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Abstract 
An attempt was made to evaluate the contamination status of surface water collected from the Balu river for irrigation. 
Twenty samples were collected to analyze pH, EC, TDS and ions. Samples were slightly alkaline in nature. Water 
samples were from low to medium salinity and low alkalinity hazards (C1S1-C2S1). As per TDS values, samples were 
classified as freshwater. Considering SAR and SSP values, samples were excellent and good to permissible classes, 
respectively. Most of the water samples were free from RSC and all the samples were under moderately hard. The 
status of Cr and Mn ions in samples surpassed FAO guideline values indicating contaminants for long-term irrigation. 
The levels of other metal ions in samples were within acceptable levels and did not pose a threat to irrigated soil. This 
finding revealed that Cr and Mn ions were considered as contaminants in river water for irrigation posing harmful 
impact on soils and crops. 
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Introduction 

Surface water contamination, nowadays, has become a 
serious concern for human life due to the industrial 
burst. Among the surface water sources, rivers are the 
main choices to hold and bear the responsibility of 
contaminants especially in the developing countries 
like Bangladesh. River water has been a receiver of 
perilous materials from domestic, industrial and 
agricultural runoff (Dey et al., 2015; Saleem et al., 
2015; Ali et al., 2016).Water contamination caused by 
chemical substances such as heavy metals affects river 
ecosystem. The industrial activities severely 
deteriorate surface water quality of rivers, lakes and 
wetlands thus posing dreadful risks to human health 
and the environment of the area. Large amount of 
industrial wastewaters or effluents are being 
discharged into river water without any treatment 
(Hossain et al., 2012; Rahman and Mondal, 2013). In 
present times, there has been an unprecedented 
increase in the level of metals due to human activities. 
Huge amounts of toxic heavy metals are discharged by 
man-made activities (Nduka and Orisakwe, 2011; 
Kibria et al., 2016). Surface water quality is threatened 
by the industrial development on the river banks. This 
occurrence can lead a decline in crop production (Roy 
et al., 2015). The contamination of surface water by 
heavy metals is a serious ecological problem as some 
of them are toxic even at low concentrations, are non-
degradable and can bio-accumulate through food chain 
(Abdullah, 2013).  
 
The Balu river areas are surrounded by unplanned 
industries and this river is a recipient of the untreated 
industrial wastewaters or effluents resulting in surface 
water contamination. In the study areas, farmers 
usually depend on surface water irrigation for its 

availability and cost effectiveness though surface water 
is contaminated with industrial discharge. In the Balu 
river bank areas, agricultural lands are frequently 
irrigated to grow leafy vegetables and rice particularly 
in the dry season. Farmers often complain that 
contaminated water irrigation reduces rice and 
vegetable production even though more fertilizer doses 
are also their concern to get optimum production. In 
agro-ecosystem, contaminants from anthropogenic 
sources entering soil-water-plant systems through 
various matrices are anxiety for all communities. 
Accumulation of heavy metals in soils and plants could 
be led by the contaminated river water irrigation 
causing the development of serious health problems, 
such as kidney damage and cancer (Chojnacka et al., 
2005; Sharma et al., 2009; Rahman et al., 2015; Samad 
et al., 2015).People in this locality are accumulating 
heavy metal in their body due to consumption of metal 
accumulated rice grains and vegetables. Considering 
these facts, the present study was focused on exploring 
the contamination status of surface water collected 
from the Balu river to provide sufficient reliable 
information for irrigation usage towards food safety for 
better management of surface water resources. 
 

Materials and Methods 
 

Water sampling site 
In the present study, the selected areas were within 
segment of the Balu river (23°52.96´N-23°50.81´N 
and 90°27.65´E-90°28.37´E) as shown in Table 1. 
Twenty sampling points were documented from the 
adjacent agricultural crop fields irrigated with this river 
water. The exact location of each sampling site was 
determined using GPS (Fig. 1).  
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Table 1. Sampling sites of the Balu river 
 

Sampling 
ID No. 

Sampling area Sampling 
ID No. 

