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Abstract 
 

 

Brewery waste water sludge (BWS) is produced as the result of aerobic biological 

treatment of brewery effluent. Analysis of this waste material revealed that it contained 

valuable nutrients for plant growth (total %N= 4.2, %P=2.5 K=106.4, and Zn 35.16 ppm), 

heavy metal content within acceptable range (Pb=0.62, Cd=0.04, Hg=0.22, Ni=34.09 and 

Co=0.77 ppm) and acceptable load of pathogenic microorganisms (5cfu/g for E coil). 

The brewery sludge can be directly applied to the soil for the agricultural purposes. The 

main objective of the present study is to compare the effects of BWS and urea fertilizer 

on the growth and yield of tomato (Lycopersicon esculentum Mill).  BWS was applied at 

10, 25, 50, 75 and 100 % ratio with soil and urea fertilizer at 50, 100, 150 and 200 

mg/kg of soil.  Results showed significance in leave height (17.67±0.58 cm) and shoot   

length (83.33±1.53 cm) were   recorded at   25% ratio of BWS and   lowest (No growth)   

at   75 and 100 % BWS ratio. In  addition, 200mg urea /kg of soil   recorded the  highest  

shoot length (74.67±1.15cm) and 50  mg of urea /kg of soil lowest (64.67±0.58 cm), more 

number of tomato  fruits (16.33±1.53) were  produced  at  25% BWS  compared  with  

(13.00±1) in  200 mg of urea/kg soil and differed significantly  (p<0.05) with the  control 

(7.67±1.53) and among treatments. The smallest (No growth) and highest  (85.15±8.77g) 

weights  of fruits recorded  per plant at 75 and 100 % BWS and 25% BWS respectively,  

differed significantly (p<0.05) among treatments and control (65.59±1.38g). The smallest 

(57.05±2.07g) and highest (65.99±2.13g) weights recorded  at 200 and 100 mg urea /kg 

of soil,  respectively, also differed  significantly (p<0.05). It was concluded that BWS at 25 

% ratio and urea fertilizer at 50-200 mg of urea/kg of soil are sufficient for tomato 

plants but the former outweighs the latter. 

 

Key words:   Brewery waste water sludge, Urea, Tomato, Growth, Yield. 
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1. INTRODUCTION 
 

1.1. Background and Justification 
 
Managing industrial wastes is one of the most important urban environment 

problems of today. With a rapidly increasing population and a growing trend of 

industrial development, problems related to the management of industrial wastes 

have become of considerable magnitude in Ethiopia. 

 

The problem is more acute in cities and/or town where relatively large number   of 

manufacturing plants is concentrated. Beer Brewery  is  among  the  industries   

known  for production   of by-products  (spent  grains, spent yeast)  and sludge  from 

the waste water treatment plant at different stages of the manufacturing  process 

(Muktar et al., 2015). 

 

Heineken Breweries has been expanding in its production capacity recently.  

Accordingly, the current daily sludge production of the brewery has increased   

significantly    along with the expansion and   increase   in its beer   production.  It  is  

therefore  inevitable to  focus   on  the development of  appropriate   industrial   

waste  management    strategy   and  management   plan  that  enables  to reutilize  

the  industrial  liquid  waste  for other  purposes  in an environmentally   friendly 

manner. 

 

The reutilization of such waste product can be linked with minimized losses of 

resources and production opportunities and with increased productivity and 

profitability along with environmental benefits. One way of reutilizing such 

byproducts is application on cultivated lands as fertilizer for improvements of soil 

fertility and crop production which is also a common practice in many countries. This 

practice stands out as a way to reduce soil fertility depletion and input cost for 
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smallholder farmers. This also avoids final destination options such as incineration 

and disposal in landfills that involve higher production costs on the factory and 

greater impact on the environment (Ferreira et al., 2003). 

 

Bio solids are usually rich in organic matter and essential nutrients. As a result, they 

have great potential for use as fertilizers and soil conditioners, and when they meet 

the necessary requirements concerning the concentration of heavy metals and 

pathogens, can replace part or all of mineral fertilizers (Canet et al., 1998). There are 

scientific evidences of increase in bio solids are usually rich in organic matter and 

essential nutrients.   As  a result,  they  have  great potential    for   use   as   fertilizers    

and   soil   conditioners,    and   when   they   meet   the   necessary requirements   

concerning   the concentration   of heavy  metals  and pathogens,   can replace  part 

or all of   mineral    fertilizers  (Ramya et al., 2015) There   are   scientific    evidences    

of   increase   in productivity of  different   crops  with  the  application   of  bio solids. 

Accordingly  the benefits  of application  of bio solids  can exceed  those  achieved  

with  mineral  fertilizers,  especially  in terms  of productivity   and economy with  

fertilizers,   mainly  nitrogen   (N)  and  in  some  cases  phosphorus   (P)  and  metallic  

ions  like calcium  (Ca)  and magnesium   (Mg) (Bolan et al., 2005).  

 

However,   studies  on the  viability  of bio solids   from  industries   for  agricultural   

use  are  few  and specific  for certain  industrial  byproducts   such as tannery  and 

coal .  Nevertheless, industrial bio solid wastes are diverse, with characteristics that   

vary   according   to the   raw materials and manufacturing processes/processing 

systems followed (Abdushmmala et al., 2009).  

 

These justify  the need for investigating   the technical  feasibility, determining  the 

rates of application,   evaluating  agronomic  performances   and economic  benefits, 

and/or  assessing  environmental   safety  of major  industrial  wastes.  Moreover,  the 
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response  to the different   brewery   sludge   vary  depending  on  the  type  of  crop  

species,   soil  types  and  other environmental factors   such  climate   particularly    

soil  moisture   level  during  the  crop  growing period. 

 

 The brewing industries use large volumes of water and 70% of the intake is 

discharged as effluent (Abdushmmala et al., 2009). Chemical analysis on brewery 

sludge revealed that it has high N, P, K, volatile fatty acids and nutrients which are 

important requirement for plant growth (Jolly and Ashwani, 2012). It also consists of 

various important organisms like heterotrophic fungi and actinomycetes. The fertility 

of the soil can be improved because of the presence of these minerals and organisms. 

 

Fertile soil is the most important resource for the entire living world. Apart from 

providing a solid substratum on which we live, the soil provides us most  of  our  

necessities  through  the  plant  and animal  communities which  develop  on  it  . Our 

prosperity and well-being depends on largely fertile land and productive soils. There 

fore it is an essential natural resource we often fail to realize the tremendous 

importance of soils underneath us. Mankind can live without fossil fuels but it can not 

survive the depletion of this thin crust of loose material   on   which   we   depend   for   

our   food supplies (Adams et al., 1951). 
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1.2.   Statement of the Problem 

The main reasons that necessitated this research are the following:- 


 Managing industrial wastes (sludge) is one of the most important issues in both 

environmental and economic aspect. 

 

 There is no enough scientific study carried out to investigate the impact of 

brewery   sludge on crop production and soil fertility in Ethiopian context.   

 

 The brewing technology is growing up in Ethiopia and the disposal of solid 

waste management is an issue. Generally, brewery sludge has been dump into 

landfill, therefore, some environmental and management problems could 

appear in future. In addition, higher rates of organic wastes may increase 

salinity, which may be harmful to crops and the environment 

(Kanagachandran and Jayaratne, 2006). 


 The nutrient content including heavy metals of sludge made from brewery 

wastewater need laboratory analysis to inform users about its fertilizing 

potential. 

 

 The price of imported inorganic fertilizer is increasing from time to time which 

is not affordable to most Ethiopian farmers farming in piece patches of land. To 

ensure food security, and minimize economic burden in purchasing imported 

inorganic fertilizer farmers need to practice of utilizing organic fertilizer 
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1.3. Objective of the Research 
 

1.3.1.  General Objective 

 

 Determine possibility of using brewery waste water sludge as organic fertilizer 

through; compare the growing performance and yield of tomato plant with 

inorganic fertilizer Urea. 

 

1.3.2. Specific Objectives 

 

 To Compare the effectiveness of sludge with inorganic fertilize (urea) on the 

growing performance and yield of tomato plant. 

 

 To assess the concentration of heavy metal on waste water sludge. 

 

 To deliver additional option for the end user about organic fertilizer. 

 

 To determine the pathogenic load of sludge. 

 

 To study the important mineral content in waste water sludge that are 

important to plant growth. 

 

 To generate data that can be used to develop recommendation for improve 

soil management 

 

 To determine   optimum   rates of applications   of brewery sludge in soil. 
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1.4. Significance of the Research 
 

The significance of this study will be to: 

 

 Provide experimental results about the important nutrient content for plant 

growth that are found in sludge and also assess the heavy metal concentration. 

 

 To popularize the use of sludge as organic fertilizer and develop skills of using 

sludge. 

 

 Provide baseline information for stakeholder institutions and farmers engaged 

in organic agriculture. 

 

 Serve as a clue for further research in technology and quality analysis. 

 

 Increase the revenue of industries by working mutually with farmer and 

growing their major raw material that is barley, using sludge as organic 

fertilizer.  
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2. LITERATURE REVIEW 
 

 
Beer is a fermented beverage with low alcohol content made from various types of 

grains. Barley, wheat, maize and other grains can be used (barley predominates). The 

production steps include: First, production of Wort; grinding of the malt to grist; 

mixing grist with water to produce a mash in the mash tun; heating of the mash to 

activate enzymes; separation of grist residues in the lauter tun to leave a liquid wort; 

boiling of the wort with hops; separation of the wort from the trub/hot break 

(precipitated residues) with the liquid part of the trub being returned to the lauter tub 

and the spent hops going to a collection vessel; and cooling of the wort. Second, 

production of Beer; addition of yeast to cooled wort; fermentation; separation of 

spent yeast by filtration, centrifugation or settling; and bottling and/or kegging. 

Water consumption for breweries generally ranges 4-8 cubic meter per cubic meter 

(m3/m3) of beer produced (Ramya et al., 2015). 

 

2.1. Wastewater Treatment in Brewery Industry 
 

Waste Water Treatment Plant is one of the important sections in the brewery. It is 

necessary to control the loading and efficiency of the plant. Anaerobic and aerobic 

processes need be controlled in stable condition so it easy to identify abnormalities 

(www.neiwpcc.org). 

