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Acronyms Used In This Module
CFR

Code of Federal Regulations

o

Degree Celsius

C

DOT

Department of Transportation

o

Degree Fahrenheit

F

HASP

Health and Safety Program

HAZWOPER Hazardous Waster Operations and Emergency Response
H+

Hydrogen ion

HCl

Hydrochloric acid

HCS

Hazard Communication Standard

LEL

Lower Explosive Limit

LOX

Liquid oxygen

MEK

Methyl ethyl ketone

MSDS

Material Safety Data Sheet

NFPA

National Fire Protection Association

NaOH

Sodium hydroxide

NIOSH

National Institute for Occupational Safety and Health

NOX

Nitrogen oxides



OH

Hydride or hydroxyl ion

OSHA

Occupational Safety and Health Administration

PCB

Polychlorinated biphenyl

PEL

Permissible Exposure Limit

pH

Potential hydrogen (acidic vs caustic)

PPE

Personal Protective Equipment

TWA

Time Weighted Average

UEL

Upper Explosive Limit
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Overview
Recognition of potentially hazardous situations involving chemicals is
important for the safe response to any spill or hazardous materials
release. Applying common sense and safe work practices in day to day
job management is essential for minimizing the occurrence of a spill or
release and the potential for injury or death.

Terminal Learning Objective
Upon completion of this topic, the participant will have a better
understanding of potentially hazardous situations involving corrosives,
solvents, oxidizers, and reactive chemicals.

Enabling Objectives:
1.

Differentiate between an acid and a base.

2.

Identify the
corrosives.

3.

Describe the basic treatment for skin and eye exposure to
chemicals.

4.

Identify materials that are incompatible with corrosives.

5.

Explain the difference between flammable solvents and
halogenated solvent hazards.

6.

Define flashpoint, combustible, flammable, LEL, and UEL and
how these terms relate to flammable range.
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Chemical Awareness
Hazardous chemicals, hazardous materials, or hazardous substances,
as they are variously called, have long been used for many purposes in
homes, business and industry. Often the people who use such materials
become lax and careless around chemicals. Working with the same
chemicals everyday brings on the comfort of the commonplace. A basic
knowledge of chemical hazard classes, chemical terms and terminology
used relative to hazard classes, and basic chemical hazard awareness is
necessary.
Chemical names and terms can be very confusing and misleading.
Many times a single letter in the name of a chemical can mean a change
from a toxic to nontoxic compound. No spill response worker should
ever assume that the hazards of a particular chemical are known without
verifying the information. The name must be verified and the hazards
must be verified. Verification can come from the label, material safety
data sheets, reference books, or from technical specialists. A chemist or
other specialist employee should be available to assist in supervision of
spill cleanup activities. If the hazards of a mixture cannot be verified,
then maximum protective procedures should be used.

Chemical Names with Potential Hazard
The name of a chemical is the first indication of its potential hazard.
Even before the label or MSDS is checked the presence of certain
elements in the chemical name will suggest the probable existence of
hazards. A list of elements which signal potential hazard follows.
Elements That Signal Potential Hazard
Aluminum

Antimony

Arsenic

Barium

Beryllium

Bromine

Cadmium

Chlorine

Chromium

Cobalt

Copper

Fluorine

Hafnium

Indium

Iodine

Lead

Manganese

Mercury

Molybdenum

Nickel

Platinum

Rhodium

Selenium

Silver

Tellurium

Thallium

Uranium

In addition to the names of some elements, the presence of certain
words and word fragments in the names of chemicals can indicate
possible hazards. Not every chemical compound whose name contains
these words or word fragments is hazardous, but most are. Also
chemical names that end in the following suffixes may also signal a
hazard: ite, ate, ide.
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Word Fragments That Signal Potential Hazard
acid

acryl

alcohol

aldehyde

allyl

amine

amino

anhydride

brom

caustic

chlor

chrom

cyan

epoxy

fluor

glycol

hydroxide

isocyanate

ketone

mercaptan

nitrile

nitrite

nitro

nitroso

perox

phenol

sulfide

thio

vinyl

Corrosive Class Chemicals
The members of the corrosive class
find their way into every area of this
country. They are used in everything
from flashlight and car batteries, to
toilet bowl cleaners, disinfectants,
and rustproofing agents.
It is,
therefore, important that we know as
much about corrosives and caustics
as we possibly can.
The hazard class, corrosives, is probably the secondmost commonly
used and transported group of hazardous materials. The only group that
is more commonly encountered is the flammable liquids. Sulfuric acid is
the most widely used industrial chemical within the corrosive class.
To start, it is important to define exactly what a corrosive material is.
One definition of a corrosive material is "any liquid that has a severe
corrosion rate on steel." In other words, it is capable of destroying steel,
and naturally, is also capable of destroying human tissue. There are
two main types of materials that are capable of skin and metal
destruction and they are known as acids and bases.
There is a point that must be clarified! Acids are corrosive and bases
are caustic. Many labels / MSDSs do not distinguish between corrosive
or caustic. Instead, they lump both acids and bases together as
corrosives.
In order to fully understand the materials we are dealing with, it is
important that we take a good look at the differences between acids and
bases. Let's use hydrochloric acid (HCl) and sodium hydroxide (NaOH)
to help explain their differences.
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CORROSIVES
Acids

Bases (caustic)

HCl

NaOH
When dissolved in water

H + + Cl

HCl



+

NaOH

Hydrogen ion (H +)

Na + OH

Hydroxide ion (OH )

For our purposes all acids will produce a H+ ion when dissolved in water,
and all bases will produce an OH ion when dissolved in water.

pH
A term that is often used when discussing acids or bases is the term pH.
It is often said that "the liquid has a low pH". What is pH? By definition,
"pH is the negative log of the concentration of H+ in solution." As the
concentration of H+ increases, the pH number decreases. If a liquid has
a pH of 11, its H+ ion concentration is very, very low.
Bases have very low H+ concentrations and rather high OH
concentrations. So, we say that a liquid with a pH of 11 is a base. pH
ranges from 0 to 14, with the acids on the low end, (0 to 7), and the
bases at the high end (7 to 14). Solutions with a pH of 7 are neutral.
Neutral

