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Preface 
 

In the United Nations Millennium Declaration in 2000 the world’s leaders were united 

in a unique commitment to eradicate poverty and hunger as well as to set the world 

development on an environmentally sustainable pathway. On the other hand, in the 

beginning of the 21st century, when so much has been achieved in terms of scientific 

and technological development, basic sanitation is still one of the most worldwide 

serious concerns. According to the Swedish Environmental Institute, by the end of 

2004, 2.6 billion of people were still suffering of lack of sanitation. To reach the 

Millennium Development Goals (MDG´s) in 2015, about 95,000 households per day 

need to be provided with sanitation services. According to Bellagio, (2000) current 

waste management policies and practices are abusive to human well-being, 

economically unaffordable and environmentally unsustainable, based mostly on 

conventional water closet (WC) toilets as well as centralized wastewater treatment 

systems. It means that a significant pressure over water resources occur due to high 

quantities of high quality water required for flushing. Besides, large quantities of non 

treated wastewater are being discharged into the water bodies causing pollution, 

ecological impacts, human diseases and eutrophication as well. Therefore, 

conventional approaches might not be appropriate to solve the existing problems for a 

variety of reasons. Thus, there is a necessity for a new look at sanitation using some 

principles of sustainability, that should encompass disease prevention, environmental 

and drinking water resources protection, nutrient recycling, affordability, acceptability 

and simplicity.  

Dry composting toilets, when well planned and managed meets necessary health and 

environmental protection. It can treat and sanitize the human excreta and they can 

reduce drastically the amount of water used and discharged in conventional systems 

as well. However, it is reasonable that any dry composting toilet model must be 

evaluated about the feasibility to be implemented; otherwise it may bring several 

constraints for the environment and society.  

Both necessities to implement such non conventional system as well as to carry out 

some studies regarding its function and feasibility, originated this present work. This 

report describes a pre-study of a long-term proposed project, carried out during a four- 

month period addressed to the Terra Munda Dry Toilet System, developed by Mr 
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Bertil Östbo, from Terra Munda AB.  It presents a brief introduction showing the 

relevance of the studied issue and its related constraints; the objective and the goals; 

methods used during the period of the pre-study; the obtained results; suggestions for 

future research as well as some recommendations; and finally the conclusions. It is 

important to emphasize that the presented evaluation was carried out with limited time 

and economical resources, meaning that reliable results should come through a more 

detailed survey.  

To make this ready, I would like to thank Prof William Hogland from the Department 

of Technology - University of Kalmar, my supervisor and with whom i worked 

together. Thank you for the discussions that brought me precious information and 

support for the report. I would like to really acknowledge Dr Marcia Marques from 

the Department of Environment and Sanitary Engineering of the Rio de Janeiro State 

University- UERJ with whom I have been working since the year of 2001 bringing me 

significant academic experience. Thanks for the opportunity to come and work in 

Sweden, to gain and to increase my knowledge regarding environmental and 

sanitation issues. I would like to acknowledge Prof Per Eric Lindgren from Linköping 

University who made the Laboratory of Molecular Biology available for analysis as 

well as to Dr Kristina Samuelsson for her patience and precious help during the field 

and Laboratory work. I want to thank you Dr Diauddin Nammari from the 

Department of Technology – University of Kalmar for the constructive discussions 

regarding the project we had. Mr Viatcheslav Moutavtchi, thank you for your help and 

assistence regarding university arrangements and computer problems. The Governor 

of Kalmar County Mr Sven Lindgren for the support as well as for his concerns 

regarding environmental issues. Terra Munda AB which made this work economically 

feasible and all those have assisted this work. Finally, i want to acknowledge both 

institutions Rio de Janeiro State University and University of Kalmar, that have made 

possible my research here in Sweden through their agreement of international 

cooperation 
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Summary 
 
This report describes the pre-study that takes into account the proposed long-term 

project for Terra Munda Dry Toilet System with future objectives to make a detailed 

assessment regarding the technical, environmental and public health advantages that it 

could bring over conventional Water Closet – WC - as well as other dry toilet 

systems.  

Despite some constraints, such as short period of survey and limited economical 

resources, some partial discussions and conclusions could be made. 

According to ocular observations, the studied reductor presented the organic matter 

within it in a slurry phase in which may be correlated with clogging process, 

disturbing the drainage of the urine content. Nevertheless it was not carried out a 

detailed evaluation of what is really occurring once the inner part of the reductor was 

not opened and checked. Moreover, the access into the underneath part of composting 

reductor is not easy, in which could bring some constraints for the system 

maintenance, once it should be preferably easily done in order to achieve a higher 

efficiency of the process.  

Concerning technical aspects, the system presented low temperature ranges for an 

optimal decomposition of the organic matter in all of the three measured layers: Top 

layers: 19. 6 ºC ± 2. 2; Middle Layers: 22. 81ºC ± 0. 5 and Bottom Layers: 25. 85 ºC 

± 1.44.  Reasonably, these range of temperatures could be correlated with the high 

moisture content (98%) within the container, with consequent low rate of organic 

matter transformation and final mineralization. Literature data have shown that the 

optimum temperature range for the degradation of organic matter as well as for 

pathogen inactivation should be around 55 ºC. Moreover the moisture content should 

be preferably in the range of 50-60%. Concerning gas emissions, ammonia emissions 

were found to be low, and it is a positive aspect once ammonia is responsible for 

odour and atmospheric pollution, though it may be correlated with an improper 

function of the system with low temperatures and low pH. However it is important to 

emphasize that to bring reliable results, it is very important that such a gas monitoring 

process should be carried out continuously and during different seasons year-round  

instead of a one-day sampling as it was made during this preliminary study.  
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Furthermore, according to the results of DNA extraction and Nitrogen concentrations 

(NH4-N, NO2-N and NO3-N), there are large possibilities that anaerobic conditions are 

taking place within the reductor. Both nitrifying and denitrifying bacteria were 

detected in all samples, except on the bottom layer, that only denitrifying bacteria was 

detected, which mean that not only the bottom part, but on other points of the studied 

system there is a lack of oxygen available. Besides, a high amount of NH4-N (3400 

mg/L) and extremely low values for NO3-N were detected meaning that nitrification 

that takes place mostly in aerobic conditions is not occurring. Concerning the Carbon 

to Nitrogen ratio, comparing with literature, the values are low, and according to 

laboratory results C:N ratio is approximately 2, differently from proper values ranging 

around 30. There is a higher content of nitrogen than required for optimum 

composting processe. The solid material (faeces) presented low COD -Chemical 

Oxygen Demand (3700 mg COD/L), BOD - Biological Oxygen Demand (840mg 

BOD/L) compared with literature data, reasonably being correlated with some level of 

transformation and biodegradation. Even though some results of the biological 

characteristics of the studied reductor could be reached the rate of biological 

conversion and the parameters playing as key role within the studied reductor were 

not possible to be precisely determined.  

As regards analysis carried out for trace metals, it is observed that neither Cr 

(Chromium) nor Pb (lead) and Hg (mercury) were detected both in the rest liquid and 

in the solid phase. The solid phase presented values much lower than proposed by 

literature; being reasonable to correlate it with the leaching process played by the 

urine percolation as well as the presence of toilet paper.  On the other hand, the rest 

liquid presented higher amounts due the already mentioned leaching process. 

The preliminary study described here is far to bring all of information needed to 

achieve the principal objectives regarding a better understanding of the system. A 

number of information should still be required to give surety over the hypothesis that 

Terra Munda Toilet system may be an advantageous process comparing with the 

widespread WC as well as other dry toilets. Therefore, some suggestions for future 

research as well as some recommendations are presented in the report. As principal 

recommendations, the container proper insulations and also the room temperature 

shall be taken into account to keep the temperatures in a desirable range for the 

organic matter degradation. Moreover, to achieve a successful treatment and 
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sanitization, a proper maintenance must be continuously done and training activities 

could be recommended for the operators and responsible for the system maintenance. 

