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Some definitions 

      Poisons have been known to mankind since the dawn of civilization. Throughout history many 

examples of poisonings can be found to mention only few: in ancient Egypt,  Roman Empire or 

Greece with the death of Socrates after drinking cicuta, infamous activity of Borgia family during the 

Renaissance in Italy or usage of poisoned arrows by Indians. Paracelsus was a German-Swiss 

physician and the father of toxicology, who formulated in XVI
th 

century the rule: “The dose makes 

the poison”. It means that even table salt or baking soda can be poisonous if taken in a big enough 

amount. What is then the poison? It is a substance that after entering an organism in a relatively 

small dose causes disturbances in its functions and may lead to death. How is the poison defined 

quantitatively nowadays? By so called LD50 (abbreviation for lethal dose) – it is a dose  required to 

kill 50% of tested population of animals (usually laboratory mice). It is usually expressed in mg, μg 

or ng per kg of the tested organism.  For gases usually LC50 (lethal concentration) is used that gives 

the dose in mg/m
3
 in a certain time of the exposure. These quantitative measurements are, 

unfortunately, not precise enough, because they can be tested on various animals, the way of 

exposure for the poison may differ, and they say nothing about the mechanism of the toxin's action 

that may be different for tested animals and humans. In addition to these measures there exist in 

toxicology various systems of toxic substances classification, usually from extremely or highly toxic 

to harmful substances. Let us compare some LD50 values for some substances: sucrose – 29700 

mg/kg, ethanol – 7060 mg/kg, caffeine – 192 mg/kg, sodium fluoride – 52 mg/kg, nicotine – 3 mg/kg 

dioxin (TCDD) – 20 μg/kg, botulinum toxin (botox) – 1 ng/kg. The differences are enormous.  

    Poisons can be both inorganic substances e.g. potassium cyanide, mercury chlorides, lead salts and 

organic compounds e.g. strychnine, nicotine. They can appear in various matter forms e.g. as gases – 

chlorine, hydrogen cyanide, carbon monoxide, as liquids – bromine, mercury or solids – arsenic 

trioxide (white arsenic), phenol. They can be characterized by acute toxicity with almost immediate 

poisonous effects or chronic toxicity after prolonged exposure to the toxic agent.  

     But do not be afraid – chemists try to keep everything under control. Nowadays all hazardous 

chemicals should be precisely described and properly labelled according to the United Nations 

Globally Harmonised System (GHS). In Europe all chemicals are controlled by the European 

Chemicals Agency located in Helsinki. You can find more information about this institution and its 

activity under http://echa.europa.eu. Let us cite some words about chemicals in our life from ECHA 



homepage:  Firstly, don't be afraid of chemicals – you are made of them, and you need them. 

Secondly, treat them with respect. Look at the packaging of products you buy and read the labels. 

See if there are safety instructions that you should follow. Take those instructions seriously. They are 

there for your safety. That should always be the maxim of our behaviour. 

Classification, labelling and description of dangerous chemicals 

     Since the first of July 2007 the REACH (Registration, Evaluation and Authorisation of 

Chemicals) system has been introduced in Europe that describes regulations of the EU adopted to 

improve the protection of human health and the environment from the risk caused by chemicals. In 

accordance with REACH since 2008 CLP (Classification, Labelling, and Packaging) system 

congruent with GHS has been in force. Within this system all dangerous chemicals are labelled with 

new pictograms showing the hazards connected with certain chemicals. The older pictograms are 

valid until 2017 so one can meet both systems in practice. In the table below there are examples of 

older and new pictograms concerning poisonous substances. Some of them may be also dangerous 

for plants, aquatic organisms and for environment in general. 
 

