CHAPTER ONE

1.1 Introduction

The world has a progressively increasing demand for energy as more and more
countries are becoming developed. The reserves of fossil fuels have been
exhausted and limited and only found in certain areas in the world, some of them
politically unstable, with increasing prices and uncertain energy supply as a result.
Fossil fuels also emit carbon dioxide when burnt thus contributing to global
warming. So other more sustainable and secure sources of energy are wanted.
During recent decades, ethanol production has increased significantly all over the
world, due to its application as alternative fuel (Pejin, et al. 2015). According to
Renewables Fuel Association report 2011 approximately 67% of global ethanol
production is used for fuel (Rajagopal, et al. 2014). In United States and South
America the sugar industry has been developed for a long time; the production of
sugar shifted its focus towards ethanol production. This more sustainable fuel has
played a great role for the economy in many countries in South America
(Braunbeck, 2000) .

Ethanol can be produced from many feed stock such as sugar crops, starch crops
and/or cellulosic crops. Like in every process there are by-products, in ethanol
production the main residue is vinasse. Vinasse has also been known as spent
wash distillery, distillery wastewater or stillage (Dowd, et al. 1994). It is produced
in large quantities; normally a ratio of 9-14 dm?3 of vinasse are produced per dm3™
of ethanol, the characteristics of vinasse is variable depending on soil quality, raw
materials and distillery processes used for producing ethanol (Espafia-Gamboa, et
al. 2011). The main characteristics of vinasse is acidity, dark brown color and
high biological oxygen demand (BOD) and chemical oxygen demand (COD) with
high content of organic and inorganic loads (Satyawali and Balakrishnan. 2008).

Disposal the large quantities of vinasse directly without treatments will cause a



serious environmental problems (Mohana, et al. 2009). The vinasses had been
disposed directly to the flowing water that effected water quality, ecosystem and
human health, but only few countries improved upon these issues by making
stringent amendments and still many countries have a long way to go about it
(EPA, 2012).

Sudan has been producing ethanol from sugar cane since 2009 in White Nile state
namely in Kenana Sugar Company; no any effective treatment or alternative
utilization methods are applied for vinasses. It is disposed directly to the
environment which causes many environmental problems.

The present study was the first attempt worldwide applying sulfate radical based
on advanced oxidation process for vinasse treatment. The aim is also to
characterize and reduce vinasse pollution.

Ethanol or ethyl alcohol has been made since ancient times by the fermentation
processes. Ethanol is colorless and flammable liquid of characteristic odor with
density of 0.7939 kg/m3at 15°C and boiling point of 78.32°C (at 760 mmHg).
Ethyl alcohol is soluble in water and ether. Its net calorific value is 27.723 kJ/kg,
with empirical formula C,H¢O. (Alhassan, 2010).

1.2 Background of Ethanol

Ethyl alcohol has probably been used by man since the dawn of history, it must
have been originally produced by the spontaneous fermentation of sugar and
utilized by the ancients. Gradually, man learned to control the fermentation to
produce alcoholic beverages. With the advance of synthetic organic chemistry in
the second half of the 19" century, alcohol become an indispensable fuel, a
solvent, an antiseptic and an intermediate for the production of a number of

organic compounds (Alhassan, 2010).

In the 20" century the demand for industrial alcohol increased considerably during

World War | and Il. To meet this need some of the ethyl alcohol was produced



synthetically, mainly in USA, from ethylene derived from petroleum refinery
waste gases. The end of the Second World War brought decreasing demand which
was progressively accentuated by replacement of ethanol as a chemical base.
From the middle eighties of 20" century, the domestic rise in cost of gasoline fuel
made many devolved countries more aware of the possible importance of locally
produced alcohol as a fuel. Since the raw material from which ethanol is derived
is renewable. Brazil and USA are on the head of countries which produced ethanol
fuel (70% of total production), Figure 1-1. (Zuurbier and De Vooren. 2008).
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Figure 1.1 World Fuel ethanol production. (Zuurbier, et al. 2008)

1.3 Grades of ethanol
There are four grades of ethanol which are classified according to the
concentration of ethanol in ethanol/water solution.

I.  Industrial alcohol. Used for industrial and technical purposes as a solvent,

fuel and raw material to produce numerous chemical products.



ii. Denatured spirit. Is a term used in certain countries to indicate industrial
alcohol which has been denatured and colored, and is generally used for
heating and lighting.

ii.  Fine alcohol. Is a purer type of alcohol used mainly for pharmaceutical,
domestic, cosmetics preparation and for human consumptions.

Iv.  Absolute or anhydrous or Bio- fuel. Is a term given to water-free ethyl
alcohol and is generally applied to the pure product of pharmaceutical
grade, and by extension to anhydrous denatured ethyl alcohol, which find a
use as a fuel alone or as a fuel for internal combustions engines when mixed
with petrol (gasoline) in ratios 10-15 %.

1.4 Production of ethanol

The process of ethanol production is based on three main steps:

I.  The fermentation of carbohydrates raw materials
The substrate which contains carbohydrate is brought into contact with yeast
culture under appropriate conditions of pH, temperature, nutrients and time to
allow the enzymes to transform carbohydrates into ethanol.

Ii.  The separation of alcoholic solution

After the fermentation processes ends by reaching the inhibitory alcohol
concentration or the temperature limit (around 40°C), the fermented mash is
usually separated into alcoholic solution and yeast sludge by concentration.

iii.  The separation of alcohol by distillation

The produced alcohol is distilled using a counter-current of steam through three
consecutive distillation columns. In the first distillation column, the steam strips
the alcohol from the fermented mash and leaves the column as a top product,
whereas, the residue leaves as a bottom product representing the residue of the
distillery. In the second column the alcohol- steam condensate from the first

column is concentrated and purified to a content of 60-80% alcohol top product.



In the third column (rectification column) the ethanol produced from the second
column is further concentrated to 95-96% alcohol. If absolute alcohol (Bio-
ethanol, 99.5- 99.8%) is required, the rectified alcohol from the third column is
passed through a dehydration unit (Alhassan, 2010).

1.4.2 Production of ethanol from renewable materials

Ethanol is produced through different methods (chemical and biochemical). The
bulk of ethanol produced nowadays is produced by the fermentation of agriculture

materials (Figure 1-2). The main type of agriculture materials are:

» Saccharine products such as molasses and sugar juice from either sugar
cane or sugar beet, Saccharine (sugar containing) materials in which the
carbohydrate is present in the form of simple, directly, fermentable six
and twelve carbon sugar molecules such as glucose, fructose and

maltose. Such materials include sugar cane, sugar beet and fruit.

» Starchy products that contain more complex carbohydrates, such as
starch and inulin that can be broken down into simpler six and twelve
carbon sugar by hydrolysis with acid or by the action of enzymes in

processes called malting. Such material include corn, grain and wheat.

» Cellulosic products such as wood, wood waste, paper, straw and cotton,
which contain materials that can be hydrolyzed with acid, enzymes or

otherwise converted into fermentable sugars.

The above raw materials can be converted biologically to alcohol using yeast

fermentation as in equation:

C12H22011+H20 — 2C6H1206 (1-1)
CeH1205 +Yeast — 2C0,+2C,HsOH  (1-2)
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Figure 1.2 Flow chart of ethanol production from different feed stocks.
(Zuurbier et al., 2008)

1.5 Vinasse

Vinasse is an aqueous by- product from the ethanol distillation processes. The
main charctrasitcs of vinasse are: acidity (pH 3.5 —5), dark brown slurry (Espafia-
Gamboa et al., 2011) and with a very high organic content. Its COD and BOD
concentration are high, with range up to 90 - 210 g/dm3 and 45 -100 g/dm3
respectively (Satyawali and Balakrishnan. 2008). Chemical composition of
vinasse is variable depending on the raw materials and the processes of ethanol
production. However most of vinasse types contain melanoidins, humic acid and
furfural (Mohana, et al. 2009).



Figure 1.4 Humic acid structure

Figure 1.5 Furfural structure



There are many types of vinasses classified according to the feed stock and raw

materials used such as:
1.5.1 Sugar cane vinasse

The production of ethanol from sugar cane in the form of either cane juice or
molasses, the raw material constitutes about 40-70% of the production cost
(Cardona, et al. 2010). In many countries ethanol is produced primarily from
molasses, a by-product of the sugar industry, while in Brazil ethanol is produced
from sugar cane juice. (Da silva, et al. 2005). Hence, integrated sugar cane
factories which have sugar manufacturing co-located with an ethanol distillery
can use molasses as a feedstock for ethanol in addition to raw cane juice directly
from the mill. A significant number of sugar cane factories in Brazil and several
hundred others around the world are of this type (Gopal and Kammen. 2009).
Sugar cane molasses is a product of the concentration of juice and the precipitation
of sugar and some non-sugar impurities present in the juice which are separated
by the addition of chemical reactants such as sulfur and lime, among others
(Ensinas, et al. 2009). Due to the crystallization process, molasses has higher
concentrations of potassium, phosphates, sulfates, calcium, iron, sodium,
chlorides, carbon source and other trace elements than that present in sugar cane
juice (Wilkie, et al. 2000; Nandy, et al. 2002; Cardona and Sanchez. 2007;
Parnaudeau, et al. 2008; Salomon and Lora. 2009).

Information available in the literature suggests that the major organic components
of sugar cane vinasse are glycerol, lactic acid, ethanol, acetic acid, oxalate, malate
and other alcoholic compounds, carbohydrates and a high content of phenols
(Parnaudeau, et al. 2008). The nitrogen in the vinasses comes from microbial
biomass and also depends on the origin of the molasses. The latter has been

confirmed by the relatively similar proportions of nitrogen found in insoluble



acids in molasses and vinasses, which were derived from the same raw material
source (Wilkie, et al. 2000).

Table 1.1 The major organic components of sugarcane vinasse.

Compound Concentrations g/dm?
Ethanol 3.83
Propylene glycol 0.084

Glycerol 5.86 (0.45)

Formic acid 0.582
Erythritol 0.088
Sucrose 0.222
Acetic acid 1.56
Acetic acid 7.74

1.5.2 Sugar beet vinasses

Ethanol is produced from sugar beet molasses due to the high cost of sugar beet
juice. Its vinasses contain a high concentration of a compound rich in nitrogen
called betain, which tolerates temperatures as high as 200°C (Parnaudeau, et al.
2008) , although there is also a significant glycerol content. Betain has two main
metabolic functions, acting as osmoprotector and as a donor of methyl radicals.
As in sugar cane vinasses, the main organic acids present in the vinasses are
oxalic, lactic, acetate and maleic. These vinasses present higher protein content
compared to sugar cane vinasses (Stemme, et al. 2005).

Sugar beet vinasses have high nitrogen concentrations and consequently lower
carbon—nitrogen ratios; organic nitrogen is approximately 40% of the total
nitrogen content (Wilkie et al., 2000). Similarly, there is high potassium content,
approximately one-third of the mineral content, and sulfates resulting from the

sulfatizing process used in sugar production (Stemme, et al. 2005).



Table 1.2 Characterizations of sugarcane molasses, sugar juice and sugar beet

vinasse (Espafia-Gamboa, et al. 2011).

Cane juice | Cane molasses | Beet molasses
BOD g/dm?® 16.7 39.5 27.5-44.9
COD g/dm? 304 84.9-95 55.5-91.1
Total N mg/dm® | 102-628 153-1230 18004750
Total P mg/dm® | 71-130 1-190 160-163
K mg/dm3 1733-1952 | 4893-11000 10000-10030
Total S mg/dm® | 1356 1500-3480 35003720
pH 4.04-4.6 4.46-4.8 4.3-5.35
Cu mg/dm? 4 0.27-1.71 2.1-5
Cd mg/dm3 NA 0.04-1.36 <1
Pb mg/dm?3 NA 0.02-0.48 <5
Fe mg/dm?3 16 12.8-157.5 203-226
Phenols mg/dm?® | NA 34 450

NA= not available

1.5.3 Starch crops vinasse

Corn is a food source based on starch, which together with wheat, comprise the
most popular crops for ethanol production in the U.S. and Europe (Cardona and
Sa’nchez. 2007). The solid and liquid fractions remaining after distillation are
referred to as ‘whole stillage’. Whole stillage includes the fibre, oil, and protein
components of the grain, as well as non-fermented starch (Bothast and Schlicher.
2005).

Corn vinasses are rich of nitrogen which can be found as amino acids and peptides
rather than proteins, although other materials containing nitrogen are also present.
Traces of amino acids are found in all vinasses examined and corn vinasses

contain high levels of alanine and proline (Wilkie, et al. 2000), while Wheat
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vinasse contain less than 2% starch and protein, and fiber contents are higher than
those of corn vinasses. Another significant difference between them is the higher
lipid content in corn vinasses (Lee, et al. 1991). As with barley vinasses, there is
a high nitrogen content (4.09— 8.8 g/dmq) in these vinasses, due to their high
protein content (Hutnan, et al. 2003).

1.5.4 Cellulose vinasses

The most important sources of cellulose for ethanol production are herbaceous
and wood biomass (soft and hard respectively), along with industrial and
municipal solid organic waste (Wilkie, et al. 2000; Rabinovich, 2006). These
materials mainly consist of a mixture of carbohydrate polymers (cellulose and
hemi-cellulose), lignin, extractables and ashes. Lignin is a very complex cross-
linked racemic polymer structured by phenylpropanoid units joined in a three-
dimensional structure. Soft wood usually contains more lignin than hardwood
(Taherzadeh and Karimi. 2007). The extractable compounds are not soluble in
water and they are generally found in small proportions in cellulosic sources.
These compounds can be classified into four groups: steroids, fats, phenolic
constituents and inorganic compounds. Lignin is the principal solid residue found
in these vinasses due to its resistance to chemical and enzymatic degradation. Its
concentration depends on the type of raw material employed in the fermentation
process. Other compounds found are: acetic acid, furfural, hydroxyl methyl
furfural, residual sugars, and others (Taherzadeh and Karimi. 2007). In general,
the characteristics of cellulose vinasses are comparable to those obtained from
sugar and starch vinasses (Wilkie, et al. 2000) with two possible exceptions: they
may contain a higher level of heavy metals, due to the acid hydrolysis process
applied and the presence of unusual inhibitors, such as extractable and phenolic
compounds found in the raw material, and these phenolic compounds inhibit the

biological digestion of this wastewater. Vinasse from cellulose sources are the
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darkest vinasse due to the presence of phenolic compounds released during the
degradation of lignin and melanoidins, over-heated sugar caramels. (Taherzadeh
and Karimi. 2007).

1.6 Environmental impact of vinasses

While the production and the characteristics of vinasse are highly variable and
dependent on the raw material used and various aspects of the ethanol production
process, thus the environmental impacts of vinasse are variable. Recalcitrant
nature of vinasse is due to presence of the brown polymers, melanoidins, which
are formed by Maillard amino carbonyl reaction. These compounds have
antioxidant properties, which render them toxic to many microorganisms such as
those typically present in wastewater treatment processes (Mohana, et al. 2009).
The defiance of melanoidins to degradation is apparent from the fact that these
compounds escape various stages of wastewater treatment plants and finally
enters into the environment. Apart from melanoidins, the other recalcitrant
compounds present in the waste are caramel, variety of sugar decomposition
products, anthocyanins, tannins and different xenobiotic compounds (Mohana, et
al. 2009).

Disposal of vinasse into the environment is hazardous and has high pollution
potential. High COD, total nitrogen and total phosphate content of the effluent
may result in eutrophication of natural water bodies (Kumar, et al. 1997). Direct
disposal of vinasse into the aquatic environments tend to increase the organic
content of water and consequently causes the proliferation of bacteria that
depleted the dissolved oxygen and water quality (Mohana, et al. 2009). The highly
colored components of the vinasse reduce sunlight penetration in rivers, lakes or
lagoons which in turn decrease both photosynthetic activity and dissolved oxygen

concentration affecting aquatic life (Kumar, et al. 1997).
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Saxena and Chauhan (2003) investigated the influence of distillery effluent on
oxygen consumption in fresh water fish, on the other hand the presence of
inorganic and organic salts in the effluent interfered with the respiration in the
fish. The coagulation of gill mucous decreased dissolved oxygen consumption
causing asphyxiation (Mohana, et al. 2009). Matkar and Gangotri (2003) observed
concentration dependent toxicity of distillery effluent on the fresh water
crab.Disposal of distillery spent wash on land is equally hazardous to the
vegetation. It is reported to reduce soil alkalinity and manganese availability, thus
inhibiting seed germination (Kumar, et al. 1997). Kannan and Upreti (2008)
reported highly toxic effects of raw distillery effluent on the growth and
germination of Vigna radiata seeds even at low concentration of 5% (v/v).
Leaching of protein and carbohydrates from the seeds as well as decrease in
activities of important enzymes like alkaline phosphatase.

Application of distillery effluent to soil without proper monitoring, perilously
affects the groundwater quality by altering its physicochemical properties such as
color, pH, electrical conductivity (EC), etc. due to leaching down of the organic
and inorganic ions (Jain, et al. 2005). In a study carried out by Dhembare and
Amin (2002), indices indicating soil quality like Sodium Absorption Ratio (SAR)
and Soluble Sodium Percentage (SSP) were reported to be adversely affected in
the soil amended with distillery effluent. Constant disposal/irrigation of the soil
with the effluent led to deleterious effect on the soil properties. Soil
microorganisms are an essential component of the soil ecosystem and are involved
in regulating the various processes of nutrient recycling in soil. Any type of
interference with their activity may affect soil productivity as they are the indices
of soil fertility. Juwarkar and Dutta (1990) evaluated the impact of application of
distillery effluent on soil microflora. Irrigation with raw distillery effluent resulted
in low overall bacterial and actinomycetes count. However, population of fungi

increased. Nitrogen fixing bacteria Rhizobium and Azotobacter also reduced
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considerably. Anaerobically treated effluent also showed similar results but not as
much as that of the raw effluent.

The unpleasant odor of the effluent is due to the presence of skatole, indole and
other sulphur compounds, which are not effectively decomposed by yeast during
distillation (Sharma, 2007).

1.7 Utilizations of vinasse

In order to reduce the disposal of vinasse, different alternative methods for the
utilization of vinasses such as fertirrigation and yeast production have been
introduced (Figure 1-6).

1.7.1 Fertirrigation

The first studies on the application of vinasse to the soil in Brazil started in the
1950s and were conducted by the Luiz de Queiroz College of Agriculture
(ESALQ) (Camargo, et al. 2009). The use as fertilizer in fertirrigation became
common in sugarcane refineries beginning in the 1980s (Cintya, et al. 2013).
Fertirrigation consists of the infiltration of raw vinasse in the soil by irrigation of
sugarcane crops (Camargo, et al. 2009). When applied in nature to the soil,
sugarcane vinasse in addition to irrigation, fertilizes the crop, lowering the costs
with chemical fertilizers (Laime, et al. 2011). The use of vinasse in fertirrigation
Is an alternative that focuses on the rational use of natural resources, preventing
the discharge of vinasse in rivers, while fertilizing agricultural land (Gianchini
and Ferraz. 2009). Among the alternatives for the use of vinasse developed around
the world, fertirigation is the most commonly used, as it requires a low initial
investment (tubes, pumps, trucks, and decantation tanks), low maintenance cost,
fast application, does not require complex technologies, and increases crop yield.
This practice has totally or partially replaced the use of chemical fertilizers,
mainly those containing phosphorus (Camargo, et al. 2009; Santana and

Machado. 2008). About 75-80% sugarcane crops in Brazil irrigated with vinasse

14



(Fronzalia, 2007; Junior, et al. 2008). However, according to the literature, the
direct application of vinasse in the soil can cause salinization, leaching of metals
present in the soil to groundwater, changes in soil quality due to unbalance of
nutrients, mainly manganese (Agrawal and Pandey. 1994), alkalinity reduction,
crop losses increase of phytotoxicity and unpleasant odor (Navarro et al. 2000;
Santana and Machado. 2008). According to Santana and Machado (2008),
fertirrigation may be a palliative practice that provides a false impression of
solving efficiently the problem of vinasse disposal. On the other hand, certain
environmental parameters need to be accounted for in fertirrigation, such as soil
type, distance from water bodies, soil field capacity (water retention) percentage
of salts in the soil (Laime, et al. 2011). Some studies indicated that doses of 300
m3/ha of vinasse with potassium levels between 3 and 4 kg/m? of vinasse,
regardless of the type of soil, do not alter physical, chemical and biological
properties of the soil (Penatti, et al. 1999).

1.7.2 Concentration by evaporation

The concentration of sugarcane vinasse by evaporation is an alternative for the
use of this residue, since fertirrigation cannot always dispose of total volume of
vinasse produced. The product obtained in this process is used in the production
of livestock feed and to improve the quality of vinasse as fertilizer. It can also be
burned in special boilers generating energy or decreasing the water use in the
facility, and the condensate removed by evaporation can be treated and reused by
the factory. High energy demand is probably the main constraint of vinasse
concentration. Some methods have been described in the literature for the
treatment and concentration of vinasse (Gomes, et al. 2011). Larsson and
Tengberg (2014) reported, it was found possible to evaporate vinasse to a high dry
solid content of at least 70 %. However, according to Fitzgibbon et al. (1995) and

Navarro et al. (2000), vinasse concentration and incineration are the only methods
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that can satisfactorily solve the pollution problem. In the concentration process,
water is removed from vinasse (without loss of solids), reducing its volume. The
first vinasse concentration plants were installed in 1942 in Australia by the
Australian company. This process can reduce the costs with transportation in
tanker trucks, increasing radius of vinasse application, where fertirrigation in
ducts is unfeasible (Cintya, et al. 2013). However, this process has problems
associated with the fast incrustation of evaporators and spontaneous
crystallization as the concentration of solids increases (Rodrigues, 2008). In
Brazil, only one plant concentrates vinasse. Installed as a demonstration facility
more than 20 years ago, it processes 5% of the vinasse produced, concentrating it
to 40% (Cintya, et al. 2013). When not used as fertilizer, concentrated vinasse can
be used in the production of livestock feed, due to its high levels of nutrients. The
production of livestock feed from vinasse has also been studied in the 1980s
(Laime, et al. 2011). The residue needs to have level of potassium reduced, and
can be used as feed for cattle, pigs, and poultry. The feed produced does not
interfere in the taste or odor of milk or dairy products, is well accepted by animals,
and the conversion rate (weight gain in relation to feed consumption) is adequate.
However, dosage limits should be observed (Corazza and Salles Filho. 2000).
According to Waliszewski et al. (1997), in some countries, dry vinasse is used to
substitute molasses, mainly to feed ruminants. For these animals, the feed
produced from vinasse should not be over 10% of the daily feed; and under 2% to
3% for pigs, (Corazza and Salles Filho. 2000; Laime, et al. 2011). However, the
high levels of salts and low quantities of carbohydrates limit its use as poultry feed

due to the low level of metabolizable energy (Waliszewski, et al. 1997).
1.7.3 Energy production

An alternative that has increasingly being used in the ethanol industry is the

anaerobic bio-digestion of the organic load of vinasse. This process consists of the
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biodegradation of the organic load of vinasse to produce biogas and biodigested
vinasse (Cortez, et al. 2007). The anaerobic process of biodigestion occurs in two
stages, the acidogenic and methanogenic phases. In the acidogenic phase, the
organic compounds of complex chains, such as lipids, carbohydrates and proteins
are hydrolyzed until the formation of compounds with smaller carbon chains.
These smaller-chain compounds are biologically oxidized and converted to
organic acids, such as acetic acid (CH;COOH) and propionic acid
(CH3;CH,COOH) by facultative and obligate anaerobic bacteria. The reduction of
the organic load of the effluent occurs in this phase (Cortez, et al. 2007). In the
methanogenic phase, acids are converted into methane, carbon dioxide and
organic acids, or carbon dioxide is reduced until the formation of methane by
anaerobic microorganisms. This is the slowest phase of the process and controls
the conversion rates (Cortez, et al. 2007). The bio digested vinasse is later used as
fertilizer. Although it presents a reduced organic load, it maintains its original
properties as fertilizer. On the other hand, biogas is mainly used to produce
energy, due to its high methane content.