A solid conclusion and considerably advantageous is that the studied system showed 

to be absolutely accepted on the aesthetic point of view, with cleaning rooms, modern 

designs with practical and comfortable devices for use. It may be the first important 

step for future spread of the system throughout different regions, once for the 

replacement of conventional water toilets; aesthetics conditions and user 

comfortability must be truly considered. 

Finally, it must be emphasized that presented preliminary study has considered no 

more than the mentioned case study, which means that observed results may not be 

translated to other implemented systems.      
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Sammanfattning 
Föreliggande rapport utgör en förstudie rörande utveckling av det föreslagna 

långsiktigt inriktade projektet rörande Terra Munda torrklosettsystem. Projektets syfte 

är att göra en detaljerad uppskattning beträffande de tekniska och miljömässiga 

fördelar samt de folkhälsofördelar som Terra Munda-systemet kan ha jämfört med 

traditionella vattenbaserade klosettsystem och andra förekommande torrklosettsystem. 

Vissa slutsatser har kunnat dras beträffande systemets användbarhet baserat på en till 

omfattningen begränsad analys. Denna brist är hänförbar till vissa begränsningar av 

förstudiens genomförande, såsom t ex en kort tillgänglig tid för studium och 

begränsade ekonomiska resurser. 

Okulär besiktning ger vid handen att det organiska materialet i den studerade 

reduktorn utgjordes av en slamfas. Detta slam härrörde från processer som proppade 

igen flödet vilket negativt påverkade extraheringen av urininnehållet. En detaljerad 

utvärdering av vad som egentligen utspelade sig i det inre av reduktorn företogs dock 

inte inom ramen för förstudien. Reduktorn öppnades ej heller och kontrollerades inte. 

Vidare var reduktorns undre delar och silen inte lätttillgängliga. Detta hindrar 

underhåll av systemet vilket helst lätt borde kunna utföras för att möjliggöra en ökad 

effektivitet i processen. 

Beträffande tekniska hänsyn så förekom låga temperaturer, i samtliga tre lager 

varinom mätningar har utförts, vilket inte gynnar optimal förruttnelse av organiskt 

material. Följande mätresultat erhölls därvid: översta lagret: 19. 6 ºC ± 2. 2; 

mellanlagret: 22. 81ºC ± 0. 5 och; bottenlagret: 25. 85 ºC ± 1.44.  Troligen beror 

beskaffenheten av dessa uppmätta temperaturintervall på en hög fukthalt (98%) inom 

behållaren samt en genomgående låg halt av omvandlat organiskt material och slutligt 

mineraliserat material. Litteraturstudier visar på en optimal temperatur på cirka 55ºC 

för nedbrytning av organiskt material och för inaktivering av patogena substanser. 

Vidare bör fukthalten ligga inom 50-60%. Beträffande gasutsläpp så befanns 

ammoniakhalterna vara låga. Detta är gynnsamt eftersom ammoniak är 

grundkomponenten i odörer och atmosfäriska föroreningar, även om denna substans 

kan kopplas till dålig funktion av systemet vid låga temperaturer och ett lågt pH. Det 

är mycket angeläget att realisera dylika mätningar för kontinuerlig övervakning av 

gasbildning och förekomst under årets olika säsonger i syfte att erhålla tillförlitliga 
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resultat. Detta föredras framför endagsprover vilket var fallet under föreliggande, 

preliminära studie. 

Enligt resultat av DNA-extration och studier av kvävekoncentrationer (NH4-N, NO2-

N och NO3-N) så föreligger med stor sannolikhet anaeroba förhållanden i reduktorn. 

Såväl nitrifierande som denitrifierande bakterier detekterades i samtliga prover, utom i 

bottenlagret där enbart denitrifierande bakterier detekterades. Detta innebar att inte i 

bara bottendelen, utan också i andra miljöer inom det studerade systemet hade brist på 

tillgängligt syre. Dessutom uppmättes höga halter av NH4-N (3400 mg/L) och extremt 

låga värden för NO3. Detta indikerar att nitrifikation, som primärt äger rum i närvaro 

av syre, inte uppträder. Beträffande relationen mellan kol (C) och kväve (N) så 

föreligger, jämfört med uppgifter i referenslitteratur, låga halter. Laboratorieresultaten 

pekar på ett C:N-förhållande på 2. Detta skiljer sig från de värden runt 30 som 

traditionellt sett anses vara acceptabla. Kvävehalten är högre än vad som behövs för 

komposttoaletter. Den fasta fasen av fekalierna uppvisar ett lågt COD på 3700 mg 

COD/L och ett lågt BOD på  840mg BOD/L, som jämfört med de referensverk som 

studerats är det dock rimligt att dessa värden kan hänföras till föreliggande grad av 

omvandling och nedbrytning av biomaterialet. Det var inte möjligt att exakt fastställa 

graden av biologisk omvandling och de parametrar som spelar en nyckelroll inom den 

studerade reduktorn, även om vissa resultat avseende biologiska karakteristika i den 

studerade reduktorn kunde erhållas. 

Beträffande utförda analyser av spårmetaller kan observeras att varken krom (Cr) eller 

bly (Pb) eller kvicksilver (Hg) kunde detekteras varken i restvätskan eller i den fasta 

fasen. Den fasta fasen uppvisade värden som var mycket lägre än vad som framgår av 

referenslitteraturen. Det anses därvid rimligt att hänföra detta till restvätskeprocessen 

och förekomsten av toalettpapper. Å andra sidan så förekom högre värden i den 

förekommande restvätskan. 

Föreliggande preliminära studie anses inte förmedla all den information som behövs 

för att uppfylla den huvudsakliga målsättningen att uppnå en bättre förståelse för 

systemet ifråga. Mer information behövs fortfarande för att uppnå säkerhet 

beträffande hypotesen om att Terra Munda toalettsystem kan tillhandahålla en 

fördelaktig process som jämfört med de vitt spridda vattenklosetterna och andra 

torrklosettsystem. Vissa förslag på fortsatt forskning och vissa rekommendationer 

framläggs därför i denna rapport. Rekommendationerna är därvid som följer: 

 8







Introduction 
 
Currently, prevailing conventional sanitation systems and concepts are mostly based 

on the traditional water closet and flush toilets (WC-systems), basically a water 

wasting technology that represent a considerable pressure over the existing water and 

natural resources due to its requirement of high amounts of water for flushing 

(Langergraber & Muellegger, 2005). These systems can not be considered either 

environmental friendly or cost-effective solution in both industrialized and developing 

countries (Langergraber & Muellegger, 2005). Water based sanitation models are 

usually implemented with complex and costly plumbing systems to collect and 

transport the human excreta using clean water (potential drinking water) as a transport 

medium (Lettinga et al 2001). The wastewater generated need to be further properly 

treated; otherwise it pollutes the receiving waters (groundwater, rivers and coastal 

areas), creating serious environment and human health threats. The centralized 

sewage systems usually require heavy investments in construction, operation and 

maintenance. These complex systems consume high quantities of energy and chemical 

products, require large areas for construction and emit offensive odour usually matter 

of complain by neighbours.  

 

In the European Community, only 79 of the largest 542 cities have advanced sewage 

treatment and 44% have no treatment or present incomplete primary or secondary 

treatment. In Eastern Europe, despite widespread urban sewage system, there is a total 

lack of even primary treatment of wastewater discharges, resulting in a widespread 

pollution and eutrophication of receiving waters (EU, 2001). 

