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Magyar nyelvű összefoglaló. 

 

Kozák Imre Olivér:  

Theory and Practice of Compost Qualification in Environmental Protection  

(A komposztminősítés elmélete és gyakorlata a környezetvédő munkában) 

 

Dolgozatomban a szerves hulladék alapanyagú komposzt növényi tápelem alapján 

történő minősítési módszer kidolgozásával foglalkozom. 

A komposzt hagyományos érzékszervi minősítése mellett itt-ott találkozunk beltartalom 

alapján történő minősítési igénnyel is, noha ez utóbbi tudományos gyökere nincs még 

teljesen kidolgozva. A beltartalom alapján történő komposztminősítés gondolata a 

szerves hulladékok újrahasznosítása érdekében kezd polgárjogot nyerni. Hazánkban is, 

a nyugati országokban is próbálkozások, vizsgálatok születtek, de egyértelműen nem 

mondhatjuk, hogy a kérdés – legalább körvonalaiban – tisztázódott volna már. 

A komposztminősítés szerteágazó problémakörén belül a következő részproblémákkal 

foglalkoztam: – Melyik növényi tápelem lehetne a minősítés alapja? 

– Az adott tápelem milyen értéktartománya lehetne a minősítés célszerű 
mértéke? 

– Képezhetők-e  a minősítési értéktartományban minősítési osztályok? 

Különös nehézséget jelentett, hogy a komposztminősítés elmélete és gyakorlata téma-

körben kevés és csupán érintőleges tartalmú forrásmunka tanulmányozható. A szerves 

hulladékok újrahasznosításával, az újrahasznosítás folyamatával, fontosságával, a kom-

posztálással ma már szinte könyvtárnyi irodalom foglalkozik. E művek közül a 

komposztminősítés kérdéskörét érintő rész viszont még nagyon fiatal és nagyon szűk-

körű. Az említett tanulmányok is azonban a minősítés más-más részterületével, a kom-

poszt károsanyag, szennyezőanyag határérték adataival foglalkoznak. Időközben 

azonban születtek olyan próbálkozások is, amelyek a komposzt növényi tápelem-

tartalmát tekintik a minőség fő ismérveinek, de ezek a kutatómunkák valami más céllal 

folytak, csak mellékesen érintik a komposzt beltartalmi kérdéseit. Inkább csak hézagos 

utalásokat tesznek a beltartalom alapján történő minősítés kidolgozásának fontosságára. 



 

  

A vizsgálataimat a különböző kapcsolódó tudományágak (agrokémia és talajtan, trágyá-

zástan, mikrobiológia, növénytan, növénytermesztéstan, biometria) ismereteiből és 

az irodalomra építve alakítottam ki. A laborvizsgálatok keretében a komposzt mikrofló-

ráját és a komposzt növényi tápelemtartalmát határoztam meg. 

A laborvizsgálatokkal párhuzamosan foglalkoztam a komposztminősítő eljárásom 

kidolgozásával. Mindezek után elvégeztem a növényi tápelemre vizsgált komposzt 

tényleges minősítését, ill. minősítő osztályba sorolását is. A minősítő munkáimat 

biometriai módszerekkel tudatosan tervezett és kiértékelt tenyészedényes 

hatásvizsgálatokkal tettem teljesebbé. 

Az eredményekkel kapcsolatban megemlítem, hogy a komposztminősítést illetően mind 

elméleti, mind gyakorlati vonatkozásban meglepően jó eredményekhez jutottam, ame-

lyeket a következőképpen fogalmazhatunk meg: 

– a komposzt N-tartalma alkalmasnak bizonyult a növényi tápelemtartalom 
alapján történő minősítésre; 

– a 0-0,8-os N  tápelemtartomány lehet a minősítő értéktartomány; 

– a N beltartalom értéktartományból a gyakorlat számára is elfogadható 
I-IV-ig terjedő minősítő osztályok alakíthatók ki. 

Az egész munkafolyamatról röviden elmondhatjuk, hogy kezdetben igen kis 

hatásfokkal hasznosultak próbálkozásaink. Több tudományághoz tartozó elméleti és 

gyakorlati ismeretekkel kellett rendelkezni ahhoz, hogy a kutatómunka tervezése, a 

kísérletek beállítása és az eredmények értékelése zavartalanul levezethető legyen. A 

legalább hét tudományágból ugyan csak egy-egy részismeretet kellett az adott 

munkához birtokolni, de ezeknek a részismereteknek az összehangolt egységes 

szerkezetbe foglalt hatékony működtetését nem volt könnyű biztosítani. Fáradozásunk 

nem volt hiábavaló, az alapozó munkák lezajlása után jó irányúan fordult a helyzet, a 

komposzt tápelem beltartalmára épülő minősítési módszert sikerült kidolgozni, és 

bemutatni.  

A minősítés fő kérdéseivel mi is csak a legutóbbi években kezdtünk foglalkozni. Az EU 

környezetvédelmi irányelvei nyomán gyorsítottuk fel a minősítéssel kapcsolatos kuta-

tómunkáinkat. Vizsgálatainkkal ezen témakör további szélesítéséhez, mélyítéséhez 

szolgáltattunk újabb elgondolásokat, tudományosan megalapozott minősítési módszert 

és újkeletű minősítési adatokat. 
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Preface 
Besides the classical qualification of composts by sense, we meet in many places the 

request for methods of compost qualification by nutritional content. However, the 

scientific principles of this later has not been completely developed yet. Qualification 

based on the nutritional value becomes increasingly accepted through giving 

importance in organic waste recycling. 

Time has passed over the restricted by-sense-qualification and nutritional qualification 

of composts based on plant available compounds comes to the front. Issues of organic 

waste recycling and compost qualification come along nowadays, and solving one of 

these issues presumes finding a solution to the other. While many attempts have risen 

also in Hungary and in member countries of the EU, we still cannot say that this topic 

has been covered in detail. 

Elaborating methods for nutritional qualification of composts is a demanding task of 

organic waste recycling. This paper aims to contribute to this challenging domain of 

environment protection. 

I am grateful to our supervisors Prof. Dr. Sándor Kemény (Budapest, Hungary), Dr. 

Gareth Evans (Stockton-on-Tees, UK), and advisor Prof. Dr. Pál Miháltz (Budapest, 

Hungary) for their help and support in the preparation of the present work. I have also 

benefited from the many contributions and conversations of Prof. Dr. József Fekete 

(Gödöllő, Hungary) and Dr. Edit Forró (Budapest, Hungary) during the preparations. 

We also would like to thank for the instructions in methodology of Dr. Imre Kozák. 

The laboratory tests and experiments of the project were carried out in the laboratories 

of the University of Durham, Stockton Campus and were financed partly by the 

Erasmus fund and the MMA-RNA fund.  

 

“I am led to reflect how much more delightful to an undebauched mind 
 is the task of making improvements on the earth, 
 than all the vain glory which can be acquired from ravaging it, 
 by the most uninterrupted career of conquests.” 

George Washington 
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Introduction 
This study aims to cover the development of a nutrition based qualification method for 

composts. 

The state of the actual domain allows us the change in compost qualification, to obtain a 

more accurate and usable qualification method. The new method could grant us better 

feedback form compost end-users to compost producers. 

Firstly, we examine the present situation and directives of compost qualification. Then 

we present the general view of the overall work in discussion. Next, we outline the most 

important problems of compost qualification with special attention to the topics to be 

explored more detailed. 

It is known, that only a limited amount of literature sources are available on compost 

qualification. In our literature survey, we analyse the sources both on compost 

qualification and on neighbouring sciences. Soil and manure sciences can provide us 

useful information on compost through the usage and analysis recommendation for soil, 

manure and fertilisers. 

Following the first chapter of the litterature survey, we investigate in more detail for the 

nutritional analysis of composts. At the beginning, we point out the important role of 

composting in environment protection, succeeded with the theory, methods, objectives, 

materials, and conditions of the investigations. At the end of the chapter, we give the 

procedures of investigations and experiments. 

Results are presented in order of the steps of investigations. Key figures are grouped in 

tables and several analysis charts are drawn for a better illustration. 

We discuss and evaluate our whole work from several points of view afterwards; the 

process, efficiency and the accomplishment of set aims are mentioned separately. 

Finally, we summarise our work and consider our enhancements in the domain of 

compost qualification.  
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Problem Outline 
The domain of theory and practice of compost qualification is of particular importance 

for recycling organic waste, and a major issue for experts working in environment 

protection is the fact that this domain is hardly developed at all. 

Microbiology, agrochemistry sciences would be able to provide many new discoveries 

in the area of organic waste recycling, however their application meets many 

difficulties. A strategic concern is the absence of experts especially working on 

nutritional value of composts, on properties of measure of value of composts. At least, 

basic concepts would allow feedback on many existing inaccurate views and concepts 

of this topic, but even basic concepts represent an undeveloped domain. 

A possible solution for the elimination of the problems found in the domain of the 

nutritional issues of composts and compost qualification would be a conscious usage of 

knowledge on composting, based on the right morality of thinking in the science of 

composting. Directives and key figures for organic waste recycling and composting 

should be determined considering the desired nutritional values of composts, assuring 

the suitable processing technologies for the required nutritional value. If the compost 

product were prepared on a way where the desired nutritional values were respected, 

end users – the agriculture – would be able to use the compost more efficiently and in 

much larger quantities, taking a key role in the process of recycling organic material. 

The present work would like to study a key factor preventing the wide usage of 

composting: the problem of nutritional qualification of composts. Among the many 

branches of the domain of compost qualification, we would like to explore the 

following topics: 

• Which element could serve a basis of nutritional qualification? 

• What are the adequate intervals for qualification of the given element? 

• Can qualification classes be formed in the interval of qualification? 

The present paper seeks to cover the above questions. 
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1. Literature Survey 

1.1 Compost and Environment 

An increasingly popular way of treating yard waste and food scraps (almost 26.3 % of 

municipal solid waste in the US) is composting. Recall that composting involves the 

natural biological decomposition (rotting) of organic matter in the presence of air. 

Composting can be carried out in a backyard by homeowners, or municipalities as a 

way of dealing with a large fraction of municipal solid waste can promote it. 

Composting has clear economic and environmental benefits over putting waste in 

landfills and over combustion, if the yard waste can be collected and processed 

independently of collecting trash. The end product is a residue of humus like material, 

which can be used as an organic fertiliser and soil builder (Evans, 2001; Forró, 1999). 

On a large scale, composting involves laying down the wastes in windrows up to 4 m 

(13 feet) high and 7 m (23 feet) wide. The microbes and detritus feeders (worms, grubs, 

etc) will decompose the organic matter in the compost heap and greatly reduce the 

volume of waste. The process is speeded by aeration, which is accomplished by turning 

the material with large mechanical forks. 

Composting is also one method of treating sewage sludge. Traditional composting is a 

matter of putting yard and food wasted in a well-aerated pile and letting decomposers 

reduce it to a stable nutrient-rich, humus-like material. The same concept is applicable 

to the treatment of sewage sludge. Raw sludge is mixed with wood chips or other water-

absorbing material to reduce water content. It is then placed in windrows, long narrow 
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piles that allow air circulation and convenient turning with machinery. Bacteria and 

other decomposers break down the organic material to rich, humus-like material. 

Pathogens lose out in the competition. As long as the piles are kept well aerated, the 

obnoxious odours typical of anaerobic respiration are negligible. After six to eight 

weeks of composting, the resulting humus is screened out of the wood chips. The chips 

may be reused, and the humus is ready for application to soil. A technique that is 

gaining increasing favour is co-composting. In this process, raw sludge is mixed with 

shredded wastepaper to reduce the water content, and the entire mass is composted to a 

condition suitable for soil application. 

1.2 Qualification of Composts 
Compost quality is how well compost does what we want it to do. More specifically, 

compost quality is the capacity of a specific kind of compost to function, within natural 

or managed ecosystem boundaries, to sustain plant and animal productivity, maintain or 

enhance water and air quality and support human health and habitation.  

People have different ideas of what quality compost is. For example: 

- for people active in production agriculture, it may mean highly productive fertiliser, 

sustaining or enhancing productivity, maximising profits, or maintaining the soil 

resource for future generations; 

- for those working in the sector of waste management it can be compost that is stable, 

free of hazardous compounds and microorganisms, and in harmony with the landscape 

and its surroundings when used for landfill; 

- for the environmentalist, it may mean compost functioning at its potential in an 

ecosystem with respect to maintenance or enhancement of biodiversity, water quality, 

nutrient cycling, and biomass production. 

