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Abstract: Drinking water quality is determined by the water’s biological, chemical, and physical
features. Water sampling was carried out in 20 villages in the Pune and Satara districts of Maharashtra,
with 15 falling in a low rainfall zone. Samples were collected from rivers, open wells, and bore wells,
four times in a period of a year covering all seasons. A total of 206 water samples were analyzed
for their physical, chemical, and bacteriological properties. Physical and chemical properties were
expressed in the form of a modified Water Quality Index (WQI). Additionally, the modified WQI was
compared to an Overall Pollution Index (OIP) for rivers. The present investigation is an attempt to
analyze the impact of seasonal changes on water quality of different water bodies using two different
WQIs. To understand the degree to which water quality is affected by faecal bacteria, modified WQI
with exclusion of faecal coliforms (FC) and OIP with inclusion of FC were compared with each other
in river water bodies. Modified WQI values and bacterial counts were at a maximum during the
onset of the monsoon. In terms of bacteriological contamination, the number of FC and intestinal
enterococci (IE) in the water bodies was of major concern since it would impact human health.

Keywords: seasons; water quality; bacteriology; India

1. Introduction

The impact of seasonal change on water quality has been extensively documented and has
attracted widespread attention in recent years [1,2]. Seasonal changes like rising temperatures reduce
dissolved oxygen levels in surface water. Scanty rainfall leads to less dilution of pollutants whereas
frequent heavy spells of rainfall produces more pollution and sedimentation in river due to surface
runoff. Additionally, anthropogenic and animal activities affect water quality [1–3]. Furthermore,
the geology of the area, the soil condition, and contamination through seepage also contribute to
alterations in the quality and availability of water [1,4].

The Indian climate is strongly influenced by the monsoon and is accordingly divided into four
seasons, namely, summer or pre-monsoon (March to May), south west monsoon (June to September)
post-monsoon (October and November), and winter (December to February). The rainfall over India
has both large spatial and temporal variability. Rainfall during the south west monsoon ranges from
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500 mm to 3200 mm [5,6]. The temperature also varies significantly in different seasons ranging from a
mean of 10 ◦C to 32 ◦C [6]. India, in particular, is very vulnerable to extreme events, as is evident from
recent occurrences of droughts and floods in the country, and its impact on water resources islikely to
be more pronounced in the near future [2].

The Indian riverine system is strongly influenced by seasonal variations which directly affect its
water quality due to fluctuations in its physicochemical properties like total dissolved solids, total
suspended solids, salinity, and dissolved oxygen [7–9]. A lean river flow especially during summer
results in alterations in the ecological niche of aquatic organisms, flora and fauna, and self-purification
capacity of the river [10].

In India, rivers are sources of raw water for industries and irrigation as well as drinking water
for urban and rural areas. Ground water is another source of drinking water [11]. However, many
Indian states are water stressed regions [11]. The major reasons for this are water pollution and over
exploitation of ground water which ultimately affects water quality.

Anthropogenic activities, namely, discharges of domestic waste, untreated waste from sewage
treatment plants, plastic materials, disposal of personal care products and household chemicals,
improper disposal of car batteries, construction activities, mining activities, and pilgrim activities are
deteriorating the water quality of rivers [12]. Various agricultural, industrial, and mining activities
contaminate ground water [13]. These activities alter pH of water, increases turbidity of water, and raise
the content of total dissolved solids and metals [13,14].

Maharashtra is one of the industrialized states of India which contributes towards social and
economic growth of the country. Large parts of the state fall in the rain shadow and hence face
water supply and quality challenges [15]. Over 85% of drinking water supply in the state is
dependent on ground water [3]. Shallow ground water sources like open wells are prone to bacterial
contamination [16]. In order to reduce bacterial contamination of open wells, a well-established
chlorination regime with availability of bleaching powder at Gram Panchayat (GP) level and regular
treatment of water sources is essential. A local authority GP and Village Water Man are responsible for
regular chlorination of open wells [16].

Pune, with a geographical area of 15,642 sq·km, is the second largest district in the state and
accounts for 5.08% of the total area. A large part of Pune district falls in the rain shadow zone and
nearly 50% of the area is classified as drought areas [15]. Like Pune district, drought prone areas are
also present in many parts of Satara district.

The poor drinking water quality is a major cause of water borne diseases especially diarrhoea
which results in a large health burden for India [11]. To address drinking water quality issues the
National Water Policy (NWP) 1987 was updated in 2002 and later in 2012 by the Government of
India [17]. Adaptation to climate change has been considered in NWP 2012 through which planning
and management of water resources and structures is being undertaken to cope with future climate
change [18].

Water quality can be assessed by measuring different physical, chemical, and bacteriological
parameters. To be able to compare multiple parameters between water samples/sources a mathematical
model is used to express the water quality in a single value as Water Quality Index (WQI). Seasonal
analysis for water quality using different types of WQIs has been undertaken worldwide [13]. However,
selection of parameters for the WQIs varies in different studies [13,19,20]. Thus, there is no single
global standardized system for calculating and using WQIs.

