
 

 

A growing world population, unrelenting urbanization, increasing scarcity of good quality water 

resources and rising fertilizer prices are the driving forces behind the accelerating upward trend in the 

use of wastewater, excreta and greywater for agriculture and aquaculture (according to e.g. WHO). 

The health risks associated with this practice have been long recognized, but regulatory measures 

were, until recently, based on rigid guideline values whose application often was incompatible with 

the socio-economic settings where most wastewater use takes place. In 2006, WHO published a third 

edition of its Guidelines for the Safe Use of Wastewater, Excreta and Greywater in Agriculture and 

Aquaculture. In four volumes, these guidelines propose a flexible approach of risk assessment and risk 

management linked to health-based targets that can be established at a level that is realistic under local 

conditions. The approach is to be backed-up by strict monitoring measures. 

In this module the background and the purpose of these guidelines are described. How barriers in 

general can be used in regulations and guidelines to minimise exposure and health effects is further 

elaborated on. The potential of various types of monitoring in sanitation systems is also included. In 

order to cover these aspects two major issues need however firstly to be explained – the faecal 

indicator concept and the concept of microbial risk assessment.  

A more direct view on the important barrier treatment is included in chapter 4. 

  



 

 

A faecal indicator organism is analysed to see whether a sample (of e.g. water) is contaminated by 

human or animal faeces, by sewage or other waste that contains excreta from humans or other warm-

blooded animals. The purpose is that the presence of the indicator will give us the knowledge if there 

is a risk to be infected by enteric pathogens when exposed to the material (e.g. the water). Indicators 

are needed, and used instead of pathogens, since there are hundreds of pathogens that theoretically 

could be analysed for. Since pathogens often are present in low concentrations, compared to 

indicators, they are hard to detect and it would often be like looking for a needle in a haystack. 

Furthermore, it is often difficult and expensive to analyse for indicators. 



 

 

The ideal features of a faecal indicator are: 

That it is a natural member of the intestinal microflora, 

That it is present in greater numbers than the pathogen, 

That it does not multiply in the environment, 

It should be non-pathogenic and 

Present simultaneously as pathogens. 

It should have approximately equal resistance as pathogens and it should be able to detect with easy, 

rapid and affordable methods. 

These criteria are hard to fulfill and consequently there is no ideal indicator but even so they can be 

useful both in research and in regulations as we will see. 

 

 



 

 

Total coliforms is present in faecal material but can also be found in other material such as soil and is 

therefore not specific for faecal pollution. 

E. coli is specific for faeces and is considered a faecal indicator. There are however, specific, much 

more unusual strains that can be pathogenic (disease-causing). 

Faecal streptococci are often considered more persistent than E. coli, for example i sea water. 

Clostridia can be said to be the most persistent indicator since this bacteria is spore-forming, a 

dormant stage that can withstand most environmental pressures and requires sterilization for 

elimination. Bacteriophages are viruses that infect bacteria and can thus be useful in studies 

investigating viral behaviour, e.g. as in transport in soil (module 3.2). Coprostanol is a chemical 

indicator that will be further described later on in this module. 



 

 

Abundance in faeces varies according to this table. Faecal or thermotolerant coliforms is part of the 

total coliform group, that can grow at higher temperatures, and is more specific for faecal 

contamination. As can be seen faecal streptococci are similar to enterococci, the terminology has 

been changed over the years, and nowadays faecal enterococci is the group that is analysed, but 

approximate comparisons of results and conclusions from studies using any of the terms are still 

valid. One disadvantage with clostridia is that they are not present in all humans, and they can also 

be found in other materials such as soil. Coliphages are the bacteriophages that have E. coli as a host 

(varying strains). 



 

 

Another table, with slightly different numbers, present indicators in faeces, incoming and outgoing 

wastewater from wastewater treatment plants, and in raw sludge. The purpose is to give an indication 

of reduction of indicators in wastewater treatment. It can also be seen that a concentration of the 

bacteria occurs in sludge, i.e. the content is higher than in wastewater but still lower than in faeces. 

This gives an implication of the risk level associated with the different waste flows.  

  



 

 

 

Besides being an actual indicator of presence of pathogens, organisms can be used as substitute for a 

specific pathogen for other reasons. The terminology may vary but an index organism can be said to 

mimic the behaviour of another organism. There are for example studies of water treatment processes 

where clostridia spores are used instead of Cryptosporidium oocysts. A model organism can be said to 

represent a whole group of organisms, e.g. it may not possible to analyse for several viruses, or 

include them all in risk assessments, and therefore rotavirus was chosen as a model organism in a risk 

assessment of urine (see module 3.5). It is however important that two different organisms never will 

have the exact same behaviour or constitute the exact same risk. 



