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Abstract

Water quality is of vital concern, directly links with human health. Increased human
population on this planet requires various industries to fulfil their need, which causes
huge amount of by-products. Industrial waste disposal method is one of the major
routes of polluting the various water bodies because of disturbing the physico-
chemical and microbial parameters of potable water. In order to balance the socio-
economic development and its impact on environment, the analysis of effluents of
industriesbefore and after treatment as well as surrounding water bodies are required
to be monitored. For the same, the Parichha Thermal Power Plant (PTPP) effluents
and the surrounding water are analysed for the various physico-chemical parameters
as well as micro, rare earthand radioactive elements byusing ICP-MS, UV-vis
spectrophotometry and FAAS. The results obtained of these samples have been
compared with the WHO standards to specify the quality of water. Among the total 37
detected elements, some elements are found in soluble form in all samples within
limit. Besides this, toxic elements and radioactive elements, U and Th are absent in all
samples. This study concluded that the potable water around thePTPP is safe from
harmful effects with satisfactory physico-chemical and biochemical framework.

Key words-Fly ash effluent, Ash-slurry water, Rare earth element, Physico-chemical
parameters, [CP-MS.

1.Introduction

Water is a ubiquitous substance essential for
all living organisms. It is the most
abundantly present material on earth which
provides a medium for life. This “Adam’s
ale” is required in almost every sphere of
man’s activity, directly or indirectly. Water
pollution may be referred to as a state of
deviation from the pure form with its normal
function, if there is a deflection of water
quality index[ 1,2]. It may get polluted due to
conducted[4-7]. Management of fly ash is
problematic when its generation has

the introduction of outer source like fly ash
(solid waste) and industrial effluent (liquid
waste). Fly ash is a by-product of
combustion of coal in thermal power plants.
For the purpose of generating electricity, the
PTPP wuses bituminous coal, which is
obtained from the Bharat Coalfield
Company Ltd. and the Northern Coalfield
Ltd. It contains Fe,Os;, ALO;, and
SiOs[3].Several studies on fly ash from
various thermal power stations have been
increased from 40 in 1994-95 to 112 million
tonnes in 2004-05 and it will be more than
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150 million tonnes per year in coming years,
in India[l1].Its disposal practice has
increased several environmental problems
due to leachate of dissolved constituents of
fly ash(Fig.1).Some of which are radioactive
and causes radiological health hazards more
than causing nuclear waste[2,8-10]. Lithium
is an essential trace element. A Japanese
study suggests its intake increases human
life span[4]. Sr is chemically similar to Ca.
Its presence in bones steers to disorder the
blood cell formation and responsible for
anaemia. The ’Cs isotope of caesium is
major responsible for radioactive
pollution[4]. Haematological damage and
interference with heme synthesis are the
biochemical effects of Pb in living
organisms| 1, 8]. Organic compounds of Hg,
(methyl mercury and dimethyl mercury) are
extremely toxic which can cause liver
damage as well as cancer[1,11]. In this
research study surrounding water quality of
the PTPP is subjected to judge for its impact
due to fly ash wet disposal method. Here for
the first time the water chemical content is
quantified in terms of unconventional
elements like La, Ce, Pr, Nd, Sm, Eu, Gd,
Dy, Tm, Yb, Lu and two elements of
actinides series Th and U, along with those
parameters  which  influence  aquatic
chemistry.

2. Experimental and Method

2.1 Study area

Parichha Thermal Power Plant (PTPP) is
situated on NH-25 on the northern bank of
Betwa River in Jhansi. Jhansi district is
situated 24’ 117 N to 25° 57 N latitude and
78> 10” E to 79° 23”E longitude in the semi-
arid region of the country.

L L
23" Vit U SONRD.

Fig. 1 Ash slurry

2.2 Sampling

In order to analyze the physico-chemical
properties and elemental concentrations, a
total of four samples have been collected in
triplicate in July 2018 in as following
manners-

(a) Control water sample collected from
Betwa River (S-1).

(b) Ash-slurry water sample (S-2).

(c) Treated effluents before disposal in
river ((S-3).

(d) Ground water near PTPP Jhansi
ccollected from hand pump (S-4).

