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PROCESS SAFETY ENGINEERING (0905477)
07- INDUSTRIAL HYGIENE

ALl KH. AL-MATAR (aalmatar@ju.edu.jo)

The superior man, when
resting in safety, does not

IEEERGEIRCENECINUEE  Chemical Engineering Department, University of Jordan
Amman 11942, Jordan

come.... When all is orderly,
he does not forget that
disorder may come.
Confucius (551 BC — 479 BC)
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Definition

%% Industrial hygiene is a science devoted to the
identification, evaluation, and control of occupational
conditions that cause sickness and injury.

=t Industrial hygiene is concerned with predicting,
recognizing, assessing, controlling, and preventing
workplace environmental stressors that can cause
sickness or serious discomfort to workers.

Health, Safety
Worker safety and well-being and Wellbeing

Work safe, live well

VIV IIIIA

https://www.osha.gov/Publications/OSHA3143/0SHA3143.htm

@ OSHA Information Booklet #3143 -- Industrial Hygiene

Environmental Stressors

58 Any factor that can cause enough discomfort to result in lost time or illness.

‘ Environmental Stressors
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Air Contaminants

— Dusts

M Fumes
~{ Particulate |—

— Mists

Air Contaminant — - Fibers
! |

Gas

— Gaseous

Vapor
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Air Contaminants

&= Concerned about particle size and its penetration into the
pulmonary track_ Upper respiratory tract

Nasal cavity

Does not reach Fhanymx
lungs ey

1 D>0.5 um 1 Lower respiratory tract

|: Trachea
May ingest
_: Primary bronchi AN l‘

~
L
{ Respirable e 7l ﬁ
Air Contaminant
— 0.2<D<0.5um —
Gets stuck in lungs /

—‘ D<0.2 um —4 Exhaled




Fate of Air Contaminants

Particle size Fate
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0.1-0.3 um broncl[:icglztsritlfdtglvcoli
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Chemical Hazards

58 The degree of worker risk from exposure to any given substance depends on
the nature and potency of the toxic effects and the magnitude and duration of

exposure.
‘ Chemical Hazards
. . Central Nervous Specifit organ . -
Irritants Asphyxiants ‘ System CNS Agents ‘ agents Genetic activity
s s B - Causes cancer—
Respirator Simple Narcotics — Blood-Hemotoxic —{ .
B Y B | Carcinogen
Skin Chemical Anesthetics —{ Liver—Hepatotoxic oS A aTTEReITE

Depressants

Lungs—
Pulmonotoxic

Skin—Dermatotoxic

Nerves & Brain-
Neurotoxic

Kidneys- —
Nephrotoxic

damage—-Mutagen

Causes birth defects —
Teratogen

Causes damage to

“— reproductive system-
Reproductive Hazard
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H,S
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Chemical Hazards: MSDS

&2 Information on the risk to workers from chemical

v

hazards can be obtained from the Material Safety Data

Sheet (MSDS)

&2 The MSDS is a summary of the important health, safety, and
toxicological information on the chemical or the mixture's
ingredients.

&2 OSHA'S Hazard Communication Standard requires MSDS to be
supplied by the manufacturer or importer to the purchaser of
all hazardous materials.

&2 Other provisions of the Hazard Communication Standard
require that all containers of hazardous substances in the
workplace have appropriate warning and identification labels.
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MSDS or SDS

Safety Data Sheets

’,'l’ S D S In the GHS, Material Safety Data Sheets
S DS (MSDS) are to be redesigned as

A N NN B SafetyDataSheets (SDS)

The GHS standardizes the content and formatting of SDSs into a strict 16 PART DOCUMENT with a set order

Ze, 2o ks Hazard(s) * J; Composition/ 4 First Aid
K Communication s Measures
5 é 8
Fire-fi Handling & Exposure Controls/
a' M':-mqugng b mussns & . Personal Protection

n 12

‘s e myslul& ° O Stability & Toxicology Ecological
o Chemical Properties »Q:x ! Information \nformation
13 15 16
Disposal Transportati Regulatory Other
Consideration Information v Information o Information

Check out the HgS MSDS in this link

L

Biological Hazards

% Can cause acute and chronic infections by entering the
body either directly or through breaks in the skin.