 

 

Ascaris eggs are considered to be hardy organisms, as illustrated by the graph where Ascaris is more 

persistent to temperatures around 40-45°C than the other organisms included. Even if this is not an 

exact truth (more research studies have been performed since 1983 when the graph was first 

published), it gives an indication of that Ascaris can function as a process indicator, i.e. if the eggs 

have been inactivated or killed it can be concluded that other pathogens that are a potential risk also 

have been killed and thus the material (e.g. the faecal matter) can be considered safe for reuse. 

However, as explained in module 3.3 and later on in 3.4, a multiple barrier approach is recommended, 

and verification monitoring is not a tool on its own in sanitation systems. 

As described in module 3.2 bacteriophages can be used as tracers for e.g. transport in soil and they can 

then be called as model organisms as well. They can also function as a tracer, model or process 

indicator if looking at their removal in water treatment processes such as sand filtration. Thus, the 

terminology is in many respects a bit mixed. 



 

 

The indicators are also commonly used in quality standards (regulations) or guidelines. Especially in 

water it is valid to analyse for their presence to investigate potential risks, e.g. if the indicators are 

present, it is likely that a contamination has occurred and it is then possible that faecal pathogens are 

also present. In drinking water heterotrophic bacteria is a general measure of bad quality or failure in 

the treatment processes and E. coli indicates that a potentially hazardous contamination has occurred. 

For recreational water – E. coli, total coliforms (previously), faecal streptococci (EU) has been used as 

a quality measure. For excreta and wastewater (for irrigation) coliforms and intestinal nematodes was 

used in the former WHO guidelines (WHO 1989). The present requirements for verification 

monitoring are presented further on in this module. For sewage sludge the quality requirements vary 

between countries, some include coliforms and Salmonella. The US EPA uses Ascaris and viruses for 

validation purposes, e.g. to see that a process has the potential of sufficient pathogen reduction. 

Guidelines and regulations for waste products now rely less on indicators and rather focuses on 

combinations of safety measures. Also in drinking water production (as in food production), the 

HACCP idea (Hazard Analysis and Critical Control Points), where controls are made at several points 

in the process. Monitoring the whole chain is preferred and HACCP implemented, rather than only 

relying on control of the end-product. In this way higher safety for consumers and protection of their 

health is obtained. 



 

 

Faecal sterols, e.g. coprostanol and cholesterol are chemical compounds found in faeces, with the 

exception of very young children. 

It has not been used routinely so far, mainly for research purposes such as tracing the origin of faecal 

pollution (to see whether it has human or animal origin) or estimating faecal contamination that may 

be necessary for input in risk assessments, as the example given in module 3.5. 

  



 

 

How reliable are the indicators in the respect of estimating faecal contamination and associated 

pathogen risk? Comparing the concentration of coprostanol and the density of faecal indicator bacteria 

in greywater resulted in about a 1000 times higher degree of faecal contamination if using the results 

for E. coli, and about a 100 times higher degree of looking at faecal streptococci. This ought to be the 

result of bacterial growth, since coprostanol is stable in greywater (as well as in wastewater and urine). 

It is also possible for bacteria to grow in mixed wastewater as was indicated by the 10 times higher 

contamination comparing faecal streptococci to coprostanol. It can thus be concluded, that if analysing 

for these indicator bacteria in greywater or wastewater the risk for exposure to pathogens will be 

overestimated. 



 

 

 

In the research performed in Sweden on risks related to reuse of human urine (further described in 

module 3.5) it was found that no E. coli were present in the collected urine (in samples from urine 

collection tanks). On the other hand high numbers of faecal streptococci were found. It was later on 

found that E. coli are killed within days and that faecal streptococci could grow in the sludge formed 

in the urine pipes (leading from the toilet). Thus, neither of these bacteria had any value of indicating 

the degree of faecal contamination (occurring by misplacement of faeces in the urine diverting toilet).  

Furthermore, there was no reduction of clostridia spores, which supports the known resistance of this 

indicator. 



 

Regulations and guidelines, which usually are considered as recommendations and not legally binding, 

can be designed in different ways. If we consider waste fractions or water there can be quality 

guidelines. That is set limits for what the material is allowed to contain. We have for example the 

WHO guidelines for wastewater and excreta where such limits are set for faecal coliforms and 

intestinal nematodes (see coming slides in this module). As described, we are often dependent on 

faecal indicators since analytical methods for pathogens generally are time-consuming and expensive, 

and since there are such a wide range of pathogens that could be tested. (However, nematode eggs may 

be considered a hardy organism, implying that if these eggs are inaactivated then also other pathogens 

are inactivated.) The value of faecal indicator bacteria have been questioned since pathogens may be 

more resistant to a treatment or environmental conditions.  

Process guidelines are another alternative, where it is assumed that a given process achieves the 

reduction needed for the product to be safe. Regulations for sewage sludge are an example where 

different processes are given. To ensure that the methods accomplish what is believed, validations 

initially or on a regular basis may be needed.  

