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Modelling the Environmental Fate of
PCBs

PCBs have been the favorites of the
organic contaminant modelling
community for a long time



Modelling Fate in the Physical
Environment
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Bioaccumulation Modelling
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Human Exposure Modelling

Towards an understanding of the link between environmental emissions and human
body burdens of PCBs using CoZMoMAN

Knut Breivik *>*, Gertje Czub ¢, Michael S. McLachlan ¢, Frank Wania ¢

A Multi-Individual Pharmacokinetic Model Framework for Interpreting Time
Trends of Persistent Chemicals in Human Populations: Application to a
Postban Situation

Roland Ritter, Martin Scheringer, Matthew MacLeod, Urs Schenker, and Konrad Hungerbiihler

Safety and Environmental Technology Group, ETH Zurich, Zurich, Switzerland

Persistent Organic Pollutfats in Norweglan Men from _J979 to 2007:
Intraindividual Changes, Age , and Model Predictions

Therese Haugdahl Nost, 23 Knut Breivik,%° Ole-Martin Fuskevég,® Evert Nieboer,"-¢ Jon @yvind Odland," and
Torkjel Manning Sandanger'?

'Department of Community Medicine, University of Tromsg, Tromsg, Norway; 2NILU-Norwegian Institute for Air Research, Fram
Centre, Tromsg, Norway; 3University Hospital of North Norway, Tromsg, Norway; 4NILU-Norwegian Institute for Air Research, Kjeller,

Deterministic modeling Of the exposure Of ent of Biochemistry and Biomedical Sciences, McMaster
individual participants in the National Health and

Nutrition Examination Survey (NHANES) to

polychlorinated biphenyls¥

Stephen A. Wood,?° James M. Armitage,® Matthew J. Binnington® and Frank Wania*@°



Why are PCBs the organic contaminant
modellers’ favorite?

Reason #1

* PCBs are a mixture of contaminants that covers
an “interesting” range of

— hydrophobicity (truly dissolved vs. sorbed to solids),
— volatility (gas phase vs. particle bound) and
— degradability (degradable vs. persistent)

Reason #2

» We have availability of high quality
— partitioning and degradation properties
— emissions



Avallability of Property Data
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Avallability of Emission Data

Towards a global historical emission inventory for selected PCB
congeners — a mass balance approach
1. Global production and consumption

Knut Breivik®*, Andy Sweetman®, Jozef M. Pacyna®, Kevin C. Jones®
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Towards a global historical emission inventory for selected PCB
congeners — A mass balance approach
3. An update
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Can models provide insight?

 Glven the availability of good property and
emission data, what is feasible In organic
contaminant modelling?

o Examples taken from human exposure
modelling



Can models provide insight?

 Why do PCB levels generally increase with age?

« When might we expect the peak in health effects
caused by PCB exposure to have occurred?

* Would we expect slim or obese people to have
higher PCB levels?

* When repeatedly sampling a population for human
biomonitoring, do temporal changes in dietary
habits and body lipids confound time trends?

e Can we reconstruct past PCB exposure In
Individual humans?



Can models provide insight?

 Why do PCB levels generally increase with age
In a population cross section?



Why do PCB levels generally increase
with age In a population cross section?
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Why do PCB levels generally increase
with age In a population cross section?
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Why do PCB levels generally increase
with age In a population cross section?
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Can models provide insight?

 Why do PCB levels generally increase with age

In a population cross section?

They do so only after emissions and therefore
environmental contamination have peaked.

Then, older people have higher levels because
their bodies retain a “memory” of higher exposure
In the past?

During the early period of increasing
contamination, children can be expected to have
had higher PCB levels than adults.

Quinn et al. Environ. Health Persp. 2012, 120, 554-559



Can models provide insight?

* \When might we expect the peak in health effects
caused by PCB exposure to have occurred?



When might we expect the peak in
health effects to have occurred?
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Lifetime PCB exposure was highest for those born in the 1950 and 60s.
Perinatal PCB exposure was highest for those born in 1980s and 90s.



When might we expect the peak in
health effects to have occurred?

Peak in perinatal PCB exposure is delayed relative to the
peak in PCB emissions

Offspring

Y

Offspring 7??
N

Health Effects

(2010)

50 years (40 years since ban)

One of the health effects of perinatal exposure to PCBs
IS Impaired ability to reproduce later in life.

