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Elements in Risk Assessment of Chemicals

• Hazard identification
– What is the toxic potential of the chemical?

• Hazard characterisation
– What is the relationship between the dose of the 

chemical and toxicity?

• Exposure assessment
– What are the exposures to the chemical?

• Risk characterisation
– What are the probabilities and consequences of 

toxic effects in the exposed population?



Elements in Hazard Character isation

• Establishment of dose-response relationship for 
critical effects

• Identification of the most sensitivespecies and strain
• Identification of potential species differences

(qualitatively and quantitatively)
• Characterization of the mode of action/- mechanism

for critical effects
• Extrapolation from high to low dose and from 

experimental animals to humans



In vivo

In vitro

Testing for Mutagens and Carcinogens:                                                               
Extrapolation from animal to man and from high to low doses.



Mutations in Germ Cells

•Congenital deformation

-3-6 % of all pregnancy 

•Chromosomal mutations

-5% of all pregnancy 

-6% of all stillborn

-30% of miscarries (85% of these can be due to new mutations)

-60 % diseases with heritable elements

•Heritable diseases (1.3%)



Classification and Labeling of Mutagens in EU

Category 1. Substances known to bemutagenic to man         
(epidemiological evidence for heritable genetic damage; not known)

Category 2. Substances which should be regarded as if they 
were mutagenic to man (appropriate animal studies,- other 
information)

Category 3. Substances which cause concern for man owing to 
possiblemutagenic effects (some information, but insufficient…) 

• Category 1and 2:                                               
T ” toxic” ; R46 May cause mutations 

•Category 3:
Xn ”harmful, noxious” ; R40 Possible risk of irreversible 
effects



“Core” Mutagenicity Tests
• Bacteria mutation assays

• Mammalian gene mutation assay in cultured cells

• Chromosomal aberration assay in vitro

• UDS tests in vitro and in vivo

• Rodent erythrocyte  micronuclei assay

• In vivo mammalian bone marrow chromosomal aberration 
test

•Mammalian germ cell tests (heritable germ cell mutagenicity or 
interactions with germ cell DNA)

These tests are very important in hazard identification and 
characterization for mutagenicity and carcinogenicity
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The cancer registry of Norway, 2004



Classification and Labeling of Carcinogens in EU

Category 1. Substances known to be carcinogenic to man 
(epidemiological studies)

Category 2. Substances which should be regarded as if they 
were carcinogenic to man (long term animal studies,- other 
information)

Category 3. Substances which cause concern for man owing to 
possible carcinogenic effects (some information, but insufficient…) 

• Category 1and 2:                                               
T ” toxic” ; R45 May cause cancer or T; R49 May cause cancer 
by inhalation

•Category 3:
Xn ”harmful, noxious” ; R40 Limited evidence of carcinogenic 
effects



Humane studies

Animal test systems

•Short term animal tests                                         
-Rat liver foci                                                  
-Mouse skin                                                      
-Transgenic animals 

•Long-term animal test   (~2 years)                                   
-Rat and mouse; male and female                                  
-2 doses (MTD); 50 per group

Mutagenicity tests

Test for non-genotoxic carcinogenc

If non-genotoxic (or indirect mechanism?), may be placed  in  
cat. 3. If not relevant to man, should not be classified



•Agreement on distinguished between:                      
Genotoxic and Non-Genotoxic Carcinogens and that some 
Animal Carcinogens are Not Relevant to Man 

•It is now becoming increasing evident that a diversity of 
methods of carcinogenic risk extrapolation to low doses must 
be considered, depending of the mode of action:

-Genotoxic:                                                               
(i) Only on the chromosome level or (ii) DNA reactive

-DNA reactive:                                                   
(i) Clearly, (ii) Borderline or (iii) Weak genotoxin

The system of classification should be changed, the 
philosophy of separation of a strictly  sequential ”hazard 
assessment”  and ” risk assessment”  appears out of date
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DNA