Regulations and guidelines may also include practical considerations, for example not using the 

fertilizer product on certain crops, as also will be shown later on in this module. 

The regulatory framework related to sanitation and agricultural practises varies between countries. In 

Europe, some countries do not allow the use of human excreta, whereas for example the Swedish EPA 

has proposed to specifically address urine in their revised regulations, formerly mainly including 

sewage sludge, where proper treatment to reduce pathogens in waste products and agricultural use in 

order to recycle phosphorous and nitrogen are crucial parts. Within the Swedish-based EcoSanRes 

programme aimed at developing countries, guidelines related to hygiene, agriculture and technology 

have been developed for treatment and use of urine, faeces and greywater (www.ecosanres.org). The 

different types of recommendations could of course be combined, which also is proposed by e.g. 

WHO and the Swedish EPA. 

http://www.ecosanres.org/


 

 

For urine storage is the recommended treatment method. Pathogens will be affected by the elevated 

pH (around 9), ammonia and the temperature, that in turn depends on climate. These recommendations 

were originally developed for Swedish conditions and therefore based on inactivation of 

microorganisms at quite low temperatures. Depending on storage conditions the urine is recommended 

for use on different types of crops, where a shorter time is needed for processed crops compared to 

vegetables. The guidelines from WHO regarding urine builds on this table but addresses higher 

temperatures in the text. Furthermore, more recent results for pathogen reduction during storage at 

higher temperatures is available from Swedish research, supporting the current recommendations, but 

also stating that the storage time could be decreased at higher temperatures.  

No indicator value is included in guidelines for reuse of urine, basically for the reasons described 

above (growth and rapid inactivation of indicator bacteria) and it is not considered viable to analyse 

for presence of pathogens since they probably seldom are present, and IF present, in low densities.  



 

 

The former table is valid for large systems, i.e. where the collected urine is used outside the household 

from where it was collected. For crops that are to be consumed raw, one month should pass between 

application and harvesting (withholding/waiting period). For single households the urine mixture can 

be used for all type of crops, provided that the crop is intended for own consumption and that one 

month pass between fertilization and harvesting. This can be recommended since the risks from 

reusing urine within a household are considered low, and more or less insignificant compared to other 

possible transmission routes. 

It has been discussed whether even simpler or less strict guidelines for urine should be applied since 

the risk is low (and the fertilizer value high) compared to faeces. If a system seems to function well 

with no visible faecal cross-contamination and information to workers (e.g. farmers) handling the 

urine, shorter storage could perhaps be considered. And, as discussed, shorter storage at higher 

temperatures could be recommended. It can also be mentioned that urine collected from urinals is 

considered safer, and storage times could be shortened. 



 

 

 

The area of microbial risk assessment is rather new but now much requested. 

Some reasons to do microbial risk assessments include: 

- We want to find out how many individuals that actually may be infected, and even if risk 

assessments include assumptions we also know that surveillance systems, that is the official reporting 

of infectious diseases, underestimate the number of cases. 

- There are also new, emerging pathogens that we find out about and to investigate their effect in the 

society risk assessments may be valuable.  

- Indicator organisms may be useful but sometimes they do not relate to the actual pathogen. The 

pathogen in itself can be hard to detect even if new methods have been developed. Risk assessments 

may also be a way to interpret what the results from indicator analysis mean. 

MRA cannot replace epidemiological studies, but often epidemiological studies cannot be done 

because they are expensive and also have a limited detection limit. These studies are retrospective and 

give us information about what actually has happened. However it is often of interest to do prospective 

studies. One example could be to compare future sanitation systems. As we will see, risk assessments 

can also be a tool in the establishment of guidelines. 



 

 

 

 

Risk can be described as “The probability of injury, illness or death for individuals, or in a population, 

at a specific situation/event”. In quantitative terms the risk is expressed in values between 0 (e.g. harm 

will not be done) and 1 (harm will be done). 

Risk assessment or risk analysis can be defined as “The qualitative or quantitative characterization and 

estimation of potential adverse health effects associated with exposure of individuals or populations to 

hazards (materials or situations, physical, chemical, and/or microbial agents)”.  



 

 

 

This is the vocabulary used also for chemical risk analysis, in which microbial risk analysis (or 

assessment) has its origin. The risk assessment starts by a problem formulation where the hazards are 

identified, the different transmission routes and exposure scenarios are detected. Then a dose-response 

assessment is performed and by adding the former exposure information a risk characterization can be 

done, that is to determine the risk per year or likewise. 

The risk management deals with how to handle risks and the need for precautions to be taken. Here 

other aspects like technology, values and economics may be included. 

The risk communication involve as it says the communication of risks to stakeholders etc. 



