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metal in the animal. So, | 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-1V 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 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,
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Abstract
Food chain is the main channel for Cr to enter human body. Excessive-accumulation-of Cr
i i alth. 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-1V 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.

imals. 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-infood-chainfrom-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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Introduction
Anticipating of the global population growth will rise, therefore, universal food system will
have to cope with increasing human population and improve the quality of life by 2050
(Qadir et al. 2010; Hussain and Qureshi 2020). Low quality salt water, treated wastewater
and marginal, degraded lands could be employed to meet food, feed and fiber requirements
for the growing population in Asia and Africa but this has not been adequately addressed in
the past (Hussain et al., 2019). The current knowledge about the impact of different non-
conventional water resources on the ecosystem, plant biology, pollution load index and
terrestrial environment should be shared with all stakeholders in order to determine the
prospects for using wastewater for land, soil and ecosystem.

The annual wastewater discharge in Pakistan is approx. 4.3 billion m?, of which 1.37
billion m? is industrial wastewater and 3.06 billion m® is urban wastewater (PCRWR 2006).
Around 10% of the world population consumes products made from wastewater (Qureshi et
al. 2018). All major cities in Pakistan discharge their wastewater untreated into rivers and
canals; this polluted water is then used to irrigate agricultural land (PCRWR 2006). About
26% of Pakistani vegetables are grown in urban slums using wastewater, and this practice
will double in West Asia and North Africa due to increasing population and will double by
2050 (Hussain and Qureshi 2020). Pakistan, which had abundant water resources in 1947,
has become a water scarce country and the use of wastewater in agriculture will increase in
the future (CCD 2013).

Organic pollutants like petroleum aromatic hydrocarbons, explosive and pesticides
have posed harmful effects on human healthand microbiota. Inorganic contaminants include
heavy metals like (Al, Zn, Cd, Se, Pb, Hg, As, Cr, Bi) are major cause of concern because

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

reduction reactions.

I I I . - Several authors described the harmful effects
of heavy metals on soil biogeochemistry, plant growth and ecotoxicology via wastewater
irrigation (Lu et al., 2016; Turner et al., 2016; Khan and Bano, 2016; Meng et al. et al.,
2016). Toxic elements presence in the plant-soil-water ecosystem can lead to the
environmental degradation, and human health risks (Cao et al. 2016; Afzal et al., 2020;

Yadav, 2021).

als. Essential heavy metals

are required for the growth of crops (Zn, Fe, Mn, Cu) and maintenance of microbial cell (Mo,
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88  Co, Ni) but in limited amounts. Several-metabolicproblems-such-as-cancer,kidney fallure
and-bone problems-are caused-due-to-different trace metals (WHO, 2007). These heavy

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

. There are several reports in literature
101 whom demonstrate that Cr is an highly toxic metal that significantly impede the growth,
102 productivity and yield of terrestrial plants, vegetables and crops (Hou et al. 2020). It was
103 noted that even at lower concentration of 0.5-5.0 mg L™! in plant nutrient solution and 5-
104 100 mgg! in soil (Oliveira, 2012). Cr causes heavy damage to crops through chlorosis,
105  necrosis, protein degradation and enzymes activity retardation (Damera et al. 2015). Toxic
106  impacts of Cr accumulation in plants showed the retardation in biochemical and physiological
107  attributes. According to reports of Davis et al. (2002), leaf water relation, nutrient uptake and
108  photosynthetic process was highly decreased due to higher Cr accumulation in the plant
109  organs. In bean plants, root length was decreased following exposure of plants to elevated Cr
110  level (0, 50, 100, 150, 200, and 250 mg kg!) (Azmat and Khanum, 2005). Long term
111 exposure of agriculture soils will led to Cr accumulation in the soil that reduces the plant
112 growth and productivity (Wakeel and Ming, 2020).

113 Livestock are an important source of milk, meat, leather and manure and play an
114  important part in the economic development of Pakistan (Chandio et al., 2016). Forage crops
115  are an important source of minerals, nutrients and fodder for farm animals. Fodder analysis
116  shows the presence of trace element accumulation in soil rhizosphere, water while, animal
117  tissues (liver and kidneys, blood samples), are vital bioindices to highlight heavy metal
118  toxicity in the food chain (Ahmad et al. 2021; Boudebbouz et al. 2020; Christophoridis et al.
119  2019). The presence, absorption, and translocation of heavy metals plants and feed to the

120 ruminants can adversely impact ecological and human health concern (Ali et al. 2021,
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Boudebbouz et al. 2020; Christophoridis et al. 2019). Trace metals are dangerous to ecology
and terrestrial environment (Dogan et al. 2010; Ugulu 2015b).

The cities of developing countries are facing huge problems of waste-management
which mainly include heaps of garbage, improper disposal of toxic waste, unchecked disposal
sites etc. These unchecked disposal sites are creating the hazardous health issues in the
residential areas (Kibwage 2002; Ebong et al. 2008). Treated and untreated wastewater is
used for irrigating the forage crops and perennial forage grasses in urban and peri-urban areas
in arid and semi-arid countries. Trace metals presents in the waste water can cause several
contaminations to these forages through absorption, translocation and remaining in the
different plant organs. When these forages are ingested by animals they can enter into the
body of animals and in this way, they tend to bioaccumulation in the environment. The
presence of metals in the rhizosphere and within the plants that are present along the roadside
are transported by the channel of food chain, then they are transported to the body of animals
and cause extreme toxicity in animals. These heavy metals also have leading cause different

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

The uptake of contaminated forages has caused serious threats to animal’s health
(Manyiwa et al. 2021; Ali et al. 2021). Approximation of daily intake of metal did not tell
only about the metabolic discharge of metal but it also tells about the intake rate of metal.
Hazardous effects of heavy metals occurred after many years of exposure with metal its low-
level intake did not cause any serious disorder (Ahmad et al. 2021; Oluyemi et al. 2008;
Orisakwe et al. 2012).

