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Introduction

* Farming activity helps raise the level of nitrate in the
groundwater.

* Nitrate is broken down in the body in this way:

Bacterial Fl - Digestive Processe :
NO = — SNO — *N-nitroso compounds

* N-nitroso compounds have caused liver damage,
internal bleeding, and cancer in experimental
organismes.



Introduction

* There is interest in studying the potential carcinogenic
effects of nitrate exposure from drinking in human
populations.

* Estimates of nitrate levels in water are needed for
retrospective epidemiologic cancer studies.

* Finding reliable models to estimate the exposure of
[owans to nitrate is an important biostatistical
problem.
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Previous Study

* Weyer et al. analyzed Iowa alluvial groundwater to
examine the use of raw water nitrate levels of
retrospective exposure estimates.

* They found that
NO, from raw water = NO, from finished water
in separate municipalities.

* However, if you aggregate these sites into a region,
only some regions have nitrate raw water
measurements that can supplement for finished water
measurements.
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Let’s Expand the Model

* In this project, we want to examine the effect on the
level of nitrate in water based on:

¢ Decade
¢ Depth
+ Season

¢ Treatment

* The dataset analyzed by Weyer et al. is a smaller subset
of the one that we use.
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* From the University of lowa’s Center for Health Effects of
Environmental Contamination (CHEEC)

* Data for 500 different locations around Iowa
* 25,390 observations.
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Model

* Let (NO,) correspond to the measurement of milligrams of

nitrate per liter of water at geographic location s. Then our
analytic model is

In (NO,) =X"B + Z(s) + ¢

¢ where X is a vector of indicator variables for decade, depth, season,
and treatment.

¢ [ is a vector of mean parameters for each indicator variable to be
estimated from the data.

¢ 7Z(s) is a normal random variable that accounts for spatial correlation
between nitrate concentrations.

¢ gisan independent normal error term with o,? variance. It accounts
for errors in measurement and other random sources of variability.



Spatial Correlation

* The assumed exponential spatial correlation depends on
two factors: the rate of decay and the distance.

corr(Z(s;), Z(s;)) = exp{-d;/ b}

1.2

Correlation

Distance Between Two Points
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RAMPS

* We used ramps, a geostatistical package for R
statistical software developed by Smith, Yan, and
Cowles.

* The package can fit a Bayesian model, provide
posterior distributions for the model parameters,
predict the amount of nitrate in the water across
the state.

* ramps is designed for the analysis of large spatial
data sets.
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Bayesian Approach

* Goal is to estimate the joint posterior distribution:

P(NO,|8) P(8)
P(NO;)

Where 0 is the vector of parameters that we want to estimate (B, 6.2, 6,2, d).

P(8|NO,) =

* The software uses a Markov chain Monte Carlo (MCMC)
computational method to repeatedly draw samples from
the posterior distribution.

* The sampled parameter values are used to obtain
posterior summary statistics (means, s.d., etc).
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Prior Distributions

* Mean B3 “Flat”
(Noninformative)

* Error Variance 1/0,> I['(2, 10)

* Spatial Decay ¢ Uniform (o,35)

* Spatial Variance 1/0,> I['(2, 10)

* We generated 1,000 MCMC draws from the
posterior distribution.
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osterior Parameters’ Distributions
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Posterior Geometric Mean
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Posterior GSD
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Discussion

* The model accounts for important sources of error.

* Although the model uses Bayesian statistics, the flat
priors allows the data to shape the parameter
summaries. This reflects our lack of prior information.

* It would improve accuracy of the model if there was
more data included about the southern counties.

* In our model, finished water seems to have about twice
the nitrate in raw water. Perhaps in diluting to lower
the concentration of other pollutants, they increase
the NO3 levels.
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