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 CHAPTER 7 – GASES, VAPORS, AND SOLVENTS
Introduction

A potential threat to the health, productivity, and efficiency of workers in most occupations and industries is their exposure to gases and vapors.
No one fully comprehends the total effect, yet all workers are exposed and all workers are affected.

Exposures to volatile chemicals occur throughout life.

They may occur at home or at work.

Effects from the exposure may range from simple objection to an odor to death at high concentrations.

Solvents convert substances into a form suitable for a particular use.

Solvents are significant because many substances are most useful when in solution.

Organic and inorganic compounds are used:


in the home (e.g., cleaning agents);


in the office (e.g., desktop cleaners);


in commercial establishments (e.g., laundries);


on farms (e.g., pesticides);


in laboratories (e.g. chemical reagents); and 


in ships (e.eg., cleaners, solvents).
Note:
Two of the three fundamental states of matter, gases and liquids, will be discussed in this lecture.

Solids will be discussed in the following lecture topic.

Properties of Gases, Vapors, and Solvents

Gases

A gas is a formless fluid that completely fills its container and exerts and equal pressure in all directions.

Gases spread rapidly throughout a room by diffusion.

Gases are materials that are in the gaseous state at normal temperature (25°C/80°F) and pressure (1 atm/1013 millibar/760mmHg/29.0 inHg/14.7 psi).

Vapors

Chemicals that are liquids at normal temperature and pressure (NTP) will exist partially in the gaseous phase, and that portion is known as a vapor.

If a liquid is spilled, some will evaporate and, over time, equilibrium may be established between the gas and liquid phases.

The vapor pressure is a measure of the concentration of the chemical in the air at equilibrium.

The higher the vapor pressure, the higher the concentration of the chemical at equilibrium.

Vapor pressure is very temperature dependent: as the temperature rises, the airborne concentration of an equilibrium mixture will rise.

Vapor pressure is a good measure of the tendency of a liquid to evaporate.

A solvent with a higher vapor pressure will have a higher airborne concentration than a solvent with a lower vapor pressure.

Solvents

Solvents are liquids in which something, called the solute, can be dissolved.

The solute may have been a solid, a gas, or another liquid before being dissolved in the solvent.

Solvents are very useful both to transport solutes and to clean materials.

volatility

Vapor phase water is not considered hazardous, and the solutes that dissolve in water are polar or ionic, and so generally have low vapor pressures.

Therefore, there is less potential hazard from inhalation of vapors from aqueous solutions in general.

However, the gases that dissolve in water to form acids will off-gas from solutions as a result of the equilibrium between the gas phase and the solution.

As temperatures are increased, equilibrium is driven to the gas phase.

As the pH is lowered, volatility from solution is increased.
polarity
Another important characteristic of solvents, in addition to their volatility, is their polarity.

Some solvents are highly polar (e.g., water), while others are nonpolar (e.g., hexane), and others are of intermediate polarity.

A fundamental principle, “like dissolves like”, states that more polar or ionic solutes will dissolve more readily in polar solvents than in nonpolar solvents.
hazards

Solubility is very important in understanding the hazards presented by various solvents since solubility affects absorption into the body, distributions throughout the body, storage in various tissues, and elimination of chemicals.

Thus, more fat-soluble (lipophilic) chemicals pass thorough the skin than those chemicals that are soluble in water only.

Substances that are soluble in both water and fat are most readily absorbed.

Solubility is also important in evaluating the potential effect of a chemical on the central nervous system (CNS).

The blood-brain barrier appears to be much more effective at excluding ionized molecules than those that are fat-soluble.

Water-soluble compounds tend to be excreted fairly rapidly, while fat-soluble substances are often stored in the adipose tissue.

Where a solvent system is in use, three distinct possible routes of exposure must be considered:


if an opportunity exists for skin contact, dermal absorption may be important


if the vapor pressure is high, or the temperature is high, inhalation of vapors may be important


the possibility of exposure to an aerosolized mist of the solution, in which case there is also exposure to the solutes.

Note:
Because of the high volume of breathing and the large surface are of the lungs, maximum interchange occurs between blood and air in the lungs, making inhalation is the most import route of exposure.

Critical Exposure Factors
The hazard presented by use of a chemical is a function not only of its inherent toxicity, but also of the potential for exposure.

Mode of Use and Potential for Exposure

The most important factors in exposure potential are how the material is used and what controls (e.g., engineering, PPE) are in place.
Spray painting poses a greater exposure risk for the worker than brush or roller application.

When inhalations exposures are controlled, dermal exposure may be the major route of entry.

Many organic compounds readily permeate the skin or glove materials.

Note:  Some organic compounds such as dimethyl sulfoxide (DMSO), are of limited toxicity, but may be a vehicle for transporting other toxic materials into the body.

Temperature and Volatility

boiling point
The boiling point of a substance is the temperature at which the vapor pressure of the liquid equals the pressure of the surrounding environment.

A liquid at high pressure has a higher boiling point than when that liquid is at normal atmospheric pressure.

A liquid at low pressure (or in a vacuum) has a lower boiling point than when that liquid is at normal atmospheric pressure.
pressure relationship

The atmospheric pressure boiling point of a liquid is the temperature at which the vapor pressure equals the ambient atmospheric pressure.

With any incremental increase in that temperature, the vapor pressure becomes sufficient to overcome atmospheric pressure and allow the liquid to form vapor bubbles (boil) inside the bulk of the substance.