Bacteria

Viruses

Biological Hazards‘-

Fungi

Other living
organisms



162CHE477 L07a MSDS H2S.pdf
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Physical Hazards

lonizing

Electromagnetic
radiation

Nonionizing

Noise

Physical Hazards L
i Vibration
(excessive levels)

Illumination

Temperature (heat)

L

Noise Hazard Recognition

/ Needto
{ shout
. (hearing

) Noise

Auditory .| Ringing
| testing | Effects and ' ‘ sensation

If Degraded A
| hearing
\ after work /

- 'x/'
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The DeciBel (dB)

Sound Pressure ~ Sound Pressure Level

—140dB
\
Jet \y
— 120 13008 \
— 110
A
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Rock Concert 1 000,000 — 3 )
hreshhold of h . .
- Threshhold of hearing Y ~ Chain Saw
I Average Traffic —80 = 100dB
—70

L(dB)=10log,,| —

L 60 Conversation 60dB

P
=10 |Og — =20 |Og — |, —30 e
10 I Poz 10 Po e | ”S’

—10 Rustling Leaves

_ -5 40dB
PO - 2 x 10 Pa Wilderness 20dB 20*0
@ Limit of hearing (silence)

OSHA PEL for Noise

Continuous dB Permissible Exposure Time
85dB 8 Hours
88dB 4 hours
91dB 2 hours
94 dB 1hour
97 dB 30 minutes
100 dB 15 minutes
103 dB 7.5 minutes
106 dB 3,75 minutes (< 4 min)
109 dB 77875 minutes (< 2 min)
112 dB .9375 min (~ 1 min)
Y 115d8B 46875 min (~30%ec) 'Y

Prolonged exposure can cause
mild to moderate loss. Hearing
protectors required
Short exposures can cause
OSHA permissible exposure limit (PEL) 90 dBA [ JSLEIIIEIVIES
OSHA Action Level 85 dBA

90 |
Residential boundary-noise limit Prolonged exposure can Dual protection Pain threshold
cause slight hearing may be needed
loss. Hearing protectors
recommended
Prolonged exposure

can cause moderate to
3 severe loss. Wear hearing
protectors.
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Noise Control

Enclose equipment

—{ Enclose operator

| Slower rotational
E— speed
Noise Control ~ —

| Intake/Exhaust
mufflers

— Padded mountings

__| Maintenance to
reduce vibration

@ HW: Search for noise control technologies for FCC in petroleum refineries.

Radiation

The complete process in which energy is emitted (transmitted) by one
body (source), transmitted through an intervening medium or space,
and absorbed by another body.

KHz MHz GHz
@ non-ionizing radiation



Sources of Exposure to Radiation

86 (222) ———_,—
s [ MedicaI/DentaI X- United States Radon Levels '
9.73 g/L ray (39 mrem ~ 11%) :
Boting pint
F.E. Dorn, 1900 62°C ’\ ‘
“;;‘“ || Nuclear medicine
o ) T (14 mrem ~ 4%)
(Xe) 4f 5d" 68" 6p° | DuetoHuman | et
Radon w Activities

| Consumer products
(10 mrem ~ 3%

[

Other (<1%)
Exposure to

radiation

| Radon (200 mrem ~
55%)

| Inside human body
(40 mrem ~ 11%)

Due to Natural
Sources

| Soil and rocks (28
mrem ~ 8%)

Cosmic rays (27

mrem ~ 8%)
Data from NCRP report no. 93.
Other may include: occupation, nuclear fuel cycle, fallout, etc.

