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Abstract
With climate change and a burgeoning future world population there will be an increased need to reuse
treated wastewater for a variety of uses including domestic water supplies as a water conservation measure.
While there are technologies for partial treatment for the reuse of wastewater, in some areas of the world
there is presently unregulated reuse of wastewater for agricultural irrigation activities which poses severe
public health risks. Current water treatment technologies are inadequate to safeguard communities against
water-related diseases arising from reused wastewater. There is an urgent need to ensure up-to-date
knowledge about implementation of basic practices based on appropriate policy frameworks to protect
human health and the environment. The knowledge providing more equitable outcomes with the reuse
of wastewater is an overwhelming issue. There is sufficient evidence to question the current approach
measuring faecal indicator organisms or coliform counts to establish microbiological quality of water
and further complications arise from the presence of heavy metals, chemicals, hormones and endocrinedisrupting chemicals. The risks associated with populations exposed to recycled wastewater are uncertain
requiring much more research, technology transfer and strengthened regulatory frameworks.
Keywords: Water quality, reuse of wastewater, climate change, public health risks, water quality testing,
environmental protection, water use

Introduction
does not need to be of potable quality, it should not be raw
Adaption to climate change provides a myriad of complex chall- without any treatment.
enges which have never been faced before by humankind [1].
Only about 1% of drinking water provided in a city is actuResearchers have identified increased water shortages as an ally used for drinking, but with more used for cooking [7] and
important issue which will be exacerbated by a rapidly growing only 3% of water consumed in a city is used for drinking and
world population. Already many parts of the world are facing cooking [8]. For centuries in some parts of the world, water for
changes in rainfall patterns, flood cycles, and droughts [2]. A key agricultural irrigation purposes has been in the form of untreated
challenge is how to obtain more use with less water. The United or partially treated human effluent without planning controls
Nations Environment Programme (UNEP) has acknowledged [9] with adverse health consequences [10]. Currently about
that water-related problems are one of the most immediate and 20% of the world’s food is grown with the use of untreated
serious environmental threats to humankind [2]. Furthermore, wastewater [2] and the trend is increasing as a result of global
within the next 50 years 40% of the world’s population will live water scarcity [11]. Most wastewater used for crop irrigation is
in countries facing water stress [3].
untreated and it poses significant health problems [12].
Wastewater reuse is being widely used to address the global
water resource crisis [4] and it is likely to increase in the next How to obtain more use from less water
few decades as water shortages intensify [5]. Most collected Over-extraction of freshwater systems for agricultural irrigawastewater is used for agriculture, food production, and other tion has led to significant degradation to rivers, streams and
industrial processes and it is used for a wide variety of uses wetlands globally [4]. There is serious aquifer depletion in
including groundwater recharge and drinking water produc- China, India, Pakistan, the western United States, North Africa
tion [6]. While water for agricultural and industrial purposes and the Middle East, as well as several major rivers now being
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completely used during dry months of the year in the western
United States and Asia [13]. By reusing treated wastewater
for applications such as agriculture, more freshwater can
be allocated for uses that require higher quality, such as for
drinking, and there will be less damage to the natural environment, with less demand on fresh water systems and with
less wastewater being discharged into natural waterways
[6] and the ground [14] leading to pollution of groundwater supplies and the break-down of ecosystems. A further
adverse outcome in the over-use of aquifers is subsidence
of ground, leading to potentially serious outcomes for cities
and the built environment generally [4]. Reusing wastewater
contributes to a more sustainable use of water. Wastewater
reuse for agriculture represents a large reuse volume, and
with increased water scarcity and an increase in applications,
it is expected to increase considerably further, particularly in
developing countries.
Treated wastewater has several uses, apart from agricultural
irrigation, such as aquaculture, industrial processes, groundwater recharge, and even for potable water supply after
extended treatment. There are membrane plants producing
potable water in several countries including Japan and the
US, and the UNEP was introducing the required technology
to provide rural communities in southern Iraq with safe
drinking water from waste water [2]. In Beijing, China, there
were around 1,000 decentralized wastewater reuse systems
in 2010 and their numbers are increasing, which are used
mostly for spray irrigation [15].
The use of treated wastewater is implemented in Shinjuku, a suburb of Tokyo where a dual distribution system
has been adopted. Sand-filtered water from the Ochiai
Municipal Wastewater Treatment Plant is chlorinated and
used as toilet-flushing water in 25 high-rise business premises. This has been operating since 1984 and it is supplying
up to 8,000 m³ of water daily [2]. Treated wastewater is also
being used as an environmental enhancement, augmenting
natural/artificial streams, fountains, and ponds. The reuse of
wastewater is an integral part of policy for Australia’s water
resource management with a scheme under consideration
of infiltrating a potable aquifer with treated wastewater to
secure Perth’s drinking water supplies into the future [16].
Trials of drinking-water supply augmentation were carried
out between 2010-2012 under the Australian National MAR