 
The following are the general terms used in wastewater treatment: 
 

 COD –is a measure for the amount of oxygen necessary to entire chemical 
oxidation of all organic matter in the waste water. 
 

 VFA-mainly acetate, are key intermediate product in the anaerobic digestion 
process 

 
 TSS- total suspended solids is the amount of undissolved solid materials 

 
 QAC-quaternary ammonia compounds   
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The most important process determining the anaerobic biodegradation velocity 
 
 Feed from the Equalization tank to intermediate pump pit 

 PH across the UASB reactor 

 Temperature across the UASB reactor 

 Biodegradability of substrate  

 Alkalinity in the equalization  tank as buffer capacity 

 Salt content 

 Nutrients 

 Toxic or inhibiting compounds: QAC’s 

 

The effluent of brewery requires treatment so that they can be used for different 

purpose. The amount of wastewater produced by the brewery depends lot on the 

consumption of water during the process. There are various organic components 

present in the brewery effluent. The popular organic components present in the 

brewery effluents are sugars, soluble starch, volatile fatty acids, ethanol etc. These 

biodegradable organic materials also consist of various solids like spent grains, waste 

yeasts, hot trub etc. The types of chemicals used determine the pH level of the 

effluent.  

For choosing wastewater treatment plant or equipment, different factors like socio-

economic factors, environment  factors should be considered. The process selected 

should be flexible enough to deal with large fluctuations in organic load and the 

nature of wastewater.  

The organic effluent in the brewery industry is high hence for aeration high input 

energy is required also sludge disposal also needs proper handling. Due to this 

anaerobic processes are preferred for wastewater treatment in brewery industry as 

this not only saves energy but also minimizes sludge disposal (www.neiwpcc.org). 

 
 



 

 

2.1.1. Treatment Processes
 

The treatment process two significant steps

methods uses low energy requirement, generates less sludge and have advantage of 

easy start up and operation.

Brewery wastewater poses a problem of fluctuating loads hence the treatment 

process should be designed to address such fluctuations without affecting the output 

parameters of the wastewater treatment system.

In biomethanation process reactor, called Bio digester 

organic matter into useful energy in the form of Biogas. The whole biological process 

of conversion takes place in a controlled atmosphere and temperature which results 

in effective conversion and generates good amount of bio

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Schematic diagram of breweries WWTP

  

Treatment Processes 

The treatment process two significant steps- Biomethanation and Aeration. The two 

methods uses low energy requirement, generates less sludge and have advantage of 

easy start up and operation. 

wastewater poses a problem of fluctuating loads hence the treatment 

process should be designed to address such fluctuations without affecting the output 

parameters of the wastewater treatment system. 

In biomethanation process reactor, called Bio digester is usually used for converting 

organic matter into useful energy in the form of Biogas. The whole biological process 

of conversion takes place in a controlled atmosphere and temperature which results 

in effective conversion and generates good amount of biogas (Teresa

 

diagram of breweries WWTP (adapted from; www.neiwpcc.org)

9 

Biomethanation and Aeration. The two 

methods uses low energy requirement, generates less sludge and have advantage of 

wastewater poses a problem of fluctuating loads hence the treatment 

process should be designed to address such fluctuations without affecting the output 

is usually used for converting 

organic matter into useful energy in the form of Biogas. The whole biological process 

of conversion takes place in a controlled atmosphere and temperature which results 

sa et al., 2012). 

www.neiwpcc.org)
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2.2. Sludge Processing and Disposal 
 
The main objective of wastewater treatment is to reduce the pollution load on 

receiving waters.  The treatment processes concentrate some of the impurities in a 

sludge along with the microbial excess biomass.  Water treatment also produces a 

sludge from the chemical coagulation and separation of impurities.  The treatment 

and disposal of these sludge should be considered as an integral part of the treatment 

process.  The treatment processes should be regarded therefore as a low-solids 

stream (effluent or drinking water) and a high-solids stream (sludge). 

 

It should be appreciated that the sludge consist mainly of water and that dewatering 

is the first and most important requirement in sludge processing.  The cost of treating 

the sludges, particularly for wastewaters, is a major component of the total cost of 

treatment, and the effects of the final disposal methods and return flows from sludge 

treatment can have significant implications for the preceding processes (Tideström, 

1997). 

 

2.3. Characterization and Sources of Sludges from Wastewater 

Treatment 

 
Humans deposit about 70 g per capita per day of solids into wastewater.  With 

'garbage grinders', this can reach 100g per day.  The impurities present in the 

wastewater must either be transformed into innocuous end-products or be 

effectively separated from the effluent stream.  Impurities which are removed are 

drawn off as side-streams to the main flow and partially converted into gaseous 

products.  Treatment and disposal of side-streams is an essential part of the overall 

treatment process, and frequently they contribute significantly to the total cost of 

treatment. 

 

In conventional wastewater treatment works, the main side stream products, apart 

from screenings and grit, are the various forms of sludge, comprising the underflow 

from sedimentation tanks which effect separation of the greater proportion of the 
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removed impurities.  Treatment and disposal of these sludges is dependent on the 

volume and characteristics of the sludges produced, which in turn are related to the 

type of treatment giving rise to the sludge (Soares et al., 1995). The simplest 

classification of waste water sludges is based on the process from which they are 

produced. 

 

2.3.1. Raw Sludge (Primary Sludge) 
 

Raw sludge or primary sludge is drawn from the primary sedimentation tanks.  It 

contains all the readily settle able matter from the wastewater; plus another 1% 

collected as scum; it has a high organic content - mainly faecal matter and food 

scraps - and is thus highly putrescibles.  In its fresh state, raw sludge is grey in colour 

with a heavy faecal odour.  Both colour and odour intensify on prolonged storage 

under anoxic conditions, leading rapidly to onset of putrefaction and extremely 

unpleasant odours.  This is often evident in small works when sludge is drawn from 

the sedimentation tanks into open pits for transfer to the digestion tanks. 

 

Primary sludge accounts for 50-60% of the suspended solids applied.  Primary 

precipitates can be dewatered readily after chemical conditioning because of their 

fibrous and coarse nature.  Typical solids concentrations in raw primary sludge from 

settling municipal wastewater are 6%-8%.  The portion of volatile solids varies from 

60% to 80 % (Bouldin, 1997). 

 

2.3.2. Trickling-Filter Humus 
 

From secondary clarification is dark brown in colour, flocculent, and relatively 

inoffensive when fresh.  The suspended particles are of biological growth sloughed 

from the filter media.  Although they exhibit good settle ability, the precipitate does 

not compact to a high density.  For this reason and because sloughing is irregular, 

underflow from the final clarifier containing filter humus is returned to the wet well 

for mixing with the inflowing raw wastewater.  Thus humus is settled with raw 
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organics in the primary clarifier.  The combined sludge had a solids content of 4% to 

6%, which is slightly thinner than primary residue with raw organics only (Tideström, 

1997). 

 

2.3.3. Waste-Activated Sludge 
 

Waste-Activated sludge is a dark-brown, flocculent suspension of active microbial 

masses inoffensive when fresh, but it turns septic rapidly because of biological 

activity Mixed - liquor solids settle slowly, forming a rather bulky sludge of high water 

content.  The thickness of return activated sludge is 0.4% - 1.5% suspended solids with 

a volatile fraction of 0.7 - 0.8.  Excess activated sludge in most processes is wasted 

from the return sludge line.  High water content, resistance to gravity thickening, and 

the presence of active microbial flocs make this residue difficult to handle.  Routing 

of waste activated to the wet well for settling with raw wastewater is not 

recommended.  Carbon dioxide, hydrogen sulphide, and odorous organic 

compounds are liberated from the settlings in the primary basin as a result of 

anaerobic decomposition, and the solids concentration is rarely greater than 4%.  

Waste-activated sludge can be thickened effectively by flotation or centrifugation; 

however, chemical additions may be needed to ensure high solids capture in the 

concentrating process (Chaney et al., 1996). 

 

2.3.4. Anaerobically Digested Sludge 
 

Anaerobically digested sludge is thick slurry of dark -coloured particles and 

entrained gases, principally carbon dioxide and methane.  When well digested, it 

dewaters rapidly on sand - drying beds, releasing an offensive odour resembling that 

of garden loam.  Substantial additions of chemicals are needed to coagulate a 

digested sludge to mechanical dewatering, owing to the finely divided nature of the 

solids.  They dry residue is 30% - 60% volatile, and the solids content of digested liquid 

sludge ranges from 6% to 12%, depending on the mode of digester operation 

(Bouldin, 1997). 



 

13 
 

2.3.5. Aerobically Digested Sludge 
 

Aerobically digested sludge is a dark - brown, flocculent, relatively inert waster 

produced by long - term aeration of sludge.  The suspension is bulky and difficult to 

thicken, thus creating problems of ultimate disposal.  Since decanting clear 

supernatant can be difficult, the primary functions of an aerobic digester are 

stabilisation of organics and temporary storage of waste sludge.  The solids 

concentration in thickened, aerobically digested sludge is generally in the range 1.0% 

- 2.0% as determined by digester design and operation.  The thickness of aerobically 

digested sludge can be less than that of the influent, since approximately 50% of the 

volatile solids are converted to gaseous end products.  Stabilised sludge, expensive to 

dewater, is often disposed of by spreading on land for its fertiliser value.  For these 

reasons, aerobic digestion is generally limited to treatment of waste activated from 

aeration plants without primary clarifiers (Bouldin, 1997). 

 

2.3.6. Mechanically Dewatered Sludges 
 

Mechanically dewatered sludges are varying in characteristics based on the type of 

sludge, chemical conditioning, and unit process employed.  The density of dewatered 

cakes ranges from 15% to 40%.  The thinner cake is similar to a wet mud, while the 

latter is a chunky solid.  The method of ultimate disposal and economics dictate the 

degree of moisture reduction necessary (Chaney et al., 1996). 