In the sugar-ethanol industry, biogas can be used to: operate gas turbines
combined to an electric generator; substitute part of the fuels used in the agro-
industry during the harvesting time; or use in boilers to generate vapors and to
mill sugarcane (Cortez et al. 2007; Szymanski et al. 2010). Anaerobic
biodigestion has received more attention only after the development of high
performance reactors, such as the UASB (Upflow Anaerobic Sludge Blanket),
which is the most adapted to vinasse. In this type of system, the sludge at the
bottom of the reactor adsorbs most of the organic matter, while gas is produced in
the reaction compartment as bubbles during the anaerobic process, and removed
to a separate compartment (\VVon Sperling, 2005).

This treatment in bio-digesters and reactors has the advantage of producing biogas

that can be used in the production of energy; in addition to have a low electric
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energy consumption, little production of biological sludge to be disposed and low
polluting potential — mainly due to the reduction of the vinasse organic load, since
most of the BOD is converted into biogas (Freire and Cortez. 2000). However,
Cortez et al. (2007) describes the longer detention time compared to aerobic
systems and production of corrosive gases with unpleasant odor as the main
inconvenient of the anaerobic digestion. Therefore, anaerobic bio-digestion is an
alternative of great economic as well as environmental interest in the treatment of
vinasse, as the biogas produced, once purified, has calorific value similar to that
of natural gas, with the advantage of being a renewable and easily available fuel
(Szymanski, et al. 2010).
1.7.4 Yeast production
The yeast production from the vinasse is also an alternative technology that can
reduce the discharge of this residue. However, two factors contribute to the rising
costs of this alternative:

I.  The fact of being necessary to add ammonium and magnesium salts to the

vinasse

ii.  The fact that high energy consumption for the evaporation of water from
vinasse required in this process (Corazza and Salles Filho. 2000; Laime, et
al. 2011).

These approaches showed some major drawbacks such as unable to remove
organic substances from vinasse as well as causing surface and ground water

pollution (Campos, et al. 2014).
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Figure 1. 6: Flow chart of the utilizations of sugarcane vinasse.(Cintya, et al.
2013)

1.8 Vinasse treatments
A number of technologies have been explored for reducing the pollution load of
vinasse. In general, the control of pollutants in water and wastewater treatment
can be divided into two basic techniques.
1.8.1 Treatments based on biological methods
1.8.1.1 Fungal treatment
In recent years, several basidiomycetes and ascomycetes type fungi have been
used in the decolorization of natural and synthetic melanoidins in connection with
color reduction of wastewaters from distilleries. The aim of fungal treatment is to
purify the effluent by consumption of organic substances, thus, reducing its COD
and BOD, and at the same time to obtain some valuable products, such as fungal
biomass for protein-rich animal feed or some specific fungal metabolite. Several
fungi have been investigated for their ability to remove color and COD (Satyawali
and Balakrishnan. 2008).
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1.8.1.2 Anaerobic systems

The high organic content of molasses spentwash makes anaerobic treatment
attractive in comparison to direct aerobic treatment. Therefore, biomethanation is
the primary treatment step and is often followed by two-stage aerobic treatment
before discharge into a water body or on land for irrigation (Nandy, et al. 2002).
Aerobic treatment alone is not feasible due to the high energy consumption for
aeration, cooling, etc. Moreover, 50% of the COD is converted to sludge after
aerobic treatment (Sennitt, 2005). In contrast, anaerobic treatment converts over
half of the effluent COD into biogas (Wilkie, et al. 2000).

1.8.1.3 Aerobic systems

The post-anaerobic treatment stage effluent still has high organic loading and is
dark brown in color, hence it is generally followed by a secondary, aerobic
treatment. Solar drying of biomethanated spentwash is one option but the large
land area requirement limits this practice.

The presence of some recalcitrant organic compounds in vinasse have been found
to be resistant against conventional biological treatments, these compounds have
antioxidant properties, which render them toxic to many microorganisms. (De
Heredia, etal. 2005; Luty, et al. 2008; Siqueira, et al. 2013). Biological treatments
of vinasse also have some disadvantages such as time consuming, required large
land area for treatment, producing sludge (Chopra, et al., 2011) and required

cooling procedure. (Ribas, et al., 2009).
1.8.2. Treatments based on physiochemical methods
1.8.2.1 Membrane treatment

Pre-treatment of spentwash with ceramic membranes prior to anaerobic digestion
is reported to have the COD from 36,000 to 18,000 mg/dm?® (Chang, et al. 1994).
The total membrane area was 0.2m? and the system was operated at a fluid

velocity of 6.08 m/s and 0.5 bar transmembrane pressure. In addition to COD
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reduction, the pre-treatment also improved the efficiency of the anaerobic process
possibly due to the removal of inhibiting substances. Kumaresan et al. (2003)
employed emulsion liquid membrane (ELM) technique in a batch process for
spentwash treatment. Water—oil-water type of emulsion was used to separate and
concentrate the solutes resulting in 86% and 97% decrease in COD and BOD,
respectively. Electrodialysis has been explored for desalting spentwash using
cation and anion exchange membranes resulting in 50-60% reduction in
potassium content (de Wilde, 1987). In another study, Vlyssides et al. (1997)
reported the treatment of vinasse by electrodialysis using a stainless steel cathode,
titanium alloy anode and 4% w/v NaCl as electrolytic agent. Up to 88% COD
reduction at pH 9.5 was obtained; however, the COD removal percentage
decreased at higher wastewater feeding rates. In addition, reverse osmosis (RO)
has also been employed for distillery wastewater treatment. A unit in western
India is currently processing effluent obtained after anaerobic digestion, followed
by hold-up in a tank maintained under aerobic conditions, in a RO system
(Satyawali and Balakrishnan. 2008).

Nataraj et al. (2006) reported pilot trials on distillery spentwash using a hybrid
nanofiltration (NF) and RO process. Both the NF and RO stages employed thin
film composite (TFC) membranes in spiral wound configuration with module
dimensions of 2.5 inches diameter and 21 inches length. NF was primarily
effective in removing the color and colloidal particles accompanied by 80%, 95%
and 45% reduction in total dissolved solids (TDS), conductivity and chloride
concentration, respectively, at an optimum feed pressure of 30-50 bar. The
subsequent RO operation at a feed pressure of 50 bar resulted in 99% reduction
each in COD, potassium and residual TDS (Satyawali and Balakrishnan. 2008).
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1.8.2.2 Electrochemical oxidation process

Electrochemical treatment is widely used to eliminate color from industrial
effluents. This process uses electrons as a main reagent, but also requires the
presence of supporting electrolytes. During the electrochemical process,
pollutants are destroyed by any oxidation process, direct or indirect. In a direct
anodic oxidation process, the pollutants are first adsorbed onto the surface of the
anode and subsequently destroyed by the transfer reaction of anodic electrons. In
an indirect oxidation process, strong oxidants such as hypochlorite/chlorine,
ozone, and hydrogen peroxide are generated electrochemically. The pollutants are
destroyed in the volume solution by the oxidation reaction of the generated
oxidant. All of the oxidants are generated in situ and are used immediately (Prasad
and Srivastava. 2009). In the use of electro-oxidation, the type of anode employed
and the presence of oxidizing agents have a significant influence on the treatment
process. Manisankar et al. (2003) achieved complete color degradation of vinasses
diluted 10 times with an insoluble anode of titanium substrate (Ti/RuO;). A
maximum of 92% in COD reduction, 98.2% in BOD reduction and a 99.5%
reduction.

Prasad and Srivastava (2009) studied electrochemical degradation of vinasses
using ruthenium oxide covered with titanium mesh functioning as anode and
stainless steel as cathode. A maximum color removal of 83.3% and COD
degradation of 39.6% was achieved for a current density of 14.3mAcm.
Electrolysis time was 3 hour with a vinasse at 10% dilution and a pH of 5.5.
1.8.2.3 Adsorption

Activated carbon is a widely used adsorbent for the removal of organic pollutants
from wastewater but the relatively high cost restricts its usage. Activated carbon,
with a significant distribution of micropores and mesopores, has proved to be very

efficient in the adsorption of melanoidins and dark composites in vinasses.
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Decolorization of synthetic melanoidin using commercially available activated
carbon as well as activated carbon produced from sugarcane bagasse was
investigated by Bernardo et al. (1997). The adsorptive capacity of the different
activated carbons was found to be quite comparable. Chemically modified
bagasse using 2-diethylaminoethyl chloride hydrochloride and 3-chloro-2-
hydroxypropyltrimethylammonium chloride was capable of decolorizing diluted
spentwash (Mane, et al. 2006).Significant decolorization was observed in packed
bed studies on anaerobically treated spentwash using commercial activated
charcoal with a surface area of 1400m?/g (Chandra and Pandey. 2000). Almost
complete decolorization (99%) was obtained with 70% of the eluted sample,
which also displayed over 90% BOD and COD removal. In contrast, other
workers have reported adsorption by activated carbon to be ineffective in the
treatment of distillery effluent (Sekar and Murthy. 1998; Mandal, et al. 2003).
Mall and Kumar (1997) compared the color removal using commercial activated
carbon and bagasse flyash. 58% color removal was reported with 30 g/dm?® of
bagasse flyash and 80.7% with 20 g/dm?® of commercial activated carbon.
1.8.2.4 Coagulation and flocculation

Coagulation and flocculation constitute the backbone processes in most water and
advanced wastewater treatment plants. Their objective is to enhance the separation
of particulate species in downstream processes such as sedimentation and
filtration. Colloidal particles and other finely divided matter are brought together
and agglomerated to form larger size particles that can subsequently be removed
in a more efficient technique (Lawrence, et al. 2005).

Coagulation flocculation processes have been used in water treatment and
industrial waste treatment as well as vinasse treatment. Most researchers prefer
using coagulation and flocculation combined with other technique for enhanced

vinasse treatment (Espan~a-Gamboa, et al. 2010). Zayas, et al. (2007) investigated
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the use of coagulation/flocculation and electrochemical oxidation processes to
purify vinasse. Also Inanc et al. (1999) explored lime and ozone treatment with
anaerobically digested effluent. An integrated process of Fenton-
coagulation/flocculation was also evaluated by (Beltran, et al. 2005).

1.8.2.4.1 Coagulation

Refers to particle neutralization and destabilization by the reduction of the
repulsive potential of the double layer surrounding the particles. As applied to
water, is the application of certain chemicals in small quantities to produce a
precipitate. (Hassan, 2012).

1.8.2.4.2 Flocculation

Implies a chemical bridging mechanism that helps to accumulate the suspended
particles in water in a three dimensional network. Coagulation is applied to the
overall processes of particle aggregation, including both particle destabilization
and particle transport. The term flocculation is used to describe only the transport
step. (Tchobanoglous, et al. 2003).

1.8.2.4.3 Colloids

Colloids are very small particles that have extremely large surface area. Colloidal
particles are larger than atoms and ions but are small enough that they are usually
not visible to the naked eye. They range in size from 0.001 to 10 um resulting in
a very small ratio of mass to surface area.

Because of their tremendous surface, colloidal particles have the tendency to
adsorb various ions from the surrounding medium that impart to the colloids an
electrostatic charge relative to the bulk of surrounding water. The developed
electrostatic repulsive forces prevent the colloids from coming together and,
consequently, contribute to their dispersion and stability (Reynolds. 1982).
1.8.2.4.4 Colloids structure and stability

The stability of colloidal particulate matter is dependent on their electro-kinetic

property. Solid particles in aqueous dispersion move in an electric field which
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indicates that they carry electric charge. The sign of this charge can be positive or
negative, although most colloids in water carry negative charge. The sign and
magnitude of the primarily charges are frequently affected by the pH and the ionic
content of the aqueous phase. A colloidal dispersion does not have a net electrical
charge, so that the primarily charge on the particles must be counterbalanced in
the aqueous phase. As a result, an electric double layer exists at every interface
between a solid and water. This double layer consists of the charged particle and
an equivalent excess of ions of opposite charge (counter ions) which accumulate
in the water near the surface of the particle.

Certain attractive forces in a form of Van der Waals’ forces exist between colloids
are responsible for aggregation of many colloidal systems. Their magnitude
depends upon the kinds of atoms which make up the colloidal particles and their
densities. The solid particles in a colloidal dispersion are in constant motion and
so they have kinetic energy. At any instant, a distribution of Kinetic energy exists,
with some particles having a very large kinetic energy, large enough to overcome
the activation energy barrier. Irreversible colloidal systems which have high
activation energy and/or a low kinetic energy will coagulate very slowly (diuturnal
colloids). Colloids with low activation energy and/or a high kinetic energy will

coagulate rapidly (caduceus systems) (Hassan, 2012).
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Figure 1.7 Distribution of charge in double layer of colloid particles
1.8.2.4.5 Destabilization of colloidal particles
Destabilization of colloidal particles is accomplished by coagulation through the
addition of hydrolyzing electrolytes such as metal salts and/or synthetic organic
polymers. Upon being added to the water, the action of the metal salt is complex
(Amirtharajah and O’Melia. 1999). It undergoes dissolution, the formation of
complex highly charged hydrolyzed metal coagulants (hydroxyoxides of metals),
interparticle bridging, and the enmeshment of particles into flocs. Polymers work
either on the basis of particle destabilization or bridging between the particles.
The destabilization process is achieved by many mechanisms such as double-layer
compression, adsorption and charge neutralization, entrapment of particles in
precipitate and adsorption and bridging between particles.
1.8.2.4.6 Coagulants
Coagulant is chemicals that are added to the water to achieve coagulation
(Mackenzie and Cornwell. 1985), the most commonly used coagulants in water
and wastewater treatment include aluminum sulfate (alum), ferric chloride, ferric

sulfate, ferrous sulfate (copperas), sodium aluminate, polyaluminum chloride, and
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organic polymers. The chemistry of metallic salts is a complex one. It involves
dissolution, hydrolysis, and polymerization reactions (olation).

i.  Dissolution:
All metal cations in water are present in a hydrated form as aquocomplexes. The
simple iron variety does not exist as such in an aqueous solution, rather, the
metallic species is present in the aquometal form as 2Fe (H,0)¢>" in the following
equation:

Fe2(SO4) 3+ 12H,0 — 2Fe(H,0)6% + 3S0,*  (1-3)
ii.  Hydrolysis:

The aquometal ions formed in the dissolution of metallic in water are acidic or
proton donors. This is demonstrated by the following hydrolytic reactions:
Fe(H20)63+ + H,0 — Fe( H20)5(OH)2+ + H;O" (1-4)

lii.  Polymerization:

The hydroxocomplexes formed as products of hydrolysis may combine to form a

variety of hydroxometal polymers such as a ferric dimer Fe,(OH),**
1.8.2.4.7 Factors influencing coagulation

Optimum coagulation treatment of raw water represents the attainment of a
complex equilibrium in which many variables are involved. Many conditions
affect coagulation such as pH, turbidity, chemical composition of the raw water,

type of coagulant, temperature and mixing conditions (Lawrence, et al. 2005).
1.8.2.5. Advanced oxidation processes

Advanced oxidation processes (AOPs) are technologies with significant
importance in environmental restoration applications (Anipsitakis and Dionysiou.
2003; Bandala et al. 2007). The AOPs concept was established by (Glaze, et al.
1987; Glaze, et al. 1989; Huang, et al. 1993) who defined AOPs as processes
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involving the generation of highly reactive oxidizing species able to attack and
degrade organic substances (Bolton, 2001). Nowadays AOPs are considered high
efficiency physico-chemical processes due to their thermodynamic viability and
capablity to produce deep changes in the chemical structure of the contaminants
via the participation of free radicals (Domenech, et al. 2004). These species, are
of particular interest because of their high oxidation capability (Legrini, et al.
1993; Goswami and Blake. 1996; Rajeshwar, 1996; Andreozzi, et al. 1999;
Huston and Pignatello. 1999) Free radicals in AOPs, may be produced by
photochemical and non photochemicals procedures (Table 2-3).

Table 1.3 List of some Non- photochemical and photochemical AOPs.

Non-photochemical Photochemical

0O3/H;0, H,0,/UV

0O3/US Os/UV

O3/OH- O3/H,0,/UV

Fe?*/H,0, (Fenton system) | H,O./Fe?* (photo-Fenton)
electro-Fenton UVITIO;

electron beam irradiation | H,O2/TiO,/UV
ultrasound (US) O,/TiO/UV

H.0,/US UV/US

In comparison with the other techniques such as adsorption, biological treatment,
bio-filtration as well as thermal or catalytic combustion, the employment of new
technologies with the generic term advanced oxidation processes leads to the
decomposition and mineralisation of many groups of organic materials in both the
liquid and gas phases (Munoz et al . 2006; Boulamanti et al . 2008). AOPs have
attracted significant attention in recent years. Depending on the chemical structure

of the pollutant molecules, AOPs mineralise numerous pollutants into ultimately
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harmless substances like CO, and H,O and therefore avoid the issue of pollution
shifting. The particular importance of these technologies appears to be in
destroying biologically non-degradable chemical structures as well as ozone-
resistant substances such as organic pesticides and herbicides (Meijers, et al.
1995; Piera, et al. 2000; Sanches, et al. 2010), aromatic structures (Zhang, et al.
2008) , organo-halogens (Ormad, et al. 1997) and petroleum constituents in
wastewaters (Saien and Nejati. 2007).

In a general definition, physicochemical procedures which promote in situ
generation of free hydroxyl radicals as highly oxidative reagents for the
decomposition of pollutants in water or air are described as “advanced oxidation
processes”. These oxidation processes basically use three different reagents:
ozone, hydrogen peroxide and oxygen in many combinations, either combined
with each other or applied with UV irradiation and/or various kinds of catalysts
(Glaze and Kang. 1989). Due to the generation of increased amounts of OH"
radicals, combination of two or more AOPs usually leads to higher oxidation rates.
With promising results observed on the laboratory scale, compared with
conventional water and wastewater treatment methods, these technologies will
likely be more essential for real applications in the near future. Among the
different approaches of oxidation and advanced oxidation processes, some of
them were used for vinasse treatment.

Oxidation of vinasse with chlorine resulted in 97% color removal but the color
reappeared after a few days (Satyawali and Balakrishnan. 2008). Pena, et al.
(2003) reported that Oxidation by ozone could achieve 80% decolorization for
biologically treated vinasse with simultaneous 15-25% COD reduction. It also
resulted in improved biodegradability of the effluent. However, ozone only
transforms the chromophore groups but does not degrade the dark colored
polymeric compounds in the effluent (Alfafara, et al. 2000; Pen™ a, et al. 2003).

Another option is photocatalytic oxidation that has been studied using solar
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radiation and TiO, as the photocatalyst (Kulkarni, 1998). Use of TiO, was found
to be very effective as the destructive oxidation process leads to complete
mineralization of effluent to CO, and H,O, while Juliana et al. (2012) studied
evaluating the efficiency and application of heterogeneous photocatalysis with
TiO,, followed by a biological treatment. De Heredia et al. (2005) Also evaluates
the Fenton process (H.O0./Fe?*) as AOP for the removal of chemical oxygen
demand (COD). On the other hand Yavuz (2007) reported that most of oxidation
processes can be ineffective individually but effective when used in combinations.
Various vinasse oxidation technologies, that had been widely studied, were
limited by unavailability of large-scale devices, or had too high operational costs
(e.g. electrochemical oxidation and ozonation). Ozonation was showed no
significant result in removal of organic compounds in vinasses. Thus,
development of a technically and economically feasible vinasse treatment method
is strategically important.

Persulfate (S;0g?) and peroxymonosulfate (HSO®>) are the newest oxidant.
Moreover, a low cost of persulfate salt (Huling and Pivetz. 2006) facilitates SR-
AOP for potential application in wastewater treatment. With a strong oxidative
capacity, SR can react selectively with organic compounds via electron transfer
reaction, hydrogen abstraction and addition reaction.

1.8.2.5.1 Sulfate radical as AOPs

Persulfates have been used in industry for a considerable length of time as a
bleach, as an etchant and as a polymerization agent, their use for environmental
applications only began in the late 1990s. In contrast to peroxide and
permanganate, persulfates did not have widespread use for industrial waste
treatment prior to their use for in situ treatment. As a result, there is no a significant
background of information on the reactivity and application of persulfates. The
environmental chemistry of persulfate is still under development. Persulfate salts

dissociate in water and forms the persulfate anion (S,0g%). The persulfate anion
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Is a strong oxidant (E, = 2.01 V) as compared to 1.8 V for hydrogen peroxide
(H202) and 1.4 V for the peroxymonosulfate anion (HSO®) (Table 1.4). But the
use of it in treatment processes has kinetic limitations as it reacts much slower
than other oxidants (e.g. hydroxyl radicals) (Liang. et al. 2007). When the
persulfate anion and peroxymonosulfate anion is activated, it produces the sulfate
free radical (SO4™), which is a stronger oxidant (Liang, et al. 2007).

Table 1.4 The potential reactive species potentially present in activated persulfate

systems
Species Potential (V)
Persulfate anion S,047 +2.01
Monopersulfate anion HSOs +1.4
Sulfate radical SO, +2.6
Hydrogen peroxide H,0; +1.8
Hydroxyl radical OH- +2.8

Persulfate-based sulfate radical oxidation has several advantages over other
oxidant systems.
I.  The sulfate radical is more stable than the hydroxyl radical and thus able

to travel greater distances in the subsurface.

Ii.  Persulfate has less affinity for natural soil organic matter than does the
permanganate ion (Brown, et al. 2003). And is thus more efficient in high

organic content soils.
ii.  Kinetically fast

These attributes combine to make persulfate a viable option for the chemical
oxidation of a broad range of contaminants. Persulfate is very soluble, at 73
g/100ml of water at 25°C. High solubility makes it easy to apply concentrated
solutions of persulfate. Sulfate radicals can be generated by activation of
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persulfate or peroxymonosulfate by UV, heat and transition metal. The generation
of SO, resembles an AOP based on H,O; in that a similar radical precursor can
be used for generation of SO, (i.e., S;0g ?7). This might enable retrofitting
existing AOPs based on H,0, by dosing of S,0¢*".
Sulfate radicals are frequently reported as an alternative oxidant for pollutant
treatment (Lutze, et al. 2014) and its efficiency in the treatment of various
wastewaters such as landfill leachate (Zhang, et al. 2014) saline wastewater
(Yuan, et al. 2014) and dyeing wastewater has been evaluated (Zhao, et al. 2014).
1.8.2.5.2 Generation of sulfate radical
Advanced techniques such as photolysis and radiolysis are used for the activation
of the oxidants and thus provide a clean way of generating highly oxidizing radical
species. Activation of persulfate by heat can produce sulfate radical as thermal
persulfate oxidation as follows:

S,0g% + heat — 2S04~ (E,= 33.5 kcal/mol) (1 -5)
Subsequently, SO,~ may initiate production of other intermediate highly reactive
oxygen species (ROS) such as hydroxyl radicals (OH")

SO4+ H,0—0OH' +HSO, (1-6)
These ROS can initiate a series of radical propagation and termination chain
reactions where organics are partially and even fully decomposed (Yang and
Casey. 2011). Philip et al. (2004) reported that both metal catalysis and heat
activation, at temperatures above 20°C, to oxidize organic contaminants.
Introducing UV illumination into the reaction pathways serves as an alternative
route to effectively activate persulfates and peroxymonosulfate , leading to
producing SO, without the help of transition metals, thereby creating a powerful
oxidant with promising applications to degrade organic contaminants (Yunging,
et al. 2013).
Activation of symmetrical and unsymmetrical peroxides under UV light radiation

leads to the generation of SO, as the primary oxidants, through the homolytic
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cleavage of the peroxide (—O—0-) bond (Anipsitakis, et al. 2004). Since persulfate
are symmetrical oxidants (Figure 1.8), activation with UV radiation results in the
formation of two SO,
S;082 + hv— 2 SO4~ (1-7)
On the other hand, peroxymonosulfate is unsymmetrical around the peroxide bond
(Figure 1.8), resulting in its cleavage to OH~ and SO,".
HSOs + hv— SO,+ «OH" (1 -8)

(o] (] o
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Persulfate Peroxymonosulfate

Figure 1.8 Structure of persulfate and peroxymonosulfate
Anipsitakis et al. (2004) employed UV (254 nm)/Co*? activated peroxydisulfate
for the oxidation degradation of 2, 4- dichlorophenol. While Yunging et al.
(2013), reported UV (365 nm)/peroxydisulfate oxidative process for facile,
effective, and environment-friendly degradation of sulfamonomethoxine.

