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Campus (CUC) in Bangladesh for irrigation and livestock consumption. Water
samples were collected from irrigation pump stations during summer (June-July,

Keywords 2019) and winter (December, 2019-January, 2020). Agricultural quality parameters
v/ Hydro-geochemical like SAR, SSP, RSBC, and PS satisfied the analyzed water's irrigation suitability.
analysis, However, according to MAR parameters, 37.5% of water samples were unsuitable for
v’ Physico-chemical irrigation in both seasons. And, based on KR parameters, 12.5% of samples collected
analysis, in the summer season only were unsuitable for irrigation. The Wilcox diagram showed
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v irrigation water quality Chadha diagrams indicated Ca” -Mg~ -HCOj5  type water in both seasons. Gibbs plot
index, ensured mostly the rock dominance zone. The ion ratio graphs revealed that the
v Chittagong University. weathering of silicates and carbonates dominated the area's hydrochemistry. The

Mg/Ca and Na/Ca plot declared no infiltration problem of minerals from water to soil.
According to the Soltan classification, waters were classified as Na'-HCO; and
R e shallow meteoric type. These water quality parameters fell within the acceptable range
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water quality during both seasons. This study demonstrated that the water quality of
CUC is acceptable for irrigation and livestock consumption.
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1. Introduction

Groundwater is regarded as one of the most vital source of water for domestic, industrial, and agricultural
purposes [1-3]. Agriculture plays a dominant role in the development of economy of Bangladesh [4].
About 70% of the total land relies on groundwater for irrigation in Bangladesh [5]. Therefore, irrigation
water quality needs continuous monitoring in order to achieve sustainable development [6]. No doubt,
Bangladesh is experiencing hasty urbanization in recent decades, and it is undeniably related to the
aggravation of groundwater quality in terms of crucial quality parameters e.g., pH, electrical
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conductivity (EC), total hardness (TH), salinity, total dissolved solids (TDS), ions, and trace metals in
different regions of Bangladesh [7]. On the other hand, water levels are declining due to open channel
irrigation in different regions of Bangladesh [8]. Besides, salinity, sodium hazard, and excessive
concentration of elements that may cause an ionic imbalance in plants are the primary concern for
agriculture in Bangladesh [9].

To address the irrigation water quality, other than the parameters mentioned above, sodium
adsorption ratio (SAR), soluble sodium percentage (Na%), magnesium adsorption ratio (MAR),
permeability index (PI), residual sodium bicarbonate (RSBC), Kelley’s ratio (KR), and potential salinity
(PS) are the most critical factors to be monitored [10]. In addition, study of hydro-geochemical
characteristics is necessary for effective utilization of groundwater with the accurate prediction of
geochemical changes [11]. Multivariate analysis like principal component analysis (PCA), Piper
diagram, Chadha, and Gibb’s plot are useful tools to understand the hydro-geochemical processes
identifying the pollution sources [12-14]. Furthermore, irrigation water quality index (IWQI) helps to
express water quality in numerical terms [15, 16]. The IWQI model is to be used for irrigation quality
assessment using EC, Mg®", Na*, K", CI" and HCOs™ parameters, which reflects soil salinity hazards with
pollution level [17].

Due to the seawater intrusion, high salinity is affecting irrigation and livestock in the coastal
region of Bangladesh [18]. Industrialization is a must for the development of any country; however, the
big concern is its impact on groundwater quality as both are strongly related. Generally, agriculture using
excess fertilizer, over-extraction, urban development, misleading irrigation practice, waste-water
disposal, pit-latrines, dense population, animal waste, sewerage, as well as the physical composition of
trace metals accumulation, weathering, dissolution, precipitation, ion exchange, and microbes are
responsible for deteriorating groundwater quality. Therefore, continuous monitoring and appraisal of
groundwater pollution in every potential area of an agricultural country is obligatory. Previously,
scientists have revealed irrigation water quality and hydro-geochemical characterization of groundwater
in Bangladesh [2, 5, 18-23]. Besides, water quality for livestock consumption has also been given equal
importance. However, further investigation of groundwater quality for irrigation and livestock
consumption in other areas of Bangladesh is warranted.

The University of Chittagong (CU) is one of the largest campuses in Bangladesh. It is a hilly
landmass area, where groundwater is used for irrigation as the alternative source other than surface
water. Most areas other than the campus building and playgrounds of the campus are used for agricultural
activities. We selected the University campus as our study area because of the following reasons: (i)
wider variation of people are living and working here due to the major infrastructure development, (ii)
0.17 kg per person per day is the waste generation rate in the campus, and the total solid waste of 1509
kg per day is generated here [24], (iii) 64 unscientific dumping sites in different places of the campus
might pose a tremendous threat to livelihoods [24], (iv) Chittagong is the coastal area of Bangladesh,
and the University is about 21.0 km and 36.0 km away from the Bhatiari and Sitakundo coast, where the
large ship breaking has been established, (v) small scale industries were also built near the campus area,
(vi) chemical wastes and medical wastes from the University are also dumped in an unscientific way,
and (vii) the usage of fertilizers or pesticides in campus areas for agricultural activities. Taken together,
the present study is designed for investigating groundwater quality of the campus to determine the
suitability to use in irrigation purpose and livestock consumption. To the best of our knowledge, this is
the first report on the groundwater quality assessment in the campus area for irrigation purpose and
livestock consumption.
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Figure 1: Study area of the CU campus.

2. Material and Methods

2.1. Study area

University of Chittagong (CU) is one of the largest (1754-acre) public universities in Bangladesh. The
CU is 22 kilometers away (north side) from Chattagram city of Bangladesh, and situated in Jobra village
of Fatehpur Union, Hathazari Upazila of Chattagram district. The study area extends from 91°47'46.302"
to 91°47'6.042" E longitude and 22°28'45.865" to 22°28'7.614" N latitude. The average height of the
aquifer is about 500 ft, which indicates the deep aquifer.

Table 1: Methods in brief

Parameters Unit Methods/Instruments
Temperature °C Thermometer
pH i Combometer (Hanna portable

combometer, Modelno:HI 9813-6)
Total Dissolved Substances

(TDS) and Electrical mg/L and C(];mbometelz\fl (ZIalnneT g;)rta‘tl)le
Conductivity (EC) uS/cm combometer, Modelno:HI 9813-6)
Salinity ppt Hand Refractometer (Model no:
REF201/211/201bp)
Total Hardness mg/L EDTA Titrimetric Method
Chloride ) mg/L Argentometric Method
Nitrate (NO5), Sulfate (SO47), mg/L Ultraviolet Spectrophotometer

Phosphate (PO,”) and Iron (Fe)

Na, K, Ca and Mg me/L Inductlvely Cpupled Plasma Optical
Emission Spectrometry

Arsenic test kit (model- Merck

As mg/L 117917)
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2.2. Sampling

Groundwater samples (sixteen, eight of each season) were collected from the pump stations (square-
shaped blue; Figure 1) in summer (June-July, 2019) and winter (December, 2019-January, 2020)
seasons. Sterilized (using nitric acid) plastic bottles were used for collecting water based on APHA
(2017) method [25].

