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Abstract 

Dry urine-diverting toilets may be used in order to collect excreta for utilisation of the nutrients. 
In this project local reuse of faeces as a fertiliser was evaluated regarding health and 
environmental effects. Human health aspects were evaluated regarding risk of transmission of 
infectious diseases and ingestion of pharmaceuticals, heavy metals and dioxins. Results from 
the microbial risk assessment showed that 12-months storage was not sufficient for inactivation 
of pathogens to acceptable levels. When working or spending time in the garden the yearly risk 
of infection by rotavirus and parasites were still >10 -4 in this scenario, taking incidence in the 
population into account. To achieve a daily dose (DDD) of a pharmaceutical ingestion of 200 g 
to 1 kg soil was necessary and for the micro-pollutants the exposure was less than 1/16 of the 
tolerable daily intake (TDI). Environmental risks were evaluted by calculating the risk quotient 
(RQ) for the three of the 25 most commonly used pharmaceuticals where predicted no -effect 
concentrations were available and by comparing the concentration of heavy metals and dioxins 
to current Danish sludge and soil quality criteria. For Oestradiol and Ibupro fen the RQ was >1, 
implying a negative effect on the terrestrial environment. The concentration of cadmium and 
lead in the faeces was equal or slightly higher than the quality criteria.  
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Abstract 

Environmental systems analysis was used to compare five small-scale sanitation solutions in 
terms of contribution to eutrophication, cadmium discharge to water, recycling of nitrogen and 
phosphorus to arable land, flows of cadmium to arable land, and energy turnover. The solutions 
were also compared qualitatively in terms of transmission of disease, economy and robustness. 
The analysis used Swedish data, and assumptions were based on Swedish conditions concer n-
ing sanitation infrastructure. ‘New’ solutions, with separate treatment of blackwater (wet co m-
posting), urine sorting, or both urine and faeces sorting, performed better in terms of discharge 
to the environment and recycling of plant nutrients than presently dominating solu tions (septic 
tank alone or combined with sand filter bed). From an economic perspective, the ‘new’ solutions 
are probably equal to connection to municipal sewers, but more expensive than presently domi-
nating solutions. The ‘new’ solutions are also either less energy efficient (wet composting) or 
less robust (urine sorting with or without faeces sorting), but this is partly due to that they are 
not yet mature. 

Introduction 

It has been estimated that small -scale sanitation facilities (serving individual households or 
groups of households) are responsible for approximately 50 % of the wastewater discharge of 
phosphorus in Sweden (Swedish EPA, 1993). This may largely be explained by that 50 -60 % of 
the approximately one million small-scale sanitation facilities do not satisfy the demands of the 
Swedish environmental code. Essentially, the reason is that a septic tank is the only treatment 
step where there is no connection to municipal sewers. Furthermore, the most common addi-
tional treatment steps, infiltration or sand filter beds, are not always working properly. Small-
scale sanitation facilities thus need to be upgraded. Under these conditions there is a need for 
new solutions, and also an opportunity to introduce recycling of nutrients. At present, almost no 
nutrients are recycled from small-scale sanitation facilities, although they are often situated 
close to arable land. 

In the present study, environmental systems analysis was used to compare five small-scale 
sanitation solutions in terms of contribution to eutrophication, cadmium discharge to water, re-
cycling of nitrogen and phosphorus to arable land, flows of cadmium to arable land, and energy 
turnover. The solutions were also compared qualitatively in terms of transmission of disease, 
economy and robustness. 

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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Methods 

The following small-scale sanitation solutions were compared:  

Mixed wastewater (black- and greywater) treated in septic tank 

Mixed wastewater (black- and greywater) treated in septic tank and sand filter bed 

Blackwater treated by wet composting and applied on arable land; greywater treated in septic 
tank and sand filter bed 

Urine diverted, stored and applied on arable land; mixed wastewater treated in septic tank and 
sand filter bed 

Urine diverted, stored and applied on arable land; faeces collected ’dry’, treated by composting 
and applied on arable land; greywater treated in septic tank and sand filter bed 

The aspects for which the comparisons of different small-scale sanitation solutions were made, 
were partly selected from an assessment of the relative impact of the waste and wastewater 
treatment sector in Sweden (Kärrman and Jönsson, 2001). A group of priority aspects, for which 
waste and wastewater treatment may contribute > 5 % of total human impact, were identified: 
discharge of nitrogen and phosphorus to receiving waters; discharge of cadmium, lead and 
mercury to receiving waters; recycling of nitrogen and phosphorus to arable land, and; flows of 
cadmium, lead, mercury and copper to arable land.  

In our study, discharges of nitrogen and phosphorus to receiving waters were included in the 
environmental impact category ‘eutrophication’, calculated by weighting different emissions ac-
cording to Lindfors et al. (1995). Furthermore, we focused on only cadmium among the heavy 
metals, since it is of most concern when organic waste is recycled to arable land.  

Although energy use is not of the same relative importance (< 1 %), it was still included since 
some small-scale sanitation solutions may involve considerable transportation work, as co m-
pared to the large-scale solutions which formed the basis for the assessment by Kärrman and 
Jönsson (2001). 

According to Kärrman and Jönsson (2001), also the risk for transmission of disease must be 
given high priority due to its importance for human health. Finally,  we considered it relevant to 
include the aspects of economy and system robustness in our comparison, and thus ended up 
with the following nine aspects: 
• Eutrophication 
• Discharge of cadmium to receiving waters 
• Recycling of phosphorus to arable land 
• Recycling of nitrogen to arable land 
• Flows of cadmium to arable land 
• Energy use 
• Risk for transmission of disease 
• Economy 
• Robustness 

The six first aspects were evaluated with the systems analysis tool ORWARE (ORganic WAste 
REsearch model: Dalemo 1999; Kärrman 2000; Eriksson et al. 2002). Data compiled within a 
Swedish review (Palm et al., 2002) were used for updating and completion of the ORWARE 
data base. The same review was also used for qualitative evaluation of the three last aspects.  

The content of phosphorus, nitrogen and cadmium in different fractions of untreated wastewater 
were assigned values according to Table 1. 
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Substance 

Fraction 

Phosphorus 

g person-1 year-1 

Nitrogen 

g person-1 year-1 

Cadmium 

g person-1 year-1 

Urine 365 4015 0.4 

Faeces 183 548 3.7 

Greywater 182 234 18.0 

Total 730 4797 22.1 

Table 1: Content of some different substances in wastewater fractions (Balmér et al., 2002). 

ORWARE is a computer model that calculates flows of energy and substances, e.g., nutrients 
and heavy metals. The flows of substances are quantitatively described from collection, via 
transports, to treatment facilities and further on to arable land, landfill or discharge to water or 
air. The discharges may be weighted into different environmental impact categories according 
to the methodology used in life cycle assessment (LCA). In the present study this was done to 
estimate contributions to eutrophication.  

In order to facilitate an overview of the results from systems analysis of the six aspects handled 
with ORWARE, the different solutions were given marks for each aspect according  to the mar k-
ing scale in Table 2. 

Mark 
Aspect 

− − − 0 + + + 

Eutrophication (kg O2-equivalents 
person-1 year-1) 

161-200* 121-160 81-120 41-80 0-40 

Cadmium to water (% of wastewater 
content) 

81-100* 61-80 41-60 21-40 0-20 

Phosphorus to arable land (% of 
wastewater content) 

0-20 21-40 41-60 61-80 81-100* 

Nitrogen to arable land (% of waste-
water content) 

0-20 21-40 41-60 61-80 81-100* 

Cadmium to arable land (mg Cd (kg 
P)-1) 

81-100* 61-80 41-60 21-40 0-20 

Energy use (kWh person-1 year-1) 641-800* 481-640 321-480 161-320 0-160 
*  Definition of max-values: 
 Eutrophication: The worst solution (no. 1) 
 Cadmium to water and nitrogen and phosphorus to arable land: The total content of these substances in untreated wastewater 

correspond to 100 % (see Table 1). 
 Cadmium to arable land: The Swedish limit-value for cadmium in commercial fertilizer (100 mg Cd (kg P)-1) 
 Energy use: The worst solution (no. 3 for a transport distance of 50 km).  

Table 2: Marking scales for different aspects. 

Production and consumption of different energy carriers (electricity, fuel and heat) is calculated 
separately for each carrier in ORWARE. For simplicity we have summed them up in the aspect 
‘energy use’ (net consumption of energy carriers). However, in the ‘Discussion’ below we are 
explicit about which carriers that make a difference between different solutions.  

The five studied solutions involved collection and transport of different waste products. Colle c-
tion of septic tank sludge was part of all five solutions. In solution no. 3 also blackwater was co l-
lected, and in solutions no. 4 and 5 urine was collected. It was assumed that the distance be-
tween households, on one hand, and a wastewater treatment plant (septic tank sludge) , a wet 
composting plant (blackwater) or storage at a farm (urine), on the other hand, was either 10 or 
50 km. Furthermore it was assumed that trucks went empty to and full from households (colle c-
tion at several households). Other potential transports were seen as either part of those me n-
tioned or very short. It was, for instance, assumed that composting of feces and use of the 
compost (in no. 5) was done on-site. 
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Results 

The results are summarized in Table 3 and Table 4. 

Aspect 
Small-scale sanitation solution 

Eutrophi-
cation 

Cadmium 
to water 

Phospho-
rus to ar-
able land 

Nitrogen 
to arable 

land 

Cadmium 
to arable 

land * 

Energy 
use 

Mixed wastewater (black- and grey-
water) treated in septic tank 

− − − − − − − (+ +) + + 

Mixed wastewater (black- and grey-
water) treated in septic tank and sand 
filter bed 

− 0 − − − − (+ +) + + 

Blackwater treated by wet composting 
and applied on arable land; greywater 
treated in septic tank and sand filter 
bed 

+ + + + + + + + − 
− − ** 

Urine diverted, stored and applied on 
arable land; mixed wastewater treated 
in septic tank and sand filter bed 

+ 0 − + + + + + 

Urine diverted, stored and applied on 
arable land; feces collected ’dry’, 
treated by composting and applied on 
arable land; greywater treated in septic 
tank and sand filter bed 

+ + + + + + + + + + 

* The mark (++) for ’Cadmium to arable land’ indicates that no recycling was assumed. The sludge from septic tanks was trans-
ported to a wastewater treatment plant, and the sludge resulting from treatment went to a landfill.  
** This mark refers to a transport distance of 50 km (instead of 10 km). For the other solutions, increasing the transport distance did 
not change the mark.  

Table 3: Comparison of small-scale sanitation solutions in terms of different environmental aspects (+ + 
= very good, + = good, 0 = neither good or bad, − = bad, − − = very bad) according to Table 2. 

Aspect 
Small-scale sanitation solution 

Transmission of dis-
ease 

Economy Robustness 

1. Mixed wastewater (black- and 
greywater) treated in septic 
tank 

Considerable risk with 
water discharge 

Very low costs for in-
vestment and operation 

Risk for odor with water 
discharge, otherwise 
robust 

2. Mixed wastewater (black- and 
greywater) treated in septic 
tank and sand filter bed 

Low risk with proper de-
sign and loading, other-
wise considerable risk 

Lower costs than con-
nection to municipal pip-
ing and treatment 

Robust, but limited life-
time demands recon-
struction 

3. Blackwater treated by wet 
composting and applied on 
arable land; greywater treated 
in septic tank and sand filter 
bed 

Low risk Lower or same costs as 
connection to municipal 
piping and treatment 

Lack of wide  experi-
ence concerning both 
very low-flushing WCs 
and the wet composting 
process 

4. Urine diverted, stored and ap-
plied on arable land; mixed 
wastewater treated in septic 
tank and sand filter bed 

Low risk with proper 
storage of urine and 
proper design and load-
ing of sand filter bed, 
otherwise considerable 
risk 

Lower or same costs as 
connection to municipal 
piping and treatment 

Lack of long-term ex-
perience. Ambitious 
short-term evaluations 
exist as a basis for im-
provements 

5. Urine diverted, stored and ap-
plied on arable land; feces col-
lected ’dry’, treated by com-
posting and applied on arable 
land; greywater treated in sep-
tic tank and sand filter bed 

Low risk with proper 
storage of urine and 
proper composting, oth-
erwise considerable risk 

Lower or same costs as 
connection to municipal 
piping and treatment 

Urine: see No. 4  
Feces: Risk for odor. 
Demands knowledge 
and continuos mainte-
nance 
 

Table 4: Assessment of small-scale sanitation solutions in terms of transmission of disease, economy 
and robustness. 
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Discussion 

Differences between the solutions in terms of eutrophication (Table 3) primarily reflect how well 
phosphorus discharge was prevented. For two of the solutions (no. 3 and 5), al l phosphorus in 
urine and feces was recycled to arable land, whereas only the urine fraction was recycled in no. 
4. The solution where mixed wastewater was treated in a sand filter bed (no. 2), came close to 
receiving the mark 0. This means that all the so lutions no. 2-4 were considerably better than the 
septic tank only solution (no. 1) in terms of eutrophication.  

The sludge from septic tanks was transported to a wastewater treatment plant, and the sludge 
resulting from treatment went to a landfill. Leachi ng from the landfill was not included in the cal-
culations, but if it is assumed that leaching is proportional to the load on the septic tank, leac h-
ing would decrease in the order: no. 1 and 2 > no. 4 > no. 3 and 5. However, due to the ap-
proaching ban on biodegradable waste going to landfills, and the efforts being made to extract 
phosphorus from sludge, solutions should probably not be judged on this criterion.  

With the four solutions no. 2-5 less than 50 % of the cadmium content in the untreated fractions 
was discharged to receiving waters. This similarity is due to that a major part originated from the 
greywater, which was treated in the same way (septic tank + sand filter bed) in all these cases 
with a septic tank only (no. 1), approximately 75 % of the cadmium was discharged to the re-
cipient. 

Recycling of phosphorus and nitrogen was a direct reflection of the diversion efforts, and hence 
the largest fractions were recycled where both urine and feces were treated for recycling (no. 3 
and 5). In no. 4 only urine was recycled. Recycling efficiency was higher for nitrogen than pho s-
phorus for all solutions no. 3-5, due to that urine and feces fractions contain a larger part of the 
total nitrogen content than of the total phosphorus content (Table 1).  

In no. 1 and 2 no recycling took place. It would of course be possible to recycle the treated 
sludge, but since the acceptance for such recycling is low in Sweden it was not considered an 
option. A further recycling possibility (primarily for phosphorus) is to design sand filter beds so 
that the filter material can be exchanged and applied on arable land.  

All products intended for recycling to arable land (in no. 3-5) had very low cadmium-to-
phosphorus-ratios. Concerning this aspect they were equal to or better than manure and com-
mercial fertilizer used in Sweden, which both have approximately 15 mg Cd (kg P) -1. Urine, with 
only 1 mg Cd (kg P)-1, even had a lower cadmium content than commercial fertilizer with ‘low 
Cd-guarantee’ (2-5 mg Cd (kg P)-1). 

Energy use at short transport distances (10 km) was very low for all solutions except no. 3, 
where the electricity needed for heating and stirring of the wet composting reactor made a big 
difference. Increasing the transport distance from 10 to 50 km also had a considerable effect 
(on fuel use) only for no. 3, where much larger volumes were transported than in the other four 
solutions - despite low-flush vacuum WCs with 0.8 l flush-1. 

Energy use can be seen in no. 3 as the cost for achieving a low risk for transmission of disease. 
For the other systems (except no. 1) the risk is not necessarily higher, but more dependent on 
operation and maintenance by the users of the small-scale sanitation facility. 

Estimates done in Sweden indicate that the solutions with recycling (no. 3-5) are likely to be 
competitive in economic terms when compared to connection to municipal piping and treatment 
(Table 4). On the other hand, they are more expensive than presently dominating solutions (no. 
1 and 2). A general economic comparison of solut ions is, however, difficult to do since local 
conditions influence costs to a large degree. Costs for connection to the municipal system vary 
a lot in Sweden, between € 4 500 and 11 000, and the costs for installation of, e.g., urine diver-
sion depends on whether it is done separately or as part of remodeling or a new development.  
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Robustness is mainly related to operation and maintenance requirements. The s olution with 
separate handling of both urine and feces (no. 5) clearly demands a knowledgeable and inte r-
ested user to function properly, particularly since it involves composting. Urine diversion (no. 4 
and 5) can not yet be considered a robust system. But  it may be reasonable to assume that the 
experience being gathered will lead to a mature system that is as robust as conventional sy s-
tems (no. 1 and 2), i.e., that maintenance is required at points in time rather than continuously.  

Conclusions 

The analysis showed that the different small-scale sanitation solutions differed regarding sev-
eral of the aspect for which they were compared. The ‘new’ solutions, with separate handling of 
blackwater (no. 3), urine sorting (no. 4) or both urine and feces sorting (no.  5), were better in 
terms of discharge to the environment and recycling of plant nutrients. From an economic pe r-
spective, these solutions are probably equal to connection to municipal sewers, but more ex-
pensive than presently dominating solutions (no. 1 and 2). The ‘new’ solutions are also either 
less energy efficient (no. 3) or less robust (no. 4 and 5), but this is partly due to that they are not 
yet mature. 
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Abstract 

The aim of this study was to investigate and evaluate health risks from infectious diseases re-
lated to the reuse of source-separated greywater. Prevalence of pathogens in the population 
and the faecal load based on coprostanol concentrations were used to form the basis of a 
screening-level quantitative microbial risk assessment (QMRA) that was undertaken for rotav i-
rus, Salmonella, Campylobacter, Giardia and Cryptosporidium, looking at the treatment required 
to be below an acceptable level of risk (10 -3) for reuse or discharge of the greywater. The differ-
ent exposure scenarios simulated – groundwater recharge, direct contact, irrigation and recrea-
tional water – showed that a mean reduction of 0.7 – 3.7 log was needed for rotavirus, with the 
measured level of faecal load in Vibyåsen (Sweden). The other pathogen of concern was Cam-
pylobacter, where a mean 2.2 log reduction was needed for groundwater recharge. The infec-
tious dose of Salmonella is high and the excretion numbers of Giardia cysts and Cryptosporid-
ium ocysts low, resulting in low or no treatment requirements for these organisms for the inve s-
tigated exposure scenarios. The use of QMRA can serve as a basis for integration of hygiene 
issues with other parameters as economy and environment.  

Introduction 

Greywater constitute the major part of household wastewater. The interest of separation and 
reuse of greywater, e.g. wastewater from bath/shower, the kitchen and laundry but without input 
from toilets, has increased due to economical, structural and ecological considerations (Asano 
& Levine, 1996; Gunther, 2000). Based on repeatedly high counts of faecal indicator bacteria, 
regulatory agencies prior were enforcing combined treatment, or stric t separate treatment of the 
greywater. The risk of introducing pathogens into greywater are mainly from faecal contami-
nated laundry, diapers, childcare and showering and will most often be much lower than the i n-
dicator bacterial counts signal. The faecal input in greywater measured by the chemical bio-
marker coprostanol was only 0.04 g person-1 day-1 in a community north of Stockholm, Sweden 
(Ottosson & Stenström, 2002). To measure the impact on public health quantitative microbial 
risk assessment, QMRA, was used. Traditionally in QMRAs the probability of infection is calc u-
lated. However, the poor data on greywater treatment efficiency, especially virus reduction, has 
prompted us to simulate the treatment required to be inside the 10 -3 risk addressed by (Haas, 
1996). This has been done for different exposure scenarios (groundwater recharge, accidental 
ingestion, irrigation of sports fields and gardens) to reused or discharged greywater for rotav i-
rus, Campylobacter, Salmonella, Giardia and Cryptosporidium under Swedish conditions. 

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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Methods 

Microbial risk assessment 

Risk assessment is a tool that has been used to assess chemical risks for some time and it is 
now becoming more frequent as a tool for measuring microbial health effects on a population. 
MRAs were first developed for drinking water (Regli et al., 1991) but have lately been applied to 
other practices such as reuse of human urine (Höglund et al., 2002) and discharge to recrea-
tional waters (Ashbolt et al., 1997). At a screening level, MRA is a valuable tool to initially est i-
mate risks even when the set of data is poor, giving the potential to make rational decisions at 
far less cost than epidemiological studies (Ashbolt, 1999). Whether the risk assessment is of a 
chemical or microbiological nature, the procedure contains four pr imary elements: 1) Hazard 
identification, 2) Exposure assessment, 3) Dose-response assessment and 4) Risk characteri-
sation. 

Hazard identification 

In the hazard identification step, background information on the pathogens in a specific system 
is described. It also includes the spectra of human illness and disease associated with the ide n-
tified microorganisms (Haas et al., 1999). For the greywater system, the hazard emanates from 
faecal cross-contamination, for example from contaminated laundry and other sources. Oppo r-
tunistic bacteria known to grow in hot water systems, e.g. Aeromonas, Pseudomonas, 
Mycobacteria or Legionella, could pose a threat depending on reuse options and technical 
solutions. There is also a risk of introducing pathogenic bacteria from contaminated food via the 
kitchen sink. However, this study has focused on the faecal contamination, using 
epidemiological data to estimate the pathogen load in the greywater (Table 1).  

 Rotavirus Campylobacter 
jejuni  

Salmonella Cryptosporidium 
parvum 

Giardia in-
testinalis 

Incidence of infection [%] 0.95 15.6 9.00 0.31 0.84 

Excretion time [days] (1.0, 0.30) (1.18, 0.325)  (1.48, 0.173)  

Excretion density [no g-1 fae-
ces] 

(10,1) (8, 1)  (8, 1) (7,1) (7,1) 

Table 1: Data used to calculate pathogen density in greywater. The log10 normal distribution has been 
applied for the excretion time and excretion density, mean and standard deviation given 
(Ottosson & Stenström, 2003) 

The pathogen density in the untreated greywater was thus: 

(faecal load [g p -1d-1] * excretion density [numbers g faeces -1] *excretion time [d] *yearly incidence)  

(flow [L p-1 d-1] * 365 [d]) 

with the faecal load, excretion density and excretion time expressed as distr ibutions. The faecal 
load was 0.04 ± 0.02 g p-1 d-1 and the flow 64.9 L p-1 d-1 measured in Vibyåsen, Sollentuna, 
north of Stockholm (Ottosson & Stenström, 2003). 

Exposure assessment 

In the exposure assessment step, the size and nature of the population exposed and the routes, 
concentrations and distribution of the microorganisms  are determined. The dose of a pathogen 
is calculated from the density of the organism in the water times the volume ingested. Densities 
are preferably based on occurrence data from direct measurements, but most often on index 
organisms or via indirect estimation (density in untreated greywater – expected reduction). 
However, the reduction in the treatment is what will be simulated in this study looking at the re-
quired treatment to be below an infection level of 10 -3 for the different exposure scenarios listed 
in table 2. 
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Exposure Environmental barriers Volume 
ingested 

References 

1) Drinking superficial groundwater 
made from recharged greywater 
(yearly risk from 365 exposures). 

Dilutiona, unsaturated 
zonea and saturated 
zonec, d, e 

e(6.87 ± 0.53) 
mL day-1 b 

a(Asano et al., 1992), b(Roseberry & 
Burmaster, 1992), c (Yates et al., 
1985), d (Thomas et al., 1999), e 
(Medema et al., 1997) 

2) Accidental ingestion to treated 
greywater (one time exposure) 

 1 mL ex-
posure-1 

 

3) Ingestion from a field irrigated 
with treated greywater (yearly risk 
from 26 exposures) 

Survival on grass f 1 mL ex-
posure-1  

f (Badawy et al., 1990) 

4) Ingestion/inhalation of aerosols Tankc, d, e e(-4.2 ± 2.2) 
mL g, h 

g (Dowd et al., 2000), h (Kincaid et 
al., 1996) 

5) Swimming in recreational water 
receiving treated greywater. 