The use of transition metals, in most cases in catalytic amounts, provides another
option of radical generation. Perhaps the most well-known of such systems is the
Fenton reagent, which leads to the generation of hydroxyl radicals according to
the following reaction.

Fe?* + H,0, — Fe¥* + OH +h  (1-9)
Georgep and Dionysios (2004) demonstrated significant reactivity toward
transforming of 2,4-dichlorophenol. Ag(l), Ce(l11), Co(ll), Fe(Il), Fe(l11), Mn(l1),
Ni(I1), Ru(lll), and V(I1l) were tested for the activation of three inorganic
oxidants: hydrogen peroxide, potassium peroxymonosulfate, and persulfate. Ag(l)
Is a very efficient activator of the decomposition of persulfate, while Co(ll) is best
activator of potassium peroxymonosulfate.
Ag*+ 5,087 — Ag?* + SO, +S04%  (1-10)
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Co?* + HSOs - — Co** + SO, + OH" (1-11)
However, concern has been raised over the impact of dissolved cobalt on human
health, since it has been proven that the Co (Il) had an adverse effect on the
environment (Yamagami, et al. 1994; Pandey and Sharma. 2002).
Among the transition metals, only iron in both the divalent and trivalent forms
showed reactivity in mediating the decomposition of two oxidants at a significant
extent (Georgep and Dionysios. 2004). Moreover Fe has many advantages as an
oxidant activator such as being cheap, less toxic, and naturally abundant (Nfodzo
and Choi. 2011).
The rate of reaction between persulfate, peroxymonosulfate and ferrous iron is
reliant on the concentration of each reactant. Zou, et al. 2013 and Ayoub, et al.
2014 reported that SR were generated by the following chemical equations.

S,0° +Fe? — S0, +Fe* +S0%  k =2.0x10 M5 (1-12)
_ 2+ o 3+ - — MY
HSO; + Fe” ——S0O; +Fe™ +OH™ k=3.0x10"M"s (1-13)

Generally with transition metal activation, Balazs et al. (2000) pointed out that
the mechanism is dependent on catalyst type, organic substrate and oxidant
concentration.

1.9 Monitoring parameters for wastewater treatment plants
The biochemical oxygen demand test (BODs) has traditionally been used in
wastewater analysis but due to problems of repeatability and inhibition by
commonly occurring wastewater ions and compounds, is frequently replaced by
the chemical oxygen demand test (COD). Chemical oxygen demand is widely
used for wastewater monitoring, design, modeling and plant operational analysis
(Mittal and Ratra. 2000).

1.9.1 Biochemical oxygen demand (BOD)

The biochemical oxygen demand (BOD) is a standard test for assaying the oxygen

demanding concentration of microbes to degrade organic matter over a given time
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period, usually 5 days but can be extended to 30 days (Ganjar and Sarwoko. 2010).
The test BOD has traditionally been used in wastewater analysis but due to
problems of repeatability (Fitzmaurice and Gray. 1987; Fitzmaurice and Gray.
1989), and inhibition by commonly occurring wastewater ions and compounds, is
frequently replaced by Chemical Oxygen Demand test (ISO, 1989; I1SO, 2002),
for wastewater monitoring, design, modeling and plant operational analysis
(Mittal and Ratra. 2000; Gray, 2004; Kim, et al. 2007).

Moreover the BOD test also requires a 5 day incubation period while COD results
are completed within the same day. Also, the COD test is less unaffected by the
presence of toxic substances, which is leading to achieve better precision and
reliability (Dubber and Gray. 2010).

1.9.2 Chemical oxygen demand (COD)

Clesceri et al. (1998) defined chemical oxygen demand (COD) as the amount of
dichromate ion (Cr,0O-,~2) that reacts with the sample under controlled conditions.
The quantity of dichromate ion consumed is expressed in terms of its oxygen
equivalence. COD is a defined test, whereby the extent of the sample oxidation
can be affected by digestion time, reagent strength, and sample COD
concentration. Gomez, et al. (2002) and Beltra, et al. (2003) defined COD as the
amount of oxygen necessary to oxidize the organic matter present in the water.
Fair (2005) reported that COD measures only chemical oxidizable matter. The

reaction is illustrated with potassium hydrogen phthalate as an example:

2K CgHs04 +10K2Cr207+41H2504 —16C0O2+46H20+10 Cr (SO4) 3+11K2S04 (1-14)
Chemical oxygen demand results are expressed as the amount of oxygen
consumed during the oxidation of organic matter. With oxygen as the primary
oxidant in the oxidation of potassium hydrogen phthalate, the reaction is
illustrated as an example:

2KCgHs04 + 150, — 16CO, +4H,0 + 2KOH (1-15)
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In the treatment of wastewater, most of the carbon is converted to carbon dioxide
and the hydrogen in the sample is converted to water, during the oxidation of
organic material by dichromate in sulphuric acid.

Some organic material, such as aromatic hydrocarbons and pyridines, may not be
oxidized during the COD test. This may lead to inaccurate results and poor
estimates of COD in treatment plant.

Marais and Ekema (1984) further stated that the COD test relies on a time
dependent reaction and the specified reflux period of 2 hours must be adhered to,
S0 as to ensure complete or near complete oxidation. Furthermore, different final
test volumes with equivalent masses of the same organic compound, will yield
different results for COD, because the temperature at which the reflux step takes
place also affects the oxidation rate. The reflux temperature, in turn, is dependent
on the concentration of sulphuric acid in the test. The temperature at which the
refluxing takes place also affects the oxidation rate, and the refluxing temperature
is dependent on the concentration of the sulphuric acid in the test. Therefore the
COD test will give only consistent results, if the test is done in strict accordance
with set procedures.

1.9.3 Limitations and disadvantages of COD

The samples containing particulates and refractories are not well oxidized as
measured by the COD method. Also volatile compounds, such as benzene, are not
oxidized to any appreciable extent, because they escape into the vapour phase.
Belkin, et al. (1983) remarked that analytical difficulties in the determination of
COD is due to the presence of free chloride (up to 25 g/dm?3), bromide (up to 5
g/dm3) and ammonia (up to 2 g/dm3) concentration levels. Zuev, et al. (2004)
found that during the evaluation of a rapid determination of COD in water, an
under estimation of results were observed when the sample contained volatiles

like ethanol.
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COD is a time consuming test, with the digestion phase alone taking two hours
and involving many chemicals, such as mercury sulphate, to eliminate halide
interference, and sulfuric acid to eliminate nitrite interference. Baker, et al. (1999)
observed that straight chain carboxylic acids are not oxidized without a catalyst
and may not even be completely oxidized in the presence of suitable catalysts.
They further stated that volatile compounds are only oxidized as long as they stay
in contact with the liquid medium. Lastly, they maintained that some hydrophobic
organic chemicals have such low solubility that even in saturated solutions they
will yield an erroneous COD reading.

Dold, et al. (1991) reported that the COD of all domestic wastewater can be
divided into biodegradable and un-biodegradable fractions with each fraction sub-
divided into soluble and particulate portions. The measurements of all four COD
components are required in the optimization of the effluent plant.

A major drawback in the use of COD analysis is the production of hazardous
wastes including mercury, hexavalent chromium, sulphuric acid, silver, and other
hazardous materials depending on the method used (Clesceri, et al. 1998;
Bourgeois, et al. 2001).This necessitates all the waste material from the COD test
being collected for hazardous waste disposal. In the USA the disposal of spent
COD waste is regulated by the US environmental Protection Agency (EPA) under
the Resource Conservation and Recovery Act with disposal regulations listed in
the 40 Code of Federal Regulations Protection of the Environment Parts 260 to
280 (Hach, 2009). Although there is much interest in developing cleaner methods
for the COD, for example using near-infrared reflectance (Sousa, et al. 2007) or
copper electrodes as electro catalytic sensors (Silva, et al. 2009), the need to
eliminate waste streams within analytical laboratories coupled with the cost of
disposal has resulted in greater interest in the use of alternatives to the COD test
that neither use nor generate potentially harmful chemicals (Miller, et al. 2001;
Sousa, et al. 2007; Silva, et al. 2009.).
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Moreover, COD cannot reflect the degree of industrial wastewater precisely
owing to the impacts of types and concentration of oxidants, reaction temperature
and time, the acidity of reaction solution and catalyst (Sun, et al. 1998; Wang and
Li, 2001). The procedure of the test is intricate, which always brings secondary
effluents (Hua, et al. 2011).

1.9.4 Total organic carbon (TOC)

According to Clesceri, et al. (1998), TOC is a more convenient and direct
expression of total organic content than COD. TOC is independent of the
oxidation state of the organic matter and does not measure other organically bound
elements, such as nitrogen and hydrogen. Inorganics can also contribute to the
oxygen demand measured by biological oxygen demand (BOD) and COD.

Total organic carbon (TOC) is a potential alternative to both the COD and the
BOD tests and has the advantage of being both faster and potentially more precise
than the COD test (Stevens, et al. 2006). While it has previously been considered
as a potential replacement for BODs and COD analysis,( Aziz and Tebbutt, 1980;
Fadini, et al. 2004), more accurate detection methods have been developed
making the test even more reliable and precise, especially for more complex
materials such as industrial wastewaters (Bourgeois, et al. 2001; Rene and
Saidutta, 2008). However, little research has been published on the possibility of
replacing COD with TOC in wastewater analysis, especially for domestic or
municipal wastewater characterization and routine performance analysis.

Also total organic carbon (TOC) can reflect the strength of organic pollution
accurately because its method contains many advantages, such as its short time
consuming process, fast and accurate results, stability and reliability (Shi, et al.
2002).
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1.9.5 Relationship between COD and TOC

Many of researchers attempted to establish a relationship between BOD, COD and
TOC ratios. They found it difficult to correlate BOD, COD and TOC for industrial
water but found relative good correlation ratios for domestic effluents.
Researchers concluded that the TOC and COD ratio for industrial wastewater
varied between 1.67 and 6.65. According to a study by Louw, et al. (2003) a
comparison between COD and DOC was found at specific sampling points with
cleaner samples. They could not find repeatable ratios between different sampling
points on the same plant.

Theoretically, there is a correlation between COD and TOC (Wang, et al. 2001).
Actually, many scholars have found significant correlation between COD and
TOC of industrial effluent, specific classes of organic chemicals and surface water
(Brocca, et al. 1997; Zhang, et al. 2007; Li, et al. 2007).The correlations between
these indicators are weak in some natural water (Choi, et al. 2004).

On the other hand there are significant linear relationships between BODs, COD
and TOC for settled (influent) domestic and municipal wastewaters. For the
treated final effluents a strong correlation was observed between COD and TOC
but not between BODs and TOC. The treatment performance monitoring COD
can be reliably replaced with the TOC test. The variability between TOC and COD
is further reduced when using specific wastewater streams and treatments (Dubber
and Gray. 2010).

Recently Environmental Protection Agency (EPA) has used TOC to evaluate the
performance of water treatment and as the key indicator for disinfection by-

products that produced during water treatment (EPA).
1.10 Problem Statement

The principal objective of waste water treatment is generally to allow human and

industrial effluents to be disposed of, without danger to human health or
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unacceptable damage to the natural environment. The existing of extensive

amount of vinasse in the environment leads to serious problems in ecosystem,

therefore the current study will be conducted to achieve the following objectives:-

Investigation of the environmental impact of vinasse, a by- product of
Kenana Sugar Company Factory (Sudan), by studying some of the

physicochemical characteristics.

Application of coagulation-flocculation technology to remove color of
organic constituents and the amount of (AOC) of vinasse. Color removal is
evaluated by investigation the effects of some parameters such as doses of

reagent and pH values.

Assessment of coagulation-flocculation treatments followed by sulfate
radicals based advanced oxidation processes (SR-AOPs) by monitoring

TOC in vinasse.

Application of combined technique of advanced oxidation processes
(sulfate radicals and hydroxyl radicals) to enhance reduction of

environmental pollution by monitoring TOC in vinasse.
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CHAPTER TWO

Materials and methods
2.1 Materials

2.1.1 Collection of samples

The vinasse used in this work was obtained from an ethanol distillery located at
White Nile State, Sudan. Two Samples were collected directly from distillery
column after the distillation at different time of the day, vinasse (1) was collected
at 8 am, while vinasse (2) was collected at 8 pm.

2.1.2 Chemicals

All chemicals and reagents used in the experiments were of analytical
grade, and the chemicals are: Ammonium chloride (NH,CI), Scharlau, Spain.
Ammonium molybdate Merck, Germany. Calcium chloride (CaCl,), CDH, India.
Dichloromethane DCM, Suprasolv- Germany. Dipotassium hydrogen phosphate
(K,HPQ,), Carlo erba, Italy. Disodium hydrogen phosphate (Na,HPO,.7H,0),
Carlo erba, Italy. Ferrous ammonium sulphate Fe (NH,).(S0O,),.6H,0. Lab tech,
India. Ferroin indicator solution, SDFCL, India. Ferric chloride (FeCl;.6H,0),
Lab tech, India. Glass wool, Aps finechem, Australia. Hexane, Merck, Germany.
Hydrochloric acid, Scharlau, Spian. Hydrogen peroxide H,O, (30%), suprasolv
Germany. Iron (I11) chloride, Merck, Germany. Iron (Il) sulfate heptahydrate
(99.5%), Acros Organics USA. Magnesium sulfate (MgSQO,.7H,0), CDH, India.
Manganese sulphate, Lab tech, India. Mercuric iodide, SDFCL, India. Mercuric
sulphate, SDFCL, India. Potassium bromide, Merck, Germany. Potassium
dihydrogen phosphate (KH,PO,), Carlo erba, Italy. Potassium persulfate (PS)
(99%), Acros Organics USA. Potassium peroxomonosulfate (PMS), Acros
Organics USA. Potassium iodide (99%) Merck, Germany. Potassium dichromate

(K;Cr,0,), CDH, India. Potassium iodide, Burgoyne, India. Sulfuric acid,
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Scharlau, Spian. Sodium hydroxide, Lab tech, India. Sodium iodide, Lab tech,
India. Sodium izide, Loba chemie, India. Sodium thiosulphate, Lab tech, India.
Starch, Lab tech, India. Silver sulphate, Avis chemical, India. Sodium hydroxide,
Fluka Germany. Sand, Sigma Aldrich, Germany. Acros Organics USA. Sodium
thiosulfate (99%), Merck, Germany. Sodium sulfate, Merk- Germany. Sodium
sulfate (Na,SO,) Merck, Germany. Sulfuric acid (98%), Merck, Germany.
Trimethylchlorosilane (TMCS), supelco USA.

2.1.3 Apparatus

Aeration device. Aluminum weighting dishes. BOD Glassware. Drying
oven. Desiccators. Evaporation dishes. Filtration apparatus. Glass fiber
disk. Magnets. Water bath.

2.1.4 Instrumentations

e Atomic absorption spectrometer.
Atomic absorption spectrometer (AAS), model 210 GP-Puck Scientific, USA.

e Infrared spectroscopy
Infrared spectroscopy (IR) Model, Perkin Elmer, USA.

e Gas chromatography mass spectrometer.
Gas chromatography mass spectrometer (GC-MS) Shimadzu, model GC-MS
QP2010-Plus, Kyoto, Japan. The column Hewlett- Packard, Model 6890 gas
chromatograph (30 m Length, 0.25 mm [.D., 0.25 pum film thickness). The detector
a Hewlett- Packard Model, 6890 mass selective. Data acquisition system is
ChemStation.

e Total organic carbon
Total organic carbon (TOC) Shimadzu TOC analyzer, model TOC-L CPN, Japan.
Detector is an infrared gas analyzer (NDIR) (Figure 2.2).

e UV/Vis spectrophotometer
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UV/Vis spectrophotometer (200-800 nm) single beam model, G10S UV-VIS,
USA.

2.2 Methods
2.2.1 Reagents and nutrients

e Phosphate buffer solution
8.5g potassium dihydrogen phosphate (KH,PO,), 21.75g dipotassium hydrogen
phosphate (K;HPQO,), 33.4g disodium hydrogen phosphate (Na,HPO,.7H,0) and
1.7g of ammonium chloride (NH4CI) were dissolved in about 500ml distilled
water and diluted to 1 dm?.
e Magnesium sulfate solution
22.5¢ of anhydrous MgS0O,.7H,0 were dissolved in distilled water and diluted to
1 dm?,
e Calcium chloride solution
27.5g of anhydrous CaCl, were dissolved in distilled water and diluted to 1 dm?.
e Ferric chloride solution
0.25g of FeCls.6H,0 was dissolved in distilled water and diluted in 1 dm?,
e Manganese sulphate solution
480g MnSO, were dissolved in distilled water, then filtered and made up to 1 dm?.
e lodide-azide reagent
500g of NaOH and 135g of Nal were dissolved in distilled water and diluted to 1
dm?; then 10g of sodium azide NaNj; dissolved in 40ml distilled water were added.
e Starch indicator solution
5¢ of starch and 0.01g of mercuric iodide were dissolved in 30ml of cold distilled
water and diluted to 1 dm?.
e Standard sodium thiosulphate solution
6.205¢g of Na,S303.5H,0 were dissolved in distilled water and made up to 1 dm?
and then standardized against potassium dichromate.
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e Sulphuric acid reagent
543.5ml of H,SO, were added to 5.5g of AgSO, and left overnight.

e Standard potassium dichromate
4.903g of K,Cr,0O7 were dissolved in 167ml H,SOy4, then 33.3g of HgSO, were
added and the solution was diluted to 1 dm?,

e Standard ferrous ammonium sulphate (FAS)
39.2g of Fe (NH,)..6H,O were dissolved in distilled water, and 20ml of conc
H,SO, were added and the solution was diluted to 1 dm?,

e Sample preparation for TOC analysis
10ml of raw vinasse were diluted to 1 dm?, and then filtered for TOC analysis.

e Preparation of standard stock solution of total carbon
2.125g of potassium hydrogen phthalate reagent were weighted accurately and
transferred to 1000ml volumetric flask. Zero water was added up to the 1000ml
mark and mixed well. 1000mg/dm? of standard stock solution were prepared.

e Preparation of standard stock solution of inorganic carbon
3.497¢g of sodium hydrogen carbonate and 4.412g of sodium carbonate reagents
were weighed accurately and transferred to 1000ml volumetric flask. Zero water
were added up to the 1000ml mark and mixed well. 1000mg/dm? of standard stock
solution were prepared.

e Preparation of standard stock solution of total nitrogen
7.219g of potassium nitrate reagent was weighted accurately and transferred to
1000ml volumetric flask. Zero water were added up to the 1000ml mark and
mixed well. 1000mg/dm? of standard stock solution were prepared.

e Preparation of PS stock solution
0.05g of PS was dissolved in 1ml of deionized water.

e Preparation of Fe (I1) stock solution

0.1g of Fe (I1) was dissolved in 1ml of deionized water.
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e Preparation of PMS stock solution
0.05g of PMS was dissolved in 1ml of deionized water.

e Potassium iodide (1%0)
10g of potassium iodide were dissolve in 100ml of distilled water.

e Acid mixture
0.018g of ammonium molybdate [M0,0,4(NH,)s.4H,0] were dissolve in 75ml
of distilled water. 30ml of conc H,SO, were added slowly while stirring.

e Starch solution (10 g/ dm?)
In 150ml beaker 1g of soluble starch was added, and 5ml of distilled water were
added gradually while stirring until a paste was formed. 100ml of paste were
added to boiling water. After cooling, 5g of potassium iodide were added and
stirred until dissolution was complete and then transferred to a plastic bottle.

e Sodium thiosulfate (0.1M)
6.2g of sodium thiosulfate [Na,S,03.5H,0] were weighed and transferred to a
250ml volumetric flask. 50ml of distilled water were added, agitated until
dissolution was complete, diluted to the volume mark and well mixed
2.2.2 Vinasse characterization

All glassware were washed with detergent. The glassware were rinsed four times

in tap water and once in distilled water. Ultrapure water (Elga, USA) was used for

the preparation of all agueous solutions. All stock solutions were kept in a 4°C

refrigerator until use. The physico-chemical parameters, i.e., BOD, COD, TDS,
TSS, TS and some metals were determined according to standard methods for
examination of water and wastewater (Clesceri, et al. 1998).

2.2.2.1 Determination of BOD

Oxygenated water were prepared by using aeration device. 2ml of each of
phosphate buffer, magnesium sulfate, calcium chloride and ferric chloride
solutions were added in 1 dm3 volumetric flask. 5ml of sample with the

45



oxygenated water were added into the mixture, and pH were adjusted to 7 by using
either 1N of NaOH or H,SO,, and then 0.03, 0.07 and 0.1ml of dilution mixture
were placed in BOD bottles. Initial dissolved oxygen (DO;) of each dilution were
calculated immediately, others were stoppered tightly and incubated for 5 days at
20°C.

2.2.2.2 Determination of dissolved oxygen

2ml of manganese sulfate and 2ml of iodide-azide reagent were injected into the
samples under test, and the sample bottles were tightly stoppered to exclude air
bubbles completely, and then the content were mixed well. The mixture was
allowed to settle until 200ml of clear solution were observed on the surface, and
2ml of sulphuric acid were added. The bottle was stoppered and shake continually
until solution was homogenous. 200ml of sample were titrated with standard
sodium thiosulphate solution until pale yellow color was seen. 1-2ml of starch
solution were added until the end point. After 5 days the dissolved oxygen have
been calculated to determine dissolved oxygen (DO,).

Calculations:

BOD = (D‘fl;m)x 1000

olume

Where DO;= initial dissolved oxygen
DO,=dissolved oxygen after 5 days

VVolume= volume of sample

2.2.2.3 Determination of COD
In COD reactor tubes 2.5ml of the diluted sample, 1.5ml of K,Cr,O7 and then

3.5ml of H,SO,4 reagent were added. The tubes were closed firmly and arranged

in steel rake and put in the oven to digest for 2 hour at 150 °C. The tubes were
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removed from the oven and cooled at room temperature, then titrated against 0.1M

FAS using 1-2 drop of ferroin indicator.

(Blank value—sample value x8x0.1x1000)

Calculations: COD mg/dm? =

Volume of sample

2.2.2.4 Determination of total solids (TS)

Clean dish was heated to 103-105 °C for 1 hour, cooled and weighed. 50ml of

well mixed sample were added to pre weighed dish. Which was then evaporated
to dryness on water bath.

Calculation:

(A-B)x1000

Total solid (TS mg/dm?) = ”

Where A= Wight of dried residue + dish
B=Wight of dish
V= volume of sample

2.2.2.5 Determination of total dissolved solids (TDS)

The disk with wrinkled side was inserted thoroughly into filtration apparatus, and

washed with distilled water. Vacuum was applied until traces of water were

removed, clean dish was heated to 180 °C for 1 hour, cooled, weighed and then

stored in desiccator. Then 5ml of well mixed sample were pipetted into glass fiber

disk. Filtrate was transferred to preweighed dish and evaporated to dryness on

water bath. Evaporated sample was dried for 1 hour at 180 °C, cooled in desiccator
and weighed.

Calculations:

(A-B)x1000

Total dissolved solid TDS mg/dm?® = ”
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Where A= Wight of dried residue + dish
B=Wight of dish
V= volume of sample

2.2.2.6 Determination of total suspended solids (TSS)
The disk with wrinkled side was inserted thoroughly into filtration apparatus, then
washed with distilled water and vacuum was applied to remove traces of water.

The filtration apparatus was transferred to an inert aluminum weighing dish and

dried at 103-105°C, cooled, weighed and stored in desiccator. Then 5ml of vinasse

were pipetted into the seated glass fiber filter. The filter was washed three time
with 10ml successive distilled water and dried, carefully removed from filtration

apparatus and transferred to aluminum weighting dish as support, dried for 1 hour

at 103-105° C in an oven, cooled in desiccator and weighed.

Calculations: Total suspended solid TSS mg/dm3 = (4-B)x1000

Where A= Weight of dried residue + filter
B=Weight of dish

V= volume of sample

2.2.2.7 Determination of K, Na and Ca using AAS

10ml of HCI were added to 20ml of sample in 100ml volumetric flask and the
volume made up to the mark with deionized water. 1% lanthanum solution was

added, shaked well and centrifuged.

