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Progress Since August 2006

Re-impute the dataset to include missing dust variable.

Recalculation of TEQs for blood, dust, and soil dioxins to take 
into account the 2005 WHO TEFs.

Use of quantile estimation methods to determine the 50th, 75th, 
90th percentiles of blood dioxin levels by age and sex in the 
reference (Jackson/Calhoun) population. 

Use of logistic regression to model the probability of having 
blood dioxin values above the 90th percentile in 
Jackson/Calhoun



University of Michigan Dioxin Exposure Study June 5, 2007Slide 3

TEQs and TEFs changed in 2005

During the last 15 years, the World Health Organization has 
established and regularly re-evaluated toxic equivalency factors 
(TEFs) for dioxins and related compounds through expert 
consultations.

New TEF values were adopted in 2005 and replace the 
previous1998 values.

We have calculated the TEQ using the 2005 TEFs for the blood, 
household dust, and soil in the UMDES.

We have also calculated the TEQs based on the 1998 TEFs so 
we can compare the UMDES values to published values based 
on the 1998 TEFs.



TEQs and TEFs changed in 2005

Now the story gets complicated.

Different researchers around the world use different subsets of 
the dioxin congeners to calculate the TEQ.

29 congeners (dioxins, furans, and PCBs)

21 of the congeners (all dioxins and furans, but only some of the 
PCBs)

17 dioxins and furans and exclude the PCBs.

So, we have to calculate the TEQ 6 ways: 
1998 TEFs x 3 different sets of congeners

2005 TEFs x 3 different sets of congeners
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We indicate how we calculated the TEQ using the following subscripts:

TEQDFP29-1998 = 1998 TEFs, using 29 congeners (dioxins, furans, and PCBs)

TEQDFP21-1998 = 1998 TEFs, using 21 congeners (dioxins, furans, and some 
PCBs)

TEQDF17-1998 = 1998 TEFs, using 17 congeners (dioxins, furans)

TEQDFP29-2005 = 2005 TEFs, using 29 congeners (dioxins, furans, and PCBs)

TEQDFP21-2005 = 2005 TEFs, using 21 congeners (dioxins, furans, and some 
PCBs)

TEQDF17-2005 = 2005 TEFs, using 17 congeners (dioxins, furans)
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Linear regression models of serum dioxin concentrations

The 946 participants were sampled from five populations (FP, 
near FP, other M/S, M/S Plume, J/C) using a two-stage area 
probability household sample design. 

Potential predictors were demographic and health variables, 
residential history, property use, work history, recreational 
activities in the contaminated areas, food consumption (including 
meat, fish, game, eggs, milk, other dairy products, vegetables),
and household dust and soil dioxin concentrations. 

Linear regression models were performed to identify factors that
explain variation in serum TEQDFP29-2005, 2378-TCDD, 12378-
PeCDD, 123678-HxCDD, 23478-PeCDF and PCB-126 
concentrations. 

University of Michigan Dioxin Exposure Study June 5, 2007Slide 7



All the regression analyses accounted for sampling weights, 
stratification, and clustering to insure the inferences from the 
regression models were applicable to the population from 
which participants were selected.

A multi-stage backwards selection was applied to identify 
significant factors that predict the serum dioxin levels.
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Linear regression models of serum dioxin concentrations



For the results for fish, meat, and game 
consumption, and fishing and hunting, we will 
present 

The percent change in blood dioxin level 
that is associated with the exposure. 

The actual change in blood dioxin level (in 
parts per trillion) for a person who has the 
median blood level among the 
Midland/Saginaw population.
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the median blood dioxin concentration among the 
Midland/Saginaw population.

TEQDFP29-2005: 20.7 ppt
2378-TCDD: 2.0 ppt
12378-PeCDD: 5.6 ppt
123678-HxCDD: 40.3 ppt
23478-PeCDF: 6.0 ppt
PCB-126: 18 ppt

Region N TEQDFP29-2005 2378-TCDD 12378-PeCDD 123678-HxCDD 23478-PeCDF PCB-126
Midland/Saginaw Overall 695 20.7 2.0 5.6 40.3 6.0 18.0
FP 243 23.3 2.4 6.3 39.6 6.4 22.6
NearFP 205 21.9 2.1 5.6 35.7 6.8 24.1
OutFP 204 20.7 1.9 5.6 40.4 6.0 17.9
Plume 43 18.7 2.3 5.3 36.6 4.6 18.0



People who ate fish from the Tittabawassee River, 
Saginaw River, or 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.

For every one year of consumption the increase is:

0.04 parts per trillion (2%) for 2378-TCDD. 

No apparent effect for the TEQDFP29-2005 or other specific dioxins 
studied.
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People who ate fish regardless the source of the fish
between 1980 and the present have higher levels of 
some dioxins in their blood than people who did not 
eat fish.

For every one year of consumption the increase is:

0.03 parts per trillion (1.3%) for 2378-TCDD.