Older 

system 

valid up 

to 2017  

Fatal/toxic if 

swallowed, 

inhaled or in 

contact with skin 

 

 

 

Harmful/irritating 

if swallowed, 

inhaled or in 

contact with skin 

 

 

 

 
 
Hazardous for the 

environment 

 
 
Corrosive to skin, 

eyes, and metals 

New 

CLP 

system 

 

Fatal/toxic if 

swallowed, 

inhaled or in 

contact with skin 

 

Harmful/irritating 

if swallowed, 

inhaled or in 

contact with skin 

 

 

Mutagenic, 

cancerogenic, 

teratogenic 

 

Hazardous for the 

environment 

 

Corrosive to skin, 

eyes, and metals 

 

One can see that the new system is a more precise one. It differentiates substances that can cause 

genetic defects, cancer, allergy, can influence fertility or can be dangerous for unborn children. Many 

more pictograms are used by professional chemists, but on the other hand, many products used in a 

household are labelled with some of these pictograms shown in the table, so it is good to know them 

in order to be conscious about dangers connected with those chemicals.  



All chemicals put on the market or used to produce various combined products should have 

nowadays, in accord with national and international legislation, so called MSDS (material safety data 

sheet) a voluminous document describing in detail composition, physical and chemical properties, 

identification of hazards, first aid measures, fire fighting measures, stability and reactivity, 

toxicological and environmental information, storage and waste disposal, as well as transport 

regulations. All poisonous and dangerous substances are characterised by the so called R/S (risk and 

safety) phrases that are now existing parallel to the analogous H/P (hazard and precautions) 

statements. After 2015 the H/P system is obligatory. The whole list of R or H phrases describes all 

hazards that may be caused by chemicals and S or P prompt how to avoid them and what to do in the 

case of risk. These statements are used rather by professional chemists and are usually absent in 

everyday life.   

How chemistry proved history 

     A strange and a very sad story about poisons is connected with the remains of the Nazi 

concentration camp from the second world war in Majdanek, which is now a museum of the second 

world war victims in the south-eastern part of Poland. At the end of the war almost all barracks made 

of timber were totally burned and the official documents were destroyed, so the question whether it 

was a labour camp or extermination camp remained open. But chemistry proved history without any 

doubt.  Among the buildings that stayed untouched by the fire was a big concrete bath for prisoners. 

Some years after the war on the internal walls of this building there appeared big blue spots. An 

international commission took samples of these spots for chemical analysis and it was proved that 

the colour comes from Prussian blue, an inorganic pigment which is a cyanide complex of iron: 

Fe4[Fe(CN)6]3. Iron is always present in a cement but cyanide ion must have been transferred to the 

walls from outside. So the only reason for the formation of this complex compound was the usage of 

hydrogen cyanide, an extremely poisonous gas, a main component of Zyklon B used by Nazis in gas 

chambers for killing prisoners of the extermination camps. Hydrogen cyanide penetrated the walls, 

the reaction with iron cations present in cement took place and water took the formed Prussian blue 

to the surface. The formation of this pigment is never observed under usual conditions thus concrete 

walls are usually grey. 

Poisonous animals 

     Fortunately in Europe we do not have many  poisonous animals  similar  to  scorpions,  venomous 

snakes like black mamba or spectacled cobra, very poisonous blow fish, tarantulas or other toxic 

spiders  more prevalent in tropical regions. To find more about poisonous animals consult a list at 

en.wikipedia.org/wiki/list_of_poisonous_animals. Still also in Europe we can find examples of 

poisonous snakes, amphibian, reptiles and insects. The most dangerous is the Viper family with the 



common adder that can be found in many countries. Other European snakes are not dangerous but 

they are often killed, because many people do not differentiate them from the adder. Therefore it is 

good to know the adder’s characteristic features. The colour of this snake may be various but one can 

easily recognise it by the zigzag pattern along the spine. Adders bite their prey and their venomous 

saliva acts as haemotoxic agent that destroys the blood cells and causes tissues damage. Therefore 

help should be immediate and the antidote should be given as quickly as possible. Other poisonous 

amphibians and reptiles are less dangerous. Both the common toad, European green toad and 

salamander possess poisonous skin with glands containing venom, therefore no one should touch 

them. An example of poisonous mammals is the Eurasian water shrew, a small animal whose saliva 

can be dangerous only for smaller organisms but, fortunately, not for humans. It is assumed that also 

the European mole has somehow poisonous saliva that paralyses its prey, mainly various worms. 

