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ABSTRACT 

 
Wastewater is a source of some nutrients essential for soil fertility but include various types of 

contaminants like heavy metals that pollute the soil and crops. In this regard, an experiment was carried out to 
evaluate the possible health risks of heavy metals in forages. Forages both of summer and winter were grown 
with different water treatments (sewage water and tap water) in Department of Botany, University of 
Sargodha. The concentration of manganese in water, root and forage samples was determined. Moreover, 
bioconcentration factor, pollution load index, daily intake of metals and health risk index were calculated. In 
tap water the manganese value was 0.063 mg/L and in sewage water 0.067 mg/L, respectively. In soil the 
calculated manganese value was lower than USEPA standards. The maximum average concentration of 
manganese in the leaves was 0.553 mg/kg occurred in Sesbania rostrata. The maximum observed value for 
manganese bioconcentration factor in Trifolium resupinatum was (4.495) grown in winter. The maximum 
pollution load index was observed for manganese (0.0302). The maximum value for daily intake of metals 
observed was 0.0125 and maximum observed health risk index was 9.84. 
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INTRODUCTION 
 

Fresh water provision for the life of flora and fauna is much essential to combat burgeoning 
population food requirements. About 90% of water was used for irrigation, only 6% of total accessible water 
was used for native purpose and 3% was used for industrial purposes. Deficiency of surface water store was a 
perplexing issue in Pakistan. City wastewater was used for irrigation of fields near urban areas and issue was 
resolved [1-3]. Numerous plant procedures like metabolism and growth require micronutrients at low level but 
if these nutrients touch high level then poisonousness could verify many disarrays in plants [4,5]. When the 
heavy metals move in the biome and in food chain, several disorders can be triggered like bone disorder, 
neural disorders, circulatory disorder, and renal disorder etc. in animals and humans [6-8]. Heavy metals make 
reactive oxygen species like hydrogen peroxide, hydroxyl radicals and superoxide radicals that are harmful for 
plants and animals [9]. 

 
Various studies have been conducted on metal contamination of topsoil by sewage water irrigation 

[10,11]. The risk of using sewage water for irrigation could lead to heavy metal build up in soil and crops and 
cause various health risk to human may limit the extensive use of sewage water in agriculture [12,13]. 

 
The concentration of heavy metals reduces in sewage water after sewage treatment process; 

however greater amount of heavy metals has been observed in the upper layer of soil where treated 
wastewater is used for irrigation purpose for 20 years [14]. By increasing the duration of irrigation these 
metals are transferred in the depth of soil [15]. It has been estimated that the concentration of heavy metals 
in soil would reach the maximum level after 50 to 100 years use of sewage water for irrigation purpose [16]. 

 
Manganese (Mn), which is an essential micronutrient for plants, has crucial functions in 

photosynthesis, carbohydrate and lipid biosynthesis, and oxidative stress protection. Manganese deficiency 
inhibits the plant growth and development. Also, it causes various plant deficiency symptoms such as 
interveinal chlorosis and tissue necrosis [17-19]. The manganese bioavailability for plants is indirectly related 
with pH of soil, thus greater Mn amount was perceived in forages cultivated on acidic soils. Poorly drained soils 
have more Mn content in plants [20]. It is also observed that cobalt absorption in forages may be decreased 
due to the greater amount of Mn in the soil [21]. 

 
The present research was performed to (1) observe the effect of sewage water irrigation on 

manganese uptake by forages, (2) determine the transfer of manganese from soil to forages, (3) define 
pollution severity of soil due to manganese and (4) examine health risk of grazing livestock via consumption 
manganese contaminated forages. 

 
MATERIALS AND METHODS 

 
Study Area 

 
The present study was conducted in Sargodha City, Pakistan. In Sargodha, summer is very hot while 

winter season is cold. River Jhelum is present between Northern and Western side and River Chenab is present 
on East area of the city. Temperature ranges 0-50ºC in this region. Major crops grown in Sargodha are rice and 
sugarcane. The basic reason for the renown of Sargodha is production of citrus fruits. Different green 
vegetables are also grown in Sargodha. 

 
The experimental design of the present study was performed at Botany Department of University of 

Sargodha. Forage crops were sown both of summer and winter season in this department. 
 
