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Foreword 

In the first part, biogas production from agricultural wastes, as well as solar energy utilization primarily in the 

agriculture, are detailed. Biogas production technologies are developing intensively, providing several best 

available alternative solutions for waste management and reduction of energy consumption. Applications, 

however, are always site-specific, thus, local circumstances should be considered for designing, including the 

available materials, and their use in proper ratios. As the agricultural starting materials are changing with the 

seasons, continuous monitoring should be applied, and plans for solving any difficulties or problems should be 

ready. When biogas is produced from natural materials, it always needs to be cleaned to eliminate components, 

which are undesirable in the biogas engines and in the environment. Considering solar energy utilization, 

commercially available solutions for the agriculture are detailed, including benefits and drawbacks as well. In 

the second part, air pollution prevention is in focus. Air contaminants are classified and characterized, and 

applicable treating methods given their potentials are detailed. In the third part, urban waste water treatment 

technologies are described briefly. And legal tools and technologies serving surface water quality protection are 

detailed. The last part of the module describes the bases of the environmental risk assessment and risk reduction, 

focusing on surface and ground water, as well as soil protection. In this chapter, the most commonly used 

remediation technologies applied for ground water treatment are also summarized. 
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1. fejezet - Biogas production 

1. Lecture 

1.1. The role of biogas in energy sector and sustainable 
environment 

Bioenergy, which is already the largest contributor among regenerative energy sources in Europe, will continue 

to play a central role in the future. The ambitious targets approved by the renewable energy directive, 20 % of 

the final energy consumption have to be provided by renewable sources by 2020. A great target compared to the 

share of 8,5 % we have today. According to a study of the European Environmental Agency the potential from 

agricultural is still largely unexploited and this sector is expected to have the highest growth rates in the coming 

years (Renewable Energy House, 2009). The biogas sources vary distinctively among the members of the 

European Union. Germany, Austria and Denmark produce the largest share of their biogas in agricultural plants 

using energy crops, agricultural by products and manure, whereas the UK, Italy, France and Spain 

predominantly use landfill gas. This source might not increase further in the medium and longer term as the EU 

directive on landfill waste foresees a gradual reduction of the land filling of biodegradable municipal waste (by 

2016 to 35 % of the level in 1995) (Figs). 
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European Biogas Association (EAEBIOM) assumes that 25Mio ha agricultural land (arable land and green land) 

can be used for energy in 2020 without harming the food production and the national environment. This land 

will be needed to produce raw materials for the first generation fuels, for heat, power and second generation 

fuels and for biogas crops. In this scenario: 15 Mio ha land is used for first generation bio fuels (wheat, rape, 

sugarbeet, etc.), 5 Mio ha for short rotation forests, miscanthus and other solid biomass production and 5 Mio ha 

for biogas crops. On this basis the potential for biogas in 2020 is estimated in Figure. 

 

The realistic potential of methane derived from animal manure and energy crops and waste lies in the range of 

40 Mtoe in 2020 as compared to a production of 5,9 Mtoe in 2007. The use of catch crops for biogas production 

was not considered in the calculation and offers an additional potential. Maize is already established as an 

energy crop for biogas production and in the future other energy crops will be used in order to optimize the yield 

per hectare agricultural land. Together with manure from animal production (mainly cattle and pig farms) 

decentralized co-digestion plants have the greatest potential for biogas production but also the use of sludge and 

food industry waste and household waste offers big opportunities. At the moment about 109 million hectares 

arable land exists in Europe. If 5 % of this land is used for energy crops a yield of 15 tons of solid dry matter per 

hectare could provide 23,4 Mtoe of energy if converted into biogas. The over 1.500 million tons of manure in 

the EU 27 is the largest single source of biomass from the food/ feed industry and equals a theoretical biogas 



 Biogas production  

 3  
Created by XMLmind XSL-FO Converter. 

output of 17,3 Mtoe. At the moment only Germany has already established a high use of manure in biogas 

production (around 20 %). A 35 % use of manure for biogas production in 2020 would equal to 6,04 Mtoe (or 

7,2 billion m3 biomethane) (Figure.). 

 

Sustainability, as defined in the 1987 ENSZ Brundtland Report, means meeting the needs of the present 

generation without compromising the ability of future generations to meet their own needs. Sustainability 

therefore has an environmental, an economic and a social dimension. When applied to renewable raw materials, 

this means that their utilization needs to strike a balance between what is economically necessary, such as high 

and guaranteed biomass yields, and what nature can be expected to tolerate. The social component refers among 

other things to people‘s working conditions, new income opportunities and a share of value-added processes. 

There are many different approaches to sustainable production in European agriculture and forestry. 

Agricultural markets have long been globalised. The needs for bioenergy and renewable raw materials are thus 

increasingly satisfied by international markets and this cannot help but have an impact on questions of 

sustainability. The South-Europe, the small farmers can be established as biomass producers and the large areas 

of uncultivated land can be taken back into production for energy crops, then the advantages outweigh the 

disadvantages. Extremely drought-resistant plants such as jatropha (physic nut) offer possibilities to revegetate 

desert-like areas. In the North-Europe, new varieties of energy crops and new production methods can ensure 

greater diversity and sustainability. What is more, in rural areas, bioenergy is a first-rate instrument for 

structural redevelopment: it offers new sources of income, new economic configurations and greater 

independence to regions that are presently often some of the more structurally disadvantaged, problem areas. 

The use of agricultural material such as manure, slurry and other animal and organic waste for biogas 

production has, in view of the high greenhouse gas emission savings potential, significant environmental 

advantages in terms of heat and power production and its use as biofuel. Biogas installations can, as a result of 

their decentralized nature and the regional investment structure, contribute significantly to sustainable 

development in rural areas and offer farmers new income opportunities. The term ―biogas‖ includes all gas 

produced by anaerobic digestion of organic matter. In the absence of oxygen various types of bacteria break 

down the feedstock to form a secondary energy carrier, a burnable gas which mainly consists of methane and 

carbon dioxide. Biogas is a good example to demonstrate the great complexity of bioenergy and the different 

policies that have to be considered: Agricultural policy, Waste policy; Energy policy. The absence of coherent 

and interconnected policies for the biogas sector can be a bureaucratic trap in some countries and therefore limit 

the development. 

The good example, the German Government intends to reduce greenhouse gas emissions substantially by 2020 

and to increase renewable energy‘s share of electricity supply to 30 % and that of heat production to 14 % via 

increasing biogas production. After all, energy from biomass has the advantage that it can be produced in a 
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CO2-neutral way and used in line with demand. The renewable energy provided in Germany 14.2 % of total 

electricity consumption and 6.6 % of heating in 2007, ( Figure. 1). 

 

Actually, about 4,000 mainly farm-based biogas plants are installed in Germany for energy production (Figure. 

). 

 

Upgraded biogas (biomethane ): options as above for biogas and in addition: Injection in the gas grid; 

Transportation fuel; High tech process energy; Raw material for the chemical industry. 

2. Lecture 

2.1. Input materials of Biogas production 

Today many different feed stocks are used for biogas production. A general distinction can be made between 

biomass from agriculture like by-products (manure) or dedicated crops for biogas and various waste streams 

(Fig). 
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High water content impacts the biogas yield per ton fresh mass. The figure shows that maize silage has the 

highest biogas yield of the described feedstock (waste like grease or molasses offer an even higher biogas 

output). Due to its high water content liquid manure has the lowest yield and therefore should be processed close 

to where it is produced in order to save transportation costs. 

 

 

2.2. Biological and Technological aspects of Biogas production 

The process of biogas production takes place in anaerobic conditions and in different temperature diapasons. 

There are psychrophilic (temperature diapason 10-250C), mesophilic (25-400C) and thermophilic (50-550C) 

regimes of bioconversion. Biogas production in a thermophilic regime is much higher than for the mesophilic 

and psychrophilic regimes. Modern thermophilic bioreactors can produce 2-6 m3 per m3 of installation, which 

amounts to 5-15 kg of waste on a dry mass base (or 50-150 kg of wet mass). For mesophilic biogas installations, 

these values are 0.2-0.4 m3 per m3 of installation and 0.5-1 kg on a dry mass base (or 5-10 kg of wet mass). 

On the modern farm the biogas can be used to generate electricity, heat and biofuels. Also the fermentation 

residues, called digestate, can be used, for example as a fertilizer (Figure.). 
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In agricultural practice, the main environmental problem remain the find a suitable slurry treatment. If the 

feedstock capacity low or timely hectic the farmers focus on only this problem solving (Figure). 
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3. Lecture 

3.1. Financial aspects of biogas production 

Financial costs are very divers and highly depend on the applied technical and capacity level. 

There are different sources of risk if the biogas produces for household or industry. If the household is the main 

user, the major risks identified are of technical, infrastructure and financial nature. Technical Risks include: 

Low efficiency (lower than expected) of bioreactors, even if technical requirements are met; and low quality of 

construction, especially when farmers construct bioreactors themselves. These risks can be mitigated by 

ensuring that appropriate technologies are supported in different regions of countries and by providing training 

and technical assistance to farmers. The next one the infrastructural risks, where have to consider the lack of 

appliances for biogas (gas stoves, gas generators) would limit potential benefits; and the hermophilic bioreactors 

may produce more biogas than needed by the owner and, if infrastructure is weak and biogas demand is low, 

then this would not allow biogas use on a full scale. The financial Risks (within economical crisis) due to their 

poor financial situation, farmers in some regions may not be able to provide even the required 20% of the total 
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cost. For the same reason, it might be difficult for farmers to repay loans obtained through the local bank. 

OECD experience can be summarizing, that bioreactors require very small operational and maintenance costs. 

Annual O and M costs can be estimated at 1% of capital costs. Table shows capital and annual O and M costs 

for a mesophilic model reactor. The costs for 2005 represent current costs, while those for future years are 

estimations based on expected increases in efficiency. 

 

A small-scale thermophilic bioreactor for farm has a 6-m3 volume and requires the equivalent of waste material 

from 5 animal unit or more. Capital and Oand M costs have been estimated based on the experience of pilot 

projects implemented in Eastern-Europe over the last few years. The capital costs of thermophilic bioreactors 

constructed vary between USD 600 - 750 per cubic metre of bioreactor. This includes administrative and 

transport costs and consultancy fees. According to the estimations of local experts, the capital costs of small-

scale (up to 6-8 m3) thermophilic bioreactors can be reduced by 25 - 35% in case of mass production (about 50 

units per year). The annual Oand M cost of thermophilic bioreactors is about 2% of capital costs. 

In addition, biogas utilisation will also generate social benefits. People will spend less or no time, energy and 

finances on wood collection; indoor pollution will be reduced; when biogas is used for electricity production, it 

will contribute to the improvement of education levels, and better access to information. Monetization of these 

benefits is difficult and has not been included in the economic calculations. 

The efficient use of intensive industrialized farm biogas production not only needs a biogas plant but also an 

integrated infrastructure such as biogas pipelines, upgrading stations and heat networks, in order to be able to 

use the heat of the cogeneration units. The agricultural biogas plants normally reach sizes of 100 to 500 kWel 

(gas production around 28 to 140 m3/h). Larger plants are economic if the input material is readily available in 

close range, for example cattle breeding, fields of dedicated biogas crops or waste water treatment facilities. The 

economy of scale especially plays an important role for upgrading the raw biogas to natural gas standards. Due 

to feed-in regulations (Germany) many equipment suppliers have focused on optimizing 500 kWel units and 

therefore big biogas plants sometimes consist of several standardised units. 

Decentralized plants can deliver the raw gas in biogas pipelines to an upgrading station and injecting the 

biomethane in a gas grid (Figure.). 

 

The biomethane can be used for cogeneration, transportation fuel or high tech process energy. The upgrading to 

biomethane is especially interesting to further reduce Europe‘s dependency on imported fossil fuels for 

transportation and high temperature process energy which cannot be provided with other biomass fuels 

(Figure.). 



 Biogas production  

 9  
Created by XMLmind XSL-FO Converter. 

 

The current bottleneck in this area is the cost of biogas upgrading (e.g. via pressure swing adsorption; amine or 

water scrubber or cryogenic separation treatment of the biogas). It is obvious that the treatment price will be 

reduced in coming years due to the increasing numbers of upgrading facilities installed and also by the 

economically downscaling of the upgrading facilities fitting to the modular biogas plants existing in countries 

like Germany and Austria. The investment costs for units with 1 mio Nm3/year (biomethane) ranges between 

3,4 M for standalone plants and 3,9 to 4,7 M for gas grid connected plants, depending on the length of the gas 

grid to the upgrading station and/or to the biomethane filling stations. The economic sizes of biomethane plant 

ranges between 1 and 2 millions Nm3 biomethane per year (Austrian Biomass Association, 2007). The German 

and Italian cost table presented in Figure. and upgrading cost for use as vehicle fuel. In Europe, country by 

country is changing the feed tariff (Fig). 
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If the biogas used as vehicle fuel have to consider several advantages and disadvantages thinks (Figure.) 

 

The biogas production cost-benefit ratio also depends on utilization alternatives (Figure.) The effectively used 

conversion ways show by bold line. 
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If the biogas is intended to be used as vehicle fuel, an upgrading facility and biomethane filling stations have to 

be taken into account in addition to the biogas plant. 

More European green NGO suggest to make biogas for transport competitive as compared to fossil fuels. 

Biomethane for transport competes with fossil natural gas as the vehicle technology is similar. Governments 

should look for ways to improve this competitiveness for the end users for example by introducing a general 

CO2 tax, which led to a favorable development in Sweden. Biomethane could receive special subsidies (e.g. a 

bonus per m³ biomethane used as fuel) in countries where natural gas is detaxed, most prominently Italy (which 

has by far the highest number of gas driven vehicles). This incentive should bridge the gap between the costs of 

natural gas and biomethane as transport fuel. 

Also suggested, to accept digestate as a replacement of artificial fertilizer to meet crop needs. The nitrate 

directive limits the organic fertilizer to a maximum of 170 kg N/ha. Unfortunately in some cases mineral 

nitrogen is used instead of biogas digestate because this limit has been reached. Digestate is an upgraded organic 

fertilizer with advantages (nitrogen less susceptible to water pollution, homogeneous, better management and 

storage opportunities) and should be better promoted and used instead of artificial fertilizers. 

Support research and development for energy crops , biogas technology, fermentation biology, efficiency of 

energy use . Biogas is highly productive per ha and is versatile regarding its uses. Still the potential for 

improvements through research and development are significant (best crops and by-products for fermentation, 

automatisation, biological process enhancement, cleaning, use in micro-turbines and fuel cell, etc.). 

Also help for the biogas industry to adopt design of green certificate systems. The current systems often only 

aim at the most cost-efficient solutions and do not take into account GHG savings, use of waste or advanced 

biofuels – all of which favorable to biogas. 

4. Lecture 

4.1. Post-treatment technology of agricultural biogas production 

In the Central East European Region of the EU, significant geopolitical conflicts may arise from the dependence 

on Russian-Ukrainian energy sources, thus, Hungary is also affected. In Hungary, however, in addition to the 

gas supplying problems, an additional conflict will arise from the technical amortization of the existing power 

plants, expecting 20-30% of energy absence to 2015. Thus, increase in the ratio of renewable energy sources 

(4.7% in 2007) would be even more important for Hungary, than for other European countries. At the same 

time, increasing the use of bioenergy offers significant opportunities for Hungary (as well Europe) to reduce 

greenhouse gas emissions and improve the security of its energy supply. In Hungary, solar, wind and water 

energies have low and basically regional potential, based on the characteristics. However, within the next 5 

years, infrastructural developments in the energetic sector using geothermal and biomass sources are expected to 

be significant. In the European Union, the ratio of renewable energy sources are planned to be increased to 12% 

in 2010. Based on the investigations made by the European Environmental Agency (EEA), the available 

biomass energy potential is 145.5 PJ, for Hungary, which is 50-55% if the theoretical value. In 2007, biogas 

provided 43.55 PJ, which, by 2020, are planned to be increased to 37% (Szerdahelyi, 2009). In Hungary, 

situated in the Carpatian Region, 72% of the area has agricultural utilization, which is high comparing to the 

european average. The traditionally good agricultural technology is able supply adequate materials, inspite of 

low governmental or EU financial support. Thus, increase in energy production based on biomass will not 

generated food shortage, it may be rather a solution for the excesses on food market. However, the EU-

compatible agri-environment regulation 2078/92/EEC and Regulation 1257/1999 on rural development provide 

for programmes to encourage farmers to carry out environmentally beneficial activities on their land. In 2009, 

the Hungarian Agricultural Ministry provided financial support for the construction of 35 biogas plants, each of 

0.2-1 MW capacity operated with by-products of animal origin primarily, to solve the problems of slurry 

treatment and utilization. 

The agriculture has no enough practical experiences to define and manage environmental risks of its activities in 

the energy and waste management sector. Biogas plants started to operate after the year 2005. Considering their 

volume, small farm-scale and centralized biogas plants were also built. The farm-scale biogas plants use 

basically primary biomasses (green vegetal parts, silage, straw) as lignocellulose sources, with some added 

secondary biomass. The centralized biogas plants use significant amount of secondary biomass generated by the 

livestock-farming and also important tertiary biomasses which come from diverse sources. Most part of them 

are wastes of food industry, though municipal wastes of selective garbage gathering and waste water treatment 
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by product sewage sludge origins will be used increasingly in the future. However, lack of experiences in the 

field of biomass production on farmland for energy purposes carries significant environmental risks. In 

Hungary, biogas production in the agriculture has shown significant development for the last 10 years. 

However, lack of systematic development leaded to similar problems what was experienced in other more 

developed European countries. These are discussed by Ravena and Gregersen, (2007), based on experiences of 3 

decades in the Netherlands and Denmark, focusing on the role of the economical and social environment. 

According to Petis (2007), under the conditions of the Hungarian and Central Eastern European investment and 

energy politics given today, there are several shortcomings in the utilization of a biogas plant. As for him, 

complex integration of logistics, energy production and utilization, and by-product recycling is missing. In case 

of the new members of the EU, the ownership structure includes primary and secondary biomass sources 

separately, leading to further contradictions in operations. 

In this study, the experiences of the biggest Hungarian agricultural integrated centralized biogas plant owned by 

the BátorCoop Ltd. are assessed, and solutions are provided to the problems arisen (Figure.). 

 

Procedure of the biogas production is well-known and several technologies have been worked out (Kacz, 2008). 

However, efficiency of the biological processes is negatively affected by the quantity and quality of the 

fermentation raw materials, as well as the actual technological parameters. When, considering the environmental 

aspects, biomass volume should be decreased primarily, variation in intensity of methane production is not a 

critical factor. This is characteristic of farm-land biogas plants utilizing by-products of stock farms. In a 

centralized biogas plant, to increase the efficiency, variable biomass types are used, in most cases. In this case, 

technology, biomass formula, dosing, and optimation of fermentation conditions should be given always site 

specifically. As a result of the agro-biological cycles, quantity and quality of agricultural biomass sources are 

much more variable comparing to other technologies such as sewage from urban waste water treatment plants. 

In this study, the first aim was to develop technologies adapted to biomass production specific to the BátorCoop 

Ltd., Hungary. The second aim was to develop recycling technologies for hazardous materials, such as dead 

animals and slaughtering wastes (i.e. fat, blood, and feather) as tertiary biomass sources. Supplying and 

discharging processes being variable in time and space, require complex development of PC-supported 

controlling, which, as a system, should be integrated to the logistical and technological systems of the biogas 

plant, to provide a unified information techology environment for a life cycle tracking from the input raw 

materials to the utilization. Thus, the third, last aim was to develop a unified product tracking system from the 

supplying to the utilization of the fermentation outlet. 

4.2. Agricultural Biogas Production 
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The BátorCoop group started to operate its biogas plant in 2003 in Nyírbátor, in the Northwestern Region of 

Hungary. In the plant, mainly animal waste (39%) and manure (29%), and crop product (13%) as well as crop 

waste (19%) are utilized. Crop resources are produced on 3.000 ha own land, and 5.000 ha contracted with 

cooperation. The cattle breeding produces milk of 9 million liter per year, while broiler breeding includes 

production of 5 million chickens per year. At the slaughterhouse, 9 million broilers per year are processed 

(Figure.). 

 

In the biogas plant the inner transport tasks are as follows: 7000 T/y cattle manure, 557 T/y poultry manure, 

5000 T/y cropping product, 40000 T/y outlet water from slaughterhouses, 24500 T/y offal, and 1500 T/y 

carcass; in all 78557 T/y organic material transportation into the system (Figure.). 
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The average retention time of the mean 360 m3 daily amount of the substratum is 18 days in the mezophil 

fermentor and 22 days in the thermophil fermentor (40 days in total). In the case of 6 % organic material content 

the daily load of the mezophil fermentor is 18000 kg organic material, this means 2,8 kg organic material per 

m3. The homogenized raw materials are loaded every 15 minutes from two agitators, 628 m3 of each, in turn, to 

6 mezophil reactors (38 °C), 628 m3 of each, for pre-fermentation. Biomass then is loaded to 6 thermophil 

reactors (55 °C) having 7419 m3 effective volume, where the methanogenic processes are taken place. The inner 

tallness of the fermentors is 5 m, from which 4,2 m is the high of the liquid material and 0,8 m is the gas place. 

The authorized gas pressure is 10 mbar in the fermentors and 5 mbar in the gas tank, consequently the gas is 

loaded under the one‘s own pressure across the refrigerant condensing the water vapour (Fig). 

 

The cleaned biogas is stored in two gas tank having 2000 m3 volume. In the plant the CO2, CH4, H2S and NH3 

content of the biogas is examined by Chemec BC-20 precious gas analyst working with absorption principle. 

Gas utilization takes place in 4 heat-exchange units of 2600 kWh, by which, 1.000-1.200 kWh electric energy is 

sold, while hot water is utilized by the chicken slaughterhouse. 

 

All of the above mentioned parameters make it obvious that the biogas plant can be effective and profitable 

being with significant technological experiment. The raw materials come into the works and loaded are recorded 

in every day, while the analysis of the inner content value is taken place in the accredited laboratory in the 

central company seat (Petis, 2007). 

The regulation No. 1774/2002 of EC declares that the dangerous slaughterhouse by-product has to be collected 

and disposed. If the storage is necessary the dangerous wastes have to be cooled in closed chambers and special 

delivering vehicle has to be provided too. Before sterilization, dangerous waste has to be bruised to max. 5 mm 

pieces. Bruised wastes have to be heated with 3 bar saturated steam up to 133 °C in autoclaves. Food leftovers 

are sterilized for 1 hour on temperature 70 °C and then it has to be cooled down at 55 °C. After that the wastes 
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can only be fed into the biogas equipment. In the case of the BátorCoop Biogas Plant, the raw materials are 

collected with special vehicles from the distance of 150 km zone. 

The reactors were integrated with the Tycoon batch experimental reactor, which was a 6 m3 double-walled tank 

with stirring-shovels and aeration-system. 

 

The pressure, the temperature, the time of the air circulation and unloading were controlled by centrally. The 

temperature was measured by built-in searcher and the data were recorded with a computer-software developed 

for the aims of the experiments. In the case of the secondary and thirdly analysis of biomass the final control 

measures were taken place in this reactor before the working operation. 

The remained ―bio fertilizer‖ in the working fermentor is used as nutrient supply on its own arable lands. 

However, according to the EU Nitrates Directive the fields of the works where the liquid fertilizers are settled 

are tended to nitrate leaching mainly sand and sandy-loam soil type. Consequently it‘s difficult to observe and to 

control the authorized amount of the 170 kg/hectare nutrient. 

In 2004, the Regional Biogas Plant of Nyírbátor entered into a research and developing contract with the 

Department of Water- and Environmental Management, University of Debrecen, within the frame of this the 

research work has performed in the environmental-technology laboratory of the department. 

The four rustproof steal fermentors, 6 l volume of each, were settled in the insulated incubator-cabinets in this 

laboratory. The absorption of the possible organic acid content of the escaping gas-mixture from the reactor was 

used by the gas-washer bottle pouring with water. The gases are conducted to the two and two magnetic valves 

from the four isolated reactors. Before the detector the gas-mixture passes through a carbon-filter then safety 

gas-washer bottle. The following refrigerant serves as a dewatering instrument. After this to examine the 

composition of the gas-mixture the Fisher-Rosemount NGA 2000 Multi-Component Gas Analysers was used. 

