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The UMDES 

Full descriptions of the UMDES methods, 
datasets, results, and publications are available 
at our website: 
www.umdioxin.org 
 
This presentation focuses on the role of dioxin 
contamination in soil and house dust in relation 
to the body burden of dioxins. 
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The UMDES 

Our goals were to - 

1. Determine whether residents experience increased 

exposure to the elevated dioxin-like compounds in the 

environment 

2. Identify the completed pathways of exposure 

3. Communicate our results to involved communities 

We undertook The University of Michigan Dioxin Exposure 

Study (UMDES) in response to concerns that the dioxin-like 

compound contamination from the Dow Chemical Company 

facilities in Midland, Michigan have led to an increase in 

residents’ body burdens of dioxins, furans and PCBs. 
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Area of residence was further stratified into regions: 

 The Floodplain of the Tittabawassee River 

 The Near Floodplain 

 The Midland Plume – downwind of the Dow plant 

 Other Midland/Saginaw – not near the rivers or Dow 

 For comparison, Jackson/Calhoun Counties 

Study design 

Our sample design was a stratified, multistage area 

probability sample of households and persons.  Adults over 

the age of 18, who had lived in their current residence 

continuously for at least five years, were eligible to 

participate (only one person per household).  
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Five study populations: 4 in Midland/Saginaw and 1 referent area. 

1. Tittabawassee River Flood Plain 
(M/S FP) 

2. Near Flood Plain (M/S near FP) 

3. Midland Plume (M/S Plume) 

4. Other Midland/Saginaw (M/S 
Other) 

5. Jackson/Calhoun counties (J/C) 
(referent population 200 km 
away) 
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Information collected from each study participant. 

–Interview 

–Blood sample 

–Household dust 

–Soil samples 
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Investigation of Soil Concentrations 

Soil samples were taken at various locations on 
participants’ property 

Soil contact: 

Up to 2 stations, 

3 cores per station 

 

Flower garden Vegetable garden 

Close to Tittabawassee River 

House perimeter: 

 

Up to 4 stations, 

3 cores per station 

 House 

Near river: 

Up to 1 station, 

3 cores per station 
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Investigation of Soil Samples 

• Cores were extruded,  

 separated into two strata  

 and the vegetation removed 

 

 

 

• Strata were composited 

 

 

 

 

 

• Composites were sent to Vista Labs 

 for analysis for WHO (2005) 29 congeners 
by HRGC/HRMS 

 
 
  

0-1 inch 

1-6 inch 

House perimeter:   0-1 inch, 1-6 inch 
Near river:      0-1 inch, 1-6 inch 
Garden:       0-6 inch 
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Participation (N) by Region 

Floodplain Near 
Floodplain 

Midland 
Plume 

Other 
Midland/
Saginaw 

Jackson/ 
Calhoun 

Total All 
Regions 

Interviews 326 264 71 304 359 1,324 

Blood 251 197 48 199 251 946 

Dust 207 159 37 163 198 764 

Soil 203 164 37 168 194 766 

All 4 195 156 35 162 183 731 
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Serum and Soil Results – TEQ (ppt) by Region 

Zone N Mean Median 75th 95th Min Max 

Overall 946 23.9 19.6 29.2 58.6 3.8 211 

M/S FP 251 26.4 23.2 32.9 52.5 4.7 211 

M/S Near FP 197 25.6 21.9 32.4 62.9 4.2 154 

M/S Other 199 26.9 20.7 32.4 62.7 4.1 107 

M/S Plume 48 21.4 16.8 20.9 63.3 3.8 79 

Jackson/Calhoun 251 21.3 18.5 25.3 46.5 4.7 109 

Serum TEQ is the lipid-adjusted WHO 2005 TEF-weighted average of 29 dioxin congeners 