Comment:
We utilize this knowledge when using pressure cookers to prepare foods.

Because the water in the pressure cylinder is under pressure, we can increase the temperature at which it boils (~250°F at 15 psi).

This allows us to cook food much faster than using conventional unpressurized pots.

We also utilize this technology to sterilize foods when preserving (pressure canners), sterilizing medical instruments (autoclave), and industrial food preparation (pressure fryers).

Comment:
We also acknowledge the role of atmospheric pressure on food preparation each time we see instructions for preparing food at high altitudes.

These instructions indicated the need for longer cooking times, which is related to the boiling point of water being lower at higher altitudes (less air pressure).

You have also probably heard of astronauts needing to maintain the air tight/pressure tight integrity of their space suits; in the case of a breach, their blood would boil (vacuum of space).

vapor pressure

Vapor pressure refers to the pressure exerted by a vapor when it is at the same temperature as its condensed phase (liquid or solid).

The equilibrium vapor pressure is an indication of a liquid’s evaporation rate and relates to the tendency of atoms/molecules of the substance to escape from the liquid (or solid).

The airborne concentration of a solvent vapor depends on the vapor pressure, which is a measure of the volatility of the solvent.
Note:
A substance with a high vapor pressure at normal temperatures is referred to as ‘volatile’.

temperature relationship
The vapor pressure of any chemical compound is directly related to temperature.

At any given temperature, an equilibrium will form between the vapor portion of a substance and its condensed phase.

For more of a substance to evaporate (i.e., for the substance to boil), the temperature must increase.

Note:
As a general trend, vapor pressures of liquids at ambient temperatures increase with decreasing boiling points.

Comment:
A can of soda can be used as an important analogy. The CO2 that was added to the liquid soda was done under greater than normal atmospheric pressure.

When the can is refrigerated, the majority of the gas will remain in solution.

A small quantity of the gas will be in the form of vapor at the top of the can, hence, the slight “hiss” when the can is opened.

With the overlying pressure released, more and more of the CO2 will gradually come out of solution in the form of small bubbles.

Eventually, all of the dissolved gas will come into equilibrium with the atmosphere (flat soda).

If the can is heated and/or shaken, more of the gas will come out of solution immediately upon opening (pressure release).

Results in a fountaining effect.

If the can is overheated and/or over agitated, the gas can come out of solution in a violent manner.

Note:
Keep this in mind when opening drums of liquids (especially hazardous waste drums):

use a non-sparking tool (brass);


open the bung slowly to allow pressure to dissipate;


listen for boiling within the liquid contents (angry drum); and


avoid agitating the drum contents when handling.

Concentration

The effect of concentration may be manifested in several ways.
From the point of view of chemical kinetics, reaction rates depend on some factor of concentration.

Nitric oxide (NO) has a Threshold Limit Value of 25 ppm.

At higher concentrations, NO reacts rapidly with oxygen to produce nitrogen dioxide (NO2), which has a TLV of 3 ppm (proposed to drop to 0.2 ppm).

Reducing concentrations reduces the potential for exposure by limiting the amount of toxic product formed or volatilized.

Chemical protective clothing for those working with highly reactive materials must be selected carefully.

Reactivity

Chemical reactivity can enhance or reduce health hazard potential.
Other physical hazards (e.g., fire) become significant for pyrophoric materials.

Acids or bases can react with volatile compounds to stabilize them.

Liquid metal halides react rapidly with moisture in the air.

Exposure Guidelines
Several guidelines exist to assist industrial hygienists in interpreting the hazard posed by specific concentrations of gases and vapors in the workplace.

The most commonly used in the U.S. are Threshold Limit Values (TLVs), Permissible Exposure Limits (PELs), and Recommended Exposure Limits (RELs).

Maximum Workplace Concentrations (MAKs) are an example of European occupational exposure limits.

Each of these occupational exposure limits has its limitations.

For some gases and vapors, short-term exposure limits (STELs) have also been established when exposure to higher concentrations for 15 minutes might lead to serious health consequences.

Note:
ACGIH cautions that TLVs and STELs are not fine lines between safe and dangerous concentrations, and they should be used as guidelines in evaluation exposures in particular workplaces.

Each year some of the TLVs are revised, and often, new chemicals are added to the list.

PELs are legal exposure limits in the U.S. and are established by OSHA.

OSHA initially adopted the 1968 TLVs as PELs, and has since issued revised PELs for only a small number of substances.

NIOSH studies compounds of concern and issued RELs.

RELs may be used by OSHA in setting new PELs.

In the meantime, RELs provide important guidance to the practicing industrial hygienist.

Note:
The industrial hygienist is advised to make use of all available occupational exposure limits (PELs, TLVs, RELs, and MAKs) and to understand the basis upon which such recommendations are made.
Solvents

Organic Chemistry

Organic chemistry is the chemistry of compounds containing carbon.

A molecular chain consists of a line of carbon atoms that can have branches of carbon atoms, or functional groups.

A functional group in an organic molecule is a region where reactions can take place.

Compounds with only carbon and hydrogen atoms are called hydrocarbons.

Organic compounds are named according to the number of carbon atoms in the basic skeletal chain.

