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Reuse of greywater has been studied as an alternative for non-potable uses. The goal of this paper
was to quantitatively assess the microbial risk from the reuse of greywater treated in a household
case study. A Quantitative Microbial Risk Assessment was applied to evaluate the treated
greywater. This approach was conducted by taking as reference the pathogens Rotavirus,
Campylobacter and Cryptosporidium, the worst cases of water-borne diseases of the families of
viruses, bacteria and protozoa, respectively, according to World Health Organization. The uses
included in this study were garden irrigation and toilet flushing. The findings showed that toilet
flushing exposure presented the highest microbial risk with a median value of the order of
2.7010° DALY per person per year. Even though this is higher than the World Health
Organization recommendation (10° DAL Ypppy), it was considered insignificant within other
authors’ classification and less hazardous compared to several other actions that cause the health
inability in Brazilian population.
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INTRODUCTION

On-site reuse of Treated Greywater (TGW) for non-potable
purposes has been gathering interest as an alternative source to
centralized systems in water-stressed regions to reduce
pressure on drinking water supplies (Schoen et al, 2017;
Schoen & Garland, 2015; Sharma et al., 2013). Moreover, for
highly urbanized regions on which residential water
consumption might represent more than two thirds of total
water demand (Gongalves, 2006), decentralized sources could
increase the level of sustainability in urban water systems as
well as reduce effluent disposal (Larsen ef al., 2016; WWAP,
2017). Greywater (GW) is defined as the wastewater from
showers, bathtubs, bathroom sinks, and washing machines,
accounting for about 50 to 80% of waste water produced in

*Corresponding author: Hamilton de Araijo Silva Neto,
Jandaia Street, Parque Ipé, condominium Parque das Araras House
77, Feira de Santana-BA, Brazil.

a household (Christova-Boal et al, 1996; Eriksson et al,
2002). Many studies have confirmed its potential for reuse
(Atanasova et al., 2017; Fountoulakis et al., 2016; Teh et al.,
2015), presenting a higher quality compared with municipal
wastewater, with lower concentrations of nitrogen and organic
matter. However, such water still contains microbial and
chemical contaminants that can put the user’s health at risk if
ingested, inhaled, or absorbed through the skin (Li ef al., 2009;
Edwards et al, 2004; May, 2009). Kaercher et al. (2003),
studying the population perceptions about GW reuse in
Australia, asserted that while users recognized both reasons
and benefits associated with GW recycling, there was no
spontaneous desire to follow this practice. One of the major
reasons for such discouragement was the potential health risks
that this practice could yield (Po et al., 2003; Nancarrow et al.,
2002; Hyde et al, 2016). Assessing the suitability of non-
potable water for human activities requires an estimate of the
hazard associated with the user’s health. The Quantitative
Microbial Risk Assessment (QMRA) is a formal probabilistic
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methodology used to estimate the potential risk for human
health under scenarios of exposure to microbial hazards (Haas
et al., 1999). QMRA has been applied for multiple water
regulatory processes (U.S. EPA, 2014; WHO, 2016) and is the
recommended method for the risk assessment on GW reuse
(WHO, 2006). The objective of this study was to estimate the
risk to human health associated with the reuse of GW for non-
potable domestic purposes. A QMRA was conducted in a case
study in a Brazilian household.

MATERIALS AND METHODS

Grey water treatment system

The GW treatment system was built in a high-income single-
family household in the city of Feira de Santana-BA, Brazil,
with two adults and two children under four years old. The
system (Figure 1) treated the GW from the showers,
washbasins and clothing washing machine in the residence
studied and consists of a pretreatment stage (removal of coarse
solids), a compartmentalized anaerobic reactor and an aerobic
intermittent filter.

COMPARTMENTALIZED
ANAEROBIC REACTOR

We used a ratio between E. coli. and the infectious pathogens
based on Ahmed et al. (2005), a method previously used by
Lopez-Pila et al. (2000) and Craig et al. (2003), which follows
a lognormal distribution. The ratio between the fecal indicator
and the reference hazard pathogens is shown in (Table 1).

