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Chapter-1 

 

 

1. Introduction 

Alcohol distilleries in India are one of the most agro-based polluting agro-industries; 

which are uses have high quantity of fresh water in processing of raw materials. Most 

distilleries co-exist with sugar mills and use cane sugar molasses as a starting material 

to produce alcohol. The process of alcohol production and effluent generation has 

been illustrated in Fig.1.1. The distillation process is the major source of sludge and 

effluent generation. For each liter of ethanol produced during the distillation process, 

approximately 12-15L sludge and effluent is generated. In India, there are more than 

319 sugarcane molasses-based distilleries releasing approximately 3.5×10
13

 kl 

Distillery waste (spent wash) annually (Bharagava et al. 2009).  Spent wash is 

generally characterized with unpleasant odor, deep brown colour, high level of 

biological oxygen demand (BOD; 42,000-46,666 mg L
−1

), chemical oxygen demand 

(COD; 90,000-104,130 mg L
-1

), total dissolved solids (TDS; 77,000-81,733 mg L
−1

), 

total nitrogen (TN; 1635-2,800 mg L
−1

), sulphate (1738-5760 mg L
−1

) and the 

presence of heavy metals (i.e. Fe, Zn, Cu, Ni, Mn), and nitrogen containing complex 

organic pollutants with low pH (Chandra et al. 2004a; Tiwari et al. 2013). Spent wash 

properties are depending on the diversity of alcohol-based substrates such as 

sugarcane molasses and grapes (rice, barely, wheat and maize). The Ministry of the 

Environment and Forest (MoEF) has designated the alcoholic industry as the top 

industry under 'Red Category' due to the obvious contamination of the distillery spent 

wash after distillation (Tewari et al., 200 7). In 1976, the Indian government issued 

laws and regulations on water pollution and amended it again in 1983 (Suneeth 

Kumar 1998). Bureau of Indian Standard (BIS) offers guidance to State and Central 

Government agencies, which will assist to determine the acceptable limit for effluent 

disposals, the appropriate site and the level of treatment necessary for effluents before 

disposal and the appropriate technology for disposing them.  In 2003, the Central 

Pollution Control Board (CPCB) provided for zero distillation of distilleries in inland 

surface water runs by the end of 2005.Therefore, distillery waste should be 

implemented properly before being released to the environment (Tiwari et al. 2007). 

Three ways in the industry usually carried out the distillery spent wash process; (i) the 

concentration followed by the incineration; (ii) the direct oxidation of the air by 
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aerobic treatment at a high temperature; and (iii), biogas regeneration and aerobic 

polishing. Anaerobic digestion has been regarded as the best first step approach in the 

treatment of distillery effluent across three pathways due to its reputation as a low 

cost and eco-friendly technology in addition to its bio-methane production potential 

(Satyawali and Balakrishnan 2008a,b; Oller et al. 2011). After anaerobic treatment, 

the effluent obtained is known as post-methanated distillery effluent (PMDE).  In 

addition, Indian distilleries produce ~1500 tonnes of post methanated distillery sludge 

(PMDS) per day during anaerobic digestion of spent wash (Kansal et al. 1998) which 

is characterized by high organic matter, TDS, phenol, sulphate and heavy metals 

along with melanoidins. Anaerobic digestion is recommended since a substantial part 

of the spentwash might be biodegradable. Since it has been observed that anaerobic 

digestion removes around 40-50% COD and 60-65% BOD (Arimi et al. 2015). This 

indicates PMDE still retains some organic pollutants after anaerobic digestion and is 

not acceptable for environmental disposal. After anaerobic treatment PMDE becomes 

darker with greater TDS because of the intercalation of organic and inorganic 

contaminants together in spent wash. Extensive distillery-effluent aeration hence does 

not affect its physiochemical attributes even after recirculation. The conventional 

anaerobic-aerobic treatment processes can accomplish the degradation of melanoidins 

only upto 6 % or 7% (Ojijo et al. 2010; Blonskaja and Zub 2009). The anaerobic 

digestion procedure did not lead to efficient for colour-removal has been 

observed by Satyawali and Balakrishnan (2008a). The dark pigmentation of PMDE 

hampers the passage of sunlight into the water by releasing untreated or partially 

treated waste water to surface water resources, reducing photosynthesis activity and 

ultimately harming the existence of aquatic microbiota. 

Therefore, further colour removal techniques for molasses-based distillery 

effluent before or after treatment must be studied.    The complexity of waste water 

makes it difficult to create efficient solutions before being disposed of in the 

environment for tertiary treatment or colour removal. For example, MoEF has 

instructed Indian Distilleries to achieve a zero liquid discharge from December 2005 

into the surface water body. Many industries dilute PMDE by mixing with crude 

water before discharge to comply with the requirement for disposal of waste. 

Although this dilution is tolerated in certain areas, it does not diminish absolute 

contamination of the PMDE and hence constitutes a major environmental issue 

(Chaudhary et al. 2007). Various physico-chemical methods such as column filtration 
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(Satyawali and Balakrishnan 2008b), coagulation/flocculation (Fan et al. 2011; Liang 

et al. 2009a), adsorption (Onyango et al. 2011), chemical precipitation/coagulation 

(Chandra and Singh 1999; Liang et al. 2009b), UV/H2O2 treatment (Dwyer and Lant 

2008) and ozone oxidation (Kim et al. 1985; Pena et al. 2003) has been reported for 

removal of COD and decolourisation of PMDE, but these techniques are not feasible 

at large scale due to high cost, blockage of filtration devices and sensitivity to variable 

water input. Moreover, due to high TDS it generates huge amount of toxic sludge and 

other secondary pollutants (Liang et al. 2009b; Chandra et al. 2008).  In the last 

several years, a number of microorganisms, such as bacteria, funguses, yeast and 

cynobacteria, have been postulated as autonomous function for microorganisms in 

degradation and decoloration in PMDE. The growing acceptance of microorganisms 

for decolourisation and detoxification of melanoidins containing distillery effluent are 

due to facts that some microorganisms have a specific extracellular ligninolytic 

enzymatic system known as manganese peroxidase (MnP), laccase and lignin 

peroxidase (LiP) capable of breaking a large number of C═C, C=O and C≡N bonds 

present in melanoidins (Miyata et al. 2000). Melanoidins have been more effectively 

degraded and decolorized by fungal substances as a consequence of the prominence of 

ligninolytic enzymes that metabolise melanoidins as sole sources for carbon and 

nitrogen (Miyata et al., 2000; González et al., 2008). However, because fungal growth 

was limited in low pH aquatic circumstances, its wide use for the development of 

effluent process was constrained. In comparison, due to their enormous environmental 

adaptability and their multifaceted metabolism for the catabolism of complicated 

resistant substances, a bacterial consortium has proved more prospectful. Some 

researchers have demonstrated a bacterial removal efficiency and deterioration of 

melanoidin sugarcane and melanoidin models both but the decolourisation was 

achieved only up to certain limit (Kumar and Chandra 2006; Bharagava and Chandra 

2010a,b; Bharagava et al. 2009). In addition, the majority of molasses-melanoidins 

decolorization and degradation are described exclusively as pure melanoidins by 

dialysis processes with particular molecular weight at 475 nm whereas molasses 

melanoidin comprises mixed maillard reaction products (MRPs) (i.e. initial, 

intermediate and advanced stages with variable molecular weight). Moreover, it is 

necessary for an understanding of the decolorization and degradation mechanism of 

melanometric products, due to the complicated character of molasses-melanoidins at 

varied absorption spectrums in various wavelengths. However, no investigation has 
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been carried out to examine the original form of molasses-melanoidin degradation for 

the viability of any possible bacterial consortia. Therefore, the degradation of 

molasses melanoidins with mixture of complex MRPs should be investigated in order 

to degrade the effluent from a distillery before attempting to degrade and decolourize 

it. In addition, it will be important to optimize the process of degrading the PMDE by 

possible bacterial consortia at varied concentrations and TDS before a two-stage 

method is developed.  Constructed wetland (CW) treatment systems have been built 

to use natural processes including the vegetation of wetlands, soils, and related 

microbial assemblies to help the processing of wastewater. The systems have low 

cost, easy to operate and have been successful in removing a range of pollutants from 

municipal and industrial waste water globally during the recent six decades (Vymazal 

2014; 2011; Zhang et al. 2015a,b). CW planned system with possible wetland 

installations would therefore be a useful biofilters tool for the pilot or large-scale 

system. In the built-in humidity treatment system in tropical climates, many types of 

wetland plants like Phragmites karka and Phragmites australis are employed 

(Vymazal et al. 2009; Sochacki et al. 2015; Badejo et al. 2015). Plants can be 

advantageous for symbiotic colonising rhizosphere and detoxification of contaminants 

for microbial colonisation (Stottmeister et al. 2003; Doran 2009; Kadlec and Wallance 

2009). Plants have extremely sophisticated, effective, prominent and diverse methods 

of metabolism that might breakdown and also mineralize highly poisonous xenobiotic 

substances. The diverse microbial collectivities that arise from contact with waste 

water play a significant role in wetland biogeochemical cycle, principally responsible 

for aerobic and anaerobic degradation of target organic pollutants (Stottmeister et al. 

2003; Ibekwe et al. 2007; Ligi et al. 2014). The combination of bacterial-based 

wetland treatment technology offers sophisticated and novel treatment systems for 

removal of colour from PMDE and further reduction of safe disposal BOD, COD and 

organic pollutants. For the treatment of contaminants and ecological stability, the 

microbial community structure and diversity of wetland plants are extremely relevant 

(Hallberg and Johnsonb, 2005; Sirivedhim and Gray 2006). Too far, unfortunately, 

only a small number of studies have concentrated on research by the microbial 

community in full-fledged laboratories and CW under particular PMDE treatment 

conditions (Chandra et al. 2012; Chaturvedi et al. 2006). Hybrid techniques that 

combine partial processes with two or more stages have been shown to support the 

further treatment of this wastewater in recent times (Thompi 2000).No single 
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technique can be utilized for the whole treatment of PMDE in view of the advantages 

and limitations of several treatment technologies. A complete strategy to treatment 

incorporating successive technologies must be developed. Therefore, integrated 

biological techniques for treating PMDE have been used by biological processes. A 

new and promising bioremediation solution for PMDE is a two-stage treatment with 

integrated bacteria and a designed wetland treatment. The low operating costs and the 

effectiveness of integrated biological systems in pollution disposal have defined and 

which can be applied for the management of contaminated areas. The combined usage 

of bacteria and designed constructed treatment plants for the degradation and 

detoxification of PMDE has been proposed in a sequential way. Phytoremediation by 

utilizing CWs is a plants mediated techniques and their root associated microbes 

haves capability to improve the removal of pollutants. 
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Fig. 1.1: Flow chart presentation of ethanol production and effluent 

generation. 
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The maillard reaction (MR) is in fact a complicated chain of reactions; the first phase 

includes initial sugar condensation with a protein and isomerization into Amadori or 

Heyns metabolites of the resultant products. The product of Amadori and its 

derivatives can be subjected simultaneously to retro-aldol reactions creating more 

reactive sugar fragments, including C2, C3, C4 and C5, such as hydroxyacetone 

derivatives, glyceraldehydes and diketones. This process is called a degradation of 

stretchers and is characterized by CO2 generation (Arimi et al. 2015). As auxiliary 

flavor chemicals, the produced aldehyde can be significant and also contribute to the 

synthesis of melanoidin. Melanoidins in their structure have combined two carbon-

carbon bonds – C=C – responsible for their brown colour (Kim et al. 1985). In 

general, melanoidins are considered to be heterogeneous, with a high molecular 

weight, acidic and highly distributed polymers because carboxylic acid and phenol 

groups with comparable chemical characteristics are dissociated from humic 

chemicals (Migo et al. 1993). The melanoidin empirical formulation C17-18 H 26-

27O10N and molecular weight between 5kDa and 40kDa have been proposed. During 

the purification and evaporation process melanoidins are produced during sugar 

processing. The basic and the chemical structure of melanoidins are highly dependent 

on the reactant and reaction circumstances' nature and molecular concentration (pH, 

temperature, heating time and solvent). The fundamental structure of the melanoidins 

pigment composed of 3-deoxyhexosuloses and amadori reaction products has been 

suggested by Cammerer et al. (2002). Caramel is a brownish, black, viscous, caramel-

formed liquid. In the absence of nitrogen molecules the reaction of caramelisation 

happens when the sugar is warmed and the process can be catalyzed by acid and 

bases. The sugar undergoes first dehydrating, then condensing or polymerizing in 

complex molecules during a caramelisation reaction. Color creation in caramelisation 

involves first intermolecular rearrangement of sugar, typically the monosaccharide‘s 

structure. Yellow or brown solution is produced depending on time and temperature. 

Osuloses that are believed to be the intermediate of caramelisation are produced in the 

sugar degradation process. Osulosis leads to the production of characteristic caramel 

and caramel flavour components. 
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1.1. Alkaline degradation products of hexose and presented polyphenols 

The ADPH and melanoidins represent up to 80% of the colour of PMDE. ADPH is 

produced through degradation in alkaline environments of hexoses (glucose or 

fructose) at high temperatures (> 80 0C). Sucrose is a non-reducing sugar which is 

decayed at high temperatures only by alkaline (Yang and Montgomery 1996). 

Sugarcane molasses contain large sucrose content, and certain glucose and fructose 

are subject to reversible and irreversible aqueous and generated ADPH reactions. The 

distillery produces significant quantities of waste water with phenolic chemicals that 

give this residue a high degree of inhibitory and antibacterial activity, therefore 

slowing down the anaerobic digestion process. Naturally occurring polyphenols are 

antioxidant chemicals mostly found in fruits, vegetables, cereals and alcohol. It is 

divided into 3 major categories: phenolic acid, flavonoids and tannins. Phenolic acids, 

including Benzoic Acid (e.g. gentisic acid, gallic acid), Cinnamic Acid (Senate Acid 

and Ferric Acid) and its derivatives (p-coumaric acid, caffeic acid, chlorogenic acid, 

and ferulic acid) have been found to exhibit significant levels of anti-bacterial action 

(Payer et al. 2005, 2006; Incedayi et al.2010) (Borja et al. 1993; Keyser et al. 2003). 

In PMDE many chemicals are manufactured and extracted in PMDE having this 

highly reactive phenol group and are responsible for its pigmentation. Phenolic acids 

are first transparent but can be oxidized with an oxygen exposure to brownish-yellow 

colour. 

1.2.Health hazards and environmental impact of PMDE and PMDS  

The ecosystem is dangerous to dispose of untreated and partially treated distillery 

effluent because of the high contamination potential and the existence of numerous 

undiscovered recalcitrant contaminants. In their high organic content, PMDE is 

slightly alkaline in nature and causes significant aquatic and soil pollution. Intensive 

amounts of recalcitration organic compounds and metal sulphides are present in the 

molasses base distillery effluent as dark colored organic pollutants. The strong colour 

of PMDE is attributable due to a dark brown, acidic pigment in melanoidins. The 

standard biotreated treatment technique, namely anaerobic digestion 

(biomethanation), anaerobic lagoons and activated sludge processes cannot be readily 

destroyed by these antioxidant and refractory polymers, because of their complex 

structure and the xenobiotic nature, and they may also be both carcinogenic and 

mutagenic. Heavy metals such as Fe, Cu, Zn, Ni, Mn, and Pb, are inorganic ions such 
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as Ca2
+
, K

+
, and Na

+
 (Harada et al. 1996; Ramana et al. 2002; Natarajan et al. 2006) 

and sulphates have been identified in PMDE (Harada et al., 1996; Ramana et al., 

2002). In addition to other nutrients such as nitrate and phosphate, higher levels of 

these components (Ramana et al. 2002; Eusébio et al. 2004), make prospective PMDE 

emission into water bodies problematic since this leads to eutrophication and other 

undesirable environmental consequences (Borja et al. 1993; Collins et al. 2005). 

Melanoidins have been shown to have net negative charges, therefore several heavy 

metals (CU2+, Cr3 c+, Fe3+, Zn2+ and Pb2+) are firmly bound into organic-metallic 

complexes with melanoidins in Effluent (Migo et al. 1997). The increased propensity 

to bind melanoidins also increases the sensitivity of organo-metallic complex to their 

environmental toxicity. In soil, seed Germination is inhibited by reduced alkalinity 

and accessibility to manganese and eventually affects crops. Jagdale and Savant 

(1979) reported that the unfavorable management of spent wash might have a 

negative effect on crop development and land characteristics by increasing soil 

salinity. The effects of hydraulic conductivity, water stable aggregates and water-

based water retention were also seen in Jadhav and Savant (1975). Constant 

disposal/irrigation of soil with distillery effluent severely impacts soil micro-

organisms that regulate the several nutrient recycling processes in the soil. The effects 

on the retention of water, hydraulic conductance and water resilient soiled aggregates 

were also identified by Jadhav and Savant (1975) with significant levels of use of 

discarded effluent. Constant elimination/irrigation of the soil with the effluence of the 

distillery adversely affects the soil microorganisms which regulate the different 

nutrient recycling processes in soil. Bharagava and Chandra (2010a) also observed 

detrimental consequences in Phaseolus mungo L. for the germination of seed and for 

seedling growth parameters. The inhibition in seed germination at higher PMDE 

content might be attributed to high salt concentration and TDS, which increases high 

osmotic pressure (OP) and anaerobic conditions, respectively. Environmental 

circumstances impact several biochemistry and physiology functions such as solvent 

transport, breathing and the enzyme activity of sprouting of seed. Excessive PMDE 

concentration has also been found to be an antagonist to plant growth hormones 

(auxins and gibberlin), which play a pivotal role in plant expansion (Subramani et al. 

1997). Moreover, Bharagava et al. (2008a) have reported that at higher PMDE 

concentration, the entrance of potentially toxic trace elements into the protoplasm 

may result in the reduction of intermediate metabolites, which are responsible for the 
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reduction in plant growth parameters.  In addition, the sulphide has a high metal 

binding propensity which makes a significant contribution to the effluent's toxicity 

and coloration. The disposal of largely or untreated wastewater from distilleries also 

impacts marine life (Kumar and Gopal, 2001; Saxena and Chauhan, 2003; Matkar and 

Gangotri, 2003; Ramakritinan et al. 2005). It decreases sunlight penetration into water 

bodies by reducing photosynthesis and dissolving oxygen content, which causes 

oxygen deficit killing aquatic life (Raghukumar et al. 2004; Kumar and Chandra 

2006). Dissolved wastewater is harmful to fish and other benthic organisms. The LC50 

for distillery effluent has been estimated at 0.5% using a bio-toxicity study on fresh 

water fish Cyprinus carpio var. communis. Impact of distillery effluent on 

carbohydrate metabolism of freshwater fish, C. carpio has also been studied . In the 

event of a sub lethal inxication, the respiratory mechanism in C. carpio is disrupted by 

increased fluid stress leading in anaerobiosis at organ level. Ion laxation influences 

groundwater quality by changing colour, pH and electrical conductivity 

physicochemical proprieties (Jain et al. 2005). PMDE contains phenolic substances, 

including gallic acid, p-coumaric acid, and gentissic acid, which confer strong 

antibacterial activity in addition to COD and BOD pollution (Borja et al., 1993; 

Seghezzo et al., 1998; Keyser et al. 2003). Phenol acid constitutes a very minor 

proportion of PMDE but, if untreated, has a major detrimental effect on treatment 

systems as well as on the environment. The inhibition of the biological treatment 

mechanism for waste distilling has been affected by these chemicals. Many phenolic 

compounds are not biodegradable easily and even at low quantities are harmful to 

micro-organisms. Phenol can even block microbial growths that are able to use just 

carbon and energy from aromatic molecules. During the biological treatment of 

alcohol distillery waste waters have become highly poisonous and biodegradable 

owing to the presence of polyphenol compounds (Goodwin et al. 2001) which showed 

that the previous literature claimed antibacterial activities (Borja et al. 1993). In 

certain distillery effluent, polyphenol contents are significantly different and vary 

between 29 and 474 mg L-1 (Bustamante et al. 2005). Polyphenols have significant 

inhibitor effects on microbial activity. Due to their environmental and public health 

concerns, polyphenols must be eliminated during wastewater treatment. Human 

exposure to phenol is significantly increased at concentrations of 1300 mg L-1 in 

diarrhea, black urine, mouth sores and mouth burning (Collins et al. 2005).  
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Distillery industry is a major source of water pollution and produces pollutants 

which harm people and the environment enormously. The most common type of 

water pollution in India and many others around the world is water pollution through 

these industries. In the same way other areas with problems lead to water pollution, 

the method through which industries contaminate water. Industries produce something 

toxic, regardless of whether it's the actual product they want to produce, a by- product 

and their production process of waste and legally not dump it into water bodies or on 

land. Sometimes the toxic substance is stored in places that are unsafe. Both the 

surface or groundwater eventually gets into the substance and pollution is not far 

behind. The seriousness of water pollution in industries around the world depends on 

several different reasons. What the industry really is doesn't matter. Ultimately, if not 

many of these problems will arise, any industry contributing to water pollution. 

Pollutants from pesticides and fertilizers are the major problems in the agricultural 

lands. Pesticides consist of incredibly severe chemical substances, while fertilizers 

can be packed with nitrates, even when made of natural substances. It is made from 

extremely harsh chemical ingredients, whereas fertilizers can be packaged with 

nitrates even if made of natural substances. However, chemicals are far worse than 

natural fertilizers. A pesticide pollutant is often used to keep the plants healthy and 

free of insects and other pesticides. Although it is not the use of harsh chemicals that 

involve many natural ways to do this, it is often more expensive and many companies 

are uncomfortable with it. In order to help crops grow, fertilizers are also used. 

Practices in the use and disposal of fertilizers are, however, not very healthy. As part 

of the toxic runoff that is created at many agricultural sites, pesticides are washed into 

soil and surface water sources. It takes not long for them to get into the soil or to find 

a route to nearby rivers or lakes when they are sprayed on crops. The same applies to 

fertilizers, even though they percolate much more often into the ground water than 

they are transported as rivers. Groundwater is the pollution from agricultural sites that 

has the greatest impact. But farms that are close to the sources of freshwater can also 

contaminate these surface water bodies. Groundwater pollution mainly originates 

from farming sites which can be transported over long periods of time through soil 

water, before it reaches human populations with potable water. Pollution from 

fertilizers leads to the growth of nitrates in the environment, in particular in surface 

water. Fish life is choked out when this happens and plants begin to die off. Mammals 

and birds that rely on fish to supply food are rapidly put at risk. Pesticide pollution 
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can cause serious harm to humans and animals that consume this polluted water and 

sometimes even to humans. Without complicated processes, serious cases of 

pesticidal pollution cannot be removed. The water treatment of nitrate pollution has to 

be regulated. 

Metal storage capacity in plants is regulated by soil pH, the agility of metals, 

plant growth and also the natural environment, i.e. temperature, sunlight and air flow 

(Ma et al. 2011; Sinha et al. 2007). In addition, bioaccumulation of heavy metals is 

also influenced by the presence of organic substances and other pollutants. In addition 

the role of rhizospheric bacteria in metal mobilization and permeability of organic 

molecules heavy metals seems to be well-observed (Kuffner et al. 2008; Huang et al. 

2013; Rajkumar et al. 2012). Two important features are generally used to determine 

plant Phyto-extraction efficiency: metal hypercapacity and biomass production 

(McGrath and Zhao 2003), can be accelerated by adding agents such as dissolve by 

chemical mobilizing ethylene diaminetriacetic acid (EDTA), N-(2-hydroxyethyl)-

ethylene diaminetriacetic acid (HEDTA) and diethylenetriamine-pentaacetic acid 

(DTPA) can significantly improve phytoextraction utilization. (Nowack et al. 2006). 

However, the risk of soil pollution is prevalent. Conversely, plant biomass production 

capacity is also a popular, feasible and huge potential method of plant recovery 

process through fast plant growth (Bharagava et al. 2008). However, few recent 

studies have shown PMDE‘s became general health hazards as heavy metals are 

accumulated in edible plants during arbitrary recurred irrigation use of effluent 

(Chandra et al. 2008b; Bharagava et al. 2008). Various potential wetland plants 

cultivated in natural conditions in distillery waste sites also demonstrated the potential 

for phytoremediation of those polluted site plants as the natural accumulators of heavy 

metals from complex organic waste (Mazumdar and Das 2015). The large proportion 

of phytoscopic experimentation and laborational hydroponic solution studies were 

carried out (Solhi et al. 2005; Wenzel et al. 2003), while very few studies were carried 

out in order to evaluate the potential of natural high biomass accumulators of plants 

for field conditions for Phytoextraction. (McGrath et al. 2006; Hammer and Keller 

2003). Although certain studies for heavy metal accumulation and tolerance have 

been reported, (Yoon et al. 2006; Shu et al. 2002; McGrath and Zhao 2003). 

However, before application of these plants in the field of distillery residue-

contaminated site, the details of the magnitude and pattern of heavy metal 

accumulation in different plants are not known; The Phytoextraction potential for the 
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accumulation and translocation of heavy metal in its diverse parts of these native 

plants is urgently needed to study. In addition, the threshold limits for the 

accumulation of these potential growing native plants should be investigated, without 

showing any adverse impacts on plants for sustainable use. In addition, in situ cellular 

damage in simulated condition was also revealed by the long-term accumulator of 

heavy metals by potential wetland plants (Yadav and Chandra 2011). Moreover, 

recent reports have also been published on the accumulation of various heavy metals 

in wetland processing systems from metals contaminated waste by wetland plants as 

effective tools for processing and managing industrial waste A. fumigatus (Liu et al. 

2007; Deng et al. 2004; Yoon et al. 2006; Zhuang et al. 2007; Galfati et al. 2011; 

Lorestani et al. 2011). 

1.3. Biodegradation challenges of PMDE and PMDS. 

PMDE's main problems are the elimination of TDS and color oxidation adding 

chemicals, such as melanoidins, phenolics, sugar, ADPH and related metabolites and 

inorganic compounds before being disposed of safely in the environment. Inconsistent 

structures of the different colorants can result in different feedstocks, fermenting 

processes and biological treatments (Chandra et al., 2018). Polymerization reacts in 

varying amounts to different polysaccharides, organic molecules and other aromatic 

substances, and is possibly complicated and persists in the various concentrations. 

Thus, characterization of these pigments is not straightforward. It can also be 

emphasized that several colors in place of just one kind of pigment may provide the 

undesired color. The decoloration and organic removal of PMDE will then become 

more complex. Caramels and ADPH are recorded in the aerobic stage to be 70 percent 

reduced. However, the antimicrobial and antioxidants are high in melanoidins and 

plant polyphenols (Arimi et al. 2014). Conventionally biological processes are able, 

but the small pigments are possibly re-polymerized in biological processes, to achieve 

melanoidin degradation by only 67 per cent (Mohana et al., 2009).  In addition to the 

color components, during chlorine disinfection of wastewater effluents, melanoidins 

and polyphenols can also induce aromatic halogenated disinfection sub-products 

(DSP). Recent experiments have shown that, overall, the developmental toxicity and 

growth inhibition of aromas halogenated DBPs have considerably been higher than 

the aliphatic ones (Jiang et al. 2017; Liu and Zhang 2014; Meng et al. 2016). Since 

chlorine disinfection has occurred so far, the effluent distilling molasses was mainly 

studied in associated studies, where melanoidins were considered the leading or even 
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specific form of pigments (Hatano et al. 2008; Liang et al. 2009a; Liakos and 

Lazaridis 2014).  Therefore, state-of-the-art technique are required for organic matter 

and colorants to be disposed of in the organically treated distillery wastewater (Arimi 

et al. 2014; Prajapati and Chaudhari 2015; Tsioptsias et al. 2015). The portrayal by 

bacteria and a constructed wetland plant treatment system of organic pollutants 

present in the wastewater and PMDE is essential for their care. For a microbiological 

understanding of distillery waste, the bacterial communities grown in this adverse 

setting are very important. Furthermore it will be a primary step for the advancement 

of two-stage method therapy for PMDE to evaluate molasses melanoidin by a 

potentially bacterial consortium. The colorization of PMDE is nevertheless a crucial 

issue, and the development of an effective method scheme for removal involves an 

understanding of the structure and features of melanoidins. The sugarcane molasses 

used for alcohol manufacture in distilleries have large quantities of sulphate and 

aromatic alcohol moieties, such as sugar products. Moreover, in the distillery effluent, 

sulphate and heavy metals become blackened sulphides precipitate and are a 

competitive barrier for bacteria reduction by sulphate and bacteria reduce non-sulfate 

(McCartney and Oleszkiewicz 1991) leading to inhibition of methanogenesis or 

sulphate reduction and giving toxicity to PMDE. 

Recently two phases/sequences have been shown to be very promising for 

detoxification of bacteria and wetland plants, but with the comprehensive 

microbiological methods of wetland plant, plant rhizosphere and detoxification 

process, this needs to be optimized. It is not clear how melanoidins bind with other 

toxic compounds in PMDE under various environmental conditions. In PMDE, the 

chemical composition of various melanoidin groups is difficult and must be 

investigated. In addition, the existence and degree to which melanoidins, phenolics, 

sulphates, phosphates and heavy metals are applied to the atmosphere must become 

known in recalcitrant toxic compositions. Bearing all details in mind, my theme of 

this research is PMDE oxidation and decolouration in a two-step bacterial and 

wetland treatment scheme for the protection of the ecosystem. The thesis based in the 

review of GC-MS on the characterisation of organic and permanent toxins in waste 

distillery waste. The evaluation of the degradability of natural and synthetic 

melanoidins and the impact of co-pollutants in the distillery effluent is warranted, 

until the creation of a two-tier treatment scheme for PMDE deterioration and 

decolourization. But the large scale application of decolourization and detoxification 
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not yet developed. He preliminary challenge for development of any feasible 

technology is due to complexicity of PMDE with various organometallic pollutants 

and high TDS. Due to complex pollutant concentrated amountno microbial growth 

reported in effluent. Consequently it remains unchanged in environment for several 

years. 

Keeping in view of these above problems-  

The thesis of study has been compiled into following chapters; 

Chapter first has introduced the basic information on the topic of thesis. The 

information related with number of sugarcane molasses based distilleries installed in 

India and their wastewater generated in the environment. Further, this chapter also 

provides comprehensive information on the distillery wastewater colorants, as well as 

its toxicological effects on environment, human and animal health.   

The aims of this study have been outlined in Chapter two and a new approach 

for industrial scale applications is also described to examine novel methods and the 

empirical results on pilot scale. 

Chapter three of this thesis has described the comprehensive existing 

information on various physico-chemicals, biological (i.e. aerobic and anaerobic), 

enzymatic treatment as well as emerging techniques for the treatment of Distillery 

wastewater.  

Chapter four has described anaerobically treated post methanated distillery 

effluent is a major source of terrestrial and aquatic pollution due to the mixture of the 

various unknown organo-mettalic compounds in discharged waste. The nature of 

pollutants present in effluent has to be characterized prior to the evaluation of their 

fate in the environment at various tropic levels. The absorption maxima (λmax) were 

obtained at 295 nm of pollutants present in spent wash which indicated that 

melanoidins are a major colorant along with other organic compounds. The new 

solvents (ethyl acetate, DCM, methanol) has been used for extraction of unknown 

compound which has not been reported sofar. Abundantly identified compounds with 

GC–MS in effluent were found with mutagenic and androgenic properties. The 

toxicity test of post-methanated distillery effluent (PMDE) showed direct toxic effects 

on catfish (Heteropneustes fossilis) even at 1% (v/v) concentration and caused 

degeneration of primary and secondary lamellae of the gill and the epithelial layer. 

Further, higher concentrations between 5 and 10% of PMDE showed loss of primary 

and secondary lamellae of gills, and liver Catalase activity was also increased 
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dramatically in H. fossilis, indicating the generation of oxidative free radicals. 

Similarly, inhibition of α-amylase activities in germinating Zea mays L. (Maize) seeds 

was also noted at 10% PMDE. This study confirmed the environmental toxicity of 

effluent with freshwater fish and Zea mays seeds. 

Chapter five of this study comprised detoxification and degradation of organo-

mettalic pollutants from distillery wastewater by an indigenous bacterial community 

with biostimulation and bioaugumentation process. Discharged wastewater showed 

high total phenol, chemical oxygen demand, total suspended solids, total dissolved 

solids, sulfate, phosphorus, and biological oxygen demand, value along with heavy 

metals were high. The results showed that after the biostimulation and 

bioaugumentation processes, the reduction in Physico-chemical parameters of 

pollutants was greater than 50-70 %. Scanning electron microscopy analysis image 

showed bacterial community and their relationship with complex organo-mettalic 

pollutants during biostimulation and bioaugumentation processes. Further, the major 

organic pollutants i.e., Acetic acid, Oxo-,trimethylsilyl ester [CAS], Hydrocinnamic 

acid, p-[Trimethylsiloxy]-trimethylsilyl ester and Tetradecanoic acid, trimethylsilyl 

ester [CAS] have been observed in control while some, new metabolic products 

generated as a by-product. Therefore, study showed that biostimulation and 

bioaugmentation are a successful bioremediation strategy for detoxification and 

distillery wastewater.   

Chapter six of this study comprised optimization of color reduction and 

detoxification process of Distillery effluent by developed bacterial consortium at 

reduced TDS of Effluent. The degradation and decolorization of PMDE by potential 

bacterial consortium and optimization of nutritional and environmental parameters for 

the maximum degradation and decolourisation of melanoidins by bacterial 

consortium. This chapter also deals with the complete physico-chemical analysis of 

TDS reduction before and after bacterial decolourisation. Further, the change in 

absorption peaks (200-700 nm) by UV-Vis spectrophotometric analysis has been 

correlated for their structural changes and reduction in color by investigation through 

FT-IR, HPLC, and GC-MSanalysis. Furthermore, the toxicity assessment has been 

done in pre and post degradation of TDS reduction by using P. mungo L. seeds. 

In Chapter seven, this study deals has imbibed the process and approach to 

reveal the unknown microbial community during in-situ biodegradation of sludge at 

various stages of sludge degradation. Therefore, the metagenomics analysis has been 
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done for fresh, intermediate and degraded sludge sample.To accomplish the 

identification of chemical nature of distillery waste, we employed several organic 

solvents to extract the broad range organic pollutants under acidic conditions using 

the liquid–liquid extraction method. Further, the extracted organic compounds present 

in this waste has been detected and characterized by GC-MS analysis. 

Simultaneously, the dominant autochthonous bacterial communities were investigated 

by the RFLP method using a metagenomics approach to reveal the microbial niche in 

this polluted environment.  

Chapter eight has described the heavy metal accumulation by potential weeds, 

herbaceous traditional medicinal and food plants (Achyranthus aspera, 

Amaranthus viridis, Basella alba, Sesbania bispinosa, Pedalium murex, and 

Momordica doica) grown on complex distillery waste containing a mixture of organo-

mettalic compounds. The result revealed that the growing weeds are showing as 

potential source for phytoextraction of heavy metal from the complex organo-metallic 

sludge. In addition, some medicinal and vegetative plants have shown their potential 

also for phytoextraction of heavy metal from PMDS. The bioaccumulation of Mn, Cd, 

Fe, Cr, Cu, As, Se, Mo, and Co in their root, shoots and leaves in levels higher than 

the surrounding sludge.  

Chapter nine of this study deal with designing detail of pilot scale constructed 

wetland plant treatment system and the optimization for enhancement of distillery 

wastewater decolourisation for development of a feasible technology after bacterial 

treatment in constructed wetland treatment system. The detail physico-chemical 

characteristics of Distillery wastewater collected from the effluent treatment plant of 

M/s Unnao distillery and Breweries, Unnao (U.P.), India before and after bacteria and 

wetland plants rhizosphere treatment has also described.  Further, this chapter has also 

shown the complete emphasis of constructed wetland plant treatment technology. This 

technique has been optimized by using two stage treatment primary i.r. bacterial 

degradation followed by integradtion with rhizofiltration technique by using potential 

wetland plant i.e Phragmities communis and Typha angustofolia. 

This Chapter ten has highlighted the major finding of my study described in 

the thesis which has focused on the new organic pollutant detected in study and the 

toxicity profile with flora and fauna similarly other achievement of microbial and 

phytoremediation potential has been documented. At the end, I have mentioned the 

technology for recycling of distillery wastewater in environment for safe disposal. 
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Chapter eleven listed the sources in question quoted throughout the study. The 

section of reference was written in a traditional format and all relevant topical sources 

are also included. 

Chapter twelve has been annexed with the title page of published papers and 

other scientific output of work. The cover page of each published original research 

papers in National and International journal has also been attached. Two Published 

patent related with this PhD work. 
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Chapter-2 

Objectives  

The objectives of study were as below- 

1. Detection of complex Organo-metallic Compounds and other EDC related 

compounds of Distillery waste & their Environmental effect. 

 

2. Isolation and characterization of potential bacterial community 

responsible for bio-stimulation and bio-augmentation process during 

detoxification of distillery waste. 

 

3. Optimization of color reduction and detoxification process of distillery 

effluent by developed bacterial consortium at reduced TDS of effluent. 

 

4. Profiling of bacterial community of distillery waste degradation through 

next generation sequencing (NGS). 

 

5. Assessment of bacterial assisted phytoremediation technique by native 

wetland plant growing in distillery waste polluted site. 

 

6. Development and optimization of a novel technique for decolorization and 

detoxification of PMDE at high TDS for safe disposal and re-use.  
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Chapter-3 

 

3. Review of Literature 

 

As expressed in the decreased BOD and COD values of the PMDE, anaerobic 

treatment eliminates much of the biodegradable organic matter. Without eliminating 

pigment, anaerobic digestion using activated sludge process breaks down these 

biodegradable polymers into low molecular weight compounds and thus coloring 

content persists in the form of high COD amounts in the PMDE. However, since these 

bodies are bio-refractory, PMDE colorants such as lignin, caramel, ADPH, and 

melanoidins remain. Present treatment systems used for the treatment of PMDE 

include, prior to disposal, physical, chemical and biological processes. The choice of 

treatment approaches depends on different considerations, such as the effectiveness of 

treatment, the cost of treatment, geographic location, environment, land use, 

legislative restrictions and public approval of treatment. 

3.1. Physico-chemical treatment 

The techniques of physico-chemical application are a mixture of physical and 

chemical technologies. The separation of suspended solids from the PMDE is a 

physical procedure, while a chemical process is the reduction of the dissolved solid. 

By adding additives, all functions are conducted on PMDE. Several physico-chemical 

techniques have also been shown to reduce the distillery effluent's contaminant load. 

Coagulation/flocculation, hydroid oxide and radiation, hydrogen peroxide and 

adsorption of products such as chitosan and activated carbon are used in this 

treatment. 

3.1.1. Adsorption 

Adsorption is a wastewater purification technique for removing a wide range of 

compounds from industrial wastewater. Adsorption is most commonly implemented 

for the removal or low concentrations of non-degradable organic compounds from 

groundwater, drinking water preparation, process water or as tertiary cleansing after, 

for example, biological water purification. Adsorption takes place when molecules in 

a liquid bind themselves to the surface of a solid substance. Adsorbents have a very 

high internal surface area that permits adsorption. Active carbon is by far the most 

commonly used adsorbent and is particularly suited to the removal of polar 
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compounds. Adsorption is a surface phenomenon with common mechanism for 

organic and inorganic pollutants removal (Akmehmet and Otker, 2004) (Amat et al., 

2007; Shu and Chang, 2005; Yonar et al., 2005; Wu and Chang, 2006; Hsing et al., 

2007). When a solution containing absorbable solute comes into contact with a solid 

with a highly porous surface structure, liquid–solid intermolecular forces of attraction 

cause some of the solute molecules from the solution to be concentrated or deposited 

at the solid surface. The solute retained (on the solid surface) in adsorption processes 

is called adsorbet, whereas, the solid on which it is retained is called as an adsorbent. 

This surface accumulation of adsorbate on adsorbent is called adsorption This 

creation of an adsorbed phase having a composition different from that of the bulk 

fluid phase forms the basis of separation by adsorption technology. In a bulk material, 

all the bonding requirements (be they ionic, covalent, or metallic) of the constituent 

atoms of the material are filled by other atoms in the material. However, atoms on the 

surface of the adsorbent are not wholly surrounded by other adsorbent atoms and 

therefore can attract adsorbateThis method has also been successfully eliminated from 

distillery effluent unhealthy criteria such as COD and colour (Swamy et al. 

1997).Different researchers have documented decolorization of distillery effluent 

involving adsorption on both commercial and indigenous activated carbons(Satyawali 

and Balakrishnan 2009; Chandra and Pandey 2000).Satyawali and Balakrishnan 

(2007) investigated the discoloured use of various agro-residue-based, active coals 

and commercially processed activated carbons to treat anaerobically treated distillery 

effluent. For both agro-residue-based carbons, colour removal was 50% in 5g/100 mL 

of highest doses tested, whereas industrial activated carbons increased at 80% colour 

extraction at almost the same maximum concentration. For both agro-residue-based 

carbons, colour removal was 50% in 5g/100 mL of highest doses tested, whereas 

industrial ACs increased at 80% colour extraction at almost the same maximum 

concentration. The use of chemically modified bagasse using 2-diethylaminoethyl 

(DEAE) chloride hydrochloride and 3-chloro-2-hydroxypropyltrimethyl ammonium 

chloride (CHPTAC) was found to be capable of decolorizing diluted spent wash 

(Mane et al. 2009).2-diiethylaminoethyl (DEAE) and 3-chloro-2-hydroxypropyl 

ammonium chloride (CHPTAC) chemically engineered bagasse has been found to use 

for decolorization of diluted spent wash.0.6 g of synthetically produced sugarcane in 

contact with 100 mL of effluent reduced by 50% of the colour in 4 h. Decolonization 

of biomethane distillery effluent in packed beds using commercially available 
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activated carbon reduces the colour of 99 per cent and BOD by 90%. Comparative 

colour removal studies with commercially activated carbon and bagasse fly-ash were 

carried out. The 58% bagasse fly ash colour deletion is reported with 30 g/dm3, and 

the 80% colour deleting is reported with 20g/dm3 commercial AC. Few studies with 

natural carbon dioxide chitosan have been carried out. The (Lalov et al. 2000) 

research in dilute waste distillery water using chitosan as an anion exchanger gave 10 

g/dm3 and 30 minutes of contact time 98 per cent colour and 99 per cent COD 

elimination. It has been stated that with large indigenous dose powder and granular 

pyrochar in comparison with commercial ACs they are attaining the same degree of 

colour removal.The ACs are not cheap materials; thus, their use can often be limited 

by economic considerations despite their strong quality and applicability for 

adsorption of a variety of materials. 

3.1.2. Membrane filtration 

The Membrane Filter (MF) Technique was introduced in the late 1950s as an 

alternative to the Most Probable Number (MPN) procedure for microbiological 

analysis of waste water samples. The Membrane Filter Technique offers the 

advantage of isolating discrete colonies of bacteria, whereas the MPN procedure only 

indicates the presence or absence of an approximate number or organisms (indicated 

by turbidity in test tubes). Industrial waste water treatment plants monitoring, waste, 

and surface water for the presence of coliform bacteria by the Membrane Filter 

Technique. The key organism monitored in water treatment facilities is E. coli.  In the 

membrane filter technique, water is drawn through a thin filter. Filters with a variety 

of pore sizes are available. Pores of 0.45 µm are used for filtering out most bacteria. 

Bacteria are retained on the filter, which is then placed on a suitable nutrient medium. 

In field situations, nutrients are added to a thick absorbent pad on which the filter is 

placed. Nutrients that diffuse through the filter can be metabolized by bacteria trapped 

on the filter. Each bacterium that is trapped on the filter will develop into a colony. 

Bacterial colonies growing on the medium can then be counted. When a selective or 

differential medium is used, desired colonies will have a distinctive appearance. In 

addition to its use by government labs for monitoring drinking water, the MF 

Technique is also used for microbial monitoring in the pharmaceutical, cosmetics, 

electronics, and food and beverage industries. The Membrane Filter Technique is used 

in these industrial labs to monitor the presence of microorganisms in process waters 

and final product. Most modern laboratories use a refinement of total plate count in 



26 

 

which serial dilutions of the sample are vacuum filtered through purpose 

made membrane filters and these filters are themselves laid on nutrient medium 

within sealed plates. The methodology is otherwise similar to conventional total plate 

counts. Membranes have a printed millimeter grid printed on and can be reliably used 

to count the number of colonies under a binocular microscope. The MF Technique is 

an effective, accepted technique for testing fluid samples for microbiological 

contamination. It involves less preparation than many traditional methods, and is one 

of a few methods that will allow the isolation and enumeration of microorganisms. 

The MF Technique also provides presence or absence information within 24 hours. 

 Permits testing of large sample volumes. 

 Reduces preparation time as compared to many traditional methods. 

 Allows isolation and enumeration of discrete colonies of bacteria. 

 Provides presence or absence information within 24 hours. 

 Effective and acceptable technique. Used to monitor drinking water in 

government laboratories. 

 Useful for bacterial monitoring in the pharmaceutical, cosmetics, 

electronics, and food and beverage industries. 

 Allows for removal of bacteriostatic or cidal agents that would not be 

removed in Pour Plate, Spread Plate, or MPN techniques. 

3.1.3. Coagulation and flocculation 

 

A coagulant (typically a metallic salt) with the opposite charge is added to the water 

to overcome the repulsive charge and "destabilize" the suspension. For example, the 

colloidal particles are negatively charged and alum is added as a coagulant to create 

positively charged ions. Once the repulsive charges have been neutralized (since 

opposite charges attract), the Vander Waals force will cause the particles to cling 

together (agglomerate) and form micro Floc.  Conversely, flocculation involves the 

addition of polymers that clump the small, destabilized particles together into larger 

aggregates so that they can be more easily separated from the water. Flocculation is a 

physical process and does not involve the neutralization of charge. Coagulation may 

be used in conjunction with flocculation to assist with water clarification. Coagulation 

and flocculation are an essential part of drinking water treatment as well 

https://en.wikipedia.org/wiki/Van_der_Waals_force
https://en.wikipedia.org/wiki/Flocculation
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as wastewater treatment.  This article provides an overview of the processes and looks 

at the latest thinking.  Material for this article was largely taken from reference1. 

Coagulation and flocculation are essential processes in various disciplines. In potable 

water treatment, clarification of water using coagulating agents has been practiced 

from ancient times. As early as 2000 BC the Egyptians used almonds smeared around 

vessels to clarify river water. The use of alum as a coagulant by the Romans was 

mentioned in around 77 AD. By 1757, alum was being used for coagulation in 

municipal water treatment in England. In modern water treatment, coagulation 

and flocculation are still essential components of the overall suite of treatment 

processes – understandably, because since 1989 the regulatory limit in the US for 

treated water turbidity has progressively reduced from 1.0 NTU in 1989 to 0.3 NTU 

today. Many water utilities are committed to consistently producing treated water 

turbidities of less than 0.1 NTU to guard against pathogen contamination. It is also 

important in several wastewater treatment operations.  A common example is 

chemical phosphorus removal and another, in overloaded waste water treatment 

plants, is the practice of chemically enhancing primary treatment to reduce suspended 

solids and organic loads from primary clarifiers. Coagulation-flocculation is a 

chemical water treatment technique typically applied prior 

to sedimentation and filtration (e.g. rapid sand filtration) to enhance the ability of a 

treatment process to remove particles. Coagulations a process used to neutralize 

charges and form a gelatinous mass to trap (or bridge) particles thus forming a mass 

large enough to settle or be trapped in the filter. Flocculation is gentle stirring or 

agitation to encourage the particles thus formed to agglomerate into masses large 

enough to settle or be filtered from solution. 

3.1.4. Sedimentation 

 

Sedimentation is a physical water treatment process using gravity to 

remove suspended solids from water. Solid particles entrained by the turbulence of 

moving water may be removed naturally by sedimentation in the still water of lakes 

and oceans. Settling basins are ponds constructed for the purpose of removing 

entrained solids by sedimentation. Clarifiers are tanks built with mechanical means 

for continuous removal of solids being deposited by sedimentation.  