The common organic solvents can be classed as:


aliphatic

(Hydrocarbons forming chains are known as aliphatic hydrocarbons.)


cyclic
(Hydrocarbons forming rings may be identified with the prefix cyclic- or cyclo-.)


aromatic
(Hydrocarbons that contain a benzene ring are described as aromatic compounds.)


halogenated hydrocarbons
(Halogenated hydrocarbons have chlorine, fluoride, iodine, and/or bromine atoms attached to a hydrocarbon.)


ketones, esters, alcohols, and ethers
(Ketones, esters, alcohols, and ethers all have an oxygen atom attached to a carbon atom.)
Nomenclature itself can often be misleading.


The importance of correctly identifying the chemical being used is critical.
(Chemicals are easily confused because of a slight difference in names, which might not be apparent to a worker with inadequate training.)

Common names may not impart any information as to the structure of a molecule, and can even be misleading.
(Isomers are molecules that have the same number and kinds of atoms, but the atoms are arranged differently; thus, they have different physical and chemical properties.)


Many solvents are not single chemicals, but rather mixtures of many compounds.
(often of variable compositions, e.g., Stoddard solvent)
Note:
Systematic names, using the International Union of Pure and Applied Chemistry rules, unambiguously describe the structure of a molecule.

Even a scientifically trained user often has only a vague and sometimes completely erroneous knowledge of the chemical preparation in use.

It is a good practice to verify the specific name and composition of the solvents involved with direct evidence from the label, from the manufacturer’s SDS, or from the laboratory.

Only after verification of name and composition should one attempt to evaluate the potential effect or hazard of a solvent.

Hazards of Gases, Liquids, Solvents, and Vapors

Compressed Gas

The use of compressed gas cylinders has inherent dangers in their handling; if the cylinder were to fall over and the valve snap off, the cylinder can become a projectile.

Cylinders should 

be securely stored with double chains to prevent falling and breaking

have signage to indicate the potential hazards

be stored and transported with cap on to protect valve

be protected from heat, which can generate greater pressures inside than the cylinder was designed to withstand
Attention should be paid to the reactivity of the gases with the regulators and lines

copper should be avoided in systems with acetylene or ammonia


regulators should be dedicated to use with single gases

valves on industrial, medical, and diving cylinders are usually of different size and type as are the valves for different products, making it more difficult to mistakenly misuse a gas.

Note:
Often flammable gas cylinders are reverse threaded (left hand thread, opposite of “righty tighty, lefty loosey”) to prevent mixing with oxygen inside the regulator.

Cryogenic Liquids
Cryogenic liquids pose several safety concerns in addition to frostbite from extreme cold.

Spills of cryogenics rapidly vaporize, producing a gas that is initially significantly more dense than air, resulting in potential oxygen deficiency hazards in pits, vaults, and enclosed spaces.
Liquefied nitrogen, the most common cryogenic fluid, boils at a lower temperature than liquid oxygen, providing a location for oxygen to condense out of the atmosphere.

This creates a potential explosion hazard if the oxygen comes in contact with an oxidizable material.

Cryogen dewars (double-walled vessels with a vacuum in between) must have proper pressure relief to prevent pressure buildup and possible rupture as the liquid vaporizes.
Note:
Full containment of liquefied gases is usually not possible (e.g., helium requires 18000 psi and nitrogen 43000 psi).

Combustion (not in text)

Combustion refers to the reaction that occurs between a fuel and an oxidant that is accompanied by the release of heat (exothermic) and conversion of chemicals.

The release of heat may be slow (e.g., decomposition, rotting) or may be rapid enough that light is produced (e.g., glowing ember, flame).

deflagration

The subsonic combustion that propagates through heat transfer; hot material heats the adjoining cool material to the point of ignition.

explosion

Combustion in which there is a rapid increase in volume (release of gases) and energy release (high temperatures) in a short period.

detonation

Supersonic exothermic propagation through shock (shock wave) with the almost instantaneous release of massive amounts of energy.

Flammability, Explosions, and Reactivity

Some gases are very pyrophoric:


some will ignite spontaneously when expose to air;


some are materials that spark when struck; and


some degrade into explosive compounds.

Depending on their flash points, some liquids may be flammable or combustible.

flash points

The flash point of a liquid is the lowest temperature at which it gives off enough vapor to form an ignitable mixture with the air near the surface of the liquid.

Some evaporation will take place below the flashpoint, but not in sufficient quantities to cause an ignitable mixture.

Flash points can be determined by using either closed-cup or open-cup testers.

open-cup

A brass cup is filled to a certain level with the test substance.

The temperature of the substance is increased at a slow, constant rate, which causes the chemical to begin to produce flammable vapors in increasing quantities and density.

An ignition source is periodically passed over the surface of the liquid until the vapor ignites and produces at least five seconds of ignition.

closed-cup

A brass cup is filled with a test substance and fitted with a cover.

The sample is heated and stirred.

Due to the stirring, the vapor above the liquid is assumed to be in reasonable equilibrium with the liquid.

An ignition source is directed into the cup at regular intervals until a flash that spreads throughout the inside of the cup is seen.

Closed-cup testers give lower values for the flashpoint and are a better approximation to the temperature at which the vapor pressure reaches the “lower flammable limit” (LFL).

flammable liquids
A liquid with a closed-cup flash point below 100°F and a vapor pressure not exeeding 40 psi is a Class I (flammable) liquid.