 

2.4. Ultimate Disposal of Sludges 
 

Most wastewater sludges are disposed of on land, with approximately three-quarters 

being used as soil conditioner and the remainder buried in landfill.  Other principal 

methods of disposal are incineration and discharging in the ocean.  Land application 

is increasing because of the rising cost of energy required to burn sludge and the 

regulatory restrictions on ocean disposal (Tideström, 1997). 
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2.4.1. Land Application of Sludge 
 

Most of the sludge spread on agricultural land is stabilised by anaerobic or aerobic 

digestion.  The haul distance climate, and availability of liquid sludge storage are key 

factors in considering application of liquid-digested sludges.  At small plants, tank 

trucks or tractor-drawn wagons are often adequate for transportation and the 

storage capacity in digesters or holding tanks is sufficient to hold sludge during 

equipment breakdown and bad weather.  Favoured at large plants, mechanical 

filtration is used to dewater the sludge to reduce the mass and cost of hauling.  Also, 

digested sludge cake can be stored in piles on an open site and placed on cropland at 

appropriate times.  Other kinds of sludge solids suitable for surface spreading on 

farmland are dried cake from drying beds and lagoons, compost, limed raw sludge, 

and thermally conditioned solids.  Environmental regulations in nearly all regions 

require burial of raw sludges and wastes containing excess heavy metals or organic 

toxins (Soares et al., 1995). 

 

Liquid sludge may be applied by a vehicle equipped with a rear splash plate for 

surface spreading or by chisel ploughs for subsurface incorporation. The flexibility of 

vehicular hauling allows application at a variety of locations, often privately owned 

farmlands.  Spraying from fixed or portable irrigation nozzles can be practiced 

where odour and insects are not problems.  Subsurface injection is the most 

environmentally acceptable method since the sludge is incorporated directly with 

the soil, eliminating exposure to the atmosphere. 

 

Environmental concerns regarding land disposal are surface-water and groundwater 

pollution, contamination of the soil and crops with toxic substances, and transmission 

of human and animal diseases.  Laboratory analyses of a sludge normally consist of 

the solids concentration; nitrate, ammonium and organic nitrogen; soluble and 

organic phosphate; potassium; heavy metals of cadmium, copper nickel, lead and 

zinc; and selected organic compounds such as polychlorinated biphenyls (PCB).  To 

eliminate the possibility of transmitting contaminants to humans, the preferred 
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vegetation is non-food-chain crops like cotton.  Grass is considered acceptable, 

provided cattle are restricted from grazing for a specified period after sludge 

application.  Also, feed grains for animal consumption are commonly fertilised by 

tiling sludge solids into the soil before planting of crops.   

 

At a prepared sludge disposal site, sludge, soil, groundwater, and any surface water 

runoff are monitored on a regular basis for faecal coliforms, nutrients, and 

contaminants. 

 

Cadmium is the heavy metal of greatest concern to human health when applying 

municipal wastewater sludges to land, since it can be taken up by plants to enter the 

human food chain.  The movement of cadmium to groundwater is very unlikely to 

occur at the pH values of greater than 6.0 commonly associated with agricultural 

soils.  The primary chronic health effect of excessive dietary intake is damage to the 

kidney.      

 

The cadmium content of agricultural soils ranges from near zero to several hundred 

milligrams per kilogram, of soil contaminated by industrial wastes.  In addition to 

sludge, many phosphate fertilisers contain substantial concentrations of cadmium.  

Predicting plant uptake from soils with accumulated cadmium is difficult because of 

interactive controlling condition.  Soil pH is an important chemical factor, but the 

kind of plant species is just as important.  Within plants, the highest amounts of 

cadmium occur in the fibrous roots followed by the leaves, and the lowest 

concentrations are in fruits, seeds, and storage organs.  Potential high-risk plants for 

humans are leafy vegetables (e.g., lettuce and spinach).  Fodder crops and cereal 

grains appear to present the least risk.  David and Coker have written a 

comprehensive literature review and discussion of the distribution of cadmium, plant 

uptake, and hazards associated with sludge used in agriculture.  (Brookes and Grath, 

1984). 
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Guidelines for the addition of cadmium in sludge to agricultural land suggest a wide 

range of allowable application rates.  The maximum permissible level recommended 

by the US Environmental Protection Agency is 2.0 kg/hay on agricultural land, with 

500 g/hay suggested for accumulator crops.  Regulations may also limit the 

concentration in the sludge applied to land (often less than 20 mg/kg of dry solids) 

and the maximum allowable accumulation based on characteristics of the soil (10-50 

mg/kg of dry soil).  The concentrations of cadmium relative to dry solids in municipal 

sludges are usually 20 mg/kg or less, although uncontrolled discharge of industrial 

wastewaters to the treatment plant can dramatically increase this amount (Brookes 

and Grath, 1984). 

 

Nitrogen is another important factor in determining the allowable rate of applying 

sludge to land.  The concern is pollution of groundwater with nitrate.  On porous 

solids, the recommended rate of nitrogen application is an amount equivalent to the 

nutrient need of the vegetation. 

 

The variety and numbers of bacteria, viruses, and parasitic organisms pathogenic to 

humans and animals found in wastewater relate to the state of health of the 

contributing community.  Although treatment processes reduce their numbers, often 

considerably, the effluent and sludge still contain the species present in raw sludge is 

the reason for spreading only stabilised sludges on agricultural land.  The 

effectiveness of rescuing pathogenic populations during sludge stabilisation is a 

subject of considerable controversy.  In general, anaerobic or aerobic digestion of 

sludge is effective in reducing the number of viruses and bacteria, but not in 

reducing roundworm and tapeworm ova or other resistant parasites.  Being the most 

fragile microorganisms, bacteria are inactivated by sunlight, drying, and competition 

in the soil environment.  In contrast, viruses and parasitic ova are more resistant and 

may persist in soils or on vegetation for several weeks or months.  Even though the 

risk of infecting livestock is not great, farmers are usually advised to allow 6 weeks or 

more after sludge application before grazing animals or harvesting a fodder crop.  

Regarding human health, despite the possibility of communicable disease 
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transmission, the lack of epidemiological evidence suggests that the current practice 

of sludge disposal to the land is safe (Brookes, 1995). 

 

2.4.2. Land Burial of Dewatered Sludge 
 

Raw or digested wastewater sludges and chemical residues from water treatment 

may be buried if a suitable site is available.  Except in highly urbanised area, land and 

transportation costs are less expensive than incineration or chemical recovery.  

Sludges are often buried at municipal sanitary landfills along with other solid wastes, 

requiring systematically depositing, compacting, and covering the wastes.  Usually of 

earth are placed over each 150 - 300 mm of compacted fill.  The top earth cover 

should have a minimum depth of 600 mm (2x) and be grassed to prevent erosion. Site 

selection considers soil conditions, groundwater levels, location relative to populated 

areas, and future land-use planning.  Conditions must be such that gas leachate, 

water seepage, and runoff do not cause pollution, nuisance, or health hazards.  A 

monitoring program should be established to ensure that an adequate environment 

is maintained at the site.  Projected land use may be a park with recreational facilities 

that are not affected by gradual subsidence of the ground surface. 

 

2.4.3. Combustion of Organic Sludges  
 

Incineration involves drying sludge cake to evaporate the water, followed by burning 

for complete oxidation of the volatile matter.  Drying occurs at a temperature of 

approximately 350C, and burning is sustained at 700 - 800C.  A minimum 

temperature of 730C is needed to deodorise exhaust gases.  Excess air is required to 

ensure complete combustion of organics and minimise the escape of odour 

producing compounds in stack gases.  The amount need is 25%-100% over the 

stoichiometric air requirement and varies with the nature of the sludge and type of 

incineration equipment.  Supplying excess air has the adverse effects of reducing the 

burning temperature and increasing heat losses from the furnace.  Heat emitted from 

burning volatile solids minus losses, is available for drying the incoming sludge and 
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heating the air supply. Self-sustaining combustion of dewatered raw sludge, after the 

incinerator temperature has been raised to the ignition point by burning an auxiliary 

fuel, is possible if the organic solids content is greater than approximately 35%.  The 

exact solids content necessary for auto genos burning depends on several factors 

related to the characteristics of the sludge and the design and operation of the 

furnace (e.g., preheating of incoming air and cooling exhaust gases(Bouldin, 1997). 

 

Heat yield from sludge combustion is related directly to moisture content and volatile 

solids concentration.  Several theoretical can be performed for calculating calorific 

values based on elemental composition, principally the carbon, hydrogen oxygen 

and sulphur contents.  However, experience has shown that calculated results often 

are inaccurate. A laboratory calorimeter test is the only reliable method of 

determining the heat value of a waste (Basta et al., 2005).   

 

2.4.4. Inadequate Assessment of Pathogen Risks 
 

Sludges contain a high concentration of pathogenic viruses, bacteria and parasites. In 

fact, most microbes that are present in raw sewage are concentrated in sludge. The 

levels and types are dependent in part on the health of the population contributing to 

the sewage plant and will vary over time as the health of the population varies. The 

type of sludge treatment also affects the viability of pathogens. High treatment 

temperatures (>56 °C) are relatively effective in killing pathogens. 

 

Prior to land application, sludges must be treated to reduce pathogen levels. Class B 

sludges still contain significant levels of pathogens (Straub et al., 1993). Class A 

sludges and sludge products have received higher levels of treatment (generally 

hotter for longer). If not killed, the small size of viruses and other pathogens may 

potentially permit them to leach Land application of sewage sludges 25 to 

groundwater (Powelson et al., 1991). This may be the most likely route of significant 

human exposure to pathogens from land applied Class B sludges (Straub et al., 1993). 

There is a need for field data regarding the movement of pathogens, particularly 
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where groundwater is found at shallow depths and soils are conducive to preferential 

flow. Few viruses have been studied in regard to sludges and unfortunately unlike 

viruses behave differently (Dubovi, 1997). No monitoring is currently required for 

viruses in sludge or sludge products. Bacteria, unlike either viruses or parasites, can 

actually increase in numbers during treatment under certain conditions. 

 

Regrowth in composts that were not fully stabilized has been documented (Soares et 

al., 1995). Thus, compost could have met processing requirements and standards for 

E. coli or Salmonella (US EPA requires testing for one or the other for (Class A), but 

could subsequently have significant bacterial levels if regrowth occurs after testing. 