 Settling of discrete particles 

 Settlement of flocculent particles 

http://www.iwapublishing.com/books/9781780407494/coagulation-and-flocculation-water-and-wastewater-treatment-%E2%80%93-third-edition
http://www.sswm.info/glossary/2/letterc#term2401
http://www.sswm.info/glossary/2/letters#term965
http://www.sswm.info/glossary/2/letterf#term3351
http://www.sswm.info/glossary/2/letterr#term1768
http://www.sswm.info/glossary/2/letterf#term2398
https://en.wikipedia.org/wiki/Water_treatment
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Suspension_(chemistry)
https://en.wikipedia.org/wiki/Settling_basin
https://en.wikipedia.org/wiki/Clarifier
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 Zone-settling behaviour 

 Compression settling 

 Horizontal flow tanks 

 Radial flow tanks 

 Inclined settling 

 Ballasted sedimentation 

 Floc blanket sedimentation 

3.1.5. Electromagnetic separation 

Magnetic treatments for water and wastewater attract a special attention due to their 

safety, ecological purity, simplicity and low operating costs. Thus this study was 

carried out in order to determine the feasibility and effectiveness of applying magnetic 

technology for a better understanding of the effluent characteristics. The main 

objectives of this research are to investigate the feasibility of magnetic technology in 

assisting sedimentation of suspended particles and to understand the mechanism and 

impact of magnetic application in sewage. The effects of various parameters, 

magnetic field strength, and flow rate, usage of pin-jet and magnetic orientations are 

used to investigate their effectiveness on the suspended solids removal(Akmehmet 

and Otker, 2004), surfactants (Amat et al., 2007), dyes (Shu and Chang, 2005; Yonar 

et al., 2005; Wu and Chang, 2006; Hsing et al., 2007). A series of electromagnets 

magnets was used as a reactor in this study and the sewage was taken from Taman Sri 

Pulai, Johor with estimated PE of 10,300. Experiments indicate that suspended solids 

removal increases as magnetic field strength and exposure time are increased and flow 

rate is decreased. It was found out that magnetic field increases the suspended solids 

removal by 41 percent to 49 percent at 670 gauss compared to untreated raw sewage. 

Besides that usage of pin-jet in the magnetically treatment reactors also help to 

increase another 6 percent of the suspended solids removal. Study carried out also 

shows that magnetic field enhances the suspended solids removal by accelerating the 

settling of sludge (settlement time) as well as increasing the sludge density. Hence 

this technology is definitely beneficial in reducing the volume of sedimentation tank 

as well as increasing the treatment plant efficiency. Magnetic technology has been 

shown in the past to be a promising treatment process that can be used to enhance 

water and wastewater quality. Magnetic water treatment is a process of water that 

does not require any chemical and filtration substitutes. The scientific explanation of 
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magnetic water treatment has been the subject of investigation by many researchers. 

These studies involved the formation of scale and methods for its prevention 

(Florenstano, 1996). Magnetic treatment of water is an attractively simple approach 

by which the water to be treated flows through a magnetic field and consequently 

changes some of its physicochemical properties. Some researchers use particle of 

higher magnetic susceptibility to flocculate with particles (weakly magnetic and 

nonmagnetic particles) in the suspension and subsequently form paramagnetic flock 

that can be removed by a magnetic filter. (Ying et al., 1999). This process is called 

magnetically seeded filtration and has been widely applied in the industrial 

wastewater treatment such as filtration of nuclear reactor coolant (Heitmann, 1979), 

removal of phosphate from water (Sheikh & Dixit, 1992), recovery of hematite and 

chromites fines and ultra-fines (Wang & Forsberg, 1994) and separation of dissolved 

heavy metals from wastewater (Terashima et al., 1986). Usages of magnetite slurry, 

magnetic particles and magnetic powder in treating wastewater have becoming the 

main interest of many researchers. Common wealth of Australia Scientific and 

Industrial Research Organization (CSIRO) has conducted a research onto the 

application of magnetic particle technology to wastewater treatment with respect to 

absorption and coagulation process (Bolto, 1990). This study was made on various 

numbers of wastewater applications such as metal recovery from electroplating rinse 

water, sewage sludge and hydrometallurgical effluents. Magnets had been used as the 

core element of a complete system to eliminate phosphate, heavy metals and other 

pollutants from wastewater. This system is based on attachment of wastewater 

pollutants to a magnetic carrier material (magnetite). After separation the magnetic is 

recovered and reused in the process. On the similar approach Sakai (1994) has studied 

the submerged filter system consisting of magnetically an isotropic tubular support 

media for sewage treatment with biofilm system. Activated sludge was supplemented 

with ferromagnetic powder for the preparation of the biofilm. The biofilm was formed 

within 15 min on magnetic support media by magnetic attraction. The magnetic 

support media were able to treat sewage containing 0.2 g/l COD removing 72-94% 

COD with a retention time of 8h. When a magnetic field is applied across the column, 

the magnetic filling dehomogenizes the magnetic field in the column, producing large 

field gradients around the magnetic matrix that attract magnetic particles to their 

surfaces and trap them there. The collection of particles strongly depends on the 

creation of these large magnetic field gradients, as well as on the particle size and 
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magnetic properties. For successful collection of magnetic particles by HGMS, the 

magnetic force attracting particles toward the magnetic matrix must dominate the 

fluid drag, gravitational, inertial, and diffusion forces as the particle suspension flows 

through the separator (Ambashta and Sillanpaa, 2010). 

3.1.6. Drying and evaporation 

 

Water removal from industrial effluent streams constitutes an important step in 

wastewater and sludge treatment. The purpose is to concentrate, separate, dispose, or 

utilize wastes and pollutants and to regenerate and return clean water to the 

environment. Drying and evaporation consist of a combination of mass and heat 

transfer processes common to all dryer designs for a given sludge. Evaporation is the 

process by which water changes from a liquid to a gas or vapor (Akmehmet and 

Otker, 2004), (Amat et al., 2007), (Shu and Chang, 2005; Yonar et al., 2005; Wu and 

Chang, 2006; Hsing et al., 2007). Evaporation is the primary pathway that water 

moves from the liquid state back into the water cycle as atmospheric water vapor. 

Studies have shown that the oceans, seas, lakes, and rivers provide nearly 90 percent 

of the moisture in the atmosphere via evaporation, with the remaining 10 percent 

being contributed by plant transpiration. Removing water from effluent constitutes a 

significant portion of the processing activity for persons working in the industries. 

Two major moisture removal methods are drying (or dehydration) to produce a solid 

product and evaporation to produce a more concentrated liquid. The words drying and 

dehydration are often used interchangeably, especially when referring to industrial 

effluent. Although certain basic factors are involved in all drying processes, the 

equipment and techniques vary greatly depending upon the product and other factors. 

In this unit, we will consider some basic factors affecting drying and briefly examine 

some drying methods. Evaporation is the removal of some water from a liquid product 

to produce a more concentrated liquid... Most evaporation systems are large-scale 

commercial operations, although small-scale farm operations still exist for production 

of maple, sorghum, and sugar cane syrups. The governing principles of evaporator 

operation will be briefly examined in this unit.  

3.1.7. Oxidation process (Ozonation) 

In ozonolysis, ozone is sparged into a mixture of biomass and water at room 

temperature and specific time periods leading to the solubilization of lignin and 
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hemicelluloses. The focus of attack is on the aromatic ring of lignin and the process is 

affected by ozone concentration, biomass type and moisture content, and air/ozone 

flow rate. Though the process is relatively expensive due to large requirements of 

ozone, the process comes with benefits as follows: high dry matter concentrations 

(45–60%), effective removal of lignin, very low production of inhibitory products, 

and reactions performed at atmospheric conditions (Akmehmet and Otker, 2004), 

surfactants (Amat et al., 2007), dyes (Shu and Chang, 2005; Yonar et al., 2005; Wu 

and Chang, 2006; Hsing et al., 2007),. Ozone, thus, barely attacks carbohydrates. 

Lignin degradation products such as carboxylic acids that may form can be eliminated 

by washing with water at room temperature even though it comes at the expense of 

some carbohydrates losses. 

In some instances, ozone application to specific biomass resulted in low sugar yields. 

In basic medium, ozone application was found to be inefficient on wheat and rye 

straw. Ozone treatment of cotton stalk (10% w/v) at 4°C for 30–90 minutes reduced 

lignin by 11.97–16.6%, at xylan and glucansolubilisation of 1.9–16.7% and 7.2–

16.6%, respectively; comparatively, NaOH treatment achieved higher delignification 

of 65.63%. In another work, high delignification and low carbohydrate loss were 

observed when a two-step method comprising ozone and ethanosolv was applied to 

Sweet gum, Miscanthus, and Loblolly pine. In addition, combined ozonolysis and 

auto hydrolysis offer benefits such as high hemicellulose solubilisation, high glucose 

and ethanol yields, low use of chemicals, and low waste production. 

Recently, the use of plasma-generated ozone (from air or oxygen-enriched air) 

at atmospheric conditions has attracted interest among researchers including Schultz-

Jensen and team at the RisøNational Laboratory for Sustainable Energy in Denmark. 

Employing a fixed-bed reactor, a CO2 detector, and a technique for continuous 

determination of ozone consumption, lignin degradation of ozone pretreatment of 

wheat straw was monitored in real time with respect to ozone consumption and 

CO2 emission. Lignin degradation of 1 mm particles was found to be almost complete 

while that of 2 mm particles was less than 80%, leaving a solid fraction mainly 

composed of carbohydrates. Maximum glucose and ethanol yields of 78% and 52% 

were observed after enzymatic hydrolysis and SSF (based on glucan), respectively, 

based on optimal ozonisation for 1 h. The ethanol yield was relatively low and the 

process economics has the potential to be improved via the recovery and use of lignin 
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byproducts and hemicellulose, as well as developing schemes to reduce ozone 

consumption for similar yields. 

3.2. Biological processes 

The organisms that operate in the absence of oxygen are used to treat high-servicing 

waste water and are generally treated to a degree that enables a wastewater to be 

released into a municipal sewage system. Here, when compared with aerobic 

treatments, the amount of sludge produced is very low. This process is accepted 

because the water with low biomass production can be stabilized. The bacteria are 

manufactured as a feed in the anaerobic process of the biodegradable material. In 

total, around 40% to 60% of organic solids are methane (CH4) and carbon dioxide 

(CO2) translated into methane. 

3.2.1. Conventional method 

Conventional treatment systems are used where space is very limited (sometimes 

referred to as mechanical systems). They are more expensive than natural therapy 

systems which require more space, including lagoons, because they are mechanized. 

Traditional processes for the removal of heavy metals from waste water include many 

methods, including chemical precipitation, flotation, adsorption and the exchange of 

ions. Different kinds of conventional treatment systems are used most frequently for 

heavy metal removal from inorganic effluent. However, some of the most common 

systems are listed below:- 

3.2.1.1. Activated sludge process    

 

The activated sludge process is a very modular, affordable and environmentally 

friendly biological wastewater treatment system. PMDE wastewater is aerated in 

aerobic form by a flocculent and then is known as the activated sludge process by the 

conventional method as the biological oxidation method by using mixed bacterial 

culture. Air tank in which the activated sludge and sludge and inbound wastewater 

have been thoroughly mixed up and the abundant supply of oxygen dissolved, a final 

settler tank for removing the activated sludge from the treated effluent and a return- 

sludge system for recycling the activated sludge solid are key elements in this process. 

Compared with all the other above processes, the unique feature of activated sludge 

processes is that the retention time of active sludge solids and liquid effluent is 

controlled separately and positively. It is therefore easier than other processes to 
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monitor it much closer. In this method, the organic matter-containing sewage is 

aerated in an aerating tank by a mechanical aerator. This process accelerates the 

breakdown of waste. Aeration is based on pumping air into a tank which promotes a 

microbial development in a wastewater process in a sludge process. In a settling tank, 

sometimes referred to as a secondary settler or a clarifier, the effluvium from the air 

tank contains the flocculent microbial mass, known as the sludge. 

Activated sludge has commonly been used worldwide to treat large volumes of 

wastewater. By definition, activated sludge refers to ―the active population of micro-

organisms that are used to treat wastewater.‖ Through a series of controls, pumps, and 

tanks, the sewage undergoes various processes in separate basins or tanks; these 

processes include: primary settling, aerobic biological treatment, secondary settling, 

disinfection, and discharge. 

Applying the appropriate mass balances, the correlations derived for microbes (D) and 

food (A) under the persuing suppositions:   

1. Influent and effluent microbes clustering are slight. 

2. Food and microorganisms are clumping in the aeration tank.   
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A = BOD concentration in activated sludge (S = BOD5 allowed – BOD5 in SS) 

[mg/L] 

D = microorganism concentration in activated sludge (2,000 to 3,500 mg/L) 

[mg/L of MLVSS] 

Dr = microorganism concentration in recycle [mg/L of VSS] 

AO= influent BOD5 [mg/L] 

c = mean cell resident time in the aeration tank [d]  

  = hydraulic detention time [d] 

M = aeration tank volume [m
3
] 

N = flow rate [m
3
/d] 

Nw = flow rate of waste sludge [m
3
/d] 

m =maximum specific substrate utilization rate [d
-1

] 

PS= half-maximum rate concentration [mg/L] 
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Pd = endogenous-decay rate coefficient [d
-1

] 

Z = yield coefficient [mg/L MLVSS/mg/L]   

Process Optimization of Activated sludge Process:-     

Oxygen Requirements: - In the Activated sludge consume large amount of oxygen in 

the formation of sludge and the consumption of energy.  However, oxygen is 

produced during microbe‘s movement from right to left as per the following equation:  

C5H7O2N + 5O2      5CO2 + 2H2O + NH3 + energy   

C6H12O6 + 6O2  6CO2 + 6H2O 

In particular, three main phenomena consist of the elimination or stabilization of 

organic matter in waste water: 

 Decomposition of organic matter  

At this stage, oxygen dissolved in the water is used to generate the energy required for 

live processes from the biochemical reactions: 

CxHyO2 + O2 microorganisms CO2 + H2O 

Organic matter is oxidized to produce CO2 and H2O (cellular respiration). 

CATABOLISM. 

 Construction of cell mass 

It is used for the synthesis of new cell mass using dissolved oxygen to generate the 

necessary energy: 

(CxHyO2) + NH4 + + PO4
3-

+ O2 microorganisms New Microorganisms +CO2 +H2O  

It generates new cell material (anabolic route) ANABOLISM starting with the organic 

matter, and using ammonium and phosphate as sources of nitrogen and phosphorus. 

• Cellular excretion 

The microorganisms finally undergo a gradual auto oxidation of their cell mass.  

(Microorganisms) + O2 microorganisms CO2 + H2O + NH4 + + PO4
3- 

3.2.1.1. Trickling filter  

A filtration system for slowly creeping seems to be a PMDE wastewater treatment 

system used by Dibden and Clowes for the first time. It is composed of a fixed rock 

bed, a lava bath, a coke, a slag or a plastic media with a microbial slime adhesive 

(biofilms) that is also flowing freely up rather than down through wastewater or other 

waste water. Aerobic conditions are kept when the filter medium is porous by 

splattering, diffusion and either by the forced air simply passing through the 
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mattresses or by the natural air evaporation. For a trickle filter, the term trickle filters, 

biofilters, biological filters and bio-filters are often used. These systems were also 

described as rough mechanisms of productivity growth and resolved film 

mechanisms. Filters, intermittent filters, media bed packaged filters, alternate 

treatment plants, filters for stirring, affixed. Simple devices that can run without 

electricity are trickling filters. The power of PMDE wastewater is generally 

everything necessary for the dispensing arm to move. The pre- treated waste water 

may also be supplied by a fixed spray device. The processing of PMDE wastewater is 

very efficient. Although primary settlement reservoirs, clarification and disinfection 

systems are still needed, they use less energy than active sludge. 

The treatment of industrial PMDE wastewater may involve specialized tricking 

filters which use plastic media and high flow rates. PMDE from a variety of industrial 

processes have been treated in trickling filters. 

• Large tanks or concrete containers of plastic or other forms of media.  

• Plastic beams or other mainstream media filled with vertical spires. 

 

3.2.2. Innovative method  

 

To comply with technology-based treatment standards, innovative processes for 

industrial wastewater which contains heavy metals often involve toxicity reduction 

technologies. Recent developments and the technical applicability of various 

treatments for heavy metal deletion in industrial waste water are discussed in this 

article. The most dangerous industries of chemical-intensive industries include the 

release of large quantities of metal-contaminated wastewater, such as Cd, Cr, Cu, Ni, 

As, Pb and Zn, . Heavy metals can be absorbed by living organisms due to their high 

solubility in the aquatic environment. High levels of heavy metals may accumulate in 

the human body when entering the food chain. If metals are taken beyond the allowed 

concentration, serious health conditions may occur. (Babel and Kurniawan, 2004). 

Consequently, before discharge into the environment, metal contaminated wastewater 

must be treated. Innovative methods of treatment such as:-TDS reduction, enzyme 

pre-treatment, bacterial and fungal treatment processes, etc. are used to remove heavy 

metal from inorganic effluent. 
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3.2.2.1. TDS Reduction 

In recent decades, huge growth has happened in the manufacturing industries of 

developing nations. These manufacturing industries drain PMDE effluent that carries 

higher concentrations of contaminants and metabolic oxygen supply .These harmful 

by-products should also be actually treated for completely safe contested possessions 

that act in accordance with the regulations imposed on the manufacturing sectors. 

PMDE wastewaters also have higher concentrations of total dissolved solids (TDS), 

which was a daunting task for technologists to eliminate them from industrial 

manufacturing wastewaters. 

3.2.2.2. Fungal treatment 

In Bioremediation Process, fungi are used in the degradation and detoxification 

process is known as Mycoremediation. The primary role of fungi in the ecosystem is 

decomposition carried out by fungal mycelium. In microorganisms, fungi are unique 

in that they secrete a variety of extracellular enzymes. Lignocellulose decomposition 

is classified as the most important degrading event in the earth's carbon cycle (Bennett 

and Faison, 1997). It determines the right fungal species to target a particular 

pollutant. The importance of fungi in the environment is that organic and inorganic 

substrates are decomposed and processed e.g. P. chrysosporium, F. flavus, A. 

fumigatus etc. Various researchers have studied nutrient removal using fungal species 

i.e. Cooke (1976) advocated the use of fungi in wastewater treatment because fungi 

showed higher levels of organic matter degradation. 

3.2.2.3. Bacterial treatment 

Bacteria perform a major part in bioremediation technique and have been confirmed 

that it is a powerful, cost effective and eco- friendly substitute to physicochemical 

approaches. Various bacterial sps.e.g.Pseudomonas sp., B. cereus, B. thuringiensis, X. 

fragariae have been reported for their capacity in to degradation and Decolor 

ization of toxic chemical pollutants that are present in PMDE. Free or immobilized 

cells are studied wide for bioremediation of PMDE waste product. Immobilization of 

bacteria on inert support material as well as alginate, polyacrylamide, agar, styrene, 

and polymer is a lot of advantageous compared thereto of free-cell. A number of the 

benefits embrace compact body of carrier pellets, high biomass retention, reusability 

of culture and easier separation method. The accessibility of Bacteria in PMDE 
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wastewater treatment is much more vulnerable on the type of chemical composition of 

wastewater, nutrient, pH, temperature, oxygen and Inoculum size. 

3.3. Recent approaches for degradation and decolorization of PMDE 

 

3.3.1. Phytoremediation approach and constructed wetland approach in 

distillery effluent 

Phytoremediation using wetland plants is an environmentally beneficial, appealing, 

affordable, energy conversion, passive technology helpful to remove pollutants with 

low to moderate pollution levels (USEPA 2000). Comparatively phytoremediation is 

a novel technique, and until now, only a small amount of plant species have been 

studied to address melanoidin degradation; i.e. Phragmites karka, P. australis, 

P. communis, Typha angustifolia, Cyperus esculentus (Chandra and Yadav 2010, 

2011; Tripathi et al. 2021). Aquatic macrophyte Potamogeton Pectinatus was recently 

utilised in heavy metals bioaccumulated (Fe, Cu, Zn and Mn) and the distillery 

effluent efficiently cleaned (Sharma et al., 2021). Billore et al., 1999 study on 

horizontal subsurface gravity bed created in Central India using P. karka has done 

considerable work on the elimination of industrial pollution. Billore et al. (2001) 

published another research at Khodigram Village on the surroundings of the town of 

Baraha, India, on the use of horizontal wetland to process secondary-treating waste 

distillery from a private distillery. BOD5 and COD values were respectively 4850 and 

22,322 mg/L
−1

 respectively in the distillery effluent even after standard secondary 

treatments, which prompted to additional treatment. The method produced a 64% 

reduction in the COD, BOD5, TKN, and TP, 84%, 59% and 79%. The study showed 

that built wetlands might be an appropriate tertiary treatment option. Trivedy and 

Nakate (2000) in another research used T. latipholia to clean wastewater from 

distilleries in a designed wetland. In a 10-day period, the system reduced COD and 

BOD by 78%, and 47%, respectively. Increased effluent concentration drastically 

decreased biomass production with the highest accumulation of Fe reported in 100 % 

pure effluent-growing plants. Chaturvedi et al. (2006) recently revealed the 

phytoremedial ability of P. australis, cultivated at a polluted distillery effluent site, 

also characterising various bacterial species from the P. australis rhizospheric zone. 

Bacterial culture proved advantageous for the breakdown of the hazardous substances 

in the distillery waste. They noticed that the colour decreased by 75.0% by the same 

bacteria and concomitantly reduced results for COD, BOD, phenol, sulphate and 
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heavy metals. The chelating properties of melanoidin like product (MLP) are 

investigated by Hatano et al. (2016) and the facilitative effect on the phytostatic 

efficacite of Raphanus sativus longipinnatus in Japan is assessed. It demonstrated that 

MLP binds to all metal ions under examination and that maillard product binding 

ability towards Cu2+ appears to be the greatest of all. MLP metal reduction was 

carried out in accordance with an order Pb2+> Zn2+> Ni2+> Cu2+> Fe2+> Cd2+> 

CO2+. Moreover, the application of maillard product approach in the phytoextraction 

experiment with copper sulphate. In addition, the use of maillard product increased 

copper detoxification and bioavailability in radish sprouts in the phytoextraction 

experiment with copper sulphate. The facilitatory impact on the phyto-extraction of 

maillard product on cadmium or lead, the amounts of which have been adjusted 

according to the Soil Contamination Contraction Act regulatory values in Japan, has 

also been assessed in another study (2009). Their rapid growth and high biomass 

production, and heavy metal absorption have been used to control area of Brassica 

species. The addition of maillard product greatly enhanced the use of biomass and 

plumage in the nutritional medium of 1 mM plum nitrate and virtually all plumage in 

the root tissue accumulated. Thus the detoxification of lead ions and the improvement 

of their bioavailability in Brassica species were possible for maillard product. 

3.3.2. Enzymatic pre-treatment integrated with bacteria/fungi 

These micro-organism exhibit extensive bioremediation activities that are mainly 

based upon their capabilities to produce one or more extracellular lignin-modifying 

enzymes (Wesenberg et al. 2003). Lignin peroxidases (LiP), manganese-dependent 

peroxidases (MnP) and laccase are the three major lignin-degrading enzymes with 

great potential in industrial applications (D‘Souza et al. 2006). Production of these 

enzymes from bacteria and fungi has been well documented. However, in recent 

years, there are several reports of these ligninolytic enzymes being produced from 

other fungi like Phylosticta, Aspergillus, Fusarium and Penicillium  (Sahoo and 

Gupta 2005; Shah et al. 2005; Kumari et al. 2002) and Klebsiella, Pseudomonas, 

Bacillus sps. Etc. Recently, laccase, lignin peroxidase, xylanase, endo-1,4-β-d-

glucanase and exo-1,4-β-d-glucanase production by Aspergillus sp. on agricultural 

waste of banana under solid state fermentation (SSF) condition was reported by (Shah 

et al. 2005). Extracellular MnP production under alkaline conditions has been 

reported in Aspergillus terreus (Kanayama et al. 2002). Laccase production 

in Fusarium proliferated cultures, using wheat bran as a natural lignin–carbon source 

https://link.springer.com/article/10.1007/s10532-006-9097-z#CR50
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR10
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR41
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR43
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR24
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR43
https://link.springer.com/article/10.1007/s10532-006-9097-z#CR20


39 

 

and benzyl alcohol as laccase inducer has been reported by (Fernaud et al. 2006). 

Bacteria are use for biodegradation of ligninolytic enzyme in Chandra et.al (2017).  

Table: 3.1: Different Treatment Techniques, their Preference/Advantage and 

Limitation for PMDE wastewater 

Treatment  Merits  Demerits 

Conventional    

Activated Sludge 

Process 

Cost Effective requires small area. If there is a sudden increase 

in the volume of sewage 

there are adverse effects on 

the working of the process. 

Trickling Filter Flexible in operation, Filter loading is 

high, required less land areas and 

smaller quantities of filter for 

installations. 

The beds loss through these 

filters is high, Fly nuisance 

and odour nuisance may 

prevail. 

UASB Bioreactor Flexibility, Simplicity, Low Sludge 

Production, low space required 

Long Start-up, Necessity of 

post- Treatment 

Innovative    

TDS Reduction Low cast, remove alkalinity & 

Conductivity  

Requires Dilution (More 

than 5%), pH sensitive. 

Fungal Treatment Acceptable naturalness, Effectiveness 

and potentially high specificity, 

Protection of biodiversity in managed 

ecosystems 

Can be very costly, They 

can have a short shelf life 

Bacterial treatment Bacteria are beneficial to clean up oil 

spills by the process of 

bioremediation,  bacteria are used for 

production of pure chemicals, Bacteria 

re bioengineered for the production of 

proteins like insulin, growth hormones 

and also antibodies 

Cause diseases and 

infection, cause death, 

bacterial disease caused by 

sexual contact. 

Enzymatic    

Lignin peroxidise Uses in Bio-refinery, textile, Energy, 

bioremediation, cosmetology, and 

dermatology industries. do not need 

pre-conditioning to a particular 

pollutant tolerate a wide range of 

environmental conditions 

Hyper pigmentation, skin- 

lightening, complex hetero-

polymer. 

Maganese peroxidise 

Laccase 

Chemical Treatment   

Alkaline Powerful Antioxidant Properties, 

Optimizes the pH Levels from Our 

Bodies, Boosts our Immunity, Helps 

with Weight Loss 

The BOD/COD ratios 

increased. Maintaining pH 

value 

Wet Oxidation Lighter particles removed, Lighter 

particles removed 

More complex/more 

maintenance,  

Acid Lighter particles removed, Much Sensitive for human 

body, More complex/more 

maintenance 

Source: - (Pant D&Adholeya A., 2006), (Bhargava et.al 2017) 

https://link.springer.com/article/10.1007/s10532-006-9097-z#CR12
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3.4. Future prospects of Bioremediation in distillery wastewater. 

Mostly with the incredibly quick industrial progress, environmental conservation is 

still one of the world's major concerns. In the manufacture and distribution of alcohol, 

the distillery industry uses also huge quantities of water and various types of chemical 

products, which generate high-risk resistance to waste This wastewater is classified as 

an environmental hazard because of the very high BOD and COD. The limitations of 

existing methods need therefore urgently be addressed and integrated treatment 

processes developed which offer a complete solution for the handling of wastewater 

in PMDE distillery. Microbial techniques give an environmentally friendly approach 

to the treatment of wastewater; however in situ management of pollutants these 

technologies are not easily handled. Different types of contaminants do not decolorize 

complicated industrial wastewater readily by a single step treatment procedure. 

Therefore, a new two-stage treatment/phase separation technique employing bacteria 

and a built-in wetland system might be a new, more viable approach to industrial 

wastewater bioremediation for high-strength complicated wastewater. The integration 

of the bacterial treated effluents (biodegradative bacteria) into the constructed wetland 

treatment system is generally effective in helping wastewater to breakdown 

contaminants and increasing the bioavailability of contaminants in plants. Two stage 

treatments have been found to be more efficient than single bacteria and plant 

treatment. Innovative approaches such as bacteria, fungus, yeast and their synergistic 

networks have shown efficient for distillery effluent decolorization. Combination of 

bacterial wetland processing technology gives a superb colour removing system from 

industrial wastewater and additional reductions in BOD, COD, TDS and heavy metals 

for safe disposal.. The effluent distillery has been effectively treated by Kumar and 

Chandra (2004), in two stages of treatment processes, comprising transformation of 

the resistant colouring components of the effluent by an Aerobic Bacterium B. 

thuringiensis. Similar biphasic effluent treatment was done by Chandra et al., (2008c), 

which resulted in a decrease of BOD, COD (98-99 percent) and of colour after 7 days, 

in a built wetland using B. thuringiensis and T. angustata L. The results indicate that 

the combined bacterial pretreatment of PMDE with phytoremediation will improve 

the process of PMDE treatment and promote a safer disposal of this waste. Kaushik et 

al. (2010) examined distillery treatment by use of fungus and bacteria, which wash in 

the three-stage bioreactor. Emiricella nidulans varlata first conducted treatment. 
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Intermediate Neurospora followed by Bacillus sp. After 30 hours, the treated wash 

exhibited a substantial decline in colour (82%) and COD (93%). In two phases in 

sequence treatments for PMDEs by bacteria and Phragmites communis, Chandra et al. 

(2012) found a 94.5% and 96.0% decrease in BOD/COD levels. During the two 

phases of sequential PMDE processing by bacteria and wetlands plants, he also 

characterised P. communis rhizosphere bacterial populations and metabolism 

products. Pant and Adholeya have described two-stage sequences for anaerobic 

digested wastewater from a cane molasses distillery (2009a). In the first stage, the 

effluent has been treated with the hydroponic system employing two kinds of plants 

(Vetiveria zizanioides and Phragmites karka). These plant roots demonstrated 

abundant effluent discharge. The elimination of nitrogen by 84% has been achieved. 

In this hydroponically treated effluent, the Aspergillus flavus (74.67 percent) was 

exposed to 86.33 percent decoloration, with considerable COD decreases. Therefore, 

the proposed technique is significant from the point of view of handling waste 

distillery without high dilution and inclusion of additional carbon sources. The 

effectiveness of the two-step treatment method has been shown at pilot level. This 

method has proven effective in the field and will likely be widely used for organic 

contaminants in waste water during the next 5 to 10 years. 
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Chapter-4 

 

Detection of complex Organo-metallic Compounds and other EDC related 

compounds of Distillery waste and their Environmental effect 

 

4.1. Introduction  

Discharged sugarcane molasses-based distillery effluent, also known as post-

methanated distillery effluent (PMDE); is a dark brown and highly complex 

chemically recalcitrant organometallic compound as a source of environmental 

pollutants (Yadav and Chandra, 2019). The PMDE has pH of 8.5, total suspended 

solids  (21,000-40,700 mg L
−1

), total dissolved solids (29,810 mg L
−1

), biological 

oxygen demand (8,000-12,000 mg L
−1)

, chemical oxygen demand (35,000-52,000 mg 

L
−1

), nitrogenous compounds (15,284-28,696 mg L
−1

), and total sulphate (3,875-4,096 

mg L
−1

). In addition, there is phosphate (1,625 mg L
−1

), potassium at 537 mg L
−1

, and 

chloride (7,842-7,997 mg/ L
−1

) as salts and phenolic compounds (6,893-7,202 mg L
−1

) 

(Bhargava and Chandra, 2010a, b). The dark color of PMDE is known due to the 

thermal processing of various water-soluble compounds in sugarcane juice, such as 

cane pigments, phenolics, and different amino–carbonyl compounds, which are likely 

to form a complex polymer known as melanoidin at elevated temperature (Yadav and 

Chandra, 2019). Melanoidin is a known non-enzymatic product, separated with 

sugarcane molasses as a by-product during the clarification of sugarcane juice 

(Chowdhary et al., 2018). In various studies, the BOD/COD ratio has been described 

as a measurement for the presence of organic pollutant and their degradability status 

(Abdalla and Hammam, 2014; Choi et al., 2017). During the anaerobic treatment 

process, the spent wash becomes more viscous and dark because of microbial 

interaction with sulphur compounds (Nguyen et al. 2013). The BOD/COD ratio (0.35) 

of an anaerobically degraded spent wash of distillery has been reported in a previous 

study. This indicated the non-degradability of waste with the presence of various 

complex compounds. Therefore, due to the high concentration of pollutants in the 

effluent. The bacterial community does not show any bioconversion (Chandra et al., 

2008). Besides, the complex organic compounds there are substantial amounts of 

heavy metals reported in the PMDE, which increases its toxicity because of their 

strong binding tendency with the organic polymer component and their solubility 

under acidic conditions (Chandra et al., 2008). These organometallic wastes along 
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with the salts, phenolics, and chlorides, the effluent becomes more hazardous to the 

environment (Shon et al., 2006). In addition to the high organic content, PMDE also 

contains a complex of nitrogen (N), phosphorus (P), and potassium (K) as salts, which 

causes eutrophication of water bodies due to presence of a significant amount of N 

and P as a source of nutrients to the microbial communities (Chowdhary et al., 2018). 

In India and various other countries use this highly toxic wastewater for agricultural 

irrigation due to lack of irrigation water. But, Irrigation with distillery wastewater in 

agricultural fields contributes to soil pollution, as a result, increases the heavy metal 

uptake by crop plants, influencing food quality and safety (Chhonkar et al., 2000). 

The high content of metals in food material poses various problems and induces 

disease due to accumulation in their tissue beyond the permissible limit. High 

amounts of lead (Pb) and arsenic (As) can cause chronic effects, including cancers of 

the kidney, bladder, skin, and lung, and may cause the health problems of plumbism, 

anaemia, nephropathy, and gastrointestinal colic, in addition to affecting the central 

nervous system (Chhonkar et al., 2000). Moreover, in aquatic systems, periphyton, 

benthic invertebrates, and fish diversity have been reported due to the elevated 

concentration of iron in PMDE (Jaishankar et al., 2014). The accumulation of iron can 

cause substantial harm to aquatic organisms by clogging and hindering the breathing 

structures of fish (USEPA, 2012). Free iron can also result in lipid peroxidation that 

severely damages mitochondria, microsomes, and other cellular organelles (Albretsen, 

2006). In children, the toxicity caused by excess iron accumulation is associated with 

symptoms of gastrointestinal breathing structure, vomiting, and diarrhoea (Chang et 

al., 2011). Similarly, when copper accumulates in the body via ingested food, it 

causes acute gastrointestinal symptoms and development of liver cirrhosis and 

necrosis, with episodes of hemolysis and damage to renal tubules, and can even lead 

to coma (Hoffmann and McKiernan, 2017). Nickel, is also found in substantial 

amounts in distillery waste, can accumulate in plants and enter humans through the 

food chain. The hyperaccumulation of nickel is associated with skin allergy, lung 

fibrosis, and cancer of the respiratory tract (Rai et al., 2019). Plant growth and seed 

germination are also affected by different concentrations of PMDE. The high 

concentration of PMDE, have been reported for stunted stem growth and a reduced 

root system with inhibition of fruiting and flowering in Phaseolus mungo L. (Chandra 

et al., 2008). However, the toxicity data of PMDE with the aquatic organism are less 

known. Besides, recent studies have reported the presence of various recalcitrant 
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organic pollutants which are listed under the screening list of endocrine-disrupting 

chemicals (EDCs) by the (USEPA, 2012). The prominent compounds characterized 

by GC-MS in PMDE are hexanoic acid, butanoic acid, benzene propanoic acid, 

trimethylsilyl ester, monopalmitin 2-trimethylsilyl, effusion E, squalene, di-

thioerythritol 4-trimethylsilyl, Octadecane, 1-methoxy ethoxy methyl-3-(pyridine-2-

yl)-7-azaindole, and benzene acetic acid, alpha 4-bis[(trimethylsilyl)oxy]-, 

trimethylsilyl ester Chemical Abstracts Service (CAS) in the previous study (Chandra 

et al., 2018). Recently, the compounds with androgenic, mutagenic activity with 

EDCs properties have been reported in other industrial wastewater also including 

sewage and biomedical wastewater (Kostich et al., 2014; Chandra et al., 2017). 

However, detailed characteristics regarding such hazardous compounds from various 

sources of industrial waste for environmental risk assessment have not been yet much 

known. Moreover, Distilleries discharge an average of 12-15 L of the spent wash per 

litre of alcohol produced by Indian distilleries (Chandra et al., 2018). In India, more 

than 397 distilleries generate approx 28 × 10
15

L of effluent annually, reflecting the 

magnitude of the environmental problem (AIDA, 2016).  Therefore, this study will 

not reveal only the presence of toxic organic pollutants but it will also establish the 

fate of PMDE in the aquatic ecosystem. The detailed toxic effects of PMDE on 

freshwater fish or other aquatic organisms have not been much reported. Hence, it is 

essential to reveal the nature of the compounds present in PMDE and their 

toxicological effects due to the complexation of various pollutants on aquatic and 

terrestrial ecosystems prior to its safe disposal. This study was conducted in 

Bioremediation and Metagenomics Laboratory, Department of Environmental 

Microbiology, School of Environmental Sciences, Babasaheb Bhimrao Ambedkar 

University, (A Central University) Vidya Vihar, Raebareli Road, Lucknow-226025, 

UP., India during October 2018- November 2019. 

4.2. Material and Methods 

4.2.1. Sample collection 

The PMDE sample was collected from M/s Unnao Distillers, Unnao, Uttar Pradesh, 

India (26°32'N, 80°30'E). The industry produces 225 × 10
3
/L

 
of ethanol per year, 

which generates approximately 3.0 × 10
9
 L PMDE annually after anaerobic treatment 

(methanogenesis) (Chandra et al., 2018; Chandra and Kumar, 2018).  The PMDE 

sample was collected in pre-sterilized 10.0 L plastic jerricans (Tarsons Products Pvt. 

Ltd.) from the distillery effluent discharge site. The sample was taken in triplicate and 

https://en.wikipedia.org/wiki/Chemical_Abstracts_Service
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kept at 4°C to avoid any thermal degradation. The same day it was brought to the 

laboratory and processed within 24 hours for Physico-chemical analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1: (a) View of distillery effluent and their impact in environmental (b) 

Industrial contamination view (c)post methanated distillery effluent discharged after 

anaerobic treatment (d) collection of PMDE. 

4.2.2. Physico-chemical analysis of PMDE 

The Physico-chemical properties of color, pH, BOD, COD, TDS, TSS, chloride, total N, 

ammonium N, phenolics, and sulphate were analyzed as per standard methods for the 

examination of water and wastewater by the American Public Health Association 

(APHA, 2012). After nitric acid–perchloric acid digestion method no. 3030H heavy 

metals were analyzed by atomic absorption spectrophotometry (ZEEnit 700, Analytic 

Jena, Germany) as mentioned previously (Echavarría et al., 2013). 

4.2.2.1. Color  

Color in water may be resulted due to the presence of natural metallic ions (Fe and 

Mn), humus and peat materials, plankton, weeds and industrial wastes. Color is 

removed to make water suitable for general and industrial application. Colored 

A B 

C D C 

A 
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industrial waste water may require color removal before discharge into water courses. 

In some highly colored industrial wastewaters like distillery effluent, color is 

principally contributed by melanoidins. 

(a) Principle  

Color was determined by the visual comparison method of the sample with known 

concentration of colored samples. Comparison may also be made with special, 

properly calibrated, colored glass disks. The platinum-cobalt method of color 

measurement is the standard method, the unit of color being that produced by 1.0 mg 

platinum/l in the form of chloroplatinate ion. The ratio of cobalt to platinum may be 

varied to match the hue in special cases. 

(b) Apparatus 

a. Nessler tubes: Matched, 50 mL, tall form. 

b. pH meter: for determining sample pH 

(c) Reagents 

a. Potassium chloroplatinate (K2PtCl6) 

b. Cobaltous chloride (CoCl6.6H2O)  

c. Hydrochloric acid (HCl) 

(d) Procedure 

a. Preparation of standards: Dissolved 1.246 g potassium chloroplatinate, K2PtCl6 

(equivalent to 500 mg metallic Pt) and 1.0 g crystallized cobaltous chloride, 

CoCl2.6H2O (equivalent to about 250 mg metallic Co) in distilled water containing 

100 ml of concentrated HCl and diluted to 1000 ml with distilled water. This stock 

standard has a colour of 500 units. Then, prepared standards having colour of 5, 10, 

15, 20, 25, 30, 35, 40, 45, 50, 60, and 70 by diluting 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 

5.0, 6.0, and 7.0 mL stock standard with distilled water to 50 ml in Nessler tubes and 

protected these standards against evaporation and contamination when not in use. 

(e) Calculation 

Calculated the color units by the following equation 

Colour units =   A × 50  

                   B  

Where, A = Estimation colour of a diluted sample B = mL sample taken for dilution. 



48 

 

4.2.2.2. Biological oxygen demand (5-Day BOD Test)  

 (a) Principle  

The method consisted of filling with samples to overflowing an air tight bottle of the 

specified size and incubating it at the specified size and incubating it at the specified 

temperature for 5 days. Dissolved oxygen (DO) is measured initially and after 

incubation, and BOD is computed from the difference between initial and final D.O. 

Because the initial D.O. is determined immediately after the dilution is made, all 

oxygen uptake, including that occurred during the first 15 min is included in BOD 

measurement. 

(b) Apparatus 

a. Incubation bottles: 300 mL capacity. 

b. Air incubator or water bath: Thermostatically controlled at 20±1 ºC exclude all 

light to prevent the possibility of photosynthetic production of DO. 

(c) Reagents 

a. Phosphate buffer solution: Dissolved 8.5 g KH2PO4, 21.75 g K2HPO4, 33.4 g           

Na2HPO4.7H2O and 1.7 g NH4Cl in about 500 mL distilled water and diluted to 1000 

mL. The pH should be 7.2 without further adjustment. 

b. Magnesium sulfate solution: Dissolved 22.5 g MgSO4.7H2O in distilled water and 

diluted to 1000 mL. 

c. Calcium chloride solution: Dissolved 27.5 g CaCl2 in distilled water and diluted to 

1000 ml. 

d. Ferric chloride solution: Dissolved 0.25 g FeCl3.6H2O in distilled water and diluted 

to 1000 mL. 

e. Sodium sulfite solution: Dissolved 1.575 g Na2SO3 in 1000 mL distilled water.  

f. Manganous sulphate solution: Dissolved 480 g MnSO4.4H2O in 1000 mL distilled 

water. 

g. Alkai-iodide azide reagent: Dissolved 500 g NaOH and 135 g NaI in 1000 mL 

distilled water. 

h. Starch: Dissolved 2 g starch in 1000 mL distilled water. 

i. Standard sodium thiosulphate: Dissolved 6.025 g Na2S2O3.5H2O and 0.4 g NaOH in 

1000 mL distilled water. 
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(d) Procedure 

a. Preparation of dilution water: Placed 300 mL sample water in a suitable bottle and 

added 1ml each of phosphate buffer, MgSO4, CaCl2 and FeCl3 solutions/l of water, 

seeded dilution water 1mL L
-1

. Temperature was maintained at 20±1 ºC. 

b. Determination of initial D.O.: To the sample collected in a 300 mL bottle, added 

1.0 mL MnSO4 solution followed by addition of 1.0 mL alkaline-iodide-azide reagent, 

mixed by inverting the bottle a few times. Let the precipitate to settle sufficiently and 

added 1.0 mL concentrated H2SO4 and mixed again by inverting bottle several times 

until dissolution was completed, titrated with 0.025 M Na2S2O3 solution to a pale 

straw colour. Added few drops of starch solution and continued titration till 

disappearance of blue colour. 

c. Incubation: Incubated at 20±1 ºC BOD bottles containing 1000 × dilution, seed 

controls and dilution water blanks. 

d. Determination of final D.O.: After 5 day incubation period determined dissolved 

oxygen in sample dilution as described above. 

(e) Calculation 

      (D1-D2)- (B1-B2) f                          

            BOD5 (mg L
-1

) =                     

P 

Where, 

D1 = D.O. of diluted sample immediately after preparation in mg L
-1

 

D2 = D.O. of diluted sample after 5-day incubation at 20 ºC in mg L
-1

 

P = Decimal volumetric fraction of sample used 

B1 = D.O. of seed control before incubation in mg L
-1

 

   B2 = DO of seed control after incubation in mg L
-1

 

f = Ratio of seed in diluted sample to seed in seed control 

4.2.2.3. Chemical oxygen demand (Open Reflux Method) (COD)  

(a) Principle  

Majority of organic matter are oxidized by a boiling mixture of chromic and sulfuric 

acids. A sample is refluxed in strongly acid solution with a known excess of 

potassium dichromate (K2Cr2O7). After digestion, the remaining unreduced (K2Cr2O7) 

is titrated with ferrous ammonium sulfate to determine the amount of (K2Cr2O7) 
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consumed and the oxidizable organic matter is calculated in terms of oxygen 

equivalent. 

(b) Apparatus 

a. Reflux apparatus: Consisting of 250 mL Erlenmeyer flasks with ground-glass 

24/40 neck and 300 mm jacket Liebig, west or equivalent condenser with 24/40 

ground-glass joint. 

b. Hot plate: Having sufficient power to produce at least 1.4 w/cm
2
 of heating surface. 

(c) Reagents 

a. Standard potassium dichromate solution, 0.0417 M: Dissolved 12.259 g K2Cr2O7, 

previously dried at 103 
o
C for 2 h, in distilled water and diluted to1000 mL.  

b. Sulphuric acid reagent: Added 5.5 g Ag2SO4 in 1000 g sulphuric acid (H2SO4). Let 

stood for 1 to 2 days to dissolve Ag2SO4. 

c. Ferroin indicator solution: Dissolved 1.484 g phenonthroline monohydrate and 695 

mg FeSO4.7H2O in distilled water and diluted to 100 mL. 

d. Standard ferrous ammonium sulphate (FAS), titrant, 0.25N: Dissolved 98 g ferrous 

ammonium sulphate [Fe(NH4)2(SO4)2.6H2O] in distilled water. Added 20 mL of 

concentrated sulphuric acid (H2SO4), and diluted to 100 mL. Standardized the 

solution against standard K2Cr2O7 solution as follows: Diluted 10 mL standard 

K2Cr2O7 up to 100 ml. Added 30 mL concentrated hydrogen sulfides and cooled and 

titrated with FAS titrant using 0.10 to 0.15 mL (2 to 3 drops) ferroin indicator.  

   Molarity of FAS solution = Volume of 0.0417 M K2Cr2O7 solution titrated (mL) × 

0.25 

                                                                     Volume of FAS used in titration (mL)  

e. Mercuric sulphate: Powdered mercuric sulphate (HgSO4).  

(d) Procedure 

Taken 1.0 mL of sample and diluted to 50 mL in a 250 mL refluxing flask, added 1.0 

g HgSO4, some glass beads and 5 mL sulphuric acid reagent, (added very slowly), 

with mixing to dissolve HgSO4. Cooled while mixing to avoid the loss of volatile 

materials and added 25 mL of 0.0417 M K2Cr2O7 solution and mixed. Attached the 

flask to a condenser and turned on cooling water. Remaining sulphuric acid reagent 

(70 mL) was added through open end of condenser, continued swirling and mixing 

while adding sulphuric acid reagent. Open end of condenser was covered with a small 

beaker to prevent foreign material from entering refluxing mixture and refluxed for 2 

h. Cooled and washed down condenser with distilled water. Disconnected reflux 
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condenser and diluted mixture to about twice its volume with distilled water. Cooled 

to room temperature and titrated excess K2Cr2O7 with FAS using 2-3 drops (0.10 to 

0.15 mL) ferroin indicator. The first sharp change from blue-green to reddish brown 

was taken as end point of the titration. In same manner, refluxed and titrated a blank 

containing the reagents and a volume of distilled water equal to that of sample.  

(e) Calculation 

COD (mg O2 /l) = (A-B) × M × 8000 

             mL of sample  

Where, 

A = mL FAS used for blank 

B = mL FAS used for sample  

M = Molarity of FAS 

4.2.2.4. Total Nitrogen (Macro-Kjeldhal Method) 

The Kjeldhal method determines nitrogen in the trinegative state. It fails to account 

nitrogen in the form of azide, azime, azo, hydrazone, nitrate, nitroso, oxime and semi-

carbazone. This method is used for samples having NH3-N concentration greater than 

5 mg L
-1

. Since, distillery effluent is waste water and contains large quantities of 

nitrogen, hence we employed this method. This method also gives least relative error 

as compared to other methods. 

(a) Principle 

In presence of sulphuric acid (H2SO4), potassium sulphate (K2SO4) and mercuric 

sulphate (HgSO4) as catalyst, amino nitrogen of many organic materials are get 

converted into ammonium sulphate [(NH4)2SO4]. Free ammonia and ammonium-

nitrogen also are converted to NH4)2SO4. During sample digestion, a mercury 

ammonium complex is formed and then decomposed by sodium thiosulphate 

(Na2S2O3). After decomposition, ammonia is distilled from an alkaline medium and 

absorbed in boric or sulphuric acid. The ammonia is determined colorimetrically or 

titration with a standard mineral acid. 

(b) Apparatus 

a. Digestion apparatus: Kjeldhal flask with a total capacity of 800 ml, a heating device 

that can provide the temperature range of 365 to 370 ºC for effective digestion. 
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b. Distillation apparatus: A borosilicate glass of 800 to 2000 ml capacity attached to a 

vertical condenser so that the outlet tip may be submerged below the surface of the 

receiving acid solution. 

