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ABSTARCT 

A central wastewater treatment plant (CWWTP) was established in Hetauda 
Industrial District (HID) to treat industrial as well as sanitary wastewater. Brewery, dairy, 
leather tanning, soap and vegetable ghee factories are major sources of high strength 
wastewater in HID. The main objective of this study was to evaluate the performance of 
CWWTP in terms of BOD5, COD, TSS, TDS, oil and grease and ammonical nitrogen 
removal. Moreover, the performance of the CWWTP related to pretreatment of wastewater in 
those industries, so problems in pretreatment were also included in this study.  

Samples of wastewater were collected from the CWWTP and also from brewery, 
dairy, and soap factories for analysis. The secondary data of influent and effluent monitoring 
of the CWWTP, raw wastewater of one soap factory and pretreated wastewater of vegetable 
ghee factory was also used. An in-depth interview was conducted with representatives of five 
factories to understand the problems in pretreatment of wastewater. 

This study revealed that average concentrations of BOD5, COD, TSS, TDS, oil and 
grease, and ammonical nitrogen in the effluent of CWWTP were 252, 1,226, 595, 384, 6.2 
and 36.16 mg/l, respectively. Average removal of BOD5, COD, TSS, TDS and oil and grease 
were 74.39, 62.09, 61.03, 62.67 and 81.64%, respectively. The CWWTP did not meet the 
effluent standards for BOD5, COD and TSS from February to August 2007. However, it met 
the effluent standards for oil and grease and ammonical nitrogen.   

Pretreatment of wastewater at leather, brewery, dairy, vegetable ghee and soap 
factories was not sufficient to meet the pretreatment criteria. Some factories had small open 
tanks and some factories had oil and grease trap units. Lack of funds and technical knowhow, 
lack of environmental responsibility and unwillingness to invest in wastewater management 
were the main problems in pretreatment of wastewater. To overcome inefficient treatment, 
more factory sewerage systems should be connected to the CWWTP and wastewater should 
be treated to meet pretreatment criteria before discharge to the CWWTP. Furthermore 
problems in pretreatment should be solved by providing economic incentives and technical 
knowhow with strong enforcement of effluent standards.  

 

KEY WORDS: PERFORMANCE, PRETREATMENT, WASTE STABILIZATION POND, 
CENTRAL WASTEWATER TREATMENT PLANT, INDUSTRIAL 
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CHAPTER 1 

INTRODUCTION 
 

 

1.1 Background and justification 

 

 

The principal sources of water for human uses include lakes, river, soil 

moisture and relatively shallow groundwater. Only 200,000 m3 of water from those 

sources is usable, which is less than one percent of all freshwater and only 0.01 

percent of all water on the earth (UNEP, 2002: Online). Three main factors affecting 

high water demand over the past century are population growth, industrial 

development and expansion of irrigated agriculture. Over the years, water pollution 

has come out as major issues. The main pollutants include pathogen, organic matter, 

nutrients, heavy metals and toxic chemicals, sediment and suspended solids, silt and 

salt. Particularly South Asia and Southeast Asia are facing severe problem of water 

pollution. Renowned Rivers (Yellow in China, Ganges in Indian, and Amu and Syr 

Darya in Central Asia) are top list of the world’s most polluted rivers. In developing 

countries, the rivers in the urban areas are heavily polluted with domestic sewage, 

industrial effluents and chemical and solid wastes (UNEP, 2002: Online). 
 

 

Industry has become integral part of modern society as a result production of 

waste is an inevitable of the industrial activities. A material becomes waste when it is 

discarded without expecting to be compensated for its inherent value. Those wastes 

may pose a potential hazard to human and environments when improperly treated, 

stored, transported or disposed off or managed (Misra and Pandey, 2004). Surface 

water bodies in developing countries are under serious threat as a result of 

indiscriminate discharge of polluted effluents from industrial, agricultural, and 

domestic/sewage activities  (Kambole, 2003).  Nepal  being  not  an exception,  water                         
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pollution is the most serious environmental issues in Nepal due to disposal of solid         

and liquid waste on land and surface water. Among them the most significant are 

domestic wastewater, industrial effluent and agriculture residues and chemicals 

(Poudyal, 2000: Online; Forum for Environmental Management and Research, n.d.: 

Online). Moreover continued discharge of domestic and industrial wastewater directly 

into the river is one of the main causes of water pollution in the stream. As per the 

Nepal State of the Environment, 40 percent of total industries were main source of 

water pollution in Nepal (UNEP, 2001: Online). 

 

Realizing environmental protection as global agenda and to address the 

situation, His Majesty Government of Nepal (now the Government of Nepal) has 

formed Ministry of Population and Environment on September 22, 1995. After two 

years of establishment, Environmental Protection Act, 1996 and the Environmental 

Protection Rules 1997 have been come into force as legal measures of environmental 

degradation. The ministry has promulgated several environmental quality standards. 

Those are industrial effluents discharged into inland surface waters of nine specific 

industries (tanning, wool processing, fermentation, paper and pulp, dairy, sugar, 

cotton textile and soap) and three generic standards (part I1, II2 and III3) of wastewater 

(Sah, 2003: Online).  

 

There are eleven industrial districts (industrial estate) all over Nepal. The 

history of industrial district is long ago when Balaju Industrial District was 

established in 1960 for first time in Kathmandu, the capital city. Hetauda Industrial 

District (HID), the second and largest one, was established in 1963. The total area of 

HID is 145 hectare and there are 40 factories (Appendix I) in operation inside the 

industrial district. This industrial district is situated in foothill of the Himalayas in the 

Narayani Zone, Makwanpur District of Nepal; the area is surrounded by Rapti, Karra 

and Bhainse River in north and Siwalik range in the south. The climate is subtropical 

                                                 
1 Tolerance limits for industrial effluents to be discharged into surface waters. 
2 Tolerance limits for industrial effluents to be discharged into public sewers. 
3 Tolerance limits for wastewater to be discharged into inland surface waters from combined 
wastewater treatment plant. 
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to temperate type with average temperature ranging from 30.30C (maximum) to 

16.60C (minimum). The yearly average rainfall is 2,289.9 mm (Pandey et al., 2002).  

 

A central wastewater treatment plant (CWWTP) was established in the HID in 

2002-2003 under the financial and technical assistance of the Government of 

Denmark to treat the wastewater generated in the industrial district. Before the 

establishment of CWWTP, wastewater from HID was discharged directly to Karra 

River without treatment (Ghimire, 1985).  

 

The CWWTP has been designed as biological process of combined anaerobic 

and aerobic ponds as shown in Figure 1.1. The designed average flow of CWWTP is 

1,100 m3/d. This is the first of its kind treatment plant for industrial district in Nepal. 

Up to July 2007, only 24 (Appendix II) sewer lines have been connected to the 

CWWTP including sanitary and process wastewater. Thus, evaluating the 

performance of CWWTP is essential to ensure the efficiency of wastewater treatment. 

Moreover brewery, dairy, vegetable ghee, soap and bone mill, among the factories 

connected to CWWTP, are the major sources of high strength wastewater. 

Furthermore the heterogeneous types of factories wastewater are differing from each 

other in characteristics and concentration of pollutants. Consequently only treating 

wastewater at the CWWTP i.e. end of pipe treatment, is not enough to meet the 

effluent standards. As a result, studying the pretreatment system in brewery, dairy, 

soap and vegetable ghee factories are forward steps towards achieving the effluent 

standards by CWWTP.  
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Automatic influent monitoring point 

1. Bar screen 
2. Grit chamber 
3. Parshal flume 
4. Emergency tank 
5. Distribution chamber 
6. Anaerobic ponds 
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Figure 1.1 Layout of central wastewater treatment plant in HID, Nepal   

Source: Modified from ESPS, 2003 

 

1.2 Statement of problem and significance of study 

  

The central wastewater treatment plant was established in Hetauda Industrial 

District  (HID)  to  demonstrate  that  industry  can  be  benefited  economically  and  
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environmentally by connecting their sewer to CWWTP instead of treating the 

wastewater separately by establishing separate treatment plant. On the other hand, one 

of the objectives of this plant is to serve as demonstration plant for the managers of 

the industrial districts, other industries along with relevant stakeholders from private 

and public sectors (Poudyal, 2000: Online). Effluent criteria of CWWTP, BOD5 

loading and average flow to CWWTP, and volume of ponds are given Tables 1.1, 1.2, 

and 1.3, respectively. The CWWTP consists of two anaerobic ponds and nine aerobic 

ponds (three facultative and six maturation ponds). The two anaerobic ponds are in 

parallel. The first row of aerobic ponds is facultative pond whereas second and third 

row of aerobic ponds are maturation ponds as in Figure 1.1.  The steps in the 

treatment process are metal screen and grit chamber, anaerobic pond with 6.8 days of 

retention, aerobic ponds (including facultative and maturation ponds) with 10.8 days 

of retention, sludge drying and disposal.  

 

Considering the design criteria (BOD5 loading 840 kg/d and average flow 

1,100 m3/d) of CWWTP, the BOD5 of influent should not be more than 760 mg/l. As 

a result wastewater from those factories connected to CWWPT should have to pretreat 

their wastewater (if BOD5 is more than 760 mg/l, COD is more than 1,000 mg/l, TSS 

is more than 600 mg/l and oil and grease is more than 50 mg/l)4 before discharging to 

CWWTP. The total number of sewer lines connected to CWWTP are 24, among them 

12 are process wastewater and 12 are sanitary wastewater (Appendix II). According to 

Paudel (2004), brewery, dairy, leather, soap, bone processing, vegetable ghee, food 

(slaughter house), and tooth paste/powder factories are major sources of wastewater in 

HID. Those factories have to pretreat their wastewater before discharging to CWWTP.  

However the slaughter house has been shut down and not in operation. In the 

beginning, sewer of leather factory was connected to CWWTP but later it was 

disconnected due to not removing chromium from wastewater. Considering the highly 

polluted wastewater contaminated with heavy metal of chromium from leather factory, 

                                                 
4 For BOD5 760 mg/l is derived from designed BOD loading to CWWTP. For COD, TSS and oil and 
grease, the values are adapted from generic standards part II, tolerance limits for industrial effluents to 
be discharged into public sewer as in Appendix III.   
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it was included in this study. However, bone processing and tooth paste/powder 

factories were not included in this study because of time constrain.  
 

Table 1.1 Effluent criteria from CWWTP, HID 

BOD5 50 mg/l 

Suspended solids 50 mg/l 

Source: ESPS, 2003 
 
 
Table 1.2 BOD5 loading and flow to the CWWTP in HID 

Person equivalents 14,000 

BOD5 840 kg/d 

                            Flow 

average 1,100 m3/d 

maximum  hourly 120 m3/hr 

Source: ESPS, 2003 

 
Table1.3 Volume of ponds and area of sludge drying bed of CWWTP in HID 

Total land occupied by CWWTP 5.26 ha 

Anaerobic ponds -2 units 7,500 m3 

Aerobic ponds -9 units with different depth 11,800 m3 

Emergency tank-1 unit 600 m3 

Sludge drying beds 4,000 m2 

Source: ESPS, 2003 
 

Waste stabilization pond technology has advanced greatly in recent years. This 

system has been proven to be reliable, economic, flexible and adaptable, and able to 

meet the most stringent effluent standards (Mara, Pearson and Silva, 1995: Online). 

Furthermore in the case of HID CWWTP, it is claimed that self mixing, natural 

aeration with oxidation stair and in combination with longer retention time and 

sunlight sterilization have given the desired high efficiency of the treatment plant 

(ESPS, 2003). Moreover one of the consulting companies (Himal Hydro) during 

construction of CWWTP claims that the plant complies with the effluent criteria set 
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by the Ministry of Environment, in addition the plant has pollutant reduction capacity 

of 15 folds for BOD and 18 folds for suspended particles (Himal Hydro and General 

Construction, n.d.: Online). 

 

The operation and maintenance cost of CWWPT was fully subsidized by 

Danish International Development Agency (DANIDA) from 2003-2005 where as it 

was partially subsidize for five years from 2005-2010 and remaining cost has been 

contributed by Industrial District Management (IDM) Company, wholly an 

undertaking of Government of Nepal. The factories connected to CWWTP have no 

financial contribution in the operation and maintenance of the CWWTP.  As CWWTP 

is receiving wastewater from diverse types of factories, it is necessary to evaluate the 

performance of the CWWTP in terms of biochemical oxygen demand (BOD5), 

chemical oxygen demand (COD), total suspended solids (TSS), total dissolved solids 

(TDS),  ammonical nitrogen and oil and grease removal. In the previous study on HID 

CWWTP, Paudel (2004) studied the performance of CWWTP in terms of BOD5, 

COD and TSS reduction. The result revealed that the plant was running with 31% of 

design capacity of 1,100 m3/d. The average influent BOD5, COD and TSS were 1,011, 

1,344, and 412 mg/l, respectively. The effluent BOD5, COD, and TSS were 43, 245, 

and 211 mg/l, respectively. Except TSS, BOD5 and COD were within Nepal effluent 

standards. The average BOD5/COD ratio was 0.75 (Paudel, 2004). On contrary the 

monthly report of effluent of CWWTP at HID revealed that the plant is unable to 

meet the effluent criteria set by the Ministry of Environment (HIDM, 2007).  

  

Achieving the effluent standards by CWWTP is difficult unless selected 

factories do pretreatment of their wastewater before discharging to CWWTP. Certain 

factories have pretreatment system in their plant so it is necessary to find the 

efficiency of that pretreatment. At the same time problems/difficulties for the 

pretreatment is also significant towards successful pretreatment of wastewater. Thus 

considering volume and strength of wastewater, this study focuses on pretreatment of 

wastewater at brewery, dairy, vegetable ghee and soap factories which are connected 

to CWWTP as well as leather factory even it is not connected to CWWTP.  
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1.3 Research questions  

 

Based on the statement of the problems, the research questions are 

-   What is the performance of CWWPT in terms of BOD5, COD, TSS, TDS, oil 

and grease and ammonical nitrogen removal?  

-   How do the selected factories (leather, brewery, dairy, vegetable ghee and 

soap) inside HID pre-treat their wastewater? 

-    What are the problems /difficulties in pretreatment of wastewater?   

 

1.4 Research objectives 

 

-    To evaluate the performance of CWWPT in terms of BOD5, COD, TSS, TDS, 

oil and grease and ammonical nitrogen removal. 

-    To study the pretreatment of wastewater in selected factories (leather, brewery, 

dairy, vegetable ghee and soap) before discharge to CWWTP. 

-    To find the problems/difficulties in pretreatment of wastewater.  

 

1.5 Conceptual framework 

 

This study aims to evaluate the performance of CWWTP in HID as well as 

pretreatment of wastewater in leather, brewery, dairy, vegetable ghee and soap 

factories. The conceptual framework is shown in Figure 1.2. Samples of influent and 

effluent were collected from CWWTP and BOD5, COD, TSS, TDS, oil and grease 

and ammonical nitrogen were analyzed to evaluate the performance of CWWTP. 

Pretreatment system of wastewater in selected factories was analyzed by factory visit, 

data of wastewater samples and in-depth interview with representatives of factories.   
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1.6 Scope of the study 

 

This study is confined inside the boundary of Hetauda Industrial District. Up 

to July 2007, there were 40 factories in operation inside HID. Among them, there was 

one factory in each of following factories: leather, brewery, dairy and vegetable ghee. 

However there were four soap factories. This study is focused only on leather, 

brewery, dairy, vegetable ghee and soap industries and central wastewater treatment 

plant. There were one representative from leather, brewery, dairy, vegetable ghee and 

two from soap factories. The samples were collected as follows: 

Characteristics of influent and effluent of CWWTP 
 

BOD5 COD TSS TDS Oil and grease NH3-N 

Problems identification and performance analysis 

Analysis of 
pretreatment system 

In-depth interview  
and factory visit 

Data of wastewater 
samples collected 
from selected 
factories 

Overall analysis 

Recommendation 

Figure 1.2 Conceptual framework of the study 
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-  Inlet and outlet wastewater samples of anaerobic pond, facultative ponds and 

maturation ponds were collected. The parameters pH, BOD5, COD, TSS, TSD, oil and 

grease and ammonical nitrogen were analyzed. 

-   Leather factory was not in operation during the period of study from September 

25 to October 9, 2007 in HID. Therefore no wastewater sample was collected from 

this factory. 

-  Raw wastewater was collected from brewery factory as there was no 

pretreatment unit in the factory. pH, BOD5, COD, and TSS were analyzed.  

-   Raw and pretreated wastewater samples were collected from dairy factory as 

there was oil and grease trapping unit in the factory. pH, BOD5, COD, TSS, and 

oil and  grease were analyzed. 

-   Vegetable ghee factory was using physical refining in which low volume of 

wastewater was produced and production of factory was not regular therefore no 

wastewater was collected from this factory. The secondary data of concentration 

of oil and grease in pretreated wastewater, provided by CWWTP, was used. 

-  Raw wastewater was collected from one soap factory as there was no 

pretreatment unit in the factory. pH, BOD5, COD, TSS, oil and grease, and phenol 

were analyzed.  

-   Secondary data of pH, BOD5, COD, TSS, TDS and oil and grease of raw 

wastewater from another soap factory, available in factory cleaner production audit 

report, was used.  

 

1.7 Expected outcome 
 

The enumerated are the expected outcome of this study: 

-   Performance of CWWTP in terms of BOD5 , COD, TDS, TSS, oil and grease 

and ammonical-nitrogen removal of the whole as well as of  individual ponds of 

CWWTP. 

-    The efficiency of existing pretreatment system in the factory. 

-    The problems/difficulties in pretreatment of wastewater.  
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CHAPTER 2 

LITERATURE REVIEW 
 

 

2.1 Introduction 

 

The objective of this chapter is to review the literatures on waste stabilization 

pond (anaerobic and aerobic ponds), pretreatment and treatment of wastewater 

generated from leather, brewery, dairy, vegetable ghee and soap factories. As those 

are water intensive industries, production process is also included as part of literature 

review. 

  

2.2 Waste stabilization ponds 

 

Waste stabilization ponds are the simplest of the all available waste treatment 

technique for treatment of sewer wastewater.  Extreme simplicity and reliability of 

operation are the advantages of this method. Temperature and pond’s natural 

condition have significant affect on biological activity taking place in the pond. It is 

suitable for the location having cheap land, favorable climate and simple method of 

operation without equipment and operating skill (Arceivala and Asolekar, 2007).The 

waste stabilization pond/lagoon is divided into three types based on types of 

biological activities occurring in a pond. Three types are distinguished: anaerobic, 

facultative and maturation ponds. 

 

2.2.1 Anaerobic ponds/lagoons 

 

An anaerobic pond is a deep impoundment, essentially free of dissolved 

oxygen that promotes anaerobic conditions. It is not aerated, heated or mixed. The 

typical depth of an anaerobic pond is greater than 2.5 m and greater depth is preferred.  
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 Typically anaerobic pond is used for two purposes: 
- Pretreatment of high strength industrial wastewaters. 

- Pretreatment of municipal wastewater to allow preliminary sedimentation 

of suspended solids as a pretreatment process.  

 

Anaerobic ponds are effective for the pretreatment of high strength organic 

wastewater. Up to sixty percent of biochemical oxygen demand (BOD) removal is 

possible. In the absence of dissolved oxygen, anaerobic microorganism converts 

organic materials into stable products such as carbon dioxide and methane. The 

degradation process is two inter-related phases: acid formation and methane 

production.  

 

Temperature and pH are most important parameter in the anaerobic process, so 

the system must operate at favorable conditions for the performance of methanogenic 

bacteria. The temperature should be within the range of 250C to 400C. The anaerobic 

activity decreases rapidly below temperature 150C and cease virtually below freezing. 

On the other hand the pH should be in the range from 6.6 to 7.6, nonetheless, it should 

not drop below 6.2 otherwise methanogenic bacteria will stop working. Moreover the 

fluctuation in pH will inhibit pond performance and the alkalinity should be in the 

range 1,000 mg/l to 1,500 mg/l (US EPA, 2002: Online). Anaerobic ponds are used 

for treatment of industrial wastewaters, mixtures of industrial/domestic wastewaters 

with high organic loading, and as first stage municipal lagoons. It can be applied to 

slaughterhouses, dairies, meat/poultry- processing plants, rendering plants, and 

vegetable processing facilities (US EPA, 2002: Online). 

 
Design criteria of anaerobic ponds 

 

a) Volumetric organic loading rate 
 

The volumetric organic loading rate is the prime design criteria for anaerobic 

ponds and it is function of temperature. As industrial wastewater can very widely in 

relation   between   flow   and   BOD   concentration,  the   consideration  of   organic  
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volumetric loading is important. Therefore the retention time criterion is not sufficient 

for design aspect of anaerobic ponds. Value of volumetric organic loading rates (Lv) 

is usually adopted within the following ranges: 

   Lv = 0.1 to 0.3 kg BOD5/m3 d 

For domestic sewage, the final volume to be adopted for anaerobic pond is 

compromised between two criterions, detention time and volumetric rate, whereas for 

industrial effluents, the defining criterion is volumetric organic loading rate (Sperling 

and Chernicharo, 2005). 

 

b) Detention time 

 

The hydraulic detention time is usually within 3 to 6 days for domestic sewage. 

For conventional anaerobic pond having inlet pipe above the sludge layer, if the 

detention time is lower than 3 days then there are chances of methane forming 

bacteria may be washed out of the reactor. While the detention time greater that 6 

days, the anaerobic ponds can behave occasionally as a facultative pond. The 

detention time and BOD5 removal percentage is given in Table 2.1. 

 

Table 2.1 Relation between detention time and BOD5 removal in anaerobic pond 

Detention time, d BOD5 removal, % 
1 50 

2.5 60 
5 70 

Source: Mara, 1976 cited in Monroy et al., n.d.: Online 

 

c) Depth 

 

The depth of anaerobic ponds is high to ensure the predominance of anaerobic 

conditions as a result avoiding the pond to work as a facultative pond. However 

deeper pond is better. Generally the depth of anaerobic pond is the ranges 3.5 to 5.0 m.  
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d) Geometry 

 

Anaerobic ponds are square or slightly rectangular, with typical length/breadth 

ratio of 1 to 3.  

 

2.2.2 Facultative ponds/lagoons 

 

Facultative ponds are the simplest variant of the stabilization ponds system. 

The basic concept is retention of wastewater for a period long enough so that the 

natural organic matter stabilization takes place. The term facultative refers to a 

mixture of aerobic and anaerobic conditions in facultative ponds. Aerobic conditions 

are maintained in the upper layers while anaerobic conditions exist in the lower layers.  

Facultative ponds are of two types: primary facultative ponds which receive raw 

wastewater and secondary facultative ponds which receive settled wastewater from 

anaerobic ponds.  
 

Facultative ponds are designed for BOD5 removal based on their “surface 

organic loading”1. A relatively low surface organic loading is used (usually in the 

range of 80-400 kg BOD5/ha d, depending on the design temperature) which allows 

development of an active algal population. Generally the depth of facultative ponds is 

in the range 1-2 m, whereas 1.5 m is being most common (Varon and Mara, 2004: 

Online). There is mutual symbiosis between algae and bacteria in the pond. Algae use 

sunlight for photosynthesis and oxygen is by-product of this process. That oxygen is 

utilized by bacteria to decompose the organic matter in the pond. 

 

 

 

 

 

                                                 
1 Surface organic loading refers to the quantity of organic matter expressed in kilogram of BOD5 per 

day, applied to each hectare of pond surface area, i.e. kg BOD5/ha d.  
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Design criteria of facultative ponds 
 

a) Surface organic loading rate 

 

Surface organic loading rate is the main design criterion of facultative ponds. 

The main objective of surface organic loading is to guarantee the photosynthesis and 

algal growth enough for the production of oxygen to counter balance the oxygen 

demand. In tropical and subtropical climate regions, the following rates have been 

adopted: (Sperling and Chernicharo, 2005). 

