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Table 4:2 Specifc Giravity of Some Common Gases

Gas Specific Gravity
A w0
Nitogen 0567

2| ongen 1105

| Fyarogen 3

5[ Methane (natural gas) 0554

£[ Propane 1552

£ Hyrogen suige 76

Tighter than air, il rise upward and dissipate, or being heavier, tend to hug the ground
and accumulate. Table 4-2 shows the specific graviry or density of some common gases
found in the processing industry.

Water-Readive

Chemicals that are water reactive generally roact with water to rlease a gas that is cither
Slammable or prosents 2 health hazard. An example would be the alkali merals
Sodium which reacts with water to form hydrogen gas, which is flammable.

Figure 4.2 is a graphic representation of the physical hazards we have discussed.

Physical
Hazards

4.
i
i

Figure 42 Physical Hazards.
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HEALTH HAZARDS
‘Health hazards are defined as those chemicals for which thero is sciontific evidence dem-
onsiratng that acute or chronic health effects may occur if employees are exposed 1o that
chemical. A significant amount of the hazards in the processing industry are of the chemical
type. For chemical health hazards, the Material Safety Data Sheat (MSDS) is the process
employee's bst friend for information about a chemical. Like physical hazards, there are
variety of health hazards, some of which have been mentioned in the previous chapter

‘Assume you work on a process unt that ses monomethancolamine and benzene in its
process. Just those two chemicals expose you to the following health hazards:

Carcinogen (cancer causing agent)
Sensitizer

Allergen

Corrosive

Imitant

Neuroloxia

Teratogen

Mutagen

cseevsns

Corcnogen (cancer cousing agent)— A chemical is considered to be a carcinogen if:

‘@ It has boen evalusted by the Intemational Agency for Research on Cancer
(IARC) and found to be a carcinogen or a potential carcinogen.

‘@ Itislisted as a carcinogen or potential carcinogen in the Annual Report on
Carcinogens published by the National Toricology Program’s (NTP) latest
edition

® ltis rogulated by OSHA as a carcinogen.

Corrosives— Corrosives are chemicals that cause visible destruction of or imeversible al-
terations in, living tssue by chemical action a the site of contact. The pH of a chemical is
a good indicator of is corrosivity. The pH scale spans from 0 to 14, with 7 being neutral.
A value above 7is basic,  value below 7 is acidic.

Highly Toxic—A chemical is highly toxic if it falls within any of the following catego-
is: (1) A chemical that has a median lethal dose (LD of 50 milligrams ot less per
kilogram of body weight when administered orally to albino rats weighing between 200
and 300 grams cach; (2) A chemical that has a median lethal dose (LD, of 200 milligrams
or less per ilogram of body weight when adiministered by continuous contactfor 24 hours.
(or lessif death occurs within 24 hours) with the bare skin of albino rabbits weighing be-
tween 2 and 3 kilograms cach; (3) A chemical that has a median lethal dose (LD, in
f 200 parts per millon by volume or less of gas o vapor, or 2 milligrams per lte orless
of mist, fame, or dust, when adinistered by continuous inhalation for one hour or less if
death occurs within one hour) 10 albino rats weighing befsveen 200 and 300 grams cach.

Iritamt— An irritant is a chemical which is not corrosive, but which causes a reversible
inflammatory effect on lving tissue by chemical action at the sit of contact. A chemical
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is a skin irritant, if when tested on the intact skin of albino rabbits by testing (method
16 CFR IS0041) for four hours exposur o by other appropriate techniques, it results in
an empirical score of five or more. A chemical is an eye rritant if so determined by test
(16 CFR 1S00.42) or other appropriae technigues.

Sensitizer— A sensitizeris 2 chemical that causes a substantial proportion of exposed peo-
ple or animals to develop an allrgic resction in normal tissue afte zepeated CxposurS o
the chemical.

Wewrotoxin— A nurotoxin is  poison that acts on the nervous system. Two common oncs.
in petrochemical plants are phenol and tet-butylcatechol.

Mutogen—A mutagen s & chemicaltha has o s suspected to have the propetis thatcan
change or aler the genetic structure of 4 iving cell. Mutagens can make & person more
susceptible 0 cancer

Teratogen— A teratogen is  substance tht has an adverse effect on a human fetus. Tt can
cause the fetusto have deformitie from the normal. A good exampl s  two-beaded clf

SUMMARY

A typical manufacturing plant may have numerous hazards. There are chemical hazards
or the hazards posed by the storing, processing, and handling of chemicals, There are
also physical hazards posed by the physical propertics of chemicals, such as & com-
pressed gases, explosives, and oxidizers. Generally,the terms acute and chronic are used
10 delincate between effects on the basis of severity or duration. Acute effects oceur rap-
idly as a result of short-term exposures. Chronic cffects occur as a result of long-term
exposues.

