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CHAPTER 1

Background for the Study

1.1 General

The Indian Paper Industry accounts for about 1.6% of the world’s production of Paper
and Paperboard. The estimated turnover of the industry is Rs.25,000 crores (approximately) and
its contribution to the exchequer is around Rs.2918 crores. The industry provides employment to
more than 0.12 million people directly and 0.34 million people indirectly. The paper mill uses a
variety of raw materials namely viz. wood, bamboo, recycled paper / fibre, bagasse, wheat straw,
rice husk, etc. Approximately 35% are based on chemical pulp, 44% on recycled fibre and 21%

on agro residues.

With added capacity of approximately 0.8 million tonnes during 2007-08, the operating
capacity of the industry currently stands at 9.3 million tontes. During this fiscal year, domestic
production of paper and paper board is estimated to-be 7.6 million tonnes. The overall paper
consumption (including newsprint) has be’tﬂ&ne 8.86 million tonnes and the percapita
consumption is 8.3 kg. During the period 2000-07, newsprint, writing and printing, container
board, carton board and others registered a growth of 13%, 5%, 11%, 9% and 1% respectively.

The GDP has grown on an average of 6.7 over the last few years.

India is the fastest growing market for paper globally and the paper consumption is
estimated to be 13.95 million tonnes by 2015-16. The Indian pulp and paper industry at present is
very well developed and established. Paper sector is dominated by small and medium size units.
Number of mills of capacity 50,000 tonnes/annum or more is not more than 25. Less than half a
dozen mills accounts for almost 90% production of newsprint in the country (Source: Indian

Paper Manufacturers Association).



1.2 Paper Recycling Units in Tamil Nadu

Paper recycling is the process of recovering of waste paper and remaking into new paper
products. Paper suitable for recycling is called scrap paper and it includes paper trimmings, old
magazines, old telephone directories, old newspaper, residential mixed paper, old corrugated
container, printed sheets and cuttings, old books, ledgers, etc. Paper recycling units are doing
processing of secondary fibres and they are also known as recovered/fibre industries. In India

about 8,50,000-10,00,000 tonnes of waste paper is being currently recovered annually.

In Tamilnadu, 18 large-scale units, 29 medium scale units and 139 small-scale units are
involved in manufacturing paper products in Paper Recycled Units. The various paper products
manufactured in the industry include writing and printing paper, newsprint, craft and duplex
boards and paperboards. These units fall under Orange category. The total water consumption in
all the 186 units is 16,632 KL and total trade effluent generated is 15,190 KL daily
(Source: TNPCB)

An inventorisation of Paper Units manufacturing Writing and Printing Paper from waste
paper in Tamil Nadu was carried out with the assistance from TNPCB. About 32 units have
responded to the questionnaire in which, 21 units are found to be involved in manufacturing
either writing and printing paper alone or in combination with other paper products such as craft
and duplex boards, newsprint and paper boards. The list of the industries is furnished in Table
1.1. The first unit manufacturing writing and printing paper from waste paper was established in
the year 1965 in Dindigul district and this industry is operating for more than 40 years. As per
the data furnished, 12 units in Dindigul district, 5 units in Erode district, 1 unit in Thirunelveli
district, 1 unit in Coimbatore district, 1 unit in Tirupur distirct and 1 unit in Kancheepuram
district are involved in manufacturing writing and printing paper alone or in combination with
other paper products from waste papers. The production capacities of the units are found to be in

the range of 10-80 TPD.

The quantities of total fresh water consumption in all the 21 units are found to be in the
range of 174 to 3685 m’/d. The quantities of total wastewater generation of the above units are

found to be in the range of 150 m>/d to 2350 m®/d. Most of the units are discharging either the



entire full quantity or partial quantity of the effluent in their own lands for irrigation. The land
area for irrigation is in the range of 11.2 hectares to 160 hectares. Various trees (eg. Coconut,
Eucalyptus, Casuarinas, Mango, Teak, Tamarind and Subabul trees) are grown and various crops
(eg. Paddy, Sugarcane, Banana, etc.) have been cultivated using the industrial effluents. The
units are utilizing the effluent on land for irrigation for about 10-40 years. About 9 units are
practicing land irrigation of the effluent for 10-20 years and about 8 units are practicing land

irrigation for over 20 years period.
1.3 Scope and Objectives of the study

For small Pulp and Paper industry, standards have been provided by CPCB for discharge
into inland surface water and onland (Table 1.2). By suspecting the continuous application of
treated effluent on land may have an adverse impact on the soil and ground water quality,
TNPCB is of the view that the paper units manufacturing writing and printing paper from waste
paper should completely recycle their effluent after treatment for ensuring zero liquid discharge.
In this context, the TNPCB has mandated the Centre for Environmental Studies, Anna
University, Chennai to conduct a study on “Technical feasibility of Complete Recycling of
Treated Trade Effluent by the Paper Units which manufacture Writing and Printing Paper from
Waste Paper’. The scope of the study includes the following three aspects:

= Whether the ZLD arrangement for discharging treated trade effluent in the paper industry
is the most technically feasible clean arrangement (or) whether 100% reuse of backwater

is not technically feasible.
= Whether ETP discharges, after appropriate treatment through activated sludge process

will be injurious to ground water and cultivation of crops and

= Whether continued discharge of treated effluent in waste paper industry can result in

ground water and soil pollution over a period of time.