Acid
0

1

Base
2

3

4

5

6

7

Increasing strength ( H+ )

8

9 10 11 12 13 14
_

Increasing strength (OH )

pH Scale
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AcidBase Neutralization
When dealing with corrosive or caustic spills the usual response will be
to neutralize the chemical through a neutralization reaction. For
example, if an acid is spilled it will be neutralized with a base (caustic).
Conversely if a caustic is spilled it will be neutralized with an acid. The
reaction between an acid and a base will include the production of a
large amount of heat, the splattering of liquid materials and possibly the
production of steam explosions, hydrogen gas, and toxic or irritating
gases.
In an acidbase neutralization reaction it is important to reduce the
possibilities of an uncontrolled reaction and avoid the situations
described above. Too successfully to achieve this, an understanding of
the neutralization process is important.
When mixing acids and bases, three general reaction products will be
formed: some type of salt, water, and heat. The following chart shows a
common neutralization reaction.

NEUTRALIZATION
Mixing an Acid with a Base

HCl + NaOH
H

+

+
Acid



Cl +
+

Na

H
+

+ OH

+



+ Cl +



Base

+

Na

+ OH



NaCl

+

HOH + Energy

Salt

+ Water + Heat

The energy or heat may be sufficient to
cause a violent reaction releasing toxic
vapors and/or irritating gases.

Since energy, in the form of heat, is always produced in a neutralization
reaction, controlling the amount of heat energy released is very
important. Controlling this energy release will prevent the unwanted
violent reaction that can place responders at risk. An understanding of
the terms strength and concentration as they relate to acids and bases is
essential.

Strength vs. Concentration
When most people speak of strong acids (or bases) they are actually
referring to the concentration of the acidic or basic solution. These two
concepts are often confused. Strength is defined as “the percentage of
ionization that occurs when an acid or base is mixed with water”. All this
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means is how much the material (solid or liquid) molecules come apart
(dissociate) in water to form electrically charged particles (positive or
negative ions). Acids dissociate into hydrogen ions (H+) and bases into
hydroxide ions (OH). The greater the dissociation (increasing H+ or OH)
the greater the strength of the resulting acid or base solution.
The amount of water has no effect on the strength of the solution. A
good example is the comparison of hydrochloric acid (HCl), a strong
inorganic acid, and acetic acid (CH3COOH), a weak organic acid. When
we examine the amount of ionization that occurs in both of these acids,
we find that the HCl is 100% ionized, while the CH3COOH is only 2%
ionized. This indicates that the HCl has a greater number of H+ ions
present in the liquid than does the CH3COOH. This is of importance
+
because when an acid is mixed with another material, the H ion is
usually what drives the reaction. The same concept also holds true
when we consider bases, except we are talking about the OH ion
instead of the H+.
Concentration is defined as “the amount of material (acid or base) mixed
with a certain amount of water expressed in terms of percentage by
weight or volume. If we have concentrated HCl, we mean that the liquid
material has the weight or volume. The more water by percentage the
more dilute the resulting solution. Conversely, the less water added the
more concentrated the resulting solution.
If we have concentrated HCl, we mean that the liquid material has the
maximum amount of HCl dissolved in that particular amount of water. If
we were to add any more HCl gas to the solution, no more would or
could dissolve, but rather it would just bubble through the liquid and

Strong vs Weak
Strength of a Corrosive:

is the %
ionization of the corrosive when mixed with
water.

HCl

+

100% H

& Cl



(Strong: 100% dissociation)
CH COOH
3

+

2% H



& CH 3COO

+ 98% CH COOH
3

(Weak
Weak: only 2% dissociation)

escape.
Now, if we have a fifty percent (50%) concentration of HCl, we are
saying that we have taken a given amount of the concentrated solution
and mixed it with an equal amount of water. If we compare the number
of H+ ions in the concentrated solution with the number of H+ ions in the
50% solution, we will find that the 50% solution has only onehalf the
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number of H+ ions as are found in the concentrated solution. Percent,
molar, normal and formal are other expressions to identify concentration.
Remember, the larger number before the term, the more concentrated
the solution.

Organic Acids and Bases
So far we have discussed the groups known as the mineral or inorganic
acids and bases. There are also organic acids and bases. The organic
acids are composed of carbons and hydrogens attached to one or two
carboxyl groups (COOH). An example is acetic acid (C2H3COOH) that
was previously used as an example of a weak acid. There are several
important points to keep in mind when looking at the hazards posed by
the organic corrosives. First, the vast majority of both the organic acids
and bases are not as strong as their mineral counterparts. However,
they are still capable of producing severe injuries and damage.
Secondly, many of these materials will exhibit additional hazards other
than being corrosive. For example, many are flammable, toxic, irritating,
and some are capable of polymerizing (exploding). Read the label/
MSDS for warnings.

Hazards and Protection
Now that we have an understanding of
the
general concepts
concerning
corrosives, let's consider the primary
health hazard that can be encountered
when dealing with these types of
materials. The first and foremost hazard
that a corrosive can produce is the ability
to destroy living tissue (referred to as
chemical burns). Remember, with any
chemical burn the tissue damage starts the instant the chemical agent
contacts that tissue. Some of these materials, particularly the strong
acids and bases, are so corrosive that even momentary exposure to the
skin will produce severe damage. With still other materials, the exposure
may not even be noticed until hours later when the burn is quite severe
and medical treatment is difficult.
This damage is said to follow the rule of 9, that is, a chemical burn is 9
times as damaging as a thermal burn. Also remember that tissue
destruction is caused by chemical action (reaction), and will continue
until that chemical action is stopped.