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

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

cobalt, molybdenum, boron and copper. Heavy metals are being absorbed by the roots of
grasses from the soil (Prasad et al. 2000). Further they are being transported to the stem and
aerial parts of the plants. Some of these elements are non-essential and cause various toxic
effects on plants, animals and humans (Kanwar and Sandha 2000). The present study aimed
to assess Cr and Co concentration in soil and forages of different varieties which was
irrigated with wastewater. Current work also aimed to check the heavy metals level in
buffaloes consuming those forage crops. The present study was planned with the following
objectives; (1) animal surveillance following pasture consumption (1) Human health risks

assessment, (2) evaluation of food chain contamination, (3) determination of health risk
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indices, (4) ecological risk assessment through determination of Cr levels in the pasture crops
(5) evaluation the fodder species from Zea mays, Sorghum bicolor, Trifolium alaxandrium) to
screen and select more suitable pasture for ruminant feed.

The study highlights the importance of determining the availability of heavy metal, Cr, in
soils, the uptake of heavy metals by the forage crops in the irrigated area, and the potential
risk associated with heavy metal accumulation in diversified fodder crops and soils to

ruminants (buffaloes) grazing in the area.

MATERIALS AND METHODS

Study area and experimental design

Tehsil Sahiwal of Sargodha division was selected for study. Sargodha mainly comprises of
flat fertile plains but it contains some hills. Waste water of this area is used for forages
irrigation on which animals are fed. The Cr-polluted soil and pastures were located in
Sahiwal town area, Sargodha District, Punjab province, Pakistan. For testing and evaluation
the soil, samples were collected from the polluted area. Plants samples were collected from
commonly browsed forages by the buffalo at the selected sites. Aerial parts of plants were
collected, as these are the parts consumed by the animals. Samples were taken from where
soil samples were collected. Collection of plants was done in transparent paper bags. All
plants samples were rinsed with distilled water. Cleaned samples were air dried before
placing them in oven at 72°C for drying. The desiccated samples were weighed, ground to
powder and passed through 1mm sieve.

Soil sampling

Time and concentration dependent Cr accumulation in soil rhizosphere

Samples were collected in zipped lock plastic bags from five sites at each of the sites from
where the plants were sampled. Stainless steel auger was used to dig soil 12 inches deep and
all stratum of soil were equally included in all samples (Dey et al., 1999). Samples were dried
by placing them in oven at 72°C until the complete removal of moisture. Dried samples were
stored in tagged plastic bag for analyses.

Sampling procedure

Selection of animals

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

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

Sample Collection

Soil, plant and blood samples were collected in triplicates during summer (August and
September) and winter seasons (January and February) from five sites i.e. site-1 (Chak
dhool), 25 km from main city site-2 (Baga balocha) 20 km, site-3 (Chandia), 27 km from
sahiwal site-4 (Dhol bala) 15 km from sahiwal and site-5 (kakrani) 30 km from Sahiwal. All
these sites receive wastewater irrigation.

Sampling of blood

Blood samples were collected from selected sites twice in summer as well as in winter
season. Animals were given ear tags for collection from same animals. Blood samples were
collected in three replicates and total fifteen samples were collected. Blood samples were
taken by 10cc disposable syringe and the collected in ADTA-K3 tubes from jugular vein.
Blood samples were centrifuged for 2 minutes at 2500 rpm for separation of plasma, which
was then stored at -20°C.

Digestion of samples

Wet digestion was adopted to digest the samples of soils, plants and blood. 1g sample was
soaked overnight in 10 mL nitric acid. Digestion was carried out using hot plate and H203,
which was added drop by drop until colorless solution was appeared. The final volume of this
solution was made upto 50 mL by addition of distilled water. After filtration, the samples
were stored in labeled bottles until further analysis.

Preparation of standard

rinsed-with-distilled-water. Sample was weighted with electrical balance and then in water.
Hot plate was used for quick suspension. Sample was dissolved completely and
contamination was avoided by washing the beakers again and again. Made the volume up
t01000mL and distilled water was added so the lower meniscus touches the line.100 mg/L
solution should be prepared, from this seven-standard solution of 2,5,10,15,20,25 were made.
Then samples were examined by Atomic Absorption Spectrophotometer.

Analysis of metals:

Digested samples were subjected to metal analysis by using AAS (Atomic Absorption
Spectrophotometer). The heavy metals determined was Cr.

Statistical analysis

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

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

Bio concentration factor is the mean value of metal in the fodder and the mean value of metal
in the soil (Cui et al., 2004):

BCF = [M]fodder / [M]soil

Where BCF is for bioconcentration factor;

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

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

Enrichment Factor (EF)

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

EF =[Mean]todder/ [Mean]soil / [Mean reference]fodder s/ [Mean reference]soi s

Where EF stands for enrichment factor;

[Mean] rodder is the metal concentration in the fodder.

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

[Mean reference]rodder s represents the reference value of metal in fodder

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

Pollution load index (PLI)

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

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

Daily intake of metal (DIM)

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

DIM = Cmetal x Dfood intake/Baverage weight

C metal content (mg/kg)

D food intake (mg/kg)

B average body weight (kg)

Health risk index (HRI)

HRI was evaluated by using daily intake of metal (DIM) and oral reference dose (R¢D)
(USEPA, 2002):

Health risk index (HRI) = DIM/ R:D

Preparation of standard

Standard solution was prepared by washing the glassware carefully. Funnel and flask were
rinsed with distilled water. Sample was weighted with electrical balance and then in water.
Hot plate was used for quick suspension. Sample was dissolved completely and

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

8
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t01000mL and distilled water was added so the lower meniscus touches the line.100 mg/L
solution should be prepared, from this seven-standard solution of 2,5,10,15,20,25 were made.
Then samples were examined by Atomic Absorption Spectrophotometer.

Analysis of metals:

Digested samples were subjected to metal analysis by using AAS (Atomic Absorption
Spectrophotometer). The heavy metals determined were Co and Cr.

Statistical analysis

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

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

Results

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

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

To assess the toxicity of chromium and its effects on forage species and livestock consuming
these forages, the average concentrations in water samples and the content of Cr in soil

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

Cr content in soil samples

The Cr values of soil samples collected in summer ranged from 1.23335 to 1.1025 and 1.0417
to 2.1567 at site-1 and site-5, respectively (Table 2). The Cr values of winter samples ranged
from 1.1336 to 1.1050 and 1.492 to 5.361at site-1 and site-5, respectively (Table 2, 3). The
higher Cr values of collected soil samples in the study area ranged from 1.23335 to 1.1025
mg/kg and 1.0417 to 2.1567 mg/kg at site-1 and site-5, respectively. In this experiment, the
permissible limit of Cr in the soil are significantly lower than WHO values.

