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Study Hypothesis

• Analyses will answer the principal question:

– Are serum dioxin levels related to soil dioxin 
levels?

• These analyses will control for the effects of 
other factors (age, sex, BMI, fish 
consumption, meat consumption, residential 
proximity to Dow, etc.)



We studied people who live in five different geographic 
areas:

• 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

We interviewed them and studied levels of dioxins in their 
property soil, household dust and blood samples. A total 
of 695 Midland/Saginaw residents and 251 
Jackson/Calhoun residents gave blood samples.

Study Design







Jackson and 
Calhoun Counties 
are demographically 
similar to Midland 
and Saginaw 
Counties.



Dioxins, Furans and PCBs

2,3,7,8-tetrachlorodibenzo-p-
dioxin

(TCDD)
Dioxins PCBs Furans



0.0001OCDD

0.011,2,3,4,6,7,8-HpCDD

0.11,2,3,7,8,9-HxCDD

0.11,2,3,6,7,8-HxCDD

0.11,2,3,4,7,8-HxCDD

1.01,2,3,7,8-PnCDD

1.02,3,7,8-TCDD

WHO TEF ValueDioxin Congener

0.0001OCDF

0.011,2,3,4,6,7,8-HpCDF

0.011,2,3,4,7,8,9-HpCDF

0.12,3,4,6,7,8-HxCDF

0.11,2,3,7,8,9-HxCDF

0.11,2,3,6,7,8-HxCDF

0.11,2,3,4,7,8-HxCDF

0.52,3,4,7,8-PnCDF

0.051,2,3,7,8-PnCDF

0.12,3,7,8-TCDF

WHO TEF ValueFuran Congener
0.0005PCB 157

0.0005PCB 156

0.0001PCB 118

0.0005PCB 114

0.0001PCB 105

0.0001PCB 189

0.00001PCB 167

0.0001PCB 123

0.01PCB 169

0.1PCB 126

0.0001PCB 81

0.0001PCB 77

WHO TEF ValuePCB Congener

Congeners and WHO 29 TEF Values

TEQ = Σ Congenerx x TEFx



Household Dust Collection



Soil Contact Zone
Up to 2 Sampling Stations
3 Cores per Station
2 Strata per Core

Residence Zone
4 Sampling Stations
3 Cores per Station
3 Strata per Core

Residence

Residence
Station 1

Residence
Station 4

Residence
Station 3

Residence
Station 2

Soil Contact Station 1 Soil Contact Station 2

Flood Plain Zone
1 Sampling Station
3 Cores per Station
3 Strata per Core

Flood Plain Station

Soil Collection
Design



Soil Collection and Compositing

Cores were 6 inches deep and were separated 
into 3 strata (residence zone, flood plain zone).

1-6 inch stratum

0-1 inch stratum
Vegetation



Soil Collection



Statistical Analysis

• Analyses will answer the principal question:

– Are serum dioxin levels related to soil dioxin 
levels?

• These analyses will control for the effects of 
other factors (age, sex, BMI, fish 
consumption, meat consumption, residential 
proximity to Dow, etc.)



Analysis of Blood Dioxin Predictors

• Backwards selection from multiple imputed 
data sets
– Identify potential explanatory factors for 

consideration in further models
• Linear regression models

– Log10(blood) = α + β1(factor1) + … + βn(factorn) 
+ error



Results

• Descriptive statistics of blood dioxin levels
• Analyses of the factors that predict blood 

dioxin levels
• Descriptive statistics of soil dioxin levels
• Descriptive statistics of household dust 

dioxin levels



Results: Distribution of serum TEQ



Results: Distribution of serum TEQ



Results: Health/Demographic predictors of serum 
dioxin concentration

• Variables in blue are forced into models.
• Parameter estimates in pink are positive associations (p<0.05)
• Parameter estimates in green are negative associations. (p<0.05)
• Age and BMI are positively associated with most congeners. 
• There are important interaction terms between age*BMI, age*sex, 

and BMI*sex.