Exposure assessment

The total volume of GW ingested for each domestic use was
defined as well as the frequency of daily exposure. The
selected uses in this study included garden irrigation and toilet
flush water. We adopted a normal distribution for frequency
of use of garden irrigation, with values for minimum, median
and maximum of 0,3 and 7 per week. All the other frequency
and exposure data were obtained from Ashbolt et al. (2005).
According to the authors, the estimated frequency of toilet
flushing follows a triangular distribution with values for
minimum, median and maximum of 2, 4 and 6 per day. The
estimated volumes of exposure to GW during both toilet flush
and garden irrigation follow a triangular distribution with
values for minimum, median and maximum of 0.01, 0.1 and
0.5 mL respectively.
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Figure 1.Greywater treatment system design (dimensions in meters)

Qrma model

According to the methodology proposed by Hass et al. (1999),
the approach consists of four stages: (I) Hazard identification;
(IT) Exposure assessment; (III) Dose-response evaluation; and
(IV) Risk characterization.

Hazard identification

For this study, human-infectious pathogens Rotavirus,
Campylobacter, and Cryptosporidium were used as reference
hazards for treated GW reuse assessment, following the
guidelines proposed by WHO (2006), which represent the
worst case considering the class of viruses, bacteria and
protozoa (Ahmed et al., 2005). To estimate the pathogen
concentrations, a fecal indicator Escherichia coli (E. coli) was
measured in the TGW.

Table 1. Data used to estimate [E. coli]:[Pathogen] ratios in
greywater (Ahmed et al., 2005)

Data Ratio [E. coli]:[Pathogen]

Rotavirus Campylobacter  Cryptosporidium
Median 10° 10° 10°
Lognormal 5" percentile 10* 10* 10°
Lognormal 95" percentile 10° 10° 10

A compilation of the data used for the exposure assessment is
presented in Table 2.

Dose-response assessment

The daily probability of infection was calculated for each
proposed use based on the methodology of Haas et al
(1999).The dose of pathogenic organisms for a single exposure
was calculated by using Equation 1:

d=NXV,, Xf
where:

d is the dose of pathogens ingested in one exposure (MPN-day’
1
);

N is the pathogen concentration in greywater (MPN-mL™);
Veon is the volume consumed in one exposure (mL-day™);

f is the daily frequency of use. The pathogen dose-response
model is a mathematical characterization between the dose of
pathogen administered and the risk of infection in the exposed
population. The two most used mathematical models are: the
exponential (Equation 2) and the Beta-Poisson (Equation 3).
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The definition of the model used varies according to the
chosen pathogen, always seeking the best fit. In this paper, the
exponential model was used for the evaluation of
Cryptosporidium, while the Beta-Poisson model was used for
Rotavirus and Campylobacter. The parameters used for

calculation are shown in Table 3.

Pinf =1- e—r.d

Por = 1-[14- (26 -1)]
where:

Piyr 1s the probability of infection from a single exposure;

r is a parameter for the exponential model;

Nsois the microbial dose eliciting 50% infections in the
exposed population;

o is a parameter for the Beta-poisson model.

K is the disease/infection ratio.

The results were also calculated in Disability Adjusted Life
Years (DALY) by using the DALY losses per case of disease
from Mara (2006) through Equation 6. DALY is a metric that
estimates the time lost because of disability or death from a
disease in comparison with a long life free of disease (Mara,
2006; WHO, 2016). The use of DALY is considered efficient
because it can put into comparison any action that causes the
inability to live normally due to health problems, whether an
injury caused by an accident or an acquired illness.

Ppary = Cpary X Py

where:
Ppavy is the disease burden in DALY pppy;
CpaLy = DALY loss per case of disease.

Table 2. Exposure data

Data of exposure Distribution Minimum Maximum Median Mode
Volume consumed (mL)
Garden irrigation” Triangular 0.01 0.5 - 0.1
Toilet flush” Triangular 0.01 0.5 - 0.1
Frequency of use
Garden irrigation" (#/week) Normal 7% 3™ -
Toilet flush® (#/day) Normal 6 4 -
(1) Ashbolt et al. (2005)
(2) Estimated by the authors
Table 3. Pathogen dose-response parameters
Reference pathogen Model Parameters Parameter values Reference
Rotavirus Beta-poisson o 0.25 Teunis et al., 1996
Nso 6.2
Campylobacter Beta-poisson o 0.15 Teunis et al., 1996; Hass et
Nso 896 al., 1999
Cryptosporidium Exponential r 0.004 Teunis et al., 1996

Table 4. DALY losses and disease/infection ratios of rotavirus, Campylobacter and Cryptosporidium (Mara, 2006)

Reference pathogen DALY loss Disease/infection ratio
Rotavirus (for developing countries) 0.026 0.05
Campylobacter 0.0046 0.7
Cryptosporidium 0.0013 0.3

Risk characterization

Using the results from the previous sections, the adverse health
effects for a defined period were estimated. In this study, the
probability of infection per person per year (pppy) caused by
on-site reuse of TGW was calculated using Equation 4.