Zone N Mean Median 75th 95th Min Max 

Overall 766 14.3 4.5 10.3 59.4 0.4 2300 

M/S FP 203 56.5 11.4 35.4 223 1.1 1880 

M/S Near FP 164 52.0 3.9 10.4 103 0.8 2300 

M/S Other 168 13.5 5.3 13.2 59.4 0.8 158 

M/S Plume 37 109 58.2 112 257 6.3 746 

Jackson/Calhoun 194 6.9 3.6 7.6 22.6 0.4 186 

Serum 

Soil 

Soil TEQ is the house perimeter 0-1 inch stratum (dry-weight) WHO 2005 TEF-weighted average of 
29 dioxin congeners 
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House Dust Results – TEQ (ppt) by Region 

Zone N Mean Median 75th 95th Min Max 

Overall 764 36.7 16.2 29.7 126 1.4 1750 

M/S FP 207 38.9 16.4 36.3 108 2.3 1750 

M/S Near FP 159 16.5 11.3 20.1 41.7 1.4 189 

M/S Other 163 35.0 17.6 28.5 87.7 1.6 1400 

M/S Plume 37 38.8 31.3 41.8 90.7 8.2 334 

Jackson/Calhoun 198 38.8 13.8 32.2 177 2.1 1110 

House dust TEQ is the (dry-weight) WHO 2005 TEF-weighted average of the 
29 dioxin congeners 
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Final Regression Model for Serum TEQ 

1. Our analyses explain most of the variation in blood 
TEQ concentrations. (Total adjusted R2 for the TEQ 
model: 69%.)  

2. The overwhelming bulk of the variation in blood 
levels is due to demographic factors (age , sex (F ), 
BMI , breast feeding , smoking  ) 

3. Contamination in soil from around the house and 
house dust are not significant in the model 

4. Merely living on contaminated soil or with 
contaminated house dust does is not a significant 
pathway of exposure 
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Final Model for Serum TCDD 

1. The overwhelming bulk of the variation in blood 
levels is due to demographic factors (age , sex (F ), 
BMI , breast feeding , smoking  ). 

2. Contamination in soil from around the house and 
house dust are not significant in the model. 

3. Merely living on contaminated soil or with 
contaminated house dust does is not a significant 
pathway of exposure. 

4. Living in Midland/Saginaw prior to 1980 was an 
important predictor of blood TCDD. 
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Final Model for Serum TCDD - 2009 



The red dots are the blood TCDD 
levels of people who lived in M/S 
when we studied them (2005) but 
who did not live in M/S before 
1980. 
 
The blue dots are the blood levels 
of people who lived in 
Jackson/Calhoun when we studied 
them (2005). 
 
The red and blue lines are identical, 
meaning that the blood levels are 
identical in these two groups. 

The orange dots are the 
blood levels of people who 
lived in M/S in 2005 and 
who lived here before 
1980. All the high blood 
levels are in these people. 



The red dots are the blood TCDD levels of people who 
lived in M/S when we studied them (2005) but who did 
not live in M/S before 1980. 
 
The blue dots are the blood levels of people who lived 
in Jackson/Calhoun when we studied them (2005). 
 
The red and blue lines are identical, meaning that the 
blood levels are identical in these two groups. 

Once we take into account 
whether people lived here 
before 1980, there is no 
difference at all between 
Jackson/Calhoun and 
Midland/Saginaw blood levels. 



University of Michigan Dioxin Exposure Study November 4, 2010 Slide 19 

The UMDES included highly contaminated properties 

1. Critics have suggested that the UMDES is ‘underpowered’ 
because only 23 study participants lived on ‘highly 
contaminated’ soil (i.e., TEQ > 1,000 ppt). 

2. 1,000 ppt TEQ is the current EPA preliminary remediation 
goal (PRG) for residential soil. EPA has proposed to lower 
the PRG to 72 ppt TEQ or even 3.7 ppt TEQ. 

3. The TEQ is the TEF-weighted sum of 29 congeners. TEFs 
are related to toxicity (i.e. binding to AhR), and have 
nothing to do with exposure and absorption. 