 

 

 

Further possible applications in more detail include: To assure the quality of provisions (food) during 

production and further handling; From an accepted level of infection in society determine if the 

drinking water treatment is satisfactory; In new systems, e.g. local reuse of faeces or greywater, assess 

different exposures and how the transmission can be avoided; In comparisons of e.g. different 

wastewater systems such as if a centralized or de-centralized system implies a higher risk. 

  



 

 

 

Microbial risk assessment can also be used to predict the “burden” of waterborne diseases in the 

society during endemic and epidemic situations and to find the most cost-effective alternative to 

reduce health risks for food consumers. It is however important to remember that one of the largest 

problems with all types of risk assessments is the quality of available data and all assessments include 

a range of assumptions that can only rely on expert judgement.  

  



 

 

The hazard identification includes determining what pathogens that are of interest in a specific system. 

In the exposure assessment the transmission routes need to be identified and then the density 

(concentration) of the pathogen in the material that people are exposed to need to be determined. 

However, as stated it is not always easy to take representative samples and analyse for one or several 

pathogens. Some examples to estimate the concentration of pathogens include: 

Direct counts – can be problematic if the risk density must be below the detection level, e.g. 500 

samples á 2000 L to detect “acceptable” Cryptosporidium risk can be required in drinking water 

monitoring. 

Analysis of index organisms – here the density of an organism is assumed to be proportional to the 

pathogen(s) e.g. Clostridium perfringens for viruses and/or protozoa (in water treatment) 

Indirect measurements - measure the density in incoming water and the reduction of an index 

organism. E.g. if it is known that there are 10 Cryptosporidium oocysts/20 L raw water and that the 

reduction of Bacillus spores in the treatment plant indicates a 2.9 log10 reduction (measured for the 

spores and applied to the Cryptosporidium oocysts), the density of Cryptosporidium oocysts in the 

treated water can be calculated. 

Estimates from e.g. reported cases (surveillance, epidemiological data), is also possible to use (as in 

the urine example, module 3.5). 

  



 

 

 

 

Data that for example can be needed in an exposure assessment is the duration of a shower (combined 

with the volume of water that is ingested per minute of showering) or the amount of soil that a child is 

likely to ingest, or if calculating a worst-case scenario, the maximum amount that can be ingested. 

Median, minimum and maximum values can all be included in the assessment if the calculations of 

doses are done using interval estimates (probability density functions) rather than point estimates. 

  



 

 

 

 

Another example is drinking water consumption that would be needed if calculating risks related to 

ingestion of drinking water. Large variations occur around the world, and in areas where drinking 

water quality is unreliable, it is probably uncommon to consume any water that has not been boiled. 

 

 

 

 



 

 

As a simple example from a book on Quantitative Microbial Risk Analysis (Haas, 1999), we have the 

ingestion of drinking water. 1.4 L is asumed to be ingested per day (the contact rate is1,4 L/day) and 

water is consumed every day (the exposure frequency is 365 days/year). If the drinking water is 

assumed to contain 0.001 virus/L, then 1.4 x 0.001 = 1.4 x 10
-3

 viruses/day will be ingested. (The next 

step would be to calculate the probability of infection from this dose).  

Another example is the bathing water where they make the assumption that a person (accidently) 

ingests 50 mL per hour of swimming. A (long) swim occurs during 2.6 hours and if swimming is done 

7 times a year then the daily average ingestion will be 7/365 x 2.6 x 0.05 = 0.0025 L/day. If the 

bathing water is assumed to contain 0.1 virus/L, then  

0.0025 x 0.1 = 2.5 x 10
-4

 viruses/day will be ingested (which however can be considered a strange 

way to look at exposure, since pathogens give a direct effect from a single dose, and not accumulative 

as can be interesting for chemicals).  



 

 

Exposure to, and ingestion of, pathogens do not necessarily lead to infection or disease. To become 

infected a certain number of pathogens need to be ingested, corresponding to the infectious dose, 

which varies depending on pathogen/disease and also may vary from individual to individual. Even if 

an infection is established it does not necessarily involve symptoms. The individual having symptoms 

will either die or recover (but perhaps having a residual disability). After recovering you are either 

susceptible or immune to the infection in question. How long the immunity lasts depend on the 

infection. 

The infectious dose was earlier often reported as the minimum infectious dose – the lowest number of 

organisms known to result in infection, or as ID50, which is when 50% of the exposed individuals will 

become infected. More recently the probability of infection has been possible to establish for some 

pathogens through so called dose-response curves that build on experiments when healthy individuals 

have ingested a specific number of the pathogen in question. 

The severity of the disease and symptoms (i.e. the clinical manifestation of the infection) may depend 

on the ingested dose, the condition of the mechanical barrier, the stability of the normal enteric flora, 

immunity and the nutritional status of the individual. 

Infectious doses have also been calculated by using data from outbreak situations, where it has been 

possible to estimate the concentration of pathogens and exposure of a community, and relating this to 

the infection ratio. 