 

Region with warm winter and high sunshine:  Ls= 240 to 350 kg BOD5/ha d 

Region with moderate winter and sunshine:    Ls= 120 to 240 kg BOD5/ha d 

Region with cold winter and low sunshine:     Ls= 100 to 180 kg BOD5/ha d 

 

b) Depth 

 

The depth of pond has influence on the physical, biological and hydrodynamic 

aspect of the pond. Generally the depth of facultative ponds is in the range 1-2 m, 

whereas 1.5 is being most common (Varon and Mara, 2004: Online). 
 

c) Detention time 

 

Detention time is not a direct design parameter, but a verification parameter 

(Sperling and Chernicharo, 2005). In primary facultative ponds treating domestic 

sewage, the detention time usually vary between 15 to 45 days. In the case of highly 

concentrated industrial wastewater, the resulting time is much higher because the 

pond area is calculated based on organic loading, and not on the flow.  

 

d) Geometry of the pond 

 

The length to breadth (L/B) ratio is another important criterion, which can be 

designed to approximate plug-flow or complete-mix conditions (Sperling and 
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Chernicharo, 2005). Primary facultative ponds are not usually designed to approach 

plug-flow reactors (high length/breadth ratio). Secondary facultative ponds are also 

not usually designed to approach plug-flow conditions, but there is more flexibility in 

the selection of the L/B ratio. The L/B ratio of facultative ponds is situated within the 

range (length/breadth ratio) 2 to 4.  

 

2.2.3 Maturation ponds 

 

Maturation ponds are secondary ponds in which the pretreated wastewater, 

either in facultative or other conventional treatment plant, is retained for a further 

period of time. The duration is normally 5-7 days which depends on climatic 

condition. The main purpose of maturation pond is to make the pathogens die off 

naturally to the desired levels. The ponds are not loaded highly in terms of organic 

matter. Moreover the maturation ponds are wholly aerobic even up to depth of 3 

meters (Varon and Mara, 2004: Online). 

 

2.2.4 Case study on stabilization ponds treating industrial wastewater 

 

A plant producing 1,500 tons of milk derivatives and 500 m3 of wastewater in 

El Saus, Mexico was studied. The mean characteristics  parameter of raw wastewater 

were  COD 4,430 mg/l, TSS 1,110 mg/l, oil and grease 754 mg/l, NH4-N  18 mg/l, 

and pH 7.32. The plant had wastewater treatment plant comprised degreasing tank, 

anaerobic, facultative, and maturation ponds with hydraulic retention time of 0.124, 8, 

8, and 5 days, respectively. The treated effluent from existing treatment plant was not 

within the Mexican norms (max. BOD5, COD, TSS, and oil and grease 100, 300, 100, 

and 15 mg/l, respectively). Monroy et al. (n.d.: Online) studied improvement of the 

treatment plant so that it can produce the effluent within the norms.  

 

Four modification steps were considered for the plant. The first one was 

segregation of plant effluent. It was decided to recycle acids and bases (H3PO4 and 

NaOH)  used  for  cleaning  tanks and pasteurization equipment in order to avoid their  
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discharge.  Secondly  the  existing  oil  and grease trap consisted of four sections. The 

three sections were filled with rocks of different diameters (3”, 2”, and 1”) to provide 

mechanical de-emulsification of grease. In the third step, anaerobic lagoon was 

modified for optimizing wastewater distribution to obtain a better contact between 

biomass and organic pollutants. The design was based on a homogeneous distribution 

of the wastewater flow at the bottom of the lagoon as in UASB reactors. For the 

aerated lagoon, three surface mixer-diffusers were installed with a total capacity of 95 

HP. In the fourth step, the total suspended solids coming from aerated lagoon were 

pumped to anaerobic lagoon for stabilization. Waste hyacinth was maintained to a 

density of 8 kg/m2 with high growth rate in order to avoid its decay inside the lagoon. 

After the modification in the existing treatment plant, the effluent characteristics 

parameters BOD5, COD, TSS and oil and grease were 105, 224, 24 and 1.7 mg/l, 

respectively (Monroy et al., n.d.: Online ). 

 

 Wastewater from potato processing industry, Midwest Foods Corporation, 

Clark, South Dakota, was studied by Dornbush, Rollag and Trygstad (n.d.: Online). 

The treatment plant consisted of anaerobic lagoon, aerated lagoon and 25 acres 

stabilization ponds. The anaerobic lagoon was covered with a two-inch layer of 

Styrofoam plus a straw mat to conserve heat and control odors whereas six 25 HP 

floating aerators ware located in the aerobic lagoon. The average influent BOD5, COD, 

and SS were 5,978, 12,489, and 9,993 mg/l, respectively. The effluent BOD5, COD, 

and SS from the stabilization pond were 59, 471, and 149 mg/l, respectively, with 

retention time of 8.2 days in anaerobic lagoon and 33 days in aerobic lagoon. As 

temperature and pH are important parameters for the anaerobic lagoon, the average 

temperature and pH of the anaerobic pond were in range from 22.70C to 330C and 

from 6.8 to 7.4, respectively. There was no discharge from the stabilization pond. To 

put it simply, total volume of treated wastewater was stored in stabilization pond for 

natural evaporation. The authors mentioned that average BOD5 and SS removals in 

anaerobic lagoon were 74 and 78%, respectively. The overall removal efficiencies of 

the plant were 99.0, 98.5 and 96.2 % for BOD5, SS and COD, respectively (Dornbush, 

Rollag and Trygstad, n.d.: Online). 
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2.3 Pretreatment/treatment of wastewater  

 

US EPA defines pretreatment as “the reduction of the amount of pollutants, the 

elimination of pollutants, or the alteration of the nature of the pollutant properties in 

wastewater prior to or in lieu of discharge or otherwise introducing such pollutants into a 

public owned treatment works”. Moreover the definition of pretreatment provides that “the 

reduction or alteration may be obtained by physical, chemical or biological processes, 

process changed or by other means, except dilution”. The pretreatment/treatment of leather, 

dairy, brewery, vegetable ghee, and soap factories wastewater is mentioned subsequently.  

 

2.3.1 Leather industry 

 

Leather processing requires huge amount of water producing enormous 

amount of wastewater. The wastewater from raw hide processing tanneries, which 

produce wet blue, crust or finished leather, contain heavy metal chromium, sulphide 

and  high  BOD5 and COD.  

 

I) Production process 

 

The production flow chart of leather processing is depicted in Figure 2.1, 

which shows the input, output and waste stream. The tannery production process can 

be divided into four main steps (GTZ, 2002: Online): 

a) Beam house operation 

b) Tanyard (Tanning) operation 

c) Post-tanning operation and  

d) Finishing operation 

 

a) Beam house operation 

   

Beam house operation includes soaking, fleshing and trimming, deliming and 

bating, pickling and degreasing. The preserved raw hides regain their normal water  
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 Figure 2.1 Flow chart of leather tanning with waste stream 

Source: Adapted from GTZ, 2002: Online 

Raw hide from slaughter house

Preservation

Soaking

Green fleshing 

Unhairing liming

Lime fleshing and  
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Lime splitting 
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Chrome splitting 
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BOD, COD, chrome, vegetable 
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BOD, COD, chrome, vegetable 
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Chrome splits 
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bactericides) 

Alkalis, enzymes, 
surfactants, 
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contains as well as dirt, manure, blood, preservatives are removed during soaking. 

Unhairing is done with the aid of chemical mixing of lime and sodium sulphide. This 

process produces wastewater with highest COD value. After unhairing, the extraneous 

tissue is removed in fleshing and trimming. The unhaired-fleshed alkaline hides are 

neutralized with acid ammonium salt and treated with enzymes to remove hair root 

and pigments as a result the wastewater from this operation has major load of 

ammonium. Pickling is the process to facilitate the entering of chromium tannins to 

hides. This is done is acidic pH of around 3. Degreasing is performed with organic 

solvents or surfactants together with soaking, picking or after tanning which produce 

wastewater with high COD. 

 

b) Tanyard (tanning) operation 

 

It is the process of cross linking of chromium ions with free carboxyl groups 

in the collagen of the hide. It makes the hide bacteria and temperature resistant. 

Chrome tanned hide is called wet blue. This process generates wastewater laden with 

chromium.  
 

c) Post-tanning 
 

Chromium tanned hides are often retanned, with more than one tanning agents 

and treated with dye and fat, to obtain the proper filling, smoothness and color. The 

surplus water is removed, before the actual drying takes place, to make hides suitable 

for splitting and shaving. Splitting and shaving is done to obtain desired thickness of 

hide. The nature of effluent in this process is complex due to presence of fat liquors, 

dye and combined tanning agents. 
 

d) Finishing 
 

The crust, obtained after retanning and drying, is subjected to a number of 

finishing operations. The main purpose of this operation is to make the hides softer 

and cover the small mistakes. Here hide is treated with organic solvent or water based 

dye and varnish. The effluent characteristic in this process depends on the finishing 

chemicals used in this process.  
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II) Wastewater generation and treatment 
 

The overview of wastewater generated in individual processing operation 

during tanning process is shown in Table 2.2. But actual volume of wastewater may 

vary from one factory to other depending on techniques and equipment used.  
 

Tannery wastewater is a powerful pollutant. Due to high COD along with high 

chrome concentration and strong color content, it can cause severe environmental 

problems. Chromium (III), widely used tanning agent in leather industry, is 

significance source of environmental contamination (Song, Williams and Edyvean, 

2000). Moreover the sulphide containing wastewater, generated in beam house 

operation, can lead to the formation of toxic hydrogen sulphide gas when pH is lower 

that 9. The segregated sulphide-bearing wastewater is oxidized with H2O2, sodium 

metasulphide or sodium bisulphate. Where the segregation of sulphide-bearing 

wastewater is not possible it can be removed by chemical precipitation with iron (II) 

salts and aeration (GTZ, 2002: Online). 
 

Table 2.2 Volume of wastewater and its constituents in leather processing 

Source: Vajra, 2001 
Note:  * In case of Nepalese Tanneries  

  

In the traditional tanning, generally 60-70% chromium, applied in the form of 

basic chromium sulphate (BCS), is absorbed by hides and skins under process and 

remaining is discarded as waste in the wastewater (Rajamani, n.d.: Online). Mostly 

Process Type of 
waste 

Volume of 
wastewater 
m3/ton of 

hides 

Major constituents in effluent 

Beam house 
operation Wastewater 18.0 pH, high BOD5, COD, TSS, TDS, salts, 

sulphides, organic N, and ammonia 

Tanning Wastewater 1.0 Chrome, acidity, BOD5, COD, TDS and 
TSS 

Post tanning Wastewater 7.0 BOD5, COD, TDS, chrome, syntans, 
dyes and  fats 

Other(mechanical 
and floor 
washing) 

Wastewater 25.0 
TSS, TDS, BOD5, COD, salts, sulphide, 

organic N, ammonia N, chrome, dyes 
and fats 

Total - 51 - 
Total* - 60-70 - 
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trivalent chromium is discharged from tanning process. However it can be changed to 

hexavalent which is very toxic and carcinogenic. Chromium discarded from the 

tanning process is in the soluble form; however, when mixed with tannery wastewater 

from other processes (beam house operations, especially if proteins are present), the 

reaction is very rapid. Precipitates of protein-chrome are formed which aid sludge 

generation. Removal of chromium from the tanning wastewater is matter of 

environmental and economic concern.  Chromium is removed from the tanning 

wastewater by coagulation and flocculation (Guo et al. 2006; Panswad et al. 2001) 

and adsorption on surface of other material (Fahim et al. 2006; Tahir and Naseem, 

2007). 

 

a) Chromium removal by chemical precipitation 

 

Panswad et al. (2001) studied recovery of chromium from tanning wastewater 

in pilot plant in Thailand. The authors used two kind of wastewater, one in which 

additive was used and another in which, additive was not used during tanning process. 

For precipitation of chromium from tanning wastewater, magnesium oxide (MgO) 

and sodium carbonate (Na2CO3) was used.  

 

The wastewater, from tanning without additive, containing 5.4 g/l of 

chromium oxide ( Cr2O3), was treated with 2 x MgO (2x, two-fold stoichiometric 

requirement) the  and  one hour   stirring followed by one hour free settling. The 

sludge obtained was very dense. Next 1:1 diluted sulphuric acid was added to sludge 

for complete dissolution. Under this condition, the recovery was 97.6% and reclaimed 

chrome was equivalent to 23.5 g/l Cr2O3. Moreover the chemical expense was 30.21 

Baht per kg of Cr2O3 recovered. 

 

With 2 x Na2CO3  application and over night settling, the recovery was only 

80.1% and the chemical costs was 37.94 baht per kg of Cr2O3 recovered. This method 

was not practical due to high settling time and low filterability compared to MgO. For 

wastewater, tanned with additive, 4 x MgO was used with one hour settling followed  
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by dissolution with 1:1 diluted sulphuric acid. The chromium recovery was 6.3 g/l. 

The recovery was 88.65% whereas the cost of chemical was 62.54 Baht (in 2001, 1 

US$ = 45 Baht) per kg of Cr2O3. To conclude the economy of the chromium recovery 

by MgO, the authors did cost-benefit analysis in large scale tannery processing 3,228 

tons of hides per year. The pay back period for process cost, including recovery plant, 

chemical, labors, power, and make up water was 3 years at a 10-15% interest rate 

(Panswad et al., 2001). 

 

In an effort to reduce the concentration of pollutants in tannery wastewater to 

environmental acceptable levels, Song, Williams and Edyvean (2004) used aluminium 

sulphate and ferric chloride as a coagulant in the treatment of wastewater from 

tannery. The sample was collected from central wastewater collection tank in the 

factory. After three hour of plain settling (Song, Williams and Edyvean, 2000), the 

supernatants were analyzed. The COD, TS, SS and chromium concentration were 

3,300±150, 15,000±550, 260±45 and 16.8±2.3 mg/l, respectively, and pH was 9.2±0.2. 

The coagulation experiments were done with rapid mixing of sample at 100 rpm for 

15 minutes and slow mixing at 50 rpm for 5 minutes and allowed for settling for 60 

minutes. The pH and dose of the coagulants were varied from 4-10 and 400-1,400 

mg/l, respectively.  At the optimum dose of coagulants (800 mg/l) and at pH 7.5, 

significant reduction in strength of wastewater was observed. There was 40% 

reduction in COD, 69% in SS and 86% in color removal. The chromium removal was 

very effective with both aluminium sulphate and ferric chloride ranging from 74-99%. 

However ferric chloride produced better result than aluminium sulphate in COD and 

chromium removal (Song, Williams and Edyvean, 2004). 

 

Improved Cr (III) removal and recovery from tanning wastewater along with 

acceleration of sludge sedimentation and enhancing Cr-sludge re-dissolution was 

studied by Guo et al. (2006). The samples were collected from tanning tank in 

Shenzhen, China and filtered with 1 mm screen to remove large particles. The 40 KHz 

ultrasound at a fixed intensity of 0.3 W/cm2 was produced using a kQ318T Sonicator. 

The 2,450 MHz microwave was also supplied with a Galanz Wp800TL23-K1 

generator. The wastewater characteristics were total COD 8,058 mg/l, dissolved COD 
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5,899 mg/l, un-dissolved COD 2,159 mg/l,  BOD5 4,397mg/l,  SS 4,863 mg/l,  pH 

3.63, color 2,000 dark blue,  total chrmoium 5,363 mg/l,  organic Cr3+  3,873 mg/l,  

inorganic Cr3+   1,490 mg/l,  dissolved Cr3+   4,666 mg/l,  un-dissolved Cr3+   697 mg/l,  

Cr6+  0.2 mg/l (Guo et. al., 2006) . 

 

Chemical precipitation was conducted by adding weighed alkali into 250 ml 

sample and then mixing for 5 minutes with mechanical agitation. The pH of the 

solution was measured in starting and in the final stage, after 4 hours, when the 

reaction came at completion. In sonication experiment, the ultrasound was applied 

just after alkali dissolution. Microwave irradiation was employed to improve re-

dissolution of Cr-sludge for reuse. The alkalis effectively removed Cr+3 from the 

aqueous phase with a removal more than 99% and a recovery of around 60%. The 

substitution of NaOH with CaO or MgO resulted in much less sludge and shorter 

sedimentation time. Moreover, MgO also enhanced the purity and dewatering 

capability of the sludge. The best alkali was mixture of CaO and MgO (4:1) with 

COD and SS removal of 47.7 % and 86.3 %, respectively. Two minute sonication at 

0.12W/cm2 greatly accelerated the sludge sedimentation and microwave irradiation of 

5 minutes increased the chromium recovery ratio from 60 to 80 % (Guo et al., 2006). 

 

A pilot plant, under Indo-Dutch environmental sanitary project in Kanpur 

under Ganga action plan, was developed of simple chrome recovery in one of the 

large tanneries in Jajmau, India. Wastewater containing chromium, even from wash 

water, was collected in treatment pit. After screening, magnesium oxide (MgO) was 

added with stirring to the treatment tank and stirring continued until pH rose to 8. 

After stabilization of pH, stirring was stopped. The chromium precipitated and settled 

into compact sludge within an hour. The precipitated chromium sludge was only 8% 

of exhaust volume of chrome liquor. The sludge was dissolved in sulphuric acid so 

that again basic chromium sulphate (BCS) was formed and reused as tanning agent. 

The hides tanned with mixture of 70% fresh chromium and 30% recovered chromium 

appeared same as hides tanned with 100% fresh chromium (Ministry of Environment 

and Forest, 1999: Online).  
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b) Chromium removal by adsorption 

 

Fahim et al. (2006) studied removal of chromium from tannery wastewater by 

utilizing three different kinds of activated carbons; C12, waste from sugar factory and 

other two are (C2, C3) commercial granular activated carbon. Adsorption isotherm 

was measured in batch adsorber.  Accurately measured masses of C1, C2, and C3 

were placed in separate 250 ml glass bottles and 100 ml of adsorbate solution (tannery 

wastewater) were added to each bottle. The bottles were kept in rotary shaker and 

allowed to mix for 3 hours.  

 

The adsorption process and extent of adsorption are dependent of physical and 

chemical characteristics of the adsorbent, adsorbate and experimental condition. 98.86, 

98.60 and 93.00% chromium was removed by C1, C2, and C3 types of activated 

carbons, respectively. Those results were obtained at condition of pH 5.5, contact time 

3h, adsorbent dose 5 g/l, initial concentration of chromium 44 mg/l and with particle 

size 80 µm. The activated carbon, waste of sugar industry, with highest surface area 

520.66 m2/g and calcium content 333.3 mg/l has the highest adsorption of chromium. 

This method of chromium removal could be used as economically as an efficient 

technique for removal of Cr+3 and thus purify the tannery wastewater (Fahim et al., 

2006). 

 

Tahir and Naseem (2007) studied adsorption of chromium (Cr+3) by bentonite 

clay. The commercial grade bentonite with 30 mesh size was used as absorbent. It was 

first dried, washed with distilled water several times then washed sample was dried in 

electric oven at 1500C-2000C for several hours before study. Samples from chrome 

tanning effluent and composite wastewater of the remaining processes were collected. 

Chromium (Cr+3) concentration in chrome tanning wastewater was in range 1,003-

1,619 mg/l, while in composite wastewater its concentration was 81.94-199.8 mg/l.  

 

                                                 
2 C1 is used in very large tonnages in the decolorization and refining of sugar. The adsorbent is 

carbonaceous residue which is obtained as a result of the destructive distillation of bones. 
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The diluted concentration of 100 mg/l of chromium was used for adsorption 

study. 100 ml of wastewater was shaken for 15 minutes. The amount of bentonite was 

varied from 0.05 to 2.0 g. The adsorption measurement was made in triplicate by 

batch technique at room temperature (25±2 0C). Also influence of pH in the range of 

1.6-5.6 was studied by keeping the Cr+3 concentrations, volume, shaking time and 

amount of bentonite as 100 mg/l, 15 min, and 1.0 g, respectively.  

 

  It was observed that 93% of Cr+3 removal was achieved by using 1g of 

bentonite at a pH of 2.4-2.5. The negative surface charge on the clay was responsible 

for the adsorption of trivalent chromium. More than 99% of Cr+3 was regenerated 

from the adsorbent by using 50 ml of 3M H2SO4. The sorption percentage decreased 

by increasing the concentrations of acids. This result revealed that adsorption on 

bentonite clay would be an option for treating tannery effluent with relatively low 

concentration of chromium (III) (Tahir and Naseem, 2007).  

 

c) Chemical and biological treatment 

 

Recovery of chromium from exhausted tanning solutions by precipitation, a 

chemical intensive process, requires large amount of alkali reagents and sulfuric acid 

for dissolution. Consequently the chromium (Cr+3) hydroxide sludge has poor settling 

and filtering properties and also contaminated with residual proteins. To estimate the 

efficiency of the photochemical degradation of organic materials in exhausted chrome 

tanning wastewater, The authors used photo reactor with UV irradiation from top 

(monochromatic radiation at λ = 254 nm, dose rate 30 W/l, irradiation time 120 min) 

and hydrogen peroxide was supplied. The effluent parameters were Cr+3 4 g/l, COD 

1,780 mg/l, radiation dose rate 15W/l, H2O2 dose of 25-70% against the stiochiometry 

for 30-60 minutes. The degree of degradation was 50-70%. It was concluded that 

introduction of hydrogen peroxide intensified the degradation process of organic 

materials considerably in the wastewater. The UV treated wastewater was conditioned 

with fresh tanner and used in the next tanning process. The quality of leather 

produced  with  regenerated  tanning  solutions  was demonstrated to virtually same as  
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with fresh tanning solution. This method allows reduction in the chromium loss in the 

wastewater by a factor of four to six times (Panov, Gyul’khandan’yan and Pakshver, 2003) 

  

To study the toxic effect of substances like tannin3, sulphide, chromium (Cr+3)                

in the inhibition performance of anaerobic reactor (anaerobic contact filter),    

Vijayaraghavan and Murthy (1997) performed a laboratory experiment. The chrome 

tanning effluents characteristics were COD 20,000 mg/l, sulphide 150 mg/l, tannin 1,700 

mg/l, chloride 1,728 mg/l, chromium (Cr+3) 178 mg/l and pH 3.5. The investigations were 

carried out by feeding tannery wastewater on a continuous basis with COD concentration 

1,500-16,500 mg/l and retention time of 36, 48, 60 hours as independent variables. The 

investigations were carried out in two stages, first without pretreatment and second 

pretreated with ferric chloride to reduce sulphide level (in vegetable tanning wastewater) 

and lime to reduce the chromium (III) (in chrome tanning wastewater). In case of untreated 

influent, chromium (Cr+3) concentration even up to 140 mg/l did not show to be toxic. 

While COD removal percentage was in the range 79-95% in pretreated wastewater 

compared to 60-86% in untreated wastewater. Moreover the biogas production was 95-198 

ml/hr and 98-200 ml/hr for pretreated and untreated wastewater, respectively. On the other 

hand in batch process, the toxicity was exhibited even at very low concentration of about 77 

wt. % of tannin [400 mg/l of tannin, 60 mg/l of sulphide and 60 mg/l of chromium (III)]. In 

continuous process, the presence of nutrients (nitrogen and phosphorous) helps the growth 

and consequently the toxicity level was set high (Vijayaraghavan and Murthy, 1997). 

 

Song, Williams and Edyvean (2000) studied behavior of plain settling for 

removal of total COD, chromium and suspended solids. The settling column was 

made of Perspex tube with an internal diameter of 16 cm and length of 1.6 meter. The 

characteristics of wastewater sample were pH 9.0, SS 1,500 mg/l, TS 29,000 mg/l, 

chromium 100 mg/l, COD 5,000 mg/l, and BOD5 1,500 mg/l.   The result showed that 

removal of 4.7 and 8.3% of TS, 75 and 76.1% of SS, 37.7 and 41.5 % of COD, 71.2 

and 83.2% of chromium was achieved after 1 and 3 hour of plain settling, respectively. 

