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Abstract

Water is the backbone of all life forms on earth. Water is an essentially important material on earth to both natural
ecosystem and human development and for human use. Because of its clear importance, water is the most studied
material on earth. Present study deals with physio-chemical analysis of industrial effluent collected from the Ahmedabad
mega pipe line. Mega pipeline receives treated effluent of industrial cluster Vatva, Naroda, Odhav and Narol. Mega
Pipeline from Naroda to Pirana has carrying capacity of 90 million litre per day (MLD). It is an outlet of Central Effluent
Treatment Plant (CETP). Treated effluent is released into Sabarmati River. The study also documents total dissolved
solids, calcium hardness, magnesium and Chemical Oxygen Demand exceeding permissible limits.
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Introduction

Water is an essential abiotic component for life forms. Sustainability
of an ecosystem depends upon water. Water resources are of critical
importance to both natural ecosystem and human development and for
human use. Good quality of water resources depends on a large number
of physicochemical parameters and biological characteristics. Rivers
are a rich source of water supply for irrigation, drinking, hydroelectric
power generation and fish culture. The water of the reservoir should
fulfill the quality required for human use as well as for the sustainability
of the ecology. Ecosystem services supply is their capacity to provide
this specific service within a given time period. This supply is linked
to the rate of generation of the ecosystem, which is determinate by
environmental resources and human contributions interfere with
ecosystem services [1].

Industrialization is considered the cornerstone of development
strategies due to its significant contribution to the economic growth and
human welfare, but it carries inevitable costs and problems in terms of
pollution of the air and water resources. Specially waterbodies are getting
polluted due to effluent discharge [2]. Effluents are primary threats to the
native biodiversity in fresh waters [3-5]. Industrial effluents are threats
to the river system and hydrology of the ecosystem. Effluent discharge
leads to changes in community structure and community composition.
Many times these effluents are composed of heavy metals which may
further lead to bioaccumulation issue [6]. Effluents discharged in
waterbodies changes the nutrient composition which has harmful effect
on aquatic life [7]. Variations of water quality is an indicators which
helps to evaluate the influence of urban land use activities [8]. Rivers
are traditional as water resource, they do provide habitat for flora and
fauna. River flow affects population and community of both flora and
fauna [9]. Effulents cause bioaccumulation [10]. Effluent exceeding
permissible limits do harm flora and fauna componants.

Present study shows water status of treated effluent released by
megapipe line. The treated effluent is released into the river, which is
used for agriculture and other purpose.

Materials and Methods

Study area
Ahmedabad Mega pipeline is situated at 22°5853.42" N and

72°32'33.71" E near Gyaspur Village. Mega pipeline is 27 kms long and
receives treated effluent of industrial cluster Vatva, Naroda, Odhav and
Narol. Mega Pipeline from Naroda to Pirana has carrying capacity of 90
MLD. It is an outlet of Central Effluent Treatment Plant (CETP). Earlier
there was a direct discharge of effluent by industrial units into Khari cut
canal. But there is no direct discharge of effluent into Khari cut canal
after High Court directives and subsequent vigilante actions by GPCB.
Individual industrial units have provided Primary effluent treatment
plants. Treated wastewater is discharged into CETP. The treated effluent
from CETPs is discharged into Mega pipeline (Figures 1 and 2) [11].

Sampling

Water sample has been collected from outlet of pipe. Initially the
prewashed bottles were rinsed with sample water. The closed bottle
was dipped at the depth of 0.5 to 0.7 m. and then a bottle was opened
inside and was folded again to take it out at the open. The samples were
gathered up from five different points and were amalgamated together
to make an integrated sample.

Physiochemical analysis

Temperature, pH, electrical conductivity, turbidity, salinity,
total dissolved solids, chloride, total hardness, calcium hardness,
magnesium, alkalinity, acidity, dissolved oxygen, nitrate, sodium,
phosphate, biological oxygen demand, chemical oxygen demand has
been assessed for physiochemical analysis of water. Standard Methods
for the Examination of Water and Wastewater (Standard Methods), 19®
edition, APHA, AWWA, WEF, 1995 were used for analysis of water
samples. Results are compared with standards given by the Central
Pollution Control Board.
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Figure 2: Effluent discharge at mega pipeline.

Results and Discussion
Temperature

Temperature plays an important role in controlling other physico-
chemical and biological parameters of water. It plays an essential role
in water quality and also influences the aquatic enviornment [12]. As
water temperature rises, the rate of photosynthesis increases, providing
there adequate amounts of nutrients [13]. It affects production rate and
growth rate of various aquatic bacteria and production of algal biomass
in fresh water as well as marine water [14]. Water temperature should
be accounted for when determining; metabolic rates and photosynthesis
production, compound toxicity, dissolved oxygen and other dissolved
gas concentrations, conductivity and salinity, oxidation reduction
potential (ORP), pH, water density [15].