The Advantech – Genie acquisition provided the measuring of the O2, CO2, CO, methane, sulphur-hydrogen and 

ammonia gasses at every 2 minutes. The system automatically controls the cooling fan in the incubator-cabinet 

by the data of the thermometer and pH meter. The C, N and C/N ratio of the input material and the final product 

were measured with the help of the Vario El® universal analyser (Bíró et al., 2008) (Figs.). 
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The biogas capacity of the different organic materials is significantly affected by the volume of the experimental 

bioreactor moreover the mixing and homogeneous conditions. The working conditions were tested with the help 

of the gas analyser instruments and in a double-wall experimental bath fermentor of 100 l volume with external 

heating. The scoops in two lines supply the adjustable mechanical mixing intensity, the upper part of it brills the 

scum in. During the hydrolityc degradation of the poultry feather the cell numbers were determined by 

turbidimetric method, after the extinction samples were taking in every hour during 2 days. The extinction of the 

samples was determined and then the cell number (item/deciliter) in the bacterium culture was determined with 

a Bürker-cell/chamber. Then based on the extinction of the solutions the calibration curve was determined from 

the cell numbers. Filterphotometer PF-10 type of photometer was used to measure extinction. For the 

experiments 1,6*109 item/cm3 cell-numbered bacteria-vegetation with 1,5 extinction was used. 

As the first experimental task we examined the composition, the quality and the quantity of the organic material 

uploaded into the fermentor in every day. The raw material can be put into the fermentor in two ways, on the 

one hand after homogenization from the agitators, on the other hand directly. The quantity and the quality of the 

uploaded organic materials are changing each day. To follow up these changes the data have to be recorded and 

analysed continuously. This is not only important to comparison the biogas-proceed with inner content value, 

but also to follow the changes in the quality taken place during the fermentation process. The effect of the 

combination of the different recipes was examined in laboratory experiments then in industrial conditions. 

According to the working experiments increasing mixing ratios were set during the laboratory research. We 

evaluated statistically the results of laboratory experiment and the industrial measurements for 3 years. In the 

course of the first research, when animal by-product was not used, the aim was to reduce the retention time in 

the reactors during the fermentation process and to produce high amount of methane. 
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The two processes have reverse effects, because the highest amount of methane production needs long retention 

time, but it‘s harmful the specific effectiveness of the reactors during a given time interval. 

A biogas firm‘s fundamental interest is to increase the capacity utilization through enhancing of the velocity of 

circulation to exploit the possible fermentable gas content and to stabilise end product corresponding to official 

limit value. During the storage, transportation and getting out the higher VOC content and significant odour 

problem blocks the agricultural recycle. 

The optimization of retention time is complicated by the fermentation split into two sections. Based on the 

results, the pre-treated easily digestible input materials can be added directly in the thermophil phase. It can 

reduce rotation time. From the daily amounts of raw materials fed in the fermentor we could calculate mean 

retention time. After the adding of the mezophil and the thermophil hydraulic retention time we get the full 

hydraulic retention time (t) of the system and we compared it with the biogas yields (m3/day). In case of the 

mezophil fermentors the largest yields were observed at 18 days retention time, while in the thermophil 

fermentors this value varied between 16-18 days. This relationship was not defined enough in case of the 

thermophil digesters. 

The quantity of produced biogas depends basically on the retention time given from the raw material 

combination. The composition of input organic materials were various on spring and autumn period, which it 

could be detected in the gas production of the beginning period also. In the winter time the C/N ratio of the 

output material were less significantly, than in summer. Because of the external temperature, the degradation 

process in the bioreactors is kept on a little causing carbon loss moreover the fresh green plant-material is also 

decreasing so glycerine and maize-silo are added to the recipe in limited value during winter. As part of our 

study, the effect and changes of N%, C%, dry and organic material and C/N ratio in raw materials, found in 

mezophil digester, were examined regarding its biogas quantity. The maximum gas yield was observed in case 

of 2.76% N content, which suggests that reducing of the input nitrogen increases the biogas yield. Highest 

biogas yields were found within 33.55-34.3% carbon content. The maximum gas yield was found at 12.2-12.35 

C/N ratio. Comparing C% and C/N ratio of raw materials to biogas production resulted weak correlation (r= 

0,32). The relationships were medium strong (r= 0.65) between the dry matter content of input substances and 

its gas output values. Based on results, 8% dry-matter content is found to be appropriate concerning the biogas 

yield. Above this value the gas quantity was reduced significantly (Bíró et. al., 2008). 

The second aim was to develop recycling technologies for tertiary biomass sources, such as dead animals and 

slaughtering wastes (animal fat, blood and poultry feather). 
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Before using of the sterilized slaughterhouse by-product different N% and C% ratio were examined in 

laboratory. We set the N% content of the input biogas in an increasing order as follows: 3-3,9-5,4-6,5-7,3-8-8,3, 

while the C/N ratio were in a decreasing order as follows: 16,5-13-9,5-8-7,1-6,5-6,3. The gas-production 

capacity of the animal wastes from slaughterhouses is well-known, at the same time the higher nitrogen content 

can block the fermentation processes. Taken as a function of C/N ratio the upper limit of the nitrogen-input was 

determined with the help of the analysis of the developing biogas. The optimal C/N ratio was estimated at 10-

16. The lack of nitrogen causes the multiplication of the micro-organisms to stop under this ratio; otherwise 

ammonia can form because of the surplus of nitrogen, so the organ becomes alkaline limiting the growing of the 

bacteria. 

Considering the broiler slaughterhouse, significant amount of feather is produced, the hydrolytic decomposition 

of which is difficult, thus a preparative step should have been worked out. 

The high protein content of poultry feather makes it a suitable raw material as amino acid and fatty acid subtract 

for biogas production. The digestion by fermentation of this difficultly disintegrating material produced in large 

quantities in poultry slaughterhouses provides an environmentally-friendly way of reutilization. Our objective 

was to determine the timing of application and the maximal amount of pre-processed feather for hydrolytic 

digestion, to optimize the concentration of disintegrating micro-organisms and examine their reproduction and 

to elaborate a biomass recipe with optimal C/N ratio for maximal efficiency of methane production. 
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Bálint and his colleagues (2005) isolated the feather digesting Bacillus licheniformis KK1 bacteria from the soil, 

which originally was used to produce bio-hydrogen. Based on these results of the examinations we used it to 

digest boiler poultry feather. Some Bacillus species are aerobe bacteria and proliferate well on high temperature 

(40-60°C) with having a wide substrate spectrum. 

In the first step the heat treatment of the feather was carried out in a cooker at a temperature of 70, 100 and 

140°C, then the optimal feather : water ratio was determined by examining feather: water ratios of 1:1, 1:2 and 

1:3. The ratio of 1:1 (1kg feather: 1 liter of water) proved unsuitable for mechanical mixing, so its application 

under industrial-scale operation is not recommended (Figs.). 
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At the ratio of 1:2 0,67 kg of feather was mixed with 1,33 liters of water., while at the ratio of 1:3 0,5 kg of 

feather was interspersed with 1,5 liters of water. The optimal digestion temperature of 42°C and a pH between 

6,5-8 in the solution was ensured by adding 5-5 millilitres of phosphate-buffer to each treatment coupled with 

the application of a thermostat. The ratio of feather: Bacillus licheniformis (%) was ensured by inoculating 1, 3 

and 5% of Bacillus licheniformis culture to the feather. During the first experiment the cell number in the 

bacterium culture was determined with a Bürker-cell/chamber before inoculation, as well as the extinction in the 

range of 605 nm with a photometer. In the further experiments the cell numbers were determined with the 

calculated calibration curve by turbidimetric method based on the extinction of the solutions. The stabilization 

of pH could be resolved by adding a maximum of 5-15 millilitres of phosphate buffer. Based on the measured 

extinction values, the highest rate of digestion was observed in the experimental group with pre-treatment at 

70°C, 1% bacillus: feather rate, 1:2 or 1:3 feather: water ratio (Bíró et al. (2007). The hydrolyzed material with 

the keratin content can be added to the reactor as a amino-acid and fatty acid substratum. 

Having evaluate the effect of the pre-treated poultry feather, it can be lay down a fact, that the biogas-production 

can be observed in case of mezophil fermentor after 20 days retention time, it is necessary to start the micro-

biology processes and to explore raw materials. It can also be 18-20 days by the thermophil fermentors. It could 

be observed the increasing of the maximum gas-yield (2,6%) completing with pre-treated feather (5%) under 42 

retention times. The pre-treated material with 2% additional feather resulted increasing methane gas-yield on 

average 1,4%, while the mixture with 1% feather content caused 1,22% rate growth. The quantity of evolving 

sulphur-hydrogen from amino-acid having sulphur have to be kept under 2-300 ppm to protect the gas-engines 

from the damages. When 5% pre-treated feather was added to substratum, the H2S content of the biogas 

exceeded 620 ppm, which can lead to corrosion. However, using 2% feather ratio it was only produced H2S of 

345 ppm, which needs gas-cleaning in a long term. In case of using 1% pre-treated feather the H2S value was 

under 300 ppm, which is suitable for biogas production without gas-cleaning. 

The third aim was to develop a unified product tracking system from the supplying to the utilization of the 

fermentation outlet. While the factory applied mixed content raw materials, its quality assurance system were 

expanded to the supplier-net and the setting out to arable lands in order to reduce working risk. Therefore a 

common geographical information system was established with the help of the researchers of the University of 

Debrecen having environmental-technology, informatics and corporate management experiences. As a result of 

this work such a restricted logistical system was established that can be minimize the environmental risk of the 

utilization of raw materials. For the input logistical system, coordinates of suppliers and distances from the plant 

were measured with GPS. For the authorized routes, 20 m buffer distance was calculated. When a track is over 



 Biogas production  

 22  
Created by XMLmind XSL-FO Converter. 

this distance without permission, the system alarms the operative of the biogas plant; in this way, illegal 

discharge of wastes can be prevented. 

 

Continuous, digital recording of the transportation data and identification of the truck driver is also managed by 

this system. Thus, the transportation of supplier vehicle can be monitored real time from the start (receipt place) 

to the biogas plant and can be archived and searched. The incoming shipment is sampled, which provides 

sample with unique identification. The outlet material of the biogas fermentation is also continuously sampled. 

Discharge of biogas outlet has two alternatives for a biogas plant: A) transport in irrigation pipeline and 

discharge with water cannon having self-propelled drum; and B) transport on vehicle and surface discharge with 

using deflector accessories. As part of the work, data sets for GIS mapping for the precision control within the 

land sections were created for both technologies. During the decision making, basic data can be up-dated and 

optimized according to the actual nutrient and water content, and cultivation plan. In the case of the discharge 

with water cannon, the main control point is the retraction speed of self-propelled drum, minor changes can be 

set with changing nozzle size and pressure. In practise the cross inhomogenity factor is lower than 15% at the 

borders of the neighbouring tracks in the case of the discharge of liquid phase of fermentation with BAUER 

Rainstar T61 typed irrigation system. 
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In case of an asymmetrical parcel it can be used the irrigation pipeline and discharge with water cannon having 

self-propelled drum, but the disadvantages of this methods are hardly changeable so it can cause higher charging 

on several fields. The transportation on vehicle has higher cost, but it can be adapted to different soil properties. 

In this instance, the transportation on vehicle and surface discharge with using deflector accessories we have 

tested the digital map data by Trimble AgGPS FM 550 job computer. The computer is controlling the autopilot 

system continuously on the bases of applied digital maps. It controls the getting out of the liquid phase on the 

defined routes and enables to place out the nitrogen of max. 170 kg/ha consider the EU Nitrate Directive 

(Figure.). 
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During the planning, several data had to be digitalized (for example: relief, surface waters, ground waters, 

settlements, roads etc.) to determine the unsuitable areas and safety buffer zones. We have defined the useful 

quantity of the liquid phase of fermented material after the examinations of the soil parameters, agro-chemical, 

cropping and water management. Loading results into the job computer of the discharging vehicle, movement of 

the vehicle itself can also be planned and monitored during the discharge (Fig). 

 

The biogas plants working with high capacity mixed material have several working risks, because of changing 

of the components of raw materials. The bio-fermentation processes can be disturbed for a long time by fewer 

breakdowns and stalling causing a decrease in capacity and losing the profit. Getting out the enormous amount 

of digested outlet materials originated form centralized industries is also hazardous, while the unsuitable 

disposing leads to damage the soil or causes odour. Because of the hard agro-environmental rules farmers 

consider that the disposal of the material having higher nutrient is risky. To reduce risks we have carried out 

examinations above mentioned in laboratory. The combinations of the optimal recipes could reduce the harmful 

gas outlet (ammonia, sulphur-hydrogen). The GIS logistical system controls the input transportations and the 

precocious agricultural system based on GIS/GPS ensures the disposal of output material in an environmental 

way. In this closed controlling system the life cycle of the bio-fermented materials can be follow able from the 

hazardous wastes, through the biogas production, to disposal(Figs.). 
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Archiving of the GPS and the real time coordinates guarantees the correspondence to the hard agri-

environmental rules. 
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2. fejezet - Soil Remediation 

1. Lecture 

1.1. Soil pollutions and the enviroment 

Contaminated or polluted soil directly affects human health through direct contact with soil or via inhalation of 

soil contaminants which have vaporized; potentially greater threats are posed by the infiltration of soil 

contamination into groundwater aquifers used for human consumption, sometimes in areas apparently far 

removed from any apparent source of above ground contamination (Wikipedia, 2012). Soil quality of the 

healthy soil cannot be measured directly. For the EU, soil organic carbon content, pH, clay content, sealing, 

water, nutrient and heat regime in topsoil has been defined as the more appropriate indicator for soil quality. 

High organic carbon content corresponds to good soil conditions from an agro-environmental point of view: 

limited soil erosion, high buffering and filtration capacity, rich habitat for soil organisms, enhanced sink for 

atmospheric carbon dioxide, etc.. Soils with Organic Carbon content between 1 and 10 % can also be considered 

of high agricultural value, while soils with less the 1% can be considered as affected by severe degradation 

(desertification) (Figure). 

 

1.2. Analtical background 

Atomic absorption spectrometry (AAS) and atomic emission spectrometry (AES) are the most widely used 

techniques for heavy metals quantitative analysis in environmental samples. AAS involves the absorption of 

radiant energy produced by a special radiation source (lamp), by atoms in their electronic ground state. The 

lamp emits the atomic spectrum of the analyte elements, i.e., just the energy that can be absorbed in a resonance 

manner. The analyte elements are transformed in atoms in an atomizer. When light passes through the atom 

cloud, the atoms absorb ultraviolet or visible light and make transitions to higher electronic energy levels. A 

monochromator is used for selecting only one of the characteristic wave lengths of the element being 

determined, and a detector, generally a photomultiplier tube, measures the amount of absorption. The amount of 

light absorbed indicates the amount of analyte initially present . This method is applicable for the following 

analytes: Li, Be, B, Na, Mg, Al, P, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Ag, Cd, Sn, Sb, Ba, 

Hg, Tl, Pb, Th, (Meyers, 1998). 

Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) measures the optical emission from 

excited atoms to determine analyte concentration. High-temperature atomization sources are used to promote the 

atoms into high energy levels causing them to decay back to lower levels by emitting light. Inductively coupled 

plasma is a very high excitation source (7000–8000 K) that efficiently desolvates, vaporizes, excites, and ionizes 
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atoms. The wavelengths of photons emitted are element specific. The intensity of emission is generally linearly 

proportional to the number of atoms of that element in the original sample. ICP-AES and the other atomic 

emission techniques simultaneously or sequentially measure the concentrations of 20 elements or more at 

sensitivities equivalent to those of AAS. A second advantage of ICP-AES is its broad dynamic range (Figure) 

(Ebdon, et al. 1998). 

 

Inductively Coupled Plasma–Mass Spectrometry (ICP-MS) combine of two well-established techniques, namely 

the inductively coupled plasma and mass spectrometry. An ICP argon plasma is used as ion source, ensuring 

almost complete decomposition of the sample into its constituent atoms. The ionization conditions within ICP 

result in highly efficient ionization and importantly, these ions are almost exclusively singly charged. Mass 

analysis is simply a method of separating ions depending on their mass-to-charge ratio (m/z). Two types of mass 

analyzers are commonly employed for ICP-MS: the quadrupole and the magnetic sector (Kebbekus and Mitra, 

1998). The applications of ICP-MS are similar to those for ICP-AES, although the better sensitivity of the 

former has resulted in applications such as the determination of ultralow levels of trace elements. It may also be 

used for determination of total recoverable element concentrations in these waters as well as wastewaters, 

sludge, and soil samples (Figures ). 
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Gas chromatography is a powerful separation technique and it is relatively easy to couple the gas effluent to an 

element-specific determination method such as AAS, AES, or MS without any sample loss. A number of 

hyphenated techniques based on the combination of GC with AAS, MIP-AES, and ICP-MS have been used in 

many environmental studies. GC-AAS is normally used for the investigation of volatile or thermally stable 

compounds such as mercury, tin, and lead alkyl compounds. MIP-AES is an excellent detector for GC capable 

of detecting virtually all metals and metalloids. Absolute detection limits offered reach the subpicogram level 

for many elements including Hg, Sn, and Pb and picogram levels are found for most of the others. On the other 

hand, GCMS is potentially a highly sensitive and selective technique (Adams and Slaets, 2000). 

XRF spectrometry uses X-rays as primary excitation source, usually provided by X-ray tubes, or radioisotopes, 

which cause elements in the sample to emit secondary X-rays of a characteristic wavelength. The elements in 

the sample are identified by the wavelength/energy of the emitted X-rays while the concentrations are 

determined by the intensity of the X-rays. Two basic types of detectors are used to detect and analyze the 

secondary radiation. Wavelengthdispersive XRF spectrometry uses a crystal to diffract the X-rays, as the ranges 

of angular positions are scanned using a proportional detector. Energy-dispersive XRF spectrometry uses a 

solid-state detector from which peaks representing pulse-height distributions of the X-ray spectra can be 

analyzed. Usually, sample preparation required for XRF analysis is minimal compared to conventional 

analytical techniques. However, for solid samples, since particle size, composition, and element form may affect 

the analysis. Thirty or more elements may be analyzed simultaneously by measuring the characteristic 

fluorescence x-rays emitted by a sample. Thermo Scientific Niton XRF analyzers can quantify elements ranging 

from magnesium (element 12) through uranium (element 92), measuring x-ray energies from 1.25 keV up to 85 

keV in the case of Pb k-shell fluorescent x-rays excited with a 109Cd isotope. These instruments also measure the 

elastic (Raleigh) and inelastic (Compton) scatter x-rays emitted by the sample during each measurement to 

determine, among other things, the approximate density and percentage of the light elements in the sample 

(Figures). 
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In sample matrices such as typical mining samples, metal and precious metal alloys, it is necessary to measure 

both lighter elements that emit lower energy x-rays (that are easily absorbed) as well as heavier elements that 

emit much higher energy x-rays (that penetrate comparatively long distances through the sample). Thermo 

Scientific Niton XRF analyzers compensate for all of these effects in order to determine the actual concentration 

of elements in multi-element samples from the modified fluorescence x-ray spectrum that these samples produce 

in the XRF analyzer. To do this, NITON employ multiple methods to determine the true composition of these 

complex samples from their x-ray spectra. These include: Fundamental Parameters (FP) analysis; Compton 

Normalization (CN); Spectral matching (―fingerprint‖) empirical calibrations; User-definable empirical 

calibrations. 

Electroanalysis is a broad spectrum of techniques that can be distinguished by the variable that is controlled: 

voltage or current. The usual practice is to apply one of these variables to a solution containing the analyte 

species and measure one of the other variables. From a plot of the measured variable versus the applied variable, 

information regarding the concentration and identity of electroactive species in solution is determined. Of the 

many electrochemical techniques, only a few are routinely used for environmental analysis: voltammetry, direct-

current DC, polarography, and potentiometry (Alloway,1995). 

Spectrophotometry is based on the simple relationship between the molecular absorption of UV-VIS radiation 

by a solution and the concentration of the colored species in solution. The basic components of a 
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spectrophotometer include a light source, a monochromator, which isolates the desired source emission line, a 

sample cell, a detector-readout system, and a data-processing unit. Spectrophotometric measurements are based 

on the Beer-Lambert law, which describes a linear dependence of absorbance on the concentration 

(Gauglitz,1994). 

The chemical and physical associations of toxic elements with their environment can strongly influence their 

distribution, mobility, and biological availability; therefore, there is an increasing need for metal speciation 

analysis in environmental samples (for review see refs. 45–50). The ma-in environmental applications involve 

speciation analysis of redox and organometallic forms of antimony and arsenic, redox forms of chromium, 

protein-bound cadmium, organic forms of lead such as alkyllead compounds, organomercury compounds, 

inorganic platinum compounds, inorganic and organometallic compounds of selenium, organometallic forms of 

tin, and redox states of vanadium (Sarkar, 2002). 

Direct heavy metal speciation analysis can also be carried out using separation and preconcentration of 

particular metal species by either chromatographic methods, coprecipitation, ion exchange, separation with 

chelating resins, or solvent extraction. Biological substrates such as algae, plant-derived materials, bacteria, 

yeast, fungi, and erythrocytes can be used for metal preconcentration and direct speciation analysis (Glidewell 

and Goodman, 1995). 

Immunoassay technology relies on an antibody that is developed to have a high degree of sensitivity to the 

target compound. This antibody‘s high specificity is coupled within a sensitive colorimetric reaction that 

provides a visual result. Immunoassays offer significant advantages over more traditional methods of metal 

detection; they are quick, inexpensive, simple to perform, and can be both highly sensitive and selective. 

Antibodies that recognize chelated forms of metal ions have been used to construct immunoassays for Ni(II), 

Cd(II), Hg(II), and Pb(II) (Blake, et al. 1998). 

Polynuclear Aromatic Hydrocarbons (PAHs) are among the most frequently monitored environmental 

contaminants. Standard and official methods for the analysis of PAHs are found in compendia for air, drinking 

water, waste water, solid waste, and food analysis. Many of these methods specify HPLC, usually with UV and 

fluorescence detection, as recommended analytical procedure. YMC PAH columns are optimized for the HPLC 

analysis of PAHs. The chromatogram shows 16 PAH compounds, listed as target pollutants by the EPA. The 

YMC PAH columns achieve baseline resolution and excellent peak symmetry for all 16 target analytes. The 

YMC PAH columns provide narrow symmetrical peak shapes and their resolving ability leads to an easy 

identification and quantification for PAHs. Their optimized selectivity results in a separation with enough space 

for wavelength changes by the use of fluorescence detectors(Figure). 
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2. Lecture 

2.1. Remediation technology 

The used mainly EPA based text, focuses on engineering-related considerations for evaluating some important 

technology. 

Remediation ex-situ methods involve excavation of effected soils and subsequent treatment at the surface, In-

situ remediation methods seek to treat the contamination without removing the soils. 

Soil vapor extraction (SVE), also known as soil venting or vacuum extraction, is an in situ remedial technology 

that reduces concentrations of volatile constituents in petroleum products adsorbed to soils in the unsaturated 

(vadose) zone. In this technology, a vacuum is applied to the soil matrix to create a negative pressure gradient 

that causes movement of vapors toward extraction wells. Volatile constituents are readily removed from the 

subsurface through the extraction wells. The extracted vapors are then treated, as necessary, and discharged to 

the atmosphere or reinjected to the subsurface (where permissible) (Figures). 
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This technology has been proven effective in reducing concentrations of volatile organic compounds (VOCs) 

and certain semi-volatile organic compounds (SVOCs) found in petroleum products at underground storage tank 

(UST) sites. SVE is generally more successful when applied to the lighter (more volatile) petroleum products 

such as gasoline. Diesel fuel, heating oils, and kerosene, which are less volatile than gasoline, are not readily 

treated by SVE but may be suitable for removal by bioventing. Important indicator of the volatility of a 

constituent is by noting its Henry‘s law constant. Henry‘s law constant is the partitioning coefficient that relates 

the concentration of a constituent dissolved in water to its partial pressure in the vapor phase under equilibrium 

conditions. This describes the relative tendency for a dissolved constituent to partition between the vapor phase 

and the dissolved phase. Therefore, the Henry's law constant is a measure of the degree to which constituents 

that are dissolved in soil moisture (or groundwater) will volatilize for removal by the SVE system. Constituents 

with Henry‘s law constants of greater than 100 atmospheres are generally considered amenable to removal by 



 Soil Remediation  

 38  
Created by XMLmind XSL-FO Converter. 

SVE. SVE is generally not successful when applied to lubricating oils, which are non-volatile, but these oils 

may be suitable for removal by bioventing. Soil vapor extraction is a well known and effective technology when 

applied in permeable soils but has not been effective in tight impermeable soils, particularly those soils 

containing significant amounts of silt and clay. The most technologies operates as a closed loop hot air 

recirculation process in the vadose (unsaturated) zone. Since there are no external emissions, no air permit is 

required. Warm air from a blower is injected directly into the impermeable soil, which desiccates the soil. The 

dry soil then readily desorbs its volatile organic compounds, which are collected through a conventional soil 

vapor extraction system. The vapors from the soil extraction system then pass through an activated carbon 

system and recirculate back to the blower, where the process begins again. The heat of compressing the air 

flowing through the blower creates the hot air that is introduced back into the contaminated vadose zone 

treatment area. The closed loop enhanced soil vapor extraction system takes advantage of the fact that 

desiccated soils are much more permeable. Surface seals might be included in an SVE system de-sign to prevent 

surface water infiltration that can reduce air flow rates, reduce emissions of fugitive vapors, prevent vertical 

short-circuiting of air flow (Grasso, 1993). 