 

Parasites such as helminthic ova are relatively resistant to inactivation when present 

as cysts. In Class B sludges they could be present in significant numbers and they 

have been documented to survive for many years in soils (Bowman, 1997). Little is 

known about the presence and viability of Cryptosporidium and Giardia in sludges. 

High levels of cysts of Giardia have been detected in sludges, but they may be 

inactivated (non-infective). More research is needed to assess the risks posed by these 

protozoa (Straub et al., 1993). 

 

2.4.5. Odors and Nuisance Concerns 
 

Bad odours are the most common trigger of complaints affecting programs that 

manage excreta, wastewater sludge, and bio solids. While the issues discussed above 

pathogens, heavy metals, and chemicals present demonstrated risks that must be 

managed, according to (Tideström, 1997)  little or no risk to public health or the 

environment, but still have to be carefully managed if programs are not going to be 

shut down by an upset public. In Quebec, Canada this concern has led to elevation of 

odour concerns into a regulatory standard alongside heavy metals and pathogens: 

each bio solids materials given an odour classification and those with particularly bad 

odours are restricted in their uses. 
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2.5. Plant Nutrients 
 

Historically, agriculture was the first major human   influence   on the soil (Muktar, et 

al., 2015).  To grow  and  complete  the  lifecycle,  plants  must  acquire  not only  

macronutrients (N, P, K, S, Ca, and Mg), but also essential  micronutrients.   Some  soils 

are deficient  in the heavy  metals  (such as Co, Cu, Fe, Mn,  Mo, Ni,  and Zn) that  are 

essential  for healthy  plant  growth   and crops may be supplied  with these  as an 

addition  to the soil or as a foliar  spray. 

 

Since bio solids   contain   significant amounts of macro- and micronutrients, land 

application of this waste is an economically attractive management   strategy.  Bio 

solids  are rich  in both  organic matter  and essential  plant  nutrients  and can be 

utilized as a soil amendment and fertilizer  through the  contribution   of  organic   

matter  and  as  a  fertilizer   by  providing   essential   micro  (e.g.  Zinc, copper   and 

iron) and macron nutrients (e.g.  Nitrogen, phosphorus and potassium) that increase 

vegetation growth and productivity   and ameliorate soil quality by improving soil 

structure, water holding capacity, air, and water transport.  The  stabilized  bio solids  

provide  a slow release  source of  nutrients   that  can  be  utilized   by  plants   for  

several   years  following   application. The slow release of nutrients prevents 

leaching of excess plant   available nutrients and possible contamination   of ground 

and surface water. 

 

According to Barker and Pilbeam (2015), plants must obtain the following mineral 

nutrients from the growing media: 

 primary macronutrients: nitrogen (N), phosphorus (P), potassium (K); 

 secondary macronutrients such as calcium (Ca), sulphur (S), magnesium (Mg) 

and 

 Micronutrients or trace minerals: boron (B), chlorine (Cl), manganese (Mn), iron 

(Fe), zinc (Zn), copper (Cu), molybdenum (Mo), nickel (Ni), selenium (Se), and 

sodium (Na). 
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2.5.1. Nitrogen 
 

Nitrogen is a part of all living cells and is a necessary part of all proteins, enzymes 

and metabolic processes involved in the synthesis and transfer of energy. In plants 

nitrogen is a part of chlorophyll (the green pigment) that is responsible for 

photosynthesis. Most of the nitrogen taken up by plants is from the soil in the forms of 

NO3
-. Nitrogen deficiency most often results in stunted growth, slow growth, and 

chlorosis. Because nitrogen is mobile, the older leaves exhibit chlorosis and necrosis 

earlier than the younger leaves. Soluble forms of nitrogen are transported as amines 

and amides. Helps plants with rapid growth, increasing seed and fruit production and 

improving the quality of leaf and forage crops. Nitrogen often  comes  from  fertilizer  

application  and  from  the  air  (legumes  get  their  N  from  the atmosphere, water 

or rainfall contributes very little nitrogen) (http://www.ncagr.gov). 

 

2.5.2. Phosphorus 
 

Like nitrogen, phosphorus (P) is an essential part of the process of photosynthesis. It is 

important in plant bioenergetics. As a component of ATP, phosphorus is needed for 

the conversion of light energy to chemical energy (ATP) during photosynthesis. 

Phosphorus can also be used to modify the activity of various enzymes by 

phosphorylation, and can be used for cell signalling. Since ATP can be used for the 

biosynthesis of many plant biomolecules, phosphorus is important for plant growth 

and flower or seed formation.  Phosphate esters make up DNA, RNA, and 

phospholipids. Most common in the form of polyprotic phosphoric acid (H3PO4) in soil, 

but it is taken up most readily in the form of H2PO4. Phosphorus is limited in most soils 

because it is released very slowly from insoluble phosphates. Under most 

environmental conditions it is the limiting element because of its small concentration 

in soil and high demand by plants and microorganisms. Plants can increase 

phosphorus uptake by a mutualism with mycorrhiza. 
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A Phosphorus deficiency in plants is characterized by an intense green coloration in 

leaves. If the plant is experiencing high phosphorus deficiencies the leaves may 

become denatured and show signs of necrosis. High phosphorus content fertilizers, 

such as bone meal, are useful to apply to perennials to help with successful root 

formation (Bonner and Varner, 1999). 

 

2.5.3. Potassium 
 

Potassium is absorbed by plants in larger amounts than any other mineral element 

except nitrogen and, in some cases, calcium. It helps in the building of protein, 

photosynthesis, fruit quality and reduction of diseases.  Potassium regulates the 

opening and closing of the stomata by a potassium ion pump. Since stomata are 

important in water regulation, potassium reduces water loss from the leaves and 

increases drought tolerance. Potassium deficiency may cause necrosis or intervene 

chlorosis. K+ is highly mobile and can aid in balancing the anion charges within the 

plant.  

 

It also has high solubility in water and leaches out of soils that are rocky or sandy and 

can result in potassium deficiency. It serves as an activator of enzymes used in 

photosynthesis and respiration.  

 

Potassium is used to build cellulose and an aid in photosynthesis by the formation of a 

chlorophyll precursor. Potassium is supplied to plants by soil minerals, organic 

materials, and fertilizer. Potassium deficiency may result in higher risk of pathogens, 

wilting, chlorosis, brown spotting, and higher chances of damage from frost and heat. 

 

All  fertilizers  have  three  numbers  on  the  label  which  indicate  the  fertilizer  

analysis  or percentage by weight of nitrogen, phosphorus and potassium, in that 

order. Therefore, for example a 50 pound bag of fertilizer labelled 20-10-5 would 

contain 20% nitrogen (10 pounds), 10% available phosphates (5 pounds), and 5% 

soluble potash (2.5 pounds) (http://www.donnan.com). 
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Tomato (Lycopersicon esculentum) is one of the most important fruity vegetables, 

which due to high nutrient value, is in the second rank in regards level under 

cultivation and consumption (Eliakira and Peter, 2014). Nitrogen (N) is one of the most 

essential nutrients needed Plants and other organisms, such as water, the plant needs 

to factor in plant growth is more than other factors. 

 

However, Even though N has been appropriated about 79% by volume of the 

atmosphere but many plants involved to nitrogen shortage due to deficit of organic 

matter in these soils, specially the plants that grow in dry and semi-dry regions 

(Eliakira and Peter, 2014). Urea or Carbamide is an organic composition with 

chemical formula CO (NH2)2. More than 90% of urea in the world is produced in order 

to application as nitrogen chemical fertilizers. Urea with 46% nitrogen, has the 

greatest nitrogen amount among all nitrogen solid fertilizers and on this basis, urea 

has the lowest transportation cost in lieu of each nitrogen unit. Urea is presented as 

small pearl grains, which is called “Sugar fertilizer” (Masome, 2013; Eliakira and 

Peter, 2014). 

 

In evaluation the effect of different levels of ammonia on reduction of salinity effect 

on tomato plant development, nutrition, and metabolites concluded that badness 

influence of salinity stress can be decreased by using ammonium in medium because 

ammonium nutrition is relative to nitrogen absorption and apply as well as iron and 

chlorophyll concentration in the leaves. Masome, (2013) Showed that application of 

urea and triple super phosphate and mixed Zeolite might have many advantages 

more than urea without additional materials to different types of plants are grown in 

the world today.  

 

Tomato plant roots are deep, sometimes over a meter, which is the planting; 

production of lateral roots will be strong. Creeping stems and branches to the 5/1 

meters, but some varieties have short stems that stand up, stand strong in the air 

without support stands guardian. This plant's leaves are alternate and compound the 
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size of the different varieties is not uniform. The leaves are bright green in color and 

the back is usually fluff. Five yellow petals are joined together in the end are 

separated.  Green calyx has five sepals long and drawn or spear-shaped petals are 

smaller than the first but it is enhanced during fruit growth. Five stamens with large 

anthers that is placed on a short rod. Tomato fruit, berries and a cavity is formed 

between the two. Color and shape of the fruit, being late or early fruit, meat or fruit 

juiciness and finally smooth or wrinkled fruit of different tomato varieties will vary. 

The fruit of the tomato plant a few factors that have reciprocal effects on each other 

(Masome, 2013; Eliakira and Peter, 2014) in evaluation the effect of organic and 

chemical fertilizers on quantitative and qualitative yield of tomato. 
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3 .2 .  Experimental Design 
 
The BWS (brewery waste water sludge) collected from Heineken Breweries SC was 

completely sundried to obtain dry substrate. Plant growth trials were conducted by 

pot experiment to evaluate the application of brewery waste water sludge as organic 

fertilizer through this to compare the effect with inorganic fertilizer (urea) on the 

growth and yield of tomato plant.  

 

The brewery waste water sludge was amended with soil in different proportions 

along with controls. The experiments are conducted in a Completely Randomized 

Design (CRD) wi th ten treatments (Table 3.1) and three replications for each 

treatment. Sun dried BWS was mixed with soil in different proportions and for the 

other treatment urea is added to the soil in different proportion after the seed 

germinated. These deferent mixtures and control were transferred into plastic Pots 

capacity of 8000 gm with holes in the bottom surface and three seeds of Tomato 

(Lycopersicon esculentum with the variety Roma V.F.N) were sown into each Pot. 