In present study temperature of treated effluent was 21.6°C. Standard
permissible limit of effluent temperature is 45°C. Thus, temperature is
within permissible limit which is ideal for aquatic ecosystem (Figure 3).

pH

pH is the scale of intensity of acidity and alkalinity of water. It
measures the concentration of hydrogen ions. pH determines life of
aquatic plant and organism living inside water. They are affected by
pH because most of their metabolic activities are pH dependent [16].
pH can also affect the solubility and toxicity of chemicals and heavy
metals in the water. Even minor pH changes can have long-term effects.
pH of treted effluent was 6.14 which was more than permissible limit
of industrial effluents. Optimal pH range for sustainable aquatic life is
pH 6.5-8.2 [17]. pH of effluents was less than optimal pH range which
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can be harmful for aquatic flora and fauna where effluents are released
(Figure 4).

Electrical conductivity

Electrical conductivity is a measurement of the ability of an
aqueous solution to carry an electrical current. This ability is directly
related to the concentration of ions in the water. Electrical conductivity
of water is a useful and easy indicator of its salinity or total salt content.
Wastewater effluents often contain high amounts of dissolved salts
from domestic sewage and industrial waste [18]. EC in effluent was 2.6
uS. Higher EC value can have adverse effect on aquatic environment.

Turbidity

Turbidity is a measure of cloudiness and haziness due to suspended
solids which are invisible with naked eyes. High concentrations of
particulate matter affect light penetration and productivity, recreational
values, and habitat quality [19]. Particles also provide attachment
places for other pollutants, notably metals and bacteria. For this reason,
turbidity readings can be used as an indicator of potential pollution in
awater body [20] (Figure 5). Treated effluent was semitransparent with
21.3 NTU turbidity. It was under permissible limit. Turbidity shows
pollution and accumulation of particles at some what extent (Table 1).

Salinity

Salinity is the measure of all the salts dissolved in water. Salinity
determine nature and composition of aquatic ecosystem. Some
organism adapted to low saline water, whereas some are holophytic in
nature [21]. Salinity of effluent was 204 mg/L.

Total dissolved solids

Total dissolved solid (TDS) is a measurement of inorganic salts,
organic matter and other dissolved materials in the water [22]. Total
dissolved solids cause toxicity through increases in salinity, changes
in the ionic composition of the water and toxicity of individual ions.
Total dissolved solids are an extremely important cause of water quality
deterioration leading to aesthetic issues, a decline in the fisheries
resource, and serious ecological degradation of aquatic environments
[23]. Total dissolved solids of effluents were 2347.23 mg/L. TDS were
above the permissible limit which is 2100 mg/L. Higher level of TDS
decrease light penetration in water which leads to low productivity of

S. No. Parameters
1 Temperature (°C)
2 pH
3 EC (uS)
4 Turbidity (NTU)
5 Salinity (mg/L)
6 TDS (mg/L)
7 Chloride (mg/L)
8 Total hardness (mg/L)
9 Calcium hardness (mg/L)
10 Magnesium (mg/L)
11 Alkalinity (mg/L)
12 DO (mg/L)
13 Nitrate (mg/L)
14 Sodium (mg/L)
15 Phosphate (mg/L)
16 BOD (mg/L)
17 COD (mg/L)

Average with standard error value

ecosystem (Figure 6) [19].
Chloride

Chloride content in water plays a vital role in water quality as the
accumulation and persistence of chloride poses a risk to the water
quality and the plants, animals, and humans who depend upon it [24].
Chloride in surface waters can be toxic to many forms of aquatic life
[25]. Chloride concentration in effluent was 487.94 mg/L (Figure 7).

Total hardness

Total hardness of water is not a specific constituent but is a variable
and complex mixture of cations and anions. In water, the principle
hardness causing ions are calcium and magnesium. Thus, Water
hardness is the amount of dissolved calcium and magnesium in the
water. Hard water is high in dissolved minerals, both calcium and
magnesium [26]. Total hardness of effluent was 599.32 mg/L. Total
hardness, especially Ca** hardness, is a well-known modifying factor
of toxicity of heavy metals and other chemicals. High level of water
hardness cause toxic effects on fish and shrimp populations. It affects
hatching, egg size, larval survival, mortality rate, etc. [27]. High levels
of waterborne Mg** or Ca?* can lead to hypocalcemia or hypercalcemia,
respectively [28].

Calcium hardness

Calcium hardness shows calcium content in water. Calcium
content directly affects total hardness of water. Calcium hardness of
collected effluent was 127.84 mg/L which was above permissible limit.
High calcium level in water often leads to hypercalcemia in aquatic
organisms (Figure 8) [28].

Magnesium

Magnesium is often associated with calcium in all kinds of waters,
but its concentration remains generally lower than the calcium.
Magnesium is essential for chlorophyll growth and it also acts as a
limiting factor for the growth of phytoplankton [29]. Magnesium level
in water also affects aquatic fauna like fish, shrimps etc. by contributing
in total hardness [27]. Magnesium in collected effluent was 144.55
mg/L. It was above permissible limit which is 100 mg/L. Here in this
case magnesium content in water is higher than calcium which is
unusual (Figure 9).