Plant Cultivation 

 
Summer cultivation: Healthy seeds of seven forages were collected and sown in summer season. 

Seventy pots were taken and filled them with fertile soil. Pots were placed in Department of Botany, University 
of Sargodha. Crops were Maize (Zea mays L.), Sanwak (Echinochloa colona (L.) Link), Bajra (Pennisetum 
typhoideum Rich.), Local jowar (Sorghum vulgare Pers.), Jowar (hybrid) (Sorghum bicolor (L.) Moench), Jantar 
(Sesbania rostrata Bremek & Oberm.), and Gawara (Cyamopsis tetragonoloba (L.) Taub.). Seeds were placed 
below 4-5 cm of soil. 35 control pots were irrigated with tap water and 35 experimental pots were irrigated 
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with mixed sewage water that was taken from city effluent of Sargodha. 5 replicates of control and 5 replicates 
of experimental were treated equally. Pots were irrigated regularly.  

 
Winter cultivation: Six winter forages were sown; Berseem (Trifolium alexandrinum L.), Luscern 

(Medicago sativa L.), Sarsoon (Brassica campestris L.), Chatala (Trifolium resupinatum L.), Canola sarsoon 
(Brassica juncea (L.) Czern.), and Ghobisarsoon (Brassica napus L.). Totally 60 pots were taken and filled with 
fertile soil. 30 control pots were irrigated with tap water and 30 experimental pots were irrigated with mixed 
sewage water that was taken from city effluent of Sargodha. All other procedure was same as summer 
cultivation. 
 
Samples Collection 

 
With the help of polypropylene acid washing of plastic bottles was done. For the sake of irrigation 100 

mL samples of both sewage and tap water were taken in plastic bottles. To avoid from polluted actions of 
microorganisms almost 1 mL of concentrated HNO3 was mixed in water. Before the digestion the samples were 
stored in refrigerator. 

 
Total 130 samples of fertile soil were taken for summer and winter irrigated with both tap and mixed 

sewage water. To remove moisture from these samples they were placed in sunlight firstly and them in oven 
for at least 3 days at 75ºC. 

 
The forage plants were uprooted on 6-10-2016. Sampling was done one time. Samples were washed 

with distilled water, dry with paper towel and cut into two pieces as; roots and shoots. Fresh weight of 
samples was measured. Then plants dried at room temperature for 2 weeks and put in oven at 75ºC for a week 
so that all the moisture removed. After drying these samples were removed from oven, grinded into fine 
powder with electrical grinder then digestion was done. 
 
Manganese Analysis 

 
Determination of manganese in digested samples was done by using Atomic Absorption 

Spectrophotometer (AA-6300 Shimadzu Japan). Standard calibration curve was drawn for manganese. 
 
Statistical Analysis 

 
The average concentration of heavy metals in soil samples, forage crops and in water was 

determined. For forages, water and soil samples data One-way ANOVA was applied using the SPSS 20 
(Statistical Package for Social Sciences). 
 
Bioconcentration Factor 

 
A parameter which is used to determine the shifting of minute elements from soil to forages 

is known as bioconcentration factor (BCF). It was determined as the ratio between the concentration 
of specific elements in the plant and the same in the consistent soil [22]. 
 

BCF= Concentration of heavy metal in plant/Concentration of heavy metal in soil. 
 

Where concentration of heavy metal in soil as well as in forages was taken in mg/kg. 
 
Pollution Load Index 

 
The concentration of metals has been determined at specific sites by using pollution load index (PLI) 

[23]. 
 

PLI= Metal concentration in investigated soil/Reference value of the metal in soil 
 

Reference value of Mn was (46.5 mg/kg). 
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Daily Intake of Metals 
 
Daily intake of metal (DIM) was measured by the corresponding equation;  

 
DIM= Cmetal × Dfood intake ∕Baverage weight [24] 

 
Where, Cmetal is concentration of metals in forages, Dfood intake is daily intake of forages and Baverage weight is 

average body weight. Average body weight referred as 550 kg per cattle and average daily forage consumption 
per person taken as 12.5 kg. 
 
Health Risk Index 

 
It was calculated to measure overall threat of exposure to all heavy metals through ingestion of specific 

forages. This shows the danger to cattle which use contaminated forages. Daily ingestion of metals in food 
crops divided by the oral reference dose was said to as health risk index (HRI) [25]. 