(c) Reagents 

Ammonia free water was used in making all of reagents. 

a. Digestion reagent: Dissolved 134 g K2SO4 in 650 mL water containing 200 ml of 

concentrated H2SO4. Added with stirring 25 mL HgSO4 solution and diluted the 

combined solution to 1000 ml with distilled water. Temperature was kept close to 20 

o
C to prevent crystallization. 

b. Sodium hydroxide-sodium thiosulphate reagent: Dissolved 500 g NaOH and 25 g 

Na2S2O3.5H2O in distilled water and diluted to 1000 mL. 

c. Mixed indicator solution: Dissolved 200 mg methyl red indicator in 100 ml 95% 

ethyl alcohol. Combined the solution and mixed well.  

d. Boric acid solution: Dissolved 20 g H3BO4 in distilled water, added 10 ml mixed 

indicator solution and diluted to 1000 mL.  

e. Standard sulfuric acid titrant, 0.02 N: Diluted 200 ml 0.1 N standard acid to 1000 

ml with distilled water and standardized by potentiometric titration of 15 mL 0.05 N 

Na2CO3.  

(d) Procedure  

A measured volume of sample (25 mL of distillery effluent) was taken in 800 mL 

Kjeldhal flask to which 50 mL digestion mixture was added carefully. After mixing, 

the contents were heated gently under a hood to remove acid fumes. Then, it was 

boiled briskly until the volume was greatly reduced (to about 25 mL) and copious 

white fumes emanated. The digestion was continued for an additional 30 min or up to 

charred ash. After digestion, flask and contents were allowed to cool and diluted up to 

300 mL with distilled water and mixed well. Tilted the flask and added carefully 35 

mL sodium hydroxide-thiosulphate reagent to form an alkaline layer at the flask 

bottom. Connected flask to steamed-out distillation apparatus and shaken the flasks to 

insure complete mixing. A black precipitate, HgS was formed. The contents were then 

distilled and 300 mL distillate was collected in other flask containing 50 mL boric 

acid (absorbent) solution. This purple coloured indicator solution turns green, 

indicating the presence of nitrogen. Now titrated the solution against 0.02 N H2SO4 as 
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titrant. The end point was indicated by the reappearance of purple color. A blank was 

run simultaneously throughout the process. 

 

 (e) Calculation  

Norg (mg L
-1

) = (A-B) x 280  

                                  mL of sample  

Where, 

A = Volume of H2SO4 titrated for sample (mL)  

B = Volume of H2SO4 titrated for blank (mL)  

4.2.2.5.  Total dissolved solids (dried at 180 °C) 

(a) Principle  

A well mixed sample is filtered through a standard glass fiber filter, and the filtrate is 

evaporated to dryness in a weighed dish and dried to constant weight at 180 °C. The 

increase in dish weight represents the total dissolved solids. This procedure may be 

used for drying at other temperatures. 

(b) Apparatus 

a. Evaporating dishes: Dishes of 100 mL capacity made of one of the following 

materials: 

1) Porcelain, 90 mm diam. 

2) Platinum-Generally satisfactory for all purposes. 

3) High-silica glass. 

b. Muffle furnance for operation at 550 °C. 

c. Steam bath 

d. Desiccator, provided with a desiccant containing a color indicator of moisture 

concentration or an instrument indicator. 

e. Drying oven, for operating at 103 to 105 °C. 

f. Analytical balance, capable of weighing to 0.1 mg. 

g. Magnetic stirrer with TFE stirring bar. 

h. Wide-bore pipets 

i. Graduated cylinder 
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j. Low form beaker 

k. Glass-fiber filter disks without organic binder 

l. Filtration apparatus with reservoir and coarse (40 to 60 µm) fritted disk as filter 

support. 

Suction flask of sufficient capacity for sample size selected. 

4) Drying oven, for operation at 180±2 °C. 

(c) Procedure 

Heated clean dish to 103 to 105 ºC for 1 h. Cooled in desiccator and weighed 

immediately. Now 50 ml of well mixed sample was taken in a pre-weighed dish and 

evaporated to dryness in a drying oven at approximately 2 ºC below boiling to prevent 

splattering. Dried evaporated sample for at least 1 h in an oven at 103 to 105 ºC, 

cooled dish in desiccators to balance temperature and weighed. Repeated cycles of 

drying, cooling, desiccating and weighing till a constant weight was obtained, or until 

weight change was less than 4% of previous weight or 0.5 mg. 

(e) Calculation 

mg total dissolved solids/L=      (A-B) × 1000      

                                                     sample volume, mL 

Where, A= weight of dried residue + dish, mg, and B= weight of dish, mg 

4.2.2.6. Total solids (Dried at 103-105 °C) 

(a) Principle  

A well mixed sample is evaporated in a weighed dish and dried to constant weight in 

an oven at 103 to 105 °C. The increase in weight over that of the empty dish 

represents the total solids.  

(b) Apparatus 

a. Evaporating dishes: Dishes of 100 mL capacity made of one of the following 

materials: 

1) Porcelain, 90 mm diam 

2) Platinum-Generally satisfactory for all purposes. 

3) High-silica glass. 

b. Muffle furnace for operation at 550 °C. 

c. Steam bath. 
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d. Desiccator, provided with a desiccant containing a color indicator of moisture 

concentration or an instrumental indicator. 

e. Drying oven, for operating at 103 to 105 °C. 

f. Analytical balance, capable of weighing to 0.1 mg. 

g. Magnetic stirrer with TFE stirring bar. 

h. Wide-bore pipets. 

i. Graduated cylinder 

j. Low-form beaker 

(c) Procedure 

Heated clean dish to 103 to 105 ºC for 1 h. Cooled in desiccator and weighed 

immediately. Now 50 ml of well mixed sample was taken in a pre-weighed dish and 

evaporated to dryness in a drying oven at approximately 2 ºC below boiling to prevent 

splattering. Dried evaporated sample for at least 1 h in an oven at 103 to 105 ºC, 

cooled dish in desiccator to balance temperature and weighed. Repeated cycles of 

drying, cooling, desiccating and weighing till a constant weight was obtained, or until 

weight change was less than 4% of previous weight or 0.5 mg. 

(e) Calculation 

mg total solids/L=       (A-B) × 1000      

                                       Sample volume, mL 

Where, A= weight of dried residue + dish, mg, and B= weight of dish, mg 

4.2.2.7. Estimation of phenolics 

(a) Principle 

Phenols, defined as hydroxy derivatives of benzene and its condensed nuclei may 

occur in domestic and industrial waste waters. Steam-distillable phenols react with 4-

amino antipyrine at pH 7.9±0.1 in presence of potassium ferricyanide to form a 

coloured antipyrine dye. This dye is extracted from aqueous solution with CHCl3 and 

the absorbance is measured at 460 nm. This method covers the phenol concentration 

ranging from 1.0 µg L
-1

 to over 250 µg L
-1

 with a sensitivity of 1 µg L
-1

. 

(b) Apparatus 

a. Photometric equipment: A spectrophotometer. 

b. Filter funnels: Buchner type with fritted disk. 
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c. Filter paper: alternatively, an appropriate 11 cm filter paper for filtering chloroform 

(CHCl3) extracts instead of the buchner-type funnels and anhydrous Na2SO4 can be 

used. 

d. pH meter. 

e. Separatory funnels: 1000 mL Squibb form, without ground-glass stoppers and TFE 

stopcocks. 

(c) Reagents 

Prepared all the reagents in distilled water, it should be free of phenols and chlorines. 

a. Stock phenol solution: Dissolved 100 mg phenol in freshly boiled and cooled 

distilled water and diluted to 100 mL. 

b. Intermediate phenol solution: Diluted stock phenol solution (1 mL) in freshly 

boiled and cooled distilled water to 100 ml; [1 mL = 10 µg phenol, Prepared daily].  

c. Standard phenol solution: Diluted 50 ml intermediate phenol solution to 500 ml 

with freshly boiled and cooled distilled water. [1 mL = 1 µg phenol, Prepared with in 

2 h of use]. 

d. Bromate-bromide solution: Dissolved 2.784 g anhydrous potassium bromo-oxide 

(KBrO3) in distilled water. Then, added 10 g potassium bromide (KBr) crystals, 

dissolved and diluted to 1000 mL. 

e. Hydrochloric acid: Concentrated hydrochloric acid (HCl) 

f. Ammonium hydroxide (NH4OH), 0.5 N: Diluted 35 mL fresh concentrated NH4OH 

to 1000 ml with distilled water. 

g. Standard sodium thiosulphate titrant, 0.025 M: Dissolved 6.025 g Na2S2O3.5H2O 

and 0.4 g NaOH in 1000 mL distilled water. 

h. Starch solution: Dissolved 2.0 g laboratory-grade soluble starch and 0.2 g salicylic 

acid, as a preservative, in 1000 ml hot distilled water. 

i. Phosphate buffer solution: Dissolved 104.5 g K2HPO4 and 72.3 g KH2PO4 in water 

and dilute to 1000 mL distilled water (pH=6.8). 

j. 4-aminoantipyrine solution: Dissolved 2.0.g 4-aminoantipyrine in water and diluted 

to 100 mL. Prepared daily. 

k. Potassium ferricyanide solution: Dissolved 8.0 g K3Fe(CN)6 in water and diluted to 

100 ml. Filtered, if necessary, it was stored in brown glass bottle or prepared freshly. 

l. Chloroform: Laboratory grade chloroform (CHCl3). 

m. Sodium sulphate: Anhydrous sodium sulphate (Na2SO4). 
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n. Potassium iodide: Laboratory grade potassium iodide (KI) crystals. 

(d) Procedure 

A measured volume (25 mL) of sample was taken in a distillation flask and its pH was 

adjusted to 2-3 using 1N hydrochloric acid and removed oil and grease from the 

sample by transferring it in a separatory funnel and extracted oil and grease with 25 

mL of chloroform. Repeated this process twice to ensure complete removal of oil and 

grease, then added four drops of orthophosphoric acid and three drops methyl orange 

indicator to the sample. Distilled the solution and placed 500 mL distillate in a 1000 

mL flask. Prepared a 500 ml blank and a series of 500 mL phenol standards 5, 10, 20, 

30, 40, and 50 µg phenol. The treated samples, blank and standards as follows: added 

12.0 mL 0.5 N NH4OH and immediately adjusted pH to 7.9±0.1 with phosphate 

buffer (10 mL) and transferred it to a 1000 mL separating funnel. Added 3 mL of 

amino antipyrine solution, mixed well followed by addition of 3 ml K3Fe(CN)6 

solution. Mixed the solution well and let colour to develop for 15 min. Extracted 

immediately with 50 ml of chloroform each time. Shaken the separating funnel many 

times (10 times), let CHCl3 to settle, shaken again and let the CHCl3 to settle again. 

Filtered each CHCl3 extract through filter paper or fritted glass funnels containing a 5 

g layer of anhydrous Na2SO4. The dried extract was collected in clean test tubes or 

cells for absorbance measurements. Read absorbance of samples and standard against 

the blank at 460 nm. Constructed calibration curve by plotting absorbance against the 

micrograms of phenol concentration and calculated the amount of phenol in samples 

using this curve.  

(e) Calculation 

 Phenol (µg L
-1

) = A x 100 

       B 

Where, 

A = µg phenol in sample, from calibration curve 

B = mL original sample 

4.2.2.8 Total organic carbon (High temperature combustion method) 

(a) Principle  

The sample is homogenized and diluted as necessary and microportion is injected into 

a heated reaction chamber packed with an oxidative catalyst such as cobalt oxide, 

platinum group metals, or barium chromate. The water is vaporized and the organic 
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carbon is oxidized to CO2 and H2O. The CO2 from oxidation or organic and inorganic 

carbon is transported in the carrier gas streams and is measured by means of a 

nondispersive infrared analyzer, or titrated coulometrically. Because total organic 

carbon is measured, inorganic carbon must be removed by acidification and sparging 

or measured separately and TOC obtained by difference. 

(b) Apparatus 

a. Total organic carbon analyser 

b. Sampling, injection, and sample preparation accessories, as prescribed by 

instrument manufacture. 

c. Sample blender or homogenizer. 

d. Magnetic stirrer and TFE-coated stirring bars. 

e. Filtering apparatus and 0.45 µm filter.  

(c) Reagents 

a. Reagent water: Prepare reagents, blanks, and standard solution from reagent water 

with TOC value less than 2× the MDL. 

b. Acid: Phosphoric acid, H3PO4 

c. Organic carbon stock solution: Dissolve 2.1254 g anhydrous primary standard 

grade potassium biphthalate, C8H5KO4, in carbon free water and dilute to 1000 mL; 

1.0 mL=1.00 mg carbon. Prepare laboratory control standards using any other 

appropriate organic-carbon containing compound adequate purity, stability, and water 

solubility. Preserve by acidifying with H3PO4 or H2SO4 to pH≤2, and store at 4 
o
C. 

d. Inorganic carbon stock solution: Dissolve 4.4122 g anhydrous sodium carbonate in 

water, add 3.497 g anhydrous sodium bicarbonate and dilute to 1000 mL; 1.00 

mL=1.00 mg carbon. 

Carrier gas: Purified oxygen or air, CO2 free and containing less than 1 ppm 

hydrocarbons (as methane) 

f. Purging gas: Any gas free of CO2 and hydrocarbons. 

(d) Procedure  

a. Instrument operation: Follow manufacturer‘s instructions for analyzer assembly, 

testing, calibration, and operation. Adjust to optimum combustion temperature before 

using instrument; monitor temperature to insure stability. 



59 

 

b. Sample treatment: If a sample contains gross solids or insoluble matter, 

homogenize until satisfactory replication is obtained. Analyze a homogenizing blank 

consisting of reagent water carried through the homogenizing treatment. 

If inorganic carbon must be removed before analysis, transfer a representative portion 

(10 to 15 mL) to a 30-mL beaker, add acid to reduce pH to 2 or less, and purge with 

gas for 10 min. Inorganic carbon also may be removed by stirring the acidified sample 

in a beaker while directing a stream of purified gas into the beaker. Because volatile 

organic carbon will be lost during purging of the acidified solution, report organic 

carbon as total nonpurgeable organic carbon. Check efficiency of inorganic carbon 

removal for each sample matrix by splitting a sample into two portions and adding to 

one portion an inorganic carbon level similar to that of the sample. The TOC values 

should agree; if they do not, adjust sample container, sample volume, pH, purge gas 

flow rate, and purge time to obtain complete removal of inorganic carbon. If the 

available instrument provides for a separate determination of inorganic carbon 

(carbonate, bicarbonate, free CO2) and total carbon, omit decarbonation and determine 

TOC by difference between TC and inorganic carbon. If dissolved organic carbon is 

to be determined, filter sample through 0.45 µm pore-diam filter; analyze a filtering 

blank. 

c. Sample injection: Withdraw a portion of prepared sample using a syringe fitted 

with a blunt-tipped needle. Select sample volume according to manufacturer‘s 

direction. Stir samples containing particulates with a magnetic stirrer. Select needle 

size consistent with sample particulate size. Repeat injections until consecutive 

measurements are obtained that are reproducible to within ±10% 

d. Preparation of standard curve: Prepare standard organic and inorganic carbon series 

by diluting stock solutions to cover the expected range in samples within the linear 

range of the instrument. Dilute samples higher than the linear range of the instrument 

in reagent water. Inject and record peak height or area of these standards and a 

dilution water blank. Plot carbon concentration in mg L
-1

 against corrected peak 

height or area on rectangular coordinate paper. 

(e) Calculation 

Calculate corrected instrument response of standards and samples by subtracting the 

reagent-water blank instrument response from that of the standard and sample. 

Prepare a standard curve of corrected instrument response vs. TOC concentration. 

Subtract procedural blank from each sample instrument response and compare to 
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standard curve to determine carbon content. Apply appropriate dilution factor when 

necessary. Subtract inorganic carbon from total carbon when TOC is determined by 

difference. 

4.2.2.9. Chloride (Cl
-
) (Argentometric Method) 

(a) Principle 

In a neutral or slightly alkaline solution, potassium chromate can indicate the end 

point of the silver nitrate titration of chloride. Silver chloride is precipitated 

quantitatively before red silver chromate is formed. 

(b) Apparatus 

a. Erlenmeyer flask, 250 mL. 

b. Buret, 50 mL. 

(c) Reagents 

a. Potassium chromate indicator solution: Dissolve 50 g K2CrO4 in a little distilled 

water. 

Add AgNO3 solution until a definite red precipitate is formed. Let stand 12 h, filter, 

and dilute to 1 L with distilled water. 

b. Standard silver nitrate titrant, 0.0141M (0.0141N): Dissolve 2.395 g AgNO3 in 

distilled water and dilute to 1000 ml. Standardize against NaCl by the procedure 

described in 4b below; 1.00 mL = 500 µg Cl
–
. Store in a brown bottle. 

c. Standard sodium chloride, 0.0141M (0.0141N): Dissolve 824.0 mg NaCl (dried at 

140°C) in distilled water and dilute to 1000 mL; 1.00 mL = 500 µg Cl
–
. 

d. Special reagents for removal of interference: 

1) Aluminum hydroxide suspension: Dissolve 125 g aluminum potassium sulfate or 

aluminum ammonium sulfate, AlK(SO4)2⋅ 12H2O or AlNH4(SO4)2.12H2O, in 1 L 

distilled water. Warm to 60 °C and add 55 mL conc. ammonium hydroxide (NH4OH) 

slowly with stirring. Let stand about 1 h, transfer to a large bottle, and wash 

precipitate by successive additions, with thorough mixing and decanting with distilled 

water, until free from chloride. When freshly prepared, the suspension occupies a 

volume of approximately 1 L. 

2) Phenolphthalein indicator solution. 

3) Sodium hydroxide, NaOH, 1N. 

4) Sulfuric acid, H2SO4, 1N. 

5) Hydrogen peroxide, H2O2, 30%. 
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(d) Procedure 

a. Sample preparation: Use a 100-mL sample or a suitable portion diluted to 100 mL. 

If the sample is highly colored, add 3 mL Al(OH)3 suspension, mix, let settle, and 

filter. If sulfide, sulfite, or thiosulfate is present, add 1 mL H2O2 and stir for 1 min. 

b. Titration: Directly titrate samples in the pH range 7 to 10. Adjust sample pH to 7 to 

10 with H2SO4 or NaOH if it is not in this range. For adjustment, preferably use a pH 

meter with a non-chloride-type reference electrode. (If only a chloride-type electrode 

is available, determine amount of acid or alkali needed for adjustment and discard this 

sample portion. Treat a separate portion with required acid or alkali and continue 

analysis.) Add 1.0 mL K2CrO4 indicator solution. Titrate with standard AgNO3 titrant 

to a pinkish yellow end point. Be consistent in end-point recognition. Standardize 

AgNO3 titrant and establish reagent blank value by the titration method outlined 

above. A blank of 0.2 to 0.3 mL is usual. 

(e) Calculation  

    Mg Cl
-
/L=   (A-B) × N×35450    

                               Sample volume, mL 

Where, 

A= mL titration for sample 

B= mL titration for blank, and 

N= normality of AgNO3 

mg NaCl/L = (mg Cl–/L) × 1.65  

4.2.2.10. Sulfate (SO4
2–

) (Gravimetric Method with Drying of Residue) 

(a) Principle 

Sulfate is precipitated in a hydrochloric acid (HCl) solution as barium sulfate (BaSO4) 

by the addition of barium chloride (BaCl2). The precipitation is carried out near the 

boiling temperature, and after a period of digestion the precipitate is filtered, washed 

with water until free of Cl
–
, ignited or dried, and weighed as BaSO4.  

(b) Apparatus 

a. Steam bath. 

b. Drying oven, equipped with thermostatic control. 

c. Muffle furnace, with temperature indicator. 

d. Desiccator. 

e. Analytical balance, capable of weighing to 0.1 mg. 
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f. Filter: Use one of the following: 

1) Fritted-glass filter, fine (‗‗F‘‘) porosity, with a maximum pore size of 5 µm. 

2) Membrane filter, with a pore size of about 0.45 µm. 

b. Vacuum oven. 

(c) Reagents 

a. Methyl red indicator solution: Dissolve 100 mg methyl red sodium salt in distilled 

water and dilute to 100 mL. 

b. Hydrochloric acid, HCl, 1 + 1. 

c. Barium chloride solution: Dissolve 100 g BaCl2⋅ 2H2O in 1 L distilled water. 

Filter through a membrane filter or hard- finish filter paper before use; 1 mL is 

capable of precipitating approximately 40 mg SO4
2–

. 

d. Silver nitrate-nitric acid reagent: Dissolve 8.5 g AgNO3 and 0.5 mL conc. HNO3 in 

500 mL distilled water.  

(c) Procedure 

a. Precipitation of barium sulfate: A measured volume of sample (50 mL) was taken 

in a flask and pH was adjusted to 4.5 to 5.0 with HCl using a pH meter or the orange 

color of methyl red indicator. Added 1 to 2 mL HCl and heated to boiling and while 

stirring gently, slowly added warm BaCl2 solution until precipitation appeared to be 

completed, then added about 2 mL in excess, digested precipitate overnight at 80 to 

90 ºC.  

b. Filtration and Weighing: Filtered BaSO4 through a pre-weighed membrane filter at 

room temperature. Washed precipitate with several small portions distilled water until 

washings are free of Cl
-
 as indicated by testing with AgNO3-HNO3 reagent. Added a 

few drops of silicone fluid to the suspension before filtering, to prevent adherence of 

precipitate to holder. Dried filter and precipitated in a conventional oven at a 

temperature of 103 to 105 ºC. Cooled in desiccator and weighed. 

(e) Calculation 

mg SO4
2-

/L= mg BaSO4×411.5 

                                            mL sample 

4.2.2.11. Phosphate  

(a) Principle 

Organic phosphates are formed primarily by biological processes. They are 

contributed to sewage by body wastes and food residues and also may be formed from 
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orthophosphates in biological treatment processes or by receiving water biota. 

Molybdophosphoric acid is formed and reduced by stannous chloride to intensely 

coloured molybdenum blue. The minimum detectable concentration is about 3 μg 

phosphate/l. The sensitivity at 0.3% absorbance is about 10 µg P/l for an absorbance 

change of 0.009.   

(b) Apparatus 

a. Colorimetric equipment: Spectrophotometer (400-490 nm). 

b. Acid washed glassware: Cleaned all glassware with hot diluted HCl and rinsed well 

with distilled water, 

c. Filtration apparatus and filter paper: Whatman No. 42 or equivalent. 

(c) Reagents 

a. Phenolphthalein indicator aqueous solution. 

b. Strong-acid solution: Slowly added 300 ml of concentrated H2SO4 to about 600 mL 

distilled water. When cold, added 4.0 ml concentrated HNO3 and diluted to 1000 mL. 

c. Ammonium molybdate reagent I: Dissolved 25 g (NH4)6MO7O24.4H2O in 175 ml 

distilled water. Cautiously added 280 ml concentrated H2SO4 to 400 ml distilled 

water. Cooled, added molybdate solution and diluted to 1000 mL. 

d. Stannous chloride reagent I: Dissolved 2.5 g fresh SnCl2.2H2O in 100 mL glycerol. 

Heated in a water bath and stirred with a glass-rod to hasten dissolution. The reagent 

was stable and required neither preservative nor special storage.  

e. Standard phosphate solution: Dissolved 219.5 mg anhydrous KH2PO4 in distilled 

water and diluted to 1000 mL; 1.00 mL= 50.0 μg PO4
3-

- P. 

f. Reagents for extraction: 

1. Benzene-isobutanol solvent: Mixed equal volumes of benzene and isobutyl alcohol. 

2. Ammonium molybdate reagent II: Dissolved 40.1g (NH4)6MO7O24.4H2O in 

approximately 500 ml distilled water. Slowly added 396 mL ammonium molybdate 

reagent I. Cooled and diluted to 1000 mL 

3. Alcoholic sulphuric acid solution: Cautiously added 20 mL conc. H2SO4 to 980 ml 

methyl alcohol with continuous mixing. 
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4. Diluted stannous chloride reagent II:  Mixed 8 mL stannous chloride reagent I with 

50 ml glycerol. The reagent was stable for at least 6 months. 

(d) Procedure 

A measured volume (20 mL) of sample was taken and diluted to 100 ml with distilled 

water and added 4.0 mL molybdate reagent I and 0.5 mL (10 drops) stannous chloride 

reagent I. After 10 min, but before 12 min, measured colour photometrically at 690 

nm and compared with a calibration curve using distilled water blank. 

(e) Calculation  

P (mg L
-1

) = mg P (in approximately 104.5 ml final volume) × 1000 

        mL of sample  

4. The sample after digestion was treated with acid water mixture and filtered through 

Whatman No. 42 filter paper. 

5. The filtrate was analyse for total Fe, Mn, Ni, Zn, Cu, Pb and Cd  by using atomic 

absorption spectrophotometer. 

(e) Calculations 

Concentration of element (mg L
-1

) = (Observed concentration – Blank) × Dilution 

factor. Results were calculated up to three significant figures. 

4.2.3. Extraction and identification of organic pollutants  

4.2.3.1. Liquid-liquid extraction 

The complex organic pollutants from the PMDE were extracted under alkaline 

conditions by ethyl acetate (Chandra et al., 2018). In the extraction, a fixed volume 

(10 mL) of the PMDE was mixed with the same volume (10 mL) of ethyl acetate in a 

separating funnel (100 mL). The mixture was continuously shaken for 2- 4 h to mix 

the solvent, with liquid-liquid extraction at irregular time intervals. After proper 

shaking, the solution was kept to separate the organic solvent. Thereafter, the organic 

component was further separated in a clean beaker; this process was repeated thrice to 

completely extract complete organic pollutants. Finally, all the extracted organic 

solvent was pooled in a clean beaker. Then, it was dehydrated by passing it through 

anhydrous sodium sulfate. The extracted organic solvent with organic pollutants was 

dried by using a rotavapor (Rotavapor RE 120; Buchi, Flawil, Sweden) at low 

pressure. Then, the dried residue was dissolved in 1 mL of ethyl acetate, filtered using 
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a 0.2 µm syringe filter (Millipore Ltd., Bedford, MA, USA), and further, it was used 

in FTIR and Gas Chromatography-Mass Spectrometry (GC–MS) analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 4.2: Extraction of organic pollutants by using liquid-liquid extraction procedure 

(a) PMDE mixed with organic solvent (b) Collection of PMDE in Jeri cane (c) 

Extraction of PMDE using solvent (d) After extraction solvent separation for further 

analysis 

4.2.3.2 Scanning electron microscopy and energy-dispersive X-ray spectroscopy 

Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy 

(EDX) was performed to assess the surface morphology of dissolved pollutants in 

PMDE. The sample was kept into an aluminium foil for drying in the oven for 4 to 5 

hours at 600C followed by keeping Desiccator for 2 hours and the sample was ready 

for analysis. Samples were taken and a very thin film of palladium and gold was 

deposited on the surface of the sample to conduct electricity. These samples were 

mounted on the electron micro pore stubs. The SEM/EDX analysis was carried with 

the help of a controlled field emission SEM (JOEL JSM-6330f, JOEL Ltd., Dearborn 

Rd, USA) equipped with a WVEX-EDS detection system to determine the 

morphology of the sample (Asberry et al., 2014). 

 

 

A 

B 
D 

C 
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4.2.3.3. Ultraviolet-visible and Fourier transform-infrared spectroscopic analyses 

To evaluate the absorption pattern of the various pollutants in the PMDE, ultraviolet-

visible (UV–Vis) absorption spectrum analysis was performed by a double-beam 

spectrophotometer (Evolution-201, Thermo Scientific, USA) at room temperature in 

the wavelength range from 200-700 nm. The Fourier transform-infrared spectroscopy 

(FTIR) analysis of purified extract was performed by a spectrophotometer (Nexus-

890, Thermo Electron Co., Yokohama, Japan) as previously described (Chandra et al., 

2018). The FTIR spectrum for the analysis of PMDE samples was done in the range 

from 400 - 4,000 cm−1 (Causin et al., 2008). 

4.2.3.4. Derivatization of the extracted sample 

A sample of PMDE (300μL) was transferred to GC vials and evaporated to dryness by 

nitrogen gas. Then, Derivatisation was performed by adding 50μl pyridine and 80μl 

trimethylsilyl BSTFA and TMCS were added to 300μl samples. Lastly, the mixture 

was heated to 700C for 30 min with periodic shaking of the residue, after which the 

sample was loaded for GC–MS analysis as previously described (Chandra and Kumar, 

2017). 

4.2.3.5. Gas chromatography–Mass spectrometry analysis 

The extracted PMDE and sludge leachate samples were derivatized with trimethylsilyl 

(TMS), as defined in GC–MS analysis (Chandra et al., 2017). In this process, 50μl 

pyridine and 80μl trimethylsilyl BSTFA and TMCS were added to 300μl samples. 

Further, the sample was heated to 700C for 30 min, with periodic shaking of the 

residues. Automatically, an aliquot (2.0 mL) of the silylated sample was injected into 

a GC–MS (Thermo Scientific Trace GC Ultra Gas Chromatograph, USA) as 

previously described (Chandra and Kumar, 2017). The organic compounds were 

identified by comparing their mass spectra and retention times with those of the 

compounds available in the National Institute of Standards and Technology 

(https://www.nist.gov/). 

4.2.4. Phototoxicity assay with post-methanated distillery effluent 

4.2.4.1. Seed germination experiment 

The phytotoxicity test of the PMDE was used seed germination test of Zea mays L. 

Seed germination was evaluated at different concentrations of effluent using a Petri 

dish method as described previously (David and Rajan, 2015). Ten sterilized seeds 

were put in different Petri dishes at the same spacing. The dishes contained the PMDE 

concentrations of 10%, 20%, 40%, 60%, 80%, and 100% (v/v), while tap water was 

https://www.nist.gov/


67 

 

used as the control in the same condition. The dishes were incubated at 28°C till 

germination (Bhargava and Chandra, 2010). To make data statistically significant 

three replicates were prepared for each concentration. The following formulae were 

used to determine the percentage toxicity and stress resistance index (Quaratino et al., 

2007):  

                                     Radicle length of control- Radicle length of the test 

Percentage of Phytotoxicity (%) =                                                                                                        × 100….. (1) 

                                                                 Radicle length of the control sample 

 

                                                   Mean Length of the longest root in the treatment 

Index of Tolerance (%)     =                        × 100……. (2) 

                                                 Mean length of the longest root in the control sample 

 

4.2.4.2. Enzyme extracts preparation and screening of α-amylase activity  

Seeds of each treatment were homogenized in 0.1 M sodium acetate buffer to prepare 

the enzyme extract (pH 4.8). Large particles in the solution were filtered through two 

layers of cheese cloth, and the supernatant was centrifuged at 15,000×g for 20 min. 

All experiments were performed at 4
0
C to maintain seed enzyme activity. The 

supernatant was used as a crude enzyme extract in the α-amylase activity test 

(Bhargava and Chandra, 2010a). The reaction mixture (3 mL) contained 1.0 mL of 0.1 

M acetate buffer, pH 4.8, 0.5 mL of enzyme extract, and 1.0 mL of 0.1% soluble 

starch solution diluted to 1.0 mL using acetate buffer. During the enzyme test, the 

enzyme extract was diluted to obtain an absorbance change of >1.0 during enzyme 

assay. The reaction mixture was incubated at room temperature for 10 min, and the 

reaction was stopped by adding 1.0 mL of 0.1% iodine and 3 mL of 0.05 N HCl. 

Absorption was measured at 620 nm, and the decrease in absorbance was measured in 

terms of amylase activity (Bhargava and Chandra, 2010a).  

4.2.4.3. Enzyme concentration and purification  

The supernatant with crude α-amylase enzyme was further concentrated by the 

addition of cold acetone (−200C) in double volume. After centrifuging at 15,000 × g 

for 20 min, the precipitated proteins were collected. The acetone was removed, and 

the precipitated proteins were dissolved in 0.1 M sodium acetate buffer (pH 4.8). For 

further purification, the soluble proteins were passed through a Sephadex G-100 

column (Sigma–Aldrich, USA) (80 cm×2.0 cm) equilibrated with the same buffer. 

Two millilitres of protein fraction was eluted at the flow rate of 0.5 mL min−1 and 

then stored at −200C until further analysis (Bhargava and Chandra, 2010a). 
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4.2.4.4 Determination of enzyme molecular weight using SDS-PAGE 

The enzyme molecular weight was estimated by SDS-PAGE (sodium dodecyl sulfate-

polyacrylamide gel electrophoresis using 10% polyacrylamide gel. The standard 

markers α-amylase enzyme (Sigma–Aldrich, USA) and a protein ladder (Bangalore 

Genei, India) were used to determine the molecular weight of the enzyme. After 

performing gel electrophoresis, the gel was visualized and stored in a gel 

documentation system (Syngene, UK) 

4.2.5. Toxicity of post-methanated distillery effluent to a fish 

An experiment for the toxicity was performed in accordance with Local/ National 

Guidelines of ethical committee for experimentation in animals. 

4.2.5.1. Animal collection and maintenance 

Live and healthy adult Heteropneustes fossilis (35-45 g) were collected from the local 

fish market during the pre-spawning phase (July) as mentioned earlier (Mishra and 

Chaube, 2017). Fish were acclimatized for one week in the laboratory under normal 

photoperiod and temperature (12:12 h, light: dark and 25 ± 20C). During the 

acclimatization period, fish were fed ad libitum with goat liver daily. 

4.2.5.2. Experimental Set-up 

The PMDE toxicity test was performed to determine the effect in terms of the LC50 

(Erhirhie et al., 2018) in a 24-h exposure. Fishes were divided into four groups in 

duplicates (n=2) with 10 fish in each. Three groups were treated with a different 

concentration of the PMDE (1.0%, 5.0%, or 10%), and the fourth group was 

maintained as control in plant fresh water. the control in plain water. After 24 h, 

mortality data were recorded to calculate the LC50. Fish were sacrificed in the 

laboratory, and the gills and liver were removed. Gills were stored in Bouin‘s fixative 

for anatomical study, and livers were stored at −200C until catalase analysis. Catalase 

activity was used to check the stress level caused by exposure to the effluent.  

4.2.5.3 Histological study  

After 24 h in Bouin‘s fixative, trimmed gill pieces were dehydrated through a series 

of graded ethanol, followed by embedding in filtered paraffin (54 to 620C). Paraffin-

embedded gills were sectioned with rotator microtome (Weswox, India) into 5-µm 

thick sections. After passing through a series of graded alcohol and water, the sections 

were double-stained in hematoxylin and eosin, cleared in xylene, and mounted in 

DPX to photomicrograph. 
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4.2.5.4 Catalase analysis 

Liver tissues were weighed and processed for catalase (CAT) antioxidant enzyme 

activity (Keramati et al., 2010). In brief, 0.1 mL of supernatant was added to 2.9 mL 

of freshly prepared 30 Mm H2O2 in phosphate buffer (pH 7.0), and the optical 

density measured at 240 nm for 1.0 min with a UV–Vis spectrophotometer 

(EVOLUTION 201, Thermo Scientific).  

4.3. Results and Discussion 

4.3.1. Physico-chemical characterization of post-methanated distillery effluent  

 The PMDE was dark brown with high color intensity (152,000 Platinum-Cobalt  

(Pt-Co) units) and had an odor similar to that of molasses with alkaline pH (8.53). The 

values of BOD and COD, in addition to other pollution parameters, were very high as 

shown in Table 1. In addition, the PMDE has been an elevated level of different 

heavy metals, including Mn, Cr, Zn, Cu, Fe, Pb, Cd, Ni, Na, and K (Table 1). The 

BOD/COD ratio was found 0.38, this indicated non-degradability of discharged 

effluent as reported in earlier studies regarding various wastewater (Chou et al., 

2017). The high BOD, COD of effluent might have contributed due to the presence of 

a high amount of dissolved organic matter along with calcium, magnesium, and 

nitrogen compounds as shown in Table.1. The amount TDS and other organic 

compounds corroborated with the previous analysis reported anaerobically treated 

distillery spent wash (Chandra et al., 2008; Sankaran et al., 2014). The detailed 

mechanism for the formation of complicated colouring compounds in anaerobically 

treated distillery effluent has been also reported by various studies (Sankaran et al., 

2014). The alkaline pH of PMDE favored stronger binding tendency of various 

soluble salts and heavy metals with the Maillard product, resulting  

in the complex structure of organometallic compounds (Chandra et al., 2018). In 

addition, the high levels of BOD, COD, TSS, TDS, volatile solids, total N, phenolics, 

and sulfate and phosphate might be due to large amounts of several other unknown 

organics and inorganic compounds generated during the distillation process 

(Aniyikaiye et al., 2019). The high concentration of heavy metals in the PMDE might 

be supplemented due to corrosion of metallic  

pipes, fermentor vessels, and to some extent from raw material in sugarcane molasses 

(Bortoletto et al., 2018). 
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Table: -4.1: Physico-chemical characteristics of PMDE wastewater 

All values are mean (n=3) ±SD in mg l
-1 

except color intensity (Co-Pt unit), pH, and 

temperature (
0
C), (BOD): - at p < 0.001, 

b
Less significant at p < 0.0 

 

4.3.2. Organic compounds in post-methanated distillery effluent  

4.3.2.1. Scanning electron microscopy and energy-dispersive X-ray spectroscopy 

 

The SEM analysis revealed the morphology of the surface structure and the nature of 

recalcitrant organometallic pollutants present in PMDE as dissolved solids. The SEM 

micrograph showed several sharp, rod-shaped crystalline structures of organometallic 

pollutants at 5,000× (fig 1a). This indicated the presence of melanoidin, the crystalline 

rod structure of polymer has been reported in previous studies (Gomes et. al., 2019). 

These findings strongly supported our current observations, this also corroborated 

S.No. Parameters Values Permissible limit 

(USEPA, 2002) 

CPCB (2017) 

1.  Color appearance  Dark Brown  -- -- 

2.  Color Intensity(Co-Pt) 152,000 ± 3.74 -- -- 

3.  Odor Like molasses -- -- 

4.  pH 8.53 ± 0.01 8.00± 0.01
a
 7.54± 0.01 

5.  BOD (mg/L
-1 

) 17400.47 ± 19.18 40.00 47.00± 0.00 

6.  COD (mg/L
-1 

) 37193.68 ± 7.65 121.00
b
 79.00± 0.01 

7.  TS (mg/L
-1 

) 32000 ± 6.00 - 152± 0.01 

8.  TDS (mg/L
-1 

) 40,514.68 ± 6.55 50-70 70± 0.00 

9.  VS (mg/L
-1 

) 1058.35 ± 1.08  20± 0.01 

10.  Chloride (mg/L
-1 

) 2755 ± 4.30 750.00
b
 11.82± 0.01 

11.  Total Nitrogen (mg/L
-1 

) 1200.32 ± 4.16  9.90± 0.00 

12.  Phenol (mg/L
-1 

) 6895 ± 7.61 0.50a - 

13.  Sulphate (mg/L
-1 

) 13,456.33 ± 3.55 750.00  

14.   

15.  

Phosphate (mg/L
-1 

) 

Calcium hardness as Ca 

Co3 

309.96 ± 1.60 

459±7.62 

- 

100-200
b
 

3.40± 0.01 

10-20 

 Trace Elements    

a)       Mn (mg/L
-1 

) 8.25 ± 0.09 0.20
b
 0.15 

b)       Cr (mg/L
-1 

) 2.90 ± 0.027 0.05
b
 0.01 

c)       Zn (mg/L
-1 

) 16.65 ± 0.00 2.00 1.28 

d)       Cu (mg/L
-1 

) 2.50 ± 0.01 0.50
a
 0.19 

e)       Fe (mg/L
-1 

) 375.94 ± 0.36 2.00
a
 1.45 

f)       Pb (mg/L
-1 

) 2.48 ± 0.00 0.05 0.02 

g)      Cd (mg/L
-1 

) BDL BDL BDL 

h)      Ni (mg/L
-1 

) 4.15 ± 0.00 0.10 0.04 

i)      Na (mg/L
-1 

) 108.95±0.07 0.04
a
 0.01 

j)      K (mg/L
-1 

) 137.34± 0.09
b
 0.02 
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with amorphous organometallic pollutants of the environment under scanning electron 

microscopy (Batista et al., 2017) as shown in Fig. 1a & b, the elemental analysis by 

SEM-EDX with their percent composition along with organic pollutants indicated the 

presence of multi-metals complex along with other elements i.e. O, Na, S, Cl, and K 

in the sample analysis. The concentrations of these elements were noted above 

permissible levels (USEPA, 2002) i.e. sodium by 40.21 % and oxygen by 58.05%, 

followed by sulphur (0.68%), Cl (0.64%), and K (0.14%). The EDX-elemental 

analysis to confirm the elemental composition in the effluent. The high concentrations 

of various salts in the effluent indicated that it could be a major source of pollution in 

aquatic and terrestrial ecosystems. 

 

Fig:  4.3: A-Surface topology of PMDE by SEM images B- Elemental analysis of the 

PMDE  

 

4.3.2.2. Ultraviolet-visible and Fourier transform-infrared spectroscopic analyses  

 

Scanning of UV–Vis absorption spectra by spectrophotometry is the most commonly 

used method to detect the Maillard reaction product during the aminocarbonyl 

compound polymerization process (Martins and Boekel, 2003). The scanning of UV–

Vis absorption spectra absorption-maxima within the range from 200- 400 nm has 

been shown in Fig. 1c. This result indicated a polymerized form of Maillard product 

in the PMDE as a dark brown material that showed absorption in the UV range. The 

absorption peaks were at 290 nm, 350 nm, and 400 nm, but the absorption-maxima of 

the spectral analysis was at λmax= 295 nm. This maxima is the characteristic property 

Element Wight 

% 

Atomic 

% 

O K 58.05 66.85 

Na K 40.21 32.23 

S K 0.68 0.39 

Cl K 0.64 0.33 

KK 0.41 0.20 

Totals 100.00  

B. A. 
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of melanoidin after completion of the polymerization reaction during its synthesis 

(Billaud et al., 2004). The various minor peaks in the absorption range indicated a 

mixture of various other pollutants. This property of the absorption spectra has also 

collaborated with the results of earlier studies (Echavarría et al., 2013; Chandra et al., 

2018). The absorption spectra pattern of the PMDE sample at 50% concentration 

showed a similar absorption pattern, but some absorption peaks disappeared between 

350-400 nm. This result explained the diminishing of organic compounds along with 

dilution. However, the absorption maxima at 295 nm remained constant, this indicated 

as the major product of PMDE shown in fig 1.c. Because the Maillard reaction 

product in the PMDE is derived from sugarcane molasses after the fermentation 

process, it contains heterogeneous compounds generated from sugarcane juice during 

the heating process. Hence, the mixed reaction products of the Maillard reaction are 

evidence in the variable ranges of absorption, as shown in Fig. 1c. However, the 

dominant peak at 295 nm indicated the abundance of early Maillard reaction products, 

in addition to those of the advanced stage of the polymerized product. During the 

early stage in the production of melanoidin, various organic compounds, such as 

hydroxymethyl furfurals, reductones, and furanones, are also reported in the chain of 

polymerization process shown the absorption spectrum in the range of UV region 

(Echavarría et al. 2013). These findings had given strong support with a previous 

spectrophotometric analysis reported previously (Billaud et al., 2004). Similarly, in 

the FTIR analysis of organic pollutants in the PMDE, the stretching frequency of 

peaks indicated different functional groups at variable intensities of absorbance. The 

infrared spectra (500-4,000 cm
−1

) indicated several functional groups. The peak 

values at 3,610.8, 2,923.8, and 2,854.0 cm
−1

 represented the O-H vibrational 

stretching in alcohols and carboxylic acids as reported previously (de Oliveira Silva et 

al., 2012; Kadam et al., 2013). The peak value of 3,434.7 cm
−1

 was attributed to an N-

H amine group, and the peak value of 2031.0 cm
−1

 represented C≡C stretching in the 

alkyne group. At stretching frequencies at 1,737.5 & 1,638.4 cm
−1

, the C=O stretching 

of amides was indicated. The spectrum region with strong intensity at 1,576.9 and 

1,462.6 cm
−1

 indicated compounds with a benzene ring. The results implied that the 

main organic pollutants in the PMDE were hydrocarbons, ketones, organic acids, fatty 

acids, aromatic compounds, phenolic and alcoholic compounds, along with some 

nitrogenous compounds as a complex structure. These compounds are reported to be 

generated as an intermediate stage in the Maillard reaction (Chandra and Kumar, 
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2017). Hydrocarbons are the basic fragmented side products that are generated during 

each stage of the Maillard reaction, whereas the ketone group compounds are formed 

during the intermediate stage of amino acid degradation (Strecker degradation) of 

Melanoidin synthesis. Therefore these compounds might be generated in the process 

of sugarcane juice heating in the sugar manufacturing process. Phenolic compounds 

of high color are generated at the final stage of the Maillard reaction during aldol 

condensation of degraded amino acid compounds. Alcoholic and nitrogenous 

compounds are formed at the final stage of the Maillard reaction as various high and 

low molecular weight melanoidin polymers. Moreover, organic acids and fatty acids 

are generated during the fermentation of sugars and the digestion or breakdown of 

complex melanoidin compounds. 

 

Fig: 4.4: A.UV-Vis spectral analysis B- Fourier transforms infrared (FTIR) spectra of 

PMDE sample. 

 

A 

B 
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4.3.2.3. Gas chromatography-mass spectrometry/mass spectrometry analysis 

 

The GC–MS/MS chromatogram of organic compounds extracted with ethyl acetate 

from the PMDE sample is shown in Fig. 2. The identified various organic compounds 

are listed in detail in table 2 based on the mass to charge ratio (m/z) at various 

retention times (RTs). Most of the identified compounds were as residual organic 

compounds due to complexation with one another in presence of metallic ions with 

raw material, including Hexadecanoic acid, Octadecanoic acid, propanoic acid, 

Dodecanoic acid, and Nonacosane, which are different, forms of fatty acids that 

originated from the raw material of sugarcane molasses and juice (Chandra et al., 

2017, 2018). In the recent report, these compounds are also listed under endocrine-

disrupting chemicals (EDCs) as per the USEPA screening program list (USEPA, 

2012). Their toxicity parameters known in the literature are also listed in table 2. 

However, the EDCs properties of various pollutants discharged from industries are 

still unknown. The source of other compounds detected in the effluent was either a 

bacterial metabolic product or a chemical additive, which can act as mutagens, 

carcinogens, or EDCs, in addition to metals and other metalloids in discharged 

effluent. 

Fig: - 4.5: GC–MS chromatogram of TMS derivatized organic compounds extracted 

from PMDE . 
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Table: 4.2: Organic compounds identified by GC–MS analysis extracted with ethyl 

acetate (pH 8.0) from PMDE. 
 

      RT- Retention time (in minutes), C-control, + present, − absent, TMS-trimethylsilyl 

 

 

 

      S.No. RT COMPOUND Toxicity 

1.  6.08 ZINC(II)-à-ACETOXY-á 

FORMYLOCTAETHYLPORPHRIN 

Bloody vomiting, liver failure, 

dilate the blood vessels. 

2.  7.87 3,7-Dioxa-2,8-disilanonane, 2,2,8,8-

tetramethyl 

Endocrine disruption, central 

nervous system damage, 

3.  8.47 Hexanoic acid, TMS ester Endocrine disruption.  

4.  10.05 HEPTANOIC ACID TMS Acute renal failure. 

5.  11.54 Cyclohexanecarboxylic acid,  Carcinogenic, allergy reaction. 

6.  13.32 3,7-Dioxa-2,8-disilanonane,2,2,8,8-

tetramethyl-5-[( TMS)oxy]- (CAS) 

Hypertension, Stress, Osteoporosis, 

urinary stones, 

7.  13.71 Benzeneacetic acid, TMS ester Gastrointestinal, Hematological, 

Respiratory (Nose to Lungs). 

8.  15.64 Nonanoic acid, TMS ester  strong eye irritant, vomiting 

9.  16.35 Benzenepropanoic acid, TMS ester DNA damage, carcinogenic, 

allergy reaction, irritant dermatitis,  

10.  18.68 Decanoic acid, TMS ester  Inflammation, Fibrosis, Necrosis 

11.  19.49 4-Hydroxyphenylethanol, di-TMS Parageusia, pink disease. Diarrhea 

Fever, Vomiting 

12.  20.53 Pentanedioic acid, 2-[(TMS)oxy]-

,bis(TMS) ester 

Carcinogenic, allergy reaction. 

13.  21.63 Dodecanoic acid, TMS ester (CAS) inflammation and irritation 

14.  23.81 Octadecane Cough. Sore throat. Skin & Eye 

Redness.  

15.  24.26 1,4-Benzenedicarboxylic acid, Neurologic manifestations 

headache, nausea, vomiting,  

16.  27.00 1-(Benzyloxy)-2-fluoro-2-phenyl-3-

(p-toluenesulsulfonyloxy)propane 

Vision loss, Movement disorders , 

Prognosis 

17.  27.84 Hexadecanoic acid, trimethylsilyl 

ester 

Degenerative bone disease, lung 

cancer, 

18.  29.94 Hexadecanoic acid, butyl ester Difficulty Breathing Stomach 

Upset. 

19.  30.17 Nonacosane (CAS) epigastria pain 

20.  30.35 Oleic acid, TMS ester Carcinogens, Cardiovascular 

21.  30.70 Octadecanoic acid, TMS ester Hypertension, Stress, Premenstrual 

syndrome, Osteoporosis,  

22.  34.28 MONOPALMITIN 2TMS Fatty Liver Disease (NAFLD), 

effect of Pancreas. 