Cr content in fodder samples

In summer season, Cr content of the collected plant samples ranged from 0.700 to 0.2592 at
site-1 and 1.080 to 5.905 at site-5 (Table 4). In winter season, the Cr values of the plants at
site-1 were between 2.1157-1.1550 and at site-5 were between 1.239-1.1825 (Fig. 4).
Chromium induce toxicity to plants it may cause reduction in pigment content, germination in

seed growth, early seedling development. In the present study, higher Cr values of the plants
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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
(Fig. 4, Fig. 3).

Cr content in blood samples

The maximum Cr content was found at site-5 (0.4617-0.480) and the minimum concentration
was found at site-1(0.150-0.1683) in summer (Fig. 4). During the winter season, the highest
level of trace metals was obtained from site-5 (0.2050-1.087) and the minimum concentration
was found at site-1 (0.2950-0.3425) (Table 5). The concentration of Cr was highest at site-5
(0.4617-0.480mg/kg) from the blood samples while it was lowest at site-1 (0.150-0.1683

mg/kg) in summer.

Correlation among forage, soil and toxicity indices attributes

Significant correlation was found between soil-fodder and positive non-significant correlation
between fodders-blood plasma in summer for Z. mays. Negative and non-significant
coefficient was observed between soil-fodder and positive non-significant correlation was
found between fodders-blood plasma in winter (Table 6).

Negative and non-significant correlation was found between soil-fodder and significant
correlation between fodders-blood plasma in summer for S. bicolor. Positive and non-
significant coefficient was observed between soil-fodder and negative non-significant
correlation was found between fodders-blood plasma in winter (Table 7).

Positive and non-significant correlation was found between soil-fodder and positive non-
significant correlation was found between fodders-blood plasma in summer for T.
alaxandrium. Negative and non-significant coefficient was observed for soil-fodder and
fodder-blood plasma in winter (Table 8).

Pollution load index

Pollution load index value for Cr was found to be lower than 1 at all the sites except for site-5
which shows less contamination at all other sites than site-5 (Table 9). Pollution load index of
metals was determined by ratio of concentration of metal in examined soil to the reference
soil. Value of PLI> 1 indicate that metal can show harmful effects on environmental.
Monitoring of soil quality and suitability for cultivation can be determined by pollution load
index. All PLI values for heavy metals except for Cr at site-5 are lower than 1 indicating that

soil is not contaminated.
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Bio concentration factor

Bio concentration factor of Cr in fodder was lower at site-1 and higher at site-5 (Table 10).
Bioconcentration factor for cobalt was at different sites were in range site-5>site-4>site-
3>site-2>site-1 in both seasons. Bioconcentration factor determines the level of toxicity in
animals. It was found in the order site-5>site-4>site-3>site-2>site-1in both seasons. Higher

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

Daily intake of metal (DIM)

Daily intake of metal values for Cr was found lower at site-1 and site-2 and higher at site-4
and site-5. This showed that animals grazing at site-1 and site-2 were at lower risk than site-4
and site-5 (Table 11). Tolerable daily intake of metal for chromium is 1.05. It was
significantly smaller than tolerable limit. Order of sites were site-5>site-4>site-3>site-2>site-
1. All the values were within range. DIM value was higher for Z. mays at site-5 ad lower for
T. alaxandrium at site-1. Order of sites were site-5>site-4>site-3>site-2>site-1.

Health risk index (HRI)
Health risk index for Cr were found lower except for summer sample of Z. mays at site-5.
High value of HRI showed that animals grazing at that fodder were at greater risk at site-5

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

Enrichment factor

Enrichment factor were higher at site-4 and site-5, and lower at site-1, site-2 and site-3. These
values indicated that sites that were highly enriched with Cr were at higher risk (Table 13).
Higher value of EF indicates less retention lower EF value indicates high retention of metal
in soil. The values in present investigation were mostly lower than 1 except for some

samples of site-5 and site-4.

Discussion

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

activities) and geogenic (weathering of rocks). Anthropogenic processes include mining and
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smelting of ores, industrial and domestic sources. Emissions of Pb, Cd and Zn has exceeded
100-fold due to anthropogenic activities than those from natural sources. Mining operations
are liable for the contamination of heavy metals (Navarro et al., 2008). Chromium can be
lethal and harmful to fruit trees, vegetables and food grain crops; it causes many
health issues to the general public (Wang et al. 2014). Therefore, it is dire need to
investigate the critical toxic level for fodder (Zea mays, Sorghum bicolor, Trifolium
alaxandrium) growth and biomass yield. There were significant differences observed in
various fodder crops such as Zea mays, Sorghum bicolor, and Trifolium alaxandrium when
these were exposed to different Cr contaminated wastewater. The environmental areas (sites)
and season also showed significant impact on plant growth and Cr accumulation that varies
from one to other plant (Table 4; Fig. 3).

Chromium cause physiological growth retardation, germination, early seedling growth
and photosynthetic pigments. Higher Cr values of the plants at site-1 were between 2.1157-
1.1550 mg/kg and at site-5 were between 1.239-1.1825 mg/kg. The soil contaminated with Cr
was the main cause in the reduction in the plant height in sunflowers (Fozia et al. 2008).
Several ecophysiological attributes such as gas exchange, photosystem Il photochemistry,
CO- fixation, antioxidant enzymes activity, respirations, cell division and plant growth and
yield attributes were highly decreased following exposure of plants to Cr (Shanker et al.
2005; Anjum et al., 2016). Transpiration, stomatal conductance and CO> uptake levels were
significantly inhibited following plants exposure to chromium stress (Schiavon et al. 2009).
The changes in stomatal conductance were mainly due to change in the stomata size and cell
morphology of the spongy parenchyma following treatment with Cr.

