Identificacao de Perigos e Analise de
Riscos para Laboratoérios

Carlos André Vaz Junior
DEQ./ EQ/ UFRJ

Versdo: Margo de 2018 Organizag3o: LIDA ({%

Identificacao de Perigos e Analise de
Riscos para Laboratoérios

Telefone: 3938-7534
cavazjunior@eq.ufrj.br

E-209

14/03/2018



Ementa

Introdugao

Conceitos Gerais

Risco vs Perigo

Politicas Prevencionistas

Fases de um acidente

RBPS / CCPS / AIChE — 4 Pilares e 20 elementos

Estudo de Caso -Univ Texas Tech / CSB

-Educational Demonstrations /CSB

Identificagdo de Perigos e Analise de Risco

Metodologias em geral
Andlise Preliminar de Riscos / APP APR APPP APPS
Matriz de Riscos
What if
Check list
LOPA / Bow Tie / Queijo Suico
Mapa de Risco

Esse curso NAO forma:
-brigadistas

Esse curso colabora:
-na prevengao

-técnicos em seguranga do trabalho -na avaliagdo critica

-delegados

-no bom senso

14/03/2018



14/03/2018

- Material desenvolvido para treinamento introdutério de
PSM para laboratodrios.

- Este material ndo tem como objetivo abordar
todos os temas relevantes. Este material ndo é completo.

- Este material ndo atende todas as exigéncias legais ou

normativas brasileiras.

- O conhecimento das pessoas envolvidas ndo pode
ser substituido por este material.

Uso autorizado em cursos gratuitos, desde que mantida as referéncias e citagées.

Indicagdo das referéncias usadas no préprio slide:




Brigada de Incéndio CT/UFRJ. 3938 — 7777
DISEG — Divisao de Seguranca. 3938 — 1900

Bombeiros: 193

Introducao
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Introducao

Safety:

Prevent accidents, promote health, and protect the environment

UCLA

Introducao

You are directly responsible for...

1.Ensuring your
own safety

C ’ 2.Promoting a safe,
o healthy, &

environmentally

sound workplace

UCLA
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Introducao
Remove hazards Report hazards
Provide PPE Use PPE
Provide information Follow procedures
Provide training Get trained

ﬂl#lw"’és
ﬁ'ﬂi TS

UCLA
Introducao
The students should think through implications and risks of
experiments that they observe or conduct...
...in order to learn that safe procedures are part of the way
science must be done.
NIOSH
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Introducao

Life threatening injuries can happen in the
laboratory

NIOSH
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Antecipar o término

Reduzir a propagacgéo Propagacéo

Evitar a iniciagao

Introducgao

INTRODUCTION

0 PRICESS SHFETY IR

UNDERGRADUATES
[ENGINEERS

https://www.aiche.org/ccps/resources/publications

While a vast number of references, standards and guidelines
have been developed to describe and promote different types of hazard evaluation
methodologies in an industrial setting,
similar resources that address the unique cultural and dynamic nature of an
academic laboratory setting have not been generated

CSB

14/03/2018
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CODES & STANDARDS

Codes & Standards / All codes & standards / List of NFPA codes & standards / NFPA 45

NFPA 45 Choose another Code/Standard @  Receive Email Alerts ©

Standard on Fire Protection for Laboratories Using
Chemicals

This standard provides basic requirements to protect life and property through prevention and control of fires and explosions invelving

Buy NFPA 45 the use of chemicals in laboratory-scale operations.

Current Edition: 2015 View Document Scope ©

" UNITED STATES

’ DEPARTMENT OF LABOR

Occupational Safety and Health Administration

ABOUTOSHA -~ WORKERS ~ EMPLOYERS -~ REGULATIONS ~ ENFORCEMENT -~ TOPICS

& Regulations (Standards - 29 CFR) - Table of Contents

+ Part Number: 1910

+ Part Title: Occupational Safety and Health Standards

+ Subpart: Z

+ Subpart Title: Toxic and Hazardous Substances

+ Standard Number: 1910.1450

« Title: Occupational exposure to hazardous chemicals in laboratories.
+ Appendix: A B

« GPO Source: e-CFR




w Chemical Reactivity Worksheet 4.0
Chemical Reactivity Worksheet 4.0

Share [ snare | o [PREY G+

Chemical Reactivity Worksheet 4.0

ot 5 + |

The Chemical Reactivity Worksheet (CRW) is a free software program you can use to find
out about the chemical reactivity of thousands of common hazardous chemicals,
compatibility of absorbents, and suitability of materials of construction in chemical
processes.

Versions of the Chemical Reactivity Worksheet (CRW) were developed by collaboration of
several organizations including the Center for Chemical Process Safety, Envirenmental
Protection Agency, NOAA's Office of Response and Restoration, The Materials Technology
Institute, Dow Chemical Company, Dupont, Phillips.

CRW Overview
Terms and Conditions
Using the program
Downlcad/Install
Training Videos
FAQs

Development History

CRW Overview >

Defini¢des basicas

Evento ndo planejado e indesejavel. Ou uma sequéncia de eventos
que geram consequéncias indesejaveis.

14/03/2018
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Cuidado com o termo “incident”:

Figure 1: Process Safety
Metric Pyramid

PSEs as per AP 754)

incidents
for pufposes of the industry PS incident
(e.g., Loss of Pril Containment Incidents or fires causing ble incidents

Near Miss: Minor LOPCs or System failures
which could have led to an incident
(e.g., instrument had failed, pipe wall thickness low)

Unsafe Behaviors or insufficient
operating discipline:
measurements to ensure that safety protection layers
and operating discipline are being maintained

CCPS common
Lagging indicators,

Described in this document
under the "Near Miss"
reporting section

These two types of events
should be collected as
independent or integrated
"Near Miss" company metrics |

Collect for the learning
benefit, improve
awareness, and enhance
PS Culture.

Described in CCPS
Leading Metric section.

Definicdes basicas

14/03/2018
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Definicdes basicas

Risco = f ( severidade, probabilidade)

Definicdes basicas

Condicao fisica ou quimica que possui potencial para causar danos
a pessoas, propriedades ou ao meio ambiente.

| Perigo - inerente a presenga do agente (quimico, fisico, biol6gico). |

Medida de danos a vida humana, meio ambiente ou perda
econdmica resultante da combinagao entre a frequéncia de
ocorréncia e a magnitude das perdas ou danos.

Risco - exposi¢éao ao perigo, definido pela frequéncia e a consequéncia
prevista para a exposicao.

14/03/2018
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Risco = Frequéncia x Severidade
Risco = Perigo / Salvaguarda

Risco = Freq. x Severidade / Disciplina.

Definicdes basicas

Frank Bird

Acidente com
morte ou
lesdo permanente

Acidente com lesao

Acidente sem lesao

14/03/2018
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Acidentes continuam acontecendo. Por que?

Vazamento de agente quimico
Explosdo de cilindro de gas
Queimadura térmica por contato
Curto-Circuito

Erro humano

(...)

Acidentes continuam acontecendo. Por que?

Vazamento de agente quimico
Explosdo de cilindro de gas
Queimadura térmica por contato
Curto-Circuito

Erro humano

(...)

Isso tudo acontece. Sdo centenas de causas possiveis. Resolver uma sé acaba com
aquele cenario acidental especifico.

Podemos ser mais eficazes?

14/03/2018
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Acidentes continuam acontecendo. Por que?

Existe um motivo geral: falha sistémica.

Ou seja, falha da organizagdo em gerenciar seguranca.

PSM / RBPS

RBPS — CCPS / AIChE

INTRODUCTION
0 PROGESS SWETY FIR
UNDERGRADUATES

0 ENGINEERS

PROCESS SAFETY
MANAGEMENT SYSTEM
, il d Ll E
o [§ (B e
g § § E g g § g i E 5 i g 5 Elements
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illars
pSOMMTTO WAZARDS MANAGE RISK AN Thow 4 (Foundation
i al Blocks)

Figure 2: Pillars (Foundational Blocks) and associated Elements that constitute a sturdy RBPS

Management System

14/03/2018
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PROCESS SAFETY

MANAGEMENT SYSTEM
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Process Safety Culture

1

Cultura

Instinto natural
-percepgao de risco depende de cada um
-depende do instinto do funciondrio

Dependente

-existem indicadores, padrdes, metas
-depende de fiscalizar, checar, verificar
-depende de cobrangas, supervisdao

Independente

-funcionarios se preocupam com a prépria seguranca

-seguem as regras mesmo sem serem fiscalizados

-0 comportamento de todos é igual, uniforme

-mas se alguém faz errado, e isso ndo me afeta, eu ndo me importo

Interdependente
-funcionario cobra que todos sigam as regras
-eu fago direito, todos devem fazer também

14/03/2018
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Analise de Risco Qualitativa:
APP / APR / APPP / APPS
HAZOP
Check-list

What-if

Hazard identification and Risk Analysis

Mapa de Risco

A

g
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Conhecimento do processo

Conhecimento em seguranga

Modificagbes
de processo

Procedimentos
operacionais

Gestdo de
contratadas

Ger. de

MOC Treinamento
Emergéncias

Melhoria Meétricas e Indicadores
continua

Investigacdo de
acidentes

O sistema so funciona
se todos os elementos
estiverem funcionando.

14/03/2018
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65
Case Study

U.S. Chemical Safety and Hazard Investigation Board

Texas Tech University
Laboratory Explosion

On January 7, 2010, a graduate student within
the Chemistry and Biochemistry Department at
Texas Tech University (Texas Tech) lost three
fingers, his hands and face were burned, and one
of his eyes was injured after the chemical he was
working with detonated.

