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Introduction 

Organic solvents are widely used in chemistry/ pharmaceutical 
laboratory and industries and despite their declining exposure lev-
els, health hazards still exist. The route of  exposure of  volatile 
petrochemicals substances is usually through the airways or skin 
and the hazard effect causes various acute and chronic effects in 
central nervous system, cardiovascular system, etc. Kaukiainen et 
al., analyzed the biochemical parameters in 29 solvent exposed 
workers and they reported the effect of  chronic solvent exposure 
on these subjects. They found multi-systemic effect on solvent 
and this effect is similarities with those in the metabolic syn-
drome[1]. In 1994, Lundberg et al., reported the “possible signs 
of  liver dysfunction” in workers who worked in trades for at least 
10 years before 1970.[2] Most of  researchers using volatile solvent 
for many of  their research and unknowingly people surrounding 
to the laboratory/ to the reaction place they are inhaling without 
knowing the health effect of  the chemical solvents. The chemical 
which we are using in laboratory not only dangerous to people 
who working in the laboratory and also it has effects on our soci-
ety and our earth. The Bhopal disaster (Bhopal gas tragedy) and 
Chlorofluorocarbons (CFCs) examples for the effect of  laborato-

ry gas on society and on our earth respectively. The Bhopal (India) 
gas tragedy was considered the World’s worst industrial disaster 
occurred on the night of  2 – 3 December 1984 at Union Carbide 
India Limited, a pesticide plant in Bhopal. In Bhopal gas tragedy 
520,000 people were exposed with methyl isocyanate gas and it 
caused >100,000 permanent injuries, >2000 death in first week 
after disaster and 3,787 total deaths.[3-5] Another best example 
for effect of  laboratory gas on our ecological system is CFCs, 
and it was developed in 1930’s as safe, non-toxic, non-flammable 
alternative for ammonia for the purposes of  air conditioning and 
cooling units and as aerosol spray propellants prior to the 1970s. 
Later CFCs introduced chlorine into the ozone layer and caused 
damage in ozone layer there by increased the ultraviolet radiation 
in our ecological system.[6,7] The above discussed few examples 
are clearly indicating the effects of  chemical/ chemical gases on 
galaxy. The main objective of  this review is to discuss the various 
type of  toxins and health effects of  commonly used laboratory 
volatile solvents. 

Toxin

A poison, often times utilized to denote specifically to a protein 
produced by some higher plants, certain animals and pathogenic 
bacteria, which is highly toxic for other living organisms.[8] Such 
substances are differentiated from the simple chemical poisons 
and vegetable alkaloids by their high molecular weight and anti-
genicity. Technically, a poison produced by the metabolic atten-
tion of  a microorganism (such as Clostridium botulinum), an animal 
(such as snake), or plant (such as nightshade) that, after given in a 
living organism, is seen as an antigen and the organism produces 
antibodies as a response. In general, though, the word is utilized as 
an alternative for a poison or toxicant. “Toxin” is a word that has 
no commonly accepted meaning in the logical literature.[9]This 
could be of  slight report to the condition powers of  Member 
States unless they come to be obliged to pursue global assistance 
because of  a toxin-warfare attack, whether actual or threatened. 
It could next be vital to comprehend how toxins are indulged in 
the Biological and Chemical Armaments Conventions as, to dif-
fering degrees, these two global accords are possible sources of  
such assistance.[10] The 1972 Biological and Toxin Armaments 
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Convention covers “toxins whatever their basis or method of  
production”.[11]
Various Toxic Substances

Herbal Toxins: Herbal medicines have been used world-wide 
for thousands of  years. These herbs mainly originate from plants, 
minerals and animal products, and may be used either in their 
primary forms or combined into mixtures.  Herbal food supple-
ments and products have increased significantly which results in 
well-known traditional herbal medicine.[12] However, in devel-
oping countries such as Malaysia, Indonesia and Thailand, the 
toxicity of  this product have been considered serious because of  
increase in consumption in recent years. Hepatotoxicity of  main 
constituents and contamination of  raw materials have been found 
out as few of  the major toxic effects of  herbal medicine.[13] Con-
tamination of  raw materials such as aflatoxin can occur if  the me-
dicinal herbs and plants are not fully dried or improperly stored 
during preparation. In Malaysia and Indonesia, commonly known 
herbal medicine ‘jamu’ and ‘makjun’ are commercially available 
and consumed regularly to promote health. Herbal medicines can 
also be made into various preparations such as pills, liquids, etc. 
It is also can be made commercially available in the form of  pro-
prietary medicines. The use of  herbal medicine may be different 
in each culture, individual, society but can be considered as non-
toxic and harmless. Even though traditionally, herbs are known 
to be nontoxic and harmless due to its natural origin but it has 
both adverse effects and poisonings related with the use of  herbal 
medicines which have been reported commonly in recent years. 
In daily practice, many herbal poisonings were not diagnosed or 
treated correctly.[14]

