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Highlights:
e The effluent of the Chlor-alkali industry is deadly toxic and showed drastic effect at higher
concentrations.
The effluent contained significant amount of mercury both elemental and inorganic.
The exposed alga showed dual behavior to the effluent at different concentrations.
The ATPase activity showed stimulatory effect at sub-lethal concentrations of the effluent.
The effluent showed inhibitory effect at higher concentrations of the effluent.
The effluent influenced the energy budget by way of interfering in the energy trapping and energy
transfer mechanism of the exposed alga.

Abstract

The present study was aimed to analyze the Physico-chemical nature of effluent of Chlor-alkali
industry collected from the effluent canal and its impact on a BGA. To study the impact of effluent on the
ATPase activity an important enzyme related to energy. management of the effluent exposed alga. The
cyanobacterium (BGA) showed dual behavior towards the effluent toxicant indicating stimulation at sub-
lethal concentrations and inhibition at higher concentrations of the effluent toxicant. During recovery studies
interesting results were obtained. Significant recovery at sub-lethal concentration of the toxicant and
insignificant recovery at higher concentrations of the mercury contained toxicant during recovery period
indicated dual behavior of the toxicant. Significant variations were observed in the ATPase activity of the
control and effluent exposed alga. The control alga showed normal ATPase activity with the increase in
exposure period. At sub-lethal / maximum allowable concentration of effluent, the exposed alga showed
increase in ATPase activity compared to ATPase activity of the control alga indicating higher growth.
Whereas, at higher concentration of the effluent, depletion in ATPase activity was noted in the effluent
exposed algal sets. Stimulation of ATPase activity in the effluent exposed alga at sub-lethal concentrations
of mercury contained effluent and inhibition in ATPase activity at higher doses of mercury contained
effluent indicated the possible interference of mercury in exposed algal physiological processes of energy
trapping mechanism, oxygen evolution and primary production and energy utilization. During recovery
studies interesting results were obtained. Significant recovery at sub-lethal concentration of the toxicant
exposed algal ATPase activity and insignificant recovery at higher concentrations of the mercury contained
toxicant during recovery period indicated dual behavior and impact of the toxicant.
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IJCRT2402148 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | b264


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 2 February 2024 | ISSN: 2320-2882

Introduction

It is an accepted fact that all industries produce pollutants. The pollutants may be gases (air
pollutants) or liquids (effluent- water pollutants) or solids (Solid waste- Land pollutants) are released /
produced from the industries during the processing of raw material and production of Products of Interest
(POI) as unwanted end products or by-products or intermediaries as wastes. The origins of these pollutants
are from the industries causing pollution of surrounding air, water bodies and landmasses. Pollution whose
source originates directly from the industry and causes severe health hazards is known as industrial
pollution. All the industries use raw materials obtained from nature and in the industrial processing phase
convert the chemicals into different forms and varieties of chemicals are produced. Out of which few
produced chemicals are of our interest and many more chemicals are not required by us and once available
in the environment cause health hazard. These unwanted chemicals are many types with different
configurations and once discharged into the natural environment will affect both plant and animal life and
most important the health of the ecosystem will deteriorate with time. The impact of these unwanted
chemicals which we call as waste may cause acute or chronic effects. The industry and its waste is the most
important source of pollution of the environment. After the great industrial revolution, manufacturing and
technology made advances, which resulted in more factories and more industries appearing on the
environmental screen. The smoke released from the factories are emitted into the air through chimneys of
different heights affect the plants and animals. The liquid effluents produced by the industries are
discharged into fresh water bodies causing serious impact on aquatic life. It was also reported that the
effluents after discharge in to the water bodies contaminate the ground water and cause serious problems for
all plant and animal life. The solid wastes produced by the industries are generally dumped at near by places
causing land pollution. When these solid wastes were transported to distances and thrown carelessly at
different sites cause serious land pollution. Industrial pollution was also pointed out as a major factor in loss
of biodiversity, loss of medicinal plants, loss of endangered species, wildlife extinction and eventually the
air pollutants become a cause for global warming. All these air pollutants, water pollutants and land
pollutants move to distances impacting the plants and animals inhabiting in different environmental
segments.

