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e In the past we have most commonly identified
organic environmental contaminants by “chance”

e Can we find a more systematic way of identifying
them?
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e In the past we have most commonly identified
organic environmental contaminants by “chance”

e Can we find a more systematic way of identifying
them?

e >40 000 industrial chemicals in use

e Information on occurrence in the environment
limited to a very few

e Cost of measuring new chemicals in the
environment is high

e Can we find good methods of prioritizing
chemicals for investigation?

e FoOcCuUs on exposure



o

. ]
-
al {:"'- E

o %

Human far-field exposure

Stockholm
University
588
|

Ny

Environmental fate/transport, distribution,
degradation, food web bioaccumulation and
exposure to humans

Chemical emissions

Mackay 2001
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Environ Sci & Technol 40, 2316-2323 (V.1.0) Environ Sci & Technol 42, 4648-4654 (V.2.0)
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e.g., RAIDAR Level III fate model o

Str::ckhnlm
University

In sample environment
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Mechanistic bioaccumulation models:
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Bioaccumulation: competing rates of chemical uptake and
elimination including bioconcentration and biomagnification

Water respiring organisms

Metabolic biotransformation
Water

Growth
dilution

Fecal egestion

Air breathing organisms

Metabolic biotransformation

/

Air

\
/

Diet &
water

Growth
dilution

)\

Offspring & Fecal egestion &
lactation urinary excretion

Environ Sci & Technol 42, 4648-4654



Our endpoint:
Internal exposure 1n humans

— +—> Air
Food & water

Metabolic
biotransformation
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The list of chemicals to screen

HPVC (> 1,000 t/yr)
LPVC (10 - 1,000 t/yr)
SUM (> 10 t/yr)

HPVC (> 1,000 t/yr)
LPVC (1 - 1,000 t/yr)
SUM (> 1 t/yr)

1,000,000 -
10,000,000 t/yr

100,000 - 1,000,000
t/yr

10,000 - 100,000 t/yr
1,000 - 10,000 t/yr
SUM (> 1,000 t/yr)

2,781
7,829
10,610

2,026
9,013
11,039

14

47

126
478
665

26.2
73.8
100

18.4
91.6
100

2.1

7.1

18.9
71.9
100

> 453,592 t/yr

22,680-453,592
t/yr

4,536-22,680 t/yr
454-4,536 t/yr
227-454 t/yr
<227 t/yr

SUM (> 0 t/yr)

> 1,000 t/yr

371
175

588
1,372
560
2,748
5,814

4,843

24,142

6.4
3.0

10.1
23.6
9.6
47.3
100

100

100



The list of chemicals to screen

HPVC (> 1,000 t/yr)
LPVC (10 - 1,000 t/yr)
SUM (> 10 t/yr)

HPVC (> 1,000 t/yr)
LPVC (1 - 1,000 t/yr)
SUM (> 1 t/yr)

1,000,000 -
10,000,000 t/yr

100,000 - 1,000,000
t/yr

10,000 - 100,000 t/yr
1,000 - 10,000 t/yr
SUM (> 1,000 t/yr)

2,781
7,829
10,610

2,026
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100

2.1
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18.9
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100

> 453,592 t/yr

22,680-453,592
t/yr

4,536-22,680 t/yr
454-4,536 t/yr
227-454 t/yr
<227 t/yr

SUM (> 0 t/yr)

> 1,000 t/yr

371
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588
1,372
560
2,748
5,814

4,843
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6.4
3.0

10.1
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9.6
47.3
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100
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12,619 unique chemical structures

for organics
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* Emissions
 Partitioning properties: Kqow & Kaw:; Koa = Kow / Kaw
* Reaction half-lives (HL): air, water, soil, sediment

 Biotransformation half-lives in vertebrates



Estimating emissions: Tier 1

Overall production (t/yr)
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Estimating emissions: Tier 1

