
from the Greek words

toxicos "poisonous" and logos

A branch of biology, chemistry , and medicine

concerned with the study of the adverse effects of

chemicals on living organisms.

It is the study of symptoms, mechanisms, 
treatments and detection of poisonings, especially

the poisoning of people.

http://en.wikipedia.org/wiki/File:Skull_and_crossbones.svg


Aureolus Philippus Theoprastus Bombastus 
von Hohenheim (Paracelsus) 1527

sometimes called the father of toxicology, wrote:
Alle Dinge sind Gift, und nichts ohne Gift; allein die Dosis macht, daß ein Ding kein Gift ist.

"All things are poison, and nothing is without poison; only 
the dose permits something not to be poisonous."
Or, more commonly

„The dose makes the poison.“
"Sola dosis facit venenum."

Substances considered toxic are harmless in small doses, 
and conversely an ordinarily harmless substance can be 
deadly if over-consumed.

"Paracelsus", meaning "equal to or greater than Celsus", refers to the Roman 

encyclopedist  Aulus Cornelius Celsus from the 1st century, known for his tract 

on medicine.

http://en.wikipedia.org/wiki/File:Paracelsus.jpg


LD Lethal dosis

http://en.wikipedia.org/wiki/File:Skull_and_crossbones.svg


XENOBIOTICS

The term xenobiotic is derived from the Greek words 

ξένος (xenos) = foreigner, stranger 

and 

βίος (bios, vios) = life, 

very often used in the context of pollutants

(such as dioxins and PCBs)

and their effect on the biota , because 

xenobiotics are understood as substances foreign to an 

entire biological system, i.e. artificial substances, which 

did not exist in nature before their synthesis by humans. 



APPLIED TOXICOLOGY

https://www.youtube.com/watch?v=MYo7puYZwy8



Clostridium botulinum - botulotoxin (botulinustoxin)  lethal dosis  LD50=3.10-11 g.kg-1

Castor oil plant  (Ricinus communis ,Euphorbiaceae)  
lethal dosis LD50  for ricin 6.10-6 g.kg-1

Mycotoxins : aflatoxin AFB1  acute toxicity dosis 0,4 - 10 mg.kg-1

Mushroom toxins : alfa-amanitin (Amanita phalloides)

Animal toxins : crotalustoxin (rattlesnake) LD50=2.10-7 g.kg-1

tetradotoxin (Fugu species)
(Chironex fleckeri, sea wasp)

Microbial, plant, mushroom, animal toxins



Major Environmental Contaminants

Asbestos

Lead

Cadmium

Organic mercury

Inorganic Arsenic

Endocrine-Disrupting Chemicals (EDCs)

herbicides: atrazine, phenoxyacetic acids- 2,4-D, 2,4,5-T……

fungicides: benomyl, carbendazim, mancozeb……..

insecticides: aldrin, carbofuran, chlordan, DDT, pyrethrins……

nematocides : aldicarb

industrial chemicals: Al, As, Cd, bisphenol-A, dioxins, epichlorhydrin, 

furans, PCBs, PCP, phthalates, phenol………  



Cadmium or its compounds

Toxic effects

1. Acute effects

‘Metal fume fever’

Pseudo-influenza type syndrome usually occurring shortly after acute exposure to 

cadmium oxide (CdO) fumes and causing irritation and dryness of the nose and 

throat, coughing, headache, weakness, shivering, fever, etc. Metal fume fever

usually resolves spontaneously.

Acute broncho-pneumonia (chemical pneumonitis)

The first stage is very similar to (and often confounded with) the typical "metal 

fume fever". After some hours, development of symptoms suggesting the onset of

an acute upper respiratory tract infection: irritation and dryness of nose and throat, 

cough, headache, dizziness, weakness, chills, fever, chest pain and 

breathlessness which may progress to serious consequences such as pulmonary

oedema or respiratory failure. 

Death occurring several days after acute exposure to cadmium is usually due to 

pulmonary oedema.



Cadmium or its compounds

Exposure criteria:

It has been estimated that an 8-hour exposure to 5 mg/m³ may be lethal and 

an 8-hour exposure of 1 mg/m³ is considered as immediately dangerous for 

life.
Minimum duration of exposure: From a few minutes to a few hours depending on the intensity 

ofexposure.

Maximum latent period: The first symptoms usually appear within 48 hours following exposure.

Main occupational uses and sources of exposure:

manufacture of Nickel-Cadmium (Ni-Cd) batteries 

electroplating other metals, mainly iron and steel 

in alloys 

as pigments in paints 

as stabilizers

in plastics



Cadmium or its compounds

Pulmonary lesions

Long-term inhalation exposure to cadmium can lead to decreased lung function

(obstructive syndrome) and emphysema.

