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Toxicology and biomonitoring
From the source to the disease 
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• An observable or measurable physiological alteration, reversible 
or not

• Observable in different species
• Against which the body’s protective mechanisms are insufficient
• Which implies a dimension of quantity or dose 
• The toxicity of a chemical substance depends on its degree of 

exposure, Absorption, Distribution, Metabolism and Excretion 
(ADME)

Toxicology 
What is toxicity ?
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• Ultimately, the relevant 
toxic dose is the 
concentration/quantity of a 
toxic substance/metabolite 
that will reach a target 
organ   

Toxicology
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Exposure 

ADME 



Question (2.2a)

What are the possible exposure 
situations and health risks ?  

Case study
The shoe factory

Mrs Blue works part-time in a shoe factory, which 
allows her to devote part of her time to her 
hobby, painting... 
To glue the soles, she uses an adhesive containing 
toluene. The premises where she works are 
dilapidated, and the company's safety officer is 
concerned about her exposure.



Chloroprene rubber
• solid material, stable and inert
• possible presence of sensitizing agents (impurities or degradation products)

 Possible skin allergies 

Toluene
• MW 92 g/mol, liquid, LogKow 2.7
• Vp: 3 kPa (21°C), solubility in water 0.58g/l (25°C), LIL 1.2%
• reprotoxicant, ototoxic, irritant, Central Nervous System (CNS)
• OEL-8h (Switzerland): 50 ppm (190 mg/m3) 

 Exposure through inhalation
 Possible skin permeation
 Toluene is present in many varnishes and paints, possible domestic 
exposure 

Case-study solution
Question 2.2a
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ADME
XXXX
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ADME and entry route
Ingestion, 
Inhalation and 
percutaneous
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The rate of elimination is independent of the concentration of the toxic 
substance 

Example: ethanol  

Elimination, zero order kinetics
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• A constant amount of the toxicant is eliminated per unit of time

• Mainly enzymatic (alcohol dehydrogenase ADH1…7)
• Limiting factor (alcohol dehydrogenase, reoxidation of NADH).
• Successive decomposition into acetaldehyde and acetate.
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• The body eliminates about 0.015 (0.01-0.06) g/100 mL 
blood/hour (one beer) 

• Example: ethanol removal after 6 beers (60 ml)

Zero order kinetics, ethanol

• Used in retrospective evaluation of blood alcohol [ ]

General kinetics
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Zero order kinetics, ethanol
Inter-individual kinetic variability 
• Body mass
• Physical activity

Genetic polymorphism of ADH
• Proportion of ADH alleles varying by ethnicity 

ADH allele frequency (%) 
by ethnicity (from Borson 
and Li, 1986)



• Independent of the [ ]
• Constant speed

Ethanol elimination 
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Elimination, zero order kinetics

ଵ
ଶ

 
= ଴



Elimination, first order kinetics
Example. PAH exposures in 
foundries 
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• A constant proportion of 
the toxicant is eliminated 
per unit of time

14

Elimination, first order kinetics
Elimination is proportional to 
the [ ] of the toxicant
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Elimination kinetics
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Question (2.2b)

What would be the toluene concentration (in 
ppm) in the exhaled air of Mrs Blue at 9 pm if he 
had, when leaving her work at 5 pm, 15 ppm of 
toluene in her exhaled air?

Case study
The shoe factory

Toluene is quickly absorbed and metabolized 
into the body (1st order kinetic). Its half-life in 
the blood is about 1,5 hours. 



Using the first order kinetic equation
Half life t1/2 = 1.5 h, Time interval  t = 4 h

kinetic constant k = ln 2/ t1/2 = 0.462 h-1

concentration decrease
A = A 0. e – kt

A = 15 . e – (0.462 ×4) = 2.36 ppm

Case-study solution
Question 2.2b
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Using the half life of the substance
An interval of 4h corresponds to between 2 and 3 Half life 
The concentration ranges between 1.9 and 3.7 ppm 

Blood and exhaled air concentration will decrease quickly after exposure 

Exhaled air concentration will reflect the blood concentration and follows the 
same kinetics due to the rapid air-blood exchange in the lungs 



Toxicokinetics
• Description of the behavior and fate of 

the pollutant in the body

Toxicokinetics

18

Modelling
• Mathematical modeling of the ADME process. 
• TK – toxicokinetic modelling
• PBPK – Physiologically-Based Pharmacokinetic

modeling



TK model 
• Mathematical representation of the key 

body compartment and processes

Toxicokinetics – modeling 
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Example in the metal industry 
• Co-exposure to xylene and ethylbenzene 
• Similar health effects of the two solvents (CNS 

effects)
• Interferences when co-exposed to both 

solvents 

Toxicokinetics
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Metabolization of Xylene 
• Biomonitoring through Methylhippuric acid



• Biomonitoring through Phenylglyoxylic
acid and Mandelic acid

• Same enzymatic process

Toxicokinetics
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Metabolization of Ethylbenzene



Biomonitoring of Methylhippuric acid (MHA)
• After (one week) exposure to 100 ppm Xylene (XY) 
• After (one week) co-exposure to 100 ppm Xylene 

(XY) and 25 ppm Ethylbenzene (EB)
• Biomonitoring will underestimate XY exposure

Toxicokinetics- biomonitoring  
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Biomonitoring of Mandelic acid (MA)
• After (one week) exposure to 100 ppm 

