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PREFACE

PETRONAS Technical Standards (PTS) publications reflect the views, at the time of
publication, of PETRONAS OPUs/Divisions.

They are based on the experience acquired during the involvement with the design,
construction, operation and maintenance of processing units and facilities. Where appropriate
they are based on, or reference is made to, national and international standards and codes of
practice.

The objective is to set the recommended standard for good technical practice to be applied by
PETRONAS' OPUs in oil and gas production facilities, refineries, gas processing plants,
chemical plants, marketing facilities or any other such facility, and thereby to achieve
maximum technical and economic benefit from standardization.

The information set forth in these publications is provided to users for their consideration and
decision to implement. This is of particular importance where PTS may not cover every
requirement or diversity of condition at each locality. The system of PTS is expected to be
sufficiently flexible to allow individual operating units to adapt the information set forth in PTS
to their own environment and requirements.

When Contractors or Manufacturers/Suppliers use PTS they shall be solely responsible for
the quality of work and the attainment of the required design and engineering standards. In
particular, for those requirements not specifically covered, it is expected of them to follow
those design and engineering practices which will achieve the same level of integrity as
reflected in the PTS. If in doubt, the Contractor or Manufacturer/Supplier shall, without
detracting from his own responsibility, consult the owner.

The right to use PTS rests with three categories of users:

1) PETRONAS and its affiliates.

2) Other parties who are authorized to use PTS subject to appropriate
contractual arrangements.
3) Contractors/subcontractors and Manufacturers/Suppliers under a contract

with users referred to under 1) and 2) which requires that tenders for projects,
materials supplied or - generally - work performed on behalf of the said users
comply with the relevant standards.

Subject to any particular terms and conditions as may be set forth in specific agreements with
users, PETRONAS disclaims any liability of whatsoever nature for any damage (including
injury or death) suffered by any company or person whomsoever as a result of or in
connection with the use, application or implementation of any PTS, combination of PTS or
any part thereof. The benefit of this disclaimer shall inure in all respects to PETRONAS and/or
any company affiliated to PETRONAS that may issue PTS or require the use of PTS.

Without prejudice to any specific terms in respect of confidentiality under relevant contractual
arrangements, PTS shall not, without the prior written consent of PETRONAS, be disclosed
by users to any company or person whomsoever and the PTS shall be used exclusively for
the purpose they have been provided to the user. They shall be returned after use, including
any copies which shall only be made by users with the express prior written consent of
PETRONAS.

The copyright of PTS vests in PETRONAS. Users shall arrange for PTS to be held in safe
custody and PETRONAS may at any time require information satisfactory to PETRONAS in
order to ascertain how users implement this requirement.
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10 SCOPE

This document applies to work areas where exposure to benzene could be expected. This
Guide is to be used by OPU/JV for the use, handling , storage and transportation of benzene
either as a product or residue

2.0 OBEJCTIVE
The specific objectives of this Guide are:

1. To protect workers/employees from the health effects arising from the exposure to
benzene handled in workplaces

2. To state the requirement in meeting PETRONAS standards with respect to benzene

3. To outline steps involved to carry out benzene risk assessment, exposure monitoring,
control measures and health surveillance

3.0 BACKGROUND

This document is intended as a Guide on the safe handling of benzene in the workplace. It
provides guideline by which the management of each company can assess its own
procedures and practices, and should be read in conjunction with PTS 60.1502 Chemical
Management Program and the statutory regulations.

In Malaysia, a regulation on Occupational Safety and Health (Use and Standards of Exposure
of Chemicals Hazardous to Health) Regulations 2000 or USECHH 2000 that address on the
use of chemicals which includes benzene in the workplace is one of the main reference of this
Guideline. Countries with more stringent statutory regulations shall use this Guideline as
reference only.

The recommended precautionary measures may serve as a basis for the drafting of
procedures of a company specific to its local conditions and circumstances.

Additional information concerning the handling of benzene may be obtained from the
publications listed at the end of this Guide.

4.0 INTRODUCTION

Benzene is formed from both natural processes and human activities. Natural sources of
benzene include volcanoes and forest fires. Benzene is also a natural part of crude oil,
gasoline, and cigarette smoke. Some industries use benzene to make other chemicals that
are used to make plastics, resins, and nylon and synthetic fibers. Benzene is also used to
make some types of lubricants, rubbers, dyes, detergents, drugs, and pesticides.

Qutdoor air contains low levels of benzene from tobacco smoke, motor vehicle exhaust, and
industrial emissions. However, air around hazardous waste sites or gas stations may contain
higher levels of benzene than in other areaswhile benzene in indoor air comes from products
that contain benzene such as glues, paints, furniture wax, and detergents.

