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you would be willing to review the above manuscript "Chromium poisoning in buffaloes in the vicinity of contaminated
pastureland, Punjab, Pakistan" for a possible publication in our journal. 

This is the abstract:
Food chain is the main channel for Cr to enter human body. Excessive accumulation of Cr can lead to a variety of
diseases and threaten human health. Therefore, it is urgent to evaluate Cr poising in the soil-plant-livestock
environment. The present article highlights the trace element, chromium (Cr) in the wastewater, its uptake in the soil-
plant-livestock system, and its associated toxicity in food chain through consumption of meat by humans for health
risk assessment. In this study, Cr poising was determined in soil, water, forages and blood of selected cattles (Nili
Ravi buffalo), under trial from five different experimental sites (chak dhool, bagabalocha, Chandia, Dhool bala,
Kakrani) in the vicinity of the Sahiwal town area, Sargodha (Punjab), Pakistan. Forage crops (  Zea mays, Sorghum
bicolor, Trifolium alaxandrium  ), soil and blood (30 samples each) were collected twice with the interval of 6 months,
from all the experimental sites, dried and digested by using wet
digestion method. The forage and soil from the site-V and site-IV exhibited the maximum concentration of heavy
metals because these areas receive highly contaminated water for irrigation. The Cr was highest among all the
metals and their values are greater as compared to the permissible limits of WHO. Heavy metals tend to
bioaccumulation in the food chain and can cause serious problems in humans and animals. The accumulation of Cr in
collected samples could be accredited to anthropogenic activities. Pollution load index values for all samples fell in
the range below 1. Health risk index indicated the probability of health damage caused by ingestion of contaminated
fodder. Metals can penetrate in food chain from soil, forage to animal. The health risk index (HRI) and high value of
enrichment factor was found for Cr in some sites. The Cr concentration was higher during summer season than
winter. Fodder crops different in the concentration of Cr and elevated level was observed
in maize. An increase of heavy metal concentration in soil, fodder and blood owing to waste water irrigation to crops
was indicated as an outcome of this investigation.
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The study titled “Chromium poisoning in buffaloes in the vicinity of contaminated pastureland, 

Punjab, Pakistan” has been reviewed. In my opinion, the study is an interesting one but poorly 

presented. The number of samples was limited, the data in tables and figures is not presented 

in a scientific way. Potential accumulation of Cr in animal organs such as milk, liver, meat, hair, 

and other deposit organs might serve better indicator for potential accumulation of the heavy 

metal in the animal. So, I recommend rejection. 

For an improvement of the manuscript, my correction and suggestion might useful for the 

author. 
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Abstract: Food chain is the main channel for Cr to enter human body. Excessive accumulation of
Cr can lead to a variety of diseases and threaten human health. Therefore, it is urgent
to evaluate Cr poising in the soil-plant-livestock environment. The present article
highlights the trace element, chromium (Cr) in the wastewater, its uptake in the soil-
plant-livestock system, and its associated toxicity in food chain through consumption of
meat by humans for health risk assessment. In this study, Cr poising was determined
in soil, water, forages and blood of selected cattles (Nili Ravi buffalo), under trial from
five different experimental sites (chak dhool, bagabalocha, Chandia, Dhool bala,
Kakrani) in the vicinity of the Sahiwal town area, Sargodha (Punjab), Pakistan. Forage
crops (  Zea mays, Sorghum bicolor, Trifolium alaxandrium  ), soil and blood (30
samples each) were collected twice with the interval of 6 months, from all the
experimental sites, dried and digested by using wet digestion method. The forage and
soil from the site-V and site-IV exhibited the maximum concentration of heavy metals
because these areas receive highly contaminated water for irrigation. The Cr was
highest among all the metals and their values are greater as compared to the
permissible limits of WHO. Heavy metals tend to bioaccumulation in the food chain and
can cause serious problems in humans and animals. The accumulation of Cr in
collected samples could be accredited to anthropogenic activities. Pollution load index
values for all samples fell in the range below 1. Health risk index indicated the
probability of health damage caused by ingestion of contaminated fodder. Metals can
penetrate in food chain from soil, forage to animal. The health risk index (HRI) and high
value of enrichment factor was found for Cr in some sites. The Cr concentration was
higher during summer season than winter. Fodder crops different in the concentration
of Cr and elevated level was observed in maize. An increase of heavy metal
concentration in soil, fodder and blood owing to waste water irrigation to crops was
indicated as an outcome of this investigation.
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Dear Editor  
 

I am submitting the a research article “Chromium poisoning in buffaloes in the vicinity of 

contaminated pastureland, Punjab, Pakistan” for your kind evaluation, suggestions for 

improvement, and subsequent possible publication in this prestigious journal. This is an original 

paper, neither published nor being considered for publication and has not been submitted to a 

preprint server. 
 

The world is facing an increasing challenge of severe fresh water scarcity in most of the arid and 

semi arid regions of the world. The use of wastewater (WW) and marginal land for forage crops has 

been proposed as an option to augment limited freshwater resources particularly for these regions. 

The present study attempts to quantify the potential agricultural use of WW in the soil-plant-cattle 

system and to alleviate impact on forage crops production for animal feed, and its potential health 

risk via food consumption. The study provides new clues to understand the morphological traits, 

pollution load and potential heal risks associated with consuming forages by cattle’s grown in the soil 

irrigated with sewage water.  
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Abstract 20 

Food chain is the main channel for Cr to enter human body. Excessive accumulation of Cr 21 

can lead to a variety of diseases and threaten human health. Therefore, it is urgent to evaluate 22 

Cr poising in the soil-plant-livestock environment. The present article highlights the trace 23 

element, chromium (Cr) in the wastewater, its uptake in the soil-plant-livestock system, and 24 

its associated toxicity in food chain through consumption of meat by humans for health risk 25 

assessment. In this study, Cr poising was determined in soil, water, forages and blood of 26 

selected cattles (Nili Ravi buffalo), under trial from five different experimental sites (chak 27 

dhool, bagabalocha, Chandia, Dhool bala, Kakrani) in the vicinity of the Sahiwal town area, 28 

Sargodha (Punjab), Pakistan. Forage crops (Zea mays, Sorghum bicolor, Trifolium 29 

alaxandrium), soil and blood (30 samples each) were collected twice with the interval of 6 30 

months, from all the experimental sites, dried and digested by using wet digestion method. 31 

