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Abstract  

Background 

High levels of dioxins in soil and higher-than-average body burdens of dioxins in 

local residents have been found in the city of Midland and the Tittabawassee River 

floodplain in Michigan. The objective of this study is threefold: (1) to evaluate dioxin 

levels in soils; (2) to evaluate the spatial variations in breast cancer incidence in 

Midland, Saginaw, and Bay Counties in Michigan; (3) to evaluate whether breast 

cancer rates are spatially associated with the dioxin contamination areas. 

Methods 

We acquired 532 published soil dioxin data samples collected from 1995 to 2003 and 

data pertaining to female breast cancer cases (n = 4,604) at ZIP code level in Midland, 

Saginaw, and Bay Counties for years 1985 through 2002. Descriptive statistics and 

self-organizing map algorithm were used to evaluate dioxin levels in soils. 

Geographic information systems techniques, the Kulldorff’s spatial and space-time 

scan statistics, and genetic algorithms were used to explore the variation in the 

incidence of breast cancer in space and space-time. Odds ratio and their 

corresponding 95% confidence intervals, with adjustment for age, were used to 

investigate a spatial association between breast cancer incidence and soil dioxin 

contamination. 

Results 

High levels of dioxin in soils were observed in the city of Midland and the 

Tittabawassee River 100-year floodplain. After adjusting for age, we observed high 

breast cancer incidence rates and detected the presence of spatial clusters in the city of 

Midland, the confluence area of the Tittabawassee, and Saginaw Rivers. After 

accounting for spatiotemporal variations, we observed a spatial cluster of breast 



  

cancer incidence in Midland between 1985 and 1993. The odds ratio further suggests 

a statistically significant (� = 0.05) increased breast cancer rate as women get older, 

and a higher disease burden in Midland and the surrounding areas in close proximity 

to the dioxin contaminated areas.  

Conclusions 

These findings suggest that increased breast cancer incidences are spatially associated 

with soil dioxin contamination. Aging is a substantial factor in the development of 

breast cancer. Findings can be used for heightened surveillance and education, as well 

as formulating new study hypotheses for further research. 

Background  
Previous studies have reported higher than normal levels of dioxins in some locations 

in the city of Midland and Tittabawassee River floodplain in Michigan (Figure 1); 

while dioxin concentration in soils upstream of the river is similar to background 

levels across Michigan [1-5]. The most probable historic source of dioxins in the river 

is located in the city of Midland from industrial processes in the Dow Chemical 

Company’s (Dow) Midland plant [2,3,6,7]. As by-products in chlorine-based 

chemical processes, dioxins were released into the air and water decades ago and 

accumulated in the sediments and soils in and near the Tittabawassee River [1,3]. 

Floods then swept and redeposited sediments and soils within the floodplain. Recent 

studies [8] found that living on property with soils contaminated by dioxins and eating 

fish from the Tittabawassee River, the Saginaw River, and Saginaw Bay led to higher 

levels of dioxins in people’s blood. Inspired by the increased concern regarding the 

possible health effects, this study aimed at evaluating the soil dioxin contamination 

and exploring the potential risks associated with breast cancer incidence in the region. 

 







  

at (1) evaluating dioxin contamination in the study area and (2) investigating the 

hypothesis that dioxin-contaminated areas are spatially associated with high breast 

cancer incidence rates. Answers to the first objective provided information to 

understand the extents and severity of dioxin contamination and the contributing 

factors. Areas with high levels of dioxins can be targeted for cleanup with higher 

priority. Answers to the second objective would be important in targeting areas 

identified as having high incidences of breast cancer for heightened surveillance and 

education, as well as formulating new hypotheses for further research. 

Methods  

Study area, population, and major river systems 

The study area (Figure 1) consists of Midland, Saginaw, and Bay Counties. It has 38 

ZIP codes with a population of over 400,000 [39,40]. Midland, Saginaw, and Bay 

Cities are three densely populated regions. The study area has several industries, 

notably the Dow’s Midland plant, making significant contributions to economic 

growth in this region. 