Chemical Toxins: Effort to evaluate the toxicity property of  
millions of  chemicals which have being synthesized yearly should 
be done.[15] Evaluation of  such large volume of  toxicity of  com-
pounds is the basic importance in both ecosystem and human 
health.[16] Usually, in silico methods are effective method for vir-
tual screening of  unknown molecules even before their synthesis 
and which is clearly important to complement the experimental 
approaches for reducing time and cost, and thus accelerating the 
prioritization of  those compounds of  interest.[17] However, all 
these techniques have their inherent limitations in either the pre-
dictivity, application domain or even algorithms themselves.[18]
More severely, most available toxic data involve diverse kinds of  
compounds, but are evaluated by a same or similar toxicological 
endpoint (lethal doses, macroscopic toxicity).[19] This makes the 
precise prediction of  a toxin mechanism from a molecular level is 
often impossible, let alone to consider the multiple toxin–targets 
interactions.

Biological Toxins:  Most of  the food borne pathogens are 
classified as toxins. Bacterial toxins are the most common tox-
ins especially gram positive bacteria such as Clostridium botulinum, 
Clostridium perfringens and Staphylococcus aureus.[20-22] Depending 
upon the stability, the production of  bacteria can occur at any 
stage of  food chain and remain biologically active. Namely, toxi-
genic bacteria are differentiated on the basis that they cause dis-
ease by producing toxins in food prior to its ingestion (causing 
intoxication) or in the intestines of  the host (causing toxico-infec-
tion). Toxins which share number of  similar biological effects and 
they have required degree of  similarity in their chemical proper-
ties. [23] These are examples of  two toxins, one being established 
biological hazard, cereulide (produced by Bacillus cereus), and 
one being an emerging chemical hazard, beauvericin (produced 
by Fusarium spp.). Cereulide (CER), an emetic toxin of  Bacillus 

cereus, is a lactonic lipophilic dodecadepsipeptide, consisting of  
12 stereogenic centres of  three repeats of  four amino acid resi-
dues, acting as a strong potassium selective ionophore.[24] CER is 
an extremely resistant molecule that retains its toxic activity even 
after sterilization.[25]

Laboratory Toxins:  Polycyclic aromatic hydrocarbons are uni-
versal environmental contaminants and get exposed from chemi-
cal laboratories and petrochemical industries. Inhalation of  aro-
matic hydrocarbons or hydrocarbons may cause hemorrhaging, 
craniofacial malformation and cardiac defects, which includes 
elongated heart and central nervous system toxicities. In labora-
tories, methanol, petroleum ether, diethyl ether, benzene and ace-
tonitrile are used for extraction and chromatographic separations.
[26] The toxicity of  methanol and diethyl ether is well established 
and both the solvent produce toxicity in digestive and nervous 
systems. Moreover methanol boiling point is around 65±1°C and 
it is not volatile in ambient temperature. The solvent which have 
low boiling point (diethyl ether, petroleum ether) are having high 
risk to produce inhalation toxicity. Inhalation of  diethyl ether 
produce hepatotoxicity and this solvent was not recommended 
for clinical and pre-clinical experiments.[27] Available toxicity in-
formation for some of  the laboratory solvent is very limited and 
it was proven to have CNS toxicity but the pathological features  
and behavioral alterations induced by petroleum ether are unclear 
and not reported.

Health effects of  laboraotry solvents: The volatile solvents 
such as petroleum ether, methanol, diethylether, benzene, ac-
etone, ect., are most commonly used in most of  the chemcial and 
pharamcutical industry, which has significnat health effects. 

Petroleum Ether:  Petroleum ether is one of  the most common 
solvents used in the chemical and pharmaceutical industries/ lab-
oratories. The reported LD50 value of  petroleum ether is 3,400 
mg/l (oral) in 4 hours and the major toxic effect of  petroleum 
ether observed in central nervous and dermatological systems. 
Since petroleum ether is volatile in normal ambient temperature, 
and inhalation of  petroleum ether gas may cause central nervous, 
respiratory and digestive systems toxicities. In some laboratory 
experiments, petroleum ether herbal extract showed piloerection 
and cannibalism during repeated dose administration. This was 
not observed in other solvents.