Treatment for Skin Exposure
The best way to stop the chemical action of corrosives is flushing. The
reasons for the use of flushing are rather simple. First, physical removal
of liquids and finely divided solids is difficult and tends to leave small
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portions of the material behind. Second, neutralization must be avoided
because of the heat it produces (the victim then would have thermal
burns on top of the chemical burns). Flushing is by far the best method
because it acts to physically remove any material remaining on the tissue
and acts to dilute it as well.
There are several things to keep in mind about flushing a chemical burn.
One is to use large quantities of water. (Most corrosives are quite soluble
in water). The water should be applied with little or no pressure to avoid
removing injured tissue. The application should be started as soon as
possible after the exposure has occurred.
Once flushing is started, remove any
clothing that has come in contact with the
acid or base.
A victim of such an
exposure will usually be in great pain and
will usually require forceful control while
flushing is taking place.
If exposure
occurs to the eyes, the victim's hands
must be restrained while flushing is being
done. Also, the eye lids must be held
open for flushing to be effective.
It is of utmost importance that personnel who work with acids and bases
not wear contact lenses because the lens may become "welded" to the
eye. Such an occurrence almost always leads to blindness.
Flushing must continue for a minimum of 15 minutes to ensure all of the
chemical that can possibly be removed is in fact removed. This also
keeps the wound cool and reduces swelling. This applies to the eyes as
well as to a skin exposure.
After the flushing is complete, the victim should be
treated by standard first aid practices for burns.
Make sure the victim is transported to a medical
facility for further examination by a physician even if
the injury appears to be only minor.
Dusts from some of the solid corrosives are also
capable of producing both severe internal and/or
external injuries. Massive exposures to some of
the strong corrosives can be fatal within a matter of
minutes, with little or nothing able to stop the
fatality. The injuries are also extremely disfiguring
and require extensive healing times and medical
treatment.

Protective Measures for Skin/Eye Exposure
There can be some benefit in knowing where the most common tissue
exposures to corrosive materials occur. Not surprisingly, hands rank
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number one, followed by nosethroatairway (from vapor and dusts),
feet, face, and eyes. By knowing these common sites, we can try to
protect them.

Vapor Hazards
Probably the most farreaching and
devastating hazard is the vapor
produced by many of these
materials.
"Fuming" liquids are
actually
spontaneous
vapor
producers.
Either way, vapor
producers are capable of creating
massive vapor clouds. If a vapor
cloud is generated, “large scale”
evacuation is usually required. Largescale evacuation encompasses
both an extensive physical area and moving many people to safety. The
injuries produced will be primarily to the mucous membranes (eyes,
throat, air way) and possibly moist tissues. The moist tissues are those
areas of the body that are susceptible to sweating, namely the arm pits,
groin, and lower back. Eye contact with acids may cause the cornea to
become immediately opaque. This condition may be permanent.
Acid mists or vapors may cause severe irritation to the respiratory
system and may show nasal membrane inflammation and destruction.
Inhalation may cause bronchitis, chronic inflammation or damage to the
upper respiratory tract and to the lungs. Due to this hazard the
permissible exposure limits (PEL) for acids are very low. For example,
the PEL for sulfuric acid is 1 milligram per cubic meter (mg/m3), or 1
milligram of acid per cubic meter of clean air. This is for a Time
Weighted Average (TWA) of 8 hours. The PEL of any chemical is that
concentration to which nearly all workers can be repeatedly exposed
without adverse effects.
Excessive levels of acid or bases can be corrosive to skin and eyes.
The extent of the injury is dependent upon:
·

The concentration of the acid or base;

·

The quantity of acid or base involved;

·

The body area effected, and;

·

The duration of the contact.

One positive aspect to consider when dealing with a corrosive vapor
cloud is, although the vapors are corrosive, irritating, or toxic, the
majority are also water soluble. This means that waterfog streams
could potentially be used to help knock down and disperse the clouds.
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It is of the utmost importance that the water not be allowed to come in
contact with the corrosive material itself. Most, if not all, vapor producing
corrosives are also water reactive. If contact is made there is usually an
increase in the amount of vapor generated.

Hazardous Mixtures
Whenever an incident occurs there is the potential for the mixing of
different types of materials. This is particularly true with corrosives,
simply because there are so many around in so many locations. Let's
take a look at some of the possible complications that could develop if
corrosives were to mix with various types of materials.

Corrosives and Poisons
First, if corrosives come in contact with poisons, such as cyanide or
sulfide salts, the primary concern is the possible toxic vapors that could
be produced by the decomposition of the poison. The vapors could be
more toxic than any of the corrosive vapors themselves.

Corrosives and Ignitable Materials
A second and more probable contact is
that of a corrosive with a flammable or
combustible material. There are many
possible reactions, with the exact type
dependent upon the specific corrosive
and flammable/combustible material.
Following are several examples of the
possible hazards that could be
encountered.
When a strong acid or base is mixed with a polar, or water soluble
flammable or combustible liquid, heat will be generated in a manner
similar to that seen when water is added to an acid. Because of the
increase in temperature, there will also be an increase in the amount of
vapor that is generated by the liquid. This means that the liquid,
normally at the temperature of its environment, will be warmer than its
environment. For instance, a liquid that is normally considered to be
below its flash point (the temperature at which enough vapor is produced
for a flash ignition to occur) may have been heated to a temperature
above its flash point. This means that if enough vapor is present and an
ignition source is found, a fire will result. The heat generated may also
be sufficient to spontaneously ignite liquids that have low ignition
temperatures.
As stated before, some corrosives are also strong oxidizing agents. If
one of the oxidizing type materials comes in contact with a finely divided
combustible solid, spontaneous ignition of the combustible may occur.
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After ignition has occurred, the corrosive will react like an oxidizer, that
is, it will greatly intensify the rate of combustion.
If the corrosive happens to be nitric acid (HNO3) and the combustible is
a cellulose material (wood, paper, cotton or any plant type material), a
chemical reaction can occur that will produce nitrocellulose.
Nitrocellulose is a highly flammable material that is also capable of
exploding. When the cellulose burns, toxic gases will also be produced.

Corrosives and Water
The next contact that must be considered is that of corrosives and water.
Many of the corrosive materials are also very water reactive. Any of
these alone or in combination can cause overpressurization of a
container.