• 1953 DNA double-helix structure (Watson and Crick)

• 1972 Unstable (13 000 purinesand 55 000 SSB per somatic cell per day) and sensitiv to 
chemicals, UV and X-rays

• 1973 DNA repair (99.99999 % correctly)

• Length 1.3 m, 1013 cells results in 1.3x1010 km or 430x to and back to the sun

• Weight 5 pg

• 4 bases: A, G, C, T; T-A and C-G 

• 35 000 - 40 000 genes

• 130 DNA repair genes



Establishment of the Dose-Response Relationship 
for  Cr itical Effects

Non-Threshold versus Threshold Effects
For

Genotoxic Carcinogens



Multistep process 
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Bolt et al 2004



Bolt et al 2004



DNA adducts

tumors

Hengsstler et al., 2002



Challenging dogma: Thresholds for genotoxic Carcinogens?

Hengstler et al. Annu. Rev. Prhamacol. Toxicol. 2003,43: 485-520



Boggdanffy and Valentine 2003



Recognition of indirect genotoxicity in the 
establishment of Occupational Exposure Limits (OEL)

•”Health-based” OELs

•”Pragmatic” OELs
– Phenol: GM, SCE and CA in mammalian cells, RM (1,4-
benzoquinone) is rapidly detoxified by GSH, the binding to DNA 
very low compared to protein, inhibits topoisomerase,                     

-genotoxic potential is considered to be weak 

Scientific Committee for OEL (SCOEL)



Recognition of indirect genotoxicity mechanism 
Pharmaceuticals

Acceptance for  threshold

Paracetamol:

”Experimental carcinogen” , but only at very high toxic doses 

Reactive metabolite NAPQI conjugate with GSH and binds more 
rapidly to proteins than DNA

Paracetamol itself inhibits RR, clastogenic in vitro and in vivo at 
high levels of exposure and in HPBL at therapeutic doses, but
HPBL are very special cells that have very low levels of RR and
dRNT and will finally die 

Based on mechanistic  consideration it is generally accepted that
paracetamol is safe for human use at normal therapeutic levels



Recognition of indirect genotoxic mechanisms in the 
approval of plant protection substances and biocides

•In general: No (little) flexibility with regard to classification 
of germ cell mutations 

•Any substance classified as category 2 (mutagen, carcinogen, 
reproductive) should not receive approval, but…

•Carbendazim                                                     

-Toxic effects on reproduction and induceaneuploidy in vitro, in 
vivo and in germ cells,                                             
-No evidence for DNA-interaction, GM, CA,                                       
-Direct binding to tubulin is required for its toxic effects

Consistence with a dose level being identifiable



Recognition of indirect genotoxicity mechanisms in 
the risk assessment of new and existing chemicals -EU

•Non-genotoxic:                                                               
-No-observed –adverse-effect-level (NOAEL), threshold

•Genotoxicity:
-may be directly or indirectly. Unless a threshold mechanism of 
action is clearly demonstrated-linear extrapolation
In some few exceptions e.g. Induction of aneuploidy threshold can 
be used (benomyl, carbendazim)



Hormesis?

Cadmium:

1) Direct DNA-damage,                           
2) oxidative DNA-damage,                  
3) inhibition of DNA-repair, 

No threshold in risk assessment for 
new and existing chemicals





Bolt et al. Tox Lett, 151, 29-41, 2004



Identification of Potential 
Inter - and Intra- Species Differences 

(Qualitatively and Quantitatively)



Species differences in dichloromethane DNA-protein
crosslinks in isolated hepatocytes

Casanova et al., FAAT 37, 168, 1997



Species Differences in Hepatocyte Peroxisome
Proliferation In Vitro

Chemical Mouse Rat Guinea 
Pig 

Marmo- 
set 

Human 

Clofibric acid + + - - - 

MEHP N.D. + - - - 

Trichloroacetic 
acid 

+ + - - - 

Fomesafen + + - - - 

 