The author found that coarser components such as sand and silt and high 

                                                 
3 Tannin is vegetable tanning agent 



Sushil Kumar Shah Teli                                                                                           Literature Review / 28 

 

 

concentration of settleable solid can be removed from wastewater by plain 

sedimentation (Song, Williams and Edyvean, 2000). However the authors did not 

mentioned about the disposal of sludge generated in plain settling as it is 

contaminated with heavy metal chromium. 

 

d) Cleaner technology in leather tannery 

 

Leather processing requires huge amount of water producing enormous 

amount of liquid effluent. The large volume of effluent requires huge investment for 

effluent treatments plants in order to meet required specification for the discharge of 

liquid effluents to various water bodies (Rao et al., 2003). As a result minimization of 

water in leather processing assumes greater significance that is driven by increased 

treatment cost. End-of-pipe treatment method alone does not meet the requirement so 

in-plant control measures are gaining importance.  

 

Rao et al. (2003) studied the integrated approach of cleaner production in 

leather industries. Waste generations are an inevitable in the industrial process and if 

they can be reduced, recycled and then treated, the production can be more secure and 

sustainable.  67 % of water is saved in pre-tanning and tanning process in the leather 

processing with the recycling/optimization approach (Rao et al., 2003).  

 

Soaking of salted skins/hides requires 25% of the total water consumption in 

conventional leather processing compared to soaking of green skin/hides. Recycling 

of soak liquor can be achieved by counter-current soaking method which can provide 

a net saving of about 67% of water used for soaking operation. The physical 

properties of leather obtained by this method are comparable to that of the normally 

processed. During liming of raw hides large amount of water is utilized (4-6 l/kg of 

leather processed). Recycling of once used lime liquor for the next lot provides 

reduction in usages of water. By utilizing the counter-current method, 50% of water 

can be saved (Rao et al., 2003). 
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One novel method, developed and proven successful in commercial tanneries, 

is minimization of high waste in exhaust-tan chrome tanning. This novel system uses 

normal pickling followed by chrome tanning with a combination of alutan 4  (an 

aluminium syntan with about 12% Al2O3) and basic chromium sulphate (BCS). 

Pickling is done with anhydrous sodium sulphate (5%) or sodium chloride (8%) and 

sulphuric acid to control pH at 3.0-3.2 compared to conventional practice of using 8-

10% of sodium chloride at a pH of 2.5-3.0. The alutan is used in tanning bath with 5% 

of BCS instead of 8% BCS in normal chrome tanning. The absorption level was 

above 90% which resulted in less discharge of salt in spent liquor. Even the spent 

solution can be reused in pickling. To put it more simply, the recycling method leads 

to reduction of BOD, COD and TDS load in effluent. Pre-tanning and tanning are the 

most polluting streams in leather processing, reduction in the quantity of water used 

for those operations coupled with recycling methodology reduce the pollution load on 

the wastewater treatment plant (Rao et al., 2003).  

   

The ecological concerns have become major issues in the present global 

industrial activities. Though leather processing has evolved from by product of meat 

industry, it has turned out to be an independent activity due to the essential use of 

leather. However, the discharge of waste streams with numerous pollutants has raised 

a social and environmental threat to the leather sector. The authors have emphasized 

the scenario of integrated cleaner leather processing towards a greener environment 

which is current theme for sustainable development. The pickling-chrome tanning are 

two processes releasing enormous amount of chloride, sulphate and chromium 

(Suresh et al., 2001). An improved chrome syntan with more than 90% uptake of 

chrome has been developed. The typical process involved in the preparation of 

chrome syntan includes sulphonation of aromatic hydrocarbon, complexation of 

chromium (Cr+3) salts with multi-functional polymeric matrix without using 

formaldehyde. Organic tricarboxylic and dicarboxylic acids were introduced during 

complexation to prevent metal ion hydrolysis at high pH. 

                                                 
4 Aluminium based syntan (ALUTAN) is essentially a synthetic tanning material based on complex 

aluminium, naphthalein sulphonic acid formaldehyde condensed product as the base matrix. 
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With application of chrome syntan, picking process was eliminated from the 

conventional chrome tanning. The characterization study of the developed product 

(syntan) revealed that the product has higher stability towards hydrolysis as well as 

higher reactivity with skin matrix. The tanning study showed that elimination of 

pickling process does not affect the properties of final leather. Moreover the uptake 

for the developed product is about 90%, hence the integrated product cum process 

reduces the amount of chromium in the wastewater by 94% compared to the 

conventional chrome tanning. The environmental benefits of this approach is 

reduction in COD, TSS and chloride load by 51, 81 and 99%, respectively, compared 

to commercial chrome practices (Suresh et al., 2001). 

 

2.3.2 Brewery industry 
 

Beer, an alcoholic beverage produced with fermentation of malt cereals with 

selected yeasts and hop, is fifth most consumed beverage in the world behind tea, 

carbonates, milk and coffee (Fillaudeau, Blanpain-Avet and Daufin, 2006).  

 

I) Production process 

 

The simplified steps in brewing process are depicted in Figure 2.2. The main 

four steps are wort production, fermentation- maturation, filtration and bottling 

(Singh, 2002). 

 

a) Wort production 

 

The malt is milled into fine grits to ensure good access of water to grain 

particles. The milled malt is mixed thoroughly with two to four volume of water to 

yield mash. This process is called mashing and boiled gelatinized starch from maize 

or rice grains may be supplemented as adjunct during this process to achieve a higher 

content of fermentable sugars. At the end of mashing operation, soluble substances 

and  residual  solids  particles  are  separated  by  filtration  into sweet wort and spent  
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Bright Beer 

grains.  In next process hops are added to the wort as source of bitter substance, which 

are solublized during wort boiling (more that one hour) and also give beer its 

characteristic taste and aroma. Wastewater and spent grains are generated from this 

process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Fermentation and maturation 

 

The fermentation starts with aeration and yeast pitching of the cold wort, after 

which the wort is transferred to a fermentation vessel. Fermentation takes normally 

seven days. The yeast is removed after fermentation and green beer is allowed for 

maturation for two to three weeks. The surplus yeast is produced as waste in this 

process. 

Figure 2.2 Production steps in brewing process 

Source: Singh, 2002 
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c) Filtration 

 

The matured beer is cooled down to 0-100C to minimize the risk of beer 

foaming during filtration. Beer is generally filtered in coarse and fine filter. 

Kieselguhr is mostly used as filter-aids. The beer obtained after filtration is called 

bright beer. Kieselguhr sludge and wastewater is main waste from this process. The 

filtered beer is prepared for bottling or caging with addition of carbon dioxide for 

equalizing quality.   

 

d) Bottling 

 

The beer is bottled under pressure and the bottles are sealed. After passing a 

fill height inspector, the bottled beer is pasteurized, labeled and packed. The broken 

pieces of bottle and wastewater are generated from this process. 

 

II) Wastewater generation and treatment 

 

Characteristics and volume of brewery wastewater can vary significantly 

because of various processes that take place within brewery for example raw material 

handling, wort preparation, fermentation, filtration, cleaning in process (CIP) and 

packaging (Driessen and Vereijken, 2003: Online). The volume of wastewater 

generation depends on the specific water consumption, which is expressed as 

hectoliter 5(hl) water/hl beer brewed. Partially water is disposed with brewery by-

product and also lost by evaporation as a result the wastewater to beer ratio is often 

1.2-2 hl/ hl less than water to beer ratio.  
 

Most organic components in brewery wastewater are easily biodegradable as 

those are consisted of sugars, soluble starch, ethanol, volatile fatty acids etc. This can 

be realized by relative high BOD/COD ratio of 0.6-0.7. The total suspended solids  in  

                                                 
5 One hectoliter (hl) equals to  100 liters 
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the brewery wastewater consist of spent grains, keiselguhr, waste yeast and hot trub 

(Driessen and Vereijken, 2003: Online). The typical characteristics of brewery 

wastewater are given in Table 2.3. 

 

Table 2.3 Characteristics of brewery wastewater 

Source: Driessen and Vereijken, 2003: Online 

 

Due to high concentration of organic matter in the brewery wastewater, high input 

of energy for aeration along with amount of waste sludge generated in aerobic degradation 

therefore high treatment and disposal cost of sludge, anaerobic treatment is preferred 

comparing with aerobic to pretreat the brewery wastewater. The anaerobic pretreatment has 

capability of reducing BOD, COD, and suspended solids in low hydraulic retention time 

(Brito et al., 2006; Fillaudeau, Blanpain-Avet and Daufin, 2006). 
 

It is important to remove organic compounds COD (chemical oxygen demand) 

from wastewater to avoid anaerobic conditions in the receiving water. Furthermore 

nutrients like nitrogen and phosphorous should be also removed to keep water ecosystem 

away from algae bloom. Anaerobic pre-treatment followed by post-treatment will result in a 

positive energy balance, reduced sludge production and space saving. Currently up-flow 

anaerobic sludge blanket (UASB) reactor is the world’s most widely used anaerobic reactor 

system for treatment of brewery wastewater (Driessen and Vereijken, 2003: Online).  

 

Parameters Unit Value Typical brewery benchmark 

Flow - - 2- 8 hl effluent/hl beer 

COD mg/l 2,000- 6,000 0.5- 3 kg COD/hl beer 

BOD mg/l 1,200- 3,600 0.2- 2 kg BOD/hl beer 

TSS mg/l 200- 1,000 0.1-0.5 kg TSS/hl beer 

Temperature mg/l 18- 40 - 

pH - 4.5 – 12.0 - 

Nitrogen mg/l 25- 80 - 

Phosphorous mg/l 10- 50 - 
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Fang, Jinfu and Guohua (1989) studied treatment of brewery wastewater, 

laden with high organic content, in up flow anaerobic sludge blanket (UASB) of 1.17 

m3 volume. The reactor was acclimated for one month and after that the system was 

operated for four month at an average flow rate of 1.81 m3/d with hydraulic retention 

time of 13.3 hours and COD loading of 4.9 kg/m3 d.  The temperature was maintained 

at 260C with heat exchanger. The brewery wastewater had an average COD of 2,692 

mg/l and BOD of 1,407 mg/l. The COD and BOD were reduced to 295 mg/l and 122 

mg/l, respectively, after treatment. The removal was 89% of COD and 92% of BOD5. 

On the other hand 0.45 m3 bio-gas was produced per kg reduction of COD. The bio-

gas was composed of 70% of methane.  However the removal of total suspended solid 

and total volatile solid was not satisfactory (Fang, Jinfu and Guohua, 1989). 

 

The wastewater obtained from brewing is acidic whereas the wastewater 

obtained from the caustic operation is alkaline (Briggs et al., 2004, and Ockert, 2002 

cited in Rao et al. 2007, p. 2131). The brewery treating wastewater by anaerobic 

reactor generally uses equalization tank before anaerobic treatment to make 

wastewater uniform in pH. As two-third of wastewater is alkaline, pH of the effluent 

is alkaline even after equalization (Fillaudeau, Blanpain-Avet and Daufin, 2006). 

Acids (mostly sulphuric or hydrochloric acid) are used to maintain pH in the range of 

7-7.5 for feeding the wastewater to anaerobic reactors. This addition of acid leads to 

the formation of sulphide as well as increased cost of effluent treatment operation. 

 

Carbon dioxide (CO2) is abundantly produced in brewery during fermentation 

and it is used in the final stage of production of beer. Rao et al. (2007) studied 

application of carbon dioxide to control pH in equalization basin. The brewery was 

producing 1,080 kilo liters of beer and approximately 1,100 m3/day of CO2 generated 

out of which only 300-500 m3/day was used in bottling of beer to enhance the flavor. 

The brewery was generating 420 m3/day of wastewater having pH in the range of 9-12. 

The brewery had effluent treatment plant based on anaerobic (anaerobic hybrid 

reactor) followed by aerobic (activated sludge process). The factory was using 3,000 

liters  of  98%  commercial  sulphuric acid to neutralize the wastewater before feeding  
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the reactor. The authors suggested that the company can save the cost of acid by 

utilizing CO2, generated in the brewing process as only 9 m3/day of CO2 was required, 

to control the pH before feeding to anaerobic reactor. It is clear from here that CO2 

could be used as a cheap and acidifying agent for decreasing the pH of the alkaline 

wastewater before anaerobic treatment and save cost by replacing conventional acids 

used (Rao et al., 2007). 

  

A common form of pre-treatment has been installed at Carlton and United 

Brewery (Australia) to neutralize the process (trade) wastewater. The neutralization 

process was generally carried out i) in production areas, ii) in central neutralization 

tanks with acid/caustic and iii) through CO2 neutralization. By installation of caustic 

buffer tank to hold the entire brew house caustic flush water, which is required to 

clean the brew-house vessels with caustic during weekly cleaning. By doing so, it has 

restricted the amount of high pH liquid discharging to the process wastewater 

(Department of the Environment, Water, Heritage and the Arts, 2001: Online). The 

characteristics of brewery wastewater in Carlton and United Brewery are given in 

Table 2.4 which differs from typical characteristics of brewery wastewater mentioned 

in Drissen and Vereijken (2003: Online). As the water consumption and wastewater 

generations can vary among breweries.  

 

Winston-Salem city, North Carolina, Archie Elledge Waste Treatment Facility 

(AEWTF), receives wastewater from brewery industry producing 60 billion gallon of 

wastewater per year. The city of Winston-Salem operates 36 mgd activated sludge 

wastewater treatment plant. Operational problems were experienced at the AEWTF 

because of an over organic loading to secondary treatment system. To reduce organic 

loading alternatives were evaluated and the result of that evaluation indicated that 

pretreatment of brewery waste would be the most practical approach to the problems. 

The AEWTF also receives wastewater from other industry but brewery was selected 

because of its potential to develop filamentous organism in the activated sludge 

system by carbohydrate in brewery wastewater. Aerobic lagoon system was used as 

pretreatment with 1.33 million gallon with 360 HP of mechanical aerator. The 

pretreatment system was developed in two phases. The initial phase of the brewery 
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pretreatment facilities, constructed in 1971, consisted of a 1.33 million gallon aerated 

lagoon with an installed horsepower level of 360. The system was designed to treat a 

flow of 2.5 million gallon per day (mgd). After introduction of aerated lagoon to 

pretreat the brewery wastewater, the problem of high organic loading was solved 

(Malone, Stein and Cornett, n.d.: Online). 

 

Table 2.4 Characteristic of brewery wastewater at Carlton and United Brewery, 

Australia 

 

Source: Department of the Environment, Water, Heritage and the Arts, 2001: Online 

 

Water consumption is not only an economic parameter but also a tool to 

determine process performance in the brewery industries (Fillaudeau, Blanpain-Avet 

and Daufin, 2006). Employee’s awareness about the important of water conservation 

and their commitment towards saving water are key factors for successful 

implementation of water minimization policy in the brewery industry (Puplampu and 

Siebel, 2005). In a case study of the effect of personnel practices in water use in a 

Ghanaian brewery, Puplampu and Siebel (2005) found that a total saving of 55,340 

m3 on an annual basis in overall water use in the brewery as well as reduction of 

13.3% (from 7.5 to 6.5 hl/hl) in the specific water consumption (hl of water consumed 

per hl of beer produced) were achieved. On the other hand by implementation of 

Characteristics Amount 

Water-to-beer ratio 4-10 hl water/hl beer 

Wastewater-to-beer ratio 1.3-2 hl/hl lower than the water-to-beer ratio 

BOD 0.6-1.8 kg BOD/hl beer 

Suspended solids 0.2-0.4 kg SS/hl beer 

COD/BOD 1.5-1.7 

Nitrogen 30-100 g/m3 wastewater 

Phosphorous 30-100 g/m3 wastewater 

Heavy metal concentration very low 
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water minimization program, 2.5% of spent grain and 90% of spent yeasts were 

recovered from the waste stream with 60-70 % reduction in the COD of the effluent.  

 

Though aerobic treatment has had proven success on the industrial scale for 

the treatment of brewery effluent as demonstrated by the deep shaft treatment system 

at Molsons Brewery in Barrie, Ontario, Canada (LeClair, 1984 cited in Cronin and Lo 

1998, p. 33), the power requirement and sludge handling and disposal significantly 

raised the sustainability of the treatment system. Less sludge production and low 

energy requirement and methane, a source of alternative energy, generation is the 

advantage of anaerobic treatment compared to aerobic treatment (Cronin and Lo, 1998). 

 

2.3.3 Dairy industry 

 

Generally pasteurized-, condensed-, skimmed-, and powdered milk, yoghurt, 

butter, different types of desserts, cheese and cheese whey are the different products 

of dairy industries. Generation of wastewater in dairy industry is not continuous and 

flow and characteristics change from one factory to another depending on the type of 

processing method and technology used in production. Typical water uses and 

effluent sources in dairy are shown in Figure 2.3.  

 

Water, vital processing medium in dairy industries, is used throughout all 

steps of dairy processing including cleaning, sanitizing, heating, cooling and floor 

washing thus huge amount of water is required. High BOD and COD contents, high 

levels of dissolved or suspended solids including fats, oils and grease, nutrients such 

as ammonia or minerals and phosphates are distinguished features of dairy wastewater 

as a result it requires proper attention before discharge (Sarkar et. al., 2006). The 

characteristics of dairy wastewater are given in Table 2.5. Moreover the major sources 

of wastes generation are spilled milk, spoiled milk, and skimmed milk, and whey, 

wash water from milk cans, equipment, bottles and floor washing (Rajeshwari et al., 2000). 
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Figure 2.3 Typical water uses and effluent sources in Dairy 

Source: Özbay and Demirer, 2006 
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Table 2.5 Characteristics of dairy wastewater 

Source: CPCB, 1993, and Thangara and Kulandaivelu, 1994 cited in Rajeshwari et al., 2000. 

 

I) Treatment of dairy wastewater 

 

Physico-chemical, aerobic and /or anaerobic biological treatment can be used 

to treat dairy wastewater (Radick, 1992 cited in Vidal et al. 2000, p. 232). Physico-

chemical treatments, however, permit partial removal of organic load by protein and 

fat precipitations with various chemical compounds for example ferric chloride, 

aluminium sulphate, and ferrous sulphate. The chemical cost, however, is high and the 

removal of the soluble chemical oxygen demand (COD) is poor as a result biological 

processes are often used.   

 

Because of high energy requirement for aeration with frequent occurrence of 

problems of bulking and excessive biomass growth in conventional aerobic treatment 

(aerated lagoons, activated sludge, trickling filters, and rotating biological contactors), 

anaerobic digestion has increasing demand. Furthermore, anaerobic treatment has 

well-known advantages for treatment of high concentration wastewaters. No need for 

aeration equipment, lower sludge compared to aerobic process, and a relatively low 

land demand are the prime advantages of anaerobic treatment (Vidal et al., 2000).  

 

The main problems associated with oil and grease include reduction in the 

cell-aqueous phase transfer rates, problems in sedimentation due to the development 

of filamentous microorganism, development and floatation of sludge with poor 

activity, clogging and emergence of fouling odors. As a result application of 

Components Concentration (mg/l) except pH 

pH 5.6-8.0 

COD 1,120-3,360 

BOD 320-1,750 

Suspended solids 28-1,900 

Total solid - 

Oil and grease 68-240 
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pretreatment to hydrolyze and dissolve lipids may improve the biological degradation 

of fatty wastewaters and accelerate the process with improved efficiency (Cammarota 

and Freire, 2006).  

 

Sarkar et al. (2006) performed pretreatment of dairy wastewater by different 

types of coagulants categorized as inorganic (alum and ferric chloride), polymeric 

(poly-aluminium chloride, and organic (Na-CMC, alginic acid, and chitosan) having 

biological origins. The characteristics of raw wastewater were pH 5.5-7.5, TSS 250-

600 mg/l, turbidity 15-30 NTU, TDS 800-1,200 mg/l, COD 1,500-3,000 mg/l and 

BOD 350-600 mg/l. The dose of coagulants varied from 100-1,000 mg/l and 5 minute 

of stirring followed by 120 minute of settling. Filtered raw wastewater after 

coagulation with 10 mg/l of chitosan followed by 1.5 mg/l of powdered activated 

charcoal (PAC) at pH 4, the TDS, COD and fat, oil and grease, reduced from 696-980 

to 100-200 mg/l, from 405-1,308 to 203-388 mg/l, from 86-252 to 60 mg/l, 

respectively, in test cell unit. The authors concluded that chitosan was found to be a 

better coagulant at very low dose of 10 mg/l compared to inorganic and organic 

coagulants (Sarkar et al., 2006). 

 

Aerobic treatment processes are commonly used with anaerobic processes for 

treatment of dairy wastewater in order to achieve effluent discharge limits for agro-

industry. Pretreatment of wastewater of milk bottling plant was studied with pilot-

scale dissolved air floatation (DAF) unit in a pilot scale anaerobic up-flow filter 

reactor.  The main purpose was to achieve BOD5 and COD reduction of between 38 

and 50 % and SS reduction of 60-75% in the DAF unit prior to the biological 

treatment step. The achieved result at up-flow filter reactor was more than 90 and 

85% for BOD5 and COD reduction, respectively (Kasapgil et al. 1994 cited in 

Demirel, Yenigun and Onay 2005, p. 2591). 

 

Cordoba, Riera and Sineriz (1984) studied treatment of synthetic dairy 

wastewater in anaerobic filter. The horizontal anaerobic filter was operated at 400C. 

The  study  performed  in  two  phases.  In  first  phase  alkali was not added and COD  
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removal was reached a maximum of 93.8% at loading rates of 2.9 kg COD/m3 d and it 

remained at a level of about 85.0% at loading rates up to 10.0 kg COD/m3 d. With the 

addition of alkali (sodium bicarbonate), the efficiency was little higher and quite 

constant in the range 88.7-91.4% with loading rate of 6.0-10.0 kg COD/m3 d. This 

result showed that the system (horizontal anaerobic filter) is able to remove 90% of 

COD from dairy wastewater. 

 

Özbay and Demirer (2006) studied cleaner production in milk processing 

facility. The result revealed that there is substantial benefit in terms of environment 

(elimination of wastewater discharge, chemical use and discharge, COD and TSS) and 

cost saving in terms of economic by applying cleaner production. The method 

developed covers two major steps: preparation of check list to assist audit and CP 

opportunity assessment, and implementation of mass-balanced analysis. To analyze 

mass-balance, measurement and experimental analysis of the mass flows were utilized 

to determine the inputs and outputs. Check lists were utilized to determine waste 

reduction (Özbay and Demirer, 2006). 

  

Industrial waste management is nowadays one of the main issues for ensuring 

a sustainable environment. Dairy waste management is very important due to high 

content of organic matter and nutrient levels in dairy effluents (Arvanitoyannis and 

Giakoundis, 2006). Dairy waste can be effectively treated either by aerobic or 

anaerobic process. The advantage of aerobic process includes low yield, high kinetics, 

pathogen free products, and high temperature operations whereas the anaerobic 

process simple, low operation cost and conservative technology. Pretreatment is 

required to improve the efficiency of treatment methodology. Wetlands are promising 

technology applied in order to remove the greater part of nutrients and materials 

contained in milk based products (Arvanitoyannis and Giakoundis, 2006).  

 

Vandamme and Waes (1980) studied the pretreatment of dairy wastewater. 

The pretreatment unit was based on the contact process, an anaerobic tank, with 

capacity of 14 m3. The plant was fed with milk and whey powder solution of 3,000 

mg/l of COD and working temperature was 350C. The plant was tested in three stages. 
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In the first stage, initial volumetric loading was 0.5 kg COD/m3 d and sludge loading 

was 0.5 kg COD/kg d. After 10 days volumetric loading was increased to 1 kg 

COD/m3 d which corresponds to the hydraulic retention time of 2.5 days. At this stage 

the efficiency of COD removal was 57.5% and methane production was 200 l/kg of 

COD eliminated. In second stage, the volumetric loading was kept at 1 kg COD/m3 d, 

which led to the stabilization of the anaerobic stage. Here the concentration of volatile 

fatty acids dropped to 200 mg fatty acid COD/l. In this period the efficiency was 

77.7% for COD reduction and methane production was 300 l/kg of COD eliminated. 