A liquid with a closed-cup flash point at or above 100°F is a Class II (combustible) liquid.

flammable liquids
Class IA – liquids with a flash point below 73°F and a boiling point below 100°F

Class IB – liquids with a flash point below 73°F and a boiling point at or above 100°F

Class IC – liquids with a flash point at aor above 73°F and below 100°F

combustible liquids

Class II – liquids with a flash point at or above 100°F and below 140°F

Class IIIA – liquids with a flash point at or above 140°F and below 200°F

Class IIIB – liquids with a flash point at or above 200°F

fire point

The fire point of a liquid is the lowest temperature at which vapors evolve fast enough to support continuous combustion.
The fire point temperature is usually about 5°C above the flash point.

flammable range/explosive range
A prominent factor in rating the fire hazard of a flammable liquid or gas is its flammable range, sometimes called the explosive range.

The mixtures of vapor with air that, if ignited, just propagate flame are known as the lower and upper flammable limits (LEL and UFL) or the lower and upper explosive limits (LEL and UEL), and are usually expressed in terms of percentage by volume of vapor in air.

Note:
The flammable range includes all the concentrations of a vapor in air between the lower flammable limit (LFL) and upper flammable limit (UFL) or between the lower explosive limit (LEL) and upper explosive limit (UEL).

lower flammable/explosive limit

For each flammable liquid or gas, there is a minimum concentration of its vapor, in air, below which propagation of flame does not occur on contact with a source of ignition because the mixture is too lean.

Propagation of flame is the self-sustaining spread of flame through the body of the flammable vapor-air mixture after introduction of the source of ignition.

A vapor-air mixture at or below its lower explosive limit can burn at the point of ignition without propagating.

Note:
The lower flammable limit (LFL) is important because if this percentage is small, it takes only a small amount of the liquid vaporized in air to form an ignitable mixture.

upper flammable/explosive limit

There is also a maximum concentration of vapor, in air above which propagation of flame does not occur because the mixture is too rich.
Note:
If the concentration of of vapor in the vapor-air mixture is above the upper flammable limit, introduction of air produces a mixture within the flammable range before a safe concentration of vapor below the lower flammable limit can be reached.
Note:
For a large number of comon liquids or gases, the LEL is a few percent and the UEL is 6–12 percent.
For hazardous vapors, if the airborne concentation is kept below the PEL or TLV, the concentration is less than the LEL (1% by volume is 10,000 ppm).

requirements and guidelines
The occupational safety requirements for the handling and use of flammable and combustible liquids and gases are given in Subpart H of 29 CFR 1910.

Best mamagement practice suggests that current NFPA guidelines should be followed to the extent feasible.

Toxicological Effects
Site of Action

For some toxicants, the site of action is:


at the point of exposure; 

for others the target organ is more distant; and 


for others the effect is systemic.

Water-soluble gases are more likely to be upper respiratory tract irritants (e.g., HF, ammonia, SO2).

Less soluble gases (e.g., NO2, O3, phosgene) pass through the upper airways and penetrate to the bronchioles and alveoli.
Chemicals that might otherwise deposit in the upper respiratory tract may penetrate into the deep lung if they are adsorbed to particles.

Asphyxiation

Gases and vapors can interfere with the supply of oxygen in two fundamental ways:


simple asphyxiants
Exert no direct action, but act passively by merely replacing oxygen in the air so that the concentration of oxygen falls below the 18 percent minimum required for life.

chemical asphyxiants

React with essential cellular molecules to disrupt the transport (e.g., CO) or use of oxygen (e.g., hydrogen sulfide).

Organic and Inorganic Gases

Organic and inorganic gases can produce a multitude of hazards including:

asphyxiants

Some compounds [e.g., low-molecular-weight hydrocarbons (e.g., methane, ethane, propane), nitrogen, hydrogen, the inert gases (e.g., helium, argon, neon)] have no significant toxicity of their own—they are simple asphyxiants.

Note:
These elements and compounds have either no or very minimal odor, and thus have poor warning properties.


acute toxins

-
immediate

Some gases (e.g., phosphine, arsine) can cause acute fatalities with short exposures to relatively low concentrations.

-
delayed

Nitrogen dioxide exerts its effects several hours after exposure.


products of decomposition

Decomposition of organic material may produce:

-
toxic (e.g., hydrogen sulfide) atmospheres; or 
-
flammable (e.g., methane) atmospheres.


reactivity

Reactivity of the gas may be important.

-
Some compounds (e.g., oxides) may react with moisture in the mucous membranes to form acids.
-
Some compounds (e.g., metal halides) react spontaneously in moist air to gaseous hydrogen halides.

-
Some compounds (e.g., phosphine) are spontaneously flammable in air.
Exposure control relies primarily on engineering controls.

Dilution ventilation may be sufficient for the simple asphyxiants.

Local exhaust ventilation is suitable for many processes.

The more reactive or highly toxic compounds require complete control (e.g., enclosure, exhaust ventilation, gas sensors, automatic shutdown systems).

Inorganic Acids and Bases

Strong acids and bases are corrosive and can burn the skin and mucous membranes.
Health effects are variable (e.g., irritation, chemical burns, dehydration, prevention of cellular oxygen metabolism) and concentration-dependent.

Note:
Concentrated hydrogen fluoride (HF) is particularly corrosive to tissue and bone.

Pain from HF solutions greater than 50 percent is felt within a few minutes; however, lower concentrations may not produce pain for several hours.

