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» Introduce framework and definitions for human effects modelling in USETox™
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u g
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Definition: Dose response - <2 Definition: Dose Concepts and Terms o=
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Dose-response Assessment:

Dose-response Assessment is the process that
defines the quantitative relationship between the
dose of a chemical received and the incidence of
adverse health effects in the exposed population.
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Target organs and types of adverse effects tested == Effect or toxic doses: example —
4 > >
« Target organs (examples)
" 10 20 50
_ Kidney PPIEE PEPLPE PEPRY PYPLY
- Thymus N N Nk Rl gk g
Nighighil gl Nigh gt Nighighi gl Nighighi gl
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== .. Effect dose and its 95% confidence limit ==
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— Effect dose x: ED,
o0 (lifetime) dose generating an additional risk of x% over
e background
H o ctuing e.g 10% over background for an ED,,
= e response e.g 50% over background for an EDs,
E LED,: Lower 95% confidence limit on ED,
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Below 10% effect, the answer depends only orhEe model retained !

Impossible to predict

(non-) linearity on the basis of bioassays ! i

-> mode of action is crucial L
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Grottaz P ot al 2002. Assossing Human Health Rosponse n LCA 5101 Ep00o0th
wsing ED105 and DALYS: Carcinogens; Rigk Analysi, 22 (5), 926
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Life time disease probability

Cancer/non-cancer

o 5 10 15 Py 25
Life time dose (kg intake per life time)

Inhalation/ingestion

Four effect factors are calculated:

*Cancer inhalation
*Cancer ingestion
*Non-cancer inhalation
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From NOAEL and LOAEL to ED50 = Animal to human extrapolation =
ED50h = ED50 animal/allometric factor
< 1oe0 = then select the smallest ED50 across species
] E ionfactors for interspecies variation (CFi)
2 oo
5: Type CF interspecies (- Average bodyweight (k Source
$ joe0 human 1 70 Vermeire et al., 2001
H pig 11 48 Baird, 1996
“ — dog 15 15 Vermeire et al., 2001
1,0E-03 1.06-01 1,0E401 1,0E403 1,0E405 monkey 1.9 5 Vermeire et al., 2001
iisEL (mg.kg™day”) cat 19 5 first assumption
sk rabbit 2.4 2 Vermeire et al., 2001
Integrated Environmental Assessment and Management — Volume 1, Number 3—pp. 181-192 hen 26 1.6 Baird, 1996
mink 29 1 first assumption
guinea pig 3.1 0.75 Vermeire et al., 2001
Conversion factor NOEL to ED50: 9 rat 4.1 0.25 Vermeire et al., 2001
Conversion factor LOEL to ED50: 2.25 hamster 49 0.125 Baird, 1996
gerbil 55 0.075 first assumption
mouse 7.3 0.025 Vermeire et al., 2001
DTU Management Engineering DTU Management Engineering
Department of Management Engineering Department of Management Engineering
USEfox™ . USEfox™ _,
itegyce
Human effect factor DTU DTU
== Example human effect factor =2
@3 (cancer/non cancer) = =
B 0.5
Incremental Risk = Intake Dose . - - .
Life time dose generating 50% additional risks
Mouse | Mouse
Rat oral Rat oral Rat oral Mouse oral oral oral
Chemical name CAS TD50 note tissues TD50 note tissues
. 0.5 X 0.5 mg/kg-day mg/kg-day
Effect factor : EF = mSeverny = G’Z—g[?ﬂw CER o)
. . . . ' TETRACHLORODIB
50h ED 50h g gm [ENZO-p-DIOXIN 1746016 0.0000235| mv. tlr\\/y un ore 0.000156| m liv thy
ED50h Effect Dose inducing a response over background of 50% for humans (h) [mg/kg-day] 1. Calculate the ED50h for dioxin from the ED50 animal
0.5 Response level corresponding to the ED5qp, [Individual lifetime risk of cancer]
EF; Effect factor of substance i [yr lost / mg intake] 2. Calculate the Iifetime ED50h,
0.5/EDsg Slope factor of substance i [risk per mg/kg - day]
BW Body weight [kg/person]; 70 kg/person . I
LT, Lifetime of humans [yr/lifetime]; 70 years 3. Determine the cancer cases per kg dioxin ingested,
N36s Number of days per year [days/yr] that is the effect factor
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Example human effect factor TCDD . —
= Exercise human effect factor: TCE =
o o
. EDyn EDjowe . 0.0000235 0.000156
ED5°\\ = min( 45‘1‘ -, 75"3 * ): min( 4.1 ’ 73 Rat oral Rat oral Rat inh
. . . . Chemical name CAs J TDso tissues Rat inh TD5, tissues
. kg-d kg-d
= min(0.0000057,0.000022 ) = 0.0000057 — & e L e mafkadny
kg : Mouse oral Mouse oral Mouse in ouse In
TDso tissues TDso tissues
) [TRICHLOROE THYLENE 79076] —601[m, Iv —4400[m, v Tun
EDI™ =365-LT-BW-ED,,, = ) ] ]
1. Calculate the ED50h for inhalation and oral intake for TCE from
m, the ED50 animal
365-70-70-0.0000057 =10 {%w
ifetime 2. Calculate the lifetime ED50h for inhalation and oral intake,
3. Determine the effect factor by inhalation and oral intake
Effect factor : EF = % ===
EDs5on
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Exercise human effect factor TCE — Exercise human effect factor TCE >
o o
. . ED ED m,
ED<r inh = min(2250rat. ED somouse y _ EDsgp inh = min(——30rat =2 s0mouse y _ 145 9| M8
50h 5 50h
4.1 73 4.1 7.3 kgd
. . ED ED m
ED ED ED sy, 0r/ = min( 50rat , S0mouse y=94.7 g
ED sy, ing = min( S0rat 50mouse )= 4.1 7.3 kgd
50h INg 1 73
EDUMIMe _ 365. 1.7 BW - EDsg, =2.91%10°8 —-&
lifetime ' » lifetime
ED5op, inh =365 -LT-BW -EDsp, =
" m
. EDUfIme _ 365. 1 T.BW - EDsg, :169*1081_78
ifetime _ _ ’ ifetime
EDYfime — 365 LT -BW -EDsg, = if
0. _3| cases 0.5 _3| cases
0.5 EF 05 EFcare,inh = Epiktme. =L.72+10 {71@ ] EFcarc,ort = Eplktme =2.95+10 {71@ ]
EFcarc,inh :7ED’5'6§““‘° = ‘arc,ing 77EDI§‘(§T"""C = 50 50h
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DTU -3 Characterization Factors: DU
USEtox framework =% . . =%
- @% from emission to damage -—
Fate _|
factor Chemical fate
I < Intake [ -
- 50 . [~ fraction iF ! !
7 Time-integrated cor ion * Damage _ Mass in environment Intake dose  Risk 1 Damage
o . Hyman exposure Mass emitted Mass emitted Env. mass Intake dose: Risk :
-response ﬁ/ — | ’
¢ 32 P -
Species Dose taken in Characteri zation = Fate - Exposure Dose response - Severity |
Ecotox expospre — ntag [ Dose-response factor SemmmmmE 4
Effect —| 21
factor W Human
P ially affected
et e R R
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H : 4 Severity :
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~ Cancers severity DTU 2%  Carcinogens tumors severity: DALY, DTU
niiae b= niiae >
from WHO, Murray & Lopez = (as used by Hofstetter, 1998) =
L 3000 Disability Adjusted Life Years concept of Murray and Lopez [1996].
3 Disease type YL (y) YLD, () DALY, (y) .
R == YLL = Years of Life Lost
E 20.00 Mouth and oropharynx cancer 57 05 62
e Oesophagus cancer 17.6 04 179 .
£ 1500 ] s e YLD =Years of Life
2 ’ Colon and rectum cancer 8 08 a8 lived Disabled
z 10.00 1 Gl zl hds Liver cancer 221 04 25
',IE 5.00 Qf L H HH; b " Pancreas cancer 159 03 162
F3 Trachea, bronchus and lung cancer 16.2 03 165
8 0.00 ﬂ QFH Melanoma and other skin cancer 61 02 63
. {yf» f}f* o ygﬁtﬁ”ﬁy{goﬁ;yﬁ@ ’ g{ S Breast cancer 72 03 76
& s & T & Cervix uteri cancer 1.7 03 120
S & e 57 e P
il Ovary cancer 13 03 133
Prostate cancer 33 05 39
Due to difficulty to determine human endpoint, Bladder cancer 46 04 50
taken the average for all cancers: 11.5 DALY/case ::::humes and multiple myeloma ;Zg :2 ;: ;
Cancer average 110 05 1s
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Disease type VL)  YID.() DALY, (y) D . .
i = Severity: main challenges >
o ®% o
Glaucoma 03 5.6 5.9 oar ¥
Cafa'm 5 a1 10 L1 Dose-response endpoint for animal - human endpoints: No direct relationship!!
Cardiovascular diseases
Bheumaticheartdizeass 192 15 205} For non-cancer diseases how to relate a toxicological endpoint to the disease?
Ischemic heart disease 85 0.7 9.2
Cerebrovascular heart disease 1 13 122 Disability weights must be established by recognised body eg. WHO
Inflammatory heart disease 5 0.5 55
Respiratory diseases
Chronic obstructive pulmonary disease 5 32 8.2 > [Ye) far equal Severity in USEtOX,
Asthma 0.1 0.4 0.6
Congenital anomalies®
Abdominal wall defect as 0 45 No severity = (Implicit) weighting in LCA, when summing up across substances assume equal
Anencephaly 80 0 80 severity ! Not ISO compatible
Anorectal atresia 16 0.2 162
Cleft lip 26 36 6.2
Cleft palate 5.8 7.8 136
Oesophageal atresia 80 0 80
Renal agenesis 80 0 80
Integrated Environmental Assessment and Management — Volume 1, Nunber 3—pp. 181-192
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> Available databases: Toxicity Data source o >  Additional ﬂ?t:ﬁ_zs;fsht ht_tlf'”t°x:'et'"'m'/'.'t'h'f’°w -
@3 > @ among whicl : http:/lwww.tera.orgliter == |
<;. = w @n (x N ﬂg [T Rt iosnet i nb.govicqrtinfssrlgertns 0= [C
EPA Integrated Risk Information System (IRIS) ) vetose L) ot o o (Clasoge ) otscopntns
Google ~ [mer database =] 1[G seareh + AF check « X autobmk [ auorl [ subscriee - @ optons & (] er [§] database
http:/www.epa.gov/iris/ g,s.ml - [oren @ [0 [ 2 j (15 shwrer 1 s 8 s WE =

@ TOXNET interface:
TOXNET - ITER (well synthesized) Efficient search engine

http://toxnet.nim.nih.gov/ - v for different names

Search - soarch

Select Database Search Multi-Database.

; f
The Carcinogenic Potency Database (CPDB) R | oo ITER has a well i
) (o pener 50050 synthesized information
http://potency.berkeley.edu/ TEE Searen| _ciear | _Hop
. ) - ! - < GeneToR R e
60% of tested chemicals are positive for carcinogenicity! rmer Fﬂw For Non cancer:
o IRIS database
INERIS (France) o et
http://chimie.ineris.fr/en/lien/basededonnees/toxicologie/recherche.php iouse e nde| For Cancer CPDB
ement Engineerin
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