WQI can be separated into Drinking Water Quality Index (DWQI), Health Water Quality Index
(HWQI), and Acceptability Water Quality Index (AWQI) [21]. All parameters from the WHO guideline
including microbiological parameters constitute DWQI. HWQI includes acceptability measurements
related to health issues and microbial measurements, whereas AWQI incorporates acceptability
measurements [21]. To check the health status of Indian rivers, Salgaonkar& Deshpande (2003)
proposed Overall Index Pollution (OIP). Yadav et al. (2014) compared 3 indices, namely, Ecological
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Quality Index (EQI), The River Pollution Index, and Overall Index Pollution (OIP) for water quality
study of Chambal river [22].

Some WQIs include bacteriological parameters as they can influence quality [14,17,18]. To assess
the risk for water borne diseases, faecal coliforms and intestinal enterococci are traditionally used as
indicators of faecal contamination and are used for monitoring drinking water quality [23].

This study was aimed at assessing the seasonal physical, chemical, and bacteriological water
quality of natural water bodies and drinking water sources in twenty selected villages from Pune
and Satara districts in different seasons. Physical and chemical quality of water was studied through
Modified WQI. It was calculated for all water sources with exclusion of bacteriology and was estimated
seasonally. Additionally, for rivers water quality was studied by inclusion of bacteriology in OIP.
Additionally, different water quality indices were compared. Faecal coliforms and intestinal enterococci
were used for bacteriological assessment. Since FC havethe capacity to survive in water for long periods
of time without multiplication they are the accepted indicator organisms for faecal contamination
by WHO and BIS [24–27]. The study focused on monitoringofseasonal water quality at village level
since institutional and regulatory capacities to assess water bodies are limited in rural Maharashtra.
The seasonal water quality findings can be used to propose local water monitoring programs and water
management strategies when resources are under pressure due to drought conditions. Additionally,
the seasonal water quality findings can be used develop water quality models for climate change
scenarios at the local scale.

2. Materials and Methods

2.1. Study Area and Sampling Sites

The study area encompassed the adjacent districts of Pune and Satara in western Maharashtra,
India. A total of twenty villages were chosen based on historic mean rainfall obtained from the Indian
Meteorological Data center (IMD) located in Pune for years 1946 to 2006 and grouped into low and high
rainfall zones based on the amount of rain received annually in millimeters (mm). Rainfall zones are
classified as heavy (2000 mm and above), moderate (1000–2000 mm), and low (500–1000 mm) rainfall
regions by IMD [5]. In the present study, moderate rainfall region was split into two parts, namely,
above and below 1250 mm. Villages which received annual rainfall below 1250 mm were considered
to be in the as low rainfall zones and above 1250 mm in the high rainfall zones. Additionally, annual
rainfall data for different blocks in Pune and Satara was collected from the IMD for 2013, the year of
actual water sampling. Since rainfall influences on water availability and quality, 2013 rainfall data
wasalso given importance whenclassifying villages in different rainfall zones. Since emphasis was on
dry land, 15 villages were selected in the low rainfall zone and 5 in the high rainfall zone.

A survey of the area was undertaken to map factors which could affect the water quality such as
recent droughts or floods, type of industries along the river bank, and anthropogenic activities near
water sources such as bathing, washing clothes, and bathing of animals. Based on these observations,
villages and the sampling sites within them were selected (Figure 1 and Table 1).

Table 1. Selected sampling sites and their rainfall patterns in Pune and Satara Districts.

Village Block Historic Mean
Rainfall in mm $

Annual
Rainfall 2013

in mm
Sampling Sites Sampling

Code

Low Rainfall Zone

Nangaon Daund 356 574

River Bhima P1
Bore well-1 P2
Bore well-2 P3
Open well P4

Malthan Shirur 367 X
Open well P5
Borewell P6
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Table 1. Cont.

Village Block Historic Mean
Rainfall in mm $

Annual
Rainfall 2013

in mm
Sampling Sites Sampling

Code

Low Rainfall Zone

Kolvihire Purandar 321 X
Open well-1 P14
Open well-2 P15
Open well-3 P16

Pondhe Purandar 453 X Open well P17

Kalthan Indapur 427 503
Open well P19
Ujani dam
Backwaters P20

Bore well P21

Khamgaon- Tek Haveli 635 658
Bore well P22

River
MulaMutha P23

Bore well P24

Tulapur Haveli 635 658
River Indrayani P25

Borewell P26

Barad Phaltan 353 620
Open well S1
Bore well S2
Open well S3

Balupatlachiwadi Pargaon-Khandala 375 X
Bore well S4
Open well S5
River Nira S6

Deur Koregaon 575 712
Bore well S7
Open well S8

Mahuli Satara 782 X
River Venna S9
Open well S10

Shirwal Pargaon-Khandala 375 654
Open well S11
Veer Dam

backwaters S12

Nadwal Dahiwadi 225 X

Yeralawadi lake S18
Open well-1 S17
Open well-2 S19

Bore well S16

Wadjal Mann 225 X Open well S20

Kodoli Karad 557 588
Bore well S22

River Krishna S21

High Rainfall Zone

Akole Mulshi 1525 2094
River Mula P7

Community tap P8

Nane Maval 4364 X
Open well P9

River Indrayani P10

Utroli Bhor 988 1611
Open well P11
River Nira P12

Annual stream P13

Bhose Maha-baleshwar 5405 6350
Bore well S13
Open well S14

Annual spring S15

Malharpeth Patan 1509 1714
Hand pump S23
River Koyna S24

$ Historic rainfall data from 1946to 2006 years. Data obtained from Indian Meteorological Department (IMD), Pune.
Key: X—Not available, P: Pune, S: Satara.
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Figure 1. Distribution of sampling villages with population across Pune and Satara districts.