In this present study, we will look on compost as an organic fertilising end product used 

by agricultural purposes. When compost is applied on a fertilizer basis (not on a soil 
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remediation basis), it is also sensible to apply compost rates corresponding to the 

nitrogen needs of the soil and determine compost quality based on its nutritional 

capabilities. Agricultural and farm magazines agree that nitrogen management is the 

first place to take action in manure related production operations, because it is the 

change most likely to result in an economic return to the producer. It would be of 

practical use to the grower to be able to apply compost as part of his nitrogen 

management system.  

When searching through the literature for compost qualification, we will immediately 

face the long list of standards with the purpose to ensure that the final product of 

composting is stable and complies with health and biohazard issues (Evans, 2001). 

What is more, the European Union specifies the following sanitation requirements for 

composting. In terms of composting process management, the “process shall be carried 

out in such a way that a thermophilic temperature range, a high level of biological 

activity under favourable conditions with regard to humidity and nutrients as well as an 

optimum structure and optimum air conduction are guaranteed over a period of several 

weeks”(EC, 2001). In addition, “the entire quantity of biowaste shall be mixed and 

exposed to an appropriate temperature”, presented in Table 1: 

 

Table 1.   Appropriate temperature for composting processes. 
 Temperature Treatment time Turnings 
Windrow composting ≥ 55 °C 2 weeks 5 
Windrow composting ≥ 65 °C 1 weeks 2 
In-vessel composting ≥ 65 °C 1 week N/A 

 

The end-product requirements for composts involve sensitisation compiling Salmonella 

spp absent in 50 g of compost, Clostridium perfringens absent in 1 g of compost. The 

environmental quality classes for compost and stabilised biowaste are as follows: 
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Table 2.   Environmental quality classes for composts. 
Parameter Class 1 Class 2 
Cd (mg/kg dm) 0.7 1.5 
Cr (mg/kg dm) 100 150 
Cu (mg/kg dm) 100 150 
Hg (mg/kg dm) 0.5 1 
Ni (mg/kg dm) 50 75 
Pb (mg/kg dm) 100 150 
Zn (mg/kg dm) 200 400 
Impurities >2 mm < 0.5 % < 0.5 % 
Gravel and stones > 5 mm < 5 % < 5 % 

 

However the European Commission (EC) only prescribes that nutritional contents the 

that nitrogen, phosphorus and potassium should be sampled and informed to the end 

users but does not specifies any required content levels of these nutritional elements. 

Besides this, other authors also specify basic systems and inspections helping us to 

characterise and classify the nutritional content of our compost. 

Szabolcs (1956) declares the lack of a quick, accurate method for compost qualification 

still in 1956. He suggests measuring the most important physical and chemical 

properties of composts, for example organic matter content, ash content, humidity, N, P, 

K levels, along with pH, calcium and other properties. However, he pronounces that 

simply measuring these characteristics is not enough to determine compost quality, 

allowing direct comparison of compost of different sources.  

Alexa & Dér (1998) detail the European recommendations and classification methods to 

determine heavy metal, hazardous microorganism content and maturity level of 

composts. They underline that composts usually contain sufficient level of phosphorus 

and potassium compounds, however composts usually lack nitrogen resulting in the 

need of completing the nitrogen level to the desired state. What is more, since nitrogen 

is mostly found in organic bonds (more than 80-100 % of the total nitrogen content) and 

only a maximum of 25 % is available for plant uptake in the year of spreading. These 

figures would suggest measuring compost nitrogen levels and availability and adapt 

fertilising habits to compost spreading. 

Forró (1999) presents the “compost of good quality” as of friable structure, soil like 

uniform material. She tells that the original starting material should not be recognisable. 
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In addition, compounds of smaller molecular size and of acidic properties are not much 

liked in contrast to the bigger, complex structured humus substances. During the 

maturation phase the level of hydrocarbons, proteins decreases along with the C:N ratio, 

while the amount of humus substances rise to a higher concentration. During the final 

phase the large humus substances will even bond to mineral compounds to form organo-

mineral complexes, resistant even to microbial degradation. The presence of such large 

organo-mineral complexes is a main characteristic of mature, good quality compost. 

Forró also accents that not only nutritional content is important, but available nutrient 

content. 

An option to determine nutritional value of composts is described by Kocsis (1998), 

based on calculating the formula of farm-manure equivalent for compost. He explains 

the compost as organic based fertiliser, material superseding stable-manure. The actual 

nutritive value can be evaluated by investigating soil analysis methods. The value of the 

compost is based on its organic content, macro elements, NPK, mezo elements (Ca, Mg) 

and microelements (Zn, Cu, B, Mn). 

To determine of the manure-value of the compost, it is reasonable to establish the 

formula based on the farm-manure contents. There is a score based system to determine 

the nutritive value of farm-manure, presented in the following table: 

Table 3.   Manure-value of farm-manure. 
  Organic 

content 
Macro- 
elements 

Mezo- 
elements 

Micro- 
elements 

Content  20 % 20 7 0.5 kg/t 
Score in points 100 20  30 20 10 
Score per content unit  2  1.5 3 20 

 

The Farm-Manure Equivalent can be calculated as follows: 

Farm-Manure Equivalent = 

∑ ∑∑ ⋅+⋅+⋅+⋅= )/(,,,20)/(,3)/(5.1(%)_2 tkgNaMnZnFetkgMgCatkgNPKcontorg  

The compost usually contains less organic compounds than the farm-manure, but 

contains more mezo- and microelements. This comparison based on the contents of the 

compost can be used only on a relative basis, as the actual value of the compost largely 

depends on the final area of utilisation. 
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However, expressing the value of the compost in farm-manure equivalent raises some 

barriers to universal utilisation of this index. The variation of the different organic 

materials in the compost, and the plant availability is not taken into consideration. To 

achieve better qualification of the compost plant availability measurements should be 

performed. For example, the effect of the Ca found in the compost in only about the 

70 % compared to the same amount of Ca found in fertilisers. 

In the review by Verdonck (1998), it is demonstrated how compost specifications are 

important for quality control. He presents the situation in Belgium, and compares to that 

in Germany and The Netherlands. Though the EEC directives are the same for all 

countries, there are different specifications in each country. Verdonck concludes that 

“Currently several countries export to other countries resulting in a lot of problems 

because of different country specifications.” He also presents figures of a typical end 

product of Belgium: green composts contain 55-65 % dry matter and 16-20 % organic 

matter. Total nitrogen is about 0.6 – 0.8 %, total P2O5 varies around 0.3 – 0.4 % and 

total K2O is usually between 0.5 and 0.6 %. He says that for soil conditioners we have 

to take into account their content of fertilisers in the total fertiliser plan. However, he 

does not present any suggestions for this palling and how compost can be integrated in 

the total fertiliser plan. He also provides figures for nutrient availability: 

Table 4.   Typical availability of nutrients in 
composts according to Verdonck. 

Element Availability in % (the first year) 
Nitrogen 10-15 
Phosphates 50-60 
Potassium 75-100 
Magnesium 30-50 
Calcium 30-50 

 

Studying Table 1, we can see that while only a small fraction of nitrogen is available in 

the first year after spreading, other elements are more plant available in composts. Later 

he presents limit values and quality specifications for contaminants of compost Class I, 

Class II and III. However, he does not proffer any options for qualification option on 

nutritional content. 
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Gabriëls (1997) shows the actual situation of quality of composts in EC legislation. He 

says that the need to develop quality standards for this particular product sector, stems 

from a recognition that the market in these products is developing very rapidly, with the 

introduction of many new products based on non-traditional constituents, including 

waste derived materials. ”Although a number of European countries have established 

certain standards relevant to composts, present requirements for testing and labelling 

are highly variable across Europe. Many products consequently are not subject to 

appropriate testing procedures and good quality testing and environmental information 

is not available to consumers.” He states that the aim of the European Committee for 

Standardisation (CEN) is therefore to facilitate free trade in these products by 

developing common quality, testing and labelling procedures. However, the presented 

qualification procedures cover only hazardous elements/contaminants, or general 

chemical and physical properties. 

The Composting Association (UK) aims to get the first composts produced to its 

standards certified within the coming years. However, there are no commonly used 

specifications for compost material. Recently, the Composting Association carried out a 

feasibility study in 1998 and found a desire that standards should be introduced. 

Consequently, the Composting Association has launched its own standards scheme with 

the support of the UK’s Department for the Environment, Transport and Regions. 

However, these standards involve mostly environmental qualification, and the subject of 

nutritional qualification of composts is still open. 

Qualification of composts is a demanding task of our days. Though composting has 

been known to be an excellent procedure of recycling organic waste for millenaries, to 

qualify the end product of composting techniques is only a new requirement. Opposed 

to ancient composting, today’s recycling technologies have to turn down large amount 

of organic waste, coming from various sources and thus with varying nutritional 

content. 

Mainly, compost can be used as an environment friendly material for landfill or is 

capable of to be spread as an organic fertiliser. For landfill, compost has to be qualified 

by environmental standards involving restrictions on limits of hazardous elements, 
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while agriculture does not only need safe compost but a valuable fertiliser. Agriculture 

uses complex soil management systems to optimise fertiliser needs. These systems are 

usually based on nitrogen content, since nitrogen is the key fertilising factor affecting 

crop yields. Therefore, compost targeted to agriculture purposes needs not only to be 

verified for nontoxicity, but nutritional content has to be qualified, especially nitrogen. 

As we can see from the above examples, the unique, accurate method to determine 

compost quality on a nutritional basis is still missing. Consequently, on the following 

pages we will emphasise the use of composts as fertilizers, point out the key role of the 

element nitrogen and nitrogen analysis in soil management. Since nutrient release is 

particularly influenced by soil microbial activity, we also present the character role of 

the microbial flora in a separate section. 

1.3 Fertilising with Compost 
Organic fertilisers are derived from once living organisms. They are in the process of 

decomposing through the action of microbial activity to give up essential nutrients for 

plant growth. The term "organic" does not include synthetic fertiliser forms that are 

formulated from non-living sources. Good examples of organic fertilisers include 

seaweed, fish emulsion, kelp, poultry or cow manure, blood meal, cottonseed meal, 

sewage sludge, compost and bone meal. The organic fertilisers contain nutrients that are 

associated with organic matter. Nutrients are released when microorganisms in the soil 

decompose the organic matter. 

The percentages of nutrients are different for each source and tend to be low in contrast 

to synthetic sources. Because organic fertilisers require the action of microorganisms to 

release nutrients, they are considered fertilisers of slow release type. It may take 

months, depending upon the type of organic material, its particle size, the ground 

temperature, microorganism population and other factors to gain significant release of 

nutrients. The slower release allows for more efficient uptake by plants since it occurs 
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over a broader range of time. This can be especially valuable when looking for season-

long supply of nutrients and when rainfall or irrigation supplies abundant water. 

Some rely completely upon organic sources for their nutrients. The supply of organic 

fertilisers has increased considerably and while the bulk required maintaining a steady 

supply of nutrients is significant, the use of organic sources illustrates how sustainable 

the plant system can be. 

1.4 Soil Nitrogen Management 

The supply of nitrogen limits the growth and productivity of non-leguminous crops 

more often than does the supply of any other mineral nutrient. The development, 

availability, and use of synthetic nitrogen fertilisers have played a major role in the 

dramatic increases in crop yields (especially corn) that have occurred in the U.S. since 

World War II. Domestic consumption of nitrogen fertilisers has increased tremendously 

during this period, and nowhere has the increase been greater than in Illinois, which 

leads the nation in fertiliser use (Soil Doctor, 2001). 

The use of nitrogen fertilisers is complicated by the dynamic nature of N-cycle 

processes in soil. Because these processes are greatly affected by weather conditions, 

nitrogen rate recommendations are necessarily subject to considerable uncertainty. 

Sufficient nitrogen must be applied to meet crop demand; however, overfertilisation 

reduces profitability and may have an adverse effect on the environment by promoting 

loss of nitrogen through leaching or denitrification (Fekete, 1988, 1993). 

In Illinois, nitrogen fertiliser rate for corn production is based on the yield goal and the 

corn/N price ratio, with adjustments to allow for nitrogen derived from legumes, 

manure, etc. This approach has generally led to profitable fertiliser use, although Soil 

Doctor (2001) states in a recent survey of farms in Champaign County that the 

recommended rate is often exceeded, due in part to the use of inadequate nitrogen 

credits. 
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When soils are fertilised with N, a substantial proportion (usually between 10% and 

20%) of fertiliser nitrogen is incorporated into organic forms (i.e. immobilised) during 

the growing season. In subsequent seasons, some of the residual nitrogen becomes 

plant-available through mineralisation. Several studies have demonstrated that recently 

immobilised nitrogen is mineralised much more rapidly than the native soil organic N 

is. There is growing evidence that long-term application of nitrogen fertilisers promotes 

the building-up of rapidly mineralisable (i.e. labile) nitrogen in soils, and may reduce 

crop response to further applications of fertiliser N. 