The forage and soil from the site-V and site-IV exhibited the maximum concentration of 32 

heavy metals because these areas receive highly contaminated water for irrigation. The Cr 33 

was highest among all the metals and their values are greater as compared to the permissible 34 

limits of WHO. Heavy metals tend to bioaccumulation in the food chain and can cause 35 

serious problems in humans and animals. The accumulation of Cr in collected samples could 36 

be accredited to anthropogenic activities. Pollution load index values for all samples fell in 37 

the range below 1. Health risk index indicated the probability of health damage caused by 38 

ingestion of contaminated fodder. Metals can penetrate in food chain from soil, forage to 39 

animal. The health risk index (HRI) and high value of enrichment factor was found for Cr in 40 

some sites. The Cr concentration was higher during summer season than winter. Fodder crops 41 

different in the concentration of Cr and elevated level was observed in maize. An increase of 42 

heavy metal concentration in soil, fodder and blood owing to waste water irrigation to crops 43 

was indicated as an outcome of this investigation. 44 

 45 

 46 

Key words: Heavy metals; Bioaccumulation; Chromium; Health Risk Index; 47 
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Introduction 54 

Anticipating of the global population growth will rise, therefore, universal food system will 55 

have to cope with increasing human population and improve the quality of life by 2050 56 

(Qadir et al. 2010; Hussain and Qureshi 2020). Low quality salt water, treated wastewater 57 

and marginal,  degraded lands could be employed to meet food, feed and fiber requirements 58 

for the growing population in Asia and Africa but this has not been adequately addressed in 59 

the past (Hussain et al., 2019). The current knowledge about the impact of different non-60 

conventional water resources on the ecosystem, plant biology, pollution load index and 61 

terrestrial environment should be shared with all stakeholders in order to determine the 62 

prospects for using wastewater for land, soil and ecosystem.  63 

The annual wastewater discharge in Pakistan is approx. 4.3 billion m3, of which 1.37 64 

billion m3 is industrial wastewater and 3.06 billion m3 is urban wastewater (PCRWR 2006). 65 

Around 10% of the world population consumes products made from wastewater (Qureshi et 66 

al. 2018). All major cities in Pakistan discharge their wastewater untreated into rivers and 67 

canals; this polluted water is then used to irrigate agricultural land (PCRWR 2006). About 68 

26% of Pakistani vegetables are grown in urban slums using wastewater, and this practice 69 

will double in West Asia and North Africa due to increasing population and will double by 70 

2050 (Hussain and Qureshi 2020). Pakistan, which had abundant water resources in 1947, 71 

has become a water scarce country and the use of wastewater in agriculture will increase in 72 

the future (CCD 2013). 73 

 74 

Organic pollutants like petroleum aromatic hydrocarbons, explosive and pesticides 75 

have posed harmful effects on human health and microbiota. Inorganic contaminants include 76 

heavy metals like (Al, Zn, Cd, Se, Pb, Hg, As, Cr, Bi) are major cause of concern because 77 

metals could not be degraded but can be changed from one form to other through oxidation 78 

reduction reactions. These introduce into soil through mining, nuclear processing and 79 

industrial manufacturing (Hussain et al. 2020). Several authors described the harmful effects 80 

of heavy metals on soil biogeochemistry, plant growth and ecotoxicology via wastewater 81 

irrigation (Lu et al., 2016; Turner et al., 2016; Khan and Bano, 2016; Meng et al. et al., 82 

2016). Toxic elements presence in the plant-soil-water ecosystem can lead to the 83 

environmental degradation, and human health risks (Cao et al. 2016; Afzal et al., 2020; 84 

Yadav, 2021). 85 

Heavy metals are categorized into essential and toxic metals. Essential heavy metals 86 

are required for the growth of crops (Zn, Fe, Mn, Cu) and maintenance of microbial cell (Mo, 87 
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Co, Ni) but in limited amounts. Several metabolic problems such as cancer, kidney failure 88 

and bone problems are caused due to different trace metals (WHO, 2007). These heavy 89 

metals are originated in soil through two major processes; anthropogenic (human activities) 90 

and geogenic (weathering of rocks). Anthropogenic processes include mining and smelting 91 

of ores, industrial and domestic sources. Emissions of Pb, Cd and Zn has exceeded 100-fold 92 

due to anthropogenic activities than those from natural sources. Geogenic process means the 93 

destruction and weathering of rocks due to different factors; climate, living organisms, 94 

parent material, time and topography. These factors caused dissemination of respective 95 

materials from parent rocks and deposited in the environment. 96 

Chromium (Cr) is an important toxic trace element widely used in chemical and metal 97 

industry and naturally released from earth's crust as trivalent chromium [Cr(III)] and [Cr(VI)] 98 

form (Stambulska et al., 2018). The Cr (VI) is highly toxic and soluble and hence dangerous 99 

to plants, animals and humans (Nakkeeran et al., 2018). There are several reports in literature 100 

whom demonstrate that Cr is an highly toxic metal that significantly impede the growth, 101 

productivity and yield of terrestrial plants, vegetables and crops (Hou et al. 2020). It was 102 

noted that even at lower concentration of 0.5–5.0 mg L−1 in plant nutrient solution and 5–103 

100 mg g−1 in soil (Oliveira, 2012). Cr causes heavy damage to crops through chlorosis, 104 

necrosis, protein degradation and enzymes activity retardation (Damera et al. 2015). Toxic 105 

impacts of Cr accumulation in plants showed the retardation in biochemical and physiological 106 

attributes. According to reports of Davis et al. (2002), leaf water relation, nutrient uptake and 107 

photosynthetic process was highly decreased due to higher Cr accumulation in the plant 108 

organs. In bean plants, root length was decreased following exposure of plants to elevated Cr 109 

level (0, 50, 100, 150, 200, and 250 mg kg−1) (Azmat and Khanum, 2005). Long term 110 

exposure of agriculture soils will led to Cr accumulation in the soil that reduces the plant 111 

growth and productivity (Wakeel and Ming, 2020).  112 

Livestock are an important source of milk, meat, leather and manure and play an 113 

important part in the economic development of Pakistan (Chandio et al., 2016). Forage crops 114 

are an important source of minerals, nutrients and fodder for farm animals. Fodder analysis 115 

shows the presence of trace element accumulation in soil rhizosphere, water while, animal 116 

tissues (liver and kidneys, blood samples), are vital bioindices to highlight heavy metal 117 

toxicity in the food chain (Ahmad et al. 2021; Boudebbouz et al. 2020; Christophoridis et al. 118 