 

Totally it is required about 40 litres of water per person and day only for toilet 

flushing systems, and depending on the country and the social status, this amount 

increases. In the global scale about 130 million of m3 clean water is contaminated 

annually by faecal and urine disposed via the WC.  Therefore, although widely used 

and accepted, the WC system cannot be seen as a suitable solution for the sanitation in 

a long-term perspective. Environmental problems exist in a world, where population 

growth increase, as well as natural, water and energetic resources are being 

overexploited and consequently depleted.  
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On the other hand, it is not realistic to say that today exist already an alternative to 

replace the conventional WC system that has been fully-tested and compared to the 

WC regarding all relevant aspects (health, environment, public acceptance, economy) 

in a system analysis approach. Neither the urine separation toilet systems nor dry and 

semi-dry systems that have been implemented and spread in some countries have been 

fully assessed in a comparative way with the WC-system. Therefore, acceptance by 

authorities and decision makers is still waiting for more consistent technical, 

environmental, socio-cultural and economical assessment of these options. Untreated 

or inadequately treated sewage is today the most common source of water pollution in 

the world, once it discharges large quantities of persistent chemical compounds, and 

eutrophication elements (nitrogen and phosphorus). Conventional centralized public 

sewer system is expensive even for rich communities.  

 

The most promising existing technological options for toilets should be tested, 

improved if necessary and further implemented, otherwise current unsustainable 

sanitation models based on “flush and discharge” systems will continue to be the most 

common options, particularly in industrialized countries.  

 

The total cost and investments for remediate environmental pollution and treat human 

diseases will be heavy, principally in urban areas of developed and developing 

countries if they continue to discharge untreated wastewater into the open 

environment.  

 

Building-up of persistent toxic substances in groundwater, rivers and lakes, 

intensification of endocrine disruptors and pharmaceuticals products that impact upon 

plant, animal and human reproductive and immunological systems transported by 

aquatic systems have been observed during decades.  

 

 During many decades alternative systems have been individually investigated but still 

no system can compete with the WC, principally in terms of public acceptance and 

because there is still a number of questions to be answered regarding these alternative 

options. Therefore, decision makers need a clear set of criteria well-constructed 

scientifically based and presented in a system-analysis format that put together socio-
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cultural (public acceptance), technical, environmental and economic advantages and 

disadvantages of the most promising solutions. It should be preferably done based 

essentially on ecological principles-solutions, in which nutrients are playing as much 

as possible in a closed loop design. However it is really important to highlight that the 

choice of a new sanitation system is a critical point, because water closet toilet has 

had a strong impact during centuries on the general perception about what is good 

sanitation to the extent that it is frequently perceived as the only acceptable choice. 

Therefore any alternative to replace the WC toilet system must be at least as 

comfortable to use as the WC-toilet in order to be accepted by the users and 

consequently be successfully implemented (Drangert, 2004 apud Langergraber & 

Muellegger, 2005). 

 
 

Grevagården System: Technical Characteristics 
 
The experimental full scale plant in Grevagården consist in 2 dry toilets, 1 latrine, 1 

Urine Toilet and 1 Handy Cap dry Toilet as shown in Figure 1 below. 

 
Figure 1: Terra Munda Toilet System in Grevagården (Photo F. Kaczala) 

 
 

The whole system has 4 reductors (reductors) being filled continuously with human 

excreta and toilet paper (fed-batch process). Among the reductors, one of them is 

loaded by both dry toilet and Handicap toilet, and this double discharged reductor was 

chosen to be sampled and studied.  
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Concerning physical dimensions, the reductors are similar (Figure 3): Height: 1.45m; 

Width: 0.96 m and Length: 1.95 m. The volume capacity is about VT = 2.71m3
, not 

forgetting that this volume is taking into account also the quantity of underneath layer 

of soil filtering the material in the bottom of each reductor. 

 

The Grevagården system has been working since 2003 and it was implemented on the 

beginning of the autumn season. Since then, according to the operator, the system 

presents a distinguished pattern of usage with significant differences between summer 

time and the rest of the year. Reasonably, during the summer, a considerable higher 

usage frequency can be noticed, even though during the whole year it has been 

working and filled continuously with less amounts of organic matter.  

 

The seasonal usage frequency plays a large influence on the system function and over 

the rates of the organic matter degradation as well. Here, it is important to highlight 

the necessity to better understand this frequency variation to bring crucial information 

for a successful maintenance and operation of the system.  

 

Despite this seasonal variation, there are some operational and maintenance 

procedures that must be done continuously. The underneath reductor is a mobile 

device, that is frequently moved to different positions. This model was developed to 

bring real advantages during the composting process and the frequency of this 

movement may play an important issue regarding real benefits for the system (Figure 

2).  
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Figure 2. Principal Scheme over the TM Toilet System (source: Terra
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Another important factor is the frequent maintenance and the cleaning of the toilet 

cabin as well. It was observed that the aesthetic conditions were significantly 

attractive. The process of cleaning has been done uniquely with water and a small 

brush device once a day; nevertheless during the summer time (June to August) he 

does it twice a day, to keep it attractive and to be sure of the public acceptance.  

 

 
 

Figure 3: Terra Munda Toilet Reductor and its dimensions. (Photo F. Kaczala) 
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Objectives 
The overall objective of this pre-study is to verify the hypothesis that Terra Munda 

Toilet System is an advantageous system over the conventional Water Closet (WC) in 

the viewpoint of technical, sanitary and environment aspects regarding human excreta 

on site storage and treatment. 

 

Goals 
The field work aimed to gather information and knowledge to understand the system 

prevailing conditions within the studied reductor and have a general idea about the 

composition of the organic matter being stored and treated (Human excreta and toilet 

paper) as well as the stratification process as a consequence of the biological 

transformation and degradation. 

  

In this field investigation, current obtained results should be taken into account for 

future studies to confirm and give surety over the hypothesis concerning 

environmental, sanitary and technical feasibility. The present study is limited 

regarding time and economic resources taking into account field investigations in dry 

toilet system such as Grevagården 

   

Methods 
Initially the study was addressed to an extensive literature survey for the collection of 

scientific information regarding dry toilets and the way of storage, treatment and 

sanitization of the human excreta (Kaczala, 2006). Several data were acquired 

regarding different existing models and additionally, strong effort were addressed to 

better understand the principal chemical and biological processes that usually take 

place in organic composting towards mineralized products. These data were quite 

significant for the discussions presented in this report as well as suggestions for future 

studies.  

 

As a second step a field work was carried out on October, 27th, 2005. One redactor 

was randomly chosen and sampled for the experimental procedures. Besides the 

organic matter, atmospheric emissions were also sampled for analysis once it is well 
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known that gas production and odour emissions are considerable constraints in 

compost processes (Smet et al., 1999, Hong & Park, 2005; Schlegelmilch et al., 

2005), bringing severe nuisance for users and environmental impacts through 

greenhouse gas emissions. 

 

The sampling basically was divided in two objectives: a) Gas emissions and b) 

physical and microbiological characteristics of the organic matter, c) rest liquid.  

Regarding gas emissions, the efforts were addressed to sampling Volatile Organic 

Compounds (VOC´s), Methane (CH4) and Ammonia (NH3). The parameters measured 

on site were: temperature (ambient and organic matter), in different points, and 

methane emissions. 

 

This field work was carried out by: Prof. William Hogland (University of Kalmar), 

Civil Eng. Fabio Kaczala, MSc (Terra Munda AB), Leif Nilsson (Mät Fakta AB), 

Lennart Andersson (Toilet Operator of Grevagården) and Biol. Kristina Samuelsson, 

PhD (Linköping University).  