2.3. Analysis of physico-chemical parameters

Temperature, pH, electrical conductivity (EC), and total dissolved solids (TDS) were recorded at the
pump stations during sampling procedure. Temperature was monitored by a thermometer. The pH, EC,
and TDS were determined by a combometer, and salinity was checked by a hand refractometer (Table
1). The total hardness (TH) and chloride were determined through titrimetric method [25].The HCOs’
was determined by titrating with HCL. The presence of nitrate (NO3"), Sulfate (SO,4*) and phosphate
(PO,>) were confirmed by UV-visible Spectrophotometer [25].

2.4. Trace metals assessment

Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES: Shimadzu 9820) was used to
determine Na, K, Ca, and Mg at wavelengths of 588.983 nm, 7666.455 nm, 315.880, and Mg 279.071
nm, respectively, following the methodology developed previously [26]. Arsenic was determined by a
test kit (Table 1). Iron was determined by UV-visible Spectrophotometer according to APHA (2017)
method [25].

2.5. Statistical analysis

Statistical analysis was (mean, minimum, maximum, standard deviation, and PCA) performed by SPSS-
16.0 software system. Piper diagram was plotted using grapher 9.0 software. Gibb’s, Chadha, pie, and
Wilcox diagrams, Donnen chart, Soltan classification, and ion ratio graph were plotted by MS-Excell
2016.

2.5.1. Irrigation water quality parameters
Irrigation water quality parameters were assessed by the equations presented in Table 2.

2.5.1. IwQI
IWQI was evaluated by a method explained by Meireles et al. (2010) [16]. Hence, EC, Na", CI, HCO5’
, and SAR were evaluated. Accumulation weight (W;) based on their relative significance are presented
in Table 3. Secondly, Q; value was estimated by Ayers and Westcot (1994) [33] (Table 4). Q; was
calculated by the following equation (Eqn 8):

(xij - xinf) * Jiamp

Xamp

Qi = Gmax — )

Where, qmax= maximum value of q; for each class; x;; = observed/calculated value of each parameter; Xinr
= corresponding value to the lower limit of the class to which the parameter belongs; qimp = amplitude
of each class; Xamp = class amplitude to which the parameter belongs. To evaluate X.mp of the last class
of each parameter, the upper limit was considered to be the highest value determined in the physical-

chemical analysis of the water samples. Finally, IWQI was calculated by the following equation (Eqn
9):
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IWQI = z Qi * Wi 9)
i=1

where, 1 is the number of physico-chemical parameters.

Table 2: Equations to assess irrigation water quality parameters.

Parameters Units Eqn. Eqn. No Reference
Na*
SAR = ——
SAR meq/L /w 1 [27]
2
Na* + K*
SSP = Na*t + Ca?* + Mg?+
SSP or Na% % g 2 [28]
X100
Na*
KR = ———7——
KR meq/L Ca2* + Mg2+ 3 [29]
Mg2+
MAR % MAR =z mger <100 4 [30]
— - _ 42+
RSBC meq/L RSBC = HCO; — Ca 5 [31]
Na* + /HCO3
PI % Pl = o v Mg2* T Na* + K 6 [32]
_ S0f”
PS meq/L PS=0"+— 7 [32]
Table 3: Relative weight (W;) of each parameter in IWQI
Parameters Wi
EC 0.211
Na' 0.204
HCO5 0.202
Cr 0.194
SAR 0.189
Total 1.0
Table 4: Parameter limiting values for quality measurements (Q;)
' SAR + ; HCO5
Q; EC (meq /L)' Na™ (meq/L) CI' (meq/L) (meq/L)
200< EC 1<
85-100 <750 2<SAR <3 2<Na<3 1< Cl<4 HCO<1.5
750< EC 1.5<
- = < < < =
60-85 <1500 3<SAR<6 3<Na<6 4< CI<7 HCO,<4.5
1500< EC 4.5<
35-60 <3000 6< SAR <12 6< Na <9 7< CI<10 HCO,<8.5
0-35 EC <200 or SAR <2 or Na <2 or Na CI<1 or C1 HCOs<1 or
EC >3000 SAR >8.5 >9 >10 HCO; >8.5
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3. Results and discussion

3.1. General hydrochemistry

Hydrochemical studies in both seasons are presented in Table 5. The mean temperature values of the
study area were 29.75+0.26 °C and 24.36+0.87 °C during summer and winter seasons, respectively, while
the ranges were 29.40-30.10 °C and 23.40-26.0 °C. TDS ranges between 38.0 to 69.0 mg/L. with the
mean value of 45.81+9.75 mg/L in the summer season, and between 45.0 to 93.10 mg/L with the mean
value of 58.18+£17.60 mg/L in the winter season. According to WHO (2004) [34] classification, all the
samples in this study area were excellent (Table 6). EC is mainly related to the salinity of groundwater
[2]. EC value was 60.0+16.90 uS/cm (mean value) in the summer season, and 68.75+23.53 uS/cm (mean
value) in the winter season, which classified as low saline water as per the guideline by WHO (2004)
[34]. Salinity of 0 ppt was found in the present study. According to Wilcox (1955) [35] and Richards
(1954) [27], water of this study area is classified as excellent (Table 7).

Table 5 : Descriptive statistics of physico-chemical and calculated parameters of groundwater at CU campus