Corrosives and Metal
The final type of contact to be considered is that of
a corrosive with a metal. Simply by examining the
definition, it becomes evident that one of the
possible reactions is the destruction of the metal
itself.
This is of great importance when the
particular metal under attack happens to be the
same metal that makes up the container in which
the corrosive is stored. This might sound a little
silly, but this type of problem has occurred in the
past and is usually difficult to control. There is
usually some form of leakage involving piping or the container itself. The
difficulty arises because the involved part is usually in such poor physical
condition from the corrosive attack that it crumbles when attempts are
made to plug it.
The other type of reaction that can occur simultaneously with metal
destruction is the production of hydrogen gas. This can be especially
dangerous when it occurs indoors simply because of the nature of the
hydrogen that is produced. Hydrogen is an odorless, colorless gas that
is lighter than air, so as it is produced, it will rise. When this occurs
within an enclosure, a large amount of hydrogen can be trapped in high
locations within that enclosure. If an ignition source is present, a
tremendous explosion is possible. If the hydrogen is produced outside,
most of it will rise and be diluted by the air. The dilution of the hydrogen
by the air almost totally eliminates the potentially explosive buildup of
the gas.

Polychlorinated Biphenyls (PCBs)
PCB is a generic term for the family of 209 chlorinated isomers of
biphenyl. The biphenyl molecule is composed of two sixsided carbon
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rings connected at one carbon site on each ring. Ten sites remain for
chlorine atoms to join the biphenyl molecule.
Polychlorinated biphenyls (PCBs), discovered in the late nineteenth
century, were introduced into United States industry on a large scale in
1929 and have been in use since that time in most industrial nations.
The qualities that made PCBs attractive to industry were chemical
stability, resistance to heat, low flammability and high dielectric
constancy. The PCB mixture is a colorless, viscous fluid, is relatively
insoluble in water, and can withstand high temperatures without
degradation. These characteristics are precisely the qualities that make
PCBs persistent in the environment. The higherchlorinated isomers are
not readily degraded.
It is not known what quantities of PCBs have been released to the
environment. Major sources of PCBs are industrial and municipal waste
disposal, spills and leaks from manufacturing, PCBcontaining
equipment, and handling of PCB mixtures.
PCBs have been reported in animals, plants, soil,
and water all over the world. Some fish products
from United States waters and the Baltic Sea
were found to contain several parts per million of
PCBs and have been declared unfit for human
consumption. PCBs have been found in all
organisms analyzed from the North and South
Atlantic, even in animals living under 11,000ft.
(3400 m) of water. The fact that PCBs have been
detected in the polar ice caps is an indication of
the power of atmospheric transport as a major
pathway of global contamination.
PCBs are transported through the biosphere in water and are attracted
to sediments. These phenomena are the result of bioaccumulation and
biomagnification in the food web. Uptake of PCBs by plants has also
been reported, but it is generally small and does not directly contribute to
substantial human contamination. In a few instances, poultry, cattle, and
hogs have been found to contain high concentrations of PCBs after the
animals have eaten feed contaminated with PCBs.
PCBs have been detected in human fatty (adipose) tissues and in the
milk of cows and humans. The estimated percentage of the United
States population with detectable levels of PCBs was nearly 100% in
1981. The estimated percentage of the United States population with
greater than 3 ppm PCBs in their tissue was 2.7%, in 1972, and less
than 1% in 1981.
PCBs can enter the body through the lungs, gastrointestinal tract, and
skin, circulate throughout the body, and be stored in fatty (adipose)
tissue. Except for occupational contact, human exposure is mainly
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through food. PCBs can cause chloracne, skin discoloration, liver
dysfunction, reproductive effects, developmental toxicity, and
oncogenicity in exposed humans. Some PCBs have the ability to alter
reproductive processes in mammals. Prenatal exposure in animals can
result in various degrees of developmentally toxic effects. There is
concern, based on extrapolation from animal studies, that PCBs may be
carcinogenic in humans. The problem is complicated by the presence, in
most PCB mixtures, of toxic impurities.

Solvents
Halogenated solvents, sometimes called safety solvents, have been in
wide use the last twenty years. They do not flash or burn, they have few
acute health hazards and their cost has been reasonable. Today their
safety is being questioned. With halogenated solvents flammability is
not a problem, but in a fire the byproducts of decomposing halogenated
solvents are deadly.
Halogenated solvents have been shown to cause chronic health
problems because of inhalation and skin contact; they have also been
shown to have an adverse effect on the environment. Many play a roll in
the depletion of the ozone layer and are listed as greenhouse gases.
Common halogenated solvents are the freonbased solvents, methylene
chloride, trichloroethylene, and 1,1,1trichloroethane.
Flammable solvents have also been in use for many years. The physical
hazards that they bring to the workplace, in the form of fire and
explosion, have been well documented. Acetone, ether, hexane,
ethanol, toluene, and xylene are common flammable solvents.
With flammable solvents, fire protection is of primary concern. The
proper use of safety cans, grounding and bonding, and flammable
storage cabinets are critical.

Solvent Hazards
The primary hazard of flammable liquid solvents is the physical hazard of
fire or explosion. Flammability refers to the ability of a material to
generate a high concentration of combustible vapors in an unconfined
area under normal circumstances. There are three factors that are
necessary for a fire:
·

There must be an oxidizer to
promote burning.

·

There must be fuel (something to
burn).

·

There must be an ignition source.
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The flash point is the lowest temperature at which a liquid gives off
enough vapor to form a flammable mixture with air. Flammable liquids
(OSHA and NFPA definition) have a flash point below 100oF. Class II
combustible liquids are also hazardous; their flash point is between
100oF and 140oF. Note: The DOT and EPA define flammable liquid as a
o
liquid with a flash point of less than 140 F.
The ignition point is the temperature that the vapor must reach to ignite.
There is an inverse relationship between flash point and ignition
temperature.
The higher the flash point the lower the ignition
temperature. Gasoline has a low flash point (40oF), and a high ignition
temperature (about 850oF). Number 2 fuel oil has a high flash point
o
o
(120 F) and a lower ignition temperature (about 650 F).
The minimum concentration of flammable liquid vapor in air necessary
for a mixture to ignite is called the lower explosive limit, or LEL. Anything
below that limit is too thin or lean to ignite. The upper explosive limit,
UEL, is the concentration of flammable liquid vapor in air that is too rich,
or too thick, to ignite. It will not burn because there is too little oxygen.
The vapor has displaced the oxygen and the concentration has dropped
to less than 14%. The flammable or explosive range includes everything
between the upper and lower explosive limits.
Whenever flammable liquids are
spilled or whenever combustible
liquids are spilled on hot
surfaces, in a quantity that can
reach the flammable range, the
safety office and fire brigade
should be notified. Generally, a
spill in the amount of one or more
gallons
should
bring
this
response.
As
with
all
generalities, specific conditions
may call for assistance with even smaller spills. One example would be
a spill of flammable liquid into a sump or pit. Far less than a gallon can
create a fire hazard in a confined space.
It is possible to detect the presence of hazardous flammable liquid
vapors by their smell. However, many flammable liquid vapors are toxic
below their detection limit. Explosive gas meters will detect flammable
liquids, but meters are not equally sensitive to all gases, thus any
indication of flammable gas should be of concern. Note also that
flammable ranges are in percentages; one percent is equal to 10,000
parts per million. An explosive gas meter cannot be used to detect
gases at PEL levels because PEL concentrations are generally less than
1000 ppm or 0.1% total atmosphere.
The secondary hazard of flammable solvents and the primary hazard of
other solvents are the health effects.
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Acute effects of inhalation:
·

