd, Cr, Mn and Ni in human blood 

exceeded WHO (1996) safe limits at wastewater irrigated 

farms (A, B, C, D) and mean contents of all metals were 

highest at untreated industrial effluents irrigated farm 

(A). Mean concentrations of Cr and Ni were slightly 

higher than the safe limits at canal water irrigation farm 

(E). All the metals were within safe limits in human 

blood exposed to canal water irrigation farm (F). The 

results further revealed that the contamination level of Cd 

in blood was 67, 123, 37 and 60 times higher at farm-A, 

B, C and D respectively than that at farm-E. The 

contamination level of Cr was 105, 205, 135 and 105 

times higher at farm-A, B. C and D respectively than that 

at farm-E. The contamination level of Cu was 38, 30, 17 

and 36 times higher at farm-A, B, C and D than that at 

farm-E. The contamination level of Mn was 854, 354, 

152 and 778 times higher at farm-A, B, C and D than that 

at farm-E. The contamination level of Ni was 325, 400, 

173 and 267 times higher at farm-A, B, C and D than that 

at farm-E. The contamination level of Pb was 20, 15, 18 

and 15 times higher at farm-A, B, C and D than that at 

farm - E. 

Table 1 Mean contents of heavy metals (µg/L) in human blood- population across all agricultural farms. 
 

 Farm   Cd Cr Cu Mn Ni Pb Total metals 

A 
Mean 20 21 55 1230 390 8 1724 

 ± SD 0.71 1.22 0.71 7.07 7.07 0.71   

B 
Mean 37 41 43 510 480 6 1117 

 ± SD 0.71 0.71 0.71 7.07 45.28 0.71   

C 
Mean 11 27 24 218 204 7 491 

 ± SD 0.71 0.71 0.71 1.41 11.40 0.71   

D 
Mean 18 21 52 1120 320 6 1537 

 ± SD 1.22 0.71 0.71 7.07 7.07 0.71   

E 
Mean 0.3 0.2 1.44 1.44 1.2 0.4 5.0 

 ± SD 0.06 0.05 0.29 0.29 0.29 0.06   

F 
Mean 0.2 0.136 1.28 0.804 0.816 0.2 3.44 

 ± SD 0.06 0.033 0.22 0.09 0.07 0.05   

MRL (µg/l) 0.3a 0.16b 800a 8a 1a 50a 859.5 

a WHO (1996), b ATSDR, (2000) 

        Exceeding WHO limits              Below WHO limits 
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 The total contents of metals (µg/L) across all 

farms were 1724.0, 1117.0, 491.0, 1537.0, 4.982 and 

3.436 (Figure 2). Order of total contents of metals was as: 

A > D >B > C > E > F. The blood of population at farm-F 

contained lower contents of heavy metals than that at 

farm-E. The blood of human population exposed to 

wastewater irrigation farms was 100 to 350 times more 

contaminated than that at canal and tube well water 

irrigation farms. It might be due to the presence of higher 

concentration of heavy metals in wastewater, soil and 

other linked pathways and contaminated food stuff grown 

with wastewater like vegetables, ground water, milk, 

chicken liver which provided chance to transmit the same 

in human body. 

 

 
Figure 2 Comparison of total heavy metals concentration in human blood of population across all agricultural 

farms. 

 

Source apportionment: Normally the concentrations of 

elements emerging from similar or same source tend to 

show significant correlation (Jiang et al. 2014). Therefore 

Pearson correlation coefficients of heavy metals were 

computed. Hierarchical Cluster Analyses (HCA) reveals 

the formation of groups of elements originating from 

same or similar source. Principal Component Analyses 

(PCA) show the relationship between the elements and 

formation of groups of elements. The positive principal 

component loadings indicate the anthropogenic source 

and negative loadings show the natural source (Rodriguez 

et al. 2018). HCA and PCA are often coupled for 

confirmation of results (Soliman et al. 2015). Hence 

HCA and PCA both were performed. 