Nitrate (NO3
-) and ammonium (NH4

+) are the only forms of nitrogen that can be used by 

plants. Chemical nitrogen fertilisers add ammonium or nitrate directly to soil. The 

organically complexed forms of nitrogen in crop residues, compost, and manure must 

be mineralised into inorganic ammonium before plants can use them. Ammonium is 

either directly taken up by plant roots or by soil microorganisms, or converted to nitrate. 

Crops in the nitrate form of nitrogen take up most inorganic nitrogen in agricultural 

soils. 

Nitrate can leach through soil if plant roots or soil microorganisms do not take it up. 

Nitrate that is leached through the soil profile may contaminate surface water and 

groundwater and is unavailable for plant uptake. The goal in managing nitrogen in the 

soil should be to balance crop needs with supply. This will reduce pollution potential 

and maintain economically viable crop yields. 

The interpretation of nitrate values is difficult. Because the nitrogen cycle is so 

complex, that predicting the amount of available nitrogen from various forms of the 

nutrient in soil requires such laboratory analysis that often exceeds the possibilities of 

compost quality measurements. Soil nitrate analysis may be used to compare the 

available nitrogen from different soil amendments and the effects of soil management 

on nitrate leaching potential. Nitrate concentration in the top 30 cm (12 inches) of soil 

at the 25-30 cm (10 to 12 inch) stage of corn growth has been used successfully to 

predict the sufficiency of nitrogen for the crop (Evanylo and Alley, 1996, 1997); 

however, further calibration will be necessary to develop soil nitrate sufficiency norms 

for other crops. 
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Overapplication of nitrogen (N) to plants is causing much concern due to the 

environmental consequences associated with unused nitrogen (Schmitt, Randall & 

Rehm, 1998). There is also a significant economic advantage in applying the correct 

rate of nitrogen fertiliser. Excess, unused nitrogen can be lost from the soil system via 

denitrification and/or leaching. It can be tied up in the soil organic nitrogen pool, or 

stays in the crop's rooting zone as residual N. Compost additions to soil can 

significantly increase soil nitrate-N concentrations; however, the amount of nitrate-N at 

any given time (i.e. spring preplant) is a function of the time of compost application and 

method of application.  

We can also apply the nitrogen-based recommendations of manure management of 

Schmitt et al. (1998) to composts. If compost is to be applied in the spring before corn 

planting, the best is to collect the soil samples for nitrogen measurement before compost 

application. Then to determine the nitrogen recommendation, separately calculate the 

compost nitrogen credit and subtract this amount from the previous nitrogen 

recommendation derived from the use of the soil nitrogen test. If compost was applied 

during the winter months, it is assumed that the majority of the inorganic nitrogen 

would be lost via volatilisation. Thus, the soil nitrogen test can be used to determine a 

nitrogen recommendation. However, the compost nitrogen credit (although less than for 

spring applied compost) should be subtracted from this amount. Bear in mind that the 

spring sampling can occur any time after the frost is out of the ground. Not taking a soil 

nitrogen test, and just using the standard compost nitrogen crediting system, may result 

in high fertiliser recommendations if significant residual nitrogen was present before the 

compost was applied.  In contrast, using merely the spring soil nitrogen test to credit 

fall-applied compost will underestimate the credit due to the compost because not all of 

the available compost nitrogen will have converted to nitrate-N by this time.  

In order to prevent overfertilisation, which could lead to groundwater contamination, 

rapid and accurate soil testing procedures are needed to evaluate agricultural surface 

soils for their potential to mineralise C and N. 
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1.5 Soil Nutritional Analysis 
Fulhage (2000) points out that generally the nutrients nitrogen, phosphorus and 

potassium (N, P and K) are of most interest in using manure as fertiliser thus these three 

elements are the basis of every soil nutritional analysis. Because compost is used as a 

fertiliser it is sensible to adapt his suggestions to compost analysis with some 

modifications. 

Laboratory test can determine ammonia and total Kjeldahl nitrogen; organic nitrogen is 

obtained by subtracting ammonia nitrogen from total Kjeldahl nitrogen. Ammonia 

nitrogen is the form that is readily available to plants and is also subject to volatilisation 

loss to the atmosphere if not immediately incorporated into the soil. Knowing both 

ammonia and organic nitrogen allows us to estimate the amount of nitrogen 

immediately available to plants, and the amount that will become available in later years 

as the organic nitrogen is released. Nitrogen may also be present in the nitrate form. 

However, the highly anaerobic conditions existing in most livestock manure 

management systems usually preclude nitrate nitrogen except in trace amounts. Hence, 

nitrate nitrogen is not usually included in a typical manure nutrient analysis unless there 

is some reason to expect its presence (aerobic conditions). 

Total phosphorus is also made up of two components (orthophosphorus and organic 

phosphorus). However, since both are essentially immediately available to plants, it is 

not necessary to determine both forms, as it is with nitrogen. Potassium has no organic 

fraction and is immediately available to plants. 

It is also helpful to know dry matter or total solids (moisture content) of manure 

samples. Lab data may be reported on a wet (as-is) basis or dry basis, or both. Total-

solids levels affect handling qualities and bulk density characteristics of manure. 

Fulhage (2000) proposes the following: “if a complete analysis is to be obtained, the 

laboratory should be instructed to run the following tests for manure analysis: 

• Total Kjeldahl nitrogen 
• Ammonia nitrogen 
• Total phosphorus 
• Potassium 
• Moisture content (dry matter)” 
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Because compost is the end product of aerobic decomposition that produces nitrate 

instead of ammonia, it is practical to replace ammonia nitrogen measurements with 

those of nitrate. Also, considering also the fact that the Total Kjeldahl Nitrogen 

procedure usually underestimates nitrate levels, it is recommended to convert nitrate to 

ammonia before analysis or use an alternative method for measuring total nitrogen 

content. 

Fulhage (2000) highlights that micronutrient levels such as calcium, sodium and 

magnesium can only be important in certain cases and need additional expenses for the 

analysis. This is very reasonable, because as he describes “manure is usually applied at 

a rate intended to meet the nitrogen needs of the crop being grown. This practice may 

result in the application of more phosphorus than the crop can take up or use. If the soil 

is deficient in phosphorus, this practice may be acceptable. If soil phosphorus levels are 

elevated (often occurs where manure has been repeatedly applied for many years), 

manure may need to be applied according to crop uptake or removal of phosphorus. 

Repeated over application of phosphorus can result in a build-up that may eventually 

depress yields or cause problems with surface water or groundwater. Regulatory 

agencies in some countries may require that manure be applied with a phosphorus limit 

rather than nitrogen limit.”  

1.6 Influence of Microbial Activity on Nutrient Release 
Franzeluebbers, Haney & Hons (1995) state that the importance of soil microorganisms 

in affecting soil fertility is recognised. However, rapid, accurate soil testing procedures 

that reflect potential C and N mineralisation have not been routinely adopted. “A valid 

index of soil nitrogen availability that is simple, rapid, and reproducible may preclude 

longer-term laboratory incubations. Incubations lasting two or more weeks for 

determination of mineral nitrogen accumulation are considered too time-consuming for 

adoption by routine soil testing programs.” They report that the N-supply of agricultural 
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soils has been related to soil microbial biomass and its activity. Measurement of soil 

microbial biomass is sensitive to changes in the active fraction of soil organic matter 

and, therefore should provide insight into the potential of soils to mineralise N. The 

most commonly used method for estimation of soil microbial biomass is chloroform 

fumigation-incubation, although fresh soil and a ten day incubation are needed, which 

limit its adoption by soil testing programs. Several rapid methods for estimation of soil 

microbial biomass and its activity have been developed over the past few decades 

including substrate-induced respiration, which require only one to six hours of 

incubation. However, these methods require the use of fresh soil that is a potential 

drawback. 

The addition of organic materials will generally increase soil respiration. Organic 

matter provides the food or substrate on which heterotrophic soil microbes are fed. 

Organic materials with low carbon to nitrogen C/N ratios - e.g. manure, leguminous 

cover crops - are easily decomposed; thus, the addition of these materials to soil will 

increase soil respiration. A material with high C/N rations like the compost or the 

sawdust decomposes more slowly but provides a more stable, long-term supply of 

organic material than legumes, biosolids and manure. Soil microbes will compete with 

plants for nitrogen when solid is amended with products having C/N rations higher than 

25:1. 

1.7 Summary of the Literature Survey 
We can summarise the theme of compost qualification saying that there is a need for 

compost qualification systems, however these systems are only under development and 

mostly cover environmental characteristics. However, one of the biggest markets of 

composts is agriculture, where the end product of composting is used as growing media 

and as soil improver, integrated in the fertilising plan. Fertilisers are determining factors 

of yield costs in agriculture. The largest amount is required from nitrogen, and 
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unfortunately this one is an expensive fertiliser (of course having a price depending on 

form factor and the actual market). Composts could be used up by agricultural 

producers if the compost contained many of the nutritional elements formerly provided 

by fertilisers – at a much lower cost. However, from the three most important elements 

required for plant growth, nitrogen, phosphorus and potassium (NPK), the amount of N 

is usually the lowest and is not sufficient, while concentrations of P and K are 

satisfactory. What is more, the nitrogen is one of the less available nutritional elements 

in composts, with an availability of around 10-15-25 % in the first year of spreading. 

The above reasons – large amount required, low concentration, slow availability – 

suggest basing the nutritional compost qualification systems on nitrogen content. In the 

following chapter of Investigations, we demonstrate how a nutritional content-based 

system could be developed. 
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2. Investigations 
 

As an introduction to our investigations, let us cover in a few paragraphs the 

environmental issues of the complex problem of waste management. 

2.1. Recycling Organic Waste 
In a natural environment, certain equilibrium is formed between the building-up and 

decomposition of organic material. Human activity can easily disturb it to both direction 

and setting the equilibrium state back to its initial state or to a new state using artificial 

procedures is a particularly difficult task. 

In human environment, an enormous amount of organic waste is formed. The most 

powerful way to liberate our environment of organic waste involves burning 

procedures, forming a waste of reduced volume, but also producing very hazardous end-

products, fumes and heat, while consuming a lot of energy. Many efforts were put to 

use to improve the efficiency of these technologies and to reduce their impact on the 

environment. 

Conversely, the original waste decomposing ways of nature are much more 

straightforward, because the materials decomposed by microorganisms are directly 

recycled, and available to immediate reuse without any dangerous side effects 

(Forró, 1999).  

Composting has been one of the best ways to recycle organic waste when 

environmental considerations are taken into account for centuries, however recent years 

face us to an amount of waste never known before. Organic waste comes from very 
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different sources, requiring and undergoing completely different maturing conditions 

and thus, producing very different types of end-product composts. In this way 

composting is a very challenging task inquiring special knowledge. Though, many of 

the produced organic waste could be recycled with composting techniques if the 

accurate  

• composting procedures 

• compost qualifying procedures 

• compost utilising procedures 

were available. All these three fields represent a substantial but closely related 

characteristic of the big area of composting. 

Best composting procedures are those of the Nature, our task is simply to examine and 

reproduce its schemes of decomposition. In contrast, compost qualifying is something 

closely related to human life and therefore we have to develop ourselves the essential 

qualifying systems. Our investigations involve completing the present environmental 

classifications with nutrition content-based methods, and also examining the exigencies 

faced during the recycling of organic waste along with the cultivation of plants. We 

remarked that agriculture want to use compost in first place to substitute missing 

amounts of farm-manure. If the compost can be used to provide the necessary  

• organic matter 

• microorganisms 

• plant available nutrients  

present in manure, then agriculture will represent a huge market for compost utilisation 

and even represent a market willing to pay for good quality, valuable compost. 

Consequently, compost qualification should cover the above three features.  

Based on our survey, potential end-users are most curious about the nutritional value of 

the compost and how their field would benefit of the compost. This is why we started to 

develop our investigations on the field of possible solutions about the nutritional 

qualification of composts. 
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2.2. Considerations for Investigations 
Compost adds mainly the following things when applied to the soil: 

• organic matter, 

• microorganisms, 

• plant available nutritional elements (macro- and microelements). 

Organic content of different composts should be similar to those of manure and is of 

importance. One important effect of organic compounds was found that compost 

ameliorates water-husbandry of soil. Microorganisms brought to soil contribute to 

enhancement of the general microbial activity of soil, while nutrition is necessary for 

complete the elements used up in the soil during the previous years. 