MECX succesfully applied the catalyzed hydrogen peroxide to effectively desorb contaminants such as gasoline, 

fuel oils and coal tars. The exothermic reaction reduces the viscosity of highly viscous petroleum products. The 

catalyzed hydrogen peroxide breaks down larger molecules into smaller molecules. In addition to these chemical 

effects, the physical action of hydrogen peroxidecreated bubbles facilitates the separation of free product from 

the soil matrix. The first step is to pre-condition low permeability soils using either chemical and/or mechanical 

means. Mechanical augers and direct push probes are now available with specialized chemical injection devices 

to facilitate breaking up tight soils. The second step is to apply an enhancement of the traditional catalyzed 

hydrogen peroxide chemical oxidation process. The use of exothermic free radical reactions to destroy 

contaminants in the dissolved (saturated zone) phase is well documented. High temperature applications (greater 

than 75 ˚C) in the saturated zone have resulted in inefficient use of hydrogen peroxide and runaway exothermic 

reactions. Likewise, low temperature applications (less than 40 ˚C) have resulted in problems with dissolved 

phase contamination rebound. Further oxidation and, ultimately, significant mass contaminant destruction 

occurs, which facilitates the third and fourth steps, which involve bio-treatment polishing. The third optional 

step is an advanced aerobic treatment processes, which optimally produces stable concentrations of dissolved 

oxygen to biodegrade petroleum hydrocarbons in the contaminated groundwater using indigenous bacteria. 

MECX is also teamed with FMC Technologies to provide calcium peroxide-based PermeOx® Plus, an oxygen 

release compound able to deliver up to 18% oxygen, versus the usual 10% oxygen with magnesium peroxide. In 

addition, MECX is teamed with Solvay Chemical to provide sodium percarbonate which upon dissolving in 

groundwater will provide hydrogen peroxide as an additional oxygen releasing compound(Figure). 

 

MECX used this method in case former dry cleaning activities contaminated (tetrachlroethylene -PCE) a 

groundwater zone beneath the site. Within 30 hours after beginning the application, parameters which indicate 

an oxidative state (i.e. increased dissolved oxygen, increased oxidationreduction potential, etc.) were observed. 

Monitoring wells further down-gradient also displayed an increase in dissolved oxygen. 

If chlorinated contaminants are also present, the treatment train process is followed by a fourth advanced 

anaerobic treatment step that employs emulsified food-grade soybean oil that is injected into the aquifer to 
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stimulate reductive dechlorination. The edible oil, with a very low viscosity, slowly dissolves over several years 

providing a carbon and hydrogen source to accelerate the anaerobic biodegradation of contaminants. 

MECX, LP performed an in-situ chemical oxidation (ISCO) application at a fuel bulk storage terminal located 

northwest of Dallas, Texas. An underground transfer pipe associated with a fuel storage tank was suspected to 

have leaked and was subsequently cleaned and abandoned in-place. Nonaqueous phase liquid (NAPL) and high 

concentrations of dissolved petroleum hydrocarbon constituents including methyl tert-butyl ether (MTBE) 

benzene, toluene, ethyl-benzene, xylene (BTEX) and were identified. Rather than excavate affected soils, near 

utilities, and compromise the tank berm and floor, a rapid and effective in-situ chemical oxidation remediation 

solution was selected to remove the source area (i.e. NAPL) and reduce the BTEX and MTBE levels(Figure). 

 

MECX successfully eliminated NAPL and significantly reduced total BTEX by 95% within 1 month after 

application and to below detection levels after 3 months. Also, MTBE concentrations were reduced to by 66% 1 

month after and 77% 3 months after the application. The target remediation zone was located between 

approximately 0,6-4 m below grade surface and the groundwater dissolved plume/saturated zone covered 

approximately 410 m2 with portions located inside and outside of the tank berm. Shallow lithology included silty 

clays with interbedded gravel seams. Real-time monitoring of water quality parameters, including temperature, 

dissolved oxygen, pH, conductivity and oxidation/reduction potential were performed during the application to 

determine the effectiveness of the application and allow adjustments of reagents in the field. 

Bioventing is an in-situ remediation technology that uses indigenous microorganisms to biodegrade organic 

constituents adsorbed to soils in the unsaturated zone. Soils in the capillary fringe and the saturated zone are not 

affected. In bioventing, the activity of the indigenous bacteria is enhanced by inducing air (or oxygen) flow into 

the unsaturated zone (using extraction or injection wells) and, if necessary, by adding nutrients. All aerobically 

biodegradable constituents can be treated by bioventing. In particular, bioventing has proven to be very effective 

in remediating releases of petroleum products including gasoline, jet fuels, kerosene, and diesel fuel. (Figure). 
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Intrinsic permeability, which will determine when environmental engineer consider to apply in situ bioventing 

system. The rate at which oxygen can be supplied to the subsurface, varies over 13 orders of magnitude (from 

10-16 to 10-3 cm2) for the wide range of earth materials, although a more limited range applies for most soil 

types (10-13 to 10-5 cm2). Intrinsic permeability is best determined from field or laboratory tests, but can be 

estimated within one or two orders of magnitude from soil boring log data and laboratory tests. 

Hydraulic conductivity can be determined from aquifer tests, including slug tests and pumping borehole test. 

Hydraulic conductivity can be convert to intrinsic permeability using the following equation: k=K(µ/ƣg) 

where: k (intrisic permeability cm2),K (hidraulic conductivity cm/sec), µ (water viscosity g/cm sec), ƣ (water 

density g/cm3), g( acceleration due to gravity cm/sec2) At 20 C˚ : µ/ ƣg= 1,02x10-5To convert k from cm2 to 

darcy, multiply 108Design Radius of Influence (ROI) is an estimate of the maximum distance from a vapor 

extraction well (or injection well) at which sufficient air flow can be induced to sustain acceptable degradation 

rates. Establishing the design ROI is not a trivial task because it depends on many factors including intrinsic 

permeability of the soil, soil chemistry, moisture content, and desired remediation time. The types of soils and 

their structures will determine their permeabilities. Fluctuations in the groundwater table should also be 

considered. (Norris, et al. 1994). 

When user try to enhance soil microbiological activity in situ or ex situ have to consider more environmental 

factors. The optimum pH for bacterial growth is approximately 7; the acceptable range for soil pH in bioventing 

is between 6 and 8. 

Bacteria require moist soil conditions for proper growth. Excessive soil moisture, however, reduces the 

availability of oxygen, which is also necessary for bacterial metabolic processes, by restricting the flow of air 

through soil pores. The ideal range for soil moisture is between 40 and 

85 percent of the water-holding capacity of the soil. Generally, soils saturated with water prohibit air flow and 

oxygen delivery to bacteria, while dry soils lack the moisture necessary for bacterial growth. Bacterial growth 

rate is a function of temperature. Soil microbial activity has been shown to decrease significantly at 

temperatures below 10 C˚. Bacteria require inorganic nutrients such as ammonium and phosphate to support cell 

growth and sustain biodegradation processes. Using the empirical formulas for cell biomass and other 

assumptions, the carbon:nitrogen:phosphorus ratios necessary to enhance biodegradation fall in the range of 

100:10:l to 100:1:0.5, depending on the constituents and bacteria involved in the biodegradation process. The 

more complex the molecular structure of the dominant pollution constituent, the more difficult and less rapid is 

biological treatment. Most low-molecularweight (nine carbon atoms or less) aliphatic and monoaromatic 

constituents are more easily biodegraded than higher-molecular-weight aliphatic or polyaromatic organic 
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constituents. The presence of very high concentrations of petroleum organics or heavy metals in site soils can be 

toxic or inhibit the growth and reproduction of bacteria responsible for biodegradation. In addition, very low 

concentrations of organic material will also result in diminished levels of bacterial activity (Alexander, 1994). 

Biopiles, also known as biocells, bioheaps, biomounds, and compost piles, are used to reduce concentrations of 

petroleum constituents in excavated soils through the use of biodegradation. This technology involves heaping 

contaminated soils into piles (or ―cells‖) and stimulating aerobic microbial activity within the soils through the 

aeration and/or addition of minerals, nutrients, and moisture. The enhanced microbial activity results in 

degradation of adsorbed petroleum-product constituents through microbial respiration. Biopiles are similar to 

landfarms in that they are both above-ground, engineered systems that use oxygen, generally from air, to 

stimulate the growth and reproduction of aerobic bacteria which, in turn, degrade the petroleum constituents 

adsorbed to soil. While landfarms are aerated by tilling or plowing, biopiles are aerated most often by forcing air 

to move by injection or extraction through slotted or perforated piping placed throughout the pile(Figures) 

(Grasso, 1993). 
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In-situ groundwater bioremediation is a technology that encourages growth and reproduction of indigenous 

microorganisms to enhance biodegradation of organic constituents in the saturated zone. In-situ groundwater 

bioremediation can effectively degrade organic constituents which are dissolved in groundwater and adsorbed 

onto the aquifer matrix. Bioremediation generally requires a mechanism for stimulating and maintaining the 

activity of these microorganisms. This mechanism is usually a delivery system for providing one or more of the 

following: An electron acceptor (oxygen, nitrate); nutrients (nitrogen, phosphorus); and an energy source 

(carbon). The driving force for the biodegradation of petroleum hydrocarbons is the transfer of electrons from an 

electron donor (petroleum hydrocarbon) to an electron acceptor. To derive energy for cell maintenance and 

production from petroleum hydrocarbons, the microorganisms must couple electron donor oxidation with the 

reduction of an electron acceptor. As each electron acceptor be-ing utilized for biodegradation becomes 

depleted, the biodegradation process shifts to utilize the electron acceptor that provides the next greatest amount 

of energy. This is why aerobic respiration occurs first, followed by the characteristic sequence of anaerobic 

processes: nitrate reduction, manganese-reduction, iron-reduction, sulfate-reduction, and finally 

methanogenesis. (Figure) 

 

Generally, electron acceptors and nutrients are the two most critical components of any delivery system. In a 

typical in-situ bioremediation system, groundwater is extracted using one or more wells and, if necessary, 

treated to remove residual dissolved constituents. The treated groundwater is then mixed with an electron 

acceptor and nutrients, and other constituents if required, and re-injected upgradient of or within the 

contaminant source. This ideal system would continually recirculate the water until cleanup levels had been 

achieved. If your state does not allow re-injection of extracted groundwater, it may be feasible to mix the 
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electron acceptor and nutrients with fresh water instead. Extracted water that is not re-injected must be 

discharged, typically to surface water or to publicly owned treatment works (Flathman and Jerger, 1993). 

In-situ bioremediation can be implemented in a number of treatment modes, including: Aerobic (oxygen 

respiration); anoxic (nitrate respiration); anaerobic (non-oxygen respiration); and co-metabolic. The aerobic 

mode has been proven most effective in reducing contaminant levels of aliphatic (e.g., hexane) and aromatic 

petroleum hydrocarbons (e.g., benzene, naphthalene) typically present in gasoline and diesel fuel. In the aerobic 

treatment mode, groundwater is oxygenated by one of three methods: Direct sparging of air or oxygen through 

an injection well; saturation of water with air or oxygen prior to re-injection; or addition of hydrogen peroxide 

directly into an injection well or into reinjected water (Figure) (Brubaker, 1993). 

 

The term ―monitored natural attenuation‖ (MNA) refers to the reliance on natural attenuation processes (within 

the context of a carefully controlled and monitored site cleanup approach) to achieve site-specific remediation 

objectives within a time frame that is reasonable compared to that offered by other more active methods (EPA, 

1999). MNA is often dubbed ―passive‖ remediation because natural attenuation processes occur without human 

intervention to a varying degree at all sites. It should be understood, however, that this does not imply that these 

processes necessarily will be effective at all sites in meeting remediation objectives within a reasonable time 

frame. Natural attenuation processes include a variety of physical, chemical, and biological processes that, under 

favorable conditions, reduce the mass, toxicity,mobility, volume, and/or concentration of contaminants in soil 

and/or groundwater (McAllister and Chiang. 1993). A. Processes that result only in reducing the concentration 

of a contaminant are termed ―nondestructive‖ and include hydrodynamic dispersion, sorption and volatilization. 

Other processes, such as biodegradation and abiotic degradation (e.g., hydrolysis), result in an actual reduction 

in the mass of contaminants and are termed ―destructive‖ (Figure) (Weidemeier, et. al., 1999). 
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The emerging phytoremediation technology, is cost-effective plant-based approach to remediation takes 

advantage of the remarkable ability of plants to concentrate elements and compounds from the environment and 

to metabolize various molecules in their tissues (Salt and Smith, 1998). Toxic heavy metals and organic 

pollutants are the major targets for phytoremediation. In recent years, knowledge of the physiological and 

molecular mechanisms of phytoremediation began to emerge together with biological and engineering strategies 

designed to optimize and improve phytoremediation. Chelate-assisted phytoextraction has been successfully 

used to remove lead from contaminated soils using specially selected varieties of Indian mustard (Brassica 

juncea L.). These varieties combine high shoot biomass with the enhanced ability of roots to adsorb EDTA-

chelated lead from soil solution and transport it into the shoots. The transpiration stream is likely to be the main 

carrier of soluble chelated metal to the shoots, where water is transpired while metal accumulates (Vassil, et al. 

1998). The hyperaccumulating plants for example, several Thlaspi spe-cies can accumulate Ni and Zn, to 1–5% 

of its dry biomass. This is an order of magnitude greater than concentrations of these metals in the 

nonaccumulating plants growing nearby. Unfortunately, most hyperaccumulating species are not suitable for 

phytoextraction for several reasons: (i) metals that are primarily accumulated (Ni, Zn, and Cu) are not among 

the most important environmental pollutants; (ii) most have very low biomass and capricious growth habits 

unsuitable for monoculture; and (iii) agronomic practices and crop protection measures for their cultivation have 

not been developed. However, many metal-hyperaccumulating species belong to Brassicaceae (mustard) family, 

and thus are related to B. juncea, the preferred plant for phytoextraction of lead. Unfortunately, B. juncea, while 

exhibiting a high capacity for metal uptake and translocation, is not very resistant to high levels of lead or other 

heavy metals in its foliage. Therefore, chelate-assisted phytoextraction is very toxic to B. juncea, requiring 

harvesting several days after chelate application. Phytoextraction exploits the ability of plant roots to remove 

unwanted contaminants from their environment. 
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Phytoextraction (or phytoaccumulation) uses plants or algae to remove contaminants from soils, sediments or 

water into harvestable plant biomass (organisms that take larger-than-normal amounts of contaminants from the 

soil are called hyperaccumulators). Phytoextraction has been growing rapidly in popularity worldwide for the 

last twenty years or so. In general, this process has been tried more often for extracting heavy metals than for 

organics. At the time of disposal, contaminants are typically concentrated in the much smaller volume of the 

plant matter than in the initially contaminated soil or sediment. 'Mining with plants', or phytomining, is also 

being experimented with (Wikipedia, 2012). Phytostabilization creates a vegetative cap for the long-term 

stabilization and containment of the tailings. The plant canopy serves to reduce eolian dispersion whereas plant 

roots prevent water erosion, immobilize metals by adsorption or accumulation, and provide a rhizosphere 

wherein metals precipitate and stabilize. Unlike phytoextraction, or hyperaccumulation of metals into shoot/root 

tissues phytostabilization primarily focuses on sequestration of the metals within the rhizosphere but not in plant 

tissues(Ernst 2005). 
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Phytostabilization focuses on long-term stabilization and containment of the pollutant. For example, the plant's 

presence can reduce wind erosion; or the plant's roots can prevent water erosion, immobilize the pollutants by 

adsorption or accumulation, and provide a zone around the roots where the pollutant can precipitate and 

stabilize. Unlike phytoextraction, phytostabilization focuses mainly on sequestering pollutants in soil near the 

roots but not in plant tissues. Pollutants become less bioavailable, and livestock, wildlife, and human exposure is 

reduced. An example application of this sort is using a vegetative cap to stabilize and contain mine tailings 

(Mendez and Mailer, 2008). 

2.2. Calculation 

Have to calculate nutrition reqirement on TPH polluted site by land farming project: 

A conservative approximation of the amount of nitrogen and phosphorus required for optimum degradation of 

petroleum products can be calculated by assuming that the total mass of hydrocarbon in the soil represents the 

mass of carbon available for biodegradation. This simplifying assumption is valid because the carbon content of 

the petroleum hydrocarbons commonly encountered at UST sites is approximately 90 percent carbon by weight. 

As an example, assume that at a LUST site the volume of contaminated soil is 10,000 m3, the average TPH 

concentration in the contaminated soil is 1,000 mg/kg, and the soil bulk density is 1.75 g/cm3. 

The mass of contaminated soil is equal to the product of volume and bulk density: 1,75x 106 T 

The mass of the contaminant (and carbon) is equal to the product of the mass of contaminated soil and the 

average TPH concentration in the contaminated soil: 

1,75x 106 kg x 1000mg/kg=1,75 x 103 kg 

Using the C:N:P ratio of 100:10:1, the required mass of nitrogen would be 1750 kg, and the required mass of 

phosphorus would be 175. After converting these masses into concentration units ( mg/kg for nitrogen and 

mg/kg for phosphorus), they can be compared with the results of the soil analyses to determine if nutrient 

addition is necessary. If nitrogen addition is necessary, slow release sources should be used. Nitrogen additions 

can lower soil pH, depending on the amount and type of nitrogen added. 
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4. Technical Terms 

abiotic: not biotic; not formed by biologic processes. 

absolute viscosity: A measure of a fluid's resistance to tangential or shear stress. Units are usually given in 

centipoise. 

absorption: the penetration of atoms, ions, or molecules into the bulk mass of a substance. 

Actinomycetes: any of numerous, generally filamentous, and often pathogenic, microorganisms resembling both 

bacteria and fungi. 

adsorption: the retention of atoms, ions, or molecules onto the surface of another substance. 

advection: the process of transfer of fluids (vapors or liquid) through a geologic formation in response to a 

pressure gradient that may be caused by changes in barometric pressure, water table levels, wind fluctuations, or 

infiltration. 

aeration: the process of bringing air into contact with a liquid (typically water), usually by bubbling air through 

the liquid, spraying the liquid into the air, allowing the liquid to cascade down a waterfall, or by mechanical 

agitation. Aeration serves to (1) strip dissolved gases from solution, and/or (2) oxygenate the liquid. The rate at 

which a gas transfers into solution can be described by Fick's First Law. 

aerobic: able to live, grow, or take place only when free oxygen is present. 

afterburner: an off-gas posttreatment unit for control of organic compounds by thermal oxidation. A typical 

afterburner is a refractory-lined shell providing enough residence time at a sufficiently high temperature to 

destroy organic compounds in the off-gas stream. 

aggregate: coarse mineral material (e.g., sand, gravel) that is mixed with either cement to form concrete or tarry 

hydrocarbons to form asphalt. 

algae: chiefly aquatic, eucaryotic one-celled or multicellular plants without true stems, roots and leaves, that are 

typically autotrophic, photosynthetic, and contain chlorophyll. Algae are not typically found in groundwater. 

aliphatic: of or pertaining to a broad category of carbon compounds distinguished by a straight, or branched, 

open chain arrangement of the constituent carbon atoms. The carbon-carbon bonds may be either saturated or 

unsaturated. Alkanes, alkenes, and alkynes are aliphatic hydrocarbons. 

alkanes: the homologous group of linear saturated aliphatic hydrocarbons having the general for-mula 

C(n)H(2n+2). Alkanes can be straight chains, branched chains, or ring structures. Also referred to as paraffins. 

alkenes: the group of unsaturated hydrocarbons having the general formula C(n)H(2n) and characterized by 

being highly chemically reactive. Also referred to as olefins. 

alkynes: the group of unsaturated hydrocarbons with a triple Carbon-Carbon bond having the general formula 

C(n)H(2n-2). 

ambient: surrounding; the surrounding environment and conditions. 

anaerobic: able to live, grow, or take place where free oxygen is not present. 
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analog: in chemistry, a structural derivative of a parent compound. 

anisotropic: the condition in which hydraulic properties of an aquifer are not equal when measured in all 

directions. 

anoxic: total deprivation of oxygen. 

aqueous solubility: the extent to which a compound will dissolve in water. The log of solubility is generally 

inversely related to molecular weight. 

aquifer: a geologic formation capable of transmitting significant quantities of groundwater under normal 

hydraulic gradients. 

aquitard: a geologic formation that may contain groundwater but is not capable of transmitting significant 

quantities of groundwater under normal hydraulic gradients. In some situations aquitards may function as 

confining beds. 

aromatic: of or relating to organic compounds that resemble benzene in chemical behavior. These compounds 

are unsaturated and characterized by containing at least one 6-carbon benzene ring. 

asymptote: a line that is considered to be the limit to a curve. As the curve approaches the asymptote, the 

distance separating the curve and the asymptote continues to decrease, but the curve never actually intersects the 

asymptote. 

attenuation: the reduction or lessening in amount (e.g., a reduction in the amount of contaminants in a plume as 

it migrates away from the source). 

Atterberg limits: the moisture contents which define a soil's liquid limit, plastic limit, and sticky limit. 

auger: a tool for drilling/boring into unconsolidated earth materials (soil) consisting of a spiral blade wound 

around a central stem or shaft that is commonly hollow (hollow-stem auger). Augers commonly are available in 

flights (sections) that are connected together to advance the depth of the borehole. 

autoignition temperature: the temperature at which a substance will spontaneously ignite. Autoignition 

temperature is an indicator of thermal stability for petroleum hydrocarbons. 

autotrophic: designating or typical of organisms that derive carbon for the manufacture of cell mass from 

inorganic carbon (carbon dioxide). 

bacteria: unicellular microorganisms that exist either as free-living organisms or as parasites and have a broad 

range of biochemical, and often pathogenic, properties. Bacteria can be grouped by form into five general 

categories: cocci (spherical), bacilli (rod-shaped), vibrio (curved rod-shaped), spirilla (spiral), and filamentous 

(thread-like). 

baghouse: a dust-collection chamber containing numerous permeable fabric filters through which the exhaust 

gases pass. Finer particulates entrained in the exhaust gas stream are collected in the filters for subsequent 

treatment/disposal. 

ball valve: a valve regulated by the position of a free-floating ball that moves in response to fluid or mechanical 

pressure. 

Bentonite: a colloidal clay, largely made up of the mineral sodium montmorillonite, a hydrated aluminum 

silicate. Because of its expansive property, bentonite is commonly used to provide a tight seal around a well 

casing. 

berm: a sloped wall or embankment (typically constructed of earth, hay bales, or timber framing) used to 

prevent inflow or outflow of material into/from an area. 

bioassay: a method used to determine the toxicity of specific chemical contaminants. A number of individuals of 

a sensitive species are placed in water containing specific concentrations of the contaminant for a specified 

period of time. 
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bioaugmentation: the introduction of cultured microorganisms into the subsurface environment for the purpose 

of enhancing bioremediation of organic contaminants. Generally the microorganisms are selected for their 

ability to degrade the organic compounds present at the remediation site. The culture can be either an isolated 

genus or a mix of more than one genera. Nutrients are usually also blended with the aqueous solution containing 

the microbes to serve as a carrier and dispersant. The liquid is introduced into the subsurface under natural 

conditions (gravity fed) or injected under pressure. 

bioavailability: the availability of a compound for biodegradation, influenced by the compound's location 

relative to microorganisms and its ability to dissolve in water. 

biocide: a substance capable of destroying (killing) living organisms. 

biodegradability (or biodegradation potential): the relative ease with which petroleum hydrocarbons will 

degrade as the result of biological metabolism. Although virtually all petroleum hydrocarbons are 

biodegradable, biodegradability is highly variable and dependent somewhat on the type of hydrocarbon. In 

general, biodegradability increases with increasing solubility; solubility is inversely proportional to molecular 

weight. 

biodegradation: a process by which microbial organisms transform or alter (through metabolic or enzymatic 

action) the structure of chemicals introduced into the environment. 

biomass: the amount of living matter in a given area or volume. 

boiling point: the temperature at which a component's vapor pressure equals atmospheric pressure. Boiling point 

is a relative indicator of volatility and generally increases with increasing molecular weight. 