The different fodder crops showed different growth behavior and Cr accumulation. In
this context, Similarly, Zea mays showed highest Cr concentration on exposure to Cr
followed by S. bicolor at site 5 during summer. Except at site 5, the Cr level was lower in all
fodder crops during summer and was higher during winter season. Amongst fodder crops, S.
bicolor better executed in Cr stressed conditions while Zea mays relatively most sensitive
one, especially during summer season. The Cr transfer from soil to plant also depends upon
plant species, genotypes and different soil attributes like pH, soil Cation exchange capacity
and soil texture (Zeng et al., 2011b, Santos and Rodriguez, 2012). Crops irrigated with waste
water shows high yields. However, proper strategies for the management and irrigation
through municipal wastewater in Pakistan have not yet been developed. Some farmers started
to irrigate their crops with municipal wastewater. Application of wastewater in agriculture

requires especial management (Asgari et al., 2007).
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Chromium is mostly entered in the soil-plant ecosystem via municipal wastewater
irrigation for agriculture crop and hence poses a serious threat to environment, public health
and livestock via food chain contamination (Broadway et al., 2010, Ahmed et al., 2016). The
soil collection showed lowest Cr accumulation at site-4 and highest at site-5 from the maize
field while levels of Cr in the soil samples were highest at the site-4 and site-4 from Sorghum
fields and Trifolium field (summer crop season). Highest level of Cr was obtained from site-5
from all the three tested field crops during the winter crop season). The highest values of Cr
metal was lower than international standards (Chiroma et al. 2014) and USEPA (2002).
Chromium levels in the soil can increase mainly due to anthropogenic deposition, such as
atmospheric deposition and also through the discharge of chromium-containing liquids and
solid wastes in the form of chromium by-products, ferrochrome slags or chrome plating (Guo
et al. 2020; Bashir et al. 2020). In this experiment, the permissible limit of Cr in the soil are
significantly lower than WHO values. The Cr contents in the soil samples were lower than
reported by other researchers in the literature. The soil Cr was lowest (11.12 mg / kg and
12.05 mg / kg) during June and September, respectively (Banks et al. 2006). At higher pH, Cr
(11) forms complex structures with water and hence its mobiloity is enhanced several times.
The samples obtained from Triticum aestivum, Brassica juncea and Hordeum vulgare
demonstrate significantly low level of Cr contents and the soils had a Cr concentration in the
range of 0.24-0.28 mg / kg following sewage water irrigation (Kumar and Chopra, 2015).

The maximum Cr content was found at site-5 (0.4617-0.480) and the minimum
concentration was found at site-1(0.150-0.1683) in summer (Fig. 4). In winter, the maximum
concentration was found at site-5 (0.2050-1.087) and the minimum concentration was found
at site-1 (0.2950-0.3425) (Table 5). In blood samples, the maximum concentration of Cr was
found at site-5 (0.4617-0.480mg/kg) and the minimum concentration was found at site-1
(0.150-0.1683 mg/kg) in summer.

Significant correlation was found between soil-fodder and positive non-significant
correlation between fodders-blood plasma in summer for Z. mays. Negative and non-
significant coefficient was observed between soil-fodder and positive non-significant
correlation was found between fodders-blood plasma in winter (Table 6). Negative and non-
significant correlation was found between soil-fodder and significant correlation between
fodders-blood plasma in summer for S. bicolor. Positive and non-significant coefficient was
observed between soil-fodder and negative non-significant correlation was found between
fodders-blood plasma in winter (Table 7). Positive and non-significant correlation was found

between soil-fodder and positive non-significant correlation was found between fodders-
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blood plasma in summer for T. alaxandrium. Negative and non-significant coefficient was
observed for soil-fodder and fodder-blood plasma in winter (Table 8).

Pollution load index value for Cr was found to be lower than 1 at all the sites except
for site-5 which shows less contamination at all other sites than site-5 (Table 9). Pollution
load index of metals was determined by ratio of concentration of metal in examined soil to
the reference soil. Value of PLI> 1 indicates that metal can show harmful effects on
environmental. Monitoring of soil quality and suitability for cultivation can be determined by
pollution load index. All PLI values for heavy metals except for Cr at site-5 are lower than 1
indicating that soil is not contaminated.

Bio concentration factor of Cr in fodder was lower at site-1 and higher at site-5 and
was in the order of site-5>site-4>site-3>site-2>site-1in both seasons. Higher value was
observed in T. alaxandrium and lower for Z. mays. This factor indicates the mobility and
transfer of elements from the soil to the plant. Plants generally have very low TF values. In
Datura innoxia, TF tends to decrease in response to an increased Cr concentration (Vernay et
al. 2008). In a study by Sauerbeck (1991), Cr showed the lowest TF values among the heavy
metals tested (Cd, Zn, Cu, Ni). The Cr concentrations measured in the root tissue of some
plant species (spinach, oats, carrots, peas, beans, radishes) were very low despite the presence
of Cr in the treated soil (Sauerbeck 1991). Heavy metals transfer in the ecosystem (from soil
to plants) significantly contributes to human exposure to heavy metals (Zeng et al. 2015;
Hseu and Lai 2017). In this study, the BAF values for Cr and Ni in 3 soils were <1, indicating
a relatively ineffective uptake potential for Cr and Ni in rice. According to the findings of
Satpathy et al. (2014), rice plants demonstrate an exclusion mechanism of Cr to avoid toxicity
and any damage to the physiological machinery. The activating antioxidant defenses and
immobilizing the Cr ions on cell wall are an example of Cr tolerance as documented by Zeng
et al. (2014).