The effluent of the Chlor-alkali industry contains a significant amount of mercury as reported by
many authors working on different industries and causing serious threat to the environment, aquatic plant
and animal life and finally human beings are also affected. Mercury (Hg) is a naturally occurring unique
silvery metallic element with special property of being liquid at room temperature (Norrby, 1991; Tangahu
et al., 2011). Both anthropogenic activities and natural processes cause its release into different spheres of
the environment resulting in severe adverse impacts was reported by Sundseth et al. (2015). Increased
anthropogenic discharge of mercury leads to disturbance in its natural biogeochemical cycle which results in
to unenviable diseases and hazardous health effects (Zhang et al., 2014). Padhy and Panigrahi (2018a, b)
reported the effects of heavy metals like Cd & Pb on the photosynthetic efficiency, pigment content, growth
and nitrogen fixation of a cyanobacterium under experimental conditions. Sahu (2017a, b) reported the
effects of mercury contained wastes on cyanobacterium and distribution of mercury contained waste on a
cyanobacterium and possible reclamation. The authors are of the opinion (Prusti and Panigrahi, 2017a, b)
that regular intake of mercury by the plant and its enrichment in the body led to increase in mercury body
burden which interfered in all metabolic activities and finally killed the plant. The present study was
planned to study the impact mercury contained effluent on the ATPase activity of a blue-green alga,
Westiellopsis prolifica, Janet in laboratory conditions.

Materials & Methods

Location of the industry: M/S Jayashree Chemicals Pvt. Ltd., was situated at Ganjam, on the Bank of

Rushikulya estuary about 1.5 km. Away from the sea, Bay of Bengal, on the East and 30 km. North of

Berhampur city on the south-eastern side of India at 84°53'E longitude and 19°16'N latitude with a mercury

cell electrolysis process of manufacturing caustic soda..

Toxicant: Effluent of the Chlor-alkali industry collected from effluent canal.

Test organism: Westiellopsis prolifica, Janet; Family: Stigonemataceae.

Physico-chemical analyses of effluent and solid waste and crop field soil samples of nearby crop fields were

conducted periodically by following the procedure of APHA (1998), standardized field analysis kit. Effluent

samples were brought in glass containers and stored in cold room for use in laboratory experimental work.

The alga was grown in Allen & Arnon’s culture medium (1955) with trace elements (Fogg, 1949), modified

by Patnaik (1964). The cultures were maintained in culture racks at an illumination of 2200+200Lux and

temperature was maintained at 26+2°C. The culture flasks were hand shaken twice daily to avoid clumping

and adherence of the algal filaments to the walls of the culture vessels. Total ATPase activity was

determined by measuring the amount of i. p. (inorganic phosphate) released when ATP was converted to
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ADP by following the molybdenum blue method as described by Martineck (1970). The obtained data was
statistically analyzed to test the level of significance.

Results

Table-1: Physico-chemical analysis of the effluent collected from a select point near the effluent storage

tank of the industry. Data are the mean of 4 estimations + standard deviation.

SI. No Parameters Effluent (mg /1)
storage tank From discharge point
1 Temperature (°C) 29.2+15 30.2+1.5
2 pH 9.2+0.3 9.310.2
3 Mercury 0.49 + 0.06 1.08+0.32

No significant variation in temperature and pH was marked in the effluent collected from two spots, the
solid waste and extract prepared from solid waste. The pH of the effluent was highly alkaline. The effluent
and solid waste analysis indicated presence of significant amount of mercury much higher than the
prescribed limit (Table-1).

