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Introduction: Serum dioxin concentrations in populations exposed to industrial or other sources of pollution
are often compared to serum concentrations in popul ations exposed only to background levels. However, data
from appropriate comparison populations ae not adways available =~ Modeling background dioxin
concentration as a function of demographic and other variables can alow prediction of background levels for an
individual with specific characteristics.  Such modés could also elucidate the routes of dioxin exposure and
elimination.

This investigation modeled serum concentrations for 7 dioxin congeners (2,3,7,8 TCDD, 1,2,3,7,8 PeCDD,
1,2,34,7,8 , 1,2,3,6,7,8 HXxCDD, 1,2,3,7,8,9 HxCDD, 1,2,3,4,6,7,8 HpCDD, and 1,2,3,4,6,7,8,9 OcCDD) in
popul ations exposed only to background levels of exposure.  Two data sources were used: (1) the University of
Michigan Dioxin Exposure Study (UMDES), and (2) the National Health and Nutrition Examination Survey
(NHANES). The UMDES collected serum samples from subjects living in Michigan, USA in areas potentially
exposed to dioxin-like compounds as well as areas presumably exposed only to background levels of these
compounds. The NHANES collected demographic and health data from a sample of non-institutionalized
residents of the U.S., and measured serum dioxin levels in a subset of these subjects. This study presents
prediction models for serum leves of seven dioxin congeners in both the UMDES background region and the
NHANES study.

Materials and Methods: The UMDES was carried out in Michigan, USA, in Midland, Saginaw and parts of
Bay County (al potentially exposed areas) and in Jackson and Calhoun Counties (control area, and the focus of
this analysis). A two-stage probability household sampling design was used.>  Eligible subjects were at least
18 years of age, lived in their current residence for at least 5 years, and provided written informed consent. A
detailed exposure questionnaire asked several hundred questions including demographics, smoking history,
pregnancy history, occupational exposure, food consumption, and other questions possibly related to human
body burden. Serum samples were collected in 2005-2006 from subjects who consented and were medically
digible to give blood as defined by the American Red Cross.  House dust, soil, and vegetation samples (not
reported here) were collected from the homes and property of consenting subjects who owned their homes
and/or properties. Chemica anayses were performed by Vista Analytical Laboratory, Inc. (El Dorado Hills,
Cdlifornia, USA) for the World Hedth Organization designated 29 PCDD, PCDF, and dioxinlike PCB
congeners using US Environmental Protection Agency (EPA) methods 8290 and 1668.2° Lipid-adjusted
concentrations were reported; vaues below the limit of detection (LOD) were identified, and the LOD was
givenin each case.

NHANES data are available as a downloadabl e database of national health and vitality information for a sample

of the United States population®. The NHANES data for this study were taken from the 2001-2002 sample
release. All individuals answered a general questionnaire covering hedth, diet and socia-demographics;
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medically digible persons were asked to donate a blood specimen, and a sub-sample of 1228 persons aged 20
years and older was selected for additiona analysis of serum dioxins and furans. Chemica analyses and lipid
measurements were performed by the Centers for Disease Control and Prevention laboratories.  Lipid-adjusted
concentrations are given; results below the LOD were identified, and reported as LOD/N2.

Satistical Methods. The UMDES and NHANES data were analyzed separately.  For each, the log;o serum
dioxin level was the outcome variable in a likelihood-based regression for left-censored (below LOD) data,
assuming a lognormal distribution.  For Figure 1, predicted values were based on models that included only
age, age’, sex, race, and interactions as significant. For Table 2, potential predictors included demographic
(age, sex, race, BMI, and BMI loss or gain in the past year), and lifestyle (pack-years of smoking, a measure of
breastfeeding, and numbers of complete and incomplete pregnancies). Selected two-way interactions were
tested. Backward sdection was used to remove non-significant variables. The regression models used
survey weights to adjust for the probabilities of sample selection and non-response, and alow inference to the
entire two-county population (UMDES) or the U.S. population (NHANES). Multiple imputation was used to
handle missing datain UMDES. We used the generalized R? to estimate explained variation. We used the
same covariates in the UMDES and NHANES models, with three exceptions: First, dthough the NHANES
sample was designed with substantia racia diversity, the UMDES sample was over 90% Caucasian.
Therefore, race effects were tested in the NHANES models, but not in the UMDES models. Second, the
UMDES collected the months of breastfeeding for each child (which was summarized as number of months
breastfed after 1980), and NHANES callected the number of children breastfed. Third, the UMDES collected
data on lifetime consumption of specific foods, but NHANES collected data on past-24-hour food consumption
for awider variety of specific foods. (Food results reported separately.) SAS” version 9.1(SAS Ingtitute Inc.,
Cary, NC, USA, 2007) was used for data management, and the Stata version 9.2 intreg procedure (StataCorp.,
College Sation, Texas, USA, 2007) was used for |eft-censored regression.