Btu: "British Thermal Unit"; the quantity of heat required to raise the temperature of one pound of water one 

degree Fahrenheit at 39 degrees F; used as the standard for the comparison of heating values of fuels. 

bubble radius: the maximum radial distance away from a biosparging well where the effects of sparging are 

observable. Analogous to radius of influence of an air sparging well. 

bulk density: the amount of mass of a soil per unit volume of soil; where mass is measured after all water has 

been extracted and total volume includes the volume of the soil itself and the volume of air space (voids) 

between the soil grains. 

butterfly valve: a shut-off valve usually found in larger pipe sizes (4 inches or greater). This type of valve can be 

used for non-critical flow control. 

capillary fringe: the zone of a porous medium above the water table within which the porous medium is 

saturated by water under pressure that is less than atmospheric pressure. 

capillary suction: the process whereby water rises above the water table into the void spaces of a soil due to 

tension between the water and soil particles. 

catalytic oxidizer: an off-gas posttreatment unit for control of organic compounds. Gas enters the unit and passes 

over a support material coated with a catalyst (commonly a noble metal such as platinum or rhodium) that 

promotes oxidation of the organics. Catalytic oxidizers can also be very effective in controlling odors. High 

moisture content and the presence of chlorine or sulfur compounds can adversely affect the performance of the 

catalytic oxidizer. 

chemotrophs: organisms that obtain energy from oxidation or reduction of inorganic or organic matter. 

coefficient of permeability: see hydraulic conductivity. 

cometabolism: the simultaneous metabolism of two compounds, in which the degradation of the second 

compound (the secondary substrate) depends on the presence of the first compound (the primary substrate). For 

example, in the process of degrading methane, some bacteria can degrade hazardous chlorinated solvents that 

they would otherwise be unable to attack. 

complexation: a reaction in which a metal ion and one or more anionic ligands chemically bond. Complexes 

often prevent the precipitation of metals. 
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condensate: the liquid that separates from a vapor during condensation. 

conductivity: a coefficient of proportionality describing the rate at which a fluid (e.g., water or gas) can move 

through a permeable medium. Conductivity is a function of both the intrinsic permeability of the porous medium 

and the kinematic viscosity of the fluid which flows through it. 

cone of depression: the area around a discharging well where the hydraulic head (potentiometric surface) in the 

aquifer has been lowered by pumping. In an unconfined aquifer, the cone of depression is a cone-shaped 

depression in the water table where the media has actually been dewatered. 

confined aquifer: a fully saturated aquifer overlain by a confining layer. The potentiometric surface (hydraulic 

head) of the water in a confined aquifer is at an elevation that is equal to or higher than the base of the overlying 

confining layer. Discharging wells in a confined aquifer lower the potentiometric surface which forms a cone of 

depression, but the saturated media is not dewatered. 

confining layer: a geologic formation characterized by low permeability that inhibits the flow of water (see also 

aquitard). 

conservative: (a) in the case of a contaminant, one that does not degrade and the movement of which is not 

retarded; is unreactive. (b) in the case of an assumption, one that leads to a worst-case scenario, one that is most 

protective of human health and the environment. 

constituent: an essential part or component of a system or group (e.g., an ingredient of a chemical mixture). For 

instance, benzene is one constituent of gasoline. 

cyclone: a type of separator for removal of larger particles from an exhaust gas stream. Gas laden with 

particulates enters the cyclone and is directed to flow in a spiral causing the entrained particulates to fall out and 

collect at the bottom. The gas exits near the top of the cyclone. 

Darcy's Law: an empirical relationship between hydraulic gradient and the viscous flow of water in the saturated 

zone of a porous medium under conditions of laminar flow. The flux of vapors through the voids of the vadose 

zone can be related to a pressure gradient through the air permeability by Darcy's Law. 

degradation potential: the degree to which a substance is likely to be reduced to a simpler form by bacterial 

activity. 

denitrification: bacterial reduction of nitrite to gaseous nitrogen under anaerobic conditions. 

density: the amount of mass per unit volume. 

diffusion: the process by which molecules in a single phase equilibrate to a zero concentration gradient by 

random molecular motion (Brownian motion). The flux of molecules is from regions of high concentration to 

low concentration and is governed by Fick's Second Law. 

dispersion: the process by which a substance or chemical spreads and dilutes in flowing groundwater or soil gas. 

dissolution: dissolving of a substance in a liquid solvent (e.g., water). 

downgradient: in the direction of decreasing static head (potential). 

drawdown: lowering the water table due to withdrawal of groundwater as from a well. 

dynamic viscosity: a measure of a fluid's resistance to tangential or shear stress. 

effective porosity: the amount of interconnected pore space in a soil or rock through which fluids can pass, 

expressed as a percent of bulk volume. Some of the voids and pores in a rock or soil will be filled with static 

fluid or other material, so that effective porosity is always less than total porosity. 

effluent: something that flows out, especially a liquid or gaseous waste stream. 

electron acceptor: a chemical entity that accepts electrons transferred to it from another compound. It is an 

oxidizing agent that, by virtue of its accepting electrons, is itself reduced in the process. See also terminal 

electron acceptor and oxidation-reduction. 
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electron donor: a chemical entity that donates electrons to another compound. It is a reducing agent that, by 

virtue of its donating electrons, is itself oxidized in the process. (see also electron acceptor and oxidation-

reduction.) 

empirical: relying upon or gained from experiment or observation. 

entrained: particulates or vapor transported along with flowing gas or liquid. 

enzyme: (a) any of numerous proteins or conjugated proteins produced by living organisms and functioning as 

biochemical catalysts. (b) a protein that a living organism uses in the process of degrading a specific compound. 

The protein serves as a catalyst in the compound's biochemical transformation. 

eucaryotes: an organism having one or more cells with well-defined nuclei. 

evaporation: the process by which a liquid enters the vapor (gas) phase. 

ex situ: moved from its original place; excavated; removed or recovered from the subsurface. 

extraction well: a well employed to extract fluids (either water, gas, free product, or a combination of these) 

from the subsurface. Extraction is usually accomplished by either a pump located within the well or suction 

created by a vacuum pump at the ground surface. 

facultative anaerobes: microorganisms that can grow in either the presence or the absence of molecular oxygen. 

In the absence of oxygen these microorganism can utilize another compound (e.g., sulfate or nitrate) as a 

terminal electron acceptor. 

facultative: used to describe organisms that are able to grow in either the presence or absence of a specific 

environmental factor (e.g., oxygen). See also facultative anaerobe. 

Fick's First Law: an equation describing the rate at which a gas transfers into solution. The change in 

concentration of gas in solution is proportional to the product of an overall mass transfer coefficient and the 

concentration gradient. 

Fick's Second Law: an equation relating the change of concentration with time due to diffusion to the change in 

concentration gradient with distance from the source of concentration. 

field capacity: the maximum amount of water that a soil can retain after excess water from saturated conditions 

has been drained by the force of gravity. 

flow tube: a calibrated flow measuring device made for a specific range of flow velocities and fluids. 

flux: the rate of movement of mass through a unit cross-sectional area per unit time in response to a 

concentration gradient or some advective force. 

free product: a petroleum hydrocarbon in the liquid ("free" or non-aqueous) phase (see also non-aqueous phase 

liquid, NAPL). 

friable: easily crumbled, not cohesive or sticky. 

fungi: aerobic, multicellular, nonphotosynthetic, heterotrophic microorganisms. The fungi include mushrooms, 

yeast, molds, and smuts. Most fungi are saprophytes, obtaining their nourishment from dead organic matter. 

Along with bacteria, fungi are the principal organisms responsible for the decomposition of carbon in the 

biosphere. Fungi have two ecological advantages over bacteria: (1) they can grow in low moisture areas, and (2) 

they can grow in low pH environments. 

gate valve: a valve regulated by the position of a circular plate. 

globe valve: a type of stemmed valve that is used for flow control. The valve has a globe shaped plug that rises 

or falls vertically when the stem handwheel is rotated. 

gradient: the rate of change in value of a physical or chemical parameter per unit change in position. For 

example, hydraulic gradient is equal to the difference in head measured at two points (usually wells) divided by 
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the distance separating the two points. The dimensions of head and distance are both lengths, therefore the 

gradient is expressed as a dimensionless ratio (L/L). 

groundwater: the water contained in the pore spaces of saturated geologic media. 

grout: a watery mixture of cement (and commonly bentonite) without aggregate that is used to seal the annular 

space around well casings to prevent infiltration of water or short-circuiting of vapor flow. 

heat capacity: the quantity of energy that must be supplied to raise the temperature of a substance. For 

contaminated soils heat capacity is the quantity of energy that must be added to the soil to volatilize organic 

components. The typical range of heat capacity of soils is relatively narrow, therefore variations are not likely to 

have a major impact on application of a thermal desorption process. 

Henry's law constant: the ratio of the concentration of a compound in air (or vapor) to the concentration of the 

compound in water under equilibrium conditions. 

Henry's law: the relationship between the partial pressure of a compound and the equilibrium concentration in 

the liquid through a proportionality constant known as the Henry's law constant. 

heterogeneous: varying in structure or composition at different locations in space. 

heterotrophic: designating or typical of organisms that derive carbon for the manufacture of cell mass from 

organic matter. 

homogeneous: uniform in structure or composition at all locations in space. 

hose barb: a twist-type connector used for connecting a small diameter hose to a valve or faucet. 

hydraulic conductivity: a coefficient of proportionality describing the rate at which water can move through a 

permeable medium. Hydraulic conductivity is a function of both the intrinsic permeability of the porous medium 

and the kinematic viscosity of the water which flows through it. Also referred to as the coefficient of 

permeability. 

hydraulic gradient: the change in total potentiometric (or piezometric) head between two points divided by the 

horizontal distance separating the two points. 

hydrocarbon: chemical compounds composed only of carbon and hydrogen. 

hydrogen peroxide: H(2)O(2). Hydrogen peroxide is used to increase the dissolved oxygen content of 

groundwater to stimulate aerobic biodegradation of organic contaminants. Hydrogen peroxide is infinitely 

soluble in water, but rapidly dissociates to form a molecule of water [H(2)O] and one-half molecule of oxygen 

[O]. Dissolved oxygen concentrations of greater than 1,000 mg/L are possible using hydrogen peroxide, but 

high levels of D.O. can be toxic to microorganisms. 

hydrophilic: having an affinity for water, or capable of dissolving in water; soluble or miscible in water. 

hydrophobic: tending not to combine with water, or incapable of dissolving in water; insoluble or immiscible in 

water. A property exhibited by non-polar organic compounds, including the petroleum hydrocarbons. 

hypoxic: a condition of low oxygen concentration, below that considered aerobic. 

in situ: in its original place; unmoved; unexcavated; remaining in the subsurface. 

in-line rotameter: a flow measurement device for liquids and gases that uses a flow tube and specialized float. 

The float device is supported by the flowing fluid in the clear glass or plastic flow tube. The vertical scaled flow 

tube is calibrated for the desired flow volumes/time. 

indigenous: living or occurring naturally in a specific area or environment; native. 

infiltration gallery: an engineered structure that facilitates infiltration of water into the subsurface. Infiltration 

galleries may consist of one or more horizontal or vertical perforated pipes, a single gravel-filled trench or a 

network of such trenches, or a combination of these. 
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infiltration: the downward movement of water through a soil in response to gravity and capillary suction. 

injection well: a well used to inject under pressure a fluid (liquid or gas) into the subsurface. 

inlet well: a well through which a fluid (liquid or gas) is allowed to enter the subsurface under natural pressure. 

inoculate: to implant microorganisms onto or into a culture medium. 

intergranular: between the individual grains in a rock or sediment. 

intrinsic permeability: a measure of the relative ease with which a permeable medium can transmit a fluid 

(liquid or gas). Intrinsic permeability is a property only of the medium and is independent of the nature of the 

fluid. 

isotropic: the condition in which hydraulic properties of an aquifer are equal when measured in any direction. 

kinematic viscosity: the ratio of dynamic viscosity to mass density. Kinematic viscosity is a measure of a fluid's 

resistance to gravity flow: the lower the kinematic viscosity, the easier and faster the fluid will flow. 

kow: see octanol/water partition coefficient. 

liquid limit (LL): the lower limit for viscous flow of a soil. 

liquidity index (LI): quantitative value used to assess whether a soil will behave as a brittle solid, semisolid, 

plastic, or liquid. LI is equal to the difference between the natural moisture content of the soil and the plastic 

limit (PL) divided by the plasticity index (PI). 

lithology: the gross physical character of a rock or rock types in a stratigraphic section. 

lower explosive limit (LEL): the concentration of a gas below which the concentration of vapors is insufficient 

to support an explosion. LELs for most organics are generally 1 to 5 percent by volume. 

LUST leaking underground storage tanks 

magnehelic gauge: a sensitive differential pressure or vacuum gauge manufactured by Dwyer Instrument Co. 

that uses a precision diaphragm to measure pressure differences. This gauge is manufactured in specific pressure 

or vacuum ranges such as 0 to 2 inches of water column. Magnehelic gauges are typically used to measure SVE 

system vacuums. 

manifold: a pipe with several apertures for making multiple connections. 

manometer: an instrument for measuring fluid pressure. Typically a U-shaped tube in which opposing fluid 

pressures reach an equilibrium. The pressure is equal to the differences in the levels of the fluid on either side of 

the tube. 

metabolism: a term that encompasses all of the diverse reactions by which a cell processes food material to 

obtain energy and the compounds from which new cell components are made. 

methanogenic: referring to the formation of methane by certain anaerobic bacteria during the process of 

anaerobic fermentation. 

microaerophilic: obligate aerobes that function best under conditions of low oxygen concentration. 

microcosm: a diminutive, representative system analogous to a larger system in composition, development, or 

configuration. As used in biodegradation treatability studies, microcosms are typically constructed in glass 

bottles or jars. 

microorganisms: microscopic organisms including bacteria, protozoans, yeast, fungi, mold, viruses, and algae. 

mineralization: the release of inorganic chemicals from organic matter in the process of aerobic or anaerobic 

decay. 
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moisture content: the amount of water lost from a soil upon drying to a constant weight, expressed as the weight 

per unit weight of dry soil or as the volume of water per unit bulk volume of the soil. For a fully saturated 

medium, moisture content equals the porosity. 

molecular diffusion: process whereby molecules of various gases tend to intermingle and eventually become 

uniformly dispersed. 

molecular weight: the amount of mass in one mole of molecules of a substance as determined by summing the 

masses of the individual atoms which make up the molecule. 

monoaromatic: aromatic hydrocarbons containing a single benzene ring. 

non-aqueous phase liquid (NAPL): contaminants that remain as the original bulk liquid in the subsurface (see 

also free product). 

nutrients: major elements (e.g., nitrogen and phosphorus) and trace elements (including sulfur, potassium, 

calcium, and magnesium) that are essential for the growth of organisms. 

obligate aerobes: organisms that require the presence of molecular oxygen ([O(2)] for their metabolism. 

obligate anaerobes: organisms for which the presence of molecular oxygen is toxic. These organisms derive the 

oxygen needed for cell synthesis from chemical compounds. 

occlude: to cause to become obstructed or closed and thus prevent passage either into or from. 

octanol/water partition coefficient (Kow): a coefficient representing the ratio of the solubility of a compound in 

octanol (a non-polar solvent) to its solubility in water (a polar solvent). The higher the Kow, the more non-polar 

the compound. Log Kow is generally used as a relative indicator of the tendency of an organic compound to 

adsorb to soil. Log Kow values are generally inversely related to aqueous solubility and directly proportional to 

molecular weight. 

off-gas treatment system: refers to the unit operations used to treat (i.e. condense, collect, or destroy) 

contaminants in the purge gas from the thermal desorber. 

olefins: see alkenes. 

orifice plate: a flow measurement device for liquids or gases that uses a restrictive orifice plate consisting of a 

machined hole that produces a jet effect. Typically the orifice meter consists of a thin plate with a square edged, 

concentric, and circular orifice. The pressure drop of the jet effect across the orifice is proportional to the flow 

rate. The pressure drop can be measured with a manometer or differential pressure gauge. 

oxidation-reduction (redox): a chemical reaction consisting of an oxidation reaction in which a substance loses 

or donates electrons, and a reduction reaction in which a substance gains or accepts electrons. Redox reactions 

are always coupled because free electrons cannot exist in solution and electrons must be conserved. 

paraffins: see alkanes. 

partial pressure: the portion of total vapor pressure in a system due to one or more constituents in the vapor 

mixture. 

permeability: a qualitative description of the relative ease with which rock, soil, or sediment will transmit a fluid 

(liquid or gas). Often used as a synonym for hydraulic conductivity or coefficient of permeability. 

pH: a measure of the acidity of a solution. pH is equal to the negative logarithm of the concentration of 

hydrogen ions in a solution. A pH of 7 is neutral. Values less than 7 are acidic, and values greater than 7 are 

basic. 

phototrophs: organisms that use light to generate energy (by photosynthesis) for cellular activity, growth, and 

reproduction. 

pilot test: operation of a small-scale version of a larger system to gain information relating to the anticipated 

performance of the larger system. Pilot test results are typically used to design and optimize the larger system. 
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pitot tube: a device used to measure the total pressure of a fluid stream that is essentially a tube attached to a 

manometer at one end and pointed upstream at the other. 

plastic limit (PL): the lower limit of the plastic state of a soil. 

plastic soil: one that will deform without shearing (typically silts or clays). Plasticity characteristics are 

measured using a set of parameters known as Atterberg Limits. 

plasticity index (PI): the range of water content in which soil is in a plastic state. PI is calculated as the 

difference between the percent liquid limit and percent plastic limit. 

polyaromatic hydrocarbon: aromatic hydrocarbons containing more than one fused benzene ring. Polyaromatic 

hydrocarbons are commonly designated PAH. 

polynuclear aromatic hydrocarbon: synonymous with polyaromatic hydrocarbon. Designated PNA. 

pore volume: (1) the total volume of pore space in a given volume of rock or sediment. Pore volume usually 

relates to the volume of air or water that must be moved through contaminated material in order to flush the 

contaminants. (2) the volume of water (or air) that will completely fill all of the void space in a given volume of 

porous matrix. Pore volume is equivalent to the total porosity. The rate of decrease in the concentration of 

contaminants in a given volume of contaminated porous media is directly proportional to the number of pore 

volumes that can be exchanged (circulated) through the same given volume of porous media. 

porosity: the volume fraction of a rock or unconsolidated sediment not occupied by solid material but usually 

occupied by water and/or air. 

pressure gradient: a pressure differential in a given medium (e.g., water or air) which tends to induce movement 

from areas of higher pressure to areas of lower pressure. 

procaryotes: a cellular organism in which the nucleus has no limiting membrane. 

protozoa: single-celled, eucaryotic microorganisms without cell walls. Most protozoa are free-living although 

many are parasitic. The majority of protozoa are aerobic or facultatively anaerobic heterotrophs. 

psi (pounds per square inch): a unit of pressure or pressure drop across a flow resistance. One psi is equivalent 

to the pressure exerted by 2.31 feet of water column. 

psig (pounds per square inch (gauge)): 0 psig = 14.696 psia (psi absolute) = 1.0 atmosphere. 

pugmill: a chamber in which water and soil are mixed together. Typically mixing is aided by an internal 

mechanical stirring/kneading device. 

radius of influence: the maximum distance away from an air injection or extraction source that is significantly 

affected by a change in pressure and induced movement of air. 

reagent: a substance or solution used in a chemical reaction, especially those used in laboratory work to detect, 

measure, or produce other substances. 

recalcitrant: unreactive, nondegradable; refractory. 

redox: short for oxidation-reduction. 

refractory index: a measure of the ability of a substance to be biodegraded by bacterial activity. The lower the 

refractory index, the greater the biodegradability. 

retardation: preferential retention of contaminant movement in the subsurface resulting from adsorptive 

processes or solubility differences. 

saturated zone: the zone in which all the voids in the rock or soil are filled with water at greater than 

atmospheric pressure. The water table is the top of the saturated zone in an unconfined aquifer. 

sentinel well: a groundwater monitoring well situated between a sensitive receptor downgradient and the source 

of a contaminant plume upgradient. Contamination should be first detected in the sentinel well which serves as a 
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warning that contamination may be moving closer to the receptor. The sentinel well should be located far 

enough upgradient of the receptor to allow enough time before the contamination arrives at the receptor to 

initiate other measures to prevent contamination from reaching the receptor, or in the case of a supply well, 

provide for an alternative water source. 

septa fitting: a special fitting used to seal vials (a liner for a threaded cap) or gas chromatographs (GCs) to 

provide closure. Septas can be manufactured in single, double, or triple layers of silicone rubber and other 

plastic materials. A syringe with a measured quantity of contaminant can be injected through a septa closure and 

into a GC column for separation analysis. 

sequester: to undergo sequestration. 

sequestration: the inhibition or stoppage of normal ion behavior by combination with added materials, especially 

the prevention of metallic ion precipitation from solution by formation of a coordination complex with a 

phosphate. 

SESOIL: a one-dimensional model for estimating pollutant distribution in an unsaturated soil column. SESOIL 

results are commonly used to estimate the source term for groundwater transport modeling of the saturated zone. 

short circuiting: the entry of ambient air into an extraction well (used for SVE and bioventing) without first 

passing through the contaminated zone. Short circuiting may occur through utility trenches, incoherent well or 

surface seals, or layers of high permeability geologic materials. 

soil moisture: the water contained in the pore spaces in the unsaturated zone. 

solubility: the amount of mass of a compound that will dissolve in a unit volume of solution. 

sorbent canisters: gas-tight canisters typically filled with activated carbon (charcoal) for collection and transport 

of vapor samples. In the laboratory the vapors are desorbed and analyzed to identify the organic compounds and 

quantify their concentration. 

sorbent tubes: glass tubes filled with a sorbent material that reacts chemically with specific organic compounds. 

Based on the nature of the sorbent and the extent of the chemical reaction, organic compounds can be identified 

and their concentration quantified. 

sorption: a general term used to encompass the processes of absorption, adsorption, ion exchange, and 

chemisorption. 

sparge: injection of air below the water table to strip dissolved volatile organic compounds and/or oxygenate the 

groundwater to facilitate aerobic biodegradation of organic compounds. 

specific gravity: the dimensionless ratio of the density of a substance with respect to the density of water. The 

specific gravity of water is equal to 1.0 by definition. Most petroleum products have a specific gravity less than 

1.0, generally between 0.6 and 0.9. As such, they will float on water--these are also referred to as LNAPLs, or 

light non-aqueous phase liquids. Substances with a specific gravity greater than 1.0 will sink through water--

these are referred to as DNAPLs, or dense non-aqueous phase liquids. 

sticky limit: the limit at which a soil loses its ability to adhere to a metal blade. 

stratification: layering or bedding of geologic materials (e.g., rock or sediments). 

stratum: a horizontal layer of geologic material of similar composition, especially one of several parallel layers 

arranged one on top of another. 

sump: a pit or depression where liquids drain, collect, or are stored. 

