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"> USEtox characterisation factor
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Effect Factor

For aquatic
ecotoxicity

CF = FF - XF (EF)
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- ) ) Species Sensitivity Distribution
USEtox effect factor for aquatic ecotoxicity == Pt Poteritially Affected Fraction of species (PAF) ==
0.5 0.5PAF
F = M = W (PAF*m3/kg) SSD or PAF curve
EC50 o ,;f\ PAF = e e—thlu—m 7
HC50 is the hazardous concentration (kg/m?) of a chemical 09
at which 50% of the species (in an aquatic ecosystem) are 08 Where:
exposed to a concentration above their EC50 (e.g. the it . Cis the concentration
concentration at which 50% of a population dies in a ] Z: i i e oeion At RS0
laboratory test). It is calculated by: ® e i oo USEtox: o = logCs0
03 log. H('so:i.ZIngE('sty
1 i w4
log HC50 =—-"log EC50, oz : [T —
ng, : 0.1 5
: 00 b=
where n is the number of species (or taxa or throphic 2 - LB“(mmmnlm 2 3 ais the standard deviation
levels) for which EC50 values are available *
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wi. Different uncertainties for HC50 and HC5 2= Different linear gradients and working points =
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’3) Example visualisation of the extrapolation procedure for

=
=
—

g
%‘ : the ecotoxicological effect factor in USEtox =
100
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sc=1 g/’ I Concentration increase mg/m’
HC 5= 1 mg/m*
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Calculation of HC50

i

HCS50 = anti 1og(i Y log EC50,)
n s

s

OR IN EXCEL

HC50 = GEOMEAM (EC50s)

Critical issues:
1. Which EC50s to include as raw data
2. Which avg. EC50 to include
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> EC50s recommended for USEtox

Initiative
(based on recommendations from the UNEP-SETAC “ecotox effect investment team”; EVS, RIVM, EPFL, DTU )
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At least three different EC50 values (species) from at least three different trophic
levels
— Otherwise the estimated HC50 value is designated “interim”
Chronic (long-term) EC50s are preferred with population relevant endpoints, e.g.:
— Reproduction
— Growth
— Mortality
+ If a sufficient number of EC50,,,. is available (= 3) an HC50,,, is calculated and
used directly in the EF (0.5/HC50)
If the number of EC50,, ;. values are insufficient (< 3) but sufficient EC50,,,
values (2 3) are available an HC50,,, is calculated. On this basis a HC50,o;c iS
calculated by use of an assessment factor of 2: HC50;onc = HC50,,/2
« In the majority of cases only enough acute data are available
» No consensus on averaging principle but level of single species chosen for
pragmatically reasons
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Pt Choosing among acute EC50s

« Inorder to treat chemicals as equally as possible and avoid bias is the LCA comparison (try to)
choose results from standard tests with standard organism:
— Primary producers (algae):
+ Time duration: 72 - 120 hours
« End point: Inhlbltlon ofgrowth
+ Species:
quadricauda, Chlorella vulgaris, Anabaena flos-aqua, M:crocystls aeruginosa, Navicula
seminulum and Navicula pelliculosa.
— Primary consumers (crustacean):
« Time duration: 24 - 96 hours (48 hours preferred)
+ End point: Mortality or immobility (Daphnia)
« Species: Daphnia magna, Daphnia pulex, Daphnia sp., Ceriodaphnia dubia, Neomysis
mercedis and Brachionus calyciflorus
— Secondary/tertiary consumers (fish):
+ Time duration: 96 - 336 hours (96 hours preferred)
» End point: Mortality
* Species: Ambassis macleayi, Carassius auratus auratus, Cyprinus carpio carpio, Danio
rerio (Brachydamo rerio), Ictalurus punctatus Lepomis cyanellus Lepumls macrochirus,
Leuciscus idus, i
Onchorhynchus mykiss (Salmo ?alrdnerl) Oryz:as latipes, P«mepha/es prome/as, Poecilia
reticulate and Salvelnius fontina
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(Larsen and Hauschild 2007 IntJ LCA 12.2) 991
I)TU Hanagement E'rglneeﬂng

ment Engineering

USEtox™

-~ DTU

:¥  Datasources for EC50s =

+ ECOTOX: ECOTOXicology Database system.
US EPA:

» ESIS: Including IUCLID:

* RIVM (1999): Appendix A in: Environmental
Risk Limits in The Netherlands. Part Ill Data.
Kénemann H (ed.). Report No. 601640 001.
RIVM, Bilthoven, The Netherlands
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3> Geometric means (GMs) - for the calculation of HC50 -
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).% and lowest EC50 for tetrachlorophenol =
-
T. ic level Species EC50acute (mg/l) [GMspecies GMgenus [GMtropic level
Algea Chlorella vulgaris 10,1 10,10 10,10 362
(primary . 1,30 1,30 .
aphnia galeata mendotae X 0,58

Crustacean aphnia magna ¥ 031 031
(primary Daphnia magna X 017

Daphnia magna X

Lepomis macrochirus X 0,14 0,14

o mykiss ; 033 0.33
Fish Poec!\!a reticulata 081 0,81 0,47

y Poecilia reticulata X

Oryzias latipes X 0,62 0,62

Pimephales promelas K 1,03 1,03

Geometric mean 0,55 ©.68) 0.75 0,81

LoEC50 0,09 0,14 0,14 0,31
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4 Exercise: @
o

Calculating the HC50-value for 4-methyl-2-pentanone

pecies

elenastrum

aphnia magna

imephales promelas’

imephales promelas’

al
al

imephales promelas

imephales promelas
al

imephales promelas

hynchus mykiss
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What is it we want to protect? >
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(Larsen and Hausehild 2007 Int J LCA 12 2) 79-91)
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i Two main appl_‘o:aches for eStlmatlng the > b Examples of existing approaches for ecotoxicity effect factors b=
DS ecotoxicity effect factor, EF = % =
Criteria PNEC-based apfroached, PAFbased approachds
» Species Sensitivity Distribution (SSD) or PAF based oy | e | Mot \ S | Memee | e [ e
acute data) ic| (chronic (HC5noec) increase’ increase, increase,
approaches; Effect based, average approach (e i (neap | M5 [| s
PP ; , average app 9. S T
Impact 2002+, EDIP200X, USEtox) oty 5 po po " " -
PAF=05 05 Environmental relevance + e 4(#) . . wae -
_ =Vo U Reproducibity -+ +4) +#) +4(4) . (#) .
EF= - Transparency e () () - @ ey @
HGO HCSO Low data demand (+)
High data availabilty e o e ] e . o ||
» Assessment Factor based approaches (PNEC); No Somroteioen |+ “ - e A D)
effect based (e.g. EDIP97, CML): o | N N
1 T Very high degree of Tallment = PagHed
EF = (il i b e By 20,205
PNEC T e e e Notimplemented but possble
(Larsen and Hauschitd 2007 I LCA 121 2439
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P Pros and cons for the 0.5/HC50 approach b= i PNEC (low. EC50) as opposed to HC50 (geo. mean) i
LY (as opposed to the PNEC approach) >z Q % >z
PROS CONS 120 k e
wl e
« The risk of bias from the laboratory « The focus is shifted away from 00 Lk
test set-up is low compared to a no- protection of the function and structure w — h
effect based indicator (PNEC), where of ecosystems.
the highest tested concentration, « The importance of very sensitive ®
which is not statistically different in species may be neglected. g
toxicity from the control concentration, EE &0
is typically reported. .
+ The use of a value which is estimated @
and placed in the centre of the » /‘““"‘
concentration response curve (i.e. °
HC50) gives the lowest uncertainty. ® R ¥
+ The quantification of damage in terms ° Y / _"mf:_..,g/'"m
of potential loss of species is possible —— P— omients
(at least in theory).
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:’ Definitions and abbreviations =

* HC50 . The hazardous concentration of a chemical at which 50% of the

species (in an aquatic ecosystem) are exposed to a concentration above their
EC50

« EC50 . The concentration at which 50% of a population (e.g. fish) is
affected (e.g. dies) in a laboratory test
* PAF I P ially aff d fraction of sp
* PNEC . Predicted no effect concentration
* NOEC . No observed effect concentration
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