Irritation of mucous membranes of the respiratory passage

·

Nausea

·

Headaches and drowsiness

·

Muscular weakness

·

Loss of coordination

·

Disorientation and confusion

·

Unconsciousness and sometimes death

Acute effects of skin/eye contact:
·

Removal of skin oils resulting in irritation

·

Cracking and Rashes on the skin

·

Dermatitis

·

Burning and Irritation of eyes

Over the long term, chronic effects of solvents tend to affect the function
of the liver or the kidneys.

Do's and Don'ts for Solvents
When working with solvents, follow these rules:
·

DO read the container label and MSDS before you use the
chemical. There will not be time or it may be inconvenient to read
it during an accident.

·

DO keep the work area clean. Fewer spills happen in clean work
areas.

·

DO use protective clothing and equipment when operating
procedures call for them, when the MSDS recommends it, or
when overexposures are detected or expected.

·

DO use only approved and labeled containers for storing and
transporting solvents.

·

DO make sure there is proper ventilation when using solvents.

·

DO keep flammables away from heat and ignition sources.

·

DO check that containers and hoses are in good working
condition.
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·

DON'T leave containers open, when not in use.

·

DON'T siphon by mouth.

·

DON'T depend on a "funny smell" to detect hazardous gases in
the air, some are odorless.

·

DON'T breathe gases produced from chemical reactions.

·

DON'T mix solvents  unless instructed to. Even then, follow
instructions exactly and double check that you are mixing the
proper materials.

·

DON'T smoke, eat or drink around hazardous substances.

·

DON'T wear contact lenses around toxic vapors.

·

DON'T track hazardous materials from one location to the next.

·

DON'T store hazardous chemicals next to each other without
checking the MSDS for possible reactions.

·

DON'T work by yourself. Have someone nearby who knows
where you are and knows what you're doing at all times.

·

DON'T cut corners on hazardous substance handling procedures.

Treatment for Solvent Exposure
There is no safe solvent; they all have acute and chronic health hazards.
All solvents will dry out the skin and cause cracking, rashes, or
dermatitis. Cracking and dermatitis open new routes through the skin to
the body. Wash skin with soap and water if solvents are spilled on the
skin.
If a solvent is splashed into the eyes, it will cause burning and irritation.
Flush the eyes with cool water for a minimum of 15 minutes. Raise the
eye lids if possible as the eye is being irrigated.
For first aid to an unconscious victim, first call for help. Do not attempt a
rescue unless you ventilate the area or use SCBA and have a standby
observer. Once you safely reach the victim, move the person to fresh air
and give CPR if necessary. When working around solvents, don’t
become part of the problem.
If you should encounter an unconscious person near a solvent spill or
release:
·

Call for help immediately.

·

Do not attempt a rescue if there is any reason to believe that the
cause is solvent vapor without wearing proper protective
equipment. Have a standby observer present.

·

Move the victim to fresh air and give CPR if necessary.
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·

Make sure the victim gets medical help.

·

Don’t become part of the problem.

·

If a solvent is splashed into the eyes, flush the eyes with water.

·

Wash the skin with soap and water if exposed to solvents.

Oxidizers
An oxidizer is, by chemical definition, “any material that will gain
electrons during a chemical reaction.” In other words, an oxidizer is a
material that will readily give off oxygen to stimulate the combustion of
organic materials. Similarly, an oxidizer is a material that will yield
oxygen either at ambient or at slightly elevated temperatures. Some
examples of oxidizers are chlorates, permanganates, inorganic
peroxides, and nitrates. Fluorine and chlorine are especially strong
oxidizing agents and will react with almost any material they come in
contact with.

Hazards of Gaseous Oxidizers
Because of the intensity with which these
gaseous oxidizers react, it is important to
examine their potential hazards. The first
point to consider in the study of oxidizers
is to remember that quite often oxidizers
are delivered in the form of a gas. These
gases are pressurized in cylinders and
may be at a concentration of 100%,
meaning that these materials are
concentrated and can undergo reactions
at a rapid rate. If the reaction gets out of
control, the rate may be so rapid that an
explosion occurs.
For example, if gaseous oxygen is passed through a gauge or piping
system that is not totally free from even traces of hydrocarbons,
spontaneous ignition of that hydrocarbon may occur. This ignition will be
so violent that the explosion is accompanied by fragmentation of the
equipment and possible fire.
Since oxidizing elements can be found as gases, there is a danger that
they could be present in the atmosphere prior to ignition. The
atmosphere, in this case, is said to be "oxidizer enriched." Note that an
"oxidizerenriched" atmosphere may contain oxygen, fluorine, chlorine,
or other oxidizers to be introduced in upcoming paragraphs.
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In the presence of oxidizers, many standard rules relating to combustion
no longer apply. For instance, a material that is normally difficult to ignite
may flash into flame in an oxidizerenriched atmosphere. In this
situation, the flammable range and flash points normally used to
measure the potential "flammability" of a flammable liquid or material are
greatly modified. The oxidizer widens a material's flammable range. For
example, with four times as much oxygen present, the LEL may be as
much as four times lower and the UEL as much as four times higher.
Note: It is important to realize that oxidizers DO NOT BURN; rather
they support and intensify combustion.
Materials, like clothing, that are exposed to an oxidizerenriched
atmosphere may become saturated with the oxidizer. The clothing can
retain a large amount of oxidizer for as long as 30 minutes or more.
Clothing saturated in this manner is easily ignited and burns with great
intensity and at high temperatures. Disastrous incidents have occurred
involving workers handling liquid oxygen who left their work stations for a
cigarette break and ignited their oxygensaturated clothing.