23.  35.54 Effusanin E Toxicity to humans, including 

carcinogenicity 

24.  36.35 Enterolactone(2,3-bis(3-

hydroxybenzyl)butyrolactone-

di(TMS) 

worsen asthma attacks, and 

aggravate existing heart disease 

25.  42.65 Stigmasta-5,22-diene, 3-methoxy-, 

(3á,22E)- 

Chest or Abdominal Pain Shock, 

Difficulty Breathing 

https://en.wikipedia.org/wiki/Endocrine_system
https://en.wikipedia.org/wiki/Endocrine_system
https://en.wikipedia.org/wiki/Acute_renal_failure
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Vomiting
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4.3.3. Phytotoxicity assay 

4.3.3.1. Seed germination test 

The environmental toxicity of the PMDE in soil was tested at various concentrations 

(control, 10%, 20%, 40%, 60%, 80%, and 100%) using the seed germination test of 

Zea mays. Seed germination and plumule growth were inhibited even at very low 

concentrations (10%) of PMDE. The higher concentrations not only inhibited seed 

germination, plumule and radicle growth but also destroyed the seed viability with 

blackening of its embryo point. The seeds of Zea mays at 80% and 100% 

concentrations of the PMDE shrunk and turned black, as shown in Fig. 3a and b. The 

data of the different tests showed significant variation, as indicated by one-way 

ANOVA (Table 3). The amylase activity also showed reduction along with the 

increasing concentration of PMDE which is responsible for the conversion of starch 

into maltose that is converted by alpha-glucosidase into glucose to supply energy in 

the germinating seed. The optimum α-amylase activity was noted 0.6 U in seeds 

treated with 10% (v/v) PMDE, this activity was decreased at higher concentrations 

(>10%). The inhibition inactivity might have been noted due to the penetration of 

organic pollutants along with the combined toxic effect of metallic compounds on the 

seed during the osmotic effect. This observation corroborated with previous 

observation noted in Phaseolus mungo L (Chandra and Bhargava, 2004). 

Furthermore, the inhibition of root and shoot length also indicated an adverse effect 

on plant growth hormones (i.e. Indole acetic acid (IAA), gibberellic acid, and 

cytokinins), which are responsible for root and shoot elongation. This observation 

drew a conclusion that the inhibition of plant growth hormones at a high 

concentration of effluent which has been indicated in other plant growth (Chandra et 

al., 2008). The concentrations of heavy metals exceeding permissible levels in PMDE 

might be also responsible for the toxicity of the tested seed because the adverse 

effects of heavy metals on seed germination are well established (Mahimairaja et al., 

2004)  
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Fig: - 4.6: A. Effect of toxicity of PMDE on seedling growth of Zea-mays L. against 

PMDE sample at various concentrations. (1- control., 2-10%., 3-20%., 4-40%., 5-

60%., 6-80%., 7-100%)   

B. Mean acute alpha-amylase concentrations (U/mL) activity shown by Zea-mays 

seeds. Inset graph includes published acute PMDE concentrations (ug/dL) for the 

same sample. Error bars represent standard error of the mean and gel imaging at 

different concentration of PMDE (%). 

A 

B 

Control,                10%.,             3-20%.,      40%.,  60%.,      80%.,          100% 
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Table: 4.3: Effect of different concentrations of PMDE on seed germination and 

seedling growth of Zea -mays 

No. of 

seed 

plated 

Concentrati

on (%) 

Germinati

on (%) 

Reduction in 

germination 

(%) 

Radical length 

(cm) 

Phytotoxicity 

(%) 

10 Control  100 ± 0.00 00 ± 0.00 95.12 ± 0.82 00 ± 0.00 

10 10 80 ± 0.00 20 ± 0.00* 79.21 ± 0.07* 05.62 ± 0.23
 ns

 

10 20 60± 0.00 40± 0.00* 63.35 ± 0.05
 ns

 16.61 ± 0.52* 

10 40 40± 0.00
 
 60± 0.00

 ns
 35.51 ± 0.09

 ns
 67.90 ± 8.96* 

10 60 10± 0.00 70 ± 0.00
 ns

 27.76 ± 0.08 82.68 ± 3.64 

10 80 05± 0.00 85± 0.00 12.21 ± 0.00 89.80 ± 3.99 

10 Effluent 

(100) 

NG  - - - 

All values are mean of three replicate ± SD., The statistical significance between 

the values of control to their respective concentrations was evaluated by ANOVA. 

PMDE: post-methanated distillery effluent.* Significance level: p < 0.05. , 
ns 

Significance level: p > 0.05,NG=No Germination, Control= Tap wate 

4.3.3.2. Fish toxicity 

The PMDE was noted very toxic to H. fossilis, though this is a known sturdy 

freshwater fish (Fig. 4a and b). The percentage of mortality significantly increased 

with an increase in the concentration of PMDE during 24h incubation. Based on the 

mortality percentage, the estimated LC50 for 24 h was 3.663% PMDE. The toxicity of 

distillery effluent has been also reported in a previous study (Chowdhary et al., 2017). 

The photomicrograph of gills, the level of effluent toxicity was well expressed after 

24h, compared with the control (Fig. 4a). The abnormalities included degeneration of 

primary and secondary lamellae and epithelial cells and vacuolation. At a 

concentration of 10% PMDE, a total loss of the integrated structure of gill tissue was 

observed. In addition, toxicity was indicated by a significant increase in CAT activity 

in the liver with increasing concentrations of PMDE after 24h (Fig. 4b). This result 

also indicated the activation of oxidative defence mechanisms against the generation 

of free radicals caused by the exposure of effluent. The present study also reported the 

toxicity of distillery effluent in terms of lethal concentration, nutritional biochemistry, 

and haematological parameters (Kumar and Gopal, 2001; Ramakritinan et al., 2005; 

Shukla and Shukla. 2013). The toxicity of catfish Heteropneustes fossilis during the 

reproductive phase (July) was noted LC50 value at 3.663% with 95% confidence 

limits of 9.231% and 0.143% after a 24-h exposure to PMDE. This supported the 

toxicity data observed previously (Bloch et al., 1974). 
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Fig.4.7: A. Concentration effect of post-methanated distillery effluent (PMDE; 1%, 5 

%, 10 %) on gill histopathology of freshwater catfish, Heteropneustes fossilis, after 24 

hr; (A) Control; (B) PMDE (1 %); (C) PMDE (5 %); (D) PMDE (10 %). Where PL: 

Primary lamellae; SL: Secondary lamellae; EC: Epithelial cell; PLD: Primary 

lamellae degeneration; SLD: Secondary lamellae degeneration; V: Vacuolation; DE: 

Damaged epithelium; LPL: Loss of primary lamellae; LSL: Loss of secondary 

lamellae; LE: Loss of epithelium. [Image captured with 20X; haematoxylin and 

eosine stained]. B. Catalase activity (units/min/g wt) in liver of Heteropneustes 

fossilis in different concentration of post-methanated distillery effluent (PMDE; 1%, 5 

%, 10 %) with control. Each group had ten fish in duplicates for 24 hr.  Values 

expressed as mean ± SEM. Data were analyzed by one way ANOVA (P < 0.001; *) 

and Newman- Kuels‘ test (P < 0.05; A, B, C). Groups superscripted with different 

letters are significantly different in intergroup comparison. 

 

 

A. 

B. 



80 

 

Conclusions: 

The study concluded that the PMDE retained a complex mixture of organic and 

inorganic compounds with EDCs properties that is a major source of environmental 

pollution and a health hazard. The absorption maxima of PMDE between 200-350 nm 

in the UV–Vis spectral analysis indicated polymerized Maillard product. 

Hexadecanoic acid, butyl ester, Octadecanoic acid, monopalmitin 2 TMS, effusanin 

E, 1-(Benzyl) -2 –fluoro -2- phenyl -3-(p-toluene‘s sulfonyl) propane, and 24-

hydroxy-3,4-secolanost-4,(28),8-died-3-nitrile were as prominent organic compounds 

in the category of mutagenic and androgenic compounds, presented in PMDE. In 

addition, the various heavy metals contributed to the toxic properties and resulted in 

as organometallic complex in the PMDE, as resulted by the phytotoxic effect on seed 

germination with Zea mays and Heteropneustes fossilis with the degradation of 

lamellae in gill. Thus, this effluent showed the source of various unknown mutagenic, 

carcinogenic and EDCs compounds with organometallic complex. 
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Chapter-5 

 

Isolation & characterization of potential bacterial community responsible for 

bio-stimulation and bio-augmentation process during detoxification of Distillery 

wastewater 

5.1 Introduction 

Industries have become the important players in many developed countries' national 

economies; unfortunately, they are still the main environmental sources of pollution. 

Industrial wastewater discharged from different industries is referred to as the primary 

source of environmental pollution among various threats to the environment (Goutam 

et al., 2018; Jiang et al., 2019; Sharma et al., 2021a). There are several organic and 

inorganic pollutants in treated waste which can cause severe groundwater pollution 

and health risks (Arora et al., 2018). The toxicity of toxic organic and inorganic 

pollutants was reported on human and plant life by various researchers (Chandra et 

al., 2018; Sharma et al., 2021b & c). As a result of their high toxicity, many of them 

have been classified as priority pollutants by the US Environmental Protection 

Agency (USEPA),  the World Health Organization (WHO) the Agency for Hazardous 

Substances and Disease Registry (ATSDR). Distillery wastewater is a significant 

source of economic activity, but it is also one of the most significant sources of 

pollution due to the discharge of large volumes of black wastewater. Such dark-

colored wastewater contains a very high total solids (TS), phosphate, sulfate, 

phenolics, biological oxygen demand (BOD), chemical oxygen demand (COD), and 

heavy metals (Fe, Ni, Cu, Cr, Pb, Cd, Zn), respectively. Melanoidins, di-n-octyl 

phthalate, di-butyl phthalate, Benzenepropanoic acid, and 2-hydroxysocaproic acid 

are present in distillery wastewater and have been well identified as carcinogenic, 

mutagenic, genotoxic, and endocrine disruptors in the environment (Chaudhary et al., 

2018). There are 319 distilleries in India, producing 3.25x10
9
 liters of alcohol and 

40.4x10
10

 liters of wastewater annually (Tripathi et al., 2021b). Eutrophication of 

polluted water resources is induced only by high BOD, COD, sulfate, phosphate, and 

nitrogen content (Mahimaraja and Bolan, 2004). Microorganisms have the potential to 

tolerate a high concentration of different pollution parameters along with toxic metals 

and help to reduce the environmental toxicity and plants' health (Sharma and Singh, 

2021; Sharma and Rath, 2021; Sharma, 2021). Even low concentrations of heavy 
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metals cause a high range of toxicity to humans and plants. Some metals store in the 

lungs and other organs of living animals via contaminated food (Benson et al., 2018; 

Huang et al., 2018; Ngo et al., 2020). Many other microbial species have been 

investigated for heavy metals, like Micrococcus sp. Flavobacterium, Pseudomonas, 

Bacillus, and Enterobacter. Bacteria have excellent biosorbent ability due to the high 

surface ratio and active chemisorption sites in their cell wall (Delil et al., 2020). 

Melanoidins are the primary Colourants in distillery wastewater, presenting 

serious environmental and health risks to both animals and humans (Tamanna and 

Mahmood, 2015; Arimi et al., 2015). Many toxic substances found in distillery 

wastewater include di-n-octyl phthalate, di-butyl phthalate, benzenepropanoic acid, 

and 2-hydroxysocaproic acid. Maillard reactions are a series of non-enzymatic 

chemical reactions that result in Maillard reaction products (MRPs). In addition to 

MRPs, distillery wastewater contains a number of mutagenic, cytotoxic, carcinogenic, 

and endocrine-disrupting chemicals (EDCs) (Tripathi et al., 2021a; Dixit et al., 2015). 

Some hormonal activities, such as metabolism, sexual growth, hormone output and 

utilisation in development, stress response, sexual activity, and replication functions, 

may be altered by such EDCs compounds (Kabir et al., 2016).  

In recent years, bioremediation via biostimulation and bioaugmentation has 

become a more relevant technique (Alessandrello et al., 2017). Moreover, using them 

as defined microbial consortia is better for bioremediation than using them as pure 

cultures, since the diversity of the consortia increases the number of catabolic 

pathways available for biodegradation, which enhances toxin removal efficiency 

(Fuentes et al., 2014; 2016). Biological agents are considered to be a more efficient 

alternative to physicochemical treatment approaches, which are environmentally toxic 

and produce secondary pollution while clean up the environment. The US 

Environmental Protection Agency has accepted it as an environmentally friendly 

waste management plan. Equally, other studies discovered that enzymatic activity 

levels were higher in changed soils than in non-amended soils during the process of 

bioremediation (Cuevas-Díaz et al., 2017). The use of various biological strategies in 

the design of an effective bioremediation procedure to achieve full pollutant removal 

(Raimondo et al., 2020a; b). Between them, bioaugmentation, consisting of the 

introduction of pollutant-degrading microbes to polluted sites and biostimulation, 

which means increasing the nutritional quality of soils to increase microbial growth 

and contaminant biodegradation (Adams et al., 2015; Alessandrello et al., 2017). 
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Bioremediation involves the processes of bio attenuation, biostimulation, and 

bioaugmentation (Maszenan et al., 2011). 

In this Chapter, we summarize the recent developments in the bioremediation 

process through these techniques is useful for environmental concern in extreme 

habitats and so many diverse chemicals involved, they are most likely exerting their 

effects through multiple pathways. 

5.2 Material and methods 

5.2.1. Site study and sample collection  

The collection of distillery wastewater was carried from M/s Unnao distillery 

industry, situated in Uttar Pradesh, Unnao, India (26°320ʺ N, 80°30ʹ0ʺE). This 

industry uses sugarcane molasses as raw material spent wash methanogenesis process 

of distillation pursed by various steps for making the pure alcohol. Freshly discarded 

approx 20-liter distillery wastewater cakes were obtained in clean, pre-sterilized 

polythene bags from the distillery plant's dumping site, which was situated inside the 

industry's premises (Tripathi et al., 2021b). 

5.2.2. Bacterial consortium preparation 

This analysis used an aerobic bacterial consortium consisting of two bacterial strains 

in a stimulated sample (Stenotrophomonas maltophilia [RCS-1] &Bacillus cereus 

[RCS-2], as well as a bioaugumented strain Enterobacter cloacae (IITRCS10) 

purified from wastewater sample in our lab to degrade synthetic distillery industry 

wastewater.  

5.2.3. Experiment setup and observations 

In the wastewater sample adding nutrient is treat as biostimulation process and 

nutrient with isolated bacteria is treated as bioaugumentation process. In the 

biostimulation process firstly wastewater sample was taken at 250 ml conical flask & 

pour 100 ml of wastewater into each flask by the accurate amount of nutrient added 

(1.0 gm of glucose as carbon source and 0.5 gm nitrogen source) respectively. The 

flasks were autoclaved at 121
0
C. In a shaker, the sterilised flask samples were 

incubated at 37°C for 10 minutes (New Brunswick scientific excellent E24 incubator 

shaker series) at the 150-rpm speed for 48 h. after the incubation period when the 

growth may occur and produce biomass than its measured by taking optimum density 

(OD) at 610 nm at per 24h interval up to 48h (Incubation period). Further, after full 

completion of the biostimulation process and bacterial growth then added isolated 

bacteria strain for the bioaugmentation process. The biostimulation and 
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bioaugmentation process samples were centrifuged at 10000 xg for 20 minutes and 

OD at 460 nm in the Ultra-violet range in a spectrophotometer (Evaluation 20, 

Thermo Fisher Scientific, India) at one-day intervals up to fully exponential growth 

(144 h) (Chandra et al., 2018). 

5.2.4. Assessment of environmental and nutrition condition  

Same experimental were carried out at different temperatures (25-50 °C), pH (4-12), 

and shaking speeds (100-220 rpm) to see how different environmental parameters 

affected biostimulation and bioaugumented sample degradation and decolorization. 

Various other nutrient source are nitrogen sources, such as ammonium chloride, beef 

extract, sodium sulfate, yeast extract, peptone, and urea, were applied as trace 

element at a concentration of 0.5 percent (w/v) to determine the good condition for 

biostimulated and bioaugumented process. 

5.2.5. Physico-chemical and heavy metals analysis  

Distillery wastewater was analyzed using conventional techniques for wastewater 

analysis.  The pH of the obtained wastewater sample will be calculated using an Orion 

ion meter (Model 960), COD will be determined using an open reflux method, 

BOD  by using a 5-day method, total nitrogen (TN) was determined using a drying 

system, total organic carbon (TOC), and total solid (TS) was calculated by using a 

Vcsnanalyzer from Shimadzu, Japan. The amounts of phosphorus and sulfate will be 

calculated using the vanadomolybdo– phosphoric acid colorimetric system and the 

BaCl2 precipitation method. The ions sodium, nitrate, chloride, and potassium can be 

measured using an ion meter (Orion ion meter - 960) and a selective electrode. To 

assess heavy metal concentrations in wastewater (Thermo Electron; Model IRIS 

Intrepid II XDL, USA). 

5.2.6. Estimation of total proteins, colony-forming unit, and biomass  

The total extracellular protein of both samples was calculated by using the standard 

method (Lowry, 1951). Count the total microbial load of microbes in the 

biostimulation and bioaugmentation process was analyzed. The plates were incubated 

at 37
0
C for 24 h and then after the next day when well cleared, separated colonies 

become arise then counted colony forming units (CFU) (Chandra et al., 2018). 1 ml of 

a developed colonies sample in a pre-weighed Eppendorf tube was centrifuged and 

dried for the biomass approximation. Around 50
0
C cells were fully dried. The 

bacterial biomass per ml before and after drying was known to be the source of the 

difference in tube masses. After centrifuging and drying 1 ml of bacterial growth 
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sample in a pre-weighed Eppendorf tube at 50°C, the post-weight of the Eppendorf 

post-weight minus the pre-weight of the Eppendorf tube equalled bacterial biomass 

per ml. 

5.2.7. Estimation of enzyme assay  

The estimation of enzymatic activity like MnP and laccase during biostimulation and 

bioaugmentation process, centrifugation the collected supernatant at 6500g for 10 

minutes at 4 °C. The using of phenol red and guaiacol as a substrate as per reported by 

Arora et al., 2002.  

5.2.8. Scanning electron microscopy and UV-Vis spectrophotometer analysis  

A UV-Vis spectrophotometer was used to measure the decolorization of 

biostimulation and bioaugmentation process samples at 25 °C in the wavelength range 

200-700 nm (Sharma et al., 2021d). After that, the fixed samples were dehydrated for 

5 minutes in ethanol solutions containing 25, 50, 75, 95, and 100 percent ethanol. 

Before being analyzed using scanning electron microscopy (SEM), the samples were 

dried in a critical point dryer and sputter-coated with a thin gold conductive film (FEI 

Quanta 450, Hillsboro, USA). 

5.2.9. High-performance liquid chromatography (HPLC) analysis  

The high-performance liquid chromatography (HPLC) analysis was carried out with a 

diode detector unit (1100 type, Agilent Technology, USA) and a column reverse 

phase C18 (250= 4.6 mm, 5M size) with the gradient of solvent A (Milli-Q water) and 

solvent B, at a flow rate of 0.4ml/min1 for the 60s, using the solvent gradient 

(Acetonitrile with TFA 0.1 percent, Merck KGaA, Darmstadt, Germany). The 

detection was monitored at maximum absorption  wavelength i.e. 295 nm to 

determine the degradation and decoloration in the biostimulation and bioaugmentation 

process sample.  

5.2.10. Characterization of organic compounds 

The optimal organic solvent for extracting organic contaminants was found to be ethyl 

acetate. The distillery wastewater sample (10.0 ml as control sample) was measuring 

and pouring 10 ml of ethyl acetate solvent into the Erlenmeyer (250 ml) flask and 

aggressively mixing and after the mixture had been constantly stirred for 5 h, an 

equivalent amount of ethyl acetate was applied, and the liquid-liquid extraction 

intermittently continued. The extraction of the organic pollutants was performed 

successively three times. After bioremediation, a related procedure was used to 
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remove metabolic products from the biostimulation and bioaugmentation phase 

samples used for GC-MS analysis. 

5.2.11. Identification of indigenous and isolated bacterial strains 

The probable indigenous and isolated bacterial strains from the incubated flask used 

for the biodegradation process were isolated and purified using serial dilution and the 

plate-streak method. The Cowan and Steels Manual for identifying medical bacteria 

was used to identify dominantly emerging purified autochthonous bacterial strains 

(Barrow and Feltham, 1993).  

5.3 Results and discussion 

5.3.1 Physico-chemical analysis  

The Physico-chemical properties of the control, biostimulation, and bioaugmentation 

samples are shown in table 1. The control samples showed higher pH, TDS, BOD, 

COD, and EC values. The elevated pH of the control sample may be attributed to the 

binding with melanoidin with the distillery wastewater of high levels of soluble 

products and heavy metals. In the biostimulated sample the values are less degrade 

rather than the control sample and much degraded in the bioaugumented sample 

(Table 1). The elevated values of COD and BOD of the accessible wastewater 

solution indicate the existence of greater amounts of organic and inorganic 

compounds. Furthermore, the high concentration of metals wastewater may be 

attributed to the devastating impact of cane sugar during the sugar production process 

(Chandra et al., 2018). Furthermore, metals may be applied during the fermentation 

and distillation processes of fermented sugarcane molasses in distilleries, resulting in 

PMDE with an alkaline pH that is eventually discharged. In comparison to the sample 

obtained after 168 hours of incubation, the biostimulated and bioaugumented sample 

showed a reduced of different pollution parameter. This suggested that a possible 

bacterial consortium was biodegrading and bio transforming various organic and 

inorganic contents. The pH of the medium was initially reduced to 4.47 during 

melanoidin degradation, but after 168 hours of bacterial development, the pH was 

steadily increased. The development of organic acids such as phosphoric acid, acetic 

acid, octadecenoic acid, and ethanedioic acid, can cause a reduction in pH during the 

early stages of bacterial growth. However, examination of BOD and COD values at 

different periods indicated a steady decline in BOD and COD values as percent 

decolorization increased (76%). 
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Table. 5: Physico-chemical analysis of discharged distillery industry wastewater, 

biostimulation and bioaugmentation collected from M/s Unnao Distillery pvt. Ltd. 

Unnao, Uttar Pradesh, India 

All the values are Mean ±SE. (n=3); Unit of all parameters is in (mgL
-1

) except pH, 

color (Co-Pt. Unit) and EC (μmhoscm
-1

); Students t test (two tailed as compared to 

pre-treated sludge); 
a
Highly significant at p<0.001; 

b
Significant at p<0.01; 

c
Less 

significant at p<0.05; 
NS

Non-significant at p>0.05; BDL: Below detection Limit. 

 

 

Parameters Distillery 

wastewater 

After 

biostimulation  

After 

bioaugmentation 

Permissible 

Limit 

(CPCB 2012) 

pH 7.00 ± 0.20 l 7.20 ± 0.10 8.114 ± 0.21ˆa 7.54± 0.01 

EC  4.7 ± 2.11 l 3.6 ± 1.14 2.8 ± 1.34ˆa -- 

Ions      

Na
+
 56 ± 1.31 l 55.108 ± 0.97 13.352 ± 0.80ˆa -- 

Cl
- 

1829 ±0.10 l 7038.6. ± 0.89 6880.674 ± 

129.45ˆns 

11.82 ± 0.01 

NO
3-

 110 ±3.14 l 119.916 ± 1.30 47.295 ±0.90ˆa 47.00± 0.00 

Ammoniacal 

nitrogen  

195 ± 1.24 l 188.794 ± 0.94 86.594 ± 0.71ˆa 9.90± 0.00 

Total dissolve solid  – 16750.4 ± 2.07 2506 ± 89.19ˆa 152± 0.01 

Biological oxygen 

demand  

17400.47 ± 

19.18 

11050.2 ± 2.28 2455.698 ± 1.78ˆa 47.00± 0.00 

Chemical oxygen 

demand  

37193.68 ± 

7.65 

22551 ± 1.58 4518.934 ± 1.90ˆa 79.00± 0.01 

Total organic carbon 18.318 ± 0.21 l 15.404 ± 0.28 7.407 ± 1.09ˆa 11.82± 0.01 

Total nitrogen 2.473 ± 0.01 l 2.094 ±0.04 1.982 ± 0.05ˆc 9.90± 0.00 

Heavy metals 

Iron (Fe) 2403 ± 3.11l 1401.22 ± 1.86 852.528 ± 2.05ˆa ---- 

Zinc (Zn) 210.15 ± 2.14 l 95.273 ± 0.68 21.463 ± 1.67ˆa 0.15 

Copper (Cu) 73.62 ± 1.14 l 62.928 ± 1.20 11.526 ± 1.02ˆa 0.01 

Chromium (Cr) 22.825 ± 0.41 l 19.447 ± 0.60 9.500 ±0.49ˆa 1.28 

Cadmium (Cd) 2.440 ± 0.12l 1.786 ± 0.15 0.94 ± 0.05ˆc 0.19 

Manganese (Mg) 127.30 ± 0.94 l 95.602 ± 1.13 45.140 ± 0.72ˆa 1.45 

Nickel (Ni) 14.425 ± 0.21 l 9.302 ± 0.31 2.250 ± 0.20ˆa 0.02 
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5.3.2 Effect of nutrition and environmental condition  

For a 168-hour bacterial incubation period, distillery wastewater degradation was 

assessed using a 1% (w/v) concentration of various glucose sources. The findings 

demonstrate that the consortium's efficiency increased as glucose concentration 

increased from 0.1 to 1%, achieving maximum decolorization of 40-70 % in 

biostimulated samples and 70-90 % in bioaugumented samples. This indicates that the 

presence of glucose has been a consequence of the oxidation of organic contaminants 

and metals and that further increases in glucose levels do not encourage the growth or 

decolorization of melanoidins by bacteria. However, the efficiency of glucose and 

peptone was less than that of the trace element which showed melanoidin coloration 

up to 42-58 % in bioaugumented sample. This showed that the presence of glucose 

resulted from the oxidation of organic contaminants and metals, although the further 

rise in glucose concentrations does not help the bacterial growth and melanoidin 

decolorization. Glucose and peptone were however not as successful as glucose, 

where melanoidins decolorated by up to 50-60%. However, for the development of 

the bacterial consortia, the glucose present in the media was readily accessible. This 

showed that the isolation and oxidation of melanoidins containing effluent were more 

successful for our bacterial consortium. This may be due to high enzyme presence, 

making it easier for complex pollutant degradation processes. But when we added the 

isolated bacterial strain after the full growth of the biostimulation process then 

showed 70-89 % decolorization in the bioaugumentation process. Besides, increased 

peptone concentrations have caused the decoloration process to be gradually reduced 

in the degradation capacity of the evolved bacterial consortium (Sharma et al., 

2020a,b& c). At pH 8.1, the bacterial consortium recorded far more decolorization 

(79%). The higher decolorization at alkaline pH (8.1) may be due to the combined 

action of the bacterial enzymes and the loosening of conjugated bonds of Maillard 

reaction products. The bacterial consortium depolymerized melanoidins at high pH, 

causing the color to fade. The optimized bacterial consortium also showed maximum 

decolorization (81%) at 37 °C, while increasing the temperature to 45 °C harmed the 

bacterial consortium's growth and decolorization capacity. Moreover, the impact of 

shaking speed revealed that 180 rpm resulted in the best degradation of organic 

pollutants by a potential bacterial consortium.  
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Fig: 5.2: (a) Autochthonous and (b) Isolated bacterial strain growing in separated 

molasses melanoidin from anaerobic treated distillery effluent and their 

morphological view 

 

5.3.3 Performance of UV Vis, total proteins, CFU, and biomass analysis 

At different incubation times, the increasing total protein content correlated positively 

with the trends in oxidative enzymes. The analyses of CFU and biomass revealed a 

constant increase in incubation time compared with the control sample. Moreover, 

when comparing the growing biostimulation and bioaugumentation samples to the 

control, periodic measurements of OD at 620 nm revealed that their values increased. 

Periodic SEM assessments of degrading samples often display an improvement in 

bacterial population and biodiversity in the biostimulation and bioaugumentation 

method. During the bacterial growth in the biostimulation and bioaugumentation 

process, there was also a reduction of color compared with that of the control. The 

decolorization was much in bioaugumentation in comparison with biostimulation and 

control sample. 

Periodical bacterial growth curve and biomass testing demonstrated a median 

incubation time of 144 hours of OD-620 nm (2,49) and biomass (5.22 g of L−1; 

CFU/mL 27.5 alternate to 106). This has become the best way to reach optimal 

(a) 

(b) 
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decoloration (70-90% respectively) of melanoidins, with the fastest bacterial growth 

and production of biomass. Furthermore, denser bacterial cells have emerged from the 

SEM study of rising bacterial biomass. This showed rapid bacterial growth in 

medium-bearing melanoidins, leading to melanoidin degradation and discoloration. 

Moreover, bacterial consortium incubation did not improve the decolorization rate of 

melanoidins. The direct association of OD 620 with high biomass also showed that a 

bacterial consortium is directly involved in the melanoidin decoloration and 

degradation process. 

5.3.4 Enzyme activity during degradation  

In decolorization and color destruction, ligninolytic enzymes play a major role and 

promote the development of microorganisms in the use of mixed pollutants (Bonugli-

Santos et al., 2012). The MnP is the dominant enzyme at the initial stage of 

melanoidin degradation during the biostimulation and bioaugumentation process. 

MnP activity was maximized at 168 h (3.8 mL
−1

 min
−1

), where the laccase activity at 

144 hours of incubation was detected at the highest level (2.39 U mL−1 min−1) and 

maximum melanoidin decolorisation (70-90 %). This may be attributed to MnP direct 

participation in degrade when the further incubation caused by the synthesis of 

phenolic compounds causes the bacterial laccase enzyme production. In the 

bioaugumentation process, during the decolorisation evaluation, laccase concentration 

was found to be higher at a later stage of the increasing bacterial consortium. Laccase  

and MnP are substrate oxidizing enzymes that can sever a wide variety of chemical 

bonds found in recalcitrant compounds, including phenolic and non-phenolic 

compounds. However, the MnP and laccase-enzyme activities of the proposed 

bacterial consortium were shown to be gradually reduced after 168 and 144 h 

incubation, respectively. MnP and laccase development may be attributable to the 

depolymerization of melanoidins. 
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Fig. 5.3:  Screening of ligninolytic enzymes producing potential bacterial strain by 

using different substrates (a) Phenol red for MnP (b) Guiacol for Laccase(c) azure B 

for Lip  

5.3.5 Metabolites assessment by HPLC analysis and Fourier transform infrared 

spectroscopy analysis in biostimulation and bioaugumentation 

In biostimulation and bioaugumentation bacterial treatment, the HPLC analytics 

report shows the location, height, and retention time of different compounds in 

distillery wastewater and confirms degradation (Fig. 1a). HPLC analysis of the 

biostimulated sample revealed a high and small peak area, while the stimulated 

sample was less in 96 hours compared to the control sample, demonstrating the 

consortium's ability to decolorize and degrade distillery wastewater through their 

enzymatic action. Furthermore, several additional peaks emerged in the enhanced and 

augmented samples, indicating the development of some new metabolites. Also, when 

compared to the control sample, the HPLC chromatogram showed peak shifting, 

reduced the height of peak, and the showed some new compounds after 

bioaugumentation treatment. It indicated that the developed bacterial consortium in 

both samples biotransformed and biodegraded distillery wastewater into various 

metabolites.To investigate the chemical structure of the control, biostimulation, and 

bioaugmentation process samples, an FT-IR study was performed in the range of 400–

4000 cm1 using a spectrophotometer (NicoletTM 6700, Thermo Scientific, USA). To 

prepare the pellet for FT-IR analysis, KBr (potassium bromide) was mixed with the 

separated sample of biostimulation and bioaugmentation process. 
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Fig: 5.4: HPLC analysis of disposed distillery Effluent during the Biostimulation and 

Bioaugmentation Process. 

 

 

 

Fig: 5.5: FTIR analysis of disposed distillery Effluent during the Biostimulation and 

Bioaugmentation Process. 

 

Table: - 5.2: Functional group and Intensity comparison of FTIR analysis of disposed 

distillery Effluent during the Biostimulation and Bioaugmentation Process 

 

 

Control 

 

Functional 

Group 

 

Biostimu

lation 

 

Functional 

Group 

 

Bioaugme

ntation 

 

Functional 

Group 

 

Intensity 

3610.8 O-H 3431.8 Amine, N-H 3409.7 Amine, N-H Medium 

3434.7 N-H 2922.2 Amine, N-H 2924.4 Amine, N-H Medium 

2923.8 Carboxylic 

Acid,O-H 

2853.1 Carboxylic 

Acid,O-H 

2855.0 Carboxylic Acid, 

O-H 

Strong 

2854.0 Carboxylic 

Acid,O-H 

2032.1 Alkyne, C≡C 1710.3 Ketone C=O Strong 

2031.0  Alkyne, 

C≡C 

1709.7 Ketone C=O 1663.3 Amide C=O Strong 

1737.5 Ketone C=O 1663.9 Amide C=O 1459.3 Benzene Ring 

C=C 

Strong 

1638.4 Amide C=O 1461.9 Benzene Ring 

C=C 

1367.2 Alkane  -C-H Medium 

1576.9 Benzene 

Ring C=C 

1370.6 Alkane  -C-H 1234.6 Acid C-O Strong 

1462.6 Benzene 

Ring C=C 

1297.7 Acid C-O 1187.5 Acid C-O Strong 

1294.1 Acid C-O 1121.1 Ester, C-O 969.2 Alkene, =C-H Medium 

1211.3 Acid C-O 1081.4 Ester, C-O 892.7 Alkene, =C-H Medium 

1077.8 Ester, C-O 1033.6 Ester, C-O 826.3 Alkene, =C-H Medium 

1035.1 Ester, C-O 967.9 Alkene, =C-H 716.7 Alkyl Halide, C-

Cl 

Strong 

Control 

Biostimulation 

Bioaugmentation 
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5.3.6 Assessment of degradation after biostimulation and bioaugumentaion 

process  

 

In table. 2 lists the main residual organic contaminants found in ethyl acetate under 

alkaline (pH 8.5) and acidic (pH 2.0) conditions, as well as the isolated compounds 

detected by GC-MS at various retention times (RT) (Sharma et al., 2021d & e). The 

peak at 13.45 was detected as Benzene acetic acid. Organo-metallic compounds 

present in the distillery industry but after degradation in the biostimulation and 

bioaugumentation process was not extracted under similar conditions to the control. 

The main metabolic products identified as phenol and phenolic compounds in the 

control and bacterially degraded samples were classified as 3-Hydroxy methyl-2-tri 

methyl silyl oxy pentane, Benzene Propanoic acid, tert-butyl dimethyl silyl ester, 

Hydrocinnamic acid, Tetradecanoic acid, trimethylsilyl ester [CAS], Octadecanoic 

acid, 2,3-bis[(trimethylsilyl)oxy, Hexadecanoic acid,4-[(trimethylsilyl)oxy] butyl 

ester [CAS] shown in (Figures 3A,B & C). Both these products demonstrated that the 

2-methoxy phenol group was present in their structures but had some replacements on 

their aromatic ring. Most of these compounds are organometallic and some are 

disappeared after treatment by the biostimulation process, and the left are transformed 

in another form in bioaugumentation (Figures 3A, B & C). After 6 days of incubation, 

acetic acid, Oxo-, trimethylsilyl, was found in degraded effluent in the biostimulation 

phase, but not in the bioaugmentation process. 

 

5.3.7 Identification isolated  bacterial strains 

16S rRNA sequencing was used to identify the purified isolated and autochthonous 

bacterial strains. The parameters of the Gamma model were determined to within 

0.1000000000 logarithmic probability units of accuracy. Bio stimulated samples, such 

as Stenotrophomonas maltophilia (RCS1) and Bacillus cereus (RCS 2), as well as 

bioaugumented strain Enterobacter cloacae (IITRCS10), were deposited to the NCBI 

database based on 16S rRNA sequencing data. 

 
A 
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Fig.5.6: Gas chromatography mass spectroscopy analysis of distillery industry 

wastewater after biostimulation and bioaugmentation process (b-c) compare with 

control sample (a) (Control). 
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Table 5.3: Identification of residual organic pollutants by GC-MS analysis from 

distillery industry wastewater before and after biostimulation (BS) and 

bioaugmentation process (BAN) 

 

  

RT Compounds name Control BS BAN    

6.70 [2R,3R]-2 Methylallo threonine +++++ ++++ ----- 

6.80 2,5 Hexanedione,3,4-dihydroxy-3,4-dimethyl +++++ ----- ----- 

6.87 Pentanoic acid, trimethylsilyl ester [CAS] +++++ ----- ----- 

7.13 2-[2-Butoxyethoxy) ethoxy-tri methyl silane +++++ ----- ++ 

7.25 N-tri methyl silyl methyl (n-butyl) amine +++++ ++++ ----- 

7.75 Butane, 2,3-bis (Trimethylsiloxy) +++++ ----- ----- 

7.82 3-Hydroxy methyl-2-tri methyl silyl oxy pentane +++++ ++++ ----- 

8.84 Hexane – 1,3,4-triol 3,5-dimethyl +++++ ----- ----- 

9.01 Silane, trimethyl (1-methyl butoxy) +++++ ++++ ----- 

9.31 3-Hydroxy-2-butanone, trimethylsilyl ether +++++ ----- ----- 

10.87 t- Butyldimethyl[ 2-styryl [1,3] dithian-2-yl]silane +++++ ++++ ++ 

11.06 Butane-1,3diol, 1-methyl,bis [trimethylsilyl] ether+ +++++ ----- ----- 

11.18 3-Hydroxy- 2-butanone, trimethylsilyl ether +++++ ----- ----- 

12.33 Silanol,trimethyl-,benzoate [CAS] +++++ ++++ ----- 

12.78 2-Methyl-2,3-dihydro-1Hbenz[g] indole +++++ ++++ ++ 

13.32 2,4-Dimethyl-3-pentanol,trimethylsilyl ether +++++ ----- ----- 

13.45 Benzene acetic acid,  trimethylsilyl ester +++++ ----- ----- 

16.03 1-[trimethylsilyl]-6-phenyl-1,3,5-hexa triyne ---- ---- ++ 

16.03 Benzene Propanoic acid, tert-butyl dimethyl silyl ester +++++ ++++ ----- 

17.42 Silanol, trimethyl, -2 –amino benzoate [CAS] +++++ ----- ----- 

17.75 Acetic acid, Oxo-,trimethylsilyl ester [CAS] - ++++ ----- 

20.83 3-[o-Azidophenyl] propenol +++++ ++++ ++ 

23.79 5-chlorobenzimididazole-2-corboxlic acid +++++ ----- ++ 

24.22 Pyrolo[1,2-a]pyrazine-1,4-dione,hexahydro-3-[2-

methylpropyl] 

+++++ ++++ ++ 

24.22 Tetradecanoic acid, trimethylsilyl ester [CAS] +++++ ----- ----- 

25.26 n-pentanedecanoic acid,  trimethylsilyl ester +++++ ----- ----- 

25.71 1,4-diazo-2,5-dioxo-3-isobutyl bicycle[4.3.0]nonane +++++ ----- ----- 

26.38 2,Ethyl-3-methylnaphtho[2,3-b]thiophene-4,9-dione +++++ ++++ ++ 

27.08 Cis-9-Hexadecanoic acid, trimethylsilyl ester +++++ ----- ----- 

28.37 n-Hexadecycloxy[trimethylsilane] +++++ ----- ----- 

29.87 9,2- Octadecanoic acid, [Z,Z]- trimethylsilyl [CAS] +++++ ++++ ----- 

29.97 Trans-9-Octadecanoic acid, trimethylsilyl ester +++++ ----- ----- 

35.54 Octadecanoic acid, 2,3-bis[(trimethylsilyl)oxy +++++ ----- ----- 
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Fig.57: 16sRNA sequencing & Phylogenetic tree of Thermo tolerant Autochthonous 

and Isolated bacterial strain during Biostimulation and Bioaugumentation process.   
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Fig.5.8: 16sRNA sequencing & Phylogenetic tree of Thermo tolerant Autochthonous 

and Isolated bacterial strain during Biostimulation and Bioaugmentation process. 
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5.3.8 Toxicity Assessment of Bacterially Treated Samples 

Comparative toxicity assessment of effluent degraded by the biostimulation process 

and the control in the seed germination test showed a 60% reduction of toxicity with 

Triticum aestivation and Phaseolus mungo seeds (Figures 6A–C). P. mungo was 

found to be more sensitive than T. aestivum. Comparative cytotoxic and genotoxic 

effects of the effluent before and after detoxification by biostimulation were also 

tested with Allium cepa on the basis of chromosomal aberrations. Root cells of A. 

cepa treated with effluent sample before and after detoxification showed various 

chromosomal aberrations, as shown in Figure 7. Microscopic observation of onion 

root tips treated with control effluent (without biostimulation) showed abnormal and 

vagrant metaphase, diagonal anaphase, chromosome laggards at anaphase, ring 

chromosomes, and sticky anaphase, as shown in Figure 7, while normal prophase, 

metaphase, anaphase, and telophase were observed in A. cepa treated with effluent 

degraded by the autochthonous bacterial communities. 

 

Fig. 5.9: (a) Seed Germination and (b) seedling growth effect of Phaseolous Mungo 

L.  during Biostimulation and Bioaugumentation process. 

 

 

(a) 

(b) 
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Conclusion: 

The findings revealed that distillery wastewater contains EDCs such as 

organometallic complex compounds, as well as other contamination parameters 

(BOD, COD, TSS, TDS), which can be degraded by an autochthonous bacterial 

consortium using a biostimulation and Bioaugumentation process with a 

supplementary source of nutrients under specific environmental conditions such as 

pH, shaking speed, and temperature. The production of different ligninolytic enzymes 

likes, Lip, MnP, and Laccase activities as bio-tools for detoxification and degradation 

of wastewater after secondary treatment. The assessment of degradation of organic 

compounds by GC-MS, UV-Vis and HPLC, analysis confirmed using of bacterial 

consortia Stenotrophomonas maltophilia (RCS1) Bacillus cereus (RCS 2), and 

Enterobacter cloacae (IITRCS10). 
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Chapter-6 

 

Optimization of Color reduction and detoxification process of Distillery effluent 

by developed bacterial consortium at reduced TDS of Effluent.  

6.1 Introduction 

Most of the distilleries co-exist with sugar mills and use cane sugar molasses 

as a raw material to produce alcohol. India is the greatest rice producing country, and 

the primary material after sugar cane molasses is rice grain. Alcohol distilleries in 

India are one of the most agro-based polluting agro-industries; they also have high 

raw water consumption. In India there are more than 317 sugarcane molasses-based 

distilleries industry pouring down their treated and untreated effluent at rate of 

approximately 3.5 X 10
14

 kilolitres annually to water bodies through their discharge 

system (AIDA, 2004). In the distillation process, ethanol ranges from 8 to 10% by 

volume, hence it follows that the amount of waste varies from 90% to 92% by volume 

of the alcohol distilled. The distillery effluent after anaerobic digestion converts dark 

black colour with high BOD and unpleasant odour. This is known as post methanated 

distillery effluent (PMDE). The major colour contributing complex biopolymer of 

distillery waste is known as melanoidin, which is generated during polymerization of 

amino group with reducing carbohydrate at the time of boiling of sugarcane juice 

concentration process for sugar crystallization in sugar industry. In India, there are 

number of large-scale distilleries integrated with sugar mills. The waste products of 

sugar mills comprise bagasse‘s (residue from the sugarcane crushing), press mud and 

molasses. The effluents from molasses-based distilleries contain large amounts of 

dark brown coloured molasses- spent-wash (MSW). This causes soil and aquatic 

pollution and threat to environmentalist and challenge for industries. Worldwide 

environment regulatory authorities have set strict norms for discharge of wastewaters 

from industries. It further says that till 100% utilization of PMDE should be achieved, 

controlled and restricted discharge of treated effluent from lined lagoons during rainy 

season will be allowed by SPCBs /CPCB in such a way that the perceptive colouring 

of river water bodies does not occur. The drawback is that ability of bacteria is 

reported only for synthetic melanoidin in laboratory condition. But a reference may be 

made to a publication wherein presence of other pollutants in effluents like phenolics, 

sulphate and heavy metals makes more toxic and recalcitrant nature of effluent. 
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However, the application of this technique for the effluent decolorization up to safe 

limit of environment at large scale is not feasible. Furthermore, the references may be 

made to the publication wherein demonstrated the ability of some aquatic macrophyte 

for reducing the level of toxic metals in polluted water. The drawback is that, these 

above reported plants showed the ability of bioaccumulation only in pure metals 

solution. The colour of post methanated distillery effluent (PMDE) is suspected to be 

due to high content of sulphur, phenol and other unknown organic compounds, which 

inhibits the microbial activity for further degradation. The major obstacle in the 

effluent treatment of molasses spent wash is the presence of high dark brown coloured 

natural polymer called melanoidins; due to its water-soluble properties causes water 

as well as soil pollution. The inhibitory nature of melanoidin has been reported in 

India and worldwide to many organisms, which cannot be removed by conventional 

wastewater treatment process due to its recalcitrant nature. Further, the in this study 

have been revealed that the bacterial pre-treatment of distillery effluent enhance the 

bio-remediation process. Due to lack of any adequate technique for the decolorization 

of PMDE after extended aeration at industrial scale still it is major source of 

environmental pollutants in India. Currently, no any feasible and economically viable 

technology is available for its safe disposal. Hence, the safe disposal for 

environmental potential and conservation of aquatic resources for sustainable 

development is warranted.  

Recently, the biological treatment system along with advanced oxidation and 

ozonation process has been reported as a potential, simple, low-cost wastewater 

tertiary treatment technique. But the drawback is that these studies are reported with 

low organic load containing effluent in temperate region and different climate zone. 

These techniques are not reported with sugarcane molasses-based distillery effluent. 

The conventional treatment technology i.e., physical, chemical (filtration, 

coagulation) and activated sludge process is effective up to some extent but expensive 

and energy consuming at large scale. Thus, constructed wetland systems planted with 

potential wetland plant have been optimized as an effective device at pilot scale. 

Combination of wetland treatment process with bacterial degradation at reduced total 

dissolve solid (TDS) of PMDE offers an excellent system for removal of colour from 

PMDE and further reduction of BOD, COD for safe disposal. The increased microbial 

population has been indicated for the degradation of organic chemical contaminated 

soil. Hence, the combined application of bacteria and wetland plants would show 
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maximum decolorization and degradation of all organic matters as a sequential 

bioreactor process. Recently the biostimulation and bioaugmentation process has been 

reported for the detoxification and degradation of various residual organic pollutants 

present in industrial wastewater at tertiary stage treatment. The complexity of PMDE 

showed that high TDS as a key factor of effluent toxicity due to dissolved organic 

content in high concentration. For precipitation of phenol colourant and other ionic 

salts for reduction of total dissolved solids (TDS) from various industrial wastewater 

to achieve the biodegradation with bacterial growth. Hence, the aim of this paper is 

development of novel technique for decolourisation and detoxification of distillery 

effluents after anaerobic digestion for its safe discharge and re-use in various 

applications for sustainable development. Lastly the decolorized effluent after toxicity 

reduction can be used either for effluent recycling or its application to aquaculture and 

ferti-irrigation/ green belt development around industries would prevent aquatic and 

soil pollution with safe disposal. 

6.2 Materials and method 

6.2.1 Sample collection 

The experimental site for plant and distillery sludge sampling was selected in Unnao, 

Uttar Pradesh, India, situated at the north latitude of 26° 32′ 0″ and east longitude of 

80° 30′ 0″, which had been polluted due to extensive and indiscriminate disposal of 

anaerobically digested sludge. This site is well known for high pollution with organic 

and inorganic pollutants as previously described by Tripathi et al., 2021. The climate 

in this area is classified as humid subtropical dry weather with an average annual 

rainfall of 850 mm (Rainy season: July–September). Annual temperature of is 25.6 

°C, which varies between 15 and 40 °C from winter to summer, respectively. 

Distillery sludge samples were collected in October 2017 from the two different 

sludge disposed site located in premises of the M/s Unnao Distilleries & Breweries 

Limited. All the collected samples were transported to laboratory in ice-cold condition 

(~ 4 °C) for further analyses. 