Sampling area 
Latitude (N) Longitude (E) Latitude (N) Longitude (E) 

1 23°52.96´ 90°27.65´ 11 23°51.87´ 90°28.37´ 
2 23°52.88´ 90°27.70´ 12 23°51.75´ 90°28.45´ 
3 23°52.74´ 90°27.75´ 13 23°51.65´ 90°28.50´ 
4 23°52.65´ 90°27.79´ 14 23°51.53´ 90°28.48´ 
5 23°52.46´ 90°27.88´ 15 23°51.45´ 90°28.45´ 
6 23°52.37´ 90°27.96´ 16 23°51.34´ 90°28.45´ 
7 23°52.28´ 90°28.07´ 17 23°51.16´ 90°28.45´ 
8 23°52.20´ 90°28.17´ 18 23°51.00´ 90°28.39´ 
9 23°52.09´ 90°28.27´ 19 23°50.91´ 90°28.39´ 

10 23°51.97´ 90°28.34´ 20 23°50.81´ 90°28.37´ 
 

 
 

Fig. 1. Study areas of the Balu river in location map 
 
Water sampling technique 
Water sampling points were selected to collect samples 
from the Balu river and sampling was started from the 
upstream to downstream of river during dry season. 
Water samples were collected from each site in 500 
mL plastic bottles. Each bottle were previously cleaned 
with dilute HCl (1:1) and then washed with distilled 
water. All the bottles were rinsed 3 to 4 times prior to 
water sampling. For metal analysis, water samples 
were acidified with HNO3 (pH<2) to prevent the loss 
of metals by adsorption and/or ion exchange with the 
walls of sample containers (APHA, 2012). The 
samples were filtered through filter paper (Whatman 
No.:42) in the laboratory for subsequent chemical 
analysis. 
 

Water analysis 
pH and EC values of samples were measured by pH 
and EC meters (Model: sensION, Hach, USA) 
following the techniques as mentioned by Gupta 
(2013). Total dissolved solids (TDS) values of water 
samples were measured by TDS meter (Model: 
sensION, Hach, USA).In water samples, K and Na 
contents were measured by flame photometer (Model: 
PFP7, Jenway, UK) following the technique as 
reported by Gupta (2013). while the concentrations of 
Ca, Mg, Zn, Fe, Cu, Mn, Pb, Cd, Cr and Ni were 
determined by atomic absorption spectrophotometer 

(Model: AA-7000, Shimadzu, Japan) with a specific 
lamp for each metal (APHA, 2012).The amounts of 
CO3 and HCO3 in water samples were estimated by 
titrimetric method (Tandon, 2013). All the water 
samples were analyzed in triplicate in case of each ion.  
 
Water contamination rating 
To measure the contamination status of surface water 
from the river and its suitability for irrigation, the 
following chemical quality factors were calculated 
from water analytical results:  
 

1) Sodium adsorption ratio (SAR) 
High concentration of Na in water leads to 
development of alkalinity (Singh et al., 2010). 
Alkalihazard is measured by the absolute and 
relative concentrations of cations expressing in 
terms of SAR as determined by the following 
formula: 

SAR =
Naା

ට
େୟమశమశ

ଶ

 

2) Soluble sodium percentage (SSP) 
High concentration of Na in water used for 
irrigation causes the exchange of Na in water for 
Ca and Mg in soil eventually resulting in poor soil 
drainage. SSP is calculated by the following 
formula: 
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SSP =
Naା + Kା

Caଶା + Mgଶା + Naା + Kା
× 100 

 

3) Residual sodium carbonate (RSC) 
The quantity of HCO3 and CO3 in excess of Ca and 
Mg affects water suitability for irrigation purpose. 
The suitability of water for irrigation is evaluated 
by computing residual sodium carbonate (RSC) 
values as follows: 

RSC = (CO3
2- + HCO3

-) – (Ca2+ + Mg2+) 
4) Hardness (HT) 

Hardness of water is caused by the presence of 
divalent cations like Ca2+ and Mg2+. Hardness of 
water is computed by the following formula: 

HT = 2.5 × Ca2+ + 4.1 × Mg2+ 

All ionic concentrations are expressed as meqL-1 
but in the case of hardness, cationic concentrations 
are expressed as mgL-1. 
 

Statistical analysis 
Statistical analysis was executed from the analytical 
results of different river water samples (Gomez and 
Gomez, 1984). For obtaining the interrelationships 
between metal ions and chemical quality factors of 
water samples, correlation studies were performed. All 
the statistical analysis was performed with SPSS (18.0 
version) software.  
 

Results and Discussion 
The ionic contaminations in water samples of the Balu 
river have been presented in Tables 2 to 3. In all the 
studied water samples, the identified dominant ions 
such as Ca, Mg, K, Na, and HCO3 were noted but CO3 
was not detected. In the present study, metal ions under 
consideration were found in water samples.  
 