Physical hazards include noise, vibration, extremes of temperature, compressed gases,
combustible and flammable chemicals, explosives, oxidizers, and reactive materials, Any
chemical that has a physical hazard, as defined in the follow paragraph, constitutes an
‘OSHA defined hazardous chemical,

‘Health hazards are defined as those chemicals for which thero is scientific evidence dem-
onsirating that acute or chronic health effects may occur if employees are exposed o that
chemical. A significant amount of the hazards in the processing industry are of the chemi-
cal type. For chemical health hazards, the MSDS yields the best information about the
ehemic

REVIEW QUESTIONS
1. Two biological hazards arc and
2 effects ocur rapidly due (0 short-erm exposures.

3 effects oceur over & period of ime as result of long-term exposures.
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A bas s of il haardous mterias.
5. Listfve physical azards.

6 Asanie, liquids have a fash poiat a o sbove 100°E.

7 have a flash point below 100°F.

8. Txplain how chemicals lash pointwarns a worker bout s hzard.

9. Txplain whatis meant by a chemical’s ower explosive limit and upper explosive
limit.

10, (T/F) Generally,the wider the LEL-UEL range, the higher the firc hazard posed,
1 promote combustion in other materals and can cause a firc.

12 Explain how specific gravity alerts an operator o the hazardous nature of a
chemical.

1 are those chemicals for which there i scientifc evidence demonstrating
acute or chronic health effecs.

14, Listsix health hazards.

154 a cancer-causing agent.
16, are chemicals that cause visible destruction or damage to living tissuc.
1A i a poison that acts on the nervous system.

18 A i a substance that hes a dameging effect on the human fetus.

EXERCISES.

1. “The specific gravity of airis 1.0. Gases with a specific graviry less than one are
ighter than air; those with a specific gravity greater than one are heavier. Refer to
‘Table 4-2 for the specific gravity ofthe following gases: propane, hydrogen, butane,
and hydrogen sulfide. Now, assume you are an operator on a unit that has all of
those gases, and that one week a leak in a lange or valve released  large amount of
propane. Answwer these two questions: (1) based on propane's specific gravity, will
the released gas disperse rapidly upward into the air, and (2)is the gas flammable.

Answer the same questions for hydrogen, propane, and hydrogen sulfde.

2. Gasoline is a blend of several hydrocarbon chemicals plus a few additves. Research
on the Internet the compounds that make up gasoline and then find out f those.
compounds have any health hazards, such as carcinogenic, mutagenic, etc. Write a
one page report.
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RESOURCES
wwwwikipedia.org
wwwosha gov
v, YouTube.com
wwede.gov
swvwwcde. govniosh/

swwwtoolboxtopics.com
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CHAPTER 4

Hazard Recognition

Learning Objectives

At the end of this chapter, the student should be able to:

Lis fve physial hacards.
‘Explain the diference besween a combustivl and flammableliguid.

Explain what is meant by a chemical’s ower explosive limit and wpper
explosive limit.

Explain why water reactive chemicals are considered a physical hazard.
Write definiions for healih hizard and physical hazard.
Describe six health hazards.

Esplain the ollowing terms: corrosive, sensitizer, mutagen, carcinogen,
and teratogen.

INTRODUCTION

Ask anyone working in processing and manufacturing industries what s the firststep in
accident prevention, and most will respond that it is knowing the hazards associated with
heir tasks. A typical plant will have numerous hazards. There are chemical hazards posed
by the processing, soring, and handling of chemicals. There are physical hazards posed by

the physical properties of chemicals. Then, there are ergonomic,

iological, and security

hazards. Ergonomic hazards, such as carpal tunnel syndrome and back injuries, wil not be

a5
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discussed except to say that back injuris from improper lfting techniques are the greatest
ergonomic hazard to operations personnel. Biological hazards (Legionnaire’s discase,
‘mosquito-borne diseases, etc.) generally are not very common in the process industry.
Security hazards are discussed in the last chapter of ths book. Chemical and physical
hazards are the predominatc hazards to process employees and are the focal poiats of this
chaper.

‘Safety hazards related to the physical characteristics of a chemical can be defined in terms
of testing requirements, such as ignitabiliy; however, health hazard definitions are less
precise and morc subjective. Ther have been many attempts to categorize cffects and to
define them in various ways. Generally, the terms acute and chronic are used to delineate
between effects on the basis of severity or duration. Acute effects oceur rapidly 25 a result
of short-term exposures. Chronic effects occur as @ result of long-term exposurcs.