6.2.2 Experimental setup and TDS reduction optimization 

The TDS reduction experiments were carried out in a jar test apparatus (OSK-Japan) 

using coagulants. The wastewater after adding coagulants well mixing was allowed to 

settle for 3h and the supernatant was transferred to a clean container. The main 

physico-chemical characteristics of the TDs reduced sample are shown in Table 1. 
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Precise doses of coagulants including Al2(SO4)3, FeSO4, FeCl3and PACL, and 

coagulant aids including CaO, Na2CO3, CaCO3and Na2SiO3, were added to 800-mL 

jars containing 200mL of settled wastewater with specified pH values. A series of jar 

tests were carried out as follows: first rapid mixing stage carried out on jars at 100rpm 

for 2min and then slow mixing stage carried out at 30rpm for 20min and finally the 

solutions were settled in 250-mL graduated cylinders for 30min. The produced 

supernatants were used for the measurement of remained physico-chemical analysis. 

6.2.3 Physico-chemical analysis 

Electrical conductivity (EC) and pH values of distillery effluent samples were 

measured using Orion conductivity meter (Model-A322, Thermo Scientific, FL, USA) 

and Orion pH meter (Model-960, Thermo Scientific, FL, USA), respectively. For pH 

measurement sludge and distilled water was mixed in a ratio of 1:2.5 (weight: 

volume) (Chandra and Kumar 2017a). Cation exchange capacity (CEC) was 

quantified using the method as described by Gillman and Sumpter (1986). Total 

Kjeldahl nitrogen (TKN) and total ammoniacal nitrogen (NH4+-N) were measured by 

the methods reported by Ju et al. (2007). Total phosphorus (TP) was measured by the 

colorimetric method (Jackson 1973). Organic matter content was determined using 

the Walkley and Black procedure (Nelson and Sommers 1982). Total oxygen and 

hydrogen was estimated by elemental analyzer (EuroVector EA 3000, University of 

AL-al-Bayt, Jordan). Concentration of Cl−, Na+, PO−43 , and SO−42 were estimated 

according to the method described by Kalra and Maynard (1991). Total phenol 

concentration in the sludge samples was determined using 4-aminoantipyrine reaction 

method as described by Ettinger et al. (1951). As outlined, the phenolic material was 

mixed with 4-aminoantipyrine in the presence of alkaline oxidizing agent, preferable 

potassium ferricyanide, at high pH, to yield a red chromogenic compound. The 

absorption of this red solution was measured at 500 nm by UV–Vis 

spectrophotometer. For heavy metal analyses, distillery sludge samples were first 

digested with nitric acid–hydrogen peroxide digestion method (3050B) (U.S. 

Environmental Protection Agency; USEPA 1996). Briefly, 1-g dried sludge sample 

was placed into a Teflon reaction vessel and digested with 10 mL of the HNO3 (1:1, 

v/w) at 95 °C for 15 min. After cooling, 5 mL of concentrated HNO3 was added into 

vessel and reflux at 95 °C until the solution becomes transparent. After cooling the 

solution, 2 mL of water and 3 mL of 30% H2O2 were added into Teflon vessel. The 

https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR14
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR28
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR36
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR34
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR47
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR38
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR24
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR57
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solution was allowed to evaporate by raising the temperature to 105 °C until the 

samples were digested and the solution becomes transparent. The acid–peroxide 

digestate was continually heating at 95 °C without boiling for 2 h. The volume of 

these samples was reduced to 5 mL by evaporating the acid–peroxide mixture. 

Thereafter, the samples were allowed to cool to room temperature before the vessel 

content was filtered with Whatman filter paper and diluted with double deionized 

water up to 100 mL. Three replicates of every sample were digested, together with the 

corresponding blanks. Subsequently, the total concentrations of different heavy metals 

(i.e., Fe, Zn, Cu, Ni, and Mn) in the digested solution were determined by inductively 

coupled plasma-mass spectrometry (ICP-MS; Agilent 7500Cx, USA). The instrument 

settings and operational conditions were done in accordance with the manufacturers‘ 

specifications.  

6.2.4 SEM –EDAX of distillery effluent before after TDS reduced sample  

Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy 

(EDX) was performed to assess the surface morphology of dissolved pollutants at 

reduced TDS. The sample was kept into an aluminium foil for drying in the oven for 4 

to 5 hours at 600C followed by keeping Desiccator for 2 hours and the sample was 

ready for analysis. Samples were taken and a very thin film of palladium and gold was 

deposited on the surface of the sample to conduct electricity. These samples were 

mounted on the electron micro pore stubs. The SEM/EDX analysis was carried with 

the help of a controlled field emission SEM (JOEL JSM-6330f, JOEL Ltd., Dearborn 

Rd, USA) equipped with a WVEX-EDS detection system to determine the 

morphology of the sample (Asberry et al., 2014). 

6.2.5 FTIR and UV-Vis analysis  

To observe the absorbance characteristics of different organic and inorganic 

pollutants, UV–visible (UV-Vis) spectroscopy and absorption spectra were obtained 

between 250 and 700 nm at 37 ◦C (Thermo Fisher Scientific Shanghai 

spectrophotometer Evolution 2001, China). Fourier-transform infrared spectroscopy 

(FT-IR) analyses of the wastewater samples before (WS-1) and after (WS-2) 

phytoremediation was recorded by a FT-IR Perkin Elmer Spectrum-II spectrometer. 

The sample was centrifuged at 6000 rpm and then dried for 6 h in an oven at 65 ◦C to 

remove the moisture content. To make the pellets, 100 mg of potassium bromide 

(KBr) and 2 mg of dried sample were mixed as per the previously mentioned method 
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[3]. The KBr based pellets were compressed into a thin disk using a hydraulic press 

(CAP-15 T) at 15 tons pressure. The disks were fixed in an FT-IR spectrometer 

(Thermo-Nicolet 6700) and analyzed in the spectral region of 4000–400 cm-1 with 

potassium bromite (KBr) pallets.  

6.2.6 GC-MS analysis  

The extracts obtained from rhizospheric and non-rhizospheric distillery sludge were 

firstly derivatized using TMCS, BSTFA and pyridine as per method described earlier 

(Chandra and Kumar 2017a) and analyzed by GC–MS (TRACE GC Ultra Gas 

Chromatographs, Thermo Fisher Scientific, USA) united with a TriPlus auto sampler 

coupled to TSQ Quantum XLS triple quadrupole mass spectrometer (Thermo 

Scientific, USA). Organic compound separation was carried out in a DB-5MS 

capillary column (No. 2713S18) by running with helium as the carrier gas at a flow 

rate of 1.1 mL min−1. The GC oven conditions were as follows: an initial temperature 

of 65 °C (hold time: 2 min), increased to 230 °C (flow rate of 6 °C min−1) and finally 

increased up to 290 °C (hold time: 20 min; flow rate of 10 °C min−1) (Chandra and 

Kumar 2017a). An aliquot (1.0 µl) of derivatized sample was injected in the GC 

column in the splitless mode. The injector temperature was operated at 250 °C while 

the mass detector was operated at 300 °C. The MS was operated in full-scan mode 

(45–800 m z−1) at electron energy of 70 eV with a solvent delay of 7 min. The 

organic compounds were detected and identified through spectral matching of mass 

spectra obtained at different retention times with mass spectra of standard compounds 

mentioned in National Institute of Standard and Technology (version 1.0.0.12, NIST, 

USA) mass spectra library existing with GC–MS. 

6.2.7 Toxicity assessment  

6.2.7.1 Seed germination test  

The Phytotoxicity test of the PMDE before and after TDS reduction was used seed 

germination test of Phaseolous mungo L. Seed germination was evaluated at different 

concentrations of effluent using a Petri dish method as described previously (David 

and Rajan, 2015). Ten sterilized seeds were put in different Petri dishes at the same 

spacing. The dishes contained the PMDE concentrations of 10%, 20%, 40%, 60%, 

80%, and 100% (v/v), while tap water was used as the control in the same condition. 

The dishes were incubated at 28°C till germination (Bhargava and Chandra, 2010). To 

make data statistically significant three replicates were prepared for each 

https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR14
https://link.springer.com/article/10.1007/s13205-020-02310-5#ref-CR14
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concentration. The following formulae were used to determine the percentage toxicity 

and stress resistance index (Quaratino et al., 2007).  

6.2.7.2  Bacterial growth in TDS reduced sample  

Bacterial grown samples incubated at 6 and 12 days in the TDS reduction process 

were centrifuged at 6,500 × g for 20min. To remove the medium contents, the pellets 

were then washed three times with distilled water. The cells were then fixed in 0.1M 

phosphate buffer (pH 7.2) containing 1% glutaraldehyde for 2 h and washed twice 

with distilled water. The fixed cells were dehydrated using a series of acetone 

solutions (15, 30, 60, 90, and 100%) for 20min, as per the standard method described 

by Sangeeta et al. (2011). The dehydration process was carried out twice. The dried 

cells were then fixed on metal stubs, coated under vacuum with approximately 25 nm 

of high purity carbon, and examined by scanning electron microscopy (SEM; 

QUANTA FEG 450, FEI, Netherlands). 

 

6.3 Result and discussion 

 

6.3.1 Physico-chemical analysis before and after TDS reduction  

The physico-chemical properties of the control (distillery wastewater), and TDS 

reduction samples are shown in Table 1. The control samples showed higher pH, 

TDS, BOD, COD, and EC values. The elevated pH of the control sample may be 

attributed to the binding with melanoidin with the distillery wastewater of high levels 

of soluble products and heavy metals. TDS reduced sample showed that after 

autoclave some chemical characteristics had been altered but the extend was not 

significant except for the chloride content. McGuire and Judd (2020) demonstrated 

there were significant positive relationship between organic matter and Cl
- 
retention, it 

was likely as a result of the thermal treatment chloride was released from the bound 

organic matter. Significant reduction in the pollution criteria in the wastewater was 

observed at the end of the bioaugmentation period (Table 1). The elevated values of 

COD and BOD of the untreated wastewater (control) indicated the existence of 

greater amounts of organic and inorganic compounds. Metals may be released during 

the fermentation and distillation processes of fermented sugarcane molasses in 

distilleries, resulting in post-methanation distillery effluent (PMDE) with an alkaline 

pH that is eventually discharged. TDS reduction sample, huge reduction in metal 

content was observed, probably as a result of passive adsorption due to the removed 
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after the centrifugation and filtration process. In comparison, after TDS reduction of 

incubation, the treated showed a significant reduction in all of different pollution 

parameter except for Cl
-
. This suggested that the coagulants were actively bio 

transforming various organic and inorganic contents. The pH of the medium was 

initially reduced to 7.79 during melanoidin degradation, but after TDS reduction, the 

pH steadily decreased. The development of organic acids such as phosphoric acid, 

acetic acid, octadecanoic acid, and ethanedioic acid, can caused a reduction in pH 

during the early stages of bacterial growth. However, examination of BOD and COD 

values at different periods indicated a steady decline in BOD and COD values as the 

percentage of decolorization increased. 

 

 

 

Fig. 6.1: Degradation of post methanated distillery effluent after TDS reduction 

(PMDE) through biodegradation process (a). UV-Vis spectroscopy of before and after 

TDS reduction (b). SEM structure of bacterial grown in After TDS reduction sample 

(c)    

  

Before TDS reduction After TDS Reduction 
A. 

B. 
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Table 6.1:  Physico-chemical characteristics of before and after TDS reduction of 

Distillery effluent along with heavy metals content collected from M/s Unnao 

Distillery Pvt. Ltd. Unnao, Lucknow-Uttar Pradesh, and India. 

 

     All the values are Mean ±SE. (n=3); Unit of all parameters are in (mg/L
-1

) except pH, 

color (Co-Pt. Unit) and EC (μmhoscm
-1

); Students t test (two tailed as compared to 

pre-treated sludge); 
a
Highly significant at p<0.001; 

b
Significant at p<0.01; 

c
Less 

significant at p<0.05; 
NS

Non-significant at p>0.05 

 

 

S.No. Parameters PMDE After TDS 

reduction 

       Permissible Limit 

USEPA (2012)        CPCB 

(2017) 

1.  Color appearance Blackish Brown  Brown -- -- 

2.  Odor Like molasses ----- -- -- 

3.  pH 8.67 ± 0.16 7.95 ± 0.22
a
 8.00± 0.01 7.54± 0.01 

4.  Biological oxygen 

demand  

(BOD) ( mg/L
-1

) 

4800.45 ± 98.23 1500.55± 

67.54
a
 

40.00 47.00± 

0.00 

5.  Chemical oxygen 

demand  

(COD) ( mg/L
-1

) 

10111.15 ± 

232.32 

2345.65 ± 

765.32a 

121.00 79.00± 

0.01 

6.  Electrical conductivity 

(EC)  

1008.65 ±40.03 1098.65±54.29
a
 1000 950 

7.  Total Dissolve solid 

(TDS) ( mg/L
-1

) 

10720.78 ± 

260.44 

400.5 ± 323.49
a
 50-70 70± 0.00 

8.  VS ( mg/L
-1

) 1509.21 ± 98.07 321.12 ± 43.40
b
  20± 0.01 

9.  Chloride ( mg/L
-1

) 3402.76± 32.65 954.87 ± 34.00
b
 750.00 11.82± 

0.01 

10.  Total Nitrogen 398.23 ± 9.21 89.21 ± 6.67
a
  9.90± 0.00 

11.  Phenol ( mg/L
-1

) 10,123 ± 00.98 1999.45 ± 

35.89
c
 

0.50 - 

12.  Sulphate( mg/L
-1

) 19,231.00 ± 

23.09 

4987.11 ± 

12.12
b
 

750.00  

13.  Phosphate ( mg/L
-1

) 56.09 ± 2.589 17.54 ± 0.92
b
 - 3.40± 0.01 

 Heavy metals     

a)        Mn( mg/L
-1

) 10.564 ± 0.76 2.32 ± 0.32
b
 0.20 0.15 

b)       Cr ( mg/L
-1

) 3.73 ± 0.38 0.78 ± 0.12
c
 0.05 0.01 

c)       Zn ( mg/L
-1

) 18.84 ± 0.89 2.12 ± 0.12 2.00 1.28 

d)       Cu ( mg/L
-1

) 3.91 ± 0.21 0.10 ± 0.02
NS

 0.50 0.19 

e)       Fe ( mg/L
-1

) 423.88 ± 7.33 87.32 ± 4.12 2.00 1.45 

f)       Pb( mg/L
-1

) 5.08 ± 0.27 0.65± 0.432
c
 0.05 0.02 

g)      Cd ( mg/L
-1

) BDL BDL BDL BDL 

h)      Ni ( mg/L
-1

) 13.32± 0.34 2.12 ± 0.58
a
 0.10 0.04 

i)      Na ( mg/L
-1

) 500.34 ± 9.42 63.233 ±0.7
NS

 0.04 0.01 

j)      K ( mg/L
-1

) 298.67±65.43 99.12±1.12 0.09 0.02 
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C pH8 pH9 pH10 

C pH8 pH9 pH10 

6.3.2 Optimized conditions for TDS removal 

The efficiency of the different levels of studied factors on TDS removal. It can be 

seen from the figure that FeCl3 has more efficiency than the other coagulants, and 

increasing the coagulant dose increases TDS removal which may be due to an 

increasing in sweep coagulation shown in fig 6.1. The optimum pH for TDS removal 

was obtained equal to 9. Also, Na2SiO3 was found as the best coagulant aid type with 

300 ppm as the best dose for TDS removal. The optimization of conditions for the 

removal of turbidity was done using residual turbidity as treatment goal. Fecl3 

3wasthe best coagulant aid to remove the turbidity and the best levels for coagulant 

dose and coagulant aid dose were 800 and 600ppm, respectively. 

 

 

Fig. 6.2 Optimized condition of post methanated distillery effluent (PMDE) with 

coagulants (Fecl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.3 Optimized condition of post methanated distillery effluent (PMDE) with 

various coagulants at various pH. 

C 0.2 0.25 0.3 0.34 
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6.3.3 Metabolites assessment FTIR analysis and UV Vis-Scanning 

The FTIR analysis confirmed degradation of the organo-metallic compounds in the 

Control and TDS reduced sample. FTIR analysis and UV-Vis spectrophotometry 

scanning of the sterilized sample revealed very similar pattern to the untreated control 

while the TDS reduction samples showed peak shifting, reduction in height of peaks, 

and the detection of new metabolites demonstrating the consortium's ability to 

decolorize and degrade distillery wastewater by biotransformation and biodegradation 

of distillery wastewater into various metabolites. 

Fig: 6.4: FTIR analysis of Distillery Effluent A. Control, B. after TDS Reduction 

 

6.3.4 Identification of organic pollutants  

The metabolites produced by the constructed bacterial consortium were identified 

using GC-MS (Table 2). The untreated distillery wastewater containing a large 

number of organic compounds that were absent in the treated wastewater. The main 

metabolic products identified as phenol and phenolic compounds in the control were 

classified as Pyridine, 2-methyl-3-[  TMS  ester]-4,5-bis-[(  TMS ester)methyl], 12-

Methoxy-2 trimethylsilyloxy-19-nor-5β-podocarpa-1,3,8,11,13-pentane, 3-benzyl-1,4-

diazo-2,5-dioxobicyclo[4,3,0] nonane, Hexadecanoic acid, 2,3-bis[( TMS )oxy]propyl 

ester[CAS], (Ss*,S*)-Phenyl[((2,4,6-TM phenyl) sulfinyl)phenyl) methanol, 2-

Monostearin  TMS ether,  1,,3-DIMETHYL-6-  TMS OXYMETHYL-URACIL 

shown in (Figures 2a-c). Both of these products demonstrated that the 2-

methoxyphenol group was present in their structures but had some replacements on 

A 

B 
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their aromatic ring. A number of the organo-metallic compounds were thermally 

degraded after autoclave but a number of thermal stable compounds remained (Table 

2). However, after the TDS reduction, all these compounds were either degraded 

below the detection limit or greatly reduced in quantity, confirming again that active 

biotransformation and biodegradation had taken place. It was interesting to note that1-

[trimethyl silyl]-6-phenyl-1, 3, 5-hexa triyne was detected in the bioaugumented 

samples only and was absent in the untreated and thermally treated samples, 

indicating the production of a new metabolite. 

Fig: 6.5: GC-MS chromatogram of before and after TDS Reduction for pollutants 

analysis present in Distillery Effluent A. Control, B. after TDS Reduction 

B 

A 
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Table 2: Identification of residual organic pollutants in distillery industry wastewater  

before and after TDS reduction process by GC-MS analysis. 

  

S.No. RT COMPOUND Toxicity 

1 6.33 O,O-tri(trimethylsilyl)-1-c(13)-N-carboxy-

glycine 

Bloody vomiting, liver failure, dilate the 

blood vessels. 

2 7.48 ç-CHLORO-OCTAETHYL-à-

OXOPHLORIN 

Endocrine disruption,  

3 8.47 Hexanoic acid, trimethylsilyl ester Endocrine disruption,  

4 10.75 2,2'-Methylenebis[4-t-butyl-6-

(triphenylsilyl)phenol] 

Acute renal failure. 

5 11.54 Cyclohexane carboxylic acid, trimethylsilyl ester Carcinogenic, allergy reaction. 

6 13.21 3,7-Dioxa-2,8-disilanonane,2,2,8,8-tetramethyl-

5-[(trimethylsilyl)oxy]- (CAS) 
Hypertension, Stress, Osteoporosis, 

urinary stones, 
7 14.10 Benzeneacetic acid, trimethylsilyl ester Gastrointestinal, Hematological, 

Respiratory (Nose to Lungs). 
8 15.16 Nonanoic acid, trimethylsilyl ester  strong eye irritant, vomiting 

9 16.35 Benzenepropanoic acid, trimethylsilyl ester DNA damage, carcinogenic, allergy 

reaction, irritant dermatitis,  
10 17.23 Decanoic acid, trimethylsilyl ester  Inflammation, Fibrosis, Necrosis 
11 19.49 4-Hydroxyphenylethanol, di-TMS Parageusia, pink disease. Diarrhea Fever, 

Vomiting 

12 19.59 Pentanedioic acid, 2-[(trimethylsilyl)oxy]-

,bis(trimethylsilyl) ester 

Carcinogenic, allergy reaction. 

13 21.09 Dodecanoic acid, trimethylsilyl ester (CAS) inflammation and irritation 

14 23.81 Octadecane Cough. Sore throat. Skin Redness. Eye 

Redness. 

15 27.84 Hexadecanoic acid, trimethylsilyl ester Degenerative bone disease, lung cancer, 

16 29.95 Hexadecanoic acid, butyl ester Difficulty Breathing Stomach Upset. 

  S.No. RT COMPOUND Toxicity 

1.  7.65 Octadecanoic acid, trimethylsilyl ester Hypertension, Stress 

2.  13.11 MONOPALMITIN 2TMS Fatty Liver Disease (NAFLD), effect of 

Pancreas. 

3.  21.73 Effusanin E Toxicity to humans 

4.  25.45 Enterolactone(2,3-bis(3-

hydroxybenzyl)butyrolactone-di(trimethylsilyl) 

worsen asthma attacks, and aggravate 

existing heart disease 

5.  27.45 24-hydroxy-3,4-secolanost-4,(28),8-dien-3-

nitrile 

Endocrine disruption,  

6.  30.54 7-(Trimethylsilyloxy)-3-[4-

(trimethylsiloxy)phenyl]-4H-1-benzopyran-4-

one 

kidney and proximal tubule cells, 

7.  42.96 ZINC(II)-à-ACETOXY-á 

FORMYLOCTAETHYLPORPHRIN 

Chest Pain 

8.  49.29 2-(1-Phenylsulfanyloctyl)cyclohex-2-enone  

9.  48.67 Benzeneacetic acid, à,4-bis[(trimethylsilyl)oxy]-

,trimethylsilyl ester (CAS) 

 Diarrhea Fever, Vomiting 

10.  53.33 (5,10,15,20-tetraphenyl[2-

(2)H1]prophyrinato)zinc(II) 

inflammation and irritation 

https://en.wikipedia.org/wiki/Endocrine_system
https://en.wikipedia.org/wiki/Endocrine_system
https://en.wikipedia.org/wiki/Acute_renal_failure
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Vomiting
https://en.wikipedia.org/wiki/Endocrine_system
https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Proximal_tubule
https://en.wikipedia.org/wiki/Diarrhea
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Vomiting
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6.3.5 Effect on seed germination and microbial community  

Periodic SEM analysis of degrading samples in the TDS reduction process also 

showed an increase of bacterial population and diversity. During the bacterial growth, 

there was also reduction of color compared with that of the control in TDS reduction 

sample. There is no any bacterial growth possible s such in control sample but the 

result revealed that after TDS reduction the luxuriant growth are found after TDS 

reduction. Comparative toxicity assessment of effluent degraded by the TDS 

reduction process and the control in the seed germination test showed a 80-85% 

reduction of toxicity with Phaseolous mungo seeds. P. mungo was found to be more 

sensitive. The reduction of toxicity of the effluent supported the fact of removal of 

toxic compounds present in distillery wastewater by bacterial growth. The seed 

germination tests revealed that the toxic compounds that were inhibitory for the 

amylase enzyme responsible for seed germination of Phaseolous mungo L. showed 

apparent differences between the control and TDS reduction samples.  

Fig: 6.6 Phaseolus mungo L. seed Germination test of before and after TDS 

Reduction to detect the seedling growth. 

 

Control    10%       20%    40%            60%         80%      100% 
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Conclusion 

The present study showed that total dissolved solids (TDS) can be removed 

effectively from aquaculture wastewater with the use of ferric chloride (Fecl3) as 

coagulants. The process was found to be dependent on the dosage of coagulant, 

settling time, temperature and pH of the effluent. Optimum TDS removal of 82 % was 

obtained at pH of 8, dosage of 0.34 g/L, solution temperature of 303 K and settling 

time of 60min. This coagulant is environmentally friendly, readily available and 

cheap to obtain. Thus, the use of this material in wastewater treatment could be more 

suitable and advantageous when compared to other chemical coagulants that are 

normally expensive and also have a lot of undesirable environmental and health 

impacts. In addition, it can be concluded that TDS reduction method is suitable to find 

the optimum conditions of distillery wastewater treatment and reduces the cost and 

the time, which are necessary to find the optimum conditions. TDS reduction method 

using coagulants also can be used to determine the importance of each of studied 

factors in wastewater treatment. 
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Chapter-7 

Profiling of bacterial community of Distillery waste Degradation through Next 

Generation Sequencing (NGS) 

7.1 Introduction 

The distillery industry is a key economic actor in developing countries, including 

India (Annan et al., 2013; Shammi et al., 2016; Tripathi et al., 2021a). However, 

distilleries are also major sources of environmental pollution due to the presence of 

toxic organic and inorganic compounds in the discharged wastewater (Kumar and 

Chandra, 2020; Jiang et al., 2019; Tripathi et al., 2021b). According to the All India 

Distiller‘s Association (AIDA), there are approximately 397 sugarcane molasses-

based distilleries in India and an average 3.5 × 10
16

L of raw effluent is discharged into 

the receiving water per annum (AIDA, 2016).These wastewater and sludge contain 

55-60% of organo-metallic compounds that are generated during the fermentation 

process (Valentino et al., 2019; Leng et al., 2020). Amino acids, fatty acids, 

pentadecanoic acids, organo-metallic compounds, amino carbonyl compounds, 

aldehyde-amines, metallic and non-metallic ions and elements, phenolic compounds, 

fungicides endocrine disruptors (EDCs) have been detected in distillery wastewater 

(Caizán-Juanarena, et al., 2020; Chowdhary et al., 2018,Canle et al., 2017; Campanale 

et. al., 2020; Varjani&Sudha, 2020)that are harmful to human health and the 

environment. Distillery sludge contains a large number of residual organic and 

inorganic contaminants but it contains relatively few carbon and nitrogen nutrient 

resources (Rashmi et al., 2020). Sludge-dwelling microorganisms mineralize organo-

metallic compounds and utilise them as a source of energy for their metabolic 

processes (Srivastava et al., 2020). As a result, these endogenous bacterial species 

inhabiting the distillery sludge disposal sites could be developed and integrated into 

along-term waste management strategy (Duncan et al., 2017). Though the 

microorganisms in sugarcane molasses-based distillery sludge have been reported for 

the bioremediation and detoxification of the residual organic pollutants (Chandra et 

al., 2018a; Tripathi et al., 2021c), the impact of the diverse forms of pollutants on the 

bacterial communities are still unknown. The aim of this research is to explore the 

microbial diversity and interaction of the microbial community with residual organic 

pollutants using 16S rRNA-based next-generation sequencing (NGS), as well as their 

modes of actions and survival attributes. To our knowledge, this is the first 
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metagenomic analysis on microbial communities and their relationships with organo-

metallic compounds in a polluted sugarcane molasses-based distillery sludge site. The 

results provide essential knowledge on the bacterial populations for sustainable 

ecological restoration of distillery sludge sites. 

7.2 Material Method: 

7.2.1. Site description and sampling 

In this study samples were collected from M/s Unnao Distillers, Unnao, Uttar 

Pradesh, India (26°32'N, 80°30'E). This industry is generated wastewater, 

groundwater, and soil pollution with a large amount of organic and inorganic 

pollutants. The sludge samples were collected from three sites of discharged effluents. 

The site D1 was near the discharge of industrial effluent, site D2 was one km away 

from the industry and mixing point of industrial effluent and sewage wastewater, 

while the site D3 was degraded sludge 2 km away the industry, industry effluent with 

the sewage water. The collected sludge samples were immediately transferred to the 

polyethylene sterilized bags. The collected sludge samples were transported under the 

ice-cold condition (~ 4 °C) for laboratory analysis 

 

Fig.7.1: Map of location of and sample collection sites located in Unnao near Kanpur, 

Uttar Pradesh, India where sludgewere generated in huge amount. 
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7.2.2. Physico-chemical characterization of collected samples 

The distillery industry sludge sample was air-dried and crushed into powder form. 

Orion pH meter (Model-960, Thermo Scientific, FL, USA) and Orion conductivity 

meter (Model-A322, Thermo Scientific, FL, USA) were used to calculate the pH and 

electrical conductivity (EC) of sludge samples, respectively (Tripathi et al., 2021a). 

The colorimetric method was used for phosphate measurement. The total 

concentration of sodium (Na+), chloride (Cl−), and sulphate (SO4 
2−

) were measured 

by the method (Tripathi et al., 2021c). Phenol concentrations present in the sludge 

sample were also determined (Kumar and Chandra, 2020). The metal concentration in 

the sludge sample of distillery effluent was determined after sample digestion with 

nitric, perchloric, and hydrofluoric acid according to the procedure followed by 

(Tripathi et al., 2021a and 2021b). Flame atomic absorption spectrophotometry (AAS) 

was used to calculate Cd, Cu, Mn, Cr, Fe, Ni, and Zn under optimal conditions. 

7.2.3. Detection and characterization of various organic Pollutants 

The GC-MS analysis has been done of all sludge samples (D1, D2, and D3) for 

identification of emerging pollutants. Ethyl acetate, an organic solvent with a pH less 

than 8.0, was used to remove contaminants from distillery sludge. The extraction 

method for extracting full organometallic contaminants was carried out three times. 

Further, the extracted solvent was dried and dissolved into the ethyl acetate (2.0 mL) 

and filtered by 0.22-μm syringe filters (Millipore Ltd., Bedford, USA) for the further 

analysis process. The extracted organic pollutants through ethyl acetate were 

subjected to GC-MS analysis for the characterization of pollutants in sludge samples 

(D1, D2, and D3). The detected pollutants were identified through the mass spectral 

comparing at retention times (RT) interval with the standard compounds, which are 

already mentioned in the National Institute of Standard and Technology (NIST) 

(version 1.0.0.12, NIST, USA) library. 

7.2.4. Bacterial community’s characterization of sludge 

The pico green Victor 3 fluorometry procedure was used to determine the amount of 

Template DNA. The fluorescence-based quantification approach was used to 

implement the genomic method of quantification. Nanodrop was used to quantify the 

DNA samples. A 1% agarose TAE gel was used to verify the DNA consistency. V3-

V4 PCR was set up using V3-V4 Forward and Reverse Primer and the PCR product 

was loaded on an agarose gel to screen for positive amplification using the 16S 

amplicon as a template (around 460 bp). Positive v3-v4 amplification was observed in 
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all D1, D2, and D3 samples, with a band size of 460 bp. The size distribution of the 

prototype was tested using an Agilent Technologies 2100 Bioanalyzer and a 1000 

chip of DNA for the verification of the size of an enriched PCR fragment. On 

Illumina sequencing platforms, optimal cluster densities were created across every 

lane of every flow cell for achieving the highest data quality. It requires the accurate 

quantitation of the template DNA library. Further, the quantification of the prepared 

library was performed by qPCR as per the Illumina PCR Quantification Protocol 

Guide. Then, Roche's Rapid library standard Quantification was utilized for the 

calculation and standard curve reading in fluorescence as well as to calculate the 

concentration of library sample. 

7.2.5. Bioinformatics analysis 

The bacterial community of D1, D2, and D3 was analyzed as per the 16S V3-V4 PCR 

raw data. The raw sequences were merged and removed barcodes and primers via a 

trimmed and denoised process. It was clustered based on sequence similarities (97%) 

into the operational-taxonomic units (OTUs) using the UCLUST program (version 

1.2.22q). The OTUs with phylogenetic relation were analyzed and ribosomal database 

project (RDP) classifier (version 2.2) taxonomic assignment was performed against 

the SILVA OTUs database (version 123) with a confidence threshold of 70% 

(Bokulich et al., 2013). Differences in the diversity among the samples were 

calculated by Shannon-D, Chao1, and Observed-species indices estimation. Chao1 

metric estimation showed the presence of species richness in the sampling site of the 

environment (Wang et al., 2019). However, the Shannon metric evaluated the 

observed OTU abundance and evenness, and species richness in the samples D1, D2, 

and D3 (Fig. 5). Finally, Chao1, based on Shannon, and Observed-species indices, 

rarefactions curves were prepared via QIIME (version 1.7.0) and displayed by R 

software (version 2.15.3). 

7.3 Result and discussion 

7.3.1. Physiochemical properties of the sludge samples 

The effluent sludge from the distillery was dark brown and smelled turbid and nasty. 

The dark brown color is attributed to the presence of melanoidin polymer in the 

effluent and sludge of D1, D2, and D3 (Tripathi et al., 2021c; Sharma et al., 

2021a).Various researchers also reported that the melanoidin content of distillery 

sludge was biodegradable by bacterial communities and fungi. The bacterial 

population involved in melanoidin degradation has mainly been found in bacteria and 
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fungi. The melanoidin content of wastewater can be easily degraded and detoxified by 

bacteria. These bacteria have been characterized by α-Proteobacteria, β-Proteobacteria 

and Streptomyces and these bacterial groups have also been reported in our sample 

(Sharma et al., 2021b; Sharma et al., 2020). The dark colour of the effluent formed a 

blanket, which decreased the opacity of water and thus reduced the photo-synthetic 

behaviour of the water plants (Tripathi et al., 2021c; Chandra et al., 2018). However, 

the color was pH-dependent, and recorded alkaline with a pH of 8.29 ± 0.10, 7.29 ± 

0.19*, and 8.01 ± 0.12**) for D1, D2, and D3, respectively. Bacteria retain an 

optimum functional and structural integrity of the cytoplasmic proteins that sustain 

growth, consistent with the cytoplasmic pH. The majority of non-extremophilic 

bacteria evolve from 5.5 to 9.0 over a wide range of pH levels, with a cytoplasmic pH. 

In this study, Pseudomonas genus under Proteobacteria phylum was present in D1, 

D2, and D3, which survive at extreme pH conditions due to bioenergetics cycles that 

are entirely Na+-coupled, and thus lacks active H+ extrusion or uptake systems that 

can support pH homeostasis. Consequently, the pH expands only within an optimum 

cytoplasmic pH within the small pH range of 6.3-7.7  (Valentino et al., 2019; Collins 

et al., 1994). The high pH of D1 was due to the bleaching process, D2 is increased 

and reduced in D1 it may be due to the mixing of domestic waste with D1 sample and 

the reduction of pH in D3 is due to the formation of organic acids by fungal and 

bacterial metabolic activities (Chandra et., al 2018). Besides, a high EC level in the 

effluent of D1, D2, and D3 indicates the presence of different cations and anions in 

the effluent i.e., sodium (Na+), chloride (Cl−), Sulfate (SO4 2−), and phosphate 

(PO4−) and these ions provide the key nutrient factor for the growth of microbial 

community (Table 1). The level of cations and anion is decreased continuously from 

D1, D2, and D3that might be due to the mixing of different domestic effluent with 

distillery effluent. During water flow, different organic and inorganic matter breaks 

down to form new chemical compounds, and resultantly, cations and anion are 

decreased in the effluent from the first site (D1) to the last site (D3) (Table 1). In our 

results, bacterial communities of distillery sludge include Proteobacteria, 

Actinobacteria, Firmicutes, and Tenericutes followed by Patescibacteria and 

Cloacimonetes. 
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Table.7.1: The physico-chemical characteristics of distillery sludge collected 

from Dumping site located in premises of Unnao Distilleries & Breweries 

Limited. 

 

All values are mean of three replicate ± SD and presented in mg kg−1 except 

electrical conductivity (μS cm−1), TOC (%), TKN (%), total hydrogen (%), and total 

oxygen (%); CEC (Cmol), EC electric conductivity, CEC cation exchange capacity, 

TOC total organic carbon, TKN total Kjeldahl nitrogen. Asterisks indicate significant 

differences between the non-rhizospheric and rhizospheric distillery sludge; Student‘s 

t test: *non-significant (p < 0.05), **less significant p < 0.01, ***highly significant (p 

< 0.001). 

 

 

S. No. Parameters Sludge sample 

(D1) 

Sludg sample 

(D2) 

Sludge sample 

(D3) 

Permissible 

Limit 

1.  pH 8.29 ± 0.10 7.29 ± 0.19* 8.01 ± 0.12** --- 

2.  EC 5.7 ± 0.00 6.8 ± 0.00** 7.9 ± 0.00* --- 

3.  CEC 68.19 ± 0.34 58.19 ± 0.98** 72.19 ± 0.34** --- 

4.  TOC 15.25 ± 0.19 13.25 ± 0.23*** 19.54 ± 0.78** --- 

5.  TKN 5.65 ± 0.08 4.65 ± 0.02** 7.43 ± 0.23* --- 

6.  Ammonical 

Nitrogen 

18.25 ± 0.89 16.34 ± 0.67** 20.89 ± 0.98** 1 

7.  Total hydrogen 4.22 ± 0.08 5.67 ± 0.00 3.22 ± 0.08* --- 

8.  Total oxygen 35.35 ± 0.09 38.35 ± 0.02 40.65 ± 0.01** --- 

9.  Sodium (Na
+
) 35.15 ± 4.32 40.15 ± 7.32 31.30 ± 3.32 200 

10.  Chloride (Cl
−
) 798.25 ± 15.12 734.23 ± 11.12* 676.43 ± 89.76* 1500 

11.  Sulfate (SO4
2−

) 165.08 ± 8.43 134.10 ± 6.43 199.09 ± 9.49 --- 

12.  Phenol 450.14 ± 1.22 398.14 ± 1.34** 399.1423 ± 7.00 --- 

13.  Phosphate 

(PO4
3−

) 

1267.23 ± 9.70 1190.23 ± 7.70 1150.34 ±2.90 --- 

Heavy metals 

a)  Iron (Fe) 1678 ± 45.28 1598 ± 34.54 1502 ± 32.45** 2.0 

b)  Zinc (Zn) 88.88 ± 1.87 56.78 ± 3.87 95.23 ± 2.65* 2.0 

c)  Copper (Cu) 71.56 ± 0.99 76.76 ± 1.99*** 75.43 ± 4.77*** 0.5 

d)  Chromium (Cr) 20.628 ± 0.00 18.435 ± 2.00** 19.435 ± 1.00** 0.05 

e)  Cadmium (Cd) 2.011 ± 0.00 1.013 ± 2.00* 2.009 ± 1.00*** 0.01 

f)  Manganese (Mn) 99.20 ± 0.19 88.18 ± 9.34 92.13 ± 0.21* 0.20 

g)  Nickel (Ni) 13.123 ± 0.09 15.321 ± 0.09 11.311 ± 0.05** 0.1 
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7.3.2. GC-MS analysis for detected organic pollutants 

The isolated organic compounds of D1, D2, and D3 from distillery sludge revealed 

that each sample had a different set of compounds. The major peaks (D1, D2, and D3) 

are seen in Fig. 1, and the compounds are described in Tables 2. The majority of the 

molecules aren't the same in any study. The organic compounds found in sludge 

samples are hazardous, and the toxicity of each compound is described in Tables 2 

(Mukherjee et al., 2017; Ngo et al., 2020; Ojuederie et al., 2017). Results found that 

most D1, D2 and D3 contaminants were biodegraded and bio-transformed by the fact 

that the infected site had been present in bacterial populations shown in Fig. 1 and 

Table 2 Mukherjee. Compounds detected by bacterial populations at the sample site 

are not identical in each sample due to the activity. The GC-MS technique was used to 

identify organic contaminants at the soil sites D1, D2 and D3. The volatile character 

of organic compounds in sludge‘s leads to harmful health and environmental effects 

(Tripathi et al., 2021a&b; Igiri et al., 2018; Selvi et al., 2019). Organic toxic 

compounds are released in the many stages of alcohol production from the industry 

i.e., acid digestion, fermentation, and methanogenesis. Some studies have earlier 

reported similar toxic compounds from the distillery industries sludge (Bhargava and 

Chandra, 2009; Kumar and Chandra, 2020). The highest growth in the sampling area 

of bacterial communities revealed that the resistance and ability of the bacterial 

communities could be caused by residual toxic organic contaminants degraded and 

intoxicated from distillery sludge (Tripathi et al., 2021a). The different organic 

compounds were detected from the different sites of contaminating sludge, but some 

compounds were found in all samples (D1, D2, and D3), like pentachlorophenol, 

hexadecane, quinone, and furanone. These compounds may be released during the 

fermentation process, multistage molasses melanoidin, and the use of organic and 

inorganic compounds for alcohol production. These are commonly detected toxic 

compounds in the distillery sludge and cannot be biodegraded and detoxified by 

bacterial communities. However, some of the compound listed in Tables 2 are might 

be due to the degradation and detoxification process and may also be formed by 

recombination of ionic bonding of pollutants during effluent run flow and mixing of 

domestic water at different sites of sludge (Table 2). The toxic profiles of these 

organic pollutants are listed in detail (Table 2) (USEPA, 2012). The bacterial 

communities present in the sludge (D1, D2, and D3) might degrade and detoxify most 
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of the residual organic compounds of distillery sludge via their metabolic, catabolic, 

and enzymatic properties. 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

Fig 7.2: The GC-MS chromatogram of site D1, D2, and D3 of Distillery industry 

sludge contaminated site. 
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Table: 7.2: Organic compounds identified by GC–MS analysis extracted with ethyl 

acetate from distillery waste and their toxicity profile. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RT- Retention time (in minutes), C-control, + present, − absent, TMS-trimethylsilyl 

  

S.No. RT Compound D1 D2 D3 
1.  6.04 Arabinitol, pentaacetate (CAS) +++++ ----- ----- 

2.  7.79 Hexanoic acid, trimethylsilyl ester (CAS) ----- +++++ ----- 

3.  8.14 Pantolactone +++++ ----- ----- 

4.  8.73 E-2-(4'-Tolyl)-1-(phenylsulfonyl)ethene ----- ----- +++++ 

5.  10.01 HEPTANOIC ACID TMS ----- +++++ ----- 

6.  10.93 (8S)-8-Hydroxypatchoulol +++++ ----- ----- 

7.  12.23 Octanoic acid, trimethylsilyl ester ----- +++++ ----- 

8.  12.40 Kadsulignan D ----- ----- +++++ 

9.  13.58 Benzoic acid trimethylsilyl ester +++++ ----- ----- 

10.  14.39 Nonanoic acid, trimethylsilyl ester ----- +++++ ----- 

11.  14.82 2-(1-Hexynyl)benzeonitrile +++++ ----- ----- 

12.  15.40 Lupane-3á,12à,28-triol ----- ----- +++++ 

13.  15.58 Benzenepropanoic acid, trimethylsilyl 

ester 

----- +++++ ----- 

14.  16.02 Nonanoic acid, trimethylsilyl ester +++++ ----- ----- 

15.  18.36 (3-Methoxyphenyl)trimethylstannane +++++ +++++ +++++ 

16.  18.68 Decanoic acid, trimethylsilyl ester (CAS) ----- +++++ ----- 

17.  20.26 1-Ethoxy-4-hexyl-5-(TMS)-1,4-

pentadiene 

+++++ ----- ----- 

18.  21.08 Dodecanoic acid, trimethylsilyl ester 

(CAS) 

----- ----- +++++ 

19.  21.67 n-Tridecanoic acid, trimethylsilyl ester ----- +++++ ----- 

20.  23.99 Benzeneacetic acid +++++ ----- ----- 

21.  24.80 Phthalic acid  ----- ----- +++++ 

22.  25.42  n-Pentadecanoic acid, trimethylsilyl ester ----- +++++ ----- 

23.  26.99 Hexadecanoic acid, trimethylsilyl ester ----- ----- +++++ 

24.  27.04 Sclerodin ----- +++++ ----- 

25.  27.89 á,á,ç-triphenyl-benzenepropanol +++++ ----- ----- 

26.  29.81 Lucenin 2 +++++ +++++ +++++ 

27.  29.93 Octadecanoic acid, trimethylsilyl ester ----- ----- +++++ 

28.  29.94 Hexadecanoic acid, butyl ester ----- +++++ ----- 

29.  29.97 9,12-Octadecadienoic acid (Z,Z)TMS ----- +++++ ----- 

30.  30.23 3-(4-Ethoxybenzoyl)acrylic acid +++++ ----- ----- 

31.  32.36 Octadecanoic acid, butyl ester +++++ ----- ----- 

32.  33.19 Dehydrobenzo[20]annulene ----- ----- +++++ 

33.  34.06 Dimethoxy[tri(trimethylsilyl)methyl]silane ----- +++++ ----- 

34.  34.39 COMPACTONE +++++ +++++ +++++ 

35.  35.59 5,10-dihydrobenzo[b][1,8]naphthyridine ----- +++++ +++++ 
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7.3.3. Diversity analysis and richness OTUs of sludge samples 

The structure of bacterial groups in the samples was analysed using the Next-

Generation Sequence Technologies to gain an insight into bacterial diversity. The V3 

and V4 hypervariableregions (16S rRNA) were selected for the taxonomic assignment 

using QIIME to examine, compare, and determine the composition of bacterial 

communities in contaminated sites, D1, D2, and D3. In this study, 240376; 288604, 

and 333147 raw reads were collected from the D1, D2, and D3 samples, respectively. 

The lengths of sequences were 250 bp, and GC contents were 50.44, and 36.67%, in 

D1, 250 bp, and GC contents were 51.99, and 36.27%, in D2, and 250 bp, and GC 

contents were 52.59, and 36.28%, in D3, respectively. The Operational Taxonomic 

Units (OTU) picking and taxonomy classification were performed using the pre-

processed consensus V3-V4 sequences. Pre-processed reads from all samples were 

pooled and clustered into OTUs based on their sequence similarity using Uclust 

program (similarity cuto. = 0.97) available in QIIME software. A total of 13033 

OTUs were identified from 544497 reads. From 13033 total OTUs, 10054 OTUs with 

less than 5 reads were removed and 2979 OTUs were selected for further analysis. In 

D1, D2, and D3, estimates of alpha diversity indices revealed a higher phylogenetic 

diversity and evenness. The rarefaction based on Mothur v.1.21.1 was conducted to 

reveal the diversity indices D1, D2, and D3, including the sobs, Ace, Chao, jackknife, 

Shannon, and Simpson (Table 3). The alpha diversity was estimated via Chao1 and 

Shannon indices calculation using rarefaction sampling of D1, D2, and D3 samples 

(Fig 2a, b and c). Spirocheaeta is a genus of bacteria belonging to the spirochaetaceae 

family that was identified in the research. The organic compounds in the sludge are 

readily and quickly degraded by the Allidiomarina species. Besides, the most 

common genus Brevibacillus was also detected under phylum Actinobacteria. Some 

other identified genera in sites D1 (Massilia, Aquicella, Fictibacillus and 

Unclassified), D2 (Ralstonia, Brevibacterium, Ochrobactrum, Dechloromonas, 

Hypomicrobium, Pleomorphomonas, Proteus, Rhodobacter,,Ruminococcus, and 

Unclassified) and D3 (Enterobacter, Branchiibius, Verrucomicrobium, 

Hymenobacter, Ezakiella, Fibrisoma, Rickettsia, Rudaeicoccus). In all of the samples, 

certain bacterial genera were found to be normal. The acholeplasmaandPseudomonas 

bacterial communities have been reported for the biodegradation and detoxification of 

persistent organic pollutants of distillery sludge (Schneider et al., 2020; Kim et al., 

2020; Tripathi et al., 2021a). Notably, D1 sample were distinct from D2 and D3 
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samples due to environmental conditions as per the result of PCA, which is based on 

the functional distribution in the various types of environments, suggesting the 

importance of biogeochemical measurements with integrating metagenomics analysis 

for the study of ecology The microbial community was characterized and analyzed in 

the three site sludge samples of distillery effluent. This is the first study report for the 

metagenomics full-scale analysis of distillery effluent discharge, middle and mixed 

site of the industry with the study of coordination between pollutants in the 

contaminated site and bacterial communities. In conclusion, the phyla Actinobacteria, 

Proteobacteria, Spirochaetes, Sinergistetes, Tenericutes, Patescibacteria, Fermicutes, 

others, Bacteriodetes, Cloacimonetes and Euryechaeota.in samples D1, D2, and D3 

were the predominant and play important roles in the detoxification and 

biodegradation of persistent organic pollutants in distillery industry sludge. The 

findings suggested the significant variance for the relative abundance of the bacterial 

phyla of three sites of distillery sludge samples. 

7.3.4. Comparative microbial diversity analysis of D1, D2, and D3 

The differences in the taxonomic profiles produced by the MG-RAST technique were 

revealed by a comparative analysis of three metagenomics samples (D1, D2, and D3). 

The phylum level classification of predominant phyla in sample D1 microcosm are 

the Euryechaeota (6.00%), Actinobacteria (8.00%), Bacteriodetes (9.00%), 

Patescibacteria (2.00%), Tenericutes (24.00%),Firmicutes (5.00%), Sinergistetes 

(5.00%), (5.00%), Proteobacteria (24.00%), Cloacimonetes 10%, Others (2.00%).  In 

contrast, the predominant phyla D2 microcosm are Euryechaeota (9.00%), 

Actinobacteria (11.00%), Bacteriodetes (13.00%), Patescibacteria (2.00)%, 

Tenericutes (4.00%), Firmicutes (5.00%), Sinergistetes (4.00%),Spirochaetes 2%, 

Proteobacteria 31%, Cloacimonetes (0.00%), Others (7.00%). The highest frequency 

of occurrence in class Gammaproteobacteriawas found in both D1 (21.00%), and D2 

(21.00%), while D3 Clostridia has the highest frequency of occurrence (21.00%) in 

microcosm. In family delineation, the D1 and D2 microcosm showed predominance 

Ruminococcaceae (6.00%, 2.00%), Spirochaetaceae (2.00%, 1.00%), Uncultured 

Bacterium (5.00%, 5.00%), Dysgonomonoadacae (4.00%, 0.00%), 

Achloeplasmataceae (4.00%, 0.00%), Unknown (11.00%, 15.00%), Burkholderiacae 

(6.00%, 10.00%), clostridiales (8.00%, 2.00%), Family (4.00%, 10.00%), 

Rikenellaceae (6.00%, 1.00%, others (44.00%, 58.00%)., while D3 microcosm 

showed the major preponderance of Ruminococcaceae (6.00%), Spirochaetaceae 
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(1.00%), Uncultured Bacterium (8.00%), Dysgonomonoadacae (7.00%), 

Achloeplasmataceae (5.00%), Unknown (11.00%), Burkholderiacae (11.00%), 

clostridiales (0.00%), Family (10.00%), Rikenellaceae (1.00%), others (40.00%)(Fig. 

