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Aims

Attention has been paid to the possibility of re-using greywater. The potential risks with such
a re-use needs to be systematically addressed. The aim with this study was to show how
microbial risk assessment, MRA, could be a tool to manage potential health risks with
greywater and greywater re-use.

Methods and Results

Faecal load in greywater and epidemiological data gave the input of selected pathogens in
greywater (Figure 1). The accepted dose was calculated from dose-response curves (Teunis
et al., 1999) setting the P, to 0.001 (1/1000) (Haas, 1996). Accepted doses gave accepted
pathogen concentrations in the water for different exposures. Finally the environmental die-
off was estimated. Substracting the figures log accepted concentration and log environmental
removal from the log input value (Figure 1) gave the sum of the log removal needed in
greywater treatment to be inside the specified accepted risk.

In figure 1, a Swedish scenario is shown where the treatment need for four different
exposures - 1) accidental ingestion of greywater, for example from a pond, 2) drinking
superficial groundwater produced from greywater, 3) swimming in a lake where greywater
has been discharged and 4) eating crops irrigated with greywater — was assessed. The daily
incidences of infections were calculated from reported yearly incidences, adjusted for
underreporting and mean number of excretion days (Figure 1). For drinking superficial
groundwater 1/1000 represented a yearly risk, expecting consumption to be 1 L/day of which
100 mL is recharged greywater.

Treatment was needed for rotavirus and Campylobacter in some exposures, shaded
(superficial groundwater and accidental ingestion), whereas no treatment was needed to
manage Salmonella or parasitic (oo)cyst exposure (Figure 1).
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Figure 1. Excel spreadsheet showing a microbial risk assessment for treatment need of
greywater in a Swedish scenario. Literature data taken from (Ottoson and Stenstrém, 2003,
Yates et al., 1985, Badawy et al., 1990, Faechem et al., 1983, Gerba et al., 1996, Ward et
al., 1986, Mead et al., 1999, Havelaar et al., 2000)

Discussion

In this exercise it was shown that greywater treatment in Sweden should be directed to
remove viruses. Unless diluted, extensive treatment is needed for the production of
superficial groundwater. Removing viruses will also remove Campylobacter, which was the
other index organism of concern in the Swedish scenario. The background data are taken
from references applicable for Sweden (groundwater 4° C, 1 litre/day drinking water,
incidences of infection etc.) Further we have used 1/1000 as an acceptable limit. In many
parts of the world that figure could be higher leading to less treatment need. Other variables
that would lead to less treatment are higher die-off rates in warmer countries and a higher
flow (more dilution) whereas higher incidences of infections and lower flow give a need for
more extensive treatment. All figures could be changed, but figures in bold are those that
might vary the most between regions. It may also be more interesting to look at other
exposure scenarios than the ones presented here. What we wanted to show however was
that microbial risk assessment does not have to be complicated or expensive in terms of
computer power and need for software, but could be computed with a simple calculator
giving a lot of communicable information. Information that could be useful to have as a
background when planning new systems. The treatment performance targets that have been
calculated can be also be used within a water management approach such as HACCP,



hazard analysis critical control point. The next step then is to find suitable process indicators
to be able to measure the performance target. But that’s another story.
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