 

The Tittabawassee and Saginaw Rivers are two major river systems. The 

Tittabawassee River extends southeast from the city of Midland to the confluence of 

the Tittabawassee and Saginaw Rivers. The Saginaw River flows east into the 

Saginaw Bay on Lake Huron. Land use in the Tittabawassee River floodplain splits 

among residential, agricultural, public parks, and protected areas, i.e., Shiawassee 

National Wildlife Refuge (NWR). The Tittabawassee River has seen frequent floods 

resulting from rain and/or snow melt. The 1986 fall flood was classified once every 

100–500 years. In 2004 spring, another extensive flood struck the area. Some of the 

flooded areas are currently used as private backyards or public parks.  



  

Breast cancer data 

Data pertaining to invasive female breast cancer cases (n= 4,604) diagnosed for 1985 

through 2002 were obtained from the MDCH. The cancer registry in the MDCH 

maintains the highest standards for data quality and completeness. It was complied 

under the National Cancer Institute’s Surveillance, Epidemiology, and End Results 

(SEER) Program. A breast cancer case was defined as a person with any newly 

diagnosed cancer with a behavior code of “3” (malignant primary site) and a site 

group of “12” (breast) as classified according to the International Classification for 

Diseases 10th revision (ICD-10). Each record represents a newly diagnosed breast 

cancer case assigned to the patient’s residence at diagnosis. Each case includes 

information on patient’s gender, ZIP code of a patient’s residence, year of diagnosis, 

primary site, stage at diagnosis, and age group (Table 1). To protect privacy, the 

MDCH registers patients at ZIP code level rather than individual physical residences 

and only publically reports ZIP codes with more than 5,000 people. Of the 38 ZIP 

codes in the study area, only 22 ZIP codes have breast cancer data with 90.8% 

(378,831/417,423) of the study population living there. The lack of data for the 

remaining 16 ZIP codes means that we were not able to fully investigate them. And it 

is still unclear whether there were no diagnosed or unreported cases, or simply the 

MDCH concealed it to protect patient privacy. 

 

Soil dioxin data 

The Michigan Department of Environmental Quality (MDEQ) provided the soil 

dioxin database consisting of 532 records (Figure 1) collected mainly from the city of 

Midland and the Tittabawassee River floodplain between 1995 and 2003, 

respectively. In the database, each record has a unique identification number, the 

coordinates of the sample location, starting depth, ending depth, dioxin concentration 



  

 

The SOM is an unsupervised data visualization and classification technique that 

reduces high-dimensional data to lower, usually 1 or 2, dimensions [31]. Compared to 

variance-covariance matrix and multi-dimensional scaling, the SOM allows one to 

visually figure out the number of clusters, the classification of different values of each 

variable, and relations between variables. The SOM consists of processing elements 

(neurons). Each neuron is represented by a d-dimensional weight vector, where d is 

equal to the dimension of the input vector. In our case, four input vectors are dioxin 

level (Dioxin Level), distance from a sampling site to the river (Distance to River), 

flood frequency of a sampling site (Flood Frequency), and start depth where a sample 

collection begins (Start Depth). Neurons are connected through a neighborhood 

function (f), e.g. a Gaussian function defined by
22 2/)( td

etf
σ−

= , where d is the 

Euclidean distance between two neurons and �t is the neighborhood radius at time t. 