2.2. Classification of Sampling Sites

The sampling sites were divided into: (1) Rivers which comprise of rivers, lakes, backwaters from
dams and; (2) Ground water was divided into two subgroups, namely, Open wells and Bore wells.
Open wells comprised of open-wells, underground seasonal and annual springs which have a small
opening above the surface from which water is collected, storage tanks into which water from open
wells is pumped. Bore wells included those with and without hand pumps fitted on top. Information
about selected water sources is included in Table 1.

2.3. Sampling

The samples were collected four times in a twelve-month period. Monsoon sampling was done
twice, during onset (June–July 2013) and end of monsoon (August, September 2013). Sampling was
also undertaken during December 2013 to January 2014 and April and May 2014.
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A total of 3700 mL of water was collected at each sampling in autoclavable polypropylene bottles.
Two bottles containing 125 mL each were used for physical and chemical analysis and dissolved
oxygen, 1000 mL for analysis of Total Suspended Solids (TSS) and 2000 mL for analysis of ammonia,
total phosphorus, calcium, and nitrate. Approximately 400 mL was collected in previously autoclaved
500 mL bottles for bacteriology and the bottles were immediately kept on ice and transported to
the laboratory on the same day, stored at 4 ◦C, and bacteriological analysis was undertaken on the
following day. To collect water from previously chlorinated sources, 300 µl of 3% Sodium thiosulphate
was added to the bottles before sterilization [28].

2.4. Physical and Chemical Analysis of Water

Basic physical and chemical analysis was performed in the field. The parameters measured were
temperature, pH, conductivity, total dissolved solids, and salinity. Previously calibrated probes for soil
and water analysis (kit from Zennith Engineers, India) were used as per manufacturer’s instructions.
To check residual chlorine, strips (HiMedia, Mumbai, India) were used. Turbidity was determined by
the Nephelometric method (IS3025: part 10).

Dissolved Oxygen (DO) was fixed on site using Winkler reagents and the values were later titrated
on the same day [29].

For the analysis of the remaining parameters the water samples were transported to Mumbai.
Total Suspended Solids (TSS) was determined by filtration and expressed as mg/L [30]. Ammonia
estimation was carried out using the phenol-hypochlorite method [31]. Estimation for nitrate, total
phosphorous, calcium, fluoride, and 2,4-Dichlorophenoxyacetic acid (2,4-D) contents was outsourced
to Microchem Silliker Laboratories. They used IS: 3025 methods for nitrate, calcium, and fluoride
estimation whereas for ammonia, total phosphorus, and 2,4-Dinhouse methods were used.

2.5. Water Analysis for Bacteriology

Faecal coliforms (FC) and intestinal enterococci (IE) were enumerated by membrane filtration of
100 mL, 10 mL, and 1 mL aliquots through cellulose acetate 0.22 µ filters. The filter papers were placed
face upward on (1) faecal coliforms (m-FC) agar and incubated at 44.5 ◦C for 24 h in case of FC and
observed for blue coloured colonies; (2) in the case of IE, the filter paper was placed on m-Enterococcus
agar and incubated at 37 ◦C for 24 h. The filter paper with countable and isolated pink colonies was
then transferred on to Bile Esculin Azide agar with the colony side facing up and further incubated
at 44.5 ◦C for 18 h. The filter paper was then checked for blackening around the colonies. The m-FC
or Bile Esculin Azide agar plate in which countable isolated colonies were observed was used for
enumeration and results expressed as Colony Forming Units (CFU) per 100 mL [32].

2.6. Bacteriological Data Analysis

The characterization of major drinking water sources like open wells and bore wells was done
with respect to FC based on previous WHO guidelines for drinking water where FC counts of 0, 1–10,
10–100, 100–1000, >1000 per 100 mL were correlated with no risk, low risk, intermediate risk, high
risk, and very high risk respectively [27]. Though intestinal enterococci are faecal indicator bacteria,
they are not used as indicator organisms for faecal contamination since they can multiply in water.
However, they were included in screening of water samples since various species of IE are naturally
resistant to the environmental stressors and chemicals to which FC are sensitive [33].

2.7. Calculation of Modified Water Quality Index (WQI)

Two different indices, namely, ‘modified WQI’ and ‘OIP’ were used. Modified WQI was used to
assess water quality of all types of water sources, and Overall Index of Pollution (OIP) was used for
rivers. To determine the degree to which water quality is affected by faecal bacteria, modified WQI
without FC and OIP with inclusion of FC were compared with each other in river water bodies.
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Water Quality Index (WQI) used in the present study was modified from the WQI used by
Marale et al. 2012 [1] and Akkaraboyina & Raju 2012 [19]. An index value was given for nine physical
and chemical parameters, where the lowest index value indicated good quality and the highest
indicated poor quality (Table 2). While assigning weights, the Bureau of Indian Standards [24]
permissible limits and the annual data set were considered. Some parameters have a greater influence
on water quality and this influence varies from type of source and geographical location. Bacteriology
was omitted from modified WQI and analyzed separately to check its impact on water quality.

