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ABSTRACT 

Do you know the smell of the air before or after it rains? It isn't the 

water that you smell, but a mixture of other chemicals. The odor you 

smell before rain comes from ozone, a form of oxygen which is 

produced by lightning, and ionized gases in the atmosphere. The name 

given to the characteristic odour of rain after it rains, especially 

following a dry spell, is petrichor. The word petrichor comes from 

the  from Greek, petros, meaning ‘stone’ + ichor, the fluid flowing in 

the veins of the gods in Greek mythology. Petrichor is caused primarily 

by a molecule called geosmin. Geosmin (meaning earth smell in 

Greek) is produced by Streptomyces, a Gram–positive type of 

Actinobacteria. The chemical is released by the bacteria when they die. 

It is a bicyclic alcohol with the chemical formula C12H22O. Humans 

are very sensitive to geosmin and can detect it at levels as low as 5 

parts per trillion. Geosmin is found in beets and also freshwater fish, 

such as catfish and carp, where it concentrates in fatty skin and dark 

muscle tissues. Cooking these foods together with an acidic ingredient renders the geosmin 

odorless. Common ingredients you can use include vinegar and citrus juices. Geosmin isn't 

the only molecule that you smell after it rains. It has been analyzed air from rain storms and 

found ozone, geosmin and also aromatic plant oils. During dry spells, some plants release the 

oil, which is absorbed into clay and soil around the plant. The purpose of the oil is to slow 

seed germination and growth, since it would be unlikely for the seedlings to prosper with 

insufficient water. When a raindrop hits a porous surface it traps tiny pockets of air. These 

bubbles then speed upward, like bubbles in a glass of champagne, before breaking the drop's 

surface and releasing microscopic particles, called aerosols, into the air. The researchers 

think these aerosols carry the rainlike aroma. Scientists have long observed that raindrops 
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can trap and release aerosols when they fall on water, but this is the first time they've 

observed the process happening on soil. 

 

KEYWORDS: Geosmin, Argosmin, Petrichor, Decalol, Decalene, Germacradienol, Farnesyl 

diphosphate, Terpene, Bicyclic alcohol, E1 mechanism. 

 

INTRODUCTION 

Petrichor is the earthy scent produced when rain falls on dry soil. The word is constructed 

from Greek word Petra meaning "stone" and ichor, the fluid that flows in the veins of the 

gods in Greek mythology. It describes how the smell derives from oil exuded by certain 

plants during dry periods, whereupon it is absorbed by clay–based soils and rocks. During 

rain, the oil is released into the air along with another compound, geosmin, a metabolic by–

product of certain Actinobacteria, which is emitted by wet soil, producing the distinctive 

scent; ozone may also be present if there is lightning. When a raindrop lands on a porous 

surface, air from the pores forms small bubbles which float to the surface and release 

aerosols. Such aerosols carry the scent as well as bacteria and viruses from the soil. 

Raindrops that move at a slower rate tend to produce more aerosols; this serves as an 

explanation for why the petrichor is more common after light rains. Some scientists believe 

that humans appreciate the rain scent because ancestors may have relied on rainy weather for 

survival.
[1] 
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Figure–1: Geosmin and Argosmin. 

 

Geosmin, an earthy–smelling substance, has been isolated from several actinomycetes. 

Production of 1 mg per liter of whole broth was obtained from Streptomyces griseus LP–16. 

After preliminary separations, pure geosmin was isolated in milligram amounts by gas 

chromatography. Geosmin is neutral oil, with an approximate boiling point of 270°C, which 

contains carbon and hydrogen, but no nitrogen. It undergoes a reaction with acid to give 

odourless argosmin, a neutral oil, with an approximate boiling point of 230°C, which 
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contains only carbon and hydrogen. The acid catalysed elimination reaction follows E1 

mechanism where tertiary –OH of alcohol takes up one –H from adjacent ring having 

branched alkyl chain of decanol is converted into decalene by elimination of one mole of 

H2O.  

 

The physical properties of this compound, geosmin (C12H22O) (from the Greek "ge"=earth 

and "osme"=odour) have been determined. With aqueous acid, geosmin is transformed to 

"argosmin" (C12H20) (from the Greek "argos"=inactive and "osme"=odor) which has similar, 

although not identical, properties, but no odour.
[2] 

 

It's a smell that is associated with cold wet outdoor games into the pitch and the whistle blew. 

That unmistakeable smell of mud and earth that might be associated with weeding the garden 

or hiding from the rain; it evokes fresh air, tackles and the promise of a pint in the clubhouse 

afterwards and the main compound responsible, rather fittingly, is called geosmin: earth 

odour. 