Our results clearly indicate that grazing of buffaloes at site-1 and site-2 were at lower
risk than other sites because of lower daily intake values. However, all of the values obtained
during this experiment were lower than tolerable limit. All the values were within range
except Z. mays (higher) at site-5 and lower for T. alaxandrium at site-1. The most stable
forms of chromium in the environment include hexavalent chromate [Cr (VI)] and trivalent
chromite [Cr (1l1)]. This is due to its high solubility and potential to transfer from one to
another oxidation state (Prado et al., 2016a). Cr(VI) oxyanions are highly toxic and can cause
cancer to humans. These Cr forms are toxic to flora and fauna in the agro- ecosystem (Singh

et al., 2013; Prado et al., 2015a). Health risk index for Cr were found lower except for
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summer sample of Z. mays at site-5. High value of HRI showed that animals grazing at that
fodder were at greater risk at site-5 (Table 12). Health risk index values for Cr were lower
than 1 in the present study. Enrichment factor were higher at site-4 and site-5, and lower at
site-1, site-2 and site-3. These values indicated that sites that were highly enriched with were
at high risk of Cr pollution (Table 13). Higher value of EF indicates less retention lower EF
value indicates high retention of metal in soil. The values in present investigation were
mostly lower than 1 except for some samples of site-5 and site-4. The presence of trace
metals in the soil-water environment ecosystem has shown severe threats to human health
(Goix et al., 2014). Several authors documented that trace metals could enter the food chain
and can cause severe health consequences for children and adult human beings (Ghaedi et al.,
2008, Niu et al., 2013). The heavy metals accumulation in the human body might led to acute
respiratory disorders, kidney failure, heart problems, urinary disorders and weak immunity
(Johannes et al., 2006, Tong et al., 2000).

Previously, it was documented the presence of trace metals in cow milk from various
geological regions of the world (Elsaim and Ali, 2018; Najarnezhad and Akbarabadi, 2013;
Temiz and Soylu, 2012). However, the presence of trace metals depends upon various
attributes such as breed of cattle, lactation stage, exposure pathway, animal nutrition
(Bousbia et al., 2019; Safaei et al., 2020). The higher metal detected in the cattle’s milk was
attributed to the heavy metals presence in the plant-soil-water system and their entry into the
animal’s diet through these pathways. Trace elements presence in the forage crops will
ultimately impact the cattle’s milk and meat quality (Najarnezhad and Akbarabadi, 2013).

Health exposure of local population was at risk near the Hunan Province, China
following a dietary study in association with Cr and concluded that local inhabitants were at
high risks due to Cr exposure (Wang et al. 2011). Hussain and Qureshi (2021) reported that
treated wastewater irrigated vegetables pose a serious potential risk to consumers' health due
to their high EDI and target hazard quotient (THQ).

It was essential to think about the awareness of issues related to wastewater like
present municipal wastewater disposal substructure; quality of wastewater reuse in
agriculture and health problems (Rutkowski et al., 2006). Scott et al.(2004) stated that
according to the first ever global survey of waste water irrigation, untreated sewage water
was used to irrigate round 10% of the crops of the world. Thwas was outlawed in many
countries and a largely hidden practice. Sewage water was used by several farmers,

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

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

Conclusions

We concluded that, significant difference was found among three forages (Zea mays,
Sorghum bicolor, and Trifolium alaxandrium) for Cr accumulation and pollution load indices.
We found that Trifolium alaxandrium seems to be better adapted to cope with Cr-induced
stress than other two forage crop species. It was documented that fast growth rate and
abundant biomass production might help a particular plant species to exclude the heavy
metals and for phytoremediation strategies. It was recommended that caution should be taken
in the screening, selection of a particular forage crop grown at a contaminated soil for
ruminant feeding. In fact, Zea mays, and Sorghum bicolor, can be used in the
phytoremediation programs because of excessive bio-accumulation of Cr from the
contaminated soils. The planting season can be taken into account for growing forage crops
because, in the present research, excessive Cr was present in the plant samples during the
summer season. Meanwhile, Cr transfer from soil to plant also depends upon plant species,
genotypes and different soil attributes like pH, soil cation exchange capacity and soil texture.
Hence, it is always recommended to make a screening of the local bacterial species to remove
Cr(VI), and to avoid risk to ecosystem, environment and local inhabitants via food chain.

Ethical Approval: Departmental Ethical Review Committee provided ethical approval to
conduct study.

Consent to Participate: Informed consent was taken from formers to conduct the study and
to collect the samples. They were briefed about the research plan in details.

Consent to Publish: All authors gave written consent for the publication of this paper.

Authors Contributions

Zafar Igbal Khan and Kafeel Ahmad conceived and designed the study. Maria Ghazzal, and
M. Iftikhar Hussain drafted the Ms and critically revised the manuscript. Mudasra Munir, Ifra
Saleem Malik, Sonaina Nazar, Muhammad Nadeem, Mubeen Akhtar, executed the
experiment and compiled data. Pervaiz Akhter, Asma Ashfag, Shahid Mahmood, statistically
analyzed the data and help in chemical analysis. Zafar Igbal Khan, Taimoor Hassan Farooq,

Jawaher Alkahtani, Mohamed Soliman Elshikh critically edited and revised the manuscript.

16


User
Highlight
?

User
Highlight
too far from your result, discussion section

User
Highlight
idem


528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

Maria Ghazzal helped in sample collection and chemical analysis. All authors approved the
final version.

Funding: The authors extend their appreciation to the Researchers supporting project number
(RSP-2021/193) King Saud University, Riyadh, Saudi Arabia.

Conflict of interest: The authors declare that they have no conflict of interest.

Competing Interests: There is no competing interest in the publication of this manuscript.
Availability of data and materials: Data and material is available for research purpose and

for reference.

Acknowledgments
The authors extend their appreciation to the Researchers supporting project number (RSP-
2021/193) King Saud University, Riyadh, Saudi Arabia.

REFERENCES

Ahmad, T., Nazar, S., Ahmad, K., Khan, Z.1., Bashir, H., Ashfag, A., Munir, M., Munir, Z.,
Hussain, K., Alkahtani, J. and Elshikh, M.S., 2021. Monitoring of copper
accumulation in water, soil, forage, and cows impacted by heavy automobiles in

Sargodha, Pakistan. Environmental Science and Pollution Research, pp.1-7.

Ahmed, A., Rezai, H., & Broadway-Stringer, S. (2016). Evidence-based revised view of the
pathophysiology of preeclampsia. Hypertension: from basic research to clinical
practice, 355-374.

Al-Dakheel, A. J., Hussain, M. I., & Rahman, A. Q. M. A. (2015). Impact of irrigation water
salinity on agronomical and quality attributes of Cenchrus ciliaris L.
accessions. Agricultural Water Management, 159, 148-154.

Ali, A.LLM., Sandi, S. and Riswandi, R., 2021. Heavy metals accumulation in forages and
buffalo hair on flooded pasture in South Sumatra, Indonesia. International Journal of
Environmental Science and Technology, pp.1-6.