    PCM between metals within blood (Table 2) indicated 

highly significant positive correlation between all pairs of 

the metals at the level of 0.01 showing same source 

disseminating the human blood contamination across all 

farms. 

 PCM (Table 2) between metals of wastewater 

and human blood indicated highly significant positive 

correlation in most of the pairs at 0.01level showing the 

wastewater and water irrigating the farms is common 

source for human blood contamination across all farms. 

  PCM (Table 3) between metals of soil and 

human blood indicated highly significant positive 

correlation in most of the pairs at 0.01level showing the 

contaminated soil as common source for human blood 

contamination across all farms. 

 PCM between human blood metals and food 

stuff metals (Table 4) showed highly significant positive 

correlation in most of the metal pairs at 0.01 and 

significant positive correlation at 0.05 which indicated 

that the consumption of contaminated food stuff grown at 

respective sites contributed the metal contamination in 

human blood across all sites.  

 HCA was shown with dendogram which 

exhibited similarities (Figure 3) indicating the formation 

of two groups of the heavy metals in human blood. Group 

1 contained Cd, Ni and Cr, and group 2 contained Cu, Mn 

and Pb. 
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Table 2 PCM between heavy metals within human blood and metals of wastewater 

 

 Cd Cr Cu Mn Ni Pb wwCd wwCr wwCu wwMn wwNi wwPb 

Cd 1 0.922
**

 0.794
**

 0.568
**

 0.957
**

 0.704
**

 0.861
**

 -0.102 0.837
**

 0.607
**

 0.346 0.312 

Cr  1 0.729
**

 0.449
*
 0.900

**
 0.807

**
 0.788

**
 -0.239 0.871

**
 0.421

*
 0.181 0.19 

Cu   1 0.938
**

 0.919
**

 0.872
**

 0.786
**

 0.189 0.707
**

 0.751
**

 0.651
**

 0.554
**

 

Mn    1 0.745
**

 0.739
**

 0.629
**

 0.361 0.486
**

 0.771
**

 0.757
**

 0.638
**

 

Ni     1 0.840
**

 0.876
**

 -0.035 0.852
**

 0.704
**

 0.476
**

 0.473
**

 

Pb      1 0.721
**

 -0.113 0.778
**

 0.560
**

 0.431
*
 0.525

**
 

**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed), ww = wastewater 

 

Table 3 PCM between heavy metals within human blood and metals of surface soil 

 

 Cd Cr Cu Mn Ni Pb ssCd ssCr ssCu ssMn ssNi ssPb 

Cd 1 0.922
**

 0.794
**

 0.568
**

 0.957
**

 0.704
**

 0.219 0.197 0.616
**

 0.393
*
 0.33 0.232 

Cr  1 0.729
**

 0.449
*
 0.900

**
 0.807

**
 0.102 0.076 0.656

**
 0.439

*
 0.223 0.13 

Cu   1 0.938
**

 0.919
**

 0.872
**

 0.525
**

 0.540
**

 0.743
**

 -0.092 0.25 0.548
**

 

Mn    1 0.745
**

 0.739
**

 0.645
**

 0.677
**

 0.648
**

 -0.352 0.198 0.661
**

 

Ni     1 0.840
**

 0.400
*
 0.390

*
 0.734

**
 0.173 0.242 .420

*
 

Pb      1 0.494
**

 0.490
**

 0.809
**

 -0.104 -0.006 0.528
**

 
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed), ss= surface soil 

 

Table 4. PCM between heavy metals in human blood and metals of foodstuffs 

 

 Cd Hbloo
a 

Cr Hblood 
Cu 

Hblood 
MnHblood Ni Hblood PbHblood 

Cd 

milk
b Cr milk Cu milk Mn milk Ni milk Pb milk 

Cd chicken 0.673
**

 0.668
**

 0.926
**

 0.879
**

 0.820
**

 0.846
**

 0.890
**

 0.646
**

 0.729
**

 0.178 0.773
**

 0.684
**

 