Tedlar bags: gas-tight bags constructed of non-reactive material (Tedlar) for the collection and transport of 

gas/vapor samples. 

terminal electron acceptor (TEA): a compound or molecule that accepts an electron (is reduced) during 

metabolism (oxidation) of a carbon source. Under aerobic conditions molecular oxygen is the terminal electron 

acceptor. Under anaerobic conditions a variety of terminal electron acceptors may be used. In order of 

decreasing redox potential, these TEAs include nitrate, manganic manganese, ferric iron, sulfate, and carbon 
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dioxide. Microorganisms preferentially utilize electron acceptors that provide the maximum free energy during 

respiration. Of the common terminal electron acceptors listed above, oxygen has the highest redox potential and 

provides the most free energy during electron transfer. 

thermal desorber: describes the primary treatment unit that heats petroleum-contaminated materials and desorbs 

the organic materials into a purge gas or off-gas. 

thermal desorption system: refers to a thermal desorber and associated systems for handling materials and 

treated soils and treating offgases and residuals. 

total petroleum hydrocarbons (TPH): a measure of the concentration or mass of petroleum hydrocarbon 

constituents present in a given amount of air, soil, or water. The term total is a misnomer, in that few, if any, of 

the procedures for quantifying hydrocarbons are capable of measuring all fractions of petroleum hydrocarbons 

present in the sample. Volatile hydrocarbons are usually lost in the process and not quantified. Additionally, 

some non-petroleum hydrocarbons may be included in the analysis. 

total recoverable petroleum hydrocarbons (TRPH): an EPA method (418.1) for measuring total petroleum 

hydrocarbons in samples of soil or water. Hydrocarbons are extracted from the sample using a 

chlorofluorocarbon solvent (typically Freon-113) and quantified by infrared spectrophotometry. The method 

specifies that the extract be passed through silica gel to remove the non-petroleum fraction of the hydrocarbons. 

travel time: the time it takes a contaminant to travel from the source to a particular point downgradient. 

tripolyphosphates: Salts with P(3)O(10)[-5 charge] anion. Most common is sodium tripolyphosphate 

[Na(5)P(3)O(10)]. 

turbine wheel: a rotor designed to convert fluid energy into rotational energy. Hydraulic turbines are used to 

extract energy from water as the water velocity increases due to a change in head or kinetic energy at the 

expense of the potential energy as the water flows from a higher elevation to a lower elevation. The fluid 

velocity tangential component contributes to the rotation of the rotor in a turbomachine. 

unconfined aquifer: an aquifer in which there are no confining beds between the capillary fringe and land 

surface, and where the top of the saturated zone (the water table) is at atmospheric pressure. 

unsaturated: the characteristic of a carbon atom in a hydrocarbon molecule that shares a double bond with 

another carbon atom. 

unsaturated zone: the zone between land surface and the capillary fringe within which the moisture content is 

less than saturation and pressure is less than atmospheric. Soil pore spaces also typically contain air or other 

gases. The capillary fringe is not included in the unsaturated zone. 

upgradient: it the direction of increasing potentiometric (piezometric) head. 

vacuum draft tube: a narrow tube lowered into an extraction well through which a strong vacuum is pulled via a 

suction pump at ground surface. Fluids (gas, water, and/or free product) are drawn into the draft tube and 

conveyed to the surface for treatment or disposal. Depending upon the configuration of the extraction system, 

the inlet of the draft tube may be either above or below the static level of the liquid in the well. 

vadose zone: the zone between land surface and the water table within which the moisture content is less than 

saturation (except in the capillary fringe) and pressure is less than atmospheric. Soil pore spaces also typically 

contain air or other gases. The capillary fringe is included in the vadose zone. 

vapor density: the amount of mass of a vapor per unit volume of the vapor. 

vapor pressure: the force per unit area exerted by a vapor in an equilibrium state with its pure solid, liquid, or 

solution at a given temperature. Vapor pressure is a measure of a substance's propensity to evaporate. Vapor 

pressure increases exponentially with an increase in temperature. 

venturi: a short tube with a constricted throat for determining fluid pressures and velocities by measuring 

differential pressures generated at the throat as a fluid traverses the tube. 
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viscosity: a measure of the internal friction of a fluid that provides resistance to shear within the fluid. The 

greater the forces of internal friction (i.e. the greater the viscosity), the less easily the fluid will flow. 

volatilization: the process of transfer of a chemical from the aqueous or liquid phase to the gas phase. Solubility, 

molecular weight, and vapor pressure of the liquid and the nature of the gas-liquid interface affect the rate of 

volatilization. 

water table: the water surface in an unconfined aquifer at which the fluid pressure in the pore spaces is at 

atmospheric pressure. 

weathering: the process during which a complex compound is reduced to its simpler component parts, 

transported via physical processes, or biodegraded over time. 

wellhead: the area immediately surrounding the top of a well, or the top of the well casing. 

windrow: a low, elongated row of material left uncovered to dry. Windrows are typically arranged in parallel 

The used terms edited following publication: 

EPA 510-B-95-007 2004. How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank 

Sites: A Guide for Corrective Action Plan Reviewers. 
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3. fejezet - Wastewater treatment 

1. Lecture 

1.1. Wastewater treatment 

Unsafe water, sanitation and hygiene ,results in 18 000 premature deaths, mostly of children, each year in the 

pan European region, mainly in EECCA and SEE. Most of the urban population's housing in the region is now 

connected to sewers, but wastewater in some EECCA and SEE countries is still discharged directly to the 

environment (Fig.). 

 

Across the EU-25 in 2002, 90 % of the population were connected to sewerage networks (Eurostat, 2006). 

However, some wastewater is discharged without or with only limited treatment (Figs.). 
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In the northern and central countries most of the wastewater now receives tertiary treatment - i.e. nutrients are 

removed - while in the southern countries and the EU-10 most wastewater receives secondary treatment - 

primarily removal of organic matter. 
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Despite huge investment in better wastewater treatment eutrophication caused by large inputs of nutrients, 

mainly nitrogen and phosphorus, is still a major environmental problem across Europe, affecting all types of 

waters. Diffuse source run-off from agricultural land is the principal source of nitrogen pollution, typically 

contributing 50–80 % of the total load (EEA, 2005a), while households and industry point sources still tend to 

be the more significant sources of phosphorus, though the input from agriculture is far from negligible. The 

monitoring measures to reduce the nitrogen surplus from agricultural land have only had limited success in 

Western Europe so far, but are now slowly beginning to show results in terms of a reduction in diffuse losses. 

Most European countries have water quality monitoring programs for groundwater, rivers, and lakes. In the EU, 

this is currently being harmonized and strengthened by the implementation of the Water Framework Directive 

(Fig.). 

The EU Water Framework Directive of 2000 clearly recognize that traditional end-of-pipe solutions, targeted at 

solving water quality issues originating from one specific source, have not proved adequate to re-establish clean 

rivers and lakes supporting healthy aquatic ecosystems. In Europe, the goal is the establishment of good 

ecological potential for surface water bodies by 2015. 

 

1.2. Pollution of Surface Water 

To prepare a sustainable waste water treatment plant, firstly have to evaluate the point and non point 

contamination sources of the watershed. In the word the largest water consumer the agrucultural sector and also 

mainly responsible for non point pollution of surface water. Based on state assessments, the Environmental 

Protection Agency (USEPA) concluded in its 2000 Water Quality Inventory that agriculture is the leading 

source of pollution in 48 per cent of river miles, 41 per cent of lake acres (excluding the Great Lakes) and 18 per 

cent of estuarine waters found to be water-quality impaired (USEPA, 2002). A US Geological Survey (USGS) 

study of agricultural land in watersheds with poor water quality estimated that 71 per cent of US cropland 

(nearly 300 million acres) is located in watersheds where the concentration of at least one of four common 

surface-water contaminants (nitrate, phosphorus, faecal coliform bacteria and suspended sediment) exceeded 

generally accepted instream criteria for supporting water-based recreation activities. The economic damage from 

agricultural pollution is largely unknown. Research from the 1980s estimated that soil erosion from cropland 
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was causing between US$5 billion and US$18 billion worth of damage each year (Ribaudo, 1989). No 

comparable estimates are available for the damage from nutrients and pesticides. (Smith et al, 1994). Albiac et 

al., reported (2007) that agriulture accounts for almost 80 per cent of consumptive water extractions, and the 

volume of irrigation water could grow to compensate for the effects of climate change in Spain. Urban demand 

represents 8 per cent of consumptive extractions, and its evolution will be stable since it depends on 

countervailing factors such as household type, water pricing and technological change that improve water use 

efficiency. Serious problems of water scarcity are already occurring in the arid and semi-arid regions of Spain, 

located in the southern and eastern parts of the Iberian Peninsula. The use of irrigation water is very large in 

these regions, and scarcity problems will worsen because of the large fall of river flows, the increase in 

irrigation requirements driven by the fall of precipitations, and the increase in water demand for tourism and 

residential activities in Mediterranean coastal zones. Regarding point source pollution from urban centres and 

industries, the effects of discharge of residual waters depend on the sewage network and treatment facilities, the 

industrial production processes, and the type of products consumed by households. In recent decades, there has 

been a surge in the urban population linked to sewage networks and treatment facilities. The Urban Wastewater 

Treatment Directive has contributed to a significant reduction of polluting emissions on surface waters, avoiding 

the subsequent environmental damage to aquatic ecosystems. However, the level of emissions from treatment 

plants remains high and may cause eutrophication and other problems. The number of dangerous substances that 

may affect water quality is high, with very different sources. The manufacturing industry is responsible for most 

of the emissions of heavy metals (lead, mercury, cadmium), while other substances such as nutrients and 

pesticides come from agriculture. A few substances have been regulated in the past decades resulting in a fall in 

their emission, but the emissions abatement is not general. Figure shows pollutant concentrations in selected 

Spanish and European rivers. 

 

Human activities linked to water and land resources generate wealth, but these activities also contribute to the 

degradation of water quality through point and non-point source pollution. To cope with this water degradation, 

different quality standards have been implemented depending on the final use given to the water. Regarding 

point source pollution from urban centres and industries, the effects of discharge of residual waters depend on 

the sewage network and treatment facilities, the industrial production processes, and the type of products 
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consumed by households. In recent decades, there has been a surge in the urban population linked to sewage 

networks and treatment facilities. The data series on water quality in rivers from OECD (2007) show this poor 

quality improvement that has hampered the recovery of water quality in the past 30 years. The biochemical 

oxygen demand (BOD) has improved in most European countries except in Belgium (Escaut), the UK (Thames) 

and The Netherlands (Maas) which show no improvement. 

NPS pollution loadings depend in part on random variables such as wind, rainfall and temperature, making it a 

stochastic process. As a result, a particular policy will produce a distribution of water quality outcomes rather 

than a single outcome. The characteristics of agricultural NPS pollution vary over geographic space, due to the 

great variety of farming practices, land forms and hydrologic characteristics found across even relatively small 

areas. An effective policy tool should be flexible enough to work in many different circumstances (Ribaudo et 

al, 1999). The most problematic characteristic from a policy standpoint is the inability to observe emissions. 

NPS pollution enters water systems over a broad front. 

Experience in developed countries has shown that as point sources are brough under control, the proportion of 

total load from NPS becomes significantly larger as a percentage of total load. This is inevitable, especially as 

agricultural sources of NPS pollution have proven to be particularly difficult to control. 

The intensive use of fertilizers is a more severe problem in central and northern European countries than in 

southern European countries. Fertilizer consumption in central and northern countries is above 150kg/ha, while 

consumption in southern countries is below 150kg/ha. Fertilizer consumption is above 200kg/ha in Germany, 

Belgium, France, The Netherlands, Ireland and the UK. For example, the nitrogen surplus in soils is 215kg/ha in 

The Netherlands and 100kg/ha in Belgium and Germany,compared with 40kg/ha in Spain (EEA, 2003), and this 

surplus is the origin of the nitrate pollution of water bodies. Therefore, the problems of water quality from 

agricultural non-point source pollution are more serious in central and northern European countries, while the 

main problem in southern countries There has been a certain improvement of some quality parameters in several 

surface and coastal water bodies, with the resulting reduction in pressure on their aquatic ecosystems. However, 

no substantial improvement in the water quality of European rivers is detected, except in the case of Germany. 

The problems of agricultural non-point source pollution remain, in particular those of nutrients and pesticides 

(European Commission, 2002), and also the problems of water scarcity in Mediterranean countries. 

The first comprehensive analysis of measures to control agricultural pollution was published by the United 

States Department of Agriculture in 1976 (USDA, 1976) and included a statement of additional research needs. 

In part, this was built onto programmes established during the United Nations Educational, Scientific and 

Cultural Organization‘s (UNESCO‘s) Hydrological Decade (1965–1974) during which North American 

researchers established many hundreds of ‗experimental‘ and ‗representative‘ river catchments at differing 

scales to better understand hydrological processes. Since the late 1970s there has been extensive research, 

especially in North America, into the process dynamics of various types of NPSs, most notably those of 

agricultural and urban run-off. Some of the better known dynamic models summarized in figure. 

 

In the past decade, and in contrast with empirically based dynamic models, there has been parallel development 

in other types of models, especially the Export Coefficient Model. Export coefficient modelling is a river basin-

scale, semi-distributed approach which calculates mean annual total nitrogen and phosphorus loading delivered 
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to a water body. This method calculates the sum of the nutrient loads exported from each nutrient source in the 

river basin. One important aspect of NPS pollution study is to quantify the load. In view of its characteristics, 

however, the estimation of NPS pollution load is far more difficult than point source load. In particular, as the 

scale increases, estimation of total NPS contribution to pollution loads becomes increasingly difficult. In North 

America, where point source pollution is well controlled, there is no dispute over the central role of NPS 

pollution in water quality; however, the estimates of NPS pollution loadings vary greatly. Nitrogen load from 

NPSs was estimated at 33–63 per cent of the total nitrogen load, and phosphorus load from NPSs was 42–59 per 

cent of the total phosphorus load; these numbers include nitrogen and phosphorus loss caused by physical and 

geochemical processes (Ongley and Tao, 2007). The modelling framework for NPS studies has been under 

development for more than 40 years in North America. The primary module in physically based models, such as 

SWAT, is a rainfall–run-off module that routes rainfall across the field surface to adjacent watercourses. This 

component in SWAT takes digital elevation data, together with land use, soil information, crop types, 

agricultural management techniques, etc. and stores these relationships within the model in ‗look-up‘ tables. The 

application of the SWAT Model assumes a more or less continuous process from rainfall to run-off, that is, the 

hydrological connectivity is continuous from plot, to field, to small catchment, to large catchment for any 

rainfall that produces run-off (rainfall intensity exceeds infiltration capacity). There is the provision in SWAT 

for interruption of run-off by reservoirs or ponds (Neitsch et al, 2002). In Canadian studies, SWAT has required 

extensive recalibration for NPS pollution estimations in areas for which the look-up tables are not appropriate. 

In practise to estimate potential risk coming from animal husbandry have to introduce some terminologies. 

The definition of ‗intensive‘ livestock operations is notionally based on the criterion that the number of animals 

exceeds the number for which the waste can be effectively utilized on the farm or in surrounding areas, and is 

similar to the criterion used by the United States Environmental Protection Agency (USEPA) for ‗concentrated 

animal feeding operations‘ (CAFO). According to a study of the environmental effects of the beef industry in 

China carried out in the Zhongyuan (or Central Plains) beef belt, particularly in Henan, Shandong and Hebei 

provinces (Liu, 2000), involving 50 households and 30 feedlots with less than 50 head of cattle, virtually all 

manure is utilized on the land and is not considered an environmental hazard. Using the State Ministry of China 

Environmental Protection definition that those units having more than 200 head of swine are considered 

‗intensive‘. 

Nitrogen fertilizers are soluble and will be mobilized downwards into the soil. Phosphate fertilizers are usually 

rapidly adsorbed to soil particles and do not run off except as part of the erosion–sediment transport process 

during rainfall–run-off events. Modern pesticides are designed to degrade quickly. Therefore, if there is no run-

off for a week or more between application and rainfall–run-off, depending on the nature of the active 

ingredient, there is likely to be little active ingredient that will be measurable downstream. 

Around the large cities the lack of a common definition of ‗urban‘ point source can lead to incorrect 

assumptions about the role of what is technically accepted as NPS, and consequently exaggerate the NPS load. 

The generally used NPS methods presented in figure. 
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The European Water Framework Directive is the main legislation initiative to protect water resources and 

achieve ‗good ecological status‘ for all water bodies. The Directive introduces the principle that water prices 

should be close to full recovery costs, to improve efficiency in the use of water. Costs must include abstraction, 

distribution and treatment costs, and also environmental costs and resource value. The Directive establishes a 

combination of emission limits and water quality standards, with deadlines to achieve appropriate quality for all 

waters. Water management should be based on basin districts and stakeholder participation, and water pricing at 

full recovery costs. 

Wastewater treatment is a multi-stage process designed to clean water and protect natural waterbodies. A 

treatment plant‘s primary objectives are to clean the wastewater and meet the plant‘s permit requirements. One 

of the challenges of wastewater treatment is that the volume and physical, chemical, and biological 

characteristics of wastewater continually change. Some changes are the temporary results of seasonal, monthly, 

weekly, or daily fluctuations in the wastewater volume and composition. Other changes are long-term, the 

results of alterations in local populations, social characteristics, economies, and industrial production or 

technology. There are three principal types of municipal sewers: sanitary sewers, storm sewers, and combined 

sewers. Sanitary sewers convey wastewater from residential, commercial, institutional, or industrial sources, as 
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well as small amounts of groundwater infiltration and stormwater inflow. Storm sewers convey stormwater 

runoff and other drainage. Combined sewers convey both sanitary wastes and stormwater. The type of collection 

system may profoundly affect treatment plant operations. In the city, the high flows and heavy sediment loads 

discharged by a combined system during and after a storm make effective treatment more challenging. 

Excessive infiltration and inflow in a poorly maintained sanitary system can have similar results. This is the 

important reason need to apply a holistic approach in preliminary phase of treatment procedure. Nowadays 

municipalities rarely construct combined sewers, and most have made efforts to separate stormwater from 

sanitary wastewater in Europe. 

Preliminary wastewater treatment typically begins with removing materials, such as hydrogen sulfide, wood, 

cardboard, rags, plastic, grit, grease, and scum, that might damage the plant headwork or impair downstream 

operations. These materials may be removed via chemical addition, pre-aeration, bar racks, screens, shredding 

devices, or grit chambers. Preliminary treatment may also include coagulation, flocculation, and flotation to 

remove particles and biological solids from the wastewater (Figures). 
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Primary wastewater treatment involves removing suspended and floating material from wastewater. Well-

designed and -operated primary treatment facilities may remove as much as 60 to 75% of suspended solids and 

between 20 and 35% of total BOD5. They do not, however, remove colloidal solids, dissolved solids, and 

soluble BOD5. 

 

Secondary wastewater treatment reduces the concentrations of dissolved and colloidal organic substances and 

suspended matter in wastewater. Generally, secondary treatment reduces 85% of TSS and BOD5, resulting in 

concentrations between 10 and 30 mg/L. The large diversity of bacteria and the roles that they perform in 

wastewater treatment are represented best in two biological treatment units, namely, the activated sludge process 

and the anaerobic digester. The anaerobic digester is the most commonly used anaerobic biological treatment 

unit at municipal wastewater treatment plants. The organisms consist exclusively of procaryotes. The biological 

processes occur in an anaerobic environment and are based on fermentation. There are significant differences in 
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the microbial communities between the activated sludge process and the anaerobic digester. The activated 

sludge process can decrease or increase with changes in the following operational conditions: use of anoxic 

periods, composition of the wastewater, hydraulic retention times due to variations in hydraulic loadings, return 

activated sludge rates, temperature, pH, the form or toxic wastes, hydrogen pressure. Anaerobic hydrolytic 

bacteria live (habitat) in a redox environment and solubilise complex organic compounds (Ep lower than 

−100mV). Sulfate-reducing bacteria live in a redox environment and reduce sulfate to sulfides and make 

ecological niche sulfur available as a nutrient to anaerobic bacteria (Ep lower than −100mV). Fermentative, 

acid-forming bacteria live in a redox environment Ep lower than −200mV) and produce substrates that can be 

used by methaneforming bacteria. Methane-forming bacteria live (habitat) in a redox environment (Ep lower 

than −300mV) and remove carbon dioxide, hydrogen, and acetate from the environment (Gerardi, 2008). With 

increasing sulfate concentration in an anaerobic digester, sulfatereducing bacteria compete with methane-

forming bacteria for some identical substrates. Because sulfate-reducing bacteria are more active than methane-

forming bacteria, they can better compete for the substrates that are needed by the methaneforming bacteria. 

This competition results in a decrease in the activity and growth of methane-forming bacteria and a decrease in 

methane production. Symbiotic relationships are also important in the treatment of wastewater in the activated 

sludge process and sludge in the anaerobic digester (example Nitrosomonas/Nitrobacter). Numerous predator–

prey relationships exist in the activated sludge process. The bacteria serve as particulate substrate for protozoa 

and metazoa. The protozoa, serve as particulate substrate for the metazoa. Important for operators of wastewater 

treatment plants is to be aware of the complexities of microbial ecology and the need to regulate those 

operational conditions that are most critical for the success of each biological treatment unit (Gerardi, 2003). 

Most secondary treatment processes involve biological treatment — typically, attached- or suspended-growth 

systems. Both rely on a mixed population of microorganisms, oxygen, and trace amounts of nutrients to treat 

wastewater. Air is pumped through perforated ceramic pipes at the bottom of the basin, air rises through the 

water in the form of many small bubbles. 

The applied air bubble diffusers are different, coarse or fine based on produced size of air bubble. The past two 

decades, coarse bubble diffusers have been used less frequently, primarily due to the ever increasing cost of 

energy and the availability of more reliable, highly efficient fine bubble diffusers. 
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These bubbles accomplish two things: they provide oxygen form the air to the water and create highly turbulent 

conditions that favor intimate contact between cells, the organic material in the water and oxygen. The subject 

of bubble size is important because the aeration system in a wastewater or sewage treatment plant consumes an 
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average of 50 to 70% of the energy of the entire plant. Average bubble diameters of 0.9mm are possible 

nowadays, using special polyurethane (PUR) or special recently developed EPDM membranes. 

The second basin is a settling tank, where water flow is made to be very quiet so that the cellular material may 

be removed by gravitational settling. Retention times vary for different types of wastewater treatment systems 

and can range from hours to weeks. The microorganisms consume organic material in the waste to sustain 

themselves and reproduce. They also convert nonsettleable solids to settleable ones. In attached-growth systems, 

such as trickling filters, packed towers, and rotating biological contactors, the microorganisms are attached to 

supporting inert media. A trickling filter consists in a bed of fist-size rocks over which the wastewater is gently 

sprayed by a rotating arm. Slime (fungi, algae) develops on the rock surface, growing by intercepting organic 

material from the water as it trickles down. Since the water layer passing over the rocks makes thin sheets, there 

is good contact with air and cells are effectively oxygenated. Nowadays, types of inert media most commonly 

used include plastic matrix material, open-cell polyurethane foam, sphagnum peat moss, recycled tires, clinker, 

gravel, sand and geotextiles. Ideal filter medium optimizes surface area for microbial attachment, wastewater 

retention time, allows air flow, resists plugging and does not degrade. 
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Worms and insects living in this biofilms also contribute to removal of organic material from the water. The 

slime periodically slides off the rocks and is collected at the bottom of the system, where it is removed. Multiple 

spraying also provides a way to keep the biological slimes from drying out in hours of low-flow conditions. 

Water needs to be trickled several times over the rocks before it is sufficiently cleaned. Rotating disks alternate 

as a biological contactor solid material on which slime grows is brought to the water rather than water being 

brought to it. In suspended-growth systems, such as lagoons and activated sludge processes, the microorganisms 

are drifting throughout the wastewater. 

In the Rotating Biological Contactor (RBC) process, the media is in the form of a drum. The microorganisms 

grow on this drum. The drum is slowly rotated, periodically submerging the microorganisms in the wastewater, 

where they are able to remove organic materials from the wastewater for food. 
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Oxidation Ditch is relativly cheap method that, usually made up of a circular or oval-shaped channel complete 

with mechanical aerators installed into the system. It is generally considered a modified system which is similar 

in working principles just like those in use for treatment of wastewater using activated sludge process. 

Calculation of the pond surface area must be determined based on the detention time required and needed for the 

sludge process. For countries or regions that have the winter and summer conditions, both criteria have to be 

taken into account. Most oxidation ditches are built to treat incoming industrial wastewater with flow up to 3500 

cubic meters per day and the BOD level can be in the range of 100 to 250ppm. 

 

Secondary treatment process effluent contains high levels of suspended biological solids that must be removed 

before the effluent is further treated or discharged to a receiving waterbody. Most treatment plants use settling 

tanks to separate the solids from the liquid, although flotation and other methods may be used. 

Tertiary - chemical treatment processes typically are used to remove oil, grease, heavy metals, solids, and 

nutrients (nitrate, phosphorus) from wastewater. Breakpoint chlorination and lime addition are used to reduce 

nitrogen and phosphorus concentrations, respectively. For example, screening, sedimentation, and filtration are 

used to physically separate solids from wastewater. Chemical coagulation and precipitation is used to promote 

sedimentation. Activated carbon adsorption is used to remove organic pollutants (Fig.). 
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A wetland can be constructed for the purpose of pollution control and waste management for post treatment. 

The flow rate, residence time and other factors are controlled to enhance the removal of BOD, SS, and N. A 

waterproof barrier is usually placed below the substrate to isolate the wastewater form the groundwater. Plants 

such as cattails, bulrushes and reeds provide a dense cover and an oxygenating substrate for bacteria in the root 

zone. 

 

There are more advanced wastewater treatment methods for example membrane filtration—microfiltration, 

ultrafiltration, nanofiltration, and reverse osmosis—is used to remove organics, nutrients, and pathogens from 

polluted water and traditionally were used for industrial wastewater treatment but has been gaining popularity at 

municipal treatment facilities. Membrane technology is being used for the large-scale reclamation of 

wastewater. 

Success of this new technology depends on proper pretreatment, chemical control and RO membranes that are 

resistant to fouling. Treatment plant effluent can be discharged to a surface waterbody or wetlands. It may be 

considered an alternative water source and used to irrigate parks, plant nurseries, energy and industrial plants 

where environmental risk level low. 
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Sludge treatment processes are often the most difficult and costly part of wastewater treatment. Untreated sludge 

is odorous and contains pathogens. Sludge stabilization processes reduce odours, pathogens, and biodegradable 

toxins, as well as bind heavy metals to inert solids, such as lime, that will not leach into the groundwater. The 

resulting biosolids can be used or disposed of safely. 