Benzene is a common agent in industrial (e.g. E&P operations, petroleum refineries and
petrochemical manufacturing) and transportation settings leading to widespread
environmental and occupational exposures. Hence, in PETRONAS OPU/JVs workers
exposure to benzene could be expected.
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5.0 HAZARD IDENTIFICATION

BENZENE (C¢H) CAS 71-43-2; UN NO : 1114
(Synonyms include benzol, coal tar naphtha, phenyl hydride, and cyclohexatriene).

Benzene is a highly volatile, flammable liquid. Its vapor is heavier than air and may
accumulate in low-lying areas. Benzene is less dense than water and will float on the surface
of water. It is only slightly soluble in water but readily soluble with most organic solvents.

At room temperature, benzene is a clear, colorless-to-light yellow liquid that is highly
flammable. Because it is volatile, it can spread to a distant source of ignition. Benzene's
sweet aromatic odor generally provides adequate warning of hazardous concentrations for
acute exposurehowever, inadequate for chronic exposure.

Benzene odor is a bad indicator for chronic exposure as at the range of 0.5 to 1 ppm, at which
the presence of benzene in the environment would not be realized, it. can cause adverse
health effects.

Information of Benzene may be obtained from manufacturer's and supplier's
SDS/MSDS/CSDS, labels on containers or manuals of products; databases or published texts
(e.g. PETRONAS Datakimia);OPU / JV guidance material.

5.1 Routes Of Exposure

The main route of exposure to benzene, whether liquefied or gaseous form,
is through inhalation of its vapour. Odour threshold of benzene is 1.5 ppm to
5 ppm and provides adequate warning of acutely hazardous concentrations.

Skin/eyecontact with benzene may result in eye/skin irritation. Repeated or
prolonged skin contact with liquid benzene can degrease the skin, causing it
to crack and could contribute to systemic toxicity.

Ingestion of benzene could occur due to accidents, poor work practice or
personal hygiene. Ingestion could result in acute toxic effects such as
nausea, vomiting and abdominal pain and irritation of the respiratory and
digestive systems.

Persons exposed only to benzene vapor do not pose substantial risks of
secondary contamination to others. However, persons whose clothing or skin
is contaminated with liquid benzene can cause secondary contamination by
direct contact or through off-gassing.

5.2 Health Effects of Benzene

Benzene is classified as a proven human carcinogen by the Commission of
the European Communities. The International Agency for Research on
Cancer (IARC) has concluded that there is sufficient evidence for
carcinogenicity to humans. The overall IARC evaluation is Group 1 -
carcinogenic to humans.
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The American Conference of Governmental Industrial Hygienists (ACGIH)
has designated benzene as a confirmed human carcinogen (A1).There are
many case reports and epidemiologic studies of exposed workers, that a
causal relationship between benzene exposure and leukemia has been
clearly established. Benzene exposure has also been associated with cancer
of the lymph system (lymphoma), lung cancer and bladder cancer.

Benzene affects the hematologic (blood) system, For example, it can cause
bone marrow not to produce enough red blood cells, which can lead to
anemia. Also, it can damage the immune system by changing levels of
antibodies in the blood as well as causing the loss of white blood cells.

The seriousness of poisoning caused by benzene depends on the amount,
route, and length of time of exposure(duration), as well as the age and
preexisting medical condition of the exposed person.

5.2.1 Acute Health Effects

The effects of acute exposure to high concentrations of benzenei.e.
neurological, gastrointestinal, dermal and respiratory effects can be evident
immediately after exposure.

Neurological effects

Neurological effects appear to be due primarily to the direct effects of
benzene on the central nervous system. The anesthetic action of benzene on
the central nervous system is similar to that of other anesthetic gases, first
inducing excitation followed by depression, and if exposure continues, death
through respiratory failure.

Gastrointestinal effects

Swallowing of the liquid may cause aspiration of vomit into the lungs. Signs
and symptoms of chemical (aspiration) pneumonitis may include coughing,
gasping, choking, burning of the mouth, difficult breathing, and bluish
coloured skin (cyanosis).

Gastrointestinal tract discomfort may produce nausea and vomiting. In an
occupational setting however, ingestion of insignificant quantities is not
thought to be cause for concern.Accidental ingestion of benzene may be
harmful; animal experiments indicate that ingestion of less than 150 gram
may be fatal or may produce serious damage to the health of the individual.

Dermal effects

Benzene produces moderate skin irritation; evidence exists, or practical
experience predicts, that the material produces moderate inflammation of the
skin in a substantial number of individuals following direct contact. Skin
irritation may also be present after prolonged or repeated exposure; this may
result in a form of contact dermatitis (nonallergic). The dermatitis is often
characterised by skin redness (erythema) and swelling (oedema) which may
progress to blistering (vesiculation), scaling and thickening of the epidermis.
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