 

 

As stated, the dose-response models often build on experiments where healthy adults have ingested a 

defined number of pathogens to see if they acquire an infection or not. The data from these 

experiments are then fitted to mathematical models that can be used in calculations when determining 

the probability of infection. Such models are of natural causes not available for all type of pathogens, 

since it is not defendable to have people ingest the most ”dangerous” pathogens, resulting in severe 

disease. It is also possible to create models by fitting data from outbreaks to mathematical models. 

In risk assessments and dose-response modeling, it is of interest to calculate the probability of 

infection, the probability of illness and perhaps the probability of death.  



 

 

This is an example of dose-response models for the protozoa Cryptosporidium. As can be seen 

different curves fit to different strains of the pathogen (Iowa, Texas and UCP), in this case the model 

is fitted to three different bovine (”cow”) strains. 

  



 

 

 

As stated, quantitative risk assessments often include several assumptions in the exposure assessment. 

There are also other drawbacks, or limitations. The dose-response models are based on healthy 

individuals and do not consider vulnerable population, e.g. the elderly and very young, 

immunocompromised, and pregnant women, that constitutes approx. 20% of the population in total. 

The numbers of pathogens for which dose-response models are available are also limited. Most 

models do not include a whole population and do not consider secondary spread or immunity. It can be 

done, but requires dynamic models that are based complicated mathematics. Nevertheless, QMRA are 

used and accepted as a decision-making tool, that can be a part of a wider system analysis. 



 

 

Risk characterization is defined as an integration of earlier steps for calculation of the probability of 

infection, and importance in the society. In this step variation and uncertainty in the data used should 

be discussed. If a certain parameter varies widely it can have two separate reasons, either variability or 

uncertainty. Variability is an internal variation in your data, and cannot be reduced. Uncertainty is 

related to the variation in the data set, and can be reduced by collection of more data (more extensive 

investigations). 



 

 

The numerical values used in the risk calculations are either point estimates or interval estimates. 

Earlier, only point estimates was used in QMRA, for example:  

The average concentration of Salmonella in wastewater is 25 000 bacteria per liter; Wastewater 

treatment removes 99.9%; The infectious dose is 100 000 organisms.  

With more advanced computer-based calculations intervals (as probability density functions, PDFs) 

can be used and the model can get closer to ”reality”. Variation that is obtained in the data collection 

can be included, as when the concentration of Salmonella in wastewater varies e.g. with the prevalence 

in the connected population. Random sampling (e.g. 10 000 times) with Monte Carlo simulation, or 

Latin Hybercube, is done of values within the PDF. An example could be the drinking water 

consumption that is described as a lognormal distribution with median 0.96 L and 95% confidence 

interval of 0.34-2.72 L.  



 

 

@Risk  is an add-on program to Excel that can be used for such calculations.  

A free 10-day test version of @Risk can be down- loaded from  http://www.palisade-

europe.com/html/trial_versions.html  

More advanced modeling is done in specific mathematical programs, e.g. Mathematica or MathLab.  

Examples of risk assessments for sanitation systems are included in module 3.5. 

http://www.palisade-europe.com/html/trial_versions.html
http://www.palisade-europe.com/html/trial_versions.html


 

 

The acceptable or the tolerable risk for a system need to be defined, also since there is no such thing as 

zero risk, nothing is completely safe. Different general levels have been discussed, as the 1 in 10 000 

risk per year for drinking water, and a higher acceptance in sanitation reuse systems. It can always be 

debated who is to decide, and the involvement of as many stakeholders as possible is wished for. In 

analogy, health-based targets define a level of health protection that is relevant to each hazard. A 

health-based target can be based on a standard metric of disease, such as a disability adjusted life year 

or DALY (e.g. 10
−6

 DALY as chosen in the WHO Guidelines), or it can be based on an appropriate 

health outcome, such as the prevention of exposure to pathogens in excreta and greywater anytime 

between their generation at the household level and their use in agriculture. To achieve a health-based 

target, health protection measures are developed. Usually a health-based target can be achieved by 

combining health protection measures targeted at different steps in the process. The health-based 

targets may be achieved through different treatment barriers or other health protection measures.  

The resulting framework (Bartram et al. 2001), which is illustrated in simplified form, is an iterative 

cycle that encompasses assessment of public health concerns, risk assessment, the establishment of 

health-based targets and risk management. Feeding into this cycle is the determination of 

environmental exposure and the estimation of what constitutes a tolerable (or acceptable) risk. 



 

 

To relate the public health issues to sanitation guidelines and risk assessments this table can be studied 

as an example even if it relates to the setting of water quality standards. It connects the raw water 

quality with the treatment needed for specific pathogens in order to reach the health-based target 

which is set not to exceed a loss of 10
−6 

disability-adjusted life years (DALYs) per person per year (the 

disease burden, DB, last line in the table), by using risk assessment calculations including exposure 

data and dose-response. The probability of infection per day is obtained and related to probability of 

infection per year and probability of illness. The susceptible fraction of the population (i.e. the 5 that 

can become infected by exposure) is only 6% for rotavirus, since the infection often occurs during 

early childhood and results in some immunity. The table can be explained starting both from top and 

from bottom (starting point health-based target). 



