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Accumulation of nitrate may 
occur in groundwater where a 
number of on-site sewage dis-

posal systems are clustered together 
and the nature of the aquifer grav-
els allow the groundwater to travel 
quickly, according to a study recently 
reported in the May 2006 issue of the 
Vadose Zone Journal. In communities 
where neither sewerage nor drinking 
water services are reticulated, such an 
accumulation of nitrate may adversely 
affect drinking water quality.

This study is the first of a two-
part project designed to understand 
what happens to groundwater qual-
ity when a number of dwellings that 
dispose of their wastewater to ground 
are grouped together. Scientists from 
the Institute of Environmental Science 
and Research Ltd (New Zealand) and 
the University of California–Riverside 
(USA) carried out the study in a rural 
community near Christchurch, New 
Zealand. In this study, the cumulative 
impact of clustered disposal systems 
on the levels of nitrate and fecal coli-
forms in soils and groundwater was 
simulated using a computer model. 
The model included a cluster system 
consisting of nine disposal systems 
adjacent to one another over a dis-
tance of 3.3 km. Levels of nitrate and 
fecal bacteria in the water that were 
calculated by the model compared 
favorably with field measurements 
made during an earlier study.

Both field observations and model 
simulations showed that clustered 
disposal systems had a significant cu-
mulative impact on nitrate concentra-
tions in downgradient groundwater, 
resulting in a gradual increase in ni-
trate concentration in downgradient 
groundwater. However, the impact of 
fecal coliforms from individual dis-
posal systems on groundwater was 
localized. Neither field observations 
nor the modeling results showed any 

gradual increase in the concentration 
of fecal coliforms in downgradient 
groundwater.

“The study has shown that the ca-
pacity of coarse gravel aquifers to 
dilute nitrate is very limited,” says 
Dr. Liping Pang, a member of the re-
search team. “As a result, the water 
has to travel at least 2.9 km beyond 
a wastewater disposal point before 
the nitrate concentration returns to 
its background level at this particular 
study site. To avoid possible health ef-
fects, treatment to reduce nitrate con-
centrations entering the groundwater 
is needed, and drinking water bores 
should be sunk to more than 10 m be-
low the water table.” 

This preliminary study (2005–2006) 
has enabled the development of a 
modeling approach and has identified 
the most important information that 
has to be put into the model. Model-
ing results were most sensitive to the 
input values for hydraulic conductiv-
ity, effluent concentrations, discharge 
rate, and removal rates of microorgan-
isms. Therefore, an accurate estima-

tion of these parameters is fundamen-
tal to ensure the model will produce 
reliable predictions. 

The relative importance of model 
parameters to model outputs provides 
useful information for the design of 
future experiments and subsequent 
model refinement. It is still unknown 
what could be the impact of clustered 
on-site disposal systems on viral con-
tamination of groundwater. Other 
researchers have detected viruses in 
groundwater that are free of fecal co-
liforms.

Future work on this project (2006–
2009) will involve the selection of two 
communities of different sizes—the 
smaller community will enable the 
determination of the model’s input 
parameters, while the larger commu-
nity will be used to test the ability of 
the model to predict nitrate concentra-
tions in groundwater. Field tracer ex-
periments will be carried out to deter-
mine removal of fecal coliforms and 
viral indicators as well as transforma-
tion of nitrate in soils and groundwa-
ter. A model that will allow 3D model-
ling of clustered disposal systems will 
be constructed. 
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