Serious tissue damage may result without the person being aware of it.

Engineering controls and protective equipment should be used to limit exposure.

Use of personal protective equipment is essential for working with concentrated acids.

Chemical compatibility of the protective clothing with the acid must be considered to ensure protection of the worker.

Other Aqueous Solutions and Systems

Many of these are known for their irritant effects after prolonged exposure.
Contact dermatitis is quite common (usually appearing as “dishpan hands”).

Excessive levels of mists in the air can cause throat irritation and bronchitis.

Note:
As a rule, aqueous systems, because of their low vapor pressure and ease of control, are a lesser problem, but they cannot be dismissed as potential threats.

Solvents and Solvent Vapors
Organic solvents can have an array of toxic effects.

Some effects are similar for all solvents, and other effects are specific to particular solvents or their metabolites.

While the common effects generally occur at relatively high concentrations of solvent vapors, the specific effects tend to become manifest at lower concentrations.


general effects

-
low concentrations

Direct contact with the skin can cause irritation, defatting, and dermatitis

Note:
Some solvents, especially less polar (lipophilic) solvents can penetrate the skin, so dermal exposure to solvents can be an additional route of exposure.

Recent studies have demonstrated that solvent vapors can also be absorbed through the skin.

-
high concentrations

At high concentrations (100s ppm), solvents tend to have a rapid effect on the CNS, resulting in dizziness, disorientation, confusion, euphoria, and giddiness.

Prolonged exposure at high levels can lead to loss of consciousness, paralysis, convulsion, and ultimately, death.

-
very high concentrations

At very high concentrations (1000s ppm), solvent vapors may cause simple asphyxiation.

This is most likely to occur in confined spaces.


specific effects

Specific solvents may have specific toxicities.

Organ systems that are affected by some solvents include the liver, the kidney, the CNS, and the peripheral nervous system.

Physiological Effects
Hydrocarbons

aliphatic hydrocarbons

The aliphatic compounds take their name from the Greek word aliphe, meaning fat, because fats are derivatives of this class of hydrocarbons.

The aliphatic hydrocarbons are straight or branched chain molecules.

Petroleum, natural gas, and coal tar are the most important sources of aliphatic hydrocarbons.

The primary health problem associated with the aliphatics is dermatitis.


alkanes

The alkanes are only slightly biochemically and chemically reactive.

Even as air pollutants, they are among the least reactive and do not pose a significant problem, acting primarily as CNS depressants at high concentrations.


alkenes and alkynes

As air pollutants, these molecules are reactive and create a control problem, causing CNS effects at high concentrations.

cyclic hydrocarbons

The cyclic hydrocarbons are ring-shaped molecules.

Cyclic hydrocarbons act in much the same manner as the straight or branched chain aliphatics, but they are not quite as inert.
The cycloalkanes are typically CNS depressants.

The lower-molecular-weight cycloalkanes (e.g., cyclopropane, cyclobutane) have been used as anesthetics.

As molecular weight increases, the margin of safety between anesthesia and adverse health effects decreases.

aromatic hydrocarbons

Aromatic hydrocarbons get their name from aroma, meaning pleasant odor.
Aromatic hydrocarbon molecules are usually characterized by one or more six-carbon rings.

The primary problems with common aromatic solvents (other than benzene) are dermatitis and effects on the CNS.

The aromatic hydrocarbons in general are local irritants and vasodilators that cause severe pulmonary and vascular injury when absorbed in sufficient concentrations, and they are potent narcotics.

Note:
At very low concentrations, benzene is a notorious leukeomongenic agent for its effect on the blood-forming tissues of the bone marrow.

Toxic levels of benzene are easily absorbed thorough the skin and through inhalation.
halogenated hydrocarbons

Halogenated hydrocarbons are organic compounds in which one or more hydrogens have been replaced by a halogen (e.g., fluorine, chlorine, or bromine, or rarely iodine).
The effects of halogenated hydrocarbons vary considerably with the number and type of halogen atoms present in the molecule.


fluorinated hydrocarbons

Refrigerants [e.g., Freon, chlorfluorcarbons (CFCs), and hydrochloroflurocarbons (HCFCs) engender environmental concerns related to ozone depletion.]
New refrigerants have come on the market as a result of EPA incentives to produce non-ozone depleting refrigerants.

There are no exposure standards or guidelines for these compounds other than those suggested by the manufacturer.


chlorinated hydrocarbons

Generally, more toxic that the fluorinated hydrocarbon solvents.

Most common effects are CNS depression, dermatitis, and injury to the liver.

Note:
Carbon tetrachloride is highly toxic, causing acute injury to the kidneys, liver, CNS, and gastrointestinal tract (also a suspected carcinogen).

Note:
The chlorinated hydrocarbons are noted for their synergistic effects with alcohol consumption.

These include flushed, red face and personality changes.

These effects must be taken into account when evaluation industrial exposure.

nitrohydrocarbons

Nitrohydrocarbons contain one or more nitrogen-containing functional groups (-NO2).
These compounds vary in their toxicological effects, depending on whether the hydrocarbon is an alkane or an aromatic hydrocarbon.

Nitroalkanes are known more for their irritant effects accompanied by nausea at lower concentrations, and CNS and liver effects at higher concentrations.