Parameters Summer (n=8) Winter (n=8)
Range Mean + SD Range Mean + SD
Temperature 29.40-30.10 29.75+0.26 23.40-26.0 24.36+0.87
TDS 38.0-69.0 45.81+£9.75 46.30-93.10 58.18+17.60
EC 50.0-100.0 60.0+£16.90 50.0-110.0 68.75+23.53
pH 5.90-6.80 6.49+0.29 5.70-6.90 6.33+0.42
Salinity 0.0 0.0 0.0 0.0
TH 14.0-44.0 21.50+10.40 14.0-42.0 22.0+9.07
Na' 5.36-13.37 9.30+£2.64 4.81-12.95 9.26+2.65
K* 0.48-1.10 0.79+0.24 0.50-1.04 0.80+0.22
Ca*" 3.80-8.16 6.41£1.78 3.20-8.45 6.12+1.94
Mg** 1.56-6.0 3.70£1.53 1.99-6.02 3.87+1.45
HCO5 16.0-41.10 24.75+8.47 15.0-48.30 24.80£12.32
Cr 2.10-8.13 5.01£1.95 1.10-4.90 3.05+1.40
NOj5 0.0-1.80 0.96+0.71 0.03-1.70 0.97+0.68
SO4* 0.02-.07 0.05+0.02 0.01-.07 0.04+0.02
PO, 0.01-.06 0.04+0.02 0.01-.08 0.04+0.02
Fe 0.85-1.47 1.21£0.18 0.82-1.72 1.18+0.27
As ND ND ND ND
SAR 0.42-0.89 0.73+£0.17 0.38-0.88 0.73+0.16
SSP 29.31-52.18 40.95+8.23 27.69-48.33 40.76+7.38
RSBC -0.09-0.27 0.09+0.11 -0.06-0.39 0.10+0.15
PI 79.29-128.90 100.56=15.30 83.99-113.62 98.82+9.38
MAR 37.75-60.92 47.97+8.22 44.69-65.94 50.934+7.18
KR 0.38-1.01 0.68+0.22 0.34-0.87 0.67+0.19
PS 0.06-0.23 0.14+0.06 0.03-0.14 0.09+0.04
Mg/Ca 0.61-1.56 0.97+0.33 0.81-1.94 1.09+0.38
Na/Ca 0.52-2.04 1.34+0.45 0.64-2.49 1.42+0.54
Ca/Mg 0.64-1.65 1.14+0.37 0.52-1.24 0.99+0.25
Mg/Na 0.20-0.61 0.40+0.14 0.52-1.35 0.82+0.27
Ca/Na 0.49-1.61 0.85+0.38 0.40-1.57 0.81+0.36
HCO3/Na 0.65-1.91 1.04+0.39 0.58-1.63 1.02+0.36

The pH value was 6.49+0.29 in the summer, and 6.33+0.42 in the winter season. The slight acidic
groundwater was due to the free CO, and HCOj;™ concentrations [36, 37]. TH is used to determine
suitability of groundwater for various applications. The groundwater's TH value was 21.50+10.40mg/L
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in the summer season, and the value was 22.0+£9.07 mg/L in the winter season. The water of this study
area could be classified as soft water based on Sawyer and McCarthy (1967) [38] and Durfor and Becker
(1964) [39] classification, the water in this area can be classified as soft (Table 8).

Table 6 : Groundwater classification based on TDS (WHO 2004) [34]

Category Grade % Summer % Winter
Excellent <300 100 100
Good 300-600
Fair 600-900
Poor 900-1200
Unacceptable >1200
Table 7: Groundwater classification based on EC
Category Grade % Summer % Winter
EC (Wilcox 1955)
[35]
Excellent <250 100 100
Good 250-750
Permissible 750-2250
EC (Richards 1954)
[27]
Excellent <250 100 100
Good 250-750
Permissible 750-2250
Unsuitable > 2250
EC (WHO 2004) [34]
Low salinity 0-250 100 100
Medium salinity 250-750
High salinity 751-2250
Very high salinity 2251-6000
Extensiyelly high 6001-10000
salinity
Brine >10000
Table 8 : Groundwater classification based on TH
Category Grade % Summer % Winter
TH (Sawyer and
McCarthy 1967)
[38]
Soft <75 100 100
Moderately hard 75-150
Hard 150-300
Very hard >300
TH (Durfor and
Becker 1964) [39]
Soft 0-60 100 100
Moderate 61-120
Hard 121-180
Very hard >181

The major abundant cations were Na", K*, Ca*", and Mg2+ as determined by ICP-OES. Among these,
Na' contributed with the highest concentrations in both seasons and constituted 46% of total cations in
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both seasons (Figure 2). Ca®" and Mg”" were found with less dominance than Na” (Figure 2). K*
constituted the least concentrations (4%) during both seasons (Figure 2). The trend of significant cationic
concentrations were Na">Ca**>Mg®">K". On the other hand, HCO;™ was the highest dominant anion

and constituted 80.33% and 85.81% of total anions in the summer and winter seasons, respectively
(Figure 2).

0.13%

0.16%

4%

ENa mK mCa mMg MBicarbonate MSulphate MNitrate ®Chloride M Phosphate

1055%  0.14%
3.36%

0.14%
46%

85.81%

4%

ENa BK mCa HMg MBicarbonate MSulphate mNitrate ®Chloride M Phosphate

Figure 2 : Major ions in groundwater during summer (a,b) and winter (c,d).

Table 9 : Groundwater classification based on Chloride (Stuyfzand 1989) [41]

Category Grade % Summer % Winter
Extremely fresh <0.14
Very fresh 0.14-0.84
Fresh 0.84-4.23 37.5 75.0
Fresh-brackish 4.23-8.46 62.5 25.0
Brackish 8.46-28.21
Brackish-salt 28.21-282.1
Salt 282.1-564.3
Hyperhaline >564.3

According to Mandel and Shiftan (1981) [40] classification, all the samples were in the safe category.
CI is the second dominant anion and constituted 16.26% and 10.55% in both seasons (Figure 2). 37.50%
and 62.50% water were fresh and fresh-brackish in the summer season, while 75% and 25.0% water
were fresh and fresh-brackish in winter as prescribed by Stuyfzand (1989) [41] (Table 9). NOs
constituted almost 3% of total anions, and remaining SO4> and PO4> concentrations were very low
compared to other parameters (Figure 2). The anionic trends of groundwater were as HCO3;>CI">NO5
>S0,>P0,”. The contamination of groundwater by arsenic and iron in Bangladesh is high [7].
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However, arsenic was not detected in both of the seasons in this study area. However, mean
concentrations of Fe were 1.214+0.18 mg/L and 1.18+0.27 mg/L in the summer and winter seasons
respectively which lies within the permissible limit for irrigation purposes (5.0 mg/L) [42].

3.2. Irrigation water quality parameter

3.2.1. Na %

Na % classifies the irrigation water based on the permeability of soil [43]. Excess Na' may hinder plant
growth either by limiting the uptake of water or metabolic reactions [44]. According to Wilcox (1955)
[35] classification, 37.50% and 50.0% of the study water samples fell in ‘good category’ and 62.50%
and 50.0% in ‘permissible category’ during summer and winter seasons, respectively (Table 10). The
Wilcox (1955) diagram classifies groundwater quality for irrigation plotting EC against Na%. It was
observed that all the samples were classified as ‘excellent to good” water quality for irrigation (Figure
3a). Moreover, as Eaton (1950) [45] approved, 100% of samples were safe for irrigation during both of
the seasons (Table 10).