2\
@SB '_ f: ’ .

po 7
€ase Study

=t

U5, Chemical Satety ana Hazard Investigation Board

Texas Tech University
Laboratory Explosion

No 20100547

| http://www.csb.gov/investigations/detail.aspx?SID=90
http://www.depts.ttu.edu/vpr/integrity/csb-response/downloads/report.pdf

http://americaneg.vo.llnwd.net/016/csb/lab_safety windows.wmv
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BACKGROUND

Within the Department of Chemistry and Biochemistry (Chemistry Department),
there are approximately 140 graduate and postdoctoral researchers,
and 225 undergraduate students.

At the time of the incident, the campus included 118 laboratories (Chemistry Department).

BACKGROUND
Parceria e Patrocinio
In October 2008, Texas Tech entered into a subcontract agreement with Northeastern
University (NEU) to participate in a program titled “Awareness and Localization of Explosive-

Related Threats” (ALERT), which was (and continues to be) funded by the
U.S. Department of Homeland Security (DHS).

Tema de Pesquisa

Texas Tech’s research focus is the detection of energetic materials
that could represent a future security threat and includes synthesizing
and characterizing new potentially energetic materials

Liberdade académica

The terms of the subcontract agreement between NEU and Texas Tech were intended
to provide maximum scientific freedom to Texas Tech

14/03/2018
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BACKGROUND

/

The injured Texas Tech student, in his fifth year of graduate study at the time of the
incident, began working on the ALERT project about a year prior to the incident.

Mas ndo na drea de explosivos

None of the graduate student’s previous work had been with energetics,
thus when he began the project, he had to learn new techniques and methods.

BACKGROUND

The graduate student did not receive any formal training
for working with energetic compounds.

21



The graduate student did not receive any formal training
for working with energetic compounds

) 4

Safety restrictions, such as a 100 milligram limit on the amount of compound
permitted to be synthesized, were verbally communicated by the two Principal
Investigators (PIs) of the research to some students.

It was assumed senior graduate students would transmit the information to
newer group members; however, no formal documentation system was in
place to ensure that such information was effectively communicated to
students and/or that students understood the information.

Consequently, none of the students the CSB interviewed as part of its
investigation, including those directly involved in the incident, stated they were
aware of a strict 100 milligram limit.

Instead, students indicated to the CSB believed...
“very small amounts” on the order of 200 to 300 milligrams.

INCIDENT DESCRIPTION

Beginning about a month prior to the January 7 incident, the fifth-year graduate

student and a first-year graduate student he was mentoring began synthesizing a

nickel hydrazine perchlorate (NHP) derivative. The amounts of NHP synthesized
were on the order of 50-300 milligrams.

Due to the amounts of compound needed to run each analytical test, the students
synthesizing the NHP decided they would need to make several batches of the
compound to fully characterize it; additionally, they had concerns of reproducibility
between batches.

They wanted to synthesize a single batch of NHP that would provide enough
compound to complete all the necessary characterizations; thus, they decided to
scale-up the synthesis of NHP to make approximately 10 grams.

14/03/2018
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INCIDENT DESCRIPTION

The Pls of the research were not consulted on the decision to scale up.

No written policies or procedures existed at the laboratory, departmental, or university
levels which would have required the students to consult with the Pls before making this
decision.

Based on experience, the two students had discovered that smaller amounts
of the compound would not ignite or explode on impact when wet with
water or hexane, and they assumed the hazards of larger quantities of NHP
would be controlled in a similar manner.

INCIDENT DESCRIPTION

After the scale-up, the more senior student observed clumps in the product, and
believed uniform particle size of the sample was important. As a result, he
transferred about half of the synthesized NHP into a mortar, added hexane, and
then used a pestle to gently break up the clumps.

At this point, the graduate student working on the clumps was wearing goggles, but
removed them and walked away from the mortar after he finished breaking the clumps.

Several individuals from the lab indicated that the decision to wear goggles was a
personal choice which they based on how dangerous an activity was perceived to be.

The more senior student working with NHP returned to the mortar but did
not replace his goggles while he stirred the NHP “one more time.” At this
point, the compound detonated.

14/03/2018
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INCIDENT ANALYSIS

Applicable regulations and .
good practice guidance Regulations and
Academic Associations

Grant rules and requirements

pertaining to the research Grant Funding Bodies /

University policies, practices, . .
leadership, and oversight University . . ’
Departmental policies, practices, Department
leadership, and oversight )
Principal Investigator/lab policies, Principal Investigator/
practices, leadership, and oversight Laboratory )
Knowledge, skills, actions, and Student/Researcher . ’ .
decisions of the graduate-level
researchers . .
Swiss cheese model
INClDENT ANALYS'S Applicable regulations and

good practice guidance Regulations and
Academic Associations

Grant rules and

pertaining to the research Grant Funding Bodies /

@
University . . ’

University policies, practices,
leadership, and oversight

Departmental policies, practices,

b Department
leadership, and aversight )
Principal Investigator/lab policies, Principal Investigator/
practices, leadership, and oversight Laboratory /.

Student/Researcher ) ’ )

o I®
+2

Knowledge, skills, actions, and
decisions of the graduate-level
researchers

Swiss cheese model

Modern accident causation theory recognizes that incidents are not the result of a single
malfunctioning piece of equipment or the erroneous actions of one person, but instead are
the result of a number of failures and deficiencies at many levels within an organization
and its technical community.

14/03/2018
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Specifically, the CSB found:

The physical hazards of the energetic materials research work were not
effectively assessed and controlled at Texas Tech;

Texas Tech’s laboratory safety management program was modeled after OSHA’s
Occupational Exposure to Hazardous Chemicals in Laboratories Standard (29 CFR
1910.1450). The Standard was created not to address physical hazards of
chemicals, but rather health hazards as a result of chemical exposures;

Compostos quimicos
X

Compostos explosivos

Compostos quimicos
X

Compostos explosivos

In 1997 Texas Tech created a Chemical Hygiene Plan (CHP) intended to establish policies,
procedures, and work practices to inform employees of hazards associated with chemicals
in laboratories. The CHP was developed in accordance with OSHA.

Developing the CHP was voluntary

The standard has a clear focus on health hazards resulting from carcinogens,
toxins, irritants, corrosives, and other “exposure” type hazards.

OSHA's initiative for a laboratory standard was to focus on hazardous chemicals

14/03/2018
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Chemical Hygiene Plan

| POP: procedimento operacional padrdo |

Standard Operating Procedures

- PHYSICAL HAZARDS OF
SAFETY ELEMENT OLICY DOCUMENT CHEMICALS ADDRESSED

Perform hazard determination CHP
Reduce employee exposure CHP
Protective apparel CHP
Trainili::l;:::rds of CHP /
o ot e ™| unharsiy s0p %
Written procedures CHP
Standard operating procedures CHP
Communication of hazards CHP
Pre- approval of procedures CHP
Document material usage University SOP v

SAFETY ELEMENT

POLICY DOCUMENT

PHYSICAL HAZARDS OF

CHEMICALS ADDRESSED

Perform hazard determination CHP Apenas para quimicos!
Reduce employee exposure CHP
Protective apparel CHP
Trainili::l;:::rds of CHP /
o ™ | Unsity o7 %
Written procedures CHP ’ Apenas para quimicos! ‘
Standard operating procedures CHP
Communication of hazards CHP
Pre- approval of procedures CHP ‘ Apenas para quimicos! ‘
Document material usage University SOP v

14/03/2018
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SAFETY ELEMENT

POLICY DOCUMENT

PHYSICAL HAZARDS OF

CHEMICALS ADDRESSED

Perform hazard determination CHP Apenas para quimicos!
Reduce employee exposure CHP
Protectiv{ . .
Fatores contribuintes
Training on . A /
chem  para o acidente.
Training on handling of material . .
through approved facility University SOP v
Written procedures CHP ’ Apenas para quimicos! ‘
Standard operating procedures CHP
Communication of hazards CHP
Pre- approval of procedures CHP ‘ Apenas para quimicos! ‘
Document material usage University SOP v

The university CHP stated that:

“Pls were responsible for determining the hazards of chemicals
generated within a laboratory”

But neither Texas Tech nor its Chemistry Department trained researchers to
determine hazards.

“the ability to accurately identify and address hazards in the laboratory
is not a skill that comes naturally, and it must be taught
and encouraged through training and ongoing organizational support”

14/03/2018
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Lack of Formal Documentation and Communication

Safety critical information should be provided in writing and additional steps
should be taken to verify that the recipients understand the material

The laboratory where the January 7 incident occurred had no written protocols
or SOPs for synthesizing NHP or other energetic materials,
no written restrictions concerning the amount of compound to be synthesized,
and no written mandatory safety requirements

Aprendendo com o passado

Good organizations learn lessons from incidents and take actions to strengthen
their safety processes and programs

Approximately three years prior to the January 2010 detonation, two previous incidents
had occurred within the same research groups; however, some students within these
groups indicated that they were unaware of the incidents until after the 2010 event

While no one was injured in the previous incidents, they presented the Pls, and the entire
Chemistry Department, an opportunity to recognize gaps in safety-critical knowledge

14/03/2018
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Aprendendo com o passado

Good organizations learn lessons from incidents and take actions to strengthen
their safety processes and programs

The second previous incident involved a scale-up situation within the same research
groups; a student unintentionally used the wrong units of measure and created an
excess of a known energetic material. While reporting the synthesis at a group
meeting, the Pl asked how much compound the student had made, at which point
the student reported 30 grams.