Peak In (some) health effects of PCBs exposure may occur
only now!

Quinn et al. Environ. Health Persp. 2011, 119, 641-646



Can models provide insight?

* Would we expect slim or obese people to have
higher PCB levels?



Would we expect slim or obese people
to have higher PCB levels?

Growth curves/Lipid contents for males belonging to 5 BMI classes

100 - 38
32
80 -
g 60 - 17
% body mass without lipids
= 40
20 -
0 -

0 10 20 30 40 50 60 70 80 90
Age (years)



Would we expect slim or obese people
to have higher PCB levels?

Longitudinal PCB concentration trends for individuals
of the 1980s cohort (those born between 1975-1984)
belonging to one of 5 BMI classes.

100

[HR
o

38
32

27
22

PCB-153 Concentration
(ng/g lipid)

17

0.1

1980 2020 2060
Year



Would we expect slim or obese people
to have higher PCB levels?

Each birth cohort is “sampled” repeatedly
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Would we expect slim or obese people
to have higher PCB levels?

to obtain cross-sectional PCB concentration — BMI relationships
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Would we expect slim or obese people
to have higher PCB levels?

Within the same birth cohort, we can have PCB concentrations
that increase, stay the same, or decrease with increasing BMI,
depending on when the cohort Is sampled.

Thermodynamics vs. kinetics

 Initially lipid-normalized « Concentrations in all individuals
PCB concentrations tend decrease because of declining
to be lower in obese than exposure
In lean individuals « Concentrations in obese
because of dilution in a Individual decline slower than
larger volume of lipid those in lean individuals

(depuration half-lives range from 10
years for BMI17 to 14 years for BMI
38)

Wood et al. Environ. Sci. Technol. 2016, 50, 10,055-10,064



Can models provide insight?

* When repeatedly sampling a population for
human biomonitoring, do temporal changes in
dietary habits and body lipids confound time
trends?



Do temporal changes in dietary habits
confound time trends?

Example:

PCB levels in the Canadian Inuit population are
decreasing over time.

Is this because of a decline in contamination of
their environment or because younger
generations eat more food imported from the
South at the expense of traditional food?




body burden ng PCB-153/g lipid

Do temporal changes in dietary habits
confound time trends?

time trends derived from repeated biomonitoring of 30 year-olds
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USA age and BMI distribution over time
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Do temporal changes in body lipids
confound time trends?
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If you sample the US population repeatedly to derive time
trends in PCB contamination, do you have to account for the

changes in the population’s BMI and age distribution?




Do temporal changes in body lipids
confound time trends?

Population Average PCB Concentration
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Can models provide insight?

* When repeatedly sampling a population for human
biomonitoring, do temporal changes in dietary habits
and body lipids confound time trends?

Yes, the intergenerational dietary transition among

the Inuit can be expected to influence population
level time trends.

No, the obesity epidemic in the USA is not expected
to strongly influence population level time trends,
partly because it Is countered by population aging.



Can models provide insight?

« Can we reconstruct past PCB exposure In
Individual humans?

Improving exposure
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Individual A ] i i i
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@B 200 susceptibility during age of susceptibility
e
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Rylander et al. Env. Res. 2015, 142, 365-373



Can we reconstruct past PCB exposure
In Individual humans?

US NHANES  Norwegian Women

O Arithmetic Mean

} _=_ n
| : —_— —_
oL : _ ]

ST

Predicted Meaéured Predlicted Meaéured
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and the variability in a populations’ PCB exposure, ...
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Ngst et al. Environ. Health Persp. 2016, 124, 299-305
Wood et al. Environ. Sci.: Processes Impacts 2016, 18, 1157-1168



Can we reconstruct past PCB exposure
In Individual humans?
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we have difficulty doing so at the level of the individual.

Weak link is getting reliable input on dietary
composition at the level of the individual

Wood et al. Environ. Sci.: Processes Impacts 2016, 18, 1157-1168



Can models provide insight?

As long as the quality of the emission and
property data of other organic contaminants does
not match those of the PCBs, they will continue
to serve an invaluable role in pushing the frontier
In the field of environmental contaminant
modelling
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