Guidelines 2009 [17,18].
Unlike developed countries where considerable attention
is given to wastewater collection and treatment, the reuse of
raw wastewater is a common practice in many developing
countries. This is especially so for agriculture, with about 20%
of the world’s food being produced through this practice [2].
Pakistan is such a country where there is mostly unregulated
reuse of untreated waste water in agriculture [19]. This reuse
of untreated wastewater should be discontinued for public
health reasons. Jordan relies heavily on the reuse of wastewater
for agricultural irrigation and while it has sound regulations
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for its use, there is a lack of coordination between agencies to
ensure that the public is properly protected from poor quality
reused wastewater [20]. There is an urgent need to ensure that
there is up-to-date knowledge about and implementation of
basic practices, based on appropriate policy frameworks to
protect human health and the environment [2].
This is particularly so given the burgeoning population
growth in some of these countries, which will place further
pressure on water as a resource. Unfortunately, many developing countries lack appropriate capacity and resources to
enforce strict standards for the treatment and reuse of wastewater. Due to this reuse of poorly or untreated wastewater
being a common practice, farmers and consumers of those
agricultural products face substantial health risks, an issue
being considered by the World Health Organization (WHO) [2].
The knowledge transfer to provide more equitable outcomes
with the reuse of wastewater is a pressing issue. “Wastewater
treatment plants in most cities in developing countries are
non-existent or function inadequately” [10]. There is little or
no wastewater treatment in most cities in developing countries [21] or at least the reuse of poorly treated or untreated
wastewater for irrigation is very common [5]. A review by
Hamilton et al., 2007 [5] found that approximately one-third
of wastewater collected by sewerage systems in Europe is not
subject to treatment [5], without specifically stating whether
the untreated wastewater is used for irrigation or is simply
discharged into waterways to be disposed of.
In many developing countries there is a lack of risk-assessment methods, data for risk quantification and information
on the effect of available mitigation measures in terms of
safety, risk-reduction potential and economic and cultural
acceptability [22]. There are no statutory regulations governing the reuse of wastewater [23]. There is a lack of national
institutions responsible for urban and rural sanitation in
10% of countries in Asia, Africa and the Americas. The UNEP
has suggested the necessity of reviewing relevant existing
institutions in order to undertake wastewater reclamation
projects in those countries [2]. There is large-scale water
pollution and informal use of wastewater in sub-Saharan
Africa exposing many people to serious health risks and the
way forward requires a paradigm shift [24]. One of the biggest challenges ahead for those countries whose wastewater
reuse practices are lagging is to ensure that highly trained
engineers and technologists are used and are able to influence public policy to provide the best environmental and
public health outcomes [25]. Social, cultural and religious
factors also need to be considered in the Middle East and
North Africa [14]. Wastewater reuse practices need to be an
integral part of Integrated Urban Water Management (IUWM),
a coherent framework of all water management, to assist in
establishing standards for water quality and monitoring for
public health purposes [26,27].
While wastewater reuse is well established in parts of Asia,
especially China, waste-fed aquaculture occurs mostly in parts
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of Asia. The intentional use of wastewater in aquaculture is declining due to urbanization, which reduces the amount of land
available for ponds, and the switch to high-input aquaculture,
which is not compatible with traditional waste-fed practices.
The unintentional use of wastewater, excreta and greywater
in aquaculture is probably increasing, because surface waters
used for aquaculture are increasingly polluted with human
waste, and overall aquacultural production is growing [9].
Even in Beijing where there are more than 1,000 policydriven decentralized wastewater reuse systems in operation,
and where it is said that there are adequate technologies to
produce water of any quality from wastewater, it is suggested
that these systems may “have negative impacts on human
health” [15].
Apart from the (direct) use of untreated wastewater for
irrigation of crops, there is an unquantifiable indirect use of
diluted wastewater that pollutes streams and other waterways
which are then used as sources of agricultural irrigation. This
occurs in low income countries and fast-growing economies
including China, Brazil, Lebanon, Palestine, some countries
of North Africa, Spain, Italy, Portugal and Turkey. In Vietnam
wastewater is pumped into irrigation canals to supplement
irrigation water [10].
It appears that one of the difficulties in increasing the
standard of practice with the reuse of wastewater may stem
from the rationale of practice between developing countries
and developed countries. In the former group of countries
their main driver is livelihood dependence and food security, but in developed countries, the main focus is on good
environmental practice [5]. We suggest, however, that in
the future with water shortages that are expected generally
around the world, developed countries will also increasingly
consider wastewater reuse as necessary for livelihood and
food security reasons. The fertilizing capacity of wastewater
is also an attractive reason for its use in irrigation [5] and
human excreta has been used as a fertilizer for centuries in
many parts of Asia [13].
The public require greater information in relation to rationale for methodology employed and outcomes of health
effects research when dealing with recycled wastewater [28].
There are potential adverse health and environmental effects
of wastewater reuse which need further investigation [29].