3.2.2. SAR

SAR was articulated by Richards (1954) [27] to evaluate Na" adsorption tendency on soil. Soil
permeability is deteriorated with the increase of the concentration of Na' [46]. With the breaking down
of the soil aggregates, the infiltration rate of water and air in soil is reduced [47]. All the water samples
were in the ‘no problem category’ (Table 10) as settled by Bouwer (1978) [48] classification which
conclude the suitability of irrigation water.

3.2.3. PI

Na', Mg*", Ca®" and HCOj; content influence soil permeability which affects irrigation water quality
[20]. According to Doneen (1962) [32] graph, the analyzed water was classified into three classes like
class I (> 75% permeability), class II (25-75% permeability) and class LI (25% of maximum
permeability) type based on PI (Figure 3b). Water of class 11 is unsuitable for irrigation. In this study,
87.50% and 12.50% samples fell within class III and II respectively in both seasons. Therefore, based
on Doneen plot (1962), the majority of samples are not suited for irrigations.

a b.
o Summer o Winter
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E| £
% 2| =
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]
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Figure 3:(a) Wilcox’s diagram for irrigation water classification and (b) Doneen chart of water-based on the PI.
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3.2.4. MAR

MAR defines the relationship between Na” and Mg” [49]. Excess Mg”" causes infiltration problem [50].
If MAR is less than 50, it signifies suitability for irrigation where MAR value higher than 50 classifies
water as unfavorable [51]. However, 62.50% of the samples were found suitable for irrigation during
two different seasons (Table 10).

3.2.5. KR

Kelley’s ratio rates the water quality with Na" measured against Ca®" and Mg*" [29]. According to this
study, significant portions (87.50%) of the samples were ‘suitable’ (KR<1) and only 12.50% were
‘unsuitable’ for irrigation during summer (Table 10). On the other hand, 100.00% of samples were
suitable for irrigation during winter.

Table 10 : Classification of groundwater quality for irrigation purpose

Category Grade % Summer % Winter
Na % (Wilcox 1955)
[35]
Excellent 0-20
Good 20-40 37.50 50.0
Permissible 40-60 62.50 50.0
Doubtful 60-80
Unsuitable >80
Na % (Eaton 1950)
[45]
Safe <60 100.0 100.0
Unsafe >60
SAR (Bouwer 1978)
[48]
No problem <6 100.0 100.0
Increasing problem 6-9
Severe problem >0

RSBC (Gupta and
Gupta 1987) [31]

Satisfactory <5 100.0 100.0
Marginal 5-10
Unsatisfactory >10

MAR (Kacmaz and
Nakoman 2009) [51]

Suitable <50 62.50 62.50
Unsuitable >50 37.50 37.50
KR (Kelley 1963)
[29]
Suitable <1 87.50 100.0
Unsuitable >1 12.50
PS (Doneen 1962)
[32]
Suitable <3 100.0 100.0
Unsuitable >3

3.2.6. RSBC and PS

RSBC and PS are important parameters to detect the suitability of irrigation water. According to Gupta
and Gupta (1987) [31] and Doneen (1962) [32] classification, all samples fell in the ‘satisfactory level’
in both seasons, and suitable (<3 meq/L) for irrigation according to PS values (Table 10).
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3.3. Hydro-geochemical classification

3.3.1. Piper diagram

The Piper (1944) [52] diagram is a handy tool to classify water based on hydro-geochemical
characteristics establishing a relationship between dissolved constituents [53]. Two triangles on the left
and right and a diamond shape diagram in the center show the classic piper trilinear diagram, indicating
cations, anions, and combined dominance of cations and anions, respectively. The diamond shape
diagram is divided into four major parts, where each part represents a particular type of compound. These
parts are Na"-K"-HCOj3  (category 1), Ca*"-Mg*"-HCO;" (category 2), Na™-K'-CI-S0,*-NOs™ (category
3), and Ca*"-Mg*"- CI-SO4*-NOj5 (category 4). All the samples fell in category 2, which indicates Ca*"-
Mg* -HCO5 water type for both seasons (Figure 4). This phenomenon suggests temporary hard water
and could be certified by rock-water inter-relationship [54].

a b.
0§ 100 _ 100
” 80 80 P 5
L3 Q o”
(s e 60;:v T 60 603
8 2 "3 %
9”40 o d %
9 &0 40
20 20 5 P
%4 g o, )0
0’ (]
‘OO. o (] 0100 100, 0 ' 0,100
80 20 20 80 20 20 - &
& 60 40 % Q" 40 60 60 40 2% > 40 60
8 Y & 3 & % £ 2
40 60 60 40 20 ' 60 60 20
' (]
20 ' 80 80 20 20 0 80 20
0 100 100 0
0 100 100 0
' 04 ' ' v 0 [
100 80 60 40 20 0 0 20 40 60 80 100 1000 &0 60 400 20 0O 0 40 € 80 100
Ca Cl+NO, Ca Cl+NO,

Figure 4: Chemical composition of groundwater during (a) summer and (b) winter seasons.

3.3.2.Chadha diagram

Chadha proposed a diagram to categorize the natural water according to hydrochemical analysis [55].
Ca”>"-Mg*"-HCO5 type water was found from Chadha plot in both seasons except one sample in the
summer season (Figure 6). Same type of water was also obtained from the Piper diagram (Figure 5).
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Figure 5: Chadha diagram demonstrating the hydrochemical classification of groundwater.
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3.3.3. Gibbs Diagram

Gibbs (1970) [56] diagram establishes the relationship of water composition with lithological properties
with the assessment of the sources of dissolved ions [4]. The Gibbs’s graph indicates that most of the
groundwater samples (100% and 81.25%) fell in the rock dominance zone in the summer and winter
seasons (Figure 6), which might be controlled by the process of carbonate mineral dissolution and
hydrolysis of silicate [57]. Noticeably, 18.75% of samples were found in the precipitation dominance
zone in the winter season (Figure 6) which signifies that dissolved ions or salts control low-salinity
waters [56].
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Figure 6 : Gibbs plot showing the mechanism governing groundwater chemistry during (a, b) summer and (c, d) winter
seasons.