Types of Radiation

Alpha

lonizing Beta

Radiation

Nonionizing Gamma
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Alpha Radiation

A heavy, very short-range particle and is actually an ejected
helium nucleus.

Some characteristics are:

Most alpha radiation is not able to penetrate human skin.

Alpha-emitting materials can be harmful to humans if the materials are
inhaled, swallowed, or absorbed through open wounds.

A variety of instruments has been designed to measure alpha radiation.
Special training in the use of these instruments is essential for making
accurate measurements.

A thin-window Geiger-Mueller (GM) probe can detect the presence of
alpha radiation.

Instruments cannot detect alpha radiation through even a thin layer of
water, dust, paper, or other material, because alpha radiation is not
penetrating.

Alpha radiation travels only a short distance (a few inches) in air, but is not
an external hazard.

Alpha radiation is not able to penetrate clothing.

Examples of some alpha emitters: radium, radon, uranium,

thorium.

Beta Radiation

v

A light, short-range particle and is actually an ejected electron.
Some characteristics of beta radiation are:

May travel several feet in air and is moderately penetrating.

Can penetrate human skin to the "germinal layer," where new skin cells are
produced. If high levels of beta-emitting contaminants are allowed to
remain on the skin for a prolonged period of time, they may cause skin
injury.

Beta-emitting contaminants may be harmful if deposited internally.

Most beta emitters can be detected with a survey instrument and a thin-
window GM probe (e.g., "pancake" type). Some beta emitters, however,
produce very low-energy, poorly penetrating radiation that may be difficult
or impossible to detect. Examples of these difficult-to-detect beta emitters
are hydrogen-3 (tritium), carbon-14, and sulfur-35.

Clothing provides some protection against beta radiation.

Examples of some pure beta emitters: strontium-90, carbon-14,
tritium, and sulfur-35.

4/27/2017
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Gamma Radiation and x-Rays

58 Highly penetrating electromagnetic radiation.
58 Some characteristics of these radiations are:

L

Gamma radiation or x rays are able to travel many feet in air and many inches in human
tissue. They readily penetrate most materials and are sometimes called "penetrating"
radiation.

X rays are like gamma rays. X rays, too, are penetrating radiation. Sealed radioactive
sources and machines that emit gamma radiation and x rays respectively constitute
mainly an external hazard to humans.

Gamma radiation and x rays are electromagnetic radiation like visible light, radiowaves,
and ultraviolet light. These electromagnetic radiations differ only in the amount of
energy they have. Gamma rays and x rays are the most energetic of these.

Dense materials are needed for shielding from gamma radiation. Clothing provides little
shielding from penetrating radiation, but will prevent contamination of the skin by
gamma-emitting radioactive materials.

Gamma radiation is easily detected by survey meters with a sodium iodide detector
probe.

Gamma radiation and/or characteristic x rays frequently accompany the emission of
alpha and beta radiation during radioactive decay.

Examples of some gamma emitters: iodine-131, cesium-137, cobalt-60,
radium-226, and technetium-99m.

Alpha radiation consists of helium-4 nucleus and is readily stopped by a sheet of paper.

LN W W
V YAV W W W
VAW WS —

Beta radiation, consisting of electrons, is halted by an aluminium plate.

Gamma radiation is eventually absorbed as it penetrates a dense material. Lead is good at

absorbing gamma radiation, due to its density.

4/27/2017
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Common Units to Measure Radiation

\Gray (Gy) is the standard international unit for measuring radiation
___dose equals one Joule/kilogram (J/kg). Rad — the unit of Radiation

\Absorbed Dose of ionizing radiation equal to the absorption of 100
ergs/g

Roentgen — measures the amount of ionization in the air caused by radioactive
| decay of nuclei. In non-bony biological tissue, one roentgen is the equivalent of
about 0.93 rad. In air, one roentgen equals 0.87 rad. Dials that show calibration
‘in mR/hr are reading milliroentgen per hour.