2.2.2.8 Determination of total organic carbon
The 680°C combustion catalytic oxidation method achieved total combustion of
samples by heating them to 680°C in an oxygen-rich (Figure 2-1) environment

inside TC combustion tubes filled with a platinum catalyst. The carbon dioxide
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generated by oxidation is cooled, dehumidified and detected using an infrared gas
analyzer (NDIR).

Calculation: TOC= TC - IC

TC measurement
Purified air

- Cooling
Combustion |y midification

Sample (CO2 created) |——» INDIR detection

IC measurement

Acid e Cooling
\_\ S pargiing Humidification -
Sample (CO2 isolation) » |NDIR detection
pH<3

Figure 2-1 TOC measurement diagram

Figure 2.2 TOC instrument
2.2.2.9 Infrared spectroscopy
Vinasse (1) and vinasse (2) were mixed well, and 250ml of vinasse mixture was
dried, 2-3mg of dried vinasse were mixed with approximately 0.5- 1g of KBr. and
then mixture was grinded to fine powder for IR analysis.
2.2.2.10 Gas chromatography mass spectrometry
Vinasse (1) and vinasse (2) were mixed well, and 500ml of vinasse mixture were

used for GC-MS analysis.
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e Samples preparation and derivatization
The sample of vinasse was prepared for GC-MS analysis by solvent extraction
method. Hexane and dichloromethane (DCM) were used as solvents. The sample
and the solvent (1:4) were shaken, manually, for 5 min. The solvent was removed
from organic layer by a rotary evaporator (37 °C). Extracted organic layer was
reduced under a gentle nitrogen stream (approximately 50 min).
Trimethylchlorosilane (TMCS) was added to DCM extraction, then heated to
70°C for 4 hour, dried under nitrogen stream and then stored in fridge until GC-
MS analysis.

e GC-MS analysis
The analyses of the extract were performed by Gas Chromatography mass
spectrometry. These analyses were carried out on a Hewlett- Packard Model 6890
gas chromatograph  with  splitless injector and a VB-5 5%
phenylmethylepolysiloxane column ( 30 m Length, 0.25 mm I.D., 0.25 pm film
thickness) equipped with a Hewlett- Packard Model 6890 mass selective detector
provided with a HP ChemStation data acquisition system. Helium (purity
99.999%) was used as a carrier gas. The chromatographic conditions are present
in Table (2.1). The data for analysis was acquired from electron impact (EI) mode

70 (eV), scanning from 50-550 amu at 1.5 sec/scan.
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Table 2.1 The chromatographic conditions of GC-MS

Chromatographic Conditions

Oven Temperature program | Initial oven temperature 60°C, hold for 2
minutes; then up to 280°C at 6°C/min, then
held at 280°C for 20 min

Gas flow rates 1.2ml/min
Injection port temperature | 290°C
Injection mode Splitless (1 min) (1.0-1.4 ul; hot needle
technique)
Column inlet pressure 10.4 pis
Average Velocity 40 cm/s
Temperature of transfer line | 300°C
Solvent delay 4 min

2.2.3 Vinasse treatment

All glassware were washed with detergent. The glassware were rinsed four times
in tap water and once in distilled water. The two samples were mixed well together
for treatment methods. All stock solutions were kept in a 4°C refrigerator until
use.

2.2.3.1 Coagulation-flocculation process

All experiments were carried out in batch mode at room temperature in duplicate.
All reagents were of analytical grade and only deionized water was used.
Coagulation-flocculation treatment of vinasse was performed using jar testing
which is a pilot scale test, using chemicals for treatment in a particular water plant
Satterfield (2005). UV/Vis spectrophotometer was used of monitoring color and
AOC removal.

e Effect of coagulant doses on removal of color, AOC and TOC

In each 1000ml beaker, 10ml of vinasse were placed and diluted to the mark. Then
5, 7.5, 10, 12.5, and 15g of iron (111) chloride were added in each beaker. The pH

was not adjusted. The mixture was stirred at 120 rpm for 1 min and followed by
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stirring at 30 rpm for 30 min. After stirring, the floc was allowed to settle for 1.5
hour. (Carvajal-Zarrabal, et al. 2012). Then the reaction mixture was filtered
through a syringe filter with the pore size of 0.45 pm before TOC, color and AOC

analysis.

Calculation:

Color and AOC removal % = % x 100

A (1) = sample absorbance prior treatment

A (2) = sample absorbance after treatment

TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment
C (2) = concentration (mg/dm?q) of sample after treatment
e Effect of pH on removal of color, AOC and TOC

In each of 1000ml beaker 10ml of vinasse were placed and diluted to the mark
with deionized water. Each sample was dosed with 10g of iron (I11) chloride, and
the pH values were adjusted to 3, 5, 7, 9 and 11 by adding NaOH and/or H,SO,.
The mixture was stirred at 120 rpm for 1 min and followed by stirring at 30 rpm
for 30 min. After stirring, the floc was allowed to settle for 1.5 hour, filtered
through a syringe filter with the pore size of 0.45 um before TOC, color and AOC

analysis.

Calculation:

A(1)- A(2)

400) X 100

Color and AOC removal % =

A (1) = sample absorbance prior treatment

A (2) = sample absorbance after treatment
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TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment
2.2.3.2 Sand filtration

The treated vinasse was passed through a rapid gravity sand filter according to the
method which was described by Tatari et al. (2013).

2.2.3.3 Reduction of TOC using SR-AOP process

All experiments were performed in batch mode in triplicated. Experiments were
conducted at room temperature in 30ml glass vials. All reagents were of analytical
grade and only deionized water was used. Oxidation was initiated by the addition
of PS or PMS solution to the vial that containing pretreated vinasse.

2.2.3.3.1 PS-Fe (I1) system
e Effect of PS doses on TOC removal

In each 30ml glass vial, 20ml of pretreated vinasse were placed. Each sample was
dosed with 1ml of iron (I1) sulfate as activator. Then 0.97, 1.94, 3.88 and 7.76ml
of PS were added (Table 2.2). Vials were shaken at 150 rpm by using an orbital
shaker. After reaction, mixture was filtered through a syringe filter with the pore
size of 0.45 pm before TOC analysis

Calculation:

c-¢c@)

TOC removal % =
c(1)

x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?q) of sample after treatment
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Table 2.2 Doses of PS added to 20ml vinasse at constant dose of Fe (I1)

Ratio of Fe(ll): PS | 1:0.5 1:1 1:2 1:4
Vinasse (ml) 20 20 20 20

PS (ml) 097 | 194 | 388 | 7.76

PS (mM) 018 | 036 | 0.72 | 1.44
Fe(1l) (ml) 1 1 1 1

Fe(ll) (mM) 036 | 0.36 | 0.36 | 0.36

Water (ml) 7.03 | 6.06 | 412 | 0.24
Total 29 29 29 29

e Effect of iron (I1) sulfate doses on TOC removal

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
3.88ml of PS. Then 1, 2, 4 and 5ml of iron (Il) sulfate were added respectively
(Table 2.3). Vials were shaken at 150 rpm by using an orbital shaker. After the

reaction, mixture was filtered through a syringe filter with the pore size of 0.45

um before TOC analysis.

Calculation:

TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment

Table 2.3 PS: Fe (1) ratios

Ratio of PS: Fe(ll) | 1:0.5 1:1 1:2 1:2.5
Vinasse (ml) 20 20 20 20
PS (ml) 3.88 | 388 | 3.88 | 3.88

PS (mM) 072 | 0.72 | 0.72 | 0.72
Fe(ll) (ml) 1 2 4 5
Fe(ll) (mM) 036 | 0.72 | 1.44 1.8
Water (ml) 412 | 312 | 112 | 0.12
Total 29 29 29 29
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Effect of pH on TOC removal in PS-Fe (11) system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
3.88ml of PS and 1ml of iron (1) sulfate as activator. pH values were adjusted to
3,5, 7,8 and 11 by adding NaOH and/or H,SO, solution. Vials were shaken at
150 rpm by using an orbital shaker. After the reaction, mixture was filtered

through a syringe filter with the pore size of 0.45 um before TOC analysis.

Calculation:

TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment

e Effect of reaction time on TOC removal in PS-Fe (11) system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
and 3.88 ml, 1 ml of PS and iron (1) sulfate, respectively at pH 7. Reaction time
were adjusted to 0.0833, 0.5, 4, 8 and 24 hour. Vials were shaken at 150 rpm by
using an orbital shaker in different time. After the reaction, the reaction mixture
was filtered through a syringe filter with the pore size of 0.45 pm before TOC

analysis.

Calculation:

c(1)-C(2)

TOC removal % =
c(1)

X 100

C (1) = concentration (mg/dm?3) of sample prior treatment
C (2) = concentration (mg/dm?) of sample after treatment

e Optimization of PS
Optimum ratio of PS: Fe (Il) were placed in vial with 20ml of vinasse. The

optimum condition of pH and time reaction were adjusted. Optimum conditions
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were increased to obtain the maximum removal of TOC. Vials were shaken at 150
rpm by using an orbital shaker. After the reaction, the reaction mixture was filtered

through a syringe filter with the pore size of 0.45 um before TOC analysis.

2.2.3.3.2 PMS-Fe (I1) system
e Effect of PMS dose on TOC removal

20ml of vinasse were placed in each 30ml glass vial. Each sample was dosed with
1 ml of iron (Il) sulfate as activator. Then 2.21, 4.42, 2.94 and 5.89ml of PMS
were added (Table 2.4). Vials were shaken at 150 rpm by using an orbital shaker.
After the reaction, mixture was filtered through a syringe filter with the pore size
of 0.45 um before TOC analysis.

C()-C(2)

TOC removal % =
c(1)

Calculation: X 100

C (1) = concentration (mg/dm?3) of sample prior treatment
C (2) = concentration (mg/dm?3) of sample after treatment

Table 2.4 Doses of PMS added to 20ml vinasse at constant dose of Fe (I1)

Ratio of Fe(ll): PMS | 1:0.5 1:1 1:2 1:4

Vinasse (ml) 20 20 20 20

PMS (ml) 221 | 442 | 294 | 5.89

PMS (mM) 018 | 0.36 | 0.72 | 1.44

Fe(I1) (ml) 1 1 1 1

Fe(ll) (mM) 0.3596 | 0.3596 | 0.3596 | 0.3596

Water (ml) 579 | 358 | 5.06 | 2.11

Total 29 29 29 29

o Effect of iron (I1) sulfate doses on TOC removal
In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
4.42ml of PMS. 0.5, 1, 2 and 2.5ml of iron (II) sulfate were added (Table 2.5).

Vials were shaken at 150 rpm by using an orbital shaker. After the reaction, the
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reaction mixture was filtered through a syringe filter with the pore size of 0.45 pum

before TOC analysis.

Calculation:

C(1)— C(2)
c(1)

TOC removal % = x 100

C (1) = concentration (mg/dm?q) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment
Table 2.5 PMS: Fe (1) ratios

Ratio of PMS: Fe(ll) | 1:05 | 1:1 1:2 | 1:25
Vinasse (ml) 20 20 20 20
PMS (ml) 442 | 442 | 442 | 442

PMS (mM) 0.36 | 0.36 | 0.36 | 0.36
Fe(I1) (ml) 0.5 1 2 2.5
Fe(Il) (mM) 0.18 | 0.36 | 0.72 0.9
Water (ml) 408 | 358 | 258 | 2.08
Total 29 29 29 29

e Effect of pH on TOC removal in PMS-Fe (I1) system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
4.42ml of PMS and 2.5ml of iron (I1) sulfate as activator. pH values were adjusted
to 3,5, 7,8and 11 by adding NaOH and/or H,SO, solution. Vials were shaken at
150 rpm by using an orbital shaker. After the reaction, the reaction mixture was

filtered through a syringe filter with the pore size of 0.45 pm before TOC analysis.

Calculation:

TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment
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e Effect of reaction time on TOC removal PMS-Fe(ll) system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
4.42 and 2.5ml of PMS and iron (Il) sulfate respectively at pH 7. Reaction time
were adjusted to 0.0833, 0.5, 4, 8 and 24 hour. Vials were shaken at 150 rpm by
using an orbital shaker in different time. After the reaction, the reaction mixture
was filtered through a syringe filter with the pore size of 0.45 pm before TOC

analysis.

Calculation: TOC removal % = % x 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatment

e Optimization of PMS

Optimum ratio of PS: Fe (Il) were placed in vial with 20ml of vinasse. The
optimum condition of pH and time reaction were adjusted. Optimum conditions
were increased to obtain the maximum removal of TOC. Vials were shaken at 150
rpm by using an orbital shaker. After the reaction, the reaction mixture was filtered

through a syringe filter with the pore size of 0.45 pm before TOC analysis.

2.2.3.4 Enhancement of TOC removal by using hydrogen peroxide
I.  2.643ml of sample were added into 500ml Erlenmeyer flask.
ii.  200ml of water, 20ml of potassium iodide solution and 25ml of the acid
mixture were added.
iii.  The solution was mixed well, stoppered and left to stand five minutes.
iv. The solution was titrated with sodium thiosulfate in 50ml burette until the
brown triiodide color had been reduced to a light straw color.
v. A few drops of starch solution were added and the titration was continued
until the color of the solution changed sharply from blue to colorless.

Volume was recorded as (A).
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vi. The above steps were repeat without sample as blank (B).

(A-B)X M X 1.7007
Sample weight

Calculations: Hydrogen Peroxide % w/w =

Where A= equivalent volume of sodium thiosulfate for sample
B= equivalent volume of sodium thiosulfate for blank

M= molarity of sodium thiosulfate

2.2.3.4.1 Reduction of TOC by coupling of sulfate and hydroxide

radicals

The optimum conditions of PS-Fe (Il) and PMS —Fe (Il) system were used. All
experiments were performed in batch mode in triplicated. Experiments were
conducted at room temperature in 30mL glass vials. All reagents were of
analytical grade and only deionized water was used. Oxidation was initiated by
the addition of PS or PMS solution plus H,O; to the vial that contained pretreated

vinasse.

Effect of H202 doses in TOC removal in PS system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
0.388g of PS and 0.198g of Fe (I1). Then 0.2, 0.4, 0.6 and 0.8ml of H,O, were
added. Deionized water were added to complete volume to 29ml for each vial.
Vials were shaken at 150 rpm by using an orbital shaker. After the reaction, the
reaction mixture was filtered through a syringe filter with the pore size of 0.45 pm

before TOC analysis.

Calculations:

cW-c@)

TOC removal % =
c(1)

X 100

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?q) of sample after treatment
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o Effect of H.O, doses in TOC removal in PMS system

In each 30ml glass vial, 20ml of vinasse were placed. Each sample was dosed with
0.442g of PMS and 0.5g of Fe (Il). Then 0.08, 0.162, 0.243 and 0.324ml of H,0,
were added. Deionized water were added to complete volume to 29ml for each
vial. Vials were shaken at 150 rpm by using an orbital shaker. After the reaction,
the reaction mixture was filtered through a syringe filter with the pore size of 0.45
um before TOC analysis.

Calculations:

c(D)-c(2)

TOC removal % =
c(1)

X 10

C (1) = concentration (mg/dm?3) of sample prior treatment

C (2) = concentration (mg/dm?3) of sample after treatm.
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CHAPTER THREE

Results and Discussions
3.1 Vinasse characterization

3.1.1 Physicochemical characteristics of vinasse

The physicochemical characteristics are important to select the suitable method for
waste water treatment. High levels of pollutants mainly organic matter in water
causes an increase in BOD, COD, TDS and TSS. They make the water unsuitable
for drinking, irrigation or any other use (Shrivastava, et al. 2012).

Table 3.1Some of the physicochemical characteristics of vinasse

Parameters Units Vinasse 1 Vinasse 2
pH - 35 4.85
Color - Dark brown | Dark brown
BOD mg/dm?® 68.978 65.000
COD mg/dm?® 125.777 200.000
TOC mg/dm?® 489.60 480.4
TC mg/dm?® 490.00 484.5
IC mg/dm3 0.40 4.077
TN mg/dm? 6.669 8.309
TS mg/dm? 111.46 119.57
TDS mg/dm?® 63.8 97.47
TSS mg/dm? 13.0 17.1
K mg/dm?® 121.3 92.3
Na mg/dm?® 120.55 87.9
Ca mg/dm? 73.75 22.65

As shows in Table 3.1 the pH values were 3.5 and 4.85 which indicate the acidity
nature of the samples. Therefore, disposed vinasse to the land without treatment
will cause soil salinization (Mohana, et al. 2009). The results shows high BOD
of 68.978 and 65.000 mg/dm?®, COD of 125.777 and 200.000 mg/dm? for vinasse
(1) and (2) respectively, indicating that vinasse has high pollution effects, and in
agreement with those of Beltran, et al. (2005), Jime'nez, et al. (2006), and Pant
and Adholeya, (2007a). On the other hand, the large amount of vinasse produced
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made vinasse a serious environmental problem. Thus proper treatments are
required to reduce the high organic content as well as acidity and color. The
physical characteristics TS, TDS and TSS are important to select the suitable
method for wastewater treatment (Punmia and Ashok. 1998). Results of TS,
TDS and TSS contents of wastewater are useful in the design and process control
of wastewater treatment facilities. Moreover, TSS result is commonly used to
evaluate the degree of pollution in natural water and serves as a key process
control parameter for wastewater treatment operation. As results show the
concentration of K was 121.3 and 92.3 mg/dm?® for vinasse (1) and (2),
respectively, whereas those of Na and Ca were 120.55, and 73.75 mg/dm? for
vinasse (1), 87.9 and 22.65 mg/dm? for vinasse (2). According to the obtained
results vinasse could be used in irrigation as fertirrigation, and they were in
agreement with those described by Ahmed, et al. (2013). The cost of

use of vinasse as fertirrigation is lower than that of chemical fertilizers (Laime, et
al. 2011).

3.1.2 IR analysis

Figure 3.1 depicts the IR spectrum of vinasse. A strong and broad band at about
3400 cm indicates the presence of OH group, and a relatively weak band at 2930
cm? is attributed to CH- stretching. The bands at 1600 cm™ is attributed to the
C=C in aromatic compounds, also a relatively weak and broad band at 1420 cm™
is attributed to aliphatic C-H bending, and a sharp and weak band at 1130 cm? is
attributed to stretching of the C-O bond as in ether.

62



40.5

35.5

T%

305 2930

25.5 1420 1130

205 1600

3395
15.5
3,900 3,400 2,900 2,400 1,900 1,400 900 400

cm-1
Figure 3.1. IR spectrum of vinasse

3.1.3GC-MS

analysis

The identification of unknown compounds was initially accomplished by
comparison with the MS library (NIST) and comforted by using Chemo bio
draw program version ultra 11.0, and/or by interpreting the fragmentation
pattern of the mass spectra. The comparison of the mass spectrums with the
data base on MS library gave about 72% - 96% match as well as

confirmatory compound structure match.
3.1.3.1 ldentification of solvent extracted compounds from

vinasse

Various compounds extracted by hexane from vinasse were analyzed by
GC- MS. The typical total ion chromatograms (TIC) of compounds
extracted by hexane from vinasse are shown in Figure 3.2 and appendix B
(1-12). Table (3.2) represent the compounds extracted by hexane.
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Figure 3.2. Total ion chromatogram of compounds extracted from vinasse by
hexane. Peak numbers as R.T
3.1.3.1.1 Identification of hexane extracted compounds
¢ Identification of 2-phenyl ethanol
The EIl mass spectrum of 2-phenyl ethanol. MW 122.16 (Figure 3.3). The base
peak is found at m/z 91 corresponding to M[C;H]* as a result from the loss of
[CH30] . The 2-phenyl ethanol appears at R.T of 5.647 in total ion

chromatogram.

1 11000

Figure 3.3 The mass spectrum analysis of 2-phenyl ethanol
Identification of 4-ethyl-2-methoxy phenol
The EI mass spectrum of 4-ethyl-2-methoxy phenol MW 152.19 (Figure 3.4).
The base peak is found at m/z 137 corresponding to M[CsHyO,] ™ as the result of
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los s of [CH3]. The 4-ethyl-2-methoxy phenol appears at R.T 6.873 in total ion

chromatogram.
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Figure 3.4 The mass spectrum analysis of 4-ethyl-2-methoxy phenol
e Identification of 2,6- dimethoxy phenol
The EI mass spectrum of 2,6- dimethoxy phenol MW 154.16 (Figure 3.5). The
base peak is found at m/z 139 corresponding to M[C;H;O3]* as a result from

the loss of [CH3] . 2,6- dimethoxy phenol appears at R.T 7.575 in total ion

chromatogram.
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Figure 3.5 The mass spectrum analysis of 2,6-

dimethoxy phenol

65



e Identification of 1,2,3- triethoxy-5-methyl benzene

The EI mass spectrum of 1,2,3- triethoxy-5-methyl benzene MW 182.22
(Figure 3.6). The MW of 183 is probably due to the isotope of 3C. The base
peak is found at m/z 167 corresponding to M[CgH;103] * as the result of the
loss of [CH3]. 1,2,3- triethoxy-5-methyl benzene appears at R.T 9.742 in total

ion chromatogram.
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Figure 3.6. The mass spectrum analysis of 1,2,3- triethoxy-5-methyl
benzene
e Identification of dodecanoic acid
The EI mass spectrum of Dodecanoic acid MW 200.32 (Figure 3.7). The loss
of [CoHs] results in M[CyoH190,] * at m/z 171 .Meanwhile, the base peak is
found at m/z 73, Dodecanoic acid appears at R.T 10.225 in total ion

chromatogram.
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Figure 3.7 The mass spectrum analysis of Dodecanoic acid
e Identification of 3,4,5- trimethoxy phenol
The EI mass spectrum of 3,4,5- trimethoxy phenol MW 184.19 (Figure 3.8).
The base peak is found at m/z 169 corresponding to M[CgHsO4] ™ as the
result of the loss of [CHs]. The 3,4,5- trimethoxy phenol appears at R.T

10.675 in total ion chromatogram.
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Figure 3.8 The mass spectrum analysis of 3,4,5- trimethoxy phenol

e |dentification of 4-allyl-2, 6-dimethoxy phenol
The EI mass spectrum of 4-allyl-2, 6-dimethoxy phenol MW 194.23 (Figure
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3.9). The loss of [CH3] result in the appearance of M [CyoH1103] * at m/z 179
. Meanwhile, the base peak is found at m/z 91, 4-allyl-2,6-dimethoxy phenol

appears at R.T 10.983 in total ion chromatogram.
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Figure 3.9 The mass spectrum analysis of 4-allyl-2,6-

dimethoxy phenol

e Identification of (E) -1-(3-hydroxy-2,6,6-trimethylcyclohex-1-
enyl)but- 2-en-1-one

The EI mass spectrum of (E) -1-(3-hydroxy-2,6,6-trimethylcyclohex-1-

enyl)but-2-en-1-one MW 208.30 (Figure 3.10). The loss of [CH3] result in the

appearance of M[C1,H170,] ™ at m/z 193 . Meanwhile, the base peak is found

at m/z 69, (E) -1-(3-hydroxy-2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-one

appears at R.T 11.300 in total ion chromatogram.
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Molecu’ar Weipht: 20830

Figure 3.10 The mass spectrum analysis of (E) -1-(3-hydroxy-2,6,6-
trimethylcyclohex-1- enyl)but-2-en-1-one
e Identification of 1,1,4,4-tetramethyl-2,5-dimethylenecyclohexane
The El mass spectrum of of 1,1,4,4-tetramethyl-2,5-dimethylenecyclohexane
MW 164.29 (Figure 3.11). The base peak is found at m/z 149 corresponding to
M [C11H17] T as the result of the loss of [CHs]. The 1,1,4,4-tetramethyl-2,5-

dimethylenecyclohexane appears at R.T 13.150 in total ion chromatogram.

m-{x‘M(ﬁ';
5
’ i L ” f
If g7 106 e
| T e T | it
ollll 111 1] |
ey

Figure 3.11 The mass spectrum of 1,1,4,4-tetramethyl 2,5-

dimethylenecyclohexane
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e Identification of methyl palmitate

The El mass spectrum of methyl palmitate. MW 270.45 (Figure. 3.12). The loss
of [CsH7] results in the appearance of [Ci4H70,] * at m/z 227. The base peak

is found at m/z 74, the Methyl palmitate appears at R.T 17.608 in total ion

chromatogram.
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Figure 3.12. The mass spectrum analysis of Methyl palmitate

e Identification of of palmitic acid

The EI mass spectrum of Palmitic acid .MW 256.42 (Figure 3.13). The loss of

[CoHs] result in the appearance of M[Cy4H2;0,] * at m/z 227. Meanwhile, the

base peak is found at m/z 73, Palmitic acid appears at R.T 18.367 in total ion

chromatogram.

