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Modelling life cycle impacts of toxics
on humans and ecosystems with the 

USEtoxTM model

1-day course

Michael Hauschild
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USEtoxTM

Characterisation
- how much does the emission contribute?

Quantitatively determine the impact score per 
environmental category

 
i x

ixix mCFIS ,,

IS = impact score
CF = characterisation factor
m = life cycle emission
x = substance type
i = compartment type

a Characterisation Factor is a quantitative 
representation of the (relative) hazardousness of a 
specific emission
expressed in absolute metric or relative to a reference 
substance
e.g. the human toxicity characterisation factor of 
benzene is 300 CTU
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USEtoxTM

Meaning of characterisation factor?
Comparative human or ecotoxicity assessment

• Standardised unit world

• Unknown location of many emissions

• Unknown characteristics of many receiving environments

• Emissions related to functional unit

• Emissions dispersed in time and temporal course 
unknown

Characterisation factor expresses potential impact
rather than effect

• Supports comparison between emissions

• Foundation of comparison across impact categories
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USEtoxTM

Emission Emission
CAS.no. to air to w ater

Substance g g

2-hydroxy-ethanacrylate 816-61-0 0,0348

4,4-methylenebis cyclohexylamine 1761-71-2 5,9E-02
Ammonia 7664-81-7 3,7E-05 4,2E-05
Arsenic ( As ) 7440-38-2 2,0E-06

Benzene 71-43-2 (cur 5,0E-02
Lead ( Pb ) 7439-92-1 8,5E-06
Butoxyethanol 111-76-2 6,6E-01
Carbondioxide 124-38-9 2,6E+02

Carbonmonoxide ( CO ) 630-08-0 1,9E-01
Cadmium (Cd) 7440-46-9 2,2E-07
Chlorine ( Cl2 ) 7782-50-5 4,6E-04
Chromium ( Cr VI ) 7440-47-3 5,3E-06

Dicyclohexane methane 86-73-6 5,1E-02
Nitrous oxide( N2O ) 10024-97-2 1,7E-02

2,4-Dinitrotoluene 121-14-2 9,5E-02

HMDI 5124-30-1 7,5E-02
Hydro carbons (electricity, stationary combustio - 1,7E+00

Hydrogen ions (H+) - 1,0E-03
i-butanol 78-83-1 3,5E-02
i-propanol 67-63-0 9,2E-01
copper ( Cu ) 7740-50-8 1,8E-05
Mercury( Hg ) 7439-97-6 2,7E-06
Methane 74-82-8 5,0E-03
Methyl i-butyl ketone 108-10-1 5,7E-02

Monoethyl amine 75-04-7 7,9E-06
Nickel ( Ni ) 7440-02-0 1,1E-05
Nitrogen oxide ( NOx ) 10102-44-0 1,1E+00
NMVOC, diesel engine (exhaust) - 3,9E-02
NMVOC, pow er plants (stationary combustion) - 3,9E-03
Ozone ( O3 ) 10028-15-6 1,8E-03
PAH ikke specifik 2,4E-08
Phenol 108-95-2 1,3E-05

Phosgene 75-44-5 1,4E-01

Polyeter polyol ikke specifik 1,6E-01

1,2-propylenoxide 75-56-9 8,2E-02
Nitric acid 7782-77-6 (c 8,5E-02
Hydrochloric acid 7647-01-0 (c 1,9E-02
Selenium ( Se ) 7782-49-2 2,6E-05
Sulphur dioxide( SO2 ) 7446-09-5 1,3E+00
Toluene 108-88-3 4,8E-02

Toluene-2,4-diamine 95-80-7 7,9E-02
Toluene diisocyanat ( TDI ) 26471-62-5 1,6E-01
Total-N - 2,6E-05
Triethylamine 121-44-8 1,6E-01

Unspecif ied aldehydes - 7,5E-04

Uspecif ied organic compounds - 1,5E-03
Vanadium 7440-62-2 1,8E-04
VOC, diesel engine (exhaust) - 6,4E-05
VOC, stationary combustion (coal f ired) - 4,0E-05
VOC, stationary combustion (natural gas fired) - 2,2E-03
VOC, stationary combustion (oil f ired) - 1,4E-04
Xylene 1330-20-7 1,4E-01
Zinc ( Zn ) 7440-66-6 8,9E-05

Characterised impact profile

Product A Product B Units

Global warming 170 448 ton-CO2eq

Stratospheric ozone
depletion

0,12 0,08 kg-CFC-11eq

Photochemical ozone
formation

143 415 kg-C2H4eq

Acidification 689 1808 kg-SO2eq

Nutrient enrichment 3220 4830 kg-NO3
-eq

Freshwater ecotoxicity 2,6 ·105 1,8 ·105 CTUe

Human toxicity 1,7 ·10-3 7,7 ·10-4 CTUh

Product A Product B Units

Global warming 170 448 ton-CO2eq

Stratospheric ozone
depletion

0,12 0,08 kg-CFC-11eq

Photochemical ozone
formation

143 415 kg-C2H4eq

Acidification 689 1808 kg-SO2eq

Nutrient enrichment 3220 4830 kg-NO3
-eq

Freshwater ecotoxicity 2,6 ·105 1,8 ·105 CTUe

Human toxicity 1,7 ·10-3 7,7 ·10-4 CTUh
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Characterised impact score
Emission Emission

CAS.no. to air to w ater
Substance g g

2-hydroxy-ethanacrylate 816-61-0 0,0348

4,4-methylenebis cyclohexylamine 1761-71-2 5,9E-02
Ammonia 7664-81-7 3,7E-05 4,2E-05
Arsenic ( As ) 7440-38-2 2,0E-06