No apparent effect for the TEQDFP29-2005 or other specific dioxins 
studied.
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The increase for fishing at least once a month (during the 
entire 1980-2005 period) compared to no fishing activities is:

5.1 parts per trillion (25%) for TEQDFP29-2005

1 parts per trillion (53%) for 2378-TCDD

1.7 parts per trillion (30%) for 12378-PeCDD

14.9 parts per trillion (83%) for PCB-126

People who fished in the Saginaw River or Saginaw 
Bay between 1980 and the present have higher 
levels of some dioxins in their blood than people who 
did not fish in these areas.
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The increase for eating at least once a month compared to less 
than once a month is:

1.7 parts per trillion (29%) for 23478-PeCDF

16.2 parts per trillion (40%) for 123678-HxCDD

No apparent effect for the TEQDFP29-2005 or other specific dioxins studied

People who ate meat bought in the store or from 
the restaurant have higher levels of some dioxins 
in their blood.
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The increase for ever versus never eating the skin of these birds 
is:

3.1 parts per trillion (15%) for TEQDFP29-2005

No apparent effect for the specific dioxins studied

People who ate skin of the Wild Turkey, 
Pheasant, Grouse, Quail or Woodcock
regardless of where it came from during the 
past 5 years have higher levels of dioxins in 
their blood than people who did not eat the 
skin.
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The increase for ever versus never eating deer liver is:

7.8 parts per trillion (43%) for PCB-126

No apparent effect for the TEQDFP29-2005 or other specific dioxins 
studied

People who ate deer liver regardless of where it 
came from during the past 5 years have higher 
levels of some dioxins in their blood than people 
who did not eat deer liver.
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The increase for ever versus never hunting is:

6.6 parts per trillion (32%) for TEQDFP29-2005

2.8 parts per trillion (50%) for 12378-PeCDD
13.7 parts per trillion (34%) for 123678-HxCDD
No apparent effect for other specific dioxins studied

People who hunted in the Saginaw River or 
Saginaw Bay from 1960 to 1979 have higher 
levels of some dioxins in their blood than people 
who did not hunt from these areas during this 
period of time.
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Living on property with soil containing

1,000 parts per trillion TEQDFP29-2005 of dioxins 
was associated with higher levels in blood of 
0.5 parts per trillion (2.3%) for the TEQDFP29-

2005. 

40 parts per trillion of PCB-126 was 
associated with higher levels in blood of 1.1 
parts per trillion (6%) for PCB-126. (40 ppt is 
the 95th percentile in Jackson/Calhoun)

No apparent effect for other specific dioxins 
studied
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Living on property with soil containing

1,000 parts per trillion TEQDFP29-2005 of dioxins was associated with 
higher levels in blood of 0.5 parts per trillion (2.3%) for the 
TEQDFP29-2005.

Percent of properties that had a soil 
TEQDFP29-2005 at or above 1,000 parts per 
trillion (among all soil samples on the 
property):
• FP 7.0%
• Near FP 1.6%
• Other M/S 0.4%
• Midland Plume 0.0%
• Jackson/Calhoun 0.0%
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Living on property with soil containing

40 parts per trillion of PCB-126 was associated with higher levels in 
blood of 1.1 parts per trillion (6%) for PCB-126.

Percent of properties that had a soil  
PCB-126 at or above 40 parts per trillion:
• FP 1.6%
• Near FP 0.5%
• Other M/S 1.9%
• Midland Plume 18.2%
• Jackson/Calhoun 5.6%
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Gardening in soil containing 

22 parts per trillion of 2378-TCDD was 
associated with higher levels in blood of 0.8 
parts per trillion (43%) for 2378-TCDD. (22 
ppt is the median garden soil concentration 
in the Midland Plume)

26.8 parts per trillion of PCB-126 was 
associated with higher levels in blood of 0.6 
parts per trillion (3.2%) for PCB-126. (26.8 
ppt is the 95th percentile garden soil 
concentration in Jackson/Calhoun).

Gardening in soil had no apparent effect 
for the TEQDFP29-2005 or other specific dioxins 
studied.
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Gardening in soil containing 22 parts per trillion of 2378-TCDD was 
associated with higher levels in blood of 0.8 parts per trillion (43%) for 
2378-TCDD.  Fifty percent of the gardens in the Midland Plume had 
soil 2378-TCDD levels at or above 22 parts per trillion. Less than 3 
percent of the gardens in Midland/Saginaw and Jackson/Calhoun had 
soil 2378-TCDD levels at or above 22 parts per trillion. 

Gardening in soil had no apparent effect for the TEQDFP29-2005 or other 
specific dioxins studied.

Gardening in soil containing 26.8 parts per 
trillion of PCB-126 was associated with 
higher levels in blood of 0.6 parts per trillion 
(3.2%) for PCB-126. Five percent of the 
gardens in Jackson/Calhoun had soil PCB-
126 levels at or above 26.8 parts per trillion.
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Analyses of soil variables defined as high, medium, or low categories

The analyses above show the relationship between blood 
dioxins and soil dioxins as continuous variables. 