Each Pot was watered with 2000mL of tap water per day and kept in an open area 

with sufficient sunlight for 120days until fruit maturations. Different biochemical 

parameters like Leave height, Shoot length, number of fruit, and fruit weight were 

determined for all the combinations. 

 

Table 3.1 Composition of BWS and urea with soil                            
 
 Treatment Soil (%) BWS (%) 

1 Control(100 ) 0 
2 90 10 
3 75 25 
4 50 50 
5 25 75 
6 0 100  

7 50 mg Urea/kg of soil -- 

8 100 mg Urea/kg of soil -- 

9 150 mg Urea/k g of soil -- 

10 200 mg Urea/kg of soil -- 
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3.3. Sample collection and preparation: 
 

The sludge is collected from Heineken brewery waste water treatment plant after 

belt press and kept out side until it dries. The control soil is also collected from 

Heineken brewery compound (Figure 3.2).  Urea, tomato seed and plastic caps are 

purchased from the local market. After the sludge is dry mixed with soil in different 

proportion; Heavy metal, nutrient content and microbial load of sludge was 

determined 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Preparation Phase (date taken 08/12/15) 

 

After 120 day of planting, the data collected from   tomato plants   were   shoot   

length and leave  height measured   using   a metric rule, number of tomato fruits by 

physical counting, and weight of tomato using Analytical balance. 

 

3.4. Characterization of BWS and Control Soil 
 

3.4.1. Total Solid (TS) 
 

5 g of each collected samples was put in crucibles in triplicate form and weighed. The 

crucibles were placed inside an oven (101-0, China) at 105oC for 24 hours. Then the 

samples were cooled in a desiccator at room temperature and weighed. The weight 



 

 

of the sample which was left in the 

by evaporation describes the moisture content of the samples. The percentage of 

total solid of the samples was calculate

 

 

Where A= weight of crucible

 B= weight of fresh sample + crucible

 C= weight of dried sample + crucible

 

 

3.4.2. Volatile Solid (VS) 
 

Volatile Solid (VS) contains largely carbon, oxygen, and nitrogen 

already dry sample  in  a  laboratory  furnace

only the  ash  which  contains  largely calcium, magnesium, 

and other mineral elements that do not oxidize. The volatile soli

samples was determined by transferring the dried samples into muffle furnace, 

heating at 550ºC for 5 hours and weighing after cooling in room temperature. The 

volatile solid percentage of the samples was calculated 

1999).  

 

 
     

Where A= weight of crucible

  C= weight of sample after oven + crucible

  D= weight of sample after furnace + crucible

 

 

 

%VS= (D - A)* 100 % 
(C-A) 

 

of the sample which was left in the crucible gave the total solid. The weight that is lost 

by evaporation describes the moisture content of the samples. The percentage of 

total solid of the samples was calculated using equation (1) (APHA, 1999)

        

= weight of crucible 

B= weight of fresh sample + crucible 

C= weight of dried sample + crucible 

 

Volatile Solid (VS) contains largely carbon, oxygen, and nitrogen which burn off an 

already dry sample  in  a  laboratory  furnace (1311001, China)  at  500

only the  ash  which  contains  largely calcium, magnesium, phosphorus

and other mineral elements that do not oxidize. The volatile soli

samples was determined by transferring the dried samples into muffle furnace, 

heating at 550ºC for 5 hours and weighing after cooling in room temperature. The 

volatile solid percentage of the samples was calculated using equation (2)

       

 

Where A= weight of crucible 

C= weight of sample after oven + crucible 

D= weight of sample after furnace + crucible 
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The weight that is lost 

by evaporation describes the moisture content of the samples. The percentage of 

(APHA, 1999).  

    (1) 

which burn off an 

at  500-600°C,  leaving  

phosphorus, potassium, 

and other mineral elements that do not oxidize. The volatile solid content of the 

samples was determined by transferring the dried samples into muffle furnace, 

heating at 550ºC for 5 hours and weighing after cooling in room temperature. The 

using equation (2) (APHA, 

    (2) 
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3.4.3. Fixed Solid (FS) 
 
 

Fixed solid (the solid that is left on the crucible after ignition in the furnace) of the 

samples was measured. The average value of the triplicate samples was taken as 

fixed solid content of the samples (APHA, 1999). 

 

3.4.4. Total Nitrogen Determination by Kjeldahl Method 

 

About 1 g of the sample was placed in Kjeldahl flask (F30200140, Europe) and then in 

order to decompose the nitrogen content in the sample, concentrated sulfuric acid 

was added. 1 g Se was added to the flask and heated to facilitate the decomposition 

process. The solution then was distilled with 1.5N NaOH solution that can convert the 

ammonium salt to ammonia. The amount of ammonia present in the sample was 

determined by titrating it in boric acid. The boric acid captures the ammonia gas. 

Finally, the amount of nitrogen in a sample can be calculated from the quantified 

amount of ammonia ions in the receiving boric acid solution (APHA, 1999). 

 

 

3.4.5. Carbon Content Estimation 

 

If the nitrogen content of a sample is known, one can estimate the percentage of carbon 

based on the volatile solid content of the sample. For most biological materials, the 

carbon content is between 45 to 60% of the volatile solids fraction. According to 

(Adamset al., 1951) by assuming 55% of the volatile solid fraction is carbon content; the 

percentage composition of carbon in the sample was calculated using equation (3). 

 

 

           (3) 

 

 

 

%Carbon = (%VS) 
  1.8 
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3.4.6. pH 
 

The pH of the soils suspension in a 1:2.5 (soil:  liquid ratio) was measured   

Potentiometrically using a glass- calomel combination electrode (14040810, 

Germany) according to the method described in APHA (1999). 

 
 

3.4.6. Phosphorus 
 

Available P of soils and brewery sludge was analyzed by HACH photometer (DR 3900, 

Germany) according to the method described in APHA (1999). 

 

 

3.4.7. Heavy Metal 
 

Extractable   heavy  metals(Cr,  Mo,  Co,  Pb,  Hg,  Ni and  Cd)  were  extracted  by 

DTPA  extraction   method  (Lindsay  and Norvel,1978)    and  all    these heavy  metals 

were  measured  by   using atomic  absorption spectrophotometer (Shimadzu AA-

7000,Japan). 

 

 

3.4.8. Microbiological Analysis for Sludge Sample 
 

The sludge sample was analyzed for the presence of pathogenic microorganisms. The 

detected microbes were quantified and compared with the EPA standard.  

 

3.4.8.1. Using MacConkey Agar 
 

MacConkey is one of the methods to determine the general implication of gram-

negative bacteria and this media was prepared by taking 51.5 g of agar dissolved in 

one liter of distilled water and boil until completely dissolve finally sterilized at 112 C0 

for 15 minute. Gram-negative enteric bacteria that grow on MacConkey agar are 

differentiated by their ability to ferment lactose. If the lactose is fermented by the 

bacteria, the production of the acid drops the pH of the media. The drop in pH is 

indicated by the change of Neutral red indictor to pink (Neutral read appears pink at 
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pH below (6.8). Strongly lactose fermenting bacteria produce sufficient acid which 

causes precipitation of the bile salts around the growth. It appears as a pink halo 

surrounding individual colonies or areas of confluent growth. Pink halo is not seen 

around the colonies of weaker lactose fermenting bacteria. Gram-negative bacteria 

that grow on MacConkey agar but do not ferment lactose appear colorless on the 

medium and the agar surrounding the bacteria remains relatively transparent 

(AOAC). 

 

3.4.8.2. Using Eosin Methylene blue agar (modified) Levine 
 

This versatile medium, modified by Levine was used for the differentiation 

of Escherichia coli and Enterobacteria aerogenes. The medium was prepared to the 

formula specified by the APHA for the detection and differentiation of the coliform 

group of organisms as shown in table 3.2. 

 

Table 3.2. An isolation medium for the differentiation of the Enterobacteriaceae. 

Typical Formula gm/liter 

Peptone 10.0 

Lactose 10.0 

Dipotassium hydrogen phosphate 2.0 

Eosin Y 0.4 

Methylene blue 0.065 

Agar 15.0 

pH 6.8 ± 0.2   

 

Directions: Suspend 37.5g in 1 liter of distilled water. Bring to the boil to dissolve 

completely. Sterilize by autoclaving at 121°C for 15 minutes. Cool to 60°C and shake 

the medium in order to oxidize the methylene blue (i.e. restore its blue color) and to 

suspend the precipitate which is an essential part of the medium. 
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Storage conditions and Shelf life: Stored the dehydrated medium at 10-30°C and were 

used before the expiry date on the label. Store the prepared plates at 2-8°C away 

from light. 

Appearance: Dehydrated medium: purple colored, free-flowing powder Prepared 

medium: dark purple gel 

Colonial Characteristics Escherichia coli- isolated colonies: 2-3mm diameter, with 

little tendency to confluent growth, exhibiting a greenish metallic sheen by reflected 

light and dark purple centers by transmitted light. Enterobacteria aerogenes - 4-6mm 

diameter, raised and mucoid colonies, tending to become confluent, metallic sheen 

usually absent, grey-brown centers by transmitted light (Table 3.3). 

Table 3.3. Quality control for observed Colonial Characteristics 

Positive controls: Expected results 

Escherichia coli  
Good growth; purple colored colonies 
with green metallic sheen. 

Enterobacteria aerogenes   Good growth; purple mucoid colonies. 

Negative control:   

Uninoculated medium. No change 

 
 

3.4.8.3. Using Brilliant green bile (2%) broth 
 

This medium was used to detect or confirm the presence of members of the coli-

aerogenes group; the brilliant green (Table 3.4) content suppresses anaerobic lactose 

fermenters, such as Clostridium perfringens, and the medium is recommended for 

the 44°C confirmatory test for Escherichia coli. The bile and brilliant green 

components inhibit the Gram-positive organisms, whilst the coli-aerogenes groups 

were recognized by the rapid formation of gas during lactose fermentation. It is 

important that the inhibitory agents in the medium are balanced with the nutrient 

and mineral components, so that Clostridium and Bacillus spores did not give false 

positive reactions in the medium i.e. gas formation (Table 3.5).  
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The addition of 4-methylumbelliferyl-β-D-glucuronide to this medium enhanced the 

detection of Escherichia coli.  