 

 



 Wastewater treatment  

 80  
Created by XMLmind XSL-FO Converter. 

 

 

 



 Wastewater treatment  

 81  
Created by XMLmind XSL-FO Converter. 

 

 



 Wastewater treatment  

 82  
Created by XMLmind XSL-FO Converter. 

 

Wastewater residuals include primary, secondary, mixed, and chemical sludge, as well as screenings, grit, scum, 

and ash. Between 40 and 60% of influent TSS is primary sludge. It typically has a concentration of 2 to 6% 

solids when removed from the primary clarifiers. Secondary (biological) sludge is composed largely of 

microorganisms. Between 0.5 and 2.0% of TSS is biological sludge. Mixed residuals - commingled primary and 

secondary sludge - typically makes up 1.0 to 3.5% of influent TSS. The concentration and characteristics of 

chemical sludge depend on the treatment used. It typically is found at treatment plants that have tertiary 

treatment, such as phosphorus removal. The use or disposal method for residuals depends on how much 

treatment they have received. Biosolids are residuals that have been stabilized so they can be beneficially used 

as a soil amendment. 

 

In Europe, the highest amount of sewage sludge is generated in Germany (DE) (about 2.17 million t/d. m.) 

followed from Great Britain (UK), Spain (ES), France (FR) and Italy (IT). All the other member states show 

distinctly lower volumes. 

Typical sludge treatment processes include thickening, stabilization, digestion, chemical, composting, 

dewatering, incineration, and heat drying. Thickening processes remove water to reduce the volume of liquid 

sludge, but the material retains the characteristics of a liquid (e.g., it flows). 
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A thickened sludge typically contains between 1.5 and 8% solids. Aerobic and anaerobic digestion reduce the 

volatile solids and pathogen content of sludge, thereby reducing odors and producing an environmentally 

acceptable soil amendment. Aerobic digestion uses microbes in open or closed vessels or lagoons to oxidize the 

sludge‘s organic matter into carbon dioxide, water, and ammonia. It is becoming popular to operate these 

digesters at temperatures higher than 50-55 °C because doing so reduces the pathogen level in biosolids. 

Anaerobic digestion uses microbes in a closed tank containing little or no oxygen. The tank is typically operated 

at mesophil temperatures between 35 - 38 °C , but may be operated thermophil condition at more than 55 °C to 

further reduce pathogens. Anaerobic digestion destroys more than 40% of volatile solids and produces a biogas 

containing about 65% methane, which may be collected and used as a fuel (Figure). 
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Chemical stabilization typically involves using lime to raise the sludge‘s pH to 12.0 for 2 hours. This reduces 

pathogens and odors. 

Composting aerated windrow, static pile, aerated static pile, and in-vessel—involves using microorganisms, a 

bulking agent (such as wood chips, leaves, or sawdust), and a controlled environment at 50 - 60 °C to 

decompose organic matter in sludge, as well as reduce its volume and odors. The moisture and oxygen levels are 

also controlled to minimize odors during the process. Composting is gaining popularity because the finished 

material is an excellent soil conditioner. 3.62 million t d. m. of treated sludge from municipal waste water 

treatment can be seen as an alternative product to compost used in agriculture. In addition this is the case for 

1.46 million t d. m. of sludge which is at least partly composted. 

Dewatering further reduces the volume and weight of biosolids via vacuum-assisted drying beds; or mechanical 

dewatering equipment, such as belt filter presses, centrifuges, plate-and-frame filter presses, and vacuum filters. 

When used with polymers, belt filter presses and centrifuges can produce a biosolids ―cake‖ that contains 15 to 

25% solids. Vacuum-assisted beds produce a cake containing 10 to 15% solids (when polymers are used). Plate-

and-frame presses can produce a cake containing 30 to 60% solids (when lime, ferric chloride is used). Vacuum 

filters can produce a cake containing 12 to 30% solids. Heat drying processes, such as low-temperature heat 

drying, flash drying, rotary kiln drying, indirect drying, vertical indirect drying, direct–indirect drying, and 

infrared drying, reduce the volume of secondary sludge and destroy pathogens. 

Incineration typically involves firing biosolids at high temperatures in a multiple-hearth or fluidized-bed 

combustor, turning them into ash, and destroying volatile solids and pathogens in the process. It degrades many 

organic chemicals but can form others (e.g., dioxin), so products of incomplete combustion must be controlled. 

Air emissions also must be controlled. Metals are not degraded; they concentrate in the ash. 
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Land application involves spreading biosolids on the soil surface or injecting it into soil. 

The relevant regulations of EPA and EU establish requirements for sewage sludge when the sludge is applied to 

the land for a beneficial purpose (including sewage sludge or sewage sludge products that are sold or given 

away for use in home gardens). The regulations also establish standards for sludge when the sludge is disposed 

on land by placing it on surface disposal sites (including sewage sludge-only landfills). Further regulations 

establish requirements for sewage sludge when incinerated. The standards for each end use and disposal practice 

consist of general requirements, numerical limits on the pollutant concentrations in sewage sludge, management 

practices and, in some cases, operational requirements. The final rule also includes monitoring, recordkeeping 

and reporting requirements. 

When different standards were calculated have to focus what standards adequately protected public health and 

the environment from pollutants in sewage sludge when used or disposed of, the relevant authorities needed to 

address a myriad of issues including the following: Different types of sewage sludge are generated and there are 

different ways of using or disposing of it. What media (air, water, soil) transport the pollutants pathways of 

exposure in sewage sludge into and through the environment? What are the potential human health and 

environmental risks posed by the use or disposal of sewage sludge (e.g., breathing air around a sewage sludge 

incinerator, drinking water from a well near a monofill, eating food grown on soil to which sludge has been 

applied, plants growing on sludge-enriched soil, etc.)? 

The beneficial uses of sludge are not limited to the production of agricultural commodities. Sewage sludge is 

used in silviculture to increase forest productivity and to re-vegetate and stabilize harvested forest land and 

forest land devastated by fires, landslides, or other natural disasters. The application of sewage sludge to forest 

land shortens wood production cycles by accelerating tree growth, especially on marginally productive soils. 

Sludge is productively used to stabilize and recultivate areas destroyed by mining, dredging, and construction 

activities. Air-dried sludge that looks like compost is frequently used to fertilize highway median strips, clover-

leaf exchanges, and for covering expired landfills. In USA, historically land reclamation has been very 

successful and comparable in cost to other commercial methods. Forest soils have been found to be well suited 

to sludge application because they have high rates of infiltration (which reduce run-off and ponding), large 

amounts of organic material (which immobilize metals from the sludge), and perennial root systems (which 

allow year-round application in mild climates). 

The sale of sewage sludge products can be used to defray the costs of de-watering and composting the sewage 

sludge, but no similar mechanism exists to defray the costs of dewatering sewage sludge placed in landfills or 

incinerated. Further, the labor, capital, and operating and maintenance costs of incinerating sewage sludge are 

substantially higher. 

The benefits of using sewage sludge to improve land productivity are substantial. However, if sewage sludge 

containing high levels of pathogenic organisms (e.g., viruses, bacteria) or high concentrations of pollutants is 

improperly handled, the sludge could contaminate the soil, water, crops, livestock, fish, and shellfish. The major 

human health, environmental, and aesthetic factors of concern in the land application of sewage sludge are 

related to pathogens, metals and persistent organic chemicals content, and odors. 

The exposure pathways of sludge disposal related potential pollution impacts modeled for each use and disposal 

practice in USA were as follows: 

1. Land Application to Agricultural Land 

2. Distribution and Marketing 

3. Land Application to Non-Agricultural Land 

4. Monofilling 

5. Surface Disposal 

6. Incineration 

For all these pathways, the target organism was the most exposed individual, plant, or animal that remained for 

an extended period of time at or adjacent to the site where the maximum exposure occurred. 
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Some 66 percent of the sewage sludge applied to agricultural land (approximately 1.2 million dry metric tons) is 

used to improve the condition and nutrient content of soil for agricultural crops, including row and feed crop in 

USA. 

The method of applying sludge to agricultural land depends on the physical characteristics of the sludge and soil 

and on the crops grown. Liquid sludge may be applied with tractors, tank wagons, irrigation systems, or special 

application vehicles. Liquid sludge may also be injected under the surface layer of the soil. Dewatered sludge, 

on the other hand, is typically applied to cropland by equipment similar to that used for applying limestone, 

animal manures, or commercial chemical fertilizers. Generally, the dewatered sludge is applied to the land 

surface and then incorporated by plowing or disking. Sewage sludge with high concentrations of certain organic 

and metal pollutants may pose human health problems when disposed of in sludge-only landfills (often referred 

to as monofills) or simply left on the land surface, if the pollutants leach from the sludge into the ground water. 

Therefore, the pollutant concentration may need to be limited or other measures such as impermeable liners 

must be taken to ensure that ground water is not contaminated. For the incineration of sewage sludge, 

municipalities must take sufficient measures to control the emissions from sewage sludge incinerators. 

The EU Sewage Sludge Directive 86/278/EEC seeks to encourage the use of sewage sludge in agriculture and to 

regulate its use in such a way as to prevent harmful effects on soil, vegetation, animals and man. 

A central part of the Community communication deals with the identification of the threats to soil, which lead to 

degradation processes, and threaten soil functions. The Communication describes the eight following threats: 

• erosion 

• contamination (local and diffuse) 

• sealing 

• compaction 

• loss of organic matter 

• decline in biodiversity 

• salinisation 

• hydrogeological risks (floods and landslides). 

To this end, it prohibits the use of untreated sludge on agricultural land unless it is injected or incorporated into 

the soil. Treated sludge is defined as having undergone "biological, chemical or heat treatment, long-term 

storage or any other appropriate process so as significantly to reduce its fermentability and the health hazards 

resulting from its use". To provide protection against potential health risks from residual pathogens, sludge must 

not be applied to soil in which fruit and vegetable crops are growing or grown, or less than ten months before 

fruit and vegetable crops are to be harvested. Grazing animals must not be allowed access to grassland or forage 

land less than three weeks after the application of sludge. The Directive also requires that sludge should be used 

in such a way that account is taken of the nutrient requirements of plants and that the quality of the soil and of 

the surface and groundwater is not impaired. 

The Directive specifies rules for the sampling and analysis of sludge and soils. It sets out requirements for the 

keeping of detailed records of the quantities of sludge produced, the quantities used in agriculture, the 

composition and properties of the sludge, the type of treatment and the sites where the sludge is used. Limit 

values for concentrations of heavy metals in sewage sludge intended for agricultural use and in sludge-treated 

soils are in Annexes I A, I B and I C of the Directive. 

The European Commission is currently assessing whether the current Directive should be reviewed – and if so, 

the extent of this review. For example, Directive 86/278/EEC sets limit values for seven heavy metals. Since its 

adoption, several Member States have enacted and implemented stricter limit values for heavy metals and set 

requirements for other contaminants. 
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When originating from sewage sludge regulations, where the maximum amount of sludge for the use in 

agriculture is low (1.5 – 3 t d. m. /ha*y) in some cases maximum PTE loads are extremely low (SE and FI). In 

addition analytical methods used for the extraction of metals in the substrate also have to be regarded. The 

restrictive limitation of total amounts of compost to be applied on land again determines the resulting metal load 

on the basis of maximum PTE concentrations in the product (Fig.). 
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To produce quality composts with low PTE concentrations are intended to ensure environmental protection. 

Loading limits are the direct counterpart of the precautionary product standards for compost, but these have to 

take into account not just heavy metals, but nutrient content (Fig.). 
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The basic restrictions in the EU countries usually concern the permissible quantity of compost (stated in tones 

dry matter) at a maximum heavy metal content which can be spread annually, or over 2 to 5 years. 
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Provisions for the exclusion of potential pathogenic microorganisms within process and quality requirements are 

established on two levels: direct methods by setting minimum requirements for pathogenic indicator organisms 

in the final product or indirect methods by documentation and recording of the process showing compliance 

with required process parameters (HACCP concepts, temperature regime, black and white zone separation, 

hygienisation/sanitisation in closed reactors etc.). On the European level today, the key reference is the Animal 

By-Products Regulation (EC) n° 1774/2001 (ABPR) providing detailed hygienisation rules for composting and 

biogas plants which treat animal by-products as defined in the regulation (Figs.). 
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In UK the national Quality Protocol issued by the Environment Agency and the Waste and Resources and action 

Program (Environment Agency, 2007) has established a quality assurance scheme which is based on 

comprehensive HACCP (hazard analysis and critical control point) program. This has to be carried out by the 

compost producer accomplished by extensive documentation and record keeping (Fig.) 

 

In EU countries with mainly mixed waste compost production and little developed markets strongly rely on 

agriculture (ES, FR, H) or on land restoration/landfill covers (FI, IE, PL). In Poland, the low quality produced 

leads to 100% use in land restoration/landfill covers. The sludge is important organic material in Europe (Figs.). 
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The compost application sector and the volume sold in the sectors depend only to a certain extent on type of 

source material, compost class and quality respectively. Application areas like agriculture just require standard 

quality, landscaping or even the growing media sector need upgraded and more specialized products (with 

quality specifications in plant response, salt content, pH, particle size among others), but compost type is of 

minor relevance as long as the plant performance is positive. 

 

The target to establish compost as a product it is the main obligation of the industry to build up such quality 

assurance scheme and to transform them to an independent body which must guarantee: Standardized products, 

Defined high qualities, Specifications for use, Monitoring by an independent organization. The figure below 

summarizes the 4 sector concept for a quality assurance: 
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As far as compost types from the different input categories are concerned the following general trends may be 

concluded: 

1. Countries with well established biowaste recycling are still faced with increasing amounts of green waste 

from private and public estates. Part of it – besides the use for energy recovery from biomass -will still go 

into composting; 

2. Sewage sludge is expected to be an increasing source for composting where direct use in agriculture and 

incineration are not the preferred options (Fig); 

3. Manure composting including separated (dewatered) slurry might be developed as an alternative treatment in 

areas with considerable excess of livestock (as a measure for organic sorption of organic nitrogen) (JRC, 

2008). 
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More farmers see the full compost benefit and value and start to pay a real price. The national situation in 

agriculture becomes very difficult when there is a strong competition with manure and manure sales is 

subsidized. 

The Hungarian Compost Association reported about the potential for compost. In Hungary with its long 

agricultural tradition crop cultivation (51 % of the country's total area) plays an important economical role. The 

political situation in the former regime and the changes in the last 20 years lead to shortcomings in fertiliser 

management and to soils very poor in organic matter. This leads to a tremendous need for high quality organic 

fertilisers in Hungary. The difficult economical situation in agriculture led to strong decrease of the production 

of animal manure from animal husbandry. Still 5 million ha are used for plant cultivation but up-do-date with a 

lack of provision of nutrients and organic matter from animal manure. Facing the deficit the production of 

compost is not only a matter of waste management but decisive for a sustainable soil management in Hungary. 

The compost production in Hungary doesn't show the necessary volume which fit for meeting the huge demand 

of agriculture. Even if, all biodegradable organic waste (3.5 million tons) would be composted the resulting 2 

million t of compost would never meet the need to improve the 5 million ha arable land. Besides agriculture an 

additional potential exists in horticulture, landscaping and land restoration. 
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EU/ -European Union 

EC- European Commission 
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IRIS-Integrated Risk Information System 
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PCBs-Polychlorinated biphenyls 

PCDDs/Fs-Polychlorinated dibenzo-p-dioxins/dibenzofurans 
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PSRP-Processes to Significantly Reduce Pathogens 

QA/QC-Quality Assurance/Quality Control 

QMRA-Quantitative Microbial Risk Assessment 
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SSI-Sewage Sludge Incinerator 

TSS- Total suspended solids 

USDA-United States Department of Agriculture 
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4. fejezet - Test CALCULATIONS 

1. 

An aerobic bioreactor, fed 1,000 mg/L glucose and containing E. coli, operated with a 6 hr retention period. 

1. Determine the specific growth rate of the E. coli in the bioreactor. 

u- = D=l/t=l/6 = 0.17/hr 2. Determine the maximum mass of E. coli. if the indicated Y = 0.49 mg VSS/mg 

glucose 

x = Y(S0) = 0.49(1000) = 490 mg/1 VSS 3. Determine effluent glucose concentration. 

2. Bacteria growth 

Ks= 4.0 mg/L glucose and u^ = 3.0/hr 

S = Ks/ftw t -1) = 4.0/((3)(6) -1) = 4.0/(18 -1) = 0.24 mg/L glucose 

Monod's equations indicate that most of the glucose would have been metabolized with 6 hrs aeration. 

4.Determine the effluent glucose concentration with one hr retention period. 

5= 4.0/((3)(l) -1) = 4.0/2 = 2.0 mg/! glucose 

Monod's equation indicates 99.8% glucose metabolism. With the same microbial mass the key would lie in the 

ability of the system to transfer sufficient oxygen for aerobic metabolism. 

5.Determine the oxygen demand rate at both 6 hrs aeration and one hr aeration. 

Glucose has a COD of 1.07 mg COD/mg glucose if the metabolism of glucose used 0.38 for energy 

6Hrs Aeration: Oxygen Used = 1.07(1000 - 0.24) (0.38)/6 = 68 mg/L/hr for energy 

1 Hr Aeration: Oxygen Used = 1.07(1000 - 2) (0.38)/l = 406 mg/L/hr for energy 

The rate of oxygen demand increases rapidly as the detention time in the bioreactor is shortened. If the system is 

unable to transfer the oxygen, oxygen transfer will be the limiting factor controlling metabolism. Monod's 

equations were developed for aerobic systems with the substrate limiting. 

7.Determine the number of bacteria/mg VSS if each bacterium has a volume of 1.0 I3. 

Bacteria contain 30% dry matter that is 90% volatile solids. 

1.0 u3 water = 1.0 x 10"12 g or 1.0 x 10"9 mg 

Dry weight of one bacterium = (0.30)(1.0 x 10"9) = 0.30 x 10"9 mg 

VSS weight of one bacterium = (0.90)(0.30 x 10"9) = 0.27 x 10"9 mg 

Number of bacteria/mg VSS = 1/(0.27 x 10-9) = 3.7 x 109 

8.Determine the number of small ciliated protozoa that would be produced by 

eating 1.0 mg bacteria VSS. 

Number of bacteria/protozoa = 2 x 104 

Number of bacteria/mg VSS = 3.7 x 109 

Number protozoa/mg bacteria VSS = (3.7 x 10^/(2 x 104) = 2 x 105 
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(Note: Since the number of bacteria/protozoa has one significant figure and the number of bacteria/mg VSS has 

two significant figures, the calculated numbers of protozoa/mg bacteria VSS can only have one significant 

figure.) 
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5. fejezet - Solar energy 

1. Possibilities in solar energy 

Though, a small portion of the solar energy radiated into space strikes the Earth, one part in two billion, the solar 

energy totally absorbed by the Earth is ~ 385 1022 J/year, which is more in one hour than the humans use in one 

year. In other words, solar energy falling onto the top atmosphere is ~ 10,000 times the total amount of energy 

consumed now from mainly fossil fuels. The amount of solar energy reaching the surface of the planet in one 

year is about twice as much as will ever be obtained from all of non-renewable resources. (Fig) 

 

About 15 percent of the solar energy hitting the Earth surface is reflected back into space, while 30 percent is 

used to evaporate water forming our climate. In addition, significant part is absorbed by plants, land, and the 

oceans. Theoretically, the rest could be used to substitute, at least partly, the fossil fuels. 

Let‘s see a theoretical calculation considering only the electricity needs of Hungary. ~2,400 MJ/m2 per year 

solar energy arrives to the Earth surface. Since the electric energy consumed is ~ 6,000 MW, by 10 million 

inhabitants, solar cells of 750 km2 surface would be required, if the conversion efficiency is assumed 10%. 

Monocrystalline silicon (Fig) has efficiency of 18%, while metal-semiconductors (Fig) have less then 10%, and 

organic polymers (Fig) have 2-5% conversion efficiencies. 
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You can read more on cost calculations for installation and operation of home solar systems at http://www.jc-

solarhomes.com/solar_energy_facts.htm 

There are several technical solutions to utilize solar energy; solar industry has a wide potential and is growing 

intensively, resulting in rapidly growing number of applications, both collective and individual. There are two 

main types of active solar energy utilization: (1) conversion of solar energy into heat (Fig) solar energy 

transformation into electricity (Fig). 
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There are quite a few special technical solutions, e.g. photovoltaics, thin film solar cells, quantum dot cells, 

thermal solar power stations, and theoretically the satellite solar power (Fig) may be available in the future. 

 

According to a study (Rhodes, C.J., 2010. Solar energy: principles and possibilities. Sci Prog. 93(1), 37-112), 

however, the decline of crude oil cannot find a substitution via solar unless a mainly electrified transportation 

system is devised. And the contraction of transportation is assumed to default a deconstruction of the globalised 

world economy into that of a system of localised communities. 

Low temperature collectors are flat plates generally used to heat swimming pools. They can use air or water as 

the medium to transfer the heat to their destination. Medium-temperature collectors are also usually flat plates 

but are used for heating water or air for residential and commercial use. High temperature collectors concentrate 

sunlight using mirrors or lenses and are generally used for electric power production. 

Considering the photovoltaic market, ~80% of if it producing more than 8GW of new systems annually, uses 

crystalline silicon. (source: http://www.rtcc.org/2010/html/fraunhofer-inst.html) However, replacement of the 

ultrapure semiconductor-grade silicon preferred nowadays with purified or upgraded metallurgical silicon could 

lead to further cost reductions and volume growth. Thin film technologies based on amorphous Si, CdTe or 

CuInGaS provide PV power at the lowest cost per watt, but they have low efficiencies compared to silicon 

modules. 

In Europe, Spain is the leader in use of solar energy (Fig). 

 

Here operate several solar thermal power stations, e.g. the PS10 (Fig), first installed in the World (with capacity 

of 11MW, working from 2007), the Andasol 1 (50MW operating from 2008), the Alvarado 1 and the Ibersol 

Ciudad Real (both operating from 2009 with capacity of 50MW), as well as the Solnova (150MW) and the 

Extresol 1 (50MW) both operating from 2010. In addition, several photovoltaic power stations are installed 

there, which convert sunlight into electricity, e.g. the Olmedilla Photovoltaic Park (60 MW), Puertollano 

Photovoltaic Park (47.6MW), the Planta Solar La Magascona and La Magasquila (34.5MW), the Arnedo Solar 

Plant (34MW), and the Planta Solar Dulcinea (31.8MW). 
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The biggest solar thermal power station in the World is the Solar Energy Generating Systems in the Mojave 

Desert, California, USA (Fig), its capacity is 354MW, while the largest photovoltaic power station is the Sarnia 

Photovoltaic Power Plant in Canada, completed in 2010, with DC peak power of 97MW. You can find the list of 

solar thermal stations and photovoltaic power stations in the World at 

http://en.wikipedia.org/wiki/List_of_solar_thermal_power_stations and 

http://en.wikipedia.org/wiki/List_of_photovoltaic_power_stations, respectively. 

 

Solar energy can be stored at high temperatures using molten salts. Salts are effective storage media being low-

cost and having high specific heat capacity. A mixture of 60% NaNO3 and 40% KNO3 was used by e.g. the Solar 

Energy Generating Systems (Mojave Desert, USA), where the system called Solar Two could store 1.44 TJ in 

its 68 m³ storage tank. 

The off-grid photovoltaic systems use rechargeable batteries to store excess electricity. With grid-tied systems, 

excess electricity can be sent to the transmission grid. 

A further method is the pumped-storage hydroelectricity, which stores energy in the form of water pumped from 

a lower elevation reservoir to a higher elevation one. The energy is recovered by releasing the water; the pump 

becomes a turbine, and the motor a hydroelectric power generator. 

2. Designing and operating passive solar systems 

Passive solar techniques include orienting a building to the Sun, selecting materials with favourable thermal 

mass or light dispersing properties, and designing spaces that naturally circulate air. 

In a passive solar home (Fig), the whole house operates as a solar collector. 



 Solar energy  

 109  
Created by XMLmind XSL-FO Converter. 

 

A passive house does not use any special mechanical equipment such as pipes, ducts, fans, or pumps to transfer 

the heat that the house collects on sunny days. Sunlight passes through the windows and is absorbed in the walls 

and floors. In certain part of the USA, e.g., a passive solar home can get 50 to 80 % of the needed heat from 

solar energy. 

When building a passive solar building, its orientation and the physical characteristics of the building materials 

are determinative. Passive solar heating presents the most cost effective means of providing heat to buildings. 

Passive solar applications, when included in initial building design, adds little or nothing to the cost of a 

building, yet has the effect of realizing a reduction in operational costs and reduced equipment demand. 