The Pl immediately separated the 30 grams of explosive material into smaller,
less hazardous quantities.

The graduate student injured in the 2010 incident was a researcher in the laboratory
at the time of this near-miss and witnessed the interaction between the Pl and the
student, but the near-miss was not reported to anyone outside of the
research groups.

Financiamento versus seguranga

DHS is one of 19 federal agencies that collectively provide over $25.3 billion to
academic institutions for scientific research, but not all of these agencies choose to
include safety requirements or stipulations within their grant applications and
cooperative agreements with researchers.

The CSB identified the grant funding body’s role in safety as a missed opportunity to
influence positive safety management and behavior.

14/03/2018
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Texas Tech University
Laboratory Explosion

No 20100547

o ey o

Quais os elementos do RBPS estiveram
presentes?

Case Study

U.S. Chemical Safety and Hazard Investigation Board

Key Lessons for Preventing Incidents from
Flammable Chemicals in
Educational Demonstrations

14/03/2018
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Qotoer 2014
Key Lessons for Preventing Incidents from Flammable
Chemicals in Educational Demonstrations

Eiminating Flash Fire Hazards by Substituting or Mavmazing the use of Flammable
Chemicais and Performing an Effective Hazard Review Will Frevent Injuries

Key Lessons Summarized
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http://www.csb.gov/key-lessons-for-preventing-incidents-from-flammable-chemicals-in-educational-demonstrations/

http://www.csb.gov/file.aspx?Documentld=637

Uma boa ideia

Educational demonstrations involving flammable materials are
often performed at schools or museums to
engage students and visitors and stimulate their interest in
science

Ou talvez ndo...

On September 3, 2014, a flash fire occurred during a science
demonstration at the Terry Lee Wells Nevada Discovery Museum
(“The Discovery”) in Reno, Nevada. Thirteen people were
injured, including eight children and one adult who were
transported to the hospital as a result of the fire. One child was
kept overnight for treatment and additional observation.

14/03/2018
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A apresentagdo

A science demonstration called the “Fire Tornado” was regularly

performed at The Discovery.

14/03/2018

32



A apresentagdo

The Fire Tornado demonstration is comprised of three smaller
demonstrations performed sequentially to produce different
colored flame “tornadoes.” Each demonstration involves igniting
flammable isopropanol (rubbing alcohol) or methanol in the
presence of a chemical additive to produce an orange,
red, or green colored flame six to twelve inches in height.

The Fire Tornado demonstration is intended to educate the
audience on how tornadoes form and about the
chemical properties of the materials involved

Roteiro

» A cotton ball is placed on a glass dish and the fuel (isopropanol or
methanol) is added to the dish to saturate the cotton ball;

» The color additive (strontium nitrate or boric acid) is added or sprinkled
onto the cotton ball;

» The dish is placed on a turntable and the cotton ball is ignited using a
barbeque-type butane lighter;

» The dish and burning cotton ball are covered using a wire mesh waste
basket; and

» The educator spins the turntable, thus spinning the burning cotton ball
and wire mesh basket, creating the tornado effect.

14/03/2018
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O acidente

On September, 3, 2014, at approximately 4:00 pm, an educator was performing
the Fire Tornado demonstration for a group of visitors consisting primarily of
young children

The visitors were seated on the floor approximately 15 feet away from the
demonstration.

The first two variations of the demonstration were performed without
incident.

O acidente

Chama muito pequena

During the third variation, the educator held the lighter
flame to the cotton ball, but the expected fuel flame did not rise.

Hipdtese

The educator realized that methanol fuel
had not been added to the cotton ball.

Resolvendo o problema

The educator attempted to pour a small amount of methanol from a
four-liter (about one gallon) bulk methanol container onto the cotton ball.

14/03/2018
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Resolvendo o problema

The educator attempted to pour a small amount of methanol from a
four-liter (about one gallon) bulk methanol container onto the cotton ball.

Although there had been no sign of flame from the cotton ball, it is likely that the
lighter had actually ignited the cotton, and it was smoldering.

The poured methanol ignited immediately, and then flashed back into the
methanol container. The methanol inside the container then ignited, resulting in a
pressure rise that expelled a large flame from the mouth of the container,
causing a large flash fire

35



The educator dropped the methanol container after it caught fire. The
container spilled, and burning methanol spread toward the
audience, catching some members of the audience on fire.

In response to the fire, two of The Discovery
employees acted quickly, extinguishing the fire using a
nearby fire extinguisher and fire blanket.

Fatores Contribuintes

Andlise de Risco

The CSB learned that neither The Discovery educators
nor their managers had experience or were expected to
perform hazard analyses.

As a result of not performing an effective hazard review, the Fire
Tornado demonstration procedure lacked sufficient safety
precautions.

14/03/2018

36



Fatores Contribuintes

For example, during the initial demonstration training, educators
were told verbally to first pour the methanol from the bulk container into a small
beaker in a separate room. However, the written procedure for the Fire Tornado
demonstration did not contain such a requirement.

e

Fatores Contribuintes

The lack of an effective hazard analysis and formal safety procedures resulted in a
normalization of the improper use of the four-liter bulk methanol container during
the Fire Tornado demonstrations

Inicialmente era assim

Discovery has a storage cabinet for flammable chemicals in the basement of
the facility where the methanol was intended to be stored. Prior to
performing the Fire Tornado demonstration, the methanol
was originally brought upstairs to an adjacent room near the demonstration
area in order to provide educators more convenient access for filling the
beaker. The beaker of methanol was then used in the
demonstration and the bulk methanol container remained
in the adjacent room.

14/03/2018
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Fatores Contribuintes

Depois passou a ser assim...

More recently, some educators began bringing the bulk methanol
container to the demonstration to show the audience. These
educators stopped transferring the methanol to the beakers and
instead soaked the cotton balls directly from the bulk methanol
container during the demonstration.

O proprio treinamento mudou

In fact, when the educator who performed the Fire Tornado demonstration on
the day of the incident received the initial demonstration training, the beakers
were not used and the cotton balls were soaked with methanol straight
from the bulk methanol container.

14/03/2018
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Fatores Contribuintes

Foco do treinamento

Due to The Discovery staff’s lack of understanding and appreciation for the
flammable hazards of methanol, the demonstration procedures and training
focused primarily on the best ways for educators to interact with the audience

and communicate science findings.

In fact, periodic evaluations focused on presenting an engaging demonstration
rather than ensuring good safety practices during demonstrations.

Hierarchy of Controls

Hierarchy of Controls

Substitute or

‘Wear Personal

Ensure Fire Response

Identify o Install Safety Establish Safe Train - _ 3
™ Minimize Hazardous . = Protective ¥ Equipmentis
Hazards . Barrier Procedures Personnel & o
Chemicals Equipment Available
Most Effective Least Effective

14/03/2018
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Hierarchy of Controls

" Substitute

More
Effective

Minimize

Administrative
Safeguards

Perform demonstrations that do not use
hazardous chemicals.

Substitute less hazardous chemicals to
conduct demonstrations.

When handling flammable chemicals,
restrict amounts used to the smallest
amount necessary for the function.

Prior to performing any activity with
flammable chemicals, conduct a thorough
hazard safety review.

Prepare a comprehensive written
procedure which describes all of the
activity details and all of the safety
precautions such as minimum personal
protective equipment and safety barriers.

Train all presenters in all hazards and
required safety precautions prior to
conducting chemical demonstrations.

E ndo foi o primeiro caso
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This incident is one of many the U.S. Chemical Safety Board (CSB)
has identified in which lab demonstrations involving flammable
materials have resulted in fires and injuries.
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Identificacdo e Gerenciamento de Riscos

Risco = Frequéncia x Severidade

Identificacdo e Gerenciamento de Riscos

Acidentes podem acontecer em qualquer lugar.

Objetivo:
Identificar o problema antes que ele se torne
um problema de verdade!

14/03/2018
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Identificacdo de Riscos

Potential hazards include

RADIATION

UCLA

Identificacdo de Riscos
Entre os riscos mais comuns destacam-se:

Uso de substancias toxicas, corrosivas,
inflamaveis, explosivas, muito volateis etc.

Fogo (chama livre)
Manuseio de material de vidro

Trabalho envolvendo temperaturas elevadas
Eletricidade

Elevadas pressoes

UFPR
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System description

Identificacdo de Riscos

Hazard identification

Scenario identification

Accident consequence

Risk determination

Accident probability

Modify:
« Process or plant

« Process operation

« Emergency response
* Other

Risk and/or
hazard

acceptance

Build and/or
operate
system

System description

Multi-disciplinar

Hazard identification

Scenario identification

Accident probability Accident consequence

Risk determination

S Modify:
Risk and/or « Process or plant
< hazard « Process operation
acceptance « Emergency response

* Other

Build and/or
operate
system

14/03/2018
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System description
Hazard identification
Scenario identification

Melhoria continua

Risk and/or >rocess or plant
hazard « Process operation
acceptance _ « Emergency response

* Other

| Build and/or
\ operate
system

a) O que pode dar errado?
b) E se eu fizer...
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a) O que pode dar errado?
b) E se eu fizer...