 

 

The figure illustrates the targets for treatment performance for a range of pathogens occurring in the 

raw water (source water intended for treatment and then drinking), but can be extended to numbers 

expected in sewage. For example, 10 microorganisms per liter of source water will lead to drinking 

water performance targets of 4.2 logs (or 99.994%) for Cryptosporidium and 5.5 logs (99.99968%) for 

rotavirus in high-income regions.  



 

A growing world population, unrelenting urbanization, increasing scarcity of good quality water 

resources and rising fertilizer prices are the driving forces behind the accelerating upward trend in the 

use of wastewater, excreta and greywater for agriculture and aquaculture. The health risks associated 

with this practice have been long recognized, but regulatory measures were, until recently, based on 

rigid guideline values whose application often was incompatible with the socio-economic settings 

where most wastewater use takes place  

Guidelines are not just numbers; it is equal to good practice + microbial water quality standards. Low-

cost effective treatment technologies are also needed and can result in significant pathogen reduction 

such as in wastewater storage and treatment reservoirs. Risk reduction strategies are necessary (and 

possible) where wastes receive no or inadequate treatment, to improve the situation from a low level 

does not have to be complicated or expensive. 



 

 

WHO has recognised the potential of using wastewater and excreta in agriculture (and aquaculture) 

and in the (2006) published series of Guidelines for the safe use of wastewater, excreta and greywater 

in agriculture and aquaculture, a risk-benefit approach is used as the starting point. This involves 

creating an awareness of risks related to human excreta, but at the same time creating solutions to 

manage these risks in a systematic way and encouraging use of the “products”, since it can lead to 

improvements in public health by increasing crop yields and implementation of appropriate sanitation 

that limits exposure to excreta in the environment. 

The third edition of WHO’s Guidelines for the Safe Use of Wastewater, Excreta and Greywater in 

Agriculture and Aquaculture was launched at the IWA World Water Congress in Beijing September 

2006. The four volumes can be ordered from the WHO or downloaded free of charge from 

www.who.org. The guidelines are considered important for the political and institutional endorsement 

of reuse systems. They are quite extensive, but condensed and explanatory fact sheets can also be 

found at the WHO-website.  



 

 

The objective of the guidelines are to maximize the protection of human health and the beneficial use 

of important resources and the target audience is, among others, policy makers, people who develop 

standards and regulations, environmental and public health scientists, educators, researchers and 

sanitary engineers. The guidelines should be seen as advisory to national standard setting and should 

be flexible to account local social, cultural, economic and environmental contexts. A so called risk-

benefit approach is used and should result in adaptation to local priorities for best health gain. 

The guidelines builds on best available evidence from science and practice and scientific consensus 

with broad expert participation, and global information and experience have been used.  



 

 

Wastewater use is extensive worldwide, both raw and partly treated wastewater is considered a 

resource and it is believed that 10% of world’s population may consume wastewater irrigated foods 

and that 20 million hectares in 50 countries are irrigated with raw or partially treated wastewater. 

The use of excreta (faeces & urine) is important worldwide  but he extent has not been quantified. 

The use of greywater is growing in both developed and less developed countries and may be 

culturally more acceptable in some societies. 

The primary aim of the Guidelines is to maximize public health protection and the beneficial use of 

important resources. The purpose is to ensure that the use of excreta and greywater in agriculture is 

made as safe as possible so that the nutritional and household food security benefits can be shared 

widely in affected communities. Thus, the adverse direct and indirect health impacts of excreta and 

greywater use in agriculture should be carefully weighed against the benefits to health and the 

environment associated with these practices. Yet this is not a matter of simple trade-offs. Wherever 

excreta and greywater use contributes significantly to food security and nutritional status, the point 

is to identify associated hazards, define the risks they represent to vulnerable groups and design 

measures aimed at reducing these risks. 



 

 

A health-impact target is provided in the guidelines, which in turn relates to this exposure. This target 

is a globally acceptable level of health protection and is based on the additional disease burden arising 

from the exposure (for example, from direct contact with treated excreta or greywater, or from 

consuming crops fertilized with these products). The risk target is set not to exceed a loss of 10
−6

 

disability-adjusted life years (DALYs) per person per year, which is the same level of protection set 

for drinking-water. Neither the minimum good practices nor the health-based targets are mandatory 

limits. Rather, they provide a guiding principle for health and system assessment, and for monitoring. 

The approaches adopted by national or local authorities towards implementation of the guidelines, 

including health-based targets, may, therefore, vary depending on local social, cultural, environmental 

and economic conditions. They will be a function of available knowledge of routes of exposure, the 

nature and severity of hazards (e.g. prevalence of different excreta-related diseases) and the 

effectiveness of health protection measures available.  