 
 

pH, EC and TDS values 
pH value of water samples collected from the Balu 
river ranged from 7.52 to 7.68 showing slightly 
alkaline in nature (Table 2) and this was probably due 
to the abundance of some alkali metal ions viz., Ca, 
Mg, and Na (Todd and Mays, 2005).According to FAO 
(1992), the recommended pH range for irrigation water 
is from 6.5 to 8.4.All the water samples did not surpass 
the acceptable range and were not problematic for 
long-term irrigation. Water samples from the 
Shitalakha river in Bangladesh had similar pH values 
(Islam et al., 2014) as well as other water samples 
from the Bangshi river (pH=7.04-8.16; Mahbub et al., 
2014). EC values of the collected water samples varied 
from 224.0 to 278.0µS cm-1having an average value of 
259.3µS cm-1(Table 2). Among the river water 
samples, 6 samples were categorized as low (C1, 
EC=250.0 µS cm-1) and the rest 14 samples were rates 
as medium (C2, EC=250.0-750.0 µS cm-1) salinity 
hazards (Richards, 1968). This water could be safely 
used for agricultural crops on soils having moderate 
permeability. Tareq et al. (2013) reported more or less 
similar EC values (195.0-471.0 µS cm-1) for water 
samples collected from the Ganges river, while EC 
values (104.0-141.0 µS cm-1) of Jamuna river water 
samples were lower than those detected in the current 
study (Uddin et al., 2014). The estimated TDS values 
of water samples ranged from 146.0 to 180.0mgL-

1showing a mean value of 168.2mgL-1 (Table 2). All 
the samples were detected as freshwater because the 
recorded TDS values were below 1000 mgL-1(Freeze 
and Cherry, 1979). TDS values (62.0-245.0 mgL-1) of 
water samples collected from the Brahmaputra river 
were more or less similar to this study (Tareq et al., 
2013) while TDS values (106.0-131.0 mgL-1) from the 
Jamuna river were lower than those observed in the 
current study (Uddin et al., 2014). 
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Table 2. pH, EC, TDS and major ionic status of surface water samples collected from the Balu river 
 

Sample 
ID No. 

 
pH 

EC 
µS cm-1 

TDS 
mg L-1 

Major ions (meq L-1) 

Ca Mg K Na CO3 HCO3 
1 7.58 276.0 179.0 1.10 0.89 0.56 0.84 BDL 4.20 
2 7.60 275.0 173.0 1.13 0.97 0.53 0.74 BDL 4.00 
3 7.65 277.0 178.0 1.16 0.98 0.57 0.76 BDL 2.20 
4 7.62 278.0 174.0 1.10 0.86 0.55 0.50 BDL 2.00 
5 7.60 274.0 180.0 0.87 0.88 0.54 0.72 BDL 3.60 
6 7.67 273.0 175.0 1.07 0.82 0.54 0.77 BDL 2.10 
7 7.52 268.0 176.0 1.60 0.95 0.53 0.79 BDL 2.00 
8 7.61 272.0 177.0 1.38 0.93 0.56 0.74 BDL 3.20 
9 7.62 270.0 172.0 1.13 0.78 0.54 0.72 BDL 4.00 
10 7.65 224.0 146.0 1.16 0.81 0.43 0.73 BDL 1.60 
11 7.68 246.0 161.0 1.19 0.83 0.49 0.58 BDL 2.40 
12 7.60 251.0 163.0 1.24 0.91 0.50 0.76 BDL 2.00 
13 7.61 255.0 168.0 1.19 0.84 0.51 0.72 BDL 3.20 
14 7.62 256.0 157.0 0.98 0.92 0.52 0.59 BDL 2.80 
15 7.56 248.0 166.0 1.02 0.88 0.48 0.77 BDL 2.40 
16 7.62 253.0 161.0 1.10 0.75 0.50 0.71 BDL 4.00 
17 7.61 252.0 165.0 1.19 0.79 0.52 0.72 BDL 2.40 
18 7.59 244.0 167.0 1.14 0.97 0.49 0.71 BDL 1.60 
19 7.67 246.0 161.0 1.20 0.89 0.48 0.76 BDL 2.40 
20 7.66 248.0 164.0 1.10 0.92 0.50 0.90 BDL 3.20 