Default emission factor (TGD) x Geo. mean of production bin

Table 1

Fraction released to air
Vap\Sol <100 mg/L
<1 Pa 0.004
1-10 0.004
10-100 0.016
100-1000 0.120
1000-10000 0.575
>10000 0.825
Table 3

Fraction released to soil
Vap\Sol <100

<1 Pa 0.0092
1-10 0.0092
10-100 0.0051
100-1000 0.0011
1000-10000 0.0004
>10000 0.0002

100-1000
0.003
0.003
0.007
0.070
0.175
0.575

100-1000
0.0027
0.0027
0.0011
0.0007
0.0002
0.0002

>=1000
0.003
0.003
0.006
0.021
0.085
0.175

>=1000
0.0004
0.0004
0.0004
0.0002
0.0002
0.0002

Table 2

Fraction released to wastewater
<100 mg/L

Vap\Sol

<1 Pa

1-10

10-100
100-1000
1000-10000
>10000

Table 4

0.11
0.11
0.02
0.01
0.01
0.01

100-1000
0.51
0.51
0.11
0.02
0.01
0.01

>=1000
0.76
0.76
0.51
0.11
0.02
0.01

Fraction released to the environment (all media)

Vap\Sol
<1Pa
1-10
10-100
100-1000
1000-10000
>10000

<100

0.12
0.12
0.04
0.13
0.58
0.83

100-1000
0.51
0.51
0.11
0.09
0.18
0.58

>=1000
0.76
0.76
0.51
0.13
0.10
0.18



Estimating emissions: Tier 2

Batch EU TGD emission model
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' Specific emissions factors based on Industrial

Category (IC) and Use Categor (UC) data

Emissions from various stages of the life-cycle
are further distinguished by differences in p/c
properties.

Reviewed for ~2800 ESIS chemicals (and very
recently, for ~4200 substances included in SPIN
(use categories only).

For substances with no information on IC/UC
etc, the default profile (fig below) is applied to
derive a mean emission estimate.

Empirical IC/UC combinations %)
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log Eair (t/yr)

Estimating emissions to Air

Emissions to air (t/yr)
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Measured chemical property data A
availability for organic chemicals on University

Canada’s DSL (~11,300)

Atmospheric reaction half-lives ~4%
Water and soil half-lives = 12 chemicals!
Lab tests of chemical degradation <7%

Lab BCF data 1n fish, 1.e., no dietary uptake, <4%

Physical-chemical properties

Vapour pressure <5%; Aqueous solubility <5%; Ky <10%
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Metabolic biotransformation log(zHL npred) = 0-83 log(HL yexp) + 0.09
HL in fish using a QSAR 34  +?=082;L00¢°=0.75; MAE 0.38

log (HL y d) predicted

log (HL  d) expected

Environ Toxicol Chem 28, 1168 - 1177
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Biotransformation half-life predictions
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University
Metabolic biotransformation 4 oa(Hpred) — 0.8 og(HL wexp)  0.09 Y =x
. . og npred) = 0. og NEXp) + 0.
HL in fish using a QSAR 34 r?=0.82;L00 ¢>=0.75; MAE 0.38
o
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Q
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2
Need to extrapolate fish data
to other vertebrates because
QSARSs are not currently -3 -2 -1 0 1 2 3 4
available log (HL  d) expected

Environ Toxicol Chem 28, 1168 - 1177



Initial ranking of industrial chemicals 1

log Cy; (ng/g)
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Identifying the sources of uncertainty <

580 592 6.04 6.16 6.28

0.05
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0.03 +
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0.01 1

0.00

0.03

0.02 +

0.01 +

0.00 -

log Kow
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Biotransformation
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Propagation of uncertainty
in Cy
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Sources of uncertainty in predicted exposure i+
of humans to industrial chemicals Stockholm
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@ Unit emissions (hazard-based) M Actual emissions (risk-based)

Emission rate

Biotrans HL: mammals
Biotrans HL: fish

HL: air

HL: water

HL: soil

HL: sediment

Kow

Kaw

0.0 0.2 0.4 0.6 0.8

Average (n~13,000) contribution to variance in C g



Ongoing work: Emissions estimates

Search for more in-depth information on short-listed chemicals (e.g. Use

categories) through various database (e.g. SPIN) and literature
searches.