2.3 Methodology

pH measurement has been performed by
Elico pH meter. Electric conductivity (EC)
and total dissolved solid (TDS) content have
been measured by Systronics Conductivity
and TDS meter model no. 302, respectively.
Acidity, alkalinity, hardness, dissolve
oxygen (DO) content, biological oxygen
demand (BOD)[12] and calcium content
have been measured titrametrically[13].
Boron is measured by UV-visible
spectrophotometer[14]. Fe has been
measured by AAS model no. 2022[15. The
rest of the elements have been detected by
ICP-MS model no. 0a-TOFMS 8000R[16].
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3. Results and Discussion

Physico-chemical parameters of all four
samples (Table 1) have been recorded
between21-24°C temperatures. Temperature
of potable water has an influence on its taste
and it is also important for calculating the
solubility of CO, and O,, carbonate and
bicarbonate equilibrium[13]. Temperature
limits the saturation ranges of solids and
gasses dissolved in it[14]. S-1 and S-4 are
found in normal odour due to their potable
quality while S-2 and S-3  smell
unpleasantly. Here pH of all samples is
found more than 7.5 except control water.
Itshigher range is measured in S-2 collected
from ash-slurry. It is indicating that the fly
ash is responsible for alkaline nature of S-
2.pH affects the chemical form and impacts
of many chemical substances in water.
Coagulation and flocculation, important
mechanism used for purification of waste
water, depends on pH, besides this, the size
of coagulated particles and density of
flocculent ultimately affect the rate of
settling out[17]. EC have been observed
between 0.35- 0.48 Siemens. The presence
of metal ions in water is responsible for
conductivity. TDS which indicates the
amount of dissolved metal, salts and
minerals in water, has been found to be in
highest concentration in S-2 go to with
correlation that higher alkalinity, higher
pH[17]. Turbidity is higher in S-2 after
treatment, which is decreases in S-3. Higher
range of alkalinity is noticed in S-2. Some
inorganic pollutants like As, Cd, NOj3", POy,
fertilizers and heavy metal may also be
responsible for increasing alkalinity of
water. Hardness range in all samples is
noticed under the standard range. Ca is
found in decreasing order from S-1 to S-3. It
is an important nutrient and is found within
the standard range of potable water. DO and
BOD are important biological parameters of
water, which are also responsible for
changing the composition and quality of
water[ 18].Both of them are found in suitable
range. Fe is measured by AAS techniques,

which rely upon an atomic absorption
process. Lower concentration of Fe is
determined in S-1, 3 and 4 while S-2 is
revealing its higher range. In our previous
study, the Xrd results also deduced the
presence of Femineral phases in fly ash
which may be responsible for this higher
range[5].Boron is used as micronutrient, for
plant growth and its mobility in water is
greatest at pH more than 7.5. Previous
studies reveal presence of boron salts in fly
ash but in this study, a minute amount of
soluble boron is detected[12,19]. Arsenic
content is present in S-2 and S-3 and similar
findings of arsenic in ash slurry water were
reported in previous studies as well[6,
20,21].

A total of 37 elements, including rare earth
elements are analysed through ICP-MS
(Table 2, Fig. 2). Trace of Li in ground
water suggests its suitability against suicidal
effects and mood disorder[4]. Mg
concentration is exceeding the WHO
standard value, but the hardness of water is
acceptable and might be compensated by
calcium content.Cs is completely absent in
all samples. Barium is not an essential
nutrient. All soluble salts of Ba are
considered toxic but in this study, its
concentration is below the toxic level. Ga is
observed only in S-2. Ge and Pb are found
to be absent in all samples. Ti and V both
are found in all samples with their top range
in S-2. Humans can ingest 0.8 mg/day of
titanium[22] while intake of 1.8 mg/day of
V is not harmful for human, animal and
plants[23]. Traces of Ni are present in S-1,
S-2 and S-3 while it is absent in S-4.1.0
mg/day of Ni is safe for human beings while
more than it may cause carcinogenicity and
toxicity[7]. None of the studied Lanthanides
are present in none of the samples[3].Ce
(IV) and Ga (III) are present only in S-2 but
their absence in other samples might be
because of a capability of forming polymeric
species with OH™ and finally precipitate[17].
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Table 1. Physico-chemical properties of water sample