We repeated the analyses of soil dioxins as categories (high, 
medium, low).
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There was no relationship between blood dioxins and the 
highest category of soil dioxins for TEQDFP29-2005 or for any of 
the specific congeners studied (2378-TCDD, 23478-PeCDF, 
PCB-126).



Analyses of soil variables defined as high, medium, or low categories

Here is how we defined the high, medium, and low soil dioxin groups:

Greater than 
90th percentile

50th to 90th

percentile
Below 50th

percentile
PCB-126

Greater than 
90th percentile

50th to 90th

percentile
Below 50th

percentile
23478-PeCDF

Greater than 
90th percentile

50th to 90th

percentile
Below 50th

percentile
2378-TCDD

Greater than 90 
ppt

50th percentile 
to 90 ppt

Below 50th

percentile
TEQDFP29-2005

HighMediumLow

Soil dioxin group
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Results of the models where soil variables were defined as categories 
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HP1: House perimeter 0-1” HP2: House perimeter 1-6”
FP1: Flood plain 0-1” FP2: Flood plain 1-6”
SC: Soil contact 0-6” Max: Maximum soil concentration

Parameter Estimate p-value ΔR²(%) Estimate p-value ΔR²(%) Estimate p-value ΔR²(%) Estimate p-value ΔR²(%)

HP1_high 0.0427 0.2264 0.0579 0.1987 -0.0338 0.2070 0.0199 0.6809

HP1_medium 0.0178 0.3299 0.0527 0.1407 -0.0120 0.4879 0.0200 0.5902

HP1_low 0 0 0 0

HP2_high 0.0589 0.2718 0.0538 0.3143 -0.0189 0.4358 0.0821 0.1445

HP2_medium 0.0199 0.2509 0.0580 0.1283 -0.0081 0.7005 -0.0080 0.8416

HP2_low 0 0 0 0

FP1_high 0.0317 0.3688 0.0032 0.9620 0.0789 0.1582 0.1255 0.1881

FP1_medium 0.0790 0.0177 0.0142 0.7878 0.0293 0.4394 0.0158 0.8194

FP1_low 0 0 0 0

FP2_high 0.0198 0.5884 0.0513 0.5525 0.1064 0.0606 0.0370 0.7201

FP2_medium 0.0470 0.1330 -0.0271 0.6216 0.0236 0.5215 0.0089 0.8894

FP2_low 0 0 0 0

SC_high 0.1816 0.1940 -0.0066 0.9056 0.0075 0.8535 -0.0083 0.8537

SC_medium 0.0096 0.6871 0.0305 0.3802 -0.0203 0.3693 -0.0180 0.6555

SC_low 0 0 0 0

Max_high 0.0482 0.1579 0.0281 0.5691 -0.0298 0.3391 0.0346 0.4330

Max_medium 0.0235 0.1980 0.0501 0.2539 -0.0085 0.6823 0.0195 0.6049

Max_low 0 0 0 0

0.02

0.092

PCB-126

0.058

0.148

0.006

0.002

TEQDFP29-2005 23478-PeCDF

0.108 0.156

2378-TCDD

0.138

0.136 0.088

0.004 0.004

0.144

0

0.002 0.004

0.04 0.092

0

0.004

0.0840.198 0.106

This was the only result that was 
statistically significant, and only for the 
medium category (not the high category).

None of the other soil variables showed 
any significant relationship to the blood 
dioxin levels.



People who live in the FP or Near FP have higher levels of PCB-126 
(51% and 19%, respectively) compared to people who live in 
Jackson/Calhoun.
Living in any area of Midland/Saginaw counties in 1940-1959 was 
associated with a 1.4% increase in serum 2378-TCDD per year. 
Living in any area of Midland/Saginaw counties in 1960-1979 was 
associated with a

0.7% increase in serum TEQDFP29-2005 per year.
2% increase in serum 2378-TCDD per year.
0.9% increase in serum 12378-PeCDD per year.
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After accounting for all other factors, we examined whether living in Midland/ 
Saginaw was associated with higher blood dioxin levels:



Results: Explained variation in serum dioxin concentration

This shows that 72.56% of the variation in the blood TEQDFP29-2005 is explained by 
the analysis.
Health factors (age, sex, BMI, smoking, breast feeding) explain most of the 
variation (40.32%) in blood TEQDFP29-2005.
Eating fish, fishing, eating meat, and hunting explain about 2% of the variation 
in the blood TEQDFP29-2005.
Living on contaminated soil and having dioxins in house dust explain very little 
(<0.2%) of the variation in the blood TEQDFP29-2005.
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Comparison of Jackson and Calhoun residents’ serum TEQ to other 
samples of the US general population

University of Michigan Dioxin Exposure Study June 5, 2007Slide 28