Po=1—(1-Ppp"
where:

P, is the probability of infection per person per year;
t is the number of exposures per year.

Assuming that being infected does not necessarily imply the
development of illness, we adopted a disease/infection ratio

from Mara (2006) (Table 4). The probability of disease per
person per year was calculated using Equation 5.

Py =KxP,

where:
P, is probability of disease pppy;

Since, each pathogen presents a different value for DALY loss,
according to its severity, the data used for the reference
pathogens are shown in Table 4. To reduce uncertainty, input
data were represented as probability distributions rather than
points. A 10,000-iteration Monte Carlo model was simulated
using @Risk software version 4.5 Educational Edition
(Palisade Corporation 2002).

RESULTS AND DISCUSSION

The GW treatment system showed a removal efficiency of the
E. coli bacteria by one order of magnitude (Table 5). The
median risk of disease estimated for on-site TGW reuse is
shown in terms of risk of disease pppy (Table 6) and DALY
pppy (Table 7) for each reference use. Rotavirus was the
reference pathogen with the greatest impact, accounting for
more than 90% of the total DALY pppy for the assessed water
uses. Disease burden for both uses was below the limit
proposed by (WHO, 2006) for drinking water (10° DALY
pppy), except for the toilet flush for Rotavirus (2.7x107
DALY pppy). The treatment system presented 88.06%
efficiency in the removal of coli forms. To be in accordance
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with the WHO guidelines for drinking water, it should reach a
99. 26% efficiency, thus the estimated average density of E.
coli in the TGW would be lower than 1.1x10° MPN per
100mL. Comparing the disease burdens found for the domestic
uses with previous QMRA studies focusing on alternative
waters reuse, it is possible to notice that they are inside range,
with similar orders of magnitude, as it can be seen in Table 8.

benchmark risk proposed by WHO would be the most
appropriate or even be too conservative, especially for
developing countries (Mara, 2010). The WHO itself states that
this goal may not be achievable or realistic in some locations
and circumstances in the short-term, on which the overall
burden of disease is high for multiple exposure routes (water,
food, air, etc.).

Table 5. E. coli concentration in raw and treated greywater

E. colicounts in MPN/100mL™"

Greywater — " :
Minimum Maximum Median

Raw (input) 1.3x10? 9.0x 10° 1.6x10*

Treated (output) 2.0x10" 23x10* 1.8x10°

(1) Most Probable Number per 100 mL

Table 6. Median disease risk per person per year for treated greywater reuse

U Reference pathogen Total risk of
se .

Rotavirus Campylobacter Cryptosporidium diseasepppy
Garden irrigation 1.1x10* 43x10° 4.4x107 1.5%10*
Toilet flush 1.0x107 42x10* 42x10° 1.4x107

Table 7. Median DALY per person per year for treated greywater reuse

DALY .pppa’’
Use - — Total DALY pppy
Rotavirus Campylobacter Cryptosporidium
Garden irrigation 2.8x10° 2.0x107 5.7x%10"° 3.0x10°
Toilet flush 2.7x10° 1.9x10° 5.5%107 2.9x10°

Table 8. Disease burden of alternative water reuse

Reference Median Probability of disease pppy Median DALY pppy Description

Fewtrellet al. - 23 x 107 Salmonella health impacts from grey water reuse for hose

(2008) irrigation

Pasin (2013) 2.6 % 10" 3.6 x 1070 E. coli disease burden for untreated grey water reuse for
irrigation

Vaz (2009) 45x 107 1.2x10%? Rotavirus disease burden associated with treated grey water

reuse for toilet flush (estimated ingestion of 0.1 mL)
Cohim (2012) - 6.2 x 107 Rotavirus disease burden associated with treated grey water

reuse for toilet flush

(1) Calculated by the authors using DALY loss per case of disease from Havelaar et al. (2004)

(2) Calculated by the authors

Table 9. Suggested definition of severity of consequences of hazards based on increase of endemic
disease in the community (Westrell ez al., 2004)

