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Study Design

% We measured the WHO 29 PCDD, PCDF, and PCB congeners in serum,
house dust and soil.

% Today we are reporting the results for the TEQ and 7 specific dioxins
that are the major contributors to the TEQ in people’s blood in our
study.
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) Study Design

We studied people who live in five geographic areas:

“* The Floodplain of the Tittabawassee River
“* The Near Floodplain

¢ The Midland Plume

*» Other Midland/Saginaw

¢ For comparison, Jackson/Calhoun Counties

Midland/Saginaw: Floodplain, Near Floodplain, Midland
Plume and Other Midland/Saginaw combined into one
geographic area.
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Study Design

Study Areas
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Number of study participants

Number of Participants

Floodplain

MNear

Midland

Other Midland/

Jackson/

Total Across

Floodplain Plume Saginaw Calhoun All Areas
Interviews 314 276 66 300 350 1324
Blood Samples 243 205 43 204 251 046
H hold Dust
S e 205 161 32 168 198 764
Soil Samples 203 164 32 173 194 766
Interviews, blood, 105 156 30 167 183 731

dust and sail
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Modeling Strategy for Blood Dioxin Predictors

e Backwards selection from multiple

imputed data sets

— Identify potential ex
consideration in furt

planatory factors for
ner models

e Linear regression mod

— Log,,(blood) = a + B3,

+ error

els
(factor,) + ... + B.(factor,)
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Modeling Strategy for Blood Dioxin Predictors

Backwards selection from multiple imputed data sets.

Rest of the
predictors

Backward
selection on
Section F&G:

Backward \ Model 1f
selection on

Backward i :
Backward Section E:

selection on Backward Backward selection on |\ Model 1e
Section A&H: )/ selection on selection on Section D:
Model 1a Section B: Section C: Model 1d '
Model 1b Model 1c

Backward selection on all the predictor
identified in the previous models:
Combined Model 1

Insignificant variables

Force all predictors in the combined model 1 into the
backward selected models, and see if any other variables
enter: Combined model 2
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Modeling Strategy for Blood Dioxin Predictors

Final model Final model Final model Final model Final model
from from from from from
imputation 1: imputation 2: imputation 3: imputation 4: imputation 5:
Combined Combined Combined Combined Combined
model 2a model 2b model 2c model 2d model 2e

Variable is
selected for
inclusion if it is
significant in > 3
models, then re-
fit all 5 models
with this list of
variables

Backwards
selection from
variables selected
in previous step.
Each step is based
on 5 imputed data
sets.
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Issues about models

e Collinearity: many of the foods (and some other variables)
were collinear.

— Variables were removed from consideration when the variance
inflation factor was 10 or greater.

— Because some parameter estimates were unstable, we chose to
estimate the contribution of variables in blocks (food, work, property
use, etc.).

— The contribution of a block of variables to a model is assessed by

the difference in adjusted R? between the full model and the
reduced model (without the block of variables).

e Choice of functional form of the variables

— Both linear and categorical forms were modeled for ordinal
variables. We chose categorical forms to avoid assuming any specific
functional form for predictors.
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Results: Health/Demographic predictors of serum dioxin
concentration

2378-TCDD | 23478-PecDF | 12378-PecDD [ 123678-HxCDD| PcB126 | PcB118 |  PCB156 |

-WWWWW-WW

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.

University of Michigan Dioxin Exposure Study Slide 11 August 21, 2006




— Male BMI 20
Male BMI 40

— Female BMI 20
Female BMI 40

Among

females, TEQ

rises less as

BMI increases

Among males,
TEQ rises more
as BMI
increases
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Results: Region, soil, and house dust predictors of serum
dioxin concentration

¥ 2378-TCOD | 23478-PeCDF | 12378-PecDD | 123678-HxCDD| PCB126 | PCB118 |  PCB156 |
mmmmmmmmwmwmmm
=i: 1 — el - 1] I B
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Region: People who live in the