3.3.4. lons ratio towards hydro-geochemistry

Ion ratio determines the rock weathering processes (silicate weathering, carbonate, and evaporate
dissolution) that drives hydrochemistry [12]. The mean values of Mg/Na, Ca/Na, and HCOs/Na were
0.40+0.14 and 0.82+0.27, 0.85+0.38 and 0.81+0.36, and 1.04+0.39 and 1.02+0.36 in summer and winter
seasons respectively (Figure 7) that indicated the dissolution of silicates [58]. Moreover, the molar ratio
of Ca/Mg < 2 indicates carbonate dissolution, whereas the ratio >2 suggests the dissolution of silicates
[59]. Ranges of the Ca/Mg ratio were 0.64-1.65 and 0.52-1.24 in the summer and winter seasons,
indicating the carbonate's dissolution. On the other hand, Mg/Ca ratio <4 and Na/Ca<3 shows no risk of
infiltration problems that permit the suitability of water for irrigation [22]. Here, Mg/Ca ranged from
0.61-1.56 and 0.81-1.94 with the mean value of 0.97+0.33 and 1.09+0.38 during the summer and winter
seasons respectively (Table 5). Furthermore, Na/Ca ranged from 0.52-2.04 and 0.64-2.49 in the summer
and winter seasons with the mean value of 1.34+0.45 and 1.42+0.54 respectively (Table 5). These values
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indicated no risk of infiltration. The values of Mg/Ca ratio (Table 5) were also lied in safe (< 1.5) and
moderately safe limit (1.5-3.0) [60]. Therefore, dissolution of silicate coupled with carbonates controls
the hydrochemistry in this area.
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Figure 7: Diagrams of ionic ratio for groundwater samples

3.3.5. Soltan classification

According to Soltan (1998) [61] classification, groundwater are of two types, base-exchange indices
(r; = (Na* — C17)/S02%7) and meteoric genesis indices (r, = [(Na® + K*) — Cl7]/S03%7), where the
unit of r1 and 72 are expressed as meq/L. 71 < 1 and 72 < 1 indicates Na'—SO4> and deep meteoric type
source while 71 > 1 and 72 > | indicates Na'-HCO5" and shallow meteoric type source. This study showed
100% of groundwater belonged to Na'-HCO;™ and shallow meteoric type (Figure 8 (a,b)).
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Figure 8: Soltan classification (a) base exchange index and (b) meteoric index genesis

3.3.6. Water quality for livestock consumption

Suitability of water for livestock can be evaluated by considering essential parameters like TDS, EC,
pH, Na’, K*, Ca®", Mg*", CI', NO5’, SO,”, and other toxic elements [62, 63]. The safe level of different
parameters is presented in Table 11, while the mean value of the parameters has shown earlier (Table
5). By comparing the mean values with standard values, water in this study area can be regarded as
acceptable for livestock consumption.
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Table 11: Safe levels of different parameters in water for livestock (Alassaf and Al-saffawi 2020) [62]

Parameters Unit Safe limits
TDS mg/L 3000.0
EC uS/cm 1600.0
pH - 6.0-9.0
Na' mg/L 300.0
K" mg/L 20.0
Ca*" mg/L 1000.0
Mg** mg/L 500.0
Cr mg/L 300.0
SO4* mg/L 500.0
NO;5 mg/L 100.0
As mg/L 0.2

3.4. Principal component analysis

PCA is normally used to determine some linear arrangements of variables by summarizing the data
without losing significant data [64, 65]. The scree plot (Figure 9 (a, ¢)) and component plot (Figure 9 (b,
d)) can be applied to identify the number of PCs and represent their values. Three PCs with eigenvalues
>1 explaining the total variance of 79.759% and 87.267% were found during summer and winter seasons,

respectively.
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Figure 9: Scree plot with Eigenvalue of PCA and component plot in rotated space of PCA during (a, ¢) summer and (b, d)

winter seasons.
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PC1 (eigenvalues 7.208 and 9.154) explained 48.055% and 61.027% of the total variance during the
summer and winter seasons, respectively. PC1 had strong to moderate positive loadings of temperature,
TDS, EC, pH, TH, CI, SO, PO, and HCO5” during both seasons and Ca in the winter season. It
exhibited negative loading on NO;” in both seasons, and K in the winter season (Table 12). The reason
could be due to the soil and groundwater interaction, anthropogenic pollution, and carbonate weathering
[66, 67]. PC2 (eigenvalues 2.923 and 2.126) explained 19.488% of total variance during summer, and
14.415% during the winter season. Here, Na, K, and Mg dominated positively, and Fe dominated
negatively in the summer season, whereas SO,*, Na™, and K were dominated by positive loading in the
winter season (Table 12). Finally, PC3 (eigenvalues 1.832 and 1.774) contributed 12.216% and 11.824%
of the total variance in the summer and winter seasons. Mg”" had positive loading in the winter season.
Negative loadings of PC3 were found for CI" and Mg*" during summer, and Fe in the winter season
(Table 12). This variance could have resulted from the urban runoff, and organic and inorganic fertilizer
incorporation [67, 68].

3.5.1wQI

The irrigation water quality index (IWQI) represents irrigation water quality in the numeric expression
considering different significant parameters [69]. In this study area, all the sample stations fell in the
‘good to excellent’ category. 75.0% of samples fell in the ‘excellent’, and 25.0% of samples fell in the
‘good’ category during both seasons (Figure 10). According to IWQI, study water constituted a suitable
category for irrigation. The present study with the findings is summarized in a flow chart (Figure 11).

Table 12: PCA of irrigation water quality parameters at CU campus

Parameters Summer Winter
PC1 PC2 PC3 PC1 PC2 PC3
Temp 0.586 0.117 0.479 0.804 ~0.383 0.044
TDS 0.832 0.430 0.157 0.946 0.003 0.059
EC 0.802 0.223 0.161 0.987 -0.012 0.096
pH 0.759 20217 0.117 0.820 0.265 -0.396
TH 0.960 0.063 -0.190 0.946 20.052  -0.109
Chloride 0.688 -0.185 -0.618 0.810 -0.359 0.351
Nitrate -0.884 0.371 -0.199 -0.885 20279  -0.087
Sulfate 0.713 0.007 0.382 0.747 0.522 0.259
Phosphate 0.896 -0.401 0.034 0.981 0.050 -0.064
HCO;y 0.921 0.102 -0.033 0.968 20.007  -0.016
Na 0.439 0.792 0.357 -0.354 0.779 0.271
K -0.498 0.723 0.399 -0.685 0.624 0.203
Ca 0.267 0.371 -0.220 0.690 0.425 0.470
Mg 0.317 0.548 -0.670 -0.236 -0.489 0.551
Fe 0.055 -0.831 0.387 0.224 0.210 -0.866
Eigen 7.208 2.923 1.832 9.154 2.162 1.774
Value
% Total 48.055 19.488 12216 61.027 14415  11.824
variance
Cumulative ¢ 55 67.543 79.759 61.027 75442 87.267