70



i
v
v

JJl 1 Ill 11‘1 |1l

m/z=29 i
”2 W
Maolgsular Weight: 256.4

" ‘ il
|

zf

- m’u| I

Ill {) ;

ml

BT |
L il

il

Figure 3.13. The mass spectrum analysis of Palmitic acid

¢ Identification of methyl stearate

The EI mass spectrum of methyl stearate MW 298.5 (Figure3.14). The loss
of [CsH;] Result in M [C16H3,02] - At m/z 255.Meanwhile, the base peak is
found at m/z 74, methyl stearate appears at R.T 22.050 in total ion

chromatogram.
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Figure 3.14. The mass spectrum analysis of methyl stearate
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Table 3.2 Identification of compounds extracted from vinasse by hexane.

No Name and MW | Match
R.T Structure % Class
1 OH 2-phenyl 86
5.647 ©/\/ ethanol. MW alcohol
122.16
2 OH 4-ethyl-2- 91
0.873 N methoxy phenol.
MW 152.19 Phenol
3 OH 2,6- dimethoxy 86
O 1
7.575 y; o_ ohenol. ohenol
MW 154.16
4 1,2,3- triethoxy- 75 )
5-methyl Aromatic
9.742 ~o o~ benzene. (be_nzene
it MW 182.22 ring)
N
5 Dodecanoic 94 :
0 acid. Carbo_xyllc
10.225 /\/W\/\)LOH MW 200.32 acid
6 OH 3,4,5- 80
10.675 trimethoxy
~o o phenol. phenol
o5 | MW 184.19
~
7 OH 4-allyl-2,6- 87
-0 N dimethoxy
10.983 phenol. phenol
MW 194.23
8 HO Q (E) -1-(3- 86
| hydroxy-2,6,6-
trimethylcyclohe
11.300 x-1-enyl)but-2-
' en-1-one. Ketone

208.30
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9 1,1,4,4- 72
tetramethyl-2,5-
13.150 dimethylenecycl cycloalkane
ohexane.
MW 164.29
10 /OTI/\/\/\/\/\/\/\/ 96
o}
17.608 Methyl palmitate.
MW 270.45 ester
11 95
OY\/\/\/\/\/\/\/ _
18.367 OH Carboxylic
.. ) acid
Palmitic acid.
MW 256.42
12 o 92

methyl stearate MW 298.5

3.1.3.1.2 Identification of DCM extracted compounds

Various compounds extracted by DCM from vinasse were analyzed by GC-

MS. The typical total ion chromatogram (TIC) of compounds extracted by DCM

are given in figure 3.15 and appendix C (1-3). Table 3.3 represent the

compounds extracted by DCM. Appendix (C).

Figure 3.15 Total ion chromatogram of compounds extracted from vinasse by
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DCM. Peak numbers as R.T
e Identification of 2,6 dimethoxy phenol
The EI mass spectrum of 2,6 dimethoxy phenol MW 154.16 (Figure 3.16). The
base peak is found at m/z 154. The loss of [CH3] results in M[C;H;O3] = at m/z
139. The 2,6 dimethoxy phenol appears at R.T 7.608 in total ion chromatogram.
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Figure 3.16. The mass spectrum analysis of 2,6 dimethoxyphenol
e Identification of methyl palmitate
The EI mass spectrum of Methyl palmitate MW 270.45 (Figure 3.17) the loss of
[CH30] results in M [Ci6H3,0] - at m/z 239 .Meanwhile, the base peak is
found at m/z 74, Methyl palmitate appears at R.T 17.66 in total ion

chromatogram.
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Figure 3.17. The mass spectrum analysis of methyl palmitate
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Existing of 3,4-dimethoxy phenol trimethylsilane

3,4-dimethoxy phenol trimethylsilane MW 226.34 appears at R.T 8.95 in total ion

chromatogram. Presence of Si is due to the silylation Table (3.3)

Table 3.3 Identification of compounds extracted from vinasse by DCM.

No Name | Match
R.T Structure and MW % Class
1 2,6 92
5 OH 5 dimethox
- \©/ ~ yphenol
7.608 154.16 Phenol
2 17.667 Methyl 95 | ester
palmitate
270.45
3 8.95 3,4- 94 | Phenol
\Si< dimethox
o~ y phenol
=L iy
226.34
O/
/O

As observed twelve compounds were identified by hexane extraction, whereas

three compounds only were identified by DCM; this is due to the exclusion of

many compounds that were less than 80% match percentage, and/or to the

presence of Si produced come from the silylation such as (3,4-dimethoxy

phenoxy) trimethylsilane. Moreover, the derivatives method which is used might

result in overlapping of peaks, and consequently in poor chromatographic peaks.

The GC-MS analysis shows that the major compounds detected in vinasse were

phenolic compounds. These results were confirmed by the IR spectra, displaying

strong broad peaks in (OH) region. Phenols compounds are considered as the

most hazardous compounds that may have serious harmful effects on humans
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and natural environment (Urszula, et al. 2012), thus effective treatment
techniques should be used for vinasse treatment.
3.2 Vinasse treatment
The treatment of vinasse was carried out in two stages, coagulation- flocculation
as the first stage and followed by SR-AOP as the second stage.

3.2.1 Coagulation-flocculation process

In this part, TOC, UVas4 and color were used to monitor the efficiency of

coagulation-flocculation pretreatment method. UV spectrophotometry (at X max

254nm) was often used to estimate the amount of AOC, especially for the humic
substances in wastewater (Tang, et al. 2014). In visible region, absorbance at
475 nm was often measured to determine the intensity of color. (Mrityunjay and
Anil. 2012). The efficiency of this pretreatment method was found to be pH and
coagulant doses dependent.

3.2.1.1 Removal of TOC, color and AOC using different doses of FeCls
Table (3.4) shows that the optimum dose of FeCl; at which an effective
coagulation removing 65.37% of TOC occurred when 10 g/dm? of coagulant was
applied. By increasing the coagulant dose from 5 to 15 g/dm?® the percentage of
TOC removal was found to increase from 55.8 to 69.7% (Figure 3.18). Therefore,
higher TOC removal was achieved by using higher dose of coagulant. This result
might be due to the precipitation of ferric hydroxide, formed favorably at
adequately high coagulant dose, and it could physically swept the colloidal
particles from the suspension (Ayguna and Yilmazb. 2010). The obtained results
was in agreement with that of Zayas et al. (2007). As shown in Table 3.5 and 4.6,
color and AOC removal percentages, respectively, were approaching 100% with
coagulant dosage of 5 g/dm?3. This results indicate that the AOC, such as humic
substances, that contributed both to color (475 nm) and UV absorption (254 nm)
would be effectively removed Figure (3.19). Lower efficiency of TOC removal as
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compared with color and AOC removals has also been reported in the
pretreatment of olive oil mill wastewater (Rizzo, et al. 2008). In general, the
results indicate that TOC, color and AOC of vinasse were significantly reduced
after coagulation-flocculation (Figure3.20).

Table 3.4 Removal percent of TOC using different doses of FeCl; coagulant

Doses | TOC1l | TOC2 | TOC mean S.E Blank | TOC R%
g/dm?®
5 214.0 210.7 212.3500 | 1.6500 | 480.9 55.84
7.5 229.8 167.3 198.5500 | 31.250 | 480.9 58.71
10 178.1 155 166.5500 | 11.550 | 480.9 65.37
12.5 185.2 132.1 158.6500 | 26.550 | 480.9 67.01
15 147.6 144.1 145.8500 | 1.7500 | 480.9 69.67

TOC removal percent
100

80

60
40
20
0 5 7.5 10

12.5 15
B TOCR% 55.84 58.71 65.37 67.01 69.67

TOC removal %

cogulant dose (g/dm3)

Figure 3.18 Effect of FeClz doses g/dm? on TOC removal

Table 3.5 Removal percent of color using different doses of FeCl; coagulant,

Dose ¢ Blank | 5 7.5 10 | 125 | 15

Sample A475nm | 0.25 |0.001|0.002 | 0.000 | 0.001 | 0.001

Color Removal% 99.6 | 99.2 | 100 | 99.6 | 99.6
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Table 3.6 Removal percent of AOC using different doses of FeCl; coagulant.

Dose g Blank 5 7.5 10 12.5 15
Sample A 254 nm 4.8 | 0.111 | 0.099 | 0.073 | 0.068 | 0.048
Aromatic 976 | 979 | 984 | 985 99
Removal%o
1
0.9
0.8 |
__ 07 —58
< o6 blank
_r§ 05 75¢g
=~ 0.4
2 03 10
< 02 —125¢
0.1 ——15¢g
0
-0.1 200 300 400 500 600 700 800 900

Wavelength (nm)

Figure 3.19 UV-Vis spectrum for vinasse in different doses of FeCls.
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Figure 3.20 Effect of FeCl; coagulant doses on TOC, color and AOC removal

percent

3.2.1.2 Removal of TOC, color and AOC at different pH values
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The effect of pH on TOC, color and AOC removal were examined at constant
dosage of FeClscoagulant at 10 g/dm?. The removal of TOC, color and AOC was
relatively higher when the pretreatment was performed under acidic conditions.
The efficiency of coagulation-flocculation pretreatment decreased significantly
after pH 7 (Figure 3.23). Most of the vinasses are acidic, therefore, this
pretreatment method could be used to remove a large portion of organic content
of vinasses without pH adjustment. Table 3.7 and Figure 3.21 shows that the TOC
decreased from 84% to 51% when the pH was increased from 3 tol1l. The effect
of pH on coagulation-flocculation for the treatment of vinasse was also examined
by spectrophotometric measurement (Figure 3.22). This measurement can provide
a simple and qualitative way to monitor the elimination of organic compounds
from the aqueous solution. At pH 9 and 11, the adsorption spectra there are no
significant reduction in the absorbance, but when the pH was decreased to 7 and
below; the absorbance decreased significantly. Therefore, acidic conditions are
more favorable operating conditions for the removal of organic compounds from
the vinasse through coagulation-flocculation. Results also indicate that further
acidification from pH 5 to 3 did not show any significant reduction in absorbance
suggesting the need of other treatment method to enhance the removal of organic

content of vinasse Tables 3.8 and 3.9 respectively

Table 3.7 Removal percent of TOC at different pH values using 10 g/dm? FeCl3

pH | TOC1 | TOC2 | TOC mean S.E Blank TOC R%
3 79.91 82.2 81.0550 1.14500 501.9 83.85

5 87.91 77.5 82.7050 5.20500 471.5 82.46

7 119.1 116.9 118.0000 1.10000 518.4 77.24
9 224.3 242 233.1500 8.85000 556.7 58.16
11 216.8 303 259.9000 | 43.1000 531.7 51.12
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Figure 3.21 Effect of pH on TOC removal by using 10 g/dm? of FeCls
Table 3.8 Removal percent of color at different pH values using 10 g/dm? FeCls

Color | Sample A475 | pH3 | pH5 | pH7 | pH9 pH 11
Removal nm
Sample A 0.007 | 0.004 | 0.005 | 0.033 0.049
Blank A 0.085 | 0.084 | 0.104 | 0.188 0.148
Removal % 91.76 | 95.24 | 95.19 | 82.45 66.89

Table 3.9 Removal percent of AOC at different pH values using 10 g/dm? FeCl;

Aromatic Sample | pH3 |pHS5 | pH7 pH 9 pH 11
Removal A 254
nm
Sample A 0.320 | 0.301 | 0.393 | 1.048 1.329
Blank A 0.901 | 0.868 | 0.955 | 1.565 1.658
Removal % 64.48 | 65.32 | 58.85 | 33.04 19.84
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Figure 3.22 UV-Vis spectrum for vinasse at different pH values
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Figure 3.23 Effect of pH on TOC, color and aromatic removal percent

3.2.2 Reduction of TOC using SR-AOP processes

The pretreated vinasse was further treated with sulfate radical-based advanced
oxidation process (SR-AOP) after sand filtration. Sand filtration was used to
remove the floc that remained in the pretreated vinasse, and no significant of TOC
removal was observed.

In this study, SR was generated using Fe(ll)-mediated activation of persulfate
(S,0427, PS) and peroxymonosulfate (HSOs~, PMS) as indicated by the following

chemical equations (Ayoub and Ghauch, 2014; Zou et al., 2013):
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5,07 +Fe? — S0, +Fe* +S07 k=2.0x10M7s™ (3-1)

HSO; +Fe* ——S0; +Fe* +OH™ k=3.0x10'Ms™ (3-2)

In SR-AOP treatment, the influence of various operating parameters such as
amount of activator, type of oxidant (PS and PMS), pH and reaction time, was
studied in detail. PS and PMS are oxidants that have been frequently used to
generate SR for the treatment of non-biodegradable pollutants (Yang, et al. 2010).
Both PS and PMS are relatively stable with the changes of the pH (Park, et al.

2010), therefore, it can be used to treat the vinasse.
3.2.2.1 Reduction of TOC using PS-Fe (I1) system
3.2.2.1.1 Removal of TOC using different doses of PS

Table (3.10) shows the removal percentage of TOC during oxidation at different
concentrations of PS. Fe (Il) concentration was fixed at 0.36 mM, and the reaction
time was fixed at 4 hour. TOC removal increased from 9.4 to 15.5% as PS
concentration increased from 0.18 to 1.44 mM. Further increase of PS
concentration does not show any significant enhancement in TOC removal
(Figure 3.24). Although increasing the PS concentration could lead to the
generation of a higher quantity of SR, however, the generation of SR might be
limited by the available Fe (1)

Table 3.10 Removal percent of TOC at different doses of PS

PS TOC | TOC | TOC | TOC | SEE |Blank| TOC
dose(mM) 1 2 3 mean R%
0.18 131.3 | 121 | 122.7 |121.85| 0.85 | 134.5 9.4
0.36 129.8 | 114 | 113.2 | 113.6 04 | 1345 | 1554
0.72 123 | 11242 | 115.3 |113.86| 1.44 | 1345 | 153
1.44 122.6 | 1134 | 114 | 113.7 0.3 1345 | 155
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Figure 3.24 Effect of mM PS doses on TOC removal

4

To assess the effect of Fe (1) concentration on TOC removal, the concentration

of PS was fixed at 0.72 mM. The concentration of Fe (Il) was varied from 0.36 to

1.8 mM. The results from these experiments were presented as TOC removal
versus oxidant PS to Fe (II) ratio (Figure 3.25). As shown in Table 3.11 TOC

removal was slightly decreased when ratio increased from 1:0.5 to 1:2.5. This

might be attributed to the consumption of SR by the excess amount of Fe (I1)

(Nfodzo and Choi. 2011; Zou, et al. 2014). As indicated by Eq 3- 3, the rate of

deactivation of SR through the reaction with Fe (I1) is much higher than the rate

of SR production. Therefore, the presence of higher amount of Fe (1) would limit

the amount of SR for organic compound oxidation.

SO} +Fe* ——>S07 +Fe* k=4.9x10° M7's™ (3-3)

Table 3.11 Removal percent of TOC at different PS: Fe (1) ratios

PS: Fe(ll) | TOC | TOC | TOC | TOC S.E |Blank | TOC R%
ratio 1 2 3 mean
1:0.5 108.4 | 105.4 | 104.9 | 106.233 | 1.09291 | 134.5 21.02
1:1 109.4 | 108.5 | 111.1 | 109.667 | 0.76231 | 134.5 18.46
1:2 113.6 | 111.1 | 112.3 | 112.333 | 0.72188 | 134.5 16.48
1:2.5 1115 | 1135 1125 10.68394 | 134.5 16.35
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Figure 3.25 Effect of PS: Fe (1) ratios on TOC removal

3.2.2.1.3 Removal of TOC using different pH values

For the effect of pH, the TOC removal was evaluated at pH 3,5, 7, 8 and 11. The
results indicate that the effect of pH significantly influenced the efficiency of TOC
removal. As shown in Table (3.12) and (Figure 3.26), TOC removal achieved the
highest efficiency at pH 7. At pH 7, TOC removal was found to be 21 %. So far,
most of the SR-AOP studies have showed that the degradation of organic
pollutants achieved its highest efficiency at acidic conditions due to the formation
of SR through acid-catalysis reaction (Zhang, et al. 2014). In the present study Fe
(1) was thought to complex with soluble organic substances in the vinasse at
neutral condition. Complexation could stabilize the Fe (1) from being oxidized to
Fe (111) and consequently enhanced the TOC removal. Wu et al. (2014) reported
that the complexation between Fe (11) with organic ligand could also enhance the
removal of organic pollutants by using SR-AOP. At pH 8 and 11, however, TOC
removal was retarded, most probably, due to the formation of insoluble Fe (1)
hydroxide species reducing the amount of available Fe (lI) for the activation of
PS.
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Table 3.12 Removal percent of TOC at different pH values

pH | TOC | TOC | TOC TOC S.E Blank | TOC
1 2 3 mean R%
pH3 | 92.64 | 90.8 | 95.53 92.99 1.3766 | 100.1 | 7.1

pHS5 | 90.34 | 924 | 90.79 | 91.1767 | 0.62531| 100 8.82
pH7 | 108.4 | 105.4 | 104.9 | 106.2333 | 1.09291 | 134.5 | 21.02
pH8 | 111.2 | 111 | 109.9 111.1 |0.40415| 1205 | 7.8

pH11| 101.2 | 98.1 | 91.05 96.78 3.003 | 108.9 | 11.12

TOC removal percent

25

20
15
10
0 . I '
pH 3

TOC removal %

(6]

pH5 pH 7 pH 8 pH 11
B TOCR% 8.82 21.02 11.12
pH values

Figure 3.26 Effect of pH values on TOC removal percent in PS-Fe (11) system

3.2.2.1.4 Removal of TOC using different reaction times

To evaluate the effect of reaction time on the TOC removal, the PS-Fe (I1) was
carried out for 0.083, 0.5, 4, 8 and 24 hour on pretreated vinasses (Table 3.13).
The results indicate that the TOC removal was increased significantly for the first
5 min. When the reaction times increased from 5 min to 24 hour, TOC removal
increased slowly from 13.0 to 23.7% (Figure 3.27).
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Table 3.13 Removal percent of TOC at different reaction times

Time | TOC | TOC | TOC TOC S.E Blank | TOC
(hour) 1 2 3 mean R%
0.0833 | 116.1 | 116.7 | 118.2 117 0.6245 | 1345 | 13.01

0.5 1147 | 114.1 | 112.1 | 113.6333 | 0.78599 | 134.5 | 1551
4 108.4 | 105.4 | 104.9 | 106.2333 | 1.09291 | 1345 | 21.02
8 103.4 | 106.6 | 105.3 105.1 0.92916 | 1345 | 21.86

24 99.52 | 108.5 | 99.81 102.61 | 2.94619 | 1345 | 23.71
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21.86

23.71

Figure 3.27 Effect of reaction time (hour) on TOC removal percent in PS-

3.2.2.1..5 PS optimization

The TOC were enhanced by increasing the doses of PS and Fe (I1) under the
optimum operating conditions, the ratio of PS to Fe (Il) was kept at 1:0.5, pH 7
and reaction time was 4 hour. As illustrated in Figure 3.28, TOC removal

increased to 48.6% when PS concentration rose to 2.88 mM which was almost 4

Fe(ll)system

times of the initial PS concentration.
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Figure 3.28 Maximum TOC removal by PS-Fe (11) system under optimum
conditions

3.2.2.2 Reduction of TOC using PMS-Fe (11) system

3.2.2.2.1 Removal of TOC using different doses of PMS

Table 3.14 shows the effect of PMS concentration on TOC removal. Different
PMS concentrations were examined. Fe (Il) concentration was fixed at 0.36 mM
and the reaction time was fixed at 4 hour. The results illustrate that 22.5% of TOC
removal was achieved by using 0.18 mM of PMS. The TOC removal was found
to decrease from 22.5 to 17.9% as the PMS concentration increased from 0.18 to
1.44 mM (Figure 3.29). This might be due to the unfavorable consumption of SR
by the excessive PMS which leads to the formation of less reactive SOs™ and

scavenged the SR as shown in the following equation (Lin, et al. 2014).

HSO, +SO} ——S0; +S07 +H' (3 4y
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Table 3.14 Removal percent of TOC at different doses of PMS

(6]

0

B TOCR%

0.1794
22.46

0.3589
21.94

PMS dose Mm

0.7177
18.94

1.4354
17.87

Figure 3.29 Effect of mM PMS doses on TOC removal

3.2.2.2.2 Removal of TOC at different PMS: Fe (I1) ratios

To evaluate the effect of Fe (I1) concentration on TOC removal, the concentration
of PMS were fixed at 0.36 mM. The concentration of Fe (I1) was varied from 0.18
to 0.9 mM. The results from these experiments were presented as TOC removal
versus oxidant PMS to Fe (I1) ratio (Table 3.15).The increasing PMS: Fe (l1) ratio
show the enhancement of TOC removal efficiency (Figure 3.30). The removal
percentage of TOC was 33.3% corresponding to PMS: Fe (1) ratio of 1:2.5. In
this case, the efficiency of TOC removal was not influenced by the scavenging
effect of SR by Fe (I1). As indicated by Eq 3- 5, the rate of reaction between PMS
and Fe (I1) was about 1500 time higher than the reaction between PS and Fe (IlI).
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PMS | TOC | TOC | TOC | TOC S.E Blank | TOC
doses 1 2 3 mean R%
0.18 | 109.4 | 104.8 | 103.8 | 104.3 0.5 1345 | 22.46
0.36 | 104.2 | 102.1 | 105.8 | 105 0.8 1345 | 21.94
0.72 | 107.1 | 109.3 | 110.7 | 109.03 | 1.04775| 1345 | 18.94
144 |105.08 | 111.2 | 115.1 |110.46 |1.91609 | 134.5 | 17.87
TOC removal percent
25
20
c,_\C’
S 15
g
= 10
S




Therefore, higher amounts of SR were available in PMS-Fe (I1) treatment of

vinasse and consequently they increased the efficiency of TOC removal.
HSO;, +Fe* ——S0; +Fe* +OH k=3.0x10°Ms* (3-5)

Table 3.15 Removal percent of TOC at different PMS: Fe (1) ratios

PMS: | TOC | TOC | TOC | TOC S.E |Blank| TOC

Fe 1 2 3 mean R%
01:0.5 101 98.16 |104.9 |102.95 |1.95 1345 | 23.46
1:1 104.2 | 102.1 103.15 | 1.05 1345 | 23.31

1:2 94.28 |94.97 |94.23 |94.4933|0.23877|134.5 | 29.74

01:2.5 (911 |90.41 |87.63 |89.7133|1.06054 | 134.5 | 33.3

TOC removal percent
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Figure 3.30 Effect of PMS: Fe (Il) ratios on TOC removal
3.2.2.2.3 Removal of TOC at different pH values
Values of pH 3, 5, 7, 8and 11 were measured to assess the effect of pH on TOC
removal. Like PS-Fe (Il) the PMS-Fe (Il) shows significant removal of TOC
at pH 7 Table (3.16). As shown in Figure 3.31, TOC removal was 33.3% at pH
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7due to the complexation of Fe (I1) with the soluble substance at pH 7, the

complexation could stabilize the Fe (Il) from being oxidized to Fe (I11) and

consequently enhanced the TOC removal.

