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Abstract 

The environmental impact of paper is significant, which has led to changes in industry and behaviour at 

both business and personal levels. With the use of modern technology such as the printing press and the 

highly mechanized harvesting of wood, disposable paper became a relatively cheap commodity, which led 

to a high level of consumption and waste. The rise in global environmental issues such as air and water 

pollution, climate change, overflowing landfills and clear cutting have all lead to increased government 

regulations. There is now a trend towards sustainability in the pulp and paper industry as it moves to reduce 

clear cutting, water use, greenhouse gas emissions, fossil fuel consumption and clean up its impacts on local 

water supplies and air pollution.  
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Introduction  

Paper, perhaps the most widely used material in everyday life, consist of a network of plant fibres with a 

high cellulose content that have been treated using various water-based processes, placed on a sieve, and 

finally dried. These fibres can be obtained from numerous different plants and trees. One third of all the 

wood processed worldwide is used in paper and pulp production. Paper manufacture consumes a large 

quantity of resources, especially water and energy, although it also requires large quantities of raw materials 

and chemicals. Approximately 2-18 m3 of water (depending on the effluent management system used and 

whether water is recovered) and between 2 and 2.5 tons of wood are required to produce one ton of paper. 

During the manufacturing process, water acts as a disintegration medium for the raw materials, a transport 

for fibres, and for paper formation. The process commences with separation of cellulose from the other 

substances (lignin, oils, resins, etc.), which represents 50% by weight. To extract cellulose fibres, the wood 

must first be crushed (mechanical pulp) or wood chips subjected to a chemical treatment (chemical pulp). 

In the latter case, treatment involves either the use of an alkaline product (sulphate or caustic soda) or a 

sulphite. In both cases the aim is to solubilize the lignin to release the cellulose fibres. There are major 

differences between the two treatments. Thus, the alkaline method generates black effluents that are highly 

contaminating and are generally treated to recover the sodium sulphide and caustic soda. In the sulphite 

method, some of the chemicals used, such as sulphuric acid, can also be recovered. However, those 

chemicals that cannot be recovered are lost with waste effluent along with remnants of cellulose that have 

not been retained, thus meaning that the effluent has a high COD. If the pulp is obtained mechanically, the 

quality of the paste obtained is lower but less liquid waste is produced. In practice, only 30% of all the pulp 

produced worldwide is obtained using the mechanical process. 

The lignin remnants that remain together with the cellulose fibres give colour to the paste, especially in the 

case of mechanical pulp. To obtain white pulp, it must be subjected to a bleaching process, which can be 

performed in different ways. One alternative involves the use of hydrogen peroxide which, although it does 

not remove the lignin, does remove its colour. Other bleaching technologies, which tend to be much less 
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environmentally sustainable, are based on the use of chlorine gas or chlorine dioxide, which oxidize lignin 

with high efficacy. However, as these reagents are highly reactive, they inevitably also react with organic 

compounds present in the pulp and generate a large quantity of organo chlorinated compounds, including 

dioxins and furans. Another option for bleaching pulp that does not generate by-products involves the use 

of ozone, which has tended to replace the use of chlorine as it does not produce contaminants. 

A mixture of different types of wet pulp with filler substances (calcium carbonate, kaolin, titanium dioxide, 

etc.) and other additives (aluminium sulphate, dyes, starch, latex, etc.) is spread uniformly on a metal support 

and dried to form paper. To obtain writing or printer paper, the surface of the paper is subsequently 

mechanically smoothed. 

All these processes consume a high volume of water, and this water must be of high quality. These 

characteristics make the paper industry unique. The effluents generated as a result of paper and paste 

production contain are highly contaminated with up to 250 different compounds. Some of these are of 

natural origin, from the wood (lignin, tannins, etc.), whereas others, such as phenols, dioxins, and furans, 

are synthetic and are incorporated into the effluent during the manufacturing and cellulose paste bleaching 

processes. 

The pulp manufacturing process involves: 

Debarking, Chipping, Pulping (Mechanical and Chemical), Cooking, Washing and screening, Chemical 

recovery system and Bleaching. 

Air Pollution caused by pulp and paper industry  

 

In pulp and paper industry air pollution is caused due to odour emitting reduced sulphur compounds such 

as hydrogen sulphide, methyl mercaptan, dimethyl sulphide, and particulate matter SO2 and NO present in 

the gases emitted by different process units. Gaseous emission from pulp and paper mills can be broadly 

classified into the following categories: 

• Gases from digesters. 