 

Sampling Procedures 

VOC´s (Volatile Organic Compounds) 

The VOC´s were sampled randomly at three defined points. The sampling points 

were: the studied reductor, the toilet facility nearby and the toilet ventilation system 

connected to the chimney. Adsorbent Tubes (SKC - Anasorb® Coconut Shell 

Charcoal) connected to a pump device with regulated flow rate of 100 ml/minute were 

used to sample the material (Figure 7 and Figure 10).  

Methodological requirements concerning the period of adsorbent tubes exposure were 

followed. Different periods of time as described below were taken into account: 

Toilet Studied Reductor: Sampling of 15 minutes, 30 minutes, 45 minutes and 60 

minutes.  

Nearby Area: 15 minutes, 45 minutes and 60 minutes  

Ventilation System connected to the chimney: 15 minutes and 80 minutes 
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Ammonia:  
Ammonia was sampled in the ventilation channel directly connected to the chimney 

(Figure 8). This ventilation point drains continuously all gases produced in: Three 

toilet rooms, one urine room and one latrine room. The ammonia emissions were 

collected by impingers that are a specific collection device designed for sampling 

wide-ranging compounds in air, like a broad variety of gases, bioaerosols, and 

particulate matter. It consists in a glass bubble tube, filled with 10 ml of HCl, 0.1 

Molar, stimulating the reaction with the NH3 (basic analytes), once HCl is a strong 

acid (pKa= -7) with completely favourable dissociation process. 

Concerning ammonia sampling methods; it followed some procedures in terms of 

pump period through the sampling device as well. Two different periods were carried 

out; being the first sampling period of 10 minutes and the second 60 minutes.  

 

Methane:  
During the field work a short period was addressed to check the presence and the 

quantity of methane (CH4). The gas analyzer device used was the Methane Gas 

Detector SR-3-Ex, manufactured in Germany (Figure 11). It consists in a special and 

flexible rubber tube connected to the principal equipment that through a manual 

movement may detect the presence of methane.  

 

Temperature:  
Temperature measurements were made on site, using a digital hand held Thermometer 

Model Therma 1, manufactured by ETI.LTD (Figure 9). Besides ambient temperature, 

the organic matter temperatures were measured in three different parts along the 

reductor height: Top layers (13 to 17 cm from the surface), Middle layers (36 to 42 

cm from the surface) and Bottom Layers (72 to 78 cm from the surface). The 

temperature was randomly measured in 6 different points (P1, P2, P3, P4, P5 and P6) 

within the reductor. The outline presented in (Figure 4) describes in details all 

measured points. 
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     X=0.96 m, Y=1.95 m 

 
Figure 4: Schematic view of temperature sampling points and respective layers (Top  

View and Cross Section View) 
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Faeces and Leachate Sampling: 
 
Faeces and leachate sampling were also carried out at random. It is important to 

emphasize that in Grevagården Toilet Plant, the organic matter sampling within the 

reductor is a complicated practice, once the underground have a problematical access, 

with not much area to handle tools for sampling. Therefore, instead of sampling in a 

large area with a representative approach, it was mostly sampled in the ordinary toilet, 

as it was easily reached. Six samples of faeces (S1, S2, S3, S4, S4, S5 and S6) and 

two samples of leachate (L1 and L2) were taken out, encompassing different layers. 

These are explained and presented in Figure 5 and Figure 6 as follows: 

 

Faeces 

S1-From the surface: 20- 27cm below 

S2: From the surface: 25-35cm below  

S3: From the surface 25-35cm below 

S4: From the surface: 6 cm below 

S5: From the surface: 5 cm below  

S6: In the crossing point between the middle and bottom layers. It was made a large 

hole downwards the bottom, reaching the organic material in an absolutely slurry 

phase, due to elevated urine content that was not well drained through the sieve 

device. In face of this, only a rough estimation of this layer depth could be done. It is 

about 50-60cm from the surface) 

 

Leachate: 

 L1: From the surface 50-60 cm. 

 L2:  From the surface 50-60 cm.  
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Figure 5: Schematic view of faeces sampling points 
 
 

 
Figure 6: Schematic view of Leachate sampling points  
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Figure 7: Anasorb® CSC Sorbent Sample Tubes 

 
 
 
 
 

 
Figure 8: Ammonia Sampling in the Ventilation System 
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Figure 9: On site Temperature Measurements 
  
 
 
 

 

 
Figure 10: Coconut Shell Charcoal Sorbent Sample Tubes in Ventilation System  
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Figure 11: Methane detector used during field investigation 

 
 
 
 
 
 

 
Figure 12: Organic material in a slurry phase in the bottom layers. 
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Table 1: Temperature Sampling Points and their Respective Results 
Temperature (ºC) Sampling Point Bottom Middle Top 

P1 27 23 21 
P2 24.6 22.3 17.9 
P3 25.7 23.3 23.4 
P4 26 22.7 17.8 
P5 27.8 22.2 19 
P6 24 23.4 18.4 

Average 25.85 22.81 19.6 
Standard Deviation ± 1.44 ± 0.5 ± 2.2 

Coefficient of 
Variation 5.57% 2.20% 11.22% 

 

The first reflections about the results can be correlated with either heat loss due to 

high moisture content or no heat generation due the lack of microbial activities. The 

microbial activity and its correlation with temperature can be seen as a cycle, in which 

the degradation of organic matter produce heat, increasing the temperature, and higher 

temperatures keep microorganisms metabolism with consequent high rate of 

degradation. However, the system did not show any indication of this condition in 

face of measured low temperatures.  

 

Low range of temperature could influence the proposed treatment and sanitization of 

human excreta on site. According to Liang et al., (2003) temperatures of composting 

materials below 20oC have been demonstrated to significantly slow or even stop the 

composting process. Additionally they found that optimum temperatures for 

composting should be between the ranges of 52 – 60oC. They concluded that up to 

55ºC the microbial activity is still high; falling considerably up than 60ºC. 

Nevertheless some data in literature also affirms that temperatures between the ranges 

of 35ºC to 45ºC are also efficient in terms of treatment, but not for pathogen 

inactivation. 

 

Regarding heat generation, according to Sundberg, (2005) during aerobic 

decomposition of organic substrates, the chemical energy released as heat is 

considerably large. Calorimetrically, about 15-19 KiloJoules * g-1 of decomposed 

organic matter is released from composting organic waste. In terms of oxygen, about 
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21 kJ g-1 of oxygen consumed is released (Sundberg, 2005), which means that the 

system have some problems affecting the microbial activity.  

 

Concerning the reductor as a whole, in the Bottom layer, the measured temperatures 

could be acceptable to present these range of values, once when degraded and totally 

mineralized, the organic matter temperature tends to be neutralized with the ambient 

temperature after some period of time. However, it should not be the case of layers 

with fresh excreta (top layers) that have presented also low temperatures. Even in 

lower temperature environment (25ºC < T < 40ºC, called mesophillic ambient) that 

could stimulate and sustain microbial activities, the studied system when taking into 

account the middle and the top layers showed to be mostly at lower temperatures. 

 

An additional possibility of lower temperatures can be reasonably correlated with high 

moisture content (it is discussed in further topics) as already pointed out, once the 

organic matter can be significantly cooled and the temperature is kept in a low range 

of values. Moreover, higher moisture could bring negative environment and inhibits 

aerobic activity that release more energy than anaerobic metabolism does. 

Consequently, even with microbial degradation, if anaerobic conditions occur, the 

heat generation and its potential to keep the temperature are considerably lower.  

 

Regarding possibilities of heat loss and principal causes, an additional consideration 

could be made. According to Weppen, (2001) though a compost reductor is well 

insulated, 60% of the produced heat can be lost. It can be lost, either by conduction, 

radiation or with the air passing through it (Sundberg, 2005). According to Haug, 

(1993) this situation is common in cold climate countries where the reaction rates and 

energy release are less than the heat loss, which means a negative energy balance. 