Cr chicken 0.487
**

 0.374
*
 0.683

**
 0.711

**
 0.630

**
 0.626

**
 0.558

**
 0.479

**
 0.489

**
 -0.022 0.675

**
 0.445

*
 

Cu chicken 0.745
**

 0.669
**

 0.961
**

 0.917
**

 0.870
**

 0.838
**

 0.880
**

 0.602
**

 0.780
**

 0.196 0.838
**

 0.731
**

 

Mn chicken 0.337 0.228 0.659
**

 0.755
**

 0.526
**

 0.608
**

 0.512
**

 0.629
**

 0.346 -0.235 0.649
**

 0.287 

Ni chicken 0.366
*
 0.383

*
 0.699

**
 0.716

**
 0.487

**
 0.536

**
 0.640

**
 0.621

**
 0.446

*
 -0.015 0.541

**
 0.400

*
 

Pb chicken 0.736
**

 0.756
**

 0.928
**

 0.837
**

 0.867
**

 0.901
**

 0.938
**

 0.600
**

 0.790
**

 0.289 0.756
**

 0.753
**

 

Cd Maize 0.714
**

 0.743
**

 0.961
**

 0.885
**

 0.870
**

 0.947
**

 0.960
**

 0.685
**

 0.777
**

 0.234 0.776
**

 0.736
**

 

Cr Maize 0.659
**

 0.837
**

 0.615
**

 0.392
*
 0.726

**
 0.878

**
 0.826

**
 0.340 0.703

**
 0.558

**
 0.394

*
 0.713

**
 

Cu Maize 0.870
**

 0.834
**

 0.957
**

 0.832
**

 0.965
**

 0.915
**

 0.945
**

 0.464
**

 0.898
**

 0.415
*
 0.816

**
 0.867

**
 

Mn Maize 0.624
**

 0.619
**

 0.905
**

 0.878
**

 0.804
**

 0.911
**

 0.869
**

 0.712
**

 0.671
**

 0.089 0.767
**

 0.622
**

 

Ni Maize 0.431
*
 0.369

*
 0.558

**
 0.547

**
 0.516

**
 0.490

**
 0.499

**
 0.321 0.438

*
 0.044 0.488

**
 0.398

*
 

Pb Maize 0.605
**

 0.562
**

 0.917
**

 0.920
**

 0.787
**

 0.866
**

 0.838
**

 0.732
**

 0.648
**

 0.029 0.800
**

 0.593
**

 

Cd water
c 

0.549
**

 0.527
**

 0.556
**

 0.459
*
 0.594

**
 0.530

**
 0.536

**
 0.187 0 .571

**
 0.315 0.479

**
 0.559

**
 

Cr water 0.481
**

 0.447
*
 0.278 0.136 0.442

*
 0.237 0.303 -0.174 0.462

*
 0.447

*
 0.235 0.489

**
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Cu water 0.774
**

 0.614
**

 0.760
**

 0.676
**

 0.772
**

 0.568
**

 0.646
**

 0.172 0.766
**

 0.364
*
 0.723

**
 0.738

**
 

Mn water 0.304 0.416
*
 0.641

**
 0.636

**
 0.467

**
 0.706

**
 0.682

**
 0.744

**
 0.384

*
 -0.023 0.448

*
 0.350 

Ni water 0.341 0.230 0.591
**

 0.654
**

 0.439
*
 0.446

*
 0.438

*
 0.469

**
 0.364

*
 -0.108 0.548

**
 0.315 

Cd Brassica 0.325 0.298 0.675
**

 0.744
**

 0.535
**

 0.714
**

 0.596
**

 0.720
**

 0.355 -0.202 0.613
**

 0.301 

Cr Brassica 0.550
**

 0.791
**

 0.649
**

 0.458
*
 0.655

**
 0.895

**
 0.874

**
 0.533

**
 0.634

**
 0.437

*
 0.365

*
 0.633

**
 

Cu Brassica 0.623
**

 0.810
**

 0.778
**

 0.615
**

 0.750
**

 0.954
**

 0.943
**

 0.615
**

 0.705
**

 0.390
*
 0.510

**
 0.692

**
 

Mn Brassica 0.356 0.569
**

 0.571
**

 0.475
**

 0.528
**

 0.858
**

 0.742
**

 0.664
**

 0.429
*
 0.150 0.347 0.416

*
 

Ni Brassica -0.096 0.286 -0.082 -0.239 -0.042 0.366
*
 0.266 0.254 -0.016 0.225 -0.329 0.020 