• Gases from multiple effect evaporators. 

• Gases from recovery.  

 Of the total gases released by the pulp and paper industry, 60% were methanol which is not a persistent 

bioaccumulative (PBT) and is not carcinogenic. Several PBTs are emitted by the pulp and paper industry at 

measurable levels, including lead, hexachlorobenzene (HCB), dioxins, furans and polycyclic aromatic 

hydrocarbons.  

The other important releases to air by the pulp and paper industry are fine particulate matter consists of 

particles 2.5 microns in diameter or less which can penetrate the respiratory system and have a serious effect 

on health. Nitrogen oxides (NOx) sulfur oxides (SOx) and carbon dioxide (CO2) are all emitted during pulp 

and paper manufacturing. NOx and SOx are major contributors of acid rain and CO2 is a greenhouse 

gas responsible for climate change.  

Water pollution 

Wastewater discharges for a pulp and paper mill contains solids, nutrients and dissolved organic matter such 

as lignin. It also contains alcohols, and chelating agents and inorganic materials like chlorates and transition 

metal compounds. Nutrients such as nitrogen and phosphorus can cause  eutrophication of fresh water 

bodies such as lakes and rivers. Organic matter dissolved in fresh water, measured by biological oxygen 

demand (BOD), changes ecological characteristics. Wastewater may also be polluted 
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with organochlorine compounds. Some of these are naturally occurring in the wood, but chlorine 

bleaching of the pulp produces far larger amounts.  

The pulp and paper industry is also associated with important emissions of heavy metals. Recycling the 

effluent (see black liquor) and burning it, using bioremediation ponds and employing less damaging agents 

in the pulping and bleaching processes can help reduce water pollution.  

 Bleaching of wood pulp and  Environmental considerations  

Bleaching mechanical pulp is not a major cause for environmental concern since most of the organic 

material is retained in the pulp, and the chemicals used (hydrogen peroxide and sodium dithionite) produce 

benign byproducts (water and, eventually, sodium sulfate, respectively). 

However, the bleaching of chemical pulps has the potential to cause significant environmental damage, 

primarily through the release of organic materials into waterways. Pulp mills are almost always located near 

large bodies of water because they require substantial quantities of water for their processes. An increased 

public awareness of environmental issues from the 1970s and 1980s, as evidenced by the formation of 

organizations like Greenpeace, influenced the pulping industry and governments to address the release of 

these materials into the environment.  Conventional bleaching using elemental chlorine produces and 

releases into the environment large amounts of chlorinated organic compounds, including 

chlorinated dioxins. Dioxins are recognized as a persistent environmental pollutant, regulated 

internationally by the Stockholm Convention on Persistent Organic Pollutants. 

Dioxins are highly toxic, and health effects on humans include reproductive, developmental, immune and 

hormonal problems. They are known to be carcinogenic. Over 90% of human exposure is through food, 

primarily meat, dairy, fish and shellfish, as dioxins accumulate in the food chain in the fatty tissue of 

animals. 

Chlorine and chlorine-based materials 

Chlorine and compounds of chlorine are used in the bleaching of wood pulp, especially chemical pulps 

produced by the kraft process or sulfite process. Plants using elemental chlorine produced significant 

quantities of dioxins, persistent and very toxic organic pollutants. Use of elemental chlorine in the 

delignification process was substantially reduced and replaced with ECF (Elemental Chlorine Free) and 

TCF (Totally Chlorine Free) bleaching processes. As a result, dioxin production was also significantly 

reduced. TCF effluents are the least toxic.  

Sulfur, hydrogen sulfide and sulfur dioxide  

Sulfur-based compounds are used in both the kraft process and the sulfite process for making wood pulp. 

Sulfur is generally recovered, with the exception of ammonia-based sulfite processes, but some is released 

as sulfur dioxide during combustion of black liquor, a byproduct of the kraft process, or "red liquor" from 

the sulfite process. Sulfur dioxide is of particular concern because it is water-soluble and is a major cause 

of acid rain.  