Lung cancer

An increased risk of lung cancer has been found among workers in foundries and 

battery manufacturing plants where exposure to cadmium has been confirmed. 

However, the causal relationship between lung cancer and prolonged exposure to 

cadmium or cadmium compounds has not been firmly established.

Bone

Cadmium has been known to cause bone demineralisation with accompanying 

severe bone pain (well described in 'Itai Itai' disease in Japan). However this 

resulted from environmental contamination (particularly in elderly women) and not 

from occupational overexposure.

Individual case reports of bone effects following heavy occupational Cadmium 

exposure have occurred in specific groups of individuals especially 

post-menopausal women with vitamin D deficiency.



Cadmium or its compounds
2. Chronic effects

Nephropathy

Nephrotoxicity in occupationally exposed subjects is usually a tubular dysfunction

associated with an increased urinary excretion of Low Molecular Weight (LMW) 

proteins such as ß-2 microglobulins (ß2M) and retinol binding protein (RBP). 

An effect on the glomerulus may also be observed in cadmium-exposed workers, 

as indicated by increased urinary excretion of HMW proteins including albumin, 

immunoglobulin G (IgG) or transferrin. 

Exposure criteria:

Minimum intensity of exposure: Occupational exposure confirmed, if possible

assessed, by:

- history and study of working conditions providing evidence of repeated

or prolonged exposure to cadmium;

- and, if available:

biological monitoring (levels below which nephropathy is unlikely to be due to 

occupational exposure to cadmium)guide values (depending on the duration

of exposure): CdU > 5-10 µg/g creatinine

Workplace air monitoring guide values: atmospheric concentration > 2 µg/m3.
Minimum duration of exposure: Several years depending on the level of exposure

Maximum latent period: Cd is a highly cumulative agent. The first signs of renal damage may develop

several years after documented exposure.



Endocrine-Disrupting Chemicals (EDCs)  (WHO 2012)





Dioxin

1. Acute effects:

eye and respiratory tract irritation

skin rush, chloracne

fatigue, nervousness, irritability

2. Chronic effects:

chloracne

soft-tissue sarcoma 

non –Hodgkin lymphoma 

Hodgkin disease

Contaminant of defoliant 

AGENT ORANGE





Major Industrial Contaminants (CZ)

0 500 1000 1500 2000 2500 3000 3500

Oxid siřičitý 201096
Glyceroltrinitrát 201182

Měď (prach) 201094
Isofluran 201142

Oxid uhličitý 201022
Oxid zinečnatý, jako Zn 201068

Sirouhlík 201214
Oxid dusný 201122

Chlorovodík 201102
Měď (dýmy) 201335

1,2-Dichlorethan 201290
Rtuť 201083

2-Brom-2-chlor-1,1,1-trifluorethan 201034
Ethanol 201190
Furfural 201261

Oleje minerální 201168
2-Butanon 201238

Olova anorganické sloučeniny, jako Pb 201169
2,4-Toluendiisokyanát 201049

Niklu sloučeniny, jako Ni 201166
Formaldehyd 201179

Chromu (VI) sloučeniny 201334
Vinylchlorid 201209

Látka s větou R42 204683
Amoniak 201105

Aceton 201195
Ethylacetát 201030

Xyleny (všechny isomery) 201074
Nikl 201085

Chromu sloučeniny 201158
Difenylmethan-4,4'-diisokyanát 201273
Aromatické dusíkaté sloučeniny 201353

Benzíny 201150
Práce spojené s expozicí polycyklickým aromatickým uhlovodíkům ... (celý název viz nař.…

vulkanizační dýmy 201361
Toluen 201309

Látka s větou R 45 Může vyvolat rakovinu 203117
Styren 201268
Olovo 201081
Ozon 201125

Oxid uhelnatý 201057
Benzen 201201

Látka s větou R43 204684
Látka s větou R42+R43 204685

Benzo(a)pyren 201180
cytostatika 203123

Number of
persons in 
working
operations cat. 
2R + 3 + 4 
(over 100 osob 
according to 
the database 
KAPR)



Some occupational hazards and associated cancers



Under the EU system, substances and preparations can be classified for 

carcinogenic effects as follows:

Category 1: Substances known to be carcinogenic to man. 

There is sufficient evidence to establish a causal association between human 

exposure to a substance and the development of cancer.

Category 2: Substances which should be regarded as if they are carcinogenic 

to man. 

There is sufficient evidence to provide a strong presumption that human

exposure to a substance may result in the development of cancer, 

generally on the basis of :

- appropriate long term animal studies,

- other relevant information.