Dilution e(3.9 ± 0.3) 
mL 

 

Table 2: Transmission pathways for exposures to reused or discharged greywater and environmental 
barriers involved. 

For exposure to groundwater (Exposure 1), the height of the unsaturated zone was assumed to 
be three metres and the retention time in the saturated zone two months, based on the reco m-
mendation in the report “Wastewater Infiltration: Conditions, Function, Environmental Cons e-
quences” (Naturvårdsverket, 1985). The dilution factor was defined as a triangular distribution 
with min 1 (no dilution), max 30 and most probable 2 (Asano et al., 1992), i.e. most often half of 
the water from the tap will be reclaimed greywater. The case is thus for reuse of greywater as 
superficial groundwater. The water intake was log normally distributed with a medi um daily in-
take of 963 mL p-1 d-1 (Roseberry & Burmaster, 1992). 

If the treated greywater is used for an aesthetic landscaping approach (Exposure 2), there is a 
risk for accidental contact with the water and the assumed water intake is a conservative 1 mL 
event-1 (Ashbolt, 1999). No dilution of the treated greywater was considered.  

Treated greywater can be collected in a tank to be used for irrigation. If the water was used for 
irrigation of a public sports field (Exposure 3), the irrigation was assumed to take place the day 
before access and with a negli gible holding time in the tank. The water intake was assumed to 
be a conservative 1 mL 26 times per year based on weekly activities during the summer season 
in Sweden. 

For private use of greywater in the garden (Exposure 4), the greywater was assumed to be  ap-
plied once a week, thus with an average holding time in the tank of 3.5 days. For this exposure 
scenario Legionella spp. were assessed due to their proven growth possibilities and due to 
aerosols being their mode of transmission. In a survey on the occurrence in Swedish water sys-
tems, Legionella was detected in all hot-water tanks without circulation and with a temperature 
of < 50° C and in 25% of all hot water samples tested in densities of 10 3 ± 0.6 cfu 100 mL-1 
(Szewzyk & Stenström, 1993). These figures formed the basis for the background level of Le-
gionella, estimating half of the water entering the greywater system to be hot water from sho w-
ers. The water intake from inhalation of aerosols is time dependent based on average aerosol 
ingestion (Dowd et al., 2000) and droplet size distribution (Kincaid et al., 1996), giving a log 
normal distribution (Table 2), furthermore assuming 70% of the inhaled volume to be ingested. 
Exposure 4 can, with some modifications, be applied to toilet flushing. However, the water in-
take is smaller since the time a person is exposed to aerosols is shorter when flushing the toilet 
than when irrigating. 

Usually the common practice for exposure to recreational water (exposure 5) is a conservative 
100 mL water intake based on 50 mL intake h-1, mean bathing time 2 h d-1 (Ashbolt et al., 1997). 
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This ingested volume was changed for the present simulation to a time dependent distribution 
with the mean time of bathing being 1 h (Table 2). The dilution in the receiving water was as-
sumed to be 1,000 times. 

Dose – response relation 

To establish a relationship between the dose of a microbial agent and the rate of infection in a 
population, human volunteer studies have been performed. The resulting infected and una f-
fected individuals were used to create a mathematical relationship between the dose admini s-
tered and the probability of infection in the exposed population. The current baseline information 
from such studies has been compiled by (Haas et al., 1999; Teunis et al., 1996). Two main 
equations have been used to describe the relationship; exponential (1) and Beta -Poisson (2): 

When organisms are distributed randomly (Poisson) and the probability of infection for any or-
ganism equals r, then: 

Pinf = 1 – e-rDose   (1) 

When the probability r is not constant, but has a probability distribution in itself (ß-distribution) 
due to either the nature of the organism or the exposed population, two parameters, a and ß, 
describe the relation as: 

Pinf ~ 1- (1 + Dose/ß)-a  (2) 

Drinking water is something people do every day. To assess repeated exposures, equation (3) 
is used so that the risk can be measured on a yearly basis (n = 365).  

Pn(inf) = 1 – (1 – Pinf)
n   (3) 

The Beta-Poisson model (eq. 2) was used for rotavirus, Campylobacter and Salmonella. For the 
other organisms for which QMRAs were performed, the exponential model (eq. 1) was used 
(Table 3). 

Organism Model Constants Reference 
Rotavirus Beta-Poisson a = 0.253; ß = 0.422 (Teunis et al., 1996) 
Salmonella (multiple strains, non-
typhoid) 

Beta-Poisson a = 0.3126; ß = 2884 (Haas et al., 1999) 

Campylobacter jejuni Beta-Poisson a = 0.145; ß = 7.589 (Teunis et al., 1996) 
Giardia intestinalis Exponential r = 0.0199 (Teunis et al., 1996) 
Cryptosporidium parvum Exponential r = 0.00405 (Teunis et al., 1996) 
Legionella spp. Exponential r = 1 (Teunis & Havelaar, 2000) 

Table 3: Dose-response models and constants used in the risk calculations  

Results and discussion 

Risk characterisation 

The information from the hazard identification, exposure assessment and dose -response rela-
tionship steps is integrated in the risk characterisation in order to estimate the magnitude of the 
public health problem or in this case the greywater treatment required. Since the information 
was incomplete and since the densities of pathogens fluctuated, distributions were used instead 
of point estimates or constant values. The distributions were then sampled in a Monte-Carlo 
simulation to give the results presented below. 

The largest risk emanated from rotavirus in all exposure scenarios simulated (Table 4, figure 1 
a-e). All the selected pathogens are common in the population. However, the treatment required 
for rotavirus was higher, since rotavirus is excreted in high numbers compared to the other 
pathogens (Table 1). The other pathogen of main concern was Campylobacter. Salmonella has 
a high infectious dose (ID50 = 23,600 (Haas et al. 1996)). That is why it is a less important or-
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ganism to these exposures. Giardia cysts and Cryptosporidium oocysts have low infectious 
doses but they are not excreted in sufficient amounts to constitute health problems of concern 
with the low faecal load registered in Vibyåsen (Ottoson & Stenström 2003). The average num-
ber of (oo)cysts in untreated greywater was simulated to approximately 0.002 (oo)cysts mL -1 
compared to 1.7 rotavirus particles mL -1 (Table 4). The high infectious dose for Salmonella and 
low excretion numbers of parasitic protozoa are the main reasons for the negative values in Ta-
ble 4. However, treatment of the greywater is needed to be within the acceptable risk with a 95 
% confidence interval for exposure to groundwater for these organisms. The si mulated standard 
deviations (StDs) originate from the distributions used in the Monte Carlo simulation. The StD is 
higher for exposure to groundwater than the other scenarios, since more environmental barriers 
are included in that transmission route, giving additional uncertainties to the assessment com-
pared to other exposures. The relatively higher StD compared to the mean from exposure to 
aerosol is due to the higher uncertainty in the water intake  

Exposures and treatment required [log reduction, mean and StD] Pathogen  Median 
density in 
greywater 
[100 mL-1] 

Groundwatera Accidental 
ingestion 

Sports 
fieldb 

Aerosol Recreational 
water 

Rotavirus 180 3.7 ± 2.1 3.0 ± 1.1 3.0 ± 1.1 0.7 ± 1.4 1.7 ± 1.1 
Campylobacter 44 2.2 ± 1.7 0.9 ± 1.0 0.9 ± 1.1 - 1.3 ± 1 .4 - 0.4 ± 1.1 
Salmonella 26 - 0.3 ± 1.7 - 1.6 ± 1.1 - 1.6 ± 1.1 - 3.8 ± 1.4 - 2.9 ± 1.1 
Giardia 0.24 - 1.4 ± 2.0 - 1.4 ± 1.1 - 1.4 ± 1.1 - 3.7 ± 1.5 - 2.7 ± 1.1 
Cryptosporidium 0.17 - 0.4 ± 2.5 - 2.2 ± 1.0 - 2.2 ± 1.0 - 4.4 ± 1.4 - 3.5 ± 1.1 

Legionella 0.31    -1.2 ± 1.8   
a Yearly risk from 365 exposures, b Yearly risk from 26 exposures 

Table 4: Estimated pathogen density and treatment required [log reduction] being below an infection 
risk of 10-3 for different exposure scenarios. 

The largest risk for exposure 1, groundwater, emanated from rotavirus and a mean 3.7 log re-
duction was needed according to the simulation. Rotavirus was used as an index for viruses as 
a group. The treatment requirement would be about the same for adenovirus and calicivirus,  
which are also common in the population, excreted in high numbers and have low infectious 
doses. Slightly less treatment is required for enteroviruses based on excretion numbers 
(AWWA, 1999). The other pathogen of main concern in this study was Campylobacter, for 
which a 2.2 log reduction was required (Table 4). However, this study simulates a superficial 
groundwater while the treated greywater at most places is more diluted in an aquifer than was 
assumed here. However, to be able to release the water untreated into the ground, a 60,000 -
fold dilution or an extension of the retention time to 190 days is needed to be within the 0.001 
risk for rotavirus. The corresponding figures for Campylobacter are 1,700 dilution and 170 days 
retention. 

If the treated water is released locally into a pond a mean 3 log reduction is desired for rotavirus  
and 0.9 for Campylobacter (Table 4) to be below a 0.001 risk of infection to a single exposure of 
1 mL of treated greywater. A way to minimise risks for direct contact with the treated greywater 
would be to fence the pond, making it a part of the treatment system. For the other pathogens 
investigated, the concentration before treatment was low enough not to imply risks over the ac-
cepted level.  

Irrigation is suggested as a means of reusing greywater (Christova-Boal et al., 1996). This can 
lead to health risks with contact with the irrigated area or ingestion of irrigated crops, as well as 
ingestion/inhalation of aerosols during irrigation. To be within a 0.001 yearly risk from 26 re-
peated exposures to a sports field, a 3 log reduction is desired (Table 4). Drying, UV-light and 
temperature-mediated inactivation reduced the treatment requirements partly (Badawy et al. 
1990). Figure 1c shows the difference in treatment needed for rotavirus and Campylobacter with 
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a prolonged retention time between irrigation and access to the field. After a retention time of 37 
hours, no reduction of rotavirus was needed according to the simulation, which was based on 
an assumed decay of 0.11 log h-1 (Badawy et al. 1990). 

-6 -4 -2 0 2 4 6 8
0,0

0,2

0,4

0,6

0,8

1,0
Rotavirus
Campylobacter
Salmonella
Giardia
Cryptosporidium

median

Log reductiona) Groundwater  
-6 -4 -2 0 2 4 6 8

0,0

0,2

0,4

0,6

0,8

1,0

Rotavirus
Campylobacter
Salmonella
Giardia
Cryptosporidium

median

Log reductionb) Direct contact  

-6 -4 -2 0 2 4 6 8
0,0

0,2

0,4

0,6

0,8

1,0
Rotavirus 12 hours
Rotavirus 24 hours
Campylobacter 12 hours
Campylobacter 24 hours

median

Log reductionc) Irrigation  -6 -4 -2 0 2 4 6 8
0,0

0,2

0,4

0,6

0,8

1,0

Rotavirus
Campylobacter
Salmonella
Giardia
Cryptosporidium
Legionella

median

d) Aerosol Log reduction  

-6 -4 -2 0 2 4 6 8
0,0

0,2

0,4

0,6

0,8

1,0

Rotavirus
Campylobacter
Salmonella
Giardia
Cryptosporidium

e) Recreational water Log reduction

median

 

 

 

 

 

 

Figure 1 a-e: Greywater treatment needed (5 – 
95%) to be within the acceptable 
risk level for exposure to (a) su-
perficial groundwater, (b) direct 
contact, (c) sports field (different 
retention times between irrigation 
and access), (d) aerosols and (e) 
recreational water 
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For exposure to aerosols during irrigation, the treatment requirements for different organisms 
are presented in Figure 1d. The risk of infection from this exposure is lower due to the lower 
volume ingested and a mean of 0.7 log reduction of rotavirus is suggested.  Besides, the infe c-
tion status may be known on a household level. For this exposure scenario, Legionella spp. 
were assessed due to their proven growth possibilities and due to aerosols being their mode of 
transmission. However, the treatment need was lower than for rotavirus, - 1.2 log compared to 
0.7 log (Table 4). Depending on the temperature, the presence of othe r microorganisms, avail-
able carbon sources and other factors (Muraca et al., 1988) Legionella may grow in the tank, in-
creasing the risk of infection. However, the simulation indicated a low risk and it is probably 
more likely that an infection would be caught in the shower or from other sources of exposure. 
Greywater may also be used in combination with rainwater (Albrechtsen, 2001; Dixon et al., 
1999). This would dilute the greywater with roof-collected rainwater, which however may be 
contaminated with pathogens from birds or other animals.The mean treat ment required for rota-
virus was 1.7 log to be within the risk level of 0.001 with a 1,000-fold dilution in the receiving wa-
ter of the treated greywater. However, this was based on an acceptable risk of infection of 0.1%. 
The guidelines for the proposed EU bathing water directive are based on a mean acceptable 
excess risk of illness due to bathing of 1% (EU, 2002), which is fulfilled with just a 0.6 log reduc-
tion of rotavirus. No other agent than viruses would pose any larger threat to public health ac-
cording to the simulation based on the average values (Table 4). To be inside the acceptable 
level (95% CI), some treatment of Campylobacter is required (Figure 1e). As for direct contact 
and irrigation, no treatment is required for Salmonella, Giardia and Cryptosporidium. 

Conclusions 

For the different exposure scenarios simulated, the treatment need for rotavirus was more than 
3 log in many cases (Table 4). Kayaalp, (1996) stressed the need for site-specific considera-
tions when planning for infiltration units, which is the traditional method of greywater treatment 
in Sweden, after pre-treatment in a settling tank. Of great importance is the height of the water t-
able. The longer the distance organisms have to travel through the unsaturated zone, the better 
the reduction effect. In “Wastewater Infiltration: Conditions, Function, Environmental Conse-
quences” (Naturvårdsverket, 1985), there are recommendations for the planning of wastewater 
infiltration units depending on site-specific conditions such as topography, type of soil and 
height of the watertable. The suggestion is to follow these even though they have been pre-
pared for wastewater, not greywater, infiltration based on the treatment requirements simulated 
in this study. The simulation also shows that treatment of greywater should be directed primarily 
at virus reduction. 

QMRA as presented here can be used for decisions on treatment as in the example above or to 
serve as a basis for integration of hygiene issues on a municipal level taking into account other 
parameters as economy and environment. However, it is important to look at the local condi-
tions and base the QMRA at relevant assumptions and data. 
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Abstract 

Svanholm Community is an ecological village with own wastewater treatment. The residents are 
working for sustainable production and daily living and are looking for new areas to improve 
sustainable living. Urine separation has been worked with for fertilisation and for reduced 
wastewater treatment. Two urine sorting toilets were established in connection with the common 
dining hall of the community and the urine was used for examination of fertilisation and for e x-
amination of potential harmful substances in urine. The ur ine was a good fertiliser and the con-
tent of heavy metals and hazardous organic substances regulated for in Denmark were low. 
However female hormones and analgesics were found in the urine, whereas none of 16 pha r-
maceuticals used by the residents could be detected. 
A plan for urine separation at all 32 toilets of the community was established and a cost est i-
mate was made. Computer simulation of the wastewater treatment plant with nutrient removal 
was used to evaluate the impact of urine separation and for estimation of the possible savings 
in wastewater treatment with urine separation.  
The potential savings in operation of the wastewater treatment plant are small and will by far 
cover the cost for installation of the system. Financial potentials will be subs tantially higher in 
new building, where costs of a urine separation system will be lower, and where the significant 
reduction of contents of nitrogen and phosphorous in sewage enable simpler and cheaper 
treatment plants. 

Svanholm community 

The Svanholm community was established in 1978 and owns an estate that together with a 
number of neighbouring houses are used for living and production for about 100 residents. The 
community is one of the greatest producers of ecological vegetables in Denmark and ecologic al 
milk is produced from about 100 cows. The community owns a big packing department for ec o-
logical fruit and vegetables and a factory for wood boxes focussing on special designed wood 
containers. Furthermore an ecological catering company and a shop based on ecological prod-
ucts are operated in the community. 
The inhabitants have looked for solutions to improve sustainability in production as well as in 
the daily life since the very beginning. As they share economy as well as daily practise is has 
been possible to find new solutions towards sustainable livings in several cases.  

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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The wastewater treatment system at Svanholm 

The community make up a small catchment area with a sewer system based on separate se w-
ers. Storm water is soil infiltrated or diverted into  nearby small streams. The treatment plant is a 
traditional recirculation plant for nitrogen removal with simultaneous precipitation of phospho-
rous. It was built in 1993 by the residents and it is designed for 110 PE. Effluent requirements 
correspond to the national Danish standards (for bigger plants) that are Total-N 8 mg/l, Total-P 
1.5 mg/l and BOD 15 mg/l. Further the standard for ammonium is 2 mg N/l.  

Urine separation at Svanholm 

Urine separation has been worked with for several years in order to evaluate fertiliser potentials 
and risks associated to pharmaceuticals in the urine and to evaluate the potentials of urine 
separation for improvement of wastewater treatment. 
Two different types of urine separating toilets have been established in connection with the 
common dining hall of the community (see figure 1) where they are used by almost all residents.  

Figure 1: Two different urine -separating toilets evaluated at Svanholm Estate  

They represent the systems that are available on the market in Denmark at  present. The resi-
dents of the estate have evaluated the systems and concluded that both types are usable; ho w-
ever improvements are called for, if they are to work optimally. Especially the water consump-
tion seems to be a problem in the system to the left.  

Examination of urine 

The urine was examined as a fertiliser in a fertiliser experiment with growth of barley and the 
compliance with the Danish requirements for agricultural use was examined. Further the urine 
was examined for content of pharmaceuticals, hormones etc. The examinations and results can 
be found in (Koldby and Jansen, 2001). 

Urine was collected in the storage tank connected to two separation toilets. During collection pH 
and content of nitrogen and phosphorus was followed. After 12 weeks of collection samples for 
characterisation of the urine as fertiliser and for environmental evaluation and examination of 
pharmaceuticals etc. were taken. After sampling the urine was used for the fertiliser experiment 
with growth of barley in parallel with ma nure. 
Urine as a fertiliser 

The chemical characterisation of urine is shown in table 1 and the composition is typical for 
such systems. It is diluted about 10 times compared to pure urine. Several attempts were made 
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to reduce the amount of flush water but especially in the system to the left in figure 1 it was diff i-
cult to reduce the water consumption without deteriorate the normal function of the toilet.  

Component Unit Content 

Total-nitrogen mg/l 2500 

Ammonium-N mg/l 2200 

Total-phosphorus mg/l 170 

Potassium mg/l 1200 

Sulphur mg/l 130 

Copper mg/l 0,30 

Manganese mg/l 0,0052 

Magnesium mg/l 0,82 

Table 1: Characterisation of fertilisation components in urine at Svanholm Gods. The growth exper i-
ment showed that the urine had the expected fertiliser value. 

Content of heavy metals, organic substances and pathogens in urine  

The content of heavy metals, organic substances and pathogens included in the Danish regula-
tion for agricultural use of waste such as wastewater sludge and urine is shown in table 2 to-
gether with the standard for the individual substance given as content compared to dry matter 
content and P content (compliance with only one of the limits is needed). The detailed regula-
tion can be found in (Miljøstyrelsen, 2000). 

Substance Content 

µg/l 

Content 
mg/kg dry matter 

Content 
mg/kg/P 

Danish Standard 
mg/kg dry matter 

Danish Standard 
mg/kg/P 

Heavy metals 

Cadmium 6.2 1.2 36 0.8 100 

Mercury <0.2 0.04 1 0.8 200 

Lead 4 0.8 24 120 10000 

Nickel 10 2 59 30 2500 

Chromium 1 0.2 6 100  

Zinc 2400 480 14000 4000  

Copper 300 60 1800 1000  

Organics 

LAS <30 <6  1300  

S PAH <10 <2  3  

NPE <15 <3  10  

DEHP 29 5.8  50  

Pathogens 

Salmonella pr 100 ml n.d. n. d. 

Faecal Streptococci pr g <100 <100 

Table 2: Heavy metals, organic substances and pathogens in urine from Svanholm Gods  

The urine complies to all requirements with a good margin. Pharmaceuticals and hormones in 
urine 

The examination of pharmaceuticals, hormones etc. in urine was performed based on a detailed 



2nd international symposium on ecological sanitation, april 2003 

 384 La Cour Jansen 

 

S
essio

n
 D

 

questionnaire to all residents about their consumption of pharmaceuticals, artificial female ho r-
mones, analgesic, vitamins etc. Almost all residents filled out the questionnaire. As the res i-
dents share economy all expenses for medicals etc. are paid in common, control of the co n-
sumption could be made. The inhabitants used 16 different pharmaceuticals at the t ime for 
sampling, further two different analgesics were used and female hormones was expected to be 
present both as natural hormones and from contraceptive pills. The full list of pharmaceuticals, 
etc together with the monthly doses are given in table 3. 

 
Pharmaceuticals Intake pr month 

Antabuse 400 mg 14 tablets 

Bricanyl inhaler 9 doses 

Centyl with potassium chlorate 60 tablets 

Fevarin 15 tablets 

Flixonase spray 60-1500 microgram 

Fluanxol 30 tablets. 

Insulin - Actrapid 4680 units 

Insulin - Insulatard 1860 units 

Isoptin 80 mg 30 tablets 

Levonorgestrol 1,9 microgram 

Rhinocort 100 microgram 45 doses 

Spirocort 200 microgram Inhaled when needed 

Teldanex 4 tablets 

Tenormin 25 mg 30 tablets 

Terbosin inhaler 2 doses 

Ventoline spray 0,2 mg 

Artificial female hormones 

Ethinylestradiol 1.425 microgram 

Analgesics 

Acetylsalicylic acid and 
Paracetamol 

203 tablets 

Table 3: Monthly consumption of pharmaceuticals, artificial female hormones and analgesics at Svan-
holm 

Based on the mapping of pharmaceuticals in table 3 the general analytical program for pharma-
ceuticals was based on the following strategy: 

1. The pharmaceutical should be used by at least one inhabitant  

2. The pharmaceutical or characteristic residues shall be excreted with urine  

3. An analytical procedure to be used in urine shall be found 

4. The concentration of the pharmaceutical or a characteristic residue in the collected urine 
shall have an expected level above the detection limit for the analyses  

The first examination looked for female hormones and analgesics since all the other pharma-
ceuticals could be excluded based on criteria 2-4. 

The results are shown in table 4. 

The samples were taken with about one month interval during filling of the storage tank. The 
rather constant content of U-Estronglucoronid suggests that no degradation of the hormones 



2nd international symposium on ecological sanitation, april 2003 

La Cour Jansen 385 

S
es

si
o

n
 D

 

takes place in the tank. 

 Sample 27/1 
µg/l  

Sample 22/2 
µg/l  

Sample 10/3 
µg/l 

Female hormones 
U-Estronglucoronid 3,6 4,6 4,5 
Analgesics 
Paracetamol Found Found Found 
Acetylsalicylic acid Not detected Not detected Not detected 

Table 4: Results from the first examination of pharmaceuticals etc. 

Since all toilet visits at the separating toilets were registered with a user specific number it was 
next possible to look for pharmaceuticals used by the most frequent toilet users. Based on that 
four products were pointed out for a more detailed evaluation.  
Fluanxol Retard (Flupentixol) “sedative”. An analysis was found at one of the hospitals in 
Greater Copenhagen but analysis in urine showed to be difficult and no results were obtained. 
Antabuse: Metabolism is very strong and residues are not expected to be found in urine.  
Insulin: Excretion of metabolites is minor, which means that nothing could be expected to be 
found in urine. 
The examination had to conclude that hormones and analgesics can be found in source-
separated urine but no other substance from the list could be detected.  