They are then preserved alive in an underground storehouse as a spare food for later consumption. 

Everybody knows also the poisonous stings of honey bees, wasps, and hornets. Their venoms cause 

usually pain, swelling, and irritation of the skin, but we should not forget that for people with 

allergies and for babies these insects can be fatal. Another representative of poisonous insects is the 

Spanish fly or blister beetle. In small doses its secretion causes only irritation of the skin - it is even 

used in dermatology, but in ancient times the powder prepared from many dried blister beetles acted 

as a real poison. 

What is the chemistry of  venoms? Usually they are complicated mixtures of proteins and 

polypeptides with the addition of some neurotransmitters like histamine, dopamine, noradrenaline. In 

some cases specific substances, components of venoms, were isolated such as samandarin(I) present 

on the skin of salamander or cantharidine (II)  that can be found in the joints of the  Spanish fly:                                
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     Animals use these poisons to frighten off or kill their persecutors. It is a kind of biological 

weapon of chemical origin. 
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Poisonous plants 

     Plants, to protect themselves from being eaten by animals, produce the whole variety of poisons, 

mainly alkaloids i.e. organic bases, usually containing one or more fused heterocyclic rings with 

nitrogen as a heteroatom. Below some examples of alkaloids: nicotine (III) present in tobacco, thus 

also in cigarettes, caffeine (IV)   present in coffee and tea, (S)-coniine (V) one of the alkaloids 

present in a plant extract cicuta or (L)- muscarine (VI) to be found in many species of mushrooms 

amanita: 

   

The structures of these alkaloids are relatively simple but among natural products we can find 

hundreds examples of more complicated molecules. 
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     Besides alkaloids there are many other poisonous substances e.g. some glycosides present in 

plants. What is interesting is that many of these toxic substances are used as medicines – everything 

depends on the dose. The list of poisonous plants found in Europe is very long, however shorter than 

the list of tropical plants. However some exotic plants can be found in our houses as pot-plants. Very 

often we are not conscious that many of blooming plants, bushes or trees are poisonous. The list of 

poisonous plants can be found under: en.wikipedia.org/wiki/List_of_poisonous_plants. It is 

interesting that toxic alkaloids are sometimes found in all parts of the plant and sometimes are 

concentrated e.g. in a bark, or a root or leaves. When we do not know for sure it is better to be 

always careful, because some popular plants can be very toxic.  Drinking water from a vase with a 

bouquet of lily of the valley (Convallaria) can kill a child! Therefore we should always wash our 
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hands after touching poisonous plants. The latter are dangerous in particular for children, who tend 

also to eat colourful berries e.g. of European yew, mezereon or privet.  

 

European yew 

 

Mezereon 

 

Privet 

Below you can find some more examples of popular but poisonous plants: 

 

Hyacinth 

 

Narcissus (daffodil) 

 

Convallaria (lilly of valley, 

May bells, May lily) 

 

 

Orchid  

 

Cactus 

 

Anthurium (tailflower) 



 

 

Dieffenbachia 

 

Euphorbia (spurges) 

 

Digitalis (foxgloves) 

 

Laburnum (golden shower 

tree) 

 

Oleander (nerium) 

 

Cicuta (water hemlock) 

     When we plan to cultivate new plants in our garden we should always check whether these plants 

are not poisonous, especially when we have young children at home. It does not mean that we should 

avoid these beautiful plants. It is important to have this knowledge to avoid  dangerous situations of 

accidental ingestion. Sometimes it can happen when we e.g. plant  or pick the flowers and then touch 

with the same fingers food or cigarettes.  