In passive building designs, the system is integrated into the building elements and materials - the windows, 

walls, floors, and roof are used as the heat collecting, storing, releasing, and distributing system. These very 

same elements are also a major element in passive cooling design but in a very different manner. Designs 

coupled high efficiency back-up heating systems greatly reduce the size of the traditional heating systems and 

reduce the amount of non-renewable fuels needed to maintain comfortable indoor temperatures, even in the 

coldest climates. 

Two elements must be present in all passive solar heating designs: such exposure of transparent material that 

allows solar energy to enter; and a material to absorb and store the heat for later use. In choosing a particular 

design approach, site and climate conditions must be evaluated carefully so that the best approach or 

combination of site specific approaches is incorporated. 

The simplest of approaches is a direct gain design. The walls and floor are used for solar collection and thermal 

storage by intercepting radiation directly, and/or by absorbing reflected or reradiated energy. As long as the 

room temperature remains high in the interior space storage mass will conduct heat to their cores. When outside 

temperatures drop and the interior space cools, the heat flow into the storage masses is reversed and heat is 

given up to the interior space in order to reach equilibrium. 

The major concern in designing a direct gain passive solar structure to avoid high temperature fluctuations over 

the day-night cycle. The amount of heat admitted to a room by any particular collecting surface can be 

calculated. However, prediction of the percent of the heat stored is uncertain. Since the difference between heat 

gained and heat stored will largely determine the temperature fluctuation over a 24-hour period, this is one of 

the most important design considerations. About 65 % of all heat gained through solar windows during a cold 

day can be lost during the night. 
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In general terms, the following are recommended to design a heat storage system: 

• Masonry and concrete floors, walls and ceilings to be used for heat storage should have adequate thickness. 

• Sunlight should be distributed over as much of the storage mass surface as possible by using translucent 

glazing. 

• A number of small windows to admit sunlight in patches gives better control re: overheating. 

• Use light coloured surfaces (non-thermal mass storage walls, ceilings, floors) to reflect sunlight to thermal 

storage mass elements. 

• Thermal storage mass elements (floors, walls, ceilings) should be dark in colour. 

• Masonry floors used for thermal mass should not be covered with wall-to-wall carpeting. 

• Direct sunlight should not hit dark coloured masonry for long periods of time. 

The heat retention efficiency of masonry storage masses is also influenced by the kind of masonry used. Higher 

heat conductivity means that a material responds more quickly in both absorbing and giving up heat - a quality 

that increases storage efficiency and decreases temperature fluctuations. 

Considering special applications of passive systems, let us see some examples. 

Water Heating. The main components of a solar water heater are the solar collector, storage, and heat 

distribution. Several configurations differ on the heat transport between the solar collector and the storage tank, 

as well as on the type of freeze protection. The most successful solar heaters are the integrated collector and 

storage (ICS), thermosiphon, drain-back, and drain-down systems. These are habitually assisted in backup by a 

conventional system. The ICS and thermosiphon are passive solar water heaters where fluid circulation occurs 

by natural convection. The absorber‘s energy gained by solar radiation is transferred to the copper pipes (Fig). 

 

The inlet fluid is located at the bottom of the collector; as heat is captured, the water inside the pipes warms up. 

The hotter the water is, the less dense and better it is for circulation. When hot water travels toward the top, the 

cooler and denser water within the storage tank falls to replace the water in the collector. Under no or low 

insulation, circulation stops; the warm and less dense fluid stagnates within the tank. Both the ICS and the 

thermosiphon heaters are a low-cost alternative to an active-open-loop solar water system for milder climates. In 

open-loop systems, the water that is pumped through the collectors is the same hot water to be used. These 

systems are not recommended for sites where freezing occurs. These active open-loop systems are called drain-

down systems and they can operate in either manual or automatic mode. The drain-down system relies on two 

solenoid valves to drain water. It requires two temperature sensors, a timer and a standard controller. The 

controller is wired to the freezing sensor in the back of the collector and to another placed at the exit of the 

collector, as well as to the solenoid valves and the pump. When the pump starts, the system fills, the valves 

remain open, and, when the pump stops, the system drains. 
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Closed-loop or active indirect systems pump a heat-transfer fluid, usually water or a glycol-water antifreeze 

mixture, through the solar water heater. These systems are popular in locations subject to extended subzero 

temperatures because they offer good freeze protection. This is an unpressurized system, so the glycol does not 

need to be changed - unlike in pressurized systems. The main components of a drain-back system are the solar 

collector, the storage tank, and the closed loop, where the water-glycol mixture is pumped through the collectors 

and a heat exchanger is located inside the storage tank. The closed loop is unpressurized but not open to the 

atmosphere. The heat transfer fluid transfers part of the collected solar heat to the water stored in the tank. The 

water in the storage tank is allowed to pressurize due to the high temperatures experienced. For this system, only 

a one-function controller is used to turn on the pump. When the hot sensor registers lower temperature than the 

cold sensor, the pump is turned off. Then, all the water in the collector and pipes above the storage tank is 

drained back, ensuring freeze protection. Drainback systems must use a high-head AC pump to start up at full 

speed and full head. The pump must be located below the fluid level in the tank and have sufficient head 

capability to lift the fluid to the collector exit at a low flow rate. 

Another type of closed-loop solar water heater is the pressurized glycol antifreeze system. Within the closed 

loop, a water-glycol mixture circulates as protection from freezing. The pressurized system is much more 

complicated than the drain-back system because it requires the implementation of auxiliary components to 

protect the main equipment. The antifreeze circulation system consists of a differential controller, temperature 

sensors, and AC pumps. 

Solar Distillation. The most widely used application for solar water distillation has been for water purification. 

The advantage of solar over conventional systems in the purification of simple substances, such as brine or well 

waters, is that operation and maintenance are minimal because no moving parts are involved. Also, there is no 

consumption of fossil fuels in solar distillation, leading to zero greenhouse-gas emissions. Most importantly, 

these types of systems can be installed in remote sites to satisfy freshwater needs of small communities that do 

not have conventional electric service. All designs are distinguished by the same operation principles and three 

particular elements: solar collector, evaporator, and condenser. (Fig). 

 

This process removes impurities such as salts and heavy metals, as well as destroys microbiological organisms. 

The most common solar still is a passive single basin solar distiller that needs only sunshine to operate. The 

intensity of solar energy falling on the still is the single most important parameter affecting production. 

For instance, production rates for a square meter in sunny areas like the south-western United States, Australia, 

or the Middle East can average about 6 l per day in the winter to over 15 l per day during the summer. solar stills 

are highly effective in eliminating microbial contamination and salts. After the introduction of more than 10,000 

viable bacteria per litre in the feed water, 4 and 25 viable cells per litre were found in the distillate. Introduction 

of a billion or more Escherichia coli viable cells each day over a period of 5 days did not change the number of 

viable cell numbers found in the distillate, nor was E. coli recovered in the distillate. Considering the efficiency, 

it is double for a hybrid solar still comparing to the passive one. (Fig) 

 

Water Desalination. Passive solar distillation is a more attractive process for saline water desalination than other 

desalination methods. The process can be self-operating, of simple construction and relatively maintenance free, 

and avoid recurrent fuel expenditures. These advantages of simple passive solar stills, however, are offset by the 

low amounts of freshwater produced - approximately 2 L/m2 for the simple basin type of solar still and the need 

for regular flushing of accumulated salts. 

Food Drying. Vegetables, fruits, meat, fish, and herbs can all be dried and preserved for several years in many 

cases. Solar dryers have the same basic components as do all low-temperature solar thermal energy conversion 

systems. (Figs) 
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(Source: Sharma, A., Chen, C.R., Vu Lan, N., 2008. Solar-energy drying systems: A review. Renewable and 

Sustainable Energy Reviews 13, 6-7, 1185-1210) Three major factors affect food drying: temperature, humidity, 

and air flow. Increasing the vent area by opening vent covers will decrease the temperature and increase the air 

flow without having a great effect on the relative humidity of the entering air. In general, more air flow is 

desired in the early stages of drying to remove free water or water around the cells and on the surface. Reducing 

the vent area by partially closing the vent covers will increase the temperature and decrease the relative 

humidity of the entering air and the air flow. 

3. Designing and operating active solar systems 

Active solar techniques include the use of photovoltaic panels and solar thermal collectors. Unlike a passive 

solar home, an active solar home uses mechanical equipment, i.e. pumps and blowers, and an outside source of 

energy. 

Active solar systems use special solar collectors. Dark-coloured metal plates inside the boxes absorb the 

sunlight and change it into heat. Air or a liquid flows through the collectors and is warmed by this heat, then 

used to warm water or distributed within the building. 

Considering the solar energy collectors, a black-coloured collector absorbs the solar heat, and transfers it to a 

heat exchange fluid having high heat transferring capacity. An automatic system monitors the temperature, and 

start a pump when it is high enough. Heat is transferred to the water stored in the heater in a closed heat 

transferring tank, or used directly. 

In general, for a summer house, where energy is used for heating swimming pool water, and providing hot 

water, the angle of the radiation incidence should be lower for optimal performance, then for houses, where hot 

water and low temperature heating is required for the whole year. 

Considering special applications of active systems, let us see some examples. 

Active Solar Sludge Drying. The handling and disposition of the hundreds of tons of sludge generated per day in 

wastewater treatment plants all over the world represent not only an enormous problem for human health and 

the environment but also economical and technological challenges. In addition to high water content, sludge is 

compressed of high concentrations of bacteria, viruses, and parasites; organic compounds; and heavy metals. 

The operation of a solar sludge dryer (Fig) begins when solar radiation enters the drying chamber through a 

transparent cover. 
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A great part of such energy is absorbed by the sludge. Due to the greenhouse effect, caused by selection of the 

construction materials and the hermeticity of the system, sludge and air temperatures tend to increase. Such an 

increment generates diffusion transport of water from the sludge surface to the air content within the chamber. 

The driving force for this process consists of the difference of vapour pressure between the sludge surface and 

the chamber. Vapour pressure in the air rises when water content in the air also increases. To accelerate water 

removal, vapour pressure equilibrium must be avoided and moisturized air must be removed. Solar sludge 

drying represents an alternative and inexpensive method for disinfection of sludge with a high content of 

pathogenic microorganisms. The overall effectiveness of the solar dryer can be determined by assessing thermal 

and microbiological performance. Water content in sludge during the process is an indicator of thermal 

effectiveness; some results showed an exponential decay of water content that achieved up to a 99% reduction. 

Regarding microbiological removal effectiveness, there is a strong dependence between the number of bacteria 

present and the water content in the sludge. As a consequence, with the removal of 96% of water, the 

elimination of fecal coliforms falls dramatically; for Salmonella spp., the reduction is from 1013 to 103 per gram 

of dried sludge. 

Photovoltaic Cells. Solar electric power, or PV systems, is a cost-effective and viable solution to supply 

electricity for locations off the conventional electrical grid (Fig). 

 

In order to generate usable power, PV cells are connected together in series and parallel electrical arrangements 

to provide the required current or voltage to operate electrical loads. PV cells are connected in series, grouped, 

laminated, and packaged between sheets of plastic and glass, thus forming a PV module. The module has a 

frame (usually aluminium) that gives it rigidity and allows for ease of handling and installation. Junction boxes, 

where conductor connections are made to transfer power from the modules to loads, are found on the backs of 

the PV modules. The number of cells in a module depends on the application for which it is intended. Terrestrial 

solar modules were originally designed for charging 12 V lead-acid batteries. Inverters are a key component to 

most PV systems installed in grid-connected or distributed applications. Aside from the modules themselves, 

inverters are often the most expensive component of an installed PV system, and frequently are the critical 

factor in terms of overall system reliability and operation. 

4. Sizing and design of a solar energy system 

In order to size and design a solar energy system, it is necessary to conduct a reasonable assessment of the 

energy requirements that the system will have to meet. Typical and viable applications of PV systems are those 

in which the power demand is relatively small, such as in providing drinking water for cattle and water for 

human consumption. Flood irrigation of farmland is usually not cost effective due to the high water demand and 

low value of harvested crops. The key is first to minimize energy consumption by using the most efficient 

equipment and then to design a solar power system around the energy-efficient system. The advantages of PV 

water-pumping are long-term lower costs when compared with other alternatives such as diesel- or gasoline-

operated water pumps. PV pumping is never a least-cost option if a site is already on the existing conventional 

electric grid. PV water pumps do not require an on-site operator and have a low environmental impact (no 

water, air, or noise pollution). Another advantage is system modularity, which provides the owner with the 
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ability to meet specific needs flexibly at any given moment and to increase system size as water-pumping needs 

grow. Well designed and installed systems are relatively simple to operate and maintain. In order to make a PV 

water pumping project successful, it is best to understand basic concepts such as solar energy, PV, water 

hydraulics, pumps, motors, and other system requirements. 

5. Questions 

• Describe the open and the closed loop solar systems. 

• Describe the effectiveness of the solar sludge dryer in terms of thermal and microbiological performance. 

• What are the typical elements of a solar water distillation system? 

• What agricultural areas can use potentially a solar energy system and why? 

6. Sources 

• Foster R., Ghassemi, M., Cota, A. 2009. Solar Energy – Renewable Energy and the Environment. CRC Press, 

Boca Raton. 

• Mazria, E. 1979. The Passive Solar Energy Book, Rodale Press, Emmaus. 
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6. fejezet - Air Pollutants 

1. 

Many chemicals are relatively harmless when initially emitted to the atmosphere. However, in the presence of 

sunlight or other pollutants, such innocuous emissions can be transformed into hazardous pollutants that present 

a threat to mankind and the ecology. In addition, pollutants can be transported over long distances from their 

sources, causing impacts hundreds or even thousands of kilometres downwind. For these reasons, research 

focuses on basic kinetic studies to determine reaction rate constants; smog chamber studies to establish the 

reactivity, reaction products, and persistence of chemicals in various atmospheric situations; ground level and 

airborne field experiments to define the rates and products of atmospheric reactions; and modelling studies to 

predict the impact of atmospheric reactions. This requires extensive experience in the application of aircraft, 

chemical tracers, and dispersion modelling to assess the extent and importance of pollutant transport. 

Local and regional pollution takes place in the lowest layer of the atmosphere (Fig), the troposphere, which 

extends from the earth's surface to about 16 km. 

 

The troposphere is the region in which most weather occurs. If the load of pollutants added to the troposphere 

were equally distributed, the pollutants would be spread over vast areas and the air pollution might almost 

escape our notice. Also, pollution sources tend to be concentrated, especially in cities (Figs). 
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In the weather phenomenon known as a thermal inversion, a layer of cooler air is trapped near the ground by a 

layer of warmer air above. When this occurs, normal air mixing almost ceases and pollutants are trapped in the 

lower layer. Local topography, or the shape of the land, can worsen this effect-an area ringed by mountains, for 

example, can become a pollution trap. 

Burning gasoline in motor vehicles is the main source of smog in most regions of the world today (Fig). 
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Powered by sunlight, oxides of nitrogen and volatile organic compounds react in the atmosphere to produce 

photochemical smog. Under adverse weather conditions, accidental releases of other toxic substances can be 

disastrous. The worst such accident occurred in 1984 in Bhopal, India, when methyl isocyanate released from an 

American-owned factory during a thermal inversion caused at least 3300 deaths. 

Most particles emitted by anthropogenic sources are less than 2.5 mm in diameter and include a larger variety of 

toxic elements than particles emitted by natural sources. Fossil fuel combustion generates metal and sulphur 

particulate emissions, depending on the chemical composition of the fuel used. The EPA estimates that more 

than 90% of fine particulates emitted from stationary combustion sources are combined with sulphur dioxide. 

Sulphates, however, do not necessarily form the largest fraction of fine particulates. In locations such as 

Bangkok, Chongqing (China), and Sao Paulo (Brazil), organic carbon compounds account for a larger fraction 

of fine particulates, reflecting the role of emissions from diesel and two stroke vehicles or of smoke from 

burning coal and charcoal. Although sulphates represent a significant share (30 to 40%) of fine particulates in 

these cases, caution is required before making general assertions about the relationship between sulphates and 

fine particulates, since the sources and species characteristics of fine particulates may vary significantly across 

locations. Combustion devices may emit particulates comprised of products of incomplete combustion and toxic 

metals, which are present in the fuel and in some cases may also be carcinogenic. Particulates emitted by 

thermal power generation may contain lead, mercury, and other heavy metals. 

The main objective of air quality guidelines and standards is the protection of human health (Fig). 
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Since fine particulates (PM,,) are more likely to cause adverse health effects than coarse particulates, guidelines 

and standards referring to fine particulate concentrations are preferred to those referring to TSP, which includes 

coarse particulate concentrations. Scientific studies provide ample evidence of the relationship between 

exposure to short-term and long-term ambient particulate concentrations and human mortality and morbidity 

effects. However, the dose-response mechanism is not yet fully understood. Furthermore, according to the 

WHO, there is no safe threshold level below which health damage does not occur. 

Airborne particulate matter emissions can, to a great extent, be minimized by pollution prevention and emission 

control measures. Prevention is frequently more cost-effective than control and, therefore, should be 

emphasized. Measures such as improved process design, operation, maintenance, housekeeping, and other 

management practices can reduce emissions. By improving combustion efficiency, the amount of products of 

incomplete combustion (PICs), a component of particulate matter, can be significantly reduced. 

Atmospheric particulate emissions can be reduced by choosing cleaner fuels. Natural gas used as fuel emits 

negligible amounts of particulate matter. Oil-based processes also emit significantly fewer particulates than 

coal-fired combustion processes. Low-ash fossil fuels contain less non-combustible, ash-forming mineral matter 

and thus generate lower levels of particulate emissions. Lighter distillate oil-based combustion results in lower 

levels of particulate emissions than heavier residual oils. However, the choice of fuel is usually influenced by 

economic as well as environmental considerations. 

Inertial or impingement separators rely on the inertial properties of the particles to separate them from the 

carrier gas stream. Inertial separators are primarily used for the collection of medium-size and coarse particles. 

They include settling chambers and centrifugal cyclones (straight-through, or the more frequently used reverse-

flow cyclones). Cyclones are low-cost, low-maintenance centrifugal collectors that are typically used to remove 

particulates in the size range of 10-100 p. The fine-dust removal efficiency of cyclones is typically below 70 %, 

whereas electrostatic precipitators (ESPs) and bag-houses can have removal efficiencies of 99.9% or more. 

Electrostatic precipitators (ESPs) remove particles by using an electrostatic field to attract the particles onto the 

electrodes. Collection efficiencies for well-designed, well-operated, and well-maintained systems are typically 
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in the order of 99.9% or more of the inlet dust loading. ESPs are especially efficient in collecting fine 

particulates and can also capture trace emissions of some toxic metals with an efficiency of 99%. 

Filters and dust collectors collect dust by passing flue gases through a fabric that acts as a filter. The most 

commonly used is the bag filter, or bag-house. The various types of filter media include woven fabric, needled 

felt, plastic, ceramic, and metal. The operating temperature of the bag-house gas influences the choice of fabric. 

Accumulated particles are removed by mechanical shaking, reversal of the gas flow, or a stream of high-

pressure air. Fabric filters are efficient (99.9% removal) for both high and low concentrations of particles but are 

suitable only for dry and free-flowing particles. Their efficiency in removing toxic metals such as arsenic, 

chromium, lead, and nickel is greater than 99%. 

Wet scrubbers rely on a liquid spray to remove dust particles from a gas stream. They are primarily used to 

remove gaseous emissions, with particulate control a secondary function. The major types are Venturi scrubbers, 

jet (fume) scrubbers, and spray towers or chambers. Venturi scrubbers consume large quantities of scrubbing 

liquid (such as water) and electric power and incur high pressure drops. Jet or fume scrubbers rely on the kinetic 

energy of the liquid stream. The typical removal efficiency of a jet or fume scrubber (for particles 10 p or less) 

is lower than that of a Venturi scrubber. 

When designing control technology, environmental factors include (a) the impact of control technology on 

ambient air quality; (b) the contribution of the pollution control system to the volume and characteristics of 

wastewater and solid waste generation; and (c) maximum allowable emissions requirements. 

Economic factors include (a) the capital cost of the control technology; (b) the operating and maintenance costs 

of the technology; and (c) the expected lifetime and salvage value of the equipment. 

Engineering factors include (a) contaminant characteristics such as physical and chemical properties - 

concentration, particulate shape, size distribution, chemical reactivity, corrosivity, abrasiveness, and toxicity; (b) 

gas stream characteristics such as volume flow rate, dust loading, temperature, pressure, humidity, composition, 

viscosity, density, reactivity, combustibility, corrosivity, and toxicity; and (c) design and performance 

characteristics of the control system such as pressure drop, reliability, dependability, compliance with utility and 

maintenance requirements, and temperature limitations, as well as size, weight, and fractional efficiency curves 

for particulates and mass transfer or contaminant destruction capability for gases or vapours. 

Nitrogen oxides are produced in the combustion process by two different mechanisms: (a) the burning the 

nitrogen in the fuel, primarily coal or heavy oil fuel NO, and (b) high-temperature oxidation of the molecular 

nitrogen in the air used for combustion (thermal NO,). Formation of fuel NO, depends on combustion 

conditions, such as oxygen concentration and mixing patterns, and on the nitrogen content of the fuel. Formation 

of thermal NO, depends on combustion temperature. Above 1,538' C, NO, formation rises exponentially with 

increasing temperature. The relative contributions of fuel NO, and thermal NO, to emissions from a particular 

plant depend on the combustion conditions, the type of burner, and the type of fuel. 

Combustion control may involve any of three strategies: (a) reducing peak temperatures in the combustion zone; 

(b) reducing the gas residence time in the high-temperature zone; and (c) reducing oxygen concentrations in the 

combustion zone. 

Thermal power plants burning high-sulphur coal or heating oil are generally the main sources of anthropogenic 

sulphur dioxide emissions worldwide, followed by industrial boilers and nonferrous metal smelters. Emissions 

from domestic coal burning and from vehicles can also contribute to high local ambient concentrations of 

sulphur dioxide. The principal approaches to controlling SO, emissions include use of low-sulphur fuel; 

reduction or removal of sulphur in the feed; use of appropriate combustion technologies; and emissions control 

technologies such as sorbent injection and flue gas desulphurization (FGD). 

Since sulphur emissions are proportional to the sulphur content of the fuel, an effective means of reducing SOx, 

emissions is to burn low-sulphur fuel such as natural gas, low-sulphur oil, or low-sulphur coal. Natural gas has 

the added advantage of emitting no particulate matter when burned. Today's major emissions control methods 

are sorbent injection and flue gas desulphurization. Sorbent injection involves adding an alkali compound to the 

coal combustion gases for reaction with the sulphur dioxide. Typical calcium sorbents include lime and variants 

of lime. Sodium-based compounds are also used. Sorbent injection processes remove 30 to 60% of sulphur 

oxide emissions. 

2. Questions 
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• List several types of air cleaning devices that can be used to remove airborne particulate matter. 

• Rank these in order of their collection efficiency and typical maximum size particle capture. 

• List the important economic factors to consider when selecting emissions control equipment. 

• List several pollution prevention and control technologies aimed at reducing nitrogen oxides in combustion 

processes. 

3. Sources 

• Cheremisinoff, N.P. 2002. Handbook of Air Pollution Prevention Control. Butterworth-Heinemann, 

Amsterdam. 
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7. fejezet - Environmental risk 
assessment – ground water flow 

1. 

Groundwater usually requires special efforts to protect it from pollution. Although general pollution control 

laws for discharges and measures taken to prevent non-point source pollution on land can apply equally to 

groundwater protection, practically any activity on the surface can have an effect on the quality of underground 

water. Being out of sight, it is not always apparent that damage has been, or is being, done to the groundwater 

resource. The need to prevent groundwater pollution is important because of the very high proportion of 

groundwater resources that are used for potable supply. This has been recognised in the EU by the proposal to 

set up a groundwater action and water resources management programme based on the precautionary principle 

and on the principles of prevention, rectification at source and "polluter pays". The action programme is 

expected to emphasise the need for national administrative systems to manage groundwater, preventative 

measures, general provisions for handling harmful substances safely and provisions to promote agricultural 

practices consistent with groundwater protection. A key part of preventative measures for groundwater is the 

identification of groundwater reserves and potentially polluting activities. 

Factors which together define the vulnerability of groundwater are the presence and nature of the overlying soil, 

the presence and nature of drift, the nature of the strata and the depth of the unsaturated zone. Since these 

measures relate to the whole of the groundwater resource they are referred to as groundwater resource 

protection. A distinction needs to be made between the general protection of the resource and specific protection 

which may be needed for individual groundwater abstractions. It is possible to define the catchment area for a 

particular abstraction with information on the aquifer and on the rates of abstraction. A protection policy defines 

groundwater source protection zones: an inner zone, defined as a 10 day travel time from a pollutant input to the 

abstraction; an outer source protection zone, defined as a 50 years travel time; and a total source catchment 

zone. This approach enables different levels of protection to be applied at varying points in the catchment. 