Metodologias

In industry, companies use a variety of methodologies to assess hazards. For example,
CCPS’s Guidelines for Hazard Evaluation Procedures is a 550-page book that presents 12
different hazard evaluation methodologies, provides worked examples to demonstrate
what an effective evaluation encompasses, and identifies limitations of the various
techniques.

O Not Recommended
@ Recommended

i,

Research & Development

Pilot Plant Operation
Construction/Start-up
Routine Operation
Modification

Incident Investigation

Decommissioning

® 0 8 8 8 OO 8

¥

ey,
ey,

o000 00y
/3

.O....Oh’/xw

O...0.0&qeo
)

CcsB
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Metodologias

At academic institutions, the research of individual Pls can differ significantly;
consequently, the hazards of research can vary widely among different
laboratories.

Even within the same laboratory under a single PI, students commonly work

on different projects that can pose diverse safety hazards.
CSB

EmCOecocel s

Metodologias

This indicates a need for guidance on various hazard evaluation
methodologies and instruction on how and when each should be used within
an academic laboratory research work environment.

¢

I
EmCecel a

14/03/2018

46



Metodologias

APP / APR/ APPP / APPS

E uma andlise preliminar, realizada antes de um
estudo mais completo.

{ Visa identificar os principais perigos e riscos. J

14/03/2018
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APP / APR/ APPP / APPS

APP

APPP

APR

APPS

APP / APR

A APR pode ser realizada de inimeros modos, sendo

0 mais comum a classificacdo dos cenarios acidentais identificados

em relagdo a frequéncia e a severidade

Perigo | Causas

Efeitos Modo de
deteccdo

Categoria da
severidade

Categoria
de
frequencia

Risco

Recomendacoes

14/03/2018
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GOVERNO no
Estapo po CEARA

Sevvetaria da nfeseirvaars

AMNALISE PRELIMINAR DE PERIGO - APP

Sistema: Complexo Industrial do Pecém - CIP

Subsistema: Terminal de Combustiveis

Sub i Unidade de E — Esferas de Armazenamento de GLP
Base referencial: DE-4450.75-6901-941-EGV-005. Elaboragdo: TRANSPETRO/AMPLA Engenharia
Categoria .
N . - Medidas Preventivas Hipotese
di 1t
Perigos Causas Efeitos Detecgao o risco quanto IMitigadoras e
Sev. | Prob. | CR
= Grande = Furo devido a choque = Poseivilidade de = Visual = Verificar sistematicamente os
Vazamento mecanios; meéndio em poga. . = " procedimentos para movimentagio .
= Ruptura da esferaou netrumentagao v L RE de veiculos e carga. TAQ
de finhas; = Ruido = Sequir o que determina o plano de
= Desgaste/Fadiga dos ag80 de emergéncia local
Mateniais; " ::assol!lm:de.de W D RB = Sequir procedimentos operacionais 102
= Efro de manutengo, "r‘la(_;aotsvllverr do Terminal quanto acs servigos de e
explosiva (UVCE) nspegao & Zode
= Penda do produto por equipamentos, linhas, etc
evaporagdo com ¥
fomagao de uvem n Cc RB TAQ-3.
mfiamavel
= Possiilidade de
formagdio de nuvem n c RB TAQ4
toxica
= BLEVE/Bola de fogo. n c RB TAQ-S.
= Médio Vazamento | = Fissura devido a = Possibiidade de = Visual = Verificar sistematcaments os
chogue mecanico. Incéndio em poga . procedimentos para movimentagio
= Errode operagio/ nemumentzgio. |l c| e de veiculos & carga TAQS.
COMPLEXO INDUSTRIAL DO PECEM — CIP
ESTUDO DE ANALISE DE RISCO — ANEXOS V32

Industra_QUEDIca/APP_industia_QuEDmic pof

GOVERNO po
Estapo po CEARA

A —

ANALISE PRELIMINAR DE PERIGO - APP

Sistema: Complexo Industrial do Pecém - CIP

Subsistema: Terminal de Combustiveis

Sub-subsistema: Unidade de Estocagem - Esferas de Armazenamento de GLP

Base referencial: DE-4450.75-6901-941-EGV-005.

Elaboragao: TRANSPETRO/AMPLA Engenharia

Categoria Medidas Preventivas Hipotese
Perigos Causas Efeitos Detecgio do risco quanto IMitigadoras e
Sev. [ Prob. | CR
manutengdo. , = Seguir o que determina o plano de
- Desge.steg?'aFadiga dos |  Possbiidade do a;égn e :rrelgé-ca local F
formagdio de nuvem 1 c RB TAQT.
Materiais. e ey = Segur procedimentos operacionais
explosiva (UVCE).
= Falha em juntas. do Terminal quanto acs servigos de
conexdes & valvulas = Perda do produto por nepegan e manutengio de
= Dreno de equipamento evaporagio com m c RE equipamentos, linhas, etc Ta08
ou de linha aberto. formagdio de nuvem = Realizar inspecio observando o
nfiamavel. fechamento do dreno de equipamenta
elinhas
= BLEVE/Bola de fogo mn o] RB TAQS
= Pequeno = Trinca devido a choque | = Perda do produto por = Vizual = Verfficar sistemaficamente os
Vazamento mecAnico. et . = procedimentos para mowimentagio
= Desgaste/Fadiga dos T I B RB de veiculos & carga TAQ-10.
Materiais. = Seguir 0 que determina o plano de
= Falha em juntas, agao de emergéncia local
conexdes e valvulas = Sequir procedimentos operacionais
= Corroséo. do Terminal quanto acs servigos de
= Emode operagao / = Flash Fire I c RB nspegEn e manutengio de TAQ-11
manutengao. equipamentos, linhas, etc.
COMPLEXO INDUSTRIAL DO PECEM - CIP
ESTUDD DE ANALISE DE RISCO — ANEXDS V.33

Industra_QUEDIca/APP_industia_QuEDmic pof
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APP / APR

Perigo | Causas Efeitos Modo de Categoria da | Categoria Risco Recomendagdes N°
deteccdo severidade de
frequéncia
Cenario:

1 Perigo + 1 Causa + 1 Efeito

Cenario:

1 Perigo + 1 Causa + 1 Efeito

Prefiro chamar de Mantenha um efeito por
“cenario acidental”. cenario. Isso permite avaliar
Essa ndo é a definicdo melhor a frequéncia e a severidade —
exata de perigo embora eleve

o nimero de cenarios

Mantenha uma causa para
cada cendrio. Isso permite avaliar
melhor a frequéncia — embora eleve
o numero de cenarios

14/03/2018
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Risco = Frequéncia x Severidade

A frequéncia é fun¢do da causa e

A severidade é fungdo

do efeito. do efeito
Esm)o»olam ENTEC
Sevwessrin &4 dafesestvatars
AMNALISE PRELIMINAR DE PERIGO - APP
Terminal de Co iveis

Sistema: Complexo Industrial do Pecém - CIP

Sub Unidade de E — Esferas de Armazenamento de GLP
Base referencial: DE-4450.75-6901-941-EGV-005. Elaboragdo: TRANSPETRO/AMPLA Engenharia
Categoria - . o
Perigos Causas Efeitos Detecgao do risco quanto Medldz?s_ Preventivas Hlp;tnese
Sev. | Prob. | CR
= Grande = Furo devido a choque = Poseivilidade de = Visual = Verificar sistematicamente os
Vazamento mecanion; mcéndio em poga. - Instrum = W D RB procedimentos para movimentagio TAQ4
g de veiculos & carga. :
= Ruido. = Sequir o que determina o plano de
ag8o de emergéncia local
= Sequir procedimentos operacionais
do Terminal quanto aos senigos de|
inspegan e manutengio de
equipamentos, linhas, etc.
= Médio Vazamento | = Fissura devido a = Possibiidade de = Visual = Verificar sistematcaments os
chogue mecanico. Incéndio em poga. . . procedimentos para movimentagio
« Ermode operagio | Instrumentagao. n C RB de veioulos & carga. TAQS.
COMPLEXO INDUSTRIAL DO PECEM — CIP.
ESTUDO DE ANALISE DE RISCO — ANEXOS V3o

! Industria_QUEDica/APP_ndustia_ QuKEDIca pdf

14/03/2018
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GOVERNO Do

DO
Sevtarin o dnfeseivatars

ENTEC

AMNALISE PRELIMINAR DE PERIGO - APP

Sistema: Complexo Industrial do Pecém - CIP

Terminal de C: iveis

Sub. i Unidade de E

— Esferas de Armazenamento de GLP

Base referencial: DE-4450.75-6901-941-EGV-005.

Elaboragdo: TRANSPETRO/AMPLA Engenharia

Perigos Causas

= Grande
Vazamento

= Furo devido a choque
mecanion;

= Médio Vazamento | = Fissura devido a

chogue mecanico.

= Possivilidads de
formagdo de nuvem
explosiva (UVCE).

Detecgao

= Visual

= Instrumentagao,
= Ruido.

Categoria

do risco quanto

Medidas Preventivas

RB

Verificar sistemaficamente s
procedimentos para movimentagio
de veiculos & carga.

‘Seguir o que determina o plano de
ag8o de emergéncia local

= Sequir procedimentos operacionais
do Terminal quanto aos senigos de
inspegan e manutengio de
equipamentos, linhas, etc.

