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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 
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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. 