Standard permissible limit of industrial effluent

21.6 £0.3333 45
6.14 £0.0120 55-9
2.06 £ 0.0066 _
21.3+0.1763 300
2.4 +0.0333 —
2347.23 £0.1189 2100
487.94 + 0.0305 1000
599.32 +0.0185 _
127.84 £ 0.0057 100
144.55 £ 0.0057 100
815.33 + 0.2848 _
2563.17 £ 0.0185 —
30.09 + 0.0480 _
406.03 £ 0.0317 _
2.66 £ 0.1452 5
268.05 + 0.0348 350
1595.71 £ 0.3609 100

Table 1: Average with standard error values of physicochemical parameters.
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Temperature pH
pH Lower Uper
- permissiblepermissible
limit limit
Temperature Permissible limit
Figure 3: Temperature. Figure 4: pH.

Turbidity (NTU) TDS (mg/L)

2 3
s
Turbidity Permissible limit TDS Permissible limits
Figure 5: Turbidity. Figure 6: Total dissolved Solid.

Chloride (mg/L) Ca Hardness (mg/L)

1 4
4 4

Chloride Permissible limit Calcium Hardness Permissible limit

Figure 7: Chloride. Figure 8: Calcium Hardness.
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Alkalinity

Alkalinity is a measure of capacity of water to neutralize a strong
acid [30]. Alkalinity of water is directly related to pH. Thus, minor
variation in alkalinity leads to changes in pH causes diverse effect on
aquatic flora and fauna leading. Alkalinity of effluent was 815.33 mg/L.

Dissolved oxygen

Measurement of dissolved oxygen is a primary parameter in all
pollution studies. Dissolved oxygen refers to the level of free, non-
compound oxygen present in water or other liquids. It is an important
parameter in assessing water quality because of its influence on the
organisms living within a body of water [31]. A dissolved oxygen
level that is too high or too low can harm aquatic life and affect water
quality. When the DO drops below a certain level, the life forms in that
water are unable to continue at a normal rate [32]. DO is related to
temperature, as temperature rises DO is decreases or vice-versa [15].
High COD levels decrease the amount of dissolved oxygen available for
aquatic organisms [33]. Here dissolved oxygen level was 2563.17 mg/L.

Nitrate

Nitrate in surface water is an important factor for water quality
assessment [34]. Industrial effluents contains high amount of nitrate.
Nitrate content recorded was 30.09 mg/L.

Sodium

Sodium in water plays important role in water quality as sodium
along with chloride creates higher water density [35]. Sodium content
in effluent was 406.03 mg/L.

Phosphate

Phosphate is a generic term for the oxy-anions of phosphorus.
Enrichment of water with orgnic phosphates and nitrate results in an
excessive growth of plants and other micro-organisms [29]. Phosphate
found in effluent was 2.66 mg/L (Figure 10).

Biological oxygen demand

Biolgical Oxygen Demand test is the most widely used parameter of

Magnesium (mg/L)

Permissible limit

Magnesium

Phosphate (mg/L)

Phosphate Permissible limit

Figure 9: Magnesium.

Figure 10: Phosphate.

BOD (mg/L)

BOD

Permissible limit

COD (mg/L)

100
Permissible limit

coD

Figure 11: Biological Oxygen Demand.

Figure 12: Chemical Oxygen Demand.
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water analysis. The BOD is may be defined as the oxygen required for
the microorganism to carry out biological decomposition of dissolved
solids or organic matter in the wastewater under aerobic conditions
at standard. Therefore, with increase in the amount of organic matter
in the water the BOD increases. BOD is one of the most common
measures of pollutant organic material in water [29]. BOD of collected
effluent recorded 268.05 mg/L. it is within permissible limit which is
350 mg/L. It indicated low amount of organic matter in effluent (Figure
11).

Chemical oxygen demand

Chemical Oxygen Demand determine available dissolved oxygen
in water. High COD levels decrease the amount of dissolved oxygen
available for aquatic organisms [32]. COD of collected effluent found
very high which was 1595.71 mg/L. It is above permissible limit.
Permissible limit of COD is 100 mg/L. High level of COD indicates
low amount of dissolved oxygen available which has adverse effect on
aquatic flora and fauna (Figure 12) [36].

Conclusion

Physiochemical analysis of water quality in treated industrial
effluent collected from Ahmedabad mega pipeline were invesitigated.
The present study reveals that total dissolved solids, calcium hardness,
magnesium and chemical oxygen demand is above permissible limit
given by Gujarat Pollution Control Board and Central Pollution Control
Board which may be harmful to the ecosystem. This treated effluents
released directly into the Sabarmati River which may drastically affect
aquatic organism growth in the river. There is an urgent requirement
of planning by the civic body to combat the pollution rate in River.
This initiative will help in sustaining the ecology and aquatic life in the
Sabarmati River.
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