 

Composting toilets have not only the purpose to stabilize the organic matter, but it 

should preferably disinfect and create conditions for die-off of human pathogens. 

However when the ambient is under low temperature, pathogens are able to survive 

for long periods, principally viruses, that have extremely low infective doses. 

According to Schönning & Stenström, (2004), it is strongly recommended to treat 

human excreta through thermophilic digestion (50 ºC for 14 days) or in a well aerated 
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heap for at least one month at 55 – 60 ºC (+2-4 months for further organic 

stabilization). Consequently it is necessary to maintain the temperature in such 

specific ranges to guarantee the correct and safe sanitization of the compost; 

otherwise it can bring hazards for those that afterwards will handle, collect, transport 

and finally dispose it. Depending on the final disposal, it can still pose serious 

constraints for a long period.  

 

Finally, it is essential to highlight that detected temperatures within the process, are 

neither environmentally adequate nor hygienic way to sanitize the human excreta. 

 

Methane 

During anaerobic decomposition, one of the end products released by microbiological 

activity is methane. There are large possibilities that anaerobic conditions are 

occurring on the bottom layers, once it has too much water content, in addition to a 

considerable concentration of nitrogen (due to urine), bringing optimal conditions for 

oxygen depletion, and further gas production.  

During the field work, it could be clearly observed that gases were being produced 

and released upwards from the underneath layers. When the top layers were dug out 

the leachate at the bottom was noticeably bubbling, emitting bad odours and an 

enormous nuisance was felt. Despite the use of the methane detector, no methane 

emissions could be detected. Regarding these result, the bad odours and gases may be 

correlated with the presence of compounds such as sulphate that under anaerobic 

conditions is generally used before it’s totally depletion producing sulphide gas with 

strong odour. Therefore, organic matter through anaerobic decomposition would 

preferably emit methane only when compounds such as Nitrate and Sulphate are 

under low concentrations and almost depleted (Haug, 1993), being possible that these 

common situation is occurring in Grevagården. Besides, bad odours can be correlated 

as well with Volatile Fatty Acids, once in anaerobic conditions are taking place, and 

organic fatty acids are biologically produced. 
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Laboratory Analysis 

Ammonia 
Ammonia is one of the main compounds responsible for generation of offensive 

odours and atmospheric pollution regarding organic waste composting, principally 

with high nitrogen content (Pagans et al., 2006), once Ammonia (NH3) is generated 

from decomposition of nitrogenous material, i.e. proteins and amino acids (Liang et 

al., 2006)  

As already described, during the field investigation, ammonia emissions were 

measured at the chimney, consisting on the drainage point for the gases generated by 

the whole system: three toilet rooms, one urine room and one latrine room.  However, 

surprisingly, as it may be observed according to Table 2, the emissions are 

considerably low, and these values bring some reflections concerning the studied 

system. However, a recent study carried out by Pagans, et al., (2006) have observed 

the same range of emissions from an anaerobically digested sludge for similar 

temperatures. 

 
Table 2: Ammonia Emissions according to sampling period and Temperature 

 

Sampling Period 

 

Ambient Temperature 

 

Emissions (mg/m3)

 

10 minutes 

 

14 ºC 

 

2.5 

 

60 minutes 

 

10 ºC 

 

2.0 

 
 
Literature data have shown that temperature, pH, initial ammonium content (Pagans et 

al., 2006, Liang et al., 2006), microbial activity (Beck-Friis et al., 2001), moisture 

content and aeration rate (Liang et al., 2006) are the most important parameters 

affecting the amount of nitrogen emitted as ammonia in composting processes.  

According to Beck-Friis et al., (2001), a considerable observed low emission of NH3 

during decomposition of organic wastes was highly correlated with low pH as well as 

low microbiological activity due to acid inhibition.  
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Grevagården studied system can be considered to have similar behaviour, once some 

parts, principally on the bottom layers it presents large possibilities to be under 

anaerobic conditions, with the presence of organic acids and consequently low pH and 

microbiological inhibition.  

 

Another consideration that could give surety of low aeration and anaerobic conditions 

can be made based on observations of Liang et al., (2006) in which NH3 volatilization 

increased remarkably with the increase of air supply and a positive and linear 

correlation between NH3 volatilization and aeration rate (correlation coefficient of 

0.714) was found indicating that aeration was one of the most important process 

parameter that controls NH3 volatilization during composting. 

 

Besides the usage of oxygen up take rate as an indicator for microbial activities, 

ammonia emissions have been proposed to be an indicator as well (Pagans et al., 

2006), which means that it could be considerably useful to monitor the global 

microbial activity of the composting process taking place in Grevagården. 

Nevertheless, it is important to emphasize that such monitoring process should be 

carried out continuously, instead of simply one-day period of ammonia sampling as it 

was made during this study. 

 

Moreover, as largely described in the literature, the temperature seemed to influence 

the emissions as well (Table 2), however once more being emphasized that this study 

does not have the possibility to give surety regarding this correlation. Pagans et al., 

(2006) have observed a strong correlation between ammonia emissions and 

temperature values. During higher temperatures (> 50ºC) there was observed an 

exponential increase of ammonia when increasing the temperature, whereas in 

mesophilic stages (25ºC < T < 40ºC) there was observed a linear correlation of 

ammonia emissions when increasing temperature. However similarly to pH, the effect 

of compost temperature on ammonia emissions is not yet clearly understood (Beck-

Friis et al., 2001)  

 

 

 

 32



Molecular Analysis 
 
According to the results of DNA extractions, both aerobic and anaerobic conditions 

within the reductor were guaranteed. It can be observed on the PCR (Polymerase 

Chain Reaction) analysis (Figure 14) that both nitrifying and denitrifying bacteria 

were detected, except on sample L1 where only denitrifying bacteria were detected. 

While Nitrifying bacteria are essentially aerobic, Denitrifying are anaerobic, once 

they metabolize nitrogen compounds with the assistance of the nitrase reductase 

enzyme which can only be synthesized under anaerobic circumstances. However, 

besides the sample L1, all samples presented both types of bacteria, which mean that 

not only on the bottom part, but on other points of the studied system anaerobic 

condition is definitely taking place. 

 

Table 3: Amount of extracted DNA 
Samples µg DNA g wet 

weight-1
µg DNA l-1

S1 
S2 

77.9 
58.2 

 

S3 50.7  
S4 70.0  
S5 89.1  
S6  1475 
L1  4850 
L2  2550 
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Figure 13: Results from PCR amplification using universal bacterial primers (A), 
ammonia-oxidizing bacteria specific primers (nitrifying bacteria, B) and denitrifying 
specific primers (nir K, C).  - : negative control, +: positive control. 
 
 
 

 
 

Figure 14:  Results from DGGE analysis using universal bacterial primers. Each band 
corresponds to a specific bacteria population. 
 
 
This current situation could be disadvantageous for the toilet system regarding the 

longer period required for the organic matter degradation as well as large possibilities 

of odorous gas emissions, such as sulphide compounds and methane.  
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Moisture Content  
 
During the field observations, it could be seen two distinct prevailing conditions 

within the studied reductor. Firstly, the reductor seemed to be under moisture 

saturation from the middle layer into the bottom, whereas the upper layers showed to 

have also high moisture content, however not totally saturated. However, according to 

laboratory results, in a sample taken out from the upper layer of the container a 

moisture content of 98% was detected, meaning that upper layers were almost in a 

saturated form. Serious constraints can be reflected as a consequence of this situation, 

and according to Haug, (1993) the microbial activity peak performance in composting 

processes and the degradation of fresh organic matter should preferably occur in the 

range of 50-60% ( relative to the total weight) of moisture content.  