Project for urine separation at Svanholm 

Based on the findings above a plan for urine separation in the whole community was esta b-
lished. The plan comprises detailed evaluation of the sewer system and a draft for the costs for 
the switch over. Further a project for evaluation of the impact on the wastewater treatment plant 
from storm water, households with and without urines separat ion and from the industrial produc-
tion in the community was included. The full examination can be found in (Koldby and Jansen, 
2003) 

 

  

To the wastewater treatment plant 

 

Figure 2: Svanholm Estate and the main sewer system 
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Change of sewerage system into urine separation 
A detailed outline of sewers and toilets in the entire catchment area of the treatment plant has 
been drawn up. The mapping showed that 32 toilets are located in seven buildings/groups of 
buildings and that two toilets are located at some distance from the others. Figure 2 shows the 
community and the main sewer system. In connection with the mapping, continuous water flow 
measurement was established at the treatment plant. Water flow variations showed that the 
sewer system generally works as a separate sewer system, with only minor impact from storm 
water. The draft for complete urine separation in the catchment area shows that a suitable solu-
tion would be to divide toilets into four groups with each their collection and storage system 
based on vacuum toilets, and to establish separate treatment of the two remote toilets, disco n-
necting them from the sewage system.  

Model simulation of impact on wastewater treatment from urine separation  

Computer simulations were used to evaluate the impact on the existing wastewater treatment 
plant operated with extended nitrogen and phosphorus removal. Measurements of flow, load 
and sludge characteristics were used for calibration of the model and different future scenarios 
for urine separation were simulated.  

An initial load survey of the treatment plant compared with historical load measurements shows 
that occasionally, the plant received sewage with very high organic matter content. A mapping 
of enterprises and institutions in the catchment area revealed that the reason might be spillage 
to the sewer system from the milking area. A minor change of the system ensured that this 
spillage has been stopped. A subsequent load measurement shows sewage concentrations co r-
responding to normal domestic wastewater. 

Three scenarios have been drawn up for the future load on the plant after establishment of urine 
separation in the catchment area. The baseline scenario is the present situation without urine 
separation. Two scenarios describe the option of urine separation in the entire catchment area. 
If the system works at 100 % efficiency, the load of nitrogen is reduced by 80 % and that of 
phosphorous by 50 %.7 In a more realistic assessment of the potential for separate collection of 
urine, a two-thirds reduction of nitrogen and a 40 % reduction of phosphorous are achieved. 
Water and organic matter contents in ur ine are very low, and consequently the load of organic 
matter and the hydraulic load are not changed substantially from the baseline scenario.  

Computer simulations of the three scenarios were carried out with the simulation programme 
EFOR (EFOR, 2001). After calibration of the model corresponding to the present load and pr e-
sent process conditions, the model was used to simulate the impact on the treatment plant from 
a reduction of the load corresponding to the above scenarios.  

In addition to simulation of the immediate impact from the reduced load, the possible savings in 
electricity and chemicals from optimisation of plant operation under reduced load has been 
found. Furthermore, calculations have been made elucidating the possibility of achieving suff i-
cient treatment for complying with current discharge requirements by major reductions in plant 
volumes, since in particular the lower nitrogen load reduces the need for volume for oxidation of 
nitrogen compounds. 

The simulations show that with a 100 % efficient urine separation system the remaining nitrogen 
is insufficient for keeping the biological processes in the treatment plant. In reality it is not po s-
sible to ensure full separation, so problems would hardly arise in practice. However, the calcula-
tions show that a balance between nitrogen and organic matter, in wastewater after urine sepa-
ration is needed. 

In a realistic assessment corresponding to a separation of 80 % of the urine, the load on the 
treatment plant will be reduced substantially, and the treat ment for both nitrogen and phospho-
rous will be improved significantly without alteration of plant operation. Thus, urine separation in 
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the catchment area of a treatment plant, also to a minor extent, can be expected generally to 
lead to improved treatment. 

Reduced ammonium load leads to immediate savings in electricity for oxygenation. The internal 
recirculation that is part of the denitrification process can be stopped, as only minor nitrate has 
to be denitrified. Sludge age in the plant can be reduced to a level where no nitrification takes 
place, further reducing the electricity consumption for oxidation of ammonium. If nitrification is 
stopped, discharges of Total-N will increase modestly, but larger discharges of ammonium will 
take place. Neither of the solutions will cause problems in complying with discharge require-
ments for Total-N for the treatment plant at the community. However, a complete nitrification 
stop brings ammonium discharges close to plant discharge requirements, so that it is doubtful 
whether compliance will be achieved in practice. 

The capacity of the existing plant will be considerably larger than necessary after urine separ a-
tion and simulation shows that the volume for denitrification can be omitted and volumes for 
aeration reduced substantially down to one third of the present volume if loss of nitrification can 
be accepted. 

The modelling demonstrates that urine separation in the catchment area has a potential for si g-
nificant reduction of chemicals for phosphorus precipitation. The ful l potential however will first 
be realised when urine separation takes place in the whole catchment area. Under such condi-
tions the general discharge requirements for nitrogen and phosphorus in Denmark can be met 
without nitrification in the plant and with a very moderate dosage of chemicals. In that case the 
activated sludge treatment plant can be replaced by a smaller and less expensive treatment 
system. 

Cost and savings for urine separation 

Based on the draft for establishment of urine separation at the community and the computer 
simulations, cost and savings potential with urine separation can be calculated.  

Total costs for establishment of urine separation are estimated to DKK 1.5 million (200.000 
Euro). Half covers costs of toilets, collection tanks and other equipment, the remainder being 
costs for contractors. The latter item in particular is difficult to estimate, as new installations in 
old buildings can be very difficult and costly. 

The potential for savings in the operation at the present plant is  limited. It has been estimated 
that an immediate annual saving in chemicals and electricity of around DKK 5,000 (700 Euro), 
corresponding to 20 per cent of present operating costs, can be expected.  If the plant is ope r-
ated without nitrification, savings are slightly higher, but plant compliance with discharge re-
quirements becomes less certain.  

Upon new construction of a treatment plant it is possible to save considerable plant volumes 
through urine separation establishment in the catchment area, and it wi ll presumably be possi-
ble to ensure very low discharges of both organic matter and nutrients with more simple trea t-
ment techniques than used today. Tax reductions relating to discharge of organic matter, nitr o-
gen and phosphorous from the establishment of urine separation will only be limited, and they 
can hardly be realised in parallel to an optimisation of operating costs.  

With the proposed system for urine separation at Svanholm 370 kg of nitrogen and 50 kg of 
phosphorous will be collected annually. Urine  has a good fertilising value; however, it is not be-
lieved to have a potential for contributing to the system economy, as there will be costs of 
transportation and spreading. 

Consequently, costs for urine separation at Svanholm will be high and cannot be o utweighed by 
savings in the operation of the present treatment plant and by income from sale of urine.  

Financial potentials will be substantially higher in the establishment of such systems in new 
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building projects, where costs of a urine separation system will be lower, and where the signifi-
cant reduction of contents of nitrogen and phosphorous in sewage can be utilised to build a 
simpler and cheaper treatment plant. 

Conclusions 

Source sorted human urine contain pharmaceuticals and hormones from the users of the sys-
tem, but only hormones and analgesics were found in urine from Svanholm community.  

Methods for detection of pharmaceuticals in urine are strongly needed together with risk as-
sessment of utilisation of source-sorted urine in agriculture or locally  use. 

Systems for source separation of urine can be established with minor problems in a small town 
but to a high cost compared to the value of the urine and the reduced cost for operation of a 
wastewater treatment plant with extended nutrient removal.  

If efficient urine separation is extended to the full catchment area the plant can comply with 
Danish requirements to discharge of organic matter, nitrogen and phosphorus without nitrogen 
removal and the plant can be replaced by a smaller and less expensive t reatment system.  
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Abstract 

Moves towards sustainability in urban water and sanitation have seen numerous novel system 
configurations suggested. More sustainable configurations inevitably involve the reuse of efflu-
ents and biosolids. Reuse of such materials carries with it an inherent risk from waterborne 
pathogens. This paper outlines a methodology, life cycle microbial risk analysis (LCMRA),  for 
assessing the hygiene impact of such novel system configurations.  

Like other life cycle system analysis methods, LCMRA compares alternatives on a whole sy s-
tem basis. The methodology is illustrated by comparing alternatives for servicing a new reside n-
tial development. One alternative would utilize composting toilets with urine and greywater 
separated a source. In the second, conventional toilets and sewering would be employed. Both 
alternatives would treat wastewater locally with treated effluent recycled back to households as 
a non-potable supply. Biosolids and urine would be reused in agriculture. Wastewater and bi o-
solid treatment varies between the alternatives, with each having a comparable life cycle cost.  

Modeling showed the infection risk of recycled water from the separating system was between 
one and three times that of the ‘conventional’ alternative. The factor being dependent on the a s-
sumed likelihood of partial disinfection failure. The model predicts slightly higher pathogen flows 
to agricultural soils from the ‘conventional’ alternative. 

Introduction 

The conventional approach to providing urban water and sanitation is based on ‘once through’ 
water usage, large scale common collection of sewage and the disposal of effluents and bioso l-
ids after treatment. These systems aim to protect public health by creating a linear flow of po-
tentially infectious material away from populations. For the most part, the conventional approach 
has been extremely successful in eliminating epidemic waterborne diseases from industrialized 
societies. However, excessive water use and linear flows of nutrients are problematic in terms 
of sustainability. Since the early 1990’s many and varied approaches to sustainable urban water 
and sanitation have been proposed. Strategies considered included: the use of sewage efflu-
ents for local agriculture, effluent recycling back to households as a secondary supply, gre y-
water separation for reuse by households, urine separation for nutrient capture and reuse, va c-
uum or dry toilets with reuse in local agriculture. All these strategies involve the reuse of efflu-
ents or biosolids, which will be contaminated with human excreta. This has the inherent poten-
tial for transmission of waterborne disease. 

Over recent years, a number of groups have been working to develop modeling and analysis 
methods that can be used to identify more sustainable urban water and sanitation system co n-
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figurations (Speers et al ,2000, Urban Water, 2002, Balkema et al., 2002). Assessments aim 
towards being holistic through analysis of ‘whole system’, ‘life cycle’ impacts. Analysis and 
modeling of materials, energy and cost flows have been described. Alternative urban water and 
sanitation systems have been compared in terms of embodied energy, exergy dispersion 
(measuring the increase in entropy), nutrient and contaminate flows, and life cycle costs (Hel l-
strom 1998; Karrmen, 2000, Speers et al ,2000). This paper describes and applies the 'life cycle 
microbial risk' methodology, which takes a 'whole system’ and ‘life cycle ’ approach to the mode l-
ing of pathogen flows and the analysis of microbial risk or hygiene impact. The development of 
this method has been described previously in papers by Fane and Ashbolt (2000), Fane et al. 
(2002) and in reports on the MISTRA urban water program (Urban Water, 2002). 

Pathogens and sustainable sanitation 

Disease-causing waterborne microbial pathogens can be broadly cha racterised as either enteric 
virus, parasitic protozoa, enteric bacteria, or helminths. Enteric virus is of concern due to their 
minute physical size, the potential for infected individuals to excrete extremely high numbers (up 
to 1012 g-1 faeces) and the low infective dose required (Rusin et al., 2000). Although larger, the 
ability of parasitic protozoan to persist in harsh environments for extended periods means they 
must be seriously considered. Enteric bacterial pathogens and helminths become an issue in 
waste streams, which are poorly treated. Unlike the other pathogen groups some bacterial 
pathogens may grow in conducive environments within wastewater systems. This potential will 
compound any risk that results from ineffective treatment. Bacterial pathogens are however 
more readily assessed through faecal indicators than other groups.  

In general, microbial pathogens multiply within infected individuals and with the exception of 
bacteria such as Salmonella, pathogenic microbes found in sewage will have originated from i n-
fected persons. Waterborne diseases are characterised by acute gastroenteritis with diarrhea 
and/or vomiting. These acute symptoms allow the pathogen to be spread from an infected host 
and become waterborne. The exact symptoms and severity of an intestinal infection vary greatly 
between pathogens with host factors also important. For many waterborne pathogens,  not all 
infected individuals will show disease symptoms. Asymptomatic 'carriers' can still excrete large 
numbers of pathogens that will infect others. These carries can be a critical in the spread of i n-
testinal diseases (Rusin et al., 2000). Waterborne pathogens are also generally contagious and 
will pass to varying extents directly from person to person without water as the conduit. 

The potential for waters to transmit intestinal disease has traditionally been assessed via enu-
meration of faecal indicator species such as E. coli and faecal streptococci. An assessment be-
ing made by comparing measured numbers to guideline levels judged acceptable. After water 
treatment however indicator numbers are poorly correlated with disease outcomes (Levy et al. 
1998). For the assessment of effluent quality for reuse this issue is particularly significant. Di f-
ferent microbial groups respond quite differently to various treatment processes. The relatio n-
ship of indictor to pathogen numbers on which guidelines are based brea ks-down with each 
stage of wastewater treatment. Faecal indicators are then of limited usefulness in assessing the 
possible hygiene impact from viral and protozoan pathogens in a treated effluent.  

To avoid the problems with indicators, some guidelines for effluent reuse have been specified in 
terms of actual pathogen numbers. Such a guideline causes obvious difficulties in sampling and 
pathogen recover from large volumes. Applying these guideline is also problematic in small re-
use systems where much higher variability in effluent pathogen concentrations over time can be 
expected (Fane et al. 2002). 

While problems exist for the use of guidelines in assessing the safe reuse of sewage effluents, 
the relationship between indicator numbers and pathogen presence i s even less certain for 
wastewater streams for non-conventional configurations. Only limited characterization of 
streams such as collected urine and household greywater, in terms of microbial pathogens, has 
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occurred to date (Jönsson et al 1997; Ottoson and Stenstrom, 2003). 

In contrast to the ‘pass-fail’ assessment of water quality guidelines, microbial risk assessment 
(MRA) involves analysis, which aims to quantify the risk, posed by a given pathogen. Dose re-
sponse functions are used to estimate the level of risk from a given exposure to pathogens in 
terms of the probability of an infection occurring (Haas et al. 1999). Dose response functions 
are species-specific and are derived from empirical data that has comes from feeding studies of 
volunteers. In order to calculate the risk of infection due to a given exposure, both a measured 
or estimated concentration of pathogens and an estimate of the volume ingested are required. 
Standard MRA doesn’t then avoid the difficulties of pathogen enumeration faced with guidelines 
specified in pathogen numbers. 

Direct pathogen enumeration in wastewater streams is obviously impossible for system configu-
rations which are still 'on the drawing board'. Even where examples exist, non-sewage streams 
such as collected urine and household greywater are likely to have only infrequent pathogen 
present. Also the size of the system can be expected to have a significant impact on the pre s-
ence of pathogens in wastewater streams. For MRA to be of use in assessing novel sustainable 
system configurations, a means of estimating pathogen numbers other than by direct enumer a-
tion in required. The LCMRA methodology, as described, provides these estimates through 
modeling the flow of pathogens from infected individuals through system alternatives and into 
reuse and disposal streams. 

Modelling framework 

The LCMRA methodology is based on modeling of pathogen flows with analysis of the hygiene 
impact that could be expected from these flows. Pathogens are sourced in 'waste' steams co m-
ing from the community. Pathogens are modeled moving into alternative infrastructure configu-
rations, which include various treatment and disinfection processes. These will processes re-
duce microbe numbers. Existing dose response functions are used to estimating the hygiene 
impact of pathogen flows back to the community. 

The modeling framework includes three sub-models as shown in Figure 1. The pathogen ge n-
eration model simulates daily flow of pathogens and wastewater generation by a community. 
This module provides a common input to the system models being compared. System models 
represent the microbial removal properties of each alternative infrastructure configuration. Ur-
ban water and sanitation systems are modeled as a series of processes termed ‘hygiene modi-
fying units’. Each unit has individual characteristics in relation to pathogen removal by microbial 
group, partitioning of pathogens and unit reliability. A system model then derives the pathogen 
concentrations in each of the reuse and disposal streams that leave the sys tem configuration 
being modelled. A single hygiene impact model calculates infection risks and the comparative 
impact of the system alternatives. 

Assessments are comparative, with system alternatives analyzed in parallel based on common 
pathogen incidence and exposure assumptions. The rational for comparative assessment is the 
current weakness of available data on intestinal disease incidence and likelihood of ingestion of 
recycled waters. The temporal variability expected in parameters governing pathogen flow is 
accounted for via probability distributions. Monte Carlo simulation is then used to  given an out-
put from the models, which accounts for these probability inputs.  

Our current understanding of waterborne disease is such that modeling is limited to a number of 
the better-characterized pathogens. These index organisms have been chosen to represent the 
microbial groups. 
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Figure 1: Life cycle microbial risk analysis modelling framework. 

Our current understanding of waterborne disease is such that modeling is limited to a number of 
the better-characterized pathogens. These index organisms have been chosen to represent the 
microbial groups. The index organisms tend to be the more common and well -understood wa-
terborne pathogen species in that group. Choices are constrained by the availability of a dose 
response function and data on the disease incidence or pathogens presence in sewage. The 
index pathogens, which are used in the example below, are Rotavirus as an index for enteric vi-
rus, Salmonella sp. as a representative of bacterial pathogens, and Giardia lamblia to index 
parasitic protozoan. Helminths were judged to be non-significant in an Australian context. 

Dose response functions for each index pathogen are embedded within the hygiene impact 
model. These functions represent the relationship between the number of pathogens consumed 
and the likelihood of infection. By combining the pathogen concentration outputs from the sy s-
tem models with these dose response functions and assumptions concerning volumes of ex po-
sure the hygiene impact model estimates the risks of infection at each exposure point from each 
index pathogen. The hygiene impact model therefore effectively conducts multiple parallel 
MRA's. Because the dose response functions are embedded, Monte Carlo  simulation allows the 
distributions of pathogen concentrations in disposal and reuse streams, translated into a distr i-
bution of infection probabilities in the hygiene impact model.  

The established dose response functions for the index pathogen Salmonella sp, Rotavirus and 
Giardia are given in equations 1, 2 and 3 respectively (Rose and Gerba, 1991 Haas et al 1999; 
Regli et al. 1991). In these functions D is the number of pathogens ingested and P is the pro b-
ability of infection from that ingestion.  
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Number of infection is dependent not just on the pathogen concentrations and dose response 
but also exposure volume and incidence of exposure. A common low-risk exposure may well be 
more significant in terms of total number of infections caused than a rare high-risk incident. The 
hygiene impact model account for this, by estimating the number of infection that might be ex-
pected due to the system, as a whole, over an average year. Because there is a lack of defini-
tive data on exposures, common assumptions are made between alternatives and the asses s-
ment of systems is comparative. 

Infections Sys. A  Infections Sys. B

System B

Pathogen generation model

Hygiene impact model

System A
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Example 

In this example two alternative systems for a hypothetical greenfield development of 500 
houses in Sydney are considered. One alternative (system A) will take an ecological sanitation 
approach to servicing with urine separating, dry composting toilets. In this system only hous e-
hold greywater will flow to the commo n sewer. The other system (B) employs conventional flush 
toilets and a common sewer collecting all wastewaters from households. Both alternatives will 
treat wastewater locally at a small -scale wastewater treatment plant. In each case effluent is re-
cycled back to households and common areas as a non-potable supply. Wastewater treatment 
will vary between the two alternatives, with the total life cycle cost of each alternative being 
comparable. This will mean the extra cost of dry toilets and urine collection in system A is ba l-
anced by advanced levels of wastewater treatment in system B. In each system, compost and 
urine or sludge will be recycled back to agriculture. 

All models were developed in MS Excel with Monte Carlo simulation made possible by @RISK 
V3.5 (Palisade Corp). Monte Carlo simulation involved models being iterated 100 000 time with 
each iteration representing a separate day. 

Pathogen generation model 

The pathogen generation model was based on the following assumptions:  

• An average occupancy of 2.2 person per dwelling. 

• An average greywater generation of 125 liters per person per day and toilet flushing volume 
in system B of 20 liters per person per day. 

• An average faecal generation of 200g per person per day. 

• An average faecal contamination of urine  of 10mg per person per day.  

• An average faecal contamination of greywater of 0.1g per person per day (represented by a 
log normal distribution with a standard distribution of 2g). 

• An average of 50 Rotaviral infection per year in the community lasting 2 day with 2E+12 vi-
rus shed (represented by a log normal distribution with a standard distribution of 2E+11).  

• An average 4E+9 Giardia shed by the community per day (represented by a log normal di s-
tribution with a standard distribution of 4E+8). 

• An average 5E+4 Salmonella sp per liter of greywater, sourced in kitchens (represented by a 
log normal distribution with a standard distribution of 5E+4).  

Occupancy and wastewater generation is based on Sydney specific data and end-use modeling 
of water demand. Contamination assumptions are based Jönsson et al (1997) and Ottoson and 
Stenstrom (2003). Intestinal disease incidence and pathogen shedding assumptions are based 
on Wheeler et al (1999) and Rusin et al. (2000). 

System models 

System A separates urine and faecal solids at source with collection and on-site storage before 
reuse in agriculture. Household greywaters are collected by a common sewer, primary and sec-
ondary treated, disinfected and recycle back to households. Recycled water is used in-house for 
laundry purposes and out-doors as irrigation water. 

System B collects all households wastewaters as sewage. Sewage is primary, and secondary 
and lime treated, sand filtered, microfiltered and then disinfected. Biosoilds from wastewater  

treatment are anaerobically digested and reused in agriculture. Recycled water is used in-house 
for laundry purposes and toilet flushing and out -doors for irrigation. 

It was assumed that both filtration and disinfection processes would suffer partial failures, and 
these might go unnoticed for short periods. Further it was assumed that these partial failure 
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events resulted in the loss of 1 log of pathogen removal capacity. The model was tested for pa r-
tial failure rates of 1%, 5% and 10%. 

Pathogen removal assumptions for hygiene modifying units, which make up systems A and B, 
are presented in Table: 1. 

Hygiene modifying unit Virus removal Bacterial removal Protozoan removal 

Primary and secondary treatment  1.5 log 2 log 2 log 

Tertiary (lime) treatment 1log 1log 1log 

Sand filtration 1.5 log 2.5 log 2 log 

Microfiltration 2 log 3 log 3 log 

Disinfection 3 log 3 log 3 log 

Anaerobic digestion 1.5 log 3 log 1.5 log 

On-farm biosolids storage 2.5 log 2.5 log 1.5 log 

On-site biosolids composting 3 log - 3 log 

Urine storage 2 log - 5 log 

Table 1: Removal rates by pathogen groups of system A and B hygiene modifying units. 

These pathogen removal assumptions have been based on various sources of data, in partic u-
lar Long and Ashbolt (1994) and Tussell et al (2003). 

The hygiene impact model 

The hygiene impact model assumed equivalent exposure to 100ml, 10ml, 1ml, 0.1ml, and 
0.01ml of recycle effluent in terms of the total volume. No 0.01ml exposures would result from 
system A as this exposure was considered dependent on flushing toilets with recycle effluent. 

Modelling Results 

In table 2 the results of the modelling are shown in terms of a comparison between the two sy s-
tem alternatives. For each parameter, the result is shown as the proportion that the system A 
output was with respect to the system B output. 

Parameter Sys A / Sys B 

Average probability of infection with partial failure rate* of 
10%  

1.0 

Average probability of infection with partial failure rate* of 5% 1.7 

Average probability of infection with partial failure rate* of 1% 3.1 

Total viable pathogens to agricultural soil 0.8 

Table 2: Results of comparative whole system assessment of hygiene impact 

Table 2 shows that if the reliability of disinfection and filtration processes is high then reuse of 
effluent from System B could be expected to have a lesser hygiene impact than water reuse in 
system A. 