isms are believed to die off at a much more rapid rate than
other pathogenic micro-organisms [30] especially relating to
viruses [31]. In addition, our concerns relate to a general lack
of cognisance of fungi as a potentially pathogenic component
of human effluent, as discussed below.
In order to benchmark the state of knowledge relating to
wastewater, which will assist in future strategies for its reuse,
we have carried out a limited literature search in relation to the
composition of human effluent, present indicator organisms
and some aspects of die-off rates and survival times of some
microbes which are prevalent in human effluent.
Human viral pathogens can be found in water with acceptably low coliform counts [31,32]. Benarde 1982 [33] questioned
the reliability of using sample testing for particular bacteria to
indicate that viruses were also not present. Some of the reasons
he mentioned include that viruses can survive longer than
indicator bacteria in the aquatic environment; much smaller
quantities of viruses may be necessary to infect a susceptible
host compared with bacteria; and water treatment systems
are less efficient at removing viruses than bacteria, which is
concurred by Okoh et al., 2010 [31].
The Department of Health 1992 [34] advised that faecal
coliforms are less effective as indicators of excreted viruses,
and of very limited use for protozoa and helminths for which
no reliable indicators exist. They also advised that bacteria
indicators are not adequate indicators of viral pollution [34].
McBride et al., 1992 [35] advised that “an increasing number of
studies are showing the presence of pathogens in waters and
shellfish when (faecal) coliforms are either absent or present
in low numbers”. They felt that there is a greater die-off of
coliforms relative to pathogens under certain circumstances
and that disease risk may sometimes be under-estimated by
(faecal) coliform densities [35]. Furthermore, Alvarez et al.,
1995 [36] cautioned that not all organisms capable of inducing adverse health effects are necessarily able to be detected
and cultured under laboratory conditions [36]. El-Abagy et
al., 1998 [37] reported that just because a water body may
be coliform-free, it is not necessarily pathogen-free [37]. It is
suggested that the scientific community has “always been
aware that detection and quantification of E. coli is not sufficient to define the whole quality of water” [6].
Thus in the spray irrigation of wastewater, coliform bacteria are not ideal indicator organisms in the monitoring of
Results and discussion
water quality. The following are better indicators: Salmonella,
Measuring faecal indicator organisms and the current Klebsiella, Alcaligenes faecalis, Streptococcus, coliphages [38].
Table 1 lists some commentators who do not include fungi
state of knowledge in relation to wastewater
Increased use of wastewater needs to be underpinned by as a pathogen in effluent (not necessarily a comprehensive
sound evidence-based technology, but we suggest that some list), although this is acknowledged by Straub et al., 1993 [39]
present approaches are questionable. There is sufficient evi- and found to be the case by us [30].
dence to question the current approach of water testing of
There are also several types of fungi in wastewater, includmeasuring faecal indicator organisms or coliform counts. The ing Penicillium spp., Paecilomyces-Thermophilic, Cladosporium/
evidence suggests that tests carried out in waters for faecal Alternaria, yeast, and Aspergillus fumigatus [30], although Salgot
indicator organisms may give an under-representation of the & Huertas 2006 [47] reported that few cases of fungi have
actual water contamination owing to the fact that such organ- been detected and that E. coli comprises a small component
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Table 1. Descriptions of effluent microbes without inclusion of fungi.
References Description
[40,41]