2.2.1 Considerations for the microbial investigations 

The “Composters”, nature’s recyclers are known to be bacteria, fungi, actinomycetes, 

earthworms and arthropods. Their activities would suggest us alternative ways to make 

their valuable work more familiar. In nature, everything is recycled. Nutrients that fuel 

the growth of plants and animals are used, transformed, and then discarded. Bodies of 

plants, animals and their excreted materials are all used as resources by other 

organisms. The waste of one is food for another. By experiencing composting, studies 

can gain an understanding of nutrient cycle. Just as living things grow and develop, they 

are disassembled when their life ends. The decomposition process breaks something 

down into its component parts. Many kinds of simple, microscopic organisms feed on 

dead animals or plants taking what they need and leaving the remainder, possibly 

becoming food for others in the process. The decaying material undergoes a systematic 

degradation, usually resulting in rich, dark humus added to the soil. Bacteria are simple 

microscopic organisms that start the decomposition process and are far the most 

numerous of the composting organisms. Molds, mushrooms and other fungi are simple 

plant-like organisms made up of network of root-like structures. These primitive roots 

make up a mycelium network that dissolves and collects nutrients. Actinomycetes are 

small organisms that have the properties of both fungi and bacteria. They perform a role 
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similar to that of the bacteria in a compost pile. Several antibiotics are derived from 

actinomycetes. To test the presence of the described microorganisms we used general 

and specific microbial media inoculated with extract made form the various composts. 

2.2.2. Considerations of the compost quality investigations 

The most important nutritional elements found in composts are nitrogen, potassium and 

phosphorus. The amount of elements P and K in compost is similar to those in manure, 

however the nitrogen content is usually lower to a great extent in composts compared to 

farm-manure. In consequence, nitrogen can manifest as limiting factor.  

When plants grow on a field that received compost recently, we can notice the presence 

of an interesting outcome: the leaves of our plants take a yellowish colour, like a result 

of pentosan effect1. After spreading manure to the soil, the yellowing of the leaves can 

be observed only for momentary interval. However, in the case of compost, the blight 

colour of the leaves will stay on for much longer than in the case of manure. This effect 

is caused by the lack of nitrogen.  

This is another reason to suppose that the amount of nitrogen is the lowest among the 

other nutritional elements in compost, and consequently nitrogen should be added to the 

soil in excess to reach the same nutritional feed of the soil as with manure. 

Nitrogen content in compost is determined by using laboratory analysis procedures. The 

resulting nitrogen concentration values permit us to classify our compost by 

classification tables (developed according to previous studies on nitrogen content in 

manure/nitrogen usage). Subsequently, compost can be ranked as material of nutritional 

value of Class 1, Class 2, etc. accordingly. 

 

2.2.3. Considerations of the plant experiments 

Based on various descriptions in the literature and on our experience the utilisation of 

nitrogen applied to the soil is greatly affected by the different compounds and 
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microorganisms present in the soil. Different ratios of many compounds in the soil also 

affect nitrogen uptake and release, along with many other physical and chemical 

properties of the soil. The modification can be studied using plant experiments, and this 

is why we grow barley plants on different compost media. The diverse nitrogen levels 

of composts are measured and equilibrated to the same level. Thus, the different 

compositions of composts are diffusely present as one random factor in the experiment. 

Because the limited time available to run the experiment we use green material weight 

instead of crop yields. Green material weight is also a good indicator providing an 

opportunity to compare characteristics of the different composts. To reduce the bias 

caused by the varying experimental conditions, we use constant temperature rooms that 

also features optimised lighting conditions for growing plants.  

 

2.2.4 Our major inquiries manifest as follows 

Concerns with compost quality: 

• Can the compost be qualified according to its nutritional values (expressed in 

%)? 

• Which elemental compositions stand for descriptive figures of compost quality? 

• Can we classify compost with a system based on nitrogen content?  

Laboratory analysis: 

• Does the compost contain the characteristic regimes of microorganisms? 

• What is the elemental composition of our compost? 

• What is the nitrogen content of the compost sample? 

Plant experiments: 

• How the different compost media compare to each other in terms of crop yield?  

• How should we establish the plant experiment in an efficient way? 

                                                                                                                                               
1 Pentosan effect = temporary lack of nitrogen 
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2.3 Methods of Investigations 
The microbial investigations were carried out according to the practice of the 

Microbiology Laboratory of the University. This includes making aqueous extract of the 

composts using sterile saline. The compost used for the experiments was perfectly 

mature and stable. We made this decision in order to avoid the possible change over 

time of immature composts.  

The need for a compost qualification method based on nutritional content is present 

long ago. However, the concepts we found in the literature had not been widely used. 

Like that, in our case of developing a qualification system was particularly difficult. We 

looked for help in the neighbouring scientific domains, soil and manure sciences. Partly, 

compost resembles to soil because of the diverse physical properties of the compost 

being similar of those of the soil. This can be explained through the fact that the mature 

compost is an end product of an aerobic decomposition process, and many of the 

decomposition cycles in soil are also aerob processes. On the other hand, compost usage 

habits bear a resemblance to manure usage in many ways. Both compost and manure are 

prepared from organic waste, undergoing a decomposition phase, used up by agriculture 

to provide the missing nutrition to the soil, and finally applied to the soil using the same 

techniques and machinery. Consequently, we examined qualification systems in soil and 

manure sciences, and tried to sinthetize  an applicable system for composting, using the 

values found in literature, and using speculative techniques, and discussions with 

potential end-users. We found that nutritional elements NPK are of particular 

importance, and nitrogen stands to be the most important of this three. Therefore, we 

tried to adapt available classification systems of environmental characteristics to a 

system of nutritional values, based on the manure and soil literature sources (Kreybig, 

1956). 

For testing the different compost media, we decided to use barley plants because they 

are among the major cultivated plants in the UK, and barley grows faster than maize or 

wheat for example. We needed a quickly growing plant because of the limited time of 

the experiments (four available weeks for the plants to grow). Because the amount of 

nitrogen was different in the different composts, and can be a key limiting factor of 
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plant growth, we measured and equilibrated the amount of nitrogen for each compost. 

This technique allows us to test how the different compost compositions affect plant 

growth when the same amount of total nitrogen is present in the soil. The used compost 

involved two composts aimed the same usage, two types of multi purpose compost 

made by the Westland and another one produced by B&Q. The cost, physical properties 

and nutritional value of these were similar. The third soil improver / growth media 

consisted of worm humus, as the laboratory had interest in comparing this media to 

composts. Composts were mixed with sand to provide a neutral medium in terms of 

nutritional value. The amount of compost mixed was adjusted to usual spreading habits 

in agriculture, and the amount of nitrogen was levelled corresponding to current 

fertilising recommendations. 

2.4 Objectives of Investigations 
The overall objective of our investigations is to contribute to the problem of recycling 

organic waste, to enhance the utilisation of composts, to advance in the subject of 

qualification of composting and to present the available systems for classification of 

composts.  

The aim of the microbial investigations was to have a general overview of the microbial 

regimes present in the compost. This can be directly interesting for further investigation 

on environmental qualities of the compost. Nevertheless, it is also indirectly related to 

nutrient release and general soil microbial activity. 

Investigations on compost quality systems were targeted to the commence of 

development of a new system based on nutritional content of composts, replying to the 

needs of agricultural compost usage. The required system should have been conform to 

existing qualifying procedures know in other domains of agriculture (like the domain of 

manure), easy to use, and also providing practical information for later usage of 

fertilisers after composting. After thorough research for qualifying systems in the 



 2. Investigations 

 33 

literature, followed by many discussions and brain storming with soil science experts 

and compost end-users, we have concluded that a possible solution for compost 

qualification based on the nutritional values would be a classification table. Like that, 

we wanted to develop a classification table 

• based on the nutritional content of the composts 

• containing at least 3 and at maximum 5 categories /classes (for practical reasons) 

• simple to use for agricultural users 

The necessary information on the actual nutritional value for the classification could be 

obtained from the companies providing the compost or by the compost users themselves 

using simple analysis kits.  

Another requirement was to relate the compost quality to later fertiliser use, as 

experience shows that composting affects nutrient usage of fertilisers. This was the 

reason why we decided to construct a further table to help in the calculation of later 

fertiliser needs, and test them during our plant experiments. Thus, plant experiments 

had several aims. First, to complete our investigations on qualifying in the practice 

followed by obtaining practice and experience for further plant experiments of a later 

stage of this research. Finally, we also wanted to compare the available constant 

temperature rooms with each other, in order to know if there were any differences 

significantly affecting crop yields of plants grown in them. 

2.5 Subject of Investigations 
Subject of investigations is the theory and practice of compost qualification with special 

attention to development of a compost qualification model, and to the compost 

qualification itself. This also means the qualification of compost using figures form the 

different literature sources and from our own laboratory analysis results. An additional 

subject of the investigations is the plant experiment for general testing of the different 
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composts along with comparison of the nutritional value of this compost through the 

plant growth. 

2.6 Materials of Investigations 
The materials of the investigations consisted of the sources on compost qualification, 

the nutritional content values of commercial composts, and the crop yield (expressed in 

green material weight) of the plant of experiments established in the constant 

temperature rooms. 

One can hardly find studies on compost qualification, especially on nutritional compost 

qualification in the literature. Most of the sources include references or cross-

references, and authors write in briefly about compost qualification. 

The compost for the plant experiments and for the nutritional analysis was obtained 

from commercial sources. For our investigations, we would have been happier to use 

original compost directly form the composting process, though, this type of materials 

was hardly available at the place of the experiments. So we used commercial composts, 

however, we know the fact that nearly all composts found in agricultural shops and 

garden centres are boosted up some way with additives, and represent only in part the 

original end product compost. 

The results of the plant experiments were expressed in green material weight because of 

the short period available to carry out the experiments. Our experience and the several 

examples in the literature have shown that measuring green material weight is also a 

sufficient way to compare the actual effect of the nutritional content of composts. 
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2.7 Conditions of Investigations 
All the investigations have been carried out at University of Durham, Stockton Campus. 

Microbial testing was accomplished in the Laboratory of Microbiology. The laboratory 

had long term practice running microbial analysis on soil samples, as such, many of the 

required techniques were already established and available.  

However, we could only find brief descriptions about the possible qualifications of 

composts, and we could not find any methodology dealing with nutritional 

qualifications of composts in the literature. 

Plant experiments were carried out in the Nikon Ecology Laboratory of the University. 

The laboratory provided us two climate rooms, placing a maximum number of 12 pots 

into each. All together, we could design experiments for 24 pots including replicates. 

Previous experience demonstrated that the climate rooms may increase the variances of 

the experiments in the same way, and we had to deal with this problem in the applied 

experimental design (covered in detail at a later point in this chapter). 

2.8 Procedures of Investigations 

2.8.1. Microbial investigations 

To prepare the aqueous extract of the compost, we measured 1g of compost media into 

a 10 ml universal. The bottle was filled up with sterile saline to a volume of 10 ml, 

shook well. We let the mixture settle down for 20 minutes. To identify the characteristic 

organisms for regimes the following media were used, according to the 

recommendations of our supervisor, Dr. G. Evans: 

• nutrient agar 
• nutrient agar + ampicillin  
• actinomycetes media 
• actinomycetes media + ampicillin 
• actinomycetes media + glycerol 
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• Sabouraud media 
• Pseudomonas media 

About 10 ml of each media was poured into a 10 ml universal while 200 µl of the 

aqueous compost extract was added as inoculum. The content of the universal was 

poured on plastic plates and incubated at different temperatures (25 and 37 °C) for 1-7 

days as indicated on the original recipies.  

 
Figure 1. Preparing plates for microbial investigations. 

2.8.2. Procedure of compost qualification systems 

We started to attentively examine and collect all available information on compost 

quality measurements in the literature, however we only found brief descriptions. Thus, 

we started our own pioneering task to develop a system for compost quality testing 

based on the nutritional value of the composts. On our way, we explored quality 

specification of composts, and studied available qualification systems in soil and 

manure sciences. Key figures in the qualification systems were obtained from 

agricultural explications on fertilising habits and recommendations. 

2.8.3. Procedure of the plant experiment 

The preparation of the plant experiments involved planning of the overall procedure, 

determining key factors of the experiment and the design of the experiment. 

The procedure of the plant experiments can be described in the following way: 

Preparation of the Constant Temperature Rooms: 
Cleaning of the climate rooms. 
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↓ 
Set constant temperature to 25ºC in both rooms. 