% variance

Bold figure denote significant ‘+’ loading.
Bold and italic figure denote -’ loading.
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Figure 11: Flow chart of the present investigation.
Conclusion
Suitability of groundwater of Chittagong University Campus (CUC) for irrigation and livestock
consumption with hydro-geochemical characterization was evaluated in the study. Except MAR, KR,
and PI, other parameters certify the quality criterion for irrigation purposes. According to MAR, 37.5%
of water samples in both seasons are unsuitable for irrigation, and according to KR, 12.5% of the summer
season samples are unsuitable. Wilcox diagram ensured the suitability of water (100%) for irrigation,
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whereas the Donnen chart showed that 87.5% of water is unsuitable for irrigation. Hydrochemical
analysis denoted the groundwater as fresh to fresh-brackish and soft. The trend of major ions is
Na"™>Ca*>Mg*>K" and HCO5;>CI>NO;>S0,>PO,”". The Ca*-Mg’-HCO5 type water is found
according to Piper and Chadha diagrams. In addition, mostly rock dominance water was confirmed by
the Gibbs diagram. The ion ratio graphs revealed the weathering of silicates and dissolution of carbonates
dominated the hydrochemistry of water. No threat of Mg and Na's infiltration from water to soil was
confirmed from Mg/Ca and Na/Ca ratio. Soltan classification showed Na"-HCOj3 and shallow meteoric
type of water. These data demonstrated that water is suitable for livestock consumption. The geogenic
and anthropogenic pollutions could be introduced in the groundwater, as suggested by the PCA data
analysis. Excellent to good irrigation water qualities were confirmed by IWQI values during both
summer and winter seasons. Therefore, we can conclude that CUC's groundwater is suitable for
irrigation and livestock in summer and winter seasons.

Acknowledgements-We acknowledge the contribution of the Department of Applied Chemistry and Chemical
Engineering, University of Chittagong, Bangladesh for their logistic support. We are also thankful to Research
and Publication Cell, University of Chittagong for the financial grant (Res/Man/Pub/Cell/CU/2019) (23/07/2019).
The authors would like to acknowledge graceful contribution of Ministry of Education (MoE), Bangladesh to
establish Biomaterials Research Laboratory (BRL). Training Institute of Chemical Industries (TICI), Bangladesh
assisted us by giving ICP support. Furthermore, the authors would like to thank Dr. K. Dey, Associate Professor,
Department of Applied Chemistry and Chemical Engineering, University of Chittagong for the English
improvement of the manuscript.

References

1. C. Delgado, J. Pacheco, A. Cabrera, E. Batllori, R. Orellana, F. Bautista, Quality of groundwater for
irrigation in tropical karst environment: The case of Yucatdn, Mexico, Agri. Water Manag., 97(10)
(2010) 1423-1433. https://doi.org/10.1016/j.agwat.2010.04.006

2. S. M. D. U. Islam, M. A. H. Bhuiyan, T. Rume, G. Azam, Hydrogeochemical investigation of
groundwater in shallow coastal aquifer of Khulna District, Bangladesh, Appl. Water Sci., 7(8) (2017)
4219-4236. https://doi.org/10.1007/s13201-017-0533-5

3. S. Zahedi, Modification of expected conflicts between drinking water quality index and irrigation
water quality index in water quality ranking of shared extraction wells using multi criteria decision
making techniques, Eco. Ind., 83 (2017) 368-379. https://doi.org/10.1016/j.ecolind.2017.08.017

4. N. S. Rao, Geochemistry of groundwater in parts of Guntur district, Andhra Pradesh, India, Env.
Geol., 41(5) (2002) 552-562. https://doi.org/10.1007/s00254010043 1

5. M. S. Rahman, N. Saha, A. R. M. T. Isam, S. Shen, M. Bodrud-Doza, Evaluation of water quality
for sustainable agriculture in Bangladesh, Water, Air Soil Pollut., 228(10) (2017) 385,
https://doi.org/10.1007/s11270-017-3543-x

6. 6. S. Yildiz, C. B. Karakus, Estimation of irrigation water quality index with development of an
optimum model: a case study, FEnviron. Dev. Sustain., 22(5) (2020) 4771-4786.
https://doi.org/10.1007/s10668-019-00405-5

7. M. K. Hasan, A. Shahriar, K. U. Jim, Water pollution in Bangladesh and its impact on public health,
Heliyon 5(8) (2019) €02145. https://doi.org/10.1016/j.heliyon.2019.e02145

8. A.R. M. T. Islam, S. Shen, M. Bodrud-Doza, M. S. Rahman, Assessing irrigation water quality in
Faridpur district of Bangladesh using several indices and statistical approaches, Arab. J. Geosci.,
10(19) (2017). https://doi.org/10.1007/s12517-017-3199-2

Md. A. H. Rifat et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 308-328 324



9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

S. Shahid, X. Chen, M. Hazarika, Evaluation of groundwater quality for irrigation in Bangladesh
using Geographic information system, J. Hydro. Hydromech., 54(1) (2006) 3-14.
http://avi.lib.cas.cz/node/55

F. Alam, Evaluation of hydrogeochemical parameters of groundwater for suitability of domestic and
irrigational purposes: a case study from central Ganga Plain, India, Arab. J. Geosci., 7(10) (2014)
4121-4131. https://doi.org/10.1007/s12517-013-1055-6

S. W. Jeen, J. M. Kim, K. S. Ko, B. Yum, H. W. Chang, Hydrogeochemical characteristics of
groundwater in a mid-western coastal aquifer system, Korea, Geosci. J., 5(4) (2001) 339-348.
https://doi.org/10.1007/BF02912705

J. Liu, M. Wang, Z. Gao, Q. Chen, G. Wu, F. Li, Hydrochemical characteristics and water quality
assessment of groundwater in the Yishu River basin, ActaGeophys., 68(3) (2020) 877-889.
https://doi.org/10.1007/s11600-020-00440-1

P. Ravikumar, and R. K. Somashekar, Principal component analysis and hydrochemicalfacies
characterization to evaluate groundwater quality in Varahi river basin, Karnataka state, India, App!.
Water Sci., 7(2) (2017) 745-755. https://doi.org/10.1007/s13201-015-0287-x

B. Zhang, X. Song, Y. Zhang, D. Han, C. Tang, Y. Yu, Y. Ma, Hydrochemical characteristics and
water quality assessment of surface water and groundwater in Songnen plain, Northeast China, Water
Resear., 46(8) (2012) 2737-2748. https://doi.org/10.1016/j.watres.2012.02.033

H. S. Jahin, A. S. Abuzaid, A. D. Abdellatif, Using multivariate analysis to develop irrigation water

quality index for surface water in Kafr El-Sheikh Governorate, Egypt, Environ. Tech. and Innov., 17
(2020) 100532. https://doi.org/10.1016/1.et1.2019.100532

A. C. M. Meireles, E. M. de Andrade, L. C. G. Chaves, H. Frischkorn, L. A. Crisostomo, A new
proposal of the classification of irrigation water, Revis. Cién. Agron., 41(3) (2010) 349-357.
http://dx.doi.org/10.1590/S1806-66902010000300005

M. Al-Hadithi, K. Hasan, A. Algburi, K. Al-Paruany, Groundwater quality assessment using
irrigation water quality index and GIS in Baghdad, Iraq, Jordan J. Earth Environ. Sci., 10 (2019)
15-20.