 

O
P

O
P

O
-

O

O
-

O

O
-

CH3

CH3

CH3

CH3

2E,6E-farnesyl diphosphate

Germacradienol synthase

H2O Diphosphate

CH3

CH3 CH3

CH3

OH

2-[(1R,2E,4S,7E)-4,8-dimethylcyclodeca-2,7-dien-1-yl]propan-2-ol

Octalin synthase

Acetone

CH3

CH3

(1S,4aS)-1,4a-dimethyl-1,2,3,4,4a,5,6,8a-octahydronaphthalene

[1E,4S,5E,7R-germacra-1(10),5-dien-11-ol]

[(8S,9S,10S)-8,10-dimethyl-1-octal in]

Geosmin synthase

H2O

CH3

CH3

OH

(4S,4aS,8aR)-4,8a-dimethyloctahydronaphthalen-4a(2H)-ol

(-)-Geosmin

Figure–2: Biosynthesis of geosmin. 

 

Geosmin is a terpene made by microorganisms in the soil, particularly the streptomyces 

family of bacteria that live in soil and decaying matter and produce most of our antibiotics. 

However, the biosynthesis of geosmin was only discovered in 2007 after the genetic code 

of Streptomyces coelicolor, a bacterium that munches on plant matter in the soil, was solved. 

It turns out that a single protein converts farnesyl diphosphate (a common starting material 

for the biosynthesis of terpenes) into germacradienol, a geosmin precursor, which then gets 
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converted into geosmin. The first reaction occurs at one end of the enzyme and then the other 

side does the next transformation. The resulting molecule is a volatile bicyclic alcohol that 

can produce smell at incredibly low concentrations, down to around 0.7ppb (parts per 

billion). Apart from outdoor fields, geosmin is the compound responsible for the earthy taste 

of beetroot and it can also find its way into freshwater fish, as well as wine. Somehow, what's 

tasty in beetroot isn't quite so good in other foods on your plate. Geosmin can be degraded 

with acid, which is why potentially muddy tasting freshwater fish are often liberally doused 

with lemon juice or vinegar. However, that option isn't really feasible for winemakers with 

geosmin–contaminated stock and so there's a great deal of research into other options for 

removing it from wine.
[3] 

 

The most effective treatment for reducing the amount of geosmin in wine seems to be, rather 

fittingly, grape seed oil, with the oil acting as a solvent for the geosmin. Unfortunately, this 

treatment also seems to reduce the volatile aroma compounds that you probably want to keep 

in the wine as well. In fact, even though you can remove much of the geosmin, the reduction 

in other volatiles can actually make the geosmin even more pronounced. Now that the 

enzyme responsible for geosmin's production has been identified, the hope is that people can 

find a way of stopping it being produced in the first place, rather than unsuccessfully trying to 

remove it later on. That seems a little way off however.
[4] 

 

Chemistry 

Geosmin: Molar formula=C12H22O; Molar mass=182g/mole; Boiling point=270–271°C; 

Flash point=104°C 

Argosmin: Molar formula=C12H20; Molar mass=164g/mole; Boiling point=230–231°C; Flash 

point=140°C  

 

The question remains, of course, why we are so sensitive to it, considering that we find the 

compound so distasteful in our food and drink. One theory is that we – or rather our ancestors 

– used the odour of geosmin to identify sources of water. That might seem unnecessary in the 

land of Wellington boots and a national obsession with the weather, but in more arid climes it 

could be a life saver. Keith Chater of the John Innes Centre in Norwich, one of the team who 

originally sequenced the genome of Streptomyces coelicolor, has suggested that camels might 

be so sensitive to geosmin that they can smell oases miles away, and track the scent to find 

water in the desert. The spores of the bacterium, in return, can then hitch a ride and travel to 

the next water hole.
[5] 
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Figure–3: Aroma of rain. 

 

You might not like it in your wine glass but geosmin is more than the smell of a wet 

playground: it could be the smell of survival. Geosmin is an organic compound with a distinct 

earthy flavor and aroma produced by a type of Actinobacteria and is responsible for the 

earthy taste of beets and a contributor to the strong scent (petrichor) that occurs in the air 

when rain falls after a dry spell of weather or when soil is disturbed. In chemical terms, it is a 

bicyclic alcohol with C12H22O, a derivative of Decalol. Its name is derived from the Greek 

word "earth" and "smell". Geosmin is produced by the Gm+ve bacteria Streptomyces, a genus 

of Actinobacteria in the order Actinomycetales, and released when these microorganisms die. 