= Visual

= Verificar sistematcaments os
procedimentos para movimentagio

= Erode operagao / * Inctrumentagdo. i c RB de veiculos e carga. TAQS.
COMPLEXO INDUSTRIAL DO PECEM — CIP.
ESTUDO DE ANALISE DE RISCO — ANEXOS V3o

! Industria_QUEDMICH/APP_Industia_QUNEDIa pof

GOVERNO Do
Es1AD0 po CeARA

Sevtarin o dnfeseivatars

ENTEC

AMNALISE PRELIMINAR DE PERIGO - APP

Sistema: Complexo Industrial do Pecém - CIP

Terminal de C: iveis

Sub. i Unidade de E

— Esferas de Armazenamento de GLP

Base referencial: DE-4450.75-6901-941-EGV-005.

Elaboragdo: TRANSPETRO/AMPLA Engenharia

Perigos Causas

= Grande
Vazamento

= Furo devido a choque
mecanion;

mflamavel.

= Médio Vazamento | = Fissura devido a

chogue mecanico.

Detecgao

formagao de muvem

Categoria

do risco quanto

Medidas Preventivas

Verificar sistemaficamente s
procedimentos para movimentagio
de veiculos & carga.

‘Seguir o que determina o plano de
ag8o de emergéncia local

‘Seguir procedimentos operacionais
do Terminal quanto aos senigos de
inspegan e manutengio de
equipamentos, linhas, etc.

= Visual

= Verificar sistematcaments os
procedimentos para movimentagio

= Erode operagao / * Inctrumentagdo. i c RB de veiculos e carga. TAQS.
COMPLEXO INDUSTRIAL DO PECEM — CIP.
ESTUDO DE ANALISE DE RISCO — ANEXOS V3o

! Industria_QUEDMICa/APP_Industia_QUKEDIa pf
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GOVERNO Do ENTEC

DO
Sevtarin o dnfeseivatars

AMNALISE PRELIMINAR DE PERIGO - APP

Terminal de C: iveis

Sistema: Complexo Industrial do Pecém - CIP
Sub i Unidade de E — Esferas de Armazenamento de GLP
Base referencial: DE-4450.75-6901-941-EGV-005.

Elaboragdo: TRANSPETRO/AMPLA Engenharia

Categoria

Efeitos Detecgio do risco quanto Medldz?s_ Preventivas Hipotese

Perigos Causas A e

= Grande = Possiilidade de = Visual Verificar sistemaficamente s

Vazamento mcéndio em poga. . - procedimentos para movimentagio
Instrumentac3o. de veiculos & carga.

‘Seguir o que determina o plano de

ag8o de emergéncia local

‘Seguir procedimentos operacionais

do Terminal quanto aos senigos de

inspegan e manutengio de

equipamentos, linhas, etc.

= Ruptura da esferaou
de linhas, = Ruido.

= Médio Vazamento | = Fissura devido a = Possibiidade de = Visual = Verificar sistematcaments os
chogue mecanico. Incéndio em poga. . . procedimentos para movimentagio
« Ermode operagio | Instrumentagao. n C RB de veioulos & carga. TAQS.

GOMPLEXO INDUSTRIAL DO PEGEM — GIP.
ESTUDO DE ANALISE DE RISCO — ANEXOS Va2

! Industria_QUEDMICH/APP_Industia_QUNEDIa pof

Sevtarin o dnfeseivatars

AMNALISE PRELIMINAR DE PERIGO - APP

Terminal de C: iveis

Sistema: Complexo Industrial do Pecém - CIP
Sub i Unidade de E — Esferas de Armazenamento de GLP
Base referencial: DE-4450.75-6901-941-EGV-005.

Elaboragdo: TRANSPETRO/AMPLA Engenharia

Categoria - . o
Perigos Causas Detecgao do risco quanto Med'd?’_ Preventivas H'p:‘tfse
= Grande Verificar sistemaficamente s
Vazamento procedimentos para movimentagio

= Ruptura da esferaou de veiculos & carga.
de inhas; ‘Seguir o que determina o plano de
ag8o de emergéncia local

= Possivilidads g2 Sequir procadimentos operacionais

m;st;ﬁo :J\;::';m do Terminal quanto acs servicos de
explosiva - inspegan e manutengio de

equipamentos, linhas, etc.

= Médio Vazamento | = Fissura devido a = Possibiidade de = Visual = Verificar sistematcaments os
chogue mecanico. Incéndio em poga. . . procedimentos para movimentagio
« Ermode operagio | Instrumentagao. n C RB de veioulos & carga. TAQS.

GOMPLEXO INDUSTRIAL DO PEGEM — GIP.
ESTUDO DE ANALISE DE RISCO — ANEXOS Va2

! Industria_QUEDMICa/APP_Industia_QUKEDIa pf
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APP / APR

Severidade:

Categoria I : desprezivel. Potencial para causar pequenos danos as
instalagdes e a0 meio ambiente.

Categoria II: marginal. Potencial de causar danos leves a seres humanos,
poluicdo localizada remedidvel com poucos recursos, danos localizados as
instalagdes com baixo comprometimento da producio.

Categoria III: critica. Potencial para gerar vitimas fatais, grandes danos
ao meio ambiente ou as instalacdes. Potencial para causar situagdes que
exigem agdes imediatas para evitar catdstrofes.

Categoria IV, catastréfica. Potencial para causar danos irrepardveis ou de
elevado custo de reparacdo ao meio ambiente ou as instalacdes industriais.
Potencial de gerar vitimas fatais.

APP / APR

Frequéncia:

Categoria A, Remota. Freqiiéncia f < 10-3 ocorréncias/ano
Nao deverd ocorrer durante a vida ttil da instalacdo

Categoria B, Improvdvel. Freqiiéncia f < 10-2 ocorréncias/ano
Muito pouco provavel, mas possivel.

Categoria C, Provdvel. Freqiiéncia f < 10-1 ocorréncias / ano
Improvavel, mas de ocorréncia possivel durante a vida ttil da
planta

Categoria D, Freqiiente. Freqiiéncia f > 10-1 ocorréncias / ano
Poderd ocorrer vérias vezes durante a vida ttil da planta.

14/03/2018
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E a frequéncia do cenario!

Ou seja: da causa e da consequéncia.

Matriz de Risco

Matriz de
Severidade Categoria

de Riscos

Frequéncia

14/03/2018
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Matriz de Risco

RC: risco critico
RM: risco moderado

RNC: risco nio critico

Severidade

Frequéncia

everidade por Nolan (2008):

Tabela 5: Exemplo de classes de severidade (Fonte: pagina 107, Molan, 2008).

Classe

Descrigao

1

Pequenos ferimentos nos trabalhadores — sem afastamento
Danos as instalagdes menores que o “valor base”
Pequeno impacto ambiental (ndo necessita remediacdo)
Perdas de producdo menores que o “valor base”

Sem impacto para dreas externas a empresa
Mio causa distirbio a populagéo
MN3o gera interesse na midia

LesGes com afastamento nos trabalhadores
Danos a propriedades superando até 20 vezes o “valor base”
Moderado impacto ambiental (remediacdo em até uma semana)
Perda de producio de até 20 vezes o “valor base”
Pequeno distirbio na populacdo vizinha (odor, ruido)
Possivel reacdo negativa da populacéo
Possivel interesse da midia

Lesdo permanente em trabalhadores, possivel fatalidade
Danos a propriedades superando até 50 vezes o “valor base”
Significativo impacto ambiental remediacdo em até um més)

Perda de producdo de até 50 vezes o “valor base”
Médio distirbio na populacio vizinha (pode precisar de atendimento)
Reacdo negativa da populacdo
Interesse da midia local

Uma fatalidade ou até 4 empregados com lesdo permanente
Danos a propriedades superando até 200 vezes o “valor base”
Severo impacto ambiental {remediacio em até § meses)

Perda de producdo de até 200 vezes o “valor base”
Significante distlrbio na populagio vizinha, danos ag propriedades, lesges
ou doencas temporarias

Intensa reacdo negativa da populacdo
Interesse da midia nacional

14/03/2018
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5 Multiplas fatalidades ou lesGes permanentes

lesGes permanentes.

operacdes
Interesse da midia internacional

Danos a propriedades superando 200 vezes o “valor base”
Extenso impacto ambiental (remediacdo por mais de 6 meses)
Perda de producdo superando 200 vezes o “valor base”

Severo distlrbio na populagéo vizinha, danos a propriedades, fatalidades ou

Severa reacdo negativa da populacdo ameaca a continuacédo das

Observagdo: O autor define “valor base” como sendo o valor segurado ou considerad

aceitavel pela geréncia (Nolan, pag 109, 2008).

Frequéncia por Nolan (2008): |

Tabela 4: Exemplo de classes de frequéncia (Fonte: pagina 108, Molan, 2008).

Classe Descrigao
i Frequéncia: nunca até 1 em 1.000.000 anos.
Mio ocorre na vida (til do processo e ndo existe relato ou suspeita de ja ter
ocomido em algum instante, em algum lugar (em qualquer empresa do
mesmeo ramo).
2 Frequéncia: 1 em 1.000.000 anos até 1 em 10.000 anos.
Eventos como esse sdo pouco provaveis de ocorrer, mas existe relato
histérico de ja ter ocomdo em algum instante, em algum lugar (em qualquer
empresa do mesmo rama).
3 Frequéncia: 1 em 10.000 anos até 1 em 1.000 anos.
E possivel de ocarrer em algum local (em qualquer empresa do mesmao
ramo) durante a vida util da planta.
4 ] Frequéncia: 1 em 1.000 anos até 1 em 100 anos.
E quase certo de ocorrer em algum local da empresa durante a vida (Gtil da
planta (ndo necessariamente na planta em estudo).
5 Frequéncia: 1 em 100 anos ou mais.
Ja ocorreu em algum lugar da empresa, ou é provavel de ocorrer na prépria
planta em estudo.
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Recomendacgdes / Sugestdes
Medidas Preventivas / Mitigadoras

RecomendagGes: em geral obrigatdrias
para tornar o risco aceitavel.
Identificadas como R1, R2, R3...