Acute effects referred to most frequently aro those defined by the American National
Standards Instiute (ANSI) and ar itation, corosivity, senstization, nd lehal dose.
Similacy, th term chronic efect i often used o cover only carcinogenicty, teatogenic-
ty,and mutagenicity. Acut exposures toairborne chemicals are ypical o transportation
accidents, fires, o accidental releass at chemical manufactring or storage failties. Acute
aitborne exposures normally oceur when there is an acidental rlease and personnel are
‘unable 1o evacuste quickly enough. Chronic exposures usually are associated with normal
plant operations when personal protective measures are not adequate, such as when the
concentaton exceeds the permissble exposurefimit (PEL). Chronic exposure may be due.
10 careless atitade by the employee or exposure o chemical from undetected slow leaks
of gases and volsle chemicals tha bend in with the background odor of the uni. There is
o ist of hazardous materils. Instead, the Occupationa Safety and Health Administration
(OSHA) has defined two categories of hazardous materials, and they are health hazards
and physical hazards. 1  matrial meets one of OSHA's definitons, it is considered to be
ahazandous chemical

PHYSICAL HAZARDS
Physical hazards include noise, vibration, extremes of temperature, compressed gases,
combustible and flammable chemicals, pyrophorics, cxplosives, oxidizers, and reactive
‘materials. Process employees are exposed to physical hazards on a daily basis because
they work outside on the unit among pipes containing comprssed gases, luids under high
temperatures, and flammable and explosive chemicals. Examples of some these hazards
on a process unit might include:

High pressure and temperature steam lines at 600 psig and 488.8°F
16 inch diameter lines fll o gasoline

Plant airlines a a prossurc of 120 psig.

Natural gas lines for furnace bumers

Comprossed gases at 2400 psig used for anlyzers

ceces

‘Any chemical that has a physical hazard as defined in the following pages constiutes an
‘OSHA defined hazardous chemical. The hazards of noise and vibration are discussed in
et detil in a later chapter.
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Combstibe Ligvds

A combustible liquid is any liquid having a flash point at or above 100°F (37.8°C) but
below 200°F (93.3°C). The exception to the preceding sentence is any mixture having
omponents with flash poiats of 200°F (93.3°C), or hgher, the total volume of which
‘make up 99 percent or more of the total volume of the mixture.

Comprossed Gases
A compressed gas is & gus o mixture of gases having,in a container an absolute pressure.
excecding 40 psi at 70°F (21,1°C). It can also be a gas or mixture of gascs having, in &
container, an absolute pressure exceeding 104 psi at 103°F (4.4 °C) regardless of the
pressure at 70°F (211 °C). Finally, it can be a liquid having a vapor pressure excecding
40 psi at 100°F (37.6°C) as detcrmined by ASTM D-323-72,

Explosives
An explosive is  chemical that causes a sudden, almost instanianeous release of pressure,
s, and heat when subjected (0 sudden shock, pressure, or igh temperature.

Flommables

“There ar several types of flammables based on their physical phase. An aerosol flammable
is an aerosol that, when tested (method described in 16 CFR 1500.45) yields a flame pro-
joction exceeding 18 inches at full valve opening, or a flashback (a flame cxtending back
to the valve) at any degree of valve opening. A gas flammable is (1) a gas that, at ambi-
ent temperature and pressure, forms a flammable mixture with air at a concentration of
13 percent by volume or less; o (2) a gas that, at ambient temperture and pressore, forms
a range of flammable mixtures with ai wider than 12 percent by volume, regardless of the
Tower limit. A liquid Nlammable is any Tiquid having a flash point below 100°F (37.8°C),
except any mixture having components with flash points of 100°F (37.8°C) or higher, the
total of which makes up 99 percent o more of the total volume of the mixure. And finally,
a solid Nammable is (1) asolid, ther than a blasting agent or explosive (defined in CFR
1910.1098)that s lsble to cause fire through friction, absorption of moisture, spontane-
ous chemical change, or retained heat from manufacturing or processing, or (2) which can
be ignited readily and when ignited bums so vigorously and persistently as (0 create aseri-
ous hazard. A chemical shall be considered 10 be a flammable solid if when tested by the
‘method deseribed in 16 CTR 1500.44, it ignites and burns with a self-sustained lame at &
rate greater than one-tenth of an inch per second along its major axis.

Flsh Point
The lash point i the lowest temperature at which vapors on the surface of a liquid in a test
apparatus will ignite and burn when an ignition source is placed in the vapor space. How-
ver, at the flash point, the fire would last only long enough to burn the vapors and then go
out. Different chemicals have different flash points. For instance, benzene has flash point
of 12°F, while gasoline has the flash point of -45°F. How does fash point information
‘warn us about & hazard? Generally, the lower the flash point the greater the flammabil-
ity hazard posed by that chemical. For safe transportation and storage of chemicals, the
‘Department of Transportation (DOT) and the National Fire Protection Association (NFPA)
have classified chemicals into various groups depending on their flash points. DOT
regards a chemical as flammable if the fash point is below 100°F and combusible f the
flash point s ator above 100°F:
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Explosive Linits (Fommabilty Lnits)

Any combustible or flammable material has a lower flammability limit (LEL) and an upper
Alammability Timit (UFL). These are also more commonly known as the lower explosive
it (LEL) and upper explosive limit (UEL). The lower explosive imit s the minimum
concentration of the chemical in ir at or above which the material il support ignition.
Any concentration below this and the mixture i oo lean to burn. Similarly the upper x-
plosive limit is the highest concentration above which the material will not support com-
bustion. Any concentration above this and the mixture is 0o rich to burn.