Table 3.16 Removal percent of TOC at different pH values

pH | TOC | TOC | TOC | TOC S.E |Blank| TOC
pH3 |83 /775 [79.71 |80.0/7 |1.59788 |88.84 |9.87
pHS 8214 |79.48 |81.05 |80.89 |0.77203|84.92 [4.75
pH7 (911 /9041 |87.63 [89.7133 | 1.06054 | 134.5 | 33.3
pH8 |87.99 |85.23 |82.59 |85.27 |1.55897|88.79 |3.96
pH11 | 96.45 |89.89 |87.86 |91.39 [259211|985 |[7.2

TOC remoal percent
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3.96 7.2

33.3
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9.87 4.75
Figure 3.31 Effect of pH values on TOC removal in PMS-Fe (11) system

3.2.2.2.4 Removal of TOC at different reaction times

Times of 0.083, 0.5, 4, 8 and 24 hour were subjected to evaluate the effect of

reaction time (Table 3.17). The results indicate that the TOC removal was

increased significantly for the first 5 min. When the reaction times increased from

5 min to 24hour, TOC removal increased slowly from 29% t036.4% Figure 3.32.
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Table 3.17 Removal percent of TOC at different reaction times

Time | TOC | TOC | TOC | TOC S.E Blank | TOC
(hour) 1 2 3 mean R%
0.0833| 9356 | 97.3 | 95.49 | 95.45 |1.07983| 134.5 |29.03
0.30 97.91 | 93.64 | 90.21 | 93.92 | 2.2272 | 1345 |30.17
4 91.1 ]90.41 |87.63 |89.7133|1.06054 | 1345 |33.3
8 87.31 |81.99 |84.15 |84.4833|1.54477| 134.5 | 36,26
24 79.56 |90.98 |86.04 |85.5267 |3.30665| 134.5 |36.41
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Figure 3.32 Effect of reaction time (hour) on TOC removal in PMS-Fe (II)

3.2.2.2.5 PMS optimization

The TOC were enhanced by increasing the dose of PMS and Fe (Il) under the
optimum operating conditions. The ratio of PMS to Fe (1) was kept at 1:2.5, the
pH was adjusted to 7 and the TOC for the treated vinasse was measured at reaction

time of 4 hour. As can be seen in Figure 3.33 TOC removal could be enhanced by

system
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increasing the dosage of oxidant. Using PMS-Fe (Il) system, TOC removal

increased from 33.3 to 70 % when PMS concentration increased by 4 times
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TOC Removal %
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TOCR%

TOC removal percent

PMS doses (mM)

69.9

0.72
69.9

Figure 3.33 Maximum TOC removal by PMS-Fe (Il) system under optimum

conditions

3.2.3 Enhancement of TOC removal by combined sulfate and

hydroxide radicals

3.2.3.1 Enhancement of TOC removal in PS: Fe (I1) system by using different

doses of H.O2

As shown in Table 3.18, TOC removal was increased slightly when H,0,

increased from 0.2 to 0.6 ml. Addition of 0.2 ml of H,O, did not show any

significant enhancement in TOC removal. Further addition lead to a slight

increase of TOC removal (Figure 3.34). This might be due to generation of a lower

quantity of OH- Radicals; however, the generation of ‘OH might be limited by the

available Fe (II).



Table 3.18 Removal percent of TOC at different doses of H,0; in PS-Fe (11)

H202

TOCR%

0.2
49.25

H,0, TOC TOC
TOC1 | TOC2 | TOC3 S.E Blank
dose ml mean R%
0.2 69.66 70.6 64.51 68.26 1.89288 | 134.5 49.25
0.4 61.48 55.97 55.41 57.62 1.93676 | 134.5 57.16
0.6 55.23 52.34 52.74 53.44 0.90407 | 1345 60.27
0.8 57.78 54.14 54.13 55.35 1.215 134.5 58.85
TOC removal percent
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60.27

H202 dose

0.8
58.85
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Figure 3.34 Effect of H,O, doses on TOC removal in PS-Fe (1) system

3.2.3.2 Enhancement of TOC removal in PMS: Fe (11) system by using
different doses of H20>

As shown in Figure 3.35 and Table 3.19, TOC removal was increased when H,O,

increased from 0.081 to 0.324 ml. This might be due to generation of a higher

quantity of OH°, which is known as Fenton reaction

H,0,+Fe?" — Fe®+ OH +OH (3-6)

Fenton reaction is a mixture of hydrogen peroxide and iron salts (Fe?* or Fe®")

which produces hydroxyl radicals. The Fenton oxidation process has been
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employed successfully to treat different industrial wastewaters (De Heredia, et al.
2005).
Table 3.19 Removal percent of TOC at different doses of H,O, in PMS-Fe (I1)
H,O,dose | TOC | TOC | TOC | TOC
ml 1 2 3 mean
0.081 29.69 | 25.37 | 29.67 | 29.68 | 1.43668 | 134.5 | 77.93
0.162 2541 | 25.7 | 29.9 | 2556 | 0.145 | 1345 81
0.243 24.74 | 23.56 2415 | 059 | 1345 | 82.04
0.324 2242 | 22.32 | 22.44 | 22.39 | 0.3712 | 1345 | 83.35

S.E Blank | TOC R%

TOC removal percent
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Figure 3.35 Effect of H,O, doses on TOC removal in PMS-Fe (I1) system
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Conclusion and Recommendations

Vinasse characterization was examined in this study. The results show that the
vinasse have high BOD, COD and TOC which is considered as hazardous to the
environment. The acidic nature and color of vinasse also causes environmental
problems. Most of organic compounds detected by GC.MS classified as phenolic
compounds and carboxylic acids. Treatment methods were monitored by TOC
rather than COD.

The application of coagulation-flocculation followed by SR-AOP for the
treatment of sugarcane vinasse was examined in this study. The result presented
in this study demonstrated that the coagulation-flocculation pretreatment
followed by SR-AOP is effective method to remove TOC from vinasse. For
coagulation-flocculation, 69.7% of TOC was removed from vinasse by using
15 g/dm3of coagulant (FeCls), whereas, nearly 100% of color and AOC
removal was achieved by using lower dose of coagulant (5 g/dm®). In general,
the result indicated that the TOC removal was more favorable when the
coagulation-flocculation was performed on acidic vinasse. On the other hand,
the TOC removal can be enhanced by increasing the amount of FeCls.

After coagulation-flocculation pretreatment, vinasse was subjected for SR-
AOP. This work reports the first study in the application of SR-AOP for vinasse
treatment. The results indicate that SR-AOP is an effective oxidation process
in the reduction of TOC from pretreated vinasse. Type of oxidant (PMS and
PS), initial pH, Fe (II) and oxidant dose all influence the TOC removal
efficiency. Based on the results, PMS-Fe (Il) was found to be more effective
than PS-Fe (I1). Nearly 70% and 49 % of TOC removal was achieved when the
reaction was carried out at pH 7 by using PMS-Fe (I1) system and PS-Fe (II)
respectively. Coupling SR-AOP and HO-AOP enhanced the TOC removal.
83.35% and 60.27 % achieved of TOC removal by enhanced PMS-Fe (Il)
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system and PS-Fe (1) system with H,O,.Overall TOC removal of raw vinasse
was 91.6% and 85.6% by using coagulation-flocculation flowed by PMS-Fe
(1) system and PS-Fe (Il) system. This results indicate that the coagulation-
flocculation flowed by SR-AOP is conceder to be a good alternative method for

vinasse treatment.

Recommendations for future research

e SR-AOPs can be applied after biological treatment to degrade the recalcitrant
organic compounds that declined to be degraded by biological treatments.

e Hence SR-AOPs economically feasible, further studies may be carried out on
the use of SR-AOPs for industrial wastewater treatment.

e More investigations can conducted on AOPs for vinasse treatment and
industrial wastewater in general, by using other AOPs techniques.

e More investigation can be conducted on vinasse utilizing such as yeast
production, Energy production, polyhydroxybutyrate production and
Fertirrigation.

e Further investigation can be conducted to characterize and utilize the sludge
that produced after SR-AOP treatment.

e Further investigation can be conduct to characterize and utilize the sludge

that produced after coagulation- flocculation treatment.

96



CHAPTER FOUR

References

Ahmed, O., Abdel Moneim, E. Sulieman., and Sirelkhatim, B, Elhardallou.
(2013). Physicochemical, Chemical and Microbiological Characteristics of
Vinasse, A By-product from Ethanol Industry American Journal of
Biochemistry. 3(3): 80-83.

Agrawal, C.S. And Pandey, G.S. (1994). Soil pollution by spent wash discharge:
depletion of manganese (I1) and impairment of its oxidation. Journal of
Environmental Biology 15: 49-53.

Alfafara, C.G., Migo, V.P., Amrante, J.A., Dallo, R.F. and Matsumara, M.
(2000). Ozone treatment of distillery slop waste. Water Science and
Technology 42 (3—4): 193-198.

Alhassan, M. M. (2010). Anaerobic digestion of vinasse case study: Watania
distillery company. Master thesis, Sudan Academy of Sciences.

Amirtharajah, A. and O’Melia, C. R. (1999). In Water Quality and Treatment.
5th ed.American Water Works Association AWWA: Denver CO.

Andreozzi, R., Caprio, V., Insola, A. and Martota, R. (1999). Advanced
oxidation proceses (AOP) for water purification and recovery. Catalysis
Today 53: 51-59.

Anipsitakis, G.P and Dionysiou, D.D. (2004b). Transition metal/UV-based
advanced oxidation technologies for water decontamination. Applied
Catalysis B: Environmental 54:155-163.

Anipsitakis, G. and Dionysiou, D.D. (2003). Degradation of organic
contaminants in water with sulfate radicals generated by the conjunction
of peroximonosufate with cobalt. Environmental Science and
Technology 37:4790-4797.

97


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.jeb.co.in%2F&ei=v1oRVeDhBdDnaJndgvAF&usg=AFQjCNH1z6b94opt392mnBJqxA6Cs0dTiw&sig2=KLbPZpkiprYXzIfoaBQ3dw&bvm=bv.89184060,d.d2s
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.jeb.co.in%2F&ei=v1oRVeDhBdDnaJndgvAF&usg=AFQjCNH1z6b94opt392mnBJqxA6Cs0dTiw&sig2=KLbPZpkiprYXzIfoaBQ3dw&bvm=bv.89184060,d.d2s
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB0QFjAA&url=http%3A%2F%2Fwww.jeb.co.in%2F&ei=v1oRVeDhBdDnaJndgvAF&usg=AFQjCNH1z6b94opt392mnBJqxA6Cs0dTiw&sig2=KLbPZpkiprYXzIfoaBQ3dw&bvm=bv.89184060,d.d2s

Ayguna, A., Yilmazb, T. (2010). Improvement of coagulation-flocculation
process for treatment of detergent wastewaters using coagulant aids.
International Journal of Chemical and Environmental. (1) 97-101.

Ayoub, G. and Ghauch, A. (2014). Assessment of bimetallic and trimetallic iron-
based systems for persulfate activation: Application to sulfamethoxazole
degradation. Chemical Engineering Journal 256: 280-292.

Aziz, J.A. and Tebbutt, T.H.Y. (1980). Significance of COD, BOD and TOC
correlations in kinetic-models of biological oxication. Water Research
14(4): 319-324.

Baker, J.R., Milke, M.W. and Mihelcic, J.R. (1999). Relationship between
chemical and theoretical oxygen demand for specific classes of organic
chemicals. Water Research 33(2): 327 — 334.

Balazs, G.B., J.F. Cooper, P.R. Lewis and G.M. Adamson. (2000). Emerging
Technologies in Hazardous Waste Management 8, ed. Tedder and Pohland,
Kluwer Academic Plenum Publishers, New York: 2000.

Bandala, E.R., Pelaez, M.A., Dionysiou, D.D., Gelover, S., Garcia, J. and
Macias, D. (2007a). Degradation of 2,4-dichlorophenoxyacetic acid (2,4-
D) using cobalt peroxymonosulfate in Fenton-like processes. Journal of
Photochemistry and Photobiology A: Chemistry: 186: 357-363

Belkin, S., Brenner, A. and Abeliovich, A. (1983). (Internet). Effect of
Inorganic constituents on Chemical Oxygen Demand — II. ORGANIC
carbon to halogen ratios determines halogen interference. Water Research:
26(12): 1583-1588.

Beltr4, A.P., Iniesta, J., Gras, L., Gallud, F., Montiel, V., Aldaz, A. and Canals,
A. (2003). Development of a fully automated microwave assisted chemical
oxygen demand (COD) measurement device. Instrumentation science &
technology: 31(3): 249-259.

98



Bernardo EC, Egashira R. and Kawasaki J. (1997). Decolorization of molasses
wastewater using activated carbon prepared from cane bagasse. Carbon 35:
1217-1221.

Bolton, J.R. (2001). Ultraviolet applications Handbook. Bolton Photosciences
Inc. Ontario, Canada.

Bothast R. and Schlicher, M. (2005). Biotechnological processes for conversion
of corn into ethanol. Applied Microbiology and Biotechnology 67: 19-25.

Boulamanti A.K., Korologos C.A. and Philippopoulos C.J. (2008). The rate of
photocatalytic oxidation of aromatic volatile organic compounds in the gas-
phase. Atmospheric Environment. 42: 7844-7850.

Bourgeois, W., Burgess, J.E. and Stuetz, R.M. On-line. (2001). monitoring of
wastewater quality: a review. Journal of Chemical Technology and
Biotechnology: 76(4): 337—348.

Braunbeck, O. (2000). Cortez LAB. Sugarcane culture and use of residues.
Industrial uses of biomass energy. London: Taylor & Francis: 119-139.

Brocca, L., Barilli, L., Collina, E., et al. (1997). A New Quantifying TOC and
COD Methodology for the Determination of Organic Compounds and
Particulate Carbon Directly on Fly Ash of Mswi. Chemosphere 220: 322,
213.

Brown, R.A., Robinson, D., Skladany, G. and Loeper J. (2003). Response to
Naturally Occurring Organic Material: Permanganate Versus Persulfate.
Proceedings. ConSoil, Ghent, Belgium, May 12-16.

Camargo, J.A., Pereira, N., Cabello, P.R. and Teran, F.J.C. (2009). Application
of the viability of respirometric method Bartha for analysis of microbial
activity in soils under the application of vinasse. Environmental
Engineering. 6: 264— 271,

99



Cardona, C., Quintero J. and Paz I. (2010). Production of bioethanol from
sugarcane bagasse: status and perspectives. Bioresource Technology. 101:
4754-4766.

Cardona, C. and Sa’nchez O. (2007). Fuel ethanol production: Process design
trends and integration opportunities. Bioresource Technology. 98: 2415-
2457,

Chandra, R. and Pandey, P.K. (2000). Decolorization of anaerobically treated
distillery effluent by activated charcoal adsorption method. Indian Journal
of Environmental Protection. 21 (2), 134-137.

Carvajal-Zarrabal O., Nolasco-Hipolito C., Barradas-Dermitz D.M., Hayward-
Jones P.M., Aguilar-Uscanga M.G., Bujang K. (2012). Treatment of
vinasse from tequila production using polyglutamic acid. Journal of
Environmental Management. (95). S66-70.

Chang, I.S., Choo, K.H., Lee, C.H., Pek, U.H., Koh, U.C., Kim, S.W., Koh, J.H.
(1994). Application of ceramic membrane as a pre-treatment in anaerobic
digestion of alcohol-distillery wastes. Journal of Membrane Science. 90:
(1-2): 131-139.

Choi, K., Kim, B., Park, J.H., et al. (2004). Temporal and vertical variability in
the relationship among organic matter indices in a deep reservoir
ecosystem. Lake and Reservoir Management. 20 (2): 130-140.

Chopra, A., Sharma, A. K. and Kumar, V. (2011). Overview of electrolytic
treatment: an alternative technology for purification of wastewater.
Archives of Applied Science Research. 3: 191-206.

Cintya, A. C., Janaina, P. E., et al. (2013). Sugarcane vinasse: Environmental
implications of its use. Waste Management. 33: 2752—-2761.

Clesceri, L.S., Greenberg, A.E., Eaton,A.D. and Franson, M.A.H. (1998).
Standard Methods for the Examination of Water and Wastewater. 20th
Edition. American Public Health Association (APHA). NW Washington.

100



Campos, C. R., Mesquita, V. A., Silva, C. F., Schwan, R. F. (2014). Efficiency
of physicochemical and biological treatments of vinasse and their influence
on indigenous microbiota for disposal into the environment. Waste Manag.
34: 2036-2046.

Corazza, R.l. and Salles-Filho, S.L.M. (2000). Cleaner production options: an
evolutionary perspective from a technological trajectory study in the sugar
cane industry. In: Symposium, X.X.. (Ed.), From Technological
Innovation Management - PGT Center - USP. XXI. Symposium of
Technological Innovation Management, Sao Paulo. 89-102.

Cortez, L.A.B., Silva, A., de Lucas Junior, J., Jordan, R.A., de Castro, L.R.
(2007). Biodigestdo de Efluentes. In: Cortez, L.A.B., Lora, E.S. (Eds.),
Biomassa para Energia. Editora da UNICAMP.Campinas. 493-529.

Da Silva, G., De Araujo, E., Silva, D. and Guimaraes, W. (2005). Ethanolic
fermentation of sucrose, sugarcane juice and molasses by Escherichia coli
strain KO11 and Klebsiella oxytoca strain P2. Brazilian Journal of
Microbiology. 36: 395-404.

De Heredia, J. B., Torregrosa, J., Dominguez, J. R. and Partido, E. (2005).
Degradation of wine distillery wastewaters by the combination of aerobic
biological treatment with chemical oxidation by Fenton's reagent. Water
Science and Technology. 51: 167-174.

De Wilde, F.G.N., (1987). Demineralization of a molasses distillery wastewater.
Desalination 67:481-493.

Dhembare. A.J. and S. Amin. (2002). Effect of distillery waste on soil properties.
Eco. Environ. Conserv 8: 297-299.

Dold, P.L., Bagg, W.K., Ekama, G.A. and Marais, G.v.R. (1991). Comparison
of measurement methods for readily biodegradable Chemical Oxygen
Demand fraction in municipal wastewater. Dept Civil and Chemical

Engineering University of Cape Town.

101



Domenech, X., Jardim, W.F. and Litter, M.l. (2004). Advanced oxidation
processes for contaminant removal. In: Contaminants removal by
heterogeneous photocatalysis, Blesa. M.A., Sanchez B. (Ed). Editorial
CIEMAT, Madrid, Spain. (In Spanish).

Dowd, M. K., S. L. Johansen, L. Cantarella. and P. J. Reilly. (1994). Low
molecular weight organic composition of ethanol stillage from sugarcane
molasses, citrus waste, and sweet whey. Journal of Agricultural and Food
Chemistry. 42 (2): 283-288.

Doutorado.Fronzalia, T. (2007). Cane sugar: alarming expansion. Institute of

Agricultural Economics, Sao Paulo.Availabe at:
Http://www.iea.sp.gov.br/out/  verTexto.php codTexto = 8905>
(accessed 07/02/12).

Dubber, D. and Gray, N. F. (2010). Replacement of chemical oxygen demand
(COD) with total organic carbon (TOC) for monitoring wastewater
treatment performance to minimize disposal of toxic analytical waste.
Journal of Environmental Science and Health, Part A. 45: 1595-1600.

Ensinas, A., Modesto, M., Nebra, S. and Serra, L. (2009). Reduction of
irreversibility generation in sugar and ethanol production from sugarcane.
Energy 34: 680—688.

Environmental Protection Agency (EPA) Guideline for Wineries and
Distilleries (2012). Environmental Authority. (www. epa.sa.gov.au)

Environmental Protection Agency (EPA) Website;
http://www.epa.ie/pubs/advice/drinkingwater/DrinkingWaterGuide4 v8.p
df

Erik Larsson and Tommy Tengberg. (2014). Evaporation of Vinasse- Pilot Plant
Investigation and Preliminary Process Design. Ph. D. thesis, Chalmers

University of Technology. Sweden

102


http://www.iea.sp.gov.br/out/
http://www.iea.sp.gov.br/out/
http://www.epa.ie/pubs/advice/drinkingwater/DrinkingWaterGuide4_v8.pdf
http://www.epa.ie/pubs/advice/drinkingwater/DrinkingWaterGuide4_v8.pdf

Espaiia-Gamboa, E., J. Mijangos-Cortes, L. Barahona-Perez, J. Dominguez-
Maldonado, G. Herndndez-Zarate. and L. Alzate-Gaviria. (2011). Vinasses:
characterization and treatments. Waste Management & Research. 29(12):
1235-1250.

Fadini, P.S., Jardim, W.F. and Guimaraes, J.R. (2004). Evaluation of organic
load measurement techniques in a sewage and waste stabilisation pond.
Journal of the Brazilian Chemical Society. 15(1): 131-135.

Fair, C. (2005). BOD: COD Correlation provides operations, laboratory benefits.
Water world. [Newsprint] April 26-28.

Fitzgibbon, F.J., Nigam, P., Singh, D. and Marchant, R. (1995). Biological
treatment of distillery waste for pollution-remediation. J. Basic Microbiol
35: 293-301.

Fitzmaurice, G.D. and Gray, N.F. (1987). Biochemical Oxygen Demand:
interlaboratory precision test. Technical Report 4, Water Technology
Research, Dublin; p 32.

Fitzmaurice, G.D. and Gray, N.F. (1989). Evaluation of manufactured inocula
for use in the BOD test. Water Research. 23(5): p 655-657.

Freire, W.J. and Cortez, L.A. (2000). Vinhaca de cana-de-agUcar. Agropecuaria,
Guaiba. S.Kumar, L. Viswanathan, Production of biomass, carbon dioxide,
volatile acids and their interrelationship with decrease in chemical oxygen
demand, during distillery waste treatment by bacterial strains. Enzyme and
Microbial Technology. 13 (1991):179-186.

Ganjar Samudro and Sarwoko Mangkoedihardjo. (2010). Review on BOD, COD
and BOD/COD ratio: a triangle zone for toxic, biodegradable and stable
level. Sepuluh Nopember Institute of Technology, Surabaya (Indonesia).

Georgep, P. Anipsitakis and. Dionysios, D. Dionysiou. (2004). Radical
Generation by the Interaction of Transition Metals with Common Oxidants.
Environmental Science & Technology. 38: 3705-3712.

103



Gianchini, C. F. and Ferraz, M. V. (2009). Benefits of using vinasse in deplantio
land cane sugar-Review of Literature. Scientific Electronic Journal of
Agronomy, 15.

Glaze, W.H. and Kang J.W. (1989). Advanced oxidation processes. Description
of a kinetic model for the oxidation of hazardous materials in aqueous
media with ozone and hydrogen peroxide in a semibatch reactor. Industrial
and Engineering Chemistry Research. 28: 1573-1580.

Glaze, W.H. (1987). Drinking water treatment with ozone. Environmental
Science and Technology. 21: 224-230.

Glaze, W.H., Kwang, JW. and Chapin, D.H. (1987). Chemistry of water
treatment processes involving ozone, hydrogen peroxide and ultraviolet
radiation. Ozone Science and Engineering. 9: 335-352.

Gomes, M.T.M.S,, Eca, K.S. and Viotto, L.A., (2011). Vinasse concentration by
microfiltration followed by nanofiltration with membrane. Pesq. agropec.
bras 46: 633-638.

Gomez, I., Ivorra, R., Perez, A., Santacruz, A.M., Navarro, J.,Mataix, J. and
Moral, R. (2002). Determination of chemical oxygen demand in urban and
industrial wastewater using microwave sample digestion. Communications
in soil science and plant analysis 33(15-18): 3443-3447.

Goswami, D.Y. and Blake, D.M. (1996). Cleanup with sunshine. Mechanical
Engineering 118 (8): 56-59.

Gopal, A. and Kammen D. (2009). Molasses for ethanol: the economic and
environmental impacts of a new pathway for the lifecycle greenhouse gas
analysis of sugarcane ethanol. Environmental Research Letters 4: 1-5.

Gray, N.F. (2004). Biology of Wastewater Treatment. 2nd ed., Imperial College
Press: London; p. 1421.

Hassan, M. M. (2012). Removal Efficiency of Some Toxic Heavy Metals from

Water During Coagulation Using Polyaluminum Chloride, Adsorption

104



Using Natural Clay (Alrawag) or Durah Activated Carbon and Reverse
Osmosis. Ph. D. thesis, Sudan University of Science and Technology
Hach, COD Waste Disposal Information Letter, L9324 RCRA. (2009).
Available from: http://www.hach.com/ fmmimghach?/CODE%3AL9324

12— 0714544%7C1.