Table- 2: Lethal concentration values obtained from toxicity regression analysis curve (r=0. 987; P (Level of
significance) > 0.01; MAC=Maximum Allowable Concentration, MPS= Maximum Percent Survival)

Sl. Lethal concentration | Effluent concentration. | Percent survival
No | values (LC) ml/50ml culture (v/v) | values (PS)

1 MAC (LCoo) AP.A | 0.092 MPS (PSi100)

2 LC10 AP.B | 0.11 PS90

3 LC50 0.21 PS50

The LCoo, LC10, LCs0, LCg0 and LC10o Values of the chlor-alkali industry effluent were and deduced from
toxicity testing. The maximum allowable concentration / dose for the tested alga was found to be 0.092ml of
the effluent / 50ml culture for 15days of exposure. The lethal concentration LC1o or PSgo value found to be
0.11ml of the effluent / 50ml culture solution where 10% death and 90% survival was noted. The lethal
concentration (LCso) value found to be 0.21ml of the effluent / 50ml culture solution where 50% death was
noted. The lethal concentration (LCg) value found to be 0.32ml of the effluent / 50ml culture solution
where 90% death was noted. At 0.41ml effluent solution / 50 ml culture, 100% death of the alga was
observed. From the toxicity data we can clued that more than 0.41mI/50ml culture is deadly toxic where the
exposed alga is unable to survive where percent survival was zero (Table-2). Significant variations in
ATPase activity of control and Chlor-alkali industry effluent exposed cyanobacterium were marked and
have been shown in Fig.1. The ATPase activity showed gradual increase with the increase in biomass and
with the increase in exposure period in control and effluent exposed alga to different concentrations of the
effluent. The ATPase activity increased from 16.5 + 2.8ug ip liberated /hr / 50 ml culture on O day of
exposure to 72.2 + 4.6ug ip liberated /hr / 50 ml culture on 15" day of exposure in the control set. The
control alga when transferred to normal culture medium the enzyme activity increased significantly to 113.2
+ 5.2ug ip liberated /hr / 50 ml culture on 15™ day of recovery. The increase in the enzyme activity was
positive and the correlation coefficient value was significant (r = 0.991; P>0.001).

Fig. 1: Changes in ATPase activity in control and Effluent of Cl exposed
alga at different days of exposure and recowery.
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Fig. 2: Percent changes in ATPase activity in industrial effluent exposed
alga at different days of exposure & recovery when compared to
respective control values.
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TABLE-I: ANOVA Single factor for total ATPase activity data analysis
Source of P-
Variation SS df MS F value F crit
Between 6.11E-
Groups 5975.109 5 1195.022 | 186.2694 11 | 3.105875
Within Groups | 76.98667 12 | 6.415556
Total 6052.096 | 17
There are non significant differences observed between rows and columns.

The ATPase activity increased from 16.5 + 2.8ug ip liberated /hr / 50 ml culture on 0 day of exposure to
44.5 + 3.9ug ip liberated /hr / 50 ml culture on 9™ day of exposure in the effluent exposed set at conc. AP.A
(MAC value) set. The enzyme activity value further increased to 76.2 £ 4.1ug ip liberated /hr / 50 ml culture
on 15" day of exposure in the conc. AP.A set. The exposed alga when transferred to toxicant free normal
culture medium the enzyme activity increased significantly to 126.4 + 5.9ug ip liberated /hr / 50 ml culture
on 15" day of exposure (Fig.1). The increase in the enzyme activity was positive and the correlation
coefficient value was significant (r = 0.988; P>0.01). The ATPase activity increased from 16.5 + 2.8ug ip
liberated /hr / 50 ml culture on 0 day of exposure to 39.4 + 4.4ug ip liberated /hr /50 ml culture on 9" day
of exposure in the effluent exposed set at conc. AP.B (LCio value) set. The enzyme activity value further
increased to 66.8 + 3.6g ip liberated /hr / 50 ml culture on 15" day of exposure in the conc. AP.B set. The
exposed alga when transferred to toxicant free normal culture medium the enzyme activity increased
significantly to 91.5 + 2.9ug ip liberated /hr / 50 ml culture on 15" day of exposure. The increase in the
enzyme activity was positive and the correlation coefficient value was significant (r = 0.988; P>0.01). From
the data it is very clear that the effluent containing mercury has no significant effect on the enzyme activity
at maximum allowable concentration and at LCyo of the effluent. It was also observed that there was no
significant difference in the enzyme activity between effluent concentrations and control at different days of
exposure, as the obtained values were well within the standard deviation range. The regression analysis
indicated no significant (NS) difference at all exposure periods except on where 9" and 12" day regression
value was significant but 0.1 and 0.11 level. The analysis variance ratio test indicated similar trend in both
the rows and columns (Table-1). The calculated percent change values of course indicated increase in the
enzyme activity at conc. AP. A (MAC value) and decrease in enzyme activity at conc. AP.B effluent
concentration (Fig. 2). At sub-lethal concentration of the effluent maximum 6.7% increase in the enzyme
activity was noted on 15" day of exposure and LCio effluent concentration 6.4% decrease on the enzyme
activity was observed. From toxicological stand point the increase at lower concentration and decrease in
the parameters studied at higher concentration carries a meaning and can reflect the status of the effluent
pollutant. The death of the exposed system depends upon its age, tolerance, resistance, physiological ability
to withstand stress and biochemical mechanism of the organism to defend stress.
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Discussion