 

Under saturation levels as observed, the void spaces are totally filled causing the low 

rate of oxygen mass flow and consequently anaerobic conditions, confirmed through 

DNA extraction as already mentioned. As a result, the organic matter degradation is 

rather slow, with lower heat and energy generation. It can be correlated with high 

amounts of BOD, COD, TOC and NH4-N (Table 4), being the latter due to improper 

environment for nitrification. These correlations are discussed in further topics. 

 

Another subject of concerns is that when organic matter is decomposed in anaerobic 

conditions, a number of organic acids - such as acetic and lactic acids - are produced 

through microbial metabolism. These acids are extremely toxic to the microbial cells, 

principally in low pH (Sundberg, 2005). Furthermore some of these acids have 

considerably high vapour pressure with easy volatilization, causing bad odours and 

environmental impacts for the atmosphere.  

 

In addition an emphasis should be given regarding the high proportion of nitrogen in 

the moisture content due to the non urine diversion process. After a while, it is 

reasonable to believe in serious constraints once the proteins in urine start to be 

decomposed and as a result ammonia is released, reason why considerable amounts 

NH4-N (Table 4) were detected in the faeces content. 
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Nevertheless, it is difficult to predict the moisture content in different parts of the 

redactor, once random samples were collected. However, with an exception of the 

very upper layer that showed to be hard and dry, visually, the entire reductor seemed 

to be under high moisture content. The right amount of moisture content is a real 

challenge regarding which and how maintenance and operational processes ought to 

be implemented. However it is extremely important to find out an ideal range and 

assure that moisture is high enough to guarantee the biological activities, but on the 

other hand not so high that free air space are eliminated and oxygen mass transfer is 

disturbed.  

 

Nutrients and Carbon to Nitrogen Ratio 

Both carbon and nitrogen are the most important elements for microbial growth 

(USEPA, 1995). In general, an ideal ratio for composting is considered to be in the 

range of 20-30:1 carbon: nitrogen (USEPA, 1995). Higher ratios tend to retard the 

decomposition process. When there is low nitrogen concentration, the microbial 

population will not grow to their optimum ranges and then, the composting process 

kinetics will slow down. Moreover, when existing high amounts of carbon, 

microorganisms are forced to go through additional cycles of carbon consumption and 

cell synthesis in order to burn off the excess carbon as CO2 (GTZ, 2000).  

Regarding the studied reductor and the C:N ratio, some appointments can be 

considered. According visual observations the urine content has not been drained in a 

proper way and reasonably, there is a comprehensible tendency of nitrogen building 

up in form of ammonia within it. Hence it can seriously perturb the correct function of 

the System in several ways. According to Jönsson et al, (2004) in case of composting 

toilets with non-urine diversion; the Nitrogen input to the compost is increased by the 

quantity of 3-8 times which means that to keep the desirable ratio of nutrients, 

additional supply of carbon should be introduced besides human faeces. This situation 

can be clearly observed in Table 7 presented bellow, in which a high ammonia content 

was detected in the solid matter, pushing the C:N ratio down to approximately 2, in 

which is considerably far from the ideal values recommended by the USEPA as 

already mentioned. 
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Moreover, an optimum establishment of the Carbon: nitrogen ratio within the system 

must be based on the available amount of carbon rather than the total carbon present. 

This is a common issue when dealing with carbon materials that can present both 

cellulose and lignin in their components, once these compounds have significantly 

low biodegradability due to stable molecular forms. On the other hand, regarding 

Nitrogen and assuming that all nitrogen is easily degraded, the reliable C: N ratio for a 

proper operation should be based on the total nitrogen content of the organic mass. 

Thus, it means that a C/N ratio of 30 within a system where high lignin and cellulose 

content is prevailing could be too low for ideal composting once a certain percentage 

of the carbon is not easily available for microbial activity. It means that the nutrient 

ratio at the studied container could be even farther of the ideal ratio than it seems to 

be, due to besides human faeces, the carbon sources within the redactor are toilet 

papers, that are too much stable and can not be easily degraded and stabilized.  

 

In face of these facts, according to laboratory results, the evaluated container have 

considerably low C:N ratio, since the carbon sources readily available for 

decomposition are uniquely coming from human faeces and the Nitrogen content is 

too high due the presence of urine.  

 

Table 4: Laboratory results for Nutrients in solid matter (Faeces + Toilet Paper + 

Urine) and C:N ratio 

Parameters Detected Values (mg/L) 

TOC (Total Organic carbon) 2600 

NH4-N (ammonium) 3400 

NO2(Nitrite) 0.96 

NO3 (Nitrate) <0.01 

P (Phosphorus) 320 

K (Potassium) 2800 

Carbon:Nitrogen Ratio 2.3 

 

 
 
 
 

 37



Minerals and Trace Metals 
 
The content of heavy metals is one of the numerous parameters characterizing the 

quality of municipal organic compost (Ciba et al., 1999). However, on the other hand, 

as regards human excreta and the presence of such compounds, according to Vinnerås 

& Jönsson, (2002), nutritional consumption of trace metals is insignificant. 90% of 

consumed metals are excreted in faeces instead of urine, mainly due to the minor rate 

of biological usage of heavy metals regulating their uptake and thereby their excretion 

(Vinnerås, 2002, Vinnerås & Jönsson, 2002). 

 

It can be observed in Table 5 and Table 6 as follows the results for trace metals 

analysis carried out in this present study as well as values presented in literature. Both 

liquid (rest liquid collected after percolation through the reductor) and solid phase 

were sampled and analyzed. It is important to emphasize the solid phase consisted in 

faeces mixed with toilet paper with a moisture content of 98%, as already mentioned. 

Reasonably, assumptions that such material might be considered to have the same 

density values (1 kg/L) of water were done. Additional aspects to be highlighted are 

that Table 5 and Table 6 are based on proposed values by Vinnerås, (2002) that faeces 

and urine production is on the range of 45 kg p-1*y-1 and 450 l*p-1*y-1 respectively. 

 

Table 5: Trace Metals amount for the rest liquid and data found in literature.  

Trace 

Metals 

Rest 

Liquid1 

(µg/L) 

Swedish 

Norms2 

(µg/L) 

Proposed 

values3 (µg/ 

L) 

Cu 250 82 82 

Cr - 82 82 

Ni <50 5.7 5.7 

Zn 760 36.4 36.4 

Pb - 1.62 1.62 

Cd 30 0.82 0.55 

Hg - 2.4 0.66 

1- Present Study; 2 – NV, (1995); 3 – Vinnerås, (2002) 
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Table 6*: Trace Metals amount for the solid phase and data found in literature.  

Trace 

Metals 

(Faeces + Toilet 

Paper + urine)1

(mg/L) 

Swedish 

Norms2 

(mg/L) 

Proposed 

values3 

(mg/L) 

Municipal Sludges 

in Sweden4 (mg/ 

kg) 

Organic 
Municipal 
Compost5 

(mg/kg) 

Cu 0.28 8.88 8.88 270 94 

Cr - 0.16 0.16 23  

Ni <0.05 0.6 0.6 12 30 

Zn 0.93 86.6 86.6 450 3400 

Pb - 0.16 0.16 27 550 

Cd <0.03 0.08 0.08 1.1 8.5 

Hg - 0.51 0.07 0.8  
1- Present Study; 2 – NV, (1995); 3 – Vinnerås, (2002); 4- Hultman et al., (2000); 5-Ciba et al., (1999) 

 
 
According to Table 5 and Table 6 it can be observed that it was not detected neither 

Cr nor Pb and Hg both in the rest liquid and in the solid phase. According to Vinnerås, 

2002, the amount of Cd, Hg and Pb consumed in the Swedish society has decreased 

during recent years, which could be the principal cause of no detection of Hg and Pb 

as well as low concentrations of Cd though it was higher than established by Swedish 

Norms as regards the rest liquid. Nevertheless, higher values could be correlated with 

metals present in faeces that have been carried downwards into the liquid collection 

bucket.  