The calculation of modified Water Quality Index (WQI) is as follows:
Physical and chemical parameters with standard values: The recommended drinking water values

from BIS were used to create the index values. The maximum concentration permissible for drinking
water as stated by BIS was given the index value 5, thus index values below 5 were interpreted as
acceptable and above 5 as unacceptable. The interval size was calculated by dividing this standard
value by 5 [34].

Analysis of physical and chemical parameters where standard values are not available: Parameters
which did not have optimum or recommended drinking water values according to BIS (conductivity,
salinity, total suspended solids) were split into 10 equal intervals between 0 and the highest measured
value. Where the data was not uniformly distributed and contained outliers with high values, the
average of the observed values including the outliers was calculated, doubled, and then divided by 10
for calculation of interval.

Dissolved oxygen (DO): A low index value represented good quality for all physical and chemical
parameters except DO wherein the reverse was true. Air and plant byproducts are the sources of
dissolved oxygen. These sources are directly linked to the open water bodies [29]. Hence dissolved
oxygen is considered only for rivers and open wells. The standard value for DO was 6ppm as per
Indian limit for class A sources, which are drinking water sources without conventional treatment [10].
An Index value 5 was assigned to 6ppm with intervals of 1.2. This was calculated by dividing the
standard value of 6 into 5 intervals.

pH: The optimal pH for drinking water ranges between 6.5 to 8.5 (BIS 10500 Desirable limit).
The value 7.5 which is average of 6.5 and 8.5 was considered as the best and given an index value of 1.
The pH range was split into two classes where acidic range was generated from 7.5 and below and
basic range was developed from 7.5 and above. The BIS drinking water range (6.5–8.5) differs from
7.5 by 1 pH unit, therefore the size of each interval in both groups was considered as 0.2 which was
obtained by dividing 1 pH unit by 5.

Assigning weights: Assigning weights to different parameters varied from place to place and it
is often defined by local water experts [30]. In the present study, a particular parameter which had a
greater impact on water quality was given a higher weightage based on the seasonal data set [35–37].
Additionally, seasonal data set and type of source, namely, rivers, open wells and borewells were also
considered while assigning weights (Table 3).

The Water Quality Index (WQI) for each sampling site was calculated by multiplying index value
(Table 2) with assigned weight (Table 3) and dividing by 9 (sum of weights as per Table 3).

Thus, a WQI was generated between 1 and 10 for each sampling site where WQI of 10 indicated
bad water quality, 5 indicated average or barely fulfilling the drinking water criteria, while values
below 5 indicated good water quality for the parameters included in the index.
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Table 2. Range and assigned index values for physical and chemical parameters used to calculate Water Quality Index (WQI) (modified from Akkaraboyina & Raju
2012 [19].

Measured Values Index Value (Q)

pH Towards
Alkaline Range

pH Towards
Acidic Range

Turbidity
(NTU) Salinity(ppt) Dissolved

Oxygen (ppm)

Total
Suspended

Solids (ppm)

Total
Phosphorus

(ppm)

Ammonia
(ppm)

Calcium
(ppm)

Nitrate
(ppm)

7.50–7.70 7.50–7.30 0–2 0.0–0.3 >10.8 0.0–5.1 0.0–8.0 0.0–0.3 0.0–15.0 0.0–9.0 1
7.70–7.90 7.30–7.10 2–4 0.3–0.6 9.6–10.8 5.1–10.2 8.0–16.0 0.3–0.6 15.0–30.0 9.0–18.0 2
7.90–8.10 7.10–6.90 4–6 0.6–0.8 8.4–9.6 10.2–15.3 16.0–24.0 0.6–0.9 30.0–45.0 18.0–27.0 3
8.10–8.30 6.90–6.70 6–8 0.8–1.1 7.2–8.4 15.3–20.4 24.0–32.0 0.9–1.2 45.0–60.0 27.0–36.0 4
8.30–8.50 6.70–6.50 8–10 1.1–1.4 6.0–7.2 20.4–25.5 32.0–40.0 1.2–1.5 60.0–75.0 36.0–45.0 5
8.50–8.70 6.50–6.30 10–12 1.4–1.7 4.8–6.0 25.5–30.6 40.0–48.0 1.5–1.8 75.0–90.0 45.0–54.0 6
8.70–8.90 6.30–6.10 12–14 1.7–2.0 3.6–4.8 30.6–35.7 48.0–56.0 1.8–2.1 90.0–105.0 54.0–63.0 7
8.90–9.10 6.10–5.90 14–16 2.0–2.3 2.4–3.6 35.7–40.8 56.0–64.0 2.1–2.4 105.0–120.0 63.0–72.0 8
9.10–9.30 5.90–5.70 16–18 2.3–2.5 1.2–2.4 40.8–45.9 64.0–70.0 2.4–2.7 120.0–135.0 72.0–81.0 9
9.30–9.50 5.70–5.50 18–20 2.5–2.8 0.0–1.2 45.9–51.0 70.0–80.0 2.7–3.0 135.0–150.0 81.0–90.0 10
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Table 3. Multiplication factor for assigned index values of physical and chemical parameters to calculate
WQI (modified from Akkaraboyina & Raju 2012 [19].