Rem (Rantgen equivalent man)- the dosage of ionizing radiation that will
cause the same biological effect as 1 rad of x-, gamma or beta.

Units

Sievert (Sv) A unit of equivalent absorbed dose equal to 100 rem.

The standard international unit or radioactivity is called a Becquerel
@ | L___(abbreviated Bq), which is equal to one disintegration per second (dps).

Historical unit is the Curie —3.7x10% disintegrations per second

Ergonomic Hazards

#2 Ergonomics (or human factors) is the scientific discipline
concerned with the understanding of interactions among humans
and other elements of a system.

28 Mostly encountered in manufacturing industries other than CPI.
Lifting

Holding

ih

Pushing

Walking

Awkward L]
. I movements
Physiological =
~{ Muscle strain
~{ Boredom
psvchological | Concentrated
4 J attention
@ ~{Simulated inputs

Reaching

Other

10

Ergonomic Hazards
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What Is an Industrial Hygienist?

%% A person who by study, training, and experience can

L

(AREC):

Anticipate (expect the existence of a hazard)

Recognize (identify the presence of workplace exposure)

Evaluate (the magnitude of exposure)

Control (reduce exposure to acceptable level)

Industrial Hygiene Phases

Control: application
of appropriate
technology to

/l reduce workplace
| exposures to
“ acceptable levels.

Evaluation: determination of\ -

the magnitude of the
exposure.

Identification:
determination of
the presence or
possibility of
workplace \
exposures. \

N

4/27/2017
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Identification

v

In order to safely handle many hazardous chemicals on a
daily basis within chemical plants, all potential hazards
must be identified and controlled.

Requires a thorough study of the chemical process,
operating conditions, and operating procedures.

Sources of information may include: process design
descriptions, operating instructions, safety reviews,
equipment vendor descriptions, information from
chemical suppliers, and information from operating
personnel.

The quality of this identification step is often a function

of the number of resources used and the quality of the
guestions asked.

Anticipation/Recognition

v

Anticipation/recognition of potential or actual hazards
through knowledge of:

Materials Operations Processes Conditions

M? = Man + Materials + Methods + Machines

4/27/2017
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Hints for the Recognition of Chemical Hazards

Odors (15,

£ Not all agents have detectable odor

Frequent headaches (s ¢las)
Dermatitis aladi s ualpl gl ol
Drowsiness (ilauwyi dhuy o3lsll pas)

Personality changes (sl § i) S e e

feature 1

Clusters of problems (st isgom)

Z 1 -'P‘ -'

.,
g

Potential Hazards

064

feature 3

Heptane

0o

RG] +process o

* Operating instructions

_ 4= - safety reviews
|OPERATING PROCEDURES = iacaaogt
* Chemical properties MSDS's

Data Useful for Health identification

Potential hazards

Liquids Noise
Vapors Radiation
Dusts Temperature
Fumes Mechanical

Entry mode of toxicants

Threshold limit values (TLVs)

Odor threshold for vapors

Physical state

Vapor pressure of liquids

Sensitivity of chemical to temperature or impact
Rates and heats of reaction

Hazardous by-products

Reactivity with other chemicals

Explosive concentrations of chemicals, dusts, and vapors
Noise levels of equipment

Types and degree of radiation

v

Inhalation Ingestion
Body absorption (skin or eyes) Injection

Potential damage

Lungs Skin

Ears Eyes

Nervous system Liver

Kidneys Reproductive organs
Circulatory system Other organs

1Olishifski, Fundamentals of Industrial Hygiene, pp. 24-26.

4/27/2017
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Evaluation

£ The evaluation phase determines the extent and degree of
employee exposure to toxicants and physical hazards in the
workplace environment.

£% The various types of existing control measures and their
effectiveness are also studied in the evaluation phase.

£ Sudden exposures to high concentrations: ready access to a clean
environment is important.