The sludge production was 0.10 kg per kg COD and specific sludge activity was 0.32 

kg COD/kg organic sludge. In third stage, the volumetric loading was made to 2.5 kg 

COD/m3 d which corresponds to a hydraulic retention time of 1 day. The fatty acid 

COD increased from 200 to 631 mg/l and still the efficiency was 67.2%. When 3,000 

mg/l of COD was loaded to the anaerobic tank, the sludge content obtained was only 

3 g/l. As the purification efficiency of per m3 of tank capacity is determined by the 

sludge concentration, this low sludge content showed that larger anaerobic tanks are 

required in order to achieve sufficient purification in anaerobic pretreatment 

(Vandamme and Waes, 1980). 
 

2.3.4 Vegetable ghee and oil refinery industry 
 

Crude vegetable oil usually contains constituent which need to be removed to 

make the oil product suitable for edible purposes. The constituents include free fatty 

acids, coloring matter, odorous substances, gummy substances and waxes. The oil 

refining process is described in detail with waste stream coming out of the process. 

Process flow diagram of vegetable ghee manufacturing is depicted in Figure 2.4 

(Pandey et al., 2003). 
 

I) Refining and vegetable ghee manufacturing process 
 

The refining of vegetable oil is combination of several processes depending on 

the product desired. Those processes include degumming, caustic refining, subsequent 

washing, vacuum drying, bleaching, hardening, post bleaching, filtration, and 

deodorization.  
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Figure 2.4 Process flow diagram of vegetable ghee manufacturing  

Source:  Pandey et al., 2003 
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a) Degumming 
 

The amount of gum present in the crude oil depends on the type of crude oil 

being processed in the refinery. The process of degumming is carried out by adding 

phosphoric acid solution which enables gum to come out as precipitate. The gum is 

by-product of this process and can be used to produce lecithin after drying.  
 

b) Caustic refining/neutralizing 
 

The objective of caustic refining is to convert the free fatty acids to water 

soluble soaps and then to remove them by centrifugation. Free fatty acids are removed 

by either batch or continuous process. The amount of caustic used is depending on the 

quality and type of oil. Soap stock is removed as waste from this process. This soap 

stock is raw material for soap making. 
 

c) Water wash 
 

Trace amount of soap and sodium hydroxide still present in the oil obtained 

from caustic refining. Condensate water is added to the oil and agitated to remove 

these residual matters. The soap obtained from this process is a weak soap solution 

with comparatively high pH. Washing water is generated as liquid waste from this 

process. 

 

d) Vacuum drying 

 

The oil obtained from washing operation contains trace amount of water that 

can chock the filter in subsequent filtration process. The oil is heated under pressure 

to remove the trace moisture in vacuum drying. 

 

e) Bleaching  

 

Bleaching is a process to remove color presented in the oil. For this purpose, 

adsorption on activated carbon or on bentonite clay is used. The clay and oil are 
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slurred and heated under pressure. The clay after pressure filtration is come out as 

solid waste. 

 

f) Hydrogenation/hardening 

 

Hydrogenation, which raises melting point of oil, is main process applied for 

production of vegetable ghee, margarine, fats, and oils shortenings. This is done by 

addition of hydrogen to unsaturated oil molecules over a nickel catalyst. The catalyst 

is mixed with oil and heated while hydrogen is bubbled through the mixture. The 

degree of hardening depends on temperature, pressure and quantity of hydrogen gas 

added to the reaction. The nickel is removed from the oil by filtration. 

 

g) Filtration 

 

The hydrogenated oil is being cooled and subsequently filtered to remove the 

nickel catalyst. Unless the filtered nickel loses it catalyzing property, it can be reused 

in hydrogenation process.  

 

h) Post bleaching 

 

During the hydrogenation process, certain color developed to refined oil as a 

result of reaction with nickel catalyst. To remove that color, post bleacher is done 

same as bleaching process. 

 

i) Deodorization 

 

The main purpose of deodorization is to remove volatile impurities which 

cause undesirable flavor and odors. The oil stock is subjected to action of superheated 

steam at 2500C under a very low pressure (absolute pressure 6-12 mm of Hg). The 

substances responsible for characteristics odor of the oil stock are volatilized with 

steam, which are then condensed in a barometric condenser.  
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II) Waste generation and wastewater treatment 

 

An industry manufacturing refined vegetable oil and hydrogenated vegetable 

oil (vanaspati ghee/vegetable ghee) generates wastewater and solid wastes. The solid 

wastes include spent earth, spent catalyst, chemical and biological sludge’s. Vat house 

soap splitting, floor washing, cooling tower, boiler and filter press are the sources of 

wastewater. The combined wastewater from these sections of refined vegetable oil 

and vanaspati production are acidic in nature and contaminated with colloidal 

particles. Physico-chemical followed by biological process (Pandey et al., 2003; 

Chipasa, 2001; Azbar and Yonar, 2004), as well as microfiltration (Decloux et al., 

2007) can be used to treat the wastewater from oil refinery industry. Physico-chemical 

(skimming of oil, air flotation, flocculation, coagulation) for colloidal pollutants 

followed by biological processes for dissolved organics are most commonly used 

techniques applied to vegetable oil refining wastewater (Azbar and Yonar, 2004). 

 

a) Physico-chemical and biological treatment 

 

Pandey et al. (2003) studied the existing wastewater treatment plant (WWTP) 

in the industry producing vegetable oil and vanaspati ghee of 58.5 ton/d. The effluent 

of WWTP was not meeting effluent standards due to improper F/M ratio and escaping 

of solid waste to the WWTP which consists of chemical and biological units. The 

steps in the WWTP were as follows: equalization basin, lime reaction basin, alum 

reaction basin, clariflocculation, first aeration tank (activated sludge process, ASP-I), 

second aeration tank (ASP-II), secondary settling tank/clarifier, filter press.  

 

In starting wastewater was pumped into equalization basin for skimming of 

floating oils then the wastewater was treated with 16.6 kg/d of lime to neutralize then 

5 kg/d of alum was added for better coagulation of sludge. The overflow of 

supernatant from clariflocculation was supplied with diammonium phosphate (6.0 

kg/d) as a nutrient and let into ASP-I and ASP-II for biological treatment. The sludge  
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of secondary clarifier was partially re-circulated to ASP-I and ASP-II to maintain the 

proper food-microorganism ratio. 

 

As exiting WWTP was not complying with effluent standards in India as a 

result to improve the performance, ASP-I and ASP-II were drained out completely 

and partially filled with pretreated wastewater. The mixed biomass of a laboratory 

units treating wastewater from refined vegetable oil unit was inculcated into ASP-I 

and ASP-II as starter seed. The units were operated in the batch mode by adopting 

fill-and-draw method until the biomass built up to 1,500 mg/l in ASP-I, while it was 

kept at about 2,000 m/l in ASP-II. Here after the feeding was resumed and all units 

were brought into continuous operation.  

 

In initial period, the settled sludge from secondary clarifier was re-circulated 

50% each to both aeration tanks (ASP-I and II). Later it was readjusted with 60% and 

20% of sludge (from secondary clarifier) recirculation to ASP-I and ASP-II, 

respectively. Consequently the food/microorganism ratio of 0.0950 and 0.0467 kg 

BOD/kg MLSS/d had achieved in ASP-I and ASP-II, respectively. After adopting 

suitable measure in the WWTP, influent and effluent characteristics for different 

parameters were total dissolved solids 14,937±1,200 and 1,838±120 mg/l, total 

suspended solids 7,910±200 and 14.0±2.0 mg/l, oil and grease 1,150±90 mg/l and not 

detected, COD 24,605±4,250 and 50±10 mg/l, pH 2.3±0.5 and 8.2±0.4. These effluent 

characteristics were below effluent standards for oil refineries industry in India.  

 

The solid wastes generated in production process were spent nickel catalyst, 

spent earth, lime sludge and biological sludge. The soap stock was sold to the soap 

manufacturing factory; spent catalyst was used to recover nickel by treating with 

sulphuric acid (20% v/v) and nitric acid (70% v/v), spent earth was uses as boiler feed 

to generate steam, lime sludge was disposed and biological sludge of ASP was 

composed and distributed to farmer for agriculture use (Pandey et al., 2003).  

 

Two kind of wastewater is generated from vegetable oil refinery namely, acid 

and technological wastewater. The acid wastewater is that stream coming from the 
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soap-stock splitting process, where as the technological wastewater is that stream 

originated from all the factory’s process installations and equipment. That wastewater 

has a varying high pollution load (organic materials, sulphates, phosphates, and 

chloride). Removal of those pollutants from acid wastewater is more effective than 

that from technological wastewater. Moreover the removal of suspended solids, oil 

and grease are relatively higher than that of BOD5, and COD (Chipasa, 2001). 

 

Chipasa (2001) studied treatment of wastewater from vegetable oil refinery 

industry. As the wastewater has different characteristic, the technological wastewater 

was treated separately. The wastewater originating from margarine, oil refining and 

hydrogenation plants and other factory installations flows into a sink basin and 

transferred to stabilization tank, where it was mixed with treated acid wastewater. 

Coagulants (alum and aluminium chloride) and flocculating agent were added to the 

wastewater in special reactors. Sodium hydroxide was added to adjust pH to 6-7. The 

coagulants and flocculants helped in separation of suspended and emulsified fatty 

materials. Later the wastewater was pumped to floater where they were finally 

separated from the rest of the wastewater with help of dissolved air flotation (DAF) 

process. The final effluent was discharged for biological treatment in municipal 

sewage system.  

 

The acid wastewater was treated to remove sulphate and phosphate ions, fatty 

materials and organic materials. The acid wastewater was mixed with 10% calcium 

oxide to adjust pH to about 6-7 and 40% calcium chloride was added as coagulants. 

The wastewater was pumped to sedimentation tank. Again a flocculating agent was 

added to wastewater before it finally flowed to sedimentation tank where settling and 

separation of sludge took place. The resulting sludge was pumped to a sludge tank 

where as supernatant called treated acid wastewater was redirected to stabilization 

tank where it mixed with technological wastewater.  

 

The removal of pollutants load by physicochemical treatment was affected by 

many  factors  such  as  the  characteristics   of   the   organic   materials,  nature  and  
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concentration of other components, and design and operation of the treatment facility. 

The samples were collected for five weeks and there were significant variation in the 

characteristics. The BOD of technological wastewater varied from 387-903 mg/l, 

COD varied from 689-1,686 mg/l. The removal of BOD and COD in technological 

wastewater was 25 and 20%, respectively. The data also showed that the comparative 

removal of oil and grease (avg. 67%) and suspended solids (avg. 77%) in 

technological wastewater was better than that of BOD and COD removal. 

 

The result showed that physical and chemical processes are less efficient to 

remove BOD5 and COD where as it is efficient to remove suspended solids, oil and 

grease, sulphate and phosphate. Physico-chemical treatment processes significantly 

influenced the relative biodegradability of the organic compounds in wastewater. 

Therefore for effective treatment of vegetable oil refinery wastewater, in addition to 

physicochemical process, biological treatment would be probably improving the 

quality of the final effluent (Chipasa, 2001). 

 

In another study of physico-chemical and biological process by Azbar and 

Yonar (2004), the authors studied, in lab-scale as well as full-scale application in two 

industries, treatment of wastewater generated from vegetable oil refinery industry in 

Turkey. The distinguished characteristics of the raw wastewater were pH 6.3-7.2, total 

COD 13,750-15,000 mg/l, soluble COD 6,500-7,000 mg/l, BOD5 4,300-4,700 mg/l, 

oil and grease 3,600-3,900 mg/l, TSS 3,800-4,130 mg/l, TKN 636-738 mg/l, and total 

phosphorous 61-63 mg/l.  

 

For the lab-scale investigations were conducted in two phases. Phase 1 

consisted of chemical pretreatment of composite wastewater sample (collected from 

two vegetable oil refineries situated in Balikesir and Bursa, Turkey) using aluminium 

sulphate {Al2(SO4)3. 18 H2O} and ferric chloride {FeCl3. 6H2O} with varying dose 

from 100 mg/l to 750 mg/l and the optimum chemical dose was 250 mg/l. In the first 

part of phase 1, the wastewater was treated with acid cracking (with sulphuric acid) 

and air floatation for 30 minutes followed by chemical coagulation-sedimentation. In 

the second part of phase 1, the wastewater was treated with chemical coagulation and 
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flocculation (with alum and ferric chloride) then dissolved air flotation was applied. 

In second phase, lab-scale activated sludge batch reactors were studied to assess the 

biological treatment performance of vegetable oil refining industry wastewater.  

 

In the first part of phase 1, the removals with chemical coagulation using alum 

(250 mg/l) after acid cracking and air flotation were 88% for COD, 72% for oil and 

grease and 86% for TSS. In the meantime with ferric chloride, the removals were 84% 

for COD, 67% for oil and grease, and 80% for TSS. In the second part of phase1, the 

wastewater samples were mixed with the same coagulants and then DAF was applied. 

The COD, oil and grease and TSS removals were 84, 83, and 81% for alum and 81, 

73, and 78% for ferric chloride. The oil and grease removal was better with alum than 

ferric chloride. Chemical coagulation with DAF provided better and cheaper oil and 

grease removal.  

 
  After the lab-scale experiments, two full-scale treatment plants having 

different pretreatment scheme were studied. In first treatment plant in Balikesir, there 

was acid cracking with air floatation, coagulation (with alum and polyelectrolyte)-

sedimentation and biological treatment (extended aeration activated sludge). Whereas 

in the second treatment plant in Bursa, there was coagulation (with alum and 

polyelectrolyte) with dissolved air floatation (DAF) and biological treatment 

(extended aeration activated sludge). The overall performance of full-scale treatment 

system for the removal of COD, TSS, Oil and grease was 92-96, 83-98, and 93-95%, 

respectively. However the total operating cost of the first plant was 0.8 USD/m3 and 

for second plant was 0.3 USD/m3 (Azbar and Yonar, 2004).The performance of plant 

in Bursa is given in Table 2.6.  
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Table 2.6 Performance of wastewater treatment plant in vegetable oil refinery 
in Bursa, Turkey 

Source: Azbar and Yonar, 2004  

 

b) Treatment by microfiltration 

 

In order to reduce the effluent load and to recover a portion of fats without 

using any additives, Decloux et al. (2007) studied microfiltration (pore size 0.2-1.4 

µm) process involving ceramic membranes at very low trans-membrane pressure 

values ( 0.1-1 bar). The influent characteristics were pH 91-1.5, COD 10-30 g/l, 

suspended solids 7-12 g/l, and fats 2-4 g/l. With a 0.5 µm membrane the permeate 

flux of 100 l/hour m2 for 24 hours was maintained as a result there was 91% reduction 

in suspended solids, a 96% reduction in fat and more than 60% reduction in COD 

(Decloux et al., 2007).  

 

2.3.5 Soap industry 

 

Soaps are water-soluble sodium or potassium salt of fatty acids. The main raw 

materials used for manufacturing of soaps are fats or oils, or their fatty acids and 

strong alkali. The fats and oils used for soap making come from animal and plant 

sources. The common alkalis used in soap making are sodium hydroxide (NaOH) and 

potassium hydroxide (KOH).  

 

 

Parameters 
(mg/l) 

Raw 
wastewater 

Effluent from 
chemical 

addition with 
DAF 

Effluent 
from 

biological 
treatment 

Discharge 
standards 
(Turkey) 

Total COD 13,750 600 110 170 
Filtrated COD 6,500 - - - 

BOD5 4,300 400 70 - 
TSS 3,800 90 15 30 

Oil and grease 3,635 70 5 - 
TKN 686 45 6 - 

TP (total phosphorus) 61 29 2 - 
pH 6.31 7.2 7.5 6-9 
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I) Production process 

 

Soap is produced industrially in four basic steps. Those are saponification, 

glycerine removal, soap purification and finishing (NZIC, n.d.: Online). In 

saponification, a mixture of oils and tallow are mixed with sodium hydroxide and 

heated. The soap is formed which is the salt of long chain carboxylic acid. Salt is 

added to wet soap causing it to separate out into soap and glycerine in salt water as 

soap is not very soluble in salt water, whereas glycerine is soluble. The remaining 

sodium hydroxide is neutralized with a weak acid such as citric acid and two thirds of 

the remaining water is removed. In finishing, additives such as preservatives, color 

and perfume are added and mixed with the soap and it is shaped into bars for sale.  

 

II) Waste generation and treatment 

 

Chemical methods are mostly used for the treatment of oily wastewater. 

Chemical treatment of an emulsion is usually directed toward destabilizing the 

dispersed oil droplets or to destroy the emulsifying agents. Coagulation with 

aluminium or iron salt is most effective way to demulsifying oily wastes. Abo-El Ela 

and Nawar (1980) studied treatment of composite wastewater from oil and soap 

industry. The authors used chemical coagulation followed by air flotation. The 

characteristics of raw wastewater were BOD 2,290 mg/l, COD 3,686 mg/l, turbidity 

1,000 NTU, oil and grease 1,100 mg/l. Two coagulants were used for the study 

namely, alum and ferric chloride. The optimum dose and pH were 36 mg Al3+/l, 6.8 

and 123 Fe3+/l, 6.4 for alum and ferric chloride, respectively. For air flotation process, 

the detention time was 3-5 minutes and air to solid ratio was fixed at a value 

equivalent to 0.008.  The removal percentage was 94.4, 95.9, 99.1, and 99.0 for BOD, 

COD, turbidity, and oil and grease, respectively, when alum was used as coagulant.  

Similarly the removal percentage was 94, 96, 99.3 and 99.1 for BOD, COD, turbidity, 

and oil and grease, respectively, when ferric chloride was used as coagulant (Abo-El 

Ela and Nawar, 1980). 
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Wastewater from soap and oil industries represent heavy pollution source on 

their water receiving body. Abdel-Gawad and Abdel-Shafy (2002) studied the 

pollution control in oil and soap industry in Egypt. Soap, edible oil, and animal fodder 

were products of the factory. The average wastewater generation from the factory was 

4,347 m3/d. The majority of wastewater was cooling water as cooling process was 

open circle. To tackle with huge amount of wastewater, the authors used three 

procedures to control the pollution. Firstly all open circuit cooling systems were 

converted to close circuit as a result the wastewater volume reduced to 767 m3/d. 

Secondly, the heavily polluted oil and grease wastewater from the refinery unit was 

treated via two gravity oil separator units, dissolved air floatation, and biological units 

in order to reduce the high levels of oil and grease, BOD, COD, and TSS to allowable 

limits. Thirdly, the heavily polluted wastewater from soap saponification unit was 

treated separately by acidification to convert the emulsified fatty acid to free form in 

order to be separated through an oil separation unit. The effluent was then passed to 

liming stage to neutralize excess acidity and precipitate some of the dissolved matters. 

The mixture was finally clarified and the pH was adjusted to the allowable limits. The 

effluent from the three processes was collected and mixed in a final equalization tank 

before discharge to the public sewerage system. The characteristics of the effluent 

were very good with respect to the allowable Egyptian limits for discharging effluent 

to the public sewerage system (Abdel-Gawad and Abdel-Shafy, 2002). 

 

In another study of wastewater from industry producing soap, El-Gohary, 

Abo-Elela and Ali (1987) concluded that wastewater from soap manufacturing plants 

was characterized by high BOD, COD and oil and grease. On average 250 m3/d 

wastewater was produced from soap plant in two shifts. The wastewater from soap 

manufacturing plant was treated by dissolved air floatation alone or chemical 

coagulation-sedimentation. Alum was used as coagulant with optimum dose between 

100-300 mg/l. 

 

The batch flotation was done with 7 min retention time, 4 atmosphere pressure 

and average optimum air/solids ratio of 0.0054. The influent COD and oil and grease 

were 1,044-6,424 and 107-564 mg/l, respectively. The effluent COD and oil and 
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grease from dissolved air flotation were 624-3,454 and 54-377 mg/l, respectively. 

While the effluent COD and oil and grease from chemical coagulation with alum 

(100-300 mg/l) followed by sedimentation were 348-1,162 and 16.6-21.1 mg/l, 

respectively. The COD and oil and grease removal was better in chemical 

coagulation-sedimentation compared to dissolved air flotation. The authors mentioned 

that although oil and grease can be removed by floatation, the emulsified form was 

not affected as a result chemical coagulation was required for breaking down the 

emulsion. The result obtained after physico-chemical process was not enough to meet 

the national standard for disposal in surface water in Egypt (El-Gohary, Abo-Elela 

and Ali, 1987). However this method could be used to pretreat the wastewater from 

soap industry before discharge to biological treatment plant for further treatment.  

 

2.4 Conclusion 

 

Waste stabilization pond (anaerobic, aerobic, and maturation), pretreatment 

and treatment of wastewater from leather, brewery, dairy, vegetable ghee and soap 

factories have been discussed in this chapter.  

 

Because of simplicity and reliability of operation, waste stabilization pond is 

used for treatment of domestic as well as industrial wastewater with high organic load. 

Anaerobic pond is a major unit of waste stabilization pond for BOD, COD and TSS 

removal. For pretreatment and treatment of wastewater from leather factory, literature 

review has shown that spent chromium is recovered and reused with help of 

magnesium oxide and sulphuric acid. Adsorption on activated carbon or bentonite 

earth is another method to remove chromium from tanning wastewater. Moreover 

ferric chloride and aluminium sulphate is also used to reduce COD, TSS and color of 

tannery wastewater. Most of the components in brewery wastewater are 

biodegradable as those are consisted of sugars, soluble starch, ethanol, and volatile 

fatty acids. Anaerobic treatment is preferred to pretreat the brewery wastewater. 

Though there are various anaerobic processes, currently the up-flow anaerobic sludge 

blanket  reactor  is  popular  to  pretreat  brewery  wastewater. Water, vital processing 
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 medium in dairy factory, is used throughout all steps of the dairy processing including 

cleaning, sanitizing, heating, cooling and floor washing. The dairy wastewater is 

pretreated with chemical coagulation with alum, ferric chloride and poly-aluminium 

chloride. Anaerobic filter has also shown good result (more than 90% of COD 

removal) for pretreatment of dairy wastewater. Physico-chemical processes are used 

to remove oil and grease, sulphate and phosphate and biological process are used for 

removal of BOD and COD in wastewater from vegetable oil refining. Oil and grease 

removal by chemical coagulation and dissolved air floatation followed by biological 

treatment process are used to treat wastewater from vegetable oil refining factory. For 

soap factory, air flotation/dissolved air flotation or chemical coagulation is used for 

treating wastewater. It is, therefore, concluded that aforementioned methods may be 

applied to pretreat the wastewater in leather, brewery, dairy, vegetable ghee, and soap 

factories in HID.  
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CHAPTER 3 

METHODOLOGY 
 

 

3.1 Study area 

 

The study area is central wastewater treatment plant (CWWTP) located in 

Hetauda Industrial District (HID) in Makwanpur District, Central Nepal. The latitude 

and longitude are 270 25’ N and 850 02’ E. The pond, of the CWWTP, altitude ranged 

from 444 to 442 mean sea level (msl).  

 
Figure 3.1 Study area shown in the map of Nepal 

 

HID is situated at the foothill of the Himalayas and it is surrounded by Rapti, Karra 

and Bhainse Rivers in north and Siwalik range in the south. The climate is subtropical to 

temperate type with average temperature ranging from 30.30C (maximum) to 16.60C 

(minimum). The yearly average rainfall is 2289.9 mm (Pandey et. al., 2002).  
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3.2 Research methods and data collection 

 

Quantitative research method was used for performance evaluation of central 

wastewater treatment plant as well as efficiency of pretreatment whereas in-depth 

interview was conducted to find out the problems of pretreatment in the selected 

factories.  