Results and Discussion: The UMDES interviewed 1324 subjects, of whom 946 provided serum samples, 251
from Jackson or Cahoun Counties. NHANES had ~1158 subjects with serum dioxin measures, with dight
variation in sample size by congener. Characteristics of subjects from the two groups are given in Table 1
below. The two groups are reasonably similar with respect to demographic characteristics.

Tablel. Characteristics of subjectsfrom two background population groups (survey weighted).

UMDES (n=251): NHANES (n=1158):
Two Michigan Counties U.S. Population
Mean (s.e.) or % Mean (s.e.) or %
Age (years) 49.9 (1.3) 46.3(.76)
Sex: Female 61.9% 51.6%
Body Mass Index (BM1) 28.7 (.52) 28.0 (.27)
BMI lossin past year 1.1(.13) 0.7 (.06)
Smoking (packyears) 12.6 (1.4) 10.1(.81)
Breastfeeding (% of women) 16.8% 23.4%
# Incompl ete Pregnancies 0.5(.13) 0.3(.04)
Race: Caucasian (non-Hispanic) 93.6% 73.2%
Black (non-Hispanic) 4.8% 10.2%
Hispanic (UM) / Mexican American (NH) 1.2% 6.9%

The percent below the LOD and the median LOD are given in Table 2 for each congener and study.  The
percents below LOD ranged from 0% to 21% in UMDES, and 1.4% to 87% in NHANES. The median LODs
ranged from 0.5 to 3.2 ppt in UMDES, and from 1.9 to 143 ppt in NHANES. Table 2 below shows the fina
models for each congener and group. Both models show effects of age, sex, race (NHANES only), BMI, BMI
loss and/or gain, smoking and breastfeeding. Due to lower LODs (largely due to the callection of larger serum
volumes), the UMDES model had more statistical power to detect interactions and other effects.

2

Organohalogen Compounds, Volume 70 (2008) page 001109



‘Ueseone) S| adel Joj dnoJB sousselelay L ,

€

"(T00">d ‘¥ST0-=9) ‘HN ‘aa220 “(S00°>d ‘T0000"-=7) SIe3A >oed 20V (T00'=d ‘9000°'=9) SI1eaA
Yoed 90V (800'=d ‘ZGT0O-=9) .IING+XeS :HN ‘AaDdH ‘(T00">d ‘T220'=9) ureb |ING-XeS NN ‘AdDdH *(200'=d ‘6600°=9) LBV +%8S NN ‘AQD L SuoeeIu! Ued JIUBS [UOHIPPY x xx

'€ Te poreouNn.} sa oueuba . d el dwoaul |,

"9 Je pa1eauNn.} s pueubeud a3 |dwo)

“(yiow T 1589| I PB4ISER.] UBIP|1YD 4O ROWINN SINVHN ‘086T Ja}e Aulpssyiseslq syow 1oL S3AINN) ol ndod Ag ss e uonulgep uipssyseslq
“(Lz=1INg Ues N ‘8e=ebY UBS N SINVHN ‘62=1IN9 Ues|Nl ‘2G=ebY Uea|N STAINN) SeN A Ugsll 8y} punoJe paisiuso ae |INg pue aby

(T00>) ((AluosaNVHN)  >oeig
800’ olueds|H-UON), 898Y 280V
(T00">) (2007 (s107) (800°) (280°) (6€0°) (Aluo SaINVHN) OfoeIg
¥SET 8T Z80T 2/ST 1444% €912 olueds|H-UON) Poey
(T00">) (AJuo SINVHN)
9/GT'- (Ueallowy Ued|xe W) Soey
Qoo..vv Qoo..vv aoo..v @oo..v Qoo..vv Amﬁo..v ST Yoed
€ET0- | 900"~ %200 TE00- | T¥0O'- 8200'-
(8007) (2007 (Aluo ppow s3A NN)
Gi780°- U payows JaA3
?oo..v Amvo.w Aoueubeid ap|dwodu |
1120'- 02€0 P
#00) | (+00) (2007 6
ul 1
G920~ | S¥00'- 5200~ q PUIpdyisesug
(07 (T00">)
1A 15ed) urebh
8.10'- 09.0'- (1A sed) ureb |ng
(T00>) (S007) (T00>)
A 15ed) sso

9020 9120’ 0920 (44 3sed) ssof | N
(t00>) | (too>) | (too>) | (T00>) (too>) | (¥z0) (20°) (e€07) NG