£2 Chronic effects arise from repeated exposures to low
concentrations: preventing and controlling through continuous or
frequent and periodic sampling and analysis.
== After the exposure data are obtained, it is necessary to
compare actual exposure levels to acceptable occupational
health standards to identify the potential hazards requiring
better or more control measures.

L

Evaluation
Determination Comparison
Measurement with regulatory, Judgment:
of exposure . >
of exposure professional, weigh all
. . frequency, and -
intensity - and internal factors
duration
standards

17



Control

g8 Employing of methods to eliminate or reduce exposure resulting
in elimination or reduction of the occurrence of occupational
disease through:

Elimination / Eliminates the exposure
Substitution before it can occur

Requires a physical change
Engineering Controls to the workplace

Administrative & Requares worker or employer
Work Practice Controls t DO something

Personal Protective Equipment

Requires worker
(including respirators)

to WEAR somethng

OSHA and Process Safety Management (PSM)

22 PSM was developed after the Bhopal accident (1985), to
prevent similar accidents from happening.

2% Activities undertaken in Emergency management:

Before the During the Immediately After
emergency emergency the emergency
situation. situation. situation.

28 Emergency management is a part of PSM in CPI.

v

4/27/2017
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Purpose Of PSM

% Proactive and systematic Preventing or minimizing the
consequences of catastrophic release of toxic,
flammable, reactive or explosive chemicals.

Major Sections of PSM

PSM

Evaluation of progress towards
goals

* Process Hazard Analysis (PHA)

e Pre-Start-up Safety Review (PSSR)
| « Management of Change

¢ Incident Investigation

e Compliance Audit

¢ Trade secrets

Achieving safety goals

e Process safety Information (PSI)
* Employee participation

* Operating procedure(s)

e Training

e Contractors safety

e Mechanical Integrity

¢ Nonroutine work authorization (Hot
Work Permits)

e Emergency Planning and Response

4/27/2017
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c

Eme

In

.

1910.119 ) 1910.119 (d)
Employee Participation Process Safety Information Process Hazard Analysis Operating Procedures
Establish a PSM Team Mainiain a Library for: (PHA) Initial Start-up
Develop a Witten Plan of Action Manuiacure’s Data Reparts el
Prioriize Goals. Maintenance Manuals ; ity O s
Assign Responsibiliies P&ID’S (Piping and Instumentation Due Every Five-Years Emugefl:yushlm‘osn;‘n:;nd Operations
i iormal Shusgiown
Have schadulad mactings. b ) or if the Process Changes St TN s

The last two must be kept on fle OSHA 1910. 119

Emergency Planning &

Accidents and Near Misses

(Investigation within 48 Hours)

Make corrective actions to avoid a
future occurmences; you could ie. PSMTEAM prior t beginning work. ASME Section VIIL, Div. 1 PHA Performed?
save someone’s life. ASME B 31.5, Ammonia Piping P&ID'S Up-dated?
ASHRAE 15, NBIC-85 i.e. Management of Chan
o Sy X ge 4

910.1190)

1910.119 (e}

iagrams)
Codes and Standards,
Block Flow Diagrams.

1910.119(g)

1910119 (o)
Training of Personn

ompliance Audits

= Rairasher PSM Training

Required
= Operators In Operating
EVERY Procedures
THREE-YEARS =« Management of Change
+  Conractors

+  Emergency Response

Process Safety Management
910119 i) Fourteen Elements cww.uwn)
3 ontractors

PRE-QUALIFICATION
Review Safaty Records, Employee
Cartifications and Insurance Records

Response

Off-Site Response

On-Site Response
rgency Evacuation Posters
Alarm Systems

On-Site Safety Orientation
For Employers and Employees.
Documentaton

1910119
1910.119 (1) Mechanical Integrity 1910119 6)
cider::?;\;:(snrigatinn Management of Change I ralnlrlﬁmm“ :EJ:;:'"I:QEW Pre-Startup Review

Hot Work Permit accepted good engineering practices” Must be performed prior to introducing
new equipment to the system.