Hazards of Cryogenic Oxidizers
Any of the gaseous oxidizers mentioned above may also be found in the
liquid form. These oxidizers are often liquid to make transportation more
efficient and less costly. An example is liquid oxygen, commonly called
LOX.
Oxygen is liquefied by a cooling process.
Oxygen in the liquid state is extremely cold, thus
is a cryogenic liquid. It is at a temperature of 
362oF. While in the liquid state, these materials
are exceedingly dangerous. When liquid oxygen
is spilled on or mixed with any hydrocarbon, the
mixture can become a contact explosive. For
example, if liquid oxygen is spilled on a blacktop
roadway, anything that comes in contact with the
exposed roadway, such as the wheels of a
vehicle driving over the area, the boot of a
worker, or even a fire hose stream, can cause
the exposed roadway to explode.
Another problem associated with a liquid oxygen spill is the oxygen
enriched atmosphere it will produce. As stated before, the enriched
atmosphere will have an effect on the protective gear worn. Keep in
mind that a spilled cryogenic liquid will be heated far above it’s normally
extremely low temperature. Under this condition, a pool of liquid will
evaporate at extremely high rates with the subsequent release of
voluminous amounts of gas. This enriched atmosphere is capable of
causing internal combustion engines to “run away”  a process where the
engine fuel burns so efficiently that the engine runs wide open and
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ultimately explodes. Oxygen and chlorine
oxidizing agents that make up the hazard
There are two primary groups of compounds
oxidizers. These two groups are inorganic
bonded compounds.

are only two of the many
class known as Oxidizers.
that make up the remaining
compounds and covalently

Inorganic Compounds as Oxidizers
The inorganic compounds are primarily salts (ionicallybonded materials)
that contain a certain amount of oxygen (a few also contain chlorine) and
some acids. The basic inorganic oxidizer groups are as follows:

Oxysalts
Oxysalts include nitrates, chlorates, permanganates, and others. They
all produce oxygen when heated or mixed with certain types of materials.
In addition, some oxysalts, as cyanates, are very toxic.
The suffixes and prefixes used in the chemical name of an oxysalt
provide clues about the strength of the substance's oxidation power.
The suffixes and prefixes are presented in the order of highest to lowest
oxidation state in the table below:
NOMENCLATURE

EXAMPLE

OXIDATION STATE

Sodium perchlorate

Highest oxidation state

xxxxxxate

Sodium chlorate

Next highest

xxxxxxite

Sodium chlorite

One step lower

Sodium hypochlorite

Lowest oxidizing state

perxxxxxxate

hypoxxxxxxite

Be aware that even at the lowest oxidation potential there can be
danger!

Inorganic Peroxides
This group includes most of the alkali metal peroxides (sodium,
potassium, etc.) and is water reactive. When they come in contact with
water, they produce sufficient heat to ignite nearby combustibles and
explosively rupture their containers, producing large volumes of oxygen.

Certain Acids
This group includes concentrated "nitric," "chloric", and many of the "per
" acids (perchloric). These materials are also water reactive and may
become very unstable and explosive when heated.
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Oxidizing Elements
Oxidizing elements are oxygen, fluorine, and chlorine.

Organic Peroxides or Covalently Bonded Oxidizers
Organic peroxides are compounds that contain a peroxide (OO)
functional group in their atomic structure. Organic peroxides also
contain an organic (hydrocarbon) group. The hydrocarbon group is the
flammable component of the molecule, while the peroxide group is the
oxidizing component. Thus, two sides of the fire triangle are satisfied
within an organic peroxide. Furthermore, the instability of an organic
peroxide can generate the energy to supply the third side of the fire
triangle.
Organic peroxides not only mix oxides and flammable
components but also readily decompose if subjected to friction, heat,
shock, or contamination. One of the decomposition products is pure
oxygen!
Organic peroxides are compounds that contain
carbon, hydrogen and oxygen. In other words,
they contain a flammable hydrocarbon material
and an oxygen ion. Consequently, all that is
needed in order to initiate combustion or an
explosion, is for these substances to begin
breaking down. As they break down, heat is
given off. This heat is high enough to generate
the release of a great deal of energy as the
material is decomposed.
Thus, organic
peroxides are simply bombs just waiting for the
right opportunity to explode.
When you were children, your mother probably put hydrogen peroxide
(an inorganic peroxide) on your cuts. The foaming that occurred was the
release of pure oxygen, because the peroxide was decomposing from
contamination by your blood. A similar reaction occurs when organic
peroxides are contaminated.
We know what happens when oxygen is mixed with flammable materials
such as solvents or gasoline. There is a high potential for serious fire or
explosion.
As the decomposition progresses, additional heat is
generated, which further accelerates the decomposition rate. The same
is true for peroxides. Pure peroxides are often explosive!
If they are so explosive, why are there so few injuries associated with
them? The answer is that the producers of organic peroxides generally
select additives to stabilize the peroxides during transport. Stabilization
can be something as simple as refrigeration, or the addition of the right
amount of moisture, or the dilution of the peroxide with an appropriate
solvent. Peroxides are not only manufactured by chemical companies
but also are formed spontaneously in areas where solvent vapors can
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react with air. As a result, peroxides often form along the threads of
solvent drums and ground glass openings of laboratory bottles. The
friction caused by unscrewing the bung from a drum or the cap from a jar
may explode the container. Some peroxides will spontaneously explode
if they warm up to room temperature. Refrigeration should be taken
seriously.
Because of the wide variety of materials that are oxidizing agents, it is
difficult to generalize about the types of containers in which they may be
found. They can be found in paper bags, drums, compressed gas
cylinders, tank trucks, and rail cars, to name a few. Peroxides should be
suspected to be present in old solvent containers. Often, MSDS sheets
or data base information will mention that certain solvents, such as
ethers and methyl ethyl ketones, form peroxides. Be particularly careful
with those solvents when they are old.
The primary hazards associated with the oxidizing compounds are
similar to those of the oxidizing elements.
They include the
intensification of combustion, spontaneous ignition, explosion, and
production of toxic fumes. Of these four hazards, spontaneous ignition
is a causative hazard (causing the incident). Explosions, however, may
be causative or they may be subsequent, which means they follow the
start of the incident.