Min. 7.52 224.0 146.0 0.87 0.75 0.43 0.50 - 1.60 
Max. 7.68 278.0 180.0 1.60 0.98 0.57 0.90 - 4.20 
Mean - 259.3 168.2 1.15 0.88 0.52 0.72 - 2.76 
SD - 14.9 8.7 0.15 0.067 0.034 0.088 - 0.85 

*FAO 
Guideline Value 

6.5-8.4 - - 20.0 5.0 0.50 40.0 0.10 1.50 

 

*FAO (1992); BDL-Below Detection Limit 
 

Ca, Mg, K and Na status 
In the analyzed water samples, the status of Ca, Mg, K, 
and Na were within the limits of 0.87 to 1.60, 0.75 to 
0.98, 0.43 to 0.57 and 0.50 to 0.90meqL-1with mean 
values of 1.15, 0.88, 0.52, and 0.72meqL-1, 
respectively (Table 2). The concentration of Ca ion in 
water samples was found higher in respect of any other 
cation under investigation. According to FAO (1992), 
the permissible limits of Na, Ca, and Mg are 40.0, 20.0 
and 5.0 meqL-1, respectively whereas the acceptable 
limit of K for irrigation is 0.50 meqL-1(FAO, 1992). 
Considering these recommended levels of alkali 
metals, these water samples had no any detrimental 
effect on soil properties as well as crop growth. In the 
analyzed samples, the concentrations of Ca, Mg, K, 
and Na ions of the Turag river in Bangladesh ranged 
from 4.49 to 6.41, 1.96 to 2.98, 0.70 to 0.81, and 0.54 
to 0.61 meqL-1with average values of 5.44, 2.53, 
0.74and 0.58 meqL-1, respectively, which was higher 
than the present study (Arefin et al., 2016a). In India, 
the detected values of Ca (0.25-1.70 meqL-1) and Mg 
(0.25-0.99 meqL-1) were found in surface water 
samples from the Bhagirathi and Kosi rivers and these 
values were more or less similar with our findings 
(Semwal and Jangwan, 2009). Kundu (2012) reported 
that the concentrations of Ca and Mg in surface waters 
of Ghaggar river system ranged from 34.50 to 85.50 
and 13.60 to 48.20 mg L-1, respectively for assessing 
its suitability for irrigation purpose and some 
documented values were higher than this study. 

Hossain et al. (2018) stated that the concentrations of 
Ca and Mg ions in all the samples collected from the 
Rupsha ranged from 2.96 to 3.60 and 3.28 to 4.80 meq 
L-1, which was higher than the present findings. The 
concentrations of Ca, Mg, K and Na ions in the 
Buriganga river water samples were found to vary 
from 1.0 to 2.20, 1.60 to 3.10, 0.13 to 0.75 and 0.19 to 
1.91 mg L-1, respectively in winter season (Zaman et 
al., 2002) and these values are analogous to our study.  
 
CO3 and HCO3 status 
River water samples contained HCO3varying from 
1.60and 4.20meqL-1showing an average value of 
2.76meqL-1 (Table 2). The concentration of 
HCO3identified in 20 samples crossed the acceptable 
limit (1.50 meqL-1) for irrigation usage and was 
hazardous for irrigating soils and crops as long-term 
use (Evangelou, 1998). Semwal and Jangwan (2009) 
stated that HCO3 concentration in water samples from 
the Kosi river, India ranged from 0.38 to 2.12 meqL-

1and these values were more or less similar to our 
study. In Bangladesh, the average status of HCO3 in 
water samples of the Mayur river was 9.11 meq L-1, 
which was higher than the present study (Zakir et al., 
2015). But in case of the Karatoa river in Bangladesh, 
the average level of HCO3 was 2.59 meqL-

1revealinglower than the values detected in the current 
study (Zakir et al., 2012). In this investigation, CO3 
was not detected in any of the water samples. 
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Fe, Mn, Cu and Zn status 
In the studied samples, the concentration of Fe ranged 
from 0.10to2.30µg mL-1having an average value of 
0.90µg mL-1(Table 3). On the basis of FAO (1992), the 
detected concentration of Fe in all the samples was 
within the recommended limit (5.00 µg mL-1). In other 
Bangladesh river studies, Fe concentrations were more 
variable (Buriganga river; 0.12-8.59 µg mL-1; Azim et 
al., 2009) or lower (Meghna river; 0.47-1.60 µg mL-1; 
Hassan et al., 2015) than the present study. The status 
of Mn in all the water samples ranged between 0.15 
and 0.66µg mL-1with a mean value of 0.52µg mL-

1(Table 3). In our study, Mn content in 18 river water 
samples exceeded the permissible limit for irrigation 
(0.20 µg mL-1; FAO, 1992) while only 2 river water 
samples were within the acceptable limit. Dominance 
of Mn status in river water was mainly prevalent by the 
industrial activities probably originating from dyeing 
and textile industries. Consequently, Mn ion was 
deliberated as chemical contaminant for long-term 
irrigation system. Similar findings were reported by 
Arefin et al. (2016b) and Hossain and Rahman (2020). 