Table 1.1 List of Units Manufacturing Writing & Printing Paper from

Waste Papers in Tamil Nadu

SL —_ Year of
No. Name of the Industry Taluk/District Establishment
1. | Amaravathi Sri Venkatesa Paper Mills Palani Taluk/Dindigul District 1985
Limited
2. | Amaravathi Sri Venkatesa Paper Mills Palani Taluk/Dindigul District 1965
Limited - Unit II
3. | Amaravathi Sri Venkatesa Paper Mills Palani Taluk/Dindigul District 1973
Limited — Unit-III
4. | V.G.Paper and Boards Limited Palani Taluk/Dindigul District 1987
5. | Vishnuvardhan Paper Mills Private Limited | Palani Taluk / Dindigul District 1985
~Unit-II
6. | Rajalakshmi Paper Mills Limite Palani Taluk / Dindigul District 1980
7. | GVG Paper Mills Private Limited Palani Taluk / Dindigul District 1991
8. | GVG Paper Mills Private Limited-Unit-IIl | Palani Taluk / Dindigul District 1986
9. | Danalakshmi Paper Mills Private Limited Nilakottai Taluk / Dindigul District 1982
10. | Servalakshmi Paper and Boards Private Nilakottai Taluk / Dindigul District 1986
Limited
11. | Sri Hari Krishna Papers Private Limited Palani Taluk / Dindigul District 1990
12. | Vijayalakshmi Paper Mills Nilakottai Taluk / Dindugal District 1990
13. | M/s.Sam Turbo Industry Limited Sgth){amanga lam Taluk / Erode e
District
14 | M/s.Sudirman Paper (P) Limited %@th){amangalam Taluk / Erode 2008
istrict
15. | M/.Sri Sakthi Papers India (P) Limited Sathyamangalam Taluk / Erode 2005
District
16. | M/s.Aaditiya Aswin Paper Mills Private Sathyamangalam Taluk / Erode 2007
Limited District
17. | M/s.Karthikeya Paper & Boards Limited Sathyamangalam Taluk / Erode 1997
District
18. | M/s.Sun Paper Mill Limited Tirunelveli District 1964
19. | Sri Sudarsan Paper Mills Limited, Metupalayam Taluk / Coimbatore 1991
District
20. | V.G.Paper and Boards Limited Unit-II Udumalpet Taluk / Tirupur District 1997
21. | M/s.Cholan Paper and Board Mills Limited Maduranthagam Taluk / 1952

Kancheepuram Distric




Table 1.2 Small Pulp & Paper Industry: Standards for Liquid Effluents (CPCB)

Mode of Disposal Parameter Concentration not to
exceed mg/L (except for
pH and SAR)
pH 5.5t09.0
Inland Surface ;

Water Suspended Solids, mg/L 100
BOD at 27°C, 3 days, mg/L 30
pH 55t 9.0

ey Suspended Solids, mg/L 100

an

BOD at 27°C, 3 days, mg/L 100
Sodium Absorption Ratio 26

(Source: EPA Notification S.0.64(E) dt. 18" Jan, 1998)

Small Pulp & Paper Industry: Wastewater Discharge Standards®

Category

A: Agrobased 200 cum/tonne of paper produced

B: Waste Paper Based 75 cum/tonne of paper produced

*  The agrobased mill to be established from January 1992 will meet the standards of 150
cum/tonne of paper produced.

#%  The waste paper mills to be established from January 1992 will meet the standards of 50
cum/tonne of paper produced.



CHAPTER 2

Paper Units Manufacturing Writing and Printing Paper
from Waste Paper in Tamil Nadu

2.1 Raw Materials used

The Paper Recycling Units are using waste papers of varying grades as raw materials.
The units use waste paper grade according to the paper quality of their product. The mixture of
different paper types are sorted and sorted paper is baled. The units receive both locally available
and imported waste papers. At first, the bales are opened and large foreign objects and many

extraneous materials are readily removed (Fig.2.1 & 2.2).
2.2 Manufacturing Process

The various chemicals used in the manufacturing process include deinking chemicals
(optional), sizing chemicals, bleaching chemicals (optional), whitening agent (optional), dyes
(optional), etc. The details of production and raw materials and other chemicals used in the
industries are presented in Table 2.1. The basic processes in manufacturing writing and printing
paper from waste paper include pulping process, cleaning and screening, deinking (optional),
thickening, refining, bleaching (optional) and paper making process (Table 2.2). The Table 2.3

presents the manufacturing process of all the 21 units.

In pulping process, the raw material (waste papers) is fed into high consistency pulper
through a conveyor (Fig. 2.3) in which waste paper is mechanically slushed with addition of
water (Fig. 2.4). Deinking, bleaching and stabilizing chemicals are added in the pulper itself.
After pulping, the pulp is transferred to a storage tank through a coarse screen to remove large
sized foreign materials like plastic, rubber, metal strips etc. It is then passed through high density
cleaner and another set of screens to a storage tower, in which fine foreign materials are removed
from the pulp (Fig. 2.5). The pulp 1s then taken to flotation cell, where deinking takes place and
the deinked pulp is taken to a storage tower. The pulp is then cleaned through three stage centri

screen to remove specks, dots etc. Then the pulp is thickened and stored and transferred to the



refiner. In refiners, mechanical modification of the fibres takes place to develop bonding surface
uniformity and other physical characters during paper making. Finally the pulp is charged to

paper machine for paper making.

The paper machine consists of headbox (back water system), wire part, press part, dryer
part and calendaring. In the back water system, the pulp slurry with 3 to 5% consistency is fed to
the fan pump along with back water drained in the wire part during the paper formation. The
pulp becomes a slurry of 0.5 — 0.8% of consistency, then it is cleaned by centri cleaners to
remove all dirt. The lean pulp slurry is then passed through a pressure screen to the machine head
box. In the machine head box, the pulp is injected in the form of jet over the wire uniformly to
form the paper (Fig. 2.6). The excess water is gradually removed by gravity and then by vacuum

in the wire part. This white water is recycled in the back water system.

The paper web from the wire part is transferred to the press part. In the press part, the
water is squeezed out of paper and then the paper web is transferred to dryer section where it is
dried over the drying cylinders by indirectly heating with steam from inside (Fig. 2.7). The paper
after drying is passed through highly polished calendar rolls to impart smoothness, gloss and
flatness to the paper. The paper is then wound in a roll and it is rewound into smaller width to
meet the end use (Fig. 2.8). Fig. 2.9 illustrates the basic flow chart of recovered pulp processing

unit.

2.3 Water Consumption in Waste Paper Recycling Units

Paper Recycling Units use large quantities of water for manufacturing process. Water is
required for stock preparation (pulping, deinking, screening and cleaning) and for paper making
process (mixing chest, paper machine shower). In addition, water is required for cooling water
for cylinder / calender, floor washing, boiler and domestic purposes. Table 2.4 presents the
details of fresh water consumption and wastewater generation in waste paper recycling units in
Tamil Nadu. The quantity of fresh water consumption in the paper recycling units is found to be
in the range of 174-3685 m>/day. The unit fresh water consumption is found to be in the range of
6-81m>/t. The water consumption depends upon type of final product, type of production process

and level of closed water system in the units.