Intensification of Combustion
The hazard most likely to be encountered in incidents involving oxidizers
is that the oxidizer intensifies combustion. The rate of combustion
increases as well as the heat of combustion. This is because there is
more fuel being oxidized than under normal conditions. The oxygen
production of any of these oxidizing compounds is greatly dependent on
the amount of heat to which it is exposed. The greater the heat
exposure, the greater the rate of oxygen production. This in turn leads to
a greater rate of combustion, and additional heat production.

Spontaneous Ignition
In the presence of oxidizers, many standard rules relating to combustion
no longer apply. For instance, a material is normally difficult to ignite
may flash into flame in an oxidizerenriched atmosphere. In this
situation, the flammable range and flash points normally used to
measure the potential “flammability” of a flammable liquid or material are
greatly modified. The oxidizer widens a material’s flammable range. For
example, with four times as much oxygen present, the LEL may be as
much as four times lower and the upper UEL as much as four times
higher. “Oxidizerenriched” atmospheres may contain oxygen, fluorine,
chlorine, or some other oxidizer.
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Production of Toxic Fumes
The final primary hazard of oxidizers is the effect that inhalation of their
vapors and smoke has on the respiratory system. Both vapors and
smoke dissolve in the mucus lining of the respiratory tract and produce
liquid (usually corrosive) that can damage the tissues of the respiratory
tract.
It is important to realize that vapors can be emitted spontaneously, as in
fuming acids, or with an elevation in temperature, as in nitrates. The
vapors evolved may be visible (i.e., nitric acid or chlorine gas) or almost
invisible i.e., (chlorine trifluoride or oxygen). Extremely toxic vapors may
also be produced when some oxidizers are exposed to other chemicals.
The best example of this reaction is the generation of hydrogen cyanide
gas when a cyanate is exposed to any acid.
The smoke produced when an oxidizer is involved in a fire is very toxic.
It has basically the same effect as oxidizer vapors, but the damage and
symptoms may take longer to show up. For example, nitrogen oxides
(NOX) are produced by the involvement of nitrates or nitrites with fire.
The nitrogen oxides, when dissolved in the mucus of the lungs, produce
nitric acid. The symptoms of nitric acid poisoning are tightness in the
chest, difficulty breathing, shortness of breath, and sweating. These
symptoms take many hours to reveal themselves and may be mistaken
for the symptoms of a heart attack.

Extinguishing Agents for Oxidizers
Because of the way oxidizers behave when involved in fire, it is
important to examine the effects of various common extinguishing
agents. In fighting oxidizer fires, the extinguishing agent of choice is
water. There are, however, hazards involved in using water, including:
·

Runoff

·

Impregnation of combustibles

·

Possible water reactivity of the oxidizer

The first problem in using water as a fireextinguishing agent is that the
majority of oxidizers are watersoluble. This means that the oxidizer will
dissolve and travel with the water. The potential for environmental
pollution is very high if the runoff water reaches a waterway or water
supply. There is also the potential for soil pollution if the water has high
levels of dissolved oxidizer. Another problem develops as the water
evaporates. Evaporation leaves a strong concentration of residual
oxidizer on the surface of the soil.
Oxidizer residue can become concentrated in combustible materials. If
this occurs, the combustible material will be impregnated (filled) with the
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oxidizer with potentially disastrous results.
Remember that the
combination of an oxidizer and a fuel can be an explosive mixture.
When the combustible material dries, the potential exists for either
spontaneous ignition or explosion. Either of these reactions may occur
after a relatively long period of time. The potential for this type of
disaster exists if the incident simply involves a timber structure. If a
significant level of oxidizer has impregnated the timber, the process of
demolishing the remaining structure could be very dangerous, especially
after the wood has dried.

Water Reactive Hazardous Materials
There are a number of metals in pure form or as part of an alloy that are
waterreactive. Most of these metals belong to a group of elements
called the "alkali metal" or "alkaline earth metals." This is an unstable
group of light metals that tend to be extremely reactive with water.
Workers should become familiar with the name of the alkali metals that
have commercial value. Among these metals are:
·

Lithium

·

Sodium

·

Potassium

·

Beryllium

·

Magnesium

·

Calcium

Other metals that are also water reactive are zirconium, titanium,
aluminum, and zinc. Like the alkali metals, these metals are very
common as they frequently are used for commercial purposes.

Characteristics of Water Reactive Metals
Water reactive metals tend to be soft metals that
have low melting points. Thus, they vaporize at
very low temperatures. During the course of a
fire, they burn at high temperatures and generate
a lot of heat. When water is applied to such
metals, hydrogen gas is liberated from the water
molecules. The heat of the fire will automatically
ignite the hydrogen gas that is being generated.
Sometimes this reaction will be mild, while at
other times it can be very violent.
Some of the metals that are water reactive (e.g., lithium and sodium) do
not need fire conditions in order to react with water or air. When they
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come in contact with water, they replace the hydrogen in the water
molecules. This also releases hydrogen gas. The heat from the
reactions between water and these metals is enough to ignite the
liberated hydrogen and this also will produce a violent reaction. The
amount of violence produced by such reactions is dependent on the
amount of hydrogen that is given off by their reactions and whether or
not such reactions take place in a confined space. Workers must be
very cautious when such reactions are taking place inside a container.

Other Water Reactive Materials
Workers must also be aware that the water reactive metals which have
been discussed thus far are not the only materials that are water
reactive. Metals that are part of compounds containing carbon (i.e.,
organometallic compounds) will produce flammable gases when
exposed to water. For example, calcium carbide (calcium + carbon)
creates acetylene gas when water is applied. Strong acids (like
hydrochloric or sulfuric acid) or strong gases (like sodium or potassium
hydroxide) will also react vigorously with water to produce copious
amounts of corrosive vapors.