 
HRI=DIM/RfD 

 
RfD values for Mn was 46.75 mg/kg/day [26]. 
 

RESULTS AND DISCUSSION 
 
Manganese in Water 

 
Analysis of variance showed significant (p<0.05) effect on the concentration of Mn in water both for tap 

and sewage water. Mn concentration in tap water was (0.063 mg/L) and in sewage water was (0.067 mg/L) 
(Table 1). The heavy metals under study were lower than the permissible maximum limits of 0.2 mg/L 
established by Pescod [27]. 
 

Table 1: Manganese concentration in water (mg/L) 
 

Tap water Sewage water Mean square 

0.063±0.0017 0.067±0.0130 0.003** 

Degree of freedom 1 Error 9 

Permissible maximum limita 0.2 mg/L 

**: Significant at 0.01 level; Source: aPescod [27] 
 

However, the water Mn range was higher than the values found by Kumar and Chopra [28] (0.36-1.54 
mg/L) in borewell and industrial water. Also, Barreto et al. [29] found value (0.030 mg/L) for Mn in wastewater 
and this was similar to present investigation. Manganese is presented in large amounts in various steel 
materials as a hardening agent. It also finds application in pharmaceutical preparations [30]. 
 
Manganese in Soil 

 
According to the plant samples sown in the soil samples, all treatments showed significant (p<0.05) 

effect on the Mn concentration in soil according to analysis of variance in C. tetragonoloba, E. colona, S. 
vulgare, B. juncea, M. sativa, T. alexandrinum while non-significant effect was observed in Z. mays, P. 
typhoideum, S. rostrata, S. bicolor, B. napus, B. campestris and T. alexandrinum. The sequence of the observed 
values in plants as a result of tap water irrigation was: T. alexandrinum>S. vulgare> B. napus>B. juncea>E. 
colona>Z. mays>B. campestris>C. tetragonoloba>S. rostrata>M. sativa>P. typhoideum>T. resupinatum>S. 
bicolor. The sequence for sewage water irrigation was: Z. mays>S. bicolor>B. napus>B. campestris>B. juncea>E. 
colona>S. vulgare>T. resupinatum>T. alexandrinum>M. sativa>C. tetragonoloba>S. rostrata>P. typhoideum. 
The highest mean concentration of Mn in the soil was 1.415 mg/kg occurred in Z. mays grown in summer and 
the lowest mean concentration was 0.119 mg/kg occurred in T. resupinatum grown in winter (Table 2). The 
current value was lower than permissible maximum limits used 80 mg/kg established by USEPA [31]. Kumar 
and Chopra [28] found range of Mn soil (1.38-1.56 mg/kg) in agricultural crops viz; T. aestivum, B. juncea and 
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H. vulgare flooded with effluent water and the Mn value for tap water was lower but for sewage water was 
similar. Khan et al. [32] found higher Mn values in soil samples. It has been observed that pH of soil and 
organic matter can enhance solubility of Mn for plants [33] (Figure 1). 
 

Table 2: Manganese concentration (mg/kg) in soil grown with different forages 
 

Soil 
Irrigation water 

Mean square 
Tap Sewage 

Summer 

Z. mays 0.297±0.0051 1.415±0.4275 3.122ns 

P. typhoideum 0.127±0.0104 0.346±0.0595 0.119ns 

C. tetragonoloba 0.268±0.0017 0.367±0.0373 0.025* 

S. rostrata 0.128±0.0104 0.356±0.0595 0.119ns 

E. colona 0.328±0.0190 0.497±0.0517 0.071* 

S. bicolor 0.1165±0.0301 0.675±0.0412 0.780ns 

S. vulgare 0.393±0.0626 0.468±0.0017 0.014* 

Winter 

B. campestris 0.296±0.0034 0.600±0.0176 0.230ns 

B. napus 0.365±0.0415 0.616±0.0418 0.158ns 

T. resupinatum 0.119±0.0128 0.409±0.0023 0.210ns 

B. juncea 0.337±0.0203 0.499±0.0532 0.066* 

M. sativa 0.313±0.0474 0.374±0.0371 0.009** 

T. alexandrinum 0.398±0.0633 0.465±0.0027 0.011* 

Degree of freedom 1 Error 9 

Permissible maximum limita 80 mg/kg 

*, **: Significant at 0.05 and 0.01, ns: non-significant, Source: aUSEPA [31] 
 