® Elo&c)lglain have higher levels of TCDD, 2,3,4,7,8-PeCDF, and 1,2,3,7,8-
e

» Near Floodplain have higher levels of TEQ, TCDD, 2,3,4,7,8-PeCDF,
1,2,3,7,8-PeCDD, and PCB-126

e Other Midland/Saginaw have higher levels of TCDD and 1,2,3,7,8-PeCDD
e Midland Plume have higher levels of TCDD
than do people who live in Jackson/Calhoun.
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Results: Region, soil, and house dust predictors of serum
dioxin concentration

¥ 2378-TCOD | 23478-PeCDF | 12378-PecDD | 123678-HxCDD| PCB126 | PCB118 |  PCB156 |
mwmwmmmwmmwmmw
eion, S OLUSE k I B N I

o144 o965 | .1713 [0.038] 00578 [0221 | 00032 [ 051 [ 06563 o 168 0104 0225 -0 0907 [s.cat | €
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Soil and House dust:

e Living on property with a maximal soil concentration of 1,000 parts per trillion
TEQ of dioxins was associated with higher levels in blood of 0.7 parts per trillion
(2%) for the TE(% 4% of the properties tested had a soil TEQ at or above 1,000
parts per trillion (among all soil samples on the property).

Living on property with house perimeter top 1 inch 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.

Living on property with house perimeter top 1 inch soil containing 40 parts per
trillion of PCB-126 was associated with higher levels in blood of 0.9 parts per
trillion (5%) for PCB-126.

House dust was not related to serum dioxin concentrations with the exception
of a weak association for PCB-118.
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Results: Milk and eggs predictors of serum dioxin
concentration

 Pwwmer [ Te0 [ 7378 7cDD | 25478 PeCDr | 12378 PechD | 123678 ¥cDD] PCB1Z6 | PCBIIS | PCETSE |
_-WWWWWWWWWWWW

Eggs and Milk:

e Positive association for eggs raised in other areas (not in the floodplain of the
Tittabawassee River, Saginaw River, or Saginaw Bay) and most congeners.

e Positive association for store bought milk and PCB-126
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Results: fruits and vegetable predictors of serum dioxin
concentration

Parameter

TEQ

2373-TCDD

23478-PeCDF

12378-PeCDD

123678-HCDD

PCB126

PCB113

PCB156

est.

pwalue

est.

puwalue

est,

pvalue

est.

pwalue

est,

pualue

est,

pwalue

est.

pyalue

est,

pvalue

Food and corresponding activities

fruit_vege_SagRiver_c_1

-0.1661

0.008

fruit_vege_SagRiver_c_2

0.0724

0.046

fruit_vege_SagRiver_c_3

0.0000

fruit _vege_TittRiver_c_1

0.o587

0.034

fruit _vege_TittRiver_c_2

-0.0622

0.014

fruit _wege_TitRiver_c_3

0.o000

fruit_vege_bought_c_1

fruit_wvege_bought_c_2

fruit_wege_bought_c_3

fruit_wege_elze_c_1

-0.0214

0.253

fruit_wvege_elze_c_2

-0.0528

0.002

fruit _wege_else_c_3

0.0000

rootven_SagRiver_c_1

rootved_SagRiver_c_2

rodtved_SagRiver_c_3

rootveq_TittRiver_c_1

ractveg_TittRiver_c_2

ractveg_TittRiver_c_3

rootveq_bought_c_1

rootvey_bought_c_2

roatved_bought_c_3

Fruits and Vegetables:

e Generally negative associations for fruits, vegetables, and root vegetables,
whether raised in the contaminated areas or raised elsewhere

A few positive associations for store bought fruits, vegetables, and root

vegetables.
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Results: Meat, game meat, and hunting predictors of serum
dioxin concentration

