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USEtox: Safety & Sustainability Metrics for SSbD

 Global UNEP/SETAC scientific consensus model USEtox
* Defined criteria for consensus: 5 ECOSYSTEM TOXICITY ### HUMAN TOXICITY

: o Emissions
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USEtox: Safety & Sustainability Metrics for SSbD

Chemical risk assessment - Human and ecological safety @m Doy
health)

Cancer slope factor CSF = — _ n oo

| 4 TDx — Cancer risk R = D x CSF ’
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Life cycle toxicity assessment - Supply chain & life cycle impacts omohe onment
Emission mass E =mxef Characterization factor CF = _ Impact score IS = E X CF oo s e,
[kg/functional unit] FF x XF x EF [impact/kg] [impact/functional unit] . (&)

Disair-
nsabrhty—adjus-ted life yeq,
rs

o

USEtox: Linking element between safety & sustainability



=
=
—

W

Safety & Sustainability in SSbD: A step-wise approach

Function-based Pre-Screening

Identify chemicals targeted for substitution

Tier 1 Consumer Risk and Ecotoxicity Impacts

L

Rapid screening of large set of possible alternatives

Tier 2 Chemical Supply Chain Impacts

Impact Score

Identify trade-offs in supply chains of alternatives

Product

Chemical 1
Chemical 2
Chemical 3
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Perspectives and life cycles in USEtox

« Emitter vs. receptor

Life cycle of :
individual chemical perspective
- Feegﬁi‘fﬁ:rsya”d Resources e  Chemical vs.
: R ction ) product life cycle
=3 . i
¢ 5 y (e.g. ore, water, oil) 2 o y
2 = _ =& < Near-field vs. far-
=5 2 Material - 2 8 .
s& § i >  processing g S 3 field exposure
£ 2 Chemical _ (e.g. molding) = 3 S
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= ﬁ Chemical (e.g. assembling) [ Sl % 2
£ E processing v 232 e
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£% 1 x Product use 2558 8
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5 8 | application) =883 g9
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= Example: DEHP Plasticizer in Vinyl Flooring

Finish

7 Vinyl Composition Tile {

~«——— Adhesive /_CFCHE [|
Jéj; Di(2-ethylhexyl) phthalate (DEHP)

CAS RN: 117-81-7

r 50-95% PVC polymer

®» 0-50% Plasticizer

m 0.2-5% Stabilizer

®m 0.1-2% Lubricant

m 1-50% Filler

m 0-10% Reinforcement
m0-5% Pigment

m0-5% Sundry

USEtox: Linking element between safety & sustainability




=
=
—

W

Tier 1. Alternative Plasticizers — Use Stage (Safety)

1E+02 1E+02
1E+01 £ — - Ouser-child BWuser-adult O population (2nd axis) 1E.01 ReceptOI’ perspectlve
1E+00 [ ] - 1E-04
1E-01 1E-07
e Iﬂ Hlﬂ Hlﬂ 1610 USEtox hazard metrics
1E-03 1E-13
1E-04 1E-16 Effect factors

Hazard quotient
(non-cancer effects)

1E-02 — 1E-02 ]
— 1E.03 £ Ouser-child Buser-adult O population (2nd axis) 1E.05 Fate factor = pers|stence
= 0 _
S ® 1E-04 = 1E-08
5 2 E Exposure dose
S o 1E-05 o 1E-11
o @ = - - - . _ _ . . .
$ & 1e06 = s g g S 5 g {114 Lifetime cancer risk
r £ 1E-07 E E E E E E E 1E-17 .
1E-08 = = = = = = — 1g-20 Hazard quotient
1E+09 .
- Muse-stage [ use-related waste Maximum acceptable content
8 o 1E+06 N -
E UE_ 1E+03 [ ] — — — ] —
= E‘___. 1E+00
8 © 1E-03
8 8
w o 1E-06
1E-09 =
DEHP DIHP  BBP DBP DEHA 97A  DBS TXBI ATBC DEHPA

(Phthalates) (Adipates) (Dioate) (Butyrate) (Citrate) (Phosphate)
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Tier 2: Chemical Supply Chain Information (Sustainability)

Example: natural resources and intermediate products used for producing DEHP
Carbon

iE g
(unprocessed) 32kg
dioxide
L] Nitrogen | [
from air Carbon
J monoxide 312k

105 kg

Emitter perspective

13kg
——— Losses

Losses

2-
Ethyl-

27 kg / ’ hexanol
o ](E)xyge.n §
ir rom air
(untreated) L / DEHP
’ DEHP product
synthesis
1000 kg

140kg DR L ! " 381k Ly
L Propylene Phthalic 9 e Losses
anhydride
Water 166 k Water
| 185kg |
(untreated) for rxn Losses
L _
Qil Pyrolysis f | Xylenes | 319kg o-Xylene
(in ground) 94kg | LS 03kg AP DEHP
0 Losses
- I Natural gas (unprocessed) I Nitrogen from air Carbon dioxide I Propylene
Reformate, .~ B Air (untreated) B Oxygen from air WM Hydrogen B Xylenes
from iﬂkﬂ/ I Water (untreated) I Oxygen I Pyrolysis gas I 2-Ethylhexanol
naphtha I Qil (in ground) [ Water for rxn [ Reformate, from naphtha Phthalic anhydride
h . } W Natural gas I Naphtha Carbon monoxide I o-Xylene
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Tier 3. Product Life Cycle Screening Impacts (Sustainability)

Human toxicity
damage* [DALY]

Climate change

Ecooxicity damage

damage [DALY]
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DEHA  Rest of vinyl
flooring material

DEHP

DIHP
(Plasticizers)

« Select impact categories based on
relevance for SSbD use context

 Not the chemical class, but the
function drives impact profiles

« Uncertainties help to understand
whether differences are significant

« Rest-of-product contribution varies
across indicators

USEtox impact metrics

Characterization factors
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Take-Home Messages

« Safety & sustainability elements in SSbD can be combined in
USEtox for human and ecosystem effects from chemicals, based on
same boundary conditions & same foundation for different metrics

« Growing avalilability of chemical LCI information crucial (e.g. EGIP)

* Not only SSbD assessment steps, but also succession in
Interpretation (i.e. aligned (!) broadening of assessment scope)

« Reference for comparison at each assessment step relevant
(functional comparison unit, and receptor vs. emitter perspective)

Thank youl!

Contact: pefan@dtu.dk
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