6). In addition, an unknown bacterial genus predominates were found microcosms 

constituting (24.00, 26.00, and 25.00%) in D1, D2 and D3, respectively. The other 

predominance genus D1 and D2 microcosm showed i.e., Fermentimonas (1.00%, 

0.00%), Others (45%.00, 63.00%), Sphaerochaeta (2.00%, 2.00%) Sedimentibacter 

(2.00%, 0.00%), Christensenellaceae-R-7-group (1.00%, 4.00%), uncultured-

bacterium (8.00%, 4.00%) Pseudomonas (1.00% 0.00%), uncultured (8.00%, 5.00%), 

Tissierella (1.00%, 0.00, while the D3 microcosm showed the major preponderance, 

i.e.,Fermentimonas (0.00%), Unknown(25.00%), Others (59.00%), Sphaerochaeta 

(0.00%), Sedimentibacter (0.00%), Christensenellaceae-R-7-group (0.00%), 

uncultured-bacterium (9.00%), Pseudomonas (1.00%), uncultured (6.00%), 

Tissierella (0.00%) (Fig. 7).At the species level, the unclassified bacterial species 

predominates were found microcosms constituting (Alidiomarina-sp), (Uncultured- 

Tissierella-sp.), (Uncultured- Bacteroidetes-bacterium), (Uncultured- Clostridiales-

bacterium), (Uncultured-archaeon), (Uncultured- prokaryote), (Uncultured- 

Firmicutes-bacterium), (others), (Unknown), (Uncultured Bacterium), (Firmicutes-

Bacterium-ADurb.Bin080)D1, D2, and D3, respectively. The others predominance 

species D1, D2 microcosm showed i.e., Sphingomonas(0.08, 5.12%), Listeria-

sp.(0.29, 0.38%), Weissella-confusa(0.03, 0.01%), Kocuria-flava(0.23, 0.002%), 

Moryella(0.004, 0.31%), Micrococcus-luteus(0.008, 0.01%), Succinogenes(0.18, 

0.00%), Loktanella(0.008, 0.14%), Fragi(0.008, 0.025%), and other (0.78, 0.86%), 

while the D3 microcosm  showed the major preponderance i.e. Streptococcus-

pneumoniae(0.33%), Caenorhabditis(0.00%), unidentified (0.49%), Lactobacillus 

(0.12%), Vabuuchiae (0.01%), Succinicans (0.30%), Succinogenes (0.10%),   and 

other (1.18%) (Fig. 8) (Sahu et al., 2018; Rashmi et al., 2020).The relative abundance 

of Principal component analysis, which accounts for 40.32% and 60.76 %t of the 

overall difference, is used to analyse bacterial genera. Important variations in the 

relative abundance of a bacterial phylum were discovered in the relative abundance of 

D1, D2, and D3sludge samples in this analysis (Fig. 2c). Metagenomics analysis of 

the sludge samples suggest that the bacterial phylum and organic pollutants at the 

contaminated site have relations between the bacterial communities and pollutants and 
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bacterial communities play a crucial role in the  bioremediation of refractory organic 

pollutants in a contaminated site. 

7.3.5. Mechanisms of bacterial communities at a polluted site 

Every year, a large amount of industrial wastewater is emitted around the world, but 

only about 30% of it is managed by using current wastewater treatment techniques 

before being discharged into the aquatic system. Several researchers have reported a 

diverse group of bacterial species in distillery waste that could have an effect on the 

ecosystem's microbial communities. The awareness about bacterial diversity and 

structure of bacterial populations found in environmental samples D1, D2, and D3 is 

explored using next-generation sequencing technology. The V3-V4 hyper variable 

region was selected for 16S rRNA gene analysis using Illumina (MiSeq) sequencing, 

and conspicuous differences were observed in the bacterial communities of each 

sample D1, D2, and D3. Rarefaction curves confirmed that the OTU bacterial 

community abundance was found diverse in every sample D1, D2, and D3) (Kumar et 

al., 2020, Sharma et al., 2021b). The Shannon diversity indices and Chao1 species 

richness were calculated using rarefaction sampling for the estimation of alpha and 

beta diversity of D1, D2, and D3 sludge samples (Fig. 2a, b&c). The Shannon-D and 

Chao1 indexes, on the other hand, revealed the diversity of bacterial species in each 

sludge sample D1, D2, and D3. Due to variations in pollution parameters, the 

bacterial diversity and structure of D1, D2, and D3 microbial communities differed 

between organisms. In addition, there have been differences in microbial diversity in 

each sample, depending on the physico-chemical parameters of sludge, contaminant 

loads, chemical compounds or any of the pollutant environmental conditions 

(Chandra et al., 2018; Tripathi et al., 2021aAt the organometallic polluted site, the 

results showed that D1 and D2 had greater bacterial diversity than D3. At a species 

level, the most abundant top ten uncultured species were found i.e. 

Sphingomonas(0.08, 5.12%), Listeria-sp.(0.29, 0.38%), Weissella-confusa(0.03, 

0.01%), Kocuria-flava(0.23, 0.002%), Moryella(0.004, 0.31%), Micrococcus-

luteus(0.008, 0.01%), Succinogenes(0.18, 0.00%), Loktanella(0.008, 0.14%), 

Fragi(0.008, 0.025%), and other (0.78, 0.86%), The percent of these uncultured 

species were approximately the differ in each sample D1, D2, and D3 (Fig.8). In each 

sample D1, D2, and D3, the phylum Proteobacteria was found to be the most 

prevalent in comparison to the other phyla, and this trend continued throughout all 

samples. This ability of Firmicutesleads to in-situ bioremediation of industrial 
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pollutants and this finding was consistent with different studies reported on 

Firmicutes for the bioremediation of toxic pollutants of distillery sludge (Womersley, 

2006). In our study, the third-largest phylum Actinobacteria was found in distillery 

sludge D1, D2, and D3 and members of this phylum have to colonize different 

ecological niches and they performed their different biological functions. Besides, 

Bacteriodetes are well known for the degradation of persistent organic pollutants 

present in distillery waste because of their hydrolytic capacities (Liang et al., 2017). 

This phylum was found in a higher percentage in sample D1 and D3 but half in D2 

due to the mixing of domestic water with effluent at site D2.The class of 

Gammaproteobacteria was found most abundant in the sample D2>D3>D1. 

Moreover, Anaerolineae and Alphaproteobacteria grow dominantly in D2, D3, and 

D1 (Fig. 7.4). Besides, genus Fermentimonas, Pseudomonas, Christensenellaceae-R-

7-group, and Tissierella were the most abundantly well-known genera in phylum 

Proteobacteria for the physiological and different metabolic activities in distillery 

effluent wastewater (Ahmed et al., 2018). Genus spirochaeta was found under the 

phylum spirochaetes, and has been found higher in D3 due to the presence of genus 

spirochaeta because of its rapid movement makes then easily observed in water 

samples and their aseptic capability. As a result, this spirit can provide a pathway for 

treating polluted sludge and water at low temperatures by their metabolism and 

enzymatic activity and can degrade organic sludge contaminants in all samples. 

(Ghribi et al., 2016). The sedimentibacter species, which are present at higher 

concentrations in the D1>D2>D3 samples, is in the family Eubacteriales, the classes 

Clostridia, and Phylum Farmicutesby combining a high content of domestic waste 

with extracting waste effluent, thereby promoting the bacterial growth and 

metabolism within the D1,  D2 and D3. The condensed type of effluent released 

directly from the distillery cannot sustain sedimentibacter development in the D2 

industrial site. Table 2 showed a list of the pollutants which affect the growth of the 

bacterial community at each site (Mukesh et al., 2020; Sharma et al., 2021b). This is 

the first time data on bacterial community and contaminants detected from the 

distillery industry have been identified at a different location than the one specified in 

the material method. This community supports the pollutants bioremediation and 

detoxification of organic and inorganic chemical and chlorinated compounds present 

in the sludge after the discharge of toxic chemicals from the distillery effluent during 

alcohol production. 
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Figure 7.3: (A). Shannon curve obtained for the samples (B). Chao1 curve obtained 

for the samples (C). Observed species curve obtained for the samples 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.4: - Phylum level classification percent OTU Present in D1, D2, and D3. 
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Fig 7.5: -Class level classification percent OTU Present in D1, D2, and D3. 
 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.6: Order level classification percent OTU Present in D1, D2, and D3. 
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Fig 7.7: - Family level classification percent OTU Present in D1, D2, and D3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7.8: Genus level classification percent OTU Present in D1, D2, and D3. 
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Fig 7.9: Species level classification percent OTU Present in D1, D2, and D3 

 

 

 

 

 

Table: 7.3:  Rarefaction indices show the diversity in each sample in distillery 

wastewater sludge. 
 

Sample Ace Chao 1 Sobs Jacknife Simpson Shannon 

D1 45653.847317 36706.548099 40534 43786 0.001298 10.181837 

D2 49655.893298 25987.712398 58935 45981 0.0000987 6.655499 

D3 30654.883098 30345.534321 32560 30535 0.002098 8.311326 
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 29.6% 
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Conclusion: 

The complex physico-chemical characteristics of distillery sludge have 

significant impact on the diversity and relative abundance of the bacterial community. 

Site D1 has the highest levels of organo-metallic pollutants, it showed a more diverse 

and higher species richness but with low percentage abundance. When the 

environmental pressure was reduced through mixing and dilution of the receiving 

water, the competitive advantage was removed and was reflected in reduced bacterial 

diversity. This is the first report of bacterial communities in the distillery sludge and 

their relationships with organic pollutants. The knowledge provides information on 

candidate for bioremediation and toxicity assessment on the bacterial communities. 
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                                    Chapter-8 

 

Assessment of bacterial assisted phytoremediation technique by native wetland 

plant growing in distillery waste polluted site. 

 

The aim of this chapter is to study the bacterial-assisted phytoremediation to 

demonstrate the importance of the bacterial mechanism in the phytoremediation 

process. The native plants growing at contaminated site showed high potentiality for 

phytoextraction of heavy metals from organometallic complex along with 

phytoremediation for the Eco restoration of polluted site. During my study I found 

diverse plant communities capable for phytoremediation as biotechnological tools for 

eco-restoration which can be divided in two groups: A. Medicinal and leafy 

vegetables B. Ricinus communis L. A diversity of microbial community from 

rhizosphere has been also detected as evidence for bacteria assisted phytoremediation. 

The efficiency of phytoremediation can be enhanced by the assistance of plant growth 

promoting (PGP) bacteria from the sugarcane molasses-based distillery waste.   

 

PART-1 

Translocation of heavy metals in medicinally important herbal plants growing 

on complex organometallic sludge of sugarcane molasses-based distillery waste 

 

8.1  Introduction 

Heavy metal pollution in soil water and food material is a major threat to 

human health and industrial waste and geo-genic activities are the major source of 

heavy metal in the environment (Annan et al., 2013; Shammi et al., 2016). In India, a 

number of industries (e.g. distilleries, tanneries, pulp paper industries, electroplating 

industries, steel, and iron industries) discharge a mixture of heavy metals along with 

various complex organic wastes into the environment. Due to the complexity in the 

matrices and non-degradability of heavy metals, it poses significant challenges for 

their remediation (Chandra and Kumar, 2017a &b; Gupta and Sinha 2007; Chandra et 

al., 2017; Kumar et al., 2013; Sushil and Batra, 2006). Heavy metals tend to 

accumulate in soil, water and plants in the environment, which subsequently 

contaminates the food chain (Chandra et al., 2009; Singh et al., 2012). Research in 
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health risks of food crops irrigated with sewage in China showed that there was 

substantial accumulation of heavy metals in the edible parts of the plants and further 

higher accumulation of heavy metals was noted in blood of human as health risk 

Index (HRI) (Khan et al., 2008). In another study, Indian mustard was grown on 

distillery effluent irrigated soil this showed accumulation of heavy metals in their 

edible parts i.e. seed and leaf  as health risk to human (Bhargava et al., 2008). This 

study has revealed a significantly higher accumulation of Cd, Cu, Fe, Mn, Ni and Zn 

in their various parts. The effluent showed inducible effect on the growth of mustard 

plant <10% (v/v), while > 10% (v/v) the effluent showed inhibitory effect on the 

various physiological parameters of plants. 

The various physicochemical methods i.e. filtration, flocculation, reverse 

osmosis, and chemical precipitation are reported for remediation of heavy metal from 

the terrestrial and aquatic environment, but they are energy-intensive and not cost-

effective (Blocher et al., 2003; Dialynas & Diamadopoulos, 2009; Bratskaya et al., 

2009). Phytoremediation of heavy metals from the contaminated sites has emerged 

out as green technology for the de-contamination of metals from the polluted site 

(Ghassemzadeh et al., 2008; Singh et al., 2017; Khan et al., 2008). Recent studies 

have highlighted the phytoextraction potential of some native plants such as weeds 

and grasses from the metal-contaminated sources and organometallic industrial sludge 

disposed site (Gupta and Sinha 2007; Chandra et al., 2018; Franchi et al., 2017). 

However, among the potential metal accumulators, a number of plants are known 

food and medicinal plants (Shammi et al., 2016; Mellem et al., 2009; Singh and 

Prasad, 2014). According to the World Health Organization (WHO), more than 70% 

of the modern world‘s population rely on medicines of herbal origin for their health 

care (Jaison et al., 2017; Annan et al., 2013). The herbal preparation is presumed to be 

safe all the contaminants, but studies have shown that they may be contaminated with 

various heavy metals like cadmium, chromium, lead, mercury, zinc, copper, nickel & 

manganese, etc (Khan et al., 2008). Several metals are intentionally added to the 

herbal preparation in the form of traditional medicine i.e. Ayurveda, and in many 

instances they are artefacts of the manufacturing process. Various leafy herbal plants 

are known for their applications in medicine and have the inherent ability to 

bioaccumulate the heavy metals, up to several folds higher than the surround soil. But, 

the capacity of plants to accumulate heavy metal may vary within and among the 

plant species (Jaison and Muthukumar 2017). The heavy metal accumulation ability is 
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also regulated by environmental factor and soil characteristics. Detail knowledge of 

metal accumulation in medicinal and herbal plants from different environment are not 

widely investigated. Therefore, the heavy metal contamination in food and medicine 

has been highlighted as health hazards. Ignorance of heavy metal accumulation in the 

raw material used in herbal preparation can lead to serious and long-term side effects 

and change the chemical properties of medicine also (WHO, 1978).  

Sugarcane molasses-based distilleries are sources of complex environmental 

pollutants due to the presence of various heavy metal-containing organic pollutants 

(Chandra and Kumar, 2017). In India, there are more than 397 sugarcane molasses-

based distilleries are  in operation that generate an average 1500 tones of sludge per 

day during the anaerobic digestion of spent wash (Kansal et al., 1998). This reflects 

the magnitude of environmental pollution caused by solid waste generated from the 

distillery sector all over India. Recent studies reported that distilleries sludge contains 

several persistent organic compounds e.g.dodecanoic acid, Octadecanoic acid, n-

Pentadecanoic acid, Hexadecanoic acid, β-sitosterol, stigmasterol, β-sitosterol 

trimethyl ether, Heptacosane, Dotricontane, lanosta-8, 24-dien-3-one, 1-methylene-3-

methyl butanol, and 1-phenyl-1-propanol as androgenic and mutagenic compounds 

(Chandra and Kumar, 2017). These compounds are listed by the US Environmental 

Protection Agency as endocrine-disrupting chemicals (EDCs) (USEPA, 2012). The 

study also revealed that these organic pollutants create a complex environment with 

organometallic compounds that restricted the bioavailability of metals to plants. The 

reported metal are iron (Fe), zinc (Zn), copper (Cu), chromium (Cr), cadmium (Cd), 

manganese (Mn), nickel (Ni), and lead (Pb), all present in concentration above the 

prescribed limit in the environment recommended by USEPA (Chandra and Kumar, 

2017). The generated sludge is alkaline pH with a high pollution load of carcinogenic 

and mutagenic compounds that further impede biodegradation and subsequently 

damaged the vegetation at the dumping site (Chandra and Kumar, 2017a).  Many 

common native medicinal plants are found to grow well on disposed sludge of 

distillery waste, however, the accumulation of heavy metals by these plants in the 

environment from contaminated site is not investigated with multi metal contaminated 

are not well studied ( Chandra and Kumar, 2017a; Jaison and Muthukumar, 2017; 

Shammi et al., 2016).Understanding to the distribution of heavy metals in various 

parts or plant tissue will help to promote correct usage of the plant materials and 

prevent accidental intake of heavy metals. Therefore, the present study seeks to 
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determine heavy metal accumulation by different leafy medicinal plants from the 

sugarcane molasses-based distillery waste. 

8.1.1. Material and methods 

8.1.1.1. Sample collection 

The collection of plants and distillery sludge were carried out from M/s Unnao 

distillery and breweries, situated in Uttar Pradesh, Unnao, India (26°320ʺ N, 

80°30ʹ0ʺE). The distillery unit has capacity of 9000 kL alcohol production and 

generates approx. 800 tones of sludge annually (AIDA 2004). The fresh disposed of 

dried distillery sludges cakes were collected in clean pre-sterilized polythene bags 

from the sludge dumping site of the distillery plant located inside the premises of the 

industry. The healthy growth of some potential native plants was noted on the sludge 

without showing any adverse effect. This indicated potentiality of growing plant. 

After plant growth the sludge were collected periodically to investigate changes in 

their properties. The abundant luxuriant growth of six plant species indicated their 

potential for bioremediation of sludge as shown in fig 1. These plants were identified 

asAchyranthus aspera, Amaranthus viridis, Basella alba, Sesbania bispinosa, 

Pedalium murex L. and Momordica doica with standard method according to Duthie 

flora of Indo-Gangetic plain (Duthieet al., 1903). 

Fig.8.1.1: Collection of sludge sample from M/s Unnao Distilleries & Breweries Ltd.,  

Unnao  

8.1.1.2. Physico-chemical analysis of collected sludge 

The physico-chemical parameters of the distillery sludge sample from both site was 

analyzed i.e. pH, electrical conductivity (EC), chloride (Cl
−
), sodium (Na

+
), and 

nitrate was estimated according to the method described by Chandra et al.(2018). The 

phenol contents in sludge were analyzed as per standard methods described by the 
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American Public Health Association (APHA 2012). The pH and EC values (sludge: 

water=1:2.5 w/v) of sludge samples were measured using an Orion pH meter (Model-

960, Thermo Scientific, FL, USA) and Orion conductivity meter, respectively  

(Chandra et al., 2008). The total content of Fe, Zn, Cu, Mn, Ni, and Pb in the dry 

weight sample of sludge was measured using atomic absorption spectrophotometry 

(AAS) (ZEEnit 700, Analytic Jena, Germany) after acid digestion (APHA, 2012). 

While the BOD, COD was measured in prepared leachate from distillery sludge as 

described previously (Chandra and Kumar, 2017). 
 

8.1.1.3. Scanning electron microscopy (SEM) and Fourier transform-infrared 

spectrophotometry (FTIR) Analysis of sludge 

One gram of distillery sludge was dried in a hot air oven (Evolution-201, Thermo 

Scientific, USA) at 50
0
C overnight to constant weight. The sample was then crushed 

into powder form in a porcelain mortar (Evolution-201, Thermo Scientific, USA) as 

the previously described (Yadav and Chandra, 2018). Further, the sludge sample was 

treated in 2.5% glutaraldehyde for 3-4 h and post fixed with 1% osmium tetroxide for 

2h before sputter coated in a gold film and examined under SEM and EDAX (SEM, 

QUANTA FEG 450, FEI, and the Netherlands) (Yadav and Chandra, 2018). The 

sample was further analysed using Fourier transform-infrared spectrophotometry 

(FTIR) using a spectrophotometer (Nexus-890, Thermo Electron Co., Yokohama, 

Japan). For elemental analysis of the sludge sample, an area was selected, and the 

elements in the sediment were examined by a high-resolution scanning electron 

microscope equipped with an EDAX system (SEM, QUANTA FEG 450, FEI, and the 

Netherlands). Fourier transform-infrared spectrophotometry (FTIR) analysis of sludge 

sample was also performed using a spectrophotometer (Nexus-890, Thermo Electron 

Co., Yokohama, Japan). The sample was dispersed in spectral-grade KBr (Merck, 

Darmstadt, Germany) and made into pellets by applying 5–6 tons cm
-2

 of pressure for 

10 min using hydraulic pressure (Specac, United Kingdom) instrument. The spectrum 

was generated in the range of 400 to 4,000 cm
-2

 with a resolution of 4 cm
-1

 for all 

samples (fresh sludge, and a plant grown sample). 

8.1.1.4. UV-Vis Spectral and High-performance liquid chromatography (HPLC) 

analysis of Leachate 

Collected sludge samples were pooled mixed and it was air-dried, 

subsequently, it was ground with a pestle mortar to crush the entire available particle 
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and it was sieved through a 63µm Pore size sieve to get a homogenous powder. 

Further, the solvent (Ethyl acetate) extraction was carried out to obtain a 10% leachate 

of sludge as described earlier (Chandra et al., 2005). Briefly, 100g of sludge was 

added to 1000ml of Ethyl acetate (w/v) and the mixture was shaken continuously for 

3-4 hr at room temperature (25± 2
0
C) and the suspension was filtered through 0.22µm 

syringe filter. Furthermore, Organic pollutants in the sludge sample were measured 

using UV–Vis spectrophotometer (Thermo Fisher Scientific Shanghai 

spectrophotometer Evolution 2001, China) at a wavelength between 200-700 nm at 

ambient room temperature (25°C) (Chandra et. al. 2018) and HPLC equipped with a 

2487 UV–Vis detector and using Millennium software (Waters 515). Twenty 

microliters of sample were injected at a rate of 1 ml/min
-1 

using acetonitrile: water 

ratio of 70:30. To analyse the compounds at 320 nm by HPLC, a reverse-phase C-18 

column (250 × 4.6mm, particle size 5μm) at 27C was used (Chandra et al., 2018). 

8.1.1.5. Extraction and characterization of Residual Organic Pollutants for GC-

MS analysis 

8.1.1.5.1. Solid-liquid extraction  

The various organic compounds present in fresh and plant have grown distillery 

sludge samples were extracted by using ethyl acetate due to wide range of solubility 

for organic compounds present in sludge as per the previously mentioned method 

(Chandra and Kumar, 2017). The method of extraction for organic compounds from 

sludge was repeated three times. The organic solvent phase was dried over anhydrous 

Na2SO4, and the solvent was evaporated to dryness using a stream of nitrogen gas at 

room temperature. Dry organic filters were makeup in 1.5 ml Ethyl Acetate and 

filtered through 0.22-μm syringe filters (Millipore Ltd, Bedford, Massachusetts, USA) 

and used for GC–MS analysis.  

8.1.1.6. Characterization of organic pollutants by GC-MS from distillery sludge 

Identification of organic compounds from distillery sludge i.e. fresh and plant grown 

sample was carried out by GC–MS analysis. The extracted samples were derivatized 

with trimethylsilyl (TMS) as described earlier (Chandra and Kumar, 2017). An 

aliquot (2.0 μl) of the derivatized sample was injected in GC–MS instrument (Trace 

GC Ultra Gas Chromatograph; Thermo Scientific, FL, USA) equipped with a TriPlus 

auto sampler coupled to TSQ Quantum XLS triple quadrupole mass spectrometer 

(Thermo Scientific, FL, USA). The separation of organic compounds occurred in DB-

5MS capillary column. The temperature of GC oven was programmed; it was started 
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from 65°C (hold for 2.0 min), increased to 230 °C at a rate of 6°C min
−1

, and finally 

reached to 290°C (hold for 20 min) at the rate of 10°C min
−1

. Helium used as carrier 

gas at a flow rate of 1.1 ml min
−1

. Mass spectrum (MS) was operated in the positive 

electron ionization (+EI) mode at 70 eV. The detected organic compounds extracted 

from fresh and plant grown samples were identified by matching with the MS library 

NIST version 1.0.0.12 available with instrument. 

8.1.1.7. Digestion of plant tissues for metal accumulation 

To estimate the metal content accumulated in the potential plant tissue of native 

plants, the uprooted plants were washed thoroughly with deionized water to remove 

all the sludge particles from the roots, followed by rinsing with a 10 mM solution of 

calcium chloride. Subsequently, the plant's root, shoot, and leaves were separated and 

chopped into small pieces and the resulting biomass was oven-dried at 70
0
C for 5 

days till constant weight. The dried plant parts were washed in a muffle furnace at 

460°C for 6 h. The weighted ash from these samples was digested in 2% nitric acid 

(HNO3) and filtered through a 0.45 μM glass fiber filter (AOAC, 2002). One gram 

(1.0 g) of dried and sieved sediments was digested with 10 ml of HNO3. If brown 

fumes appeared, 5 ml of HNO3 was added and digestion continued till no generation 

of brown fumes. The concentrations of Cr, Zn, Mn, Ni, Cu, Fe, Cd, and Pb were 

determined by AAS (Chandra et al., 2017). 

8.1.1.8. Metal accumulation efficiency 

To evaluate the metal accumulation efficiency in plants, the bioaccumulation 

coefficient factor (BCF) and translocation factor (TF) were calculated. BCF is defined 

as the ratio of metal concentration in the root to the soil, and TF is the ratio of metal 

concentration in the shoot to the root. BCF and TF were calculated as below 

mentioned formula which has also been reported earlier by (Yoon et al., 2006). 

BCF= Croot / Csludge 

TF= Cshoot / Croot 

Where, Croot=concentration of metal in plant root (mg kg
−1

), Csludge=concentration of 

metal in distillery sludge (mg kg
−1

), and Cshoot=concentration of metal in mg kg
−1

 as 

per the dry weight of plant shoot. Both BCF and TF have to be considered for 

evaluating whether a plant is a metal hyperaccumulator.  
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8.1.1.9. Histological observations of root tissues by TEM  

Root segments (2.0mm in length) of selected plants were quickly immersed in H2S 

saturated water as pre-treatment for 30 min at room temperature to precipitate trace 

elements. The root sample was washed with 0.1M SCB (sodium cacodylate buffer, 

pH 7.2) and fixed in 2.5% glutaraldehyde (v/v) prepared in sodium cacodylate (Ladd 

Research Industries, Williston, USA) buffer (pH 7.2) for 2 h at 4°C. The root tissue 

was washed three times with 0.1M SCB with 10 min interval between each washing 

and postfixed in 1% OsO4 overnight. The fixed tissue was washed with SCB, 

dehydrated in graded acetone series (50, 60, 70, 80, 90, 95, and 100%) and embedded 

in the Araldite-DDSA mixture (Ladd Research Industries, Williston, USA). After 

backing at 60C, blocks were cut (60–80 nm thick) by an ultramicrotome (Cryo Leica 

EM UC7, Leica Microsystem, India), and sections were stained by uranyl acetate and 

lead citrate. Analysis of the section was done under TEM (FEI Tecnai™ G2 Spirit 

Twin, Hillsboro, USA) at an accelerating voltage of 80 kV (Chandra et al., 2018). 

8.1.3. Result and discussion 

8.1.3.1. Physico-chemical characterization of fresh and after plant growth sample 

of sugarcane molasses distilleries. 
 

The physico-chemical analysis of different pollutant parameters in leachate and 

sludge of distillery waste was noted above the permissible limit in fresh and after 

plant growth as shown in Table. 8.1. The analysis value of different metals i.e. Mn, 

Cr, Zn, Cu, Fe, Pb, Cd, Ni as also found in higher concentration as per guideline of 

(USEPA, 2012). The BOD/COD ratio indicated less degradability due to the presence 

of recalcitrant compounds (Kumar et al., 2010). While after plant growth the metal 

contents were significantly reduced from fresh sludge (Table.1). The high binding 

tendency of metallic ions with organic pollutants is known to restrict the 

bioavailability of metals to plants (Migo et al., 1997). The ability of the plants to 

accumulate might be due to increased solubility and availability of metal as a result of 

plant microbe‘s interaction (Rajkumar et al., 2012). The high conte nt of heavy metals 

in distillery sludge might be due to the corrosive effect of sugarcane juice in sugar 

manufacturing industries and the boiling of the juice during molasses separation, 

fermentation and distillation process of sugar cane molasses in the distilleries. In the 

subsequent step, the metal might be leached into spent wash from drainage pipe due 

to high acidic conditions (Chandra and Kumar, 2017). The leaching of heavy metal in 

the acidic medium in the industrial process is well documented in a previous study 
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(Noor and Al-moubaraki, 2008). The high contents of several heavy metals in 

industrial waste have been reported as health hazards through the food chain and 

source of various diseases (Barakat, 2011). In the an other study, the high content of 

heavy metal in distillery sludge and their adverse effect on seed germination and 

growth parameter of green gram Phaseolus mungo L. were reported (Chandra et al., 

2008). The repeated application of metal-containing industrial effluent in irrigation 

also showed the accumulation of toxic metals in the edible parts of crop Plants 

(Chandra et al., 2009). 

Table 8.1.1: Physico-chemical characteristics of discharged distillery waste 

collected from M/s Unnao Distillery Pvt.Ltd. Unnao, Lucknow-Uttar Pradesh, 

and India. 

All the values are Mean ±SE. (n=3); Unit of all parameters is in (mg/L
-1

) except pH, 

color (Co-Pt. Unit) and EC (μmhoscm
-1

); Students t test (two tailed as compared to 

pre-treated sludge); 
a
Highly significant at p<0.001; 

b
Significant at p<0.01; 

c
Less 

significant at p<0.05; 
NS

Non-significant at p>0.05; BDL: Below detection Limit. 

 

 

 

Parameters Fresh sludge Sludge after plant 

growth 

Reduction 

% 

Permissible 

limit (USEPA, 

2012) 

Color appearance Blackish Brown  Brown ------ -- 

Odor Like molasses Like molasses ------- -- 

pH 8.67 ± 0.16 7.95 ± 0.22
a
 94.5% 8.00± 0.01 

Biological oxygen 

demand  

4166.82 ± 88.22 2500.11± 86.60
a
 60.0% 40.00 

Chemical oxygen demand  12527.18 ± 182.22 6850.84 ± 128.11
a
 54.68% 121.00 

Electrical conductivity  1916.66 ±60.09 1003.33±31.79
a
 50% 1000 

Total Dissolve solid 10720.78 ± 260.44 5521.99 ± 151.29
a
 51.3% 50-70 

VS (mg/L
-1

) 1214.84 ± 36.01 515.84 ± 14.60
b
 41.16%  

Chloride (mg/L
-1

) 2935.33± 70.95 1193.33 ± 52.06
b
 40.45% 750.00 

Total Nitrogen  

(TN) (mg/L
-1

) 

228.51 ± 8.78 141.81 ± 5.87
a
 57.7%  

Phenol (mg/L
-1

) 8015 ± 73.99 2702.33 ± 35.89
c
 33.33% 0.50 

Heavy metals     

Mn(mg/L
-1

) 8.75 ± 0.52 3.58 ± 0.22
b
 40.98% 0.20 

Cr (mg/L
-1

) 3.73 ± 0.38 1.06 ± 0.12
c
 26.0% 0.05 

 Zn (mg/L
-1

) 18.84 ± 0.89 8.23 ± 0.67 35.10% 2.00 

 Cu (mg/L
-1

) 3.91 ± 0.21 0.50 ± 0.08
NS

 12.56% 0.50 

 Fe (mg/L
-1

) 423.88 ± 7.33 186.44 ± 8.89 41.46% 2.00 

Na (mg/L
-1

) 488.28 ± 6.68 63.25 ±3.7
NS

 20.49% 0.04 

K (mg/L-1) 245.15±10.30 136.99±1.99 60.86% 0.09 
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8.1.3.2. Scanning electron microscopy (SEM), Energy-Dispersive X-ray 

Spectroscopy (EDAX) and Fourier transform-infrared spectrophotometry 

(FTIR) Analysis of sludge. 

 

The SEM image of sludge showed fine crystals in needle shape. Some scattered 

elongated crystals were noted while the glomerated needle-shaped fine crystals in 

SEM observations were also noted as shown in Fig. 8.1.2A. The needle-like crystal 

properties have been reported as organic polymers and metallic crystals by previous 

researchers (Liu et al., 2013). The elemental analysis in EDAX showed the presence 

of carbon, oxygen, sodium, potassium, calcium, and surface in different percentage as 

shown in Fig 8B. In the IR spectra of sludge in pre and post-plant growth and their 

stretching frequency at 3426.40 cm
-1

 (N-H), 2967.1 (C-H), 2470.5 (O=C=O), 1644.3 

(C=N), 1559.7 (N-O), 1446.4 (C-H), 1411.6 (S=O), 1196.1 (C-O), 1048.3 (CO-O-

CO), 866.7 (C-H) respectively in supplementary Fig.S1A & Table. S1, which showed 

the medium and strong bond appearance of the compound with the different stretching 

group. While the FTIR data of plant grown sludge sample showed maximum strong 

bond stretching frequency of compounds 3415.5 (O-H), 2967.1 (C), 2188.4 (CΞC), 

1564.6(N-O), 1415.5 (S=O), 1211.0 (C-O), 1049.3(CO-O-CO), 1021.1(C=C), 

654.4(C-Br). This suggests a compound of various classes such as carbon dioxide, 

sulfonyl chloride, ester, and anhydride. After plant growth, most of the medium bond 

of detected compounds was broken except for the strong bonds showing compounds 

that were detectable even after the plant growth. This confirmed the recalcitrant 

properties of the compounds. 

 

8.1.3.3. UV-Vis Spectral and High-performance liquid chromatography (HPLC) 

analysis of Leachate 

 

UV-Vis absorption spectra wavelength range of 250-700nm analysis showed the 

presence of variable peaks in UV- range due to the dissolved organic compounds in 

the sugarcane molasses-based distilleries sludge before phytoremediation; these peaks 

were diminished after plant growth. The presence of soluble organic matter in the 

UV-Vis range was noted. The sludge sample before plant growth showed various 

mixed peaks which indicated a mixture of pollutants present in the leachate with 

absorption maxima at 320nm. While after the plant growth, many of the absorption 

peaks disappeared signifying the degradation of various organic pollutants. In this 

analysis, the integrated UV absorption reflected the overall volume of aromatic or 
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unsaturated compounds and their double bond absorption i.e.  C=C, C=O, and N=N. 

The spectra are produced by calculating the absorption of monochromatic radiation 

through a spectrum of wavelengths, through a solution during pre and post-

phytoextraction and it is the most common technique for monitoring removal 

processes of some peak which is shown in Fig. 1C (Chandra et al., 2018).The 

comparative chromatogram of HPLC analysis before and after phytoextraction (Fig. 

8D) showed the reduction and shifting of the peak in comparison to the control 

sample. This suggests the degradation of organic pollutants in sludge and 

phytoextraction process by plants, which removes complex organic compounds and 

most heavy metals that are toxic to the biota of the environment even at low 

concentration. Similar pattern on the phytoextraction process from distillery  sludge 

have been shown by other plants previous study (Chandra et al., 2018).      

Fig.8.1.2. A. Scanning Electron Microscopy analysis of waste distillery waste sludge 

sample; 1B: EDAX of distillery waste sludge sample; 1C: UV–Vis spectral analysis 

of before and after phytoextraction at various time intervals; 1D: HPLC analysis of 

before and after phytoextraction 

A B 

C 
D 

https://www.sciencedirect.com/science/article/pii/S0964830513001303#bib15
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. 

Fig. 8.1.3: FTIR spectra; A) fresh distillery waste sludge, B) Phytoextracted distillery 

waste sludge  

Table. 8.1.2: Showing detail of FTIR absorption band in the spectra of mollasses 

based distillery waste before and after phytoextraction 

 

Before phytoextraction After phytoextraction 
Wave number  Group Compound Class Wave 

number  

Group Compound Class 

3426.4 N-H  primary amine 3415.5 O-H  alcohol 

2967.1 C-H  alkene 2967.1 C-H  Alkane 

2470.5 O=C=O  carbon dioxide 2188.4 CC Alkyne 

1644.3 C=N stretching conjugated alkene 1564.6 N-O  nitro compound 

1559.7 N-O stretching nitro compound 1415.5 S=O  sulfate 

1446.4 C-H bending alkane 1303.9 S=O  sulfone 

1411.6 S=O sulfonyl chloride 1211.0 C-O  alkyl ether 

1196.1 C-O  ester 1049.3 CO-O-CO  anhydride 

1048.3 CO-O-CO  anhydride 1021.1 C=C  alkene 

866.7 C-H  1,3-disubstituted 928.2 C=C  alkene 

686.2 C-H  mono substituted 654.4 C-Br  halo compound 

625.7 C-I stretching halo compound    

(A) 

(B) 
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8.1.3.4. Identification of Organic Pollutants  

 

The GC–MS analysis in ethyl acetate extract of distillery sludge of control sample 

(bulk sludge) and rhizospheric soil after plant growth on sludge was analyzed to 

investigate the alteration of organic compounds. 

 

8.1.3.4.1. Identification of Organic Pollutants (bulk sludge) 

 

The  major peaks of extracted sample (bulk sample) were observed at RT 6.77, 13.17, 

13.56, 19.12, 20.50, 23.99, 25.00, 27.28, 30.16, 31.18, 35.04, 48.22. These 

compounds were characterized as acetamide, 2,2,2-trifluoro-N-methyl, benzeneacetic 

acid, TMS ester, butanedioic acid, bis(TMS)ester, hexadecane, Dodecanoic acid, 

TMS ester, anthracene, Dotricontane, ethanol, 2-(octadecycloxy), Octadecanoic acid, 

TMS ester, hahnefett, nonacosane as described by the NIST library available with the 

instrument. Moreover, other minor peaks were also noted at RT values of 8.05, 17.20, 

35.37, 36.69, 39.66, 40.52, 42.64, 49.02, and 51.12 as shown in Fig.S2. These 

compounds were characterized as butane, 2,3-bis(TMS oxy), α-ketoglutamic acid, 

bis(TMS)ester, nonacosane, stigmasta-5,22-dien-3-ol (3β, 22E), stigmasterol, lanosta-

8,24-dien-one, β-sitosterol, silane, [[(3β)-cholest-5-en-3-yl]oxy]TM, methylene bis 

(2,4,6-triisopropyl phenyl phosphine). Most of the identified compounds were either 

under the category of plant fatty acids or the chemical reaction by product of the 

distillation process (Chandra et al., 2018; Chandra and Kumar, 2017). The toxicity of 

detected pollutants was also reported in the findings shown in Table 8.1.2. The 

presence of these phenolics compounds in sludge might have affected the soil 

microbiota and the nutrient availability to roots uptake. The presence of several fatty 

acids in the sludge might be responsible in reducing the rate of metal accumulation 

processes in plant and biotransformation processes of complex organometallic 

compounds. Additionally, when these organic pollutants reach the aquatic ecosystem 

it can cause toxic effect on flora and fauna of water bodies. Recently, some of the 

detected plant organic residues (phytosterols) such asstigmata-5, 22-dien-3-ol (3β, 

22E), stigmasterol, lanosta-8, 24-dien-one, β-sitosterol and silane demonstrated their 

toxicity to the aquatic ecosystem. Other organic acids like octadecanoic acid, 

Dodecanoic acid and butanedioic acid are listed as endocrine disruptors by the 

(USEPA, 2012). The presence of EDCs compounds in distillery sludge given strong 
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evidence for the complex nature of sludge with various toxic compounds. These 

compounds are either generated at the time of fermentation or during the anaerobic 

treatment of distillery sludge at the disposed site (Chandra et al., 2018). The majority 

of these detected compounds pose adverse effect in environmental flora and fauna of 

soil as well as the aquatic ecosystem (Chandra and Kumar, 2017).  

 

8.1.3.4.2. Identification of Organic Pollutants from distillery sludge after plant 

growth 

 

Detection of organic compounds from phytoextracted distillery sludge was analyzed 

as the detail is shown in Table .8.1.2. The number of organic compounds and peaks 

were reduced in the sludge after plant growth as compared to control sludge sample. 

The major peaks of the phytoextracted sample were noted at RT 8.66, 12.82, 13.78, 

16.01, 20.99, 21.91, 22.18, 22.81, and 22.90 as shown in Fig.8.1.4. These compounds 

were characterized as 1,3-propanediol, TMS ether, 5-methyl-2-(1-methyl ethyl) 

cyclohexanol, butanedioic acid, bis(TMS) ester, 2,3-butanediol, bis-O-( TMS), 

Dodecanoic acid, TMS ester, butanedioic acid, bis(TMS) ester, cyclooctene, 1,2-

bis(TMS), tricarballylic Acid TMS. Similarly, other minor peaks were also detected at 

RT values of 9.88, 10.27, 11.54, 13.95, 14.98, 17.53, 17.72, 19.10, 20.08, 24.88, 

25.96, 26.49 and 27.84. These compounds were characterized as propanoic acid, 3-

[(TMS) oxy, 1, 3 propanediol, TMS ether, Pentanoic acid, malic acid (O-(TMS)-bis 

(TMS ester), tert-butyl hydroquinone, bis (TMS), vanillin propionic acid, bis (TMS), 

tricarballylic acid 3 TMS, benzeneacetic acid according to the NIST library. This 

confirmed the bioremediation of sludge by growing medicinal and vegetable plants. 

The bioremediation along with the phytoextraction of heavy metals by the other 

native weeds has shown similar observation and it was found as potential metal 

accumulation from complex organo metallic wastes (Chandra et al., 2018). 
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Fig 8.1.4: GC–MS chromatogram of organic compounds extracted from distillery 

waste sludge with ethyl acetate: A) non-phytoextracted sludge sample; B) 

phytoextracted distillery waste sludge sample.  

A. 

B. 
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Table 8.1.3: Detection of residual organic pollutants by GC–MS from distillery 

sludge waste before and after phytoextraction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*RT-retention time (in minutes), + present, − absent, (TMS) trimethylsilyl 

 

RT: Name of Compound before 
extraction 

Molecular 
Formula 

Toxicity  

6.77 Acetamide, 2,2,2-trifluoro-N-
methyl 

C6H16O2Si slight skin irritant, strong eye 
irritant,  

7.10 2-(2-
Hexyloxyethoxy)ethanol 

C13H32O4Si vomiting and diarrhea 

8.05 Butane, 2,3-bis(TMSoxy) C12H28O3Si gastrointestinal (Digestive), 
Hepatic (Liver)  

11.85 Hexanoic acid, 2-[(TMS)oxy] C12H22O2Si2 Hematological (Blood Forming), 
13.17 Benzene acetic acid, TMS 

ester 
C10H26O2Si Aquatic Toxicology 

13.56 Butanedioic acid, 
bis(TMS)ester 

C13H30O5Si3 Sore throat. Skin & Eye Redness. 

15.49 Pentanedioic acid, 
bis(TMS)ester 

C14H24O3Si2 Skin, Eye, and Respiratory 
Irritations 

16.64 Decanoic acid, TMS ester C9H22O3Si2 Irritation when applied to 
human skin 

17.20 α-Ketoglutamic acid, 
bis(TMS)ester 

C19H40O2Si Neurological brain disorder 

19.12 Hexadecane C21H44O2Si Dizziness, headache and 
vomiting 

20.50 Dodecanoic acid, TMS ester C19H36O5Si Ingestion, inhalation & skin 
absorption 

21.40 Querecitin 7,3’,4’-
Trimethoxy 

C10H24OSi chronic diseases 

23.99 Anthracene C11H28O2Si Melanoma, respiration hazard 
25.00 Dotricontane C12H36O4Si5 Sensitization, Skin 
27.28 Ethanol, 2-(octadecycloxy) C12H32O3Si3 Reproductive toxicity. 
30.16 Octadecanoic acid, TMS 

ester 
C21H44O2Si Carcinogenicity 

32.40 Eicosanoic acid, TMS ester C31H56OSi headaches, drowsiness, 
confusion 

35.04 Hahnefett C32H56OSi seizures, and  
35.57 Nonacosane C32H58OSi breakdown of the hemoglobin 
 (RT) Name of Compound after 

extraction 
Molecular 
Formula 

Toxicity  

8.66 1,3-Propanediol, TMS ether C6H16O2Si chronic poisoning, weakness,  
9.88 Propanoic acid, 3-[(TMS)oxy C9H22O3Si2  Skin and nail symptoms 
10.27 1,3 Propanediol, TMS ether C6H16O2Si hyper pigmentation 
11.54 Pentanoic acid C12H28O3Si inflammation  
13.78 Butanedioic acid, bis(TMS) 

ester 
C10H22O4Si2 Hemolysis, anemia, hypotension 

15.52 Resorcinol, O-bis(TMS) C12H22O2Si2 low level of iron in the red blood 
cells 

16.01 2,3-Butandiol, bis-O-( TMS)  C10H26O2Si low blood pressure 
17.53 Malic acid (O-( TMS)-

bis(TMS ester) 
C13H30O5Si3 abdominal pain; fever; and 

diarrhea 
21.91 Cyclooctene, 1,2-bis(TMS) C14H30O2Si encephalopathy) 
22.18 Tricarballylic Acid TMS C15H32O6Si3 nerve disease of the extremities 
23.54 Benzoic acid, C16H30O4Si3 loss or deficiency of the fatty 

coverings 
24.88 Tert-butyl hydroquinone, bis 

(TMS) 
C16H30O2Si2 stomach tumors and damage 

26.49 Vanil propionic acid, bis 
(TMS) 

C17H32O3Si2 Skin corrosion/irritation 

27.83 Tricarballylic acid 3 TMS C15H32O6Si3 specific organ toxicity,  
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8.1.3.5. Accumulation of heavy metal in plant 

The heavy metal analysis was performed for the accumulation of twelve metals (Mn, Pb, Cd, 

Zn, Cr, Fe, Cu, Ni, As, Se, Mo, and Co) by six potential plants i.e. ( Achyranthus aspera, 

Amaranthus viridis, Basella alba, S. bispinosa, P. murex L. and M. doica ) growing at the 

discharge site of distillery sludge. The variable pattern of metal accumulation to the various 

parts of the plant species indicated different capacities of metal uptake. The distillery sludge 

with multi metal along with various organic compounds make more complex with less 

bioavailability of plant. Previous study has also shown that the metal contents along with 

organic compounds in distillery sludge have shown inhibition of roots of various crops along 

with stunted growth of their shoot (Mazumdar and Das, 2015; Gupta and Sinha, 2007). But, 

the luxuriant growth of plants along with a well-developed root system indicated the inherent 

potential of plant due to their genetic property. The accumulation of various heavy metals by 

A. aspera has been reported as a medicinal plant from a separate study (Saraf and Samant, 

2013). A similar pattern for the accumulation of Mn and Fe has been reported in the root of A. 

aspera in a previous study (Saraf and Samant, 2013). The study has highlighted the 

accumulation high content of Fe, Cu, Co, and Au from metal contaminated soil. A similar 

pattern of lead accumulation has been also reported in S. bispinosa (Sahi et al., 2002). The 

heavy metal accumulation in the different vegetable crops has been also reported in pot study, 

which indicated the health hazards and high translocation & Bioconcentration of metals in 

their different parts (Singh and Prasad, 2014). The health risk assessment of textile effluent 

reuses as irrigation waster in leafy vegetable B. alba has been reported due to the 

accumulation of heavy metals (Shammi et al., 2016). The accumulation of heavy metal 

depends upon the potentiality of plant species, distribution, and variability of the microbial 

community, the chemical property of organic pollutants, and the pH of a substrate (Laghlimi 

et al., 2015). The disposed distillery sludge after anaerobic digestion become slightly alkaline 

(pH 8.67 ± 0.16) which restrict metal availability to plant. But the metal accumulation by 

growing plant on sludge showed the potentiality of plant and there was gradual decrease of 

pH in the rhizospheric soil. The accumulation of heavy metals of plant growing on sludge 

may be called as hyperaccumulator, as they have the potential to accumulate the metal from in 

such complex and an alkaline condition without showing any adverse effect (Chandra and 

Kumar, 2017). Our result indicated that the distillery sludge as waste consists of various 

organic compounds and metals that make organo-metallic complexes. Most of the compounds 

in sludge are anionic which has a strong cationic metal-binding tendency (Migo et al., 1997). 