↓ 
Replacing old, light tubes to new ones of the same brand. 

↓ 
Set daylight for 6am-10pm in both rooms, 

providing 16 hours of daylight per day. 
↓ 

Rooms running on 25ºC for 24 hours, 
to allow the system to settle with the new settings. 

 

 
Figure 2. Preparing the constant temperature rooms. 

 

Preparation of the pots and composts: 
Weighing compost portions to spread 

(80 t/ha/4 years; 0.45 kg compost/pot). 
↓ 

Measuring out sand portions with a 1 l recipient. 
(7 liter sand/pot). 

↓ 
Mixing the compost and the sand in a separate 15 l recipient. 

↓ 
Spilling the compost-sand mixture into the pots. 
Pots were shaken to pack the sand to the bottom. 

↓ 
Place pots in constant temperature rooms under light tubes. 
Pots were arranged in two rows of six pots in each room. 

 
The pots were prepared in a random order – this randomisation protected us from other 
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biasing factors originating from the technique of preparation (Kemény & Deák, 2000). 

 
Figure 3. The pots after preparation. 
This picture shows the 12 pots of 
Room #1. 

 

Running the plant experiment: 
Planting barley seeds on top of compost-sand mixture  

(10 seeds/dm2, 50 seeds/pot). 
↓ 

Adjusting plant number in pots a 5 days after germination 
(5-7 plants/dm2; 40 plants/pot). 

↓ 
Spreading the nitrogen fertiliser in adequate amounts 

(Complete to 120 kg N/ha/year according to compost type). 
↓ 

Watering plants during the first week by equal amounts of water with watering can 
using the sprinkler adaptor. 

↓ 
Watering plants during the remaining weeks by equal amounts of water through the 

bottom trays. 
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Figure 4. The barley plants in the constant temperature rooms. 
The plants reached about 45-50 cm in height in the 10 l recipients.
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Measuring the green material weight: 
The plants were cut with sharp scissors above the roots. Plants were placed in plastic 
trays and measured on analytical balance. The harvest and the weight measurement 

were done on pot-by-pot basis to avoid drying and weight loss of the plants. 
 

The amount of nitrogen was measured in the Geography Department of the University. 

The instrument used for the C, H & N analysis was a CE400-40 elemental analyser 

made by Exeter Analytical Corporation USA. The sample was ignited in oxygen then 

the gases analysed. The analyser is detailed in the Appendices (see page 67). Then we 

used Ammonium-Nitrate nitrogen fertiliser to complete the amount of nitrogen in each 

compost. This type of fertiliser contains 17.5 w/w% ammonium and 17.5 w/w% of 

nitrate, providing 34.5 % of active ingredient compounds containing nitrogen in the 

fertiliser.  

Two-way classification design of plant experiment 

To examine effect of both factors (compost and constant temperature room) we need 

more complex planning for the procedures.  

According to Kemény & Deák (2000), when there are two distinct factors affecting the 

observed responses, the experiment can be designed as a two-way classification (also 

called between-within design). Each factor is investigated at a variety of different levels 

in the experiment, and the combinations of the two factors at different levels form the 

cross-classification.  

The linear model for an observation yij taken at level i of factor A and level j of factor B is 

yijk = µ + αik + βjk + α βijk + εijk, 

for i = 1 , 2, 3, j = 1, 2, k = 1, 2, 3, 4. µ is the overall mean, αik and βjk are the effects of 

factors A and B respectively, α βikj is the interactive effect between factors A and B, and 

εikj is the unexplained variation at the levels combination (i, j). The third indexing 

subscript k represents the four replicates at the (i, j) combination of levels. In this 

model, it is assumed that µ is a fixed constant and εijk’s are NID (0, σε2).  
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Table 5.   Layout of the two-way classification table for compost 
and room. 
 

Room (I-II) 

WMP I (1-4) WMP II (1-4) 

BQMP I(1-4) BQMP II(1-4) Compost 
(WMP-BQMP-WormH) 

WormH I(1-4) WormH II(1-4) 

 

Table 5 presents a data matrix for the design under discussion, established with the 

advices and directives of our supervisor Prof. S. Kemény. A random sample from a 

large batch of composts (rows) has been randomly distributed between the two levels of 

room (columns). The subscripts “(1-4)” are used in reference to the replicates at the 

levels of the variables compost and room. This design allows a good estimation of the 

main effects. We do not foresee any serious interaction effects (one compost producing 

much better effects in one room).  

 

Results of the plant experiment 

Results of the plant experiment are presented in Table 6 and in Figure 5 (without 

statistical treatment).  

Table 6.   Results of plant experiments. 
WMP, BQMP, WormH stands for the different compost media, I, II for room 
1 and 2, and columns 1-4 designates the 4 replicates. 

 1 2 3 4 
WMP I 61 62 63 69 
WMP II 65 60 69 70 
BQMP I 93 109 118 122 
BQMP II 118 139 122 131 
WormH I 74 65 72 69 
WormH II 81 76 73 83 
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Figure 5. Results of plant experiment. 
WMP, BQMP, WormH stands for the different 
compost media, I,II for room 1 and 2, and columns 
1-4 designates the 4 replicates. 

 

2.9 Summary of investigations 

Investigations involved a branching out domain of compost quality measurements. The 

observations of the microbial flora involved laboratory testing of aqueous extracts of 

the different composts on several selective media, allowing the identification of 

characteristic regimes. 

The development of the qualification system based on the nutritional content involved 

examining of the literature of qualification in several adjacent to composting, and was 

followed by a speculative, meditating work to synthesise a new qualification system. 

Plant experiments required special agrochemical, statistical knowledge along with a 

good command of cultivation of plants. 

We were able to accomplish the tasks of the investigations with the help of many 

experts from both the UK and Hungary, presuming such organizing type of work on site 

where the acknowledgment rather goes to the “members of the orchestra” than to the 

“conductor”. 
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3. Results 
 

Nutritional qualification of composts is a wide and difficult procedure involving many 

different domains. This wide domain of tests and analysis involves identification of the 

characteristic microbial organisms, determining concentrations of nutritional elements 

and plant experiments with the compost media. We can find descriptions in the 

literature, but detailing these results and procedures is still a demanding task of our 

days. 

Results are presented according to the Investigations, starting with the results of the 

microbiological laboratory testing, followed by the nutritional classification tables and 

the statistically analysed results of the plant experiments. 

3.1 Microbiological Activity of Composts 
Microbiological testing involved in first place a general view of the microbes present in 

the different compost, allowing direct comparison. 

Plates of Nutrient Agar show a good general microbial load of all the composts, but 

none of them shows a heavy one. Media of Nutrient Agar with Ampicillin kills off any 

Ampicillin sensitive organisms. These plates present some well-grown fungi on plates 

inoculated with the extra of worm humus, while the plates of the other two composts do 

not display any reasons for fungi. 
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Figure 6. Microbial development on Nutrient 
Agar without and with Ampicillin. 
The first row shows microorganisms from 
Westland Multi Purpose, B&Q Multi Purpose 
and from the Worm Humus on Nutrient Agar 
media. The second row shows 
microorganisms from the same extracts on 
NA with addition of Ampicillin.  
See page 68 in Appendices for the images 
presenting plates of the further microbial 
investigations. 

 

Actinomycetes media favourites Actinomycetes to grow, but addition of Ampicillin will 

destroy all colonies of them. We can say that there was a nice load of Actinomycetes in 

B&Q Multi Purpose compost and in the Worm Humus, though many bacteria of the 

extract of Westland Multi Purpose are still present after addition of Ampicillin. 

Addition of glycerol produced a general increase of microbial development on all three 

plates with the different compost extracts. 

Fungi grows particularly well on Sabouraud media. Fuzzy spots on this plate of worm 

humus can be either fungi or Actinomycetes, while plates of Westland Multi Purpose 

and B & Q Multi Purpose demonstrates fungi at different levels of development. 

We have also tested for the presence of the general soil bacteria, Pseudomonas. The 

images show a pronounced presence of Pseudomonas on all three plates inoculated with 

the different compost extract. 
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3.2 Nitrogen level in Composts 
As for the nutritional content of composts, we have already detailed that nitrogen is one 

of the most important factor affecting the crop, and seems to stand to be the most 

important factor when compost is applied in large amounts to the soil. Therefore, we 

cannot draw enough attention to its importance in terms of nutritional qualification of 

composts. The ready to use, mature composts are usually not conform to agricultural 

needs, however this is more affected by the lack of descriptive nutritional qualification 

systems for composts than by the approach of the producers. Compost producers are in 

need for illustrative figures for compost quality that they could use during the 

composting process. 

Our results of the elemental analysis for C, H, N are summarised in Table 7. 

Table 7.   Elemental analysis for C, H, N of composts. 

Compost name Carbon w/w% Hydrogen w/w% Nitrogen w/w% 
Westland Multi Purpose 20.91 8.06 0.42 
B&Q Multi Purpose 30.93 7.73 0.81 
Worm Humus 43.76 4.94  1.52 

 

Table 7 shows that compost called Worm Humus (end-product of a treatment with 

different annelides species of selected biological wastes) contains Nitrogen by levels 

largely exceeding the usual 0.1-0.2 w/w% content of non-commercial composts. The 

other commercial composts contain nitrogen in amounts of 0.42 % and 0.81 %, high 

levels resulting from the usual completition after the complete maturation. 

Next, have we present the tables for nutritional qualification of composts. First, we 

present the table showing values of nitrogen, phosphorus and potassium. Note that 

levels of phosphorus and potassium are usually accurate. Therefore, we present a single 

table allowing classification based on nitrogen only. In both tables, we specify four 

different classes based on the amount of the respective elements.  
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Table 8.   Compost qualification by plant available NPK limits. 

Compost quality class 
Sample 
name I. 

Rich in NPK 
II. 

Average NPK
III. 

Poor in NPK 
IV. 

Traces of NPK 

 
 
Element 

 Plant available nutritive content of composts [%] 
Nitrogen  > 0.50 0.50 – 0.31 0.30 – 0.11 < 0.10 
Phosphorus  > 0.30 0.30 –0.21 0.20 – 0.11 < 0.10 
Potassium  > 0.90 0.50 – 0.31 0.30 – 0.11 < 0.10 

 

Table 9.   Classification of composts by plant available nitrogen limits.2 

Compost quality class 
 

I. 
Rich in N 

II. 
Average in N 

III. 
Poor in N. 

IV. 
Traces of N 

 
 

Plant available nitrogen content of composts [%] 

Sample name > 0.50 0,50 – 0,31 0,30 – 0,11 < 0.10 

WMP  0,42   
BQMP 0,81    
WormH 1,52    

Table 8 was obtained from Table 9, aiming to create a table ready to immediate use as a 

quality classification form, too. This form can easily be filled out with the results of the 

nitrogen tests. As a result, classification can be acquired directly with this form. 

According to the qualification form, the Westland Multi Purpose compost contains an 

average level of nitrogen and belongs is Class II compost. B&Q Multi Purpose is a 

Class I compost along with Worm Humus. 

 

Table 10 indicates an innovative way of determining the required amount of nitrogen 

fertiliser used besides compost spreading. In the first column, we can see the different 

levels of compost spread to the field from 10 t/ha/year to 80 t/ha/year. On the right hand 

side of the table, we have to choose the corresponding column to our laboratory analysis 

results of nitrogen content, expressed in w/w%. Then we can easily obtain the amount 

of nitrogen applied to the soil with the compost expressed directly in kg/ha. Because 
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nitrogen management systems describe the necessary amounts of nitrogen in kg/ha, 

using this table is very beneficial to the farmers. We believe that for example giving 

away tables like Table 10 could greatly popularise compost usage among farmers, 

allowing a simplifiing the way of making compost usage part of their nitrogen 

management system. 

Table 10.    Nitrogen levels expressed in w/w% and in kg/ha. 

Plant available N expressed in w/w% and in kg/ha 

% 
 

Amount of compost spread 

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 
t/ha/years kg/ha 

10 10 20 30 40 50 60 70 80 
20 20 40 60 80 100 120 140 160 
30 30 60 90 120 150 180 210  
40 40 80 120 160 200 240   
50 50 100 150 200 250    
60 60 120 180 240     
70 70 140 210      
80 80 160       

 

Note: Generally compost is spread in the fields in amounts of 20 t/ha/year or 

80 t/ha/4_years. We have also specified values of 50 t/ha/year, but spreading 

compost in such large amounts is very unusual. The distribution of even larger 

amounts of composts is not reasonable and can have serious damaging effects. 

Compost is usually spread – like farm-manure – in periods of three or four years. 