The results of modeling also showed that risk of waterborne infection from recycled water in e i-
ther system was due virtually entirely to enteric virus. Of the viable pathogens transported to ag-
ricultural soil, both virus and protozoan numbers were significant.  

To obtain an estimate of the magnitude of the hygiene impact it can be assumed that an ave r-
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age a person serviced by system A would ingest 0.5ml of recycled effluent per day. At this leve l 
of exposure the average number of persons infected per year due to the urban water and sani-
tation system would be 9 if the partial failure rate were 10% and 1.9 if the partial failure rate 
were 1%. These numbers can be compared to the 50 Rotaviral infections assumed in the 
pathogen generation model 

Discussion 

The LCMRA methodology as outlined is based on modelling index pathogen (Giardia Salmo-
nella and Rotavitus) flows from a community through urban water and sanitation system alterna-
tives, with analysis to estimate the hygiene impact that might be expected from such flows. The 
modelling framework involves pathogen generation, pathogen flow and hygiene impact sub-
models. Existing pathogen dose response functions, as used in standard MRA are embedded 
within the modelling framework. Assessment of hygiene impact is comparative between infr a-
structure alternatives based on common assumptions concerning exposures. The temporal 
variability in parameters, which affect pathogen flows, is accounted for using probabil ity distribu-
tions. Monte Carlo simulation is used to obtain results.  The method allows whole system analy-
sis but will comparative assessment. 

In the example of this methodology two ‘sustainable’ system alternative were compared. The 
results showed that virus would be the pathogen of greatest concern when reusing treated ef-
fluent from either system. Comparing the systems, the results showed that the alternative based 
on conventional sewering combined with advanced wastewater treatment, system B, had 
equivalent or lower average hygiene impact than the system based on an ecological sanitation 
approach, system A, while the ‘ecological sanitation’ system exported less pathogens to agricu l-
tural soil. However though addition of sand filtration or microfiltration to  the greywater treatment 
chain, the hygiene impact of the ecological sanitation configuration, could be easily reduced. 
System A would then have a significantly lower hygiene impact than system B, however a 
higher life cycle cost would need to be accepted.  

Uncertainties remain in ‘whole system’ modeling and analysis of the hygiene impact from urban 
water and sanitation alternatives. These uncertainties include: the prevalence of enteric di s-
eases including the incidence of asymptomatic infections; the characteristics of rarer intestinal 
infections including dose response relationships and pathogen shedding rates; the susceptibility 
of unit processing in wastewater treatment to partial failure; and the likely volumes consumed by 
a population exposed to a secondary source of supply. A further confounding factor not cur-
rently included in the model is contagion. This would act as a multiplier for system derived infe c-
tions The limit to our knowledge about waterborne disease is the reason why the LCMRA met h-
odology is currently based on indicative pathogens only rather than full pathogen loads and why 
assessments of systems is comparative. 

Conclusions 

A risk of transmitting waterborne disease will exist for any urban water and sanitation system 
that recycles household effluents, or collects and reuses human wastes in agriculture. Further, 
novel system configurations will create new pathways for the possible spread of waterborne 
diseases. Despite this, there is a need for sustainable systems and these systems inevitably  in-
volve some form of reuse. Some level of microbial risk will result, so it is necessary to unde r-
stand and assess this potential allowing sustainable urban water and sanitation systems to be 
optimized and the best alternatives selected.  
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Abstract 

It has been stated that excreta, i.e. urine and faeces, need to be considered as resources rather 
than waste products in order to meet future water and sanitary system demands (WSSCC 
2000). These nutrient resources may preferably be recycled in agriculture, leading to the 
replacement of chemical fertilisers. Of primary importance, however, is that recycled excreta 
does not add to the disease burden. Faeces may contain a variety of pathogens and should 
always be considered as a microbiological hazard. Hence faeces need to be treated in order to 
inactivate any pathogens potentially present, such as by storage, composting to elevate the 
temperature, addition of ash or other material to raise the pH and incineration where the ash 
may be used as a fertiliser. Urine-transmitted pathogens are less common but need to be 
considered for each setting where urine is reused. Faecal contamination of the diverted urine is  
probably the higher risk and storage before fertilising has been suggested as a safety measure. 
Treatment methods may also be combined with other barriers such as working the excreta into 
the ground and choosing appropriate crops. 

Introduction 

It has been stated that excreta, i.e. urine and faeces, need to be considered as resources rather 
than waste products in order to meet future water and sanitary system demands (WSSCC 
2000). Today the alternatives to the conventional wastewater system include systems that 
separate or divert urine and faeces in order to utilise the nutrients more efficiently. In regions 
without a sewerage network, nutrient utilisation as well as improved sanitation is possible by not 
mixing the fractions and avoiding flushwater. If the faecal fraction is kept dry there will be less 
leaching from e.g. pit latrines and the smell will be reduced. Two of the main reasons to sepa-
rate urine and faeces are thus to recycle the plant nutrients in urine and to obtain a faecal fra c-
tion that is more practical and, if treated, safer to handle (Höglund, 2001).  

Environmental transmission of urinary excreted pathogens is a concern in tropical climates (di s-
cussed below), but generally faecal cross-contamination, that may occur by misplacement of 
faeces in the urine-diverting toilet (Schönning et al., 2002), is regarded as a greater health risk 
(Höglund et al., 2002). The faecal fraction should always be considered a health hazard due to 
the potential presence of enteric pathogens. 

Different factors that wi ll affect the inactivation of pathogens in the environment include te m-
perature, pH, moisture and competition from naturally occurring microorganisms. To obtain a 
fertiliser product from excreta that is safe to use it is possible to apply treatment methods utilis-
ing any of these parameters in combination with time. 

                                                
*This paper has been peer reviewed by the symposium scientific committee 
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The WHO guidelines (1989) for safe agricultural use of wastewater and excreta (as a mixed 
fraction) provide limits for pathogens (nematode eggs) and indicators (faecal coliforms). The 
1989 guidelines are currently under revision, and the next edition is expected to include guide-
lines on urine as well (Carr, pers. comm.). The purpose of this paper is to supply background 
information on the behaviour of pathogens of concern in relation to various opt ions for treatment 
and to give practical advice on how to minimise the risk for infectious diseases when reusing 
urine and faeces as fertilisers. It can be seen as a summarised version of a more extensive re-
port that will be published within the Swedish EcoSanRes-programme (www.ecosanres.org), fi-
nanced by Sida. 

Infectious diseases that may be transmitted via urine and faeces 

The pathogens traditionally known to be excreted in urine are Leptospira interrogans, Salmo-
nella typhi, Salmonella paratyphi and Schistosoma haematobium (Feachem et al. 1983). There 
is a range of other pathogens that have been detected in urine but their presence is not consi d-
ered significant for the risk of environmental transmission.  

Leptospirosis is a bacterial infection causing influenza-like symptoms with 5-10% mortality that 
is generally transmitted by urine from infected animals (Feachem et al. 1983; CDC 2000a). It is 
considered an occupational hazard e.g. for sewage workers and for farm workers in developing 
(tropical) countries. Human urine is not considered to be an important route for transmission 
since the prevalence of the infection is low (Feachem et al. 1983; CDC 2000a). Infections by 
S. typhi and S. paratyphi only cause excretion in urine during the phase of typhoid and paraty-
phoid fevers when bacteria are disseminated in the blood (Feachem et al. 1983). This condition 
is rare in developed countries. Even though the infection is endemic in several developing coun-
tries with an estimated 16 million cases per year, urine -oral transmission is probably unusual 
compared to faecal-oral transmission (Feachem et al. 1983; CDC 2000b). For diverted urine the 
risk for transmission of Salmonella will be low even with short storage times due to the likely 
rapid inactivation of faecal bacteria (Höglund, 2001). Schistosomiasis, or bilharziasis, is one of 
the major human parasitic infections mainly occurring in Africa (Feachem et al. 1983). When in-
fected with urinary schistosomiasis caused by Schistosoma haematobium, the eggs are ex-
creted in urine, sometimes during the whole life of the host. The eggs hatch in the environment 
and the larvae infect specific aquatic snail species, living in fresh water. After a series of deve l-
opmental stages aquatic larvae emerge from the snail, ready to infect humans through penetra-
tion of the skin (Feachem et al. 1983). As long as the urine is not used close to a fresh water 
source where the snail is present, it constitutes no additional risk for the transmission of schi s-
tosomiasis. 

Enteric infections can be transmitted through four groups of pathogens; bacteria, viruses, para-
sitic protozoa and helminths. From a risk perspective the potential presence of pathogens in 
faeces should always be considered since there are so many different types of enteric infections 
and the prevalence is unknown for the majority of them.  

Bacteria have generally been considered the leading cause of gastrointestinal illness in survei l-
lance systems, but enteric viruses are now considered to cause the majority of gastrointestinal 
infections in developed regions (Svensson, 2000). More than 120 different types of viruses may 
be excreted in faeces, with the most commonly identified including rotavirus, enteric adenov i-
ruses and human caliciviruses (Tauxe and Cohen, 1995). Hepatitis A has also been recognised 
as a pathogen of concern when applying wastes to land and is considered a risk for water - and 
foodborne outbreaks especially where the sanitary standards are low. Of the bacteria, at least 
Salmonella, Campylobacter and enterohaemorrhagic E. coli (EHEC) should be considered 
when evaluating microbial risks from various fertiliser products including faeces, sewage sludge 
and animal manure. In areas with insufficient sanitation, cholera may still occur and constitute a 
risk for contamination of water. Parasitic protozoa such as Cryptosporidium parvum and Giardia 
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lamblia/intestinalis have been studied intensively during the last decade partly due to their env i-
ronmental resistance. Infectious doses are low and especially Cryptosporidium have been the 
cause of several large waterborne outbreaks. In developing countries helminth infections are of 
greater concern. The eggs of helminths like Ascaris are persistent in the environment, and 
therefore regarded as an indicator of hygienic quality (WHO, 1989) . 

Inactivation of pathogens in urine and faeces 

The fate of the enteric pathogens entering the urine collection container is of vital importance for 
the hygiene risks related to the handling and reuse of the urine. To determine the duration and 
conditions for sufficient storage of the urine mixture before its use as a fertiliser, it is necessary 
to estimate the survival of various microorganisms in urine as a function of time. Studies have 
been performed where different microorganisms were added to the urine and their inactivation 
followed over time (Höglund, 2001). Very limited work has been undertaken on urine treatment 
other than storage, such as acidification (Hellström et al., 1999), heating and evaporative con-
centration. 

For the urine mainly temperature and the elevated pH (~9) in combination with ammonia has 
been concluded to affect the inactivation of microorganisms. Bacteria like Salmonella (i.e. 
Gram-negative bacteria) were inactivated rapidly, whereas viruses was hardly reduced at all at 
low temperatures (4-5°C) (Table 1). 

 Gram-negative 
bacteria 

Gram-positive 
bacteria 

C. parvum Rhesus rotavirus S. typhimurium 
phage 28B 

4°C 1 30 29 172a 1 466a 

20°C 1 5 5 35 71 
a Survival experiments performed at 5°C. 

Table 1: Inactivation of microorganisms in urine, given as T90-values (time for 90% reduction) in days 
(Höglund, 2001) 

The inactivation of pathogens in faeces is a more complex issue than in urine, due to varying 
conditions regarding moisture, other climatic factors as well as a larger influence of the con-
struction of the system, e.g. how well the urine is diverted and whether anal cleansing is pra c-
tised.  

Microorganism Faeces and sludgea  
20-30°C 

Faeces T90
b 

~20°C 
Soila 20-30°C Soilc absolute 

maxd/ 
normal max 

Bacteria    1 yrs./2 mon. 
Faecal coliforms <90 normally <50 15-35 (E. coli) <70 normally <20  
Salmonella <60 normally <30 10-50 <70 normally <20  
Viruses <100 normally <20 rotavirus: 20-100 

hepatitis A: 20-50 
<100 normally <20 1 yrs./3 mon. 

Protozoae (Enta-
moeba) 

<30 normally <15 Giardia: 5-50 
Cryptosporidium: 20-
120 

<20 normally <10 10/2 

Helminths (egg) several months 50-200 (Ascaris) several months 7 yrs./2 yrs. 
d Absolute maximum for survival is possible during unusual circumstances such as at constantly low temperature or at well pr o-
tected conditions.a 
e Data is missing for Giardia and Cryptosporidium , their cysts and oocysts will probably survive longer than what is here given for 
protozoa.a 

Table 2: Estimated survival of pathogens during storage of faeces and in soil, given in days if not stated 
otherwise (Faechem  et al., 1983a; Arnbjerg-Nielsen et al., 2003b;Kowal 1985c (in EPA 1999)) 

Table 2 summarises reported pathogen inactivation in faeces, sludge and soils. During faeces 
collection, the addition of other material such as ash (lime ) also needs to be considered, as it 
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may increase the die-off rate for pathogens. The alkalinity of different types of ashes does ho w-
ever vary, and it may be difficult to predict the final pH and the related pathogen inactivating ef-
fect. 

Recommendations for the reuse of human urine 

As a result of Swedish research into the survival of microorganisms in urine, guidelines based 
on the parameters urine storage time and temperature have been proposed (Table 3; Jönsson 
et al., 2000; Höglund, 2001). Guidelines may in this context be seen as recommendations on 
how to use urine in agriculture in order to minimise the risks for transmission of infectious di s-
eases and as a part of risk management. The guidelines have been endorsed by the Swedish 
EPA but need to be further approved in order for implementation as national regulations (Swe d-
ish EPA, 2002). 

The endorsed Swedish guidelines were based on pathogen/indicator inactivation in urine and 
the results concur with subsequent microbial risk assessment (Höglund et al., 2002). For single 
households the urine mixture is recommended for all type of crops, provided that the crop is in-
tended for the household’s own consumption and that one month passes between fertilising and 
harvesting, i.e. that a withholding time between last urine application and consumption of the 
food produce is applied. This approach can probably be used for any smaller system in deve l-
oping countries, whereas larger (urban) systems may be adapted to the above guidelines (Ta-
ble 3). Higher ambient temperatures in many developing country settings will however increase 
inactivation rates and add in safety. One reason for more relaxed guidelines for single hous e-
holds is that person-to-person transmission will exceed the risk from urine related environmental 
transmission. 
 

Storage temperature Storage time Possible pathogens in the 
urine mixture 

Recommended crops 

4°C ≥1 month viruses, protozoa food and fodder crops that 
are to be processed 

4°C ≥6 months viruses food crops that are to be 
processed, fodder cropsc 

20°C ≥1 month viruses food crops that are to be 
processed, fodder cropsc 

20°C ≥6 months probably none all cropsd 

a Gram-positive bacteria and spore-forming bacteria are not included. 
b A larger system in this case is a system where the urine mixture is used to fertilise crops that will be consumed by individu-

als other than members of the household from which the urine was collected.  
c Not grasslands for production of fodder. Use of straw is also discouraged. 

d For food crops that are consumed raw it is recommended that the urine be applied at least one month before harvesting 
and that it be incorporated into the ground if the edible parts grow above the soil surface.  

Table 3: Recommended Swedish guideline storage times for pathogen inactivation based on, pathogen 
contenta of the urine mixture and recommended crop for larger systemsb. It is assumed that 
the urine mixture has at least pH 8.8 and a nitrogen concentration of at least 1 g/l (from Jöns-
son et al., 2000 and Höglund, 2001) 

Alternatives for treatment of faeces 

Storage 

Storage of infectious materials will eventually result in the inactivation of pathogens present. 
The time needed for a certain reduction or elimination is however hard to predict since the co n-
ditions may vary significantly. The ambient temperature and moisture as well as the construc-
tion of the storage container will affect the inactivation of microorganisms. Naturally occurring 
microbes will also compete with pathogens and affect their survival.  
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Faechem et al. (1983) presented extensive data on pathogen/indicator survival in different ma-
terials including nightsoil and faeces. The data is in the form “less than 20 days” as shown in 
Table 2, and do not take initial values into consideration, but focuses on total inactivation. From 
literature studies Arnbjerg-Nielsen et al. (2003) estimated the survival times for various patho-
gens with T90-values given for 20°C in Table 2. The studies of pathogen inactivation in faeces 
without material added are however few and other materials such as animal manure and sew-
age sludge were evaluated to estimate inactivation rates. Harsher environmental conditions 
would be expected in the latter. Nonetheless, based on these T90 values full inactivation would 
be significantly longer than estimated by Faechem et al. (1983). 

The effect of temperature on the inactivation of pathogens in a diagram giving so -called “safety 
zones” was first published by Feachem et al. (1983). According to WHO (1989), at least one -
year storage at ambient temperature is required to ac hieve the guideline for helminth quality 
applying this diagram. Strauss and Blumenthal (1990) suggested that one year was sufficient 
during tropical conditions (28-30°C), whereas at lower temperatures (17-20°C) 18 months would 
be needed. In a South-African study, Salmonella was still found in stored faeces after one year 
(Austin, 2001). Weekly turnings of the faecal heap rather than having it in a plastic container 
gave significantly higher reduction of the pathogens as well as faecal indicators. This pract ise 
will however expose the person handling the material to unsanitised faeces. Storage is probably 
most beneficial in dry-warm climates where the low moisture content will result in desiccation of 
the material and aid in pathogen inactivation. If the faecal material looks dry, and also is dry 
right through, the risk of viable pathogens being present has decreased significantly. Regrowth 
of bacterial pathogens may however occur after application of moisture (e.g. by contact with 
moist soil). 

Composting 

The relations between time and temperature for various pathogens in the safety zone diagram 
(Feachem et al., 1983) have been widely accepted even though “new” pathogens have been 
identified and literature giving other results has been published. In general the rmophilic tem-
peratures >55°C are considered necessary to achieve efficient inactivation. WHO recommend 
thermophilic digestion (50°C for 13 days) or composting in aerated piles during one month 
reaching 55-60°C (+ 2-4 months for further maturation). Recomme ndations concerning treat-
ment of e.g. sewage sludge and organic household waste (food waste) also rely on such te m-
peratures (Swedish EPA, 2002; EC, 2000; Danish EPA, 1996). Haug (1993) states that co m-
posting at 55-60°C for a day or two should be sufficient  to kill essentially all pathogens, whereas 
the regulations above rely on significantly longer periods, partly because it is common that cold 
zones are formed within the compost, resulting in locally less inactivation and possibilities for 
regrowth of pathogenic bacteria. 

The moisture content, aeration and the C:N ratio need to be appropriate for a composting pro c-
ess to proceed along with sufficient insulation and/or bulk to allow temperature increases. In the 
WHO guidelines composting in 10-50 m long piles of approximately 2x2m is described. In order 
to compost faeces addition of bulk material to allow aeration, such as wood/bark chips is 
needed. Vinnerås et al. (2002) studied small-scale composting of faeces and faeces mixed with 
urine and/or food waste and concluded that the faeces and food waste mixture (also including 
straw as an amendment) yielded the most efficient process, i.e. resulted in the highest temper a-
ture. In well-insulated compost reactors the temperature reached over 65°C, both in the labora-
tory scale (1 litre) and pilot scale (90 litre bin), giving high safety margins for most pathogens in 
comparison with the safety zone diagram of Faechem et al. (1983) (Vinnerås et al., 2002). 

In many domestic situations, however, composting of faeces from urine-diverting toilets only re-
sults in a slight elevation of the temperature, probably due to insufficient insulation and addition 
of ash in the toilets, resulting in too little available energy (Karlsson and Larsson, 2000; Björ k-
lund, 2002). During composting changes in pH and high biological activity will also affect the in-
activation of pathogens, probably being more important during mesophilic conditions. In a study 
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by Holmqvist and Stenström (2001) household waste mixed with straw was composted, yielding 
a temperature of 29-30°C and a pH that ranged from 4.5 to 8.6. During the one -month period 
the faecal indicators E. coli and Enterococcus faecalis  were reduced rapidly, with a 6 log10 and a 
5 log10 reduction during the first 3 days, respectively. A virus  model (S. typhimurium phage 28B) 
was reduced 3 log10 whereas the viability of Ascaris eggs (ova) only was reduced from 91% to 
70% (Holmqvist and Stenström, 2001). 

Many toilets are called composting toilets without actually obtaining a well functioning pro cess; it 
is rather storage and anaerobic putrification that occurs. Unless large and/or well insulated 
composting units are used which receive faecal and food wastes, it is unlikely that pasteurising 
temperatures will be reached in domestic-scale “composting” units. Composting is thus a proc-
ess that requires some skill to run, and it  need to be well maintained in order to function. Co m-
posting of faecal material at mesophilic and ambient temperatures need to be further evaluated 
in order to potentially be endorsed as an acceptable treatment method.  

Addition of pH-elevating and desiccating material 

Most pathogens are favoured by a natural pH. Even though a pH of above 9 is sometimes said 
to significantly hamper microbial activity a pH of 11-12 is desired in treatment methods where 
lime is added (e.g. for treatment of sewage sludge) (Boost and Poon, 1998). To add ash (or 
lime) to excreta is an old tradition in several countries and present recommendations for treating 
faeces from e.g. the Swedish Institute for Infectious Disease Control (SMI) (not published) is to 
add ash (or lime) after each defecation. The ash or lime has several benefits; it reduces the 
smell, covers the material, decreases the moisture content, and aids hygienisation through the 
elevated pH effect. 

Results from a study of urine-diverting latrines in Vietnam indicate that it is possible to within the 
stored faeces achieve a significant reduction of viable Ascaris ova and viruses (S. typhimurium 
phage 28 B) within a six-month period. In these latrines 100-500 ml of ash was added after 
each visit. The temperature ranged from 31-40°C, the pH in the faecal material was 8.4-10.3 
and the moisture content 25-59%. The inactivation could be described by a combination of the 
factors but only pH for the bacteriophage inactivation was statistically significant (Carlander and 
Westrell, 1999; Chien et al., 2001). 

In a Chinese study by Wang et al. (1999) plant ash was mixed with faeces in a ratio of 1:3 yield-
ing a pH of 9-10. A >7 log10 reduction of phages and faecal coliforms, and a 1% survival of As-
caris eggs was recorded after three months even though the temperature was low; –10°C to 
10°C, resulting in partial freezing of the material. Coal ash was analysed in the same study and 
had an initial pH of 8 resulting in pH 7 in the mixed material. According to Lan et al. (2001) a pH 
>8 resulted in inactivation of Ascaris within 120 days (no detailed information on additives 
given). In an area in El Salvador a majority of the households added lime or ash (others ad ded 
saw dust or soil) to the faecal material resulting in a pH of 5.1 to 12.8 (mean 9) (Moe et al. 
2001). Neither pH, temperature nor moisture could as a single factor be correlated to the co n-
centration of indicator bacteria and bacteriophages that after storage for <1 month to >1 year 
still was found in the material. The above studies are somewhat contradictory and since other 
factors affect the result it is not possible to set a lower limit for the pH. The amount of ash added 
in current systems is uncertain and further studies on appropriate amounts are probably needed 
but in general terms at least a cup (approx. 200 ml) should be added after each defecation. In 
China automatic ash dispensers that can be used in a similar way as a water flush have been 
developed. 

The inactivation of microorganisms by addition of 3% urea to faeces, resulting in a pH of ~9.3 
that at 20°C corresponded to 8000 mg/l of free ammonia, was evaluated by Vinnerås et al. 
(2002). After five days no E. coli or Salmonella were detected. Enterococci were reduced 2 log10 
and the viability of Ascaris eggs was reduced by 10% during the same time. After 50 days only 
spore-forming clostridia were detected. Since the ammonia will remain in the material if it is 
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properly stored, the risk for regrowth of pathogenic bacteria in the treated matter should be 
minimised. The urea also adds to the fertiliser value of the faeces.  