The most common types of bacteria in sewage are Enterobacteriaceae (this includes E. coli) and a range of other bacteria.

[42]
[43]

Escherichia coli has a better correlation with illness in populations than faecal coliforms for fresh waters but not marine
environments
Domestic wastewater contains a variety of disease-causing bacteria, viruses, protozoa and helminths.

[44]

The survival times in days were considered for bacteria, protozoa, helminths and viruses.

[9]

Pathogenic organisms in excreta include bacteria, helminths, trematodes, protozoa and viruses.

[9]
[2]

Water quality monitoring parameters for the use of wastewater in agriculture and aquaculture are based on acceptable
levels of E coli.
The pathogens in human effluent are bacteria, protozoa, helminths and viruses.

[2,45]

Faecal coliforms are a good indicator of water that is unsafe to drink.

[45]

But faecal coliforms “are less effective as indicators of excreted viruses, and of very limited use for protozoa and helminths
for which no reliable indicators exist”.
Many types of viruses.

[31]
[46]
[20]

“Waterborne infections are caused by infectious agents belonging to three broad groups: bacteria, parasites (protozoa and
helminths) and viruses”.
There are two groups of wastewater-related diseases: (1) Viral (rotavirus), bacterial (Campylobacter), protozoa (amoeba,
Cryptosporidium) and (2) diseases caused by Helminths’ eggs (eg Ascaris).

of the total content of the human bowel [48].
It is apparent from these contradictions that more research
is needed to confirm the most accurate basis for establishing
water quality, especially with an increasing trend of reusing
wastewater.
Aerosols are a form of contamination of wastewater to
people and plants [6]. During spray irrigation of wastewater
“live bacteria and virus concentrations are reduced almost
immediately by mortality from the shock of aerosolisation
and by dilution during downwind travel, as well as from dessication and exposure to solar radiation”. Slightly conflicting
advice is that “a high proportion of aerosols generated from
spray irrigation are in the potentially respirable size range of
one to five microns” [45]. Vigneswaran and Sundaravadivel
2004 [44] suggested that the “US has not been implicated
as the cause of any infectious disease outbreaks”, and that
there is no evidence of viral or microbial diseases as a result
of exposure to effluent aerosols from spray irrigation with
reclaimed water [44].
These views are in contrast to earlier findings of Teltsch
et al., 1980 [49] who reported on the sprinkler application of
wastewater where the aerosols formed had enteric microorganisms 100 times more concentrated than that of the source
bulk liquid [49]. This concurs with Blanchard and Syzdek 1982
[50] who found enrichment factors of up to 100 in film drops
[50]. The factors involved here are also referred to in the findings of Moore et al., 1988 [51]. Although spray irrigation is an
alternative to advanced wastewater treatment, there is the
important question of the disposal of pathogenic organisms,
especially through downwind travel of aerosols [52], Of the
potential dangers, Bausum et al., 1983 [52] advised that “approximately 75% of the bacteria-bearing aerosol particles at