Moreover petroleum ether is reported to have central nervous 
system toxicity and no data is available on its effect on learning 
and memory, neuronal and metabolic functions. In our laboratory 
studies, petroleum ether showed significant loss of  memory, can-
nibalic behaviour and loss of  muscular activity in rodents (The 
data are not published).  

Petroleum ether is a group of  colorless, volatile liquid with a ker-
osene-like odor and liquid hydrocarbons with its main use as non-
polar solvents. The chemical properties do not resemble diethyl 
ether. It is more of  a light hydrocarbon.[28] Due to its low flash-
point, a mixture of  petroleum ether with air is inflammable and 
ignites upon contact with hot surfaces. Petroleum ether is largely 
used in pharmaceutical production and in the manufacturing sec-
tor. Its main composition is pentane, and is sometimes replaces 
pentane due to its lower cost.[28] Petroleum ether has a chemical 
composition of  80% pentane and 20% isohexane.[29] They are 
the primary constituents with virtually no aromatics present. The 
Threshold Limit Value (TLV) of  petroleum ether is 400 ppm. It 
is the time-weighed average concentration under which people 
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can work consistently for 8 hours every day without any harmful 
effects.[30] Acute poisoning occurs by accidental inhalation of  
vapors or by inadvertent ingestion. The lethal dose is 7.5mL/kg 
BW. The lowest lethal concentration by inhalation for human is 
3pph/5m while the lowest lethal dose by intravenous route for 
human is 27000 mg kg-1. The LD50 for rats by oral route is more 
than 5000 mg kg-1. The LD50 for rabbit by topical application is 
more than 3000 mg kg-1. Uptake by inhalation is actually more 
dangerous compared to other routes of  administration like in-
gestion. It may cause serious effects like cardiac and respiratory 
arrest/paralysis and polyneuropathy. Elimination is via the lungs 
unchanged in unchanged form.[31]

Petroleum ether has many uses and it is used as a component of  
glues and adhesives. It is also used as a solvent for oils, fats and 
waxes, as a fuel, in paints and varnishes and in photography.[30] 
Chlorohydrocarbons has been replaced with petroleum ether in 
dry cleaning as it is less toxic.[31] It is widely used in lipid extrac-
tion as it is a cheaper and less flammable alternative when com-
pared to diethyl ether. As it is highly non-polar, it has the ability to 
yield more specific extract and only the most non-polar molecules 
will be obtained.[32]

Methanol:  Pure methanol is a colorless liquid, has a specific 
gravity of  0.81, a boiling point of  65°C, and a slight odor dis-
tinctly different from that of  ethanol. Methanol can be absorbed 
through the skin, and through the respiratory and gastrointestinal 
tracts.[33] The current threshold limit value for methanol in indus-
try is 200 ppm (260 mg/m3). There is great variability in the mean 
lethal dose among animal species. Review of  clinical findings in 
epidemic situations and in isolated cases shows great variation in 
the dose of  methanol required to produce acidosis, blindness, and 
death.[34] The smallest amount of  methanol reported to cause 
death is 15 mL of  40% methanol, the highest dose recorded for 
a survivor is in the range of  500 to 600 mL. Most cases of  severe 
human poisoning occur by the oral route. Occasional cases occur 
by skin contact and inhalation.[35]

Methanol is rapidly absorbed from the gastrointestinal tract, with 
peak absorption occurring in 30 to 60 min depending on the pres-
ence or absence of  food in the stomach.[36] The primary site of  
the ocular injury produced by methanol is in the optic nerve head 
and the intraorbital portion of  the optic nerve, rather than in the 
retinal ganglia. Hemorrhages into portions of  the brain are also 
an important aspect of  methanol poisoning. Cerebral computed 
tomography in methanol intoxication has shown necrotic areas 
in the putamen.[37] The putamen may be a specific target for 
methanol toxicity. Pathological damage to the liver, pancreas and 
kidneys has also been described but are not specific.

Diethyl Ether:  Diethyl ether's creation and use as a solvent, in 
the production of  gum powder, preceding use in the US as an an-
esthetic and as a primer for gasoline engines result  in its discharge 
to the nature across assorted waste streams. [38] If  released to 
air, an extrapolated vapor pressure of  538 mm Hg at 25°C in-
dicates diethyl ether will exist merely as a vapor in the ambient 
atmosphere. Vapor phase diethyl ether will be degraded in the 
atmosphere by reaction with photochemical-producing hydroxyl 
radicals and nitrate radicals. Direct photolysis is not anticipated 
to be a vital removal procedure as aliphatic ethers do not absorb 
light in the environmental spectrum. 