Item Definition

Catastrophic

Major increase in diarrhoeal disease >25% or >5% increase in more severe disease or large

community outbreak (100 cases) or death

Increase in more severe diseases (0.1-5%) or large increase in diarrhoeal disease (5-<25%)

Major

Moderate Increase in diarrhoeal disease (1-<5%)

Minor Slight increase in diarrhoeal diseases (0.1-<1%)
Insignificant No increase in disease incidence (<0.1%)

Results for disease burden of Rotavirus considering TGW
reuse for toilet flush were considerably higher than Cohim
(2012) findings of 6.2 x 107 DALY pppy, using the same
reference hazards and on-site GW treatment. However, this
fact can be explained by the difference in treatment
effectiveness each case study yielded, since for this specific
case pathogen removal. In addition, we were conservative on
the values of ingested water during exposure. For toilet
flushing, Cohim (2012) used a volume 10 times lower. Pasin
(2013) considered that all E. coli in the GW was pathogenic,
therefore the author’s result is comparatively the highest.
Fewtrell et al. (2008) studied the annual risk of Salmonellos is
in the reuse of GW for hose irrigation. Their result is of the
same order of magnitude of our findings. This does not
necessarily mean that the health risk found in this paper would
not be acceptable. Discussions have taken place on whether the

In such cases, setting this limit from water-borne exposure
alone would not have a huge impact on the overall disease
burden. Instead, more contextualized values could be
established (WHO, 2011). Taking into consideration the total
burden of disease of toilet flushing using TGW, which was
estimated at 2.9% 10 DALY pppy, it would offer lower risks
for human health in Brazil than firearm assaults, transportation
accidents and melee attacks, with values of 1.9x 10'2, 1.8x1072
and 4.3x10° DALY pppy, respectively (Malta ez al, 2017).
Therefore, to evaluate the severity of consequences of GW
reuse, we adopted the classification proposed by Westrell ef al.
(2004), based on the increase of endemic diseases in a
population as shown in Table 9. Studies estimate that the
number of episodes of diarrhea per child under 5-years-old per
year in developing countries ranges from 3 to 5 (Vasquez et
al., 1999, Lima et al., 2000, Moraes et al. 2003). Adopting a
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median value of 4 episodes pppy in Brazil, the highest
probability of becoming ill by TGW exposure (1.0x 10°pppy)
would represent an increase of only 0.026% in the rate of
endemic diseases. Therefore, consequences of TGW reuse in
Brazilian households could be considered insignificant.

Conclusion

In this paper, we conducted a QMRA study on TGW reuse for
domestic purposes, considering Rotavirus, Campylobacter and
Cryptosporidium as reference pathogens. Our results indicate
Rotavirus as the main source of human health risks in TGW
reuse and toilet flush as the use with greater risk (2.9x107
DALY pppy). Although this value is not in conformity with
the WHO guidelines for drinking water, using TGW for toilet
flush would only represent 0.026% of increase in disease cases
for Brazilian communities, a hazard that would be classified as
insignificant. The results of this study on GW reuse can be
used as reference for the development of policies in Brazil due
to the lack of regulation on this matter as well as to support a
risk-based orientation for users.

REFERENCES

Ahmed, M.F., Shamsuddin, S.A., Mahmud, S.G., Rashid, H.,
Deere, D., and Howard, G. 2005. Risk Assessment of
Arsenic Mitigation Options (RAAMO). Dhaka: APSU, 80
p.

Ashbolt, N.J., Petterson, S.R., Stenstrom, T.A., Schonning,
C.,Westrell, T. and Ottoson, J. 2005. Microbial Risk
Assessment (MRA) Tool. Gothenburg: Urban Water, 64 p.

Atanasova, N., Dalmau, M., Comas, J., Poch, M., Rodriguez-
Roda, I. and Buttiglieri, G. 2017. Optimized MBR for
greywater reuse systems in hotel facilities. Journal of
Environmental Management, v. 193, p. 503-511.

Barker, F., O’Toole, J., Sinclair, M., Leder, K.
Malawaraarachchi, M. and Hamilton, A.J. 2013. A
probabilistic model of norovirus disease burden associated
with greywater irrigation of home produced lettuce in
Melbourne, Australia. Water Research, 47, p. 1421-1432.

Benami, M., Gillor, O., and Gross, A. (2016) Potential
microbial hazards from graywater reuse and associated
matrices: A review. Water Res., 106:183-195.