Mercury gets into the environment through a process known as mercury cycle. It was observed that the total
mercury estimated in the effluent was high and contained mainly three types of mercury. The death of the
exposed system depends upon its age, tolerance, resistance, physiological ability to withstand stress and
biochemical mechanism of the organism to defend stress. The most significant source of mercury
availability in the environment was mostly due to the Chlor-alkali industries (Hartung & Dinman, 1974;
Bothner & Carpenter, 1973 and Fimreite, 1970). The above observations is a clear indication that status and
intensity of mercury poisoning is improving by way of depletion of mercury level in air, water and land
mass and the environment is moving towards better and favorable, where all types’ plants both micro and
macro can grow and survive. Heavy metal ATPases (HMAS) are P1B-type ATPases that play a significant
role in metal trafficking in plants (Huang et al., 2020a). Heavy metal ATPases (HMAS) of the P1Btype have
been linked to the transport of a variety of necessary and potentially hazardous metals across cell
membranes. The heavy metal can alter the activity of enzymes either by binding to their functional groups
such as sulphidryl, carboxyl and imidazol or by displacing the metal associated with the enzyme (Viarengo,
1985). ATPase enzymes are —SH rich enzyme which play a pivotal role in teleost intestine and gill
physiological functions such as salt- and osmoregulation and acid-base balance. The plant plasma
membrane (PM) can be regarded as the first structure that is a target for heavy-metal toxicity. An increase in
permeability related to membrane damage is observed in plants that have been subjected to heavy-metal
stress (Demidchik et al., 1997, 2001; Murphy and Taiz, 1997; Murphy et al., 1999). It is well known that
metal ions are easily bound to both the sulfhydryl groups of proteins and hydroxyl part of phospholipids
(Devi and Prasad, 1999). They can also replace the Ca2+ ions at essential sites of cell membranes (Breckle
and Kahle, 1991). All these events result in disruption of membrane integrity and ionic homeostasis of cells.
Thus, tolerance may involve the protection of plasma membrane integrity against heavy-metal damage and
maintaining ionic balance (Janicka-Russak et al., 2012). Mechanisms of Cu?*-induced H*-ATPase
suppression have been investigated in vitro (Serrano et al., 1985; Serrano, 1990). According to these
authors, Cu2+ ions are one of the most powerful inhibitors of PM H+-ATPase, producing half-maximal
inhibition at 2-5 IM and complete inhibition at 10-20 IM. The inhibitory effect of Cu2+ seems to be related
to its interaction with sulfhydryl groups at the active site of the ATPase. The inhibitory effect of Cu?* seems
to be related to its interaction with sulfhydryl groups at the active site of the ATPase. The effect of metals
on PM H+-ATPase activity depends on time of exposure of plants to heavy metals, the type and
concentration of heavy metal and the plant species (Janicka-Russak et al., 2012). Osmoregulation is the
ability to actively maintain osmotic concentrations in extracellular fluids, in spite of the osmolarity (salinity)
of the surrounding environment. The assessment of ATPase activity may therefore be used as an early
warning signal of metal-induced damage to the osmoregulatory and acid-based regulatory system in
osmoregulatory organs such as gills, kidney and intestine (Monteiro et al., 2005; Atli and Canli, 2007).
Heavy metals stimulate enzyme activity via the transformation process of maternal or embryonic tissues and
display in the form of natural growth variations Koshan et al., 2021). In 1986, Kramer et al. (1986)
observed that among other heavy metals, Hg2+ ranked the highest in their inhibition of the Na+/K+-
ATPase. Therefore, their finding showed that mercury toxicity on sodium pump is of significance and
deserved critical attention. In the present study it was observed that mercury contained effluent stimulated
the enzyme activity in blue-green alga and inhibited the enzyme activity at higher concentrations of the
effluent waste and higher exposure period, ultimately killing the organism. It is a fact that at higher mercury
contained effluent waste exposure the alga died because of interference of the heavy metal, mercury in
growth, physiological process and biochemical processes. Heavy metals stimulate enzyme activity via the
transformation process of maternal or embryonic tissues and display in the form of natural growth variations
Koshan et al., 2021). In 1986, Kramer et al. (1986) observed that among other heavy metals, Hg2+ ranked
the highest in their inhibition of the Na+/K+-ATPase. Therefore, their finding showed that mercury toxicity
on sodium pump is of significance and deserved critical attention.