Table 3.4. Confirmation medium for the presence of members of the coli-aerogenes. 

Typical Formula  gm/liter 

Peptone 10.0 

Lactose 10.0 

Ox bile (purified) 20.0 

Brilliant green 0.0133 

pH 7.4 ± 0.2 @ 25°C   

 

Directions: Dissolved 40g in 1 liter of distilled water. Mixd well, distributed into 

containers fitted with Durham’s tubes and sterilize by autoclaving at 121°C for 15 

minutes. 

Do not autoclave double strength medium. The alternative procedure is to heat the 

dissolved broth at 100°C for 30 minutes1. 

To indicate the presence of Escherichia coli, Brilliant Green Bile Broth is incubated at 

44 ± 1°C for 48 hours. Turbidity in the broth and gas production in the inverted tube 

is positive signs. 

Storage conditions and Shelf life: Store the dehydrated medium at 10-30°C and use 

before the expiry date on the label. Store the prepared tubes of broth at 2-8°C. 

Appearance: Dehydrated medium: Pale green, free-flowing powder Prepared 

medium: Green solution 

Table 3.5. Quality control for observed Colonial Characteristics 

Positive controls: Expected results 

Escherichia coli  Turbid growth; gas 

Enterobacter aerogenes  Turbid growth; gas 

Negative control:  -- 
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Sample preparation in serial dilutions: There are various ways of counting or 

monitoring microbial growth in a culture. Serial dilution involves taking a sample and 

diluting it through a series of standard volumes of sterile diluent, e.g. distilled water 

or 0.9 % saline. Then a small measured volume of each dilution is used to make a 

series of pour or spread plates. 

By diluting the sample in this controlled way it is possible to obtain an incubated plate 

with an easily countable number of colonies (30–100) and calculate the number of 

microbes present in the sample (Figure 3.3). 

 

 

 

Figure 3.3. Serial dilution: taking a sample and diluting it through a series of standard 

volumes of sterile diluents (adapted from SGM, 2006). 
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Materials: Culture of bacteria or yeast or sample of natural material, 6 sterile test 

tubes containing 9 cm3 sterile diluent, fitted with a cap or cotton wool plug, labeled 1 

to 6 and with the dilution factor as shown in the diagram, 12 sterile, plugged Pasteur 

pipettes, 1 cm3 syringe barrel fitted with rubber tubing and Equipment (Laminar flow 

IP-20 Germany) and Incubator (IPP-30 Germany). 

 

Procedure: Sterile pipette were taken, Placed the syringe onto the plugged end of the 

pipette, Draw up 1 cm3 of a well-mixed sample/culture into the pipette and add this 

sample to the first tube. The volume of this tube is now 10 cm3. This provides an initial 

dilution of 10–1.Mix the dilution thoroughly, by emptying and filling the pipette 

several times. Discard this pipette into the pot of disinfectant, but keep the syringe for 

making the next dilution. Take a new pipette, fit it to the syringe and draw up a 1 cm3 

sample of the 10–1dilution and place it in the second tube, Mix well as before. This 

gives a 10–2 dilution, Discard the pipette in disinfectant, Repeat this for the remaining 

tubes, removing 1cm3 from the previous dilution and adding it to the next 9 cm3 of 

diluent. If 6 tubes are used, the final dilution for the bacteria will be 10–6 (1 in 

1,000,000). 

 

Plating and counting procedure: Use a known volume of each dilution to make either 

pour plates or spread plates by starting with the highest dilution, the same pipette 

may be used throughout. For statistical purposes, replicate plates should be 

prepared. After incubation the plates will show a range of numbers of colonies. 

Choose the plate that has an easily countable number (about 30–100) and carefully 

count every colony. Using a marker pen helps to avoid counting the same colony 

twice. Then calculate the number of micro-organisms in the sample using equation 

(4). 

 

cfu/ml = (no. of colonies x dilution factor) / volume of culture plate    (4) 
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3.5. Statistical Data Analysis and Management 
 

Descriptive statistics were used and results are shown in terms of mean and standard 

deviation. Considering 100% soil as the control group, the ten groups (100% soil, 10 % 

Sludge, 25 % Sludge, 50 % sludge, 75 % Sludge, 100 % Sludge, 50 mg Urea/kg of Soil, 

100 mg Urea /kg of soil, 150 mg Urea /kg of soil and 200 mg Urea /kg of soil) soil 

amendments were compared for number of fruit, fruit weight, shoot length and leave 

height using one way analysis of variance (ANOVA). Significant (p < 0.05) differences 

between means were tested by the Duncan’s post-hoc multiple comparisons test. Data 

were analyzed with Microsoft Office Excel 2010 and Statistical Package for the Social 

Sciences (SPSS), version 20.0.  
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4. RESULTS AND DISCUSSION 
 

4.1. Heavy Metal Content of Sludge and Soil 
 

The analysis of selected heavy metals in BWS is tabulated in Table 4.1. The results 

revealed that all parameters were well below the EU standard and the sludge can be 

safely used for agricultural purposes.  

 

Table 4.1 Analysis Result of Heavy Metal in BWS and Soil 

 

 

 

 

 

 

 

 

 

 

 
 

 

4.2. Nutrient Content of Sludge and Soil 
 

The pH of the brewery sludge was almost neutral (Table 4.2). According to (Luque et 

al. 1990) the pH of the brewery sludge generally range from 6.5 to 11.5. The 

differences in pH are due to raw water used and certain process variations in 

wastewater treatment plants. 

 

The percentage of Organic Carbon of the sludge was (31.12) as compared to (1.5) for 

the control soil. Therefore, brewery sludge addition improved the organic carbon 

content of the soil significantly and the higher water retention capacity is linked to 

Parameters BWS Soil 

Lead, Pb (mg/Kg) 0.62±0.01 0.002 ±0.001   

Cadmium ,Cd (mg/Kg) 0.04±0.01 0.018 ±0.001  

Mercury ,Hg (mg/Kg) 0.22±0.01 0.02 ±0.001  

Nickel ,Ni (mg/Kg) 13.93±0.00 1.31±0.00 

Chromium ,Cr (mg/Kg) 34.09±0.00 5.98±0.01 

Cobalt, Co (mg/Kg) 0.77±0.02 0.015 ±0.001  
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high organic matter, high cation exchange capacity and other nutrients. Luque et al., 

(1990) has found that brewery sludge amendments improved pH of acidic soils and 

enhanced the organic carbon, exchangeable cations, soluble cations and anions, 

NH4
+, N and N03

-. The N content of the amended soil increased as brewery sludge 

rates increased. 

 

Table 4.2 Analysis Results of Plant Nutrient Parameter for Dry BWS and Soil 

 

 

 

 

 

 

Parameters BWS Soil 

Total solid (%) 29.63±0.68 -- 

pH 7.08±0.06 7.15±0.02 

Volatile matter (%) 54.23±0.96 -- 

Organic Carbon (%) 31.12±1.27 1.56±0.06 

Total Nitrogen (%) 4.20±0.21 1.96±0.03 

Total P (as P2O5) (%) 2.52±0.28 0.56±0.03 

Potassium (mg/Kg) 106.40±1.41 66.44±0.37 

Sodium (mg/Kg) 101.08±0.25 19.20±0.28 

Magnesium (mg/Kg) 11.34±0.30 12.72±0.37 

Calcium (mg/Kg) 40.00±0.57 33.13±0.03 

Copper (mg/Kg) 21.04±0.04 0.45±0.01 

Zinc (mg/Kg) 35.17±0.01 1.25±0.00 

Manganese (mg/Kg) 37.82±0.04 -- 

Iron (mg/Kg) 9642.14±2.91 25.05±0.22 



 

 

4.3. Microbiological Analysis for Sludge Sample
 

4.3.1 Microbiological Result 
 

Gram-negative bacteria that grow on MacConkey agar but do not ferment lactose 

appear colorless on the medium and the agar surrounding the 

relatively transparent (AOAC).

presence of pathogenic microorganisms (

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Sludge Sample shows growth on MacConkey agar.

 

 

4.3.2. Using Eosin Methylene blue agar (modified) Levine
 

 

The microbiological result revealed 

coli in Eosin methylene blue agar and conformed by

(Table 4.3) when we see the result

to this the other pathogenic microorganism 

applying sludge as fertilizer has no significant effect on health as long as handle 

carefully. 

 

Microbiological Analysis for Sludge Sample 

Result by using MacConkey Agar 

negative bacteria that grow on MacConkey agar but do not ferment lactose 

appear colorless on the medium and the agar surrounding the 

relatively transparent (AOAC). Microbial analysis (figure 4.1) result shows the 

microorganisms (qualitative identification).  

Sludge Sample shows growth on MacConkey agar. 

Eosin Methylene blue agar (modified) Levine 

microbiological result revealed that the sludge sample has shown growth of E 

Eosin methylene blue agar and conformed by Brilliant green bile (2%) 

when we see the result compared to EPA standard it is too low. In addition 

the other pathogenic microorganism are not shown growth. This

applying sludge as fertilizer has no significant effect on health as long as handle 

39 

negative bacteria that grow on MacConkey agar but do not ferment lactose 

appear colorless on the medium and the agar surrounding the bacteria remains 

(figure 4.1) result shows the 

 

shown growth of E 

Brilliant green bile (2%) broth. 

it is too low. In addition 

. This is therefore, 

applying sludge as fertilizer has no significant effect on health as long as handle 



 

 

Table 4.3 Microbiological result 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2. Sludge Sample shows growth on 
 

 

 

 

 

 

 

Parameter 

E.coli 

Salmonellae 

Fecal Coliform 

Microbiological result of sludge sample 

Sludge Sample shows growth on Eosin agar. 