Huston, P.L. and Pignatello, J. (1999). Degradation of selected pesticide active
ingredients and commercial formulations in water by the photo-assisted
Fenton reaction. Water Research 33 (5): 1238-1246.

Hua, X., Song, X., Yuan, M. and Donga, D. (2011). The Factors Affecting
Relationship between COD and TOC of Typical Papermaking Wastewater.
College of Environment and Resources. Jilin University, China.

Huang, C.P.; Dong, Ch. and Tang, Z. (1993). Advanced chemical oxidation: its
present role and potential future in hazardous waste treatment. Waste
Management. 13: 361-377.

Hutnan, M., Hornak, M., Bod1’k I. and Hlavacka V. (2003). Anaerobic treatment
of wheat stillage. Chemical and Biochemical Engineering 17: 233— 241,

Huling, S.G. and Pivetz, B.E. (2006). In-situ Chemical Oxidation. (EPA/ 600/R-
06/072). US EPA.

Inanc, B., Ciner, F. and Ozturk, I. (1999). Color removal from fermentation
industry effluents. Water Science and Technology 40 (1): 331-338.

1SO. (1989). Water quality: Determination of the chemical oxygen demand. ISO
6060:1989, International Organization for Standardization: Geneva.

ISO.Water quality (2002). Determination of the chemical oxygen demand index
(ST-COD) - Small-scale sealed-tube method. I1SO 15705:2002.
International Organization for Standardization: Geneva.

Jain, N., Bhatia, A., Kaushik, R., Sanjeev, K., Joshi, HC. And Pathak H. (2005).
Impact of post-methanation distillery effluent irrigation on groundwater
quality. Environmental Monitoring and Assessment.110:243-255.

105


http://www.hach.com/

Jime'nez AM, Borja R, Marti'n A and Raposob F. (2006). Kinetic analysis of
the anaerobic digestion of untreated vinasses and vinasses previously
treated with Penicillium decumbens. Journal of Environmental
Management. (80): 303-310

Juliana, S.C., Rodrigo, Y.M., Oswaldo, L.C.G.et al. (2012). Application of
Heterogenous Catalysis with TiO2 Photo Irradiated by Sunlight and Latter
Activated Sludge System for the Reduction of Vinasse Organic Load.
Engineering 4: 746-760.

Junior, C.C., Marques, M.O. and Tasso Junior, L.C. (2008). Sugar cane
techonological parameters affected by sewage sludge and vinasse added in
soil for four consecutive years. Engineering Agriculture 28: 196-203.

Juwarkar, A. and Dutta. S.A. (1990). Impact of distillery effluent application to
land on soil microflora. Environmental Monitoring and Assessment. 15
201- 210.

Kannan, A. and Upreti, R.K.  (2008). Influence of distillery effluent on
germination and growth of mung bean (Vigna radiata) seeds. Journal of
Hazardous Materials. 153: 609-615.

Kim, H., Lim, H. and Colosimo, M.F. (2007). Determination of chemical oxygen
demand (COD) using ultrasound digestion and oxidation reduction
potential-based titration. Journal of Environmental Science and Health, Part
A 42 (11): 1665-1670.

Kulkarni, A.K. (1998) Solar assisted photocatalytic oxidation of distillery waste.
Indian Chemical Engineer 40 (2): 169-172.

Kumar, S. and Viswanathan, L. (1991). Production of biomass, carbon dioxide,
volatile acids, during distillery waste treatment by bacterial strains. Enzyme
and Microbial Technology. 13: 179-187.

106



Kumar, V., Wati, L., Fitz, Gibbon, F., Nigan, P., Banat, .M., Singh, D. and
Marchant, R. (1997). Bioremediation and decolorization of anaerobically
digested distillery spent wash. Biotechnology Letters. 19: 311-313.

Kumaresan, T., Sheriffa Begum, K.M.M., Sivashanmugam, P., Anantharaman,
N., Sundaram, S., (2003). Experimental studies on treatment of distillery
effluent by liquid membrane extraction. Chemical Engineering Journal 95
(1-3), 199-204.

Laime, E.M.O., Fernandes, P.D., Oliveira, D.C.S. and Freire, E.A. (2011).
Possibilities technology for the disposal of vinasse: a review. R. Trop. Ci.
Agr. Biol 5:16-29.

Lawrence, K. Wang., Yung-Tse Hung. and Nazih K. Shammas. (2005).
Physicochemical Treatment Processes. Humana Press Inc.Totowa, New
Jersey.

Lee, W., Sosulski F. and Sokhansanj S. (1991). Yield and composition of soluble
and insoluble fractions from corn and wheat stillages. Cereal Chemists 68:
559-562.

Legrini, O., Oliveros, E. and Braun, A.M. (1993a). Photochemical process for
water treatment. Chemical Reviews. 93: 671-698.

Liang, C., Wang, Z.S. and C.J. Bruell. (2007). Influence of pH on persulfate
oxidation of TCE at ambient temperatures. Chemosphere. 66(1): 106-113.

Li, S. and Wu, F. (2007). Correlation between COD and TOC of Organic

Chemical Wastewater. Fine Chemicals, China.

Lin, H., Wu, J., Zhang, H. (2014). Degradation of clofibric acid in aqueous
solution by an EC/Fe3+/PMS process. Chemical Engineering Journal.
(244). 514-521.

Louw, A.S., Du Toit, W. and Vinnecombe, D.A. (2003). Determination of
dissolved organic loads in the raw and other sewage water and the

determination of the ratio between chemical oxygen demand (COD) and

107



dissolved organic carbon (DOC). Water Research Commission
report 668/1/03.

Lutze, H. V., Bakkour, R., Kerlin, N., von Sonntag, C. and Schmidt, T. C. (2014).
Formation of bromate in sulfate radical based oxidation: Mechanistic
aspects and suppression by dissolved organic matter. Water Research. 53:
370-377.

Mackenzie, L. D. and D. A. Cornwell. (1985). Introduction to Environmental
Engineering. PWS Publishers, Boston, MA.

Mall, I.D. and Kumar, V. (1997). Removal of organic matter from distillery
effluent using low cost adsorbent. Chemical Engineering World XXXII
(7):89-96.

Mane, J.D., Modi, S., Nagawade, S., Phadnis, S.P. and Bhandari, V.M. (2006).
Treatment of spentwash using chemically modified bagasse and color
removal studies. Bioresource Technology 97 (14): 1752-1755.

Manisankar P, Viswanathan S and Rani C (2003). Electrochemical treatment of
distillery effluent using catalytic anodes. Green Chemistry 5: 270-274.

Marais, G.V.R. and Ekama, G.A. (1984). Theory, design and operation of
nutrient removal activated sludge processes. WRC Report. 16(1-2).

Mandal, A., Ojha, K. and Ghosh, D.N., (2003). Removal of color from distillery
wastewater by different processes. Indian Chemical Engineer Section B 45
(4): 264-267.

Matkar, L.S. and M.S. Gangotri. (2003). Acute toxicity tests of sugar industrial
effluents on the freshwater crab, Barytelphusa guerini (H. Milne Edwards)
(Decapoda, Potamidea). Poll. Res. 22 269-276.

Mittal, S.K. and Ratra, R.K. (2000). Toxic effect of metal ions on biochemical
oxygen demand. Water Research. 34 (1): 147-152.

Miller, D. G., Brayton, S.V. and Boyles, T. (2001). Chemical oxygen demand

analysis of wastewater using trivalent manganese oxidant with chloride

108



removal by sodium bismuthate pretreatment. Water Environment Research
73(1): 63-71.

Meijers, R.T., Oderwald-Muller, E.J., Nuhm P. and Kruithof J. (1995).
Degradation of pesticides by ozonation and advanced oxidation. Ozone
Science and Engineering 17: 673-686.

Mohana, S., B. K. Acharya and D. Madamwar. (2009). Distillery spent wash:
Treatment technologies and potential applications. Journal of Hazardous
Materials 163(1): 12-25.

Mrityunjay. S.C., and Anil. K. D. (2012). Decolorization of Anaerobically
Digested Molasses Spentwash by Coagulation. American Journal of
Environmental Engineering 2(1): 12-18

Munoz |I., Rieradevall J., Torrades F., Peral J., Domenech X. (2006).
Environmental assessment of different advanced oxidation processes
applied to a bleaching Kraft mill effluent. Chemosphere 62: 9-16.

Nandy, T., Shastry, S. and Kaul, S.N. (2002). Wastewater management in cane
molasses distillery involving bioresource recovery. Journal of
Environmental Management 65 (1), 25-38.

Nataraj, S.K., Hosamani, K.M., Aminabhavi, T.M., (2006). Distillery
wastewater treatment by the membrane-based nanofiltration and reverse
osmosis processes. Water Research 40 (12): 2349-2356.

Navarro, A.R., Sepulveda, M.C. and Rubio, M.C. (2000). Bio-concentration of
vinasse from the alcoholic fermentation of sugar cane molasses. Waste
Management 20: 581-585.

Nfodzo, P. and Choi, H.(2011). Triclosan decomposition by sulfate radicals:
Effects of oxidant and metal doses. Chemical Engineering Journal. 174:
629- 634.

109



Ormad P., Cortes S., Puig A., Ovelleiro J.L. (1997). Degradation of
organochloride compounds by O3 and O3/H202. Water Research 31.:
2387- 2391.

Pandey N and Sharma CP. (2002). Effect of heavy metals Co2+, Ni2+, and
Cd?* on growth and metabolism of cabbage. Plant Science 163:753-758.

Pant, D. and Adholeya A. (2007a). Biological approaches for treatment of
distillery wastewater: A review. Bioresource Technology. 98: 2321-2334.

Park, K.M., Lee, H.K., Do, S.H., Kong, S.H. (2010). Degradation of TCE using
perrsulfate (PS) and Peroxymonosulfate (PMS): Effect of inorganic ions in
groundwater, Proceedings of World Congress on Engineering and
Computer Science, Volume 11, San Francisco.

Parnaudeau, V., Condom, N., Oliver, R., Cazevieille, P. and Recous, S. (2008).
Vinasse organic matter quality and mineralization potential, as influenced
by raw material, fermentation and concentration processes. Bioresource
Technology 99: 1553-1562.

Penatti, C.P., Cambria, S., Boni, P.S., Arruda, F.C.O. and Manoel, L.A. (1999).
Effects of application of vinasse and nitrogen in the ratoon cane sugar.
Technical Bulletin Coopersucar 44: 32—38.

Pena, M., M. Coca, G. Gonzalez, R. Rioja, M.T. Garcia. (2003). Chemical
oxidation of wastewater from molasses fermentation with ozone.
Chemosphere 51: 893-900.

Philip A. Block., Richard A. Brown.and David Robinson. (2004). Novel
Activation Technologies for Sodium Persulfate In Situ Chemical
Oxidation. Fourth International Conference on the Remediation of
Chlorinated and Recalcitrant Compounds.

Piera E., Caple J.C., Brillas E., Domenech X. and Peral J. (2000). 2,4-
Dichlorophenoxyacetic acid degradation by catalyzed ozonation:

110



TiO2/UVA/O3 and Fe(ll)/UVA/O3 systems. Applied Catalysis B:
Environmental 27: 169-177.

Pejin, J.D., Mojovi¢, L.V., Pejin, D.J., Koci¢-Tanackov, S.D., Savi¢, D.S.,
Nikoli¢, S.B., Djuki¢-Vukovi¢, A.P. (2015). Bioethanol production from
triticale by simultaneous saccharification and fermentation with
magnesium or calcium ions addition. Fuel 142, 58-64.

Prasad, R.K and Srivastava, S.N (2009). Electrochemical degradation of
distillery spent wash using catalytic anode: Factorial design of experiments.
Chemical Engineering Journal. 146: 22-29.

Punmia, B.C. and Ashok Jain, (1998). Wastewater Engineering. (Second

Edition). Arihant consultant, Bombay, India.

Rabinovich, M. (2006). Ethanol production from materials containing cellulose:
the potential of Russian research and development. Applied Biochemistry
and Microbiology 42: 1-26.

Rajagopal, V., Paramjit, S. M., Suresh, K.P., Yogeswar, S., Nageshwar, R. and
Avinash, N. (2014). Significance of vinasses waste management in
agriculture and environmental quality. African journal of Agricultural
Research. 9 (38) 2862-2873.

Rajeshwar, K. (1996). Photochemical strategies for abating environmental
pollution. Chemistry and Industry. 12: 454-458.

Rene, E.R. and Saidutta, M.B. (2008). Prediction of water quality indices by
regression analysis and artificial neural networks. International Journal of
Environmental Research 2(2): 183-188.

Reynolds, T. D. (1982). Unit Operations and Processes in Environmental
Engineering. Brooks/Cole Engineering Division, Monterey, CA.

Ribas, M. M. F., Chinalia, F. A., Pozzi, E. and Foresti, E. (2009). Microbial
succession within an anaerobic sequencing batch biofilm reactor (ASBBR)

111



treating cane vinasse at 55°C. Brazilian Archives of Biology and
Technology 52: 1027-1036.

Rizzo, L., Lofrano, G., Grassi, M., Belgiorno, V. (2008). Pre-treatment of olive
mill wastewater by chitosan coagulation and advanced oxidation processes.
Separation and Purification Technology. (63) 648-653.

Rodrigues, A. H., (2008). Three technological levels in ethanol production: the
plant Proalcool, the current plant and the plant of the future. Thesis. PhD in
Social Sciences. Rio de Janeiro: Federal Rural University of Rio de Janeiro
- UFRRJ.Rosemount Analytical Inc. Application Note, Industry: Water
and Waste Total Organic Carbon — 001, 1990. Total Organic Carbon vs
Biological Oxygen Demand vs Chemical Oxygen Demand in Wastewater.
Internal document.

Luty- Ryznar, A., Krzywonos, M., Cibis, E. and Miskiewicz, T. (2008). Aerobic
biodegradation of vinasse by a mixed culture of bacteria of the genus
Bacillus: Optimization of temperature, pH and oxygenation state. Polish
Journal of Environmental Studies. 17: 101-112.

Saien, J. and Nejati H., (2007). Enhanced photocatalytic degradation of
pollutants in petroleum refinery wastewater under mild conditions. Journal
of Hazardous Materials. 148: 491-495.

Salomon, K. and Lora, E. (2009). Estimate of the electric energy generating
potential for different sources of biogas in Brazil. Biomass and Bioenergy.
33:1101-1107.

Santana, V.S. and Machado, N.R.C.F., (2008). Photocatalytic degradation of the
vinasse under solar radiation. Catalysis Today. 133: 606-610.

Sanches S., Crespo M.T.B. and Pereira V.J. (2010). Drinking water treatment of
priority pesticides using low pressure UV photolysis and advanced
oxidation processes. Water Research. 44: 1809-1818.

Satterfield, Z. (2005). Jar testing. Tech Brief 5, 1-4.

112



Satyawali, Y. and M. Balakrishnan. (2008). Wastewater treatment in molasses-
based alcohol distilleries for COD and color removal: a review. Journal of
Environmental Management. 86(3): 481-497.

Saxena, K.K. and Chauhan, R.R.S. (2003). Oxygen consumption in fish, Labeo
rohita (HAM.) caused by distillery effluent. Eco. Environ. Conserv. 357—
360.

Sekar, D. and Murthy, D.V.S. (1998). Color removal of distillery spentwash by
adsorption technique. Indian Chemical Engineer, Section A. 40 (4): 176—
181.

Sennitt, T. (2005). Emissions and economics of biogas and power. In: 68th
Annual Water Industry Engineers and Operators’ Conference, Schweppes
Centre, Bendigo, 7 and 8 September 2005.

Shi, A, Li, Z., Zhuang, S., et al. (2002). A Evaluating of Organic Pollutant
Measurement Methods in Wastewater on-line Monitor System.
Environmental Monitoring in China.

Shrivastava, J.N. Nupur Raghav and Abha Singh. (2012). Laboratory Scale
Bioremediation of the Yamuna Water with Effective Microbes (EM)
Technology and Nanotechnology. Bioremediation & Biodegradation.(8)

Siqueira, L. M., Damiano, E. S. G. and Silva, E. L. (2013). Influence of organic
loading rate on the anaerobic treatment of sugarcane vinasse and biogas
production in fluidized bed reactor. Journal of Environmental Science and
Health, Part A. 48: 1707-1716.

Silva, C., Conceicao, C.D.C., Bonifacio, V., Fatibello, O. and Teixeira, M.
(2009). Determination of the chemical oxygen demand (COD) using a
copper electrode: a clean alternative method. Journal of Solid State
Electrochemistry. 13 (5): 665-669.

Sousa, A.C., Lucio, M., Bezerra, O.F., Marcone, G.P.S., Pereira, A.F.C., Dantas,
E.O., Fragoso, W.D., Araujo, M.C.U. and Galvao, R.K.H. (2007). Amethod

113



for determination of COD in a domestic wastewater treatment plant by
using near-infrared reflectance spectrometry of seston. Analytica Chimica
Acta. 588(2): 231-236.

Sharma, S., A., Sharma, P.K., Singh, P., Soni, S., Sharma, P., Sharma, K.P. and
Sharma. (2007). Impact of distillery soil leachate on heamatology of swiss
albino mice (Mus musculus). Bull. Environ. Contam. Toxicol. 79: 273-277.

Stemme, K., Gerdes, B., Harms, A. and Kamphues, J. (2005). Beet-vinasses
(condensed molasses solubles) as an ingredient in diets for cattle and pigs
—nutritive value and limitations. Journal of Animal Physiology and Animal
Nutrition. 89: 179-183.

Szymanski, M.S.E., Balbinot, R. and Schirmer, W.N. (2010). Anaerobic
digestion davinhaca: energy use of biogas and obtain carbon credits - case
study. Semina Ciénc. Agrar. 31: 901-912.

Stevens, R., Wallace, B. and Lawson, S. (2006). TOC Analysis correlation with
other environmental parameters. Application Note, Teledyne Instruments,
Tekmar.

Sun, Z., Qi, W. and Fu, D. (1998). Analysis of Total Organic Carbon and Its
Application in Environmental Monitoring. Modern Scientific Instruments.

Tang, X., Wu, A.Y., Zhao, X., Du, Y. Huang, H., Shi, X.L., Hu, H.Y. (2014).
Transformation of anti-estrogenic-activity related dissolved organic matter
in secondary effluents during zonation. Water Research. (48) 605-612.

Taherzadeh, M. and Karimi, K. (2007). Acid-based hydrolysis processes for
ethanol from lignocellulosic materials: a review. Bioresources. 2: 472—-4909.

Tatari, K., Smets, B. F., Albrechtsen, H. J. (2013). A novel bench-scale column
assay to investigate site specific nitrification biokinetics in biological rabid
sand filters. Water research. (47).6380-6387.

114



Tchobanoglous G., Burtin L. F. and Stensel D. H. (2003). Wastewater
engineering treatment and reuse. 4th edition, McGraw-Hill publishing
company Ltd. New Delhi, India.

Urszula Kotowska., Katarzyna Bieganska., Valery. A. lIsidorov. (2012).
Screening of trace organic compounds in municipal wastewater by gas
chromatography- mass spectrometry. Pol.J. Environ. Stud. (21): 129-138.

Von Sperling, M. (2005). Introduction to water quality and wastewater
treatment. Department of Sanitary and Environmental Engineering -
Federal University of Minas Gerais, Belo Horizonte.

Waliszewski, K.N., Romero, A. and Pardio, V.T. (1997). Use of cane condensed
molasses solubles in feeding broilers. Animal Feed Science and
Technology. 67: 253-258.

Wang, Z. and Li, G. (2001). The Relation between TOC and COD. Cr. Arid
Environmental Monitoring.

Wilkie, A., Riedesel, K. and Owens J. (2000). Stillage characterization and
anaerobic treatment of ethanol stillage from conventional and cellulosic
feedstocks. Biomass and Bioenergy 19: 63-102.

Wu, X., Gu, X., Lu, S., Xu, Zang, M., X., Miao, Z., Qiu ,Z., Sui, Q. (2014).
Degradation of trichloroethylene in aqueous solution by persulfate
activated with citric acid chelated ferrous ion. Chemical Engineering
Journal. (255). 585-592.

Yamagami, K., Nishimura, S. and Sorimachi, M. (1994). Cd2" and Co2" at
micromolar concentrations stimulate catecholamine secretion by increasing
the cytosolic free Ca2+ concentration in cat adrenal chromaffin cells. Brain
Research. 646:295-298.

Yang, S., Wang, P., Yang, X., Shan, L., Zhang, W., Shao, X., Niu, R. (2010).
Degradation efficiencies of azo dye acid orange 7 by the interaction of heat,

115



UV and anions with common oxidants: Persulfate, peroxymonosulfate and
hydrogen peroxide. Journal of Hazard Material. (179). 552-558.

Yang Deng and Casey M. Ezyske. (2011). Sulfate radical-advanced oxidation
process (SR-AOP) for simultaneous removal of refractory organic
contaminants and ammonia in landfill leachate. Water research. 45: 6189 -
6194.

Yavuz, Y. (2007). EC and EF processes for the treatment of alcohol distillery
wastewater. Separation and Purification Technology. 53:135-140.

Yuan, R., Wang, Z., Hu, Y., Wang, B. and Gao, S. (2014). Probing the radical
chemistry in UV/persulfate-based saline wastewater treatment: Kinetics
modeling and byproducts identification. Chemosphere. 109: 106-112.

Yunging, P., Jinglan, F., Jingyu, S. and Jianhui, S. (2013). Facile, effective, and
environment-friendly degradation of sulfamonomethoxine in aqueous
solution with the aid of a UV/Oxone oxidative process. Environmental
Science and Pollution Research. 20: 8621-8628.

Zayas, Teresa,.Viviana R"omero a, Leonardo Salgado , M"onica Meraz , Ulises
Morales. (2007). Applicability of coagulation/flocculation and
electrochemical processes to the purification of biologically treated vinasse
effluent. Separation and Purification Technology. 57: 270-276.

Zhang, H., Wang, Z., Liu, C., Guo, Y., Shan, N., Meng, C. and Sun, L. (2014).
Removal of COD from landfill leachate by an electro/Fe2+/peroxydisulfate
process. Chemical Engineering Journal. 250 76-82.

Zhang L., Li P.,, Gong Z. and Li X. (2008). Photocatalytic degradation of
polycyclic aromatic hydrocarbons on soil surfaces using TiO2 under UV
light. Journal of Hazardous Materials. 158: 478-484.

Zhang, L., Yuan, M., Liu, B., Hua, X. and Dong, D. (2007). Correlation between
COD and TOC of River Waters in Jilin Province. Journal of Jilin

University, Science Edition.

116



Zhao, Q., Zhao, Z., Dejun, T. and Chen, Q. (2014). Tertiary treatment of dyeing
wastewater with microwave activated potassium persulfate. Chinese
Journal of Envionmental Engineering. 8 1807-1811.

Zou, J., Ma, J., Chen, L., Li, X., Guan, Y., Xie, P. and Pan, C. (2013). Rapid
acceleration of ferrous iron/peroxymonosulfate oxidation of organic
pollutants by promoting Fe(lll)/Fe(ll) cycle with hydroxylamine.
Environmental Science

& Technology. 47: 11685-11691.

Zou, X., Zhou, T., Mao, J., Wu, X. (2014). Synergistic degradation of antibiotic
sulfadiazine in a heterogeneous ultrasound-enhanced FeO/persulfate
Fenton- like system. Chemical Engineering Journal (257) 36-44.

Zuev, B.K., Korotkov, A.A., Filonenko, V.G., Mashkovtsev, A.N. and
Zvolinskii, V.P. (2004). Rapid determination of the Chemical Oxygen
Demand in water with the use of high temperature solid electrolyte cells.
Journal of Analytical Chemistry. 59(2): 163-167.

Zuurbier, P, and De Vooren, J. V. (2008). Sugarcane ethanol. Wageningen

Academic Publishers the Netherlands.