Boyjoo, Y., Pareek, V.K. and Ang, M. 2013. A review of
greywater characteristics and treatment processes. Water
Science and Technology, 67(7), p. 1403-1424.

Busgang, A., Friedler, E., Ovadia, O. and Gross, A. 2015.
Epidemiological study for the assessment of health risks
associated with gray water reuse for irrigation in arid
regions. Science of the Total Environment, 538, p. 230—
239.

Christova-Boal, D., Evans, R.E. and Mc Farlane, S. 1996. An
investigation into gray water reuse for urban residential
properties. Desalination, 106, p. 391-397.

Cohim, E. 2012. Tratamento local de aguacinza para reuso:
Avaliacdo do impactonasaude. Proceedings of the
2"CongressoBaiano de Engen haria Sanitaria ¢ Ambiental
(COBESA), held at Feira de Santana/BA, Brazil.

Cohim, E. and Kiperstok, A. 2007. Uso de dguacinza para fins
ndopotaveis: um critérioracional para a definicdo da
qualidade. Proceedings of the 24"CongressoBrasileiro de
Engenharia Sanitaria e Ambiental, held at Belo
Horizonte/MG, Brazil, v. V1. p. 1-13.

Craig, D., Fallowfield, H. and Cromar, N. 2002. Decay rates
of faecal indicator organisms and pathogens: Use of

microcosm and in situ studies for the estimation of
exposure risk in recreational waters. American Water
Works Association, Australia.

Edwin, G.A. Gopalsamy, P. and Muthu, N. 2014.
Characterization of domestic gray water from point source
to determine the potential for urban residential reuse: a
short review. Applied Water Sciences, 4 (1), p. 39-49.

Eriksson, E., Auffarth, K., Henze, M. and Ledin, A. 2002.
Characteristics of gray wastewater. Urban Water 4, p. 85—
104.

Farrely, M. and Davis, C. 2009. Demonstration Projects: Case
Studies from Melbourne, Australia. Available in: <www.
urbanwatergovernance.com>. Access on: August 2017.

Fewtrell, L., Kay, D. and Benjamin, M. 2008. Health impact
assessment for sustainable water management. WA
Publishing.

Fountoulakis, M.S., Markakis, N., Petousi, I. and Manios, T.
2016. Single house on-site grey water treatment using a
submerged membrane bioreactor for toilet flushing.
Science of the Total Environment, v. 551, p. 706-711.

Ghaitidak, D.M. and Kunwar, D.Y. 2013. Characteristics and
treatment of greywater — A review. Environmental Science
and Pollution Research, 20.5, p. 2795-2809.

Gongalves, R.F. 2006. Usoracional da aguaemedificacdes. Rio
de Janeiro: Prosab/Abes.

Gross, A., Azulai, N., Oron, G., Ronen, Z., Arnold, M. and
Nejidat, A. 2005. Environmental impact and health risks
associated with greywater irrigation: a case study. Water
Science and Technology, 52(8), 161-169.

Haas, C.N., Rose, J.B. and Gerba, C.P. 1999. Quantitative
microbial risk assessment. New York: John Wiley &
Soares.

Havelaar, A.H. Van Duynhoven, Y.T.H.P., Nauta, M.J.,
Bouwknegt, M., Heuvelink, A.E., De Wit, G.A. and
Nieuwenhuizen, M.G.M. 2004. Disease burden in The
Netherlands due to infections with Shiga toxin-producing
Escherichia coli O157. Epidemiology & Infection, 132(3),
467-484.

Hora, J. D., Cohim, E. B., Sipert, S. and Ledo, A. 2017.
Quantitative Microbial Risk Assessment (QMRA) of
Campylobacter for Roof-Harvested Rainwater Domestic
Use. Multidisciplinary  Digital  Publishing  Institute
Proceedings, v.2,n. 5, p. 185.

Hyde, K., Smith, M., andAdeyeye, K. (2016) Developments in
the quality of treated greywater supplies for buildings, and
associated user perception and acceptance. International
Journal of Low-Carbon Technologies. v.12.

Kaercher, J.D., Po, M. and Nancarrow, B.E. 2003. Water
Recycling Community Discussion Meeting I — The Key
Findings. ARCWIS Occasional Paper, 2003.

Kosek, M., Bern, C. and Guerrant, R.L. 2003. The global
burden of diarrhoeal disease, as estimated from studies
published between 1992 and 2000. Bull World Health
Organ, Genebra, v. 81, n. 3, p. 197-204.