Hidden layers (n) act as intermediate layers between the input vector layer and output 

layer. The SOM then uses the input vectors to update neurons in the hidden layer to 

generate the next hidden layer or output layer. The update is conducted using a 

learning rule to train neurons, e.g. )]()()[()()()1( tntxtfttntn iiii −+=+ α , where i is 

the ith neuron; x(t) is an input vector from the input data set at time t; and �(t) is the 

learning rate at time t. The aim of the update process is to make neurons more like the 

input vector; the end result is that the neurons on the map become ordered and 

neighboring neurons are similar. The output map consists of the U-matrix and 

component planes. Neurons in the U-matrix with small values represent clusters in the 

input data and large values represent gaps. Each component represents an attribute 

and its classification from the input data. The neuron in a certain position in one map 

corresponds to the same neuron in other maps. By reading several component planes 









  

latency. This is a typical assumption in other ecological studies [37,38,46,47] because 

of privacy concerns and limited availability of personal information. Although ZIP 

codes are arbitrary units of analysis in terms of contamination and potential health 

outcomes, it is convenient for public health agencies to register patients at this level 

so as to protect patient privacy [35,46]. In addition, we did not account for migration 

because of low mobility among the study population as was reported in several 

surveys—one survey [48] indicated that sixty-six percent of respondents in the 

Tittabawassee River floodplain have lived at their current residence for more than 10 

years (Table 2); another survey [8] reported that residents in Midland and Saginaw 

Counties have lived there for an average of almost 40 years; and more importantly, 

people in the Tittabawassee River floodplain have the longest length of residence of 

45 years. 

 

We further assumed that the dioxin data from 1995 to 2003 represents dioxin levels in 

the preceding period when causative exposure may have occurred. Dioxin samples 

were collected from 1995 through 2003, and cancer cases ranged from 1985 through 

2002. One critique remains, as dioxin in 2000 could not have caused cancers 

developed in 1985. Jacquez and Greiling [35] argued that because of the latency in the 

development of cancer, it would not even be plausible to say that contamination in 

1998 could explain only 1999 diagnoses. The year of 1995 is when a comprehensive 

dioxin sampling was available for the study area; however, previous smaller samples 

of dioxin data were collected way back in 1983 [3]. Taking into account dioxins’ long 

half-lives and resistance to biodegradation, we assumed dioxin data from 1995 to 

2003 adequately represent dioxin levels in soils prior to 1995. Although this 

assumption is not ideal, it is reasonable because occurrence of elevated concentrations 





  

samples within the 100-year floodplain range up to 6450 ppt TEQ. The levels of 

dioxins in samples within or beyond 500-year floodplain were below 90 ppt TEQ. 

Three samples collected by USACE along the Saginaw River exceeded 90 ppt TEQ, 

which is consistent with a previous study [7]. In temporal extent, the box plots of 

dioxins plotted using original values (Figure 3a) and natural logarithm transformation 

(Figure 3b) provide insighful variations of dioxin contamination during the study 

period. For example, dioxin concentrations in most samples remained consistently 

above the criterion of 90 ppt TEQ from 1995 to 2003. Outliers with extremely high 

concentrations (Figure 3a) were apparent, especially in 1996, 1998, and 2003. The 

variations within and between years are more pronounced by using logarithm 

transformation. The 25th and 75th percentiles show persistent dioxin contamination in 

the sampling period.  

 

The SOM plots show key characteristics of dioxin contamination in the floodplain 

(Figure 4). The U-matrix indicates that high levels of dioxin are clustered (dark blue 

neurons in the U-matrix) in some geographical locations. A comparison of neuron 

values of the four component planes reveals some interesting correlations between 

dioxin levels and other input variables. For instance, the corresponding neurons on the 

bottom right corner of the four component planes illustrates a correlation in high 

dioxin levels (Dioxin Level) (1) with closeness to the river (Distance to River); (2) 

with highly frequent flooding events (Flood Frequency); and (3) with shallow soil 

layers (Start Depth). It indicates a 5-year flood frequent area (Labels). Two 

observations can be made from the comparison between Dioxin Level and Labels. 