The nitroaromatics (e.g., nitrobenzene – TLV 1ppm) are much more acutely hazardous, causing the formation of methemoglobin (can interfere with blood oxygen transport) and acting on the CNS, the liver, and other organs.

Oxygen-Containing Functional Groups
Alcohols

One of the most important classes of industrial solvents is characterized by the replacement of one or more hydrogen atoms by one or more hydroxyl groups (-OH). 

Saturated alcohols are widely used as solvents, and all act as CNS depressants, slowing down the activity of the brain and spinal cord.
A large enough dose of alcohol can sedate the brain to a point where involuntary functions such as breathing are lost, causing death.

The alcohols are noted for their effect on the CNS and the liver, but they vary widely in their degree of toxicity.


methanol

Methanol is slowly metabolized to toxic compounds and causes several types of injuries, notably impairment of vision and injury to the optic nerve.


propanol

Propanol is metabolized to toxic by-products.


ethanol

Ethanol is the least toxic of the alcohols, and is quickly metabolized in the body and largely converted to carbon dioxide.

Aldehydes

The aldehydes are well-known for causing skin and mucosal irritation and CNS effects.
The aldehydes are also characterized by their sensitizing properties—allergic reactions are common.

Ketones

The common ketones (e.g., acetone, methyl ethyl ketone (MEK)) generally exert a narcotic-type effect.
All are irritation to the eyes, nose, and throat, and at higher concentrations can result in vertigo and nausea.

Lower tolerable concentrations may impair judgment and thereby create secondary hazards.

Esters

Esters are produced by the reaction of an organic acid with an alcohol.
Esters often have pleasant odors and, at low concentrations, are used as artificial fruit essences, flavorings, or perfumes.

In high concentrations, esters are noted for their irritating effects to exposed skin surfaces and to the respiratory tract.
They are also potent anesthetics.

Esters of some mineral acids are highly toxic.

Ethers

Ethers are made by connecting two alcohol hydrocarbon groups by an oxygen atom.
Ethers are widely used for the extraction of oils, fats, and greases.

The primary reactions to ethers are anesthesia and irritation of the mucous membranes.

Note:
The greatest safety hazard of ethers is their tendency to form explosive peroxides (friction/shock sensitive crystals).

Once opened, ethers should be used within a short period of time, stored so that peroxides are destroyed as they are formed, or checked for the presence of peroxides.

Glycols, Glycol Ethers, and their Esters

Glycols are colorless liquids of mild odor.
They are miscible with most organic and aqueous liquids.

The glycol ethers exert their effects on the brain, blood, reproductive system (both male and female), and the kidneys.

Spontaneous abortions and reduced fecundity have been recorded.

Note:
They are rapidly absorbed through the skin and elicit neurological symptoms, including changes in personality.

Other Factors

Other factors must be taken into consideration.
For example, handling procedures and type of clothing determine the degree of skin contact and so will affect dermal absorption.

Even the degree of a user’s respect for the hazard potential can be a decisive factor.

Ignition temperature, flash point, and other factors determining the potential for fire and explosion must also be considered.

Although concentrations that are safe from a toxicological standpoint are much lower than the lower flammable limits of flammable solvents, concentrations at potential points for ignition may be far higher than concentrations in the user’s breathing zone.

Air Pollution
In 1970, the Clean Air Act was passed.

The EPA began regulating criteria air pollutants, and for the first 20 years regulated only 6 criteria air pollutants:  lead, particulate matter (PM), and 4 gases (carbon monoxide, sulfur dioxide, ozone, and nitrogen oxides).

In 1990, the Clean Air Act listed 189 hazardous air pollutants (most of which are vapors) and the EPA was authorized to add additional air pollutants to its list.

In 1999, EPA listed 33 additional compounds as air toxics.

The concentrations of these are not regulated, but the EPA was required to develop regulations (i.e., rules, standards) for all industries that emit one or more of the pollutants in significant quantities.

In 2011, EPA announced it had completed the emissions standard, and issued regulations to reduce emission of toxic air pollutants from its published list of industrial sources referred to as source categories.
EPA has issued rules covering more than 80 categories of major industrial sources.

These standards are projected to reduce annual toxic air emissions by about 1.5 million tons.

Furthermore, EPA and state governments have reduced emissions of benzene, toluene, and other air-toxic chemicals from mobile sources.

Solvents and other chemicals may become hazardous to the public in the form of air pollutants when released out doors.

Photochemical Smog
Hydrocarbons are a major factor in the formation of photochemical smog.

In the presence of sunlight, these hydrocarbons react with oxygen (O) and ozone (O3) to produce aldehydes, acids, oxides of nitrogen (NOx), oxides of sulfur (SOx), and a series of other irritant and noxious compounds.
Nitric oxide (NO) is produced by the reaction of nitrogen with oxygen in high-temperature combustion.
Nitric oxide is photochemically oxidized to nitrogen dioxide (NO2), which is both corrosive and an irritant.

Nitrogen dioxide (NO2), in turn, can react with sunlight to form nitric oxide (NO) and atomic oxygen (O).

Atomic oxygen is highly reactive, forming ozone (O3) and a host of other photochemical reactions.

While ozone in the stratosphere provides a protective shield against ultraviolet radiation, ozone in the breathing zone detracts from air quality and damages the lung.

Note:
The nitrogen oxide can react gain to produce more nitrogen dioxide, propagating the process.