Medidas Preventivas evitam
o acidente. Reduzem a
frequéncia.

Recomendagbes podem ser divididas em:
imediatas e de longo prazo. As primeiras sao
Implementadas com urgéncia, até que as
definitivas estejam funcionais

Medidas Mitigadoras agem
apos o acidente. Reduzem
a severidade

Recomendacgdes / Sugestdes
Medidas Preventivas / Mitigadoras

Sugestdes: em geral sdo opcionais, Medidas Preventivas evitam
foram observadas enquanto o

APP era elaborado. Podem vir na
prépria planilha
(identificadas como S1, S2, S3...)
ou em uma planilha separada.

o acidente. Reduzem a
frequéncia.

Medidas Mitigadoras agem
apos o acidente. Reduzem
a severidade
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58



Recomendacgdes / Sugestdes
Medidas Preventivas / Mitigadoras

Medidas Preventivas evitam
o acidente. Reduzem a
Mudangas frequéncia.
Medidas Mitigadoras agem
apos o acidente. Reduzem
a severidade

Barreiras Preventivas

Barreiras Mitigadoras

P Governo i
Es1ADO b0 CEARA

ANALISE PRELIMINAR DE PERIGO - APP.

Sistema: Complexc Industrial do Pecém _CIP Subsistema: Terminal de Combustivels
Sub subsistema: Unidads de Estocagem _ Esferas de Armazenamento de GLP
Base referencial DE4450.75-6901-941 EGV-005. TRANSPETRO/AMPLA Engennari
Categoria ) .
Perigos Causas Eteitos Detecgio do risco quanto Medidas Preventivas Hipgtese
Sev. [ Prob. | €R
- pr - Seguro e atomn oo
esgasteFadgdos | * oot w | e | re | ochode emerséncaloca ar
Materais o - Segus procedmentos operacionsic
explocia (UVCE).
- Fana em juntas do Terminal quanto acs senigos do
conedes e vahulss | = Perda doprodu por nspegio © marutengao de
- Dreno de caupamento | evaporagio com w | e | e | coisamentos innas et et
ou de i sbeto formagdd de nuvem - Realzar ngpegio obsenvando o -
fambue fchamen do dreno de causamento
cinhas
- BLEVERBol2 ds fogo. | o | re TAQ
~ Peawm « Trrea devd a chosue | + Perda doprodin por | = Vieua « Vericar iemaicanere o2
Vazamento mecirico. evaporagic . 5 sracedinenios para morimentago
- DesgasielFadioa dos remmee® |y | 8 | RE | deveiuose canse TAQ-10.
+ Segar 0 que Seterming 0 plano &
+ Fana e juntzs agi0 de emergénc ocal
canexbes ¢ vahuias - Sequs procedimentus operacionsic
- Corosdo do Terminal quanto acs senigos do
- Emodeoperaiol | - FlashFie | | RB | inspegio e manengiode TAQ-11
manutengio equiamentes, Inhas,etc
PL
coupLex0 wpusTRIAL DoPECEM—CIP
ESTUDO 52 ANALIE 0E RISCD - AIEXGS vas

Algumas tabelas incluem, além dos modos de deteccao,
as PL (protection layer) ja existentes / ja instaladas.
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GOVERNO Do
Es1ADO b0 CEARA

Srmani dn femraee

P

IALISE PRELIMINAR DE PERIGO - APP.

Sistema: Complexo Industrial do Pecém - CIP

Subsistema: Terminal de Combustiveis

Sub-subsistema: Unidade de Estocagem — Esferas de Armazenamento de GLP.

Base referencial: DE4450.75 6901 941 EGV-005. TRANSPETRO/AMPLA Engenhari
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ApOs as recomendagdes serem implementadas, devo
avaliar novamente os cenarios criticos. O risco foi reduzido?

2 1
¥ 5
z s
2
E E
: :
¥

L1 —

ISTANI

P -

Antes de implementar a mudanga proposta no HIRA, faga MOC —_—
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Severidade

Frequéncia

A Matriz e as categorias sGo as mesmas para toda a empresa.

a) Pense em um APPP
b) Pense em quais APPS podiam ser elaborados
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a) Pense em um APPP
b) Pense em quais APPS podiam ser elaborados

What if?

Mas... e se?

63



What if?

Overview

What will happen if toxic gases leak into a liquid pipeline? What if tank feed is increased or decreased? What if
an earthquake occurs? Such questions can be critical in reducing or eliminating risks to people working in a
labaratory environment.

A What-if Analysis consists of structured brainstorming to determine what can go wrong in a given scenario;
then judge the likelihood and consequences that things will go wrong.

What-if Analysis can be applied at virtually any point in the laboratory evaluation process.

Based on the answers to what-if questions, informed judgments can be made concerning the acceptability of
those risks. A course of action can be outlined for risks deemed unacceptable.

ACS https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
W Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html

What if?

Human Factor

Human errors occur regardless of training and experience. Human error factors
may drive consideration of written SOPs, a decision for engineering controls, etc.

What if material used is too concentrated (or diluted)?

What if the valve/stopcock does not open (or close)?

What if the valve(s) are opened (or closed) in the wrong sequence?

What if inert gas is omitted?

What if unintended materials are mixed together?

What if readings are missed or ignored?

What if warnings are missed or ignored?

What if there are errors in diagnosis?

ACS https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
W Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html
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What if?

Utility

The following questions concern utilities, which are key to the support of any

experiment or process:

« What if power is lost?
Consider: Automatic shutoffs and emergency power

What if power is restored automatically after loss?
Consider: Manual restarts

What if laboratory ventilation is lost?
Consider: Automatic shutoffs, emergency power, and redundant mechanical

exhaust fans

ACS https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
W Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html

What if?

Experimental or Ancillary Equipment

Consideration of failure of materials or components may result in decisions for
additional controls or changes to higher rated or alternative types of materials and

components.

= What if there’s unexpected over-pressurization?
Consider: Pressure relief devices and barriers; personal protective equipment
(PPE)
» What if glassware breaks during reaction?
Consider: Spill control; PPE
* What if there's a failure of equipment cooling?
Consider: Alarms, automatic shutoffs, and emergency shut-off procedures

ACS https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
W Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html
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What if?

Personal Protection

This should be included since, despite best efforts with hazard reviews and
training, incidents will occur.

+ What if a body is impacted by liquids or solids?
Consider: Physical barriers
s What if someone is exposed to vapors or gases?
Consider: PPE; ventilation
= What if someone is exposed to respirable particles?
Consider: Use of wet contamination control methods, ventilation controls, and
respiratory protection

ACS https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
v Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html

Using a hotplate with flammable liquid
Table 10-3
Department: Description of Operation: By:
Chemistry Use of stirring hotplate with liquid Review Team Date:
Whatif? Answer Probability | Consequences Recommendations
Useon Flammablevapors could | High Extensive Use in fumehood
unventilated accumulate and reach damage/downtime
benchtop source of ignition fire and costs
Overexposure to toxic High Adverse health Use in fume hood
vapors effects
Mechanical Lack of exhaust but Moderate Adverse health Interlock hotplate power to
failure of fume vapors still accumulate effects exhaust monitor
hood exhaust and ignition sources still
fan present
Fire Moderate Damage Use explosion proof hotplate
Power failure Lack of exhaust, vapors | Very high Damage /health Connect exhaust fan to
during use (see | mayaccumulate but at effects emergency power
also lossof heat | lesser magnitude,
and loss of potential fire
stirring below) Reaction becomes Very high Failed experiment, Conduct a review of all
unstable exposure to possible reactions and
unknown products | outcomes
Hotplate Possible fire in hotplate | Moderate Equipment Check electrical connections
malfunction, and ignition of solvent damage/personnel (plugs and wires); pretest
electrical arcing | vapors injuries hotplate before starting; use
(switch/ explosion proof hotplate
thermostat)
AC S https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
v Chemistry for Life’ ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html
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Hotplate Heat material above Moderate Fire, damage, Interlock hotplate to
malfunction, flash point personnel injuries temperature feedbackloop
supplies too - — -
i Reaction becomes Moderate Personnel injuries Do not leave reaction
unstable unattended; check
temperature of reaction at
regular intervals
Unintended reaction Moderate Hazardous Conduct a review of all
occurs byproducts possible reactions and
outcomes
Hotplate Reaction unsuccessful Moderate Lost time and Interlock hotplate to
malfunction; materials temperature feedbackloop
supplies too
little heat; if no Reactants degrade/ Moderate Lost time and Do not leave reaction
heat, see loss of evaporate materials; unattended; check
power above hazardous temperature of reaction at
byproducts regular intervals
Loss of Stirring Superheating of portion | Very high Vessel fails/fire Interlock hotplate to
of flask contents temperature feedbackloop
Unintended reaction High Hazardous Conduct a review of all
occurs byproducts possible reactions and
outcomes
Reaction unsuccessful High Lost time and Do not leave reaction
materials unattended; check
temperature and stirring of
reaction at regular intervals