Result (CFU) EPA Standard for Class A Sludge

5cfu/g <100MPN/g

negative <1/25g

negative <100MPN/g

40 

for Class A Sludge 

<100MPN/g 

<1/25g 

<100MPN/g 
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4.4. Effects of BWS and Urea Fertilizer to Tomato Performance 

 

4.4.1. Growth Performance and Yield of Tomato 

 

4.4.1.1 Growth Parameters of Tomato Plants 
 

The results of the effects of BWS and Urea fertilizer to the growth parameters of 

tomato are presented in Table 4.4, Table 4.5. 
 

 
  

   

   

  

 

  

 

Figure 4.3.Tomato plant before harvested 
 

 

4.4.1.2 Leaves Height per Treatment of Tomato Plant 
 

The   results   showed  that  the largest leave height of  plant 17.67±0.58cm was  

recorded for the  tomato plants   which  were  treated  with  BWS at 25 % and  the 

Smallest  leaves height  0.0 cm was  recorded for plants   treated  with  BWS 0f 75% 

and 100%(Table 4.4). However, highest application of BWS does not show growth but 

the lowest application of sludge 10 % has (12.00±1.00 cm) no significant difference 

(P>0.05) with the control.  

 

The  results  also  showed that the largest  leaves height  (13.00±1.00 cm) was  

recorded  for  the  tomato plants which were  treated  with  200mg urea/kg of soil   

and  the  Smallest leave height (10.67±2.52 cm) was  recorded for  application  of 100 

and 150 mg/kg of soil. The results of the effects of BWS and Urea fertilizer to the 

growth parameters of tomato are presented in Table (4.4). 
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Table 4.4 leaves height per treatment of tomato plant 

Values are mean ± standard deviation and different superscripts within a column represent 
statistically significant difference (p<0.05) 

 

The findings of this study suggest that soil amendments that is BWS and had   

exclusively significant   (p<0.05) effects to the   average leave height of tomato per 

treatment (Table 4.4). In addition to this, the  information  generated  from  this  study   

showed that  the  type  of the soil  amendment   and  the  rates  applied  are  very  

important  to  be  considered  during  soil  fertility replenishment.  This study also 

revealed that the varying rates of BWS applied to tomato plants significantly (p<0.05) 

influenced the Leave height compared   with the control.  These findings are 

consistent with the findings of Eliakira and Peter (2014) who in different studies 

report that nutrients from mineralization of organic matter promote growth 

performance. 

 

4.4.1.3. Average Length of Shoots per Treatment of Tomato Plants 
 

The  results  of the  length  of shoots of tomato plants  showed that  the  highest 

(74.67±1.15 cm) length was  obtained for the  tomato plants  which were  treated  

with  25% BWS and  the  lowest shoot  length  (0.00±0.00cm) was  recorded at  an  

Soil amendments Leave height(cm) 

Control (100% soil) 12.00±1.00b 

10 % Sludge 12.00±1.00b 

25 % Sludge 17.67±0.58c 

50 % Sludge 0.67±1.15a 

75 % Sludge 0.00±0.00a 

100 % Sludge 0.00±0.00a 

50 mg Urea/kg of soil 11.67±1.53b 

100 mg Urea /kg of soil 10.67±2.52b 

150 mg Urea /kg of soil 10.67±3.21b 

200 mg Urea /kg of soil 13.00±1.00b 
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application of BWS 75% and 100%   which was  statistically   different with  the   

absolute control (66.00±1.00 cm) (Table 4.5). 

 

Table 4.5. Length of shoots per treatment of tomato plants. 
 

Soil amendments Shoot length (cm) 

Control (100% soil) 66.00±1.00b 

10 % Sludge 69.67±1.53c 

25 % Sludge 83.33±1.53e 

50 % Sludge 3.33±5.77a 

75 % Sludge 0.00±0.00a 

100 % Sludge 0.00±0.00a 

50 mg Urea/kg of soil 64.67±0.58b 

100 mg Urea /kg of soil 65.67±1.53b 

150 mg Urea /kg of soil 65.00±1.00b 

200 mg Urea /kg of soil 74.67±1.15d 

Values are mean ± standard deviation and different superscripts within a column represent 
statistically significant difference (p<0.05) 
 
 

On the   other hand, application of Urea fertilizer had almost similar influence to 

shoot length as that of BWS.  Results showed that   the  highest  shoot  length  

(74.67±1.15 cm) was  recorded for the   tomato  plants  which were  treated  with   

200 mg/kg of soil  and  the  lowest length  (64.67±0.58 cm)  was recorded  for  the   

plants  treated   with   50 mg/kg of soil,  which was  statically   no significant 

difference with  the absolute control (66.00±1.00bcm)  (Table 4.5).  

 

The findings of this study suggest that optimized rate of BWS and Urea fertilizer used 

as soil amendments significantly (p<O.O5) increased the length of tomato shoots. In 

addition,  each   treatment   differently  affected the   length  of  shoots and the 

variation  envisaged between BWS and  Urea  could  be  associated  with  their 

varying  nutrient compositions, which are  not  ascertained  in BWS  materials.  These 

findings  are  almost similar to the findings  of Eliakira and Peter (2014)  who  report  

that nutrients  variation  in  the source-material   particularly   poultry manure  might 
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result in inconsistent lengths as growth and developmental  plant  variables  such  as 

fruit length. 

4.4.2. Yield Components of Tomato Plants: 
 

The  results  of the   effects of Urea fertilizer  and  BWS  to the  yield  of tomato  are  

presented  in  Table 4.6, Table 4.7 and figure 4.4. Fruits were the only targeted 

parameter at different perspectives. 

 

 

  
  

    

 

 

 

Figure: 4.4 tomato fruit before and after harvest 

  
 

4.4.2.1. Number of Fruits per Individual Plant 
 

The application of BWS and Urea significantly (p<0.05) posed variation   in 

number of tomato fruits per plant   and the highest number of tomato fruits 

(16.33±1.53) was recorded for the plants which were treated with 25% BWS 

(Table4.6). In addition, the lowest number of tomato fruits were recorded for 

the plants which were treated with 75% and 100 %BWS, and at 200 mg/kg of 

urea had significance difference with control which was statistically 

different with the number of fruits obtained. This indicates the significance 

of BWS and Urea fertilizer inputs as plant nutrient sources. This is in line 

with Eliakira and Peter (2014) who report that tomato responded best to 

growth rate and fruit yield. Furthermore, the results showed that 

application of Urea fertilizer had almost similar influence to the number of 

tomato fruits with that of BWS.  

 

 



 

45 
 

 

 

 

Table 4.6 number of fruit per treatment of tomato plants 

 

Soil amendments Number of fruit per plant 

Control (100% soil) 7.67±1.53b 

10 % Sludge 8.67±1.53b 

25 % Sludge 16.33±1.53d 

50 % Sludge 0.33±0.58a 

75 % Sludge 0.00±0.00a 

100 % Sludge 0.00±0.00a 

50 mg Urea/kg of soil 7.00±1.00b 

100 mg Urea /kg of soil 7.33±1.53b 

150 mg Urea /kg of soil 7.67±1.53b 

200 mg Urea /kg of soil 13.00±1.00c 

Values are mean ± standard deviation and different superscripts within a column represent 
statistically significant difference (p<0.05). 
 

 

4.4.2.2. Weight of Fruits   
 

The results of the weight of tomato fruits showed that the highest weight 

(85.15±8.77g) was recorded for the fruits from tomato plants which were 

treated with 25% BWS and the lowest weight (0.00g or no growth) was  

recorded from tomato plants treated with 75% and100 % BWS (Table4.7). 

These findings suggest that productivity of tomato plants was positively 

influenced by the treatments but more to BWS than it was for the Urea 

attributed probably to the high organic matter contents and nutrient 

potential of BWS. Eliakira and Peter (2014) report similar findings on this 

aspect on tomato plant.  
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Table 4.7 weight of fruit per treatment of tomato plants 

 

Soil amendments Fruit weight (gm) 

Control (100% soil) 65.59±1.38cd 

10 % Sludge 68.01±0.97d 

25 % Sludge 85.15±8.77e 

50 % Sludge 2.28±3.95a 

75 % Sludge 0.00±0.00a 

100 % Sludge 0.00±0.00a 

50 mg Urea/kg of soil 65.28±0.57cd 

100 mg Urea /kg of soil 65.99±2.13cd 

150 mg Urea /kg of soil 61.55±2.53bc 

200 mg Urea /kg of soil 57.05±2.07b 

Values are mean ± standard deviation and different superscripts within a column represent 
statistically significant difference (p<0.05) 

 

 

 

On the   other hand, application of Urea fertilizer had no significant influence on Fruit 

weight as that of BWS.  Results showed that   the  highest  Fruit weight  (65.99±2.13gm) 

was  recorded for the   tomato  plants  which were  treated  with   100 mg/kg of soil 

which was statically no significant difference with the  control(65.59±1.38 gm)and  the  

lowest length  (57.05±2.07gm)  was recorded  for  the   plants  treated   with 200 mg/kg 

of soil,  which was  statically significant difference with  the  control (65.59±1.38 

gm)(Table 4.7). 
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5. CONCLUSION AND RECOMMENDATIONS 
 

5.1.   Conclusions  
 
Managing industrial wastes is one of the most important urban environment 

problems of today. With rapidly increasing population and a growing trend of 

industrial development, problems related to the management of industrial wastes 

have become of considerable magnitude in Ethiopia. The problem is more acute in 

cities and/or town where relatively large number of manufacturing plants is 

concentrated.   

 

Brewery is among the industries known for production of by-products   (spent   

grains,   spent yeast) and   sludge   from the Waste Water treatment plant at different 

stages of the manufacturing   process. Based on the findings of this study, it was 

realized that for tomato plants an application of 10-25% and 100-200 mg/kg of BWS 

and Urea fertilizer respectively, is practically feasible for optimum yield. And also 

high concentration of BWS has negative impact on the growth and yield of tomato 

plant. However, BWS is comparably better than Urea in improving soil fertility status 

for tomato plant. 

 

 In addition to this, currently the brewing industry is growing in Ethiopia and the 

disposal of waste water sludge is a big issue in both environmental and economic 

aspect. In this regards this thesis show the possibility of sludge as organic fertilizer, 

because of results presented in this work have shown that BWS can be a valuable 

source of nutrients for plants. Sun dried BWS can be applied directly to promote plant 

growth with the right proportions. Furthermore, the selected heavy metal content 

was far below the recommended levels in Ethiopian Standard. Agriculture dependent 

developing countries such as Ethiopia rely mainly on imported inorganic chemical 

fertilizers and thus by products such as brewery waste water sludge could play a role 

in the development of the economy in an environmentally friendly manner. 

