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Abstract

With the increasing use of PCDD/F serum measurements to evaluate exposure, it is important to understand how
the congener profile in the potentially exposed population compares to the congener profile associated with
background exposure. In this study, we have performed a principal components analysis (PCA) of the
2001/2002 NHANES PCDD/F data from the general U.S. population to determine if the background 2,3,7,8
PCDDI/F congener profiles are affected by age, gender, or race. Overall, the results of the PCA indicated that
the congener profile for the NHANES participants changes with age and gender.  In general, the contribution of
PCDFs decreases with increasing age and the contribution from PCDDs other than TCDD and OCDD increases
with increasing age. In addition, males tend to have higher contributions of PCDD/Fs other than TCDD and
OCDD than females of the same age. These results indicate that age and gender need to be accounted for when
PCA is used to compare the congener profiles from the 2001/2002 NHANES data to those of a potentially
exposed population.

Introduction

With the increasing use of serum measurements to evaluate populations potentially exposed to polychlorinated
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and dioxin-like polychlorinated biphenyls (PCBs) in the
environment, the determination of background concentrations of PCDD/Fs and PCBs in the general population is
important in order to put those measurements in context. Recently, Ferriby et al.! analyzed the weighted
2001/2002 National Health and Nutrition Examination Survey (NHANES) data to assess potential differences in
mean total 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalent (TEQ) concentrations between various
groups of individuals and to determine serum background TCDD TEQ concentrations for PCDD/Fs and
dioxin-like PCBs in the general U.S. population. While it is important to compare the PCDD/F serum
concentrations in a potentially exposed population to background concentrations on a TEQ basis, it is also
important to understand how the relative distribution of the 17 2,3,7,8 PCDD/F concentrations in a potentially
exposed group compares to the relative distribution in the general U.S. population. There may be individuals
within a potentially exposed population who have above background TEQ concentrations because of higher
dietary exposures resulting from regional differences in the type and amount of food consumed unrelated to the
PCDD/F exposures of interest.

To compare the congener profile of an individual to the background congener profiles of the general U.S.
population, multivariate statistical methods must be used. Principal components analysis (PCA) is a common
statistical method used to evaluate multivariate environmental data sets. In this study, we will present the
results of a PCA of the 2001/2002 NHANES 2,3,7,8-PCDD/F data and discuss how the congener profiles within
the 2001/2002 NHANES data vary based on age, gender, and race.

Materials and Methods

PCA is a multivariate statistical technique that transforms a set of correlated variables into a subset of factors or
principal components that are linear functions of the original variables and are uncorrelated.> The purpose of
PCA is to reduce the dimensions of the data set so that trends in the data can be more easily examined. In terms
of 2,3,7,8 PCDD/F congener data, because the concentrations many of the congeners are correlated with each
other, PCA is able to transform a data set consisting of the 17 congeners into a subset of factors that is often less
than 5. This method has been used in a similar manner at other sites to compare human serum PCDD/F
congener profiles to environmental congener profiles.®*>%7

Only data from 2001/2002 NHANES participants with complete PCDD/F profiles were selected for this analysis
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resulting in a sample set of 1,104 participants.  This differs from the sample size of Ferriby et al.* of 1,081
participants because their participants were required to have complete PCDD/F and dioxin-like PCB profiles to
be included, while for this current study focused only on PCDD/Fs. Congener concentrations that were
reported to be below the limit of detection were included as the limit of detection divided by the V2.  For the
PCA, the relative fraction of each congener to the total 2,3,7,8 PCDD/F congeners was estimated for each
NHANES participant by dividing the congener concentration by the sum of the 2,3,7,8 PCDD/F congener
concentrations.® The relative fraction data were then range transformed as nonparametric method for
normalization similar to what has been done in other studies.’ The PCA was then performed on the covariance
matrix of the range-transformed data.

Results and Discussion

The PCA of the 2001/2002 NHANES PCDD/F data resulted in three factors that described 82.2% of the variance
in the original data set with the first factor describing 63.8%, the second factor describing 11.8%, and the third
factor describing 6.6% of the variance in the original data set.

Factor 1 is characterized by high positive factor loadings for 1,2,3,7,8-PeCDF, 1,2,3,7,8,9-HXCDF, and
2,3,4,6,7,8-HxXCDF, 1,2,3,4,7,8,9-HpCDF, and OCDF (0.18 — 0.24), and a high negative factor loading for
OCDD (-0.1). For this factor, a positive factor score for a participant indicates that 1,2,3,7,8-PeCDF,
1,2,3,7,8,9-HxCDF, and 2,3,4,6,7,8-HxCDF, 1,2,3,4,7,8,9-HpCDF, and OCDF contribute more to the total
2,3,7,8 concentration than OCDD and negative factor scores indicate that OCDD contributes more than the
PCDF congeners. Thus, this factor describes the relationship between the OCDD and PCDF contributions for
the NHANES participants.