Incineration 

Incineration of the faeces is an option that will eliminate the risk for transmission of disease 
since all pathogens will be removed. The ash is a potent fertiliser with all phosphorous and po-
tassium retained, whereas nitrogen and organic matter will be lost. Recommendations for how 
to use it when fertilising to avoid over dosage are however needed.  

Discussion 

So far, mainly storage at ambient temperature has been considered as a viable treatment option 
for urine. To further increase the temperature or pH would probably speed up the inactivation of 
pathogens. The tropical climate in many developing countries will proba bly result in faster inac-
tivation compared to northern Europe where the above results were obtained. Methods to co n-
centrate the nutrients, e.g. reverse osmosis and utilising zeolites (Jönsson et al., 2000; Lind et 
al., 2000), have been considered but not particularly for developing countries and they have not 
been evaluated from a hygienic point of view. 

Faeces was identified as the problematic fraction regarding disease transmission at the first I n-
ternational Conference on Ecological Sanitation in China 2001, with some of the studies pre-
sented referred to above. Still we have few answers and guidelines for how to treat faeces, and 
whether they should be reused or disposed need to be further developed. A range of treatment 
options is available. Incineration is by far the safest method since all pathogens are eliminated. 
Other methods relying on a raise in pH or temperature or solely on time (ambient conditions) 
have the potential to reduce pathogens, but further studies to establish appropriate combina-
tions of time, temperature, moisture and/or pH are needed. These processes may also have to 
be monitored in order to control that the expected limit for each parameter is reached. What o p-
tions are practical is much dependent on the scale of the system, i.e. whether a household or 
the municipal level. On the latter scale more options are probably available both due to techni-
cal reasons and since, as stated by WHO (1989), implementation of treatment on an individual 
level may be difficult since it involves changing people’s habits and practices that was estab-
lished a long time ago. Local conditions, such as climate will also effect what recommendations 
that are suitable. 

The focus when handling and reusing fertiliser products of human (or animal) origin should be to 
minimise the risks for transmission of infectious diseases. Treatment of the excreta is the most 
important barrier to prevent the spread of pathogens in the environment. There are however 
other means to limit the exposure to pathogens. For persons handling the excreta personal pro-
tection such as wearing gloves is preferred. To use application methods that do not create 
aerosols (e.g. not sprinkler or during windy periods) decreases the exposure of the farmer and 
surrounding people. To work the excreta into the ground will minimise exposure to humans and 
animals, and will also decrease the risk for pathogen run-off to nearby waters. In the WHO 
guidelines it is stated that excreta having lower microbial quality than required can be utilised if 
it is placed in trenches and covered by >25 cm of soil. By choosing appropriate crops it is poss i-
ble to minimise foodborne transmission and it is definitely safer to use excreta on crops that are 
not intended to be consumed raw. To include a withholding (waiting) period between fertilising 
and harvest, as suggested for urine above, will allow further reduction of pathogens due to a m-
bient factors such as microbial activity, UV-light and desiccation. If the practical possibility to 
store urine for sufficient time is limited it is especially important to try to compensate the risk by 
applying other measures, such as subsurface application and long withholding times. For fa e-
ces it is doubtful if other measures than treatment could result in acceptable safety.  
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A standard measure to control the production of a safe fertiliser product would be the ideal 
situation, but we are only beginning to get there by storage recommendations for urine. For fa e-
ces, the Engelberg guidelines (stated in WHO, 1989) for nematode eggs and faecal colif orms 
are the focus, even though it is stated that these are not intended as standards for quality sur-
veillance but rather as design goals for treatment systems. Problems with quality control include 
costs, lack of local laboratory capacity and the lack of routine methods for indicators or specific 
pathogens that could represent various groups of pathogens. Thermotolerant (faecal) coliforms 
are still widely used even though it has been questioned how representative they are of the 
pathogens of concern (parasites and viruses). Detailed recommendations on how to manage a 
sanitation system including reuse of faeces and urine may therefore be more valuable.  

Conclusions 

Relying on treatments recommended for excreta is a simpler method to ensure hygienic safety 
than monitoring by the analysis of microbiological parameters, especially in developing coun-
tries. Therefore it has been suggested that urine should be stored (up to six months) before re-
use as a fertiliser. The recommended period of storage is dependent on the  storage tempera-
ture and on what crops that will be fertilised. For faeces different treatment options are possible 
in order to ensure a hygienically safe fertiliser product. Incineration will render a completely safe 
fraction and addition of a pH-elevating material may result in sufficient inactivation for the most 
persistent pathogens (helminth eggs and viruses). These methods may be suitable on a smaller 
scale whereas other types of chemical treatment and composting seem more suitable for larger 
systems. 

Further research, especially concerning inactivation of microorganisms in faeces during different 
conditions and risk assessments of sanitary systems, would be valuable in order to further es-
tablish guidelines for how to handle and reuse urine and faeces in safe manners. The recom-
mendations need to be adapted to different conditions, e.g. climate. Urine may however in ge n-
eral be considered as a more hygienic fertiliser than faeces and considering its larger content of 
nutrients it may be recommended for reuse in most settings. 
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Abstract 

The effect of biological treatment and subsequent sanitation by ultraviolet (UV) irradiation on the 
microbiological quality of greywater was studied, and the data were used to assess the risk of 
the use of this recycled water for toilet flushing. After treatment in a rotary biological contactor, 
the biological oxygen demand (BOD5) was below 6 mg/l (arithmetic mean, 1.5 mg/l). The micro-
biological quality of the processed and disinfected greywater fulfilled the European Union sta n-
dards for recreational waters. Aeromonas was present in the processed water at levels of about 
3-12 cells/ml but did not grow in the distribution system. From the analytical results and from 
data on aerosol formation during toilet flushing, on the virulence of aeromonads and on the epi-
demiology of Aeromonas infections, it was estimated that the health risk from using processed 
and disinfected greywater for toilet flushing is negligibly small. 

Introduction 

Bathing, showering and handwashing turns drinking water into greywater. In typical private 
European households and hotels, the amount of greywater produced is similar to the amount 
required for toilet flushing (Scheer and Kimmich, 1999). Hence, use of such water may save 
considerable amounts of drinking water and has been suggested in particular for dry areas (cf. 
e.g. Ho et al., 2001). However, unprocessed greywater contains organic matter in form of 
sweat, skin cells, soaps, detergents, as well as traces of faecal matter (in particular from small 
children). Accordingly, it has a biological oxygen demand (BOD5) of 50-150 mg O2/l (Bullermann 
et al., 2001) and may contain opportunistic pathogens from the human body. If it is no t recycled 
within a short time and within the household where it is collected, its re -use necessitates a rec-
lamation process involving a biological treatment, in combination with a sanitation step. To as-
sess the microbiological risk of using recycled greywater, we studied the survival of opportunis-
tic pathogens and indicator micro-organisms in a greywater reclamation system in Kassel, Ge r-
many. 

Description of the greywater reclamation unit, design of the study 

Greywater was collected from showers, handwashing basins and bathtubs of 24 households 
with a total of 65 residents. The average daily load was 2,160 litres (33 l per person). It was 
processed by biological treatment in a rotary biological contactor carrying about 190 m2 of active 
biofilm with a hydraulic residence time of about 23 hours. After passing a sedimentation unit, it 
was disinfected by a 24W UV lamp (dose >550 J/m2 throughout the observation period), and 
subsequently used as process water for toilet flushing in these households. A scheme of the  
greywater reclamation system is presented in Figure 1 (from Bullermann et al., 2001). Over a 
period of 44 months, 577 samples from various sites within the reclamation and redistribution 
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system were subjected to microbiological and chemical analysis. For comparison, 44 samples 
of drinking water and 67 samples of recreational waters were analyzed for Aeromonas ssp. 

Figure 1: The greywater reclamation system installed in Kassel-Hassenhecke.  
IN, greywater inlet; SED, sedimentation tanks; RBC, rotary biological contactor, UV, disinfec-
tion unit; STO, storage tank; DW, drinking water supply; Prl, pressure increase device; SR, 
sludge removal; OF, overflow. P1-P5, W1, W2 indicate sampling sites (see text). Modified 
from Bullermann et al, 2001; © Umweltplanung Schneble 

Analytical methods 

Water samples were taken and the levels of Escherichia coli, coliforms and faecal enterococci, 
Pseudomonas aeruginosa and salmonellae were determined according to official recommenda-
tion for the analysis of recreational waters published by the Umweltbundesamt (1995). Briefly, 
E. coli and coliforms were enriched in lauryl sulfate tryptose broth containing methylumbelliferyl-
ß-D-glucuronide (Merck no. 12588) at 37°C, and isolates from positive tubes were tested for c y-
tocrom c-oxidase, ß-D-glucuronidase, glucose and lactose fermentation, indole formation and 
citrate utilization. Enterococci were enriched in azide glucose broth, and isolates from positive 
tubes were confirmed by colony form on Slanetz-Bartley agar (Merck no. 5262), growth in the 
presence of 6.5% NaCl, and esculin cleavage. Ps. aeruginosa was enriched in malachite green 
peptone broth (Merck no. 1396) and confirmed according to standard methods (Deutsche Ein-
heitsverfahren, 1982). Tests for Staphylococcus aureus, Candida albicans, and Legionella sp. 
were carried out according to standard methods (Burkhardt, 1992). For counting of aeromo-
nads, samples were plated on Ryan agar (Oxoid CM 883). After incubation at 37°C, green, 
opaque colonies with a black centre were counted. Gram-negative, facultatively anaerobic iso-
lates showing cytochrom c-oxidase activity were designated “mesophilic aeromonads”. In pr e-
liminary investigations, the plating media used by Havelaar et al. (1990) and Schubert (1987) 
were used in parallel, and the Aeromonas counts obtained were similar. Aeromonas strains iso-
lated were further characterized by streaking them on blood agar (Oxoid CM 55 wi th 5 % defi-
brinated sheep blood) and on Kligler’s iron agar (Oxoid CM 33). Strains showing haemolysis 
and forming gas from glucose and hydrogen sulfide from thiosulfate were designated as pr e-
sumptive Aeromonas hydrophila. 

A total of 29 Aeromonas isolates were tested for the presence of the aerolysin gene, a virulence 
factor widespread among aeromonads (Granum et al., 1998). For this purpose, the PCR-based 
method of Ben Kingombe et al. (1999) was used with modifications (cf. Bullermann et al., 2001). 

Experimental results 

The mean initial organic load of the unprocessed greywater was 111 mg BOD5 (range: 42-350 
mg BOD5/l), 225 mg COD, and 129 mg TOC per litre. The greywater neither contained salmo-
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nellae nor legionellae, and opportunistic pathogens from human skin (Staphylococcus aureus, 
Candida albicans) were only present in 42 and 9 % of the samples, respe ctively (Table 1). 
However, median levels of coliforms were about 105, of Escherichia coli about 104 and of en-
terococci about 103/ml. These levels are comparable to those reported by Casanova et al. 
(2001) and Ottosson and Stenström (2003). The aerobic treatment of the greywater in a rotary 
biological contactor reduced these counts by about 2-3 log cycles, and BOD5 to 1.5 mg/l (arith-
metic mean from 152 determinations; a BOD5 of 6 mg/l was never exceeded; see Table 2), and 
almost completely eliminated S. aureus and C. albicans. Subsequent UV treatment reduced mi-
crobial counts further: the median levels of coliforms, E. coli, Pseudomonas aeruginosa and en-
terococci were below 1/100 ml. In almost all cases, the microbial levels were below the maxi-
mum tolerable levels given in EU Directive 76/160 on the quality of recreational waters (Anony-
mous, 1976) and below the recommendation for maximum tolerable levels spec ified by the 
Senator für Bauen und Wohnen, Berlin (cf. Nolde, 1999) (Tables 3-4). The biological treatment 
reduced the median levels of aeromonads by two log cycles to about 10 3/ml. At any sampling 
site between UV treatment and the users, counts were between 3 and 12/ml, and no re-growth 
of aeromonads or any other microbial group in the water distribution system was observed (Ta-
ble 5). Aeromonas was also detected in 14 of 44 samples of drinking water, and 64 of 67 sa m-
ples of recreational waters, respectively (100 ml sample volume). The arithmetic means were 
0.04 and 39 CFU/ml, respectively, maximum levels were 0.64 and 150 CFU/ml, respectively.  
Of the 29 Aeromonas strains tested, 25 were found to contain the aerolysin gene, commonly 
considered as virulence factor. 

 
 Sample Numbers of positive samples/total samples at site  
Microbial 
group 

size 
(ml) 

P1 P3 P4 P5 

Salmonella 
 

100 0/49 0/61 Not determined Not determined 

Salmonella 
 

1.000 Not determined Not determined 0/53 0/60 

Candida  
albicans  

0.1  4/48 0/92 0/71 0/77 

pathogenic 
legionellae 

0.1  0/33 0/84 Not determined 0/77 

pathogenic 
legionellae 

10 Not determined Not determined 0/66 0/72 

Staph. 
aureus  

1 21/50 12/92 2/69 0/76 

Table 1: Prevalence of pathogens in the greywater reclamation and distribution syste m 

 
Parameter Number of samples Arithmetic 

mean 
Standard  
deviation 

Maximum 

BOD5 (mg/l) 111 1.5 1.1 6.0 

COD (mg/l) 117 15.3 1.1 37.3 

TOC (mg/l) 57 10.7 5.4 28.8 

Table 2: Organic matter in greywater after biological treatment (sampling site P3) 
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 Parameter 
 Escherichia coli Coliforms 
Sampling 
site 

No. of 
samples 

Median Maximum No. of 
samples 

Median Maximum 

P3 145 103-104 >104 146 103-104 >104 

P4 143 <1 10-99 138 <1 >103 
P5 151 <1 10-99 145 <1 >103 
W1 63 <1 1-9 63 <1 >103 
W2 65 <1 1-9 65 <1 102-103 
Official maximum level for recreational 
waters1 

2 x 103  104 

Recommended maximum level2 103  104 
1Anonymous, 1976; 2Senator für Bauen und Wohnen, Berlin, 1995 (cf. Nolde, 1999) 

Table 3: Levels of Escherichia coli and coliforms per 100 ml of processed greywater before (sampling 
site P3) and after UV disinfection, compared to standards 

 
 Parameter 
 Faecal enterococci Pseudomonas aeruginosa 

Sampling 
site 

No. of 
samples 

Median Maximum No. of 
samples 

Median Maximum 

P3 138 101-102 >104 142 <1 102-103 
P4 144 <1 103-104 93 <1 101-102 
P5 152 <1 101-102 94 <1 101-102 
W1 63 <1 101-102 63 <1 101-102 
W2 65 <1 101-102 65 <1 101-102 

Official maximum level for recreational 
waters1 

102  Not speci-
fied 

Recommended maximum level2 103  102 
1Anonymous, 1976; 2Senator für Bauen und Wohnen, Berlin, 1995 (cf. Nolde, 1999) 

Table 4: Levels of faecal enterococci and Pseudomonas aeruginosa  per 100 ml of processed grey-
water before (sampling site P3) and after UV disinfection 

 
Sampling 

site 
No. of sam-

ples 
Median Arithmetic 

mean 
Maximum Geometric 

mean xg 

Sg* 

P3 149 1,000 3.4 x 104 1.6 x 106 1.6 x 103 1.2 
P4 145 6 30 1.1 x 103 5 1.0 
P5 154 12 6.3 x 102 8.3 x 104 9 1.2 
W1 64 3 11 2.4 x 102 2 1.0 
W2 65 4 11 1.7 x 102 2 1.0 

*Sg = log (standard deviation of geometric mean)  

Table 5: Levels of mesophilic aeromonads (CFU/ml) in processed greywater before (sampling site P3) 
and after UV disinfection 

Risk assessment 

To assess the risk due to use of processed greywater, it is necessary to identify the hazards, to 
assess the exposure of the users to these hazards, to characterize the hazard with respect to 
dose-response relationship and severity of the disease, and to verify the risk assessment in the 
light of epidemiological data (Codex Committee on Food Hygiene, 1999).  
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Hazard identification 

The microbiological data indicate that the risk from pathogenic yeasts, legionellae and 
salmonellae in greywater is very small, even if the users are accidentally exposed to raw, 
unprocessed greywater. Salmonellae and shigellae have been shown to die off during 
incubation of inoculated raw greywater (Rose et al., 1991). Likewise, salmonellae died off in raw 
greywater sediments (Ottosson and Stenström, 2003), and Nolde (1999) reported that 
salmonellae, Candida albicans and legionellae did not persist in greywater. In the present study, 
these organisms were not detected at all after biological treatment. A few samples of treated 
greywater still contained Staphylococcus aureus in very low numbers but this organism is 
unable to compete in water and biofilms (Dott and Thofern, 1980). Hence, only pathogenic 
Escherichia coli and Aeromonas strains, and enteric viruses are considered further. 

Exposure analysis during intended use of reclaimed greywater (for toilet flushing)  

The exposure analysis was based on the arithmetic means of the bacterial counts in greywater 
at the point of use (i.e. treated biologically and by UV). Data like „positive in 10, negative in 1 
ml” were entered as 50 cells per 100 ml. The levels of “pathogenic aeromonads” were assumed 
to be 50% of the total count of mesophilic aeromonads found in this study. This assumption is 
based on the characteristics of the strains isolated: About 50% of the isolates were tentatively 
identified as Aeromonas hydrophila, and of these, about 90% were found to contain the aero-
lysin gene. The amount of water per toilet flush was assumed to be 6 litres. According to these 
assumptions, the average bacterial load in 6 litres of processed greywater was  

• 800 cells of coliform bacteria, comprising 80 cells of E. coli 

• 120 cells of faecal enterococci 

• 60 cells of Ps. aeruginosa 

• 37,000 cells of Aeromonas spp. containing genes encoding for aerolysin 

From the data of Gerba et al. (1975) und Wallis et al. (1985), Lücke (1998) calculated a prob-
ability of 10-7 for a bacterial cell to escape from the toilet bowl. From this assumption, it may be 
estimated that only in one of 270 flushings, a potential pathogenic Aeromonas cell reaches an 
area where it may contaminate the user. Obviously, the probability that this cell infects the  gas-
trointestinal tract or wounds is much lower. For the other bacterial groups mentioned, exposure 
is at least two orders of magnitude lower, and since these bacteria are present in faeces any-
way, the relative contribution of the flushing water to the total exposure is negligible. Therefore, 
coliform bacteria, E. coli, faecal enterococci and Ps. aeruginosa are not considered further in 
this risk assessment. 

From the arithmetic mean of Aeromonas counts in drinking water in this and other studies 
(Gavriel et al., 1998; Havelaar et al., 1990; Knøchel and Jeppesen, 1990; Mascher et al., 1988; 
Rusin et al., 1998), an average daily body exposure to about 1,000 cells of water -borne aero-
monads may be estimated. In addition, aeromonads are present in many foods. If one simplisti-
cally assumes that the exposure is entirely caused by the ingestion of raw vegetables, the ave r-
age daily uptake of 50 g of such food containing 10 Aeromonas cells per gram (data of Mattick 
and Donovan, 1998, and Neyts et al., 1998) will add 500 Aeromonas cells to the daily exposure. 
This exposure is not considered as relevant to health (Mattick and Donovan, 1998). 

So far, the risk from enteroviruses possibly present in greywater cannot be assessed with ce r-
tainty. Casanova et al. (2001) did not find coliphages in raw greywater while Ottosson and Ste n-
ström (2003) found, on average, about 2.000 coliphages per 100 ml of greywater. It is still 
controversial whether coliphages are a suitable indicator for the presence of enteric viruses (L e-
clerc et al., 2000). 
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Exposure analysis considering risks due to system failures or use of the reclaimed greywater for 
purposes other than toilet flushing 

After a few problems in the set-up phase, the reclamation system studied worked effectively and 
reliably. Failure of the rotation biological contactor would easily be noticed because of offensive 
smell. Failure of the UV disinfection unit would raise the load of hygienically relevant bacteria by 
about 1-2 log cycles. This risk can be easily eliminated if the pump supplying processed grey-
water to the users is automatically stopped at lamp failure or at UV transmission va lues below a 
threshold level. Such a control device is part of the system described.  

The system studied is best suited for use in multi-storey residence buildings and hotels, where 
supervision by the administration of the facilities is available. If water of drinking water standard 
is available, there is little incentive to manipulate the system in a way leading to contamination 
of tap water, and it is unlikely that any party deliberately uses greywater for drinking and pe r-
sonal hygiene, i.e. for purposes other than toilet flushing.  

Aeromonas infections: Dose-response relationship, severity of the disease, epidemiological 
data 

Pathogenic Aeromonas strains have been described as agents of diarrhea and would infections, 
in particular in risk groups such as small children (von Graevenitz and Altwegg, 1991; Merino et 
al., 1995). Based on examination of faecal samples from patients with diarrhea, the percenta ge 
of cases of diarrhea due to Aeromonas was estimated to be 0.6% in The Netherlands (Kuijper 
and Peeters, 1991), and 0.2% in the United Kingdom (PHLS, 2003). All of 3 well-documented 
outbreaks of Aeromonas gastroenteritis were caused by the ingestion of seafood containing 
high levels of aeromonads (cf. Palumbo et al., 2000). Feuerpfeil and Schulze (1992) reported on 
an outbreak caused by drinking water gained from a reservoir with algal bloom and a high level 
of aeromonads, and indicated that oral uptake of 102-104 Aeromonas cells may cause diarrhea 
in susceptible individuals. On the other hand, von Graevenitz and Altwegg (1991) were unable 
to elicit diarrhea in volunteers by feeding them much higher nu mbers of aeromonads. If diarrhea 
occurrs, it is normally self-limiting and mild. There is no evidence that aerosols containing 
aeromonads are of public health significance (von Graevenitz and Altwegg, 1991). In summary, 
Aeromonas hydrophila is not a particularly hazardous orga nism. 

A risk assessment of the presence of Aeromonas in natural mineral waters was performed by 
the Scientific Committee on Food (1998) at the European Commission. It was concluded that 
the risk is negligible and does not justify the introduction of an official limit for the levels of thes e 
bacteria. 

Conclusions 

Greywater that has been subjected to a biological reclamation process in a properly run rotary 
biological contactor, and to sanitation by UV, can be safely used for toilet flushing because the 
additional exposure of the users to micro-organisms of hygienic concern (including Aeromonas 
hydrophila) is negligible. However, the occasional survival of enteric viruses in greywater recy-
cling systems cannot yet be ruled out and deserves further study. 
In dry areas and/or in developing countries, dry toilets and the use of recycled greywater (bi o-
processed to BOD5 of 5 mg O2/l or below) for personal hygiene and laundry purposes could be 
combined. However, the transfer of intestinal or skin pathogens between households via rec y-
cled water should be avoided. UV disinfection is efficient but has drawbacks in terms of costs 
and availability of replacement lamps; in the reclamation system studied, total costs for UV di s-
infection were about 200 € per year. 
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Abstract 

Infrastructural systems should comply to the ecological and socio-economic requirements of a 
sustainable development. This is rarely the case for the common water dependent sewerage 
system in Europe. Sustainable Sanitation Systems (SuSan), a wider concept of Ecological Sani-
tation including social and economical aspects, not only applies the principle of separate trea t-
ment of wastewater streams and thus facilitates an economical use of energy and water, re-
spectively the recycling of important nutrients. It will also - due to a significant reduction in hygi-
enic pollution - make possible high grade uses of rivers and brooks as bathing water in the fu-
ture.  

Introduction 

Despite the fact that sewerage infrastructure is as important  as traffic or communication infra-
structure for the society to function smoothly, there is nearly no public di scussion about it. The 
sewerage systems are hidden in the underground of our cities and towns and new technological 
developments in sewerage infrastructure – like membrane technology - come to public mind 
with a considerable delay compared to mobile telephones in communication or fuel cells in tra f-
fic. 