ACS

W Chemistry for Life®

https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-

analysis.html
Department: Description of Operation: By:
Chemistry Use of stirring hotplate with flammable liquid Review Team Date:
Whatif? Answer Probability | Consequences Recommendations
Spill from Flash fire High Fire/damage/ Do not handle hot vessel
container being personnel injuries
heated - - - -
Reaction unsuccessful High Lost time and Do not leave reaction
materials unattended
Heating period Open container boils dry | High Failed reaction Connect hotplate to timer and
is too long temperature feedbackloop
Vessel breaks High Vessel fails/fire See above
Reaction unsuccessful High Lost time and Do not leave reaction
materials unattended
Heat period is Unreacted starting High Hazardous Connect hotplate to timer and
too short material byproducts temperature feedbackloop
Unstable products High Personnel injuries Conduct a review of all
possible reactions and
outcomes
Reaction unsuccessful High Lost time and Do not leave reaction
materials unattended

ACS

W Chemistry for Life®

https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html
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Container Flash fire High Fire/damage/ Check container forsigns of
breaks personnel injuries prior damage or use new
container
Residual Vessel breaks High Fire/Damage/ Do not use a closed container;
process gas in personnel injuries use container with a pressure
equipment relief device
when opened Vessel cannot be opened | High Lost time and See above
materials
Unintended reaction High Hazardous Conduct a review of all
occurs byproducts possible reactions and
outcomes
AC S https://www.acs.org/content/acs/en/about/governance/committees/chemicalsaf
v Chemistry for Life” ety/hazard-assessment/ways-to-conduct-hazard-assessment/what-if-
analysis.html

a)

Pense em um What-if
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a)

Pense em um What-if

Check-list

Check-list antes de viajar de carro: [ Como dirigir )
nachuva?
Problemas e solugdes
_ para dirigir com seguranga. J
pressdo dos pneus -caixa de ferramentas
-nivel do dleo -triangulo e “macaco”
-nivel da gasolina -mapa
-fardis e luzes de freio -documentagdo do carro
-limpador de parabrisa -documenta¢do do motorista
-estepe -celular com carga

14/03/2018
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Check-list

Further study requized ¢

Does not apply
Completed
General layout
1. Areas properly drained? )
2. Aisleways provid o
3. Fire walls, aikes and special guardrails
needed? o
4. i o
5. Hazardous overhead restrictions? o
6. Emergency accesses and exit o
7. Enough headroom? o
8. Access for emergency vehicles? o
9. Safe storage space for raw materials and
finished p:odn::tl? o
10.Ad for safe
opera o
11.Hotes snd elevators properly designed
and safeguarded? o
12.Clearance for overhead power lines? o
Buildings
1. Adeguate ladders, stairways and
escapeways' o
2. Fire doors required? o
3. Head obstructions marked? o
4. Ventilation adequ o
5! Nood for iadderor seairvay to roof? o
6. Safety glass specified where necessary? o
7. Need for fireproofed structural steel? o
Process
1. Consequences of exposure to-adjacent
operations considered? o
2. Special fume or dust hoods required? o
3. Unstable materials properly stored? o
4. Process laboratory checked for runaway
explosive conditions? o
5. Provisions for protection from explosions? o
6. Hazardous reactions possible due to
mistakes or contamination? o

7. Chemistry of processes completely
understood and revi

o
8. Pruvlsinna for aptd duposal of reactants

n emergency?
(] Y:ulure of mechanical equipment possible
cause of hazards?

ooooooo

cooooo oo

oo o

coa

oo

o opoooo oo

oo

coooooo

Further study required 3
ap)

Doas ot
Comple
10.Razards possible from gradual or sudden
ockages in piping or equipment? o o
11.public dia bility risks possible from
sprays, fumes, mists or noise? o ]
12.Provisions made for disposal of toxic
materials? o o o
13.Bazards involved in sewering material? o o o
14.Material safety data sheets available for
all chemical species? o o o
15.gazards possible from simltaneous loss
r more utilities? o o o
15 safety factors altered by daugn revisions? o © o
of
of o
18.P70ce8s diagrams correct and ‘up-to-date? 0 o o
Piping
1."8atety showers end eye baths Tequired? L) o
2. Sprinkler systems requir o o o
3. Provisions for thermal .xp., o o o
40 A1) overfiow 1ines directod to safe aress? B b o
5. Vent lines directed safe! o o o
6. Piping specifications followed? o o o
7. Washing-down hoses needed? o o o
8. Check valves provided as needed? o o o
9. Protection and identification of fragile
pipe considered? o o
10.Possible deterioration of exterior of
piping by chemicals? o o o
11:Emergency valves readily accessible? o o o
12.Long and large vent lines supporte o o o
13.Steam condensate piping safely delignad? o o o
14.Relief valve piping designed to prevent
plugging? o o o
15.0zains to relieve pressure on suction and
discharge of 211 process pumps’ o o [
16.City water lines not connected to process
ipes? o o
17.Flammable fluids feeding production units
shut off from a safe distance in case
of fire or other emergency’ o o o
18.Personnel protective insulation provided? © O o
19.Hot steam lines insulated? o o o
Equipment
1. Designs correct for maximum operating
Ppre ? o o o
2. Corrosion allowance considered? o o o

Check-list

Purther study requized i

Doss not apply &

3. special isolation for hazardous equipment?
4. Guards for belts, pulleys, sheaves and

5. Schedule for checking protective devices?

§: Dikes for any storage tanks?

7. Guard rails for storage tank:

&) Construction materisls compatible with
process chemicals?

9. Reclaimed and replacement equipment. checked
structurally and for process pres

P
10.ripelines independantly supported e eerLeve

pumps and other equipment, as necessary?
11.Autematic lubrication of critical

machis
12.Emergency standby equipment needed?

venting
nauef valves or rupture disks required?
2. Mat

esiscants
3. Vents properly designed? (size, direction,

Flame arrostors required on vent lines?
- Reliet valves protacted from plugging
by rupture disl
Telltale pressure gauges installed between
rupture disks and relief valve?

Instrument and Electrical
1. All controls fail safe?
2. Dual indication of process variables
necessary
3. All equipment properly labelled?
4. Tubing runs protecte
5. Safeguards provided for process control
when an instrument must be taken out
of service?
. Process safety affected by response lag?
. Labels for all start-stop switches?
€. Equipment designed to permit lockout
protection:
s Ehectricas failures cause unsafe
conditions?
.Sufficient lighting for both outside

and inside operations? o

11.Lights provided for all sight glasses,
showers and eyebaths?

12.Breakers adequated for circuit protection?

13.Al1 equipment grounded?

o

0’ o cooo

oo

ooo o

ooo

o
o
o

oooo

o o ooo ooo

ooo

oooo

o

coo

Further study required i
Does not apply ¢

Completed
14.Special interlocks needed for safe
operation? o o o
15.Emergency standby power on lighting
equipment required? o o o
16.Energency eacape lighting required
uring power failu; o o o
173 necessary Sommunieations equipment
provided? o o o
18.Emergency disconnect switches properly
o o o
13.8pacial exploaion proof electrical
fixtures required o o o
Safety Equipment
1. Fire extinguishers required? o o o
2. Special respiratory equipment required? o o o
3. Diking material required? o o o
4. Colorimetric indicator tubes required? o o o
5. Flammable vapor detection apparatus
required? o o o
6. Fire extinguishing materials compatible
with process materials? o o o
Special emergency procedures and alarms
required? o o o
Raw Materials
Any meterials and products require special
handling equipment: o o o
2. Any raw materials and products affected by
extreme weather conditions? o o o
3. Any products hazardous from a toxic or
fire standpoint? o o o
4. Proper containers being o o o
5. Containers properly tabeiied” for toxicity,
flammability, stability, etc o o o
5. bed apilis 2 o o o
7. Special eeded
or for storage and wazehonsmg by
distributors? o o o
8. Does warehouse have operating instructions
covering each product regarde
critical? o o o
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Check-list

Check-lists para laboratdrio

| 12 checagem do dia | | Operagdo com equipamento especifico

| Ultima checagem do dia | | Procedimento especifico

| Realizagdo de experimento especifico |

| Montagem ou instalagdo especifica |

Check-list

Check-lists para laboratdrio

| Parada ndo programada | Falta de luz Regime noturno (emergéncias

fora do horario de trabalho,
. Trabalho nas férias trabalho em regime de plantdo,
Falta de dgua ]
apos as 17h etc.)

| Acidentes leves com vitimas | | Acidentes graves com vitimas |

| LOPC | | Quebra de vidraria | | Incéndio |
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Check-list

Check-lists para laboratdrio

| Parada ndo programada | Falta de luz Regime noturno (emergéncias
fora do horario de trabalho,

. Trabalho nas férias trabalho em regime de plantdo,
Falta de dgua )
apos as 17h etc.)

| Acidentes leves com vitimas | | Acidentes graves com vitimas |
| LOPC | | Quebra de vidraria | | Incéndio |
Check-list

Check-lists para laboratdrio

Check-lists e procedimentos operacionais ajudam na
sistematizacdo das atividades.