2.3.1 Water Demand in the Paper Units
The water demand details of the paper units are presented in Tables 2.5 and 2.6. The
fresh water consumption is found to be highest in paper making shower in almost all the units.

The fresh water consumption for paper making shower is found to be in the range of 46-73%.

2.3.2 Closed Water Systems in Manufacturing Process

In order to reduce the fresh water consumption, certain units are operating closed water
systems in the manufacturing process. A large amount of water is recycled for minimizing the
fresh water consumption. It is difficult to define handling of water in a closed system, since no
two units are alike in their operation. It is observed that the units are recycling white water (i.e.
water drained in the paper making machine) to stock preparation (Pulper, Deinking plant,
Cleaners and Screens) and for machine showers in the paper making machine. The closed water
systems in two paper units viz., M/s.Amaravathi Sri Venkatesa Paper Mills Limited, Dindigul
and M/s.Danalakshmi Paper Mills Private Limited, Dindigul are presented in Fig.2.10 and 2.11.
White water is recycled untreated as diluent to mixing chest or it is reused after clarification in
the fibre recover unit (save-all) at specific locations in the process where high quality water

requirements are to be met.

2.3.3 Water Quality Requirement for Paper Making

The principal qualities of water that determine its suitably for the paper units are colour,
suspended solids, iron, manganese, hardness, excess dissolved organic matter and silica. Water
having little or no colour is essential for manufacture of paper. Suspended solids become
entangled in fibres and thus causing sparks and other imperfections in the finished product.
Cellulose absorbs iron and yield yellow colour. Manganese will oxidize by chloride to

permanganate that impart reddish colour to the fibres.

It is observed that the Paper recycling units in Tamil Nadu are using either river water
(Amaravathi / Vaigai / Bhavani) or bore well water or combination of both as process water for
production. It is reported by an industry that the quality of process water in terms of pH, TDS

and Total hardness are 7.48, 250 mg/L and 150 mg/L respectively.



2.4 Wastewater Generation

A large quantity of wastewater is generated in manufacturing writing and printing paper
from waste paper. The wastewater streams included excess white water, wastewater streams
from screening and cleaning, deinking, cooling water for cylinder/calendar, boiler blow down,
rr}iscellancous, floor washings and domestic wastewater. The wastewater generation from
various units in a typical paper unit (M/s.Amaravathi Sti Venketasa paper mills limited) is
presented in Fig.2.12. The quantities of wastewater generation in the paper units are found to be
in the range of 150-23 50m>/d. The unit wastewater generation in the paper units in Tamil Nadu

is found to be in the range of 5-70 m’/T. (Source: TNPCB).
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B2l WesteSaper Dale Fig. 2.2 Manual removal of

Extraneous materials

Fig. 2.3 Conveyor towards Pulper Fig. 2.4 High Consistency Pulper
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Fig. 2.5 Screening

Fig. 2.7 Calendering
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Fig. 2.6 Paper making Machine

Fig. 2.8 Final Product for end use
(Writing and Printing Paper)
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CHAPTER 3
Industrial Effluent Management in Study Units

3.1 Raw Effluent Characteristics

The raw effluent characteristics of eight paper recycling units are presented in Table 3.1
(Source: TNPCB). The major pollutants present in the wastewater include organics, suspended
solids, dissolved solids and various inorganic ions. The raw effluent pH was found to be neutral.
The BOD and COD varied in the range of 9 to 615 mg/L and 64 to 4320 mg/L respectively.
Ingeneral, BOD and COD ratio less than 0.3 is an indicator of very poor biodegradability of
wastewater. From the study, it was found that for the wastewater BOD/COD ratio varied in the
range of 0.12 to 0.18 except for 2 units. This indicates the low biodegradability of wastewater.
The TDS varied in the range of 158 to 3648 mg/L. Percent sodium was found to be in the range
of 11 to 72.

3.2  Effluent Treatment Plants

A large quantity of wastewater is generated in manufacturing writing and printing papers
from waste papers. The unit wastewater generation is found to be in the range of 150 to
2350m’/day. In the inventorisation, all the 11 units have reported that effluent treatment plants
are provided for treatment and reuse. It is observed that 13 units (12 in Dindigul and 1 in
Thirunelveli ) have taken 100% of the total effluent generated for land irrigation and 3 units have
taken 38-67% of the total effluent for irrigation. Except one unit, all other units have furnished

the treatment scheme.

The typical treatment processes include équalization and clarification as primary
treatment, chemical precipitation or aerobic biological process or combination of both as main or
secondary treatment and sand/activated carbon filtration as polishing treatment. For management
of sludge, sludge drying beds have been provided. Six units have employed aerobic biological
process as main treatment process, whereas 12 units have provided combination of chemical and
biological treatment processes as main treatment process. The remaining two units have installed
chemical treatment as main process. The details of effluent treatment schemes are presented in

Table 3.2.

29



33 Standards for Discharge of Industrial Effluents

The Burea of Indian Standards (BIS) has laid down the first set of standards or tolerance
limits for discharge of industrial effluents into Inland Surface Waters (IS: 2490 — 1974). These
standards were referred as ‘Effluent Standards’ and they have been notified by GOI under the
Environment (Protection) Rules, 1986 (Schedule VI, Rule 3-A). In addition to effluent standards,
Minimal National Standards (MINAS) were incorporated in the Environment (Protection) Act,
1986. These standards were considered to be minimum standards for major polluting parameters
that specific industry should achieve. The MINAS for Small Pulp and Paper Industry specified
standards for discharge of liquid effluent into inland surface water and onland for irrigation. For
discharge into inland surface water, standards have been specified for pH, SS and BOD. For
discharge onto land, standards have been specified for pH, SS, BOD and sodium absorption

ratio.