Water dependent sewerage is not sustainable  

The classical sewerage system of central Europe is the  answer to problems of the beginning 
19th century. In those days the growing and ever more densely populated cities caused a close 
neighbourhood of wells and latrines. The result of this small “urban water cycle” was the poiso n-
ing of drinking water by faecal microbes leading to heavy epidemic diseases like cholera and 
typhus. At that time the revolutionary flushing of mud and sewage meant an enormous i m-
provement in urban hygiene indeed at the cost of river quality. Until today the system for river 
pollution protection consists of purification plants to reduce pollutants and nutrients, and rai n-
water treatment systems to reduce the effects of combined sewage overflows (fig. 1). 

Actually membrane filtration systems and nutrient recovery from the sewage sludge a re dis-
cussed as the next steps of a yet more refined end-of-the-pipe technology. Despite all these 
progresses the conventional sewerage system can not be regarded as sustainable because of 
the reasons given in Tab. 1. 
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Figure 1: Combined sewerage system during precipitation  

Table 1: Reasons for the non-sustainability of the current sanitation system. 

With regard to these sustainability deficits, the Deutsche Forschungsgemeinschaft states: There 
are justified doubts about the resource efficiency and sustainability of today’s water manage-
ment for settled areas. Accordingly, the resource efficiency of existing and alternative systems 
should be reviewed and improved [Deutsche Forschungsgemeinschaft 2002].  

As a consequence of hygienic pollution, swimming is no t allowed in nearly all German rivers – 
some examples: In the state of North-Rhine Westphalia at the moment no watercourse is open 
as bathing water [Overarth et al. 2001]. The capital of the state of Bavaria, Munich, had to close 
down river baths in 1998 because of hygienic risks. In the meantime, the strategy is to treat out-
lets of upstream purification plants by disinfection via UV.  
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1) Ecological reasons: 
Ø High demand of fresh water (not sustainable in regions with water scarcity)  
Ø Energy demand for construction of sewers and purification plants (c oncrete production, earth 

movements) 
Ø Energy demand for running the purification plants (pumping, aeration, denitrification, burning of 

sewage sludge) 
Ø Pollution of ground water by defective sewers  
Ø Pollution of streams and rivers by incomplete clarification in purification plants 
Ø Pollution of streams and rivers by combined sewage overflow (fig. 2) 
2) Economic  reasons: 
Ø High investment and running costs  
Ø Disintegrated systems for sewage and solid waste  
3) Social reasons: 
Ø Unequal distribution of financial burdens regarding countryside and city population 
Ø Unequal water treatment requirements for upstream and downstream water users  
Ø Hygienic pollution of streams and rivers  
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Figure 2: E.coli as a function of overflow – Flow of two brooks (m³/sec) in a 6 week period in summer 
1999 and rise of the E.coli concentrations (per 100 ml) as a consequence of combined se w-
age overflow events caused by rain events. [Güde et al. 2000]. 

Actual results for the river Neckar in the state of Baden-Württemberg show: On the basis of the 
European Union guideline on the quality of bath waters and the bath waters regulation of the 
state of Baden-Württemberg thus none of the examined places from the Schwarzwald-Baar dis-
trict to the Rhine-Neckar region possesses the dema nded bath water quality (fig. 6). 

Characteristics of SuSan 

SuSan or Sustainable Sanitation has to meet the needs of the present generation without co m-
promising the ability of future generations to meet their own needs [WCED 1987]. This means 
that SuSan has to fit more requirements than ecological sanitat ion, because a sustainable de-
velopment has to combine ecological, social and economic dimensions. Additionally any sus-
tainable development on the regional scale has to take into account not only the needs of future 
generations (intergenerative aspects) but  also the needs of present neighbours (intragenerative 
aspects). Because of long time spans for their regeneration, groundwater and the oceans reflect 
the aspect between different generations, streams and rivers the aspect of the same generation 
(upstream/ downstream antagonism) see fig. 3. 

The requirements to sustainable sanitation systems are collected in tab. 2. 

To meet the mentioned requirements, SuSan-technologies have to pay attention to specific lo-
cal or regional situations. This means the system will probably differ between rural and urban 
situations or between water rich regions and regions under water scarcity. They do not aut o-
matically lead to decentralised concepts but there are some arguments for a decentra lised or 
semi-centralised design. 
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Figure 3: Crosshairs of sustainability . 

Table 2: Requirements to a modern, sustainable sanitation system 

SuSan and water saving strategies 

In many cases sustainable sanitation technologies and water saving strategies are coupled in 
mind. As it can be seen in fig. 4, the amount of available water per capita differs widely in the 
countries of Europe.  

Does it make sense to stress drinking water saving options all over Europe? In deed: low co n-
sumption conserves heavily extracted water resources. On the other ha nd it can mean long pe-
riods of stagnation in the pipes. In the long run either a new drinking water pipe work with re-
duced dimensions, or distribution of bottled drinking water could be the cons equence. In these 
cases a new system for water supply for fire fighting has to be found. Because of the fact that 
80-90% of costs for the water distribution system are fixed costs, water saving will often lead to 
higher specific prices per cubic meter. One result could be that the costs for drinking water will 
not decrease absolutely. 

Less consume of water and/or increasing amounts of rainfall due to climate change have lead to 
rising ground water tables in some regions of Germany. Settlements placed in areas with artif i-
cially lowered ground water tables as a result of high extraction rates now are at risk to get 
damaged by rising ground water as examples in Berlin or the metropolitan area of Frankfurt -
Mannheim show. It is therefore obvious that the different natural preconditions in Central, Eas t-
ern and Southern Europe advise different solutions regarding water saving.  
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 Intragenerative 
Justice 

Temporal Dimension     Intergenerative Justice 

Rivers 
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Ecology  Sociology 
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In ecological respect 
Ø Prevention of eutrophication of the sea (e.g. loss of nutrients) 
Ø Prevention of high material and energy flows (as long as based on non-renewable resources 
Ø Clean waterbodies 

In socio 
Ø Dry and hygienic settlements 
Ø Comfort equally high to current sanitation system 
Ø Internalisation of toxic and hygienic risks 
Ø Prevention of linear material flows (e.g. loss of nutrients to the sea)  
Ø Preferably avoidance of unflexible systems with high capital lockup 
Ø Minor vulnerability to possible acts of war/terrorism und natural disasters 
Ø Exportability of the technology 

economic respect 
-
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Figure 4: Water availability in Europe (1000 m³/capita*year) [based on WRI 1995  

One essential element of sustainable sanitation systems is the separate treatment of diffe rent 
types of wastewater. Usually three steps of separation are discussed:  

1. Separation of rainwater (storm water) 

For parts of Southern and Eastern Europe the main advantage of keeping storm water from the 
combined sewage is saving drinking water by use of storm water in households, hote ls and in-
dustry. Typical uses are: irrigation, washing of clothes and flushing the toilets, washing cars and 
trucks. In the meanwhile the technology for rainwater use is well deve loped and designed [fbr 
2001]. 

For most regions of Central Europe the substitution of drinking water by rain water is no urgent 
topic as far as the point of water resources is concerned (see above topic water sa ving). The 
main advantage is to avoid dilution of sewage. If sewage is more concentrated, hydraulic di-
mensioning of purification plants can be optimised, the sewers can be constructed in smaller 
dimensions and combined sewage overflow can be reduced or avoided completely. This would 
be the first step reach a more hygienic situation in streams and rivers. Runoff from agricultural 
land with animal husbandry should also be taken into account, though. Storm water infiltration 
can strengthen the problems of rising ground water levels (see above) and bear the risk of 
ground water pollution due to its often higher concentrations of some heavy metals (tab. 3) 
stemming from rain water contact with material of roofs or pipes.  

 

 

 

 

 

 

 

Table 3: Range of concentrations of important wastewater carried substances in separation and co m-
bined systems [Fuchs 2000] 

Seepage of storm water from roofs therefore should be only allowed if there is a control of used 
materials and/or if a pre-cleaning is guaranteed. Cisterns can be integrated in such a pre-
cleaning concept because heavy metals often are bound to suspended matter and thus can be 
retained in the sludge of the cistern. If the cistern is well dimensioned the retention of storm wa-
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Parameter Separate sewerage system 
Rainwater sewer 

Combined system 
Combined sewer 

COD [mg/l]   47 – 120 176 – 720 
NH4-N [mg/l] 0,1 – 4,0 0,1 – 17 
PO4-P [mg/l] 0,3 - 1,7  3,0 – 4,3 

Settleable Solids [mg/l]     7 – 446  327 – 758 
Lead (Pb) [µg/l]   20 – 422    12 – 213 

Copper (Cu) [µg/l]   10 – 235    27 – 136 
Cadmium (Cd) [µg/l]   5 – 16  0,7 – 4,7 

Zinc (Zn) [µg/l]     610 – 6100     411 – 1430 
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ter in settled areas can be enhanced and minor to middle -size flooding events mitigated.  

In consequence separate treatment of rain water in southern Europe is more an instrument to 
save drinking water. In Central Europe the focus is optimisation of sewage management and 
reduce pollution of ground and surface water. 

2. Separate Treatment of grey water 

Grey water from showers, bathtubs, and hand basins or from washing machines and automatic 
dish-washers is relatively low polluted – compared to sewage from the toilets. In Central Europe 
a separate treatment in reed bed filters or immersed rotating disc plants often is suff icient for 
subsequent seepage into the soil or for direct introduction to surface waters.  

Similarly to the case of a separate treatment of storm water separate grey water trea tment is 
also a means to reduce hydraulic burden of treatment plants. Yet some questions are not an-
swered completely: For example the rising amount of water soluble paints will lead to an in-
creasing amount of water soluble residues from paint -brushes and other equipment in the grey 
water after restoration of houses etc. At the moment it is not known whether treatment tec h-
nologies will be able to destroy or take out all the components of paints and other chemicals 
which can enter in the grey water. 

In parts of Southern and Eastern Europe recycling of grey water can contribute to the saving of 
drinking water. Typical use of recycled grey water is irrigation and flushing of water closets, but 
also in washing machines. 

3. Treatment of black water 

After separating storm and grey water so called black water from WCs is the remaining fraction 
of a household. Black water contains ~ 97 % of nitrogen, 90 % of phosphorous and 66 % of po-
tassium in the total waste water of a household. This means the overwhelming percentage of 
the central agricultural nutrients of a household’s waste water is concentrated in less than 1 % 
of the household’s waste water volume. Because of the fact that relevant aspects of closing the 
nutrient cycle and agricultural implications are discussed in the contributions to session C and F 
of this conference, we will not deepen this aspect here. Black water treatment can help to get 
praiseworthy fertilisers in regions with nutrient scarcity. In regions with abundance of nutrients 
additional nutrient supply from black water treatment does not seem to face the main ecological 
problems. In contrary we suppose that in those regions the out let of new types of fertilisers is 
very uncertain.  

While traditional wastewater treatment plants consume considerable amounts of energy (~ 1/5 
of municipal energy demand), treatment of separated black water offers the chance to use its 
energy content by the production of biogas [Nicklas 2002, Nicklas and Lehn 2003]. Biogas can 
be used for cooking and heating, or co-generation of electricity and heat, and thus reduce de-
pendency on fossil resources like oil. Depending on the local situation (transport distances, wa-
ter consumption, fertiliser substitution potential etc.), a positive energy balance can be o btained 
through separate black water treatment. 

The third advantage of separate treatment of black water is preserving streams and rivers from 
contamination by faecal microbes. As shown above hygienic pollution of surface waters result-
ing from urban sewage treatment is the main reason for the low quality of European surface w a-
ters for leisure time purposes (swimming, sailing, canoeing, etc.).  

Sustainable Sanitation, wellness and sports 

In our days sports for the public at large and wellness are seen to be great social values and 
therefore general conditions for these leisure time purposes play an increasing role in the rank-
ing of regions based on their attractivity. This refers to tourist regions as well as to regions with 
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highly qualified jobs. For long, the quality of water bodies has played a major role for the popu-
larity of regions as the region around Lake Constance in Southern Germany shows – see fig. 5. 

Therefore sustainable sanitation could become a central factor within the development towards 
a higher quality of life. It offers the chance to get economic advantages when regions are co m-
peting for residents or tourists. 

        

In particular for the tourist regions in Southern and Eastern Europe sustainable sanitation could 
combine the solution of different tasks: it makes a notable contribution to water saving, is the 
central precondition for hygienic water bodies, is a source of renewable energy ind ependent of 
weather conditions to cover the base load, yields fertiliser, is less vulnerable to terrorism and 
natural catastrophes and offers the chance to establish a completely new designed infrastruc-
ture for sewage which can be adapted in the future to changing needs. 

Sustainable sanitation and the climate change 

Climate change is increasingly leading to extreme Situations: On average the summers will be 
dryer but include partly heavy downpours. Winters will be milder but with increased precipit a-
tion, the latter rather in the form of rain than snow. [Rapp and Schönwiese 1996]. One conse-
quence will be that the dryer summers lead to lower water levels of rivers, partly due to de-
creased or timely more focused summer precipitation, partly due to the shrinking of glaciers. 
The associated reduced diluting capacity of rivers will pose higher purification requirements for 
wastewater treatment plants. Heavy showers in summer will on the other hand increase co m-
bined sewage overflows and, depending on sewage pipes slopes, will mobilise settled residues 
from dry weather periods, washing them into rivers. As climate change will probably extend the 
period in which bathing is possible in Central Europe, it could turn water sports more attractive 
to the people. Changes in winter will have the overall consequence of more frequent and in-
tense overflow incidents.   

Sustainable sanitation can contribute to overcome these challenges posed by climate change:  
water savings can reduce pressure on already stressed water resources, sewage overflows can 
be avoided, and biogas production can yield renewable energy to help slow down climate 
change.  
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Figure 5: River baths in Stein am Rhein (Swit-

zerland) [Photography H. LEHN]  

Figure 6: Overstepping of limit and guide-line 
values for E. coli (EC) and salmone llae 
along the river Neckar [Landesge-
sundheits-amt Baden-Württemberg 
2002] 
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Conclusions 

A wide range of ecologic and socio-economic arguments is in favour of the develo pment and 
testing of new forms of urban water management, with the aim of integrating them in the socie-
ties´ infrastructures. The climate induced changes in the European water balance make it seem 
sensible not to wait any longer. The conclusions of the Johannesburg Co nference 2002 show 
that an improvement of the hygienic situation of water bodies is very urgent worldwide. Sustai n-
able Sanitation techniques in Europe could make a significant contribution to this and also 
constitute a relevant export factor. 
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Introduction 

In urine separation systems, faecal contamination of the urine and hence t he presence of faecal 
pathogens is a likely event. A relatively high pH (9) as well as temperature, dilution and storage 
time are factors that are considered to affect the concentration and survival of pathogens in a 
urine solution. Previous investigations concerning the presence and survival of pathogens in 
source separated human urine have mainly been laboratory studies. The aim of this study was 
therefore to monitor the occurrence and die-off in human urine of indicator bacteria and bacte-
rial and parasitic pathogens during field conditions and, in addition, to study the die -off of se-
lected bacterial pathogens in laboratory experiments. 

Methods 

Urine samples were collected from recently sealed collection tanks at four different urine sepa-
rating sewage systems in Denmark from October 1999 to June 2000.  The sites included: two 
housing areas, Hyldespjaeldet (Hy) and Hjortshoj (Hj), a museum with public separating toilets, 
Mons Museumsgaard (MM) and Kolonihaveforeningen (Ko), an area with weekend cottages 
without an existing sewage system, but with small urine collection tanks (approx. 20 L).  The pa-
rameters analysed in the field survies were total viable counts at 37°C, enterococci, E. coli, 
Salmonella and Campylobacter. 

Urine for survival studies in the laboratory was collected from Hy and stored at 7°C and 20°C 
during the experiments. The survival of the following bacterial pathogens was studied: Salmo-
nella typhimurium, Salmonella enteritidis, Campylobacter jejuni, Vibrio cholerae O1, Vibrio 
parahaemolyticus, E. coli O157:H7, Shigella flexneri and Shigella dysenteriae. 

Results 

In most collection tanks, total viable counts at 37°C were reduced to below the detection level of 
100 cfu/ml after 2-4 months of storage, although a slight increase in counts was detected from 
April to May 2000 during the final two months of the sampling period at sites MM and Hy. En-
terococci were found at an average concentration of 7.4 x 104 cfu/ml at the first sampling and 
were reduced to below the detection level of 10 cfu/100ml in a ll urine tanks after 2-4 months of 
storage (Figure 1). One exception was at site Hj, where there was no reduction numbers of en-
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terococci during the sample period. The bacterial pathogens, Salmonella og Campylobacter, 
were not detected in any urine samples. 

All pathogenic bacteria in the experimental studies were reduced in numbers below the dete c-
tion level of 10 cfu/ml in less than 20 days. Viable and infective (mouse model) Cryptosporidium 
parvum oocysts were found in low numbers at some of the locations during the study, indicating 
survival of oocysts even after 6 months of storage. However, the quantification of C. parvum 
oocysts was associated with great uncertainties. 
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Figure 1: Numbers of enterococcci measured at monthly intervals (t0 -t6).  The y-axis is logarithmic. 

Measurements below the detection level of 10 bacteria/100 ml were given the value 10  

Conclusions 

• The numbers of enterococci were reduced to below the detection limit (< 10 per ml) in the 
urine tanks after 3 to 4 months storage. 

• A small increase in numbers of total viable counts at 37oC and enterococci after 4-5 months 
storage, suggests bacterial re-growth in the tanks. 

• Viable and infective C. parvum oocysts appear to survive in urine storage tanks even after 
prolonged storage. 

• In laboratory experimental survival studies, the numbers of all bacterial pathogens tested 
were reduced to below the detection limits of 10 bacteria per ml within a 20-days period. 
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Introduction 

Currently there is a growing concern about the occurrence and accumulation of pharmaceut i-
cals, estrogens and xeno-estrogens in the environment (Derksen 2001a), (Vethaak et al. 2002).  
Accumulation can become a problem when waste streams are re-used, for example within De-
centralised Sanitation and Re-use (DeSaR) 
systems. 

Due to the large variety of pharmaceuticals 
and the proven estrogenic effect of treated 
sewage effluent on fish, 17α-
ethynylestradiol (the main estrogenic com-
pound used in oral contraceptives) is se-
lected for research. The estrogenic effect 
of sewage is shown in Figure 1. 

In the Netherlands, 46% of the female 
population aged 16-49 years use oral con-
traceptives (CBS 2002).  The compound is 
therefore highly prevalent and is expected 
to accumulate in the food chain. Three 
sterols were isolated in the effluent of do-
mestic sewage treatment plants (STP) and 
identified as the prime contributor to the es-
trogenic character, comprising of the natural hormones 17β-estradiol (E2) and estrone (E1) and 
the synthetic hormone 17α-ethynylestradiol (EE2) (Desbrow et al. 1998). A direct correlation be-
tween the concentration of natural hormones and a yeast bioassay also indicates this (Onda et 
al. 2002). Although the natural hormone estriol (E3) is 300 times less estrogenic than estradiol, 
it is not excluded from research at the current stage. 

Natural hormones are primarily excreted in urine in a conjugated form, which do not exhibit es-
trogenic characteristics.  Unconjugated hormones do exhibit estrogenic characteristics and are 
mainly excreted in faeces.  Intestinal bacteria, such as Faecal Coliforms, produce enzymes that 
can hydrolyse conjugates to their original unconjugated forms, which is also likely to happen in 
STPs. Estrogen conjugates, can be cleaved into 17β−estradiol, as found in batch experiments 
using activated sludge (Ternes et al. 1999a). 

 

                                                
*This paper has been peer reviewed by the symposium scientific committee 

Figure 1:  Sexual differentiation of juvenile zebrafish 
after exposure to a reference (tap-water), 
17β?estradiol and STP effluent. Adapted 
from: (Vethaak, Rijs et al. 2002) 
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Of 17α-ethynylestradiol, 35% of the daily dose (0.35 µg/day) is excreted in urine and a relatively 
large amount of 30% in faeces as a result of oral administration (Reed et al. 1972). The contri-
bution of the total amount of ethynylestradiol to the total amount of estrogens excreted by hu-
mans is only about 1%, but this compound is considerably more persistent in STPs compared to 
natural hormones, as is shown in several studies (Vethaak et al. 2002;Desbrow et al. 
1998;Ternes et al. 1999b;Ternes et al. 1999a; Layton et al. 2000). Due to the introduction of the 
ethynyl-group, the ring becomes extremely stabilised against oxidation.  

There is a lack of information on how these compounds are removed in sewage treatment pro c-
esses. They can be biodegradable and converted biologically, adsorbed to sludge, or inert and 
pass through a STP.  Alternatively adsorption may be necessary to obtain a sufficient retention 
time needed to degrade the compound. It is expected that concentrations measur ed in Decentral-
ised Sanitation and Re-use (DeSaR) concepts will be higher, due to a lower dilution rate of the 
wastewater. 

Methods 

Firstly, an estimation for the expected concentration of estrogens for different DeSaR scenarios 
was made based on literature values for the amount of estrogen excretion by humans. The di f-
ferent scenarios comprise of: 

• blackwater collection, 

• combined system for both blackwater and greywater collection,  

• combined system including rainwater catchment, 

• separate collection of urine and faeces. 

For each scenario, the toilet type and therefore the amount of flushing water is changed. A co n-
ventional toilet uses 6-litres of water to flush urine and 9- litres for faeces. The water saving toi-

let will use 2-litres for urine and 4-
litres for faeces. A vacuumtoilet uses 
around 0.5-litres for both urine and 
faeces. The calculations are also 
done for a toilet system with separate 
urine and faeces collection. A person 
is assumed to defecate once and uri-
nate five times a day, where the vol-
ume of the faeces is 0.25 kg/day and 
of the urine 1.25 l/day. 

The concentration of estrogens is cal-
culated on base of the total excreted 
amount by the whole population, di-
vided by the amount of wastewater 
this whole population would produce 
in the particular scenario. The contri-
bution of different population groups is 
different as can be seen in figure 2. 

Results 

The main route for excretion is via urine. Therefore highest values are expected in urine, using 
a separation toilet. Separation toilets are available which do not use any flush water for sepa-
rate urine collection. The results are summarised in Table 1. Table 2 gives values of measured 
estrone, 17β estradiol and 17α ethynylestradiol concentrations in STPs influent and effluent.  

Total amount  excreted estrogens 3440 g per day

women (not 
pregnant)

36%

Women (pregnant)
44%

Eldery (>65 years)
2%

oral contraceptives
1%

children upto 14 
years
2% children 14- 19 

years
3%

man
12%

Figure 2: Contribution of  different groups to total ex-
creted human estrogens in the Netherlands 
(figure produced on data of: (Aherne and 
Briggs 1989), (Okkerman et al. 2001) and (CBS 
2002) from: (Blok 2000)). 
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Total ethynylestradiol and 
natural hormones (µg/l) 

Conventional toi-
let Watersaving toilet Vacuumtoilet Separation toilet 

Blackwater  5.31 13.88 43.03  
Combined system  1.59 1.95 2.15  
Combined system (+ rain)  1.08 1.23 1.31  
Urine (no flush) -   169.78 
Faeces (4 l flush) -   0.69 
Urine ( 1 l flush)     33.96 

Table 1: Estimated total estrogen concentrations for different scenarios. 

  estrone (ng/l) 17β  estradiol (ng/l) 17α -ethynylestradiol (ng/l) 
Ref. Location E1  

influent  
E1  
Effluent  

E2  
influent  

E2  
effluent  

EE2  
influent  

EE2  
effluent  

Cobis 71(35.48) 9.62 (5.14) 16.1 
(7.47) 1.48 (1.02) 3.93(5.14) 0.64(0.31) 

(Baronti et al. 
2000) Italy 

Roma Sud 35.2 (9.63) 30.3(16.26) 8.6 (2.3) 1.89 (0.94) 2.95(2.08) 0.66 (0.37) 
A'dam-
Westpoort  140 47 48 12 9.7 7.5 (Belfroid et al. 