 

3.2.1 Wastewater sample 

 

Primary and secondary data were collected. The primary data include 

characteristic values of wastewater sample from selected factories (dairy, brewery and 

soap) as well as from CWWTP. The detail of sampling in CWWTP is discussed in 

sampling plan. For secondary data, values of BOD5, COD, TSS and oil and grease 

were collected from the office of CWWTP as BOD5, COD, TSS, and oil and grease 

are monitored two times in every month. The secondary data was collected from 

February to August 2007. Secondary data of pH, BOD5, COD, TSS, TDS and oil and 

grease of raw wastewater from one soap factory, available in factory cleaner 

production audit report, and concentration of oil and grease in pretreated wastewater 

of vegetable ghee industry provided by CWWTP were also collected.  

 

3.2.2 Sampling plan 

 

Garb samples of wastewater were collected from CWWTP as indicated by 

sample collection point (SCP) shown in Figure 3.2. During period of study in 

CWWTP, it was found that anaerobic pond 6B, facultative pond 7-3-A, maturation 

ponds 7-3-B and 7-3-C were not in operation because of low flow of wastewater to 

CWWTP. 

 

This study was also focused on pretreatment of wastewater in selected 

factories (brewery, dairy, vegetable ghee and soap) which were connected to 

CWWTP. However leather factory was also included in this study because of its 

highly polluted wastewater contaminated with heavy metal of chromium. The types of 
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Figure 3.2 Sample collection points at CWWTP in Hetauda Industrial District 
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wastewater samples collected from six factories in HID are given in Table 3.1. Raw 

and pretreated samples of wastewater were collected from the factory having 

pretreatment unit, while raw wastewater sample was collected from the factory having 

no pretreatment unit. 
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Table 3.1 Types of wastewater samples collected from six factories in HID 

Name of the factory Type of  
wastewater 

samples 

Remarks 

Birat Leather Industry No wastewater 
sample collected

Factory was not in operation 

United Brewery (Nepal) Raw wastewater There was no pretreatment unit in 
the factory 

Hetauda Milk Supply 
Scheme 

Raw and 
pretreated 
wastewater 

There was oil and grease trapping 
unit in the factory 

Nepal Vegetable Ghee 
Industry 

No wastewater 
sample collected

The factory was using physical 
refining in which low wastewater 
was produced and the production 
was no regular 

Mahashakti Soap and 
Chemical Industry 

No wastewater 
sample collected

Not connected to CWWTP and 
secondary data of characteristics of 
wastewater was available 

National Soap Industry Raw wastewater There was no pretreatment unit in 
the factory 

 

Wastewater samples were collected twice in CWWTP and Hetauda Milk 

Supply Scheme. In United Brewery and National Soap Industry, the sample was 

collected once. First lot of samples was collected on October 2, 2007, while second 

lot of samples was collected on October 8-9, 2007. 

 

3.2.3 Samples container, samples volume and preservation 

 

All samples were contained in polyethylene bottles/containers for all 

parameters except for oil and grease analysis. Glass bottle was used to contain the 

sample for analyzing oil and grease. The samples were preserved according to 

standard methods (APHA, 1995). The sampling container; minimum volume of 

sample and preservation technique are given in Table 3.2.  
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Table 3.2 Sample container and preservation methods used for wastewater sample 

collected from CWWTP and other factories in HID 

Parameters Container Preservation method Sample 
volume, ml 

BOD5 Polyethylene Refrigerate at 40C 1,000 
COD Polyethylene pH<2 with H2SO4, refrigerate at 40C 100 
TSS Polyethylene Refrigerate at 40C 200 
TDS Polyethylene Refrigerate at 40C 200 
Oil and grease Glass pH<2 with HCl, refrigerate at 40C 1,000 
Ammonical 
nitrogen 

Polyethylene pH<2 with H2SO4, refrigerate at 40C 500 

Phenol  Polyethylene pH<2 with H2SO4, refrigerate at 40C 500 

Source: APHA, 1995 

 

3.2.4 Sample analysis 

 

The collected samples of wastewater were analyzed at the Environment and Public 

Health Organization laboratory at Kathmandu. The parameters analyzed for wastewater 

samples from CWWTP, United Brewery, Hetauda Milk Supply Scheme and National Soap 

Industry are shown in Table 3.3. Methods and apparatus used for analysis are mentioned in 

Table 3.4. pH of all samples was measured at the sampling spot.  

 

Table 3.3 Parameters analyzed for wastewater samples 

Source of Sample Analyzed parameters 

CWWTP pH, BOD5, COD, TSS, TDS, oil and grease and ammonical 
nitrogen 

United Brewery pH, BOD5, COD and TSS 

Hetauda Milk 
Supply Scheme 

pH, BOD5, COD, TSS and oil and grease 

National Soap 
Industry 

pH, BOD5, COD, TSS, oil and grease and phenol  
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Table 3.4 Methods and apparatus used for analysis of wastewater samples 

Parameters Analytical method Apparatus used for analysis 

BOD5 5 days incubation at 200C BOD incubator 

COD Dichromate oxidation  Refluxing apparatus 

TSS Gravimetric Filtration assembly and oven 

TDS  Gravimetric Filtration assembly and oven 

Oil and grease Partition Gravimetric method Separating funnel  and oven 

Ammonical nitrogen* Nesslerization  Spectrophotometer 

Phenol  Spectrophotometric (4-

amminoantipyrine) 

Spectrophotometer 

Source: APHA, 1995 except *APHA, 1992 
 

3.3 In-depth Interview 

 

In-depth interviews were conducted with deputy general manager (technical) 

in Birat Leather Industry, with finance executive in United Brewery (Nepal), with 

manager in Hetauda Milk Supply Scheme, with production manager in Nepal 

Vegetable Ghee Industry and with production executive in Mahashakti Soap and 

Chemical Industry. The in-depth interview was conducted to know the 

problems/difficulties in pretreatment of wastewater. The guidelines for in-depth 

interview were as follows: 
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1. Could you please explain about the production process? 

2. What type of waste is generated from the production process? 

3. What do you do with the waste? 

4. Do you pretreat the wastewater? 

 
Some technique of pretreatment of wastewater for particular industry was included 

during in-depth interview.  

 

 

 

If yes 

5. How do you pretreat the wastewater? 

6. How often do you check the raw and   

pretreated wastewater? 

7. What is the efficiency of 

pretreatment system? 

8. Do you meet the pretreatment 

criteria? 

9. If yes, what is the cost of 

pretreatment? 

10.  If no, what are the problems to  

pretreat the wastewater? technical,  

financial, skilled man power 

11. Do you have technical man power 

to look after the pretreatment? 

12. Do you get any financial or 

technical support from the government? 

13. Do you want some incentive for 

pretreating the wastewater? 

14. What do you suggest to other 

entrepreneur to have pretreatment 

plant? 

If no 

5. Why do you not have pretreatment  

     system in your factory?   

6. Do you think it is necessary to  

pretreat the wastewater? Why? 

7. Would you like to install the 

pretreatment system? 

8. Do you like to have some financial 

support from the government for 

installation of pretreatment 

system? 
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3.4 Data analysis 

 

The data was analyzed to find out the efficiency of treatment and also to 

compare with effluent standards.   
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

 

This chapter presents results and discussion obtained from this study. Results 

and discussion are presented in threefold: firstly it looked at the performance of 

central wastewater treatment plant (CWWTP) in terms of biochemical oxygen 

demand (BOD5), chemical oxygen demand (COD), total suspended solids (TSS), total 

dissolved solids (TDS), oil and grease, and ammonical nitrogen removal, secondly 

pretreatment of wastewater at selected factories (leather, brewery, dairy, vegetable 

ghee, and soap) and lastly the problems/difficulties for the pretreatment of 

wastewater. In all threefold, the result were presented and interpreted with theoretical 

and practical knowledge that what is the performance of CWWTP in terms of BOD5, 

COD, TSS, TDS, oil and grease, and ammonical nitrogen removal and how it is 

related to pretreatment in those mentioned industries as well as the problems and 

difficulties in doing pretreatment. 

  

4.1 Performance of central wastewater treatment plant  

 

The six parameters BOD5, COD, TSS, TDS, oil and grease and ammonical 

nitrogen were selected on the basis of the major characteristics of treated wastewater 

from combined wastewater treatment plant in Nepal (Appendix IV). As the CWWTP 

in HID is biological process of waste stabilization pond, it can not meet the Nepal 

effluent standards if the concentration of influent is more than its design capacity as a 

result the pretreatment of wastewater at leather, brewery, dairy, vegetable ghee and 

soap factories was also included in this study.  
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4.1.1 Biochemical oxygen demand removal 

 

The inlet biochemical oxygen demand (BOD5) of anaerobic pond 6A ranged 

from 144 mg/l to 1,556 mg/l with average value of 984 mg/l from February to August 

2007. Outlet BOD5 ranged from 255 mg/l to 1,555 mg/l with average value of 783 

mg/l as well as the volumetric BOD5 loading ranged from 9.36 g/m3d to 174.36 g/m3d 

with average value of 56.34 g/m3d (Table 4.1).  

 
Table 4.1 BOD5 loading and removal of anaerobic pond, 6A, of CWWTP in HID 

from February to August 2007 

Date of 
sampling 

Avg. 
pH 

Avg. 
temp, 

0C 

Avg. 
flow, 
m3/d 

DT, d 
Inlet1 
BOD5, 
mg/l 

Volumetric 
loading,  

g BOD/m3 d 

Outlet2 

BOD, 
mg/l 

BOD5 
removal, 

% 

8/2/2007 8.02 19.56 49.92 75 1,556 20.75 1,555 0.06 
7/3/2007 8.42 21.04 51.60 73 753 10.38 770 -2.26 
22/3/2007 7.75 24.19 48.00 78 1,335 17.12 1,078 19.25 
4/4/2007 8.00 25.08 86.16 43 1026 23.61 1,001 2.44 
18/4/2007 8.53 29.97 165.6 23 773 34.19 632 18.24 
29/5/2007 8.00 30.44 132.24 28 265 9.36 260 1.89 
14/6/2007 7.85 29.19 198.72 19 932 49.47 894 4.08 
28/6/2007 7.87 33.05 523.92 7 1,246 174.36 643 48.39 
12/7/2007 8.54 32.02 237.84 16 1,287 81.76 646 49.81 
26/7/2007 8.21 28.72 338.88 11 1,507 136.40 876 41.87 
31/8/2007 7.99 30.94 525.12 7 144 20.20 255 -77.08 
Average 8.11 27.65 214.36 17 984 56.34 783 20.43 

Source: Office of CWWTP in HID, 2007 

Notes: pond volume = 3,744 m3, 1 composite sample of 24 hours, 2 grab sample. 

 

Looking at the performance of pond 6A for BOD5 removal, the data revealed 

that there was large variation in BOD5 removal which ranged from -77.08% to 

49.81% with average value of 20.43%. Temperature, detention time and volumetric 

BOD5 loading rate are main factors affecting BOD5 removal efficiency of anaerobic 

pond (Alexiou and Mara, 2003; Ramadan and Ponce, n.d.: Online). The average 

volumetric BOD5 loading (56.34 g/m3d) was below the lower limit of recommended 

loading of 100-300 gBOD5/m3d for anaerobic pond (Sperling and Chernicharo, 2005). 

The designed volumetric BOD5 loading of CWWTP is 111 g BOD5/m3d. BOD5 

removal was 48.39, 49.81 and 41.87% for the corresponding volumetric BOD5 
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loading of 174.36, 81.76 and 136.40 g BOD5/m3d, respectively. When volumetric 

BOD5 loading was near to 100 g/m3d or more than 100 g/m3d, it was found that the 

percentage BOD5 removal was better than lower volumetric BOD5 loading rates 

which ranged from 9.36 to 49.47 g BOD5/m3d. Obviously the detention time (DT) in 

anaerobic pond varied from 7 day to 78 day. The BOD5 removal varied from 41.87% 

to 49.81% with the detention time between 7 to 16 days. There was one data showing 

negative removal of 77.08% with 7 days retention time. The negative removal was 

due to the fact that inlet BOD5 was very low (144 mg/l) compared to other data as 

well as high average flow of 525.12 m3/d. For domestic sewage, hydraulic detention 

time is usually 3 to 6 days. With the longer detention time more than 6 days, the 

anaerobic pond can behave occasionally as a facultative pond which is undesirable 

and consequently the presence of oxygen is detrimental to methane-forming bacteria. 

Anaerobic pond should be always anaerobic pond and should not be interchanged between 

anaerobic, facultative and aerobic conditions (Sperling and Chernicharo, 2005).  

 
In literature, the BOD5 removal efficiency of anaerobic pond is 50-70% 

(Mara, 1976 cited in Ramadan and Ponce, n.d.: Online). However it was found that 

the average BOD5 removal from anaerobic pond 6A was only 20.43%.  One of the 

main reasons for poor removal of BOD5 was high fluctuation in concentration of inlet 

BOD5 and under volumetric BOD5 loading to anaerobic pond. This study showed that 

if the volumetric loading will be around100 g BOD5/m3d, the BOD5 removal of 

anaerobic pond will be better. Therefore, equalization tank should be added to reduce 

the problem of inlet BOD fluctuation. Increasing BOD loading by connecting more 

factory sewerage systems to CWWTP should also give better performance of the 

anaerobic pond. 

 
The facultative ponds 7-1-A and 7-2-A received treated wastewater from 

anaerobic pond. Inlet BOD5 ranged from 255 mg/l to 1,555 mg/l with average value 

of 783 mg/l. The BOD5 removal ranged from -20.13% to 53.42% with average value 

of 14.69% in pond 7-1-A and from -1.17 % to 56.16% with average value of 20.94% 

in the pond 7-2-A (Table 4.2). The surface BOD5 loading ranged from 231.06 kg/ha d 

to 2,263.98 kg/ha d with average value of 1,127.98 kg/ha d which are very high 
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compared to recommended surface loading of 240 to 350 kg/ha d in the region of 

warm winter and high sunshine in tropical and subtropical region (Sperling and 

Chernicharo, 2005).  

 

Table 4.2 Surface loading and BOD5 removal of facultative ponds of CWWTP in  
HID from February to August 2007 

Date of 
sampling 

Avg. 
flow, 
m3/d 

DT, 
d 

Inlet 
BOD, 
mg/l 

Surface 
BOD 

loading, 
kg/ha d 

Pond 7-1-A Pond 7-2-A 

Avg. 
pH 

Avg. 
temp., 

0C 

Outlet 
BOD5, 
mg/l 

BOD  
removal, 

% 

Avg. 
pH 

Avg. 
temp., 

0C 

Outlet 
BOD5, 
mg/l 

BOD5  
removal, 

% 

8/2/2007 49.92 60 1,555 521.68 7.60 19 1,475 5.14 7.50 17 1,345 13.50 

7/3/2007 51.60 58 770 267.02 7.70 21 840 -9.09 7.50 19 779 -1.17 

22/3/2007 48.00 62 1,078 347.74 7.20 21 1,295 -20.13 7.50 22 1015 5.84 

4/4/2007 86.16 35 1,001 579.61 7.20 24 1,019 -1.80 7.40 24 982 1.90 

18/4/2007 165.60 18 632 703.35 7.10 26 356 43.67 7.30 26 639 -1.11 

29/5/2007 132.24 22 260 231.06 7.40 30 256 1.54 7.70 31 216 16.92 

14/6/2007 198.72 15 894 1193.92 7.50 23 642 28.19 7.70 26 617 30.98 

28/6/2007 523.92 6 643 2263.98 7.50 27 589 8.40 7.70 30 417 35.15 

12/7/2007 237.84 13 646 1032.56 7.40 28 327 49.38 7.50 29 302 53.25 

26/7/2007 338.88 9 876 1995.02 7.50 26 408 53.42 7.60 26 384 56.16 

31/8/2007 525.12 6 255 899.90 8.00 31 136 46.67 7.20 31 115 54.90 

Average 214.36 14 783 1127.98 7.46 25 668 14.69 7.51 26 619 20.94 

Source: Office of CWWTP in HID, 2007  

Notes: Area and volume of both ponds are 1,488 m2 and 2,976 m3, respectively.  

           All samples were grab samples 

 
The low surface loading rate is applied to facultative pond to permit healthy 

development of algal population as oxygen required for BOD5 removal is mostly 

generated by algal photosynthesis in the pond. The average BOD5 removal was low in 

pond 7-1-A and 7-2-A as a result of over surface BOD5 loading consequently the 

oxygen required was not sufficient for the degradation of organic materials. The over 

surface BOD5 loading was due to the fact that the average BOD5 removal in anaerobic 

pond was poor. Furthermore in some days, there was negative removal. The unfiltered 

sample was used for analysis of BOD5 so the increase in the outlet BOD5 of 

facultative pond was due to algae. The negative removal of BOD5 is possible if the 

facultative pond’s effluent has high concentration of algae as 1 mg of algae generates 

around 0.45 mg of BOD5 (Mara, 1995 cited in Sperling and Chernicharo, 2005 p. 522). 
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Maturation ponds are mainly designed for pathogen and nutrient removal, 

however some portion of BOD5 and COD also removed in this pond. The average 

BOD5 removal in maturation ponds 7-1-B, 7-2-B, 7-1-C, and 7-2-C were 31.44, 

35.54, 41.05 and 39.10%, respectively (Table 1 of Appendix V). The data revealed 

that the average removal of BOD5 in maturation ponds was better than anaerobic and 

facultative ponds. In some days, the outlet BOD5 was more than the inlet BOD5. An 

increase in the concentration of BOD in the final effluent from maturation pond can 

be occurred due to large algal bloom (Maynard, Ouki and Williams, 1999).  

 
From February to August 2007, the BOD5 concentration in the influent ranged 

from 144 mg/l to 1556 mg/l with average value of 984 mg/l while in the effluent, it 

ranged from 50 mg/l to 600 mg/l with average value of 252 mg/l (Table 4.3). 

 
Table 4.3 Overall performance of CWWTP in BOD5 removal in HID from February 

to August 2007 
Date of sampling Influent BOD5, mg/l Effluent BOD5, mg/l BOD5 removal, % 

8/2/2007 1,556 179 88.50 
7/3/2007 753 193 74.37 

22/3/2007 1,335 186 86.07 
4/4/2007 1,026 287 72.03 

18/4/2007 773 418 45.92 
29/5/2007 265 260 1.89 
14/6/2007 932 600 35.62 
28/6/2007 1,246 363 70.87 
12/7/2007 1,287 165 87.18 
26/7/2007 1,507 70 95.36 
31/8/2007 144 50 65.28 
Average 984 252 74.39 

Source: Office of CWWTP in HID, 2007 
Notes: All samples were 24 hours composite samples. 

            Nepal effluent standard for BOD5 of combined wastewater treatment plant is 50 mg/l. 
 

The data showed that the average removal of BOD5 was 74.39%. It was found 

that there was large fluctuation in the influent BOD5 concentration as compared to the 

design capacity of 760 mg/l. The large fluctuation in the influent BOD5 indicated that 

the factories, discharging wastewater to CWWTP, were either not doing pretreatment 

or did not meet the pretreatment criteria. The large fluctuation of influent BOD5 can 
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affect the bacteria in anaerobic pond resulting poor BOD5 removal. Apart from large 

fluctuation in influent BOD5, lower volumetric BOD5 loading (avg. 56.34 g BOD/m3 

d) was also one cause for poor removal of BOD5. Hence CWWTP did not treat 

wastewater to meet the Nepal effluent standard of 50 mg/l for BOD5.  

 

4.1.2 Chemical oxygen demand removal 

 

The concentration of chemical oxygen demand (COD) in influent ranged from 

862 mg/l to 5,130 mg/l with average value of 3,234 mg/l and in the effluent, it ranged 

from 246 mg/l to 2,063 mg/l with average value of 1,226 mg/l (Table 4.4).  

 

Table 4.4 Influence of COD to BOD5 ratio on BOD5 removal of CWWTP in HID 

from February to August 2007 

Date of 
sampling 

BOD5 COD Influent 
COD/BOD 

ratio 

Effluent 
COD/BOD 

ratio Influent, 
mg/l 

Effluent, 
mg/l 

BOD5 
removal, 

% 
Influent, 

mg/l 
Effluent, 

mg/l 

COD 
removal, 

% 

8/2/2007 1,556 179 88.50 2,500 875 65.00 1.61 4.89 
7/3/2007 753 193 74.37 3,637 1,391 61.75 4.83 7.21 
22/3/2007 1,335 186 86.07 5,130 1,672 67.41 3.84 8.99 
4/4/2007 1,026 287 72.03 4,843 1,808 62.67 4.72 6.30 
18/4/2007 773 418 45.92 5,107 2,063 59.60 6.61 4.94 
29/5/2007 265 260 1.89 2,568 1,808 29.60 9.69 6.95 
14/6/2007 932 600 35.62 2,395 1,369 42.84 2.57 2.28 
28/6/2007 1,246 363 70.87 2,844 963 66.14 2.28 2.65 
12/7/2007 1,287 165 87.18 3,547 681 80.80 2.76 4.13 
26/7/2007 1,507 70 95.36 2,145 614 71.38 1.42 8.77 
31/8/2007 144 50 65.28 862 246 71.46 5.99 4.92 
Average 984 252 74.39 3,234 1,226 62.09 3.29 4.86 
Source: Office of CWWTP in HID, 2007  
Note: All samples were 24 hours composite samples 

 

The COD removal ranged from 29.60% to 80.80% with average value of 

62.09%. The data in Table 4.4 revealed that there was large fluctuation in COD of the 

influent as a result there was also large fluctuation in COD removal. The average 

COD concentration of the influent (3,234 mg/l) was three times of influent COD 

criteria (1,000 mg/l) to the CWWTP.  Moreover, average COD concentration of the 
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effluent (1,226 mg/l) was nearly five times of the Nepal effluent standard of 250 mg/l 

(Appendix IV). The large fluctuation of the influent COD concentration is the 

evidence that the factories, discharging their wastewater to CWWTP, were either not 

doing the pretreatment or did not meet the pretreatment criteria.  

 

While looking at the performance of individual pond for COD removal, Table 

2 of Appendix V revealed that COD removal from anaerobic pond, 6A, ranged from 

1.12% to 54.95% with average value of 34.97%. The lower percentage removal of 

COD showed inefficiency of the anaerobic pond. The average COD removal from 

facultative ponds, 7-1-A and 7-2-A were 16.36 and 15.07%, respectively, while those 

from maturation ponds were 10.46, 17.41, 13.33 and 17.15% from four maturation 

ponds namely, 7-1-B, 7-2-B, 7-1-C and 7-2-C, respectively.  

 

The COD/BOD5 ratio is also important factor which determines the 

biodegradability of domestic sewage and industrial wastewater. The COD/BOD5 ratio 

varied from 1.7 to 2.4 for raw domestic sewage. However it varied widely for 

industrial wastewater. The ratio of COD to BOD5 of wastewater and its indication for 

biodegradability is shown in Table 4.5. 

 

Table 4.5 Ratios of wastewater COD to BOD5 and their indication  

COD/BOD5 ratio Indication 
Less than 2.5- 3.0 Biodegradable fraction is high 
Between 2.5- 4.0 The inert(non-biodegradable ) fraction is not high 

More than 3.5 or 4.0 The inert (non-biodegradable ) fraction is  high 
Source: Adapted from Sperling and Chernicharo, 2005 

 

It is noticed from Table 4.4 that  BOD5 and COD removal were 88.50%, 

95.36% and 65.00%, 71.38% when the influent COD/BOD5 ratio were 1.61, and 1.41, 

respectively, which was less than 2.5. The high BOD5 removal was achieved due to 

presence of large fraction of biodegradable matter in wastewater. Less BOD5 removal 

was achieved when the COD/BOD5 ratio of influent was more than 2.5. This was due 

to less biodegradable fraction.  
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4.1.3 Total suspended solid removal 
 

There was large variation in concentration of total suspended solid (TSS) of 

influent which ranged from 180 mg/l to 3,520 mg/l with average value of 1,527 mg/l. 