Vulnerability maps are prepared for the overall resource, but not for individual groundwater sources. The policy 

sets out guidance for taking pollution prevention measures covering a number of key situations where it is 

necessary for the regulatory authorities to consider their potential impact on aquifers. These include: 

• The control of groundwater abstractions. 

• The physical disturbance of aquifers and groundwater flow. 

• The impact of waste disposal to land. 

• Problems associated with contaminated land. 

• The disposal of slurries and liquid effluents to land. 

• The control of discharges to underground strata. 

• Diffuse pollution of groundwater. 

• Developments which may pose a threat to groundwater quality. 

The basic approach of the policy is that of developing a co-operative approach to solving potential problems and 

of preventing future ones by collaboration. 

The problem of trans-boundary pollution occurs where water bodies, such as the Rivers Rhine and Danube, flow 

through or border more than one country. Water quality in one country may depend upon the effectiveness of 

controls in another country. In a similar 

way seas such as the Baltic and North Sea, which are practically enclosed, require pollution control action to be 

taken by all surrounding countries in order to guarantee improvements in water quality. More than 100 

conventions, treaties and other arrangements have been concluded amongst European countries to strengthen co-

operation on trans-boundary waters at bilateral, multilateral and pan-European levels. 
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An important element of co-operation under several trans-boundary water agreements is the development of 

concerted action programmes to reduce pollution loads. Examples include the action programmes drawn up 

under the auspices of the International 

Commission for the Protection of the Rhine against Pollution (1987), the International Commissions for the 

Protection of the Moselle and Saar (1990), and the International Commission for the Protection of the Elbe 

(1991). These programmes provide detailed 

measures for reduction of discharges of pollutants from industries and the municipal sector, reduction of inputs 

of pollutants from diffuse sources, reduction of the risk of accidents through reinforced security and 

improvement of hydro-logical and 

morphological conditions in the respective rivers. 

Now let us see the properties of the aquifer. 

When precipitation hits the land surface, some water enters the soil horizon. This process is known as 

infiltration. Water that accumulates on the surface faster than it can infiltrate becomes runoff. The rate at which 

water infiltrates or runs off is a function of the physical properties of the surficial soils. Some of the important 

factors appear to be thickness, clay content, moisture content, and intrinsic permeability of the soils‘ materials. 

Between the soil horizon and the regional water table is an area referred to as the vadose zone (Fig). 

 

The ability of the vadose zone to hold water depends upon the moisture content and grain size. 

Another part of the vadose zone immediately above the regional water table is the capillary fringe. The capillary 

fringe is essentially saturated, but groundwater is being held against gravity under negative pressure. 

The volume of water that an aquifer can take in or release from for a given change in head in the system relates 

to storage. The amount of water an aquifer can hold in storage is often determined by its porosity. The porosity 

of earth materials is a function of size, shape, and arrangement or packing. The ability of water to move through 

an aquifer is described by its permeability or hydraulic conductivity. Hydraulic conductivity values for earth 

materials range over 12 orders of magnitude. 

Hydraulic conductivity can be measured and calculated by using permeameters (Fig) as follows, 

 

For falling head permeameter, the hydraulic conductivity was calculated by using Eq.1 
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where K is the hydraulic conductivity, L is the sample length, ho is the initial head in the falling tube, h is the 

head at time t in the falling tube, t is the time that takes for the head to drop from ho to h, dtube is the diameter of 

the falling tube, and dperm is the inside diameter of the permeameter. 

For constant head permeameter, K was calculated by using Eq.2 

 

-sectional area of the 

sample, L is the sample length, and h is the constant hydraulic head. In order to validate the measurement, the 

up-gradient hydraulic head was adjusted for five head differences; the down-gradient hydraulic head was fixed 

at the position of the outlet. 

Results of laboratory measurement for hydraulic conductivity can be confirmed e.g. by the Kozeny-Carman 

empirical equation (Eq.3) 

 

where g is the acceleration of gravity (9.80665 m/s2), v is the kinematic viscosity (for water, 1.004 x 10-6 m2s-1 at 

10 and d60 are the grain diameters for which, 10% and 60% of the sample, 

respectively are finer. Coefficient of grain uniformity can be calculated as d60 divided by d10. 

Of the total porosity of geologic materials, there is a portion that will drain freely by gravity and an amount 

retained in the geologic materials. The volume of water that will drain by gravity for a unit drop in the water 

table from a unit volume of aquifer is referred to as the specific yield. The water that remains clinging to the 

surfaces of the solids is called the specific retention. Although they are strictly different things, the specific yield 

is often used as an estimate for the effective porosity, a term used to describe the porosity available for fluid 

flow. 

The hydrostratigraphy, structural changes, and adjacent earth materials all affect groundwater flow and the 

separation of saturated materials into aquifer units. Each aquifer will have its own potentiometric surface and a 

hydraulic gradient corresponding to its hydraulic conductivity. If there are multiple aquifers in a particular area, 

it is important to identify the potentiometric surface of each aquifer separately. 

Groundwater will always move as long as there is a slope or head difference from one area to another, thus 

creating a hydraulic gradient. There may be a horizontal component to groundwater flow (within aquifers) and a 

vertical component (between aquifers and in recharge or discharge areas) of groundwater flow. Groundwater 

systems continue to move until equilibrium is reached. 

2. Questions 

• Which are the factors that together define the vulnerability of groundwater? 

• List some examples on trans-bounary water agreements on pollution load reduction. 

• What does a ground water protection policy include? 

• Create a ground water flow model by using Modflow programme (download from www.pmwin.net) with the 

following parameters: hydraulic conductivity 10-5 m/s; effective porosity 0.3; ground water level is 4 m below 

surface at North, while 3.3 m at South, and the capacity of a well is 10 m3/h. How does the model change, 

when the hydraulic conductivity is 2 order of magnitude less? 

3. Sources 

• Helmer, R., Hespanhol, I.: 1997. Water Pollution Control - A Guide to the Use of Water Quality Management 

Principles. E and FN Spon, London. 

• Weight, W.D.: 2004. Manual of Applied Field Hydrogeology. McGraw-Hill. 
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8. fejezet - Examples 

1. I. Example 4-5 Darcy's law 

Using Darcy's law from Eq. 4-6, can we now calculate the ac¬tual velocity of a "particle" of water, that is, the 

seepage velocity? Referring to Darcy's Fig. 4-8 and using the dimensions of (/? i — h2) = 0.1 in and I = 0.4 m, 

and the hydraulic conductivity is 1 x 10-2 cm/sec or 1 x 10~4 m/sec, (a representative value of hydraulic 

conductivity for medium to fine sand), what is the Darcy velocity? Is this the seepage velocity? 

1.1. Solution: 

 

 

Can we assume that the time, t, required for a particle of water to migrate from one end to the other under these 

hydraulic head conditions is equal to the sample length divided by the velocity? 

 

The specific discharge or Darcy velocity is not the seepage velocity. The seepage velocity is always faster than 

the Darcy velocity. The travel time cannot be directly computed using the specific discharge. 

 

Figure 4-8 is a schematic of the saturated water flow in Darcy's experiment, where some measured discharge, Q, 

flows through some gross cross-sectional area, A, at some measured hydraulic gradient, i. As shown in the 

section view, cross-sectional area of flow, A, includes both the area of solids and voids. The water migrates 

through only the voids and must follow flow paths around the solids. Thus, we can set Q equal to the velocity of 

seepage times the area of voids. Invoking the equation of continuity, we have: 
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or rearranging: 

 

Where: Q = volumetric rate of flow (cm3/sec) v = Darcy velocity (cm/sec) A = gross cross-sectional area of flow 

(cm2) vs = average linear seepage velocity (cm/sec) Av = effective cross-sectional area of flow, area of voids 

(cm2) 

Now let us look at the relationship between the total area and the area of voids in a soil phase diagram as shown 

in Fig. 4-9 using conventional notation from the soil mechanics field. Soil in the subsurface is represented by a 

phase diagram using volumetric and gravimetric terms. Soil is a three-phase material consisting of solid (the soil 

minerals), liquid (water), and gaseous (air in the voids) phases. If the sample is saturated, such as the saturated 

sand in the Darcy experiment, it is a two-phase material with all the voids filled with water. Saturated soil is 

represented on the phase diagram on a volumetric basis as: 

 

Where: V, = total volume (cm3) Vv = volume of voids (cm3) 

 

Employing the terms provided on the phase diagram, porosity, n, is defined in percent as the volume of the 

voids divided by the total volume or: 

 

For example, if a soil consists of 3/4 solids and 1/4 voids, the porosity would be 25%. Porosity may also be 

expressed in decimal form—0.25. The range of "theo¬retically" possible values for porosity varies from zero 

(no void space) to 100% (all void space, no solids). For the range of soils encountered in the natural 

environment, porosity is typically in the range of 20% to 70%. 

A related parameter is the void ratio, e, defined as: 

 

Where: Vv = volume of voids (cm3) Vs = volume of solids (cm3) 

It is indicated from our phase diagram in Fig. 4-9 that, for a unit dimension of length, the porosity is equal to the 

area of the voids divided by the total area or: 
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Where: Av = effective area of voids (cm2) A, = total area (cm2) 

Because the area of the voids is also the seepage area, substitution of this expression into Eq. 4-9 yields the 

seepage velocity equal to the Darcy velocity divided by the porosity as follows: 

 

The travel time of a particle of water can be estimated as the linear length of the flow path, /, divided by the 

seepage velocity. 

2. II. Example 4-6 Seepage velocity. 

Using a porosity of 0.5 and the information from Example 4-5 calculate the travel time, t. 

2.1. Solution: 

 

3. III. Example 9-1 Onda correlations. 

Given the following characteristics of an air stripping column to remove chloroform (CHCI3) from ground 

water: Flow = 170 gpm; Column diameter = 3 ft; Packing = 2 in polyethylene Tri-paks®, DL= 6 x 10-6 cm2/s; 

Air-to-water ratio = 100:1. Determine the overall mass transfer coefficient, KLa, using the Onda correlations. 

Assume 20°C (293.2 K). 

3.1. Solution: 

 

Diameter = 3 ft = 0.91 m; area = π(0.91)2/4 =0,650 m2unit weight of water = 8.34 lb/gal 
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From App. A for chloroform: A = 9.84; B=4.61 x 103 
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4. IV. Example 9-2 

Preliminary design of air stripping column. A ground water supply has been contaminated with ethylbenzene. 

The maximum level of ethylbenzene in the ground water is 1 mg/L and this must be reduced to 35 μg/L using an 

air stripping column. The following data are provided: 
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Select: Column diameter = 2.0 ft (0.61 m); air-to-water ratio (QA/QW) = 20 Determine: Liquid loading rate, L 

Stripping factor, R HTU, NTU, and height of packing in column 

4.1. Solution: 

 

Liquid loading rate: cross-sectional area of column = 0.292 m2 mass rate = 1.0 kg/L x 7.13 L/sec = 7.13 kg/sec 

mass loading = 7.13/0.292 = 24.4 kg/sec x m2 

 

 

 

 

2. Stripping factor: 

 

Height of transfer unit: 

 

Number of transfer units: 

 

 

Height of packing in column: 
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In an actual design, a safety factor of 20% would be added and the height of packing raised to the next whole 

number: 

 

Use Z= 24 ft 

5. V. Example 9-3 

Design of air stripping tower. Using the data from Example 9-2, determine the pressure drop through the tower. 

Examine the impact on effluent quality of varying the air- to-water ratio (A/W) and the packing height. 

5.1. Solution: 

1. Select 3" (75 mm) ceramic Raschig Rings as packing. 

2. Calculate pressure drop. The parameters for Fig. 9-5: 

Flooding and pressure drop calculations are simplified through the use c Fig. 9-5. The notation for Fig. 9-5 is: G 

= air loading rate (lb/ft2sec) L = liquid loading rate (lb/ft2sec) (= kg/sec • m2 x 0.2048) F = packing factor 

(dimensionless, see Table 9-2) Pair = air density (lbf/ft3) (= kg/m3 x 0.06243) Pw = water density (lbf/ft3) g = 

gravitational constant (32.17 ft/sec2) 

Because the ordinate axis of Fig. 9-5 is not dimensionless, the English units shown must be used. Figure 9-5 

may be used to estimate the pressure drop for a specified design. Additionally, it may be used to modify a 

design by moving t0 a different acceptable pressure drop and determining a new value for G from the ordinate 

axis. 

Characteristics of several typical packing shapes are shown in Table 9-2. Addi¬tional information is available in 

several references.9'10•11 
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This point intersects the curves of Fig. 9-5 at dP = 0.1 inches of water per foot of packing depth (82 Pa/m). This 

pressure drop is below the recommended range of 0.25 to 0.5 inches of water per foot of packing depth, 

indicating that the air flow rate could be increased significantly without causing flooding. 

Pressure Drop = 

 

Evaluate impact on effluent quality. It should be noted that column diameter, A/W, and packing shape are 

design parameters to be selected to provide a cost-effective design. The following output from the AIRSTRIP 

Program12,13 provides a range of designs. Note that at A/W = 20 and Z = 6 m, the effluent concentration 

approximates that of Example 9-2. For A/W = 20, the pressure drop is 106 pascals/meter. For six meters this 

yields a pressure drop of 636 pascals, about 25% greater than the calculation shown above, but within the 

accuracy of Fig. 9-5. 

Contaminant: Ethylbenzene C-Raschig Rings 76.2 mm Temperature: 20.0°C Min Packing Depth: 2.0 meter 

Max Packing Depth: 6. 0 meter Concentration In: 1000.0 μg/L Atmospheric Pressure: 101.3 kPa Liquid Loading 

Rate: 24.4 kg/m2sec  Minimum A/W Ratio: 10.0 Maximum A/W Ratio: 50.0 

 

6. VI. Example 10-1 Oxygen requirements. 

What are the oxygen requirements of the anabolic metabolism of alkene? 

6.1. Solution. 

The stoichiometric equation for the assimilation of alkene to build new cellula material is as follows: 
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The new cellular material, if mineralized in a process termed endogenous respiration, also exerts oxygen 

demand as follows: 

 

Summing these two equations yields: 

 

7. VII. Example 10-2 

Nutrient requirements. What is the ratio of the nutrient requirements unit of biochemical oxygen demand (BOD) 

for the aerobic treatment of alkene in which cellular mass is physically removed without endogenous respiration 

(see Ex. 10-1)? 

7.1. Solution: 

As calculated earlier, the mineralization of alkene requires 3.33 mg of oxygen per mg of alkene for catabolic 

reactions. The same is also required for anabolic reactions, assuming endogenous respiration of the cellular 

mass. However, if such were to occur, it would free the nutrients for synthesis of new cells and, theoretically, no 

additional nutrients would be requires. Because in this example all cellular mass is physically removed per mg 

of alkene. In the absence of experimental data, environmental engineers customarily assume that half of an 

organic substrate in a hazardous waste is converted to cellular mass and half oxidized for energy. If so, the total 

biochemical oxygen demand would be 3.33/2 + 1.67/2 = 2.5 mg O2 per mg of alkene as follows: 

 

The synthesis of 0.5 mg alkene would involve the following amount of carbon: Carbon into cellular mass = (0.5 

mg)(84/(84 + 12)) = 0.4375 mg. The previously calculated theoretical ratio of TOC:N:P shows that 0.5 mg of 

alkene converted into cells would represent a need for the following amounts of nutrients: N needed = (0.4375 

mg)(23/100) = 0.201 mg P needed = (0.4375 mg)(4.3/l 00) = 0.019 mg. Therefore, the theoretical BOD:N:P 

ratio for treatment of alkene is calculated as follow BOD:N:P = 2.5:0.201:0.019 = 100:8:0.8. Environmental 

engineers have commonly used a rule-of-thumb BOD:N:P ratio 100:5:1 based on general experience. The rule-

of-thumb approximates the theoretical ratio for alkene, and the true ratio would depend on the split between 

catabolic and anabolic reactions, the degree of endogenous respiration and other factors. 

8. VIII. Example 10-3 
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Solids retention time. A 5000 gallon bioreactor operates at a biomass concentration of 2000 mg/L, measured as 

mixed liquor volatile suspended solids (MLVSS), and treats 10,000 gallons per day of liquid waste containing 

1000 mg/L of total organic carbon (TOC). The suspended solids are separated in a clarifier following the 

bioreactor with recycle of separated sludge. The recycle flow rate is 5000 gallons/day. Each day, 300 gallons of 

recycle are wasted. The effluent from the clarifier contains 40 mg/L MLVSS. What is the solids retention time? 

How does that compare with the rule of thumb? If too short, how can the SRT be increased? 

8.1. Solution: 

The conceptual flow and solids balance for a system with recycle is shown as Fig. 10-12. SRT is calculated for a 

recycle system as depicted in Fig. 10-12 as follows: 

 

θc = XV (Q-Qw) XE + QwXU 

 

For this example, all variables are known except for Xu- To determine Xu, a solids balance must be done around 

the clarifier. For conversation of matter, (Q + Qu – Qw) X = (Q – Qw) XE + Qu Xu 

Solving for the underflow sludge concentration, Xu 

 

Now solving for θc, 
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This is a very short SRT, probably too short for efficient treatment. It needs to be increased. Not wasting any 

recycle (i.e., Qw = 0) would yield an SRT as follows: 

 

To increase the SRT even more would require improving clarification such as to reduce the solids in the effluent 

from the clarifier to below 40 mg/L. 

9. IX. Example 10-4 

Half-life calculation. What is the half-life of a toxic compoud for which a laboratory treatability test yielded a 

first-order degradation rate constant of 0.02 day-1? 

9.1. Solution: 

Substituting values of 0.5 for S/S0 and 0.02 day-1 for k‘ in Eq.: S = S0e –k‘t and solving for t, yields: 

 

10. X. Example 11-1 

Evaluation of landfilling versus stabilization. The total quantity of contaminated soils at the Pepper's Steel and 

Alloy site was 120,000 tons.8 Evaluate the cost of landfilling versus stabilization for the management of the 

hazardous waste at this site. Each truck can carry 31,500 pounds to the nearest suitable landfill site at Emile, 

Alabama, at a distance of 850 miles. The trucking cost per mile is $2.00 and the total stabilization cost is $67 

per ton. Identify advantages and disadvantages of landfilling for this site. 

10.1. Solution: 

Stabilization cost estimate: 120,000 tons x $67/ton = $8,040,000 Trucking cost estimate: (120,000 tons x 2,000 

pounds/ton)/31,500 pounds/truck = 7,619 trucks 7,619 trucks x 850 miles/truck x $2.00/mile = $12,952,381 

Because trucking costs alone are almost $13 million, stabilization is certainly more in¬effective. 

Advantages of landfilling: Landfilling permits the actual reclamation of the contaminated land at the Pepper's 

Steel and Alloy site and eliminates one site from the national inventory of contaminated sites. 
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Disadvantages of landfilling: Valuable landfill space is being used by soils amenable to other treatment, 

precluding the use of that space by wastes better suited for landfill. 

11. XI. Example 11-2 

Evaluation of stabilization effectiveness. The total mass of contamints leached in a column leaching test from 

the unstabilized and pozzolanic reagent stabilized Imhoff sludge example presented above is as follows:41 

 

Calculate the percent reduction in the mass of the leached constituents. What do you consider the average 

reduction in leached constituent concentrations? Which chemical parameter requires further consideration in 

evaluating the effectiveness of stabilization and why? 

Continuing in this manner yields: 

 

11.1. Solution: 

A. Reduction (%) = (100) x (Untreated sludge - Treated sludge)/(Untreated sludge) e.g., R= ((0.724 – 

0.049)/0.724) x (100) = 93.2 % 

B. Because each constituent has a different toxicity and mobility, it is not reasonable to average the value and 

report the average reduction in contaminant leachability. Each value must be assessed individually; the average 

is meaningless at best, misleading at worst. 

C. The chromium concentrations actually increased in the leachate of the stabilized sludge over the untreated 

sludge. The high chromium concentrations suggest a high mobility and therefore a + 6 valence state. The 

stabilization process should consider first reducing the chromium to a + 3 valence state and then precipitation as 

chromium hydroxide. 

12. XII. Example 11-3 

Stabilization with organically modified clay. A saturated sandy soil contaminated with trichloroethene is to be 

stabilized employing one of the organically modified days illustrated in Fig. 11-10. The saturated soil has a 

porosity of 50% and a wet density of 2 g/cm3. The concentration of the trichloroethene is found to be 500 mg/L 

in the pore water of the saturated soil. For the two clays on Fig. 11-10, calculate the quantity of organically 

modified clay to be added to the stabilization mix per ton of contaminated soil to adsorb all of the contaminant. 
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Present solution as a percentage of the wet weight of saturated soil as well. 

12.1. Solution: 

a.) From Fig. 11-10, the quantity of each organically modified clay required to adsorb the trichloroethene found 

in the contaminated soil pore water at 500 mg/L is: Amount TMA-Clay = 2,750 μg (2.75 mg) of trichloroethene 

adsorbed per g of organically modified clay. Amount of BTA-Clay = 17,500 μg (17.5 mg) of trichloroethene 

adsorbed per g of organically modified clay. 

Now calculate the mass of trichloroethene per ton of contaminated soil. The following phase diagram describes 

the two-phase soil system. 

 

Where: VT = total volume VV = volume of void space (filled with water for a saturated soil) VS = volume of soil 

particles MW = mass of water including aqueous phase contaminants MS = mass of soil particles MT = total mass 

Since the mass density, ρ, is given as 2.0 g/cm3, the total volume per gram of soil can calculated from: 

 

diluting for ρ and MT, and incorporating units conversion factors, the total VT is 
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Since the porosity is known to be 50%, the volume of voids can be calculated by: 

 

Where: n = porosity VV = volume of void space VT = total volume 

Substituting gives: 

 

Knowing the contaminated soil is saturated results in: 

 

The soil pore water is contaminated with trichloroethene at a concentration (C) of 500 mg/ L. Thus, the mass of 

trichloroethene can be found as: 

 

 

Mtrichloroethene = C x VW = 500 mg/L x 2.27 x 102 L Mtrichloroethene = 1.14 x 105 mg 

The amount of organically modified clay can now be computed: 

 

 

The quantities are per ton of contaminated soil because MT was set at 1 ton. 

convert the mass of organically modified clay to a % addition: 
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13. XIII. Example 16-1. 

al barrier hydraulic conductivity. A 3-foot-thick circumferential barrier is planned to control the influx of clean 

ground water to extraction wells. The effective treatment plant capacity is 5 gpm. The perimeter is 3000 feet in 

length and t is 30 feet thick. An inward gradient across the barrier wall will be maintained by low water level 

within the containment by 5 feet. What must the hydraulic conductivity of the wall be to control the influx 

through the wall to 5 gpm? 
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13.1. Solution: 

Assume one-dimensional flow reasonably models the flow conditions and apply Darcy‘s law: 

 

Where: Q = flow rate (cm/sec) k = hydraulic conductivity (cm/sec) / = hydraulic gradient (cm/cm) A = cross-

sectional area of flow measured perpendicular to the flow direction (cm2) (Attention nonbelievers—construct a 

flow net to remove any doubt you may have in the reasonableness of this assumption). 

 

Where: q = 5 gpm k = hydraulic conductivity (unknown) i = Δh ΔL =5/3 =1.67 A=30x 3000 =90.000 ft2 
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Substituting: 

 

 

 

14. XIV. Example 16-2 
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Slurry unit weight. Calculate the expected unit weight of the bentonite- slurry for a batch using one bag of 

bentonite 1100 lbs) per 200 gallons of water. The unit weight of water is 62.4 lb/cu.ft and the specific gravity 

(Gs) of the bentonite is 2.77. What is the bentonite content? Why is the problem presented is such mixed units of 

pounds and gallons? 

14.1. Solution: 

Bentonite content: % Bentonite = 100/((200 gal/7.48 gal/ft3) x 62.4 lb/ft3) = 6.0% 

Determination of lluid unit weight: Gs = Ws/Vsγw (definition of specific gravity) Where: Ws = weight of solids Vs 

= volume of solids γw, = specific weight of water 

Substituting: 

 

Volume of water: 

 

Weight of water: 

 

Fluid unit weight: 

 

The units are representative of mix proportions used by contractors in the field. 

15. XV. Example 16-3 

Factor of safety. Calculate the factor of safety for a trench 30 feet deep excavated in sand having an angle of 

internal friction of 30. The unit weight of the fluid is 64.7 lb/ft3 as calculated above. The sand has a total unit 

weight of 130 lb/ft3. Where 

 

Note that the factor of safety is independent of trench depth. 