2019). The presence, absorption, and translocation of heavy metals plants and feed to the 119 

ruminants can adversely impact ecological and human health concern (Ali et al. 2021; 120 
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Boudebbouz et al. 2020; Christophoridis et al. 2019). Trace metals are dangerous to ecology 121 

and terrestrial environment (Dogan et al. 2010; Ugulu 2015b). 122 

The cities of developing countries are facing huge problems of waste-management 123 

which mainly include heaps of garbage, improper disposal of toxic waste, unchecked disposal 124 

sites etc. These unchecked disposal sites are creating the hazardous health issues in the 125 

residential areas (Kibwage 2002; Ebong et al. 2008). Treated and untreated wastewater is 126 

used for irrigating the forage crops and perennial forage grasses in urban and peri-urban areas 127 

in arid and semi-arid countries. Trace metals presents in the waste water can cause several 128 

contaminations to these forages through absorption, translocation and remaining in the 129 

different plant organs. When these forages are ingested by animals they can enter into the 130 

body of animals and in this way, they tend to bioaccumulation in the environment. The 131 

presence of metals in the rhizosphere and within the plants that are present along the roadside 132 

are transported by the channel of food chain, then they are transported to the body of animals 133 

and cause extreme toxicity in animals. These heavy metals also have leading cause different 134 

diseases in developing countries (Muchuweti et al. 2006).  135 

 136 

The uptake of contaminated forages has caused serious threats to animal’s health 137 

(Manyiwa et al. 2021; Ali et al. 2021). Approximation of daily intake of metal did not tell 138 

only about the metabolic discharge of metal but it also tells about the intake rate of metal. 139 

Hazardous effects of heavy metals occurred after many years of exposure with metal its low-140 

level intake did not cause any serious disorder (Ahmad et al. 2021; Oluyemi et al. 2008; 141 

Orisakwe et al. 2012). There are many factors which tend to increase the concentrations of 142 

heavy metals, some of which are direction of wind, precipitation, seeded strip, emission of 143 

factories and wastewater irrigation (Carrero et al. 2009; Bai et al. 2010). Wastewater is 144 

contaminated with metals and metalloids such as chromium, lead, manganese, zinc, arsenic, 145 

cobalt, molybdenum, boron and copper. Heavy metals are being absorbed by the roots of 146 

grasses from the soil (Prasad et al. 2000).  Further they are being transported to the stem and 147 

aerial parts of the plants. Some of these elements are non-essential and cause various toxic 148 

effects on plants, animals and humans (Kanwar and Sandha 2000). The present study aimed 149 

to assess Cr and Co concentration in soil and forages of different varieties which was 150 

irrigated with wastewater. Current work also aimed to check the heavy metals level in 151 

buffaloes consuming those forage crops. The present study was planned with the following 152 

objectives; (1) animal surveillance following pasture consumption (1) Human health risks 153 

assessment, (2) evaluation of food chain contamination, (3) determination of health risk 154 
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indices, (4) ecological risk assessment through determination of Cr levels in the pasture crops 155 

(5) evaluation the fodder species from Zea mays, Sorghum bicolor, Trifolium alaxandrium) to 156 

screen and select more suitable pasture for ruminant feed.  157 

The study highlights the importance of determining the availability of heavy metal, Cr, in 158 

soils, the uptake of heavy metals by the forage crops in the irrigated area, and the potential 159 

risk associated with heavy metal accumulation in diversified fodder crops and soils to 160 

ruminants (buffaloes) grazing in the area. 161 

 162 

MATERIALS AND METHODS 163 

Study area and experimental design 164 

Tehsil Sahiwal of Sargodha division was selected for study. Sargodha mainly comprises of 165 

flat fertile plains but it contains some hills. Waste water of this area is used for forages 166 

irrigation on which animals are fed. The Cr-polluted soil and pastures were located in 167 

Sahiwal town area, Sargodha District, Punjab province, Pakistan. For testing and evaluation 168 

the soil, samples were collected from the polluted area. Plants samples were collected from 169 

commonly browsed forages by the buffalo at the selected sites. Aerial parts of plants were 170 

collected, as these are the parts consumed by the animals. Samples were taken from where 171 

soil samples were collected. Collection of plants was done in transparent paper bags. All 172 

plants samples were rinsed with distilled water. Cleaned samples were air dried before 173 

placing them in oven at 72oC for drying. The desiccated samples were weighed, ground to 174 

powder and passed through 1mm sieve. 175 

Soil sampling 176 

Time and concentration dependent Cr accumulation in soil rhizosphere 177 

Samples were collected in zipped lock plastic bags from five sites at each of the sites from 178 

where the plants were sampled. Stainless steel auger was used to dig soil 12 inches deep and 179 

all stratum of soil were equally included in all samples (Dey et al., 1999). Samples were dried 180 

by placing them in oven at 72oC until the complete removal of moisture. Dried samples were 181 

stored in tagged plastic bag for analyses. 182 

Sampling procedure 183 

Selection of animals 184 

The breed of buffalo reared in Sahiwal, Sargodha district has adapted to hot dry climate with 185 

low rainfall patterns. It has coat color completely black. The horns are of large size and 186 

curved backwards. The studied buffaloes were not supplemented; they depended on naturally 187 

occurring browse plants and grass for their nutritional requirements. The selected buffaloes 188 
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were identified using numbered ear tags.  189 

Sample Collection 190 

Soil, plant and blood samples were collected in triplicates during summer (August and 191 

September) and winter seasons (January and February) from five sites i.e. site-1 (Chak 192 

dhool), 25 km from main city site-2 (Baga balocha) 20 km, site-3 (Chandia), 27 km from 193 

sahiwal site-4 (Dhol bala) 15 km from sahiwal and site-5 (kakrani) 30 km from Sahiwal. All 194 

these sites receive wastewater irrigation.  195 

Sampling of blood 196 

Blood samples were collected from selected sites twice in summer as well as in winter 197 

season. Animals were given ear tags for collection from same animals. Blood samples were 198 

collected in three replicates and total fifteen samples were collected. Blood samples were 199 

taken by 10cc disposable syringe and the collected in ADTA-K3 tubes from jugular vein. 200 