21 to 30 m. downwind were within the range of pulmonary
deposition (1 to 5 µm)”. Pathogens, if present, would have ready
access to the lower respiratory tract [52]. The risk of inhalation
of aerosol-borne viruses by people exposed to spray irrigation with treated sewage necessitates a minimum exposure
distance (buffer zone) between sources and people [34,53].
There have been higher viral infection rates amongst study
population members who had been exposed to effluent
spray aerosols from irrigation projects [51] and there have
been hepatitis A outbreaks in Israel communes where spray
irrigation of crops with effluent is carried out [54].
The import of contaminated vegetables has led to disease
outbreaks in recipient countries as pathogens can be (re)
introduced into communities that have no natural immunity
to them, resulting in important disease outbreaks [9].
The incidence of infectious disease is two to four times
higher in communities practising wastewater irrigation compared with communities which were not [55]. The pathogen
level decrease was only minimal when the effluent had been
partially treated in oxidation ponds over three to seven days
without disinfection. There was a higher increase in cases
of influenza from sewage treatment plant workers and the
detection of enteric bacteria of sewage origin up to 1200
metres from a trickling filter plant site [55].
Diseases can be spread by the spray irrigation of wastewater
[38,49,56]. In samples of air and corresponding wastewater
samples at fields where spray irrigation of wastewater took
place there were high numbers of salmonella and viruses
compared with coliforms, the latter may not be a suitable
indicator of airborne contamination in this case [38].
It is apparent from the evidence presented that the survival
time of bacteria generally may not be long enough to pose a
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danger in the wider context of aerosol transfer. However, the
findings have not been consistent, and they have tended to
focus on bacteria, especially E. coli. This seems to be a problem,
as many other harmful bacteria survive longer than E. coli, and
little account has been taken of other forms of microorganisms, such as viruses, helminths, protozoa and fungi. Fungi, in
particular, appear to be prevalent in sewage wastewater, and
they are relatively easy to culture and incubate [30]. Diseases
related to helminths are most effectively transmitted by irrigation with untreated wastewater because they persist in
the environment for relatively long periods [57].
The 2006 WHO guidelines are more performance-based
than the 1989 guidelines, as the latter is more focused on
health outcomes, using new data from epidemiological studies,
although they are “not straightforward for policymakers or
practicing engineers to translate them into numerical values
that are easy to implement” [58]. The adequacy of the WHO
guidelines to protect farmer health has been questioned by
Ensink et al., 2008 [11]. An Italian study found contamination
by enteric bacteria (Enterocossus Faecalis) to varying levels
in reused wastewater in Sicily, but this is not considered in
the 2006 WHO guidelines [59]. The WHO Guidelines have not
considered the limitations in methods in testing of water and
this is significant with greater trade in food between countries
where reused wastewater has been used for irrigation of the
crops, as the guidelines are unlikely to provide equal protection to all populations [43]. Monitoring of treated drinking
water (without considering wastewater as a source) has several
limitations and it is not adequate in protecting against exposure of consumers to pathogens [60,61]. “Existing surveillance
systems are designed for early warning purposes and not to
detect low levels of disease in a community”. When dealing
with recycled water specific health assessment investigations are required to overcome the inadequacies in existing
surveillance systems [28]. Generally epidemiological studies
are too insensitive as a means for studying health effects of
recycled wastewater which has led to quantitative microbial
risk assessment (QMRA) modeling to provide estimates for
low level risks of enteric and other diseases [46].
There is a risk of contamination of enteric viruses in treated
wastewater, with increased health concerns from the reuse of
wastewater for agricultural irrigation [43,62]. There will always
be a risk from human pathogens, particularly, viruses, which
cannot always be detected [31,63].
The incidence of community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) infections is increasing in the
US, which is believed to be linked to those who are exposed
to reclaimed wastewater [64].
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and endocrine-disrupting chemicals (EDCs) contaminating
human effluent [25]. Epidemiological studies show that environmental exposures to low doses of EDCs are associated
with human disease and disability [4,10,65,67].
Vandenberg et al., 2012 [67] list 28 EDCs with reported
low-dose effects in animals or humans. A US Federal study
found 112 toxic materials from everyday life are reaching
the Columbia River after having passed through wastewater
treatment plants, including flame retardants, pharmaceuticals,
pesticides, personal care products, mercury and cleaning
products [67].
All human sewage waste-water contains many of these “lowdose” compounds of concern. There is no known sustainable,
septic or sewage treatment system, existing or in concept,
that can reliably neutralize (or even identify) these compounds. There is a need for changes in chemical testing and
safety determination in order to protect human health [67].
This need becomes paramount with an increasing reuse of
wastewater as potable water.
Carcinogenic, hormonal, heavy metal and radiological effects must be considered for treatment of recycled water for
drinking purposes [28,46] but chronic effects to low levels of
chemicals is not well understood requiring further research [46].