[4410) TOTO TSTO 6210 #600° | 6200'- 600" 6900 °
(To0>) | (too>) | (222) (6v67) (2007 (07 (esT) (evs) (919) (e8g) (61T (e8¢ (9007 (8507 (olews)) %05

8eeT” 8ELT [4:200) 0200 ed 9590 12444% 1ST0° 8520 ETE0’ 9260 6220 1922 8190’

(8or) | (900) | (00) | (S12) (0z0) | (too) | (890) | (0£0) am% " @) | o) | en) by
90000 | TTOOO™- | 20000~ | 20000 1000~ | €100 | TO0O™ | ¥T000- | ono0. | 90000 | 81000° | TT000- ee
(T00>) | (to0>) | (to0>) | (T00>) | (T00>) | (TO0>) | (TOO>) | (TO0>) | (TO0>) | (TO0>) | (TOO>) | (T00>) | (S007) | (TOO>) =1

LT10° 6800 T600° 9900 8600 TOTO ¥LT0° 9210’ ST20° YETO" 8810’ 6110’ 9TI0’ jrafo)

(ea-d) | (ead) | (ead) [ (ead) | (ead) [ (ead) | (ead) | (ead) [ (ead) | (ead) | (ead) [ (ead) | (ead) [ (ead)

elpg eleg eleg eleg eleg eleg eleg eleg eleg eleg eleg eleg epd epd

HN AN HN AN HN AN HN AN HN AN HN AN HN AN
sIkgl9 SIKZ6'Y SIKT'S SIKT'ET sIk9/'6 SIKZ'TT SIkg') ApOg UBWINY U1 8J1[-1/eH

(TerT) (€v) (T2 (3 (c€) [C) 92 (0€) 92 (02 1) [G) S) (@07 uelpaw)
%E'8T %0 %¥'T %70 | %985 | %00T %L %8’ %6'S9 | %9TT | %P'99 %9T | %EL8 | %l0Z a0 1MoRg %

(ovot (695 (0o8zT (esL oyt (Tet (ot (s (Let (eot (zet (oot o+ [CR%

‘0€9) ‘Y0) ‘092) ‘T¥S) ‘8) ‘0'6) ‘8'99) | 2'S1S) ‘€'9) '5'2) '5'9) ‘1) '82) '92)

0'59¢ 12 % G'€e 144 19 4% 0Ty L€ S'S 92 TS 12 81 (,06 ‘y,SL) UeIPP N

aasdoo aaodH aadoxH aadxH aadxH A —
682952 g0vE'e'T 69LE 2T 97982 971 EZT aaoeds'l'eeT aanl8l'e'e

"(HN 'SaNVHN) Ao Ins uoireuiwex3 Uo NN pUe YiedH [euolieN ay3 pue ‘(S1unod uebiydi N omi INN) SIAINN
suolreindod punoubxoeq om) woll SpAs| uixolp Bulpipaid synsas uossalfel pue ‘SAll-jeY ‘SSnusdled uolrejusouod Jeusbuo)d g a|gel

Organohalogen Compounds, Volume 70 (2008) page 001110



The strongest predictors of higher dioxin serum levels for all 7 congeners were older age and female gender.
Blacks had significantly higher levels of serum dioxins for 6 of the 7 congeners (all but HpCDD), and Hispanics
had significantly lower levels for HXCDD. Serum levels were significantly higher with greater BMI and
recent weight loss, particularly in congeners with shorter half-lives. Lower serum levels were significantly
associated with recent weight gain, breastfeeding and smoking. Recent weight gain was significant for the two
congeners with the shortest half-lives. Breastfeeding was significant for the two congeners with the longest
half-lives.  Smoking was significant for the 5 congeners with shorter half-lives.

Figure 1 (below) shows raw data with predicted mean vaues by age, gender and race (NHANES only) for
TCDD. (Other congeners not given due to space limitations.) In general, estimates are similar in UMDES
and NHANES; race effectsin NHANES are mainly seen at older ages.

A srength of both studies is the population-based sampling, allowing vaid inference back to the source
populations. Thelow LOD in UMDES allowed more detailed modeling.  Limitations include the high LOD
values in NHANES 2001-2002 data. Future steps include modeling of food variables, and andysis of the
newly released 2003-2004 NHANES data (rel eased May 2007).

Figure 1. Plots of serum congener concentrations and model predicted means by age, gender and race
(NHANES only) for both () UMDES and (b) NHANES for TCDD. For vaues below the LOD, the LOD
itself is plotted (grey circles). The highest TCDD vaue of 42.7 ppt for a 65-year-old male (BMI1=39.9, BMI
loss in past year=1.1 kg/m’) was omitted from the NHANES plot to show more detail for the other values.
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