First, dioxin contamination resides in the 100-year floodplain. Very high levels of 

dioxin exist within the 10-year floodplains. Areas with flood frequency from 50- to 



  

100-year have similar intensities of dioxin contamination, identified as lower levels of 

dioxins. Second, areas with flood frequency from 100- to 500-year have dioxin levels 

around 58.4 ppt TEQ and can be classified as uncontaminated areas. The comparison 

between Labels and Start Depth indicate that very high levels of dioxin exist mostly in 

shallow soil layers. But in soils deeper than 16” below the ground in some areas, 

dioxin levels exceeded 90 ppt TEQ, this may be in part due to flood plain sediments 

being used as infill in housing projects. The comparisons between dioxin level and 

Distance to River and Flood Frequency indicate that flood frequency rather sampling 

distance to the river can better estimate levels of soil dioxin. Higher levels of dioxins 

usually reside in areas closer to the river that experience more floods. However, the 

neurons at bottom right corner of three component planes suggest high levels of soil 

dioxins in highly flooding areas and low levels as you move farther away from the 

river. This demonstrates that significant local elevation change may occur and thus 

prohibits the direct use of distance to the river as an indicator of dioxin contamination. 

 

The distribution of breast cancer incidence rates by age and ZIP code between 1985 

and 2002 are presented (Table 4). Female patients over 45 years old had two times a 

higher risk of developing breast cancer than females aged 15 to 44. Most of the 

patients (88%) were older than 45 years. Female patients between 45 and 64 years old 

had the highest risk (39.8%) in comparison to other age groups. However, those were 

between 65 and 74 years old had the highest breast cancer incidence rates (469 per 

100,000 females). Geographically, cities of Midland, Saginaw, and the immediate 

vicinity (ZIP codes 48640, 48601, and 48603) had the highest breast cancer incidence 

rates. Locations that are in close proximity to dioxin-contaminated areas have higher 

breast cancer incidence rates than those located farther away after adjusting for age. 





  

algorithm, we observed four spatial clusters of breast cancer incidences illustrated by 

ellipses. Among the four clusters, two of them are close to the contaminated areas.  

 

Using the space-time clustering techniques, we detected the breast cancer clusters in 

space-time after adjusting for age (Figure 6). The space-time scan model returned 

three clusters; with the first most likely cluster (ZIP code 48457 from 1985 to 1990) 

located away from the contaminated area (p = 0.001). It has 23 cases with at-risk 

background population of 1052. The second one (1985–1993) is a super cluster 

located west of and in the city of Midland (p = 0.001). It has 445 cases and 16735 at-

risk female population. The third (1997–2002) is located in the Eastern Bay city and 

Frankenmuth (p = 0.001). It has 106 cases and 4142 females at risk in the same period 

of time. The genetic algorithm for space-time clustering returned four clusters 

delineated by ellipses (Figure 6): ZIP code 48640 (1985–1993) in Midland as a single 

cluster, ZIP code 48457 (1985–1990), and ZIP codes 48732 (1997–2002) close to Bay 

city and Frankenmuth located in ZIP code 48734 (1996–2002). 

 

Discussion  
In this study, we evaluated levels of dioxin in soils and analyzed spatial variations in 

the incidence of breast cancer. There are four major findings from this study: (1) 

dioxin contamination sites include the city of Midland and the Tittabawassee River 

100-year floodplain. Very high levels of dioxins are limited in the areas with 10-year 

flood frequency; (2) the number of breast cancer cases increased from 1985 to 2002 

among females aged between 45 and 64 years and they had the highest risk; (3) rather 

than randomly distributed in the study area, ZIP codes where high breast cancer rates 







  

one recent study [7] it was reported that sediment and floodplain soils of the Saginaw 

River, where these clusters are, are considerably contaminated with high levels of 

dioxins similar to the ones in the Tittabawassee River with respect to their profiles. 