Blood samples were centrifuged for 2 minutes at 2500 rpm for separation of plasma, which 201 

was then stored at -20°C. 202 

Digestion of samples 203 

Wet digestion was adopted to digest the samples of soils, plants and blood. 1g sample was 204 

soaked overnight in 10 mL nitric acid. Digestion was carried out using hot plate and H2O2, 205 

which was added drop by drop until colorless solution was appeared. The final volume of this 206 

solution was made upto 50 mL by addition of distilled water. After filtration, the samples 207 

were stored in labeled bottles until further analysis.   208 

Preparation of standard  209 

Standard solution was prepared by washing the glassware carefully. Funnel and flask were 210 

rinsed with distilled water. Sample was weighted with electrical balance and then in water. 211 

Hot plate was used for quick suspension. Sample was dissolved completely and 212 

contamination was avoided by washing the beakers again and again. Made the volume up 213 

to1000mL and distilled water was added so the lower meniscus touches the line.100 mg/L 214 

solution should be prepared, from this seven-standard solution of 2,5,10,15,20,25 were made. 215 

Then samples were examined by Atomic Absorption Spectrophotometer. 216 

Analysis of metals: 217 

Digested samples were subjected to metal analysis by using AAS (Atomic Absorption 218 

Spectrophotometer). The heavy metals determined was Cr. 219 

Statistical analysis 220 

The data was analyzed by software SPSS17. One-way Analysis of Variance was used to 221 

determine differences between metal contents in blood, soil and fodder samples. 222 
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Bioconcentration factor (BCF)  223 

Bio concentration factor is the mean value of metal in the fodder and the mean value of metal 224 

in the soil (Cui et al., 2004): 225 

BCF = [M]fodder / [M]soil  226 

Where BCF is for bioconcentration factor; 227 

[M]fodder is metal concentration in fodder (mg/kg) 228 

[M]soil is the metal concentration (mg/kg) 229 

 230 

Enrichment Factor (EF)  231 

EF was calculated by using following formula (Hwaiti and Khashman, 2015). 232 

EF =[Mean]fodder/ [Mean]Soil / [Mean reference]fodder S/ [Mean reference]soil S 233 

Where EF stands for enrichment factor; 234 

[Mean] Fodder is the metal concentration in the fodder. 235 

[Mean] Soil is the metal concentration in the soil. 236 

[Mean reference]Fodder S represents the reference value of metal in fodder  237 

[Mean reference]soil S represents the reference value of metal in soil. 238 

Pollution load index (PLI)  239 

PLI was calculated by using the equation of Liu et al. (Liu et al., 2005). 240 

PLI= concentration of metal in tested soil/concentration of metal in reference soil. 241 

Daily intake of metal (DIM)  242 

Daily intake of metal was calculated by using following formula Chary et al. (2008): 243 

DIM = Cmetal × Dfood intake ∕ Baverage weight  244 

C metal content (mg/kg) 245 

D food intake (mg/kg) 246 

B average body weight (kg) 247 

Health risk index (HRI)  248 

HRI was evaluated by using daily intake of metal (DIM) and oral reference dose (RfD) 249 

(USEPA, 2002): 250 

Health risk index (HRI) = DIM/ RfD 251 

Preparation of standard  252 

Standard solution was prepared by washing the glassware carefully. Funnel and flask were 253 

rinsed with distilled water. Sample was weighted with electrical balance and then in water. 254 

Hot plate was used for quick suspension. Sample was dissolved completely and 255 

contamination was avoided by washing the beakers again and again. Made the volume up 256 
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to1000mL and distilled water was added so the lower meniscus touches the line.100 mg/L 257 

solution should be prepared, from this seven-standard solution of 2,5,10,15,20,25 were made. 258 

Then samples were examined by Atomic Absorption Spectrophotometer. 259 

Analysis of metals: 260 

Digested samples were subjected to metal analysis by using AAS (Atomic Absorption 261 

Spectrophotometer). The heavy metals determined were Co and Cr. 262 

Statistical analysis 263 

The data was analyzed by software SPSS 20. One-way Analysis of Variance was used to 264 

determine differences between metal contents in blood, soil and fodder samples. 265 

 266 

Results  267 

 268 

Heavy metal Chromium (Cr) analysis in wastewater, soil, fodder crops (Zea mays, 269 

Sorghum bicolor, Trifolium alaxandrium) plants, and ground water across 5 sites 270 

 271 

To assess the toxicity of chromium and its effects on forage species and livestock consuming 272 

these forages, the average concentrations in water samples and the content of Cr in soil 273 

(across 5 sites), root and leaf samples from three plant species were evaluated.  274 

 275 

Cr content in soil samples 276 

 277 

The Cr values of soil samples collected in summer ranged from 1.23335 to 1.1025 and 1.0417 278 

to 2.1567 at site-1 and site-5, respectively (Table 2). The Cr values of winter samples ranged 279 

from 1.1336 to 1.1050 and 1.492 to 5.361at site-1 and site-5, respectively (Table 2, 3). The 280 

higher Cr values of collected soil samples in the study area ranged from 1.23335 to 1.1025 281 

mg/kg and 1.0417 to 2.1567 mg/kg at site-1 and site-5, respectively. In this experiment, the 282 

permissible limit of Cr in the soil are significantly lower than WHO values.  283 

 284 

Cr content in fodder samples 285 

In summer season, Cr content of the collected plant samples ranged from 0.700 to 0.2592 at 286 

site-1 and 1.080 to 5.905 at site-5 (Table 4). In winter season, the Cr values of the plants at 287 

site-1 were between 2.1157-1.1550 and at site-5 were between 1.239-1.1825 (Fig. 4). 288 

Chromium induce toxicity to plants it may cause reduction in pigment content, germination in 289 

seed growth, early seedling development. In the present study, higher Cr values of the plants 290 
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at site-1 were between 2.1157-1.1550 mg/kg and at site-5 were between 1.239-1.1825 mg/kg 291 

(Fig. 4, Fig. 3).  292 

 293 

Cr content in blood samples 294 

The maximum Cr content was found at site-5 (0.4617-0.480) and the minimum concentration 295 

was found at site-1(0.150-0.1683) in summer (Fig. 4). During the winter season, the highest 296 

level of trace metals was obtained from site-5 (0.2050-1.087) and the minimum concentration 297 

was found at site-1 (0.2950-0.3425) (Table 5). The concentration of Cr was highest at site-5 298 