This is a sensible practice as only 0-25 % of the total nutritional content is 

released during the first year (Alexa, 1998). In this case, the initial amount of 

nitrogen supplied to the soil can be obtained by simple multiplication. However, 

the nitrogen fertiliser – used to compensate the lack of nitrogen of the compost – 

should be applied on a crop year basis if one wants to acquire optimal growth 

conditions. 

                                                                                                                                               
2  The compost brand names are abbreviated in certain tables: Westland Multi Purpose Compost – WMP, 
B&Q Multi Purpose Compost – BQMP, Worm Humus - WormH 
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We also used this table to characterise the necessary amount of nitrogen for the plant 

experiments. Worm Humus contained 0.42 % of nitrogen (see Table 7 on page 45) and 

was used in a quantity of 80 t/ha/4_years, we look up the corresponding 20 t/ha/year in 

the leftmost column and 0.105 % (0.42 %÷4 =0.105) and we obtain that approximately 

20 kg/ha of nitrogen is already applied to the soil. With the same procedure, we see that 

B&QMP adds 40 kg/ha (0.81 %÷4=0.20 %) and Worm Humus adds 80 kg/ha 

(1.52 %÷4=0.38%) of nitrogen each year to the soil. In order to apply 120 kg/ha of N 

each crop year in the fields, we understand that our compost really provides only a 

fraction of the necessary amount of N. 

3.3 Green Material Weight 
Results of the green material weight measurements are treated according to Kemény & 

Deák (2000). The presented calculations were carried out with Statistica for Windows3, 

using the Visual General Linear Model. 

Before any treatment of the results we should test for the homogeneity of variances: 

Table 11.   Tests of homogeneity of variances. 
(Effect: Compost*Room.)  

 Hartley 
F-max 

Cochran 
C 

Bartlett 
Chi-Sqr 

df p 

Green Material W. 12.82581 .511580 7.919691 5 .160718 
 

Table 12.   Levene's test for homogeneity of variances. 
(Effect: Compost*Room. Degrees of freedom for all F's: 5, 18) 

 MS Effect MS Error F p 
Green Material W. 31.96042 12.03819 2.654918 .057450 

The homogeneity test of Table 11 is acceptable, however Levene’s test in Table 12 

shows a probability very close to 0.05, but still over the critical 0.05. We can assume 

                                                 
3 StatSoft, Inc. (2000). STATISTICA for Windows Tulsa, OK: StatSoft, Inc., 2300 East 14th Street, 
Tulsa, OK 74104, phone: (918) 749-1119, fax: (918) 749-2217, email: info@statsoft.com, WEB: 
http://www.statsoft.com 
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that the variances are homogenous, and we can perform the analysis of variances. There 

is no serious deviation from the homogeneity assumption that would make the ANOVA 

impossible. 

 

Table 13 shows the estimated variances for the random factor Room, along with the 

Compost*Room interaction. (Because we used a mixed model, the interaction is also 

assumed as a random factor. See Appendices for further details.) 

Table 13.   Components of variance (for random factors). 
Effect Variance 
ROOM 32.84375 g2 
COMPOST*ROOM 14.01736 g2 
Error 53.97222 g2 

 

Table 14 shows results of the analysis of variances (ANOVA). The hypotheses tested 

are the following ones: 

H0(Compost): αi = 0  for all i 
H0(Room): σβ2 = 0 
H0(Room*Compost): σαβ2 = 0 

Table 14.   Univariate tests of significance for green material weight (ANOVA table). 
Significant effects are marked with asterisk (*). 

Effect Effect SS Deg.of
Freedom 

MS Den.Syn.
Error df 

Den.Syn. 
Error MS 

F0 p 

Intercept Fixed* 177504.0* 1* 177504.0* 1*  352.0740 .033896*
Compost Fixed* 13410.2* 2* 6705.1* 2* 110.0417 60.9326 .016147*
Room Random 504.2 1 504.2 2 110.0417 4.5816 .165660
Compost*Room Random 220.1 2 110.0 18 53.9722 2.0389 .159172
Error  971.5 18 54.0  

The analysis of variance shows the effect of the factor compost to be significant, we 

reject the null hypothesis (p < 0.05). However, we can accept that effects of factors 

constant temperature room and interaction appear non-significant (p > 0.05). 

For the verification of the normal distribution, we present the residuals on the x-axis of 

a “Gauss-chart” and the expected normal values on the y-axis, according to Kemény & 

Deák (2000). 
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Figure 7. Plot of within cell residuals. 

Figure 7 clearly shows that our points vary randomly around the line, allowing us to 

presume that the residuals – and the experimental results – trace the normal distribution. 

It is reasonable to verify the presence of any systematicity in the way the experiments 

were carried out, thus we have plotted the residuals versus the case numbers on Fiugre  
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Figure 8. Residuals by case. 

We can notice the slightly higher residual of case 9 (BQMP Compost, Room 2, with 

green material weight of 93 g). Other residuals are acceptable and we do not notice any 

systematicity in our tests. If we plot the observed values against the residual values (see 

Figure Figure 9), we can test the possible existence of this other type of regularity. 
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Figure 9. Observed vs. residual values.  

We see that some of the higher values are observed with larger residuals, but not all of 

them hence we can say that there is no present regularity in residuals of observed 

values. 

 

Table 15.   Unweighted means of green material weight by compost 
media and by room. 
(Current effect: F(2, 18)=2.0389, p=0.15917) 

Compost Room Mean 
WestMP Room1 63.8 g 
WestMP Room2 66.0 g 
BQMP Room1 110.5 g 
BQMP Room2 127.5 g 
WormH Room1 70.0 g 
WormH Room2 78.3 g 
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Figure 10. Unweighted means of compost media. 
Dotted lines show means of room #2, values of room #1 are 
represented by a continuous line. 
 

Figure 10 demonstrates well the higher results obtained using BQMP compost.  Let us 

summarise these results in a table: 
Table 16.   Unweighted means of green material weight by compost media. 
(Current effect: F(2, --)=60.933, p=.01615 ) 

COMPOST Mean 
WestMP 64.9 g 
BQMP 119.0 g 
WormH 74.1 g 

 

Table 17.   Unweighted means of green material weight by room. 
(Current effect: F(1, 2)=4.5816, p=.16566) 

ROOM Mean 
Room1 81.4 g 
Room2 90.6 g 
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Figure 11. Results of the plant experiment. 
The crop of each pot was collected in separate plastics trays. 

 

Unweighted means of the constant temperature rooms show that the room #2 allowed 

the barley plants to grow to some extent better but this effect is not significant 

according to the ANOVA table (see Table 14, Page 49). 

The bar plots of Figure 10 (see Page 52) and the means shown in Table 16 (see above) 

suggests that B&QMP is a better media. Contrast coefficients are shown in Table 18: 

Table 18.   Between contrast coefficients  
Testing BQMP Compost. 

COMPOST Cell N CNTRST1 
WestMP 8 -1
BQMP 8 +2
WormH 8 -1

 

The result of testing the B&Q compost media against the two other compost media are 

detailed in Table 19. 

Table 19.   Univariate test of significance for planned comparison. 
Sigma was estimated from SS residual. 

Source Sum of Squares Degr. of Freedom Mean Square F p 
Effect 13068.00* 1* 13068.00* 242.1245* 0.000000*
Error 971.50 18 53.97  

 

We can accept the hypothesis that BQMP compost is different from the two other 

composts. (p is not just less than 0.05 but is very small.) 
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These results proove the reason for the existence of the classification tables 8 and 9 

(page 46), and the usage of Table 10 (page 47) as compost WMP and WormH 

performed very well using the tables for compost qualification. However, the fact that 

the B&Q compost performed much better, suggests us to consider plant availability for 

the nitrogen contained in the compost when measuring the total nitrogen concentration 

in the compost. 
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4. Evaluation 
We would never ever consider the unusual evidence met at the beginning of our 

investigations, that literature covers extraordinarily incidentally the theme of compost 

qualification based on nutritional values. Environmental protection, and more precisely 

waste recycling plays such a key role of our societies nowadays, that we never imagined 

the neglect of qualification at such an extent. 

Consequently, the progress of the research at the initial third stage was very slow, 

hardly being able to designate our work efficient. The situation even seemed almost 

hopeless for a while. It also turned out that we have to work into many different 

disciplines of science to have a certain view, of the way, of the obstacles, of the 

objectives of our commitments. 

Table 20.   The different disciplines of the project. 

Characteristic disciplines and the corresponding processes of the project 

Agrochemistry 
Microbiology  

Botany 
 Plant Cultivation 

Methodology Biometrics Informatics 

Logical 
level of 

the 
process 

Processes of the project 

1. 
Determination of 

nutritional value of 
the compost 

Determination of the 
microflore of the 

compost 

Development of 
qualification method 

Design of plant 
experiments 

Literature 
survey, 

software study

2. Appling N fertiliser 
to the compost Plant experiments 

Classification of the 
compost samples 
with the method 

Establishment of the 
plant experiment. 

Statistical treatment 
of the results 

Computer 
aided data 
analysis  

3. – – 
Planning, writing, 

editing of the 
dissertation paper 

– 
Typing and 

text editing of 
the paper 

The different disciplines and the corresponding phases of the project are summarised in 

Table 20. It can be seen that our work presumed being familiar of theoretical and 

practical issues of seven distinct domains to be able to plan the different tasks of the 

project, to set up the experiments and to analyse and treat the results. While the project 

did not require deep knowledge of mentioned disciplines, the task to sinthetise and to 
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integrate the separate information and to assure secure function of the project was a task 

demanding ambition and devotement to environmental protection. Without question, 

working on the above multidisciplinary theme would be challenging even at home, so 

was it abroad. We could get through with success our obligation only with the many 

selfless help received from our colleagues and friends and with the parallel use of 

computer resources during the limited available time. 

The research came to a head only after making hard arrangements. We were able to 

sinthetize an innovative method for compost qualification only after a long and slowly 

advancing preparation work allowing to integrate the little available information and 

our previous education accumulated during the years of our university formation. In 

other words, both our previous knowledge and literature survey were the basis of the 

development of the new qualification procedure. 
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Figure 12. Efficiency of work over time. 

 

It is interesting, that after the slow initial phase of the research, our work has 

accelerated and nearly every stage the project became increasingly efficient. 

Fortunately, we could carry on the work in Stockton, UK, unveiling new ways for the 

research in the project with the possibility of plant experiments. The changes over time 

of the efficiency of our work are traced in Figure 12. As the diagram shows, the 
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progress was very slow during the first half of the project, however, after the fortunate 

landmark, our task got under way. 

Our project involved several tasks. First, the main task consisted of the development of 

a nutritional content-based compost qualification method. Plant experiments were 

established from a later time attaching to the compost qualification method. 

Microbiological analysis test were carried out separately during the time of the 

dissertation project.  

Microbiology tests 

Plant experiments 

Pr In LSur Inv Res Eva C S Ep PO 

Nutritional qualification of composts 

 
Figure 13. Partitioning the different tasks of the project. 
The weights of the main chapters of the dissertation are also shown 
on the figure. 

 

Figure 13 visualises the relation of the three tasks and shows the different chapters of 

the thesis work in the same diagram. The present paper was written in a certain ten-part 

model. The start-end chapters include the shorter matching Preface/Epilogue, 

Introduction/Synopsis and Problem Outline/Conclusion. The main chapters are the 

Literature Survey, Investigations, Results (analysis of results) and Evaluation. 
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Conclusions 
The nutritional qualification of composts coming from recycled organic wastes became 

a pressing task in our days. The present study tried to cover the possible demands and 

the possible solutions of compost qualification. 

The lack of detailed literature in the domain of the theory and practice of compost 

qualification presented a particular difficulty in our work. Authors cover this topic only 

briefly, and even the major ideas of theory, method and technical requirements of 

compost qualification had to be developed by us.  

Our literature survey covered a great number of sources of various sizes. Waste 

recycling in general, the process of recycling, the importance of recycling and 

composting are among the favourite themes of environmental protection, however 

authors write few words in their chapters dealing with compost qualification in these 

books and reviews. We only found four-five sources incorporating this theme more in 

detail providing point of depart and help to our work. However, the specified pieces 

rather describe limit values of toxic and hazardous compounds found in compost than 

nutritional specifications. 

Investigations were partly based on many domains, involving agrochemistry and soil 

sciences, manure sciences, microbiology, botany, plant cultivation, and biometrics, and 

required a certain attitude of synthesising. Laboratory tests included the determination 

of the concentration of key elements (carbon, hydrogen and nitrogen). Development of 

the nutritional qualification methods of compost was done in parallel with the 

laboratory analysis.  