 

 

The full document of 11 chapters constituting the guidelines covers the area of sanitation in a broad 

sense, and may be a bit difficult to relate to in all its parts, since it is multidisciplinary, and people may 

be more or less experts in one or a few of the scientific areas. The structure of the document is covered 

in this figure. We have now elaborated on several of these issues and will go back to the core of the 

guidelines which is Management of the health risks (chapter 4). 



 

 

A variety of health protection measures can be used to reduce health risks for local communities, 

workers and their families and for the consumers of the fertilized or irrigated products – that is 

managing the risks. Hazards associated with the consumption of excreta-fertilized products include 

excreta-related pathogens. The risk from infectious diseases is significantly reduced if foods are eaten 

after proper handling and adequate cooking.  

The following health protection measures have an impact on food produce consumers:  

-excreta and greywater treatment,  

-crop restrictions,  

-application procedures and withholding periods between fertilization and harvest to allow die-off of 

remaining pathogens,  

-hygienic food handling and food preparation practices,  

-health and hygiene promotion,  

-produce washing, disinfection and cooking.    

Workers and their families may be exposed to excreta-related and vector-borne pathogens (in certain 

locations) through excreta and greywater use activities. Excreta and greywater treatment is a measure 

to prevent diseases associated with excreta and greywater but will not directly impact vector-borne 

diseases. Other health protection measures for workers and their families include:  

-use of personal protective equipment,  

-access to safe drinking-water and sanitation facilities at farms,  

-health and hygiene promotion,  

-disease vector and intermediate host control,  

-reduced vector contact.  

Local communities are at risk from the same hazards as workers. If they do not have access to safe 

drinking-water, they may use contaminated irrigation water for drinking or for domestic purposes. 

Children may also play or swim in the contaminated water. Similarly, if the activities result in 



increased vector breeding, then vector-borne diseases can affect local communities, even if they do not 

have direct access to the fields. To reduce health hazards, the following health protection measures for 

local communities may be used:  

-excreta and greywater treatment,  

-limited contact during handling and controlled access to fields,  

-access to safe drinking-water and sanitation facilities in local communities,  

-health and hygiene promotion,  

-disease vector and intermediate host control,  

-reduced vector contact.  

  



 

For faeces, different treatment alternatives are available. In the Guidelines, proposed storage times at 

different temperature intervals are defined along with recommendations for alkaline treatment and 

composting. However, it is difficult to state exact time-parameter conditions for sufficient inactivation 

of pathogens, since the pathogens have varying features and resistance to environmental factors and 

the inactivation will be a result of combined factors. Developments of treatment procedures and results 

from further research in this field as well as adaptations to local conditions will therefore have to be 

incorporated when the Guidelines are transferred to national (local) regulations and recommendations. 

For greywater a number of different treatment techniques are described, whereof many are dependent 

on local conditions.    

For all types of treated excreta, additional safety measures apply. These include, for example, a 

recommended withholding time of one month between the time of application of the treated excreta as 

a fertilizer and the time of crop harvest. Faeces should preferably not be used on crops that are to be 

consumed raw, excluding fruit trees. Nevertheless, treatment is considered as one of the most 

important health protection measures. A more direct view on treatment of excreta is included in 

chapter 4 and greywater treatment is also extensively covered in chapter 4.  



 

 

After treatment of excreta and greywater the health risks relate to exposure during reuse and food 

consumption. Many of these health risks can be minimized or even eliminated. In industrialized 

countries, wastewater treatment is doing a large part of this job. In most developing countries, where 

functional wastewater treatment facilities are rare for economic and financial reasons, other or at least 

additional barriers for the pathogens have to be put in place to manage the health risks. Farmers have 

an important role to play as they can manage their irrigation water and adopt their cropping system in 

ways that reduce risks for them and others. Extension workers have an important role in bringing 

relevant information from the guidelines to the farmer level, and in assisting farmers to implement 

them.  

In response to requests from the guidelines' readership, WHO, together with FAO, IDRC, and IWMI, 

produced two information kits with targeted guidance notes, discussion papers, fact sheets, and policy 

briefs, to further clarify methods and procedures. One of the documents Fact Sheet for Farmers and 

Extension Workers 

http://www.who.int/water_sanitation_health/wastewater/factsheet_extensionworkers_farmers.pdf 

gives the following advice: 

The Guidelines strongly support farmer action, if possible in combination with other locally 

appropriate risk reduction measures. Farm measures include simple on-farm treatment of wastewater 

and excreta to kill pathogens, the selection of crops which pose less risk for farmers and consumers 

and safer waste application techniques such as irrigation methods which direct the water to the roots 

but not to parts of the plants that are eaten. Simple methods that take advantage of the natural die-off 

of pathogens in the sun by withholding irrigation for some days before harvesting are also among 

recommended actions. The guidelines make a case for a variety of measures allowing farmers to 

protect themselves like wearing gloves and rubber boots, immunization and hand washing, and other 

post-harvest measures like produce washing before consumption. Each measure reduces health risks to 

some extent, but not completely. Thus, as many options as locally possible should be combined and 

their joint effect adds up to more or less full protection. Not all measures are suitable under all 



conditions. There is a need for local screening and adaptation to the particular irrigation system, crop 

and land through field experimentation involving farmers, extension workers and researchers. 