(0.4617-0.480mg/kg) from the blood samples while it was lowest at site-1 (0.150-0.1683 299 

mg/kg) in summer. 300 

 301 

Correlation among forage, soil and toxicity indices attributes  302 

Significant correlation was found between soil-fodder and positive non-significant correlation 303 

between fodders-blood plasma in summer for Z. mays. Negative and non-significant 304 

coefficient was observed between soil-fodder and positive non-significant correlation was 305 

found between fodders-blood plasma in winter (Table 6). 306 

Negative and non-significant correlation was found between soil-fodder and significant 307 

correlation between fodders-blood plasma in summer for S. bicolor. Positive and non-308 

significant coefficient was observed between soil-fodder and negative non-significant 309 

correlation was found between fodders-blood plasma in winter (Table 7). 310 

Positive and non-significant correlation was found between soil-fodder and positive non-311 

significant correlation was found between fodders-blood plasma in summer for T. 312 

alaxandrium. Negative and non-significant coefficient was observed for soil-fodder and 313 

fodder-blood plasma in winter (Table 8). 314 

 315 

Pollution load index 316 

Pollution load index value for Cr was found to be lower than 1 at all the sites except for site-5 317 

which shows less contamination at all other sites than site-5 (Table 9). Pollution load index of 318 

metals was determined by ratio of concentration of metal in examined soil to the reference 319 

soil. Value of PLI˃ 1 indicate that metal can show harmful effects on environmental.  320 

Monitoring of soil quality and suitability for cultivation can be determined by pollution load 321 

index. All PLI values for heavy metals except for Cr at site-5 are lower than 1 indicating that 322 

soil is not contaminated. 323 

 324 
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Bio concentration factor 325 

 326 

Bio concentration factor of Cr in fodder was lower at site-1 and higher at site-5 (Table 10). 327 

Bioconcentration factor for cobalt was at different sites were in range site-5>site-4>site-328 

3>site-2>site-1 in both seasons.  Bioconcentration factor determines the level of toxicity in 329 

animals. It was found in the order site-5>site-4>site-3>site-2>site-1in both seasons. Higher 330 

value was observed in T. alaxandrium and lower for Z. mays. 331 

 332 

Daily intake of metal (DIM) 333 

 334 

Daily intake of metal values for Cr was found lower at site-1 and site-2 and higher at site-4 335 

and site-5. This showed that animals grazing at site-1 and site-2 were at lower risk than site-4 336 

and site-5 (Table 11). Tolerable daily intake of metal for chromium is 1.05. It was 337 

significantly smaller than tolerable limit. Order of sites were site-5>site-4>site-3>site-2>site-338 

1. All the values were within range. DIM value was higher for Z. mays at site-5 ad lower for 339 

T. alaxandrium at site-1. Order of sites were site-5>site-4>site-3>site-2>site-1. 340 

 341 

Health risk index (HRI) 342 

Health risk index for Cr were found lower except for summer sample of Z. mays at site-5. 343 

High value of HRI showed that animals grazing at that fodder were at greater risk at site-5 344 

(Table 12). Health risk index values for Cr were lower than 1 in the present study. 345 

 346 

Enrichment factor 347 

Enrichment factor were higher at site-4 and site-5, and lower at site-1, site-2 and site-3. These 348 

values indicated that sites that were highly enriched with Cr were at higher risk (Table 13). 349 

Higher value of EF indicates less retention lower EF value indicates high retention of metal 350 

in soil.  The values in present investigation were mostly lower than 1 except for some 351 

samples of site-5 and site-4. 352 

 353 

 354 

Discussion  355 

 356 

Heavy metals are originated in soil through two major processes; anthropogenic (human 357 

activities) and geogenic (weathering of rocks). Anthropogenic processes include mining and 358 
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smelting of ores, industrial and domestic sources. Emissions of Pb, Cd and Zn has exceeded 359 

100-fold due to anthropogenic activities than those from natural sources. Mining operations 360 

are liable for the contamination of heavy metals (Navarro et al., 2008). Chromium can be 361 

lethal and harmful to fruit trees, vegetables and food grain crops; it causes many 362 

health issues to the general public (Wang et al. 2014). Therefore, it is dire need to 363 

investigate the critical toxic level for fodder (Zea mays, Sorghum bicolor, Trifolium 364 

alaxandrium) growth and biomass yield. There were significant differences observed in 365 

various fodder crops such as Zea mays, Sorghum bicolor, and Trifolium alaxandrium when 366 

these were exposed to different Cr contaminated wastewater. The environmental areas (sites) 367 

and season also showed significant impact on plant growth and Cr accumulation that varies 368 

from one to other plant (Table 4; Fig. 3). 369 

Chromium cause physiological growth retardation, germination, early seedling growth 370 

and photosynthetic pigments. Higher Cr values of the plants at site-1 were between 2.1157-371 

1.1550 mg/kg and at site-5 were between 1.239-1.1825 mg/kg. The soil contaminated with Cr 372 

was the main cause in the reduction in the plant height in sunflowers (Fozia et al. 2008). 373 

Several ecophysiological attributes such as gas exchange, photosystem II photochemistry, 374 

CO2 fixation, antioxidant enzymes activity, respirations, cell division and plant growth and 375 

yield attributes were highly decreased following exposure of plants to Cr (Shanker et al. 376 

2005; Anjum et al., 2016). Transpiration, stomatal conductance and CO2 uptake levels were 377 

significantly inhibited following plants exposure to chromium stress (Schiavon et al. 2009). 378 

The changes in stomatal conductance were mainly due to change in the stomata size and cell 379 

morphology of the spongy parenchyma following treatment with Cr.  380 

The different fodder crops showed different growth behavior and Cr accumulation. In 381 

this context, Similarly, Zea mays showed highest Cr concentration on exposure to Cr 382 

followed by S. bicolor at site 5 during summer.  Except at site 5, the Cr level was lower in all 383 

fodder crops during summer and was higher during winter season. Amongst fodder crops, S. 384 

bicolor better executed in Cr stressed conditions while Zea mays relatively most sensitive 385 

one, especially during summer season. The Cr transfer from soil to plant also depends upon 386 

plant species, genotypes and different soil attributes like pH, soil Cation exchange capacity 387 

and soil texture (Zeng et al., 2011b, Santos and Rodríguez, 2012). Crops irrigated with waste 388 

water shows high yields. However, proper strategies for the management and irrigation 389 

through municipal wastewater in Pakistan have not yet been developed. Some farmers started 390 

to irrigate their crops with municipal wastewater. Application of wastewater in agriculture 391 

requires especial management (Asgari et al., 2007). 392 
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Chromium is mostly entered in the soil-plant ecosystem via municipal wastewater 393 

irrigation for agriculture crop and hence poses a serious threat to environment, public health 394 

and livestock via food chain contamination (Broadway et al., 2010, Ahmed et al., 2016). The 395 

soil collection showed lowest Cr accumulation at site-4 and highest at site-5 from the maize 396 

field while levels of Cr in the soil samples were highest at the site-4 and site-4 from Sorghum 397 

fields and Trifolium field (summer crop season). Highest level of Cr was obtained from site-5 398 

from all the three tested field crops during the winter crop season). The highest values of Cr 399 

metal was lower than international standards (Chiroma et al. 2014) and USEPA (2002). 400 