1999) Netherlands 
Eindhoven 42 15 14 1.1 <0.2 <0.2 

(Vethaak et al. 
2002) Netherlands 

Several 
plants 20-130 <0.4 17-150 <0.8 <0.3-5.9 <0.3-2.6 

Table 2: Actual concentrations of estrone, 17β estradiol and 17α ethynylestradiol, measured in some 
STPs (standard deviation of data set in brackets)  

Discussion 

Actual measured estrogen concentrations in STP influents and effluents for different estrogens 
are difficult to interpret, as there are no standardised methods for determination. In research 
projects, different equipment is used, with different sensitivity, differing sample sizes and ther e-
fore different detection limits. Table 2 also indicates different removal efficiencies for the diffe r-
ent estrogens. It is also not clear if the estrogens are biodegraded, adsorbed to sludge or even 
vaporised. Also the degree of deconjugation at the entrance of STPs has not been quantified.  

Separate collection of urine and faeces in DeSaR systems is seen as an advantage, as urine 
contains most of the nutrients and relatively low pathogens. There are even ideas of bringing 
urine on the land as fertiliser with only minor treatment.  As there is no information on whether 
these estrogens may accumulate in the foodchain, it is recommended that an investigation be 
conducted to establish their fate during storage, treatment and on the land. In manure, similar 
concentrations can be measured for estrogens, higher concentrations have also been mea s-
ured in the manure of gestating cows, typically between, 22-582 µg estogens/kg (Möstl et al. 
1984), (Desaulniers et al. 1989) from: (Blok 2000).  Cattle manure contains mainly natural es-
trogens and no EE2, like humans. 

Still, separate collection of faeces and urine might reduce the complexity of the problem, as es-
trogens are concentrated mainly in urine. Every waste stream should have an appropriate 
treatment in order to reduce any possible risk.  

Although the amount of estrogens produced by humans seems to be very small in comparison 
with animals, concentrations can be quite high locally, especially in case of separate urine co l-
lection. The eventual risk for accumulation and human and animal risks is not researched yet. 
But it has been done for fish. 

For example the no-effect concentration for rainbow trout is 3 ng/l for both natural and synthetic 
hormones (Denneman et al. 1998). This means that a discharge on surface water should not i n-
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crease the concentrations to this level. 

Conclusions and further research 

Further research emphasised on the fate of estrogens, especially the synthetic estrogen 17 α-
ethynylestradiol in DeSaR systems, is necessary to guarantee safe re-use of treated wast-
estreams. 

There is little information of the fate of estrogens in STPs. So far, most data is collected on act i-
vated sludge systems by measuring influents and effluent s. There is no information on the re-
moval pathways, and no data is published for anaerobic treatment or sludge treatment. There-
fore, during this research, the behaviour of EE2, E2 and E1 will be investigated at various oxygen 
conditions: Anaerobic-, aerobic-, micro-aerobic- and different physical/chemical treatment. The re-
search includes adsorption experiments on different types of inactivated sludge, vaporisation of 
the components and the determination of metabolites formed during degradation.  Actual conc en-
trations will be measured and their potential impact on the environment ascertained, using a bi o-
assay to identify any estrogenic effect after treatment. There are several potential bioassays 
available based on built-in genes which respond to estrogenic compounds by producing a protein 
or enzyme, leading to the production of light which can be measured using a spectrophotometer. 
The most appropriate method is still to be determined.  

It is also of major importance to develop a good and reliable analytical method, which can be used 
at low concentrations. Regular quality control checks with spiked samples and inter -laboratory 
testing are seen as necessary measures to be able to draw the correct conclusions at the end of 
the research. 

References 

Aherne, G. W., and Briggs, R. (1989). “The relevance of the presence of certain synthetic steroids in the 
aquatic environment.” Journal of pharmacy and pharmacology, 41(10), 735-736. 

Baronti, C., Curini, R., D'-Ascenzo, G., Di-Corcia, A., Gentili, A., and Samperi, R. (2000). “Monitoring 
natural and synthetic estrogens at activated sludge sewage treatment plants and in a receiving river 
water.” Environmental-Science-and-Technology., 34(24), 5059-5066. 

Belfroid, A. C., Murk, A. J., Voogt, P., de,, Schäfer, A. I., Rijs, G. B. J., and Vethaak, A. d. (1999).  Endo-
crine disruptors in water; Pilot inventory on the occurrence of estrogenic substances in watersystems 
and sewage water in The Netherlands.” RIZA rapport 99.007, RIKZ rapport 99.024,  

Blok, J. W. M. A. D . (2000). “Herkomst en lot van natuurlijke oestrogenen in het milieu.” , Haskoning. 

CBS. (2002). “Statline.” , http://www.cbs.nl/. 

Denneman, W. D., Heeg, N., Palsma, A. J., and Janssen, H. M. J. (1998). “Xeno -oestrogenen en drinke-
waterbronnen. (Xeno-estrogens and potable water sources).” RIWA-rapport 98-02, RIWA, performed 
by Kiwa. 

Derksen, J. G. M., G.M. van Eijnatten, J. Lahr, P. van der Linde, A.G.M. Kroon. (2001a). “Milieu-effecten 
van humane geneesmiddelen; Aanwezigheid en risico's.” 2001.051 (RIWA 

Desaulniers, D. M., Goff, A. K., Betteridge, K. J., Rowell, J. E., and Flood, P. F. (1989). “Reproductive 
hormone concentrations in faeces during the oestrous cycle and pregnancy in cattle (Bos Taurus) 
and muskoxen (Ovibus moschatus).” Canadian journal of zoology, 67(5), 936-942. 

Desbrow, C., Routledge, E. J., Brighty, G. C., Sumpter, J. P., and Waldock, M. (1998). “Identification of 
Estrogenic Chemicals in STW efflluent. 1. Chemical Fractionation and in Vitro Biological Screening.” 
Environmental Science & Technology, 32(11), 1549-1558. 



2nd international symposium on ecological sanitation, april 2003 

De Mes 429 

S
es

si
o

n
 D

 

Layton, A. C., Gregory, B. W., Seward, J. R., Schultz, T. W., and Sayler, G. S. (2000). “Mineralization of 
steroidal hormones by biosolids in wastewater treatment systems in Tennessee U.S.A.” Environ-
mental-Science-and-Technology. September 15, 2000;, 34(18), 3925-3931. 

Möstl, E., Choi, H. S., Wurm, W., Ismail, N., and Bamberg, E. (1984). “Pregnancy diagnosis in cows and 
heifers by determination of oestradiol-17alpha in faeces.” British Veterinary Journal, 140, 287-291. 

Okkerman, P. C., Groshart, C. P., and Pijnenburg, A. M. C. M. (2001). “Chemical study on estrogens.” 
2001.028, Rijksinstituut voor Kust en Zee/RIKZ, Den Haag. 

Onda, K., Nakamura, Y., Takatoh, C., and Miya, A. “The Behavior of Estrogenic Substances in the Bio-
logical Treatment Process of Sewage.” Enviro 2002 Convention & Exhibition and IWA 3rd World Wa-
ter Congress, Melbourne, Australia. 

Reed, M. J., Fotherby, K., and Steele, S. J. (1972). “Metabolism of ethynyloestradiol in man.” Journal-of-
endocrinology,-The, 55(2), 351-361. 

Ternes, T. A., Kreckel, P., and Mueller, J. (1999a). “Behaviour and occurrence of estrogens in municipal 
sewage treatment plants--II. Aerobic batch experiments with activated sludge.” Sci-Total-Environ. 
1999 Jan 12;, 225(1-2), 91-9. 

Ternes, T. A., Stumpf, M., Mueller, J., Haberer, K., Wilken, R. D., and Servos, M. (1999b). “Behavior and 
occurrence of estrogens in municipal sewage treatment plants: I. Investigations in Germany, Canada 
and Brazil.” Science-of-the-Total-Environment., 225(1-2), 81-90. 

Vethaak, A. D., Rijs, G. B. J., Schrap, S. M., Ruiter, H., Gerritsen, A., and Lahr, J. (2002). “Estrogens and 
xeno-estrogens in the aquatic environment of the Netherlands; Occurence, Potency and Biological 
Effects.” RIZA/RIKZ-report no. 2002.001, Almere. 

 





2nd international symposium on ecological sanitation, april 2003 

Cronin 431 

S
es

si
o

n
 D

 

Assessing the risks to groundwater quality from unsanitary 
well completion and on-site sanitation* 

Aidan A. Cronin, 
Steve Pedley 

Robens Centre for Public and Environmental Health 
Building AW Floor 2, University of Surrey 
Guildford, Surrey GU2 7XH, UK 
e-mail: a.a.cronin@surrey.ac.uk 
e-mail: s.pedley@surrey.ac.uk  

Ned Breslin WaterAid 
CP 276, Lichinga, Niassa Province, Moçambique  
e-mail: wateraid-mz@teledata.mz 

Richard G. Taylor Department of Geography, University College London 
26 Bedford Way, London, WC1H 0AP, UK 
e-mail: r.taylor@geog.ucl.ac.uk 

Steve Pedley Robens Centre for Public and Environmental Health 

Abstract 

Water supply and the provision of sanitation require an integrated approach. Water quality sur-
veillance consisting of water quality monitoring for thermotolerant coliforms (bacterial indicator 
of sewage contamination) and sanitary risk inspections in two urban areas of sub-Saharan Af-
rica (Lichinga, Mozambique; Kisumu, Kenya) indicates that unsanitary well completion is a 
greater risk to groundwater quality of shallow wells than the proximity of latrines. Surveillance 
has highlighted the complex interaction of a variety of factors that affect groundwater quality 
(such as sanitary completion measures, sanitation, and population density). Use of surveillance 
tools, as demonstrated in this study, are important to ensure  ECOSAN and other sanitation sys-
tems are fully meeting their prime objective of improving community health.  

Introduction 

Improvements in water supply (quantity and quality) and sanitation facilities can reduce the inc i-
dence of diarrhoeal disease and lead to both increased rates of child growth and a decline in 
child mortality rates (e.g., Blum and Feachem, 1983). These improvements, together with the 
practise of sound domestic hygiene practices (aided by enhancements to the quantity of dome s-
tic water supplies) are considered to interrupt the faecal-oral transmission of sewage-derived 
pathogens. Low-cost improvements in water supply  and sanitation in the humid tropics com-
monly consist of untreated point sources of water (e.g., hand-dug or hand-augered wells) and 
on-site sanitation (e.g. pit latrines).  These rely upon conjunctive use of shallow subsurface both 
as a source of potable water and a repository of sewage. There is, therefore, concern that fa e-
cal-oral pathogen transmission can occur despite these low-cost improvements (Lewis et al., 
1980) and so the employed form of sanitation is failing to fully meet its prime objective of pr o-
tecting public health. 

Faecal contamination of groundwater-fed water sources occurs directly, as surface sewage 
(discarded faeces, flooded latrine contents) enters wells via unsanitary (i.e., poorly protected) 
wellheads, and indirectly as pathogens in sewage deposited in the subsurface are transported 
by groundwater flow to the pumping well (ARGOSS, 2001). Wellhead protection are as or sepa-
ration distances between groundwater-fed water sources and sewage facilities are intended to 
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minimise the probability of contamination but these remain poorly defined and have not been 
rigorously imposed. Despite the risk of on-site sanitation to groundwater quality, the absence of 
improved excreta disposal facilities can often pose a greater risk to human health than indirect 
contamination of groundwater from sanitation (e.g., Howard et al., in press). Furthermore, the 
lack of excreta disposal increases the likelihood of direct contamination of groundwater-fed wa-
ter sources (e.g., Howard et al., in press). Moreover, the issue of sustainability is central to this 
debate as improved water sources that provide high-quality water but subsequently break down 
means people will be forced to return to unprotected sources. Water choices need to be based 
on more than simply water quality. 

Hence, it is obvious that the concept of considering both water and sanitation in an integrated 
fashion is not a simple one. Simple tools are needed to quickly establish the interconnections 
between the two and such tools need to be feasible, even in the most resource -poor areas. 
These are needed, furthermore, to ascertain whether advances in sanitation, like ECOSAN, are 
successful in terms of protecting public health. In this paper, we examine the quality of u n-
treated, water sources supplied by shallow groundwater and assess the risks to groundwater 
quality from on-site sanitation and poor sanitary well completion in two, ur ban areas of sub-
Saharan Africa. 

Methods 

Water quality monitoring was conducted using the portable Delagua water testing kit 
(~US$1600). This is a robust, relatively low-cost method of assessing sewage contamination by 
analysing the concentration of thermotolerant coliform bacteria (TTC), commonly comprising 
Escherichia Coli. in water samples. Sanitary risk inspections are another useful tool and are 
recommended by the WHO and American Water Works Association. These inspections co m-
prise a systematic logging of observable faults that may lead to the degradation of water quality 
by sewage (Lloyd and Bartram, 1991). Each fault is considered as one point on the sanitary risk 
inspection score.  Coupling water quality monitoring with sanitary risk inspections is done in or-
der: a) to identify possible causes of sewage contamination; b) to identify potential risks to 
groundwater quality; and c) to raise awareness among stakeholders as to the impacts of 
unsanitary conditions or practices on groundwater quality. 

Study areas 

The first study area is in Lichinga, northern Mozambique (13° 18‘S, 35° 15‘E). The town has a 
population of ~85,000 people and a small piped water system, though the main water sources 
consist of (i) sealed wells equipped with an imported handpump, (ii) unprotected wells without a 
concrete plinth and where water is collected by bucket and rope, and (iii) protected wells that 
have a windlass and a concrete plinth with a drainage channel. 59% of households with family 
wells in their yards had their latrines at what would be considered an unsafe from the water 
point (Breslin, 2001). Pit latrines are the most common sanitation type though ECOSAN sy s-
tems have been introduced (Breslin, 2001). Concerns about the impact of sanitation on water 
quality led to a Water Aid-funded research project (from May 2002 to present) to try to map wa-
ter quality in the town and understand the sources of contamination.  

The second study area is located on the Migosi and Manyatta estates in Kisumu, Kenya  (0° 
30‘S, 34° 30‘E).  Kisumu has a population of 400,000 with over 80% latrine coverage. The infant 
(under 1 year of age) mortality rate in Kisumu is 120/1000 while the Kenyan national average is 
68/1000. Water is supplied via piped sources, street vendors and untreated groundwater. Water 
shortages are common. Migosi is a middle income area whereas Manyatta is a low -income dis-
trict of Kisumu. In Migosi, 97% of houses have flush toilets but, due to water shortage and se w-
erage problems, 70% of the houses with flush toilets use pit latrines. Migosi has 349 pit la-
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trines/km2, 4 boreholes and 66 wells/km2. Manyatta has 957 pit latrines /km2, 321 shallow 
wells/km2 and 0 boreholes (Pedley pers. comm. 2002). Research was initiated by the USEPA 
with the Robens Centre following the observation that heavy, seasonal, rains cause sewage to 
run freely contaminating drinking water wells. At present 60% of wells in Migosi and Manyatta 
remain unprotected. The data presented here was collected in March 2001. No water monito r-
ing was in place prior to this study. 

Results 

The outcome of water quality monitoring and sanitary risk inspections from groundwater -fed wa-
ter sources in Lichinga are presented in Figure 1. Protected wells and sealed wells generally 
demonstrate both lower TTC counts and sanitary risk scores than unprotected wells. The results 
from wells that plot outside the diagonal lines (e.g. those with high risk scores but low TTC 
counts) require further investigation (Lloyd and Bartram, 1991). A broad relationship between 
sanitary risk scores and concentrations of TTC (log scale) is observable.  Reduction in sanitary 
risks would, therefore, be expected to lead to a decrease in the magnitude of contamination.  
The relative importance of each risk factor can also be statistically tested (Howard et al., in 
press, ARGOSS, 2001) to identify the main causes of contamination (Figure 2). This approach 
is also useful to investigate a common presumption that microbiological contamination of 
groundwater derives from poorly sited or constructed sanitation fac ilities (Melian et al., 1999). 
Preliminary data from Lichinga show a strong association between unsanitary wellhead comple-
tion measures and the magnitude of sewage contamination (Figure 2). This is consistent with 
studies in Uganda (Howard et al., in press) and Guinea (Gelinas et al., 1996). 

Figure 1: TTC (colony forming units/100ml) vs. sanitary risk score, Lichinga, n=54. 

In Kisumu, an approximate trend (R2 = 0.024) is observable between the magnitude of sewage 
contamination and sanitary risk (Figure 3). Most sites are, however, characterised by both high 
TTC concentrations and sanitary risk scores that are influenced by a higher population density 
than Lichinga though recent rainfall also raised counts. To investigate the influence of particular 
risk factors on the magnitude of microbiological contamination, the median observed TTC count 
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was used to show the frequency with which a risk is associated with TTC counts above and be-
low this value. Risks with the greatest positive % difference from the median TTC will be those 
that have the greater correlation with the magnitude of contamination. Table 1 shows the inte r-
pretation based on existing data and indicates that the greatest hazards relate to wellhead 
completion and specifically, the lack of adequate pli nths and sealing of the upper well walls. The 
presence or absence of pit latrines within 10m does not seem to affect the magnitude of co n-
tamination reflected in TTC concentrations. Low-cost interventions such as digging drainage 
channels, constructing sloping concrete plinths, installing windlasses and keeping the bucket 
stored inside the well when not in use should reduce this problems of direct contamination via 
the wellhead. Lower, more acceptable TTC concentrations (e.g. Feachem, 1980) observed in 
protected (but unsealed) wells in Lichinga most likely arise from such interventions. It is impo r-
tant to note that the data from both study areas provide useful information on general regional 
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trends but do not refute the possibility that groundwater quality in some individual wells has 
been affected by on-site sanitation (e.g., pit latrines). 

Risk Factor % Frequency of samples < 
Median TTC/100ml 

% Frequency of samples > 
Median TTC/100ml 

Differ-
ence% 

Plinth <1.5m 83 100 +17 

Well wall sealed 83 91 +8 

Surface waste within 30m 83 91 +8 

Ponding on plinth 50 55 +5 

Drainage channel inade-
quate 

     100 100   0 

Well cover unsanitary 92 91 -1 

Latrines within 10m 55 58 -3 

Open water within 20m 64 67 -3 

Ponding within 3m 92 82 -10 

Table 1: Risk factors relating to higher levels of contamination for Kisumu wells. 

Conclusions 

Water quality surveillance consisting of water quality monitoring for thermotolerant coliforms 
(bacterial indicator of sewage contamination) and sanitary risk inspections in two urban areas of 
sub-Saharan Africa (Lichinga, Mozambique; Kisumu, Kenya) indicates that unsanitary well 
completion is a greater risk to groundwater quality of shallow wells than the proximity of latrines. 
In Lichinga, the groundwater quality of protected (but unsealed) wells employing local, low-cost 
(sustainable) technologies (e.g., windlass, plinth) is generally acceptable and significantly better 
than that of unprotected wells. This is important as it demonstrates that local, sustainable ab-
straction technologies can deliver significant improvements in groundwater quality. Surveillance 
has highlighted the complex interaction of a variety of factors that affect groundwater quality 
(sanitary completion measures, sanitation, population density). Other key factors such as lat rine 
type, well abstraction, geology, and water table depth were not considered here but are the sub-
ject of future work. Further comprehensive analyses are needed to fully understand the impact 
of sanitation on groundwater quality. This study demonstrates,  nonetheless, how surveillance 
measures can be used to ensure that any advances in sanitation (e.g., ECOSAN) and well con-
struction meet the overall objective of improving community health.  
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Abstract 

Thermophilic composting of faecal material effectively reduced the numbers of faecal bacterial 
indicators and pathogens. Pathogens and indicator organisms including a Salmonella phage 
were effectively reduced within a few days of exposure at 50°C. T90-values for Salmonella sen-
ftenberg 775W were 1.2 hours at 50°C and 0.1 hours at 65°C, respectively. Enterococcus spp. 
or micro-organisms resembling enterococci were continuous isolated as purple colonies on 
Slanetz and Bartleys agar after prolonged exposure at all temperature levels studied. These 
findings question the use of enterococci as faecal indicators and test organisms to control the 
efficiency of composting of human faeces. 

Introduction 

When recycling human latrine, the hygienic and human health aspects need to be taken into 
consideration. Correct handling and treatment of such waste should result in a hygienic end 
product that can be used with low risks. But recycling of human latrine may also be associated 
with the spread of pathogenic micro-organisms into the environment. Separating the nutrient 
rich toilet waste into two fractions leave a urine fraction relatively free from microbial faecal 
pathogens, the numbers of which will be reduced during urine storage. In contrast, the faecal 
matter contains high numbers of naturally occurring enteric bacteria, and occasionally disease -
causing pathogens like Salmonella, Campylobacter, Shigella, enteric viruses, and parasites. 
Thus, the latrine waste must be treated to obtain an end product free or nearly free of patho-
gens. Correct thermophilic composting of latrine, in particular the generated heat, would be e x-
pected to inactivate or kill pathogenic micro-organisms. Our study was initiated to investigate 
the inactivation of faecal micro-organisms during composting of latrine from urine diverting to i-
lets as a function of temperature and exposure-time. The experiments were conducted using a 
controlled model compost system.  

Methods 

During composting at temperatures between 50 and 65°C, the material was analysed regularly 
at short time intervals for natural occurring indicator organisms (suspected E. coli and entero-
cocci), and for the added Salmonella senftenberg 775W and the virus indicator Salmonella ty-
phimurium phage 28B. Both added micro-organisms have a documented relative high level of 
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heat resistance. The experimental set-up was as follows: Latrine mixed with sawdust was col-
lected from a urine diverting toilet and put into 10-litres composting reactors with controlled 
aeration and temperature regulation. Small amounts of latrine material were put into semi -
permeable chambers (Excelsior Sentinel, Inc., Ny, USA) to which Salmonella senftenberg 775W 
and Salmonella typhimurium phage 28B were added. After initiation of the composting process 
and registration of high microbial activity, the temperature was regulated to 50, 55, 60 and 65 °C 
in different batch experiments. When the desired temperature was achieved, a number of 
chambers were added to each reactor. Sampling was done at short time intervals, and two 
chambers were taken out for analysis from each reactor at each time interval. The material in 
the chambers was analysed quantitatively for suspected E. coli, enterococci and Salmonella ty-
phimurium phage 28B, and semi -quantitatively for Salmonella senftenberg 775W using ac-
cepted standard methods. 

Results 

Suspected E. coli and Salmonella senftenberg 775W showed almost identical approx. 1. order 
die-off rates. It took 6 hours to get a 5-log10 reduction at 50°C, 4 hours at 55°C, 1 hour at 60°C 
and 30 minutes at 65°C. By combining these data the relationship between die-of rates and 
composting temperature can be determined. Fig. 1 shows the T90-values, i.e. the time constants 

for 1-log10 reductions in numbers for 
suspected E. Coli and Salmonella. 
From this curve the reduction rate at 
any temperature between 50 and 
65°C can be estimated. The entero-
cocci, however, showed a slower 
die-off rate: It took 3 days to get a 4-
log10 reduction at 50°C, 2 days at 
55°C, 6 hours at 60°C, and 2 hours 
at 65°C. It was further seen that af-
ter a reduction to a level of about 
102 cfu/g, growth of enterococci on 
Slanetz and Bartleys agar medium 
was detected for approximately two 
weeks at 50°C. The bacteriophages 
were found to be more sensitive 
than enterococci to the lower tem-

perature range, but relatively more resistant at higher temperatures. It took 2 days to get a 4-
log10 reduction at 50°C and 13 hours at 60°C. 