In the present study we marked that the Chlor-alkali industry effluent showed dual behavior like stimulation
at sub-lethal concentration and inhibition at higher concentration of the effluent containing significant
amount of mercury. The exposure period also plays a crucial role in toxicity study. At lower exposure
period, the exposed system might behave in a different way compared to the system’s behavior at higher
exposure period. Our findings agree with the reports of Rath (1984) not authenticated earlier but confirmed
now and we agree with the suggestions and observed trends of Sahu (1987). In case of heavy metal, copper,
the growth regulation or stimulation can be explained, as this particular heavy metal comes under essential
elements added in the culture nutrients. Spencer and Nichols (1983) reported further that inorganic forms
are active only when these are present in free ionic state. Our finding is well supported by the reports of
Prasad and Prasad (1982) as they observed stimulation of the algal growth at low concentration of
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Cadmium, Lead and Nickel. O’Kelley (1974) reported neither Cd / Pb / Ni have been reported to be
essential micro-nutrients required for the growth and the development of algae nor the pure solution of these
heavy metals are expected to act as growth regulator for the exposed system. Gadd & Griffith (1978)
reported that biological activity of heavy metal ions is markedly affected by the presence or absence of other
ions and other essential or non essential chemicals / debris. Mishra et al., (2013); Shaw et al., (1989) and
Sahu et al. (1986) and many other authors have found that heavy metals cause prolongation of lag phase
more or less in proportion to doses, followed by normal growth (Zingmark and Miller, 1975). We agree with
the common explanation for stimulation at lower concentration is probably that the medium is modified
during the first part of the experiment either by exudation from living cells or non availability of binding
sites or non penetration of the heavy metals in to the cell due non permeability of the membrane or by
leaching of chemicals from dead cells or decomposed debris of dead cells to render the heavy metal less
toxic by some sort of chelation (Shaw, 1987) or any other special mechanism yet to be confirmed. The
prolongation of lag period in exposed systems can be very well explained. The explanation was probably in
presence of toxicants; the medium is not favorable for the growth of the exposed system might be due to the
alteration of osmotic balance and second might be availability of high concentration of ions in the medium.
At lower concentration of the effluent, interestingly no such lag was observed. However, at higher
concentrations of the effluent prolongation of the lag phase or depletioOn inactive metabolism or
interference of heavy metal in different biochemical metabolism leading to death of the alga was marked.
Even when the alga was transferred to the toxicant free nutrient medium for recovery, it could not recover at
all. This indicated the total death of the exposed alga. In this investigation, a permanent and prolonged lag
can be compared with the coma stage under the influence of the toxic effluent. The growth inhibition by the
effluent has been reported (Sahu, 1987) to be due to some alterations in the permeability of cell membranes,
inhibition of enzyme systems, inhibition of photosynthesis and numerous other metabolic processes. We
agree with the above findings. It was suggested by many authors that the effluent generally discharged into
the environment should be sufficiently diluted so that the exposed systems will enjoy stimulation rather than
inhibition. Stimulation of chlorophyll biosynthesis in the effluent exposed alga at sub-lethal concentrations
of mercury contained effluent and inhibition of chlorophyll biosynthesis at higher doses of mercury
contained effluent indicate the possible interference of mercury in biochemical processes of chlorophyll
biosynthesis. While experimenting in recovery studies interesting results were obtained. Significant
recovery at sub-lethal concentration of the toxicant and insignificant recovery at higher concentrations of the
mercury contained toxicant during recovery period indicated dual behavior of the toxicant. Significant
variations were observed in the ATPase activity of the control and effluent exposed alga. The control alga