Anjum, M., Miandad, R., Wagas, M., Ahmad, 1., Alafif, Z. O. A., Aburiazaiza, A. S, ... &
Akhtar, T. (2016). Solid waste management in Saudi Arabia. Applied Agriculture and
Biotechnology, 1, 13-26.

17



560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593

Asgari, K., Najafi, P., Soleymani, A., & Larabi, R. (2007). Effects of treated municipal
wastewater on growth parameters of corn in different irrigation conditions. Journal of
Biological Sciences, 7(8), 1430-1435.

Azmat, R., & Khanum, R. (2005). Effect of Chromium on uptakes of minerals in Bean
plant. Pak. J. Biol. Sci, 8(2), 281-283.

Bai, W., Zhang, H., Liu, B., Wu, Y., & Song, J. 2010. Effects of super- absorbent polymers
on the physical and chemical properties of soil following different wetting and drying
cycles. Soil use and management, 26(3), 253-260.

Banks, M. K., Schwab, A. P., & Henderson, C. (2006). Leaching and reduction of chromium
in soil as affected by soil organic content and plants. Chemosphere, 62(2), 255-264.

Boudebbouz, A., Boudalia, S., Bousbia, A., Habila, S., Boussadia, M.l. and Gueroui, Y.,
2020. Heavy metals levels in raw cow milk and health risk assessment across the
globe: A systematic review. Science of The Total Environment, p.141830.

Bousbia, B., & Shartai, B. (2019). Nonlinear Deterministic Study of Seismic Microzoning of
a City in North of Algeria. Civil Engineering Journal, 5(8), 1774-1787.

Cao C, Chen XP, Ma ZB, Jia HH, Wang JJ (2016) Greenhouse cultivation mitigates metal-
ingestion-associated health risks from vegetables in 11224 Environ Sci Pollut Res
(2020) 27:11213-11226 wastewater-irrigated agroecosystems. Sci Total Environ
560:204—- 211..

Carrero, J. A., Goienaga, N., Barrutia, O., Artetxe, U., Arana, G., Hernandez, A., &
Madariaga, J. M. 2009. Diagnosing the impact of traffic on roadside soils through
chemometric analysis on the concentrations of more than 60 metals measured by
ICP/MS. In Highway and Urban Environment (pp. 329-336). Springer, Dordrecht.

Chandio, A. A., Yuansheng, J., & Magsi, H. (2016). Agricultural sub-sectors performance: an
analysis of sector-wise share in agriculture GDP of Pakistan. International Journal of
Economics and Finance, 8(2), 156-162.

Chiroma, T. M., Ebewele, R. O., & Hymore, F. K. (2014). Comparative assessment of heavy
metal levels in soil, vegetables and urban grey waste water used for irrigation in Yola
and Kano. International refereed journal of engineering and science, 3(2), 01-09.

Christophoridis, C., Kosma, A., Evgenakis, E., Bourliva, A. and Fytianos, K., 2019.
Determination of heavy metals and health risk assessment of cheese products
consumed in Greece. Journal of Food Composition and Analysis, 82, p.103238.

Climate Change Division (CCD) (2013) Framework for implementation of climate change

policy. Government of Pakistan, climate change division November 2013

18



594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

Damera, K., Yu, B., & Wang, B. (2015). Stereoselective Synthesis of 1-Methyl-3’, 4', 5', 6'-
tetrahydrospiro [indoline-3, 2'-pyran]-2-one Derivatives via Prins Cyclization. The
Journal of organic chemistry, 80(11), 5457-5463.

Dametto, A., Sperotto, R. A., Adamski, J. M., Blasi, E. A., Cargnelutti, D., de Oliveira, L. F.,
... & Fett, J. P. (2015). Cold tolerance in rice germinating seeds revealed by deep
RNAseq analysis of contrasting indica genotypes. Plant Science, 238, 1-12.

Dogan Y, Baslar S, Ugulu I. 2014. A study on detecting heavy metal accumulation through
biomonitoring Content of trace SitesMnSite-10.000229642Site-110.000897317Site-
1110.0013753

Ebong, G.A., Akpan , M.M.& Mkpenie, V.N. (2008). Heavy metal contents of municipal and
rural dumpsite soils and rate of accumulation by Carica papaya and Talinum
triangularein Uyo, Nigeria. E-Journal of Chemistry,5, 281-290.

Fozia, A., Muhammad, A. Z., Muhammad, A., & Zafar, M. K. (2008). Effect of chromium on
growth attributes in sunflower (Helianthus annuus L.). Journal of Environmental
Sciences, 20(12), 1475-1480.

Ghaedi, M., Shokrollahi, A., Ahmadi, F., Rajabi, H. R., & Soylak, M. (2008). Cloud point
extraction for the determination of copper, nickel and cobalt ions in environmental
samples by flame atomic absorption spectrometry. Journal of Hazardous
Materials, 150(3), 533-540.

Goix, S., Lévéque, T., Xiong, T. T., Schreck, E., Baeza-Squiban, A., Geret, F., ... & Dumat,
C. (2014). Environmental and health impacts of fine and ultrafine metallic particles:
assessment of threat scores. Environmental research, 133, 185-194.

Hou, D., O’Connor, D., Igalavithana, A.D., Alessi, D.S., Luo, J., Tsang, D.C., Sparks, D.L.,
Yamauchi, Y., Rinklebe, J. and Ok, Y.S., 2020. Metal contamination and
bioremediation of agricultural soils for food safety and sustainability. Nature Reviews
Earth & Environment, 1(7), pp.366-381.

Hseu, Z. Y., & Lai, Y. J. (2017). Nickel accumulation in paddy rice on serpentine soils
containing high geogenic nickel contents in Taiwan. Environmental geochemistry and
health, 39(6), 1325-1334.

Hussain, S., Awad, J., Sarkar, B., Chow, C. W., Duan, J., & van Leeuwen, J. (2019).
Coagulation of dissolved organic matter in surface water by novel titanium (I11)
chloride: Mechanistic surface chemical and spectroscopic characterisation. Separation
and Purification Technology, 213, 213-223.