Chromium levels in the soil can increase mainly due to anthropogenic deposition, such as 401 

atmospheric deposition and also through the discharge of chromium-containing liquids and 402 

solid wastes in the form of chromium by-products, ferrochrome slags or chrome plating (Guo 403 

et al. 2020; Bashir et al. 2020). In this experiment, the permissible limit of Cr in the soil are 404 

significantly lower than WHO values. The Cr contents in the soil samples were lower than 405 

reported by other researchers in the literature. The soil Cr was lowest (11.12 mg / kg and 406 

12.05 mg / kg) during June and September, respectively (Banks et al. 2006). At higher pH, Cr 407 

(III) forms complex structures with water and hence its mobiloity is enhanced several times. 408 

The samples obtained from Triticum aestivum, Brassica juncea and Hordeum vulgare 409 

demonstrate significantly low level of Cr contents and the soils had a Cr concentration in the 410 

range of 0.24-0.28 mg / kg following sewage water irrigation (Kumar and Chopra, 2015).  411 

The maximum Cr content was found at site-5 (0.4617-0.480) and the minimum 412 

concentration was found at site-1(0.150-0.1683) in summer (Fig. 4). In winter, the maximum 413 

concentration was found at site-5 (0.2050-1.087) and the minimum concentration was found 414 

at site-1 (0.2950-0.3425) (Table 5). In blood samples, the maximum concentration of Cr was 415 

found at site-5 (0.4617-0.480mg/kg) and the minimum concentration was found at site-1 416 

(0.150-0.1683 mg/kg) in summer. 417 

Significant correlation was found between soil-fodder and positive non-significant 418 

correlation between fodders-blood plasma in summer for Z. mays. Negative and non-419 

significant coefficient was observed between soil-fodder and positive non-significant 420 

correlation was found between fodders-blood plasma in winter (Table 6). Negative and non-421 

significant correlation was found between soil-fodder and significant correlation between 422 

fodders-blood plasma in summer for S. bicolor. Positive and non-significant coefficient was 423 

observed between soil-fodder and negative non-significant correlation was found between 424 

fodders-blood plasma in winter (Table 7). Positive and non-significant correlation was found 425 

between soil-fodder and positive non-significant correlation was found between fodders-426 
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blood plasma in summer for T. alaxandrium. Negative and non-significant coefficient was 427 

observed for soil-fodder and fodder-blood plasma in winter (Table 8). 428 

Pollution load index value for Cr was found to be lower than 1 at all the sites except 429 

for site-5 which shows less contamination at all other sites than site-5 (Table 9). Pollution 430 

load index of metals was determined by ratio of concentration of metal in examined soil to 431 

the reference soil. Value of PLI˃ 1 indicates that metal can show harmful effects on 432 

environmental. Monitoring of soil quality and suitability for cultivation can be determined by 433 

pollution load index. All PLI values for heavy metals except for Cr at site-5 are lower than 1 434 

indicating that soil is not contaminated. 435 

Bio concentration factor of Cr in fodder was lower at site-1 and higher at site-5 and 436 

was in the order of site-5>site-4>site-3>site-2>site-1in both seasons. Higher value was 437 

observed in T. alaxandrium and lower for Z. mays. This factor indicates the mobility and 438 

transfer of elements from the soil to the plant. Plants generally have very low TF values. In 439 

Datura innoxia, TF tends to decrease in response to an increased Cr concentration (Vernay et 440 

al. 2008). In a study by Sauerbeck (1991), Cr showed the lowest TF values among the heavy 441 

metals tested (Cd, Zn, Cu, Ni). The Cr concentrations measured in the root tissue of some 442 

plant species (spinach, oats, carrots, peas, beans, radishes) were very low despite the presence 443 

of Cr in the treated soil (Sauerbeck 1991). Heavy metals transfer in the ecosystem (from soil 444 

to plants) significantly contributes to human exposure to heavy metals (Zeng et al. 2015; 445 

Hseu and Lai 2017). In this study, the BAF values for Cr and Ni in 3 soils were <1, indicating 446 

a relatively ineffective uptake potential for Cr and Ni in rice. According to the findings of 447 

Satpathy et al. (2014), rice plants demonstrate an exclusion mechanism of Cr to avoid toxicity 448 

and any damage to the physiological machinery. The activating antioxidant defenses and 449 

immobilizing the Cr ions on cell wall are an example of Cr tolerance as documented by Zeng 450 

et al. (2014). 451 

Our results clearly indicate that grazing of buffaloes at site-1 and site-2 were at lower 452 

risk than other sites because of lower daily intake values. However, all of the values obtained 453 

during this experiment were lower than tolerable limit. All the values were within range 454 

except Z. mays (higher) at site-5 and lower for T. alaxandrium at site-1. The most stable 455 

forms of chromium in the environment include hexavalent chromate [Cr (VI)] and trivalent 456 

chromite [Cr (III)]. This is due to its high solubility and potential to transfer from one to 457 

another oxidation state (Prado et al., 2016a). Cr(VI) oxyanions are highly toxic and can cause 458 

cancer to humans. These Cr forms are toxic to flora and fauna in the agro- ecosystem (Singh 459 

et al., 2013; Prado et al., 2015a). Health risk index for Cr were found lower except for 460 
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summer sample of Z. mays at site-5. High value of HRI showed that animals grazing at that 461 

fodder were at greater risk at site-5 (Table 12). Health risk index values for Cr were lower 462 

than 1 in the present study. Enrichment factor were higher at site-4 and site-5, and lower at 463 

site-1, site-2 and site-3. These values indicated that sites that were highly enriched with were 464 

at high risk of Cr pollution (Table 13). Higher value of EF indicates less retention lower EF 465 

value indicates high retention of metal in soil.  The values in present investigation were 466 

mostly lower than 1 except for some samples of site-5 and site-4. The presence of trace 467 

metals in the soil-water environment ecosystem has shown severe threats to human health 468 