Pb Brassica 0.804
**

 0.804
**

 0.983
**

 0.880
**

 0.924
**

 0.930
**

 0.976
**

 0.590
**

 0.856
**

 0.336 0.806
**

 0.818
**

 

Cd Hblood 1 0.922
**

 0.794
**

 0.568
**

 0.957
**

 0.704
**

 0.815
**

 0.005 0.991
**

 0.750
**

 0.691
**

 0.990
**

 

Cr Hblood 0.922
**

 1 0.729
**

 0.449
*
 0.900

**
 0.807

**
 0.884

**
 0.095 0.948

**
 0.817

**
 0.533

**
 0.963

**
 

Cu Hblood 0.794
**

 0.729
**

 1 0.938
**

 0.919
**

 0.872
**

 0.926
**

 0.585
**

 0.835
**

 0.251 0.867
**

 0.787
**

 

MnHblood 0.568
**

 0.449
*
 0.938

**
 1 0.745

**
 0.739

**
 0.767

**
 0.725

**
 0.609

**
 -0.088 0.860

**
 0.540

**
 

Ni Hblood 0.957
**

 0.900
**

 0.919
**

 0.745
**

 1 0.840
**

 0.917
**

 0.270 0.972
**

 0.580
**

 0.789
**

 0.953
**

 

PbHblood 0.704
**

 0.807
**

 0.872
**

 0.739
**

 0.840
**

 1 0.962
**

 0.625
**

 0.765
**

 0.348 0.653
**

 0.743
**

 

Cd milk 0.815
**

 0.884
**

 0.926
**

 0.767
**

 0.917
**

 0.962
**

 1 0.535
**

 0.874
**

 0.459
*
 0.711

**
 0.851

**
 

Cr milk 0.005 0.095 0.585
**

 0.725
**

 0.270 0.625
**

 0.535
**

 1 0.097 -0.470
**

 0.429
*
 0.0354 

Cu milk 0.991
**

 0.948
**

 0.835
**

 0.609
**

 0.972
**

 0.765
**

 0.874
**

 0.097 1 0.731
**

 0.703
**

 0.995
**

 

Mn milk 0.750
**

 0.817
**

 0.251 -0.088 0.580
**

 0.348 0.459
*
 

-

0.470
**

 
0.731

**
 1 0.134 0.786

**
 

Ni milk 0.691
**

 0.533
**

 0.867
**

 0.860
**

 0.789
**

 0.653
**

 0.711
**

 0.429
*
 0.703

**
 0.134 1 0.650

**
 

Pb milk 0.990
**

 0.963
**

 0.787
**

 0.540
**

 0.953
**

 0.743
**

 0.851
**

 0.035 0.995
**

 0.786
**

 0.650
**

 1 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed), 
a 
Human blood, 

b 
raw milk of buffaloes, 

c
 

groundwater 
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Figure 3 HCA of heavy metals in human blood across all irrigation farms 

 

 For PCA, one principal component having 

Eigenvalue higher than 1.0 was extracted (Table 5). The 

PC 1 (Eigenvalue 4.98) explained about 83 % of total 

variance in the analyzed data. PC 1 exhibited positive 

loadings of Cd, Cr, Cu, Mn, Ni and Pb showing 

anthropogenic source of dissemination of metals in 

human blood like industrial waste/sludge and sewage ( 

Ma & Gui, 2017; Rinklebe et al. 2019). PCA biplot 

(Figure 4) showed that the metals framed two groups. 

Group 1retained Cr, Ni and Cd while group 2 retained Pb, 

Cu and Mn which is similar to HCA dendogram for 

human blood (Figure 3) and it confirmed the results of 

PCA. 