The greatest portion of hydrocarbons contributing to air pollution originates from automobiles, but a significant amount also comes form the tons of solvents exhausted daily from industrial cleaning and surface-coating processes.

The use of solvents that are more reactive to sunlight is being curtailed in more and more areas, especially large cities.

Ozone Depletion
Ozone in the stratosphere (10–50 km in altitude) absorbs some of the incoming solar ultraviolet radiation.

Stratospheric ozone is constantly being created and destroyed through natural cycles.

Ozone-depleting substances (ODSs) accelerate the destruction processes, resulting in lower than normal ozone levels.

Fluorocarbons and bromide-containing chemicals are quite persistent and catalyze the destruction of ozone in the upper atmosphere.

The destruction of ozone results in an increase in the amount of solar ultraviolet radiation reaching the earth’s surface, which can impair agriculture and increase the incidence of skin cancer.

Note:
The 1987 Montreal Protocol called for the reduction of use and elimination of the major ozone-depleting chemicals.

While it has had a major impact, the persistence of ODSs and the leakage of older appliances with ODSs, combined with the growth of the consumer market, have blunted the expected impact.

Greenhouse Gases
There is an interaction between ozone depletion and climate change.

ODSs can allow more energy to penetrate to the earth’s surface and so warm the earth further.

Most ODSs are potent greenhouse gases, so the buildup of ODSs over the last decades contributes to global warming.

Greenhouse gases trap heat in the atmosphere.

Shortwave solar radiation penetrates the atmosphere and is reflected or absorbed by the earth.

The portion that is reflected travels back through the atmosphere back into space.

The portion that is absorbed heats the earth’s surface and is re-radiated back into space in the form of longwave radiation.

Greenhouse gases absorb some of this longwave radiation that is normally radiated out into space and re-radiates it back to Earth resulting in heating.
Carbon dioxide, the product of combustion of wood, fossil fuels, and solid waste, is the most well-known greenhouse gas.

Methane, emitted during the production of coal, natural gas and oil, as well as from livestock and the decay of organic waste in landfills, is an even more potent greenhouse gas.

Other major greenhouse gases of human origin include nitrous oxide (N2O) and fluorinated gases such as hydrofluorocarbons

The effects of this heat are much more extensive than simply raising the average temperature of Earth.

Some areas experience colder weather, some areas have increased drought, and others have increased rainfall and flooding.

More extreme events, such as hurricanes and tornados, become more common.
Evaluation of Hazards
A prime question regarding any process using a volatile chemical is whether the concentration of the solvent in the air exceeds acceptable limits.
Getting the answer to this is not as difficult as it may seem.

The evaluation procedure is based on the following factors:


the toxicity of the substance;


the concentration in the breathing zone;


the manner of use;


the length of time of the exposure;


the controls already in place and their effectiveness; and 


any special susceptibilities on the part of the employees.

Samples can be collected in the field and returned to the laboratory for analysis, or they may be collected and analyzed on the spot with direct-reading instrumentation.

When using direct-reading instrumentation, a much greater number of samples and much more information can be obtained and evaluated.

Data loggers can be used to obtain a continuous record of concentrations.
Note:
Because correct operation of direct-reading instruments often requires considerable laboratory backup for maintenance, testing, and calibration, they are not as expedient as they seem.

The cost for a field evaluation may be much more than the cost of a laboratory analysis.

Control of Hazards
Health and Safety Personnel

Personnel concerned with health and safety should recognize that the use of toxic gases and solvents could be a major threat to health.

Hazard assessment and control are necessary to prevent detrimental physiological effects.

Exposure evaluation and workplace inspection should be a routine part of any health and safety program.

Exposure evaluations should be performed for new processes.

Surveys or searches should also be made for evidence of disease.


note conditions and practices that contribute to excessive exposure and call them to the attention of responsible personnel;


train users to handle chemicals properly;


set guidelines to direct operating personnel in the selection, use, and handling of chemicals;


prohibit general use of highly toxic chemicals, highly flammable solvents, or solvents that are extremely hazardous;


provide technical assistance to help users select the least hazardous chemicals, design and obtain proper ventilation, eliminate the risk of fire, eliminate skin contact, and evaluate situations when workers might be exposed to excessive levels.

Process Controls
One of the most effective means of controlling chemical exposure is to use the least hazardous material.

By simply substituting a less toxic or less volatile solvent, the hazard can be minimized or eliminated.
The fact that a certain chemical has been specified does not mean that it is the only one, or even the best one, for a particular use. At times, the one specified is the most familiar.

The best all-around solvent is water—it is non-toxic and nonflammable, and (with proper additives) it forms an aqueous solvent that is a good solvent for many organic materials.

The disadvantages are corrosivity of many aqueous solutions, the slow evaporation rate of water, and additives may leave a residue on a manufactured item, necessitating further cleaning.

For nearly every process there is an effective solvent or solvent blend that has low toxicity and low flammability.

The following suggestion can be used as a guide to lower toxicity and flammability:

use an aqueous (water) solution if possible;


when possible, consider a different process all together that does not involve chemicals;


toxic solvents are to be used only with properly engineered local exhaust systems; and


highly toxic or highly flammable solvents should be prohibited as general cleaning solvents.

Engineering Controls
The major route of entry for chemicals into the body is the lungs.

The most effective way to prevent inhalation of gases and vapors is to keep them out of the breathing zone.