Many chemicals have their LEL-UEL range between 1 t0 5 percent, but there are several
exceptions. For instance, gasoline’s LEL-UEL range is 1.5 to 7.6 percent, Acetylenc’s
range is much wider, 2.5-100 percent, Generaly,the wider the LEL-UEL range, the higher
the fire hazard posed by that chemical. What i the practical use of knowing LEL-UEL?
Many plants use LEL meters to check arcas before issuing hot work permits for the arca.
‘Typically, many plants consider a reading of ten percent or less on the LEL meer as an
‘acceptable limit to issue a permit for work or entry. Some explosive limits are shown in
‘Table 4-1. For a btter understanding of explosive imits, study Figure 4-1,

Orgaic Peroxides

Organic peroxides are an organic compound that contains the bivalent oxygen structure
(£0:0-). They release oxyen readily and are st oxidiing agens. Because they rlease
oxygen readily they are a source of oxygen necded to complets the firo trangle. They are.
fire hazards whe in contact with combustible materials, specialy at high temperatures.
‘They are also unstable and may decompose if concentrated.

Oxidizers

Onidizers are a chemical other than a blasting agent or explosive tha initiaes or promotes
‘combustion in other materials thereby causing fire either of itself or through the release
of oxygen or other gases. These are chemicals that either spontaneously evolve oxygen
at room temperature or under slight heating. This term includes chlorates, peroxides, per-
ehlorates, nitrates, etc.

Table -1 Explosive Limits

Explosive Limits—Upper and Lower
Volume Percent Substance in Air
Substance LEL UEL
Fyarogen % 5%
Gaslne % 3
Hydogen sufide | 4% o
Propane % [
Butana S 3
Hexane B ™
Etnyene % 2%
Propylene B3 2%
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No hydrocarbons All hydrocarbons
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O%LEL  100% LEL 100% UEL
Figure 41 Diagram of Explosive Limits

Pyrophorics

A pyrophori i »chemical that will gnite spontancously inai at  temperatre of 130°F
(54.4°C) or below. Pyrophoric mateials arc chemicals that are capable ofigniing n air
at ambien temperatares. Flier, we mentioned alkyls, sodium, potassiom, and Fithiom.
These reactve materials can also be considered pyropboric. Many substances,alibough
otherwise non-esctive, become pyrophoric when exposed to ai n a fine powder form.
For cxample, carbon (coke) granules are not pyrophoric, but if the granules re ground
10 very fine powder, hat same cok becoms pyrophoric. Many deposis formed within
process vessels i the absence of oxygen become pyrophoric when exposed o air when
e vessel s opencd upfor inspection ot repars.

Reactive (Unstoble) Chemicls

A reactive chemical is a chemical or mixture of chenicals that will vigorously polymer-
ize, decompose, condense, or will become self reactive under conditions of shocks, pres-
sure, or temperature. Many chemicals such as aluminum alkyls, and alkali metals such as
Sodium, potassium, and lithium, are highly reactive with water. They must be stored away
ftom a damp or moist environment or an explosion may occur. The nitrogen blanket used
for the storage tanks of these chemicals must have a very low dew point; about 40°C.
Hoses for oading and unloading such chemicals must be completely dry and be pressure
checked before Ioading chemicals with them. When loading s complete, they must be
purged thoroughly.

Specic Gravity

Specific gravityis the comparison of the density of sofids and liquids 0 water and of gases
10 air This value roveals how heavy a liquid i in comparison to watcr, Water has specific
gravity of 1.0, 1 the specific gravity of  liquid is 0.7, then the liquid s Jighter than water
and G ot miscible) will floa on water The greaer the specific gravity, the heavier the
chemical and the greater pressure cxerted on the containing vessel. The specific gravity
of gases i i relation to ir, which has a specific gravity of 1.0. Gases heavier than air
have a specific gravity greater than 1.0, Most hydrocarbon gases are heavier than air So,
how can knowing the specific gravity of a gas help you with hazard recognition and the.
proper response (o the hazard? I you see a white cloud huging the ground in an area.
‘where there are no stcam lines and the cloud is around a butane tank, chances ae the cloud
i butane vapor visible because it has absorbed some moisture from the ar. This vapor
cloud is looking for a source of ignition. Butanc, being heavier than air, remains near
the ground. Knowing the density of a gas compared to air will tell you if that gas, being.
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