4. Focusing solely on TEQ may mask important exposure 
relationships due to the influence of the TEFs. TEFs 
down-weight specific congeners by as much as 3 x 10-5. 
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Soil and house dust levels 

Factor TEQ TCDD OCDD PeCDF PCB 
105 

PCB 
118 

Soil – HP top 1” > 1,000 ppt 
0.03 0 18.3 0.03 12.6 23.6 

Soil – maximum > 1,000 ppt 
0.24 0 22.7 0.27 15.9 27.2 

Soil – soil contact zone > 1,000 ppt 
<0.01 0 9.71 <0.01 5.17 7.45 

House Dust > 1,000 ppt 
0.40 0 89.6 0 73.1 91.6 

Soil – HP top 1” > 5,000 ppt 
0 0 2.13 0 2.96 5.58 

Soil – maximum > 5,000 ppt 
0.18 0 3.11 0.2 4.58 7.13 

Soil – soil contact zone > 5,000 ppt 
0 0 0.87 0 0.88 1.34 

House Dust > 5,000 ppt 
0 0 31.6 0 26.6 53.8 

The percentage of properties with soil or house dust 
above 1,000 ppt or above 5,000 ppt for TEQ and selected 
congeners 
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1. Focusing on individual congeners that are present in 
high concentrations in soil allows us to see whether 
highly contaminated soil and household dust have any 
relationship to blood dioxin levels. 

2. There is little difference in how (and to what extent) 
different congeners are absorbed into the blood. 

3. The congeners present in the highest concentrations are 
of greatest interest, irrespective of their Toxicity 
Equivalence Factors (TEFs). 

 

Specific congeners are more informative than the TEQ: 

Congener TEF 

OCDD 0.0003 

PCB 105 0.0003 

PCB 118 0.0003 



University of Michigan Dioxin Exposure Study November 4, 2010 Slide 22 

Box and Whisker plots 

mean 

median 

25th percentile minus 
1.5x interquartile range 

Minimum observation 

Maximum observation 

25th percentile 

75th percentile plus 1.5x 
interquartile range 

75th percentile 
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Serum PCDD, PCDF, and PCB concentrations 

Highest PCBs are PCB 105, PCB 118, PCB 156. 

OCDD is highest PCDD 
congener in blood.  
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Highest congeners in soil are 
OCDD, PCB 105, PCB 118 

House perimeter 0-1” Soil PCDD, PCDF, 
and PCB concentrations 

Log10(10,000) = 4 
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Household dust PCDD, PCDF, and PCB 
concentrations 

Highest congeners in household dust are 
OCDD, PCB 105, PCB 118 

Log10(100,000) = 5 
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In addition to TEQ, we have modeled selected congeners 
because they are important contributors to serum TEQ: 

2378-TCDD 

23478-PeCDF 

 

Or their concentration tends to be high in serum, soil, and 
house dust (and they have long serum half-lives): 

OCDD 

PCB-105 

PCB-118 

Modeling Approach 
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Impact of Soil and House Dust on Blood Levels 

 
Factor 

TCDD OCDD PeCDF PCB 105 PCB 118 

Soil – HP top 1” NS NS NS @ NS 

Soil – maximum NS NS NS NS NS 

Soil – soil contact 
zone 

NS NS NS @ NS 

House Dust NS NS NS β=0.000001** β=0.0000005* 

NS: not significant; *p=0.008; **p=0.001 
@These results are significant, but unstable (i.e., the significance depends on only one, two 
or three influential observations) 

Log10(serum) = α + β1(factor 1) + … + βn(factor n) + error 

There is no relationship between soil dioxins and serum dioxins even when soil 
levels are as high as 10,000 to 50,000 ppt (as for  OCDD, PCB-105, and PCB-118) 
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What do the regression coefficients mean for house dust for PCB 
105 and PCB 118? 

The regression coefficients for household dust indicate that 
increasing dust by X units multiplies serum by 10β·X  

Log10(serum PCB 105) increases by 1.0 log units when dust 
increases by 106 ppt.  So, serum concentration of PCB 105 is 
multiplied by 

10 when household dust increases by 106 ppt,  

1.0023 (0.2%) when dust increases by 1000 ppt. 