The Water (Prevention and Control of Pollution) Act, 1974 (section 17, Clause 3 of
Subsection 1) empowers the Tamil Nadu Pollution Control Board (TNPCB) to lay down the
effluent standards. Accordingly, TNPCB fixed up effluent standards for discharge of
trade/sewage effluents (Revised order B.P.Ms.No.30 dt.21.12.1984) for 35 parameters. The
 National Standards for discharge of industrial effluents for relevant parameters applicable to this
study are represented in Table 3.3. From Table 3.3, it is understood that pH, BOD, S8, TDS,
chloride, sulphate, oil and grease, boron, percent sodium and residual sodium carbonate are
important. The MINAS covers only four parameters which include Sodium Absorption Ratio
(SAR).

3.4  Quality Requirements for Irrigation Waters

The Paper Recycling Units in Tamil Nadu are commonly using their wastewaters for
irrigation. Traditionally, certain water quality criteria have been used to determine the suitability
of the wastewaters for irrigation. The important physico-chemical parameters to determine the
suitability of the wastewater for use in irrigation are pH, salinity, TDS, SS, organic compounds,

inorganic ions, bicarbonate ions, boron and nutrients.
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Salinity
High salinity in irrigation water may cause damage to crops. A general classification as to

salinity hazard by TDS is as follows.

S1.No. Classification TDS (mg/L)
I, Water for which no determined effects are usually noticed 500
2. Water that can have determined effects on sensitive crops 500-1000
3 Wat-.f:r_that can have adverse effects on many crops 1000-2000
requiring careful management
4 W:ater !Ehat can be used for tolerant plants on permeable 2000-5000
soils with careful management

TNPCB and BIS have specified 2100 mg/L as maximum permissible limit for TDS for

the trade effluents discharged onto land for irrigation.

Suspended Solids

Suspended solids (especially fibres) in applied effluents are important because they have
a tendency to clog sprinkler nozzles and soil pores and to coat on land surface. The maximum
limit for SS for discharge of effluent on land for irrigation has been fixed as 200 mg/L by
TNPCB, whereas a more stringent standard of 100 mg/L has been fixed in MINAS (Pulp and

Paper Industry) standards.

Organic Compounds

A high load of organic matter (as measured by BOD) will influence the length of the
resting period for soil reaeration. These periods give the soil bacteria time to break down organic
matter and to allow the water to drain. Aerobic conditions are thus restored as air penetrates into
the soil. The maximum permissible limit for BOD for discharge of effluents into onland for
irrigation has been fixed as 100 mg/L (27°C, 3 days) by TNPCB and MINAS, whereas BIS has
permitted discharge of effluents of 500 mg/L BOD for onland irrigation.
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pH

It is an indicator of the acidity or basicity of water. The normal pH range for irrigation
water is from 6.5 to 8.4. pH values outside this range are a good warning that the water is
abnormal in quality. The standard for pH has been fixed as 5.5 to 9.0 for discharge of trade
effluents onland for irrigation by TNPCB, BIS and MINAS (Pulp and Paper Industry).

Inorganic Ions, SAR and Percent Sodium

Certain inorganic ions may affect the soil, the plants and the ground water. Sodium is an
unique cation because of its effect on soil. Sodium enters into cation exchange relationships with
calcium and magnesium adsorbed on the clay particles in the soil and tends to break down the
clays. This is turn tends to reduce the soil porosity which is important for air and water
movement. A 5-10% reduction in porosity can seriously impede growth. The concentrations of
sodium, calcium and magnesium ions are related in an index called Sodium Absorption Ratio
(SAR). The ratio measures the relative concentration of sodium to calcium and magnesium and it
is defined by the following equation.

Na*

[Ca¥ + Mg*

v 2

where the cation concentrations are expressed in meq./L. A general classification as to sodium

hazard by SAR is as follows.

SAR =

SAR Sodium hazard to soil
0-10 Low
10-18 Medium
18-26 High
Above 26 Very high

MINAS (Pulp and Paper Industry) has specified the standard for SAR as 26 for discharge of
effluent onto land for irrigation. The maximum limit for Percent Sodium has been fixed as 60 by

TNPCB and BIS. The percent sodium is calculated by the following equation.
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Na”
% Na = X 100
(Ca2+ & Mg2+ i Na+ S K+)

where the concentrations are expressed in meq./L.

Biocarbonate and RSC

Biocarbonate and Carbonate ions combined with calcium or magnesium will precipitate
as calcium carbonate (CaCO;) or magnesium carbonate (MgCQOs) when the soil solution
concentrates in drying conditions. As calcium and magnesium are lost from soil water, the
relative portion of sodium is increased resulting in increase in sodium hazard. This hazard is
evaluated in terms of Residual Sodium Carbonate (RSC) and is defined by the following

formula.

RSC = (COs*+HCO5)-(Ca®™ +Mg*h

Some typical values for irrigation waters are as follows.

Water Quality RSC (meq/L)
Safe <1.25
Marginal 1.35-2.5
Unsuitable Over 2.5

The tolerance limit for RSC has been specified as 5 mg/L for discharge of effluent onto
land for irrigation by TNPCB.

Boron
Boron is a phytotoxic substance, if it occurs in high concentration in irrigation waters.
The tolerance limit for Boron has been specified as 2 mg/L for discharge of effluent onto land for

irrigation by TNPCB and BIS.
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Chlorides

Chlorides are said to have no effect on soils physical properties, but certain plants are
sensitive to chloride ions. The permissible chloride concentration in irrigation water has been

specified as 600 mg/L by TNPCB and BIS standard.

Sulphates

The maximum permissible limit for sulphates in irrigation water has been specified as

1000 mg/L by TNPCB and BIS standard.
3.5 Treated Effluent Quality in the study units

3.5.1 TNPCB Data

In Table 3.4, secondary data from TNPCB on the treated effluent quality (for parameters
specified in TNPCB standards) for 10 industries are presented. In Table 3.5, both raw effluent
and treated effluent characteristics for 3 industries are presented. The data regarding these 3
industries were a part of this study.

From Tables 3.4 and 3.3, the following inferences are made:

1. Since the industries treat the effluent to meet the standards for land disposal, the TDS
levels in the effluent still remain at significantly higher levels (in many cases 2000 mg/L
and more).

2. Similar is the argument regarding chloride, BOD/COD and SS which are still present in

significant levels in the treated effluent.