S-1 (Control S-2 S-3 S-4 WHO WHO
water) (Ash slurry water) (Treated (Ground water) Standard range Standard
effluents) for potable range for
water waste
[24] water [25]
Temperature 224 24.2 23.5 21.0 20-25
Colour Colourless Greyish Greyish white colourless Colourless
Odour Normal Unpleasant Unpleasant Normal Normal
Agreeable
pH 7.24 8.18 7.8 7.6 6.5-8.5 6.5-8.5
EC 0.40 0.48 0.38 0.35 - -
TDS (ppm) 36 48.4 ppm 25.4 ppm 22 ppm 300-600 ppm 1500
Turbidity (NTU) 0.42 1.27 0.87 0.55 1.0 NTU
Alkalinity (mg/L) 220 324 284 250 200-600
Hardness(mg/L) 220 280 320 280 300
Ca (ppm) 110 100 140 160 60-120 230
Dissolve oxygen 8.2 3.8 71 0.8 10-14 mg/L -
DO (ml/L)
BOD ( mg/L) 4.6 1.6 2.4 0.9 5.0 mg/L 30
Fe (ppm) 0.120 0.74 0.101 0.120 0.3 0.5
B (ppm) 0.037 0.047 0.031 0.085 2.4 1.0
As (ppm) 0.00 0.03 0.01 0.00 0.05 0.1
Table 2. Total elements analysed by ICPMS in water samples.
S-1 S-2 S-3 S-4 Standard
Control water (mg/L) Ash slurry water (mg/L) Treated effluent Ground water range
Elements (mg/L) (mg/L) (mg/L)
Li 0.025 0.060 - 0.11
Mg 7.2 9.1 10.2 59.0 30
“Ti 0.112 0.435 0.145 0.075 0.1
sy 0.002 0.048 0.005 0.022
*Mn - - - - 0.1
¥Co - - - -
ONi 0.005 0.012 0.007 - 0.2
“Cu - - - - 0.05
%Zn - - - - 5.0
“Ga - 0.035 - -
"Ge - - - -
#Sr 0.250 0.300 0.340 0.800 4
89Y _ _ _ _
S0z N N N N
"“Ru - - - -
'BRh - - - -
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06pq _ _ _ _
133Cs _ _ _ _
“¥Ba 0.034 0.480 0.032 0.015 2.0
KT - - - -
WCe - 0.005 - -
Tp _ - - -
TINg _ _ _ _
526m _ _ _ _
ETm _ _ _ _
=Gd _ - - -
164Dy - - - -
Tm _ _ _ _
7y _ _ _ _
0T _ _ - -
™ u _ _ _ _
5p¢ _ _ _ _
197Au _ _ _ _
Mg - - - - 0.001
2Th _ _ _ _
Wpp _ _ _ _
By - - - Not detectable
0.9
0.8
0.7
0.6
W51
0.5
W s-2
0.4
! 5-3
ue WS4
0.2
01 B g
a _JJ'\ T
3L 48T/ 51V 6ONi 69Ga B8Sr 138Bal40Ce
Fig. 2 Concentration of dissolved elements in samples.
5.Conclusion interfacial transfer. By process of adsorption,

Water is the effective media for the transfer and

transport of waste material. Pollutants released

into the water may get distributed in soil and air

as well. The transfer of pollutant from one

medium to another may be bulk transfer and
With increased emphasis on the need to
monitor and manage the fly ash, it can be
concluded that, in case of the water sample
collected in the vicinity of PTPP:

vaporisation; the nature and properties of
pollutant, their concentration, solubility, vapour
pressure plays an important part in interfacial
transfer.

a) Concentrations of lithium, barium,
magnesium, vanadium, nickel, and
titanium are found to be in very
minute range in all samples. So,
there is no harmful effect on water
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quality through fly ash with respect
to these elements.

Gallium and Cerium are seen only in
S-2 This indicates that the Ga and Ce
present in fly ash get bound with the
inorganic compound used in ash
slurry treatment.

The effluent of PTPP does not exert
any  radiological effect on
surroundings water bodies.

There is no risk of toxic elements
(As, Hg, Hf, Pb and Zr) in the
surrounding  water  bodies  but
accumulation of Ce and As are a
matter of further study.
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