Parameter

Weight Assigned Based
on Its Influence on
Quality of Water for
Surface Water

Weight Assigned Based
on Its Influence on
Quality of Water for
Open Wells

Weight Assigned Based
on Its Influence on
Quality of Water for
Bore Wells

Turbidity 2 1 1

pH 1 2 1

Salinity 1 1 2

Dissolved
Oxygen 2 2 0

Total Suspended
Solids 1 1 0

Total Dissolved
Solids 0 1 2

Ammonia 1 0 0

Nitrate 0 0 1

Calcium 1 2 2

Sum weight 9 9 9

2.8. Calculation of Overall Index of Pollution (OIP)

Overall Index of Pollution (OIP): for rivers was calculated using turbidity, pH, TDS, oxygen
saturation, nitrate, and FC. Oxygen saturation was derived from dissolved oxygen, temperature, and
salinity. OPI used by Sargaonkar& Deshpande (2003) considered E coli count for calculation of OIP.
The Class index values were calculated using numerical equations [38]. The numerical estimate of
OIP corresponded to different levels of pollution, namely, 0–1, 1–2, 2–4, 4–8, 8–16 stand for excellent,
acceptable, slightly polluted, polluted, and heavily polluted water respectively [22].

3. Results and Discussion

3.1. Annual Rainfall and Classification of Sampling Sites

Table 1 summarizes the details of the 20 villages selected from Pune and Satara districts along
with the rainfall data for 2013 and the historic mean. In the absence of 2013 data, the recorded historic
mean rainfall was used as the criterion for classification. Whilst in most of the villages rainfall data
for 2013 was concordant with the historic mean, in Uttroli a discrepancy was observed wherein the
historic data classified it as low rainfall, though 2013 data indicated high rainfall. For the purpose of
this study Uttroli was placed in high rainfall zone based on the rainfall recorded in 2013 (1611 mm).

3.2. Assessment of Water Quality Based on Modified WQI and Bacteriology

While calculating the modified WQI, the2,4-D, fluoride levels, and total phosphorous were not
considered for calculation and are dealt with separately.

2,4-D: Herbicide 2,4-D is a carcinogenic chemical which poses health risks to humans if detected
above permissible levels [39]. It was not detected in any of the water samples though it is commonly
used by Indian farmers to control weeds. Permissible level for 2,4-D is <30 µg per litre of water
sample [39].

Fluoride: Fluoride levels were analyzed only in ground water sources in a single season. Only two
of the samples had values exceeding the permissible limit of 1.5 mg/L. The bore well P3 at Nangaon
and the open well P16 at Kolvihire showed fluoride levels of 1.6 mg/L and 1.8 mg/L respectively.



Environments 2018, 5, 61 10 of 20

Total Phosphorous: There is no permissible level for total phosphorus in BIS, WHO, and EU
standards. Combined organic and inorganic phosphorus together give total phosphorus. The values
for most sources were below detectable level (<0.05 mg/L). However, there were three exceptions.
In Malharpeth during the monsoon, 80 mg/mL and 11.2 mg/mL were detected in S23 (bore well)
and S24 (river Koyna) respectively. A similar scenario was observed in Uttroli during the monsoon
where values of 29mg/mL and 64mg/mL were obtained in river Nira P12 and the annual stream P13,
respectively, due to release of agricultural runoff from the surrounding fields. High values ranging
between 6.8–43 mg/mL was obtained in Khamgaontek throughout the year.

Though fluoride and total phosphorus were exempted from modified WQI they are nevertheless
important since regular consumption of the contaminated water is associated with health risks like
bone damage and teeth discoloration. This information was communicated to the affected communities
and possible solutions for alternative drinking water sources were discussed.

Total phosphorus can result in toxic algae blooms in surface water. Agricultural runoff, industrial
or domestic waste containing detergents, and livestock operations contribute towards phosphorus
contamination of water [25]. The probable reasons for high phosphorus content in the bore well (S23)
at Malharpeth could be percolation of phosphorus contaminated water from the river Koyna (S24),
which is in close proximity to the bore well, and from agricultural activity nearby. The use of fertilizers
such as urea and super phosphate in the large fields of sugarcane, rice, and wheat was common
in Malharpeth and the agricultural runoff from the fields would mix with river Koyna. Similarly,
in Uttroli the use of Di Ammonium Phosphate and Potassium phosphate was common, which was
reflected in higher concentration of phosphorus in the open well (P11). The discharge of Pune city
waste throughout the year into the river was probably responsible for higher concentrations of total
phosphorus in the river Mula-Mutha (P24) at Khamgaontek located downstream of Pune city.

Since chlorine was analyzed only for open wells it was not taken into consideration while
calculating WQI. Chlorination of wells was irregular and levels detected were as low as <5 ppm due to
the lag between chlorination and checking.