 
 

Figure 1: Fluctuation of manganese in soil grown with different forage 
 
Manganese in Root 

 
All treatments showed significant (p<0.05) effect on the Mn concentration in root samples according to 

analysis of variance in all forages. The sequence of the observed values in plants as a result of tap water 
irrigation was: S. bicolor>S. vulgare>T. alexandrinum>B. campestris>Z. mays>M. sativa>P. typhoideum>E. 
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colona>T. resupinatum>B. napus>S. rostrata>B. juncea>C. tetragonoloba. The sequence of the observed values 
in plants as a result of sewage water irrigation was: S. bicolor>C. tetragonoloba>M. sativa>T. alexandrinum>S. 
vulgare>B. campestris>Z. mays>B. napus>P. typhoideum>T. resupinatum>S. rostrata>B. juncea>E. colona. The 
highest mean concentration of Mn in the root was 0.455 mg/kg occurred in S. bicolor and the lowest mean 
concentration was 0.017 mg/kg occurred in C. tetragonoloba grown in summer (Table 3). In other study, 
Molahoseini et al. [34] found higher value (50.84 mg/kg) for Mn in root of forage corn. Kansal et al. [35] also 
found higher Mn range (26-37 mg/kg) in maize and range (25-38 mg/kg) in berseem irrigated with tube-well 
and sewage water. It has been reported that there were different factors such as plant genotype, the structure 
of plant root system, soil and climatic conditions and the response of plant species to elements related to the 
seasonal cycles can be affect the bioavailability of elements to plants (Figure 2). 
 

Table 3: Manganese concentration (mg/kg) in roots of forage samples irrigated with tap and sewage water 
 

Root 
Irrigation water 

Mean square 
Tap Sewage 

Summer 

Z. mays 0.305±0.0017 0.338±0.0018 0.003** 

P. typhoideum 0.139±0.0016 0.280±0.0015 0.051* 

C. tetragonoloba 0.017±0.0016 0.40±0.0015 0.036* 

S. rostrata 0.133±0.0017 0.225±0.0018 0.021* 

E. colona 0.138±0.0017 0.163±0.0017 0.002** 

S. bicolor 0.370±0.0021 0.455±0.0014 0.018* 

S. vulgare 0.380±0.0018 0.385±0.0015 0.001** 

Winter 

B. campestris 0.333±0.0017 0.358±0.0017 0.002** 

B. napus 0.135±0.0025 0.312±0.0098 0.078* 

T. resupinatum 0.143±0.00176 0.241±0.00231 0.024* 

B. juncea 0.130±0.00177 0.175±0.0017 0.005** 

M. sativa 0.293±0.00176 0.398±0.0034 0.028* 

T. alexandrinum 0.367±0.0023 0.390±0.0017 0.001** 

Degree of freedom 1 Error 9 

Permissible maximum limita 30 mg/kg 

*, **: Significant at 0.05 and 0.01 levels, Source: aWHO [36] 

 
Figure 2: Fluctuation of manganese in root irrigated with tap and sewage water 
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Manganese in Leaves 
 
All treatments showed significant (p<0.05) effect according to analysis of variance in all forages except 

for T. resupinatum was observed. The sequence of the observed values in plants as a result of tap water 
irrigation was: S. rostrata>T. resupinatum>P. typhoideum> B. napus>M. sativa>S. vulgare>T. alexandrinum>Z. 
mays>C. tetragonoloba>E. colona>B. campestris>B. juncea>S. bicolor. The order of sequence for sewage water 
irrigation was: S. rostrata>T. resupinatum>S. bicolor>S vulgare>T. alexandrinum>C. tetragonoloba>M. 
sativa>B. napus>P. typhoideum>B. juncea>E. colona>Z. mays>B. campestris. The maximum average 
concentration of Mn in the leaves was 0.553 mg/kg occurred in S. rostrata and the lowest mean concentration 
was 0.072 mg/kg occurred in S. bicolor. (Table 4). The permissible maximum limits used was 30 mg/kg 
established by WHO [38]. The present Mn value was lower so, there was no risk for metal toxicity. 