Adapted from Bentley et al., Fd Chem Toxicol 31, 857, 1993 
N.D. = Not determined�
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•Mutagenicity assays are very important in hazard identification and 
character ization

•Carcinogenic effect appear to be more critical than Germ cell mutagensis
with regard to exposure to chemical mutagens 

•Criteria for classification of mutagenicity show little/no flexibility, as in 
the case of carcinogens  (DNA reactive versus Chromosomal only)

•Mutagenicity studies in experimental systems as well as on humans can 
gives very important aids to thecarcinogenic r isk estimation

•Mutagenicity  are important in characterization of themechanism

•Mutagenicity studies may give important information with regard to
species differences in carcinogenicity and mutagenicity 

•Mutagenicity studies will aid in theextrapolation from high to low dose 
and from experimental systems to humans

•Mutagenicity studies are also important when character izing exposure

Conclusions with regard to Mutagenicity Assays



Potency Grading?

•Great variation in cancer potency (>108)

•EU criteria based on the evidence for carcinogenicity

T25:                                                            
The dose giving 25% of the animals tumors after correction 
for spontaneous incidence, within life-time

Potency                                                         
-High: T25 value < 1 mg/kg bw/day                                                     
-Medium: 1 mg/kg bw/day < T25 value < 100 mg/kg bw/day     
-Low: T25> 100 mg/kg bw/day 

Relevance to humans:                                            
Dose-response; Species differences; Mechanisms including
genotoxicity 



1-5%1.0%-Low

1.0%0.1%0.1%Medium

0.1%0.01%0.01%High

321EU Category

Potency group

Proposed scheme for subdividing carcinogens in three potency classes

Classification and Labeling, L imit setting

(Pharmaceuticals, pesticides and biocides uses risk assessment; 
Occupational exposure limits (OEL) )

T. Sanner et al



Risk Characterization  of Carcinogens

•Threshold effects
Margin Of Safe: MOS=N(L)OAEL/Estimated exposure    

•Non-Threshold effects

Lifetime cancer risk=
Number of death per year x Living age

Number exposed

Tolerable risk (negligible or acceptable)

•MOS= 10, 100, 1000

•Lifetime cancer risk= 10-3, 10 -4, 10 -5, 10 -6

10-3; Industry, 100.000; 1-2 death/y of total 300 death/y            
10-5; Country, 10 millions; 1-2 death/y of total 30.000 death/y



Risk Characterization of Carcinogens

Animal experiment (data set to use)

Determine animal dose descriptor (T25)

Calculate human dose descriptor (HT25 =T25/(wh/wa)0.25)

Calculate human exposure

Calculate lifetime cancer risk

Evaluate impact of modifying elements



USEPA substances classified as human or likely human 
carcinogens (IRIS)

Nickel refinery dustQuinoline

Diesel engine exhaustFormaldehyde

Creosote1,3-Dichloropropene

Coke oven emissionDichloroacetic acidVinyl chloride

ChromiumChloroformNickel sulfide

ChlormetyletherChlordaneCadmium

BerylliumBromate1,3-Butadiene

AsbestosBis(chlormetyl)etherBenzedine

ArcenicAcrylamideBenzene

Animal dataEpidemiology (animal 
data available)

Animal data not 
suited for  r isk 
estimation

I r is r isk estimation based on



Conclusions with regard to Carcinogenicity 

•Commonly accepted categorization of chemical into
genotoxic (non threshold) and non-genotoxic (Threshold)

•Starting recognition that a number of genotoxicants operate 
by indirect genotoxic mechanisms or are weak DNA reactive          
(“Practical Threshold”?)

•Large variation in potency:  “Potency Gradation”? 

-Important to take into account Modifying Elements

-T25 method as dose descriptor: fast, easy and transparent

-The results with T25-method, the LMS-method and the LED10 do all 
give similar results

-T25 method-Good correlation with epidemiological methods