Conclusions 

Thermophilic composting of faecal matter from urine diverting toilets can effectively reduce the 
numbers of faecal bacterial indicators and pathogen. Already at 50°C, the numbers of patho-
gens, including the Salmonella phage, and indicator organisms analysed were effectively redu-
ced within a few days of exposure. Although the numbers of enterococci were reduced, they 
were continuous isolated as purple colonies on Slanetz and Bartleys agar after prolonged expo-
sure at all temperature levels studied. This indicates that certain micro-organisms present in the 
composted faecal material, Enterococcus spp. or micro-organisms resembling enterococci on 
the agar medium, can survive and multiply even at 60 °C. These findings question the use of en-
terococci as faecal indicators and test organisms to control the efficiency of composting of hu-
man faeces. Further work is in progress to identify the taxonomy of these organisms.  
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Abstract 

This study was designed to evaluate the impact of latrines on intestinal parasitic infection in r u-
ral areas of El Salvador where a variety of latrine designs are used, including double -vaulted, 
urine-diverting desiccating latrines (LASFs), solar desiccating latrines, pit latrines and no la-
trines. Demographic, environmental, and behavioral factors surrounding the disposal of human 
excreta were also examined. The objectives of this study were (1) to provide an estimate of the 
baseline prevalence of helminth infection in rural areas of El Salvador, (2) to identify the dete r-
minants of intestinal parasitic infection in each study region, and (3) to provide recommenda-
tions to guide future latrine interventions within the social and environmental context of rural El 
Salvador. Interviews were conducted with 113 heads of households, and faecal samples from 
566 individuals were evaluated for the presence of intestinal parasites. Pathogens identified 
were: Ascaris lumbricoides (8%), Trichuris trichiura (20%), hookworm (21%), Giardia (12%), and 
Entamoeba histolytica (17%). LASF latrines were found to be significantly associated with an 
increased prevalence of Ascaris and Trichuris (OR=16 and 5, respectively). Both LASFs and so-
lar latrines were protective against other pathogens. In this population, biosolids are rarely used 
as fertilizer, and are usually dispersed in the yard or buried. Increased contact with inadequately 
treated human excreta during emptying of latrines may explain the increased risk for Ascaris in-
fection we observed. 

Introduction 

The containment of human excreta through the provision of safe sanitation services is one of 
the most basic and important interventions for preventing the transmission of intestinal parasites 
and reducing the grave impact that they have on human health. Through various government 
and NGO-sponsored projects, a variety of latrine models, including LASF and solar desiccating 
latrines have been installed in rural areas of El Salvador. These are designed to inactivate mi-
crobial pathogens while producing a soil conditioner that can be used in agriculture. The the o-
retical impact of these latrines on health is well accepted, but latrines are often not used in a 
way that allows for the complete destruction of pathogens in human excreta, and little scientific 
research has been conducted to evaluate the impact of these interventions on the prevalence  of 
parasitic infection. 

In order to maximize the efficacy and safety of latrines and provide the best protection against 
parasitic infection, public health interventions must consider the biological and environmental 
                                                
*This paper has been peer reviewed by the symposium scientific committee 
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contexts, as well as behavioral, demographic and acceptability factors that will determine the 
most appropriate and effective latrine type for a given area and population.  

Methods 

Information was gathered through interviews with heads of households from 113 households in 
8 communities where one of the four sanitation disposal methods is used. Fresh stool samples 
were collected from 566 individuals from these households and analyzed for the presence of i n-
testinal parasites. Only persons for whom we had both stool sample results and interview inf or-
mation were in included in the study, resulting in a total of 499 individuals. Thirty -one house-
holds used LASF latrines, 22 used solar latrines, 31 used pit latrines and 25 had no latrines. We 
included 22 households with desiccating latrines that reporte d use of the excreta in agriculture. 

Interviews were conducted with female heads of households at their homes. Names, ages and 
gender of up to 8 household members were requested. Information was gathered on parental 
education and literacy, recent antihelmi nthic treatment, water supply, diarrhea, and the use of 
natural remedies for the prevention or treatment of parasitic infection. Observations were made 
of the construction materials of the house, and whether any member exhibited overt signs of 
malnutrition. Relative socio-economic status (SES) was scored based on house construction 
and ownership of household appliances. For families with latrines, we asked how latrine co n-
tents were used or discarded, how many people used the latrine, whether the users exper i-
enced any problems such as flies or bad odor, and about their general level of satisfaction with 
the latrine. For households that did not have latrines, we gathered information about their def e-
cation practices and preferences. Faecal samples were processed using Evergreen Scientific 
brand Fecal Parasite Concentrator Kits®, a modification of the Ritchie formalin -ether method 
that increases the sensitivity of helminth ova detection in stool. Processed samples were 
checked for the presence of intestinal parasites by light microscopy, and classified as either 
positive or negative, regardless of load. The field team returned to the study households to pr o-
vide the results of the laboratory tests and provide medication for persons who tested positive 
for helminths or protozoa. 

Results 

Fifty-two percent (258/499) of the population was infected with one or more of the parasitic in-
fections identified. The overall prevalence of Ascaris was 8%, Trichuris 20%, hookworm 21%, 
Giardia 12%, and E. histolytica 17%. Prevalence of infection with helminths and protozoa by la-
trine type is shown in Figures 1a and 1b, respectively. Table 1 shows the odds ratios for infe c-
tion by latrine type, controlling for other risk factors (logistic regression analysis).  

The study communities differed by several factors that can affect parasitic prevalence, including 
latrine type, SES, age structure, distribution of antihelminthic medication, literacy, having a dirt 
floor, and owning pigs. The majority of Ascaris (77%) and Trichuris (58%) infections were con-
centrated in one LASF community where 28% and 56% of the population was infected, respe c-
tively. 

In bivariate analysis, having a dirt floor was associated with a higher prevalence of infection for 
all parasites, but was significant for Trichuris (OR=1.9), hookworm (OR=2.6), and Giardia 
(OR=3.4). Being in the lowest SES group was a risk factor for all pathogens, but significant for 
Trichuris (OR=2.4) and Giardia (OR=6.2). Having taken antihelminthic medication in the last 3 
months was significantly protective only for hookworm (OR=0.17). Owning pigs was significantly 
associated with helminth infection (Ascaris OR=3.2;Trichuris OR=2.8; hookworm OR=2.4). 
Males had a higher prevalence of Trichuris (OR=1.6) and hookworm (OR=2.0) than females. 
Ascaris and Trichuris infections were highest among the 6-12 year age group, while hookworm 
infection peaked in young adults (19-30). Overt signs of malnutrition were observed in associa-
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tion with Trichuris and hookworm. Discarding stored latrine contents in fields or around the 
house protected against pathogens with shorter survival in the environment (hookworm, 
Giardia, and E. histolytica), but was associated with an increased prevalence of infection with 
Ascaris and Trichuris (Table 2). 

Figure 1 a: Prevalence of helminth infection among users of different latrine types or no latrine  

Figure 1 b: Prevalence of protozoa infection among users of different latrine types or no latrine  

 Ascaris Trichuris Hookworm Giardia E. histolytica 

LASF 
27.1 

(p=0.0002) 
7.7 

(p<0.0001) 
0.4 

(p=0.02) 
0.5 

(p=0.12) 
0.7 

(p=0.53) 

Solar latrine 2.5 
(p=0.41) 

1.7 
(p=0.34) 

0.4 
(p=0.05) 

0.3 
(p=0.04) 

1.9 
(p=0.15) 

Pit latrine 1.4 
(p=0.75) 

0.6 
(p=0.39) 

1.0 
(p=0.93) 

0.2 
(p=0.04) 

1.5 
(p=0.40) 

*ORs for latrine and parasite, controlling for SES, age,  gender, maternal literacy, dirt floor, having taken antihelmin-
thic medication, malnutrition, owning pigs, and agriculture. Analyzed using SAS 8.0 (SAS Institute, Inc. Cary, NC). 
Reference group is having no latrine 

Table 1: Odds ratios for latrine type and infection from logistic regression analysis* 

How contents are 
discarded 

Ascaris Trichuris Hookworm Giardia E. histolytica 

Fertilize fields 
6.9 

(p=0.002) 
8.3 

(p<0.0001) 
1.6 

(p=0.16) 
1.0 

(p=0.97) 
1.3 

(p=0.53) 

Fertilize yard or 
garden 

11.3 
(p<0.0001) 

9.6 
(p<0.0001) 

0.26 
(p=0.005) 

1.0 
(p=0.94) 

1.1 
(p=0.88) 

Buried in yard 9.2 
(p<0.0001) 

3.9 
(p=0.0008) 

0.33 
(p=0.01) 

0.14 
(p=0.03) 

0.31 
(p=0.03) 

*Reference group is pit latrine users (latrine contents not discarded)   

Table 2: Odds ratios for infection and how latrine contents are discarded (bivariate analysis)*  
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Discussion 

More than half of the population was infected with one or more pathogen, indicating a significant 
health problem. Differences in prevalence by community were observed, suggesting that co m-
munity-specific factors affect the prevalence of these pathogens. Communities with no latrines 
and pit latrines were typically poorer, more remote and less contaminated. One limitation of this 
study is that, because latrine interventions were carried out as community-wide initiatives, we 
could not compare households with different latrine types in the same community.  

The lower prevalence of hookworm, Giardia and E. histolytica among users of LASF and solar 
latrines probably reflects more effective containment and destruction of these less-persistent 
pathogens as compared to having a pit latrine. In contrast, our previous studies have found that 
Ascaris and Trichuris may survive in stored latrine samples for more than 2 years and are highly 
resistant to destruction by temperature, pH and humidity. We also found that the solar latrines 
generally achieve higher internal temperatures and lower humidity than LASFs, which should 
promote more rapid inactivation of helminth ova (Moe CL, R Izurieta, LF Cohen, and SA Esrey.   
Microbiological studies of ecological sanitation in El Salvador. First International Conference on 
Ecological Sanitation, November 2001, Nanning, China). It is not clear why the prevalence of 
Trichuris was higher than that of Ascaris since they have the same route of transmission and 
similar survival. 

It was striking that the prevalence of Ascaris and Trichuris infections is higher among LASF la-
trine users than among users of other latrine types and those with no latrine, suggesting that 
LASF latrines may pose an increased risk for certain helminth infections. Opportunities for ex-
posure to environmentally persistent pathogens occur during maintenance and emptying of the 
latrine, or if the biosolids are used as fertilizer in agriculture or dispersed around the home. If 
contents are buried in the yard, the same risks for contamination exist as for pit latrines, with an 
additional risk introduced through handling the biosolids when emptying the vault.  

When we examined the distribution of enteric infection in the 2 LASF communities, we found 
that the majority of cases were in 1 community, while the prevalence in the other LASF comm u-
nity was not significantly higher than for other latrine types. Factors other than latrine type may 
also contribute to the differences observed in prevalence of infection. A higher level of contami-
nation and crowding, and differences in age structure, SES, water source, having a dirt floor, 
and the distribution of antihelminthic medication impact pathogen transmission independently 
and are also believed to modify the effectiveness of the latrines. The results of this study must 
be interpreted with caution because of the relatively small number of study households and 
possible effects of confounding factors. 

Conclusions 

• The use of LASF latrines was associated with an increased prevalence of Ascaris and 
Trichuris, which survive the conditions achieved by these latrines. Handling of biosolids dur-
ing maintenance and discarding of latrine contents increases exposure to enteric pathogens, 
suggesting the need to improve maintenance techniques and/or design to ensure the co m-
plete inactivation of biosolids. 

• Environmental and demographic factors modify the effectiveness of latrines to control the 
spread of enteric pathogens and should be considered in latrine interventions. 

• LASF and solar latrines were associated with lower prevalence of less persistent pathogens, 
including hookworm, Giardia, and E. histolytica. 

• Solar latrines appear to be a more effective intervention than LASFs in this environment , and 
therefore should be promoted in rural areas of El Salvador.  
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Reduction of faecal microbiological indicators in different 
compost toilets  
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Abstract 

Large variations in numbers of faecal indicator organisms in collected humane faeces were 
found irrespective of the storage time in compost toilets. Little heat was generated from co m-
posting processes when bin units were stored. When pathogen indicators were added Salmo-
nella died of rapidly, but other faecal bacterial indicators survived in large numbers. We co n-
clude, that the collection and storage of human faeces in the closed plastic bins studied here is 
associated with only little temperature increase and subsequent reduction in faecal bacterial i n-
dicators and pathogens. Thus, the bin units do not seem especially suitable for composting and 
hygienisation of human faeces. 

Introduction 

There is much interest in the recycling of organic waste products in Denmark. As a cons e-
quence, decentralized sanitary solutions consisting of urine -separating toilets with collection 
units for faecal material, i.e. compost toilets, are increasingly being build. At present, the Danish 
legislation does not allow use of material from compost toilets on agricultural lands. However, 
because of the increased public interest in compost toilets as well as limited knowledge about 
the efficiency of these types of toilets to reduce pathogens, the Danish Environmental Prote c-
tion Agency has initiated projects investigating the hygienic and health risks associated with the 
use of material from compost toilets. 

Methods 

In experiment 1, survival of normally occurring faecal indicator bacteria and helminth eggs were 
determined in samples of faecal material from five compost toilets in two Danish eco -villages. 
The toilets studied consisted of urine-separating toilets with collection of faecal material and 
other solids in a separate unit, typically a 220 L waste bin. When full, the waste bins were stored 
for 3 to 8 months. Faecal material was collected from the two villages during the storage period. 
Samples were also obtained from a more specialized type of collection unit with continuous a d-
dition of faeces. In these systems, samples were taken from the oldest faecal material. All sa m-
ples were analyzed for thermotolerant coliforms, enterococci, Clostridium perfringens spores 
and helminth eggs (Ascaris spp. Trichuris spp., Enterobius spp. and Taenia spp.). The tempera-
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ture in the waste bins was measured at each sampling date. In experiment 2, a waste bin was 
filled with well-mixed faecal material. Temperature probes were installed in the bin at two differ-
ent depths and data were logged every half hour. Homogenized faecal material was placed in 
small (2 cm3) plastic chambers (Excelsior Sentinel, Inc., Ny, USA) and culture broths containing 
Salmonella senftenberg 775W and the virus indicator Salmonella typhimurium phage 28B were 
added to the chambers. The chambers were then closed with nylon membranes and placed at 
the same depths as the temperature probes in the waste bin. At regular intervals the chambers 
were sampled and their content analyzed for total viable counts at 37ºC, thermotolerant col i-
forms, enterococci, Salmonella senftenberg 775W and Salmonella typhimurium phage 28B us-
ing standard methods. 

Results 

In experiment 1, temperatures were < 25ºC at any sampling time from April to August 2001 (ta-
ble 1). Thus, heat-generating composting did not occur during storage of the waste bins. The 
microbiological analysis showed the presence of Clostridium perfringens spores in all samples 
except one, where as the numbers of thermotolerant coliforms ranged from below the detection 
limit (<10 cfu/g) to 19,000/g of faecal material. The numbers of enterococci varied a lot and 
were found in high numbers in one waste bins, but were below the detection limit (<100 cfu/g) in 
a similar unit. There did not seem to be any clear relationship between the occurrences of the 
different microorganisms in the collection units and the period of storage. Taenia spp. eggs 
were found in three samples (data not shown). 

 

Type of system Thermotolerant 
coliforms (cfu/g) 

Enterrococci 
(cfu/g) 

Spores of Cl. per-
fringens (pfu/g) 

Temperature in col-
lection unit (ºC) 

220 l waste bin no 1 <10 <100 <10 17 

220 l waste bin no 2 560 1,500 17,000 5 

220 l waste bin no 3 50 710,000 3,000 5 

Continuously filled 
system no 1 19,000 8,000 8,000 13 

Continuously filled 
system no 2 100 1,400 13,000 11 

Table 1: Microbiological results from sampling in December 2001 of faecal material from five compost 
toilets in two Danish eco-villages 

Results from the experiments with Salmonella senftenberg 775W and Salmonella typhimurium 
phage 28B are shown in fig. 1. The Salmonella senftenberg 775W was rapidly inactivated and 
reduced more than 9-log units following 40 days of inoculation. The numbers of thermotolerant 
coliforms were reduced 3-log units during the same period. The numbers of Salmonella typhi-
murium phage 28B and total viable counts were only marginally reduced and the numbers of 
enterococci actually increased indicating occurrence of after-growth. The temperature in this 
experimental unit did for a short period reach 42.2ºC, but generally the temperature was < 25ºC 
(data not shown). 
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Figure 1: Survival of faecal indicator bacteria and added pathogens in a 220-L waste bin. 

Conclusions 

Large variations in numbers of faecal indicator bacteria were found irrespective of the storage 
time of collected human faeces. Little heat seemed generated from composting processes when 
bin units were stored locally in households. The low reduction in microbiological parameters and 
very limited temperature increase were generally corroborated by the results obtained in ex-
periment 2 when pathogen indicators were added to thoroughly mixed faecal matter. Even 
though Salmonella died of rapidly the other faecal bacterial indicators survived in large num-
bers. We conclude, that the collection and storage of human faeces in the closed plastic bins 
studied here is associated with only little temperature increase and subsequent reduction in 
faecal bacterial indicators and pathogens. Thus, the bin units do not seem especially suitable 
for composting and hygienisation of human faeces. 
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Opportunities for eco-sanitation in East-Europe: 
a Romanian example 

Margriet Samwel WECF 
Regulierenring 9, NL – 3981 LA, Netherlands 
Phone: +31-30-2310300 
Fax: +31-30-2340878 
e-mail: wecf@wecf.org 

Introduction 

Women in Europe for a Common Future (WECF) and its  Romanian partner Medium & Sanitas 
(M&S, Bukarest) are implementing a pilot-project “Safe Drinking Water” in the village of Garla 
Mare (3500 inhabitants) in rural Romania. In planning the project, water tests were carried out of 
which the results showed very high levels of faecal bacteria in the drinking water, therefore the 
lack of sanitation was identified as the main source of pollution. 

General information about Romania: 

• 80% of the rural population (7 million people) rely on untreated water from about 1 million 
unprotected private and public wells (windlass bucket) for drinking water.  

• 3000 cases of Blue Baby Disease (acute infantile methaemoglobinaemie) occurred in the 
period 1986 – 1996. Blue Baby disease is caused by high levels of nitrates in water used for 
making baby-milk. 

• Microbiological pollution of drinking water causes chronic diarrhoea, disentheria, giardiasis, 
coli- and salmonella infects. 

In most Eastern-European rural areas sewage systems and safe drinking water systems are 
absent. Ground and surface water protection measures are neglected. 

The example of Garla Mare 

Garla Mare is a village close to the Danube, an area once well-known for its grain production. 
The village has no sewage system and no safe drinking water supply.  

The inhabitants and their livestock drink untreated water, provided by about 500 private wells 
(20-28 m depth) and 78 public wells. 

About 1200 households have latrines in their gardens. The latrines are a hole in the ground; 
they are not emptied and they are not sealed.  

The economical and environmental situation is bad. The village has no waste management, not 
for household waste, not for human excrements  and not for animal manure. At the same time 
many farmers do not have money to purchase fertiliser. The nutrient circle is absent. The nutr i-
ents go into the groundwater. 

Activities of the pilot project 

Direct measures taken to decrease the risks caused by the bad water quality: 

• Testing of all public wells on nitrates and bacteria and the most used wells also on pesti-
cides 

• Sign-posting of wells least suitable for human consumption.  
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• Information to water consumers how to best use unsafe drinking water, risk reduction. 

• Information about the link between polluted water and health for consumers and local au-
thorities. 

• Information for consumers and local authorities about reasons for the water pollution, and 
how to protect drinking water sources. 

• Information about alternatives (organic farming) to intensive farming for villagers and local 
authorities. 

• Information about alternatives to pit latrines (ecological sanitation) to the villagers and local 
authorities. 

• Providing safe drinking water for the most vulnerable group by installation of a public water 
filter in a school. 

Water quality of the wells 

High nitrate concentrations: 40 - > 500 mg/l .The majority of the wells have nitrate levels be-
tween 100 and 250 mg/l 

High micro organism contamination with total coli, escherichia coli, fecal streptococci. According 
to the EU guideline for the quality of bathing water, no well reached the microbiological norms 
for swimming water. 

High pesticide concentrations; weed killer atrazine. 

Pesticides exceed the legislation level of drinking water 3 to 5 times, levels of atrazine ng/l 370 
and 500 (100) found. 

Causes of bad water quality 

• Lack of human waste management: unsealed pit-latrines cause leaching of faecals and 
urine into the groundwater. 

• Bad construction and maintenance of wells. 

• Use of pesticides (atrazine) and artificial nitrate fertiliser in intensive grain culture.  

How to protect groundwater from yet more human pollutants? 

A conventional waste water system?  

Disadvantages: 

• Central water supply and drainage system is needed. 

• High investment costs for pipes and treatment. 

• High consumption of water for transport of human excrements (flush toilets).  

• Pollution of surface and ground water by mostly not sufficient treated waste water.  

• Loss of nutrients: nutrient circle is not closed. 

Alternatives for Garla Mare: Ecological Sanitation 

Drinking water protection by dry diversion toilets  

For brown water (faecals): double vault with a storage capacity of half a year.  

For yellow water (urine): container buried into soil with a capacity for at least half a year. 

For grey water (wash water): decentralized planted soil or sand filters.  

After hygienic treatment by storage or composting:  
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Use of urine as a nutrient in agriculture. 

Use of composted faecals as soil improver. 

First steps for Ecological Sanitation 

Dry diversion toilets: test phase 2003. 

• Installation of dry diversion toilets and urinals in yard of the primary school.  

• Installation of dry diversion toilet in a private house yard.  

• Provide education materials for inhabitants, teachers, children and local authorities about 
advantages, use and maintenance of dry diversion toilets.  

• Identification of person, who is responsible for the school toilets and the treatment of brown 
and yellow water. 

• Identification of possibilities for use of hygienic toilet products (urine as fertilizer, composted 
faecals as soil improver). 

Planted soil or sand filter: research phase 2003. 

• Feasibility study for the installation of a central cloth-washing building, linked to a planted 
soil filter. 

• Feasibility study for the installation of a bath house, linked to a planted soil filter.  

First steps for drinking water supply 

Research phase 2002-2003 

• Identification of the best water catchment area by a hydrological study and water analyses.  

• Identification of water protection area. 

• Identification of the best water treatment system.  

• Feasibility study for providing safe drinking water to some public water taps under the condi-
tion, that the system can be enlarged to house-connections in the future. 

Execution end 2003 

• Installation of system with 4-6 public water taps for safe drinking water. 

• A water protection area is established.  

Conclusion: example for Eastern Europe 

The Garla Mare pilot-project 

• Has shown the causes of water pollution in a rural village.  

• Introduces environmentally friendly and economically acceptable solutions to increase the 
living standards of the village population.  

This project has an example function and can be replicated in other rural areas in Eastern E u-
rope and NIS. 

The project shows opportunities for ecological sanitation and shows how to avoid environme n-
tally ‘unfriendly’ and expensive “end of pipe” technology as used in Western European count-
ries. 
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• Project responsible: WECF Women in Europe for a Common Future Email: wecf@wecf.org 
Website: http://www.wecf.org/ 

• Supported by: Dutch Ministry of Foreign Affairs MATRA Project “Safe Drinking Water”  

• Margriet Samwel * Water and Agriculture Coordinator, WECF 

• Sascha Gabizon * International Director: Women in Europe for a Common Future WECF Email: 
wecf@wecf.org Website: http://www.wecf.org/ 

• German office: Tel: +49-89-20232390 Fax: +49-89-20232391 Ickstattstrasse 22, D - 80469 Mu-
nich, Germany 

• Dutch office: Tel: +31-30-2310300 Fax: -2340878 Regulierenring 9, NL - 3981 LA Bunnik, 
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