Control and Stabilization
Although water is a primary tool used in many emergency situations,
workers must refrain from using it on waterreactive materials that have
spilled, leaked, or ignited. Many metal fires cannot be put out with water
or by other means, for that matter.
The important point is that workers must attempt to avoid committing
themselves to actions that make a situation worse instead of better. The
inappropriate use of water is a common example of mistakes in dealing
with hazardous materials. At large fires involving waterreactives, it is
best in most situations to reduce human exposures and let a fire burn.

Unstable Materials
"Unstable material" is not a DOT hazardous materials classification, but it
is important to identify these substances. Most materials or substances
are reactive in one way or another with the exception of inert gases like
helium or argon. Many substances have very little reactivity when they
leak or spill, but this is not true of some hazardous materials.
Unfortunately, some hazardous materials that are reactive are also
unstable.
OSHA defines "unstable" as any substance that will spontaneously
decompose, polymerize, or selfreact under conditions of shock,
temperature, or pressure. In short, a reactive hazardous material needs
an outside stimulus (a contaminant, another chemical, or an energy
source) to get it to react, but an unstable hazardous material does NOT
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need an outside stimulus.
As a consequence, many unstable
substances need to be inhibited to prevent decomposition. Inhibitors
may include nonreactive solvents, inert gases, or vacuum containers.
For example, acetylene is inhibited with acetone, sodium is packed in
mineral oil, and acetyl peroxide is shipped wet (in a 30% water solution).

Characteristics of Unstable Materials
Unstable hazardous materials exist as liquids or crystalline solids.
Looking at the molecules (two or more atoms that are bonded together
chemically) of unstable materials, it is found that many of these share
electrons in order to form molecules or compounds. The sharing of
electrons between atoms is called "covalent bonding." Forming or
breaking a covalent bond is easy in some situations. Thus, many
unstable materials have bonds that are easy to form and break;
therefore, it doesn't take much to set them off and running.
Two important types or groups of unstable materials are organic
peroxides and monomers. In review, organic peroxides are compounds
that contain carbon, hydrogen and oxygen. In other words, they contain
a flammable hydrocarbon material and an oxygen ion. Consequently, all
that is needed in order to initiate combustion or an explosion is for these
substances to begin breaking down. As they break down, heat is given
off. This heat is high enough to generate the release of a great deal of
energy as the material is instantly decomposed.
Thus, organic
peroxides are simply bombs just waiting for the right opportunity. MEK
peroxide (methyl ethyl ketone peroxide) is a wellknown example of an
organic peroxide.
Monomers are materials that undergo a planned chain reaction, called
polymerization, to form useful plastics and other commercial products.
When monomers like vinyl chloride or styrene are allowed to polymerize
in an uncontrolled manner, they have tremendous explosive potential.
Such materials are quite dangerous during the course of a fire and may
be just as dangerous after the fire has been extinguished. Keep in mind
that cooling a container in which the chain reaction of polymerization is
ongoing may simply place the worker "in harm's way." Thus, such
cooling should be accomplished with unmanned monitors.

Control and Stabilization
Treat unstable materials as explosives until they are proven otherwise.
Do NOT move or handle a material until its stability can be verified. Be
advised that if you stumble across jars with chemicals, hermetically
sealed 55gallon drums, or cargo carriers with hazardous materials that
must be inhibited, you should begin to step lightly. Such materials may
be unstable.
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Explosives
Explosives
are
chemical
compounds or mixtures of
various compounds that are
capable of undergoing rapid
transformations
with
the
simultaneous production of large
quantities of heat and gases.
This release of high heat in the
presence of gases causes the
gases to expand rapidly. Their
rapid expansion exerts an
exceedingly high pressure on the
surrounding environment. The
pressure exerted by such explosives will cause shock waves to travel at
velocities that can exceed the speed of sound.
An explosive device may come in a variety of shapes or forms. It may
be a liquid in a glass container, black powder in a pipe, a gel, a plastic, a
rolled up detonating cord, etc. Generally speaking, an explosive is any
device that contains fuel, an oxidizer, and a detonating device. This
chain of events is called an explosive train. Although the chain of events
in an explosion can be very complex and can include a number of
variables (factors), some of the basic components of an explosive train
are:
1. An igniter
2. A primer
3. A detonator
4. A booster charge
5. A main charge
A safety fuse attached to a blasting cap, which in turn is attached to a
high explosive, becomes an explosive train. The safety fuse is a textile
cord which acts as an igniter. Wrapped around the textile cord is black
powder, which primes the blasting cap at the other end. The blasting
cap in turn detonates the main charge or the high explosive. Sometimes
a booster charge is used with a high explosive that is difficult to
detonate. The booster is also a high explosive, but is much more
sensitive than the main charge.
Primary high explosives are extremely sensitive to heat and shock while
secondary high explosives are much more stable. Thus, a small amount
of primary high explosive is used to detonate a much larger amount of
secondary high explosive in some explosive devices.
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A primary system for classifying explosives is the one employed by the
Department of Transportation (DOT).
The DOT classifies explosives (Class I) in the following manner:
1.1  Explosives with a mass explosion hazard.
1.2  Explosives with a projection hazard.
1.3  Explosives with predominantly a fire hazard.
1.4  Explosives with no significant blast hazard.
1.5  Very insensitive explosives.
1.6  Extremely insensitive explosive articles.
Forbidden Explosives  Not allowed to be shipped by common carrier.
One additional classification used by DOT is for blasting agents, which
are a mixture of oxidizers plus fuels and are insensitive to heat and
shock.
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Review Questions
1.

Explain the difference between an acid and a base.

2.

What are the primary health hazards associated with acids
and bases?

3.

How do the hazards of flammable and halogenated solvents
differ?

4.

How can PCBs enter the human body?

5.

List several acute effects of solvent exposure.

6.

What are some materials
incompatible with corrosives?

7.

How can you recognize a substance that is an oxidizer by its
name?

8.

Describe the treatment or procedure that is recommended for
eye and skin exposure to chemicals.
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