For effluent, TSS ranged from 80 mg/l to 1,600 mg/l with average value of 595 mg/l 

(Table 4.6). The removal of TSS ranged from -35.71% to 94.81% with average value 

of 61.03%. The average effluent TSS (595 mg/l) was nearly six times of Nepal 

effluent standard of 50 mg/l.  
 

Table 4.6 Overall removal of total suspended solid by CWWTP in HID from 

February to August 2007 

Date of sampling Influent  TSS, mg/l Effluent  TSS, mg/l TSS removal, % 
8/2/2007 1,540 80 94.81 
7/3/2007 3,520 1,060 69.89 
22/3/2007 3,240 900 72.22 
4/4/2007 1,660 1,600 3.61 
18/4/2007 2,180 1,100 49.54 
29/5/2007 720 600 16.67 
14/6/2007 1,600 120 92.50 
28/6/2007 1,640 320 80.49 
12/7/2007 240 200 16.67 
26/7/2007 180 180 0.00 
31/8/2007 280 380 -35.71 
Average 1,527 595 61.03 

Source: Office of CWWTP in HID, 2007 

Notes: All samples were 24 hours composite samples  

           Nepal effluent standard of TSS from CWWTP is 50 mg/l 
 

Table 4.6 also showed that when TSS concentration in the influent was in 

range of 180 mg/l to 280 mg/l, the removal percentage was minimum and some time 

even negative. The negative removal of TSS may be due to high concentration of 

algae in the final effluent.  

 

The TSS removal of anaerobic pond ranged from -58.33% to 93.75% with average 

value of 52.59%. The average percentage removal of TSS in anaerobic pond was better 

than facultative and maturation ponds of CWWTP (Table 3 of Appendix V). Anaerobic 
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pond has vital role for the removal of TSS, when the influent entered to this pond, the 

suspended solid settled in the bottom of the pond where anaerobic degradation of organic 

fraction of settles solids occurred. The removal of suspended solid may be low or even 

negative when the influent has less suspended solids and less settleable organic matter.   

 

4.1.4 Total dissolved solid removal 

 

On October 2 and 9, 2007, the concentration of inlet total dissolved solid 

(TDS) were 1,463 mg/l and 777 mg/l, respectively (Table 4.7). The TDS removal in 

anaerobic pond was 63.98% and 35.39%. The data showed that majority of TDS were 

removed in the anaerobic pond compared to the facultative and maturation ponds. 

Moreover small fraction of TDS was also removed by facultative pond ranging from 

3.8% to 10.96% which was lower compared to maturation ponds. The overall TDS 

removal was more than 70% in samples collected on October 2 while it was more 

than 50% in samples collected on October 9. Average overall TDS removal was 

62.67% and average concentration of TDS in effluent was 384 mg/l in October 2007. 

 

Comparing the TSS and TDS removals in same set of samples, it was noticed 

that majority of TSS (94.20% and 71.32%) was removed in anaerobic pond (Table 4 

of Appendix V) which was also similar to TDS removal in anaerobic pond compared 

to facultative and maturation ponds.  
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Table 4.7 Total dissolved solid removal by individual ponds of CWWTP in HID in 

October 2007 

Date of 
sampling Name of the pond 

Inlet 
TDS, 
mg/l 

Outlet 
TDS, 
mg/l 

TDS 
removal, 

% 

Overall TDS 
removal, % 

2/10/2007 

Anaerobic , 6A 1,463 527 63.98 

71.98 

Facultative,7-2-A 527 507 3.80 
Maturation,7-2-B and  
7-2-C 507 410 19.13 
Anaerobic, 6A 1,463 527 63.98 

73.55 

Facultative, 7-1-A 527 502 4.74 
Maturation, 7-1-B and 
7-1-C 502 387 22.91 

9/10/2007 

Anaerobic , 6A 777 502 35.39 

54.05 

Facultative, 7-2-A 502 447 10.96 
Maturation,7-2-B  
7-2-C 447 357 20.13 
Anaerobic, 6A 777 502 35.39 

51.09 

Facultative, 7-1-A 502 455 9.36 
Maturation, 7-1-B and 
7-1-C 455 380 16.48 

Source: Grab samples collected from CWWTP in October, 2007 
 

4.1.5 Oil and grease removal 

 

On October 2 and 9, 2007, the concentrations of oil and grease in the inlet 

wastewater were 240 mg/l and 26 mg/l, respectively (Table 4.8). There was large 

fluctuation in the concentration of oil and grease in the inlet wastewater. Three 

factories, namely dairy, vegetable ghee and bone mill are major sources of wastewater  

with high oil and grease compared to other factories in HID (Shukla, interviewed on  

October 17, 2007). The variation in concentration of oil and grease depends on 

volume and concentration of oil and grease in wastewater discharged by those 

factories.  

 

As the oil and grease floats on the surface of water, it was removed from the 

pond water surface manually. The data showed that large portion of oil and grease 

was removed from the anaerobic pond ranging from 53.08% to 95.50%. The average 

overall removal of oil and grease was 81.64 % in October 2007. The concentration of 
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oil and grease in outlet wastewater of maturation ponds were 3.4 mg/l and 3.0 mg/l in 

the samples collected on October 2, 2007, while it was 14.6 mg/l and 3.8mg/l in the 

samples collected on October 9, 2007. Thus on average, the effluent oil and grease 

concentration was less than Nepal effluent standard of 10 mg/l from the combined 

wastewater treatment plant. 

 

Table 4.8 Oil and grease removal by individual ponds of CWWTP in HID in 
                 October 2007 

Date of 
sampling Name of the pond 

Inlet 
oil and 
grease, 

mg/l 

Outlet 
oil and 
grease, 

mg/l 

Oil and 
grease 

removal, 
% 

Overall oil and 
grease removal, 

% 

2/10/2007 
 
 
 
 
 

Anaerobic , 6A 240.0 10.8 95.50 98.58 
 
 

Facultative, 7-2-A 10.8 16.0 -48.14 
Maturation,7-2-B and 
7-2-C 16.0 3.4 78.75 
Anaerobic, 6A 240.0 10.8 95.50 98.75 

 
 

Facultative, 7-1-A 10.8 29.2 -170.37 
Maturation, 7-1-B and 
7-1-C 29.2 3.0 89.73 

9/10/2007 
 
 
 
 
 

Anaerobic , 6A 26.0 12.2 53.08 43.85 
 
 

Facultative, 7-2-A 12.2 4.4 63.93 
Maturation,7-2-B and  
7-2-C 4.4 14.6 -231.81 
Anaerobic, 6A 26.0 12.2 53.08 85.38 

 
 

Facultative, 7-1-A 12.2 11.4 6.56 
Maturation, 7-1-B and 
7-1-C 11.4 3.8 66.67 

Source: Grab samples collected from CWWTP in October, 2007 

 

When concentration of oil and grease in influent is high, it can create many 

problems which are reduction in the cell-aqueous phase transfer rate, problems in 

sedimentation and emergence of fouling odors.  The concentration of oil and grease in 

the influent should not be more than 50 mg/l. However the data of CWWTP, from 

February to August 2007, showed that the average concentration of oil and grease in 

influent was 102 mg/l (Table 5 of Appendix V). This showed that the factories having 

high oil and grease in their wastewater did not pretreat the wastewater to meet 

retreatment criteria for oil and grease of 50 mg/l or the existing pretreatment was not 

enough. 
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4.1.6 Ammonical nitrogen removal 
 

On October 2 and 9, 2007, the concentrations of ammonical nitrogen in the inlet 

wastewater were 35.35 mg/l and 20.21 mg/l, respectively (Table 4.9), which were less than 

the Nepal effluent standard of 50 mg/l from combined wastewater treatment plant. The 

overall ammonical nitrogen removal was 26.71% in the samples collected on October 2, 

2007, while the overall ammonical nitrogen removal was -129.64% in the samples 

collected on October 9, 2007. However the average ammonical nitrogen1 in outlet 

wastewater was below the Nepal effluent standard for ammonical nitrogen of 50 mg/l from 

CWWTP.  
 

Table 4.9 Ammonical nitrogen removal from individual ponds of CWWTP in HID in 
October 2007 

Date of 
sampling Name of the pond 

Inlet 
NH3-N, 

mg/l 

Outlet 
NH3-N, 

mg/l 

NH3-N  
removal, 

% 

Overall 
NH3-N 

removal, 
% 

2/10/2007 
  
  
  
  
  

 Anaerobic , 6A 35.35 30.93 12.50 26.70 
 
 

 facultative, 7-2-A  30.93 36.35 -17.52 
 Maturation, 7-2-B 
and 7-2-C  36.35 25.91 28.72 
 Anaerobic, 6A  35.35 30.93 12.50 26.73 

 
 

 facultative, 7-1-A  30.93 34.54 -11.67 
 Maturation, 7-1-B 
and 7-1-C  34.54 25.90 25.01 

9/10/2007 
  
  
  
  
  

 Anaerobic , 6A  20.21 53.89 -166.65 
-58.04 

 
 

 facultative, 7-2-A  53.89 51.39 4.64 
 Maturation,7-2-B 
and 
7-2-C  51.39 31.94 37.85 
 Anaerobic, 6A  20.21 53.89 -166.65 -201.24 

 
 

 facultative, 7-1-A  53.89 46.41 13.88 
 Maturation,7-1-B 
and 7-1-C  46.41 60.88 -31.18 

Source: Grab samples collected from CWWTP in October, 2007 

 

 

                                                      
1 25.9 mg/l on the first lot of samples and 46.41 mg/l {(31.94+60.88)/2} on the second lot of samples 
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Total nitrogen includes organic nitrogen, ammonical nitrogen, nitrite and nitrate. 

Possible nitrogen removal path ways from waste stabilization pond are nitrification-

denitrification, ammonia volatilization at enhanced pH, algal uptake and sedimentation to 

the benthic layer (Lai and Lam, 1997). In anaerobic pond, organic nitrogen is hydrolyzed to 

ammonia as a result the concentration of ammonical nitrogen in effluent is higher than the 

influent (Ramadan and Ponce, n.d.: Online). In some days, the removal of ammonical 

nitrogen was negative. The reason could be the conversion of other forms of nitrogen to 

ammonical nitrogen. 

 

The average concentration of BOD5, COD, TSS, TDS, oil and grease, and 

ammonical nitrogen in the effluent were 252, 1,226, 595, 384, 6.2 and 36.16 mg/l, 

respectively. This study showed that from February to August 2007, the CWWTP was 

not able to meet the effluent standards for BOD5, COD and TSS. However it met the 

effluent standards for oil and grease and ammonical nitrogen. The average organic 

loading to CWWTP was 211 kg BOD/d which was about 50% of the designed 

capacity of 420 kg BOD/d while one out of two anaerobic ponds was operating. It was 

found that the anaerobic pond was not functioning well as a result the facultative 

ponds were over loaded with high surface BOD5 loading, resulting inefficient removal 

of BOD5. Low volumetric BOD loading (avg. volumetric loading of 56.34 g BOD/m3 

d compared to design volumetric loading of 111 g BOD/m3 d) and high fluctuation in 

the concentration of influent BOD5 (from 144 mg/l to 1556 mg/l) compared to 

designed influent concentration (760 mg/l) of CWWTP are the main reasons for poor 

performance of anaerobic pond as a result the overall performance of CWWTP in 

terms of BOD5 and COD and TSS removal was poor. 

 

4.2 Pretreatment of wastewater from selected factories 

 

Brewery, dairy, soap, and vegetable ghee are the major sources of high 

strength wastewater among the factories connected to CWWTP. Leather factory is 

also a major source of highly polluted wastewater with heavy metal of chromium, 

even at present it is not connected to CWWTP. Considering the design capacity for 
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receiving organic load and biological nature of CWWTP, the pretreatment of 

wastewater at aforementioned factories is important aspect of this study.  

 

4.2.1 Birat Leather Industry Private Limited 

 
Birat Leather Industry (BLI) has installed production capacity of processing 

500 buffalo hides per day. However during the period of study, the factory was not in 

operation due to technical problems. The recent production capacity is only 250-260 

buffalo hides per day. Old machineries and infrastructure were the main causes for 

lower production capacity (Chaulagae, interviewed on October 16, 2007).  

 

The production process of factory is shown in Figure 4.1. The production 

process is divided into four main steps namely, beam house operation, tanning, post 

tanning and finishing. The beam house process includes soaking, liming, deliming, 

and pickling. The pickled hide is further processed in tanning and post tanning 

operation. At final stage, leather is subjected to mechanical and chemical finishing. 

The wastewater from raw hide processing tannery contained heavy metal chromium, 

sulphide, high BOD and COD.   

 

Initially in 2004 when the CWWTP came into operation, the sewerage system 

of BLI was also connected to CWWTP. However it was disconnected later due to not 

removing chromium from chrome-tanning wastewater (Shukla, interviewed on 

October 17, 2007). Obviously there were only four small open tanks which were used 

for pretreatment. The wastewater passed through these tanks before finding its way to 

near by Karra River. Some of suspended solids were removed in those tanks during 

retention of wastewater. 
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Figure 4.1 Production process of Birat Leather Industry in HID 
Source: Derived from interview with Chaulagae, October 16, 2007 
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The chromium removal from wastewater is important because of its harmful 

effects on environment. There are many methods to remove the chromium from 

chrome tanning wastewater namely coagulation and flocculation (Guo et al. 2006; 

Panswad et al. 2001) and adsorption on surface of other material (Fahim et al. 2006; 
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Tahir and Naseem 2007). With chemical coagulation and flocculation, first the 

wastewater is collected in a pit and after screening, magnesium oxide (MgO) is added 

with stirring until the pH rose to 8. After stabilization of pH, the stirring is stopped, 

the chromium precipitated and settled as compact sludge within an hour. The 

precipitated chromium sludge is dissolved in sulphuric acid so that again basic 

chromium sulphate is formed and reuse as tanning agent. This method could be used  

in Birat Leather as it was used in one pilot plant in Jajmau, India under Indo-Dutch 

environmental sanitary project (Ministry of Environment and Forest, 1999: Online). It 

was suggested that pay back period of chrome recovery plant was not more than two 

years in India. Panswad et al. (2001) calculated the pay back period of chrome 

recovery plant in the large tannery processing of 3,228 tons hides per year in Thailand 

was three years.  

 

As leather industry is water intensive industry requiring huge volume of water 

and consequently generating large volume of wastewater, the minimization of water 

consumption has great importance. Beam house operation consumes large volume of 

water nearly 15-22 m3 water/ton of hides processed (Ramasami et al. 2000, and Kaul 

et al. 2001 cited in Rao et al. 2003, p. 592). In BLI, the hide is washed four or five 

times in beam house operation, so the counter-current soaking, as mentioned in Rao et 

al. (2003), can be used to reuse water hence reducing the volume of wastewater. The 

physical properties of leathers obtained by counter-current soaking methods 

resembled to that of normally processed in the study of Rao et al. (2003). 

 

Only four small open tanks are not enough for this factory to meet the 

pretreatment criteria. This factory needs to install the chrome recovery plant as well as 

do pretreatment of wastewater. By doing this, the sewerage system could be 

connected to CWWTP instead of discharging the untreated wastewater to Karra River.  

 

4.2.2 United Brewery (Nepal) Private Limited  

 

During the period of data collection, there was no pretreatment unit in United 

Brewery (UB) in the Hetauda Industrial District (HID). The wastewater generated 
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from the production process was directly discharged to the sewerage connected to 

CWWTP. The grab sample of raw wastewater was collected from factory sewerage. 

The characteristics of wastewater were pH 5.54, BOD5 3,650 mg/l, COD 5,088 mg/l 

and TSS 1,340 mg/l as shown in Table 4.10, which were not comply with 

pretreatment criteria (BOD5<760 mg/l and COD<1,000 mg/l, TSS<600 mg/l). It was 

found that the BOD5 and COD of the wastewater were fairly high compared to typical 

characteristics of brewery wastewater mentioned by Driessen and Vereijken (2003: 

Online). The characteristics of brewery wastewater can vary depending on the various 

types of processes which take place within brewery, for example raw material 

handling, wort preparation, fermentation, filtration, cleaning-in-process (CIP), and 

packaging (Driessen and Vereijken, 2003: Online).  

 

Table 4.10 Comparison of the characteristics of United Brewery (Nepal) wastewater 
with typical characteristics of brewery wastewater 

Parameters Unit 
Characteristics of 

wastewater at United 
Brewery1, HID 

Characteristics of 
brewery wastewater2 

BOD5 mg/l 3,650 1,200-3,600 
COD mg/l 5,088 2,000-6,000 
TSS mg/l 1,340 200-1,000 
pH - 5.54 4.5-12.0 

Temperature 0C - 18-40 
Source: 1Grab sample collected in October 2007, 2Driessen and Vereijken, 2003: Online 

 

The wastewater obtained from brew house operation is acidic whereas the 

wastewater obtained from the cleaning in process is alkaline (Briggs et al. 2004, and 

Ockert 2002 cited in Rao et al. 2007, p. 2131). Brewery uses equalization tank before 

anaerobic treatment to make the wastewater more uniform in pH. Carbon dioxide gas 

is a by-product, formed during the fermentation, of brewery factory. Part of carbon 

dioxide is used for beer bottling in the last step of production at the same time, the 

remaining is released to atmosphere without any utilization. As mentioned by Rao et 

al. (2007), the remaining volume of carbon dioxide could be used as alternative to 

mineral acid in equalization tank for neutralizing the alkaline wastewater.  
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Considerable volume of caustic solution is used for washing of bottles. 

Recovering the chemical is further step for reducing alkali consumption and 

consequently lower discharge of alkali in the wastewater. The caustic settling tank can 

be installed to collect the caustic solution once the washing of bottle is finished. The 

impurities and sediment can be removed from the settling tank and the caustic 

solution can be returned to bottle washer (ESPS, 2001). The recovery of caustic has 

both economic as well as environmental benefits.  During the period of study, it was 

noticed that the factory was operating the bottling plant two times a week. Because of 

irregular pattern of production, the nature of wastewater can vary greatly.  

 

As United Brewery has been discharging its wastewater to CWWTP, the flow 

equalization followed by anaerobic pretreatment will be a suitable option for 

pretreatment of wastewater because most of the organic components (sugars, soluble 

starch, ethanol, volatile fatty acids) in the brewery wastewater is easily biodegradable 

(Driessen and Vereijken, 2003: Online). Despite there are many methods, both 

aerobic and anaerobic, available for the treatment of brewery wastewater, anaerobic 

method is preferred because of  less energy requirement, less volume of sludge 

produced and therefore less disposal cost, and conversion  of organic matter to 

methane, a source of energy, compared to aerobic method. Up-flow anaerobic sludge 

blanket (UASB) reactor is a well known method to pre-treat the brewery wastewater 

before advance treatment or disposal to public owned wastewater treatment plant. In 

the study of UASB reactor for pretreatment of wastewater from opaque beer brewery 

industry in Harare, Zimbabwe, Parawira et al. (2005) found that average reduction in 

chemical oxygen demand (COD) was 57 % while the total solids removal was 50% when 

average concentration of COD and total solids in raw wastewater were 12,535±4,278 and 

7,201±1,606 mg/l, respectively. Hence it can be concluded that equalization tank followed 

by UASB reactor could be an option to pretreat the wastewater from United Brewery 

before discharging to central wastewater treatment plant.  
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4.2.3 Hetauda Milk Supply Scheme  
 

Pasteurized milk, butter, curd/yogurt, ghee, ice-cream, paneer and sweets 

(Peda and Lalmohan) are the main products of Hetauda Milk Supply Scheme 

(HMSS). The production process flow diagram is shown in the Figure 4.2 with its 

capacity in producing pasteurized milk 3,000 l/d, butter 600 kg/d, curd/yogurt 1,000 

l/d, ghee 500 kg/d, ice-cream 40 l/d, paneer 50 kg/d, and sweets (Peda and Lalmohan) 

560 kg/d (Table 4.11). 
 

Water is not used directly in any process of dairy manufacturing except in 

cleaning-in-process, heating, equipments, vehicle and floor washing. Caustic soda and 

nitric acid are also used in cleaning-in-process. The average wastewater generation at 

Hetauda Milk Supply Scheme was 50 m3/d. The wastewater was discharged to the 

sewerage of CWWTP through oil and grease trapping unit.  
 

The HMSS has installed oil and grease trapping unit in their premises to trap the 

excessive oil and grease from wastewater generated in the factory. Table 4.12 revealed that 

the oil and grease trapping unit was able to remove oil and grease by 88% from the 

wastewater stream. However it did not meet the pretreatment criteria of 50 mg/l of oil and 

grease.  BOD5, COD and total suspended solid were also removed along with oil and 

grease. The removal of BOD5, COD and TSS were 48.39, 40.91 and 73.43%, respectively. 

The BOD5 and COD of the effluent were 6,400 and 16,250 mg/l, respectively, which were 

very high compared to the pretreatment criteria (BOD5<760 mg/l and COD<1,000 mg/l). 

Grab samples of inlet and outlet wastewaters of oil and grease trapping unit were collected 

on October 8, 2007. The color of the samples in both inlet and outlet wastewaters were 

fairly milky showing substantial presence of milk in the wastewater that was the reason for 

high value of COD and BOD5. There was massive variation in characteristics of dairy 

wastewater in two samples. In another sample of wastewater, which was collected on 

October 2, 2007,  the  BOD5,  COD,  TSS  and  oil and grease were 575, 916, 580 and 103 

mg/l, respectively,  which  are  in  the  range of characteristics of dairy wastewater2. Oil and 

                                                      
2 BOD5 320-1,750 mg/l, COD 1,120-3,360 mg/l, TSS 28-1,900 mg/l, oil and grease 68-240 mg/l 
(CPCB 1993, and Thangara and Kulandaivelu 1994 cited in Rajeshwari et al. 2000, p. 146) 
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grease, in both wastewater samples after pretreatment, were 103 and 129 mg/l which 

are more than two times of pretreatment criteria of 50 mg/l. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.11 Production capacity of Hetauda Milk Supply Scheme in HID 

Products Pasteurized 
milk Butter Curd/yogurt Ghee Ice-

cream Paneer 
Sweets 

(Peda and 
Lalmohan) 

Capacity 3,000 l/d 600 kg/d 1,000 l/d 
500 
kg/d 40 l/d 

50 
kg/d 560 kg/d 

Source: Derived from interview with Kandel on October 8, 2007.
 

 

Figure 4.2 Production process flow diagram in HMSS 

Source: Modified from Özbay and Demirer, 2007 
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Table 4.12 Performance of oil and grease trapping unit at Hetauda Milk Supply 
Scheme 

Date of 
sampling 

Inlet (mg/l) Outlet (mg/l) Removal % 

BOD COD TSS 
Oil 
and 

grease 
BOD COD TSS 

Oil 
and 

grease 
BOD COD TSS 

Oil 
and 

grease 

2/10/2007 
- - - - 575 916 580 103 - - - - 

8/10/2007 
12,400 27,500 11,200 1,079 6,400 16,250 2,976 129 48.39 40.91 73.43 88.04 

Source: Grab samples collected in October 2007 
 

Dairy wastewaters are treated using physico-chemical and biological methods. 

Because of high reagent cost and poor removal of soluble COD in physico-chemical 

process, biological processes are usually preferred. Among biological treatment 

processes, treatment in ponds, activated sludge plants and anaerobic treatment are 

commonly used for dairy wastewater treatment. Pretreatment of dairy wastewater 

from milk bottling plant was studies in pilot-scale dissolved air flotation unit along 

with a pilot scale anaerobic up-flow filter reactor. The main aim was to reduce the 

BOD5, COD in between 38-50% in dissolved air floatation (DAF) which was 

achieved before biological treatment (Kasapgil et al. 1994 cited in Demirel, Yenigun 

and Onay 2005, p. 2591). Cordoba, Riera and Sineriz (1984) did experiment on 

horizontal anaerobic filter and found that the COD removal was 85% when 10,200 

mg/l of COD was applied to the system at 400C temperature with synthetic dairy 

wastewater. HMSS has oil and grease trapping unit, which was able to remove oil and 

grease to certain level, as pretreatment however there is room for improving in the 

pretreatment system. Flow equalization tank and anaerobic filter could be added for 

better pretreatment of the wastewater in HMSS. 