117



Appendix A.

r N
1 toc result-3.pd - Adobe Reader [ES=]
File Edit View Window Help %
= MyFiles 5] @ Z & @ ‘ O ‘ | & 63 ‘ E ‘ I, Tools  Sign = Comment
Sample
Sample Name: vinasse dilute 100
Sample ID: dilute 100
Origin Fagiery TOC_10042014.met 3
Slatus Completed
Chk. Result
OWEL 0C 1.00¢ TOC480.4meT TC:484 5mg/ L IC:4.07/mg]]
1. Det
Anal..TC
5017 y
T S0 ] 155 6mel]
Mean Area 5029 Signal[mV] 400
Mean Conc. 484 5mgL 300
200 | n
o -t
40
0 2 4 6 8 10 12 14 16 18 20 Time[mmn]
Anal - IC
i 1141 $504mg’ Thl] 1 E
P [ 1020 | T026mglL] TRl 1 |
F [ 1046 ] T0mel] 70l 1 |
g B
r — N
i toc result-3.pdf - Adobe Reader (=]
File Edit View Window Help ®
= My Files @@@@@ (®) -’\/140‘:- ‘ Eﬂ|@@‘@‘ & Tools | Sign | Comment
e i
Sample Name: ninasse pure
Sample ID: dilute 100
Origin: Fagery_TOC_1004201 et
Status Carpleted
Chk. Reatit
i 0C 1 TOC 489 fmg/L TC:4090 Ome L. 1C0.4111meT]
1.Det
Anal.: TC
5102 491 fmg| 0] 1 - IN_TC_Fag 090420142014 04 09_13_06_33.ca2052014 114550 AM.
[ Smo | FE85ms]] o] 1 JTOC_TN_TC_Faz_09042014.2014_04_09_14_06_J.cal205/2013 114825 AV
Mean Area 3086 Sigmal[mV] 400 3
Mean Conc. 4500l gelit] 00 =
f il
o T
100
VL
40
0 2 4 6 8 10 12 14 16 18 20 Time[min]
AnalIC
110 04330z ] 1 " TN ic_Fag_0004201.2014_4, 5_46.cal PO5/2014 115525 AM.
T omm | O3E7me]] Tl 1000 [TOC_TNir Fas OOY0H 201 0  Thcal [0S0 TAE P
Mean Area Lo SignallmV] 10
Mean Conc. 04T1ImeL
6
3
N
-1
0 2 4 6 § 10 12 4 16 18 20 Time[min]

TOC measurement of vinasse (2)

118




Appendix (B) Similarity search results and mass spectrum of hexane
extracted compounds:
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Appendix (2) 4-ethyl-2-methoxy phenol. (MW 152.19)
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Appendix (4) 1,2,3- triethoxy-5-methyl benzene.(MW 182.22)
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Appendix (6) 3,4,5- trimethoxy phenol. (MW 184.19)
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72 [] 1.2-Dimethoxy-4-{2methoxyethenyllbenzene 194 C1TH1403  NIST11lb
71 [7] Benzenepropanoic acid, 2methaxy-, methyl es 194 C11H1403  NIST11slib
7 [7] 1.2Dimethoxy-4-{1-methoxyetherylbenzens 194 C11H1403  NIST11lib
70 [7] Benzenepropanoic acid, 2methaxy-, methyl es 194 C11H1403  NIST11lib
69 [7] 3Oxabicyclo[5.3 Didecan-2-one. Sisopropylid 194 C12H1802 NIST1lib
AR [T P-Hvdrooov-ddsanromd-7-methmodronone S8 2- 194 C11H1403  NIST11lih Z
(o]
= O
Target

1 (x10,000) Base Peak: 184/ 10,000
4 Iy
- 91
5 n 118

s 5 Ll 181

S | 31 “"3 ‘ 123 ‘ | | 183 179 %
ool il 18 e L oy L o g | L e L L lE

50 80 100 2 4l 50 170 180 190

(4-2

(x10,000) Base Peak: 194/ 10,000
. 10— 7y
]
T A o
0.5 -
18
53 [ w 13 147 187 179 [ &
ol 1 5, L1 @, P | = [ 1a ) AN 7] 193, | @l
50 80 70 ) % 100 110 120 130 140 150 160 170 180 180
CASH 6627-86-9 Molwt 194 Serialh: 39991
Crpd Name:  Phenol, 2,6-dimethowy-4-2-propenyl: $3 Phenol, 4-ally-2 6-dimethosy- $3 Methorpeugencl $3 2.6-Dimethosy-4-allyiphencl $3 4-Alk-2.6-dimethosyphenal $ 4-Hydrony-3 5-dimethosyallylbenzene $% 2.6-Dimethosy-4-2-propenyllphenal $% 4-2-Propenpl)-2.6-dimethasyphe|
Formula C11H1403 Class Flag Mo Class Flags.
et Index: 1581

Appendix (7) 4-allyl-2,6-dimethoxy phenol.(MW 194.23)

' Similarity Search Results
Report View Compoundinfe Process Help
Hit | Similar| Regi Compound Name Mol Wt| Formula | Library i
1 8 M 3 beta dan dr C NIST11lb L
2 76 [0 Hydrowy-bela damascone $§ RE}-{Hydr 208 C13H2002 NISTITshb E
3 T4 [ ¥Buten-2one, d{5hydroxy-2,6,64imethyt-1¢ 208 CI13H2002 NIST11lb
4 73 [ 481010 Tetramethyl-5-oxatricyclo[4.4.0.001 4 208 CI13H2002  NIST11lb
5 72 [7] 1-Hydroxy-6-{3-sopropenylcycloprop-Tenyl}-6- 222 C14H220Z2  NIST11b
[ T[] 24a5BaTetamethyl123443,7.8830ctah 208 C14H240  NISTT1lb
7 71 [0] 4-Hydroxy- beta.{onone 88 (3EN-4-Hydroy- 208 C13H2002  NIST1b
8 71 [[] (EEE37.1.15Tetramethyhexadeca-1.3.6, 272 C2H32 NIST11lib
E] 71 71 2810 14-Hexaderatetrmennic acid 3711 15 AR C2HMO?  NIST1slih A2
0
Taiget
(x10,000) Base Peak: 83/ 10,000
1.0 W
] il
v 55 105 ks 193
T 79 93 - 208 [
. 109 123 123 49 |‘ :{
ST I & N P B - B ‘.\II. [ B A N B O [ =
60 70 80 80 100 1o 120 130 140 150 160 170 180 180 200
1: 208 : 3-Hydioky- beta.-damascone $4 (2E F1-(3-Hydrony-2,8,E-trimethyl1-cyclohexen-1-y(} 2-buten-1-one # $3
(x10,000) Base Peak: 63/ 10,000
= 1.0 ] 5
- E
0.5 131 7 193 203
149
55 105 q
" 79 93 |
Y P N AN ISR I VTR IV o LR Ll UL PR . : ‘Er
60 70 80 80 100 110 120 130 140 150 160 170 180 180 200
Cass: 102438-09-5  Molwh 208 Senal: 49437
Cmpd Name: — 3Hydiowy- beta.-damascone $3 (2E)-1-[3Hydioxy-2 B, B-timethyl-1-cyclohexen-1l}-2-buten-1 -one # $3
Formnula: C13H2002 Class Flag Mo Class Flags,
RetIndex 1646

122

(8) (E) -1-(3-hydroxy-2,6,6-trimethylcyclohex-1-enyl)but-2-en-1-one.
(208.30)




B Similarity Search Results

Report View Compoundinfo Process Help
Hit | Similar] Regi Compound Name

7 7 e, 11,4 A4stram S-dimethyle NIST11ib

70 [[] 1.3Lyclohexadiens, 1.3.5.5.6.6hexamethyl- § 164 C12H20 NIST11ip
[] Cyclohexane, 1.1.4.44etramethyl-2 6-bis(methy 164 C12H20 NIST11)ip
[£] Adamartane, 1.3-dimethyl- £ Tricyclo[3.2.1.1( 164 C12H20 NIST11)ip

7 [[] SHepten-3yn-2one, Emethyl-5{1methylethyl 164 C1TH160  NIST11lib
0
]

m

Phenel, 241, 1-dimethylethyl}-6-methyl- $§ o Cr 164 C1TH160  NIST11slib
Adamartane, 1,3-dimethyl- $8 Tricyclo[3.3.1.1( 164 C12H20 NIST11slib
66 [T] Phenol. 241.1dimethylathyl)}-4-methy- $3 pLr 164 C1TH160  NIST11lib

RR 1 ADecen-lane 2 2dimetd- (7)- 88 (572 2- 164 C12HN NIST11 lib L
o]
Target:
10l010.000) Base Peak 149/ 10,000
- 148
0.5 164
55 T4 121
7 @ 5 107
I I TN O TR A | g
0ol T l T T : T ‘ T T ! T T ‘ T T T ‘ T T T T T T T T T T T T =l
55.0 80.0 €5.0 70.0 75.0 £0.0 5.0 90.0 95.0 100.0 105.0 10.0 15.0 120.0 1250 130.0 1350 140.0 1450 150.0 155.0 160.0 185.0
1:164 : Cyclohexane, 1,1,4,4-tetiamethyl-2 5-dimethylene- $% 1,144 Tetramethyl- 2, 5-dimethylenecyclohexane # $$
1 [l( 10,000 Base Peak 149/ 10,000
- g 149
- 93 107
05] 121
55 78 164
o &7 | o 105 P ‘ &
o |‘\ i 53}‘|| 7‘5".‘3‘3‘ T i !‘l'. NI LA AR - 1 A e | . i ) &l
55.0 60.0 650 700 750 80.0 850 80.0 850 100.0 105.0 110.0 115.0 120.0 1250 130.0 1350 140.0 1450 150.0 1550 160.0 1850
CASH: 0-00-0 Mol'wt 164 Serial#: 22562
Cmpd Mame:  Cyclohexane, 1.1.4,4-tetramathyl-2,5-dimethyl $3$1.1.4.4-Tet thl-2 5 clohexans # 33
Formula: CizH20 Class Flag: Mo Class Flags.

FietIndex: 122

' Similarity Search Results

Report View CompoundInfo Process Help

C17 NIST11lib
Hexadecanoic acid, methyl ester 88 Palmitic a C17H3402  NIST11slib
9% [] Hexadecancic acid. methyl ester $8 Palmitic a 270 C17H3402  NIST1slib
95 [] Hexadecanoic acid. methyl ester $8 Palmitic a 270 C17H3402  NIST1slib
95 [] Hexadecanoic acid. methyl ester $8 Palmitic a 270 C17H3402  NIST1slib
54 [] Pentadecanoic acid, 14methyl-, methyl ester 270 C17H3402  NIST11ib
[[] Hexadecancic acid, 13-methyl-, methy ester § 284 C18H3602  NIST11lib
92 [] Heptadecanoic acid, methyl ester $§ Marganc 284 C18H3602  NIST11slib
71 Pentadecannic acid methv ester £8 Methud n- 28R C1RH320?  NISTi1lib

m

(o]

Target:
(x10,000) Base Peak: 74/ 10,000
1 T
&7
0.5+
T 143
] |, Tl L 57 101 115 128 | 157 171 185 188 213 ar 239
50 70 E) 50 100 1o 120 130 140 150 160 170 180 150 200 20 20 23 240 20 260
1: 270 Hexadecanoic acid, methyl ester $$ Palmitic acid, methyl ester $$ n-Hexadecancic acid methyl ester $3 Metholene 2216 $$ Methyl hexadecanoate $% Methyl n-hexadecanoate $3 Methyl palmitate: $3 Uniphat ABD $3 Emery 2216 $4 Radia 7120 $3
1 (x10,000) Base Peak: 74/ 10,000
0 a
- a7
0.5+
1 b 21 27 %
129
S L T O S-S N M AN N S MU )=
60 70 &0 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260 270
Cas4: 112-33-0 Mal'wit: 270 Seriali: 95188

Cmpd Name:  Hexadecanoic acid, methyl ester $% Palmitic: acid, methyl ester $% nHexadecanoic acid methyl ester $3 Metholene 2215 $% Methyl hevadecanoate $% Methyl rrhexadecanoate $3 Methyl palmitate: 3% Uniphat A60 $3 Emery 2216 $4 Radia 7120 $3
Formula C17H3402 Class Flag: Mo Clags Flags.

Fiet Index 1e7e

Appendix (10) Methyl palmitate.(MW 270.45)

123



B Similarity Search Results

n-He id
n-Hexadecanoic acid 55 Hexadecanoic acid

noic

NIST11slib

m

[=] C16H3202  NIST11slib
92 [7] Pentadecanoic acid $ Pentadecyiic acid §5 242 C15H3002 NIST1slb
92 |[7] Pentadecanoic acid 58 Pentadecylic acid 88 242 C15H3002  NIST1lb
91 [7] HehAscorbic acid 2.6-dhexadecanoate 652 C38HEZO0E NIST1lib
91 [7] Octadecancic acid $8 Stearic acid $8 n-Octa 284 C18H3602 NIST11slb
90 [7] n-Hexadecanoic acid $8 Hexadecanoic acid 256 C16H3202 NIST11lb
90 [7] FEicosanoic acid 8§ Arachic acid $8 Arachidic 312 C20H400Z  NIST11slb
9 71 Ficnsanain Acid 85 Arachic anid 88 Arachidic A2 CH0HANOZ  NIST11 lih L
o]
Target:
(x10,000) Base Peak 73/10,000
1. 7
L
5 129
8385
o7 P
e 157 171 185 213 %
sl Ll MI\‘ [ ‘ A IRV P I i B . __m . ‘ [l
&0 70 20 90 100 1o 120 130 140 150 160 170 180 190 200 210 20 230 240 250

1: 256 : nHexadecanoic acid $% Heradecanoic acid $§ n-Hexadecoic acid $$ Palmitic acid $$ Pentadecanecarbosylic acid $% 1-Pentadecanecabosylic acid $% Cetylic acid $% Emersol 140 $$ Emersol 143 $% Hexadecylic acid $§ Hpdrofol $§ Hystrene 8016 $3 Hystiene 9016 §:

(10,000 Base Peak: £0/ 10,000
o104 5 = -
] N “YWV\/\/\N
& e g e @
3 157 . 213 256
oot | m|!‘ ; “.|\|\ I 1T N 3 L LI I T 421 s : 199 | - 9 ] §|
B 70 80 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250
CASH: 57-10-3 Mol'wt 256 Serial#: 23313
Cmpd Mame:  n-Hexadecanoic acid 3% Hexadecanoic acid $3 n-Hexadecoic acid $5 Palmitic acid $% Pentadecanecarborylic acid 83 1-Pentadecanecarbonylic acid $% Cetplic acid $§ Emersol 140 $3 Emersol 143 $3 Heradecylic acid $3 Hydiofol $3 Hpstrene 8016 $3 Hystrene 901
Formula: C1EH3202 Class Flag: Mo Class Flags.
Rt Indesx: 1962

% Ind

Appendix (11) Palmitic acid.(MW 256.42)

Similarity Search Results

Report View Compoundnfo Process Help

1
T T T
80 90 100

70
1: 298 Methyl stearate $% Octadecanoic acid, methyl ester $$ Stearic acid, methyl ester $3 n-0ctadecanaic acid, methyl ester $3 Kemester 9718 $§ Methyl noctadecanoate $§ Methpl octadecanoate §$ Metholene 2218 $3 Emerp 2218 $$ Kemester 9018 $§ Methyl ester of octadecal

(x10,000)

T
"o

T
120

T T T
130 140 150

T T T T T T T T T T
160 170 180 190 200 210 220 230 240 250

T
260

T
padi]

Hit | Similar| Regi Compound Name -
1 7 lec nethyt C NIST11s i L
2 [[]  Methyl stearate $§ Octadecanoic acid. methyl 298 C19H3802  NIST1Islb 5
3 [[] Methyl stearate $8 Octadecanoic acid, methyl 238 C13H3802 NIST1lslb
4 [F]  Methyl stearate $8 Octadecanoic acid, methyl 298 C19H3802  NIST1lslib
5 []  Methyl stearate 55 Octadecanoic acid, methyl 298 C19H3802 NIST1llib
[3 [[] Hexadecanoic acid. 15-methyl- methyl ester § 284 C18H3802  NIST11lib
7 [[] Heneicosanoic acid, methyl ester $§ Methyl h 340 C22H4402  NIST11slib
8 [F]  Trdecanoic acid, methyl ester $§ Methyl tridec 228 C14H2802 NIST1lslib
9 1 Dornsannic acid methd ester 88 Rehenic aci 84 C7IHLRD?  NIST11=lih i

Target:

(x10,000) Base Peak: 74/ 10,000
e T
a7
05 55
298

143 55 &

% | TR [ w i = el
60

T T
280 250

Base Peak: 74/ 10,000

o 10 = R
a7
05 =5 7
N 298
143 cc &
0 L Lol h g 111 128 | 157 171 185 198 213 7 241 255 267 g
T t T T T T T T T T T T T T T T T T T T T T T T
&0 70 30 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290

Cast: 12-61-8 Mol'wit: 258 Serialt 26030
Cmpd Mame:  Methyl stearate $5 Dctadecanoic acid, methyl ester $3 Stearic acid, methyl ester $3 n-Dctadecanoic acid, methyl ester §5 Kemester 3718 $3 Methyl n-octadecanoate $3 Methyl octadecanoate $3 Metholene 2218 $3 Emery 2218 §5 Kemester 9018 $3 Methyl ester of o
Formula: C19H3802 Class Flag Mo Class Flags.
Rt Index: 077

Appendix (12) methyl stearate MW (298.5)

124




Appendix (C): Similarity search results and mass spectrum of DCM
extracted compounds:

milarity Search Results

Report View Compoundinfo Process Help

Hit | Similar| Regi Compound Name:
Phen | 1.3dimet

1 V] & 5 115 lib
2 [[]  Phenol, 2.&-dmethoxy- £ Pyrogallol 1.3-dimet 154 CBH1003  NISTlslb
3 [] Phenol, 3.4-dmethaxy- $§ 3.4-Dimethaxyphen 134 C8H1003 NIST11slib
4 [F]  Phenol, 3 A-dimethoxy- $8 3.4-Dimethoxyphen 154 CBH1003 NIST11s lib
5 74 [ 3Amino-26-dimethoxypyridine 8§ 2,6-Dimetho 154 C7H1ON20Z NIST11slib
5 |
7 H
g ]
] [

n

Eucalyptol $8 Cineole $8 2-(abicyclo[2.2. 2o 154 C10H180  NISTHslip
Eucalyptol $8 Cineole $8 2-Oabicyclo[2.2 Zjo 154 C10H180 NIST11s lib
Phenol, 3,4-dimethoxy-, acetate $5 3,4-Dimeth 196 C10H1204  NIST11slib
Fucahniol €2 Cinenle £& 2-Onahicucin(? 2 7ln 154 C10H1R0 NIST11s lib S

Target
(10,000} Base Peak: 154/ 10,000
f 5
8 138
0.5 . 111
88 7981 &
. =||| i .\|\‘ PRI Y T 1 i Ly i 3 s ; I T : i : i zur@l
50 70 0 100 110 120 130 140 130 180 170 180 190 200
1:154 : Phenal, 2 Gdimethosy- $5 Porogallol 1, 3-dimetiyl sther $$ Syringol $3 1,3-Dimethosy-2-hydosyb §4 2-Hydrowp-1 3-dimet 33 2,6-Dimethoryphensl §% 2,6-Dimethozyphenyl $5 1,3 Dimethyl pyrogalate $3 2,6-Dnumetoksyfencl $% Pyrogallol dimethylether $5 2
x10,000) Base Peak: 154/ 10,000
- 10— 154 =
' i s
e 9
0.5 - 1M1
B oes
| | | 78 %
ol Ll NG L gs 1y 20 128 197 ] 153 ) g
- T T + T . T * T + T T T T T T
50 60 70 80 %0 100 10 120 130 140 150 180 170 180 180 200
CASH: j1-10-1 Mol'wt 154 Serialtt: 9856
Crpd Name:  Phencl, 26-dimethosy- $3 Pyrogallol 1,3-dimethyl ether $% Syingol $3 1.2-Dimethosy-2-hypdrospbenzene $$ 2-Hpdiowy-1,3-dimethoxpbenzene $% 2 6-Dimethoxyphencl $3 26D $% 1.3 Dimethyl pyrogallate $% 2,6-Dwumetoksyfenal $3 Pyrogaliol dimethylet:
Formula: CaH1003 Class Flag: Mo Class Flags.

RetIndesx: 127

Appendix (1) 2,6 dimethox yphenol (154.16)

B " Similarity Search Results

Report View Compoundinfo Process Help
it | Similar Regi Compound Name

ca
Hexadecanoic acid. methyl ester 35 Paimitc a

C17H3402
[[] Hexadecanoic acid, methyl ester 88 Palmitic a 270 C17H3402 NIST1lslib
[[] Hexadecancic acid. methyl ester $5 Palmitic a 270 C17H40Z  NIST11slip
[F] Pentadecancic acid, 14-methyl- methyl ester 270 C17H3402  NIST11slib

91 [7] Methyl stearate $§ Octadecanoic acid, methy! 298 C19H3802  NIST11slip
O
[m}
(|

n

Heptadecanoic acid, methyl ester $§ Margaric 284 C18H3602 NIST11slib
Pertadecancic acid, methyl ester 5 Methyl n- 256 C18H3202  NIST11slip
Heneinnsannic Acid methv ester 85 Meth b 340 C27H4407  NIST11slib

(o) &l &

Target
(x10,000) Base Peak: 74/ 10,000
u T
a7
0.5
T 143 . 4
eoldbo bl LI e E e e e ome W s 23°d
80 70 &0 90 100 110 120 130 1dp 1o 160 170 120 150 200 210 220 2% 220 250 280 210
1: 270 Hexadecanoic acid, methyl ester $3 Palmitic acid, methyl ester $3 nHexadecanoic acid methyl ester $3 Metholene 2216 $3 Methyl hexadecanoate $3 Methyl rchexadecancate $% Methpl palmitate $3 Uniphat A60 3% Emery 2216 $% Radia 7120 3%
(x10,000) Base Peak: 74/ 10,000
- I

143 270 | &
z L ol el F 118 i 157 i il il 213 g 23 S5 L] &l
&0 70 B % 180 110 130 130 130 150 180 70 130 180 200 270 220 230 B 250 280 270
CosH 12-38-0 Molwt 270 Seralit 24288

CmpdName:  Hexadecanoic acid, methyl ester $3 Palmitic acid, methyl ester $¢ nHexadecanoic acid methyl ester 3% Metholene 2216 $5 Methyl heradecanoate $3 Methyl n-hexadecanoate $3 Methyl palmitate $3 Uniphat AB0 $% Emery 2216 $3 Radia 7120 $%
Formula: C17H3402 Class Flag No Class Flags.

FRet Indesx: 1878

Appendix (2) Methyl palmitate (270.45)
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" Similarity Search Results

-11H18035i

NIST11Jio

] 226 C11H18035 NIST11lip E|
[[]  2-Amino-4-nitrophenol, N4imethylsityl- 226 CSH14N203 NIST11lip I
78 | 2Amino-4nitrophenl, Nermethyisii- 206 CIHIAN203 NISTT1b
74 [ 2Methoxy-5nitrophencl, timethylsiyl ether 241 C10H15NO4 NIST11lip
74 [ 2Methoxy-5nitrophenol timethylsiyl ether 241 C10H15NO4 NIST11lib
74 [ Siane, timethyl[2-phenyithiolethaxy]- $§ 2{Ph 226 C11H1805Si NIST11lip
74 [ Slane, tineth[2-phenyihiokthon} SS2Fh 226 CTIHIB0SS NISTH s
73 1 4Perteneeahowic acd Pmethd Amethden 796 CIHZA03SI NISTH i
Taiget
1 gI0000)
211
05 8
i b | &
0 55 s |, .™® 91 105 408 121 137 148 153 187 17y, 182 1% | 1] B
5 8 70 a 9 100 10 120 130 140 150 160 0 180 190 200 210 70 20 ||
1: 226 3.4-Dimethoxyphencl, timethylsilyl ether
g0 Base Peak 7 10,000
: o
- o 211 26
05
I 13 A @
pold ) e [, e 55 %5 g 121 137 g, 1P 187 73 1P 184 L | &
5 8 70 a 9 100 10 120 130 140 150 160 0 180 190 200 210 70 %0
CASH: p-o0-0 Mol'wt 228 Senalt: 1888
Crpd Mame: 3 4-Dimethoxpphenal, imethylsilyl ether
Formula: C11H18035i Class Flag: No Class Flags.
Retlndex: 1357

Appendx 3) 3,4- dimethox y phenol MW (226.34)
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