Benzene 71-43-2 (cur 5,0E-02
Lead ( Pb ) 7439-92-1 8,5E-06
Butoxyethanol 111-76-2 6,6E-01
Carbondioxide 124-38-9 2,6E+02

Carbonmonoxide ( CO ) 630-08-0 1,9E-01
Cadmium (Cd) 7440-46-9 2,2E-07
Chlorine ( Cl2 ) 7782-50-5 4,6E-04
Chromium ( Cr VI ) 7440-47-3 5,3E-06

Dicyclohexane methane 86-73-6 5,1E-02
Nitrous oxide( N2O ) 10024-97-2 1,7E-02

2,4-Dinitrotoluene 121-14-2 9,5E-02

HMDI 5124-30-1 7,5E-02
Hydro carbons (electricity, stationary combustio - 1,7E+00

Hydrogen ions (H+) - 1,0E-03
i-butanol 78-83-1 3,5E-02
i-propanol 67-63-0 9,2E-01
copper ( Cu ) 7740-50-8 1,8E-05
Mercury( Hg ) 7439-97-6 2,7E-06
Methane 74-82-8 5,0E-03
Methyl i-butyl ketone 108-10-1 5,7E-02

Monoethyl amine 75-04-7 7,9E-06
Nickel ( Ni ) 7440-02-0 1,1E-05
Nitrogen oxide ( NOx ) 10102-44-0 1,1E+00
NMVOC, diesel engine (exhaust) - 3,9E-02
NMVOC, pow er plants (stationary combustion) - 3,9E-03
Ozone ( O3 ) 10028-15-6 1,8E-03
PAH ikke specifik 2,4E-08
Phenol 108-95-2 1,3E-05

Phosgene 75-44-5 1,4E-01

Polyeter polyol ikke specifik 1,6E-01

1,2-propylenoxide 75-56-9 8,2E-02
Nitric acid 7782-77-6 (c 8,5E-02
Hydrochloric acid 7647-01-0 (c 1,9E-02
Selenium ( Se ) 7782-49-2 2,6E-05
Sulphur dioxide( SO2 ) 7446-09-5 1,3E+00
Toluene 108-88-3 4,8E-02

Toluene-2,4-diamine 95-80-7 7,9E-02
Toluene diisocyanat ( TDI ) 26471-62-5 1,6E-01
Total-N - 2,6E-05
Triethylamine 121-44-8 1,6E-01

Unspecified aldehydes - 7,5E-04

Uspecified organic compounds - 1,5E-03
Vanadium 7440-62-2 1,8E-04
VOC, diesel engine (exhaust) - 6,4E-05
VOC, stationary combustion (coal fired) - 4,0E-05
VOC, stationary combustion (natural gas fired) - 2,2E-03
VOC, stationary combustion (oil f ired) - 1,4E-04
Xylene 1330-20-7 1,4E-01
Zinc ( Zn ) 7440-66-6 8,9E-05

34 CTUh

17 CTUe
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USEtoxTM

Characterisation factor metrics
USES LCA: kg 1,4 DCB-eq/kg emitted
EDIP: m3 compartment/kg emitted
IMPACT 2002+: kg chloroethylene-eq/kg emitted (HT)

kg ethylene-eq/kg emitted (ET(aq))

USEtox
CTUh/kg = cases/kg emitted (HT)

- estimated increase in morbidity in the total human 
population per unit mass of a chemical emitted

CTUe = PAF·m3·day/kg emitted (ET(fw))
- potentially affected fraction of species (PAF) integrated 
over time and volume per unit mass of a chemical emitted

- No reference substance, unit has a clear meaning in itself
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USEtoxTM

Multiple USEtox CFs
Human toxicity:

6 emission compartments (via two exposure routes)

2 types of effect (carcinogenic and non-carcinogenic) and 
total

Ecotoxicity:

6 emission compartments

1 endpoint compartment (freshwater)
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USEtoxTM

Multiple USEtox CFs
Factors available from USEtox.org
• Together with intermediate data (iF, FF, EF)
• Recommended and interim factors
• Thousands of substances
• Updated on annual basis

Underlying substance database also available
• Organics and inorganics

You can supplement with factors you calculate yourself
• Important to keep track of which parts of the impact is 

calculated using which type of factors (recommended, 
interim, own)

Recommended and interim factors under implementation in 
major LCA software tools
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Characterisation of eco and human toxicity

Emissions into compartment m

Time integrated concentration  in n

Dose taken in

Risk of affected
persons

Damage on
human health

Chemical
fate

Human
exposure

Potency
(Dose -

response)

Concentration 
- response

Fraction transferred to n

Severity

Species
exposure - intake

Potentially affected
fraction of species

Intake
fraction

iF

Effect
factor

EF

Fate
factor 

FF

Time and space
integrated

damage on
ecosystems

Severity

Effect
factor

EF

Ecotoxicity: CF=FF·EF Human toxicity: CF=iF·EF
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Characterisation factors

CF=iF·EF
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Intake fractions
air emission
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Effect factors, human

CF=iF·EF
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Fate factors

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E-01 1.E+00 1.E+01 1.E+02 1.E+03

USEtox residence time in water [day]

re
s

id
e

n
c

e
ti

m
e

 i
n

 w
a

te
r

[d
a

y]

IMPACT 2002 USES-LCA CalTOX BETR

CF=FF·EF

M. Hauschild
USEtox course
DTU Lyngby
9 April 2010

14

USEtoxTM

Effect factors, ecotox

CF=FF·EF
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