Ethylbenzene (EB)
• After (one week) co-exposure to 400 ppm Xylene 

(XY) and 100 ppm (Ethylbenzene)
• Biomonitoring will underestimate EB exposure



• Unchanged substance (metal, solvent) in blood, urine, exhaled air…
• Metabolites (organic compounds) in blood, urine, saliva
• Biological determinant adducted to DNA of hemoglobin

Biomonitoring  
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Internal dose indicators

Takes into account
• Physical effort
• All entry routes (skin, ingestion, inhalation..)
• Personal protection
• Fluctuations of the environment 
• Constitution: fat, muscle,…
• Metabolic differences

Interest of biomonitoring



• High inter-individual variability 
• Possible interferences(alcohol, medication,…)
• Sometimes invasive
• Does not detect exposure peaks 
• Limited to a few substances 
• Sometimes difficult to interpret 

Biomonitoring  
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Disadvantages 

• BEI (biological exposure indices) in the USA
• BAT (biologicher arbeitstoff-toleranz wert) in Germany
• VBT (Valeurs biologiques tolérables) in Switzerland

References values 



Important factors
• Half-life of the biological indicator
• Exposure level
• Exposure variability
• Individual variability 

(diuresis/creatinine)
• Timing of sampling 

Biomonitoring strategy 
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What and When 
to sample ?

Biomonitoring strategy
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Question (2.2c)

Characterize the kinetics of this decay. What will 
be the potential implications of such kinetics on 
the follow-up strategy of the Mrs Blue?

Case study
The shoe factory

Mrs Blue exposure was followed by biomonitoring. Urine 
samples were collected  after the end of the daily work shift 
and measured for hippuric acid (a metabolite of toluene), 
with the following results: 

[HA] T0 (Immediately after exposure): 3.0 [g/g creatinine]
[HA] T4 (4 hours after exposure) : 2.1 [g/ g creat.]
[HA] T12 (12 hours after exposure) : 1.4 [g/ g creat.]



We can calculate the kinetic rate using two points 
1/[A] = 1/[Ao] + kt
kt = 1/[A] - 1/[Ao]

12.k= 1/1.41 – 1/3
kinetic constant k = 3.13 10-2 Lmol-1 s-1

Case-study solution
Question 2.2c
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The complete elimination of the organism is thus very slow, it is thus 
necessary to take samples at the end of the working week (and end of 
working shift.

During the first 4 hours, the concentrations decreased by a factor 0.7 (2.1/3). During the next period, 
it decreased by a factor similar 0.67 (1.41/2.1), although the period was two times longer 8h. The 
half-life therefore increases with decreasing concentration, indicating a second-order like decrease. 



Structural analogy 
• Similar biological and chemical structures can produce similar 

responses (QSAR)

In vitro evaluation 
• Mutagenicity test (Ames)
• Cell culture (target organ)
• Human and animal tissues 

Animal experimentation
• Acute and chronic tests in rats, mice and dogs
• Choice of animal based on similarities to humans (absorption, 

metabolism)
• Importance of the route of entry 

Human epidemiological data 
• Descriptive (disease prevalence), retrospective (exposure to a 

particular substance
• Health effects measured in exposed populations 

Assessing toxicity  
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Resources, 
representativeness 



Toxicological profile
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Minimal requirements 
according to REACH (EU 
Chemical Regulation) 

• Prior to marketing



Toxicological profile 
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Minimal requirements according to 
REACH (EU Chemical Regulation) 

• Large production volume 



Classic relationship 

Dose-response relationship
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• An increase in dose 
leads to an increase in 
effect (mortality, 
morbidity) in the 
exposed population  
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• NOAEL – No Observed Adverse Effect Level
Highest dose or concentration at which no effect 
is observed 

• LOAEL – Lowest Observed Adverse Effect 
Level
Lowest dose or concentration at which the effect 
is observed 

• LD – Lethal Dose 50%
Dose or concentration at which effects are 
observed in 50% of the exposed individuals

• DNEL – Derived no effect Level
Dose or concentration threshold used in 
regulation and prevention (includes safety factors)

Dose-response and thresholds
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Instances
• The Scientific committee on Occupational 

exposure limits (SCOEL)
• National Committees
• In Switzerland: MAK Commission 

Dose-response and thresholds
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Approach
• Prioritization of substances
• Data analysis 
• Identification of critical effect
• Identification of a POD (Point of Departure)
• Assignment of adjustment factors

POD
Adjustment 
factors



In Switzerland
• 8h-TWA (Time Weighted Average), VME – Valeur 

Moyenne d’exposition
Average concentration in the air of workstations of a given 
pollutant which, according to the current knowledge, does not 
endanger the health of the vast majority of workers exposed to it, 
for a duration of 42 h per week, at a rate of 8 hours per day, for 
long periods

• 15min-TWA, VLE – Valeur Limite d’exposition
Short period exposures 
Limitation in intensity, time and frequency

• VBT – tolerable biological values 

• Threshold for physical agents 

Occupational exposure levels (OELs)
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Occupational exposure levels (OELs)
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• 8h-TWA (VME)
• 15min-TWA (VLE)

Short-term average any time of the day (



VME / VLE values
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VME / VLE values
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Limits of the regulatory thersholds
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Substances without exposure limits
• Known substances: > 20 Mio
• Industrial substances: 15’000-35’000
• Substances with exposure limits in Switzerland: 620
• Tolerable biological values in Switzerland (VBT): 45

Other limitations 
• Almost all workers
• Hypersensitivity below the threshold 
• Existence of a residual risk in absence below the threshold (e.g

direct carcinogen)
• Limitation to healthy workers (age, gender, health status)
• Cumulative exposure 
• New knowledge 