In analogous studies of Bangladesh, Mn level was 
lower in all the samples from the Meghna river 
(0.0003-0.025 µg mL-1; Hassan et al., 2015) and its 
content was nearly alike to water samples from the 
Turag river (0.35-0.92 µg mL-1; Arefin et al., 2016a). 
In our study, Cu content in all the samples ranged from 
0.024to 0.153µg mL-1having average value of 0.094µg 
mL-1(Table 3) and the recorded level of Cu was within 
the acceptable level (0.20 µg mL-1; FAO, 1992). In 
previous Bangladesh river studies, Cu concentration 
was generally lower in water samples from the 
Buriganga river (107.38-201.29 µg mL-1; Ahmed et al., 
2010). The concentration of Zn in river water samples 
varied from 0.005 to 0.088µg mL-1with a mean value 
of 0.036µg mL-1 (Table 3). The recorded Zn 
concentrations in water samples were within the safe 
limit for irrigation usage (2.00 µg mL-1; FAO, 1992). 
Other Bangladesh studies revealed the higher 
(Buriganga river; 0.22-0.26 µg mL-1; Mohiuddin et al., 
2011) and lower (Balu river; 8.39-76.86 µg mL-1; 
Islam et al., 2012) concentrations of Zn in water 
samples. 

 

Table 3. Metal status of surface water samples collected from the Balu river 
 

Sample ID No Metal ions (µg mL-1) 
Fe Mn Cu Zn Cr Pb Cd Ni 

1 0.49 0.15 0.024 0.005 0.12 0.62 BDL BDL 
2 0.60 0.50 0.026 0.019 0.15 0.64 BDL BDL 
3 0.53 0.51 0.033 0.016 0.16 0.65 BDL BDL 
4 0.10 0.16 0.037 0.008 0.17 0.78 BDL 0.12 
5 1.08 0.55 0.048 0.034 0.19 0.70 BDL BDL 
6 0.13 0.53 0.081 0.026 0.24 BDL BDL BDL 
7 0.86 0.56 0.087 0.032 0.22 BDL BDL BDL 
8 0.62 0.54 0.093 0.029 0.26 BDL BDL BDL 
9 0.95 0.57 0.092 0.035 0.25 BDL BDL BDL 

10 0.08 0.39 0.093 0.023 0.30 BDL BDL BDL 
11 0.23 0.55 0.101 0.028 0.29 0.02 BDL 0.32 
12 1.54 0.62 0.106 0.035 0.31 BDL BDL BDL 
13 0.18 0.60 0.110 0.031 0.32 BDL BDL BDL 
14 1.63 0.62 0.128 0.088 0.30 BDL BDL 0.24 
15 1.22 0.61 0.125 0.042 0.28 BDL BDL BDL 
16 1.69 0.60 0.127 0.037 0.30 BDL BDL BDL 
17 1.50 0.63 0.130 0.043 0.34 BDL BDL BDL 
18 1.80 0.64 0.136 0.043 0.35 BDL BDL BDL 
19 2.30 0.66 0.153 0.077 0.38 0.04 BDL BDL 
20 0.38 0.65 0.151 0.059 0.40 0.06 BDL 0.05 

Min. 0.10 0.15 0.024 0.005 0.12 BDL - BDL 
Max. 2.30 0.66 0.153 0.088 0.40 0.78 - 0.32 
Mean 0.90 0.52 0.094 0.036 0.27 0.44 - 0.18 

  SD 0.67 0.14 0.041 0.020 0.078 0.34 - 0.12 
*FAO 
Guideline Value 

5.00 0.20 0.20 2.00 0.10 5.00 0.01 0.20 
 
*FAO (1992); BDL-Below Detection Limit 
 
Cr, Cd, Pb and Ni status 
River water samples contained Cr ranging from 0.12 
and 0.40µg mL-1with a mean value of 0.27µg mL-