 

On the other hand, regarding the solid phase, the values were much lower; being 

reasonable to correlate it with leaching process as well as the presence of toilet paper.  

Some percentage of toilet paper was present in each litre of sampled solid which 

means the detected amounts in it might be decreased as observed. 

 

An important aspect is that comparing with values for the municipal sludge (Table 6); 

it can be observed the advantageous aspect of having source separated systems of 

human excreta rather than municipal sewerage combined systems of domestic 

wastewater, industrial wastewater and with some extent stormwater. It eases the 

human excreta management and treatment as well as making it suitable to be further 

used for agricultural and soil improvement purposes. 
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Biological Oxygen Demand (BOD) and Chemical Oxygen Demand 
(COD) 
 
According to Chaggu, (2003) both BOD and COD are variables of extreme 

importance regarding Faecal Material, once these are useful indicators of the 

biological conversion extent of the accumulated material. According to this author, 

both parameters are unknown and there is a lack of scientific data regarding the 

dynamics of organic matter degradation on human excreta as a consequence of the 

inexistence of systems properly developed for research purposes. Necessities of 

continuous monitoring processes are reasonable, once whereas prevailing aerobic 

conditions generally take place on the upper surface – air interface part, within the 

heaps, anaerobic conditions prevail (Chaggu, 2003). As already described the present 

study was carried out based in one-day sampling programme, meaning that the rate of 

biological conversion and the parameters playing as key role within the studied 

reductor were not possible to be precisely determined. Table 7 and Table 8 present 

results of laboratory analysis for BOD and COD contents. Besides, literature data 

regarding urine and faeces can be observed as well. 

 

 
Table 7: COD and BOD results and literature values for human excreta solid phase 

Variables Solid Matter1

(Faeces + Urine + Toilet Paper) (g/L) 

Faeces2 

(g/L) 

Faeces3 

(g/L) 

BOD7 0.840 - 184 

COD 3.7 46.23-78.1 303 
1- Present Study; 2- Chaggu, 2003; 3 - Jönsson et al., 2005 
 
 
 
Table 8: COD and BOD results and literature values for liquid phase 

Variables Rest Liquid1 (mg/L) Urine2 

(g/L) 

Urine3 

(g/L) 

BOD7 0.250 - 4.00 

COD 0.630 12.79 6.89 
1- Present Study; 2- Chaggu, 2003; 3 - Jönsson et al., 2005 
 
 
 
 

 40



According to the results some preliminary discussions can be highlighted. As regards 

either the solid matter or the rest liquid it can be observed that both variables within 

are much lower compared with data presented in literature. Indeed, it should be once 

literature data are concerning fresh excreta, whereas the sampled matter is supposed to 

have already some biological transformation and degradation. According to Chaggu, 

(2003), while sampled faecal material in EcoSan Latrines at Majumbasita, Tanzania 

with 4 months of storage had 73. 7 g COD/L, with 6 months and 8 months it had 51.8 

g COD/L and 33.3 g COD/L respectively, giving a high coefficient of Regression 

(R2=0.9976). By interpolation, assumptions can be made regarding the detected 

amount of 3.7 g/L of COD (Table 7) for solid matter within the studied reductor in 

Grevagården as well as the storage period, bringing a storage period of 12 months. On 

the other hand, it is important to emphasize that just assumptions can be done, once 

the conditions (external and internal) are supposed to be totally different between 

Sweden and Tanzania, principally taking into account temperature and dietary 

characteristics. Besides, the sampled material within the studied reductor is made up 

of Faeces + toilet paper. 

 

Even though some results of the biological characteristic of the studied reductor could 

be brought, this type of monitoring should be preferably done continuously once it has 

a dynamic behaviour, with different rates and performances relying in a number of 

aspects. 

 

Furthermore, hopefully some laws and guidelines will be developed and established in 

order to guide and give the threshold of different variables that all, dry toilet systems 

with no exception should comply in order to be properly implemented and provide 

environmental and hygienic fertilizers and soil improvements in an environmental and 

hygienic proper way to finally close the nutrients and trace elements natural cycle. 

 

Field work observations 
 
Through ocular observations it is difficult to present a consistent conclusion 

concerning the system behaviour and the biological dynamics taking place within the 

reductor in terms of the degradation rate, stratification process in different layers as 
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well as sanitary aspects regarding microorganisms decay and inactivation. However, 

some interpretation and idea of what is occurring might be given.  

 

During the field investigation, the studied reductor seemed not to be working in a 

proper way, with negative consequences for stabilization and sanitization of the 

organic matter, even though it can not be totally confirmed due the lack of continuous 

monitoring and scientific data. However, some principal aspects could be highlighted 

and considered as key factors for future studies and possible answers about the best 

technical options to overcome such probable constraints.  

 

There are some aspects that could be discussed at the Grevagården system: a) pH 

uncertainties, b) clogged sieve device. 

 

Each of these aspects can be correlated either directly or indirectly with negative 

outcomes for the process bringing far desirable conditions for the sanitization and 

stabilization of the organic matter. These issues are discussed in the next topic. 

 

pH Uncertainties – Buffer Capacity 

It was already mentioned that anaerobic conditions took place on different parts 

within the studied reductor. Reasonably, the inhibition of microbial activity due the 

production of organic acids in this particular environment may be expected. Organic 

acids are formed during anaerobic fermentation of organic matter resulting in decrease 

of pH. However, organic matter during composting has a rather unique ability to 

buffer both high and low pHs back to a neutral range as composting proceeds (Haug, 

1993). This is a result of both a weak acid (CO2) and a weak base ammonia (NH3) 

production after microbial activities. Whereas the Carbon Dioxide (CO2) will 

neutralize high pH conditions (excess of OH-) the ammoniacal nitrogen will neutralize 

low pH conditions (excess of H+) (Haug, 1993; Beck-Friis et al., 2003). 

Regarding the carbonic system, it probably is not influencing the process since 

insignificant production of CO2 is expected due to anaerobic conditions. However, on 

the other hand, the ammonia system may influence. Due to high moisture content and 
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urine, the organic nitrogen may be transformed into ammonium (NH4
+), releasing OH-

, and consequently increasing the pH. The problem is that if anaerobic conditions are 

in fact occurring and high amounts of organic acids are produced, the ammonification 

process could be disturbed, which means that low pH will be maintained.  

In contrast, if the system is with the buffer capacity in an ideal condition, and the 

ammonification is taking place, the pH can be neutralized, and in this case, deeper 

layers are not suffering of low ph inhibition of organic decomposition. 

Summarizing, the toilet system and possible constraints related to pH may be 

similarly to the moisture content problems. There are great possibilities of an unequal 

distribution of the pH within the compost. In face of this fact, the heterogeneity of the 

compost could bring problems for a further adequate final disposal. The compost 

could not totally fulfil with legal standards established for organic waste final 

disposal.   

 

Clogged Sieve Device 

One important observation during the field investigation carried out in Grevagården, 

was the presence of organic matter in a totally slurry phase. In fact, it can be 

correlated with difficulties for the urine to be drained through the sieve device 

installed underneath the bottom layer. Several aspects can be responsible for such a 

constraint; however it is too difficult to give surety over any consideration.  

