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Abstract: Large quantities of bagasse are used as raw material in agro based pulp and paper industries. The study represents the
physico-chemical characteristics of bagasse wash water in agro based pulp and paper industries in Tamilnadu. The effluent
samples were collected from two different large scale integrated pulp and paper industries. Samples were brought imprecisely and
essential physico chemical characteristics were analyzed in triplicate. The analysis were carried out for various parameters such as
temperature, pH, turbidity, Total Suspended Solids (TSS), Total Dissolved Solids (TDS), Total solids (TS), Biological Oxygen
Demand (BOD), and Chemical Oxygen Demand (COD), volatile fatty acids (VFA) as per the standard procedure. The results
were presented the average characteristics of temperature of bagasse wash water was 32.5°C, pH of the raw wastewater was 5.21,
turbidity of 21.70 NTU, Total Dissolved Solids of 2867 mg/l, Total Suspended Solids of 1259 mg/l, Settleable solids of 101 mg/I,
Biological Oxygen Demand (BOD) of 3410 mg/l, Chemical Oxygen Demand (COD) of 5824 mg/l, and volatile fatty acids (VFA)
as 1128 mg/l.
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1. INTRODUCTION

An enormous industrial growth has taken place throughout the world in the past few decades, to fulfill the increased demand
of human civilization, which has created an overexploitation of available resources and caused pollution of water, land, and air.
Pulp and paper industry is a highly energy and water intensive industry and also one of the biggest polluting sectors of water
bodies (being the sixth largest water polluting sector as per a previous study by Pokhrel and Viraraghavan ,2004).

Pulp and paper industry is mainly categorized into three types according to their production capacity and raw materials usage
i.e. small scale, medium scale and large scale. The small scale paper mills set up in the early seventies almost exclusively use agro
waste/residues as raw materials for paper production whereas large scale mills, so far, have mainly been based on forest based
woody raw material for paper production. As agro waste/residues such as rice straw, wheat straw and bagasse are relatively short
cycled, regenerative and abundant, on the other hand the availability of forest based raw material is rather limited. Small scale
paper mills suffer from high production costs, uneconomic operation, low quality and negative impacts on the environment.
Furthermore, most small scale pulp and paper mills cannot economically provide chemical recovery and pollution control systems
( Pooja Tripathi et al., 2013). The pulp and paper industry is one of the oldest industries in India. But there has been a tremendous
expansion during last twenty five years. Varieties of papers and similar products are now manufactured in different mills
throughout the country. The paper industry, as it stands now, is one of the largest industries in India and it is one of the major
producers of paper in the world (Surabhi Yadav et al., 2007).

The Indian paper industry accounts for about 3% of the world’s production of paper. Large integrated paper mills from private
and public sector with a product mix of all varieties of paper (writing, printing, packaging, specialty, paperboards and newsprint)
located in all regions and using conventional fibre such as wood and bamboo and also unconventional raw materials like
recyclable waste paper, agro-residues, viz. bagasse and wheat straw; approximately 31% are based on wood, 47% on recycled
fibre and 22% on agro-residues (Medhi .U.J et al, 2011). Typically in India, approximately 75% of the total fresh water supplied
to pulp and paper industries emerges as waste water. In comparison to other industries, fresh water requirement in pulp and paper
industry is quiet high, i.e, 150-200 m3 per ton of paper produced (B. R. Yadav et al., 2011). To remove organic and inorganic
substance from the wastewater, various treatments like physico chemical and biological treatment have been adopted before it
was left into the environment.