(Goix et al., 2014). Several authors documented that trace metals could enter the food chain 469 

and can cause severe health consequences for children and adult human beings (Ghaedi et al., 470 

2008, Niu et al., 2013). The heavy metals accumulation in the human body might led to acute 471 

respiratory disorders, kidney failure, heart problems, urinary disorders and weak immunity 472 

(Johannes et al., 2006, Tong et al., 2000).  473 

Previously, it was documented the presence of trace metals in cow milk from various 474 

geological regions of the world (Elsaim and Ali, 2018; Najarnezhad and Akbarabadi, 2013; 475 

Temiz and Soylu, 2012). However, the presence of trace metals depends upon various 476 

attributes such as breed of cattle, lactation stage, exposure pathway, animal nutrition 477 

(Bousbia et al., 2019; Safaei et al., 2020). The higher metal detected in the cattle’s milk was 478 

attributed to the heavy metals presence in the plant-soil-water system and their entry into the 479 

animal’s diet through these pathways. Trace elements presence in the forage crops will 480 

ultimately impact the cattle’s milk and meat quality (Najarnezhad and Akbarabadi, 2013).  481 

Health exposure of local population was at risk near the Hunan Province, China 482 

following a dietary study in association with Cr and concluded that local inhabitants were at 483 

high risks due to Cr exposure (Wang et al. 2011). Hussain and Qureshi (2021) reported that 484 

treated wastewater irrigated vegetables pose a serious potential risk to consumers' health due 485 

to their high EDI and target hazard quotient (THQ).  486 

It was essential to think about the awareness of issues related to wastewater like 487 

present municipal wastewater disposal substructure; quality of wastewater reuse in 488 

agriculture and health problems (Rutkowski et al., 2006). Scott et al.(2004) stated that 489 

according to the first ever global survey of waste  water irrigation, untreated sewage water 490 

was used to irrigate round 10% of the crops of the world. Thwas was outlawed in many 491 

countries and a largely hidden practice. Sewage water was used by several farmers, 492 

particularly in urban areas, because it was abundant, rich in nitrates, phosphates and was free 493 
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of cost and available to plants even in drought conditions. Municipal policy planners and 494 

makers should tackle the reality and face the challenges by using advanced ways. 495 

 496 

Conclusions 497 

 498 

We concluded that, significant difference was found among three forages (Zea mays, 499 

Sorghum bicolor, and Trifolium alaxandrium) for Cr accumulation and pollution load indices. 500 

We found that Trifolium alaxandrium seems to be better adapted to cope with Cr-induced 501 

stress than other two forage crop species. It was documented that fast growth rate and 502 

abundant biomass production might help a particular plant species to exclude the heavy 503 

metals and for phytoremediation strategies. It was recommended that caution should be taken 504 

in the screening, selection of a particular forage crop grown at a contaminated soil for 505 

ruminant feeding. In fact, Zea mays, and Sorghum bicolor, can be used in the 506 

phytoremediation programs because of excessive bio-accumulation of Cr from the 507 

contaminated soils. The planting season can be taken into account for growing forage crops 508 

because, in the present research, excessive Cr was present in the plant samples during the 509 

summer season. Meanwhile, Cr transfer from soil to plant also depends upon plant species, 510 

genotypes and different soil attributes like pH, soil cation exchange capacity and soil texture. 511 

Hence, it is always recommended to make a screening of the local bacterial species to remove 512 

Cr(VI), and to avoid risk to ecosystem, environment and local inhabitants via food chain. 513 
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 750 

Fig. 1. Map of study area, Sargodha (Punjab), Pakistan. 751 
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 756 

 757 

 758 

Fig. 2. Fluctuations in mean values of chromium in soil at different sites during summer 759 

and winter season 760 
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 762 

 763 

Fig. 3. Fluctuations in mean values of Cr in fodder at different sites during summer and 764 

winter season 765 
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 770 

 771 

 772 

Fig. 4. Fluctuations in mean concentration of Cr in blood at different sites during 773 

summer and winter season 774 
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Table 1. Reference values of Cr in soil and fodder were as follows 

               

Category Metal 

Daily Intake 

Limit  

Oral reference 

dose (RfD) 

References 

 

Cr Cr Cr 

 Reference  soil 9.07 1.05 1.4        13,14,15 

Reference in fodder 1.3 

  

        17, 18 

      

      790 

  791 

 792 

 793 

 794 

 795 

 796 

 797 

 798 

 799 

 800 

 801 

 802 

 803 

 804 
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 805 

TABLE 2. Mean values of Cr in soil samples (mg/kg) 806 

 Site-1 Site-2 Site-3 Site-4 Site-5 

Soil collected with summer fodder 

Zea mays 1.23±.0.144 1.14±0.144 1.53±0.167 1.094±0.220 2.15±0.2 

Sorghum bicolor 1.28±0.144 1.165±0.10 0.420±0.14 1.842±0.29 1.041±0.22 

Trifolium 

alaxandrium 

1.102±0.289 1.15±0.22 0.180±0.3 1.803±0.36 1.115±0.22 

Soil collected with winter fodder 

Zea mays 1.13±0.22 1.19±0.220 1.28±0.22 1.360±0.29 5.36±0.22 

Sorghum bicolor 1.105±0.22 1.141±0.29 1.24±0.14 1.366±0.221 2.58±0.22 

Trifolium 

alaxandrium 

1.105±0.14 1.170±0.14 1.216±0.1 1.365±0.220 1.492±0.29 

 807 

TABLE 3. Analysis of variance for Cr content in soil, fodder and blood samples at 808 

different sites 809 

 Site-1 Site-2 Site-3 Site-4 Site-5 

Summer Soil 3.365*** 0.754*** 0.053*** 0.000ns 0.003*** 

Winter soil 50.929*** 0.000 ns 0.004*** 0.005*** 0.009*** 

Summer Fodder 22.876* 0.098*** 0.092*** 0.870*** 0.011* 

Winter Fodder 0.001* 0.126*** 0.033* 1.260*** 0.519*** 

Summer blood 0.007*** 0.003*** 0.011*** 0.000*** 0.000 ns 

Winter blood 0.004*** 13.238*** 0.007*** 0.005*** 0.782* 

*,**,***= Significant at 0.05, 0.01 and 0.001 810 
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 812 