 
Manganese range in leaves was lower than the found by Kumar and Chopra [28] (1.55-3.22 mg/kg) in B. 

juncea, T. aestivum and H. vulgare irrigated with discharge of glass industry. Khan et al. [39] (2009) found 
higher Mn values in forage in November (115.50 mg/kg) and January (76.65 mg/kg) and higher range of Mn 
(153.43-215.20 mg/kg), respectively. According to Moreki et al. [40] (2013) it was observed that continuous 
winds accelerate the drift of small minerals from both environment and exhaust fumes into the forages in the 
summer season (Figure 3). 
 

Table 4: Manganese concentration (mg/kg) in leaves of different forages 
 

Forage 
Irrigation water 

Mean square 
Tap Sewage 

Summer 

Z. mays 0.190±0.0017 0.203±0.0017 0.001** 

P. typhoideum 0.265±0.0016 0.283±0.0018 0.001** 

C. tetragonoloba 0.153±0.0018 0.298±0.0039 0.054* 

S. rostrata 0.543±0.0019 0.553±0.0017 0.001** 

E. colona 0.150±0.0170 0.263±0.0017 0.032* 

S. bicolor 0.072±0.0039 0.073±0.0093 0.001** 

S. vulgare 0.261±0.0016 0.398±0.0597 0.047* 

Winter 

B. campestris 0.140±0.0017 0.158±0.0017 0.001** 

B. napus 0.262±0.0034 0.286±0.0026 0.001** 

T. resupinatum 0.284±0.0040 0.535±0.0017 0.158ns 

B. juncea 0.130±0.0310 0.268±0.0018 0.047* 

M. sativa 0.145±0.0017 0.293±0.0015 0.054* 

T. alexandrinum 0.260±0.0018 0.370±0.0025 0.030* 

Degree of freedom 1 Error 9 

Permissible maximum limita 30 mg/kg 

*, **: Significant at 0.05 and 0.01 levels, ns: non-significant, Source: aWHO [36] 
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Figure 3: Fluctuation of manganese in leaves of different forages 
 
Bioconcentration Factor 

 
Bioconcentration factor was calculated for forages irrigated with both tap and sewage water and the 

following sequences were observed. The sequence of the observed values in plants as a result of tap water 
irrigation was: S. rostrata>P. typhoideum>B. napus>T. resupinatum>S. vulgare>T. alexandrinum>C. 
tetragonoloba>M. sativa>E. colona>B. juncea>B. campestris>Z. mays>S. bicolor.As a result of sewage water 
irrigation was: T. resupinatum>S. rostrata>P. typhoideum>S. vulgare>C. tetragonoloba>E. colona>T. 
alexandrinum>B. juncea>M. sativa>Z. mays>S. bicolor>B. campestris>B. napus (Table 5). The maximum BCF 
value in T. resupinatum (4.4957) and the minimum value in S. bicolor (0.10740). These Mn BCF values were 
higher than the values found by Alrawiq et al. [41] (0.221-0.490) for Mn after irrigation with recycled and non-
recycled water. According to Liu et al. [42], the BCF if found greater than 1, it suggests that the plants can 
accumulate heavy metals in them. 
 

Table 5: Bioconcentration factor of manganese in forages 
 

Forage 

BCF 

Irrigation water 

Tap Sewage 

Summer 

Z. mays 0.134 0.680 

P. typhoideum 0.767 2.224 

C. tetragonoloba 0.560 0.810 

S. rostrata 1.570 4.350 

E. colona 0.302 0.800 

S. bicolor 0.107 0.618 

S. vulgare 0.662 0.850 

Winter 

B. campestris 0.233 0.531 

B. napus 0.718 0.463 

T. resupinatum 0.692 4.496 
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B. juncea 0.260 0.794 

M. sativa 0.463 0.782 

T. alexandrinum 0.653 0.796 

 
Pollution Load Index 

 
The sequence of soil PLI value according to the plant samples irrigated with tap water was: T. 