 

 

4.2.4 Nepal Vegetable Ghee Industry 

 

Refined vegetable oil and vegetable ghee are the main products of Nepal 

Vegetable Ghee Industry (NVGI). It uses two methods to refine crude vegetable oil 

namely, chemical/alkali and physical refining as shown in Figure 4.3. In chemical 
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refining, phosphoric acid is used to remove gum and caustic soda is used to neutralize 

free fatty acid (FFA), presented in crude oil, which came out as soap stock. Activated 

earth is used in bleaching process to remove color and residual soaps and last step is 

deodorization to remove odorous components (Verhe et al., 2006). Whereas in 

physical/steam refining, super heated steam under low pressure and high temperature 

(more than 2200C) is used to remove FFA and other objectionable volatile impurities. 

The crude oil is degummed before physical refining by using phosphoric acid.  

 

The NVGI has installed physical refining plant in 2004/5. After that the 

factory is mostly using this system to refine the crude oil unless the quality of crude 

oil is not suitable, with high amount of gum, to use in physical refining. During the 

period of study in NVGI, it was noticed that the chemical refining plant was rarely in 

operation. Moreover the factory is export oriented company, so the quantity of 

production also depends on the demand of vegetable ghee from importing country. 

However the factory is producing refined vegetable oil for domestic demand. The 

production flow chart of vegetable ghee with physical refining is shown in Figure 4.4. 

 

Since NVGI has installed and using the physical refining, the volume of 

wastewater is reduced significantly. In chemical refinery water, 10% on total volume 

of crude oil, is used in degumming and neutralization of crude oil which was main 

source of wastewater. Soap stock is the by-product of chemical refining which is sold 

to soap manufacturing factory. On the other hand water is also used in degumming of 

crude oil and floor washing in physical refining. The free fatty acid (FFA) presented 

in crude oil is removed as distillate from deodorization process. The FFA is also sold 

to the soap manufacturing factory.  
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Cmolik and Pokorny (2000) mentioned that the quality of physically refined 

oil is close to that of chemically/alkali refined however loss of neutral oil and 

environmental pollution is low in physical refining compared to chemical refining. 

There is 12-13% loss of neutral oil in chemical refining while it is only 8% in physical 

refining at NVGI (Sharma, interviewed on October 28, 2007). Less volume of 

wastewater is produced in physical refining as the FFA is removed by steam 

distillation process. While comparing the chemical and physical refining in term of 

loss  of  neutral  oil,  definitely  the  saving  of  4-5  %  of  oil  is significant in term of  

 

Crude oil 

Degumming Degumming 

Chemical refining Physical refining 

Neutralization Bleaching of degummed oil 

Bleaching of neutralized oil 

Deodorization FFA steam refining 
(Deodorization) 

Refined oil 

Distillate 

Gums

Soap stock
FFA 

Figure 4.3 Schematic view of chemical and physical refining processes of crude 
vegetable oil 

 Source: Verhe et al., 2006 
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Figure 4.4 Production flow chart of vegetable ghee by physical refining at Nepal 
Vegetable Ghee Industry, HID 

Source: Derived from interview with Sharma on October 8, 2007 
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economic and it makes the industry more competitive at the same time it reduces 

wastewater from the process. 

 

Despite the physical refining has installed in the NVGI, the factory still uses 

the chemical refining when the quality of crude oil, having high gum, is poor. 

Generally crude soya bean oil has high percentage of gum and low percentage of FFA 

whereas crude palm oil has the reverse, low gum and high FFA. Oil and grease in the 

NVGI wastewater is monitored by CWWTP randomly. The concentrations of oil and 

grease in wastewater after oil and grease trapping unit were 139, 142, 8,140 and 501 

mg/l on January 3, February 13 and 21, and April 7, 2007, respectively. When oil and 

grease in the wastewater was 8,140 mg/l, this is the clear indication that the factory 

had used chemical refining during that time. Obviously the BOD5 and COD of the 

wastewater are high when the concentration of oil and grease is high as indicated in 

Table 4.13.  

 
Table 4.13 Characteristics of wastewater from chemical refining of crude vegetable 

oil 
BOD5, mg/l COD, mg/l Oil and grease, mg/l TSS, mg/l Sources 

4,700 15,000 3,963 3,963 Azbar and Yonar, 2004 
- 29,120 7,782 - Pandey et al., 2003 

- 
10,000-
30,000 2,000-4,000 

7,000-
12,000 Decloux et al., 2007 

- - 8,140 - At NVGI by CWWTP 
 

 

It is clear that when the factory uses chemical refining, it discharges very 

strong wastewater. So this factory required to pretreat the wastewater even it is small 

volume while doing physical refining and large volume in chemical refining. The 

factory has oil and grease trap unit so to comply with pretreatment criteria, chemical 

coagulation (with alum and polyelectrolyte) followed by dissolved air flotation could 

be added. For treatment of wastewater of vegetable oil refinery,  Azbar and Yonar 

(2004) suggested that chemical coagulation (with alum and polyelectrolyte) and 

dissolved air flotation were better and cheaper in oil and grease removal compared to 

acid cracking with air flotation followed by chemical coagulation (with alum and 

polyelectrolyte). The concentration of BOD5, total COD and oil and grease in raw 
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wastewater were 4,300, 13,750 and 3,635 mg/l, respectively. The concentration of 

BOD5, total COD and oil and grease in effluent after chemical coagulation (with alum 

and polyelectrolyte) and dissolved air flotation were 400, 600 and 70 mg/l, 

respectively.  

 

The NVGI produced spent earth and spent nickel catalyst as solid waste. It 

was noticed that those two substances were deposited in large volume in the factory 

premises. Nickel, a heavy metal, is used as catalyst in hydrogenation process. After 

continuous use of nickel catalyst, it is discarded due to high adherence of fat on it. 

That nickel catalyst can be  reused after treating with a mixture of sulphuric acid 

(20% v/v) and nitric acid (70% v/v) (Pandey et al., 2003). 

 

4.2.5 Soap Industry 

 

Despite the fact that there are four soap industries in HID, only two industries 

were selected for this study namely, Mahashakti Soap and Chemical Industries and 

National Soap Industries Private Limited. 

 

I) Mahashakti Soap and Chemical Industries  

 

Laundry and toilet soap are two products of Mahashakti Soap and Chemical 

Industries (MSCI) with production capacity of 24 ton/d and 4.5 ton/d, respectively. 

On average the capacity utilization of the industry was 80-85%. The production 

process is shown in Figure 4.5. The production process is full boil system in which 

oil/fat, caustic soda and salt are boiled in pan for saponification. The wastewater, 

spent lye, obtained from first and second washing contains natural oil, fatty acid, 

caustic, salt, dirt and soap. The spent lye was discharged to sewerage after passing 

through six small open tanks. 

 

During the period of study in this factory, it was found that the sewerage 

system of this factory not connected to CWWTP instead the wastewater was being 

discharged to near by Karra River. The characteristics of wastewater, as in Table 4.14,  
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Figure 4.5 Production process of laundry soap by full boil process at MSCI, HID 

Source: Cleaner production audit report of Mahashakti Soap and Chemical Industry, 
2001 
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showed that the concentration of BOD5 4,952 mg/l, COD 8,380 mg/l, oil and grease 

236 mg/l, TSS 2,400 mg/l, and TDS 27,400 mg/l were high as a result, management 

of CWWTP did not accept this wastewater without pretreatment. From the record of 

the factory, it was found that there were significant percentage of free caustic (3-4%), 

dissolved soap and unsaponified oils and fats in spent lye. Around 75% of dissolved 

soap, presented in spent lye, solidified while passing through drainage/sewerage to six 

small open tanks. The solidified soap was removed and reused in the soap pan again. 

Table 4.14 Characteristics of wastewater from MSCI in HID 

Parameters Unit Values 

BOD mg/l 4,000 

COD mg/l 8,380 

pH  12.1 

Oil and grease mg/l 236 

TSS mg/l 2,400 

TDS mg/l 27,400 

Source: Cleaner production audit report of Mahashakti Soap and Chemical Industry, 2001 

Note: Sample of wastewater was collected in March 2001  
 

Chemical coagulation and dissolved air flotation was used for the treatment of 

wastewater from soap and oil factory (Abo-El Ela and Nawar 1980; El-Gohary, Abo-

Elela and Ali, 1987). Abo-El Ela and Nawar (1980) used chemical coagulation (alum 

and ferric chloride) followed by dissolved air flotation to treat raw wastewater from 

oil and soap factory. BOD, COD and oil and grease in raw wastewater were 2,290, 

3,686 and 1100 mg/l, respectively, after chemical coagulation (with 36 mg/l of Al+3) 

followed by dissolved air flotation, the BOD, COD and oil and grease concentration 

were 125, 153 and 11.4 mg/l, respectively. El-Gohary, Abo-Elela and Ali (1987) also 

used dissolved air flotation (DAF) alone or chemical coagulation-sedimentation to 

treat the wastewater from soap factory. The influent COD and oil and grease were 

1,044-6,424 and 107-564 mg/l, respectively. The effluent COD and oil and grease 

from  dissolved  air  flotation  (with  average  optimum  air/solids  ratio ~ 0.0054) were  
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624-3,454 and 54-377 mg/l, respectively. While the effluent COD and oil and grease 

from chemical coagulation with alum (with optimum dose of 100-300 mg/l) were 

348-1,162 and 16.6-21.1 mg/l, respectively. Chemical coagulation (with alum) –

sedimentation was found more effective in COD and oil and grease removal than 

DAF. Although oil and grease can be removed by floatation, the emulsified form was 

not affected as a result chemical coagulation was required for breaking down the 

emulsion. 

  

Hence in the case of MSCI, the factory could either use chemical coagulation 

method to pretreat the wastewater or modify the production process to half boil in 

which virtually there is no generation of spent lye in laundry soap manufacturing. 

There is no spent lye in the half boil process but there will be wastewater from floor 

and equipment washing which have to be pretreated before discharge. 

 

II) National Soap Industries Private Limited 

 

Laundry soap and detergent powder are the products of National Soap 

Industries (NSI) with production capacity of 35-40 ton/d. The production process of 

the laundry soap is shown in Figure 4.6.  

 

The blend (distilled palm fatty acid and vegetable oil), caustic soda, salt, and 

water were added to the crutcher3 and heated to 980C for 15 minutes with steam. After 

saponification, the semi solid soap is formed which is checked for presence of free 

fatty acid and alkali. If there is remaining free fatty acid then caustic soda is added 

and if there is alkali remaining then extra blend is added. This process is continued 

until required quality of soap is obtained.  When the quality of soap is passed then 

sodium silicate, EDTA, titanium dioxide, color and filler is added to the crutcher. The 

soap is transferred to feed tank and it goes through to noodler, pre-plodder, final 

plodder for kneading and extrusion, and finally cutting and packing process. It was 

observed that there was no generations of wastewater from the production of soap by 

                                                      
3 Crutcher is a jacked pot to make temperature up and evaporate water. 
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half boil process except those from floor and equipment washing. The characteristics 

of wastewater from this factory are shown in Table 4.15. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It was noticed that there was not any pretreatment facility to pretreat the 

wastewater. However the data in Table 4.15 showed that the wastewater had high 

BOD and COD which need pretreatment before discharge to CWWTP. There was one 

tank for the storage of wastewater generated from floor, equipment and washing of oil 

containing vessel. The wastewater generated from those washing is being neutralized 

Figure 4.6 Production process of laundry soap by half boil process at NSI, 
HID 

Source: Derived from the interview with Sah on October 8, 2007  
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before discharge to sewerage system of CWWTP. On contrary, the pH of the 

wastewater was 10.6 showing the neutralization was not enough. 

 

Table 4.15 Characteristics of wastewater from National Soap Industry in HID 

BOD5, 
mg/l 

COD, 
mg/l pH Oil and grease, 

mg/l 
TSS, 
mg/l Phenol 

1,650 3,000 10.6 44.8 232 Not detectable 

Notes: Grab sample collected in October, 2007 

  Less than 0.05 mg/l of phenol was not detectable  

 

The oil and grease content of the wastewater was 44.8 mg/l which was under 

pretreatment criteria and phenol was not detectable but the BOD5 and COD should be 

reduced to meet pretreatment criteria of the CWWTP (BOD5<760mg/l and 

COD<1,000 mg/l) as a result the factory need to pretreat the wastewater. Chemical 

coagulation-sedimentation could be used to reduce the BOD and COD of wastewater 

as mentioned by El-Gohary, Abo-Elela and Ali (1987). The authors used chemical 

coagulation-sedimentation or dissolved air flotation (DAF) method to treat 

wastewater from soap factory. The results of chemical coagulation-sedimentation 

were better than the DAF. The influent COD and oil and grease were 1,044-6,424 and 

107-564 mg/l, respectively. The effluent COD and oil and grease from dissolved air 

flotation (with average optimum air/solids ratio ~ 0.0054) were 624-3,454 and 54-377 

mg/l, respectively. While the effluent COD and oil and grease from chemical 

coagulation with alum (100-300 mg/l) were 348-1,162 and 16.6-21.1 mg/l, 

respectively. Nevertheless practicing good house-keeping along with treating 

wastewater by chemical coagulation with alum followed by sedimentation, the factory 

could meet the pretreatment criteria of CWWTP.  

 

The pretreatment of wastewater in leather, brewery, dairy, vegetable ghee, and 

soap factories were discussed. The pretreatment of wastewater in the six factories are 

summarized in Table 4.16. Overall existing pretreatment system at those factories was 

found not enough to meet the pretreatment criteria of central wastewater treatment 

plant. In Birat Leather Industry, recovery of chrome from chrome tanning wastewater 
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is most important so the factory should install chrome recovery plant and use 

magnesium oxide to precipitate the spent chrome and sulphuric acid to dissolve the 

chrome sludge for reuse. United Brewery has no pretreatment unit so flow 

equalization tank followed by UASB reactor could be an option to pretreat the 

brewery wastewater. In the case of Hetauda Milk Supply Scheme, there is already oil 

and grease trapping unit which was able to remove oil and grease to a certain level but 

did not meet the pretreatment criteria for oil and grease of 50 mg/l. However there is 

room for improving the pretreatment system by adding flow equalization and 

anaerobic filter. Nepal Vegetable Ghee Industry has already oil and grease trap unit so 

to comply with pretreatment criteria, chemical coagulation with alum followed by 

dissolved air flotation could be added. Mahashakti Soap and Chemical Industry have 

two options which are chemical coagulation-sedimentation and changing the 

production process to half boil for dealing with the wastewater. There is no spent lye 

in half boil process but there will be wastewater from floor and equipment washing 

which also required pretreatment before discharge. At last for National Soap Industry, 

chemical coagulation (with alum)-sedimentation could be used to pretreat the 

wastewater. Since treating wastewater at end-of-the-pipe system is not sustainable, 

generation of wastewater should be reduced at the source by applying clean 

technology and pretreated before discharge to CWWTP which will help to improve 

the performance of CWWTP.  
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4.3 Problems/difficulties in pretreatment of wastewater 
 

The problems and difficulties in pretreatment of wastewater in leather, 

brewery, dairy, vegetable ghee and soap factories are summarized in Table 4.17. The 

summery is based on in-depth interview conducted with interviewee in each factory.  

 

Table 4.17 Summery of problems and difficulties in pretreatment of wastewater in 

leather, brewery, dairy, vegetable ghee and soap factories in HID 

Name of 
factory Interviewee

Pretreatment 
system 

observed 

Problems/difficulties in  
pretreatment 

Birat Leather 
Industry Private 
Limited 

Deputy 
general 
manager 
(technical) 

Four small 
open tanks 

• Lack of experience in 
chrome recovery. 

• Financial problem for 
installation of chrome 
recovery plant. 

United Brewery 
(Nepal) Private 
Limited 

Finance 
executive 

No 
pretreatment 
unit 

• Unwillingness to invest on 
environmental 
management. 

Hetauda Milk 
Supply Scheme 

Manager Oil and 
grease trap 
unit 

• Lack of responsibility to 
look after pretreatment unit.

Nepal 
Vegetable Ghee 
Industry 
(NVGI) 

Production 
manager 

Oil and 
grease trap 
unit 

• Ignorance of pretreating 
small volume of 
wastewater. 

Mahashakti 
Soap and 
Chemical 
Industry 
(MSCI) 

Production 
executive 

Six small 
open tanks 

• Technical knowhow in 
pretreatment of wastewater 

• Financial constrain 
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4.3.1 Birat leather Industry Private Limited 
 

Birat Leather Industry (BLI) was not in operation during the period of study in 

HID due to technical problems. An in-depth interview was conducted with deputy 

general manager (technical) of BLI to know the problems and difficulties for 

pretreatment of wastewater. Initially the sewerage system of BLI was connected to 

CWWTP, however it was disconnected later due to not doing pretreatment of 

wastewater. According to the respondent, the main problems for not doing 

pretreatment of wastewater were financial for installation of chrome recovery plant 

and lack of experience in chrome recovery. The BLI has already bought the chrome 

recovery equipment but has not installed it due to further expenses of operation and 

maintenance.  

 

It has been proved, in many leather tanneries in developing as well as 

developed countries, that chromium recovery is economically feasible. Panswad et al. 

(2001) suggests that pay back period of chromium recovery plant is nearly 3 years in 

Thailand which is economically feasible. Moreover doing the pretreatment of 

wastewater is sole factory responsibility and they have to comply with the law. So the 

government should provide soft loan and technical knowhow to the factory for 

installation and operation of chrome recovery plant.  

 

4.3.2 United Brewery (Nepal) Private Limited  

 

During the period of study in United Brewery, there was no pretreatment unit 

to treat the wastewater from the beer manufacturing and bottling operation. The 

processes wastewater was discharged to sewerage system of CWWTP. In one grab 

sample, the characteristics of wastewater were pH 5.54, BOD5 3,650 mg/l, COD 

5,088 mg/l and TSS 1,340 mg/l which showed that the BOD, COD and TSS were 

fairly high compared to pretreatment criteria (BOD<760 mg/l , COD<1000 mg/l, 

TSS<600 mg/l).  
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According to the interview with finance executive, the factory does not have 

the willingness to pretreat the wastewater unless there is economic benefit for doing 

so. The respondent answer clearly showed that the factory is under looking 

environmental laws and regulations and not doing the pretreatment because of self-

interest. If one factory does not pretreat the wastewater, it can affect the influent 

characteristics of CWWTP and ultimately other factory, doing the pretreatment, has to 

control the wastewater more strictly than it should be. The government can choose 

Carrot-and-Stick approach for United Brewery by offering financial incentive (as 

carrot) for doing pretreatment and if the factory does not comply with the 

pretreatment criteria then it should get penalty (as stick).  

 

4.3.3 Hetauda Milk Supply Scheme 

 

Hetauda Milk Supply Scheme (HMSS) is one of the units of Dairy 

Development Corporation (DDC), government undertaking organization. During the 

period of study in HMSS, samples of wastewater were collected before and after the 

oil and grease trap unit in HMSC in October 2007. It was found that BOD5, COD and 

TSS of wastewater were reduced by 48.39, 40.91 and 73.43%, respectively, however 

the concentration of oil and grease in effluent were 103 and 129 mg/l, which are 

higher than influent criteria of 50 mg/l of CWWTP. To know the problems/difficulties 

in pretreatment of wastewater, an in-depth interview was conducted with the factory 

manager. The respondent informed that the existing practice to skim oil and grease 

from trapping unit was in every three months which showed the lack of responsibility 

to look after pretreatment. However one officer of CWWTP mentioned that the 

trapped oil and grease should be skimmed from the surface of trapping unit in every 

week.  

 

Overall it was observed that the HMSS was doing the pretreatment by 

lowering oil and grease in the wastewater before discharge to CWWTP. However the 

factory did not meet the pretreatment criteria. The trapped oil and grease should be 

skimmed in every week as routine housekeeping. This will make the oil and grease 

trap to perform better. Furthermore HMSS is a semi-government factory, it should do 
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better pretreatment of wastewater in technical aspect and environmental responsibility 

and be the role model for other factories.  

 

4.3.4 Nepal Vegetable Ghee Industry  

 

Nepal Vegetable Ghee Industry (NVGI) uses both physical and chemical 

refining system to remove free fatty acid (FFA) from crude vegetable oil. According 

to the interview with production manager, physical refining is used most of the time 

as a result volume of wastewater has reduced significantly. The respondent explained 

that the factory uses chemical refining to produce refined vegetable oil from crude 

soya bean oil. He further described physical refining process and mentioned that 

wastewater is generated mainly from degumming of crude soya bean oil, floor and 

equipment washing whereas in chemical refining, large volume of wastewater is 

generated from degumming and neutralization of crude soybean oil. The 

concentration of oil and grease was 8,140 mg/l in a sample of wastewater taken on 

February 21, 2007 from NVGI by CWWTP. This showed ignorance of the factory to 

pretreat the wastewater which agrees to the answer of production manager. The 

respondent thought that the volume of wastewater is low when using physical 

refining. Therefore, pretreatment of wastewater before discharge to CWWTP was 

ignored.  

 

Although NVGI thought that physical refining produced low volume of 

wastewater, the factory still employs chemical refining therefore the factory should 

adjust the oil and grease trap in order to be suitable for both system of refining. 

However the treated wastewater should meet pretreatment criteria by adding chemical 

coagulation followed by dissolved air flotation.  

 

4.3.5 Soap Industry 
 

Mahashakti Soap and Chemical Industry Private Limited 
 

During the period of study at Mahashakti Soap and Chemical Industry 

(MSCI), it was observed that the wastewater from this factory was discharged to the 
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near by Karra river instead of CWWTP. It was found that the factory was discharging 

the wastewater through six small open tanks. Except those tanks, there was not any 

pretreatment system. So to know the problems/difficulties in pretreatment, an in- 

depth interview was conducted with factory production executive.  

 

According to the respondent, it was found that the factory has willingness to 

pretreat the wastewater and connect their sewerage system to CWWTP but there was 

lack of technical knowhow for treating the wastewater. The respondent further sought 

soft loan for the installation of pretreatment system. From the record of the factory 

about analysis of spent lye, it was found that there was loss of 2% of oil, 4% of salt 

and 2% of caustic soda in the spent lye from the saponification process. This factory 

used full boil process to manufacture soap by process of saponifaction which 

produced large volume of spent lye containing oil and grease, salt, caustic soda and 

dirt. The respondent also mentioned that the management of the MSCI is considering 

modification of the production process to half boil to eliminate the generation of spent 

lye. Even there will be no spent lye in half boil process, there will be wastewater from 

floor and equipment washing which required pretreatment before discharge. But the 

wastewater from half boil process has lower BOD, COD compared to full boil 

process. To make the MSCI to pretreat the wastewater and connect the sewerage 

system to CWWTP, the government should provide soft loan and technical knowhow 

in pretreatment of wastewater to the factory.   

 

The problems and difficulties in pretreatment of wastewater in Birat Leather 

Industry, United Brewery (Nepal), Hetauda Milk Supply Scheme, Nepal Vegetable 

Ghee Industry and Mahashakti Soap and Chemical Industries were discussed. Birat 

Leather Industry had four small open tanks for pretreatment which is not enough to 

meet the pretreatment criteria. United Brewery had no pretreatment unit at all. 

Hetauda Milk Supply Scheme had oil and grease trapping unit which was able to 

remove oil and grease to a certain level but did not meet the pretreatment criteria. 

Nepal Vegetable Ghee Industry had oil and grease trapping unit but it also did not 

meet the pretreatment criteria. Mahashakti Soap and Chemical Industries had six 

small open tanks which is not enough to meet the pretreatment criteria. Majority of 
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factories sought economic incentive in term of soft loan to install pretreatment system 

along with technical support. It was noticed that there was lack of experience in 

chrome recovery in leather factory and lack of technical knowhow in pretreatment in 

soap factory.  