Communities whose water supplies depend on surface water can periodically experience 

episodes of unpleasant–tasting water when a sharp drop in the population of these bacteria 

releases geosmin into the local water supply. Under acidic conditions, geosmin decomposes 

into odorless substances. In 2006, the biosynthesis of geosmin by a bifunctional Streptomyces 

coelicolor enzyme was unveiled. A single enzyme, geosmin synthase, converts farnesyl 

diphosphate to geosmin in a two–step reaction.
[6] 

 

Streptomyces coelicolor is the model representative of a group of soil–dwelling bacteria with 

a complex lifecycle involving mycelial growth and spore formation. Besides the production 

of volatile geosmin, it also produces many other complex molecules of pharmacological 

interest; its genome sequence is available at the Sanger institute. The human nose is 

extremely sensitive to geosmin and is able to detect it at concentrations as low as 5 parts per 

trillion.  

 

Geosmin is responsible for the muddy smell in many commercially important freshwater fish 

such as carp and catfish. Geosmin combines with 2–methyl isoborneol, which concentrates in 
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the fatty skin and dark muscle tissues. Geosmin breaks down in acid conditions; hence, 

vinegar and other acidic ingredients are used in fish recipes to help reduce the muddy flavor. 

The smell after a rainstorm is also attributed to geosmin. (The smell before the rain is 

ozone.)
[7]
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Figure–4: 2–methyl isoborneol 

 

CONCLUSION 

There are three primary sources of smells that commonly occur after rain. The first, the 

“clean” smell, in particular after a heavy thunderstorm, is caused by ozone.  Ozone (O3 

scientifically known as trioxygen due to the fact that it is comprised of three oxygen atoms) is 

notably pungent and has a very sharp smell that is often described as similar to that of 

chlorine. Some people can smell ozone before the storm has even arrived. Before a 

thunderstorm rolls in, lightning can sometimes rip nitrogen and oxygen molecules in the 

environment to pieces. This can ultimate result in a small amount of ozone forming, which 

wind then carries down to ground level. Ultraviolet light in the atmosphere is also known to 

split O2 molecules, with the freed oxygen atoms sometimes joining with oxygen molecules 

for an ozone party. We’d like to point out that we weren’t using hyperbole when we 

described ozone as being pungent; the average human nose can pick out the distinctive smell 

of ozone at a concentration as little as 10 ppb (parts per billion). Despite its (sometimes) 

pleasant and clean smell, pure ozone is remarkably dangerous and in relatively high 

concentrations, it can destroy cells in your lungs. Luckily, the concentration of ozone before 

or after a thunderstorm is highly unlikely to do you any lasting harm. Moving on, another 

generally pleasant smell caused by rain is the deep, earthy smell, which is strongest after a 

dry spell or particularly heavy rainfall.  This smell is the result of a bacteria commonly found 

in the soil. Certain microbes, particularly streptomyces, produce spores during overly dry 

periods. The longer the soil goes without rain, the more spores that are usually present. The 

smell isn’t actually caused by the spores themselves, though. Rather it’s caused by a chemical 

excreted during the production of the spores known as “geosmin.” 
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As powerful a smell as ozone is, it has nothing on geosmin, which can be detected at 

concentrations of 5ppt (parts per trillion)! The sheer sensitivity of the human nose to this 

chemical is likely why in wooded areas particularly, the smell is so powerful and also why 

the smell of ozone is usually more noticeable in the city, where there is less chance of 

geosmin setting up camp in your nose. The third cause of after–rain–smell is largely due to 

oils secreted by various plants. These oils collect in the environment and when it rains, 

certain chemicals that make up the oils get released into the atmosphere (usually along with 

geosmin) causing a familiar and inviting scent. In 1964, Bear and Thomas set about 

discovering what caused the distinctive rain smell by drying clay and extracting and 

analyzing the oils they found therein. They eventually stumbled upon “an oily yellow 

material” that smelled a bit like it smells after rain. Fun fact, it was Bear and Thomas who 

coined the term, “petrichor” (The pleasant smell that accompanies the first rain after a dry 

spell) purely so they had a word for it.  It comes from the Greek “petros,” meaning “stone,” 

and “ichor,” the golden blood of the gods in Greek mythology. When tested, it was found that 

this oily substance stunts the growth of some plants, leading researchers to surmise that its 

purpose is to stop plants from releasing seeds in non–ideal, overly dry conditions: (1) 

Geosmin is what gives beets that distinctive “earthy” taste.  It also can occasionally be the 

bane of wine makers when it infiltrates the grapes.  If you’ve ever drank water that tasted 

“muddy,” but was otherwise seemingly clean, there is likely some geosmin in your water. (2) 

Geosmin also is what can make fish taste muddy. To get around this problem, simply use a 

bit of vinegar or other highly acidic substances, which will break down the geosmin and take 

away the earthy taste? (3) “Ozone” comes from the Greek “ozein,” meaning “to smell.” (4) 

Besides producing geosmin, we have streptomycetes to thank for producing approximately 

two–thirds of all natural antibiotics, including antibacterial, antiparasitic and antifungal 

substances. It also produces immunosuppressants. 
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