Thus dioxin contamination may be playing a role in the increase in breast cancer 

incidence within these clusters, though other factors cannot be ruled out. This 

hypothesis underscores the need for more dioxin sampling efforts in these areas. The 

detection of ZIP codes 48457 (Figure 6) and 48734 (Figures 5 and 6) as spatial 

clusters may be in part due to their small at-risk background populations (4,164 and 

3,924 females in 2000 respectively). Small population problem causes an area with a 

small population to be less reliable due to the higher variance. This is prevalent in rare 

disease analysis, especially in cancer studies when rates are used to estimate the 

underlying risk [52].  

 

The findings in this study are subject to at least four limitations. First, the sparsity of 

soil dioxin data and scale of the breast cancer incidence data may have introduced 

uncertainties into health outcomes. The lack of TEQ data for other soils from 

background sites/ZIP codes and locations farther away from Midland were limiting 

factors, therefore we could not definitively confirm spatial clusters that are located 

farther away. The number and distribution of soil samples clearly were not sufficient 

to ascertain the contamination range, yet this dioxin database is the most 

comprehensive in the study area to date. Second, the ZIP code of residence at 

diagnosis is inadequate to describe an individual’s location during the development of 

cancer. This surrogate for exposure is insufficient especially when causative 

exposures occur largely in areas other than residence locations, such as in areas 

related to occupational or recreational activities. Further analysis should include 



  

characterization of environmental exposure and cancer risk at the individual level. 

Third, the data sets lacked residential history information. Breast cancer is known to 

have long latencies [26,35,49]. The time when the patient was diagnosed may not be 

the time when causative exposures occurred. In addition, the migration during the 

latencies tends to obscure relationships between environmental exposure and cancer 

incidence [35]. Yet the information about residential history is restricted because of 

privacy concerns. Fourth, this study was not able to fully adjust all confounding risk 

factors of breast cancer development. We considered age effect; however, we did not 

adjust for other confounders, such as each patient’s race, childbearing patterns, 

socioeconomic status, exposure to other pollutants because some of the information is 

not available to the public. Yet they are substantive factors in the development of 

breast cancer [22,38,53-55]. In a separate follow-up study [56], we have critically 

evaluated the spatial clusters established in this study and environmental pollutants.  

 

Although the association between increased incidence of breast cancer and living on 

or close to dioxin contamination areas was found in our study, the question of whether 

exposure to dioxin in soil has caused or is causing breast cancer in this region is 

obviously complex and likely to be answered only through various comprehensive 

approaches and by controlling for other confounders. For example, in a separate 

report [56] we compiled more than 325 chemicals that are released into the 

environment besides dioxins. It is possible that these chemicals contribute to the high 

rates of breast cancer as well.  

Conclusions  
In summary, this study finds that there are elevated levels of dioxin contamination in 

the city of Midland and Tittabawassee River 100-year floodplain. We identified a 
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Figure Legends 

Figure 1- Study area 

The study area shows sampling locations and corresponding dioxin levels, 
Tittabawassee River and its floodplain, and major cities. Michigan soil generic 
residential direct contact criterion for dioxins (RDCC) is 90 ppt TEQ.  

Figure 2- Number of breast cancer cases in Midland, Saginaw, and Bay 
Counties, Michigan 

Number of cases for female breast cancer by year and age-group, Midland, Saginaw, 
and Bay Counties, 1985 to 2002. 



  

Figure 3- Box plots of dioxin concentrations in the city of Midland and the 
Tittabawassee River floodplain, Michigan 

Dioxin concentrations by year in the city of Midland and the Tittabawassee River 
floodplain, Michigan, 1995 to 2003. Logarithm transformation of the soil generic 
RDCC for dioxins (90 ppt TEQ) is 4.5. Samples in 2000 and 2001 were merged 
because there were only two samples from 2000.   

Figure 4- U-matrix, four component planes, and map unit labels, from the SOM 
on the dioxin database 

The U-matrix shows dioxin levels vary across the study area. Comparisons of the four 
components and labels indicate that soil dioxin contamination is limited within the 
100-year flood frequency area. Very high levels of dioxin are clustered within the 10-
year flood frequency area. Soil deeper than 16” below the ground is contaminated by 
dioxin in some areas. Dioxin contamination is alleviative in areas farther away from 
the river, but not linearly. 