Interaction between age, BMI and sex

Male BMI 20
Male BMI 40
Female BMI 20
Female BMI 40
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Among males, 
TEQ rises more 

as BMI 
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females, TEQ 
rises less as 

BMI increases
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Booklet Page 15

For every one year of consumption the increase is:

0.23 parts per trillion (0.9%) for the TEQ
0.03 parts per trillion (2%) for TCDD
0.05 parts per trillion (1.1%) for 1,2,3,7,8 PentaCDD
0.34 parts per trillion (0.9%) for 1,2,3,6,7,8 HexaCDD
No apparent effect on the other specific dioxins

People who ate fish from the Tittabawassee 
River, Saginaw River, and Saginaw Bay 
between 1980 and the present have higher 
levels of some dioxins in their blood than 
people who did not eat fish from these areas.
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Booklet Page 11

Living on property with soil containing

1,000 parts per trillion TEQ of dioxins was associated 
with higher levels in blood of 0.7 parts per trillion (2%) 
for the TEQ.

4% of the properties tested had a 
soil TEQ at or above 1,000 parts 
per trillion (among all soil samples 
on the property).
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Booklet Page 11

Living on property with soil containing

1,000 parts per trillion of PCB-118 was associated with 
higher levels in blood of 18 parts per trillion (less than 
1%) for PCB-118.

40 parts per trillion of PCB-126 was associated with 
higher levels in blood of 0.9 parts per trillion (5%) for 
PCB-126.
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Booklet Page 11-12

• Gardening in soil containing 22 parts per trillion of 
TCDD was associated with higher levels in blood of 0.7 
parts per trillion (53%) for TCDD.  Fifty percent of the 
gardens tested in the Midland Plume had soil TCDD 
levels at or above 22 parts per trillion. 

• Gardening in soil had no apparent effect for the TEQ or 
any other specific dioxins in blood.

• Gardening in soil containing 1,000 
parts per trillion of PCB 118 was 
associated with higher levels in 
blood of 18 parts per trillion (0.2 %) 
for PCB 118. 
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Booklet Page 9

Region accounts for about 1% of the variability in levels of 
TEQ and the 7 specific dioxins in people’s blood.

People who live in the
Floodplain have higher levels of TCDD, 2,3,4,7,8-PeCDF, 
and 1,2,3,7,8-PeCDD
Near Floodplain have higher levels of TEQ, TCDD, 
2,3,4,7,8-PeCDF, 1,2,3,7,8-PeCDD, and PCB-126
Midland Plume have higher levels of TCDD
Other Midland/Saginaw have higher levels of TCDD and 
1,2,3,7,8-PeCDD.

than do people who live in Jackson/Calhoun.



University of Michigan Dioxin Exposure Study Slide 30

In summary,

The absolute increases in blood levels of dioxins due 
to living on contaminated soil or living in 
Midland/Saginaw were small.

The percentage increases were in some instances 
appreciable.

It is important to consider which factors accounted 
for the variation in blood levels of dioxins among 
people.



Results: Explained variation in serum dioxin concentration

• The regression model explains 78% of the variation in serum TEQ.
• 51% of the variation in serum TEQ is explained by Health/Demographic 

variables: age, sex, BMI, smoking, breast feeding.
• Region, soil contamination, and house dust contamination explain only small 

fractions of the variation in TEQ or any specific congener.
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Booklet Page 6

Age, sex, and BMI, accounted for ~50% of the variation in 
the blood levels of dioxins (TEQ) among people. These 
are the most important factors related to levels in people’s 
blood.

Eating fish and game (especially from the contaminated 
areas), doing water-related activities and certain 
occupations combined to account for 1-6% of the variation 
in blood levels of dioxins among people.

Living on contaminated soil, living in Midland/Saginaw, 
and contaminated household dust accounted for about 
0.2-1.0% of the variation in the blood levels of dioxins
among people.
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Booklet Page 22
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Comparison of Soil TEQ for Geographic Areas

Line in box = 
median

+ = geometric 
mean

Lower box margin 
= 25th %ile

Upper box margin 
= 75th %ile

Lower whisker = 
1st %ile

Upper whisker = 
99th %ile

* = below 1st ile% 
or above 99th %ile

House perimeter 0-1 inch

Floodplain Near
Floodplain

Midland 
Plume

Other
M/S

Jackson/
Calhoun

0

1

2

3

4

Lo
g1

0 
(T

E
Q

 [p
g/

g]
) 