Diethyl ether is anticipated to volatilize from dry dirt surfaces 
established on its extrapolated vapor pressure. Aqueous screen-

ing studies indicate biodegradation is expected to be a slow fate 
process in both soil and water. Occupational exposure to diethyl 
ether could transpire across inhalation and dermal contact at 
workplaces where diethyl ether is produced or used. The general 
population could be exposed to diethyl ether from inhalation of  
ambient air, and ingestion of  contaminated drinking water. After 
inhalation, ethyl ether is quickly transferred from alveoli to blood. 
The normal alveolar membrane poses no barrier to the transfer 
of  ethyl ether in either direction. The blood/gas allocation coef-
ficient of  ethyl ether is elevated to 12.1, for oil/gas, the allocation 
coefficient is 65. 

The solitary dermal penetration LD50 was larger than 20 mL/kg 
in rabbits. The bulk of  inhaled ethyl ether is excreted unchanged 
across the lungs. All volatile anesthetics easily pass through the 
placental barrier.  Diethyl ether is instantaneously absorbed from 
inhaled air into the bloodstream and from there it travels rapidly 
into the brain. It is additionally taken  up rapidly by fatty tissue in 
rats. Ether is partly converted to carbon dioxide and to urinary 
metabolites, but is generally excreted unchanged by the lung.[39]

Benzene: Benzene is an aromatic hydrocarbon and natural con-
stituent of  crude oil. Benzene is commonly used for production 
of  ethylbenzene (precursor to styrene), cumene and cyclohexane. 
The chronic inhalation of  the benzene may lead progressively 
to aplastic anemia, leukaemia and multiple myeloma. Exposure 
to benzene also can induce micorosomal mixed function oxi-
dase and cytochrome P450 IIE1, which may be responsible for 
biotransformation of  benzene and generating free radicals, which 
may end with different disease endpoint.[40] In acute exposure, 
anesthesia may develop at concentration above 3000 ppm (9,600 
mg/m3) and exposure of  above 1000 ppm (3,200 mg/m3) may 
cause giddiness, euphoria, nausea, headaches and arrhythmias.
[41,42] The hematotoxicity induced by benzene may be mediated 
through aryl hydrocarbon receptor (AhR).[43] 

Benzene is also inducing CYP2E1 activity, thereby increasing 
toxic metabolite formation, which may be highly toxic. Hydroqui-
none is one of  the metabolic product of  benzene, which causes 
significant structural aberrations in chromosome 1 and 9 probes.
[44]In females, benzene causes reproductive, mense-blood anom-
aly, dysmenorrhea and fetal toxicity. Chronic exposure of  benzene 
leads to development of  cytotoxicity, apoptosis, and mutagenesis 
and cell replication.[45] 

Acetone :  Acetone is highly volatile, flammable, polar and aprotic 
solvent and its most commonly used for cleaning purposes in bio-
medical/ pharmaceutical laboratory. In very low level, no toxicity 
was observed with acetone and chronic administration/ higher 
doses in guinea pigs caused reeducation in heart rate, pulmonary 
congestion, edema and hemorrhage of  the lungs and progressive-
ly cause mortality. In rodents, acute exposure of  acetone cased 
respiratory depression due to sensory irritation and repeated ex-
posure does not have any effect on the time of  inspiration, time 
of  expiration and time between breaths or tidal volume.[46,47] 
Dietz et al., reported that repeated administration of  acetone in-
duced depressed body weight gain (at 50,000 and 100,000 ppm 
exposed group) and hepatocellular hypertrophy (at 20,000 and 
50,000 ppm exposed group) and  in mice and mild hematological 
changes (at 5000 ppm exposed group), hypogonadism (at 50,000 
ppm exposed group) in rats.[48]  In humans, repeated administra-
tion of  acetone (6 hours exposure for 6 days to 500 ppm),  in-
creased white blood cell counts, increased eosinophil counts and 
decreased phagocytic activity of  neutrophils compared with the 
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control. The shortening of  menstrual cycle, premature menstrual 
periods, miscarriage and weakness of  labor activity were observed 
with women who were exposed to workroom level of  acetone.
[47]

Mercury: Mercury and its compounds are highly toxic and this 
metal that has no biochemical or nutritional value.[49] Inhalation 
of  high levels of  mercury vapour may results in central nervous 
system (CNS) defect.[50,51] Mercury vapour is also causes kidney 
damage at low level of  exposure for prolonged period of  time 
and this effect is also observed in laboratory animals.[50-52] Me-
thyl mercury in diet have been considered as the primary route of  
exposure and it will accumulate in body tissue, damaging nervous 
system and methyl mercury can easily cross the blood brain bar-
riers which may lead to development of  serious adverse effects 
especially in childerns.[53] According to Mahaffey et al, mercury 
also can increase the risk of  cardiovascular and heart disease.[55]