Conclusions

The risks associated with populations exposed to recycled
wastewater are uncertain and more research is needed before
the public will have greater confidence in its use, particularly
when used in the irrigation of vegetable crops [43].
With climate change and a burgeoning future world population there will be an increased need to reuse wastewater for a
variety of uses including as potable water. Some of the highest
population growth rates in the world occur in water-scarce
areas of Africa and the Near East [13]. With significant present
reuse of wastewater from partial treatment to no treatment at
all, there is evidence of disease in some exposed populations.
We suggest that the present methods of testing water
quality should be reviewed in relation to indicator organisms, survival times and the potential for fungi as pathogens
which are presently not well acknowledged as a component
of human waste. In addition, there is a need to improve testing for chemicals, hormones and EDCs. Furthermore, there
are no recognised international standards to deal with the
many different types of reuse of wastewater and in many
jurisdictions there are not the political, governance, cultural
and regulatory structures in place to monitor and control.
Often the practice has arisen spontaneously and without
planning, with different environmental impacts [9]. Regulatory
frameworks need to be strengthened to ensure the safe use
Heavy metals, chemicals, hormones and endocrine of new water sources [68]. Risk assessment should pay greater
disrupting chemicals
attention to degradation of water supplies and subsequent
Apart from the difficulties that many microbiological con- increasing use of wastewater [69].
taminants pose in relation to assessing the safety of water
Technology transfer is needed to ensure that the most apthere are also an increasing number of heavy metals [65] propriate engineering is implemented, the influence of which
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reaches public policy to provide the best environmental and
public health outcomes.
The countries with the most rudimentary approach to the
reuse of wastewater, such as in the irrigation of crops, are
generally under-developed countries with large populations,
which comprise a large proportion of countries which will face
increasing pressure to further intensify the reuse of wastewater. They generally have less developed political, governance,
cultural and regulatory structures in place to monitor and
control the process in order to protect public health.
We advocate, as have others, further research in relation
to indicator organisms, especially in relation to fungi presence in wastewater, also including chemicals, hormones and
EDCs and the potential for disease in a climate change/water
shortage/burgeoning world population regime of the future
[46]. The research needs to include evaluation of volume of
contaminants to which workers may be exposed by inhalation and ingestion of aerosols [46].
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