     A very positive development towards consciousness of consumers is 

the fact that recently the producers of seedlings or cuttings for hobby 

gardens sometimes put on packaging a warning sign like this: 

 
        



     We should be exceptionally careful when we want to pick mushrooms. Some of them may be 

deadly, so we should always remember that people picking mushrooms, like sappers (bomb disposal 

experts), can err only once. Some poisons contained in mushrooms are very dangerous, because they 

give symptoms of poisoning when it is already too late to give the antidote and irreversible damage 

to some organs, in particular the liver, has taken place. 

  Dangerous chemicals in the household     

     Can we find any dangerous chemicals at home and in our nearest environment?  Yes. The most 

toxic are carbon monoxide (see the article "The Silent Assassin") and mercury. In fact the usage of 

this liquid metal in thermometers  was banned by European Union directive from 2007 that came 

into force in 2009. Many national legislation followed, but some clinical thermometers with mercury 

can still be found. So it is good to know what to do in case of breaking such a thermometer. Mercury 

is not soluble in water therefore swallowing is not very dangerous. On the contrary, its vapours are 

an hidden enemy. They attack slowly but systematically on the human nervous system and damage 

bones. Thus the droplets of mercury should be carefully collected together with the remains of a 

broken thermometer, which should be removed, as quickly as possible, to a sealed container. And the 

worse thing one can do, is to remove mercury and these residues with the help of a vacuum cleaner. 

Then even more mercury vapours are formed.  The site of the broken thermometer should be washed 

many times with an aqueous solution of sodium thiosulphate used e.g. in photographic processing as 

a fixative. This reagent is not toxic and it is even used in medicine as an antidote. The best solution, 

however, for the whole problem is to transfer the old mercury thermometers to a proper waste 

disposal. In today's world, mercury is still widely used in fluorescent fittings and light bulbs; when 

they break, the residues should be treated the same way as thermometers. 

Many household chemicals contain dangerous substances and even poisons, to enumerate only few: 

drain cleaners containing highly corrosive sodium hydroxide, toilet bowl cleaners containing highly 

corrosive acids, ammonia used for cleaning but irritating breathing organs, bleaching agents 

containing highly corrosive and irritating sodium hypochlorite. And looking outside one can find in 

the garden the whole spectrum of herbicides, fungicides, insecticides and so on. All of them are 

usually strong poisons.  

Some elements of toxicology 

   To diminish or stop the activity of the poison in an organism the corresponding antidote should be 

administered. Antidotes can either inactivate a poison or show the activity opposite to the poison or 

stop the absorption of the poison. Can chemistry, including stereochemistry, help us to understand 

these mechanisms? Definitely yes. There is e.g. the relation between structure and poisonous activity 

of organic compounds. Some functional groups in organic compounds seem to enhance the 



poisonous activity, whereas others to lower it. This cannot be generalized, however: for instance, the 

effect of -OH groups are different according to the nature of the molecule they are attached to. So 

aromatic derivatives (phenols) ArOH are more poisonous than their mother compounds, whereas in 

the case of aliphatic compounds the growing number of -OH groups in the molecule lowers toxicity 

(with the exception of ethylene glycol), so that polyols like glycerol and carbohydrates are not toxic 

at all. Stereochemistry of organic compounds plays an important role in their toxicity. So fumaric 

acid is used in food industry whereas maleic acid is damaging for kidneys: 
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              fumaric acid    (E-isomer)                     maleic acid   (Z-isomer) 

     The difference in toxicity can be found not only for geometric diastereoisomers but also in the 

case of enantiomers. Thus L-adrenaline is 15 times more toxic than D-adrenaline and L-nicotine even 

40 times more toxic than D-nicotine. 