Log10(serum PCB 118) increases by 0.5 log units when dust 
increases by 106 ppt.  So, serum PCB 118 is multiplied by  

3.16 when household dust increases by 106 ppt.,  

1.0011 (0.1%) when dust increases by 1000 ppt. 

Impact of Soil and House Dust on Blood Levels 
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Summary Conclusions – Soil and household dust 

• We found no significant relationship between contaminated soil and 

blood dioxin concentrations.  

• EPA’s estimate based on toxicokinetic modeling of the effect of soil 

dioxins in this range is substantially higher than the UMDES empirical 

95%ile upper bound estimate.  

EPA theoretical model 
(appendix A, table 4, page 63) 

UMDES data 
(results from Garabrant, 2009a) 

Description Modeled serum 
dioxin TEQ 

Calculated 
change in serum 

dioxin TEQ 

95% confidence 
limits on change in 
serum dioxin TEQ 

20 year old subject    

exposed to soil at 11.6 ppt TEQ 13.6 ppt   

soil at 223 ppt TEQ 16.5 ppt   

Difference in serum TEQ due to 
soil dioxins 

16.5-13.6 = 2.9 ppt -1.81 ppt -5.40 to 1.78 ppt 

40 year old subject     

exposed to soil at 11.6 ppt TEQ 16.7 ppt   

exposed to soil at 223 ppt TEQ 20.0 ppt   

Difference in serum TEQ due to 
soil dioxins 

20.0-16.7 = 3.3 ppt -2.22 ppt -6.63 to 2.18 ppt 

60 year old subject    

exposed to soil at 11.6 ppt TEQ 19.4 ppt   

exposed to soil at 223 ppt TEQ 22.7 ppt   

Difference in serum TEQ due to 
soil dioxins 

22.7-19.4 = 3.3 ppt -2.58 ppt -7.70 to 2.53 ppt 
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• The regression models indicate that the UMDES data was adequate 
to find very small associations between household dust and PCBs. 

 
• There was no significant relationship between soil and serum 

dioxins, indicating that soil exposure is not a significant exposure 
pathway over the range of soil concentrations (up to 50,000 ppt 
for some congeners). 
 

• Moreover, we had 923 subjects who had soil concentrations under 
1000 ppt TEQ and whose data is directly relevant to whether soil 
contamination in the range between 3.7 and 90 ppt contributes to 
serum dioxins. It does not contribute. 
 

• EPA’s estimate of the effect of soil dioxins in this range based on 
toxicokinetic modeling is outside of the UMDES 95%ile upper 
bound estimate.  
 

Impact of Soil and House Dust on Blood Levels 
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Conclusions 

The UMDES has considerable power to detect 
small and/or historically remote factors that 
influence current serum dioxin levels 

Residence in Midland/Saginaw during 
1960’s and 1970’s 
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Conclusions 

Indirect pathways of exposure from soil through the food 
chain can be important, depending on behaviors (e.g., 
eating animals or animal products raised on contaminated 
soil). 

 

Living with contaminated house dust has very little 
influence on serum dioxin levels, even at relatively 
extreme levels of contamination.   

There was a weak relationship for two PCBs (~1% 
adjusted R2 only for PCB 105 and PCB 118). 

There was no relationship for PCDDs or PCDFs. 
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Conclusions 

These results apply to persons age 18 and older 

Small children could not be studied since the 
volume of blood (80 mL) required to achieve 
necessary limits of detection (~1 ppt) was not 
ethically possible given the technology available at 
the time.  

We examined the relationship between serum dioxins 
and soil dioxins among young adults (ages 18-25), some 
of whom had lived on highly contaminated properties as 
children. There was no relationship between soil and 
serum dioxins for any congener in this group. 



University of Michigan Dioxin Exposure Study November 4, 2010 Slide 36 

UMDES publications 
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UMDES Scientific Presentations 

126 presentations at scientific meetings throughout the world. 
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END 