Our investigations produced promising results. A new method for qualification has been 

established and presented. The nutritional qualification of composts can be based on the  

• nitrogen content that is a capable factor to be at the basis of nutritional evaluation 

of composts, 
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• the adequate N content that varies in the interval of 0-0.8 w/w% for qualification, 

• four different classes that can be formed for a classification based method. 

A system based on nutritional evaluation would permit producing composts providing 

the nutritional content required by agriculture and thus opening a wide market for 

recycled organic waste usage. 

As an evaluation of our entire work, we can say that we had many difficulties at the 

beginning and the investigation take depart slowly. The efficiency of the investigations 

was low at the commencement but after the precise foundation work many promising 

results were concluded. 
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Epilogue 
This thesis project aimed to present the development of a compost qualification method 

from an engineering point of view with many theoretical and experimental examples in 

the discussion. 

During the elaboration of the present work, we have surveyed a great number of 

literature sources presented in the first chapter of the dissertation. Only four-five 

authors write about compost qualification more in detail but this survey helped us to 

discover the fact that improvement compost producing should directly related to later 

usage of compost. 

The second main section aims to show the investigation of the project. The third part of 

our work covers the presentation and the detailed biometrical treatment of the results 

with many tables and illustrations. The evaluation of our work is detailed then in the 

fourth chapter of the paper. 

Based on the investigations and on the obtained results we pointed out that the 

economical recycling of organic waste could be achieved with the planning of the 

overall process including the final qualification and usage of the end product. These 

plans would allow serious advances in recycling organic waste in both small and 

industrial scale waste recycling. 

 

At the early stage of compost qualification, we could get to know only few speculative 

methods exclusively qualifying compost solely by its toxic element content, heavy 

metal concentration. Meanwhile, other attempts considered nutritional content as one of 

the key properties of compost quality. However, these researches were targeted to other 

objectives, writing about details compost quality only in passing, rather than 

emphasizing the importance of compost qualification in environmental protection. 
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We have studied only recently the domain of nutritional compost qualification, too, 

being accelerated by the environmental directives of the European Union. We 

structurised our investigations to detail important aspects and to detail more in depth 

this field of inquiry analysing new, scientific methods. We tried to reveal the 

characteristics of the current qualification trends of composting, to found the 

establishment a professional qualification procedure, showing its practical usage and 

manageability. 

We hope that our present work brings an interesting and important advance to the 

fascinating and challenging world of waste recycling and environment protection. 
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Brief History of Composting 

Let us recall some of the most interesting facts of composting from our history. The first 

mention of returning manures to the soil appeared in the oldest writings in the world, 

clay tablets of the Accadian Empire. The Greeks and Early Hebrews had words for 

compost and Luke 13:8 has an account of manuring fig trees. The Arab Book of 

Agriculture proves processing and use of compost and sets out fertiliser values for 

crushed bones, wool scraps, wood ashes and lime. 

The Romans knew of compost, in that they applied rotted manures to the soil. The first 

recorded use of compost was by a Roman statesman, Marcus Cato, over 2,000 years 

ago! The scientist-farmer Cato viewed compost as the fundamental soil enhancer, 

essential for maintaining fertile and productive agricultural land. He stated that all food 

and animal wastes should be composted before being added to the soil. 

In the Middle Ages, there were accounts of composting and good agricultural practices. 

American President James Madison on 12 May 1818 addressed the following to an 

agricultural society in Virginia, „… The most logical mode of preserving the richness 

and of enriching a farm is certainly that of applying a sufficiency of manure and 

vegetable matter in a decomposed state”. 

Sir Albert Howard, working in India from 1905-1934, first described modern 

composting. He experimented with layers of materials and devised what is now called 

the Indore method after the town of the same name. 
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Environmental Issues of Composting 
Composting is Nature’s way of recycling. Composting decomposes and transforms 

organic material into a soil-like product called humus. Food scraps, leaves and yard 

trimmings, paper, wood, manures and the remains of agricultural crops are excellent 

organic materials that can be composted. 

 

Composting is an important way to recycle – both at home and at work, where organic 

material is used and waste is created. It is estimated that about 50 percent of the total 

waste stream could be composted. Composting not only helps to reduce the amount of 

waste going to landfills, it produces a valuable soil amendment that can improve the 

texture and fertility of the soil.  

 

While composting occurs naturally, the process can happen faster with the help of 

different systems, each designated to manage various types and quantities of organic 

material.  

 

Today composting is increasingly being recognized as a one of the most important 

waste reduction methods. Yard and food wastes make up approximately 30 % of the 

waste stream in the United States with similar figures around the world. There are 

several different reasons why composting remains an invaluable practice.  

 

The standard means of disposal for most yard and food waste include landfilling and 

incineration. Yard waste that is landfilled brakes down very slowly due to the lack of 

oxygen. As it decomposes, it produces methane gas and acidic leachate, which are both 

environmental problems. Landfilling organic wastes also takes up landfill space needed 

for other wastes. Incinerating moist organic waste is inefficient and results in poor 

combustion, which disrupts the energy generation of the facility and increases the 

pollutants that need to be removed by the pollution-control devices. 
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These practices are neither environmentally nor economically sound as composting. To 

deal with these large amounts of organic wastes, composting techniques stand for more 

effective and usually less expensive means of managing organic by-products. They can 

be done successfully on either a large or a small scale, but the technique and equipment 

usage differs. Composting most of the mentioned waste streams would reduce the 

amount of Municipal Solid Waste requiring disposal by almost one fourth. 

 

Besides being an integral part of waste recycling, the mature compost at the same time 

provides a nutrient-rich soil amendment. Compost added to it can replace many 

artificial fertilisers, providing nitrogen, phosphorus, potassium (NPK) of the most 

important nutritional elements and many other necessary micro- and macroelements. 

What is more, compost added to soil improves its structure, texture, aeration, and water 

retention. When mixed with compost, clay soils are lightened, and sandy soils retain 

water better. Mixing compost with soil also contributes to erosion control, soil fertility, 

proper pH balance, and healthy root development in plants. Topsoils are reproduced 

only at the rate of 2-3 cm (about an inch) of every 300-1000 years. The hard-to-replace 

nature of our topsoils makes valuing and protecting them very important. 

Composting in the United Kingdom and in the European Union 
It is assumed that the UK produced 29 million tonnes of municipal waste in 1995 and 

60 % of this was biodegradable. “Municipal waste” is defined in the Landfill Directive 

of the European Union as “waste from households, as well as other waste that, because 

of its nature or composition, is similar to waste from households”. The UK 

Government’s preliminary view is that this should be interpreted as household waste 

and any other waste under the control of local authorities or their agents acting on their 

behalf. The Directive defines biodegradable waste as “waste that is capable undergoing 
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anaerobic or aerobic decomposition, such as food and garden waste, and paper and 

paperboard”. 

 

Under the general principles of an improved management of biowaste, the Community 

encourages among other considerations “the composting or anaerobic digestion of 

separately collected biowaste, that is not recycled into the original material, with the 

utilisation of compost or digestate for agricultural benefit or ecological improvement” 

(European Commission, 2001). For home composting, the Community suggest Member 

States “to encourage home composting whenever there are viable outlets for the 

resulting compost such as private gardens.” Member States shall also ensure that an 

appropriate information campaign is carried out in order to inform the general public on 

how to make compost and to illustrate the benefits for the environment from recycling 

biowaste. On site composting is the primary suggested method for outlets such as 

farmland, cemeteries and public parks of local authorities but therewith fulfilling the 

requirements of Article 4 of Directive 75/442/EEC as amended. Community 

composting should be set up according to community composting schemes with the 

involving of general public in the management of their own waste. 

 

Today green waste disposal and composting are areas of waste management that are set 

to grow rapidly within the UK as targets to reduce the amount of waste sent to landfill 

kick in. The big issues facing the compost and green waste disposal industry are costs, 

markets for the product, standards, quality specifications for the end product and 

environmental controls now being placed by the Environment Agency. 

 

The EC Landfill Directive (Council Directive 1999/31/EC on the landfill of waste) aims 

to harmonise controls on the landfill of waste throughout the European Union, and its 

main focus is on common standards for the design, operation and aftercare of landfill 

sites. It also aims to reduce the amount of methane, a powerful greenhouse gas, emitted 

from landfill sites. The Directive sets three progressive targets for Member States to 

reduce the amount of their biodegradable municipal waste sent to landfill. Not later than 
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5 years biodegradable municipal waste going to landfills must be reduced to 75% of the 

total amount of biodegradable municipal waste produced in 1995, not later than 8 years, 

to 50% and not later than 15 years to 35%. 

The Elemental Analyser 
In the 440 Analyser the C, H, N content in organic and inorganic compounds can be 

determined. Combustion of the weighed sample occurs in pure oxygen under static 

conditions. 

Helium is used to carry the combustion products through the analytical system to 

atmosphere, as well as for purging the instrument. Helium was selected for this purpose 

because it is chemically inert relative to tube packing chemicals, and it has a very high 

co-efficient of thermal conductivity.  

The products of combustion are passed over suitable reagents in the combustion tube to 

assure complete oxidation and removal of undesirable by-products such as sulphur, 

phosphorous, and halogen gases. In the reduction tube, oxides of nitrogen are converted 

to molecular nitrogen and residual oxygen is removed. In the mixing volume the sample 

gasses are thoroughly homogenized at the precise volume, temperature and pressure.  

This mixture is released through the sample volume into the thermal conductivity 

detector. 

Between the first of three pairs of thermal conductivity cells an absorption trap removes 

water from the sample gas.  The differential signal read before and after the trap reflects 

the water concentration and, therefore, the amount of hydrogen in the original sample.  

A similar measurement is made of the signal output of a second pair of thermal 

conductivity cells, between which a trap removes carbon dioxide, thus determining the 

carbon content. The remaining gas now consists only of helium and nitrogen. This gas 

passes through a thermal conductivity cell and the output signal is compared to a 

reference cell through which pure He flows. This gives the nitrogen concentration.  
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Calculations 
Table 21 summarises the details of the calculation of the amount of nitrogen applied to 

the pots in the plant experiment. We used Table 10 (see page 47) to determine the 

applied N in kg/ha. 

Table 21.   Calculating applied nitrogen 

 N content w/w% Applied N kg/ha/year 
(80t compst/ha/4ys) 

Required N kg/ha  
for 120 kg N /ha/y 

g fertiliser/pot 
(34.5 % NH4NO 

WMP 0.42 % 20 100 3.06 g 
BQMP 0.81 % 40 80 2.45 g 
WormH 1.52 % 80 40 1.22 g 

Microbiology Test Results 
Here we show the images taken of the microbiological test results, referenced in section 

3.1. The rows correspond to different media (NA, NA+Amp, Act., Act.+Amp., 

Act.+Glyc., Sab. and Pseu.) while the columns correspond to the different compost type 

(WMP, BQMP and WormH (marked on the plates as WoC)). 

The plates were placed on the special photography table with translucent underlight and 

the images were taken with a Sony Mavica digital camera provided by the laboratory. 
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Figure 14. Images of the microbiological test results - Part I. 
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Figure 15. Images of the microbiological test results - Part II. 
 



 Appendices 

 71 

Statistical Background 

Qualitative and quantitative variables 

A qualitative independent variable is one whose “levels” differ in type. Examples for 

such a variable are type of compost, the different constant temperature rooms in a 

laboratory, or species of barley. The particular “levels” – the specific – types – of the 

variable which are included in the experiment are usually of direct interest to the 

experimenter, in contrast to the numerical levels of quantitative variables, which, as 

previously mentioned, are often less important themselves than for the information they 

provide about some function relating the independent and dependent variables. 

Qualitative treatments are chosen because previous research, theoretical predictions, or 

practical considerations dictate their choice. 

Experimental design of two-way classifications 

In a two-way classification, each factor can be either fixed or random. We are usually 

dealing with fixed variables in our research, with variables whose levels are arbitrarily 

chosen by the experimenter. A second, less frequently occurring, but equally important 

possibility is that the variable is random, i.e. that its levels are chosen from some larger 

population of levels on the principle that all members of the population have an equal 

opportunity to be chosen. 

The distinction between fixed and random independent variables is important to our 

inferential processes. When the levels of the variable have been arbitrarily chosen, any 

inferences about differences among the effects of the levels are limited to the particular 

levels chosen. Having compared the effects of three arbitrarily chosen treatments 

(compost media), it is possible to draw inferences about these three treatments, not 
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about any broader population of treatments. On the other hand, the observed variability 

among the two room states obtained randomly from the big the population of the room 

states leads to conclusions about the variability in the population of rooms. Our 

inferential statements extend beyond the actual levels sampled (the two different rooms 

states) to the broader population from which they were randomly sampled. The 

distinction also has important implications for the analysis of data. If both factors are 

fixed, the model is called a fixed effects model. When both are random, it is called a 

random effects model, and where there is one of each, it is a mixed effects model. We 

assumed the variable A (compost type) as fixed and variable B (room type) as random, 

so this was a mixed effects model in our case.  