Larsen, T.A., Hoffmann, S., Luthi, C., Truffer, B. and Maurer,
M. 2016. Emerging solutions to the water challenges of an
urbanizing world. Science, 352.6288, p. 928-933.

Leite, D.B.P. and Moruzzi, R.B. 2017.
Consideragdessobreosvaloresmaximospermitidos  (VMP)
de E. coli emdaguascinza, visandoao reuso pormeio de
avaliagdoquantitativa de riscos micro  biologicos
(AQRM). Eng. Sanit. Ambient., Rio de Janeiro,v. 22,n. 1,
p. 57-64.



19532

Hamilton de Arauijo Silva Neto et al. Quantitative microbial risk assessment (qmra) for domestic non-potable reuse of

greywater: A case study for a brazilian household

Li, F., Wichmann, K. and Otterpohl, R. 2009. Review of the
technological approaches for greywater treatment and
reuses. Sci. Total Environ., 407 (11), p. 3439-3449.

Lima, A.M, Moore, S.R, Barboza, M.S, Soares, A.M,
Schleupner, M.A, and Newman, R.D. 2000. Persistent
diarrhea signals a critical period of increased diarrhea
burdens and nutritional shortfalls: A prospective cohort
study among children in northeastern Brazil. Journal of
Infectious Diseases, 181:1643-51.

Lépez-Pila, J.M. and Szewzy k, R. 2000. Estimating the
infection risk in recreational waters from the feacal
indicator concentration and from the ratio between
pathogens and indicators. Pergamon, Berlin, v. 34, n°17, p.
4195 —4200.

Malta, D.C., Minayo, M.C.S., Soares, A.M., Silva, M.M.A.,
Montenegro, M.M.S., Ladeira, R.M., Morais, O.L.M.,
Melo, A.P., Mooney, M. and Naghavi, M. 2017.
Mortalidade e anos de vidaperdidos
porviolénciasinterpessoais e autoprovocadas no Brasil e
Estados: analise das estimativas do EstudoCarga Global de
Doenga, 1990 ¢ 2015. Revista Brasileira de Epidemiologia,
v. 20, p. 142-156.

Mara, D.D. 2006. A Guide to the Guidelines: A Numerical
Guide to the 2006 WHO Guidelines on Wastewater Use in
Agriculture and Practical Advice on how Transpose them
into National Standards. School of Civil Engineering,
University of Leeds, Leeds LS2 9JT, UK.

Mara, D.D. 2011. Water and wastewater related disease and
infection risks: what is an appropriate value for the
maximum tolerable additional burden of disease? Journal
of Water and health, v. 9, n. 2, p. 217-224.

Mara, D.D., Sleigh, P.A., Blumenthal, U.J. and Carr, R.M.
2007. Health risks in wastewater irrigation: comparing
estimates from quantitative microbial risk analyses and
epidemiological studies. Journal of water and health, v. 5,
n. 1, p. 39-50.

May, S. 2009. Caracterizagdo, tratamento e reuso de
adguascinzas e  aproveitamento de  aguaspluviai
semedificagdes. Ph. D. Thesis in Engineering. Departament
of Hidraulic Engineering and Sanitation, University of Sao
Paulo, Sao Paulo, Brazil.

Misra, R. K., Patel, J. H., andBaxi, V. R. (2010). Reuse
potential of laundry greywater for irrigation based on
growth, water and nutrient use of tomato. Journal of
Hydrology, 386(1-4), 95-102.

Moraes, L.R.S., Cancio, J.A., Cairncross, S. and Huttly, S.
2003. Impact of drainage and sewerage on diarrhoea in
poor urban areas in Salvador, Brazil. Transactions of the
Royal Society of Tropical Medicine and Hygiene, v. 97, n.
2, p. 153-158.

Nan carrow, B.E., Kaercher, J.D. and Po, M. 2002.
Community attitudes to water restrictions policies and
alternative water: A longitudinal analysis 1988-2002.
Perth: CSIRO Land and Water.

O’Toole, J., Sinclair, M., Barker, F.S. and Leder, K. 2014.
Advice to risk assessors modeling viral health risk
associated with household graywater: perspective. Risk
Analysis, 34, p. 797-802.

Ottoson, J. and Stenstrom, T. A. 2003. Faecal contamination of
greywater and associated microbial risks. Water research,
37(3), 645-655.

