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1. 前言

PCDD/Fs, known as dioxins, are among the most toxic chemical compounds in the
environment. Generation and release of PCDD/F’s from anthropogenic activities have
raised tremendous concerns due to acute and chronic health effects such as immune,
nervous, endocrine, reproductive, and carcinogenic potential of dioxin exposure.

Waste incineration and burning is known as one major source of dioxin emission
(Ma, Lai, & Chan, 2002; Pulles et al., 2006). In Taiwan, incineration is becoming a
dominant municipal waste treatment method. It is estimated that more than 90% of
municipal wastes (over 9 million metric tons per year in quantity was treated by
incineration in 2003 (Ma, Lai, & Chan, 2002). It is therefore important to investigate
the dioxin exposure due to incinerators in Taiwan.

2. 研究目的

The purpose of the project is to develop statistical methodology in spatiotemporal
distributions of environmental monitoring data. The data set analyzed in this project is
airborne dioxin concentration measurements near a local incinerator in central Taiwan.
The main objective is to find whether there was relationship between dioxin
concentration measurements and the incinerator. Also, one other goal of the study is to
investigate the spatial distribution of lifelong risk of residents living in the vicinity of
the incinerator.

3. 文獻探討

Although atmospheric particle size distributions near an incinerator has been analyzed
(Chao, et al), and transfer of dioxin risk between waste incinerators in Taiwan has
been studied, the relationship between dioxin concentration and distance to
corresponding incinerator has not been fully investigated statistically. This study
provides a formal statistical analysis of spatiotemporal dioxin concentration
distributions in the vicinity of a local incinerator in Taiwan.

4. 研究方法

A straight line across the center of the incinerator with the angle  between the
horizontal line representing the wind direction was applied to each of the seasonal
collected samples. Then cos represents the relative contribution of the wind
direction to the PCDD/F concentration of the sampled site, where   0 is

the angle between the lines connecting the sampling site and the incinerator and the
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wind direction. For the upwind sampling sites, cos is negative (  2/ ), and
the PCDD/F’s concentration is expected to be less than normal owing to the wind. 
The effect on PCDD/F’s concentration is otherwise for the downwind sampling sites. 
A linear regression model was applied to the logarithms of dioxin concentrations of
the sampling sites with explanatory variables distance and cos , where distance
denotes the distance between the site and the incinerator. Since the wind directions
varied during the sampling seasons, and meteorology records were available only at
sites F and G, the angle  was rotated every 10 degrees to find the best fitted

regression model with the optimal 2R .
Since there were only seven observations for each season’s sample, results based

on linear regression model may not be reliable. In addition, the observations at
different sites are spatially correlated with distributions unknown. Thus, the model
assumptions of normality and independent identical distribution may not hold. To
assess the association of the dioxin concentrations with the distances to the incinerator
and wind directions in void of model assumptions, one may employ the
nonparametric correlation index Kendall’s tau . Let  iii WHZ ,, be the triple
measurements associated with sampling site nii ,...,1,  , where iZ is the dioxin
concentration measurement, iH is the distance to the incinerator, and iW is the

wind direction contribution cos . For the association between concentration and
distance, let C (D) be the number of pairs of observations such that the order of their
concentrations is concordant (discordant) with the order of their distances. That is,
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where .I is the indicator function with value 1 if the logical statement in the

parenthesis is true, and 0 otherwise. The Kedall’s tau is defined as
   DCDCHZ  /, . The correlation coefficient  is by definition between

1 and 1. The closer to the maximum (minimum) value 1 ( 1 ) the more evident
that there is positive (negative) association between Z and H . If the number of
observations n is large enough, then asymptotically  is normally distributed, and
statistical significance of the association can be described by the corresponding
p-value from the normal distribution. However, there were only seven observations
from the study sites, asymptotical results do not apply in this case. One way to find
the statistical association in the case of small sample size is the nonparametric
permutation test. Under the assumption that the observations are interchangeable, the
observations of Z and H can be relocated to have a total of 5040!7 



permutations. The exact p-value of the observed  can then be calculated by
matching its order among the 5040 ’s from smallest to largest after the 
permutations. The permutation test for the association between Z and W can be
calculated similarly.

The associations between the concentration Z , the distance to the incinerator
H , and the wind contribution W , are in fact inter-correlated. For example, the dioxin
concentration at downwind site is expected to be higher than that at the upwind site,
even though its distance to the incinerator may be greater than the latter. Therefore,
one may need toadjust the association index Kendall’s tau presented above by 
controlling on a third variable. For the association between Z and H conditioning
on W , consider a pair of observations  111 ,, whz and  222 ,, whz . If conditioning
on 21 ww  , we have   2121 hhzz  , then there is more evident that the

difference in concentration is due to distance. Let the adjusted concordant (discordant)
pairs conditional on W to be
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The Kendall’s tau conditional on W is    ***** |, DCDCWHZ  .
Similarly, the Kendall’s tau  HWZ |,* conditional on H is defined with
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The permutation test for the adjusted Kendall’s tau can be performed similarly as
before, conditioning on the discordant pairs of  WZ , for  WHZ |,* and concordant

pairs of  HZ , for  HWZ |,* .

A hierarchical spatial model with response variable the logarithm of the dioxin
concentration  ss ZY log is assumed as follows:

     HβsXsXsY 2,~| N ,
where sY is the vector of the responses, sX is the matrix of the covariables,

  71,...,sss is the vector of the sites’coordinates, and  H2 is the covariance



matrix with        jijijiH ssssss   exp,,, . The implicit assumption

of the model is that the spatial correlation is second-order stationary, that is, the
correlation between two sites depends only on their distance with each other. The
Markov Chain Monte Carlo (MCMC) simulations using the WinBUGS software may
be applied for the estimation of the model parameters. For prediction of the response

0Y at a new site 0s with associated covariate vector  0sx , the Bayesian kriging may
be applied by sampling 0y from its posterior distribution    00 ,,| sxθsYyf , where

   ,, 2βθ (Banerjee, Carlin, Gelfand, 2004, p133).

5. 結果與討論

It was found that the dioxin concentrations decreased with the distance to the
incinerator, and were dependent on the seasonal winds. This result was obtained by
nonparametric permutation test which requires no distributional assumptions at all.
Therefore, it is quite plausible that municipal waste incinerators are responsible to
environmental exposure of dioxins to a certain degree. However, since the
permutation tests were only based on rearrangement of measurements from 7 points,
further investigations needs to be done in the future.
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計畫成果自評

The research outcomes of the project conform the primary goal of the proposal. Since
similar findings have not been discussed in the literature, and it was obtained by
rigorous statistical analysis, the results are publishable in major environmental science
journals. We are currently writing a manuscript to be submitted to Atmospheric
Environment.