M. A. T. M. T. Rahman, S. H. Rahman, R. K. Majumder, Groundwater quality for irrigation of deep
aquifer in southwestern zone of Bangladesh, Songklanakarin J. Sci. Technol., 34(3) (2012) 345-352.
M. Bodrud-Doza, M. A. H. Bhuiyan, S. M. D. U. Islam, M. S. Rahman, M. M. Haque, K. J. Fatema,
N. Ahmed, M. A. Rakib, M. A. Rahman, Hydrogeochemical investigation of groundwater in Dhaka
City of Bangladesh using GIS and multivariate statistical techniques, Ground. Sustain. Develop., 8
(2019) 226-244. https://doi.org/10.1016/j.gsd.2018.11.008

M. A. Islam, A. Zahid, M. M. Rahman, M. S. Rahman, M. J. Islam, Y. Akter, Y. Akter, M. Shammi,
M. Bodrud-Doza, and B. Roy, Investigation of groundwater quality and its suitability for drinking
and agricultural use in the south central part of the coastal region in Bangladesh, Expo. Health, 9(1)
(2017) 27-41. https://doi.org/10.1007/s12403-016-0220-z

M. H. Mahtab, A. Zahid, Coastal surface water suitability analysis for irrigation in Bangladesh, Appl.
Water Sci., 8(1) (2018) 1-12. https://doi.org/10.1007/s13201-018-0650-9

M. A. T. M. T. Rahman, A. H. M. Saadat, M. S. Islam, M. A. Al-Mansur, S. Ahmed, Groundwater
characterization and selection of suitable water type for irrigation in the western region of
Bangladesh, Appl. Water Sci., 7(1) (2017) 233-243. https://doi.org/10.1007/s13201-014-0239-x

F. Raihan, J. B. Alam, Assessment of groundwater quality in Sunamganj of Bangladesh. Iranian J.
Environ. Health Sci. Engin., 5(3) (2008) 155-166.

Md. A. H. Rifat et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 308-328 325



24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

. M. A. Rahman, M. L. Hossain, A. Rubaiyat, S. A. Mamun, M. Z. A. Khan, M. M. Sayem, M. K.
Hossain, Solid waste generation, characteristics and disposal at Chittagong university campus,
Chittagong, Bangladesh. Discovery sci., 4(11) (2013) 25-30.

APHA, Standard methods for the examination of water, 23rdedn, American Public Health
Association, Washington (2017).

M. S. Hossain, M. A. Islam, A. F. M. 1. U. Zim, M. F. B. Quader, Assessment of Pb, Cr, Ni
concentration in water from different selected sites of the Karnaphuli river, Chattogram, Bangladesh,
Inter. J. Natural Soci. Sci.,6(4) (2019) 08-14.

L. A. Richards, Diagnosis and improvement of saline and alkaline soils, US department of
agriculture, Washington D.C. (1954).

D. K. Todd, Groundwater hydrology, Wiley, New York, (1980) 10-138.

W. P. Kelley, Use of saline irrigation water, Soil sci., 95(6) (1963) 355-391.

H. M. Ragunath, Groundwater, Wiley Eastern, 2nd ed., New Delhi, (1987) 563.

S. K. Gupta, I. C. Gupta, Management of saline soils and waters, 1st edition, Oxfordand IBH pub.
Co., New Delhi (1987).

L. D. Doneen, The influence of crop and soil on percolating water, In: proceedings of the 1961
biennail conference on groundwater recharge, (1962) 156-163

R. S. Ayers, D.W. Westcot, Water quality for agriculture: FAO irrigation and drainage paper,
revision 1 (1994) 1-130.

WHO, WHO guideline for drinking water quality, 1st and 2nd ed., Geneva: World Health
Organization, Switzerland (2004).

L. V. Wilcox, Classification and use of irrigation water, US department of agriculture, Washington
D.C. USA, (1955) 19.

N. M. Isa, A. Z. Aris, W. N. A. W. Sulaiman, Extent and severity of groundwater contamination
based on hydrochemistry mechanism of sandy tropical coastal aquifer, Sci. Total Environ., 438
(2012) 414-425. https://doi.org/10.1016/].scitotenv.2012.08.069

X. Zhou, Y. Shen, H. Zhang, C. Song, J. Li, Y. Liu, Hydrochemistry of the natural low pH
groundwater in the coastal aquifers near Beihai, China, J. Ocean Univ. China, 14(3) (2015) 475—
483. https://doi.org/10.1007/s11802-015-2631-z

G. N. Sawyer, D. L. McCarthy, Chemistry of sanitary engineers, 2™ ed. McGraw Hill, New York,
(1967) 518.

C. N. Durfor, E. Becker, Public water supplies of the 100 largest cities in the United States, In:
geological survey water-supply paper, U.S. government printing office, Washington D. C., paper no
1812 (1964) 364.

S. Mandel, Z. L. Shiftan, Groundwater resources investigation and development. Academic press
inc., New York (1981).

P. J. Stuyfzand, Nonpoint sources of trace elements in potable groundwaters in the Netherlands.
Proceedings 18th TWSA water workings, Testing and Research Institute (IWSA), Copenhagen
(1989).

M. T. T. Arefin, M. M. Rahman, M. Wahid-U-Zzaman, J. E. Kim, Heavy metal contamination in
surface water used for irrigation: Functional assessment of the Turag river in Bangladesh. J. Appl.
Biol. Chem., 59(1) (2016) 83—-90. 10.3839/jabc.2016.015

K. K. Singh, G. Tewari, S. Kumar, Evaluation of groundwater quality for suitability of irrigation
purposes: a case study in the Udham Singh Nagar, Uttarakhand, J. Chem., (2020) 1-15.
https://doi.org/10.1155/2020/6924026

Md. A. H. Rifat et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 308-328 326



44

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

58.

59.