TABLE 4. Mean values of Cr in fodder samples (mg/kg) 813 

Plants Site-1 Site-2 Site-3 Site-4 Site-5 

Fodder samples collected in summer 

Zea mays 0.700±0.10 0.37±0.14 0.70±0.144 0.913±0.22 5.905±2.53

2 

Sorghum bicolor 0.1750±0.28

9 

0.07±0.14 0.733±0.22 1.043±0.22 1.205±0.14

4 

Trifolium 

alaxandrium 

0.2592±0.8 0.43±0.22 0.750±0.14

4 

0.75±0.144 1.08±0.144 

Fodder samples collected in winter 

Zea mays 1.1550±.001 1.19±0.84 1.23±0.36 1.080±0.22 1.860±0.14

4 

Sorghum bicolor 1.1001±.000

2 

1.16±0.14 1.81±0.144 1.24±0.14 1.93±0.144 

Trifolium 

alaxandrium 

1.1157±.000

2 

1.117±0.8 1.08±0.30 1.97±0.36 1.18±0.463 

 814 

  815 
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TABLE 5. Mean values of Cr in blood samples (mg/l) 816 

 Site-1 Site-2 Site-3 Site-4 Site-5 

Blood samples collected in summer 

1 0.1683±0.220 0.3875±0.144 0.3450±0.144 0.4558±0.22 0.4800±0.144 

2 0.1500±0.1443 0.2908±0.22 0.4100±0.144 0.4558±0.22 0.4658±0.22 

3 0.1550±0.144 0.3692±0.22 0.3950±0.144 0.4258±0.22 0.4617±0.22 

Blood samples collected in winter 

4 0.3425±0.144 0.4950±0.144 0.3770±0.144 0.3133±0.22 0.2050±0.144 

5 0.3625±0.144 0.44500±0.144 0.2965±0.2 0.3183±0.22 0.2000±0.144 

6 0.2950±0.144 0.3700±0.144 0.3825±0.144 0.3833±0.22 1.087±0.4636 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 

 825 

 826 

 827 

 828 

 829 

 830 

 831 
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TABLE 6. Correlation coefficient of Cr for Z. mays during different seasons at different 832 

sites 833 

Summer Winter 

Soil-Fodder Fodder-Blood Soil-Fodder Fodder-Blood 

0.885* 0.516 -0.112 0.138 

** Correlation is significant at the 0.01 level (2-tailed) 834 

TABLE 7. Correlation coefficient of Cr for S. bicolor during different seasons at 835 

different sites 836 

Summer Winter 

Soil-Fodder Fodder-Blood Soil-Fodder Fodder-Blood 

-0.338 0.942* 0.584 -0.250 

** Correlation is significant at the 0.01 level (2-tailed) 837 

TABLE 8. Correlation coefficient of Cr for T. alaxandrium during different seasons at 838 

different sites 839 

Summer Winter 

Soil-Fodder Fodder-Blood Soil-Fodder Fodder-Blood 

0.308 0.864 -0.178 -0.069 

** Correlation is significant at the 0.01 level (2-tailed) 840 

 841 
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TABLE 9. Pollution load index (PLI) for Chromium 848 

Pollution load index (PLI) 

Site Z. mays S. bicolor T. alaxandrium 

 Summer Winter Summer Winter Summer Winter 

Site-1 0.82 0.75 0.85 0.73 0.735 0.73 

Site-2 0.95 0.797 0.77 0.76 0.105 0.78 

Site-3 0.381 0.85 0.28 0.831 0.520 0.810 

Site-4 0.72 0.907 0.56 0.911 0.53 0.91 

Site-5 1.43 3.57 0.69 .024 0.74 0.994 

 849 

TABLE 10. Bio concentration factor (BCF) for Chromium 850 

Bio concentration factor (BCF) 

Site Z. mays S. bicolor T. alaxandrium 

 Summer Winter Summer Winter Summer Winter 

Site-1 0.56 0.83 0.13 0.99 0.22 0.93 

Site-2 0.26 0.79 0.62 0.62 0.23 0.95 

Site-3 0.45 0.79 0.96 1.45 0.96 1.50 

Site-4 1.018 1.005 1.23 1.41 1.009 0.71 

Site-5 2.73 12.74 1.15 2.14 1.74 1.451 
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 852 

  853 
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TABLE 11. Daily intake of metal (DIM) for Chromium 854 

Daily intake of metal (DIM) 

Site Z. mays S. bicolor T. alaxandrium 

Season Summer Winter Summer Winter Summer Winter 

Site-1 0.025 0.04 0.0062 0.039 0.0090 0.039 

Site-2 0.013 0.042 0.0258 0.041 0.015 0.039 

Site-3 0.025 0.06 0.026 0.064 0.026 0.065 

Site-4 0.032 0.03 0.037 0.068 0.026 0.034 

Site-5 0.210 0.044 0.043 0.044 0.038 0.042 

 855 

TABLE 12. Health risk index (HRI) for Chromium 856 

Health risk index (HRI) 

Site Z. mays S. bicolor T. alaxandrium 

 Summer Winter Summer Winter Summer Winter 

Site-1 1.25 2.06 0.31 1.96 0.45 1.99 

Site-2 0.66 2.1 1.29 2.08 0.77 1.99 

Site-3 1.25 3.32 1.30 3.23 1.33 3.27 

Site-4 1.63 1.93 1.33 3.44 1.33 1.73 

Site-5 10.54 2.21 2.1 2.22 1.92 2.11 

 857 
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 859 

 860 

 861 

 862 
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TABLE 13. Enrichment factor (EF) for Chromium 863 

Enrichment factor (EF) 

Site Z. mays S. bicolor T. alaxandrium 

 Summer Winter Summer Winter Summer Winter 

Site-1 0.49 0.88 0.117 0.86 0.198 0.87 

Site-2 0.22 0.87 0.53 0.88 0.68 0.8 

Site-3 0.39 0.72 0.200 0.83 0.83 0.80 

Site-4 1.25 0.688 1.073 1.223 1.30 0.61 

Site-5 2.37 1.512 1.0025 1.860 1.26 2.37 

 864 

 865 

 866 
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