showed normal ATPase activity with the increase in exposure period. At sub-lethal / maximum allowable
concentration of effluent, the exposed alga showed increase in ATPase activity compared to ATPase activity
of the control alga indicating higher growth. Whereas, at higher concentration of the effluent, depletion in
ATPase activity was noted in the effluent exposed algal sets. Stimulation of ATPase activity in the effluent
exposed alga at sub-lethal concentrations of mercury contained effluent and inhibition in ATPase activity at
higher doses of mercury contained effluent indicated the possible interference of mercury in exposed algal
physiological processes of oxygen evolution and primary production and energy utilization, which was
reflected as net primary productivity (NPP). Significant recovery at sub-lethal concentration of the toxicant
exposed algal ATPase activity and insignificant recovery at higher concentrations of the mercury contained
toxicant during recovery period indicated dual behavior of the toxicant. The regression analysis conducted
on the data reported by Prusti & Panigrahi (2017a,b and 2023) clearly indicated better growth of the
exposed alga in maximum allowable concentration of the effluent indicating stimulatory effect of the
effluent and significant decreases in photosynthetic rate indicating inhibitory effects of the effluent. The
respiration rate of the exposed alga showed dual behavior. The RR value increased in the control set with
the increase in exposure period. During recovery studies, the depletion in respiration rate did not improve
indicating damage to the respiratory system. The regression analysis clearly indicated better growth in
maximum allowable concentration of the effluent indicating stimulatory effect of the effluent and significant
decreases in respiration rate indicating inhibitory effects of the effluent. The respiration rate of the exposed
alga significantly decreased and the percentage of depletion of respiration rate in the exposed alga increased
with the increase in exposure period in both the selected toxicant concentrations. The respiration rate
steadily decreased in effluent exposure (Prusti & Panigrahi, 2023). The effluent exposed alga was
transferred to effluent free medium to test the possibility of recovery, but no recovery was noted in the GPP
rate. Rather further depletion in GPP value was noted (Prusti & Panigrahi, 2022). The changes in
photosynthetic rate and respiration rate in effluent exposed alga compared to control alga gave an idea of
interference of mercury in the metabolic processes and attempts were made by many workers to find out the
cause of the impact. We have the information that mercury along with other heavy metals are toxic and
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affect the physiological processes, metabolic processes and interfere with biochemical reactions making
some of the biomolecules ineffective and non functional. From the data of enzyme analysis (specifically

ATPase), it was very clear that the effluent containing mercury has no significant effect on the enzyme

activity at maximum allowable concentration and at LCyo of the effluent. It was also observed that there was

no significant difference in the enzyme activity between effluent concentrations and control at different days
of exposure, as the obtained values were well within the standard deviation range. At sub-lethal
concentration of the effluent maximum 6.7% increase in the enzyme activity was noted on 15" day of
exposure and LCyo effluent concentration 6.4% decrease on the enzyme activity was observed. From
toxicological stand point the increase at lower concentration and decrease in the parameters studied at
higher concentration carries a meaning and can reflect the status and impact of the toxicant. This
information can be very well adopted for managing the effluent waste. The effluent can be diluted to its sub-
lethal (MAC) value before discharge so that the effluent will have no effect on the organisms. But we
should remember that short term exposure can provide dividends but prolonged exposure might lead to

bioconcentration and metal enrichment. This heavy metal enrichment in any organism will definitely be a

over burden and the heavy metal will have severe effects on the toxicant exposed organisms.
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