Many authors have reported that the raw material preparation especially bagasse washing generates high amount of COD
(Tewari, et al., 2009). Simultaneously, produces large amount of wash water from bagasse yard. Bagasse wash water stream has
been segregated from other wastewater in almost all bagasse (agro residue) based pulp and paper industry due to the higher
amount of BOD and COD content. Before going into treatment it is indeed to analyze the characteristics of wash water to adopt
the suitable treatment processes. In this present study, the bagasse wash water were analyzed for its physico chemical
characteristics in the two different large integrated pulp and paper mill industries in Tamilnadu where the bagasse (agro residue)
was used as raw material.
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Il. MATERIALS AND METHODS
2.1 Collection of samples

The bagasse wash water was collected from the bagasse wash streams from two large scale integrated pulp and paper mills
situated at Karur and Erode located in Tamilnadu, India. The samples were collected two times in the first and third week of each
month such as August, September and October 2017. The grab samples were collected from both the industries in the plastic
containers and brought imprecisely to the environmental laboratory in Department of Civil engineering, Annamalai University,
Tamilnadu and it was refrigerated at 4° C prior to further analysis in the laboratory.

2.2 Analytical Techniques

The brought samples were analyzed in triplicate for each sample. The pH and temperature was measured by pH meter (model
n) and thermo-probe at the site of collection. Colour of the effluent was noted by visual observation. Nephelo-Turbidity meter was
used for the analysis of turbidity. The remaining wastewater characteristics parameter such as total suspended solids (TSS), total
dissolved solids (TDS), total solids (TS), biological oxygen demand (BOD), chemical oxygen demand (COD) and volatile fatty
acids (VFA) as per standard methods of analysis of water and wastewater (APHA 2005).

I11. RESULTS AND DISCUSSION

The paper mill produces variety of writing and printing paper using using bagasse, a sugarcane residue, as a primary raw
material. The wastewater generated from the paper mill consists of slightly brown water from stock preparation (Bagasse wash
water), bleach section and from paper machine etc. The samples were collected two times in the first and third week of each
month such as August, September and October 2017. The brought samples were analyzed in triplicate. The colour of the effluent
was appeared to be light brown to yellowish brown in colour against the standard limit. This may be due to the presence of lignin
compound present in the raw material used for paper production.The descriptive analytical values of physico chemical parameters
of paper mill effluent were represented on the graphs which were plotted in the figure 3.1 to 3.11.

The temperature of the effluent is basically important factor for its effect on the other properties of wastewater and it was lie
between 32 to 33.5 °C in both the mills which was depicted in figure 3.1. It was appeared as normal and the minimum
temperature was observed as 30°C in first week of August, the maximum of 33.5 °C in third week of October and the standard
deviation of 0.42 °C. The variation of pH and VVFA were depicted in figure 3.2 and 3.11 respectively.
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Fig. 3.1 Variation of temperature in bagasse wash water

The pH values were observed low in both the mill. The high VFA concentration and low pH is one of the unique
characteristics of bagasse wash water. Based on the literature, when bagasse is received and stored in wet condition at bagasse
yard in paper mill by sprinkling the water over the pile to prevent degradation and fire hazard. It carries around 3-4% of residual
sugars after squeezed from sugar mill and during the storage these sugars are converted into organic acid by anaerobic microbial
reactions takes place in the bagasse piles [Salabar et al. 1971]. These organic acids causing the pH reduction in bagasse pile and
preserve the bagasse quality and get washed away during bagasse washing before pulping. The organic acids present in the pile
exude out and join with bagasse wash water and increase the VVFA content and reduce pH. The low pH of the wash water may be
neutralized by adding alkaline solution if it is sent to the treatment process. The maximum and minimum pH values 5.85 and
4.61respectively and standard deviation were 0.42.
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Fig. 3.2 Variation of pH in bagasse wash water

Turbidity is an expression of the optical property that causes light to be scattered rather than transmitted in straight lines
through the wastewater sample. It is caused by suspended mater, such as organic and inorganic matter and soluble coloured
organic compounds presence in the stocked bagasse pile. The mean value of turbidity was measured as 21.7 NTU with standard
deviation of 1.67 for both the mill 1 and mill 2. Minimum and maximum values of turbidity were observed 18.5 NTU and 24.5
NTU respectively.
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Fig. 3.3 Variation of turbidity in bagasse wash water