The imbalanced bacterial assisted accumulation pf trace element and various heavy mettles 

have been reported due to improved bioavailability of metals to plant by growing rhizospheric 

bacterial communities (Sessitsch et al., 2013; Rajkumar et al., 2012). The metal accumulation 
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pattern was in order root> shoot>leaf. This indicated the concentration-dependent mobility of 

metals in plant tissues (Gupta and Sinha, 2006). Metal concentration dependent accumulation 

in plant parts has been reported by several studies in aquatic and terrestrial soil (Yoon et al., 

2006; Bhargava et al., 2008). But, the presence of various co-pollutants and chelating agents 

present in soil also regulates the phyto-accumulation process. Moreover, the inherent potential 

of plant for metal accumulation from various environment also vary plant to plant (Kumar et 

al., 2013; Gupta and Sinha, 2006). All the tested plant species showed a high concentration of 

metal accumulation as compared to the normal uptake of metal, this indicated that these plants 

are highly potential therefore capable to grow at the contaminated site of distillery sludge and 

play a vital role in phyto-accumulation of heavy metal. 

 

 

 

Fig. 8.1.5: Accumulation of Mn, Pb, Cd, Zn, Cr and Fe in different parts of native 

plants (A-B- = leaf, root,) collected from distillery sludge waste dumping site. 

 

A 

B 
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Fig. 8.1.6: Accumulation of Cu, Ni, As, Se, Mo and Co in different parts of native 

plants (A-B-C = leaf, root, shoot) collected from distillery sludge waste dumping site. 

 

A 

B 

C 
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8.1.3.6. Bioconcentration factor and Translocation factor 

The ability of heavy metals accumulation for these plants from distillery sludge can 

be evaluated through the Bioconcentration factor (BCF) and translocation factor (TF), 

(Yoon et al., 2006). The Bioconcentration factor of these plants has indicated that all 

the plants showed a high ability for phytoextraction of metals in their root from 

sludge. In general, the bioavailability of heavy metals in sludge is very poor but all 

the tested plants have shown very high metal accumulation in their different parts 

which indicated the hyperaccumulation tendency of these plants as shown in Table 

8.1.4. Achyranthus aspera has high potential for the accumulation Cu (76.22±1.3 

mg/kg
-1

), Mn (9.80±0.6 mg/kg
-1

), Cr (25.9±1.3 mg/kg
-1

), Pb (7.99±0.7 mg/kg
-1

), and 

Zn (67.33±0.6 mg/kg
-1

) with the highest BCF. Amaranthus viridis showed maximum 

BCF for Cu followed by Cr & Pb.  Different heavy metal accumulation potential of A. 

aspera has been reported from soil as characteristic properties (Kumar et al., 2009). 

These studies have shown that A. aspera has propensity to accumulation of Fe, Cu, 

Mn, Na, in higher amount. The higher accumulation tendency for Na, Cu, Mn of B. 

alba has been indicated in other study (Shammi et al., 2016). But, the metal 

accumulation pattern from Industrial sludge and their impact on medicinal quality is 

still not clear. The higher accumulation of Mn (40.76±0.8 mg/kg
-1

), Zn (77.06±1.6 

mg/kg
-1

), Fe (879.0±1.5 mg/kg
-1

), As (31.81±1.3 mg/kg
-1

) and Mo (20.35±0.3 mg/kg
-

1
) in root and shoot of Sesbania bispinosa. But P. murex L. showed high accumulation 

of all the tested metals in their root, shoot and leaves from sludge this indicated most 

potential plant for phytoextraction of metal from organo metallic complex shown in 

Table 3. while the Basella alba has a high BCF for Mn & Mo followed by Pb & Cu as 

shown in Table 4. The deep & strong growth of root also supported the potentiality of 

the plant. The higher BCF and TF have been reported in B. alba which indicated the 

potentiality of the plant for metal accumulation from any contaminated site (Shammi 

et al., 2016). Similar pattern was observed in Sesbania bispinosa, Pedalium murex, 

and Momordica doica. Maximum translocation factor of Cu and Co was found in 

Amaranthus and Sesbania, respectively. The minimum TF was noted in Achyranthus 

and Momordica for a nickel. The TF >1 indicated the high physiological and 

transpiration rate of the plant. Concomitantly, these plants have shown their 

adaptability to accumulate higher concentration of metals from distillery sludge. The 

accumulation of metals by plants from sludge to root depends on the chemical nature 
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of the element, pH and other co-pollutants of sludge that inhibits the mobility of 

metals in plants (Gupta and Sinha, 2008). 

 

Table 8.1.4: Showing BCF and TF of different Heavy metal accumulation 

(mg/kg−
1
 DW) by various hyperaccumulator plants of a different part in the 

root, shoot and leaves on distillery waste disposal sludge bed. 

 

 

 8.1.3.7. Histological observations by TEM analysis: 

The root tissue analysis of collected indigenous hyperaccumulator plants by 

transmission electron microscope (TEM) has shown metal accumulation in vesicle 

near the cell wall and cytoplasm. The metal granules have been deposited near the 

nucleus in Achyranthus aspera, Sesbania bispinosa while big granule deposited in the 

cytoplasm and near to cell wall has been observed in Amaranthus viridis, Basella alba 

and Momordica doica. The continuous deposition of fine metal granule at the cell 

wall region has been noted in Pedalium murex L. This study concluded about the 

mechanism of plant detoxification of heavy metals based on vacuole sequestration 

and cell wall deposition. Basella alba root tissue, also Sesbania bispinosa, were 

shown to develop multi-nucleolus, multi-vacuoles, thickened in the centre and round 

lamellas with metal accumulation on the cell wall, cytoplasm, and middle lamella. 

The development and deposition of metal granules in cell walls indicated a plant 

resistance mechanism for metal aggregation and detoxification with a larger volume 

of cellular tissues (Tong et al., 2004). The phytoextraction potential of some native 

Native 

hyperaccumulator 

plants   

Bioconcentration Factor (BCF)  

 Mn  Pb Zn  Cr  Fe      Cu  Ni  

Achy. aspera 81.33 17.45 17.65 18.72 15.65 94.34 1.698 

Amar. viridis 13.75 15.75 8.021 19.75 5.675 57.92 6.254 

Basella alba 55.4 48.96 8.765 15.06 6.111 46.98 5.121 

Sesbania bispinosa 47.76 38.10 5.212 24.10 4.989 24.98 5.090 

Pedalium murex L. 14.96 10.91 5.986 18.98 3.987 22.10 6.987 

Momordica dioica 21.05 18.04 11.05 23.55 9.098 55.20 8.989 

 Translocation Factor (TF)  

 Mn  Pb Zn  Cr  Fe      Cu  Ni  

Achy. aspera 11.55 6.355 8.543 9.871 15.64 37.15 0.009 

Amar. viridis 3.908 3.432 8.654 7.324 14.99 42.55 1.111 

Basella alba 3.999 9.123 9.987 3.776 14.90 28.39 1.123 

Sesbania bispinosa 5.001 8.798 5.111 7.324 13.17 18.43 2.232 

Pedalium murex L. 6.012 3.432 7.213 8.654 12.44 13.44 1.989 

Momordica dioica 9.21 7.987 9.111 9.266 19.23 20.45 0.009 
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plants growing on distillery sludge is reported in previous study (Chandra and Kumar, 

2017a) showed a close resemblance to the multi-vacuoles development and deposition 

of granule, as an adaptive mechanism of the plant in the presence of organic 

pollutants, of metal accumulation. The whole plant root also showed cell wall 

thickening. Increased development of nucleolus and vacuoles at high heavy metal 

concentration increases the output of the ribosome and mRNA, which finally 

increases the development of fresh proteins engaged in the tolerance of heavy metals 

in plants (Najeeb et al., 2011). In our research, all species of plants were extravagantly 

cultivated on disposable of distillery sludge without any biochemical deformities in 

their aerial parts. These crop species had powerful potential 

and adaptation for survival and development in organo-metallic and EDC containing 

distillery sludge for in situ phytoremediation. They have also provided powerful 

indications for the monitoring of heavy metals and phytoremediation of intricate and 

dangerous industrial wastes to eco-restoration of polluted areas. 

 

 

Fig.8.1.7: Electron micrographs of transverse section of plants root after 

phytoextraction of heavy metals (A–F), V: Vacuole; PM: Plasma membrane; P: 

Peroxisomes; CW: Cell wall; CM: Cell membrane; ML: Middle lamella; N: Nucleus; 

Arrow (→) indicated metals deposition; IS: Intercellular space. PL:-Plasmalemma. 
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Conclusion: 

 

The physico-chemical analysis of molasses-based distillery sludge showed 

alkaline pH with a high concentration of (Fe: 2403.64), (Zn: 210.624), (Cu: 73.63), 

(Cr: 21.84), (Cd: 1.446), (Mn: 126.292), (Ni: 13.425), (Pb: 16.332 mg/kg
−1

) this was 

above the permissible level as described in USEPA/WHO. The GC-MS analysis of 

sludge also revealed the abundant presence of Acetamide, 2,2,2-trifluoro-N-methyl, 2-

(2-Hexyloxyethoxy)ethanol, Butane, 2,3-bis(TMSoxy), hexanoic acid, 2-[(TMS)oxy], 

benzeneacetic acid, TMS ester, butanedioic acid, bis(TMS)ester, pentanedioic acid, 

bis(TMS)ester, decanoic acid, TMS ester, α-ketoglutamic acid, bis(TMS)ester, 

octadecanoic acid, TMS ester, eicosanoic acid, TMS ester as persistent organic 

pollutants with androgenic and chromogenic properties, which is known for complex 

binding of metallic ions with organic component this condition restrict the 

bioavailability of metals to plant. But, the luxuriant growth of Achyranthus aspera, 

Amaranthus viridis, Basella alba, Sesbania bispinosa, Pedalium murex, and 

Momordica doica, without any adverse effect indicated the potentiality of these plants 

for phytoextraction of metals and utilization of organic content as their nutrient. 

Analysis of metal content in their root, shoot & leaves revealed that A. aspera and A. 

viridis were noted as root accumulator for Mn (16.95±0.1; 56.02±0.2), Fe (240.4±0.1; 

497.6±0.3), Co (3.19± 0.2; 6.25±0.2). Similarly, S. bispinosa, P. murex, M. doica 

were found as root accumulator for Mn (17.03±0.5; 20.98±0.4; 20.97±0.5), Fe 

(477.2±0.6; 45.25±0.5; 45.67±0.5), Ni (25.46±0.8; 22.98±0.7; 19.76 ±0.4). Higher 

accumulation of metal by the plant in their various parts than the concentration 

available in sludge indicated the hyperaccumulation tendency of these plants along 

with the reduction of organic pollutants. Histological observation of root by TEM 

showed apparent deposition of metallic granules at the cell wall and vacuole as an 

adaptive feature of the plant. This study has given strong evidence of metal 

accumulation by medicinal plant from the contaminated site this may be avoided to 

use as medicine. 
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PART-2 

Wastewater Detoxification and Management through 

Phytoremediation Employing Ricinus communis L. 

8.2. Introduction 

 

The development of the industry is a major reason for high environmental pollution 

(Esmaeili et al., 2015; Sharma and Rath, 2020). A huge amount of metals are release 

directly from the anthropogenic activity and mixed into groundwater and soil and 

after then cause the problem to human health (Jiang et al., 2019; Sharma et al., 

2020a). More than 317 distillery industries are currently working in India which 

producing a total no. of 1500 tons of wastewater and sludge. The discharge into the 

environment and cause carcinogenic and androgenic pollutants like endocrine-

disrupting chemicals, recalcitrant toxic compounds, phenolics, melanoidins, organic 

acids, and heavy metals without sufficient treatment techniques (Tripathi et al., 

2021a). Some metals store in the lungs and other organs of living animals via 

contaminated food (Benson et al., 2018; Huang et al., 2018; Sharma et al., 2020c Ngo 

et al., 2020). 

The role of bacterial communities like Bacillus, Rhodococcus, Paenibacillus, 

Acidovorax, Alcaligenes, Mycobacterium, and Pseudomonas in the phytoremediation 

process. By increasing metal availability for the processing of polysaccharides, 

polymers, by bacteria are significantly helping in the remediation process (Zhang et 

al., 2020). Subsequently, some factors like soil quality temperature, moisture, and 

light characteristics which influence plant root growth systems and development 

processes may affect the impact of phytoremediation (Liu et al., 2017). Biomass and 

plant development has a direct impact on the effects of microbe and 

phytoremediation, primarily species of Pseudomonas and Bacillus which may 

increase phytoremediation by promoting plant life (Girolkar et al., 2020; Sharma et 

al., 2020a). By adopting various strategies, including the production of antioxidant 

enzymes, subcellular localization, and organic acid exudation, Ricinus communis L. 

can accumulate a high amount of metals (Yeboah et al., 2020). 

 The toxicity of metals on sperm, gamete, and embryo on the reproductive 

system of the plant as well as on marine organisms, such as egg hatching, physical 

deformity in fish, and larval death (Fatima et al., 2014). Numerous fish species are 
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strongly affected by pollution, such as endocrine hormone deficiencies, genetic 

anomalies, and oxidative stress (Javed et al., 2016). The dark color of DWw affects 

aquatic organisms by affecting the photosynthesis process and reduces the oxygen 

contents in water life. Melanoidins are the most recalcitrant color pollutants in DWw, 

causing environmental and health concerns in humans and plants (Arimi et al., 2015; 

Chowdhary et al., 2017). Caenorhabditis elegans has been used as a model for the 

toxicity assessment of industrialization and urbanization wastewater (Jiang et al., 

2016; Cadkova et al., 2020).According to the Environmental Protection Agency 

(EPA), heavy metals such as Cu, Cd, Pb, As, Cr, Ni, and Hg can be found in most 

environmental pollutants. The bioconcentration and translocation factor is very 

important for the assessment of the efficiency of metal accumulate in plants. 

Even low concentrations of heavy metals cause a high range of toxicity to 

humans and plants (Sharma et al., 2020f; Sharma et al., 2021b). Remediation of 

metals enhanced by bacteria and pants has emerged as renewable and efficient 

wastewater treatment techniques (Ma et al., 2016). Cadmium, arsenic, and lead are the 

most toxic contaminants worldwide(Oconnor et al., 2019). Phytoremediation is an 

attractive and environmentally friendly strategy for the degradation of hazardous 

metals from wastewater used by native plant species (Ekperusi et al., 2019; Sharma et 

al., 2020c). The phytoremediation ability of species of Salicaceae was recently 

reported by Simiele et al., 2020. Several bacterial-promoting plant growths have been 

reported to help abiotic stress plants such as heavy metal toxicity and to enhance plant 

growth (Wang et al., 2019). Any plant species, with high tolerance, can thrive and 

reproduce in metallic soils i.e., hyper-resistance to usually toxic amounts of heavy 

metals in growing substrates. Many other microbial species have been investigated for 

heavy metals, like Micrococcus sp. Flavobacterium, Pseudomonas, Bacillus, and 

enterobacter. Bacteria have excellent biosorbent ability due to high surface ratio and 

active chemisorption sites in their cell wall (Tarekegn et al., 2020; Delil et al., 2020;). 

Some of the most important measures of phytoremediation efficiency are biological 

concentration factors (Hrynkiewicz et al., 2018). Because of their large biomass, 

metal-accumulating plants like Cannabis sativa, Zea mays, Thelypteris palustris, 

Chenopodiaceae Typha latifolia, Nicotiana tabacum, and Helianthus annuus L are 

helpful in metal absorption (Tozser et al., 2019; Chauhan et al., 2020; Hejna et al., 

2020). Phytoremediation has arisen as a potential green metal decontamination 

technique in contaminated areas (Singh et al., 2017; Sharma et al., 2020c). There is an 

https://www.sciencedirect.com/science/article/pii/S0960852416316169#b0260
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urgent need for safe distillery wastewater management; technology must be 

economically viable, environmentally friendly, and socially acceptable. These works 

assess the possible relationship between metals and other co-pollutants biosorption by 

Ricinus communis to evaluate their phytoremediation potential. 

8.2.1. Materials and methods 

8.2.1.1. Sample collection and site description  

The sample was collected from M/s Unnao distillery located at Unnao, Uttar Pradesh, 

India (26°320ʺ N, 80°30ʹ0ʺE). Freshly disposed distillery wastewater samples were 

collected in the pre-sterilized tank (20 liters) near the disposal site (Tripathi et al., 

2021b). Luxuriantly growing plant species Ricinus communis L. (Spurges) were 

collected based on their abundance. To eliminate the adherent soil particles, the 

extracted plants were vigorously cleaned with a calcium chloride solution. 

8.2.1.2. Estimation of heavy metals and Physico-chemical parameters  

The estimation of total metals (Cr, Mn, Fe, Cu, Ni, Zn, and Pb,) content in the DWw 

was measured using atomic absorption spectrophotometry (AAS) (ZEEnit 700, 

Analytic Jena, Germany) (APHA, 2012; Sharma et al., 2020). The Physico-chemical 

properties of the DWw sample from both locations (wastewater and near the 

rhizospheric zone of the plant), including pH (Orion pH meter-Model-960, Thermo 

Scientific, FL, USA), electrical conductivity (EC), chloride (Cl
-
), sodium (Na

+
),  

BOD, COD, and nitrate, were analyzed and estimated. The phenol content of DWw 

was measured using the American Public Health Association's standard methods 

(APHA, 2012; Chandra et al., 2018). 

8.2.1.3. Scanning electron microscopy examination of DWw 

The investigation of the microbial community, metals, and other organic polymer 

using Scanning electron microscopy (SEM, QUANTA FEG 450, FEI, and the 

Netherlands) analysis. For SEM analysis of metals and other carbonyl compounds in 

DWw, one gram of the DWw sample was put in a hot air oven till dry (Evolution-201, 

Thermo Science, USA) (Sharma et al., 2021a).  

8.2.1.4. Organic pollutant analysis through gas chromatography-mass 

spectroscopy 

To identify organic compounds in the DWw sample, analysts used gas 

chromatography-mass spectroscopy (GC-MS). Trimethylsilyl was used to derivatized 

the extracted samples (TMS) and prepared sample injected in GC-MS instrument 

https://www.google.com/search?sxsrf=ALeKk012Tcr5wfBTRDo0mnVVZfzPRZNMDg:1614016804788&q=Euphorbiaceae&stick=H4sIAAAAAAAAAONgVuLQz9U3SC9KtnjEaMwt8PLHPWEprUlrTl5jVOHiCs7IL3fNK8ksqRQS42KDsnikuLjgmngWsfK6lhZk5BclZSYmpyamAgCU3gMOUgAAAA
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(Trace GC Ultra Gas Chromatograph; Thermo Scientific, FL, USA) (Sharma et al., 

2020a).  

8.2.1.5. Isolation and plant growth-promoting activity of isolates  

8.2.1.5.1. Ligninolytic enzyme production 

Ligninolytic enzymes are important for the breakdown and detoxifying of DWw 

pollutants. Various microbes have been reported which are capable of degrading the 

DWw, like bacteria, actinomycetes, cyanobacteria, and fungi. The production of Mnp 

and Lip revealed that bacteria can be secreting extracellular enzymes by degrading 

DWw during the early stages of incubation, suggesting the plant growth-promoting 

activity. Manganese peroxidase is a glycosylated heme protein with a molecular mass 

of 40-50 kDa.In Enterobacter aerogenes IITRCS-12 (KU726958.1) The existence of 

all three intracellularly ligninolytic enzymes is played a significant role in the removal 

of a wide variety of organometallic pollutants.  Laccase (EC 1.10.3.2) is a copper-

containing extracellular enzyme made up of monomeric, dimeric, and tetrameric 

glycoproteins. Janusz et al., (2017) found this mainly in microorganisms such as 

actinomycetes, fungi, and bacteria. Laccase is a multi-copper oxidase that, due to the 

presence of guaiacol, produces a dark zone for the related radical species by single-

electron oxidation of organic compounds (Ladole et al., 2020). 

 

Media composition 

Luria Bertani (LB) agar 

Casein enzymic hydrolysate    10g/L 

Yeast extracts      5g/L 

Sodium chloride     10g/L 

Agar       15 g/L 

Peptone - Peptides, Amino acids, Nitrogen 

Skim milk (SM) powder 

Skim milk powder     28.000 

Tryptone      5.000 

Yeast extract      2.500 

Dextrose (Glucose)     1.000 

Agar       15.000 

Final pH (at 25°C) 7.0±0.2 
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8.2.1.5.2. Production of indole-3-acetic acid and siderophore 

Near the rhizosphere of Ricinus communis L, the DWw bacterium Enterobacter 

aerogenes IITRCS-12 (KU726958.1) develops the rhizosphere signaling 

molecule IAA.IAA is produced by a wide range of bacteria, and its role in plant 

growth and pathogenesis is well understood. The role of IAA is in auxin for 

regulation of the physiological and morphological system of plant and use L-

tryptophan as a substrate. IAA carried on a medium pink color and was put to the 

test for IAA quantitative estimation. Another important feature of rhizobacteria in 

plant development and growth which might enhance the plant development is 

siderophore positive isolated strains exhibiting the change of greenish-blue color 

to yellow color during the siderophore production. After incubation, the maximum 

yield of siderophores was observed at 36 hours and then began to decline as 

production. Furthermore, siderophores have a lower affinity for metal complexes 

than Fecl3. Metals such as Cd2, Hg2, and Co2 inhibited the formation and growth of 

siderophores due to metal binding behavior and increase the production of ROS in 

cells of bacteria. The production of siderophores in bacteria showed stomatal 

conduction and improve plant health during the accumulation of iron from DWw. 

8.2.1.5.3. Hydrolytic enzyme assay  

For evaluation, the activity of hydrolytic enzymes such as α-amylases and proteases 

by methods of Cappuccino and Sherman, (2005). In addition, determining the 

production of α-amylase and protease enzymes from bacteria, one loopful of bacterial 

cell suspension was streaked on peptone-containing starch agar plate media-5 g, beef 

extract- 3 g, soluble starch- 10g, agar-15 g, distilled water-1000 mL and skim milk 

agar plate containing skim milk- 100g, peptone-5g, agar -15g, water-1000 mL, 

respectively. The plate was observed for the clear area around the streak after 48 h of 

incubation at 28ºC. In addition, the media was prepared to determine the production 

of pectinase and cellulose by adding 1% pectin and cellulose to the basal medium 

containing NaNO3–1 g, K2HPO4–1 g, KCl–1 g, MgSO4-0.5 g, yeast extract-0.5 g, 

glucose–1 g, distilled water, 1000mL, and Agar-15 g. One loopful of the bacterial cell 

suspension was streaked on the medium and incubated for 5 days. Moreover, a gram 

iodine solution was poured in the pectin agar and a zone of clearance was observed 

against the dark blue background. The cellulose medium was flooded with 0.01% 

Congo red solution for 15 min and the plates were destained using a 1% NaCl 
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solution for 5 min. The clear zone against the red background indicated that the 

rhizobacteria were positive for pectinase and cellulase production. 

8.2.1.5.4. Phosphate Solubilization 

For determining of Phosphate Solubilization, the cultures were inoculated on to 

Pikovskaya‘s agar medium (Hu et al., 2006). The media composition of the 

Pikovsakya agar medium for 1000 ml i.e. calcium phosphate- 5 g, glucose-10 g, 

potassium chloride- 0.2 g, ammonium sulfate-0.5 g, magnesium sulfate-0.1 g, yeast 

extract-0.5 g, agar- 15 g, distilled water- 1000 mL. One loop full of the 24 h broth 

culture was spot inoculated on the Pikovskaya‘s culture plate. The plates were 

incubated at 28ºC for 96 hrs and were observed for the zone of clearance around the 

bacterial colony, which indicated the Solubilization of Phosphate. The Solubilization 

zone was determined by subtracting the diameter of the bacterial colony from the 

diameter of the total zone (Gaur, 1990). 

8.2.1.5.5. Zinc Solubilization 

Zinc Solubilization ability of the isolates was detected by spotting the log phase 

culture of bacterial strains on mineral salts agar (MSA) medium plates having zinc 

phosphate, and zinc carbonate as a source of insoluble inorganic zinc. Moreover, the 

inoculated plates were then incubated at 28±1ºC for 3 days and observed for the 

clearing zone around the colonies. Zn Solubilization was determined in MSA medium 

(Glucose-10 g, (NH4)2SO4-1.0 g, KCl – 0.2 g, K2HPO4-0.1 g, MgSO4- 0.2 g and 

H2O-1000 Ml with pH 7.0) amended with 0.1% of insoluble zinc oxide (ZnO) or zinc 

carbonate (ZnCO3). The actively growing cultures (5μL) were spot inoculated onto 

the medium, incubated at 28ºC and Solubilization zone was measured 15 days after 

inoculation and clearing zone was expressed as the area in cm2 (Venkatakrishnan et 

al., 2003). 

8.2.1.5.6. Hydrogen cyanide determination 

Hydrogen cyanide (HCN) production was determined by the modified method of 

Bakker and Schippers, (1987). Exponentially grown cultures (10-8 cells ml-1) of 

strains were streaked on solid agar plates supplemented with or without 4.4 g glycine 

l-1 with simultaneous addition of filter paper soaked in 0.5% picric acid in 1% 

Na2CO3 in the upper lids of plates along with inoculated control. The plates were 

sealed with parafilm and incubated at 28±1ºC, the development of color from yellow 

to light brown, moderate brown or strong brown was examined for putative HCN 

production. 
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8.2.1.5.7. Morphological characterization by gram staining  

The isolated bacterial strains were identified using the standard procedure depending 

on phenotypic traits (Barrow and Feltham, 2003). The method is used as a tool for 

differentiating gram-positive and gram-negative bacteria to determine the 

identification of a specific bacterial sample as a first step.  

8.2.1.6. DNA isolation and sequencing of the isolated strain 

The bacteria were isolated by serial dilution and plate streak method. For the 

identification of isolated bacteria, the DNA was isolated from a fresh bacterial colony. 

Bacterial strains were identified using the Cowan and Steels Manual for Bacterial 

Identification (Barrow and Feltham, 1993). Also, the bacterial culture was inoculated 

in Luria Bertani broth for 16S rRNA sequencing (Himedia Pvt Ltd). Total DNA was 

extracted from an overnight grown bacterial culture using a genomic DNA extraction 

kit (real Biotech Corporation). Universal primers 16Sf (5‘ 

CAGCAGCCGCGGTAATAC 3‘) and 16 Sr (5‘ TACGGCTACCTTGTTACG 3‘) 

were used for amplification of the 16S rRNA gene. The PCR reaction mixture 

contained an assay buffer 5µl, forward primer 1 µl, reverse primer 1 µl, dNTP 1 µl, 

template 2 µl, tag polymerase 1 µl and the final total volume was made up 50 µl with 

Milli Q. Polymerase chain reaction was performed in a thermocycler (Sure Cycler 

8800; Agilent Technologies, Malaysia) under the following conditions, denaturation 

at 94°C for 1 min, followed by annealing at 55°C for 1 min and extension at 72°C for 

2 min, for 35 repeated cycles. Approximately 1500 bp region of the gene was 

amplified and the amplification product was gel purified using QIA gel extraction kit 

and sequenced. The sequence data were analyzed by BLAST and identified based on 

closet similarity with the reported sequenced data. All query sequences and other 

homologous sequences available online in the NCBI (National Centre for 

Biotechnology Information) nucleotide database were saved in a single FASTA file 

format after retrieval. 

8.2.1.7. Assessment of metals and bioconcentration factors 

In estimating the content of the metal deposited in the Ricinus communis L plant 

tissue of the root, the shoots and leaves were cut into small pieces and oven-dried for 

5 days at 70°C until a consistent weight was reached (AOAC, 2002). The absorptions 

of Zn, Cr, Cu, Mn, Ni, Fe, Pb, and Cd in the plant were determined by atomic 

absorption spectrometry (AAS) (Sharma et al., 2020a). Bioaccumulation coefficient 

factors (BCFs) and translocation factors (TFs) were calculated to determine the 
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efficiency of metal accumulation. The calculation of BCFs as the metals in the root 

and wastewater, while TFs is defined as the metal concentrations in the root and 

shoot (Yoon et al., 2006). The statical analysis of results verifies data inconsistency 

and validity data will be interpreted standard deviation mean. Using program Graph 

Pad, all data were subjected to Tukey's Statistical Analysis Test (Ott, 1984) (Graph 

Pad Software, San Diego, CA.). 

8.2.2. Results and discussion  

8.2.2.1. Physico-chemical characteristic  

The concentrations of heavy metals and Physico-chemical parameters in DWw were 

both above the permissible limit (Table 1). The pH of the DWw ranged from 8.40 and 

EC varied 1877.62 but samples near the rhizospheric zone of Ricinus communis L. 

reduced the pH (7.01) and EC (890.30). Similarly, the BOD (4234.96), and COD 

(11452.22) values near the rhizospheric zone of Ricinus communis L., also decreased 

as the plant developed. The combined action of hydroxides, carbonates, bicarbonates, 

calcium, and magnesium ions, which are used to adjust the pH of diluted molasses 

during the fermentation process, results in a higher pH value in distillery wastewater. 

The interaction of rhizospheric microorganisms with organometallic contaminants in 

distillery wastewater could explain the small decrease in in-situ phytoremediation 

wastewater pH. Furthermore, plant-microbe interactions in the rhizosphere can 

increase metal bioavailability by secreting amino acids, organic acids, protons, and 

enzymes, which reduces wastewater pH and enables plants to thrive in polluted 

environments. Results revealed that the selected plants can enhance the 

phytoremediation of wastewater. Eutrophication is caused by the accumulation of 

high concentrations of ions and other co-pollutants in distillery wastewater, posing a 

danger to aquatic life. Different metals like Mn (7.96), Cr (3.32), Zn (15.65), Cu 

(2.00), Fe (378.66), Pb (4.79), and Ni(7.89) was shown in high concentrations 

(USEPA, 2012). After the Ricinus communis L., plant growth the reduction of metals 

Mn (2.45), Cr (1.76), Zn (7.19), Cu (0.30), Fe (123.77), Pb (0.86), and Ni (2.50). The 

source of metals in DWw during the sugar can juice to sugar processes like 

separation, fermentation, and distillation phase at distillery industry.Various emission 

parameters are measured after plant growth like phenol (7000-233.09), sulfate 

(14543.76-7654.10), potassium (234.45-129.76), phosphate (40.03-20.40), and the 

sodium (455.98-59.34) contents were significantly reduced. These results gave a very 

good indicator of the ability of heavy metals to phytoremediation and the propensity 
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of Ricinus communis L to phytoremediator. The frequent use of wastewater 

containing metals in irrigation has also demonstrated that hazardous metals  

 accumulate in the human diet of plant species. The elevated DWw metals content and 

its harmful effect on the growth of seed along with other parameters of Phaseolus 

mungo L. It is revealed that the strong affinity of metallic ions with organic 

contaminants reduces the bioavailability harmful influence on germinating seeds of 

metals in plants. Plants' ability to absorb metals may be attributed to enhanced 

bioavailability and metal production as a result of the plant-microbe interaction. 

Heavy metal concentrations are frequently monitored using plants as biomonitors 

(Sevik et al., 2019). 

 

Table 8.2.1: Physico-chemical characteristics of discharged distillery fresh DWw 

before and after plant growth collected from M/s Unnao Distillery Pvt. Ltd. Unnao, 

Uttar Pradesh, India 

All the values are Mean ±SE. (n=3); Unit of all parameters is in (mgL
-1

) except pH, 

color (Co-Pt. Unit) and EC (μmhoscm
-1

); Students t test (two tailed as compared to 

pre-treated sludge); 
a
Highly significant at p<0.001; 

b
Significant at p<0.01; 

c
Less 

significant at p<0.05; 
NS

Non-significant at p>0.05, Central pollution control board 

(CPCB). 

 

Parameters Distillery 

wastewater 

After bacterial 

growth  

CPCB (2017) 

pH 8.40 ± 0.26 7.01 ± 0.18
a
 7.54 ± 0.01 

Biological oxygen demand  4234.96± 77.76 1800.23± 65.40
a
 47.00 ± 0.00 

Chemical oxygen demand  11452.22± 188.32 5980.54 ± 

119.08
a
 

79.00 ± 0.01 

Electrical conductivity 1877.62± 45.03 890.30±28.70
a
 950 

Total dissolve solid 9978.67 ± 230.32 5043.78 ± 

100.87
a
 

70 ± 0.00 

Chloride 2578.54± 68.78 1076.43 ± 49.08
b
 11.82 ± 0.01 

Total nitrogen  200.49 ± 7.68 123.61 ± 4.70
a
 9.90 ± 0.00 

Phenol  7000 ± 63.90 233.09 ± 30.80
c
 - 

Sulphate 14,543.76± 454.32 7654.10 ± 73.32
b
  

Phosphate  40.03 ± 1.30 20.40± 0.79
b
 3.40± 0.01 

Na  455.98 ± 5.89 59.34 ±5.9
NS

 0.01 

K  234.45 ± 09.19 129.76 ± 0.76 0.02 

Heavy metals(mg L
-1

)    

Mn 7.96 ± 0.42 2.45 ± 0.34
b
 0.15 

Cr  3.32 ± 0.78 1.76 ± 0.57
c
 0.01 

 Zn  15.65 ± 0.64 7.19 ± 0.34 1.28 

 Cu  2.00 ± 0.10 0.30 ± 0.05
NS

 0.19 

 Fe  378.66 ± 5.23 123.77 ± 6.67 1.45 

Pb  4.79 ± 0.34 0.86 ± 0.32
c
 0.02 

Ni  7.89 ± 0.87 2.50 ± 0.40
a
 0.04 
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8.2.2.2. Morphological view of DWw and rhizospheric wastewater  

DWw SEM image revealed fine oval needle-shaped crystals, indicating the presence 

of metals and polymer. Organic polymers and metallic crystals have been documented 

to have needle-like crystal properties (Liu et al., 2013). The SEM images revealed that 

the DWw had irregular components that provided the adsorption of different 

contaminants along with heavy metals and organic polymers with a wide surface. The 

crystal forms revealed the existence of various heavy metals. SEM analysis study 

showed that most of the implant surface had intimate contact with the Ricinus 

communis L. root zone. 

     

 

 

 

 

 

 

 

 

 

 

 

Fig 8.2.1:  Scanning electron microscopy analysis of distillery wastewater sample 

showed different structure of pollutants (a-b) 

8.2.2.3. Identification of organic pollutants 

GC-MS chromatograms and the compound identifications showed figures S2a-b and 

Table 2. The major dominant peaks of a DWw were observed at RT 7.64, 

13.21,19.36, 21.86, 26.84, 36.67, 43.20, and 49.32, respectively. This compound 

showed > 90% correlations with compounds described in the NIST library included 

with the program. The characterized of compounds 2-METHYL-4-KETO-PENTAN-

2-OL 1TMS (RT-7.64), Octadecanoic acid (RT-13.21), Heptadecane, 2-methyl- 

(CAS) (RT-19.36), Heptadecane (CAS) (RT-21.36), 1,2-Benzenedicarboxylic acid, 

bis(2-methylpropyl) ester (CAS) (RT-26.84), Docosane (CAS) (RT-36.67), 2-

Acetamido-3-(3-hydroxyphenyl) Propanoic acid (RT-43.20), and 3-t-Butyl-5-methyl-

4-hexen-2-ol (RT-49.32), respectively. Identified compounds are showed a high level 

of toxicity like mutagenic, androgenic, and carcinogenic in aquatic systems and 

a b 
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humans. Table 2 summarises the toxicity of the pollutants identified. The 

characterized pollutants give the knowledge of toxicity and health problems which 

requires more analysis and assessment of environmental and health risk before the 

discharge. Plant fatty acids Heptadecane, 2-methyl- (CAS) (RT-19.36), and 

Heptadecane (CAS) (RT-21.36) are toxic to aquatic organisms. Other small peaks 

were also observed at RT values of 19.36, 21.72, 25.44, and 33.67 are not known or 

data not reported. Sugarcane molasses extract can be the main source of phenolic and 

carbon compounds after fermentation in DWw. Different types of detectable aromatic 

compounds can be the result of the carbonyl and amine group reaction at high 

temperatures in the sugar industry, which exists as a complex in cane molasses known 

as melanoidin. The involvement of several fatty acids in the DWw will slow down 

metal accumulation and bioremediation processes in complex plant organometallic.. 

All these compounds are generating during the anaerobic digestion of DWw or 

fermentation process. The results demonstrate that some recalcitrant organic 

pollutants present in DWw after the plant growth these pollutants remediate or bio-

transformed some metabolic compounds or value-added products (Table 2). This 

indicated that the Ricinus communis L was able to bioremediate DWw. The 

bioremediation of the Ricinus communis L. showed similar findings and was 

discovered as a possible aggregation of metals from complex organometallic waste.  

 

Fig. 8.2.2: Total ion chromatogram (TIC) of TMS derivatized detected organic 

pollutants from ethyl acetate extract of distillery waste contaminated site (a) 

Wastewater (b) Rhizospheric effluent. 

a 

b 
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Table 8.2.2:  Detection of residual organic pollutants by GC-MS analysis from 

distillery sludge waste before and after phytoextraction. 

 *RT-retention time (in minutes), (TMS) trimethylsilyl 

 

 

 

Retention 

time  

Compound name in distillery effluent  Toxicity  

7.64  2-METHYL-4-KETO-PENTAN-2-OL 

1TMS 

Hypertension, Stress 

8.07 Octacosane (CAS) Irritation to mucous 

membranes  

9.14 Ethyl 5,6-epoxyhexanoate Acute toxicity 

13.21 Octadecanoic acid  Developmental toxicity, 

neurotoxicity 

14.03 (R,S)-1-decyn-3-ol Carcinogenicity, reproductive 

17.70 N-cetyl thiocyanate Eye tearing, muscle weakness,  

17.98 Dodecane, 4-methyl- (CAS) nose and throat irritation 

19.36 Heptadecane, 2-methyl- (CAS) Chest pain or retrosternal 

burning 

21.86 Heptadecane (CAS) Nausea and vomiting 

27.66 7-Methoxy-2,3-dihydro-2-phenyl-4-

quinolone 

Nausea and vomiting 

34.11 Tricosane (CAS) Acute toxicity 

35.84 Undecane, 2-methyl- (CAS) Abdominal discomfort, Nausea 

and vomiting 

36.67 Docosane (CAS) Bloody vomiting, liver failture 

38.74 PROSTAGLANDIN F1A TMS ESTER TRI 

TMS ETHER 

Dilate the blood vessels 

38.86 1,1,1,3,5,5,5-Heptamethyltrisiloxane Effect on eyes 

42.94 (E)-6-(tert-Butyldimethylsiloxy)-2-ethyl-1-

(trimethylsilyl)hex-1-ene 

Abdominal discomfort, Nausea 

and vomiting 

44.69 2,2'-di-O-methylstenosporic acid Data not reported  

45.85 6-(4'-Chlorobutyl)undecan-6-ol Data not reported 

47.78 2-NITRO-5-BROMOFURAN Central nervous system 

damage, 

Retention 

time  

Compounds name near rhizospheric zone  Toxicity  

8.03 Dotriacontane (CAS) Data not reported 

13.09 1,2-O-Isopropylidene-3-O-(p-tert-

butylbenzyl)-á-D-fructopyranose 

 

19.36 Trimethylsilyl n-Dodecyl Ether Data not reported 

21.72 acrylic acid decyl ester Unknown  

25.44 1,2-Benzenedicarboxylic acid, bis(2-

methylpropyl) ester (CAS) 

Data not reported 

33.67 1,2-Benzenedicarboxylic acid, dioctyl ester 

(CAS) 

Unknown  

40.06 Neopentyl 2,2-dimethylpropanoate Data not reported 

49.28 3-tert-Butyl-5-methyl-4-hexen-2-ol  
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8.2.2.4. Screening of PGPR activity  

 

The total twelve bacteria are isolated from, rhizospheric soil of R. communis from the 

contaminated sites of the pulp paper industry.. Out of theses total isolates, seven 

isolates (RCS1- MZ490795- Stenotrophomonas maltophilia, RCS2- MZ490796 

Bacillus cereus, RCS3- MZ490797 Bacillus anthracis, RCS4- MZ520573 Bacillus 

cereus, RCS5- MZ520574 Bacillus cereus, RCS6- MZ520575 Bacillus thuringiensis, 

RCS7- MZ520576 Bacillus thuringiensis, RCS-8- MZ520577 Bacillus cereus) are 

highly potential for producing ligninolytic enzyme and hydrolytic enzyme screening.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8.2.3: Purification of isolated PGPR bacterial strains RCS-1 to RCS-8 (1-8) on Hi-

chrome specific media and their microscopic observation. 
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8.2.2.4.1. Lignolytic enzyme producing bacteria 

 

Eight isolates out of the twelve showed positive results for the lignin degradation 

enzyme based on the selective agar qualitative screening and different indicator dye. It 

was evident from the good growth of agar plates supplemented with kraft lignin as a 

carbon source and the formation of clearance areas on phenol red, methylene blue, 

and guaiacol plates. Moreover, Laccase is multi-copper oxidases in which the single-

electron oxidation of organic compounds for the respective radical species is formed a 

zone due to presence of guaiacol. The ability to produce manganese peroxidase 

enzymes of seven species of isolated bacterial strains was measured by comparing the 

diameter of the colony and yellow-brown circles. The results revealed that the yellow 

circle diameter percentage and bacterial colony diameter are the largest for 24 to 48 

hrs.  

 

Fig. 8.2.4: screening of ligninolytic enzymes producing potential bacterial strain by 

using different substrates (a) Phenol red for MnP (b) Guaiacol for Laccase(c) azure B 

for Lip  

 

  

a b 

c 
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8.2.2.4.2. Phosphate solubilization 
 

The favoured ecological niche of plant rhizosphere is considered for different soil 

microorganisms due to wealthy nutrient availability. The result showed the growth of 

bacterial culture formation of the hallo zone around the culture inoculation. In 

addition, the Pikovskaya‘s media containing Bromo Thymol blue (BTB) changed the 

color from blue to yellow because of the decrease in the pH of the media. Moreover, 

phosphorus, the second essential nutrient to limit the growth of plants after nitrogen, 

is accessible organically as well as inorganically rich soils. After appropriate 

incubation, colonies showing clear halos around the colony as P. solubilizes 

Fig. 8.2.5: Screening of phosphate solubilizing potential bacterial strain  

8.2.2.4.3. Zinc solubilization 

Plants might well take up Zinc as a divalent cation, but a very small quantity of 

complete zinc is available as a soluble form in soil solution (Kabata-Pendias and 

Pendias, 2001) PGPR have always been soil-borne, rhizocolonizing bacteria, 

multiplying and competing for plant growth with other bacteria. Detection of zinc 

solubilization by different rhizobacteria isolates were based upon the ability of 

solubilization zone formation. 

Fig. 8.2.6: Screening of Zinc Solubilizing potential bacterial strain  

 

RCS-8 RCS-9 

RCS-7 
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8.2.2.4.4. IAA production 

All the total isolate showed the production of IAA developed pink color in medium 

Table. A total of four selected isolates i. e. RCS 1-8 were tested for the quantitative 

estimation of IAA. Moreover, color growth first became visible at the highest IAA 

concentration within minutes and continued to rise in frequency for a period of 30 

min. In addition, IAA is the key member of the plant-produced auxins family as it 

plays a significant role in a variety of plant activities such as seed forming, embryo 

growth, root initiation, and production, abscission i.e. flower falling, phototropism, 

geotropism, fruit development, etc. Moreover, IAA helps to increase the root length 

by increasing the number of root branches root hairs and root laterals which continue 

to absorb the relevant nutrient.  

Fig. 8.2.7: Screening of IAA producing potential bacterial strain  

8.2.2.4.5. Siderophore production 

Four isolates were siderophores positive showing color change from greenish blue to 

yellow the production of siderophores is yet another significant feature of PGPR, 

which could influence plant growth. Optimum siderophores yield has been noted at 36 

hrs after incubation and began to decline as production its stationary level. In 

addition, siderophores can form metal complexes with reduced affinity than Fecl3 

Baysse et al., (2000). However, metals including Cd2 as, Hg2 as, and Co2 as revealed 

an inhibitory impact on both productivity and siderophores growth that might have 
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RCS-7 RCS-8 

RCS-9 

been owing to competitive metal binding, thus increasing oxidative stress in bacterial 

cells (Dimkpa et al., 2009). The improvement in development with an increase in iron 

content expressed a need for iron in metabolic processes by the strain. 

 

Fig. 8.2.8: Screening of siderophore producing potential bacterial strain  

 

8.2.2.4.6. HCN Production  
 

HCN production was detected for any of the strains and production of ammonia was 

checked for 71% of the total isolate isolates. The Bacillus sp. genus is studied 

extensively and the elevated frequency of Bacillus sp. identified in this experiment 

can be assigned to the potential to form endospores that allow bacteria to flourish in 

adverse circumstances such as heat, radiation, dehydration, and hunger. One of the 

original HCN studies found which HCN may be harmful to plant pathogens. The 

statistical technique used to calculate the (CN-) in the liquid media has been based on 

a modified colorimetric methemoglobin technique, which is used in the extracellular 

and dissolved free non-complex cyanide.  

 

Fig. 8.2.8: Screening of HCN producing potential bacterial strain  

 

 

Control Result Control Result 
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8.2.2.5 16sRNA sequencing of bacteria and Construction of phylogenetic tree 

The 16S rRNA gene sequences data showed that isolated bacteria i.e. RCS1- 

MZ490795- Stenotrophomonas maltophilia, RCS2- MZ490796 Bacillus cereus, 

RCS3- MZ490797 Bacillus anthracis , RCS4- MZ520573 Bacillus cereus, RCS5- 

MZ520574 Bacillus cereus, RCS6- MZ520575 Bacillus thuringiensis, RCS7- 

MZ520576 Bacillus thuringiensis, RCS8- MZ520577 Bacillus cereus,  respectively. 

Constructed a phylogenetic tree by using Mega 6.0 software. Moreover, Phylogenetic 

analysis like morphological, physiological, and bionomic characteristics, allozyme 

and RFLP data were widely used to infer the evolutionary relationship between 

organisms. 

 8.2.2.6 Total metal accumulation and Bioconcentration factors 

The impact of metal uptake by the Ricinus communis L plant was further examined to 

evaluate the ability for phytoremediation of DWw. Ricinus communis L. growing at 

the DWw assessed the accumulated metals (Cr, Zn, Cd, Ni, Pb, Cu, Fe, and Mn). As 

shown in Table 3, the parameter distribution of metal uptake in different parts of the 

plant suggested tolerance and ability of metal accumulation shown in (Fig. 1). To 

withstand metal stress and toxicity, plants employ a range of defense mechanisms, 

including the activation of various antioxidant enzyme systems, heavy metal binding 

to phytochelatins/metallothioneins, metal sequestration to vacuoles, and heavy metal 

absorption removal (Shahid et al., 2015). The previous study reported that the metal 

content of DWw, combined with organic compounds, disrupted the development of 

various plants' roots, and stunted their seed germination (Ha et al., 2011). The 

presence of various organic compounds in the DWw can reduce the bioavailability of 

the metals (Hu et al., 2019). 

The presence of Fe in plant cells demonstrated the detoxication pathway of 

pollutants and help in the phytoremediation process. The results showed that the high 

concentration of accumulation of Fe (65.29 ± 0.40), Cu (59.40 ± 0.39), and Pb(40.09 

± 0.50) in the shoot of Ricinus communis L. This indicated that Ricinus communis L 

has the ability to resistant to the high concentration of metals in DWw and absorbed 

the metals in the root, shoot, and leaves. The highest concentration of Zn (34.15 ± 

0.89) was observed in the shoot of Ricinus communis L. Zn is a micronutrient that is 

also a protein molecule that serves as a physical, structural, or controlling co-factor 

for a variety of enzymes.  Zn is also important for DNA and RNA structures, the 

stabilization of DNA function for the enzymes generated, and the regulation of RNA 
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and gene expression regulation. The Ricinus communis L was capable of 

accumulating higher concentrations of Cu (22.64 ± 0.78) in the root, Cd (20.59 ± 

0.20) in the root, Ni (29.09 ± 0.55) in the root, and As (20.75 ± 0.09) in the root, 

respectively. The microbial community near the rhizospheric zone of the plant 

influence the pH and other organic compounds along with metals accumulation in the 

plant(Sharma et al., 2020d). After anaerobic digestion, the disposal site of distillery 

wastewater became alkaline (pH 8.67 0.16), which can affect the metal absorption in 

plant cells. However, translocation of metals by increasing plants on wastewater 

demonstrated the potential of the plant, and the pH in the rhizospheric soil gradually 

decreased. It may be caused by the interaction of microorganisms and plants in the 

rhizosphere, which results in an excess of acids such as citrate, succinate, gluconate, 

oxalate, 2-ketogluconate, acetate, and malate being released from root hairs. 