Rivers:
Rivers are prone to pollution, and tributaries carry contaminants to the major rivers. Various water

quality indices, namely, United States National Sanitation Foundation (USNSF) WQI, Bhargava WQI,
OIP, and Oregon WQI are used worldwide to express water quality of rivers [40]. These indices are
generated after weighing arithmetic average and modifying weighted sum. If there is great variability
among river samples, the weighted geometrical average has been used [40]. Our method of developing
modified WQI and OIP was similar to the structuring of these indices.

WQI and OIP has been used by researchers to check water quality status of rivers flowing in
different parts of India [41,42]. Similarly, Tyagi et al. (2013) used NSFWQI to record spatial and
temporal variations in the water quality of the river Khan and river Kshipra in Madhya Pradesh and
classified rivers into medium to bad water quality [41]. Shukla et al. (2017) [42] studied the health of
Upper Ganga river basin in three seasons using OIP. The water quality of river Ganga was found to be
degraded, with the status changing from acceptable to polluted [42].

The modified WQI of the sampling sites from low (9 sites) and high (4 sites) rainfall zone were
mainly within the acceptable limits and ranged from 0.56 to 6.26 annually. The water bodies in the low
rainfall region seemed to be marginally more polluted (Figure 2). Variations in water quality expression
due to inclusion or exclusion of bacteriology werestudied by comparing OIP with the modified WQI
of the river (Figure 2 and Tables 4 and 5) and separate bacteriological analysis of rivers (Figures 3
and 4). In Seasonal OIP (which includes bacteriology) 4 out of 10 rivers from the low rainfall zone were
classified as having acceptable water quality (Table 4), which contradicts the separate bacteriological
analysis (Figures 3 and 4). Additionally, during the onset of the monsoon as per OIP (Table 4), none of
the rivers in the high rainfall zone fell in the polluted or heavily polluted category despite a high
load of FC and IE (Figures 3 and 4) being present. Twenty nine percent of samples were polluted as
per OIP whereas only 10% of samples showed poor water quality as per the modified WQI (Table 5).



Environments 2018, 5, 61 11 of 20

Although modified WQI andOIP classified the majority of rivers into good or acceptablewater quality
criteria (Figure 2, Table 5), bacteriological water qualitywas very poor and these sources were not fit
for consumption in all seasons (Figures 3 and 4). This indicates that more weightage should be given
to faecal coliforms while calculating OIP so that the impact of bacteriologyis reflected in composite
water quality.

Recently Maharashtra Pollution Control Board has monitored water quality of Tapi, Godavari
and Krishna rivers in Maharashtra using WQI [43]. Maharashtra Pollution Control Board included
FC while calculating WQI and gave higher weightage to FC than to physicochemical parameters.
Maharashtra Pollution Control Board’s WQI was computed using the formula developed by NSF and
relative weights assigned by Central Pollution Control Board. According to Maharashtra Pollution
Control Board’s WQI, values above fifty indicated medium to good water quality whereas below 50
indicated bad to very bad water quality. The basins of the Tapi and Godavari rivers have recorded a
declining trend in their annual average WQI, while the Krishna basin showed an increasing trend for
its WQI [43].

The seasonal trends in both low and high rainfall zones for FC and IE (Figures 3 and 4) counts
varied though both were highest during the onset of the monsoon and least during pre-monsoon.
Veer dam back waters (S12) at Shirwal showed increased FC and IE counts mainly during the monsoon
and not during other seasons (Figures 3 and 4). Shirval is a newly developed urban area in Satara and
during the monsoon urban surface runoff could be mixing with dam back waters.

Visual observations suggested that the major causes for contamination was anthropogenic
activities (washing, bathing) and the dumping of industrial and/or village waste into the rivers.
The high counts of FC and IE in rivers during the onset of the monsoon was probably due to the initial
flushing of sewage/faecal material into rivers from the surrounding villages. However, by the end
of the monsoon there was a dilution effect which reduced the FC and IE counts. Sampling sites P23,
S21, and P7 showed heavy FC and IE levels in all seasons (Figures 3 and 4). P23 in Khamgaontek and
S21 in Kodoli were immediately downstream of major cities Pune and Karad respectively and hence
constantly received city waste which was reflected in high bacterial counts. Though P7 in Aakole is
situated upstream, extensive agriculture, human, and animal activity was found nearby—possibly
contributing to the high bacterial load observed (Figures 3 and 4).

In the present study, water quality of the river Krishna and the river Bhima were categorized
as ‘polluted’ during monsoon and ‘acceptable’ during post-monsoon and pre-monsoon as per OIP
(Tables 4 and 5). The load of faecal coliforms in the river Bhima at Nangaon ranged from 0 to
800 CFU/100 mL, whereas in the river Krishna at Kodoliit ranged from 0 to 1800 CFU/100 mL over a
period of one year. Similar observations were also recorded by Maharashtra Pollution Control Boardin
2015–16. During analysis, MPCBdivided Krishna river basin into 2 sub-basins: (a) Bhima upper
and (b) Krishna Upper. Faecal coliforms in the Bhima upper basin ranged from 0–500 CFU/100 mL,
whereas in the Krishna upper basin it ranged from 0 to 550 CFU/100 mL [43]. The loads of FC recorded
by Maharashtra Pollution Control Board in the Bhima and Krishna basins were found to be lower than
the load obtained in the present study. This may be due to different sampling stations selected for
water sampling in both the studies.
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Table 4. Seasonal Overall Pollution Index (OIP) of rivers.