Incidences of  laboratory accidents with laboratory solvents 

As per the safety expert James A Kaufman stated “schools have 
a 10 to 50 time’s greater frequency of  accidents than does the 
chemical industry. In October 1998, chemistry laboratory has a 
fire in Cambridge when a researcher accidentally broke a bottle of  
a flammable solvent hexane and similar hexane issue was observed 
in Newman-Wolfrom laboratory building, Ohio State University 
on 8th April 2005.[55-57] The laboratory incident with nitric acid 
and sulphuric acid was noted in firefighters, paramedics, hazard-
ous material units of  University of  Maryland on 26th September 
2011. The students (11 students) of  University of  Maryland con-
ducted experiment in firefighters, paramedics, hazardous material 
units and they combined nitric acid, sulphuric acid and the com-
bine product was introduced into a chemical waste bin. Later a 
violent chemical reaction occurred causing an explosion with fire  
and the fire was quickly extinguished and firefighters immediately 
departed the lab.[58] Sometime the students may not aware about 
the danger of  the experiment and it is supervisor's duty to make 
clear about the hazards of  laboratory solvents and reagents. 

The laboratory accidents are not only common in universities. 
Many of  incidents were observed in chemical and pharmaceuti-
cal industries. For example, the incidents observed in explosion 
of  fuel blending tank at Chief  Supply Corporation (Chief), in 
Haskell, Oklahoma on March 26, 1997 killed one worker and two 
others were injured and the explosion had caused extensive dam-
age to the facility.[59] 

Reasons for laboratory accidents

Laboratory is a dangerous place and most of  the laboratories are 
fully stocked with nasty chemicals, solvents, biologicals and equip-
ments. While working in laboratory one should avoid specking, 
eating, using mobile or personal electronic devices which may 
communicate with some of  the laboratory equipment. Inappro-
priate personal care and inadequate awareness are major reasons 
for the majority of  unexpected laboratory incidents. 

How laboratory accidents can be prevented?

One can read briefly about prevention of  accidents in laboratories 
is available with Occupational Safety and Health Administration 
(OSHA) owned by United States Department of  Labor (Check-
list for the prevention of  accidents in laboratories). Laboratory 
accidents can be prevented by eliminating/ minimizing hazards, 

evaluation of  potential risk, using personal protective equipment, 
avoid leaving operation unattended and working alone, conduct-
ing safety training and inspections and reporting and communica-
tion of  laboratory accidents.[60,61]  

1.   Training:  Before initiating the project, all team members 
in the project must have to read the laboratory rules and regula-
tion and have to attend the laboratory orientation class to have 
an overall idea about laboratory work flow and management of  
unexpected laboratory events. Undergraduate students in the pro-
ject or regular particle classes may need additional safety training. 
 
2.    Limit of  purchase and storage:  The required chemicals 
may be purchased based on need or small quantity and try to com-
pletely use materials then dispose the empty container safely as 
direction given by laboratory guideline or handover empty con-
tainer to laboratory in-charge [Peroxide explosion injures campus 
researcher]. Storage is very important for any chemicals or sol-
vent. The chemicals, biological and radioactive materials, etc. must 
be classified and stored according to manufacturer instruction. 
User should be aware of  the nature of  the chemical/ solvent, 
stability, physical properties, first-aid information to prevent any 
emergences, etc.[62]  

3.  Disposal of  wastage and elimination of  potential haz-
ards:  Avoid disposal of  any reagent or reaction end product as 
we like. Sometime disposal of  chemical wastage in normal waste 
bin or hand wash sink may cause explosive  reaction and this may 
cause massive damage to the laboratory. Those who are working 
in any laboratory they must have adequate knowledge on manage-
ment of  laboratory wastage. Another important thing is disposal 
of  expired chemicals as per the national/ international regulation 
to prevent disturbance to our ecological system. Using expired 
chemical is highly dangerous and sometimes this may give path 
to formation of  hazard chemical or gas, which may have greater 
effect on our ecological system. 

4.   Monitoring and Reporting:  The continuous monitoring 
and reporting system will reduce the known errors and will create 
the awareness among the researchers and the laboratory work-
ers. The internal audit system will help the Institute or Industry 
to improve the safety of  laboratory and assure the wellbeing of  
researchers and laboratory workers. 

5.   First-aid measures:  The laboratory must have adequate 
aeration/ air circulation system, water facilities, water sprinkler, 
fire alarm system, valid fire extinguisher, emergency exit and ac-
cess control system. Another major measure is “AVOID WORK-
ING ALONE IN LABORATORY” to prevent any medical or 
laboratory emergency.
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