     Many poisons are filtered by kidneys and excreted to urine. The pH of urine may influence such 

processes. Urine is usually slightly acidic (pH ~ 6.8), and poisons may be basic or acidic. Basic 

poisons are the more easily excreted the more urine is acidic, and the reverse holds for acidic 

poisons. So, when the organism is affected by weak bases (usually amines e.g. aniline), then it is 

very useful to make urine more acidic, e.g. by giving the patient a solution of ammonium chloride 

NH4Cl that lowers pH of urine and is not harmful for organism. On the contrary, when the poison is 

a weak acid e.g. benzoic acid, its elimination is enhanced by making urine more alkaline; this can be 

achieved by drinking sodium hydrogen carbonate NaHCO3 or sodium lactate CH3CH(OH)COONa 

solutions. In all the above mentioned cases, the variation of the pH of urine is the result of hydrolysis 

of the administered salts. 

     The most important intervention at the early stage of poisoning is to stop the contact of poison 

with the organism. Therefore after poisoning with gases we should remove the patient, as quickly as 

possible, into fresh air and after swallowing poison we should cause vomiting (but never do it in the 

case of highly corrosive substances like strong acids or bases – it can cause even worse chemical 

burns, neither in the case of detergents nor petroleum and its derivatives – it can cause choking). 

Usual procedure is then gastric irrigation done in  a hospital. In less severe cases of poisoning giving 

charcoal to the patient may help, but unfortunately charcoal cannot absorb either corrosive 

substances or alcohols or organic solvents. In the latter case liquid paraffin can help. The home 

remedy for poisoning with acids is immediate swallowing of egg white in milk or water. The acid 



then causes denaturation of egg proteins instead of those in the organism. Another useful absorbent 

can be starch, especially in the case of poisoning by iodine and its derivatives.  

     There are various mechanisms of antidote activity. One of them is metabolism blocking. It 

happens in the case of ethanol, which is in fact also harmful, but not as poisonous as methanol. Thus 

in the case of methanol poisoning ethanol, even in relatively high doses, is given to the patient in 

order to replace methanol in a metabolic pathway.   Another mechanism of antidote action is the 

change of the poison into a more soluble substance which is then easily eliminated from the 

organism. Sometimes oxidation reactions are used (usually by means of potassium permanganate 

KMnO4 solutions) with poisonings by alkaloids e.g. nicotine but also with poisoning caused by 

phosphorus (present in matches) and its derivatives.  
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Some poisons act through free radical intermediates. N-acetylcysteine, which 

removes free radicals, is mainly used in the case of poisoning by paracetamol and 

also by carbon tetrachloride or various gases. 

     In poisoning by metals, mainly in forms of their salts, the mechanism of antidote action is based 

on metal complex formation. Therefore some electron donating functional groups such as carboxylic 

or thiol (sulfhydryl) are present in the molecules used as antidotes. Below you can see some 

examples of often used ligands that can complex some metal ions easily: 
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Dimercaptol  (BAL) 

Sulfur analogue of 

glycerol 

SO3HCH2

CH

CH2

SH

SH  
2,3-dimercapto-1-
propanesulfonic acid 
(Unithiol, DMPS) 
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2,3-dimercaptosuccinic 
acid    (Succimer) 

N

N

COOH

COOH
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COOH

 
Ethylenediaminotetraacetic 
acid  (EDTA) 

Used for arsenic, 

mercury, but not for 

thallium, selenium, 

tellurium, vanadium 

and cadmium 

Similar action as by 

Dimercaptol 

Used mainly in 

cadmium and lead 

poisonings 

Used mainly in mercury 

and lead poisonings 

 

       Nowadays we cannot imagine everyday life without chemistry. Does it mean that we should be 

frightened by so many poisons in our environment? The only solution is to be conscious to avoid the 

danger. Chemists can help show the way in this respect. Simply check carefully the labels on the 

products in a kitchen or a bathroom. The producers are nowadays obliged to put all pictograms 

concerning dangerous substances on the labels of their products. When we know these pictograms 

we can act properly to avoid the danger. In spite of that sometimes accidental poisoning may happen. 

Therefore it is vital to know the telephone numbers of the emergency services.   