 



 

48 
 

 

 

5.2. Recommendations 
 

 More research should be carried out on how to determine the optimum sludge 

soil ratio, to get better result on soil amendment. 

 Since brewery waste water sludge is highly susceptible to pathogenic micro 

organisms and has strong bad smell, before dispatching the sludge, it is vital to 

create awareness for the end users about safe handling. 

 Economic implication of  delivering waste to the end user must be study 

 Further researches should be conducted on determining the pathogenic 

microorganisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

49 
 

 

 

 

References 

 
Abdushmmala, M.  F., Ahmad, N.  E., and Kadhum, A.  A. (2009). Review on landfill gas 

emission to the atmosphere. European Journal of Scientific Research. 30(3), 427-

436. 

 

Adams, R., MacLean F., Dixon J., Bennett M., Martin G., and Lough R. (1951). The 

utilization of organic wastes in N.Z.: Second interim report of the inter-

departmental committee. New Zealand: New Zealand Engineering. 

 

American Public Health Association (1999). Standard Method for the Examination of 

Water and Waste water. 20th Edition. Washington: APHA. 

 

Officia Methods of Analysis (2000) 17th Ed., AOAC International, Gaithersburg, MD.  

 

Barker, A. V., & Pilbeam, D. J. (Eds.). (2015). Handbook of plant nutrition. CRC press 

 

Basta T., Ryan A., and Chaney L. (2005). Trace element chemistry in residual-treated 

soil: key concepts and metal bioavailability. Journal of Environmental Quality, 

vol. 34: 49-63. 

 

Bolan N., Adriano D. and Naidu R. (2005). Phosphorus- trace element interactions in 

soil-plant system. Agriculture and the Environment, Soil Science Society of 

America, Madison, USA. pp. 317- 352. 

 

Bonner, J. and Varner, E. (1999). Essential Elements for Plant Growth and Mineral 

metabolic London: Wisconsin. pp 438-466. 



 

50 
 

 

Brookes P.C. (1995). The use of microbial parameters in monitoring soil pollution by 

heavy metals. Bio!. Ferti!' Soils, 19: 269- 279. 

 

Brookes P.C., Mc Grath S.P. (1984). Effect of metal toxicity on the size of the soil 

microbial biomass. J. Soil Sci., 35: 219-220. 

 

Bouldin, D.R. (1997). Why guidelines for beneficial use of sludges in agriculture are 

different and estimates of alternatives. Soil Sciences Society of North Carolina 

Proceedings. 

 

Bowman, D. (1997). Parasites in sewage sludges. Presentation to Cornell Sludge 

Working Group, 8 May. 1997. 

 

Canet R., Pomares F., Tarazona F., and Estela M. (1998). Sequential fractionation and 

plant availability of heavy metals as affected by sewage sludge applications to 

soil. Communications in Soil Science and Plant Analysis, 29 (5-6), 697- 716. 

 

Chaney, R.L., Ryan, J.A. and O’Connor, G.A. (1996). Organic contaminants in municipal 

bio solids: risk assessment, quantitative pathways analysis, and current 

research priorities. The Science of the Total Environment, 185, 187–216. 

 

Dubovi, E. (1997). Cornell University Veterinary Diagnostic Lab, personal 

communication. 

 

Dapilly N., Neyrat A. (1999). Studies of microorganism pathogens that are found in 

composts. Rapport de recherché bibliographique CREED, 30p. 

 



 

51 
 

Eliakira,   K., Peter, Heri. (2014). Effects   of Poultry    Manure    and   NPK (23:10:5) 

Fertilizer     on Tomato Variety    Tanya   Grown   on Selected Soil of Morogoro 

Region, Tanzania. Asian Journal of Crop Science, 6(2), 165-175. 

 

Ferreira, A., F. Camargo, M. Tedesco and C. Bissani. (2003). Amendments on chemical 

and biological soil and yield of corn and soybeans for the use of tannery waste 

and coal. R. Bras. Ci. Solo., 27, 755-763. 

Jolly, G., Ashwani, K. (2012). Effect of different soil types on growth and productivity 

of Euphorbia lathyrisl, a hydrocarbon yielding plant. International Journal of Life 

Science and pharma Research, 2(3), L164-L173. 

 

Kanagachandran, K., Jayaratne, R. (2006). Utilization Potential of Brewery Waste 

Water Sludge as an Organic Fertilizer. Journal of the Institute of Brewing, 112(2), 

92–96. 

 

Lindsay, W. L., and Norvell, W. A. (1978). Development of a DTPA soil test for zinc, iron, 

manganese, and copper. Soil science society of America journal, 42(3), 421-428. 

 

Luque, O., Bracho, O. and Maier, T.W. (1990). Utilization of brewery waste water 

sludge for soil improvement. Tech. Q. Master Brew. Assoc. Am., 27(1), 5–9.  

 

Masome, H. (2013). Effects of different levels of urea on the growth and yield of 

tomato. Journal of Novel Applied Sciences, 2(S3), 1031-1035 

 

Muktar, M., Abduletif, A., Heluf, G. (2015). Impacts of Harar Beer factory's 

brewerys ludge on production of different crops and soil fertility.  

 

Official Method of Analysis (2000) 17th Ed., AOAC International, Gaithersburg, MD. 

 

 



 

52 
 

Powelson, D. K., Simpson, J. R., & Gerba, C. P. (1991). Effects of organic matter on virus 

transport in unsaturated flow. Applied and Environmental Microbiology, 57(8), 

2192-2196. 

 

Ramya, N., Srinivas, T., Lakshmi, K. A. (2015). Studies on effect of brewery waste water 

sludge (BWS) on morphology and yield of chilly (Capsicum annum l.) Plant. 

International Journal of Pharmaceutical Sciences and Research, 6(1), 405-409. 

 

Straub, T. M., Pepper, I. L., and Gerba, C. P. (1993). Hazards from pathogenic 

microorganisms in land-disposed sewage sludge. In Reviews of environmental 

contamination and toxicology (pp. 55-91). Springer New York. 

 

Soares, H.M., Cardenas, B., Weir, D. and Switzenbaum, M.S. (1995). Evaluating 

pathogen regrowth in biosolids compost. Biocycle, Vol. 36, No. 6, pp. 70–76. 

 
Society for General Microbiology (2006). Basic practical microbiology – a manual. 

Marlborough house, Basingstoke road, Spencers Wood, Reading RG7 1AG, UK: 

SGM. 

 

Teresa,  M., Melo, A. C., Simões, M., & Caetano, N. S. (2012). Parametric study of a 

brewery effluent treatment by microalgae Scenedesmus obliquus. Bioresource 

technology, 107, 151-158. 

 

Tideström, H. (1997b). Swedish regulation on the use of sewage sludge in agriculture: 

why is it important to use sludge as a fertilizer in agriculture?’, Specialty 

Conference on Management and Fate of Toxic Organics in Sludge Applied to 

Land, Copenhagen, Denmark, April 30–May 2, 1997. 

 

http://www.donnan.com/fert.htm 

http://www.ncagr.gov/cyber/kidswrld/plant/nutrient.htm 

http://www.neiwpcc.org 



 

53 
 

APPENDICES 
 

Appendix1: Measurement of % TS, % VS and % Values of BWS in three replications 
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Summary of TS, VS and % carbon Results       

 

 

%VS= (D-A)* 100 % 

           (C-A) 

 

Where A= weight of crucible 
 

C= weight of sample after oven + crucible 
 

D= weight of sample after furnace + crucible 
 

 

 

 

 

 

Parameters 

                                     BWS Sample 

Sample A Sample B Sample C 

Weight of crucible (X)       35.64 35.58        35.68 

X +weight of sample       41.44 40.58        40.68 

X after oven       37.33 37.2         37.4 

X afterfurnace       36.57 36.43         36.53 

Weight of fresh sample        5.80 5.04 5.03 

Weight of sample after oven        4.11 3.58 3.48 

%TS        29.13             28.96           30.81 

%VS       55.02 52.46 55.23 

% C  (%VS/1.8)      30.56              29.14          30.68 
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Appendix2: Measurement of growth and yield parameters for BWS and urea in three 

replications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No of Fruit per plant Fruit Weight (gm) Shoot length cm Leave Height (in cm)

R1 9 64.03 67 13

R2 8 66.08 65 12

R3 6 66.65 66 11

 R1 7 67.32 71 11

R2 10 67.58 68 13

R3 9 69.12 70 12

 R1 15 92.28 83 17

R2 18 87.81 82 18

R3 16 75.36 85 18

 R1 1 6.85 10 2

R2 0 0 0 0

R3 0 0 0 0

 R1 0 0 0 0

R2 0 0 0 0

R3 0 0 0 0

 R1 0 0 0 0

R2 0 0 0 0

R3 0 0 0 0

 R1 8 65.64 66 10

R2 6 65.58 64 13

R3 7 64.63 65 12

 R1 7 63.58 64 11

R2 6 66.74 66 13

R3 9 67.64 67 8

 R1 8 62.65 65 7

R2 6 58.65 65 12

R3 9 63.34 64 13

R1 14 54.68 74 13

R2 13 57.98 74 14

R3 12 58.5 76 12

9

10

Parameters

Controls

10 % Sludge

25 % Sludge

50 % sludge

75 % Sludge

100 % Sludge

50 mg/kg of Soil

Treatment no Soil Amendments Trials

100 mg/kg of soil

150 mg/kg of soil

200 mg/kg of soil

4

5

6

7

8

Growth and Yield Result of Tomato Plant

1

2

3
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Appendix3: Admissible maximum dosage of heavy metals to the soil in European legislation and 

standards and the USA (g ha-1 y-1) 
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Appendix4: Figure shows starting from Preparation, growing and maturation Phase of 

tomato plant 
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Appendix5: Figures Shows measuring fruit Weight in the laboratory 

  

  

 

  