Kanwar, J. S., & Sandha, M. S. 2000. Waste water pollution injury to vegetable crops—a

19



628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659

review. Agricultural Reviews, 21(2), 133-136.

Khan, N., & Bano, A. (2016). Modulation of phytoremediation and plant growth by the
treatment with PGPR, Ag nanoparticle and untreated  municipal
wastewater. International journal of phytoremediation, 18(12), 1258-12609.

Khan, N., & Bano, A. (2018). Effects of exogenously applied salicylic acid and putrescine
alone and in combination with rhizobacteria on the phytoremediation of heavy metals
and chickpea growth in sandy soil. International journal of phytoremediation, 20(5),
405-414.

Kibwage, J.K. (2002). Integrating the informal recycling sector into the solid waste
management planning in Nairobi City. Phd, Maseno University.

Kumar, V., & Chopra, A. K. (2015). Toxicity of chromium in agricultural crops with respect
to its chemical speciation-A review. World Appl. Sci. J., 33, 944-9609.

Lu T, Li JM, Wang XQ, Ma YB, Smolders E, Zhu NW (2016) Derivation of ecological
criteria for copper in land-applied biosolids and biosolid-amended agricultural soils. J
Environ Manag 183:945-951

Manyiwa, T., Ultra, V.U., Rantong, G., Opaletswe, K.A., Gabankitse, G., Taupedi, S.B. and
Gajaje, K., 2021. Heavy metals in soil, plants, and associated risk on grazing
ruminants in the vicinity of Cu—Ni mine in Selebi-Phikwe, Botswana. Environmental
Geochemistry and Health, pp.1-16.

Meng, Q., Zhang, J., Zhang, Z., & Wu, T. (2016). Geochemistry of dissolved trace elements
and heavy metals in the Dan River Drainage (China): distribution, sources, and water
quality assessment. Environmental Science and Pollution Research, 23(8), 8091-8103

Muchuweti, M., Birkett, J. W., Chinyanga, E., Zvauya, R., Scrimshaw, M. D., & Lester, J. N.
2006. Heavy metal content of vegetables irrigated with mixtures of wastewater and
sewage sludge in Zimbabwe: implications for human health. Agriculture, Ecosystems
& Environment, 112(1), 41-48.

Najarnezhad, V., & Akbarabadi, M. (2013). Heavy metals in raw cow and ewe milk from
north-east Iran. Food Additives & Contaminants: Part B, 6(3), 158-162.

Nakkeeran, E., Patra, C., Shahnaz, T., Rangabhashiyam, S., & Selvaraju, N. J. B. T. R.
(2018). Continuous biosorption assessment for the removal of hexavalent chromium
from aqueous solutions using Strychnos nux vomica fruit shell. Bioresource
Technology Reports, 3, 256-260.

20



660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692

Navarro, E., Baun, A., Behra, R., Hartmann, N. B., Filser, J., Miao, A. J., ... & Sigg, L.
(2008). Environmental behavior and ecotoxicity of engineered nanoparticles to algae,
plants, and fungi. Ecotoxicology, 17(5), 372-386.

Navarro, M. C., Pérez-Sirvent, C., Martinez-Sanchez, M. J., Vidal, J., Tovar, P. J., & Bech, J.
(2008). Abandoned mine sites as a source of contamination by heavy metals: a case
study in a semi-arid zone. Journal of Geochemical exploration, 96(2-3), 183-193.

Oliveira, H. (2012). Chromium as an environmental pollutant: insights on induced plant
toxicity. Journal of Botany.

Oluyemi, E. A., Feuyit, G., Oyekunle, J. A. O., & Ogunfowokan, A. O. 2008. Seasonal
variations in heavy metal concentrations in soil and some selected crops at a landfill
in Nigeria. African Journal of Environmental Science and Technology, 2(5), 089-096.

Orisakwe, O.E., Kanayochukwu, N.J., Nwadiuto, A.C., Daniel, D. & Onyinyechi, O. 2012.
Evaluation of Potential Dietary Toxicity of Heavy Metals of Vegetables.

PCRWR (2006) Impact assessment of sewerage and industrial effluents on water resources,
soil, crops and human health in Faisalabad. Pakistan Council of Research in Water
Resources (PCRWR)

Prado, C., Prado, F. E., Pagano, E., & Rosa, M. (2015). Differential effects of Cr (V1) on the
ultrastructure of chloroplast and plasma membrane of Salvinia minima growing in
summer and winter. Relationships with lipid peroxidation, electrolyte leakage,
photosynthetic pigments, and carbohydrates. Water, Air, & Soil Pollution, 226(2), 1-
12.

Prado, F. E., Hilal, M., Chocobar-Ponce, S., Pagano, E., Rosa, M., & Prado, C. (2016).
Chromium and the plant: a dangerous affair?. In Plant metal interaction (pp. 149-
177). Elsevier.

Prasad, M. N. V., & Freitas, H. 2000. Removal of toxic metals from solution by leaf, stem
and root phytomass of Quercus ilex L.(holly oak). Environmental pollution, 110(2),
277-283.

Qadir M, Wichelns D, Raschid-Sally L, McCornick PG, Drechsel P, Bahri A, Minhas PS
(2010) The challenges of wastewater irrigation in developing countries. Agric Water
Manag 97(4):561-568

Qureshi, K. N., Hussain, R., & Jeon, G. (2020). A distributed software defined networking
model to improve the scalability and quality of services for flexible green energy

internet for smart grid systems. Computers & Electrical Engineering, 84, 106634.

21



693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725

Rutkowski, D. T., Arnold, S. M., Miller, C. N., Wu, J., Li, J., Gunnison, K. M., ... &
Kaufman, R. J. (2006). Adaptation to ER stress is mediated by differential stabilities
of pro-survival and pro-apoptotic mMRNAs and proteins. PLoS Biol, 4(11), e374.

Santos, C., & Rodriguez, E. (2012). Review on some emerging endpoints of chromium (V1)
and lead phytotoxicity. Botany, 61-82.

Sauerbeck, D. R. (1991). Plant element and soil properties governing uptake and availability
of heavy metals derived from sewage sludge. Water, Air, and Soil Pollution, 57(1),
227-237.