Parameter

TEG

2373-TCDD

23478-PeCDF

12378-PeCDD

123678-HxCDD

PCE126

PCE113 PCE156

est. I pvalue

est, Ip\ralue

est, pvalue

est. pvalue

est. pvalue

est. |pvalue

est, pualue est, pvalue

Food amnd corresponding activities

meat_bply_else_c_1

01672 | 0.000

mest_bply_else o 2

0.0185 | 0.653

meat_bply_else_c_3

0.0000

meat_ctdg_bought_c_1

0156

-0.11232

mest_ctolg_bought_c_2

-0.14951

0.030

meat_ctdg_bought_c_3

0.0000

gamemest_deer_elze_c_1

gamemeat_deer_else_c_2

gamemest_deet_elze o 3

gamemeat_deer_liver

02221 ) 0.001

gamemeat_other_elze_d

-0.1057) 0.024

gamemest_sr_TittRiver_d

gamemeat_sr_else_d

gamemest_tpoow_TtRiver_d

gamemesat_tpoogw _else_d

ate game mest 1960_1979_yrs

ate game meat after 1950_yrs

ate liver of game meat 1960_19793_yrs

It_kurt_ctherRiver _B0_79_c_1

It_hurt_atherRiver_B0_73_c_2

It_kurt_ctherRiver_B0_79_c_3

It_hurt_sagRiver_B0_79_d

t_hurt_sagRiver_atterS0_d

t_hurt_saghay_G0_73_d

It_hurt_tittRiver_60_73_c_1

It_kurt_tittRiver_60_79_c_2

It_hurt_tittRiver_50_73_c_3

Meat, Game Meat, and Hunting:

e Findings suggest that meat (bplv= beef, pork, lamb, veal), poultry
(ctdg=chicken, turkey, duck, goose), game meat (sr=squirrel, rabbit), and
hunting are associated with higher dioxin levels in blood.

Game meat and hunting in the contaminated areas not clearly different than in

other ares
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Results: Fish consumption and fishing predictors of serum
dioxin concentration

2378-TCOD | 23478-PeCDF | 12378-PecDD | 123678 HxCDD| PCB126 |  PCB118 |  PCB156 |
_m 0 O e e G

sh from

Fish and Fishing:

e Eating fish in general, eating fish from the contaminated areas, and fishing in
glaglgaw River and Saglnaw Bay are associated with higher dioxin levels in
00
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@ Results: Fish consumption and fishing predictors of serum
22/ dioxin concentration

People who ate fish from the Tittabawassee
River, Saginaw River, and Saginaw Bay
petween 1980 and the present have higher
evels 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:

&

L)

*

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

)

S

*

S

*

S

*

oo

*
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Conclusions

Factors associated with higher levels
of dioxins in people’s blood

Being older

Eating fish, especially fish from the Tittabawassee River,
Saginaw River, and Saginaw Bay

Eating game, regardless of where it came from

Eating meat, dairy, or eggs

Living on property with soil contaminated by some
dioxins

Having household dust contaminated by PCB-118

Living in the Floodplain, Near Floodplain, Midland Plume,
and Other Midland/Saginaw, areas that are contaminated
by some dioxins
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Conclusions

Factors associated with lower levels
of dioxins in people’s blood

Being younger
Smoking
Breastfeeding

Eating fruit and vegetables
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Results: Explained variation in serum dioxin concentration

Partial contribution to the adjusted R-square

House
Sail dust
Water contami |contami
Model Overall | Health | Food Residence activities nation | nation

TEQ 77.85 51.30 3.74 0.32 0.05 -0.01
TCDD b.G2 23,23 5.43 1.45 0.50 0.59 -0.02
PeCDF 7115 4294 2.02 1.03 -0.05 -0.03
PeCDD 2.3 43.09 4.0 0.71 0.04 0.10
HxCDD B7.32 8428 5.76 - 0.0z -0.04
PCB126 B1.10 36.76 11.20 0.73 0.03
PCB118 075 19.25 1.63 - 0.14 0.30
PCEBE156 41 64 J1.14 1.63 -0.12 0.06

Mote: the number in each cell is the mean of & imputation data sets

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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Conclusions

 Age, sex, BMI, and demographic factors account 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 soill, 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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