Pasin, D. B. 2013. Avaliagdoquantitativa de riscosmicro
biologicos (AQRM) associados a E. coli emaguascinza.
Master Thesis in Environmental Engineering. Faculty of

Engineering, Universidade Estadual Paulista, Bauru, Sao
Paulo, Brazil.

Po, M., Kaercher, J.D. and Nan carrow, B.E. 2003. Literature
review of factors influencing public perceptions of water
reuse. CSIRO Land and Water, Technical Report
54/03.Available in: <http://www.clw.csiro.au/ publications/
technical2003/tr54-03.pdf>. Accesson: August 2017.

Schoen, M. E., Ashbolt, N. J., Jahne, M. A. and Garland, J.
2017. Risk-based enteric pathogen reduction targets for
non-potable and direct potable use of roof runoff,
stormwater, and greywater. Microbial Risk Analysis, 5, 32-
43.

Schoen, M.E. and Garland, J. 2015. Review of pathogen
treatment reductions for on-site non-potable reuse of
alternative source waters. Microbial Risk Analysis 5: 25-
31.

Sharma, A. K., Tjandraatmadja, G., Cook, S. and Gardner, T.
2013. Decentralised systems—definition and drivers in the
current context. Water Science and Technology, 67(9),
2091-2101.

Teh, X.Y., Poh, P.E., Gouwanda, D. and Chong, M.N. 2015.
Decentralized light greywater treatment using aerobic
digestion and hydrogen peroxide disinfection for non-
potable reuse. Journal of cleaner production, v. 99, p. 305-
311.

Teunis, P.F.M., van der Heijden, O.G., van der Giessen,
JW.B. and Havelaar, A.H. 1996. The dose-response
relation in human volunteers for gastro-intestinal
pathogens.RIVM Rapport 284550002.

U.S. EPA 2014. Microbiological Risk Assessment (MRA)
tools, methods, and approaches for water media, EPA-820-
R-14-009, Office of Science and Technology, Office of
Water, United States Environmental Protection Agency,
Washington, DC.

Vasques, M.L., Mosquera, M., Cuevas, L.E., Gonzalez, E.S.,
Veras, 1.C.L., Luz, E.O., Filho, M.B., Gurgel, R.Q. 1999.
Incidéncia e fatores de risco de diarréia e
infecc¢desrespiratdriasagudasemcomunidadesurbanas de
Pernambuco, Brasil. Cad SaudePublica, 15:163-72.

VAZ, L. O. Avaliacdo do riscomicrobioldgicodecorrente do
retiso de aguascinzaemuma edificagdo esidencial de alto
padrdo. 2009. Tese de Doutorado. Universidade Federal do
Espirito Santo, 2009.

Walker, C.L.F., Perin, J., Aryee, M.J., Boschi-Pinto, C. and
Black, R.E. 2012. Diarrhea incidence in low-and middle-
income countries in 1990 and 2010: a systematic review.
BMC public health, v. 12, n. 1, p. 220.

Westrell, T., Schonning, C., Stenstrom, T. and Ashbolt, N.J.
2004. QMRA (quantitative microbial risk assessment) and
HACCP (hazard analysis and critical control points) for
management of pathogens in wastewater and sewage
sludge treatment and reuse. Water Science and Technology,
v. 50, n. 2, p. 23-30, ISSN 0273-1223.

Winward, G. P., Avery, L. M., Frazer-Williams, R., Pidou, M.,
Jeffrey, P., Stephenson, T. and Jefferson, B. 2008. A study
of the microbial quality of greywater and an evaluation of
treatment technologies for reuse. Ecological engineering,
32(2), 187-197.

World Health Organization — WHO 2006. Guidelines for the
safe use of wastewater, excreta and greywater. Water
Sanitation and Health. Geneva, 2006. 4v.

World Health Organization — WHO 2011. Guidelines for
drinking-water quality. World Health Organization:
Geneva, 4 ed., p. 303-4.



19533 International Journal of Development Research, Vol. 08, Issue, 03, pp.19527-19533, March, 2018

World Health Organization — WHO 2016. Quantitative WWAP - United Nations World Water Assessment
Microbial Risk Assessment: Application for Water Safety Programme 2017. The United Nations World Water
Management, World Health Organization, Geneva. Development Report 2017. Wastewater: The Untapped

Resource. Paris, UNESCO.

sk skoskosk kook