Schiavon, M., Agostini, G., Pittarello, M., Dalla Vecchia, F., Pastore, P., & Malagoli, M.
(2009). Interactions between chromate and sulfate affect growth, photosynthesis and
ultrastructure in Brassica juncea (L.) Czern. Sulfur metabolism in plants. Backhuys
publishers, Leiden.

Shanker, A.K., Cervantes, C., Loza-Tavera, H. and Avudainayagam, S., 2005. Chromium
toxicity in plants. Environment international, 31(5), pp.739-753.

Singh, H.P., Mahajan, P., Kaur, S., Batish, D.R., Kohli, R.K., 2013. Chromium toxicityand
tolerance in plants. Environ. Chem. Lett. 11, 229e254.

Stambulska, U. Y., Bayliak, M. M., & Lushchak, V. I. (2018). Chromium (V1) toxicity in
legume plants: modulation effects of rhizobial symbiosis. BioMed research
international, 2018.

Turner RDR, Warne MSJ, Dawes LA, Vardy S, Will GD (2016) Irrigated greywater in an
urban sub-division as a potential source of metals to soil, groundwater and surface
water. J Environ Manag 183:806-817.

Ugulu, 1. (2015). Determination of heavy metal accumulation in plant samples by
spectrometric techniques in Turkey. Applied Spectroscopy Reviews, 50(2), 113-151.

Vernay, P., Gauthier-Moussard, C., Hitmi, A., 2007. Interaction of bioaccumulation ofheavy
metal chromium with water relation, mineral nutrition and photosyn-thesis in
developed leaves of Lolium perenne L. Chemosphere 68, 1563e1575.

Wakeel, A., Xu, M., & Gan, Y. (2020). Chromium-induced reactive oxygen species
accumulation by altering the enzymatic antioxidant system and associated cytotoxic,
genotoxic, ultrastructural, and photosynthetic changes in plants. International journal
of molecular sciences, 21(3), 728.

Wang, Z., Gao, M., Wang, S., Xin, Y., Ma, D., She, Z., & Ren, Y. (2014). Effect of

hexavalent chromium on extracellular polymeric substances of granular sludge from

22



726
727
728
729
730
731
732
733
734
735
736
737
738

739

740

741

742

743

744

745

746

747

an aerobic granular sequencing batch reactor. Chemical Engineering Journal, 251,
165-174.

World Health Organization (WHO) (2006). WHO Guidelines for the safe use of wastewater,
excreta and greywater: volume 1 - policy and regulatory aspects. World Health 1:114.

Zeng, F., Ali, S., Zhang, H., Ouyang, Y., Qiu, B., Wu, F., Zhang, G., 2011b. The influenceof
pH and organic matter content in paddy soil on heavy metal availability andtheir
uptake by rice plants. Environ. Pollut. 159, 84e91.

Zeng, F., Wu, X., Qiu, B.,, Wu, F., Jiang, L., Zhang, G., 2014. Physiological and
proteomicalterations in rice (Oryza sativa L.) seedlings under hexavalent chromium
stress.Planta 240, 291e308.

Zeng, H. B, He, Y., Wu, M., & She, J. (2015). New results on stability analysis for systems
with discrete distributed delay. Automatica, 60, 189-192.

23



748

749

750

751

752

753

754

755

Fig. 1. Map of study area, Sargodha (Punjab), Pakistan.
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Table 1. Reference values of Cr in soil and fodder were as follows

Daily Intake Oral reference
Category Metal References
Limit dose (RfD)
Cr Cr Cr
Reference soil 9.07 1.05 1.4 13,14,15

17,18
Reference in fodder 1.3
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TABLE 2. Mean values of Cr in soil samples (mg/kQg)

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 1.102+0.289 | 1.15+0.22 | 0.180+0.3 | 1.803+0.36 | 1.115+0.22
alaxandrium
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 1.105+0.14 | 1.170+0.14 | 1.216+0.1 | 1.365+0.220 | 1.492+0.29
alaxandrium

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

different sites

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*

* **x ***= Significant at 0.05, 0.01 and 0.001
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TABLE 4. Mean values of Cr in fodder samples (mg/kg)

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 | 0.07+0.14 | 0.733+0.22 | 1.043+0.22 | 1.205+0.14
9 4
Trifolium 0.2592+0.8 | 0.43+0.22 | 0.750+0.14 | 0.75+0.144 | 1.08+0.144
alaxandrium 4
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 | 1.16+0.14 | 1.81+0.144 | 1.24+0.14 | 1.93+0.144
2
Trifolium 1.1157+.000 | 1.117+0.8 | 1.08+0.30 | 1.97+0.36 | 1.18+0.463
alaxandrium 2
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TABLE 5. Mean values of Cr in blood samples (mg/l)

Site-1 Site-2 Site-3 Site-4 Site-5
Blood samples collected in summer
0.1683+0.220 | 0.3875+0.144 | 0.3450+0.144 | 0.4558+0.22 | 0.4800+0.144
0.1500+0.1443 | 0.2908+0.22 | 0.4100+0.144 | 0.4558+0.22 | 0.4658+0.22
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
0.3425+0.144 | 0.4950+0.144 | 0.3770+0.144 | 0.3133+0.22 | 0.2050+0.144
0.3625+0.144 | 0.44500+0.144 | 0.2965+0.2 | 0.3183+0.22 | 0.2000+0.144
0.2950+0.144 | 0.3700+0.144 | 0.3825+0.144 | 0.3833+0.22 | 1.087+0.4636
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TABLE 6. Correlation coefficient of Cr for Z. mays during different seasons at different

sites

Summer

Winter

Soil-Fodder

Fodder-Blood

Soil-Fodder

Fodder-Blood

0.885

0.516

-0.112

0.138

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

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

different sites

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)

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

different sites

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

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
TABLE 10. Bio concentration factor (BCF) for Chromium
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 1.23 141 1.009 0.71
Site-5 2.73 12.74 1.15 2.14 1.74 1.451
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TABLE 11. Daily intake of metal (DIM) for Chromium

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

TABLE 12. Health risk index (HRI) for Chromium
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
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TABLE 13. Enrichment factor (EF) for Chromium

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
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