Category 3: Substances which cause concern for man owing to possible

carcinogenic effects but in respect of which the available information is not

adequate for making a satisfactory assessment. There is some evidence from

appropriate animal studies, but this is insufficient to place the substance in

category 2.

Carcinogenic substances



The International Agency for Research on Cancer (IARC) evaluates and lists 

substances, mixtures,and processes, grouping them into:

Group 1 agents: Carcinogenic to humans

Group 2A agents: Probably carcinogenic to humans

Group 2B agents: Possibly carcinogenic to humans

Group 3 agents: Not classifiable as to carcinogenicity to humans

Group 4 agents: Probably not carcinogenic to humans

The American Conference of Governmental Industrial Hygienists, Inc. (ACGIH)

has a similar allocation of five categories for carcinogenicity:

Category A1: Confirmed human carcinogen

Category A2: Suspected human carcinogen

Category A3: Confirmed animal carcinogen with unknown relevance to humans

Category A4: Not classifiable as a human carcinogen

Category A5: Not suspected a s a human carcinogen

Carcinogenic substances



Occupational allergies

The target organs most commonly affected by occupational 

allergens are the skin and the respiratory tract. 

Individual susceptibility is especially relevant, as atopic individuals 

(those with a personal or family history of eczema, asthma, hay 

fever, or allergic rhinitis) 

are more likely to develop allergies to some agents compared to 

non-atopics. 

Skin patch tests can be used in confirming a diagnosis of 

occupational skin allergy.

Clinical investigations for respiratory allergy include skin prick tests, 

measurement of immunoglobulins, and bronchial provocation test.



Isocyanates

Toxic effects

1. Irritant and corrosive effects

Crucial mechanism of toxicity : direct influence of isocyanates on oxidative stress 

in cells. These chemicals can create quite persistent connections with gluthatione 

and they are the cause of increased production of reactive free radicals.

Isocyanates irritate the skin and the ocular and respiratory mucous membranes.

Direct contact (or exposure to high concentrations) can lead to palpebral and 

corneal disorders with eye burns, photophobia, blepharospasm, conjunctival 

hyperhaemia and superficial corneal ulcerations.

Irritation of the airways may lead to an acute pulmonary oedema with 

bronchoconstriction and possible development of severe bronchiolitis, 

death from acute respiratory distress syndrome or fibrosis-type sequelae.

Guide values: (methyl isocyanate)

irritation of ocular mucous membrane: exposure > (470µg/m3); 0.2 ppm

palpebral and corneal disorders: exposure > (117.5 mg/m3); 50 ppm

acute pulmonary oedema: exposure > (117.5 mg/m3); 50 ppm



Isocyanates

3. Chronic obstructive bronchopathy

Expert evaluation is necessary to determine to causal link between exposure to 

isocyanates and the onset of chronic obstructive bronchopathy.

Exposure criteria:

Minimum intensity of exposure: Occupational exposure to isocyanates confirmed, 

if possibleassessed, by:

- History and study of exposure conditions providing evidence of prolonged or

repeated exposure to isocyanates;

- and, if available:

- biological monitoring;

- workplace air monitoring;

Guide value: atmospheric concentration

TDI > 0.036 mg/m3 (0.005 ppm) 

MDI > 0.047 mg/m3 (0.02 ppm)

Minimum duration of exposure: 10 years

Maximum latent period: Five years



2,4-TDI 2,6-TDI

Isocyanates

2. Immuno-allergic 

effects (diisocyanates)

Allergic contact dermatitis

Allergic contact dermatitis due to isocyanates is observed very rarely.

Allergic rhinitis and conjunctivitis

Asthma

It is well documented that isocyanates are a cause of occupational asthma. 

Humoral as well as cellular mechanisms are involved in the pathogenesis. 

Immediate or late allergic reactions or both can occur. The specific humoral 

immune response can be IgE as well as IgG mediated, 

but many patients with sensitisation to isocyanates have 

no demonstrative serum antibodies against isocyanates.

Allergic alveolitis







REGULATORY TOXICOLOGY





Results from research studies establish the highest doses at 

which no toxic effects were identified and the lowest doses at 

which toxic or adverse effects were observed. The terms 

often used to describe these outcomes are:

No Observed Adverse Effect Level (NOAEL)

Lowest Observed Adverse Effect Level (LOAEL)

These terms refer to the actual doses used in human clinical 

or experimental animal studies. They are defined as follows:

NOAEL — Highest dose at which there was not an observed 

toxic or adverse effect.

LOAEL — Lowest dose at which there was an observed toxic 

or adverse effect.



Sometimes the terms No Observed Effect Level (NOEL) and Lowest Observed Effect Level (LOEL) are 

also used. NOELs and LOELs do not necessarily imply toxic or harmful effects and can be used to describe 

beneficial effects of substances.