Three examples: 

A) Stopping irrigation several days before harvest to allow natural pathogen die-off can be 

implemented in a cooler season or climate but makes leafy vegetableslook unfit for sale under hotter 

conditions. 

B) In some countries, like India or Kenya, drip kits are easily available while in others, they are rare. 

C) Depending on local diets and market demand, some farmers have the option to change crops, while 

others are constrained in this respect. 

According to FAO management of water resources has become an urgent issue as urban and peri-

urban farmers often apply water from municipal sewage, mostly in its untreated form, to irrigate and 

for plant nutrients, thereby increasing the risk for illnesses to both the farmers and the consumers. 

FAO’s support of water in urban and peri-urban agriculture includes guidelines to assist safe reuse of 

treated wastewater and greywater, waste recycling such as eco-sanitation.  

  



 

 

Potential pathogen reduction (in log-units) has been estimated in the guideline work. These measures 

can be added (combined) in order to achieve the required reduction to reach health-based targets. 



 

 

In analogy with excreta, the pathogen reduction in wastewater reuse can consist of various barriers, i.e. 

combinations of health protection measures. For unrestricted irrigation (use on any crop) a reduction 

of 6-7 log is required in order to reach the health-based target of 10
-6

 DALYs per person and year 

(pppy). This can be achieved by more or less effective wastewater treatment in combination with type 

of irrigation method, withholding periods (die-off) and washing of food produce. 



 

 

To all health protection measures additional issues are related. For example, with less treatment, more 

steps in the chain need to be monitored (or supervised). Relying on washing of produce requires more 

public involvement that in turn may require more information and education. Economical aspects are 

also crucial in most communities. 



 

 

Monitoring as presented in the WHO Guidelines has three different purposes: validation, or proving 

that the system is capable of meeting its design requirements; operational monitoring, which provides 

information regarding the functioning of individual components of the health protection measures; and 

verification, which usually takes place at the end of the process to ensure that the system is achieving 

the specified targets.    

The three functions of monitoring are each used for different purposes at different times. Validation is 

performed when a new system is developed or when new processes are added and is used to test or 

prove that the system is capable of meeting the specified targets. Operational monitoring is used on a 

routine basis to indicate that processes are working as expected. Monitoring of this type relies on 

simple measurements that can be read quickly so that decisions can be made in time to remedy a 

problem. Verification is used to show that the end product (e.g. treated excreta or greywater, crops) 

meets treatment targets and ultimately the health-based targets. Information from verification 

monitoring is collected periodically and thus would arrive too late to allow managers to make 

decisions to prevent a hazard break-through. However, verification monitoring in larger systems can 

indicate trends over time (e.g. if the efficiency of a specific process was improving or decreasing).

   



 

The verification monitoring basically use the E. coli numbers for representing viral, bacterial and 

protozoan pathogens. This may need to be cautioned based on the local situation, where for example 

an x-log pathogen reduction by treatment does not necessarily relate to the stated E. coli reduction. 

Count of helminth eggs are only valid in situation where these occur in the human population.  

  



 

 

 

 

   

The barriers relate to verification monitoring, mainly in large-scale systems. Verification monitoring is 

not applicable to urine. 

The microbial monitoring guideline values are harmonised in relation to level and parameters with 

what is applicable for wastewater monitoring in agriculture, and relates to the same risk levels. 

Subdivisions are made due to the size of the systems where higher emphasis are laid on operational 

monitoring, observations and system performance in smaller systems, than the verification monitoring. 

In relation to the guideline values the frequency of sampling is naturally necessary to decide, as well 

as actions in relation to non-compliance.  

The verification monitoring for wastewater is partly focused on compliance with microbial guideline 

values, but need to account for periodic monitoring of chemicals especially in case of industrial 

discharges. Within this also factors related to crop productivity are included, for example crops with 

special sensitivity against, e.g. salinity or boron.    

 



 

 

The harmonisation with guidelines for wastewater regarding helminth egg quality guideline value of 

<1 egg per litre should result in approximately the same risk if exposed. This comparison shows that 

the guideline value in wastewater results in a tolerable value of 2 helminth eggs per g (TS) of faeces. 

Thus, the guideline value of <1 egg per g (TS) results in a somewhat lower risk for faeces compared to 

wastewater. 
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