Waste-water Treatment Technologies 

The pulp and paper industry utilises a wide range of technologies in the treatment of waste water. Most mills 

utilise primary methods of treatment such as screening and settling, while there are several secondary and 

tertiary methods that are also in use to various degrees. These include flotation, micro-straining activated 

carbon absorption, steam or air stripping, polymeric resin treatment, and biological treatment. 
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 Biological Waste-water Treatment of Pulp and Paper Waste Waters 

Aerobic treatment 

The conventional treatment of pulp and paper industry waste water has been by means of aerated biological 

systems with sedimentation. These have been in the form of aerated lagoons, aeration stabilization and 

settling basins, activated sludge treatment, or biofiltration plants. These processes differ primarily in the 

manner in which the organisms come into contact with the organic material. 

Aerobic treatment does have certain disadvantages, namely the high energy demand that is required for 

efficient aeration, and the excess biological sludge that is produced, requiring disposal. 

Efficiencies regarding COD removal employing purely aerobic processes vary greatly and are naturally 

dependent on the exact nature of the influent and bleaching processes applied. Efficiencies of 45 to 57% 

COD reduction are not uncommon, and can be as low as 20% for chlorinated compounds from bleach plants. 

A recommended route for the biological treatment of pulp and paper effluent is the use of a two-stage aerobic 

treatment rather than a single treatment stage, or combining aerobic and anaerobic treatment. 

Anaerobic treatment 

Since the early 1980s interest has been growing in the paper industry in the use of anaerobic systems for the 

treatment of waste water from pulp and paper mills, coinciding with improvements in paper making practice 

and closing up of water and effluent systems which have resulted in lower volumes of effluent but of high 

organic content.  Anaerobic processes have the advantages that comparatively little sludge biomass is 

generated, and that they do not require energy for aeration although they do require some form of recycling 

to maintain optimal loading conditions. Anaerobic systems also produce methane gas which can be utilised 

within the factory. 

Conclusion   The paper demand increases every day as a result of developed population and 

industrialisation. Water and energy utilization and in particularly waste generation are becoming more 

important concern ever worldwide. A major goal is to decrease damage to environment by waste 

minimization, reuse and recycle. To use best available techniques and innovative methods is becoming more 

an issue. However, end-of-pipe treatment is still the major approach to minimize the risk. To evaluate 

pollutants and to develop treatment technologies need a holistic approach.   The major pollution load 

constitutes wastewaters from pulp and paper mills. A variety of wastewater is generated from diverse 

processes. Different technologies and their combinations have been used for their treatment. The most 

common applied systems are biological treatment, sequential anaerobic and aerobic systems, followed after 

primary treatment.  Solid waste management and disposal are also another concern. During the final disposal 

step, the aim should be chemical compound and energy recovery because of environmental and economic 

aspects. However, the waste minimization has still the first and important approach.  Bio filters and bio 

scrubbers are mostly used for removal of air pollutants and other applications are limited.  The best available 

treatment technology for all three waste phases depends on the production processes, raw materials and the 

regulations, which the industries have to obey.  

References 

 

1. Ansari, P.M. 2006. Key note address on corporate responsibility for environment protection (CREP) in 

pulp and paper industries. IPPTA J. 18 : 41-45. 

2. Birdie, G.S. and Birdie, J.S. ed 2008. Water Supply and Sanitary Engineering, DhanpatRai& Sons. Delhi 

3. Chakrabarti S.K. 2006. Environment management in pulp and paper industry beyond current legislations 

and CREP commitments. IPPTA J. 18 : 143-149. 

4. Dahasahasra, S.V. and Panse, D.B. 2005. India: Water challenges on a huge scale, WA Yearbook. 

Efficient water use in Agro based industries, www.waterandagroindustries. org/pulp paper.htm. 



© 2018 IJRAR January 2018, Volume 5, Issue 1                   www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138) 

IJRAR19D4406 International Journal of Research and Analytical Reviews (IJRAR)  770 
 

5. Ghosh, A. 1997.Technology trends in the pulp and paper industry, Green Business Opportunity. 

6. Nemade P.D., Kumar S., Louis, D. and Chaudhari, N. 2003. Application of anaerobic technology for 

biomethanation of paper and pulp mill effluent - an insight. EPCJ. 6 : 6-15. 

7. Tarar J.L., Raman N.S. and Chaudhary, P.R. 2000. Pollution control in paper and pulp industry. EPC J. 

3 : 5-15. 

 

 

 

 

 