Range Rainfall Zone
(No. of Samples) Classification

No. of Samples

Onset of Monsoon End of Monsoon Post-Monsoon Pre-Monsoon

0–1 Low rainfall zone (n = 9) Excellent 0 1 0 2
1–2 Acceptable 4 5 9 5
2–4 Slightly polluted 1 3 0 2
4–8 Polluted 4 0 0 0
8–16 Heavily polluted 0 0 0 0

0–1 High rainfall zone (n = 4) Excellent 0 0 1 0
1–2 Acceptable 2 2 3 3
2–4 Slightly polluted 2 2 0 1
4–8 Polluted 0 0 0 0
8–16 Heavily polluted 0 0 0 0



Environments 2018, 5, 61 14 of 20

Table 5. Comparison of WQI and OIP for rivers.

Village
Site Code Seasonal WQI Values Seasonal OIP Values

A B C D A B C D

Low rainfall zone

Nangaon P1 4.61 6.26 2.76 5.19 1.73 1.56 1.10 1.74
Kalthan P20 4.56 3.06 2.60 5.57 4.36 0.79 1.81 3.66

Khamgaontek P23 2.72 4.95 2.96 5.48 4.22 1.90 1.32 1.85
Tulapur P25 3.75 3.03 2.03 3.67 1.71 2.16 1.25 1.48

Balupatlachiwadi S6 4.73 2.19 2.14 4.41 4.60 1.60 1.39 1.99
Mahuli S9 4.60 1.14 3.41 3.38 1.23 3.72 1.05 0.91
Shirwal S12 2.53 2.99 1.69 3.11 1.63 1.35 1.22 0.77
Nadwal S18 5.64 3.59 1.87 3.62 2.29 1.54 1.12 2.04
Kodoli S21 5.43 3.81 2.71 3.85 5.73 1.62 1.41 1.43

High rainfall zone

Aakole P7 4.14 4.64 1.81 2.05 2.05 2.06 1.43 1.32
Nane P10 4.50 2.55 1.85 2.43 2.43 1.69 1.19 1.50

Uttroli P12 1.70 1.64 0.56 1.65 1.65 3.67 0.85 1.49
Malharpeth S24 3.62 2.48 2.25 2.78 2.78 1.67 1.94 1.94

Key: A: Onset of monsoon B: End of monsoon C: Post-monsoon D: Pre-monsoon.

(1) Major drinking water sources
Open wells: The WQI values did not vary significantly with season in either low or high rainfall

zones. Overall, open wells had WQI values less than 5 indicating good water quality in terms of
physical and chemical analysis (Figure 5).

Open wells from low rainfall zones were found to be contaminated throughout the year (Figures 6
and 7). Heavy FC and IE load was observed in high rainfall zones during monsoon. The field
observations suggested that there were mainly three routes for contamination: (1) mixing of runoff
with well water during monsoon; (2) the water from the area around the wells seeps into the well
water; and (3) the lack of hygienic practices while collecting water. The traditional and old construction
style of open wells, namely, the rim of open wells being at ground level, absence of cement concrete
parapet around the well, no proper covering of the well were responsible for the mixing of run-off
and seepage into the well water. In Kolvihire, P15 was the only source of drinking water but this well
had an opening at ground level and it was dug in an area surrounded by human dwellings, the gram
panchayat office, and a school. In Mahuli, though S10 had a surrounding wall 2–3 m above the ground,
bacterial contamination was observed during end of monsoon. S10 is located close to the river Venna
(S9) and during end of monsoon due to the flood like situation the well was submerged which explains
the heavy load of FC and IE counts. A peak in bacterial counts was obtained during end of monsoon
in S10 of Mahuli village. S14 of village Bhose from high rainfall zone was found to be a good drinking
water quality source most of the year except onset of monsoon (Figures 6 and 7). In Bhose the well
(S14) was covered with iron net and water was pumped into a storage tank before further supply to
households which explained the good quality of water except during the monsoon when the absence
of a surrounding wall which resulted in the runoff mixing with well water during the monsoon.

According to WHO standards, the drinking water quality of open wells from low rainfall zone
were in the ‘intermediate risk’ (10–100 CFU/100 mL) category during post-monsoon and pre-monsoon.
In comparison open well situated in high rainfall zone were in the ‘low risk’ (1–10 CFU/100 m)
category in all seasons except end of monsoon (Figure 6).

Bore wells: The seasonal water quality in bore wells was generally good as reflected in the WQI
values of <5 (Figure 5). WQI value ranged from 0.8 to 2.3 in high and 2.28 to 5.48 in low rainfall zones.
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Bacteriologically the bore wells were categorized as ‘low risk’ as per WHO standards (Figure 8).
Overall, IE was higher than the FC load (Figures 8 and 9) during pre-monsoon. The pre-monsoon is a
dry and hot period. Water puddles form in the area surrounding water sources so domestic animals
normally visit these sites and may defecate around the sources leading to higher bacterial counts
especially IE during pre-monsoon in ground water sources.