. K. Srinivasamoorthy, C. Nanthakumar, M. Vasanthavigar, K. Vijayaraghavan, R. Rajivgandhi, S.
Chidambaram, P. Anandhan, R. Manivannan, S. Vasudevan, Groundwater quality assessment from
a hard rock terrain , Salem district of Tamilnadu , India, Arab. J. Geosci., 4(1-2) (2011) 91-102.
https://doi.org/10.1007/s12517-009-0076-7

E. M. Eaton, Significance of carbonate in irrigation water, Soil Sci., 69 (1950) 123-133.

M. N. Tijani, Hydrogeochemical assessment of groundwater in Moro area, Kwara state, Nigeria,
Environ. Geol., 24 (1994) 194-202. https://doi.org/10.1007/BF00766889

N. Chandrasekar, S. Selvakumar, Y. Srinivas, J. S. J. Wilson, T. S. Peter, N. S. Magesh,
Hydrogeochemical assessment of groundwater quality along the coastal aquifers of southern Tamil
Nadu, India, Environ. Earth Sci., 71(11) (2014) 4739-4750. https://doi.org/10.1007/s12665-013-
2864-3

H. Bouwer, Groundwater hydrology, McGraw-Hill Kogakusha Ltd., Tokyo, International student
ed. (1978).

R. Ayuba, Assessment of groundwater quality of Lokoja basement area, North-Central Nigeria, J.
Geol. Soc. India, 82(4) (2013) 413-420. https://doi.org/10.1007/s12594-013-0168-6

S. M. D. U. Islam, R. K. Majumder, M. J. Uddin, M. 1. Khalil, M. F. Alam, Hydrochemical
characteristics and quality assessment of groundwater in Patuakhali district, Southern coastal region
of Bangladesh, Expo. Health, 9(1) (2017) 43—60. https://doi.org/10.1007/s12403-016-0221-y

H. Kacmaz, M. E. Nakoman, Hydrochemical characteristics of shallow groundwater aquifer

containing uranyl phosphate minerals in the Koprubasi (Manisa) area, Turkey, Environ. Earth Sci.,
59(2) (2009) 2009. https://doi.org/10.1007/s12665-009-0043-3

A. M. Piper, A graphical procedure in the geochemical interpretation of water analysis, Eos, Trans.
American Geophy. Union, 25(6) (1944) 914-928.

A. K. Tiwari, A. K. Singh, A. K. Singh, M. P. Singh, Hydrogeochemical analysis and evaluation of
surface water quality of Pratapgarh district, Uttar Pradesh, India, Appl. Water Sci., 7(4) (2017) 1609—
1623. https://doi.org/10.1007/s13201-015-0313-z

A.R. M. T. Islam, S. Shen, M. A. Haque, M. Bodrud-Doza, K. W. Maw, M. A. Habib, Assessing
groundwater quality and its sustainability in Joypurhat district of Bangladesh using GIS and
multivariate statistical approaches, Environ. Dev. Sustain.,, 20(5) (2018) 1935-1959.
https://doi.org/10.1007/s10668-017-9971-3

D. K. Chadha, A proposed new diagram for geochemical classification of natural waters and
interpretation of chemical data. Hydro. J, 7(5) (1999) 431-439.
https://doi.org/10.1007/s100400050216

R. J. Gibbs, Mechanisms controlling world water chemistry, Sci., 170(3962) (1970) 1088-1090.

S. Venkateswaran, S. Deepa, Assessment of groundwater quality using GIS techniques in
Vaniyarwatershed, Ponnaiyarriver, Tamil Nadu, Aqua. Procedia, 4 (2015) 1283-1290.
https://doi.org/10.1016/j.aqpro.2015.02.167

W. Liu, Z. Xu, H. Sun, T. Zhao, C. Shi, T. Liu, Geochemistry of the dissolved loads during high-
flow season of rivers in the southeastern coastal region of China : anthropogenic impact on chemical
weathering and  carbon  sequestration,  Biogeosci., 15(16)  (2018)  4955-4971.
https://doi.org/10.5194/bg-15-4955-2018

R. Zhao, X. Shan, J. Y1, Y. Liang, C. Li, and C. Qiu, Understanding fluid behavior through ion and
isotope data from the YitongBasin , Northeast China, Canadian J. Earth Sci., 55(3) (2018) 308-320.
10.1139/cjes-2017-0154

Md. A. H. Rifat et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 308-328 327



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

C. Saraswat, P. Kumar, R. Dasgupta, R. Avtar, P. Bhalani, Sustainability assessment of the
groundwater quality in the Western India to achieve urban water security, Appl. Water Sci., 9(4)
(2019) 1-17. https://doi.org/10.1007/s13201-019-0956-2

M. E. Soltan, Evaluation of ground water quality in dakhla oasis (Egyptian Western Desert), Environ.
Monit. Assess., 57(2) (1999) 157-168. https://doi.org/10.1023/A:1005948930316

A. Y. T. Al-saffawi, B. S. U. 1. Abubakar, A. Y. R. Al-Asaat, M. Hussaini, U. A. Ibrahim,
Groundwater quality assessment of nimrod for livestock and poultry consumption, Unip. J. Eng.
Scien. Resea., 5 (2020) 120-127.

C. V. Bagley, J. K. Amacher, K. F. Poe, Analysis of water quality for livestock, Utah State Univ.
Elec. Pub., (1997) AH/Beet/28.

B. Helena, R. Pardo, M. Vega, E. Barrado, J. M. Fernandez, L. Fernandez, Temporal evolution of

groundwater composition in an alluvial aquifer (Pisuerga River, Spain) by principal component
analysis, Water Resear., 34(3) (2000) 807—816. https://doi.org/10.1016/S0043-1354(99)00225-0

R. Mahmud, N. Inoue, R. Sen, Assessment of irrigation water quality by using principal component
analysis in an arsenic affected area of Bangladesh, J.of Soil Nature, 1(2) (2007) 8-17.

O. O. Omo-Irabor, S. B. Olobaniyi, K. Oduyemi, and J. Akunna, Surface and groundwater water
quality assessment using multivariate analytical methods: A case study of the Western Niger Delta,
Nigeria, Phy. Chem. Earth, 33(8—13) (2008) 666—673. https://doi.org/10.1016/j.pce.2008.06.019

S. Sudhakaran, H. Mahadevan, V. Arun, A. P. Krishnakumar, K. A. Krishnan, A multivariate
statistical approach in assessing the quality of potable and irrigation water environs of the Netravati
River basin (India), Ground. Sustain. Develop., 11 (2020) 100462.
https://doi.org/10.1016/1.2sd.2020.100462

M. A. H. Bhuiyan, M. Bodrud-Doza, A. R. M. T. Islam, M. A. Rakib, M. S. Rahman, A. L.
Ramanathan, Assessment of groundwater quality of Lakshimipur district of Bangladesh using water
quality indices, geostatistical methods, and multivariate analysis, Environ. Earth Sci., 75(12) (2016).
https://doi.org/10.1007/s12665-016-5823-y

M. Tripathi, S. K. Singal, Use of Principal Component Analysis for parameter selection for
development of a novel Water Quality Index: A case study of river Ganga India, Eco. Indi., 96 (2019)
430-436. https://doi.org/10.1016/j.ecolind.2018.09.025

(2021) ; http://www.jmaterenvironsci.com

Md. A. H. Rifat et al., J. Mater. Environ. Sci., 2021, 12(2), pp. 308-328 328