Cross-check emission estimates with complementary outputs from the
Exposure Index

Total amount of a Substance in Tonnes

8
6

E 4 _ AN

é o d * \ / \\q»
0 * -— M
1999 2001 2003 2005 2007

Year

Sweden e Denmark = Finland == Noreay

Thanks to Stellan Fischer (KEMI) and Jan Kraft (KLIF) for support
(Exposure Index and SPIN)
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Ongoing work: Biotransformation
Stockholm

R
METABOLIC BIOTRANSFORMATION INFISH:

A QSAR APPROACH
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SETAC North America’s 30th Anniversary in Mew Oreans 18-23 November, 2008

QSAR model for predicting rate of
metabolism in fish

COvanes Mekenyan, Sabcha Dimitrov, Madezhda Dimitrova
Latsoralony of Mathematcal Chemestny, Uiniversity "Prof. &s . flataros”, Bougan, Buigana

Canada

Jon Amot
sl for ernewonimeiial modsing and Chemestry, Trent Linesssmty, Ontain
Mark Bonnell
b Chemecals Eynluateon Uni o Emveoument Coraedas Oftoss, Ganseka
mmsdecl, Sosnces inc | Anmandake, WY

Thomas Parkerion

okl S

Prediction of Metabolic Biotransformation Half-Lives Using
Iterative Fragment Selection (IFS)

Trevor M. Brown, Jon Arnot, Frank Wania
Department of Chemistry, Department of Physical and Environmental Sciences
LIniversity of Toronto Scarborough, Canada
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Working with the results: e

. I

Sieving for possible unknown contaminants tnwversiy
Starting with the Tier 1 results,
identify and disregard:
e known POPs, e.g. PAHs
e apparent "non-POPs", e.g. alkanes, sugars
e likely "non-POPs", e.g. reactive compounds/precursors

Reveals further weaknesses:

e prediction of hydrolysis (no QSAR)
e dissociating chemicals

e heterogeneity in emissions
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Working with the results: e
Developing sampling and method Dty

development strategies

The model helps us:

Choose relevant matrices
Choose sampling sites
Choose time scale of sampling

Set a target limit of quantification for the analytical
method
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Group 1: Aromatic Amines Cl e
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CHj

NH@NH analysis by: HPLC-MS/MS
compartment: water / sediment

usage: antioxidant (rubber, plastics,
textiles, gunpowder, ...)
14 compounds
potentially charged at the amine group
— estimate pK, (SPARC, SciFinder [ACDLabs])
— all except 1 (cationic) are neutral



Group 2: Halogenated Heterocycles "J*_,L

Stockholm
Cl Cl @ o University
Cl / \ N
- cl cl

Cl Cl d o
N :
ol / \\N analysis by: GC-MS
_ compartment: air
Cl usage: mainly intermediates

6 compounds
neutral except 1 (anionic)
photolysis?
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Future work: s
Evaluation of the screening system Dessity

e Compare the ranking with existing measured
concentrations in humans and the environment,
both from the literature and from the project
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e Exposure modeling can now be used for high
throughput screening of industrial chemicals
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o s,
Conclusions o

Stockholm
University

Exposure modeling can now be used for high
throughput screening of industrial chemicals

This is useful for selecting chemicals for
screening

Still a ways to go before we have a robust and
accurate tool

But the science is developing quickly!
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Emissions: Discussion

« Data on production, import, use and releases of
industrial chemicals are difficult to access / confidential.

« Development of reliable emission scenarios thus
represent a major challenge, in part because of
confidentiality issues concerning relevant data (e.g.
Industrial Category, Use Categories etc) and
comparability of data (i.e. different reporting
requirements etc.).
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