alexandrinum> S. vulgare>B. napus>P. typhoideum>B. juncea>E. colona>Z. mays>M. sativa>B. campestris>C. 
tetragonoloba>T. resupinatum>S. rostrata>S. bicolor. The sequence ofsoil PLI value according to the plant 
samples irrigated with sewage water was: Z. mays>S. bicolor>S. vulgare>B. napus>B. campestris>B. juncea>E. 
colona>T. alexandrinum>C. tetragonoloba>M. sativa>T. resupinatum>P. typhoideum>S. rostrate (Table 6). The 
maximum PLI for Mn showed in Z. mays (0.0302) and the minimum value showed in C. tetragonoloba (0.0057). 
Ahmad et al. [43] found higher PLI in soil at two sites (0.305-0.379) and irrigated with canal and sewage water 
(1.495), respectively. Pollution load index greater than 1 indicate that the area was contaminated while if the 
PLI was found less than 1 it shows that sampling area was un-polluted. 
 

Table 6: Pollution load index for manganese in soil 
 

Forage 

PLI 

Irrigation water 

Tap Sewage 

Summer 

Z. mays 0.0063 0.0302 

P. typhoideum 0.0074 0.0077 

C. tetragonoloba 0.0057 0.0078 

S. rostrata 0.0027 0.0073 

E. colona 0.0070 0.0106 

S. bicolor 0.0024 0.0144 

S. vulgare 0.0084 0.0142 

Winter 

B. campestris 0.0063 0.0128 

B. napus 0.0078 0.0131 

T. resupinatum 0.0028 0.0085 

B. juncea 0.0072 0.0108 

M. sativa 0.0066 0.0086 

T. alexandrinum 0.0085 0.0099 

 
Table 7: Daily intake of metals and health risk index of manganese in forages 

 

Forage 

DIM HRI 

Irrigation water Irrigation water 

Tap Sewage Tap Sewage 

Summer 

Z. mays 0.004 0.005 9.236 9.844 

P. typhoideum 0.006 0.008 0.00012 0.00013 

C. tetragonoloba 0.008 0.009 0.00015 7.292 

S. rostrata 0.012 0.014 0.00026 0.00027 

E. colona 0.009 0.010 0.00012 7.292 

S. bicolor 0.001 0.002 3.50455 3.520 

S. vulgare 0.007 0.009 0.00010 0.00019 

Winter 

B. campestris 0.010 0.003 6.80603 7.656 

B. napus 0.005 0.007 0.00011 0.00013 

T. resupinatum 0.006 0.013 0.00013 0.00026 

B. juncea 0.002 0.004 0.00014 6.319 
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M. sativa 0.003 0.006 0.00015 7.049 

T. alexandrinum 0.015 0.017 0.00013 0.00017 

 
Daily Intake of Metal and Health Risk Index 

 
The sequence of DIM value according to the plant samples irrigated with tap water was: S. rostrata>B. 

campestris>E. colona>C. tetragonoloba>S. vulgare>T. resupinatum>P. typhoideum>T. alexandrinum>B. 
napus>Z. mays>M. sativa>B. juncea>S. bicolor. The sequence of DIM value according to the plant samples 
irrigated with sewage water was: T. alexandrinum>T. resupinatum>S. rostrata>E. colona>S. vulgare>C. 
tetragonoloba>P. typhoideum>M. sativa>B. napus>B. juncea>Z. mays>B. campestris>S. bicolor (Table 7). The 
maximum DIM value was observed in S. rostrata (0.0125) and the minimum value was observed in S. bicolor 
(0.00163). In the current results the values of DIM were lower than 1 and it suggests that no health risk is 
associated with the consumption of such contaminated forages. Health risk index for Mn was calculated. And 
highest range observed in Z. mays (9.844 mg/kg) grown in summer and the lowest in S. vulgare (0.0001 mg/kg) 
also grown in summer. Khan et al. [44] found lower HRI value (0.30-0.38) in wastewater irrigated sites. 

 
CONCLUSION 

 
Irrigation with polluted water may contaminate readily the soil and cultivated land. In experiment the 

soil, root and forage samples irrigated with sewage water showed greater amount of metal. The accumulation 
of heavy metals from soil to plant varied according to treatment; however, they did not follow any particular 
pattern. Forages samples not showed higher amount than permissible maximum limit. So, consumption of 
such forages may be safe. However, more wide-ranging sampling is needed to study such forages, and further 
investigation on contamination of other crops is required. 
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