 

Doing pretreatment of wastewater is sole responsibility of factory according to 

the environmental laws and regulations. As the enforcement of environmental laws is 

not so strong, the factories try to skip their responsibility. If all factories want to skip 

their responsibility, the performance of CWWTP will be worst. Encouraging 

environmental responsibility among the factories to treat wastewater is very urgent 

and important to save the environment. In the beginning, economic incentive with 

technical support for doing pretreatment will be one way to make them treat their 

wastewater. Pretreatment of wastewater is related with performance of CWWTP, 

therefore it is not possible for CWWTP to meet the effluent standards unless the 

factories do pretreatment of wastewater to meet the pretreatment criteria.  
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

 
This study was conducted in central wastewater treatment plant (CWWTP) in 

Hetauda Industrial District. The CWWTP was established as demonstration plant to 

show factory can be benefited by connecting their sewerage system to CWWTP 

instead of treating the wastewater individually. Brewery, dairy, vegetable ghee, soap 

and bone mill, among the factories connected to CWWTP, are major sources of high 

strength wastewater. Those factories have to pretreat their wastewater before 

discharging to CWWTP. As CWWTP is based on biological process of waste 

stabilization pond, it has its own capacity to treat the wastewater. Therefore this study 

aimed to evaluate the performance of CWWTP in terms of BOD5, COD, TSS, TDS, 

oil and grease and ammonical nitrogen removal. Furthermore performance of 

CWWTP depends on the characteristics of influent as a result pretreatment of 

wastewater at brewery, dairy, leather, vegetable ghee and soap factories were included 

in this study. Considering the highly polluted wastewater contaminated with heavy 

metal of chromium, leather factory was also included in this study even it was not 

connected to CWWTP. When the enforcement of environmental laws and regulations 

is not so strong, the factories try to skip their responsibilities to pretreat the 

wastewater. So the problems/ difficulties in pretreatment of wastewater were also a 

part of this study.  

 

In Chapter Four, performance of CWWTP in terms of BOD5, COD, TSS, 

TDS, oil and grease and ammonical nitrogen removal, pretreatment of wastewater in 

leather, brewery, dairy, vegetable ghee and soap factories, and problems and 

difficulties in pretreatment are discussed. This chapter summarizes the key findings 

and draws the conclusion of the study. This chapter also includes recommendation for 

CWWTP and six factories. 
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5.1 Conclusions 

 

For conclusion, the findings were concluded based on the main research 

objectives of this study. 

 

This study started with three research objectives. 

The first research objective was “To evaluate the performance of CWWPT in terms of 

BOD5, COD, TSS, TDS, oil and grease and ammonical nitrogen removal”. To fulfill 

the first objective, wastewater samples from CWWTP were analyzed for BOD5, COD, 

TSS, TDS, oil and grease, and ammonical nitrogen. BOD5, COD, and TSS of influent 

and effluent monitored by CWWTP from February to August 2007 were also used. 

 

5.1.1 The average BOD5, COD, and TSS removal by CWWTP was 74.39, 

62.09 and 61.03%, respectively. The average effluent BOD5, COD and TSS were 252, 

1,226 and 595 mg/l, respectively. Hence the CWWTP did not meet Nepal effluent 

standards of 50 mg/l for BOD5, 250 mg/l for COD and 50 mg/l for TSS. Anaerobic 

pond was not working efficiently due to large fluctuation in influent BOD5 (from 144 

mg/l to 1,556 mg/l) and lower volumetric BOD loading (avg. 56.34 g BOD/m3 d) than 

the design criteria (111 g BOD/m3 d). As a result, facultative pond was over loaded 

with high surface BOD loading (avg. 1,127.98 kg/ha d). Thus CWWTP did not meet 

the effluent standards.  

 

5.1.2 The concentration of TDS in influent was 1,463 and 777 mg/l in two 

samples collected in October 2007. The TSD removal was more than 50% in both 

samples. The average TDS removal was 62.67%. However, in Nepal there is no 

effluent standard of TDS for treated wastewater from combined wastewater treatment 

plant.  

 

5.1.3 The CWWTP met Nepal effluent standard of 10 mg/l for oil and grease 

from combined wastewater treatment plant. However influent concentration of oil and 

grease was 240 and 26 mg/l in two samples collected in October 2007. While average 

oil and grease in influent was 102 mg/l from February to August 2007. The 
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concentration of oil and grease should not be high as it can interfere biological 

processes in CWWTP.   
 

5.1.4 The CWWTP met the Nepal effluent standard of 50 mg/l for ammonical 

nitrogen from combined wastewater treatment plant. Even, there was increase in 

concentration of ammonical nitrogen in outlet wastewater of anaerobic pond, the 

average effluent concentration (36.16 mg/l) was within Nepal effluent standard.  
 

5.1.5 The overall performance of CWWTP from February to August 2007 was 

poor. Average effluent BOD5 and COD were five times and TSS was twelve times of 

Nepal effluent standard. Poor performance of anaerobic pond, because of large 

fluctuation in concentration of influent BOD5 and under volumetric BOD loading, was 

main reason of under performance of CWWTP.  
 

The second research objective was “To study the pretreatment wastewater in 

selected factories (leather, brewery, dairy, vegetable ghee and soap) before discharge 

to CWWTP”. To fulfill the second objective, Birat Leather Industry, United Brewery 

(Nepal), Hetauda Milk Supply Scheme, Nepal Vegetable Ghee Industry, Mahashakti 

Soap and Chemical Industry and Nepal Soap Industry were visited and the 

pretreatment system was observed.  
 

5.1.6 Pretreatment in those factories was not good enough to meet the 

pretreatment criteria of CWWTP. Two factories have oil and grease trap unit and two 

factories have small open tanks.  

 

5.1.7 In Birat Leather Industry, there were four small open tanks for 

pretreatment of wastewater which did not to meet the pretreatment criteria. The 

factory should install the chrome recovery plant, do the pretreatment of wastewater, 

and connect the factory sewerage system to CWWTP instead of discharging the 

wastewater to Karra River.  
 

5.1.8 There was no pretreatment unit in United Brewery (Nepal). The 

characteristics of wastewater were pH 5.54, BOD5 3,650 mg/l, COD 5,088 mg/l and 
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TSS 1,340 mg/l. Therefore this factory is required to pretreat the wastewater before 

discharge to CWWTP. 

 

5.1.9 Hetauda Milk Supply Scheme had oil and grease trapping unit which can 

reduce oil and grease from the wastewater to a certain level but did not meet 

pretreatment criteria of 50 mg/l for oil and grease. Therefore, the factory requires 

additional unit to reduce oil and grease, BOD5 and COD. 

 

5.1.10 In Nepal Vegetable Ghee Industry, concentration of oil and grease was 

very high in chemical refining. In physical refining, the concentration of oil and 

grease was comparatively lower but it was more than pretreatment criteria of 50 mg/l 

for oil and grease. Therefore, it should be treated to meet pretreatment criteria before 

discharge to CWWTP. 

 

5.1.11 Mahashakti Soap and Chemical Industry had six small open tanks for 

pretreatment and wastewater was discharged to Karra River. As the factory 

wastewater had BOD5 4,000 mg/l, COD 8,380 mg/l, oil and grease 236 mg/l, TSS 

2,400 mg/l, and TDS 27,400 mg/l, therefore it should be treated to meet pretreatment 

criteria. Then the factory sewerage system should be connected to CWWTP. 

 

5.1.12 National Soap Industry had no pretreatment unit. BOD5 and COD of 

wastewater sample were 1,650 and 3,000 mg/l, respectively, which were more than 

the pretreatment criteria (BOD5< 760 mg/l and COD< 1,000 mg/l). Therefore, 

wastewater should be pretreated even there was no generation of wastewater from 

production process except those from floor and equipment washing.  

 

The third research objective was “To find the problems/difficulties in pretreatment 

of wastewater”. To fulfill the third objective, an in-depth interview was conducted with 

deputy general manager (technical) in Birat Leather Industry, with finance executive 

in United Brewery (Nepal), with manager in Hetauda Milk Supply Scheme, with 

production manager in Nepal Vegetable Ghee Industry and with production executive 

in Mahashakti Soap and Chemical Industry. 
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5.1.13 According to in-depth interview, lack of funds, lack of technical 

knowhow in pretreatment and unwillingness to invest in environmental management 

were major problems/difficulties in pretreatment of wastewater.  

 

-    In Birat Leather Industry, lack of funds for installation and operation of 

chrome recovery plant and lack of experience in chrome recovery were the main 

problems.  

 

-  In United Brewer (Nepal), unwillingness to invest in environmental 

management was the main reason. 

 

-  In Hetauda Milk Supply Scheme, lack of responsibility to look after the 

pretreatment of wastewater even the factory has oil and grease trap unit was the 

problem. 

 

-    In Nepal Vegetable Ghee Industry, ignorance of pretreating wastewater was 

the main problem. 

 

-   In Mahashakti Soap and Chemical Industry, lack of funds and technical 

knowhow in pretreatment of wastewater were the main problems. 

 

5.2 Recommendations  

 

5.2.1 Recommendation for CWWTP 

 

The overall performance of CWWTP was not good as it did not treat the 

wastewater to meet the effluent standards of BOD5, COD and TSS. Large fluctuation 

in influent BOD5 (from 144 mg/l to 1556 mg/l) and lower volumetric BOD5 loading 

(avg. volumetric loading of 56.34 g BOD/m3 d) compared to the design volumetric 

loading (111 g BOD/m3 d) were main reasons for poor performance. To overcome the 

large fluctuation in characteristics of influent, equalization tank should be added and 

wastewater from factories should be treated to meet pretreatment criteria before 
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discharge to CWWTP. To overcome the problem of under BOD5 loading, other 

factory sewerage systems should be connected to CWWTP.   

 

5.2.2 Recommendations for pretreatment of wastewater 

 

Recovery of chromium from chrome tanning wastewater is very important. 

Thus in Birat Leather Industry, magnesium oxide (MgO) could be used to precipitate 

the spent chromium followed by dissolution of precipitated chromium with sulphuric 

acid.  

 

-   Flow equalization tank followed by up-flow anaerobic sludge blanket reactor 

could be an option for United Brewery (N) to pretreat the wastewater before discharge 

to CWWTP. 

 

-   As Hetauda Milk supply Scheme had oil and grease trapping unit, therefore 

flow equalization tank followed and anaerobic filter could be added for better 

pretreatment of wastewater. 

 

-    Nepal Vegetable Ghee Industry had oil and grease trap unit so to comply with 

pretreatment criteria, chemical coagulation (with alum and polyelectrolyte) followed 

by dissolved air flotation could be added.  

 

 -  In Mahashakti Soap and Chemical Industry, the factory could either use 

chemical coagulation (with alum)-sedimentation method to pretreat the wastewater or 

modify the production process to half boil in which virtually there is no generation of 

spent lye in laundry soap manufacturing. There will be no spent lye in the half boil 

process but there will be wastewater from floor and equipment washing which 

required pretreatment before discharge. 

 

-   In National Soap Industry, chemical coagulation (with alum)-sedimentation 

could be used to pretreat the wastewater generated from floor and equipment washing.  
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-  Pretreatment of wastewater in aforementioned factories is urgent and 

problems/difficulties in pretreatment should be solved as earliest as possible. The 

government should provide soft loan as economic incentive and technical knowhow 

in pretreatment to those factories sought economic incentive for pretreatment as well 

as technical support. At the same time there should be strict monitoring of wastewater 

at those factories so that they can comply with pretreatment criteria. Otherwise they 

should be penalized.  
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APPENDIX I 
NAME OF THE INDUSTRIES IN HETAUDA INDUSTRIAL DISTRICT 

 

S.N.  Name of Industries Products Status 

1 
Alcowa Closer System Industry Nepal Pvt 
Ptd Plastic caps In Operation 

2 Om Textile Pvt Ltd Woven fabric "

3 
International Wood sizzling Center Pvt 
Ltd Not Available (N/A) 

"

4 Makwana Biscuit Pvt Ltd Biscuit "
5 Everest Containers Pvt Ltd Metal container "
6 Asian Paints Nepal Pvt Ltd Paints "
7 Rastriya Beej Bijan Co Ltd Seed production "
8 Crystal Products Pvt Ltd Not Available (N/A) "

9 Colgate Palmolive Nepal Pvt Ltd Tooth paste and 
powder 

"

10 
National Soap and Chemical Industries Pvt 
Ltd 

Laundy soap and 
detergent 

"

11 National Casting Industries Pvt Ltd Metal utensils "
12 Nepal Poles Industries Concrete pole  "

13 Nepal Vegetable Ghee Industry Ltd Vegetable ghee and 
oil 

"

14 
Nepal Wood Preservative Industries Pvt 
Ltd Not Available (N/A) 

"

15 
Nepal Hyum Pipe Manufacturers 
Industries Pvt Ltd Hyum pipes 

"

16 Nepal Tobacco Company Pvt Ltd Cigarette "
17 Pashupati Zippers Pvt Ltd Zippers "
18 Birat Leather Industries Pvt Ltd Finished leathers  "
19 Bone Processing Industries Pvt Ltd Bone powder "

20 Mahashakti Soap and Chemical Industries Laundry and toilet 
Soap 

"

21 Yati Paints Nepal Pvt Ltd Paints "
22 United Brewery Nepal Pvt Ltd Beer "
23 Radhika Plastic Pvt Ltd Plastic goods "
24 Laxmi Lime Products Pvt Ltd N/A "
25 Shiloo Concrete Industries Concrete products "
26 Super Lamicoat Pvt Ltd Not Available (N/A) "

27 Himalayan Bamboo Pvt Ltd Bamboo products, 
Parquet 

"

28 Hatauda Engineering Works Pvt Ltd Mechanical 
Equipment 

"

29 Hetauda Milk Distribution Ayojana Dairy products "
30 Tripura Industries Nepal Pvt Ltd Candy and toffee "
31 Everest Polymers Pvt Ltd Plasticizers "
33 Allied Power Engineering Not Available (N/A) "
34 Bhutandevi Kasth Udhyog Pvt Ltd Furniture "
35 Trishakti Polypacks Pvt Ltd Poly packing bags "
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36 S packaging Pvt Ltd Corrugated box 

"

37 Nepal Metal Fabricating Pvt Ltd Metal products "
38 Unique Soap and Chemical Industry Soap "

39 Ganga Soap Industries Pvt Ltd Soap and washing 
powder 

"

40 Salt Trading Corporation Trading house "
41 Regional Beau Bijan Laboratory Seed production lab "
42 Regional Food Laboratory Laboratory "

43 Nepal Saltseed Pvt Ltd Chocolate 
Agreement 
signed 

44 Churia Mai Kasth Udhyog  Wooden Furniture " 

45 Abeer Wood and Industries Pvt Ltd Wooden Furniture 
Under 
construction 

46 Shivbuba Plywood and Kasth Udhyog Wooden Furniture " 
47 Balaji Natural Industries Not Available (N/A) " 
48 Sohotulip Pharmaceuticals Pvt Ltd Pharmaceuticals " 
59 V N V textile Pvt Ltd Narrow woven fabric " 
50 Everest Foods Limited  Slaughter house Closed 
51 Cable and Plastic Industries Pvt Ltd Not Available (N/A) " 
52 Global Righting Systems Pvt Ltd Not Available (N/A) " 
53 Narayani Feed Industries Animal feed " 

54 Hetauda Textile Udhyog Ltd Weaving and dyeing 
of cotton fabric " 

55 Nemo Carpet Company Pvt Ltd Carpet " 
56 Nepal Synthetic Industries Pvt Ltd Not Available (N/A) " 
57 Basudha Marbles Pvt Ltd Not Available (N/A) " 
58 Unique Packaging Industries Pvt Ltd Not Available (N/A) " 
59 Quality Concrete Industries Concrete products " 

60 
Hisi Polyethene and Plastic Industry Pvt 
Ltd Polythene pipe " 

61 Shree Khadh Udhyog Limited Not Available (N/A) " 
62 Amani Industries Pvt Ltd Not Available (N/A) " 

63 Everest Vinly Pvt Ltd Leather cloth & 
Synthetic leather Proposed  

64 Surya Paint Pvt Ltd Paints " 
65 Asian Rubber Udhyog Pvt Ltd Rubber products " 

66 
Burger Johnson and Nicholson Nepal Pvt 
Ltd Paints " 

67 Gorkha Lahari Cigarette Pvt Ltd Cigarette " 
Source: Hetauda Industrial District Management office, 2007 
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APPENDIX  II 
LIST OF FACTORIES AND OTHER BUILDING CONNECTED TO CWWTP IN 
HID UP TO JULY, 2007  
 

 
S.N. Name of Industry Products/Services Connections 

1 Bone Processing Industries Pvt. Ltd Crafts of bone Wastewater 
2 Everest Polymers Pvt. Ltd. Plasticizer ,, 
3 National Soap Industries Pvt. Ltd. Laundry soaps and 

detergent 
,, 

4 Hetauda Milk Supply Scheme Dairy products ,, 
5 United Brewery Nepal Pvt. Ltd. Beer ,, 
6 Ganga Soap and Chemical Industries 

Pvt. Ltd. 
Soap, Shampoo, 

detergents 
,, 

7 Colgate-Palmolive Nepal Pvt. Ltd. Tooth paste and 
powder 

,, 

8 Makawana Biscuit Pvt. Ltd. Biscuits ,, 
9 Asian Paints (Nepal) Pvt. Ltd. Paints ,, 
10 Unique Soap and Chemical Industries 

Pvt. Ltd. 
Soap ,, 

11 Nepal Vegetable Ghee Industry Ltd. Vegetable oil and 
ghee 

,, 

12 Tripura Industries Pvt. Ltd. Candy and  toffee ,, 
 

1 Everest Containers Pvt. Ltd. Plastic container Sanitary 
wastewater 

2 Alcowa CSI Nepal Pvt Ltd Plastic caps ,, 
3 Hetauda Milk Supply Scheme 

residence 
-- ,, 

4 HID Adminisration/utilities/residential 
building 

-- ,, 

5 Hisi Polythene and plastic industries 
Pvt. Ltd. 

Plastic pipes ,, 

6 Narayani Feed Industry Animal feeds ,, 
7 National Casting Industries Pvt. Ltd. Metal utensils ,, 
8 Om Textile Pvt. Ltd. Fabric weaving ,, 
9 Rastriya Biu Bijan Company Ltd. -- ,, 
10 United Brewery Nepal Pvt. Ltd. 

residence 
-- ,, 

11 WWPT Residential building -- ,, 
12 Regional Seed Testing Laboratory Lab testing ,, 
Source: Hetauda Industrial District Management office, 2007 
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APPENDIX III 

GENERIC STANDARD 
PART II 

TOLERANCE LIMITS FOR INDUSTRIAL EFFLUENTS TO BE DISCHARGED 
INTO PUBLIC SEWER  

 

 
Characteristics  Tolerance 

Limit
Total Suspended solids, mg/L, Max 600 
pH 5.5 to 9.0 
Temperature, 0C, Max 45 
Biochemical oxygen demand (BOD) for 5 days at 20 degree C, 
mg/L, Max 

400 

Oils and grease, mg/L, Max 50 
Phenolic compounds, mg/L, Max 10 
Cynides (as CN), mg/L, Max 2 
Sulphides (as S), mg/L, Max 2 
Chloride (Cl), mg/L, Max 1000 
Insecticides Absent 
Sulphates (SO4), mg/L, Max 500 
Fluorides (as F), mg/L, Max 10 
Arsenic (as As), mg/L, Max 1 
Cadmium (as, Cd), mg/L, Max 2 
Total Chromium, mg/L, Max 2 
Copper (as Cu), mg/L, Max 3 
Lead (as Pb), mg/L, Max 0.1 
Mercury (as Hg), mg/L, Max 0.01 
Nickel (as Ni), mg/L, Max 3 
Selenium (as Se), mg/L, Max 0.05 
Zinc (as Zn), mg/L, Max 5 
Ammonical nitrogen, mg/L, Max 50 
Chemical Oxygen Demand, mg/L, Max 1000 
Silver, mg/L, Max 0.1 
Total Dissolved Solids, mg/l, Max 2100 
Mineral Oils, mg/L, Max 10 
Inhibition of nitrification test at 200ml/l < 50% 
Source: Ministry of Environment Science and Technology, Nepal 

Available at http://www.most.gov.np/en/environment/stanindustrial.php (20-07-2007) 
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APPENDIX IV 

GENERIC STANDARD 
PART III 

TOLERANCE LIMITS FOR WASTEWATER TO BE DISCHARGED INTO 
INLAND SURFACE WATERS FROM COMBINED WASTEWATR TREATMENT 

PLANT  
 

 
Characteristics  Tolerance Limit 
Total Suspended solids, mg/L, Max 50 
Particle size of total suspended particles  Shall pass 850-micron Sieve. 

pH 5.5 to 9.0 
Temperature Shall not exceed 40 degree C in any 

section of the stream within 15 meters 
down-stream from the effluent outlet. 

Biochemical oxygen demand (BOD) for 5 
days at 20 degree C, mg/L, Max 

50 

Oils and grease, mg/L, Max 10 
Phenolic compounds, mg/L, Max 1 
Cynides (as CN), mg/L, Max 0.2 
Sulphides (as S), mg/L, Max 2 
Radioactive materials:  
a. Alpha emitters, c/ml, Max 10 -7 
b. Beta emitters, c/ml, Max 10 -8 
Insecticides Absent 
Total residual chlorine, mg/L 1 
Fluorides (as F), mg/L, Max 2 
Arsenic (as As), mg/L, Max 0.2 
Cadmium (as, Cd), mg/L, Max 2 
Hexavalent chromium (as Cr), mg/L, max 0.1 
Copper (as Cu), mg/L, Max 3 
Lead (as Pb), mg/L, Max 0.1 
Mercury (as Hg), mg/L, Max 0.01 
Nickel (as Ni), mg/L, Max 3 
Selenium (as Se), mg/L, Max 0.05 
Zinc (as Zn), mg/L, Max 5 
Ammonical nitrogen, mg/L, Max 50 
Chemical Oxygen Demand, mg/L, Max 250 
Silver, mg/L, Max 0.1 
Source: Ministry of Environment, Science and Technology, Nepal 

Available at http://www.most.gov.np/en/environment/stanindustrial.php (20-07-2007) 
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Table 4 Total suspended solid removal in individual ponds of CWWTP in HID, 
Nepal 

Date of 
sampling Name of the pond 

Inlet 
TSS, 
mg/l 

Outlet 
TSS, 
mg/l 

TSS 
removal, 

% 

Overall TSS 
removal , % 

2/10/2007 

 Anaerobic , 6A 1,760 102 94.20 

               
90.80  

 Facultative, 7-2-A  102 130 -27.45 
 Maturation,7-2-B and 
7-2-C  130 162 -24.62 
 Anaerobic, 6A  1,760 102 94.20 

               
88.64  

 Facultative, 7-1-A  102 164 -60.78 
 Maturation, 7-1-B 
and  
7-1-C  164 200 -21.95 

9/10/2007 

 Anaerobic , 6A 516 148 71.32 

               
73.64  

 Facultative, 7-2-A  148 132 10.81 
 Maturation, 7-2-B 
and  
7-2-C  132 136 -3.03 
 Anaerobic, 6A  516 148 71.32 

              
72.87  

 Facultative, 7-1-A  148 156 -5.41 
 Maturation, 7-1-B 
and  
7-1-C  156 140 10.26 

Source: Grab samples collected from CWWTP in October, 2007  

 

Table 5 Concentration of oil and grease in CWWTP in HID during February till 
August 2007 

Date of Sampling Influent oil and grease, mg/l 
4/2/2007 62 
13/2/2007 364 
12/3/2007 85 
19/3/2007 76 
30/4/2007 36 
2/5/2007 36 
28/5/2007 129 
28/6/2007 35 
20/7/2007 176 
9/8/2007 72 
23/8/2007 56 
Average 102 

Source: Office of CWWTP in HID, 2007 

Note: All samples were 24 hrs composite samples 
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