1(Table 3).Considering the permissible limit of 0.10 µg 
mL-1(FAO, 1992), the detected Cr level in all the 
samples was treated as chemical contaminant for long-
term irrigation system. Perhaps, Cr content in the 
contaminated river water was derived from the textile 

and leather tanning industries clearly indicating an 
anthropogenic supply of this heavy metal due to 
inconsiderate discharge of industrial effluents into the 
river. Similar annotations were reported by Alam et al. 
(2003), Ahmed et al. (2010), Islam et al. (2014), 
Arefin et al. (2016a), Hossain and Rahman (2020), 
who stated that Cr was considered as dominant heavy 
metal ion in water samples from peri-urban rivers viz., 
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Bangshi, Buriganga, Turag, and Shitalakha in 
Bangladesh. In the studied river water samples, Cd 
content was below the detection limit indicating no 
hazardous impact on soils and crops (Table 3). 
Correspondingly, the concentrations of Cd in water 
samples collected from the Buriganga, Turag, and 
Shitalakha rivers in Bangladesh showed low Cd level 
(Ahmed et al., 2010; Islam et al., 2014). Conversely, 
the status of Cd ion in water samples collected the 
Rupsha river was from 0.016 to 0.035 µg mL-1 
(Hossain et al., 2018), which was higher than the 
present study. The level of Pb in all the water samples 
ranged from BDL to 0.78 µg mL-1 with an average 
value of 0.44 µg mL-1(Table 3), which were far below 
the acceptable limit (5.00 µg mL-1; FAO, 1992) posing 
no risk to the safety of irrigation water. In other water 
samples from Bangladesh river Pb levels were very 
low as observed by Alam et al. (2003) and Ahmed et 
al. (2010) while Islam et al. (2015) reported that the 
Karatoa river contained Pb ranging from 8.00 to 64.00 
µg mL-1. The concentration of Ni in water samples was 
found to vary from BDL to 0.32µg mL-1 with an 
average value of 0.18µg mL-1(Table 3). In the analyzed 
samples, Ni concentration of 2 samples surpassed the 
safe limit (0.20 µg mL-1; FAO, 1992), 2 samples were 
within the acceptable limit whereas the rest 16 samples 
were below detection limit of Ni. As compared to the 
present study, Ni concentrations were found higher in 
water samples from the Buriganga river (7.15-10.32 µg 
mL-1; Ahmed et al., 2010) and the Karatoa river (9.30-
66.00 µg mL-1; Islam et al., 2015). 
 

SAR, SSP, RSC and hardness values 
The calculated values of SAR, SSP and RSC varied 
from 0.40 to 0.72, 34.1 to 41.6%, and -0.55 to 3.21 
meq L-1, respectively (Table 4). River water samples 

were considered as excellent in terms of alkalinity 
hazard (S1) because the recorded SAR values are less 
than 10 (Richards, 1968). Considering SSP values, 16 
samples were considered as good (SSP=20-40%) and 
only 4 samples were permissible (SSP=41-60%) class 
(Todd and Mays, 2005). According to the classification 
suggested by Schwartz and Zhang (2012), 15 samples 
were under suitable (RSC<1.25 meq L-1) whereas the 
rest 4 samples were under marginal (RSC=1.25-2.50 
meq L-1) except 1 sample for irrigation usage. As per 
SAR values, water samples of the Buriganga river in 
Bangladesh were excellent in quality and were free 
from RSC indicating suitable for irrigation usage 
(Zaman et al., 2002). The computed SSP values in the 
Rupsha water samples ranged from 25.26 to 30.63% 
and these values were lower than current study 
(Hossain et al., 2018). RSC values of water samples in 
the Turag river varied from -8.15 and -5.53 meq L-1 
(Arefin et al., 2016a), which was lower than the current 
study.  In all the studied river water samples, hardness 
(HT) values ranged from 87.8 to 126.7 mg L-1 (Table 
4). Sawyer and McCarty (1967) proposed a 
classification for irrigation water based on hardness 
and according to this classification, all the samples 
were moderately hard (HT=75-150 mg L-1) in quality. 
This finding might be due to the presence of Ca and 
Mg ions in water samples (Todd and Mays, 2005). 
Hardness (HT) values of the Rupsha river water 
samples ranged from 327.67 to 391.51 mg L-1 (Hossain 
et al., 2018), which were also higher than the present 
investigation. Similar findings were reported by Zaman 
et al. (2001), who stated that most of the water samples 
collected from the Buriganga river were classified as 
moderately hard in quality. 
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Table 4. Contamination rating of surface water samples collected from the Balu river 
Sample 
ID No. 