 MSA exhibited that wastewater/water used for 

irrigation containing heavy metal, contaminated soil, 

contaminated groundwater and contaminated food stuff 

like vegetables (Brassica), Maize plants, raw milk, 

chicken meat are common sources disseminating the 

heavy metals in human blood across all farms. 

Table 5 Principal component loadings of heavy metals 

in human blood 

 

  Human blood 

  PC1 

Eigenvalues 4.98 

% Total Variance 83.0 

% Cumulative Variance 83.0 

Cd 0.408 

Cr 0.396 

Cu 0.43 

Mn 0.363 

Ni 0.441 

Pb 0.407 
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Figure 4 PCA biplot diagram of heavy metals in human blood across all agricultural farms 

 

DISCUSSION 

 The results revealed that mean concentration of 

Ni, Mn, Cr and Cd exceeded WHO safe limit in the blood 

of human population exposed to wastewater irrigated 

agricultural fields and that all metals contents were within 

WHO safe limits at tube- well and canal water irrigation 

farms. The contamination level of human blood at 

industrial wastewater irrigated farm was highest and was 

lowest at tube- well water irrigated farm. Total contents 

of metals in human blood were 100 to 350 times higher at 

wastewater irrigated farms than that at canal water 

irrigated farm. It might be due to the availability of 

higher concentration of metals in wastewater, soil and 

other linked pathways. Multivariate statistical analysis 

indicated that wastewater and water irrigating the farms, 

contaminated soil, contaminated groundwater and 

contaminated food stuff like vegetables (Brassica), Maize 

plants, raw milk, chicken meat are common sources of 

metal contamination in human blood across all sites. 

 The mean contents of metals observed in this 

study in human blood are supported by  the results of 

previous studies which indicated that blood of human 

population exposed to polluted environment and 

contaminated foodstuff was more contaminated with 

heavy metals than WHO safe limits (Akintujoye et al. 

2013; Schultze et al. 2014; Schultze et al. 2013 ; Ahmad 

et al. 2014; Ahmad et al. 2013 ; Jan et al. 2011; 

Wasowicz et al. 2001; Nkolika and Benedict, 2009; Akan 

et al. 2014).  

 Novelty of this study is that a comparative 

analysis of human blood contamination of population was 

conducted with reference to their exposure to different 

agricultural farms irrigated by wastewater of different 

qualities, tube-well and canal water with source 

apportionment. Maximum mean concentration of selected 

metals were observed at farm-A irrigated by untreated 

industrial effluents of MIE. In MIE about 300 industrial 

units including pesticide formulation, tanneries, 

automobile parts manufacturing units, lead extraction 

from condemn batteries (smelting units), auto repair 

workshops, textile dyeing, edible oil, Phosphate fertilizer 

etc are operational and disseminate these metals into 

combined drainage system of MIE. Similar industrial 

clusters are operational in urban area of Multan city 

(Tariq et al. 2010; Iqbal et al. 2019). These metals are 

added in wastewater from smelting process, phosphate 

fertilizer, NiCd batteries, auto parts manufacturing and 

repairing process, plating, edible oil (ATSDR, 1999; Ali 

et al. 2019) functional in study area. Cr is used in leather 

process and originate from tanneries (Tariq et al. 2010; 

Ali et al. 2019) operational in study area.  

  Previous studies in study area revealed that 

application of untreated wastewater in irrigation has 

become source of food chain contamination and resulting 

in transmission of toxic heavy metals to human body 

exceeding WHO safe limits. Tariq et al. (2010) reported 
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in study area that a large agricultural land became 

nonproductive due to very high contamination with heavy 

metals. Randhawa et al. (2014) reported that vegetables 

grown in study area were unfit for human consumption. 

Ismail et al. (2015) reported that vegetables grown with 

canal water were more contaminated than that with tube 

well water in study area. Iqbal (2018) reported in study 

area that the soils under wastewater irrigated farms 

exhibited very high ecological risk to moderate 

ecological risks and all vegetables grown with 

wastewater posed carcinogenic health risk to humans. 