Invalves Plant Engineer, Safety
Manager, Refrigeration Operators. lilge sure that CONTRACTORS are o D o
and Maintenance aware of your Hot Work Procedures APLS70, Piping

MUST BE REPORTED
Operators Trained?

EPA: Risk Management Plan (RMP)

Z2 The RMP is aimed at decreasing the number and
magnitude of accidental releases of toxic and flammable
substances.

% Although the RMP is similar to the PSM regulation in
many respects, the RMP is designed to protect off-site
people and the environment, whereas PSM is designed
to protect on-site people.

Documentation that is
maintained on the site and

. Emergency response submitted to authorities.
Hazard assessment, Prevention program, L o
program, This information is also
shared with the local
community.

4/27/2017
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Industrial Hygiene: Control

= Requires the application of appropriate technology for
reducing workplace exposure.

%= During the design phase, the designer must pay
particular attention to ensure that the newly designed
control technique provides the desired control:

2 Environmental controls = Ventilation.

EE Personal protection - Respirators.

Figurs 20 The

o o A

Type and explanation

Typical techniques

Enclosures
Enclose room or equipment and

place under negative pressure.

Local ventilation
Contain and exhaust hazardous
substances.

Dilution ventilation
Design ventilation systems to
control low-level toxics.

Wet methods
Use wet methods to minimize
contamination with dusts.

Good housekeeping
Keep toxicants and dusts
contained.

Personal protection
As last line of defense.

Enclose hazardous operations such as sample points.

Seal rooms, sewers, ventilation, and the like.

Use analyzers and instruments to observe inside equipment.
Shield high-temperature surfaces.

Pneumatically convey dusty material.

Use properly designed hoods,

Use hoods for charging and discharging.

Use ventilation at drumming station.

Use local exhaust at sample points.

Keep exhaust systems under negative pressure.

Deesign locker rooms with good ventilation and special areas

or enclosures for contaminated clothing,
Design ventilation to isolate operations from rooms and offices.
Dresign filter press rooms with directional ventilation.

Clean vessels chemically vs. sandblasting.

Use water sprays for cleaning.

Clean areas frequently.

Use water sprays to shield trenches or pump seals.

Use dikes around tanks and pumps.

Provide water and steam connections for area washing.

Provide lines for flushing and cleaning.

Provide well-designed sewer system with emergency containment.

Use safety glasses and face shields.

Use aprons, arm shields, and space suits.

Wear appropriate respiralors; airline respirators are required
when oxygen concentration is less than 19.5%.

21



Ventilation

v

Ventilation can quickly remove dangerous
concentrations of flammable and toxic materials.

Ventilation can be highly localized, reducing the quantity
of air moved and the equipment size.

Ventilation equipment is readily available and can be
easily installed.

Ventilation equipment can be added to an existing
facility.
Ventilation is based on two principles: (1) dilute the

contaminant below the target concentration, and (2)
remove the contaminant before workers are exposed.

The major drawback of ventilation is the operating cost

Ventilation Systems

Ventilation systems are composed of fans and ducts.
The fans produce a small pressure drop (less than 0.1 psi) that
moves the air.
The best system is a negative pressure system, with the
fans located at the exhaust end of the system, pulling air
out.

PR A

GOOD BETTER BEST EXCELLENT

4/27/2017

22



Local Ventilation

Enclosing (Contain and separate)

L
o

[

Receiving (Receive, contain & empty)

—

@ Source: HSE

Main Reasons Why Systems Fail to Protect

% Incorrect type of hood is chosen (and could never
provide sufficient protection).

% Airborne contaminant isn’t contained or captured.

#8 LEV hood design doesn’t match the process and
source(s).
== Insufficient airflow (various reasons).

4/27/2017
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Capturing Hoods

Air Cleaners - Filters

24
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