3.5.2 CES Data

The Centre for Environmental Studies, Anna University have made a field visit to the
paper recycling units in Palani Taluk/Dindigul District on 11.4.09. The manufacturing processes
taking place in the industry and the effluent management practices have been studied. Raw and
treated wastewater samples have been collected from two units. In addition, in order to study the

ground water quality, well water samples have been collected from the irrigation area of the
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industry. Also soil samples (4 nos.) have been collected from two locations in the irrigation area
of each industry. Control samples for ground water and soil have also been collected. All above
samples were brought to CES laboratory for analysis of various physico chemical parameters.
The raw and treated effluent characteristics are presented in Table 3.6. The inferences made from

this set of data are the same as that from TNPCB data (section 3.5.1).

3.6  Irrigation Practice

The details of the usage of the treated effluent for irrigation in the Paper Recycling units

are presented in Table 3.7.
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CHAPTER 4

Assessment of Impact of Land Disposal on
Ground Water Quality

4,1  Approach for the assessment

4.1.1 Past Ground Water Quality Data

In the Table 3.7, it is inferred that the disposal of treated effluent on land has been
happening for periods ranging from 10-44 years. Discharge of industrial effluents on land will
affect

1. Soil characteristics and
2 Ground Water Quality

which in turn will affect the growth of crops in the soil. The severity of the effect will depend on
toxicity of the effluent, land environment characteristics and crop properties. In this chapter, an

assessment of the impact of land disposal of the effluents is described.

For the purpose of this assessment, past data on the quality of water in the wells situated
fairly close to the industrial units and monitored by Tamil Nadu Ground Water Department, were
obtained from the Board. These wells were the nearest wells for which useful data are available
(Due to shortage of time available for the study, extensive primary data could not be obtained).
The secondary data included groundwater quality for 12 monitoring wells in Dindigul District, 7
monitoring wells in Erode District and 2 monitoring wells in Kancheepuram District. Only one
monitoring well (Well No. HPIE16, Rajan Nagar village, Bhavani Sagar Block /
Sathyamangalam Taluk / Erode District) was located in the same village of 4 paper recycling
units. Another monitoring well (Well No. 13011A Padalam village Madurandagam Block /
Taluk) was located within 3 km distance from a paper recycling unit in Kancheepuram District.

All other monitoring wells are located at distances of 10 — 18 km from the industry premises.
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The data obtained from the Board were in different format. An useful set of data was

extracted from the source data and presented in a new format as in Table 4.1. The pH, TDS, %

sodium and RSC were selected as the parameters of quality of water, since these were related to

the irrigation potential of the water. Data from a total of 20 wells was used.

In Table 4.1, under each serial number, the well serving as the reference well, industries

in the vicinity (real names not used but indicated as study units) and water quality are presented.

For assessing the impact, water quality data for 2 different years with a significant time gap are

used. A comparison of the quality for these 2 years is made to arrive at meaningful conclusions

regarding the impact.

4.1.2

The following are the inferences made from Table 4.1:

Let us consider the quality of the well water in S1.No.1 in Table 4.1. From a level of 692
mg/L in 1989, the TDS has increased to 2237 mg/L in 2008. Similarly, the % sodium has
increased from 19 to 24. This trend is noticed in the case of wells in SI. Nos. 2, 4, 5, 6, 7,

8,10, 12, 13, 14, 16, 18 and 20.

Fourteen out of twenty wells considered for study, have shown decline in the water

quality in terms of TDS and % sodium,

The exact causes for this deterioration in the well water quality can be assessed only by a
detailed study. However, the industrial effluents discharge on land could be a
contributing factor. It will be difficult to rule out this possibility, as the effluent has the

potential to cause such a problem.

The increase in the TDS is alarming. In many cases, in about 10 years time, the TDS
level has doubled. If this trend continues, the TDS will reach a level which will make the
water unusable for irrigation in the next 10 years.

Present Status in Select Cases

In addition to the analysis of the trend in the quality of well water in the vicinity of the

industries, the CES enumerated the well water quality in the irrigation area of 2 industries
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(Industry A and B). A background well was also identified for comparison purposes. The data on
the well water quality for all 3 wells are presented in Table 4.2. In addition, ground water quality

for 28 samples in the irrigation area furnished by TNPCB is presented in Table 4.3.
From Tables 4.2 and 4.3, it is concluded that:

I: The wells in the irrigated area show high levels of TDS, chloride, sulphate and %

sodium, when compared to the background levels.

2. This set of data further confirms the observations made in section 4.1.1.
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CHAPTER 5

Assessment of Impact of Land Disposal of effluents
on Soil Quality

5.1  Soil Properties

The soil properties (chemical characteristics) to be considered in irrigation are soil
sodicity, soil salinity, soil pH, soil organic matter, Cations Exchange Capacity, nutrient levels
and adsorption and fixation properties for various inorganic ions such as sodium, potassium,
magnesium, calcium and hydrogen. The significance of important properties is explained in the

following paragraphs.

Soil Sedicity

It refers to the amount of exchangeable sodium cations relative to other cations in the soil
and is expressed in terms of exchangeable sodium percentage (ESP). Dispersion of soil or poor
soil structure may be associated with sodicity. Exchangeable sodium acts as a mechanism for
weakening the bonds of soil aggregates creating a soil with poor structure that can impede water
and plant root movement into and through the soil. It is generally agreed that soils with an ESP
of greater than 5 are at risk of showing the adverse structural impacts with sodicity. The soil
sodicity can be expressed either as ESP or SAR. Sodium is one of the most studied elements

because of its toxic effects both to soil texture and crop:

= High concentration of sodium disperses soil colloidal particles rendering the soil hard and

resistant to water penetration.