Firstly, there are possibilities that large size particles of human faeces might have 

clogged the beneath installed devices. Even though it is reasonable to deduce that 

after some period of storage and decomposition, the organic matter particles have 

their sizes reduced, some can remain in such a dimension that could disturb the urine 

drainage, clogging the system. Besides, the gravitational influence helps to build up 

rigid layers over the existing holes for drainage, disturbing the process as well. 

Nevertheless this is a difficult evaluation to carry out once the reductor was not open. 

The clogging process could be even correlated with some kind of inorganic material 

that was introduced into the system improperly, for example plastic sacs. 
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Another subject to be concerned about is that about 94% of nitrogen, phosphorus and 

potassium present in human excreta come from urine (Lind et al., 2000). These 

chemical compounds can chemically precipitate as mineral solids depending on the 

external conditions and existing elements in the surroundings. According to Lind et 

al. (2000), on the addition of Mg (Magnesium) to urine, most of phosphorus and 

significant amounts of the Potassium and Nitrogen were precipitated in form of 

crystalline mineral Struvite. According to laboratory results, it was detected 110 mg 

of Mg/ L of urine and 26 mg of Mg/L of faeces (see Appendix B). This process 

reasonably can cause operational problems such as disturbance in the implemented 

sieve devices that could be blocked due the formation of mineral crystals. This author 

affirms that spontaneous precipitation of phosphorus in form of minerals has been 

causing operational problems in sewage systems.  

 

In face of this possible obstruction problem, it is important to carry out detailed 

studies with different tests regarding the developed sieve devices by Terra Munda. It 

should be tested different sizes and diameters, with analytical observations regarding 

a better drainage function. One suggestion could be the implementation of a higher 

number of sieve devices, spread throughout different parts of the reductor to let the 

urine drain properly and without difficulty. 

 

Suggestions for future Studies and Recommendations 
 
The field investigation carried out in Grevagården is far to bring all of information 

needed to achieve the principal objectives regarding a better understand of the system. 

It must be emphasized that a number of information should be still acquired to give 

surety over the hypothesis made for Terra Munda Toilet system that it is feasible and 

more advantageous comparing to the Water Closet as well as other dry toilet systems 

in terms of technical, environmental and sanitary point of view. Here, some 

suggestions for future research are highlighted to make the system better understood, 

and they are present as follows  
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Conclusions  
 
Uniquely based on this initial field investigation in a single container, it can not be 

given a consistent conclusion concerning the process function and the biological 

dynamics playing within the reductor in terms of its degradation rate, stratification 

process in different layers as well as sanitary and environmental aspects. A long term 

continuous monitoring with constant laboratory analysis of important parameters 

regarding environmental, technical and sanitary aspects could bring surety over the 

hypothesis that Terra Munda system has advantages when compared with other 

products available in the market. A one-day sampling survey can not be considered 

reliable and, hence it is not reasonable to predict the prevailing reality and identify 

what is actually taking place within the studied reductor. 

However, at least some preliminary observations and reflections could be made. 

Regarding the physical environment of the studied reductor, the organic matter was in 

an extremely humid phase in which can be correlated with difficulties of the urine to 

be drained through the underneath sieve devices. It is reasonable to highlight that 

further evaluations shall be carried out directly addressed for the sieve devices. As a 

principal outcome of the improper function of the sieves, a low Carbon:Nitrogen ratio 

can be mentioned once a high volume of Nitrogen is kept within the reductor. 

The access into the composting reductor was considerable difficult, making 

reasonable to think that the maintenance process is not easily done, once the access 

into the composting container is a crucial factor for the system maintenance in order 

to achieve a high efficiency of the process.  

The studied system presented low ranges of temperature in all of the three measured 

layers: Top layers: 19. 6 ºC ± 2. 2; Middle Layers: 22. 81ºC ± 0. 5 and Bottom 

Layers: 25. 85 ºC ± 1.44 with large possibilities to disturb the optimal microbial 

activity for the mineralization of the human excreta. However, these low ranges of 

temperature might have influence on the measured ammonia emissions that were 

considerably low.  

Furthermore, according to the results of DNA extraction and Nitrogen concentrations 

(NH4-N, NO2-N and NO3-N), there are large possibilities that anaerobic conditions are 

taking place within the reductor. Both nitrifying and denitrifying bacteria were 

detected in all samples, except on the bottom layer, that only denitrifying bacteria was 

detected, which mean that not only the bottom part, but on other points of the studied 
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system there is a lack of oxygen available. Besides, a high amount of NH4-N (3400 

mg/L) and extremely low values for NO3 were measured meaning that nitrification 

that takes place mostly in the presence of oxygen is not occurring. Concerning the 

Carbon to Nitrogen ratio, comparing with literature, the values are low, and according 

to laboratory results C:N ratio is approximately 2, differently from proper values 

ranging around 30. There is a higher content of nitrogen than needed for composting 

toilets.  

The solid material (faeces) presented low COD -Chemical Oxygen Demand (3700 mg 

COD/L), BOD - Biological Oxygen Demand (840mg BOD/L) compared with 

literature data, reasonably being correlated with some level of transformation and 

biodegradation. Even though some results of the biological characteristics of the 

studied reductor could be brought the rate of biological conversion and the parameters 

playing as key role within the studied reductor were not possible to be precisely 

determined.  

As regards analysis carried out for trace metals, it is observed that neither Cr 

(Chromium) nor Pb (lead) and Hg (mercury) were detected both in the rest liquid and 

in the solid phase. The solid phase presented values much lower than proposed by 

literature; being reasonable to correlate it with leaching process as well as the 

presence of toilet paper.  On the other hand, the rest liquid presented higher amounts. 

The preliminary study presented here is far to bring all of needed information to 

achieve the principal objectives regarding a better understand of the system. A 

number of information should be still acquired to give surety over the hypothesis 

made for Terra Munda Toilet system and the advantages over the widespread Water 

Closet as well as other dry toilets. Therefore, some suggestions for future research as 

well as some recommendations are considered here. As principal recommendations, 

the container proper insulations and also the room temperature shall be focused to 

keep the temperatures in a desirable range for the organic matter degradation. 

Moreover, to achieve a successful treatment and sanitization, some training activities 

could be carried out for the operators and responsible for the system maintenance. It 

might be done through persons employed by Terra Munda AB with technical skills 

about the process whom would be responsible for implemented systems with a 

frequent site inspection, principally in those with a noticed higher usage frequency. 
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A solid conclusion and considerably advantageous is that the studied system showed 

to be perfectly accepted on the aesthetic point of view, with cleaning rooms, modern 

designs, and practical devices for use. It may be one of the major impulsions for 

future spread of the system throughout different regions, once for the replacement of 

conventional water toilets; aesthetics conditions must be really considered. 

Finally, it is important to highlight that this present study has considered no more than 

the observed and chosen reductor in Grevagården, which means that these results and 

descriptions, neither positives nor negatives may not be translated to other Terra 

Munda Toilet Systems.  
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Appendix A: Additional pictures from the sampling 
area 
 

 

 
Figure A1: Installing ammonia sampling devices at the ventilation System 

 

 

 
Figure A2: Carbon adsorption tubes for VOC´s sampling  
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Figure A3: Reductor with high quantity of toilet paper and not easily degraded carbon 

content 

 

 
Figure A4: Pumping device for sampling the Volatile Organic Compounds released 

form the composting process  
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Figure A5: Leakage with corrosive process over the reductor material 

 

 
Figure A6: Field inspection with difficulties of available space. It can be seen the use 

of mask due to strong odours being released from the reductor 
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Figure A7: Adjustments for gas sampling. 

 

 
Figure A8: Faeces presenting high moisture content in a slurry phase. 
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Figure A9: Leachate collection. 

 

 
Figure A10: Rest liquid storage reductor  
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