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Abstract. This study assesses health risks to consumers due to the use of agricultural 
products irrigated with reclaimed wastewater. The analysis is based on 8 definition of an 
exposure model which takes into account several parameters: (1) the quality of the applied 
wastewater, (2) the irrigation method, (3) the elapsed times between irrigation, harvest, 
and product consumption, and (4) theconsumen' habits. The exposure model is used for 
numerical simulation of human consumers' risks using the Monte Carlo simulation 
method. The results of the numerical simulation show large deviations, probably caused by 
uncertainty (impreciseness in quality of input data) and variability due to diversity among 
populations. There is a 10-orders of magnitude difference in the risk of infection between 
the different exposure scenarios with the same water quality. This variation indicates the 
need for setting risk-based criteria for wastewater reclamation rather than single water 
quality guidefines. Extra data are required to decrease uncertainty in the risk assessment, 
Future research needs to include definition of acceptable risk criteria, more accurate dose- 
response modeling, information regarding pathogen survival in treated wastewater, 
additional data related to the passage of pathogens into and in the plants during irrigation, 
and information regarding the behavior patterns of the community of human consumers. 

1. Introduction 
1.1. Treated Wastewater Utllbtjon 

Water scarcity in and and semiarid regions has encouraged 
the search for additional sources currently not exploited inten- 
sively, such as treated domestic sewage. Treated wastewater is 
a relatively stable water source and can be utilized, mainly for 
agricultuTa1 irrigation. Disposal of treated wastewater for ag- 
ricultural irrigation simultaneously solves water shortage prob 
lems and reduces potential environmental contamination. 
However, subject to distribution of waterborne disease, asso- 
ciated with treated wastewater reuse, a risk assessment of 
pathogen hazards, Subject to d i x s e  wastewater qualities uti- 
lization, as well as different irrigation technologies, is required. 

Wastewater reclamation is the process of treating wastewa- 
ter for beneficial uses, its transportation to demand sites, and 
its actual reuse [Petfypve und Amno, 19BSJ. Reclamation of 
wastewater allows depletion of groundwater to be minimized 
and helps to prevent contamination of natural water sources, 
by reintroducing wastewater (even if only partly treated) as an 
alternative water source. Shortage of water has driven consum- 
ers in arid and semiarid areas around the world to reclaim 
municipal wastewater for diverse purposes, of which agricul- 
tural use is the main one. 

Human communities consuming raw agricultural products 
(vegetables and fruits) irrigated with reclaimed wastewater in- 
gest microbial pathogens (bacteria, viruses, and parasites). The 
ingestion of these pathogens can cause infection and illness. 
Health risk assessment allows the amount of ingested patho- 
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gens and the subsequent heaith effects of wastewater irrigation 
to be quantified end indicates the precaution phases tbat 
should be undertaken. 

Consequently, one of the most important issucs dun'ng 
wastewater reclamation is the protection af public health. Cur- 
rent health regulations governing wastewater reuse impose 
strict limitations. based on a "zero risk" alternative approach 
[Worid Health Organization (WO), 1989; U.S. Environmental 
Prorcciion Ageng (EPA), 19921. This approach caa hardly be 
expected to emphasize economic benefits rather than health 
risks. Even so, it is now widely regarded as overcautious. Cur- 
rently, almost no country or international body has yet set an 
acceptable risk criterion for wastewater redamation. The EPA 
drinking water guideline for entcric viruses sets a limit of lcss 
than one inkction per population of 10,000 per year (<lo-'). 
This drinking water guideline has been used for the evaluation 
of wastewater reclamation projects in the absence of a com- 
mon acceptable risk criterion h a n o  cf al., 1992; Rose er aL8 
1996; Shuvaf GI al., 1997; Tmoka ef ~ l . ,  19981. The appropri- 
ateness level of the risk standard as a measure of safety 
thcrefore needs further discussion. 

1.2. Risks Associated With Emuent Reuse 
Heafth risk assessment is the process through which taxim- 

logical data are combined with information cancerning the 
degree of exposure to external risks. It is performed in order to 
quantitatively predict the likelihood that a particular adverse 
response wi!l arise in a specific human population [Pawen- 
bach, 1997) Quantitative microbial risk assessment bas re- 
cedy  been applied to estimate the risk of infection and illness 
from enteric pathogens h water and food. Several studies 
focus on hcalth risk assessment of wastewater reuse in agticul- 
ture [Asano and Sakaji, 1990; Asano et a!., 1992; Rare et al., 
1996; S h w l  el al., 1997; Tanah el al., 19981. 

Limited attention has been focused on exposure assessment 
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