® The build up of osmotic pressure in soil due to high sodium concentration causes difficulty
in water absorption by plant roots. Plants are sensitive to varying degrees to soil salinity
and when this exceeds a certain limit, their growth is impaired, thus lowering their

productivity.
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Soil Salinity

Soil Salinity refers to the amount of dissolved salts in the soil solution. Soil salinity levels
are determined by measuring EC of soil suspension. The soluble salts are likely to be the cations
(Na’, K*, Ca’, Mg **) and anions (CI', SO,%, HCOy). Effluents may raise soluble salt levels to
the extent that they impede plant growth and thereby increasing the potential for soil erosion.
The concentration in the soil at which salt is hazardous varies with soil texture and plant species.
Soil salinity is indiéated as EC. (Electrical Conductivity of water saturated soil paste) and

expressed as dS/m.
Seil pH

Soil pH is a measure of the concentration of hydrogen ions in the soil. It is known to be
related to the availability of plant micro and macro nutrients. For most plants, a range between 6-

7.5 maximizes the availability of plant nutrients and hence the potential for plant growth.

Soil Organic Matter

Soils with a reasonably high level of organic matter (i.e. atleast 2% by weight) are
desirable for effluent irrigation. Organic matter encourages soil microbial activity and increases

cation exchange and water holding capacity.
Cation Exchange Capacity

The cation exchange capacity (CEC) of a soil is the total quantity of exchangeable cations
it can retain on its adsorption complex at a given pH. Soils with high CEC have good soil

structure. Addition of organic matter (which has a high CEC) may improve soils with a low
CEC. Exchangeable cations in soil include Ca®*, Mg®*, K*, Na*, H* and A",
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Soeil Classification

“Normal’ soils have EC values less than 4 dS m™ and ESP values below 15%. Saline soils
have EC, values greater than 4 dS m”' with an ESP less than 15%. Sodic soils have EC, values
less than 4 dS m™ but ESP greater than 15%. Saline-sodic soils are a fourth category of salt-
affected soils. These soils have both high EC. (>4 dS m™) and high ESP (>15%).

In Table 5.1, the relation between soil properties and plant growth is presented.

Table 5.1 Soil properties and Plant growth

Limitation
Property Restrictive feature
Nil/Slight | Moderate | Severe
ESP (0-40 cm) 0-5 510 ~10 Structural flegradatlon and
water logging
ESP (40-100 cm) <10 ~10 i Structural flegradatlon and
water logging
5 Excess salt may restrict
Salinity (ECe) d S/m) <2 2-4 >4 plant growth
; 3.5-6, Reduces optimum plant
Soil pH >6-7.5 ~75 <3.5 arowi
Effective cation exchange Unable to hold plant
capacity (c mol/kg) >15 3-15 <3 nutrients

(Source: Environmental Guidelines, Department of Environment & Conservation, Sydney,
October 2004).

5.2  Effect of Effluent Irrigation on Soil properties

5.2.1 Using Secondary Data

In order to study the effect of using the effluent for irrigation in the paper recycling units
on soil quality, secondary data furnished by TNPCB for 27 locations for the year 2006 have been
analysed (Tables 5.2, 5.3, 5.4 & 5.5). It is reported by TNPCB that the above soil samples have
been collected in the irrigation areas of the paper recycling units located at Erode District. The
various soil properties analyzed include parameters such as pH, EC, N, P, K, Fe, Mn, copper,

boron and SAR.
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The pH of the 27 soil samples was found to be in the range of 6.5-8.6 indicating that the samples
were neutral to moderately alkaline in nature and thus posing slight to moderate limitation for plant
growth (as per Table 5.1) The EC. for 27 samples ranged from 0.20 to 4.0. Out of 27 samples, 15
samples had EC, values of 2 and above. (Value of 2 is limit beyond which excess salt may restrict

plant growth).
5.2.2  Using Primary Data

Soil samples were collected from the irrigation areas of 2 industries by CES on 11.4.09 in
Dindigul District. Also a control sample was collected in Dindigul District. The samples have
been analysed as per Standard Method and the results are presented in Table 5.6. The pH of all
the samples was found to be in the range of 7.26-7.55, which means that the samples were
neutral to slightly alkaline and hence there is nil or slight limitation to plant growth, The EC,
(Electrical Conductivity of a water saturated soil paste) values were in the range 0.29 to 0.41
dS/m and thus nil or slight effects on plants. The organic carbon content (1.08-1.74%) in the
effluent irrigated area samples were found to be higher than the control samples (0.45%). This
might be due to the accumulation of suspended and dissolved organics present in the effluent.
The boron was found to be BDL in all the samples. The ESP was found to be in the range of 16-
27. The ESP value of greater than 10 possess severe limitation to plant growth since it results in

structural degradation and water logging in the soil.

5.3  Review of Select Studies conducted by Others

Tamil Nadu Agricultural University (TNAU) conducted a study on evaluation of long-
term effect on utilisation of M/s.Tamil Nadu Newsprint and Papers Limited (TNPL) effluent for
irrigation. Continuous monitoring of soil and ground water quality in the irrigation area of TNPL
was carried out. The pH (7.34-8.71) and ESP (26-49) of soil within ayacut area was higher than
the control samples. Also high organic content and nitrogen were found in soils due to
continuous irrigation. Similarly continuous effluent irrigation had increased pH (8.02-9.12) and

EC (2.12-5.19 dSm™) of ground water samples compared to control samples. The other ground
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water quality parameters viz. chloride, sulphate, salinity, SAR and % sodium were also increased
due to continuous effluent irrigation compared to control samples (Ref: Elayarajan et al, Madras
Agric. J.92 (7-9): 469-478, July-September 2005).

A study was conducted by Kannan and Oblisami, (1990) on influence of irrigation with
Pulp and Paper Mill Effluent on soil chemical and microbiological properties. In the study, it was
reported that irrigation of sugarcane crops with combined pulp and paper mill effluent increased
the soil pH, organic carbon, N, P and K. Also due to long-term application of effluent,
exchangeable sodium increased by 4.5 fold compared to control sample. The combined effluent
irrigation increased soil populations of bacteria, actinomycetes, fungi, rhizobia and yeasts.
Microbial populations were directly proportional to soil organic carbon and to available nutrients

in the soil (Ref: Kannan and G.Oblisami, Bio Fertil Soils (1990) 10:197-201).