Our findings revealed that the low values of modified WQI indicate less chemical contamination
of ground water and surrounding soil table due to agricultural and man-made activities was low.
However, it needs to be reiterated that the modified WQI as calculated in the present study does not
measure faecal contamination. Calculation of OIP with inclusion of bacteriology is not suitable for the
water quality study in rural Pune and Satara districts because bacteriology has great impact on water
quality and OIP has reduced its impact.

Overall, it was observed that the bacteriological load was highest during the onset of monsoon
since faecal matter around the water sources is flushed into the water sources. At the end of the
monsoon there is a dilution effect, so the concentration as expected was lower. During post-monsoon
and pre-monsoon, the load of FC was lower than during the monsoon since less faecal matter seeped
into the water sources. Compared to post-monsoon, the IE load was marginally higher during the
pre-monsoon, possibly due to the greater ability of IE to tolerate heterothermic environment. Various
species in IE groups are naturally resistant to environmental stressors, namely, temperature and
antibiotic such as vancomycin [37]. Water samples mainly from low rainfall zones had unacceptable
levels of FC and IE, thereby heightening the risk of gastrointestinal disorders, namely, diarrhoea.

High IE count was observed in S22 Kodoli mainly during the monsoon (Figure 9). The possible
reason behind this could be the cattle shed in the vicinity of S22. However, S23 in Malharpeth,
showed IE counts in all seasons and FC count during the onset of the monsoon and pre-monsoon.
Visual observations suggested that the open conduit for sewage could be responsible for the seepage
of FC and IE into the bore well S23 in Malharpeth (Figures 8 and 9). Seasonal analysis of WQI for
major drinking water sources classified in low and high rainfall zones.

WQI has been used as a tool to express water quality of major drinking water sources
worldwide [44,45]. In the present study WQI showed good water quality of major drinking water
sources based on physico-chemical properties whilst presence of FC made those sources unsuitable
for consumption. Similar findings were observed in the study carried out by Adetunde et al. (2011)
andRao et al. (2013) [44,45]. Adetunde et al. (2011) investigated water quality of open wells in two
local government areas of Oyo State, Nigeria [44]. The physical and chemical parameters were within
the permissible limits as per WHO guidelines, whereas the bacteriological quality of the samples in
both areas was poor rendering them unsuitable for drinking without treatment due to the presence
of faecal coliforms [44]. Rao et al. (2013) used WQI for the assessment of ground water quality in
Meghadrigedda watershed, Andhra Pradesh, India [45]. The study incorporated 48 ground water
sources with 34 bore wells and 14 open wells. Forty three percent of the sources showed good water
quality in terms of physical and chemical properties [45].

Recently, ground water sources in Maharashtra were monitored by MPCB [43]. MPCB incorporated
physical, chemical, and bacteriological properties to express WQI. According to MPCB findings,
groundwater was mostly found to be polluted near the urbanized and industrialized areas of Pune,
Mumbai, Thane, Chandrapur, and Solapur which were lying in low rainfall area [43]. This corroborated
our findings of more polluted ground water bodies from Pune and Satara districts falling in drought
prone area.
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4. Conclusions

Aforementioned analysis highlights that the load of faecal bacteria was high during the monsoon
in low rainfall zones, especially in rivers. Gradation in water quality was represented through modified
WQI and OIP. In the current study, modified WQI and OIP were designed to measure water quality
in a simple, reproducible way and communicate it with policy makers and concerned villagers.
The findings of the study highlighted that water quality indices like OIP and WQI are not sufficient to
draw conclusionsbased on which a plan to improve rural water quality of different water bodiescan
be made. However, WQI or OIP can give relative information about the impact of seasonal change,
anthropogenic, industrial, and agricultural activities on water quality.

Although modified WQI and OIP claimed the majority of rivers had good water quality,
the presence of FC and IE made it unacceptable for consumption. In the present study, OIP minimized
the impact of FC though it is incorporated in the calculation of the index value. Therefore, it is critical
to assign appropriate weightage to FC in OIP and different WQIs to reflectthe role of bacteriology in
water quality.

Based on the investigation of seasonal water quality of different water sources from Pune and
Satara districts, it was concluded that drinking water sources need to be routinely treated and
monitored to eliminate the possible threats to both human and animal health.
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Since open wells are prone to contamination, preventive measures to control pollution should be
undertaken such as construction of proper fencing, use of a common protected bucket for fetching
water, regular chlorination, and periodic desilting. Movement of animals and children should be
restricted around any drinking water source. Above all, educating communities on hygiene and
sanitation practices must be initiated by local Gram Panchayats or other authorities.

To protect the rivers, various measures need to be undertaken, such as proper treatment of
urban and rural sewage before discharging it into them. Additionally, untreated effluent should
not be released into those stretches of river where water level has already dropped in summer.
The anthropogenic contribution can be minimized by creating awareness of consequences of depleting
water sources and deteriorating water quality. People should be encouraged to participate in activities
related to maintenance of water bodies.
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