Iqbal et al. (2019) reported in same study area that Maize 

plants grown with wastewater being used as fodder posed 

carcinogenic risk to animals due to intake of same heavy 

metals. Iqbal et al. (2020) reported that milk of buffaloes 

in study area exerted carcinogenic risk to humans. 

Therefore the intake of heavy metals and its buildup in 

human blood beyond WHO safe limits at wastewater 

irrigated farms may cause serious human health 

implications. There is variation among the contamination 

level of human blood according to respective 

contamination level of wastewater and water used for 

irrigation, soil and food stuff at respective agricultural 

farms. The contamination level of human blood at canal 

water irrigated farm was higher than that at Tube well 

water irrigated field. Pakistan has one of the largest canal 

irrigation systems in the world and it is indicator of canal 

water contamination and resulting food chain 

contamination. Saleemi (1993) elaborated this aspect of 

canal water contamination and reported that untreated 

industrial effluents are being discharged into rivers and 

canals in Pakistan and this practice is still continued. This 

study has provided basic information and data to policy 

makers, planners and decision makers and invites the 

attention of agricultural, environmental, food and health 

authorities to remediate the situation causing sever 

human health implications due to buildup of toxic 

elements in human bodies exposed to agricultural 

farming system in Pakistan.  

Conclusions: The mean concentration of heavy metals 

Cd, Cr, Mn and Ni exceeded the WHO safe limits in 

human blood of population exposed to wastewater 

irrigated agricultural farms while were within limits in 

the blood of population exposed to tube well and canal 

water irrigated agricultural farms. Mean contents of Ni 

and Pb were within safe limits across all farms.  

 The total contents of metals in human blood of 

population exposed to wastewater irrigated agricultural 

farms were 100 to 350 times higher than that canal water 

irrigated farm. The contamination level of human blood 

of population at untreated industrial wastewater was 

highest and was lowest at tube well water irrigation farm 

having all metal contents within WHO safe limits. The 

human blood contamination beyond WHO safe limits 

may cause carcinogenic health risk to humans as 

elements like Cd, Cr, Ni and Pb are known carcinogenic 

elements.  

 Statistical analyses evidenced that the 

wastewater containing heavy metals used to irrigate land, 

contaminated soil, food stuffs like groundwater, 

vegetables, domestic chicken meat, and raw milk 

produced at respective farms are common sources of 

human blood contamination with heavy metals. 

 In Pakistan typically in Punjab, the canal 

irrigation system is largest in the world. The 

contamination level of blood of population at canal water 

irrigated fields higher than that at tube well water 

irrigated fields is indicator of canal water contamination 

with heavy metals and such contamination is being 

transmitted in human bodies via consumption of 

contaminated food stuff grown with canal water and other 

linked path ways. It invites immediate attention of the 

government to take mitigation measures to save quality of 

canal water and health of general public.  

 The long term application of wastewater 

containing heavy metals is source of soil and food stuff 

contamination at very high rate and the human population 

residing at wastewater irrigated agricultural fields having 

metal contents beyond WHO safe limits may suffer to 

carcinogenic effects. Therefore wastewater containing 

heavy metals may be properly treated before its use to 

irrigate agricultural farm producing human foodstuff to 

safeguard the health of humans and ecosystem.  

Recommendations: By in house treatment of wastewater 

in industrial units, the concentration of highly toxic 

elements like Cd, Cr, Cu, Ni, Pb (having high toxic 

response factors) may be removed at source to minimize 

the toxicity of these metals in wastewater, soil, food stuff 

and ultimately in human bodies. The combined effluents 

treatment plant like SCAB method (Ahmad et al. 2019) 

may be useful to utilize the treated wastewater in 

agricultural farming system to save the health of public 

and ecosystem. There is urgent and dire need to frame 

policy and standards for proper treatment of wastewater 

to reuse in agriculture to protect public health.  
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