The variation of total suspended solids (TSS) was depicted in figure 3.4. The mean value of TSS was measured in bagasse
wash water as 1259 mg/l with the standard deviation of 172. The higher concentration of TSS was due to the presence of bagasse
fibres. This might cause the turbidity in the effluent. It was observed that the maximum and minimum values of TSS were 1665
mg/l and 1035 mg/l respectively. The average concentration of total dissolved solids (TDS) was 2867 mg/l with significant
change in the standard deviation of 228. A total dissolved solid (TDS) is a parameter, which gives us the index of dissolved
compounds, both organic as well as inorganic present in the said wastewaters. Among the inorganic dissolved components, free
chlorine, sulphates, sulphides, carbonates, bicarbonates, predominate as the major anions; and calcium, magnesium, aluminium,
iron and other heavy metal ions as the prevalent cations. Both inorganic and organic dissolved solids raise the TDS (mg/l) to a
very high level. The organic dissolved compounds consist mainly of chlorinated compounds which were aroused from salts and
chemicals used. The maximum and minimum values of TDS were observed as 3172 mg/l and 2072 mg/l respectively and it was
represented in figure 3.5. Total solids were the combination of total suspended solids and total dissolved solids which were
depicted in figure 3.6. Few settable solids were also observed which was insignificant with the characteristics of bagasse wash
water. This was due to the inert inorganic substances and it was represented in the figure 3.7.
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Fig. 3.4 Variation of Total Suspended Solids (TSS) in bagasse wash water
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Fig. 3.5 Variation of Total Dissolved Solids (TDS) in bagasse wash water
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Fig. 3.6 Variation of Total Solids (TS) in bagasse wash water
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Fig. 3.7 Variation of Settable Solids (SS) in bagasse wash water

Biological oxygen demand (BOD) determines the amount of oxygen utilized by the microorganisms for oxidizing the organic
matter. The average value of BOD was varying with the standard deviation of 3410918 mg/l. Maximum (4212 mg/I) and
minimum values (1226 mg/l) of BOD were observed during the sampling period as shown in the figure 3.8. The above mentioned
values of varying BOD have been reported by many authors in literature due to the stocking of bagasse in the yard for periodical
usage. The flowage of bagasse to pulp and paper mill is varied based on the seasons of the production of the sugarcane. The COD
variations were represented in the figure 3.9. Chemical oxygen demand (COD) determines the amount of oxygen required to
oxidize both organic and inorganic matters. Both BOD and COD are the most generic parameter for determining the pollution
load in municipal sewage and industrial wastewater discharge. These parameters can also be used to determine the efficiency of
treatment processes. Mean value of COD was 5824 mg/I. It was varied over the period of time with the significant changes in the
standard deviation of 1736 and minimum (2416 mg/l) and maximum (8124 mg/l) values were recorded. From figure 3.1 and 3.10
the high VFA concentration and low pH is one of the unique characteristics of bagasse wash water. Salabar et al. (1971) reported
that storage of bagasse the organic acids were oozed out and mixed with bagasse wash water during bagasse washing. Thus
increases the VFA content and reduce pH. The maximum and minimum values were recorded as 2350 mg/l and 572 mg/I
respectively with the standard deviation of 655. The mean value of VFA content was measured as 1128 mg/l.
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Fig. 3.8 Variation of Biological Oxygen Demand (BOD) in mill 1 and mill 2
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Fig. 3.9 Variation of Chemical Oxygen Demand (COD) in mill 1 and mill 2
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Fig. 3.10 Variation of Volatile Fatty Acids (VFA) in mill 1 and mill 2
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IV CONCLUSION

Pulp and paper mills are categorized as a core sector industry and are the fifth largest contributor to industrial water pollution.
The physico-chemical characteristics of effluent from this mill revealed that the raw material preparation especially bagasse
washing generates high amount pollution load in terms of BOD and COD which required adequate treatment before discharged.
The other parameters such as colour light brown, temperature was seems normal, pH appeared as low due to VFA accumulation,
turbidity was slightly high, TSS, TDS, and TS were high and needs primary treatment for both mills.
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