The NOAEL, LOAEL, NOEL, and LOEL are commonly used in risk assessments and research. 

For example the U.S. Food and Drug Administration (FDA) publication for industry describes a process for 

estimating the maximum safe starting dose of drugs tested in clinical trials. It provides extensive information 

about these concepts and their utility when developing new drugs.  

NOEALs and LOAELs are also included in the Noncarcinogenic Risk Assessment section where they are 

applied using the benchmark dose (BMD) method.

A dose-response curve 

showing doses where the 

NOAEL and LOAEL occur for a 

substance

(Image Source: NLM) 

Figure shows a dose-response curve 

where the NOAEL occurs at 10 mg and 

the LOAEL occurs at 18 mg.

A dose response curve of a hypothetical 

example where NOAEL occurs at 10 mg 

and LOAEL is at about 18 mg.



simple organisms - protozoa, flagellata, bacteria, 
algae, cyanobacteria, worms, plant seed

cells – white blood cells, hepatocytes, tumor cells

mutagenicity testing on bacteria 
Salmonella typhimurium (Ames test) 

acute toxicity testing on tubifex worms
(Tubifex  tubifex)



Acute 4 different doses or concentrations till 2 weeks 

• oral exposure (per os)
• dermal exposure
• inhalation 
• intraperitoneal exposure (injection)

Subacute 28 - 90 days 

10% of lifetime, 2 species: rodent+other animal

Chronic

Long time, usually the whole lifetime (rat cca 2 years)



1. Drug testing only after succesful
animal testing

2. Study of metabolism and
excretion of drugs and industrial
chemicals , but used doses must
be safely nontoxic



The threshold limit value TLV of a chemical substance is a level to 

which it is believed a worker can be exposed 

day after day for a working lifetime without adverse health effects. 

Strictly speaking, TLV is a reserved term of the American Conference 

of Governmental Industrial Hygienists (ACGIH). However, it is 

sometimes loosely used to refer to other similar concepts used in 

occupational health and toxicology.

The TLV for chemical substances is defined as a concentration 

in air, typically for inhalation or skin exposure. 

Its units are in ppm for gases and in milligrams per cubic meter 

(mg/m³) for particulates such as dust, smoke and mist.

Regulations of exposure levels I



Three types of TLVs for chemical substances are defined:

Threshold limit value – Time-weighted average TLV-TWA: 

average exposure on the basis of a 8h/day, 40h/week work 

schedule PEL

Threshold limit value - Short-term exposure limit TLV-STEL: 

spot exposure for a duration of 15 minutes, that cannot be 

repeated more than 4 times per day

Threshold limit value - Ceiling limit TLV-C: 

absolute exposure limit that should not be exceeded at any 

time NPK-P  (MAC)

Regulations of exposure levels II





Air monitoring



Regulations of exposure levels III

Biologic limit values BLVs represent limits of amounts of substances to 

which the worker may be exposed without hazard to health or well-being

as determined by measuring the worker´s tissues, fluids, or exhaled

breath.

The biologic measurements on which the BLVs are based can furnish

two kinds of information useful in the control of worker exposure:

(1)Measure of worker´s overall exposure, and

(2)Measure of the worker´s individual and characteristic response



Regulations of exposure levels IV

Measurements of response furnish a superior 

estimate of the physiological status 

of the worker, and may consist of

(1)changes in amount of some critical

biochemical constituent

(1)changes in activity or a critical enzyme,and

(2)changes in some physiological function

Measurement of exposure may be made by

(1)determining in blood, urine, hair, nails, or body tissues and fluids

the amount of substance to which the worker was exposed

(2)determining the amount of the metabolite(s) of the substance in tissues

and fluids, and

(3) determining the amount of the substance in the exhaled breath

The biological limits may be used as an adjunct to the TLVs for air, 

or in place of them.



Biological monitoring







Safety data sheets provide information on chemical products that help users of 

those chemicals to make a risk assessment. 

They describe the hazards the chemical presents, and give information on handling, 

storage and emergency measures in case of accident.

Safety data sheet information may lead to guidance appropriate for your task. 

CAUTION

A safety data sheet is not a risk assessment. You should use the information it 

contains to help make your own assessment.

As well as receiving chemicals you may supply them to others. 

If you do, you must pass on information (as safety data sheets) 

to those whom you supply. 

REACH (Registration, Evaluation, Authorisation and restriction of Chemicals) 

is the system for controlling chemicals in Europe. 

REACH adopted some of the older aspects of the chemicals system in Europe, 

including Safety Data Sheets (SDS). 

SAFETY DATA  SHEETS (SDS) 



H       Hazard Statement(s)

P        Precautionary Statement(s)     

SAFETY DATA  SHEETS