This design is of interest because it requires consideration of a more complex analysis 

of within-subjects variability than simple, one-way classification. The design is quite 

common; indeed, three and even four within-subjects variables are frequently 

manipulated.  

Main interests centres on testing the equality of different levels of the fixed effects 

factor (here factor A, compost type) because these are different treatments, products, 

etc. The other factor (here factor B, room type) is a nuisance factor, such as days, 

subjects, and plots of ground, whose levels are viewed as random, because they are 

representatives of a potentially larger group. Testing and estimation of the levels for the 

random effects factor are not of prime importance. 

We used the unrestricted model for testing the effects as described by Kemény & Deák 

(2000). For a mixed model, the fixed effect αi and the random effect βj are tested by 

comparing their mean square (A and B) with the interaction mean square (AB). The 

interaction hypothesis is tested by comparing the interaction mean square with the 

repeated measure’s mean square. 

In the assumptions for the mixed model, the fact that summing the interaction term over 

the fixed factor is zero but summing it over the random factor is not zero affects the 

expected mean squares. 
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Randomisation 

Randomisation guards against the danger of systematic biases in the data. Note that 

randomisation does not ensure that two experimental groups are perfectly matched on 

those variables that might influence the dependent variable. Randomisation does ensure 

that over many replications of the experiment neither treatment will have an advantage. 

In any one experiment, one group could have an advantage (the odd-numbered subjects 

might, by chance higher growth levels), randomisation consider these biases. 

Type I and type II errors 

Type I errors : the null (H0) and alternative hypotheses (H1) have been stated, and a test 

statistic has been selected to provide a basis for choosing between them. The next step 

is the determination of those values of the statistic that will result in rejection of H0 in 

favour of H1. Such values constitute a critical region, a set of possible values of the test 

statistic, consistent with H1, which are so improbable if H0 is assumed true, that their 

occurrence leads us to reject H0. An arbitrarily chosen value, alpha (α), defines exactly 

how probable “so improbable” is. More precisely, α, the level of significance, is the 

probability of obtaining a test statistic that falls within the critical region when H0 is 

true. The rejection of a true null hypothesis is generally referred as a Type I, or α, error. 

Since α is the probability of rejecting true null hypotheses, why not set it extremely 

low? The answer is that decreases in α decrease the probability of rejection of both true 

and false null hypotheses. This effect is called a Type II error. In summary, the 

significance level α of any fixed level test is the probability of a Type I error. That is, α 

is the probability that the test will reject the null hypothesis H0, when H0 is in fact true. 

A Type II error occurs if we accept H0 when in fact H1 is true. 
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Details of Statistical Calculations 
The ANOVA table (Analysis of Variance, Table 14 on page 49) was also calculated in MS Excel 2000 for Windows (in parallel using Statistica 
for Windows) according to the descriptions of Kemény et al. (2000). Figure 16 shows the results while Figure 17 show the formulas this ANOVA 
calculations. 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

A B C D E F G H I J K L M N
Room_I (yi jk-yij.)^2 (yijk-y…)^2 (yij .-yi..-y.j.+y…)^2 yij . Room_II (yi jk-yij.)^2 (yijk-y…)^2 (yij .-yi..-y.j.+y…)^2 yij . y.j. (y.j.-y…)^2

61 7.6 625.0 65 1.0 441.0
62 3.1 576.0 60 36.0 676.0
63 0.6 529.0 69 9.0 289.0
69 27.6 289.0 12.0 63.75 70 16.0 256.0 12.0 66 64.9 446.3
93 306.3 49.0 118 90.3 1024.0
109 2.3 529.0 139 132.3 2809.0
118 56.3 1024.0 122 30.3 1296.0
122 132.3 1296.0 15.3 110.5 131 12.3 2025.0 15.3 128 119.0 1089.0
74 16.0 144.0 81 7.6 25.0
65 25.0 441.0 76 5.1 100.0
72 4.0 196.0 73 27.6 169.0
69 1.0 289.0 0.2 70.0 83 22.6 9.0 0.2 78 74.1 141.0

yi.. 81.4 90.6 86.0
(yi..-y…)^2 21.0 21.0

r= 3
q= 2
p= 4

SS df MS F0 p(F0)
A SA= 13410.3 2 6705.1 60.93 0.01615
B SB= 504.2 1 504.2 4.58 0.16571
AB SAB= 220.1 2 110.0 2.04 0.15902
Rep SR= 971.5 18 54.0
Tot S0= 15106.0 23

Compost

A

B

C

 
Figure 16. Results of ANOVA table calculations perfomed in MS Excel. 
Cells of initial data are shaded (C2-13 and H2-13). 
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

A B C D E F G H I J
Room_I (yijk-yij.)^2 (yijk-y…)^2 (yij.-yi..-y.j.+y…)^2 yij. Room_II (yijk-yij.)^2 (yijk-y…)^2

61 =(C2-$G$5)^2 =(C2-$M$14)^2 65 =(H2-$L$5)^2 =(H2-$M$14)^2
62 =(C3-$G$5)^2 =(C3-$M$14)^2 60 =(H3-$L$5)^2 =(H3-$M$14)^2
63 =(C4-$G$5)^2 =(C4-$M$14)^2 69 =(H4-$L$5)^2 =(H4-$M$14)^2
69 =(C5-$G$5)^2 =(C5-$M$14)^2 =(G5-C$14-$M5+$M$14)^2 =ÁTLAG(C2:C5) 70 =(H5-$L$5)^2 =(H5-$M$14)^2
93 =(C6-$G$9)^2 =(C6-$M$14)^2 118 =(H6-$L$9)^2 =(H6-$M$14)^2
109 =(C7-$G$9)^2 =(C7-$M$14)^2 139 =(H7-$L$9)^2 =(H7-$M$14)^2
118 =(C8-$G$9)^2 =(C8-$M$14)^2 122 =(H8-$L$9)^2 =(H8-$M$14)^2
122 =(C9-$G$9)^2 =(C9-$M$14)^2 =(G9-C$14-$M9+$M$14)^2 =ÁTLAG(C6:C9) 131 =(H9-$L$9)^2 =(H9-$M$14)^2
74 =(C10-$G$13)^2 =(C10-$M$14)^2 81 =(H10-$L$13)^2 =(H10-$M$14)^2
65 =(C11-$G$13)^2 =(C11-$M$14)^2 76 =(H11-$L$13)^2 =(H11-$M$14)^2
72 =(C12-$G$13)^2 =(C12-$M$14)^2 73 =(H12-$L$13)^2 =(H12-$M$14)^2
69 =(C13-$G$13)^2 =(C13-$M$14)^2 =(G13-C$14-$M13+$M$14)^2=ÁTLAG(C10:C13) 83 =(H13-$L$13)^2 =(H13-$M$14)^2

yi.. =ÁTLAG(C2:C13) =ÁTLAG(H2:H13)
(yi..-y…)^2 =(C14-$M$14)^2 =(H14-$M$14)^2

r= 3
q= 2
p= 4

SS df MS F0 p(F0)
A SA= =B19*B20*SZUM(N5,N9,N13) 2 =C23/D23 =E23/E25 0.016147
B SB= =B18*B20*SZUM(C15,H15) 1 =C24/D24 =E24/E25 0.165705
AB SAB= =B20*SZUM(F5,F9,F13,K5,K9,K13=(B18-1)*(B19-1 =C25/D25 =E25/E26 0.159023
Rep SR= =SZUM(D2:D13,I2:I13) =B18*B19*(B20- =C26/D26
Tot S0= =SZUM(E2:E13,J2:J13) =B18*B19*B20-1

Comp ost

A

B

C

 
Figure 17. Formulas of ANOVA table, calculations perfomed in MS Excel - Part I. 
Cells of initial data are shaded. The figure is broken in two parts, columns K-N can be found in the following figure. The function “=ÁTLAG(_:_)” is called 
“=AVERAGE(_:_)” in the English versions of Excel. Probability values p(F0) were calculated seperately in Statistica for Windows. 
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

K L M N
(yij.-yi..-y.j.+y…)^2 yij. y.j. (y.j.-y…)^2

=(L5-H$14-$M5+$M$14)^2 =ÁTLAG(H2:H5) =ÁTLAG(C2:C5,H2:H5) =(M5-$M$14)^2

=(L9-H$14-$M9+$M$14)^2 =ÁTLAG(H6:H9) =ÁTLAG(C6:C9,H6:H9) =(M9-$M$14)^2

=(L13-H$14-$M13+$M$14)^=ÁTLAG(H10:H13) =ÁTLAG(C10:C13,H10:H1 =(M13-$M$14)^2
=ÁTLAG(C2:C13,H2:H13)

 
Figure 18. Formulas of ANOVA table, calculations perfomed in MS Excel - Part II. 
The first Part I showing A-J can be found on the previous page. 
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As we can see from the above figures, statistical calculations require lot of time and 

trouble if doing them “by hand” or with spreadsheet applications. Doing them this way 

– ex. in Excel – also carries the possibility of many typing errors and cell reference 

mistakes. A day was required when calculating just the ANOVA table itself in Excel 

and also typing and error searching (the ANOVA results are shown in Table 14 on page 

49). Thus, we strongly recommend using special software for statistical calculations, 

like Statistica for Windows. With Statistica, not only the ANOVA calculations, but also 

all the tables and figures of Chapter 3.3 were easily generated – with the help of my 

supervisor, Prof. Dr. S. Kemény – in a short hour. However, these software require deep 

statistical knowledge and practice in using the given application. 

 

All the statistical analysis and treatment of results detailed in section 3.3 were 

performed with Statistica for Windows. These caluclations were done by using the 

following parameters: 

Variables: 
 (24 cases with 3 variables) 

1: COMPOST 
2: ROOM 
4: GREENMAT 

Design Effects: 
Categorical effects: COMPOST 

ROOM 
COMPOST*ROOM 

Model specifications: GLM; 
Dependent variable = GREENMAT; 
Groups = COMPOST (1 2 3); ROOM    (1 2); 
Covariate = none; 

Design =  COMPOST | ROOM; 
Intercept = include; 
Lackoffit = no; 
Param = overp; 
SStype = 3; 
Estimate = none; 
SDelta = 7; 
IDelta = 12; 

 

 
Random variable = ROOM; 
Surface = none; 
Mixture = none; 
Repeated = none; 
WDesign = none; 
Sample = none; 
Output = none; 

 
 



 Appendices 

 
 78 

Further Images 
 

In this section we 

present further images 

from the experiments to 

help a better general 

understanding of the 

experimental conditions. 

 

 

 
Figure 19. The commercial composts of the plant 
experiments. 
We used the products called Westland Multi Purpose and 
B&Q Multi Purpose from the local gardencenter. 

 

 

 
Figure 20. The constant temperature room. 
The constant temperature rooms provided stable temperature of 25 ºC and 
stable lighting conditions with tubes optimised for plant growth. This 
image shows room #1. 
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Figure 21. At daytime in the lab. 
The experiments were carried out in the 
Nikon Ecology Laboratory of the 
University. 

 

 

 
Figure 22. Outside view of the constant temperature rooms. 
Both Room #1 (on the right) and Room #2 (in the middle) contained 12-12 
pots. We used a special, so-called, “two-way classification” design to separate 
the effect of the rooms in the variance from the effect of  other experimental 
conditions 
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Figure 23. Barley plants one week after germination. 
The constant temperature rooms provided optimal conditions for the 
plants helping particularly efficient plant growth. 

 

 

 
Figure 24. Plate on the transparent bed. 
Photographs of the microbial test results were done by using a 
transparent bed providing the necessary lighting conditions. In the 
background there are the plates of the experiment (including all 
parallels). 
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Figure 25. Univeristy of Durham, Stockton Campus 
All the laboratory analysises and experiments were carried out in Stockton-on-Tees (UK). 
Our laboratory, the Nikon Ecology Laboratory is situated in the Hollyday Building (on the 
left, behind the purple sign). 

 

 
Figure 26. The River Tees (Stockton-on-Tees) 
The picture is taken from the famous Millenium Foothbridge (opened in 2000). In the 
background, both the historical and the modern architecture of Stockton-on-Tees dominate 
the riverside. 
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