FP Near
FP

Other
MS

MP JC FP Near
FP

FP Near
FP

Other
MS

0

25

50

75

100

C
on

tri
bu

tio
n 

to
 T

ot
al

 T
E

Q
 (%

)

JC JCMP MPOther 
MS

Congener Contributions to TEQ in Soil

Dioxins Furans PCBs



Distribution of Household Dust TEQ Concentration

Mean 41.9 ppt
Minimum 1.5 ppt
Median 17.3 ppt
Maximum 1745 ppt
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XXXXX
XXXXX
XX



100

1000

10

10000

0

Household Dust TEQ Concentration by Region

M/S
FP

M/S
Near FP

M/S
Out FP

Midland
Plume

Jackson/
Calhoun

C
on

ge
ne

r C
on

ce
nt

ra
tio

n 
(P

PT
)

Median Concentrations

17 PPT 12 PPT 19 PPT 35 PPT 14 PPT



Contribution of PCDDs, PCDFs, and PCBs to the Total 
TEQ in Household Dust by Region
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COMMUNICATIONS



Study Oversight

• University of Michigan Internal Review Board 
(UM IRB)

• Serum QA/QC by NCEH laboratory at CDC

• Scientific Advisory Board (SAB)

• Community Advisory Panel (CAP)



• The University of Michigan has selected a Scientific 
Advisory Board, with membership based on 
independence, qualifications in research relevant to the 
dioxin issues, and scientific stature

• Paolo Boffetta, MD. Epidemiologist, IARC

• Linda Birnbaum, PhD. Toxicologist, EPA

• David Kleinbaum, PhD. Statistician, Emory 
University

• Ronald Hites, PhD. Environmental Chemist, Indiana 
University

Scientific Advisory Board (SAB)



Public Perceptions of the Study

• Independence and integrity are essential to the success 
of the study
– The University of Michigan alone has control over the 

conduct of the study. 
– The University has the right to publish the results of the 

study as it sees fit.
– The University researchers will report on the progress, 

conduct, and results of the study to the SAB. 
– The SAB will review and comment on results prior to their 

release to the public.
– The Dow Chemical Company has no involvement in the 

conduct of the study.



• The University of Michigan has formed Community 
Advisory Panels with membership based on

– Independence

– Representation of community groups 

– Stature and respect in the community

• The Community Advisory Panels

– Provide feedback to the investigators regarding the 
concerns of the community 

– Inform the community about the conduct and 
progress of the study

Community Advisory Panel





Communications Plan

• Communicate with the population of Midland, 
Saginaw, Jackson, and Calhoun Counties for the 
purposes of

– Soliciting input on their concerns regarding dioxin 
contamination in their environment

– Designing a scientific study that will help to address 
these concerns

– Providing reliable scientific evidence that is 
responsive to their concerns

– Explaining what the scientific evidence means and 
how it addresses the concerns of the affected 
population



Communications

We set up a toll free telephone number and an e-mail address 
for people to contact us directly with questions

1-888-689-0006  Toll Free
E-mail:  mdes@umich.edu

or
umdioxin@umich.edu

And we have these magnets for 
everyone.



Communications
Our website  www.umdioxin.org contains updates and 
information on the study conduct and progress



Website:    www.umdioxin.org



Communications
Our website  www.umdioxin.org contains updates and 
information on the study conduct and progress



Communications

We write newspaper Op-Ed pieces to keep the public informed 
of study progress



Communications

We send out media kits and meet with the media to keep the 
reporters informed of study progress



Communications

We send press releases and hold press briefings to keep the 
media informed of study progress



Communications

We film public TV shows to keep the community informed of 
study progress

We do interviews with local radio stations (WSGW, WHHN-
FM, WIOG-FM, Z-93, WHEELZ 104.1 and 101)



Communications

We meet with State officials (MDCH, MDEQ, Senators, 
Representatives, and Governor’s Advisors) to keep them informed 
of study progress



• Individual participants were given the results of their 
tests (if they wished to receive them).

• Overall results were presented at public meetings on 
August 15-16, 2006 and are posted to our website.

• Additional technical presentations will be made 
throughout fall 2006.

• The investigators will meet with elected officials, 
government agencies, Dow, community members, and 
the press to discuss results, respond to requests for 
additional data analyses, and answer questions.

Reporting of Results





END