According to our results, DWw as waste contains several metals and organic, fatty 

acids, and carbon-containing compounds. The majority of DWw pollutants are 

anionic, with a strong cationic metal-binding propensity. The rhizospheric microbial 

population has improved the bioavailability of metals in plants. 

Fig. 8.2.10: Metals accumulation pattern in root, shoot and leaves Ricinus communis 

L growing on the distillery wastewater bed 
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The BCF and TF measure the capacity of plants to absorb heavy metals. The BCF 

values of metals in plants revealed that they have the potential to metal 

phytoremediation in the roots. The metal absorption in DWw is generally low, but 

Ricinus communis L had exceptionally high metal accumulation in different sections, 

indicating that these plants have a hyperaccumulation propensity. Besides, the deposit 

of metals from pollutants to roots by plants mainly depending on the properties of soil 

components, pH, and other complex or co-contaminants that may impede the 

movements of metals thus prevents its uptake and efflux in plants. Results revealed 

that the highest BCF for Ni (41.29), and Cu (9.246), were present in Ricinus  

 communis L. As a removal process, ions can be sequestered in vacuole by binding to  

ligands, i.e., proteins, amino acids, and peptides, leading to an increased degree of 

metalicilous environments. This may be because the plant's root nodule-forming 

bacteria encourage metal bioavailability in DWw to the plant. The plant's high 

phytoremediation efficiency and stress tolerance capability rate were indicated by 

BCF and TF >1. Simultaneously, these plants have shown their capacity to absorb 

higher metal concentrations from DWw. Metal accumulation from DWw to root is 

affected by the nature of chemicals the element that inhibits metal mobility in plants. 

The translocation value has been used to assess the Phytostabilization of metals by 

plants developing at the wastewater storage site. 

 

Table 8.2.3: Heavy metal accumulation (mgkg
-1

 DW) in the root, shoots, and leaves 

of various hyperaccumulator plant species growing contaminated site of distillery 

waste site. All the values are mean of three replicates (n=3) ±standard deviation (SD), 

BDL: Below detection limit, R- Root, S- Shoot, L- Leaves   

Metals (mg kg 
1
) Different parts of Ricinus communis L 

 Root Shoot  Leaves  

Cu  22.64 ± 0.78 15.34 ± 0.50 8.30 ± 0.20 

Ni  29.09 ± 0.55 20.34 ± 0.60 12.40 ± 0.50 

Pb  19.45± 0.40 40.09 ± 0.50 15.30 ± 0.80 

As 16.25 ± 0.70 20.75 ± 0.09 15.70 ± 0.19 

Fe  78.46 ± 0.50 65.29 ± 0.40 39.08 ± 0.14 

Mn  60.23 ± 0.68 59.40 ± 0.39 40.10 ± 0.08 

Cd  09.09 ± 0.94 20.59 ± 0.20 19.06 ± 0.30 

Bioconcentration factor       

 Cu Ni Pb As Fe Mn  Cd 

 30.65 50.98 19.09 17.05 94.90 1.78 1.00 

Translocation factor        

 0.78 0.78 1.78 1.00 0.045 0.78 1.89 
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Conclusion : 

The results revealed that DWw containing various organic compounds and metals 

were generated during the fermentation process of molasses. Moreover, the detected 

pollutants are persistent in nature and damage the quality of soil and water. The study 

showed that Ricinus communis L.  potential phytoremediation of metals of DWw and 

reduced 50- 85 % of other pollution parameters. Hence, Ricinus communis L may be 

used on a wide scale in the field for the removal of metals from the polluted site. 

However, more research is needed to optimize their performance and integrate them 

with the existing wastewater treatment process.  
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decolorization and detoxification 
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Chapter- 9 

Development and optimization of a novel technique for decolorization and 

detoxification of PMDE at high TDS for safe disposal and re-use.  

 

9. Interoduction 

In India there are more than 317 sugarcane molasses based distilleries industry 

pouring down their treated and untreated effluent at rate of approximately 3.5 X 10
14

 

kiloliters‘ annually to water bodies through their discharge system (AIDA, 2004).The 

major color contributing complex biopolymer of distillery waste is known as 

melanoidin, which is generated during polymerization of amino group with reducing 

carbohydrate at the time of boiling of sugarcane juice concentration process for sugar 

crystallization in sugar industry.In India, there are number of large scale distilleries 

integrated with sugar mills. The waste products of sugar mills comprise bagasses 

(residue from the sugarcane crushing), press mud and molasses. The effluents from 

molasses based distilleries contain large amounts of dark brown colored molasses- 

spent-wash (MSW). This causes soil and aquatic pollution and threat to 

environmentalist and challenge for industries. Worldwide environment regulatory 

authorities have set strict norms for discharge of wastewaters from industries. In 

India, for instance, distillery industry had been told to achieve zero pollution 

discharge of spent wash by December 2005 according to the Charter of Central 

Pollution Control Board (CPCB) the apex pollution control authority (CPCB, 2003). 

It further says that till 100% utilization of spent wash should be achieved, controlled 

and restricted discharge of treated effluent from lined lagoons during rainy season will 

be allowed by SPCBs /CPCB in such a way that the perceptive coloring of river water 

bodies does not occur. 

The present invention relates to a novel technique for biological decolorization of post 

methanated distillery effluent (PMDE) in biphasic bacterial and wetland plant 

treatment system for environmental safety. Using the bacterial pre-treatment followed 

by wetland plant treatment in constructed wetland treatment system as sequential 

bioreactor. The original distillery effluent after anaerobic digestion which is known as 

PMDE, retains high BOD (29000-32000 mg/l), COD(58000-70000 mg/l), 

color(150,000-180,000 Co-Pt),TS (34317 mg/l),TDS (50000 mg/l) , phenol (700-800 

mg/l),nitrogen ( 600-650 mg/l), sulphate ( 20000-25000 mg/l) and some heavy 
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metals( i.e. Fe, Mn, Zn, Cu, Ni), pH (8.5 0.5) even after extended aeration of PMDE 

in industries with alkaline pH (8.0  0.5). Due to recalcitrant nature of different 

pollutants of effluent present as colorant do not support microbial growth for its 

mineralization in its original concentration which causes the soil and aquatic 

pollution. However, in present technique could degrade and decolorized the PMDE up 

to 88% with developed bacterial consortium at optimized nutrient and reduced TDS 

within 4 days incubation at 120 rpm. Further integration with constructed wetland 

plant treatment system enhanced the decolorization and detoxification of PMDE up to 

95-96% within 10 days retention times. Physico-chemical analysis of treated PMDE 

revealed that there was reduction in color along with reduction of other pollution 

parameters i.e. BOD, COD, TS, phenol, sulphate, nitrogen and heavy metals. In 

addition the absorbance analysis of colorant by HPLC showed the sequential 

reduction of absorbance peak of colorant which correlated with the physico-chemical 

data of decolorized PMDE. The effect of different season on the performance of this 

technique revealed that summer and monsoon season was very much conducive while 

there was comparatively slow process in winter due to slow biological process at low 

temperature. Further the toxicity evaluation of finally decolorized PMDE with 

bacteria and wetland plant treatment tested with V.fabae for environmental safety 

showed not only reduction of toxicity but supported the plant growth and yield 

compared with control irrigated with tap water. Hence, the wetland plant treated 

effluent for irrigation would not only solve the disposal problem but serve as 

additional source of liquid fertilizer. This does not degrade in environment for long 

time even 8-10 after year of its persistence. Therefore, it is a major source of aquatic 

and soil pollution due to its high discharge from various part of country. A reference 

may be made to a publication wherein the impacts of distillery effluent on 

carbohydrate metabolism of freshwater fish, C. carpio (Ramakritinan et. al., 2005) 

which showed stress resulting in a shift towards anaerobiosis at organ level during 

sublethalintoxification. Furthermore a reference may be made to a publication 

wherein the inhibitory effect on seed germination along with soil pollution is also 

observed during the distillery effluent irrigation (Chandra et. al., 2004). But, a 

reference may be made to a publication wherein presence of other pollutants in 

effluents like phenolics, sulphate and heavy metals makes more toxic and recalcitrant 

nature of effluent (Borja et. al., 1993). However, the application of this technique for 
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the effluent decolorization up to safe limit of environment at large scale was not 

feasible. Furthermore the references may be made to the publication wherein 

researches have demonstrated the ability of some aquatic macrophyte for reducing the 

level of toxic metals in polluted water (Munshi et. al., 1989; Selvapathi and 

Shrireedar, 1991; Chandra et. al., 1992; 2004; Shah et al., 2015). The drawback is 

that, these above reported plants showed the ability of bioaccumulation only in pure 

metals solution. The color of post methanated distillery effluent (PMDE) is suspected 

to be due to high content of sulphur, phenol and other unknown organic compounds, 

which inhibits the microbial activity for further degradation. The major obstacle in the 

effluent treatment of molasses spent wash is the presence of high dark brown colored 

natural polymer called melanoidins; due to its water soluble properties causes water as 

well as soil pollution. Further, the researchers have revealed that the bacterial 

pretreatment of distillery effluent enhance the phytoremediation process. In addition 

the enhanced heavy metal removal potential by Typha angustata L. from PMDE after 

bacterial treatment also indicated in the finding (Chandra et al., 2008). Due to lack of 

any adequate technique for the decolorization of PMDE after extended aeration at 

industrial scale still it is major source of environmental pollutants in India. Currently, 

no any feasible and economically viable technology is available for its safe disposal. 

Hence, the safe disposal for environmental potential and conservation of aquatic 

resources for sustainable development is warranted. But the drawback is that these 

studies are reported with low organic load containing effluent in temperate region and 

different climate zone. These techniques are not reported with sugarcane molasses 

based distillery effluent. The conventional treatment technology i.e. physical, 

chemical (filtration, coagulation) and activated sludge process is effective up to some 

extent but expensive and energy consuming at large scale (Bari et al., 2018; Imran et 

al., 2012; Ali Shah et al., 2012). Thus constructed wetland systems planted with 

potential wetland plant have been optimized as an effective device at pilot scale. 

Combination of wetland treatment process with bacterial degradation at reduced TDS 

of PMDE offers an excellent system for removal of color from PMDE and further 

reduction of BOD, COD for safe disposal. A reference may be made to a publication 

wherein the increased microbial population has been indicated for the degradation of 

organic chemical contaminated soil (Nichols et. al., 1997). The role of rhizosphere 

bacteria for a degradation of industrial wastewater is yet not reported in India. The 

potential growth of many macrophytes has been observed in distillery effluent 
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contaminated site in Indian condition. A reference may be made to a publication 

wherein isolation and characterization of Phragmites australis (L.) rhizosphere 

bacteria from contaminated site for bioremediation of colored distillery effluent 

(Chaturvedi et. al., 2006). The drawback is that, these studies do not describe the 

systematic application of these macrophytes (i.e. Typha sp., Cyperus sp. and 

Phragmites sp.) for reduction of pollution load. This indicated the application of these 

macrophytes in wetland treatment system has tremendous opportunities for the 

absorption and accumulation of many heavy metals and pollution reduction as a 

process of biofilteration. Hence, the combined application of bacteria and wetland 

plants would show maximum decolorization and degradation of all organic matters as 

a sequential bioreactor process. Recently the biostimulation and bioaugmentation 

process has been reported for the detoxification and degradation of various residual 

organic pollutants present in industrial wastewater at tertiary stage treatment (Chandra 

et al., 2018). The complexicity of PMDE showed that high TDS as a key factor of 

effluent toxicity due to dissolved organic content in high concentration. The reference 

nay be made to the publication for precipitation of phenol colourant and other ionic 

salts for reduction of total dissolved solids (TDS) from various industrial wastewater 

to achieve the biodegradation with bacterial growth (Swamy et al., 2011; Isla, and 

Guha, 2013; Bari et al., 2013). Hence, the aim of this patent is development of novel 

technique for decolourisation and detoxification of distillery effluents after anaerobic 

digestion with the combined application of bacteria and potential wetland plant for its 

safe discharge and re-use in various applications for sustainable development. Lastly 

the decolorized effluent after toxicity reduction can be used either for effluent 

recycling or its application to aquaculture and ferti-irrigation/ green belt development 

around industries would prevent aquatic and soil pollution with safe disposal. 

9.1Material and Method 

9.1.1. Designing of Pilot plant  

The biphasic bacterial and wetland plant treatment system for environmental safety 

800L capacity bioreactor with working volume of 500L followed by 10 m zigzag 

structure of constructed wetland treatment system consisting cemented tank having 

the dimension of 150x150x150 cm with working capacity of 500 L as bioreactor and 

containing the dimension of constructed wetland treatment was 60x72x1000 cm 

(width x depth x length) having 0.88% slopes. With upstream flow rate 2.0 l/min 
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versus 1.5 l/min downstream, contains plant of Phragmites cummunis, Typha 

angustata and Cyperus aloecupiroides.  

      

 

 

 

 

 

 

 

 

 

 

 

Fig. 9.1: A. Sketch diagram of constructed wetland treatment at pilot scale. 

B: - Showing the view of constructed wetland treatment at pilot scale. 
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Fig 9.2: Designed pilot plant with constructed wetland plant treatment system 

with Phragmites communis and Typha latifolia  

   Fig 9.3: Luxuriant growth of Phragmites communis and Typha latifolia in 

designed constructed wetland treatment system for detoxification of Post 

Methanated Distillery Effluent. 
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   9.1.2. Optimize the reduction of TDS for bacterial growth of PMDE. 

The TDS reduction experiments were carried out in a jar test apparatus (OSK-Japan) 

using coagulants. The wastewater after adding coagulants well mixing was allowed to 

settle for 3h and the supernatant was transferred to a clean container. The main 

physico-chemical characteristics of the TDs reduced sample are shown in Fig 9.3. 

Precise doses of coagulants including Al2(SO4)3, FeSO4, FeCl3and PACL, and 

coagulant aids including CaO, Na2CO3, CaCO3and Na2SiO3, were added to 800-mL 

jars containing 200mL of settled wastewater with specified pH values. A series of jar 

tests were carried out as follows: first rapid mixing stage carried out on jars at 100rpm 

for 2min and then slow mixing stage carried out at 30rpm for 20min and finally the 

solutions were settled in 250-mL graduated cylinders for 30min. The produced 

supernatants were used for the measurement of remained physico-chemical analysis 

and bacterial growth. 

9.1.3. Bacterial growth using nutrient for detoxification  

In presence of 1% glucose as additional carbon source 0.5% peptone as additional 

nitrogen source at 120 rpm to maintain oxygen concentration in the effluent medium 

at pH 8.00.5 for 96 hrs. incubation based on activated sludge process Same 

experimental were carried out at different temperatures (25-50 °C), pH (4-12), and 

shaking speeds (100-220 rpm) to see how different environmental parameters affected 

before and after TDS reduced sample for degradation and decolorization. Various 

other nutrient source are nitrogen sources, such as ammonium chloride, beef extract, 

sodium sulfate, yeast extract, peptone, and urea, were applied as trace element at a 

concentration of 0.5 percent (w/v) to determine the good condition for before and 

after TDS reduction process. 

9.1.4. Rhizofiltration through wetland plant. 

The constructed wetland channel was in zigzag manner to maximize the retention 

time in minimum area having three vertical layers of gravel and concrete from upper 

to deeper side for each layer. The dimension of constructed wetland treatment system 

was 60x72x1000 cm (width x depth x length) having 0.88 % slopes. Retention time of 

wetland treatment was 10 days. Subsequently, the biomass was separated and 

supernatant was injected (passed through) with constructed wetland treatment system, 

upstream flow rate 2 L min
-1

 versus 1.5 L min
-1

 downstream having mixed vegetation 

of Phragmites cummunis& Typha angustata for rhizofiltration. 
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9.2. Result and discussion 

The Clear and fresh distillery effluent after anaerobic digestion was obtained 

in the clear plastic jerry cane. The total dissolved solid (TDS) was optimized with 

using various coagulants such as aluminum sulfate, aluminum chloride, sodium 

aluminate, ferric chloride, ferric sulfate, ferrous sulphate, lime etc, at variable 

concentration (10%, 20%, 40%,50% & 100%) of PMDE. But the ferric chloride 

showed optimum decolorization in presence of 0.34% within 6-8hrs. The (80%) 

decolorization period was also influence with 97% TDS reduction with mixing of 

ferric chloride in PMDE. Fast and prolong mixing enhanced the decolorization 

process. Further the efficiency of decolorization and TDS reduction was evaluated 

with rapid mixing variable pH and the coagulant dosage which determined the 

hydrolysis species for effective treatment of PMDE. The decolorized supernatant of 

PMDE was separated from optimized dose of coagulant. The optimum TDS reduction 

resulted 80% supernatant and 20% colloidal precipitated material. The PMDE 

supernatant was assessed for bacterial growth in presence of variable nitrogen (0.5%, 

1.0%, 1.5% & 2.0%) and carbon (0.5%, 1.0%, 1.5% & 2.0%) to evaluate the bacterial 

growth in biostimulation for reduction of colour from supernatant of PMDE. The 

optimum decolorization of PMDE was noted 96% in biostimulation process while the 

reduction of BOD & COD was noted 98% & 97% respectively. Further, the biomass 

separated supernatant was (96%). The bacterial consortium of four identified bacteria 

were inoculated in 30% PMDE collected after extended aeration in presence of 1% 

glucose as additional carbon source and 0.5% peptone as nitrogen in 800 L capacity 

bioreactor with working capacity of 500 L at pH 8.00.5, 1202 rpm and 372
o
C 

temp. This was incubated in tank upto 96 hrs. This showed 98% bacterial 

decolorization along with reduction of various pollution parameters (BOD, COD, TS, 

TDS, sulphate and heavy metals) upto 70-99%. Subsequently, the biomass was 

separated and supernatant was injected (passed through) with constructed wetland 

treatment system, upstream flow rate 2 L min
-1

 versus 1.5 L min
-1

 downstream having 

mixed vegetation of Phragmites cummunis&Typha angustata. The constructed 

wetland channel was in zigzag manner to maximize the retention time in minimum 

area having three vertical layers of gravel and concrete from upper to deeper side for 

each layer. The dimension of constructed wetland treatment system was 60x72x1000 

cm (width x depth x length) having 0.88 % slopes. Retention time of wetland 
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treatment was 10 days. The reduction of BOD and COD was observed upto 97 and 

98%. While the color was reduced upto 98-99%, sulphate and heavy metals was also 

reduced upto 95%.the color reduction was also validated with HPLC analysis which 

showed the comparative reduction of coloring peak. The Physico-chemical analysis of 

decolorized PMDE after biofilters with constructed wetland treatment was found  

environmentally safe with seed germination test using Phaseolus mungo and  ferti-

irrigation to Viciafabae (L.) as terrestrial test model approved by OECD,1995; 

USEPA, 1980. 

Accordingly the present invention provides a novel technique for biological 

decolorization of post methanated distillery effluent (PMDE) in biphasic bacterial and 

wetland plant treatment system for environmental safety which comprises bacterial 

pretreatment of 30% PMDE in 800L capacity bioreactor with working volume of 

500L followed by 10 m zig-zag structure of constructed wetland treatment system 

consisting the mixed vegetation of Phragmites cummunis, Typha angustata and 

Cyperus aloecupiroides . The bacterial treatment is accomplished with a consortium 

of Klebsiella pneumoniae (MF278771), Klebsiella pneumoniae (MF278772) and 

Klebsiella pneumoniae (MF278773),  in presence of 1% glucose as additional carbon 

source 0.5% peptone as additional nitrogen source at 120 rpm to maintain oxygen 

concentration in the effluent medium at pH 8.00.5 for 96 hrs incubation based on 

activated sludge process. While, the wetland treatment is accomplished within 10 

days retention of bacterial pre-treated PMDE by circulating the effluent in constructed 

wetland treatment system. The environmental safety of decolorized PMDE was 

accessed by ferti-irrigation to Vicia fabae (L.) in a pot grown experiment. This 

technique pertains with biological decolorization and detoxification of PMDE after 

extended aeration for environmental safety using bacterial pretreatment followed by 

constructed wetland plant as sequential bioreactor and the concentration of PMDE 

after extended aeration was used in between 30-50% having the BOD and COD in 

order of 19125 - 21687 and 21297- 32154 mg/l respectively . 

The bacterial consortium capable for decolorization and detoxification of 

PMDE comprises Klebsiella pneumoniae (MF278771), Klebsiella pneumoniae 

(MF278772) and, Klebsiella pneumoniae (MF278773) in biostimulation as 

autochthonous bacteria. The additional carbon source of bacterial growth is selected 

glucose having at least 1% concentration in initial stage. The required condition for 
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bacterial growth in 800 L capacity bioreactor was rpm 120-140,pH 8.00.5, 

temperature 371C within 96 hrs to get maximum decolorization of effluent and the 

nitrogen source for bacterial growth is used peptone at low concentration (0.5%). The 

bacterial biomass is easily settled when aeration is stopped in bioreactor after 96 hrs 

incubation and the melanoidin pigment of PMDE are decolorized by bacterial 

biomass growth and the supernatant of decolorized effluent is released in constructed 

wetland treatment system. The dimension of constructed wetland treatment was 

60x72x1000 cm (width x depth x length) having 0.88% slopes. With upstream flow 

rate 2.0 l/min versus 1.5 l/min downstream, contains plant of Phragmites cummunis, 

Typha angustata and Cyperus aloecupiroides. The retention time of effluent with 

wetland plant is 10 days by circulation in wetland system and decolorized and 

detoxified PMDE is collected in 2500 L capacity water reservoir which is at the end 

of wetland plant treatment system and the toxicity of the effluent was reduced about 

98% within 14 days after combined system of bacterial and constructed wetland plant 

treatment system and the detoxification was established by looking the effect of 

decolorized effluent on Vicia fabae (L.) on seed germination and plant growth 

parameter as ferti-irrigation on terrestrial ecosystem and the bacterial consortium was 

inoculated in a cemented tank having the dimension of 150x150x150 cm with 

working capacity of 500 L as bioreactor containing the 30% diluted PMDE collected 

from M/S Unnao distillery, UP, India after extended aeration having the BOD,COD 

limit of 11200 and 22300 mg/l respectively. The pre-inoculation of bacterial 

consortium in reactor the 1% glucose and 0.3% peptone was added as carbon and 

nitrogen source for bacterial growth. While the pH was maintained 8.00.5 and rpm 

was given 120-150 for aerobic bacterial growth in distillery effluent. The carbon and 

nitrogen source supported the bacterial growth initially which subsequently degraded 

to melanoidin as result of co-metabolism. Further, no bacterial growth indicated the 

exhaust of bioavailable nutrient. Subsequently the flow of bacterial decolorized 

effluent was circulated through the constructed wetland plant system (Phragmites 

cummunis, Typha angustata and Cyperus aloecupiroides). The plant rhizospheric 

zone acted as biofilters which facilitated the bioaccumulation of heavy metal present 

in effluent and melanoidins through rhizospheric bacteria and plant. The bio-

transformed decolorized effluent indicated the apparent bioavailable, dissolved 

constituent as nutrient in effluent. This process acted as sequential bioreactor using 
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bacteria at one step and constructed wetland treatment system at second step. The 

effect of decolorized PMDE to Viciafabae (L.) for seed germination and plant growth 

parameters in ferti-irrigation at pilot scale experiment also indicated the safe recycling 

of distillery effluent in environment. 

The available source of carbon is completely utilized during the 

methanogenesis by methanogens. Consequently there is hardly any bacterial growth 

in aeration tank at industrial treatment process. In addition the pH of spent wash 

increase in methane reactor from 4 to 8.5 due to oxidation of organic acid to CO2 and 

the reaction between CO2 to basic compounds and generates carbonates and 

bicarbonates. The bacterial degradation of melanoidin from effluent is as result of co-

metabolism in presence of 1% glucose as additional carbon source. Therefore, partial 

decolorization and biotransformation of various pollutants was noted. However, the 

bacterial consortium does not grow further this reveals the non-availability of nutrient. 

While injection of supernatant of decolorized PMDE was further rapidly decolorized 

and detoxified. This revealed the biofilteration of all available pollutants in effluent 

which is not easily degraded by bacterial treatment. The reduction of pathogenic 

bacteria in decolorized effluent indicated the utilization of organic compounds. In 

addition the reduction of coloring peak in effluent during the HPLC analysis revealed 

the detoxification of effluent and bioremediation of various pollutants. Further, the 

effect of decolorized effluent on the seed germination, plant growth parameter of 

Viciafabae (L.) also showed the supportive effect. This indicated the reduction of 

toxicants and colouring constituents for safe disposal in environment.      

The following examples are given by way of illustration of the working of the 

invention in actual practice and therefore should not be constructed to limit the scope 

of the present invention in any way. 
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Table. 9.1:-Physico-chemical analysis of discharged distillery industry wastewater, after TDS 

reduction and after bacterial and rhizofiltration collected from M/s Unnao Distillery pvt. Ltd. 

Unnao, Uttar Pradesh, India 

All the values are Mean ±SE. (n=3); Unit of all parameters is in (mgL
-1

) except pH, 

color (Co-Pt. Unit) and EC (μmhoscm
-1

); Students t test (two tailed as compared to 

pre-treated sludge); 
a
Highly significant at p<0.001; 

b
Significant at p<0.01; 

c
Less 

significant at p<0.05; 
NS

Non-significant at p>0.05; BDL: Below detection Limit. 

 

Parameters Distillery 

wastewater 

Bacterial 

Treatment  

After 

Rhizofiltration 

Reduction 

(%) 

Permissible 

Limit 

(CPCB 2012) 

pH 7.00 ± 0.20 l 7.20 ± 0.10 8.114 ± 0.21ˆa 09.96  

Electric conductivity  4.7 ± 2.11 l 2.6 ± 1.14 0.8 ± 1.34ˆa <85% -- 

Ions       

Na
+
 56 ± 1.31 l 35.108 ± 0.97 09.352 ± 0.80ˆa <95% -- 

Cl
- 

1829 ±0.10 l 560.6. ± 0.89 15.78±0.09 <98.76% 11.82 ± 0.01 

NO
3-

 110 ±3.14 l 76.916 ± 1.30 49.295 ±0.90ˆa <95% 47.00± 0.00 

Ammoniacal nitrogen  86.594 ± 0.71 32.004 ± 0.09 12. 40 ± 0.71 <90.55% 9.90± 0.00 

Total dissolve solid  750.4 ± 2.07 253.0 ± 2.09 150 ± 89.19ˆa <95.56% 152± 0.01 

Biological oxygen 

demand  

878.2 ± 2.28 298.5 ± 5.28 56.698 ± 1.78ˆa <95.87% 47.00± 0.00 

Chemical oxygen 

demand  

551 ± 1.58 132.654± 1.58 18.934 ± 1.90ˆa <90.87% 79.00± 0.01 

Total organic carbon 18.318 ± 0.21 l 15.404 ± 0.28 7.407 ± 1.09ˆa 100% 11.82± 0.01 

Total nitrogen 2.473 ± 0.01 l 2.094 ±0.04 1.982 ± 0.05ˆc 100% 9.90± 0.00 

Heavy metals 

Iron (Fe) 403 ± 3.11l 101.22 ± 1.86 52.528 ± 2.05ˆa <90.87% ---- 

Zinc (Zn) 10.15 ± 2.14 l 5.273 ± 0.68 1.463 ± 1.67ˆa <95.56% 0.15 

Copper (Cu) 3.62 ± 1.14 l 2.928 ± 1.20 1.526 ± 1.02ˆa <97% 0.01 

Chromium (Cr) 2.825 ± 0.41 l 1.447 ± 0.60 0.500 ±0.49ˆa <99% 1.28 

Cadmium (Cd) 2.440 ± 0.12l 1.786 ± 0.15 0.34 ± 0.05ˆc <90% 0.19 

Manganese (Mg) 7.30 ± 0.94 l 5.602 ± 1.13 1.140 ± 0.72ˆa <99% 1.45 

Nickel (Ni) 4.425 ± 0.21 l 0.302 ± 0.31 0.250 ± 0.20ˆa <99% 0.02 

Lead (Pb) BDL BDL BDL BDL BDL 
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Fig: 9.4 A: TDS Reduction of PMDE along with decolorization of Effluent after 

different time incubation. B: - Comparative UV-Vis absorption spectrum of PMDE 

after TDS reduction and bacterial degradation. C: - TDS reduction pattern at various 

PMDE concentration. 
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Fig: 9.5: (A-C) View of colour reduction at various stages of treatment 

 

 (A). Comparative view of PMDE colour after decolorization at pilot scale. (B) 

Biostimulation after TDS Reduction.B1- after TDS removal, B2- Bacterial growth 

after biostimulation process at 48hrs incubation, B3- Bacterial growth after 

biostimulation process at 96hrs incubation. (C). Colour reduction after biomass 

separation at various incubation time. C1- TDS removal, C2- 48hrs incubation, C3- 

96hrs incubation.  
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Fig: 9.6: Colour Reduction pattern in bacterial degradation at various day‘s 

incubation. 4A. Two days. 4B. 3 days. 4C. 4 days. 

 

Fig: 9.7:  A comparative decolorization pattern of PMDE during the wetland plant 

treatment after bacterial degradation at various days. 5A. 3 days. 5B. 5 days. 5C. 

7days. 
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Fig: 9.8: (A-D):- Comparative reduction of bacterial count at various stages 

treatment of PMDE 

Fig: 9.9: Seed germination & plant growth assessment after PMDE 

decolorization. 
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9.5 Advantages and propects of this technology: 

1. This is new process of post methanated distillery effluent decolorization with 

integration of bacterial treatment followed by constructed wetland for pollution 

prevention and environmental safety. 

2. There is reduction of color (up to 98%) along with COD (96%), BOD (95%), TS 

(95%), phenol (93%), sulphate (90%), nitrogen (82%) and heavy metals at 

neutral pH in 30-50% post methanated distillery effluent (PMDE). 

3. The channelized path of effluent flow may give more opportunity for degradation 

of recalcitrant compounds with longer interaction. In addition, the aquatic plant 

with adventitious root which multiply very rapidly would absorb nutrient and 

other compounds faster. The wetland plant species like Phragmites cummunis, 

Typha angustata and Cyperus aloecupiroides etc., makes unique bacterial 

association around their rhizospheres which acts as safety guard for the plant 

with shock load of pollutant and mineralize the toxicants  

4. The decolorization of distillery effluent and reduction of pollution parameters is 

achieved upto environmental safe limit. This can be used for ferti-irrigation in 

India. 

5. Hazardous compound like cyanide, arsenate and polychlorinated bi-phenyl can 

also be degraded.  

6.  Maintenance and supervision requirement are also low.  

7. No additional energy source like electricity is required than those of mechanical 

unit. 

8.  Capital cost is normally cheaper than of its mechanical counterpart. 

9. This is Simple bioremediation technique. 

 

Conclusion: -  

The result of this study has concluded that TDS of distillery effluent as one very 

important regulatory factors for degradation and detoxification process. Because, 

high TDS due to complexation of organic compounds inhibit the microbial 

growth. Bacterial growth after TDS reduction at optimized condition was found 

effective in Bio-stimulation & Bioaugumentation process. Further integration of 

treatment technology with constructed treatment process was found as promising 

technology where floating of effluent through root zone was based on 

rhizofiltration technology. Constructed wetland plant treatment after bacterial 

treatment was as bi-phasic treatment process. It was found cost effective & 

recycling of treated distillery wastewater. 
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Chapter-Ten                

  Summary 
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Chapter-10 

Study the Degradation Mechanism of Distillery waste by Potential Bacterial 

Consortium for its safe Disposal and re-cycling in Environment 

Summary 

In India a wide network of distilleries has been established one of the most 

polluting agro - based industries producing enormous amounts of complex distillery 

effluent. The distillery effluent contains organic and inorganic pollutants which have 

been reported to be beneficial and have a beneficial effect at low concentration on 

crop yields. Melanoidin is known as a major distillery wastewater colourant.  

Chemically melanoidins are complex due to polymerization of amino-corbonyl 

complex due to polymerization of aminoacid and carbohydrate at elevated 

temperature. It has also been stated that melanoidins have a net negative charge; thus 

to form large organo-metallic complex molecules. Consequently, different heavy 

metals strongly bind to melanoidins in environment. Biomethanation is a common 

convention anaerobic method that produces methane to meet out a part of the power 

requirement in distilleries among the various processes available for the treatment of 

spent wash. Owing to the complexity of organic and inorganic pollutants present in 

waste, the effluent becomes more pungent and black during anaerobic treatment 

called methanogenesis produces PMDE (Post methanated Distillery Effluent). After 

anaerobic treatment, the discharged effluent causes environmental issues in marine 

and surface water that eventually impact aquatic flora and fauna. Therefore, prior to 

its discharge into the atmosphere, proper care of the distillery effluent is warranted. 

Hence, before and after anaerobic treatment, the precise chemical properties of 

different contaminants present in the distillery effluent are still to be investigated.  

In the first chapter of the study, the above information was systematically 

revealed as an introduction. Subsequently, the objectives of the study were stated in 

the second chapter. Furthermore the literature review of the subject was expanded in 

Chapter Three, while the investigation of physicochemical properties and 

characterization of the different persistent organic compounds present in distillery 

effluent has been addressed in Chapter Four. Anaerobically treated molasses-based 

distilleries spent wash which is also known as post methanated distillery effluent 

(PMDE) is a major source of terrestrial and aquatic pollution due to the mixture of the 

various unknown organometallic compounds in discharged waste. The nature of 
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pollutants present in effluent has to be characterized prior to the evaluation of their 

fate in the environment at various tropic levels. The absorption maxima (λmax) were 

obtained at 295 nm of pollutants present in spent wash which indicated that 

melanoidins are a major colorant along with other organic compounds. Abundantly 

identified compounds with GC–MS in effluent were found: 1,2,4,5-tetrahydro-2-

methyl-3H-2-benzazepine-3-one, 6-(Trifluoromethyl)-1H-imidazole [4,5-c] pyridine, 

4,6-di-t-butyl1H, 3H-thieno[3,4-c] thiophene, butanoic acid, trimethylsilyl ester, 

silane, (dodecyloxy)trimethylsilyl ester, 4-styryl [2,2] paracyclophane, 4-(p-

cumylphenoxy) phthalonitrile, hexadecanoic acid, trimethylsilyl ester, butyl ester, and 

squalene. Some of these compounds are known with mutagenic and androgenic 

properties. The toxicity test of post-methanated distillery effluent (PMDE) showed 

direct toxic effects on catfish (Heteropneustes fossilis) even at 1% (v/v) concentration 

and caused degeneration of primary and secondary lamellae of the gill and the 

epithelial layer. Further, higher concentrations between 5 and 10% of PMDE showed 

loss of primary and secondary lamellae of gills, and liver catalase activity was also 

increased dramatically in Heteropneustes fossil fish, indicating the generation of 

oxidative free radicals. Similarly, inhibition of α-amylase activities in germinating 

Zea mays L. (Maize) seeds were also noted at 10% PMDE. This study confirmed the 

environmental toxicity of effluent with freshwater fish and Zea mays seeds. The 

chapter five of thesis has mentioned the Isolation & characterization of potential 

bacterial community responsible for bio-stimulation and bio-augmentation process 

during detoxification of Distillery waste. The analysis showed that sixteen 

morphologically different bacterial strains (ACS1-ACS16) were isolated in 

Biostimulation process and twenty morphologically different aerobic bacterial strains 

(IITRCS01-IITRCS20) were isolated by nutrient enrichment technique from distillery 

sludge by streak plate method. The tolerance behavior of MnP, laccase, and Lip was 

also tested on these bacterial strains. Total out of 36 overall bacterial strains, two 

aerobic bacterial strains (AS1and AS7) in biostimulation and (IITRCS10 - IITRCS12) 

were showed maximum MnP and laccase producing activity on phenol red amended 

GPM medium and guiacol amended B&K agar medium plated. Further, these 

bacterial strains were also showed higher melanoidins (3500 mg L
-1

) tolerance 

activity. The potential bacterial consortium showed 40% decolourisation in 

biostimulation sample and up to 70% in bioaugumented consortium in presence of 

glucose (1%), peptone (0.1%) at optimum pH (8.1), temperature (37 °C) and shaking 
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speed (180 rpm) within 192 h of incubation.  The reduction of colour of Maillard 

product correlated with shifting of absorption peaks in UV–Vis spectrophotometry 

analysis. UV-Vis spectrophotometric analysis of distillery effluent showed many 

absorption peaks between 200 and 450 nm and their absorption maximum peak was 

noted at 250 nm in spectrophotometric detection. Further, the changing of functional 

group in FT-IR data showed appearance of new peaks and GC–MS analysis of 

degraded sample revealed the depolymerisation of complex organometallic 

compounds. The toxicity evaluation using seed of P. mungo L. showed reduction of 

toxicity of effluent after bacterial treatment in Bioaugumentation and biostimulation 

process. Thus, this consortium might be useful for decolourisation of industrial 

wastewater containing high concentration of melanoidins. 

In the Chapter six, the created bacterial consortium was employed for the 

assessment of TDS reduced wastewater, based on potential isolated bacterial strains. 

The study was conducted for optimal decolourisation and degradation of wastewater 

after TDS reduction under optimised environmental and nutritional conditions which 

constitute as chapter six of my thesis. Thus, constructed wetland systems planted with 

potential wetland plant have been optimized as an effective device at pilot scale. 

Combination of wetland treatment process with bacterial degradation at reduced TDS 

of PMDE offers an excellent system for removal of color from PMDE and further 

reduction of BOD, COD for safe disposal wherein the increased microbial population 

has been indicated for the degradation of organic chemical contaminated soil. In this 

objective the role of rhizosphere bacteria for a degradation of industrial wastewater is 

reported wetland plants growing at polluted site. The Optimization of TDS and 

potential growth of many microphytes has been observed in distillery effluent 

contaminated site. The absorption spectrum scanning by UV-Visible 

spectrophotometer between 200-700 nm revealed reductions of absorption spectrum 

of organic compounds present in bacterial degraded sample after TDS reduction in 

range of 200-450 nm compared to control. The degradation and decolourisation of 

TDS reduced PMDE by bacterial consortium was noted by induction of manganese 

peroxidase and laccase activities in sample supernatant. Further, the TLC and HPLC 

analysis of bacterial decolourised melanoidins also showed degradation and reduction 

of absorption peak at (295nm), respectively. Furthermore, FT-IR and GC-MS analysis 

also showed the change of functional group and disappearance of ion peaks. This 

indicated the degradation and depolymerisation of melanoidins and cleavage of C═C, 
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C=O and C≡N conjugated bonds which resulted in reduction of colour. The metabolic 

analysis also showed the disappearance of some organic compounds and generation of 

new metabolites. Further the seed germination test using P. mungo L. showed toxicity 

reduction in decolorized effluent. Thus, the result revealed that the developed 

bacterial consortium could be used to scale up the decolourisation, degradation and 

detoxification process of TDS reduced PMDE for industrial application. 

In Chapter 7, this is the first report of the microbial community present in 

sugarcane molasses-based distillery sludge and their relationships with the organo-

metallic pollutants present. Samples were collected from the discharge point, 1 and 2 

km meters downstream (D1, D2, and D3, respectively) and their physico-chemical 

properties characterised. The complex physico-chemical characteristics of distillery 

sludge have significant impact on the diversity and relative abundance of the bacterial 

community. Using QIIME, taxonomic assignment for the V3 and V4 hypervariable 

regions of 16S rRNA was performed. The phyla Fermicutes, Proteobacteria, 

Bacteriodetes, Actinobacteria, Euryechaeota, Tenericutes and Patescibacteria were 

the predominant bacteria in samples collected from all three sites. Spirochaetes, 

Sinergistetes and Cloacimonetes were only detected in samples from site 

D1.Shannon,Simpson, Chao1, and Observed-species indices indicated that site D1 

(10.18, 0.0013, 36706.55 and 45653.84, respectively) has higher bacterial diversity 

and richness than D2 (6.66, 0.0001, 25987.71 and 49655.89, respectively) and D3 

(8.31, 0.002, 30345.53 and 30654.88, respectively), suggesting the organo-metallic 

pollutants provided the stressor to favour the survival of microbial community that 

can biodegradation and detoxification them in the distillery sludge. This finding 

provides important information for toxicity assessment on bacterial communities in 

distillery industry and selection of bioremediation candidates. These bacteria are able 

to tolerate extreme condition and survive in the hostile environment of the distillery 

sludge. When the environmental pressure was reduced through mixing and dilution of 

the receiving water, the competitive advantage was removed and was reflected in 

reduced bacterial diversity. Many of the compounds identified in the sludge samples 

are hazardous to the environment and human health, the current treatment process is 

not sufficiently effective to reduce the level of organic and metal pollutants to an 

acceptable level, additional steps are required to improve the treatment of the 

distillery discharge. Bacteria detected in the most pollution site, D1, are potential 

candidates to remediate the organic and metal pollutants present in distillery sludge 
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and should be further explored as part of the solution to improve the chemical quality 

of the discharge. Since, the phytoremediation of complex industrial waste by native 

plants is an emerging green technology for eco-restoration of polluted site. Hence, 

before construction of wetland plant treatment system some potential native plants 

have been assessed for phytoextraction of heavy metals from stabilised post 

methanated distillery sludge. Therefore, in chapter eight of thesis has showed in detail 

result of phytoextraction of heavy metals.The study investigated the heavy metal 

accumulation by herbaceous traditional medicinal and food plants 

(Achyranthus aspera, Amaranthus viridis, Basella alba, Sesbania bispinosa, Pedalium 

murex, and Momordica doica) grown on complex distillery waste containing a 

mixture of organometallic compounds. The results revealed bioaccumulation of Mn, 

Cd, Fe, Cr, Cu, As, Se, Mo, and Co in their root, shoot and leaves in levels higher 

than the surrounding sludge. A. aspera was noted as root accumulator for Mn 

(16.95±0.1 mg/kg-1), Zn (30.12±0.3 mg/kg--1), Fe (240.4±0.1 mg/kg- -1), Co (3.19± 

0.2 mg/kg--1), while Se (4.07±0.3 mg/kg--1), Mo (4.36± 0.2 mg/kg- -1), was 

accumulated selectively in the shoot of the plant. Similarly, S. bispinosa, P. murex, 

and M. doica were found as root accumulators for Mn, Fe, and Ni. A. viridis 

accumulated Cd, Zn, and Cu in the shoot and leaves of the plant. In another study the 

phytoremediation potential of Ricinus communis L. was evaluated for heavy metals 

remediation via rhizospheric bacteria for distillery waste detoxification and 

management. Results showed that the wastewater containing high metals and other 

Physico-chemical parameters, which cause environmental pollution and aquatic 

toxicity. The identified bacterial strain produced siderophores, indole acetic acid, and 

ligninolytic enzymes resulted in provides nutrients and help in the mineralization of 

metals in plants during stress conditions as plant growth promoting rhizobacteria 

(PGPR). The translocation factor and Bioconcentration factor of all the metals 

were< 1, which reveals that these metals are stabilized in the root portion of Ricinus 

communis L. The ability of Ricinus communis L. to grow well in metals containing 

distillery waste suggests that it can be used for the removal of heavy metals. The use 

of Ricinus communis L. is an eco-friendly tool to deal with heavy metal pollution and 

improvement in productivity of agricultural systems.  

Further, as per objective of study, the bacterial degraded PMDE was 

integrated with designed horizontal subsurface flow-constructed wetland (HSSF-CW) 

plant treatment system. The total dissolved solid (TDS) was optimized with using 
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various coagulants such as aluminum sulfate, aluminum chloride, sodium aluminate, 

ferric chloride, ferric sulfate, ferrous sulphate, lime etc, at variable concentration 

(10%, 20%, 40%,50% & 100%) of PMDE. But the ferric chloride showed optimum 

decolorization in presence of 0.34% within 6-8hrs. The (80%) decolorization period 

was also influence with 97% TDS reduction with mixing of ferric chloride in PMDE. 

Fast and prolong mixing enhanced the decolorization process. Further the efficiency 

of decolorization and TDS reduction was evaluated with rapid mixing variable pH and 

the coagulant dosage which determined the hydrolysis species for effective treatment 

of PMDE. The decolorized supernatant of PMDE was separated from optimized dose 

of coagulant. The optimum TDS reduction resulted 80% supernatant and 20% 

colloidal precipitated material. The PMDE supernatant was assessed for bacterial 

growth in presence of variable nitrogen (0.5%, 1.0%, 1.5% & 2.0%) and carbon 

(0.5%, 1.0%, 1.5% & 2.0%) to evaluate the bacterial growth in biostimulation for 

reduction of colour from supernatant of PMDE. The optimum decolorization of 

PMDE was noted 96% in biostimulation process while the reduction of BOD & COD 

was noted 98% & 97% respectively. Further, the biomass separated supernatant was 

(96%). 

  The bacterial consortium of four identified bacteria were inoculated in 30% 

PMDE collected after extended aeration in presence of 1% glucose as additional 

carbon source and 0.5% peptone as nitrogen in 800 L capacity bioreactor with 

working capacity of 500 L at pH 8.00.5, 1202 rpm and 372oC temp. This was 

incubated in tank upto 96 hrs. This showed 98% bacterial decolorization along with 

reduction of various pollution parameters (BOD, COD, TS, TDS, sulphate and heavy 

metals) upto 70-99%. Subsequently, the biomass was separated and supernatant was 

injected (passed through) with constructed wetland treatment system, upstream flow 

rate 2 L min-1 versus 1.5 L min-1 downstream having mixed vegetation of 

Phragmites cummunis & Typha angustata. The constructed wetland channel was in 

zigzag manner to maximize the retention time in minimum area having three vertical 

layers of gravel and concrete from upper to deeper side for each layer. The dimension 

of constructed wetland treatment system was 60x72x1000 cm (width x depth x length) 

having 0.88 % slopes. Retention time of wetland treatment was 10 days. The 

reduction of BOD and COD was observed upto 97 and 98%. While the color was 

reduced upto 98-99%, sulphate and heavy metals was also reduced upto 95%.the color 
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reduction was also validated with HPLC analysis which showed the comparative 

reduction of coloring peak. The Physico-chemical analysis of decolorized PMDE after 

biofilters with constructed wetland treatment was found  environmentally safe with 

seed germination test using Phaseolus mungo and  ferti-irrigation to Vicia fabae (L.) 

as terrestrial test model approved by OECD,1995; USEPA, 1980. 

Therefore, novel technique for biological decolorization and detoxification of post 

methanated distillery effluent (PMDE) in combined bacterial and constructed wetland 

plant treatment system for environmental safety is novel because of following 

reasons; 

1. This is new process of post methanated distillery effluent decolorization with 

integration of bacterial treatment followed by constructed wetland for pollution 

prevention and environmental safety. 

2. There is reduction of color (up to 98%) along with COD (97%), BOD (95%), 

TS (95%), phenol (93%), sulphate (90%), nitrogen (82%) and heavy metals at 

alkaline pH in 70-80% post methanated distillery effluent (PMDE). 

3. The decolorization of distillery effluent and reduction of pollution parameters 

is achieved upto environmental safe limit. This can be used for ferti-irrigation in 

India. 

4. There is a production of useful biomass of wetland plants during the 

wastewater treatment process which can be used for various small scale industries. 

5.  This is cost effective technique which will be applicable at industrial scale. 

 

As per objective for development of feasible technology for sustainable developmet a 

patent has been granted as innovative technology entitled “Decolorization and 

Detoxification of Distillery Wastewater with Combined Use of Bacteria and 

Constructed Wetland Treatment (2021101010)”.  
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Conclusion  

This study concluded that Distillery Effluent after secondary treatment 

contains various residual organic pollutants which showed chromosomal aberration, 

genotoxicity, cytotoxicity and oxidative damage of DNA in A. cepa and P. mungo 

plant. After Biostimulation and Bioaugumentation process most dominant and 

persistant organic pollutants i.e. Nonacosane, Heptacosane, Hexadecanoic acid, 

Stearic acid, 3-(octadecyloxy) propyl ester (CAS), Octadecane, 3-ethyl-5-(2-

ethylbutyl)-(CAS), benzoic acids and Octadecanoic has been detected by GC-MS 

analysis and degraded various treatment process. Majority of these compounds has 

been reported as bacteriostatic and bactericidal effects on the microbial community. In 

addition, some plant steroids and other detected residual organic pollutants are 

reported as EDCs compounds. The native plants growing at contaminated site showed 

high potentiality for Phytoextraction of heavy metals from organometallic complex 

along with phytoremediation for the Eco restoration of polluted site. A diversity of 

microbial community from rhizosphere has been also detected as evidence for bacteria 

assisted phytoremediation. The presence of mutagenic and androgenic compounds as 

persistent pollutants even after secondary treatment of distillery effluent makes the 

aquatic ecosystem and environment more attentive to tertiary treatment for pollution 

prevention. The proposed technology is very helpful for our nation/country and 

Environment for sustainable development. 

Based on work, fifteen (23) original research papers have been published in 

high impact journal and three research papers is under consideration. While seven 

conference papers presented in national and international conferences. Two book 

chapters are published in firm of reputed publisher. Two awards and two Patent 

related to my PhD Topic are also published. 
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