The effect of irrigation with paper mill effluent on nutrient status of soil was studied by
Santhosh Kumar Singh (2007) at Lalkuan, Nainital District, India. It is reported that use of paper
mill effluent for irrigation had a substantial effect on soil properties (Table 5.7). The EC. organic
carbon, K, exchangeable cations (Ca®*, Mg®") and anions (HCOj, CI) were found to be
significantly higher as compared to control. The high increase in salt concentration was of
particular concern as it may lead to salinity hazard in long term use (Ref: Santhosh Kumar Singh,
International Journal of Soil Science 2 (1): 74-77, 2007).
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Table 5.7 Effect of Pulp and Paper Mill Effluent on Soil Quality

Parameters Irrig&;ﬁt{lﬂirﬁa Control Sample

pH 7.79 7.60
ECe(dS/m) 0.49 0.28
% OC 132 0.74
N (kg/ha) 206 165
P (kg/ha) 18 14

K (kg/ha) 171 116
Ca (meq./100 g) 13.5 8.2

Mg (meq./100 g) 4.4 2.11
CI" (meq./100 g) 0.36 0.22
HCO5 (meq./100 g) 0.54 0.28
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CHAPTER 6
Recycling of Treated Effluent

6.1  The Need for Recycling

1. Effluent standards prescribed for industrial effluents for discharge into environment have
their own strength and weakness. When the environmental resources were abundant, volume of
the effluents was small and characteristics of the effluent was non-toxic, the limiting levels of
pollutants in the effluent could have prevented adverse impact on the environment. But, today,
with scarce resources, complex industrial effluents discharged in huge volumes, time has come
to move away from meeting the effluent standards. A right step in this direction is the recycling
of water in the industry.

2, Industries use enormous amount of natural resources (like water) in the production
process. Due to ever increasing water demand and diminishing resources availability, the stress
on the water resources (like river and ground water) is on the increase. The recycling of treated

effluent will ensure that water is conserved.

3 It is time to change the course-rather than releasing the chemicals and mitigating the
damages (end of pipe), we could prevent problems at source by preventing the release of
chemicals into the environment in the first place. This is in line with the precautionary principle

stated in our National Environmental Policy, 2006.

4. Today, there is a greater demand for sustainable industrial operations. Industries are
expected to serve wider to meet the aspiration of the society. In addition, international markets

emphasis the need for environmental compliance on par with the product quality.

6.2  Status of Recycling in the study units

It is found that 26-78% of the total water demand is met from the recycling process.
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6.3

Fresh Water Usage in the process

As already stated, the fresh water consumption in the industry varies from 174 m*/d to

3685 m>/d. The unit fresh water consumption (fresh water consumed per tonne of product) varies

from 6 to 81 m>/t.

The CPCB has taken steps to minimize the water consumption in the pulp and paper

industries ingeneral. For this purpose, in 2006, CPCB requested that National Productivity

Council (NPC), New Delhi, to prepare the guidelines for the water conservation in the pulp and

paper industries. The NPC has submitted its recommendations to the CPCB. The

recommendations of NPC for the waste paper based industries along with the data related to the

study units are presented in Table 6.1 (Source: Development of Guidelines for Water

Conservation in Pulp and Paper Sector, NPC, 2006).

Table 6.1 NPC Recommendations and Study Units Data

Proposed Water Consumption

Fresh water
consumption in Study

3
12:; Category Description L Units (m’/tonne)
Bench Best ;
Marks Achievable Relaxed Lowest Highest
i All Waste paper based 19 41 49 15 74
pulp and paper mills
manufacturing high grade
cultural paper and / or
newsprint with ‘Deinking’
2. All Waste paper based 9 13 15 6 81
pulp and paper mills
manufacturing high grade
cultural paper without
deinking

From the Table 6.1, it is inferred that the present fresh water usage is more than Bench Mark

standard set by NPC. At international level, fresh water consumption is at 5-10 m’/t of product.

61




6.4 Quality of Water for the Process

A
As already stated, the industries use mostly river water and in some cases ground water

from bore wells. No quality check appears to be done and no treatment appears to be imparted to
the water. Water is as such drawn and used in the process. It was also ascertained from the
industries that normal river water quality would meet the requirements. Even the guidelines for
water quality recommended by different organizations (Annexure A) also support this

conclusion.

6.5 Non-Paper Wastes

It is ascertained that the waste paper bales (especially those imported) contain non-paper
wastes in significant amounts. This needs to be segregated by the user and managed
appropriately. Otherwise, they will interfere in the production process and in the effluent

treatment.
6.6  Answers to TNPCB’s Questions

i Whether the ZLD arrangement for discharging treated trade effluent in the paper industry
is the most technically feasible clean arrangement (or) whether 100% reuse of backwater

is not technically feasible?

100% reuse of wastewater is technically feasible, in the light of advances in the

wastewater reclamation technology.

2. Whether ETP discharges, after appropriate treatment through activated sludge process

will be injurious to ground water and cultivation of crops?

Yes. The data available indicates that the high TDS treated water from the existing ETPs

may have adverse impacts on groundwater and crops. (Please see Chapter 3)
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6.7

Whether continued discharge of treated effluent in waste paper industry can result in

ground water and soil pollution over a period of time?
Yes. Please see chapters 4 and 5.

Suggested Action Plan for the future

Considering the points presented in sections 6.1 to 6.5 of this Chapter, the following Plan

of Action is suggested for the management of the effluents from the waste paper based industries

manufacturing paper and newsprints:

1.0

2.0

3.0

4.0

5.0

6.0

The industries should take all possible measures ( like process / equipment modification,
improved internal recycling practices, good house keeping) to conserve the fresh water
requirement and work towards the Bench Mark target set by National Productivity
Council.

Once the wastewater generated becomes less in volume, then the treatment becomes
economical. Industry may choose appropriate treatment technology to treat atleast 75% of
the effluent as a first step and recycle the same in the process.

The remaining 25% of the effluent can be treated to meet the land discharge standards
and discharged on land for irrigation.

Activities 1.0 to 3.0 stated above may be completed within a maximum period of 5 years.

The industry should monitor the impact of the discharge on ground water and soil in the
vicinity of the industry by having monitoring wells in consultation with TNPCB and use
the data for remedial measures, if necessary.

The TNPCB may undertake to review the situation periodically and especially after 5

years, to make further decisions, as necessary.