SAR SSP RSC Hᴛ 

Ratio Class % Class meq L-1 Class mg L-1 Class 

1 0.68 Ex. 41.5 Perm. 3.21 Unsuit. 98.8 MH 
2 0.56 Ex. 37.7 Good 1.90 Mar. 104.0 MH 
3 0.58 Ex. 38.0 Good -0.15 Suit. 107.0 MH 
4 0.40 Ex. 35.0 Good 0.04 Suit. 97.3 MH 
5 0.62 Ex. 41.6 Perm. 1.83 Mar. 87.8 MH 
6 0.63 Ex. 41.0 Perm. 0.11 Suit. 93.8 MH 
7 0.55 Ex. 34.1 Good -0.55 Suit. 126.7 MH 
8 0.54 Ex. 36.0 Good 0.89 Suit. 114.0 MH 
9 0.58 Ex. 40.0 Good 2.09 Mar. 94.9 MH 

10 0.55 Ex. 37.0 Good -0.37 Suit. 97.9 MH 
11 0.46 Ex. 34.6 Good 0.38 Suit. 100.0 MH 
12 0.58 Ex. 37.0 Good -0.15 Suit. 107.0 MH 
13 0.57 Ex. 38.0 Good 1.17 Suit. 101.0 MH 
14 0.49 Ex. 37.0 Good 0.90 Suit. 94.3 MH 
15 0.64 Ex. 40.0 Good 0.50 Suit. 94.3 MH 
16 0.59 Ex. 38.0 Good 2.16 Mar. 91.4 MH 
17 0.57 Ex. 38.5 Good 0.42 Suit. 98.4 MH 
18 0.56 Ex. 36.3 Good -0.51 Suit. 105.0 MH 
19 0.59 Ex. 37.2 Good 0.31 Suit. 104.0 MH 
20 0.72 Ex. 41.0 Perm. 1.18 Suit. 100.0 MH 

Min. 0.40 - 34.1 - -0.55 - 87.8 - 
Max. 0.72 - 41.6 - 3.21 - 126.7 - 
Mean 0.57 - 38.0 - 0.76 - 100.8 - 

SD 0.071 - 2.26 - 1.03 - 8.64 - 
   Legend:Ex.= Excellent; Perm.= Permissible; Suit.= Suitable; Mar.=Marginal; Unsuit.=Unsuitable & MH= Moderately Hard 

 
Relationships between chemical quality parameters of 
river water samples 
The results in Table 5 showed that the relationships 
between chemical quality parameters viz., EC, TDS, 
SAR, SSP, RSC and HT were established. Among the 
combination, three significant positive correlations 
existed between EC vs TDS, SAR vs SSP, and SSP vs 
RSC but only one negative significant correlation 

existed among the combination of SSP vs HT. These 
results revealed positive significant correlations 
indicating synergistic relationship between the 
chemical parameters under consideration. In rest of the 
combinations, the relationships between chemical 
quality parameters were insignificant because their 
respective calculated r values were below the tabulated 
values of r at both 1% and 5% levels of significance.  

 
 Table 5. Relationships between chemical quality parameters of the Balu river water samples 

Parameters TDS SAR SSP RSC Hardness 
EC 0.939** -0.050NS 0.177NS 0.329NS 0.099NS 
TDS - 0.040NS 0.200NS 0.245NS 0.150NS 
SAR - - 0.793** 0.421NS -0.145NS 
SSP - - - 0.563** -0.642** 
RSC - - - - -0.283NS 

Legend:**Significant at 1% level; NSNon-significant; Tabulated values of r with 18 df are 0.444 and 0.561 at 5% and 1% levels of 
significance, respectively 

 
Conclusion 

From the present findings, it is concluded that among 
the detected ions under study, Cr and Mn ions were 
above the allowable limits for long-term irrigation and 
these metal ions were considered as chemical 
contaminants in water samples of the Balu river for 
irrigating soils and crops. Therefore, these detected 
ions should be considered for long-term irrigation 
having the risk of contamination of these metal ions in 
soil environment eventually exhibiting crop toxicities 

and thereby affecting human health through food 
chain. 
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