The factor 1 scores tend not only to decrease with increasing age but the variance of the factor 1 scores for a
given age also tends to decrease with age (Figure 1). Males tend to have higher and more variable factor 1
scores than females for a given age (Figure 1). While non-Hispanic blacks have slightly lower factor 1 scores
than the other race categories, there does not appear to be any substantial differences in factor 1 scores with race
(Figure 2). Based on this factor, the relative contributions of PCDFs appear to decrease with age relative to
OCDD in the NHANES study population, indicating that higher OCDD contributions are expected for older
members of the general U.S. population.

Factor 2 is characterized by positive factor loadings of PeCDD, the HxCDDs, HpCDD, and 2,3,4,7,8-PeCDF
(0.05 - 0.11) and negative factor loadings of OCDD (-0.11). For this factor, positive factor scores indicate that
PeCDD, HxCDDs, and HpCDD contribute more to the total 2,3,7,8 congener concentration than OCDD.
Conversely, negative factor scores indicate that OCDD contributes more.  This factor describes the relationship
between the relative contribution of the PeCDD, HxCDDs, and HpCDD versus the contribution of OCDD.

The factor 2 scores tend to increase with increasing age indicating that the contributions of PeCDD, HXCDDs,
and HpCDD increase with increasing age (Figure 1).  Similar to factor 1, males tend to have higher factor 2
scores than females at the same age (Figure 1). Non-Hispanic whites tend to have slightly higher factor 2
scores than Mexican-Americans, other Hispanics, or participants of other races (Figure 2).

Factor 3 is characterized by positive factor loadings of PeCDD, 1,2,3,6,7,8-HxCDD, OCDD, 2,3,4,7,8-PeCDF
(0.027 — 0.047) and negative factor loadings of HpCDD (-0.13).  For this factor negative factor scores indicate
high contributions of HpCDD and positive scores indicate high contributions from PeCDD, 1,2,3,6,7,8-HxCDD,
OCDD, 2,3,4,7,8-PeCDF. Factor 3 scores tend to slightly increase with increasing age, indicating increased
contributions of PeCDD, 1,2,3,6,7,8-HxCDD, OCDD, 2,3,4,7,8-PeCDF (Figure 1). There is no apparent
general difference in factor 3 scores based on gender although there appears to be a subpopulation of males with
fairly low factor 3 scores across all ages indicating high contributions from HpCDD (Figure 1). Non-Hispanic
blacks and whites tend to have slightly higher factor 3 scores than Mexican-Americans, other Hispanics, and
participants of other races (Figure 2).

Figure 3 presents the factor scores plots for each pair of factors. The plot of factor 1 and 2 shows a clear trend
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Factor 1

of decreasing factor 1 scores and increasing factor 2 scores with age.  This indicates that the majority of the
variance in the congener profiles of the NHANES participants is due to changes in the relative contributions of
PeCDD, HxCDDs, HpCDD, PCDFs, and OCDD with increasing age. The plot of factors 1 and 3 indicates that
HpCDD contributions tend to be uniform with increasing age and as the PCDF contributions decrease with
increasing age. Based on the plot of factors 2 and 3, HpCDD contributions tend to become more variable with
increasing PCDD contributions.

In summary, this analysis shows that there are substantial apparent differences in the 2,3,7,8 PCDD/F congener
profiles with respect to age and gender and minor differences with respect to race. Because of these differences,
any comparisons of the NHANES participants’ congener profiles to a potentially exposed population need to
account for the age and gender differences. This similar to what was observed when the dioxin-like PCB data
for the 2001/2002 NHANES participants were evaluated®
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Figure 1. Factor scores with age and gender
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Figure 2.

Box plots of factor scores by race category. MA is Mexican-American, NHB is non-Hispanic

black, NHW is non-Hispanic white, OH is other Hispanic, and OR is other race.

FACTOR(1)

Factor 2

Factor 1

02029 years 4 30-44 years © 45-59 years o > 60 years

4 T 5 T )\(
. -
. L
3t - *
5 ¥ 3 3 X ¥
8 2+ § -
14
1r = S
Q
0 - £oop
-1
_1 — —
-2 —
2 1 ! ! 1 1 3 I | | | |
MA  NHB NHW  OH OR MA  NHB NHW  OH OR
RACE 4 \ \ \ \ RACE
3 * —
2 _
~ 1 -
D
& _
5 0
o -1 |
=
,2 —
-3 * * * ]
-4 * x —
5 ] ] ] ] ]
MA NHB NHW  OH OR

o

B
Ooc o o 0
¥ o %o oo
3 8% 57 o
2 2, - %gn o
%
Aol JhRSE o
o E
5[ o0 2
EZ o 3
ry OAag
P i O
e
N H 5 N
5

Factor 1

020-20 years a 30-44 years 0 45-59 years o > 60 years

Factor 3

Factor 2

020-29 years 4 30-44 years 0 45-59 years ¢ > 60 years

Organohalogen Compounds Vol 69 (2007)

p-237

2013