Director-CES
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ANNEXURE - A

Characteristics of Water for Paper Making

The principal qualities of water that determine the suitability for pulp and paper mill

purposes are as follows:
1) Colour
2) Suspended matter

3) Presence of Manganese
4) Presence of Iron
5) Hardness
6) An excess amount of dissolved mineral water
7 Silica
Colour

Water having little or no colour is essential for manufacture of paper. The colour of

water is generally due to dissolved organic matter derived from vegetation or to iron salts.

Suspended Matter

Suspended matter is troublesome in the manufacture of paper or pulp, because it becomes
entangled in the fibres, thus causing spots and other imperfections in the finished product.
Coarse particles of suspended matter (eg. grit) may cause damage to equipment and result in

pinholes in the paper.

Iron
The presence of iron in water is most obj ectionable, since cellulose has the property of
adsorbing iron and other metals from dilute solutions. In the pulp and paper making process,

cellulose is constantly in contact with the water and iron if present may be adsorbed.
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Manganese

The presence of manganese in the water of paper mill may be exceedingly troublesome.
Manganese is more frequently found in ground waters, although it has been found in many
surface waters. Manganese causes effects similar to these of iron as to staining and
discolouration. They are more troublesome because it oxidises and results in formation of black
hydrated oxide. Manganese is objectionable in bleaching operations since, if manganese bearing
water comes cover in contact with stock containing bleach, the chlorine will oxidize the

manganese to permanganates, which imparts a reddish colour to the fibres.

Iron Bacteria
They have the property of precipitating iron and also manganese. They often develop in

pipelines, especially dead ends where accumulations form and if accumulations break away they

will cause spots in the product.

Permissible amounts of Iron & Manganese

The amount of iron permissible in water used for paper making depends on the product to
be manufactured. For high grade paper where colour is a primary consideration, water should not
contain more than 0.1 ppm of iron. In the TAPPI specification E 600, S-48, the amount specified
as permissible for unbleached papers need not be lower than 0.5 ppm. For bleached papers (eg.

Writing and other high grade papers), the maximum amount of manganese should not exceed 0.1

Removal of Iron & Manganese

The conventional methods of coagulation and filtration will remove ferric iron. Aeration
will remove ferrous iron. The removal of manganese is usually accomplished concurrently with
removal of iron. Iron and Manganese may also be removed along with hardness in zeolite

softeners by use of special zeolites.
Disinfection of Fresh Water and White Water

All surface waters and some ground waters contain bacteria and fungi in varying

numbers. These microorganisms develop and accumulate in the stock systems of pulp and paper
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mills and cause what is known as paper-mill slime. Some microorganisms can utilize cellulose
as a source of carbon and they build up a gelatinous slime on the fibres. Slime is particularly
objectionable in the paper mill and may cause slime spots and pinholes or even breaks in the
paper and it may result in poor formation of sheet. This slime also collects on screens, save all,
wires and other equipment and makes frequent cleaning up periods with resulting loss of

production.

Effects of hardness on Sizing

Hard waters are troublesome when sizing with rosin, the mineral salts reacts with size
forming insoluble calcium and magnesium rosonates, which have no sizing action. The salts
present in water affect colloidal condition of the size, tending to make the rosin gather into large
particles, thereby reducing its covering power. The difficulty of sizing with hard waters can be

overcome to some extent by increasing the amount of alum.

Effects of hardness on Scale formation
Hard water are also objectionable because of the tendency to form scale (wherever they
are constantly in contact with metal parts). When the machine wires become coated with scale,

frequent scouring with sulphuric acid is necessary, which greatly shortens life of the wires.

Soft Water not essential

While soft waters are more desirable, they are not absolutely essential in paper making
processes. Excellent papers are made with hard waters that meets other requirements of freedom
from iron, colour and suspended matter. It is reported that book paper of high quality is

produced with very hard water (700 ppm).

Water Softening
The softening of entire water supply is not economically feasible. Water used in
connection with rosin sizing and for boiler purposes should be softened. On the other hand,

waters used for showers do not require softening.
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Effects of Corrosion
Tron rust may produce discoloration of the product and cause black specks or spots in the

paper. Corrosion reduces life of machine wires, screens, pulps and practically any equipment in

the mill system.

Showers
In connection with the reuse of white waters on showers, pipes with openings larger than

those ordinarily used with fresh water are advisable.

Foam
Foam difficulties may be accentuated by the use of white water.

Water Quality Guideline for Paper Industry

The water used in most of pulp and paper making processes are in direct contact with the raw
material. Therefore the quality of water used in the process tremendously affects quality of
water produced. The pulp adsorbs dissolved solids and metal irons in the water when the water
is being filtered on the wire section. The SS will be captured by pulp. When the moisture in the
pulp is evaporated in the drying section, the SS remained in the pulp will be affecting quality of
end product. The sizing agent, dye, ﬂuoresceﬁt and bleaching agent will be reacted with SS and
thus product quality will be affected. If the quality of water is not good, it will cause corrosion
of paper making equipment, scales buildup inside pipes, etc. This will directly or indirectly

affect production capacity.

In 1970, Japanese Government did a survey on quality of water used for different
processes (eg. Cooling water, clean shower water, etc.) and based on American TAPPI standard,
proposed the water quality guideline for each different grades of paper products (Table A-1).
Kawano et.al further studied water quality requirement for different processes and proposed

water quality guideline for each different unit (Table A-2).
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Table A-1 Water Quality Standard for Fine Paper

Turbidity (Si0,), ppm 10
Color (Pt-Co) 5
Total hardness (CaCO;), ppm 100
Calcium hardness (CaCQs), 50
ppm

Fe, ppm 0.1
Mn, ppm 0.05
Residual Chlorine , ppm 2
Dissolved silica (Si0,), ppm 2
TDS, ppm 200
Free carbonate (CO;) , (ppm ) 10

Table A-2 Water Quality Standard for Paper Making Process (Shower Water)

Turbidity (NTU) 5

pH 7.5
Alkalinity (CaCO;) (mg/L) 80
Hardness (CaCO;) (mg/L) 30
Evaporated residual(mg/L) 100
Chlorine ion (CI')(mg/L) 10
Fe(mg/L) 0.05
Mn(mg/L) 0.02
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