Segurancga deve ser baseada em procedimentos,

ndo em improvisos durante emergéncias. m

Procedimentos escritos |

Procedimentos escritos (reais):

Trabalho Prescrito vs. Trabalho Realizado
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Check-list

Check-lists para laboratdrio

O Check-lists pode indicar

etapas criticas
ou
etapas que devem ser feitas na ordem indicada

Abordagens semelhantes:

SOP: standard Operating Procedure

POP: procedimento Operacional Padrio

14/03/2018
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Mapa de Risco

pia

. Escritério
Sala de extragéo de| I
DNA

Escritério

O

Intensidade do Risco

grande

Bancafla, gas| _i ‘
Sala de extragdo

de RNA
Sala de PCR
ala de elefroforesi =
e fotodocumentacé

Sala Cultura
de células

Entrada

O

Escritorio

Destilagao agua

medio

@ pequeno
Tipo de Risco

. fisico
. quimico
‘ biolégico

O ergonémico
' de acidente

biossegurancaemfoco.com

Mapa de Risco

Instrugdes sobre como elaborar um Mapa de Risco:

http://www.sgc.goias.gov.br/upload/arquivos/2012-11/manual-de-elaboracao-de-mapa-risco.pdf

http://www.cpgrr.fiocruz.br/posgraduacao/cienciasdasaude/apoio/Biosseguranca/Mapa%20de%20Risc0%20120410.pdf?PHPSESSID=75c1033de7219cf9df2b666eed 187310

http://www.uff.br/enfermagemdotrabalho/mapaderisco.htm

http://www.ib.unicamp.br/cipa/mapa_risco
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Community emergency response

LOPA

Plant emergency response
Post-release physical protection (dikes)
Physical protection (relief devices)
Safety instrumented functions (SIFs)

Critical alarms and human intervention

Basic process control systems

Process design

Polymer

=

Applicable regulations and

good practice guidance Regulations and

Academic Associations

Grant rules and requirements
pertaining to the research Grant Funding Bodies
University policies, practices, . .
leadership, and oversight University . . ’
Departmental policies, practices, Department
leadership, and oversight . )
Principal Investigator/lab policies, Principal Investigator/
practices, leadership, and oversight Laboratory )
Knowledge, skills, actions, and Student/Researcher . ’ .

decisions of the graduate-level
researchers

2
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BOW TIE

N cremcas vsean N

http://r4risk.com.au/images/Hazard5.4.4.2-LiquefiedHazardousChemicalsUsedinProductionFacility-
Catastrophicfailureofstoragevesselreleasingupto250Teofliquidhazardouschemical.jpg

Material Complementar:

http://www.risktec.co.uk/media/43525/bow-tie%20lessons%20learned%20-%20aiche.pdf

ETHG

GLOBAL
CONGRESS
PROCESS
SAFETY

GCPS 2010

Lessons Learned from Real World Application
of the Bow-tie Method

Steve Lewis
Riskter Solutions Limited
Warrington, UK
email steve lewisi risktec.co.uk

Kris Smith
Risktec Solutions Inc.
Houston, TX
email kris.smith@ risktec.com

Prepared for Presentation at
American Institute of Chemical Engincers
2010 Spring Meeting
6th Glohal Congress on Process Safety
San Antonio, Texas
March 22-24, 2010
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Matriz de Treinamento e Capacitacao

| Especializagdo SEPRO RSE (2017) |

_ . [Environment, N Administrative/
Manufacturing Maintenance ith and Engineesing Lab
2 5 5| |E| 8 .| E 3
Example of Tridimensional Training Matrix |2 22 5358 .| 8| N 5|2
3 =8| |E|5 2| |5 s «| |E 5 8|8 5| |8(¢|z
L |B| 8 58| E S| 5|8 AR 2| 3 AR
S| 282 4|8|0 2 <2 B|&|<|B| 2|85 2|=2|5|E=
g E ‘2 & w| 8% g 3|5 8% s 8 =] 3|3
35|55 HIERE -k 2 s8¢ 8| £ 5| &
ccps R S| & g_ E W= 8| EE EREC 31 3|=
Salety Process Course Description Training s 8 ElE|8 |5 |2 3 2|E
&8 22| = | E H
[ = = x
o Process Safety Competency {Culture, Standards..} | 12 | 13 | 13 13|@3 | 13|13 |13 [ T B e 13|13 B(E| e
8
2 8
4 g Loss Prevention and Business Image ulwe|o 2 ||| 1 2 z|le|e u | u B3|B|u
g &
§ & ! Process Safety for Stakeholders mlu | m|wu|u u|3| e ufu|ua ufu BlB|lu
(8]
2E Qualitative Risk Analysis {PHA, Hazid,HazOp..) | ne | ne | 13 NR | NR | NR NR | 13 [ NR B|u|oun NR | NR NR| | R
5
E L% Quantitative Risk Analysis (LOPA SIL, QRA_} N [ nR | 3 1| NR | NR NR | 11 | NR 2 [ NR| 13 NR | NR NR [ 11 | R
2=
= E Facility Siting for Projects and Installations. NR [ NR | 13 NR | NR | NR NR | 12 | 11 L2 | NR | NR NR | NR NR | L1 | NR
== W]
bl Critical Activities (Operational procedures) B3| B 2 2|B|B B|13 |3 | |u 1| u NR | NR | NR
(4
g Equipment Mechanical Integrity and Reliability | na | na 2 B3| 1| 1| NR 233 NR | NR NR [ NR [ NR
@
g Management of Change and Start-up Analysis u|u |, NR | 1| NR 2 | NR || u NR | NR NR | NR | NR
= ]
E g Incidents Investigation Methodology (RCA...) u|lu |, 2 2| 2 NR NR Bu|n NR | NR NR [ NR [ NR
o
= ﬁ Process Safety Indicators Management ulu|B NR [ NR | NR NR | L1 [ NR 13 | NR | NR NR | NR 1|13 |nNr
£EG
E 3 Safety Barriers Audit NR [ NR | 13 NR| |1 NR | 13 [ NR B|u|u NR | NR i | |~

a)

Pense em Matriz de Treinamento para este ambiente
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Artigos complementares:

FEATURE

Beyond chemical safety—
an integrated approach to
laboratory safety management

Health and safety programs for laboratories are typically oriented around specific regulatory
requirements, even though hazards in laboratories seldom respect these boundaries. Not only
does this place an unnecessary burden on researchers because they have to keep track of
several related health and safety activities, it also Increases the chance that laboratory
hazards might not be addressed because they are part of some other “program.” The new
UCSD Lab Safety Guide organizes all health and safety activities required for basic lab
operation into a single document, the Lab Safety Plan. Completion of a Lab Safety Plan will
identify health and safety needs for that lab, provide appropriate documentation, and outline
required activities and training, The modular nature of the Plan allows it to be tailored to lab
activities and, after training and implementation, labs can then be audited against their plan.
This unified approach stems from the creation of a “Research Safety Team” out of the
previous biological, chemical, and radiation safety groups. and will be coupled with
sophisticated data management in a centralized database to track and benchmark safety
activities.

By James M. Kapin In most organizations there isan En-  regulations, but each of these areas are
vironment, Health and Safety (EH&S)  relevant to laboratory work and are

Ithough the Occupational  office responsible for two important  likely to be seen as part of “laboratory

Saftey and Health Administra- — rules: inplementing proprans W pro- safety” by laboratory workers. A pro-

tion (OSHA) has been around  tect workers and the environment, and ~ gram intended to be effective in labo-

for almost thirty years, and there have  ensuring compliance with environmen-  ratories needs to recognize this iden,

been nearly 10 years of Laboratory  tal, health, and safety regulations. These  ¢liminate artificial boundaries, and
Standards and even with the unfogti. T I dhc el cscal oty iv g unified

Referéncias Complementares, outros cursos, etc...

NIOSH: School Chemistry Laboratory Safety Guide
http://www.cdc.gov/niosh/docs/2007-107/

avi 34vs

I %

UCLA: Treinamento online
http://training.ehs.ucla.edu/Training1/player.html

UFPR: Regras de Seguranca
http://people.ufpr.br/~cid/farmacognosia |/Apostila/seguranca.pdf

CBS / TTU: Investigacdo Univ. Texas Tech (CSB)
http://www.csb.gov/investigations/detail.aspx?SID=90
http://www.depts.ttu.edu/vpr/integrity/csb-
response/downloads/report.pdf
http://americaneg.vo.llnwd.net/016/csb/lab safety windows.wmv
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Referéncias Complementares, outros cursos, etc...

Especializacio SEPRO RSE (2017):

https://www.rsem.com.br/posgraduacao/

QRSE

Geremclaments de Rico o
Sustertabilidade Empresarial

Referéncias Complementares, outros cursos, etc...

http://training.ehs.ucla.edu/

http://www.utexas.edu/safety/ehs/lab/manual/toc.html

http://www.ehs.indiana.edu/lab safety.shtml

http://www.stanford.edu/dept/EHS/prod/researchlab/chem/inven/index.html

http://map.ais.ucla.edu/go/campus-safety/environment,-health-safety/Laboratory-

Safety

http://www.resources.labsafetyinstitute.org/index.html

Videos:
http://map.ais.ucla.edu/go/1004476

http://www.resources.labsafetyinstitute.org/SafetyVideos.html

http://vimeo.com/6170550
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SUPERVISION  Never work in the lab
without the supervision of a
teacher

ATTENTION Always pay attention to the

work—den't fool around in

the lab
FOLLOW Always perform experiments
INSTRUCTIONS  precisely as directed by the
teacher
EMERGENCY Know what to do in the event

PREPAREDMESS of an emergency

davil 11UsS

LABELING Check labels to verify
substances before using
them. Label Containers

APPAREL Always wear appropriate
protective equipment
and apparel

BRATIMNS Use them—Safety begins with
you

SAFETY DO'S
AND DON'TS FOR
STUDENTS

NIOSH
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