Figure 5- Breast cancer cases per 100,000 females, and purely spatial clusters 
detected by the two methods  

Purely spatial clusters detected by Kulldorff’s spatial scan statistic (shaded areas) and 
the genetic algorithm for spatial clustering (ellipses). 

Figure 6- Breast cancer cases per 100,000 females, space-time clusters, and 
point source pollution sites 

Space-time clusters detected by Kulldorff’s space-time scan statistic (shaded areas) 
and the genetic algorithm for space-time clustering (ellipses). 

Tables 

Table 1- Number of cases for female breast cancer, by age-group 

Age (in years) Cases 
≤14 a 1 

15 – 44 572 
45 – 64 1,833 
65 – 74 1,126 
≥75 1,071 

Unknown b 1 
Total cases 4,604 

a The record was removed from the analysis as merging into other groups may bias 
the underlying at-risk background population in other groups.  
b The record was removed from the analysis because of missing age.  

Table 2- Description of length of stay at current residence 

Length of stay at current residence Percent (%) 
Less than 1 year 0.5 
1 to 5 years 12.9 
6 to 10 years 20.4 
11 to 20 years 22.0 
21 to 30 years 18.8 
More than 30 years 25.2 



  

No Response 0.5 
Note: About sixty-six percent of respondents lived at the current residence for more 
than 10 years (Source: [49]).  

 

Table 3- Frequency distribution of the levels (ppt TEQ) for dioxins in soil 
classified by depth and location 

Categories Sample 
size 

Mean Min Max Stdev 25th P 75th P Med 

Depth (in 
inches) 

        

0 – 3 307 500 0 15,300 1,440 15 442 83 
3 – 6 112 350 0 2,790 590 5.56 525 56.3 

6 – 15 102 355 0 5,660 799 3.14 356 44.3 
15 – 24 3 576 6.9 1,620 909 6.9 1,620 97.5 
24 – 36 3 56.9 13.9 133 65.9 13.9 133 23.9 
36 – 48 3 24.1 1.12 64 34.6 1.12 64 7.34 
48 – 60 2 6.77 1.42 12.1 7.57 1.42 12.1 6.77 

Locations         
Midland 53 1,140 0 15,300 3,040 69.6 111 727 

Floodplain                
1-year 191 564 0 5,660 725 62.1 923 308 
2-year 80 364 0.17 3,140 632 30.4 438 99.3 
5-year 29 39.8 0.18 294 74.2 5.63 32.5 16 

10-year 32 34.6 0 244 62.2 3.53 41.2 7.17 
50-year 44 206 0 5,070 792 2.23 34.1 8.74 

100-year 43 481 0 6,450 1,130 1.1 531 26.4 
500-year 15 13.7 0.23 69.7 20.1 3.45 11.6 4.5 
Outside 35 13.9 0 76.8 20.3 1.8 22.4 4.55 

Saginaw  10 96.3 0.73 450 136 9.81 142 50.4 
Total 532               

a 
Stdev, standard deviation 

Table 4- Distribution of age and ZIP code for breast cancer cases, 1985–2002 

 % 
Diagnosed 

Breast 
Cancer 

Breast 
Cancer 

Rates (per 
100,000) 

Odds 
Ratio 

95% CI a P - 
value 

Age (years)      

15-44 12.47 39 1   

45-64 39.81 227 5.81b 1.65, 1.86 <0.0001 
65-74 24.46 469 11.94 b 2.37, 2.60 <0.0001 
�75 23.26 459 2.45 b 2.34, 2.57 <0.0001 

ZIP code      
48883 1.30 90 1   
48415 2.35 123 1.28 -0.11, 0.60 0.1699 
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