This is done by using closed systems and local exhaust ventilation.


All open containers/vessels should be kept covered except when in use;


systems should be designed to prevent leakage and spillage,

(and to collect and contain the solvent in the event of a leak or spill);


proper ventilation must be installed for any process using solvents;

(local exhaust ventilation is necessary to capture the vapors at their point of origin and thus prevent excessive concentrations in the breathing zone)


solvent storage cabinets should be ventilated

(even storage areas require adequate general ventilation to prevent accumulation and buildup of flammable or toxic concentrations)


if refrigerated storage of solvents is recommended, they should only be stored in explosion-proof or explosion-safe refrigerators.

(refrigerators used for storage of food and beverages should not be used for any other purpose)

Note:
All control measures should maintain concentrations of hazardous chemicals in the breathing zone well below the OSHA-specified levels.
Present trends in worker’s compensation insurance and federal regulations justify designs that are well on the safe side.

Personal Protective Equipment
respirators

Do not use respirators as the primary or only means of protections against hazardous chemical vapors because too many factors limit their use.

They can be used as emergency or backup protection.


respiratory protective equipment is limited by leakage around the mask edges, surface contamination, impaired efficiency with use, and need for adequate oxygen;


unless it is correctly used and properly maintained and cared for, a respirator may present a greater danger to an employee than no protection at all;

(too often, such equipment gives a false sense of security and the wearer becomes careless)


respirators should be controlled through a program that provides for proper selection, fitting, testing, education, and maintenance under the surveillance of competent personnel;

(such a program is mandatory under present federal occupational safety and health standards)


make sure that the level of gases or vapors in the air does not exceed the protective factor of the respirator;

(OSHA has issued a respirator standard, and the employer must develop a schedule for changing cartridges and canisters for air purifying respirators)
protective clothing and gloves

Another major route of entry for hazardous chemicals is through the skin.
Dermatitis is the leading industrial disease, and solvents are second only to cutting oils and lubricants in causing this disease.

Skin contact occurs through direct immersion, splashing, spilling, contact with chemical-soaked clothing, improper gloves, and contact with solvent-wet objects.

Some solvents can be absorbed in amounts great enough to cause physiological injury to organs other than the skin.

The most effective way and often the only way to prevent harm is to keep the solvent from the skin.

This can be done by using mechanical handling devices (e.g., tongs, baskets), and by using impermeable protective clothing (e.g., aprons, face shields, gloves).

The use of gloves requires caution.

A common mistake is to recommend rubber or neoprene gloves for use as hand protection against a solvent regardless of the kind of solvent in use.
Many solvents can quickly penetrate latex rubber or neoprene gloves.


permeability

The permeability of gloves to certain solvents and chemicals is the most important characteristic to consider when selecting gloves for protection.

The time required of a chemical to penetrate a glove is affected by the glove’s thickness and its composition.

In some cases, the time to break though can be as brief a five minutes.

Chemical manufacturers include permeability information with their product for glove selection, and suggest appropriate glove materials for particular chemicals.  

abrasion resistance

Chemical manufacturers often include abrasion resistance of glove materials.

Note:
Both permeability and abrasion resistance is important when considering the type of gloves to use with certain solvents.

Note:
A rough comparison of the permeability of gloves plus an indication of some of the other characteristics can easily be made by turning the gloves inside out, filling them three-fourths full of solvent, sealing the cuff, and measuring the loss of weight, the stretch, and other parameters.


cleaning
Regular periodic cleaning and drying of gloves is as important as using the proper type.

Keep an extra pair of gloves available for use while the cleaned pair is being aired and dried.

When the gloves become soiled, it is often better to discard the glove than clean it.

If the outside of any glove becomes thoroughly wetted, remove it promptly.

There is no set recommendation for the use of gloves.

In many cases, a certain amount of trial and error is required.

Gloves may also increase the absorption of solvents if they do penetrate the glove and the solvent is trapped in close contact with the skin and cannot evaporate.

Barrier creams are the least effective way of protecting skin, and are not a substitute for gloves.

Good personal hygiene is important whenever chemicals are used.

Remove spills and splashes from skin immediately with soap and water.

This includes showering and replacing solvent-soaked or splattered clothing with clean clothing immediately and as often as necessary.

protective eyewear

Workers at risk for a splash of chemicals in the eyes must wear appropriate protective eyewear.
Protective eyewear should not be used as the sole protection, but in conjunction with engineering controls, guards, and good manufacturing practice.

OSHA requires eye and face protection when injury can be prevented by its use.

For chemical splash or irritation mists, eye protection should be selected from unvented chemical goggles, indirect-vented chemical goggles, or indirect-vented eyecup goggles.

Direct-vented goggles and spectacle-type eye protection do not provide protection against liquid exposures and should not be used.

For severe exposures, a face shield should be used in conjunction with goggles; a face shield by itself does not provide adequate protection against liquid splashes.

Where both an inhalation and splash hazard exists, full-face respiratory protection is preferable over a half-mask and goggles.

Note:
Traditionally, the recommendation has been that contact lenses should not be worn in eye hazard areas. However, the new ANSI standard removes this prohibition.

Provided to National Safety Council by Allen Sullivan, Assistant Professor, Safety and Health Management, Central Washington University

Provided to National Safety Council by Allen Sullivan, Assistant Professor, Safety and Health Management, Central Washington University


