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Chapter 1.0 Introduction
Guidance to Occupational Health, Safety and Environmental Policy (EMF)
This framework Document is aimed at providing guidance to the Implementing agencies of
Industry-Academia Collaborative Mission for “Accelerating Discovery Research to Early
Development for Biopharmaceuticals - Innovate in India (I-3/ “Programme”)
Based on the Programme objectives the relevant Occupational Health, Safety and Environmental
(EMF) aspects have been collated as stated herein this Framework.
HOW TO USE THIS DOCUMENT
This framework is to assist the implementation officers in identification, assessment, monitoring,
evaluation and compliance to theOccupational Health, Safety and Environmental aspects
generally associated with various components of the Programme. It suggests practical ways to
integrate sustainability management into the internal operations of I-3 Programme.
Based on the different Programme components, the relevant EMF parameters can be considered
by the implementing officers from this document.
Programme Description aspect outlines the cardinal components and the expected deliverables of
Accelerating Discovery Research to Early Development for Biopharmaceuticals - “Innovate in
India (I-3) .
Environment, Occupational Health and Safety Management Framework (EMF) outlines the
essentials for the Programme components and the specific management parameters
Legal and Regulatory Requirement provides the consolidated framework on the Product
development and Occupational Health, Safety and Environmental requirements as relevant for
the Programme components including the World Bank Safety and Environmental Safeguards.
Programme Cycle outlines the general implementation process in practice for the Programme
and the crucial principles to be considered in order to ensure compliance related to EMF.
The suggestions received through Stakeholder meetings in order to implement the practices for
programme are stated there under the Stakeholder Consultations
Environmental, Safety and Health aspects under the Programme specifies the issues Identified
under the Programme through site visits to representative locations relevant to the programme
components through corresponding feedbacks and evaluation. The Management Framework
accordingly provides for the mitigation measures to be included for the programme components
based on the identified issues.
Institutional arrangements outlines the aspects of structural framework defined the structures put
in place in order to implement safeguard parameters. The monitoring strategy and grievance
redressal mechanism defines the methods for periodical review and monitoring of the
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management strategy and the mode for addressing the concerns and grievances if any that may
be brought into the fore by any stakeholder under the Programme.
Training Plan provides for the definite means to build the Environmental management capacity
through tailor made training modules structures as a part of the broader Programme Training
Component followed by applicable budget specifications under I-3Programme Description

Chapter 3
Environmental, Occupational Health and Safety Management Framework (EMF)
DBT/BIRAC with the mission to promote innovation and self-sufficiency in the biotechnology
sector, strives to reduce any social and environmental risks in its activities. As the Product
developments and related components for creation of robust innovation ecosystem in the biotech
sector is the primary focus of I-3 Program, the following elements become inevitable such as
compliance to corresponding legislations, good practices in research and development methods,
enhanced awareness on social and environmental risk management procedures, adherence to
bioethics principles, capacity building of key stakeholders. Sections below, outline these
elements of EMF to be followed during the implementation of I-3 Program.
3.1 EMF integration into I-3 Programme
DBT and BIRAC are committed to environmental sustainability by upholding numerous good
practices throughout their pursuit of fulfilling their mandate including:








Protect the environment and to continual improvement in the management of Programme
activities;
Ensure better compliance with applicable regulations, and reducing adverse impacts on
people and the environment from the Programme operations;
Promote adoption of Good Industry Practices (GIP), Good Laboratory Practices (GLP)
and best practices in I-3 Programme activities;
Integrate economic and environmental considerations in the decision-making process;
Capacity Building of the Biotechnology stakeholders towards sustainability
consciousness;
Exercising monitoring as a quality control tool for determining whether study activities
are being carried out as planned, so that deficiencies can be identified and corrected; and
Pursue environmental goals in a cost effective manner and to preserve culture of
sustainability.

In line with these commitments, due risk assessment and mitigation strategies have been
proposed for the I-3 Programme that will be integrated into the entire implementation chain.
The Product Development grantees will be required to abide by the environmental health
principles by establishing mechanisms that enable those best placed to maximize benefits or
minimize costs to develop their own solutions and responses to environmental problems
under the I-3 Programme.
3.2 Objectives of EMF
(i) To endeavor for minimizing/ mitigating adverse environmental and social impacts/risks;
(ii) To ensure that minimization or mitigation of environmental and social impacts and risks
meet the requirements of laws and regulations of GOI and states, and responsive towards
environmental and social safeguards requirements of BIRAC;

(iii)To sensitize various stakeholders involved in Infrastructure development about safeguard
issues, and in monitoring, reporting, and in undertaking corrective actions, if any;
(iv) To ensure that mechanisms are in place for Safeguard compliance during project
implementation
3.3 Approach to the Development of EMF
The approach adopted for the development of EMF for the I-3 Programme, to achieve the
above objectives comprised the following.






A quick assessment of possible environmental and health risks associated with the
proposed components of I-3 Program, through visits to facilities carrying out
activities similar to I-3 Programme and discussions with key stake holders;
A review of legal and regulatory requirements of GoI and environmental safeguard
policies of the World Bank, related to the activities envisaged in I-3 Programme;
Development of draft EMF addressing risks identified and regulatory requirements,
along with appropriate monitoring mechanisms;
Consultations with stakeholders on the elements of EMF; and
Final EMF incorporating feedback from the stakeholder consultations.

3.4 Environmental and Health Risks from the activities of I-3 Program
In order to understand the likely environmental and health risks associated with the bio-tech /
bio-pharma activities of the proposed I-3 Programme, visits to facilities carrying out similar
activities such as development of vaccines, biosimilars, devices and diagnostics were conducted.
Visits to shared infrastructure facilities were also carried out. During these visits, the product
development centers, laboratory and research facilities were studied and detailed discussions
were also held with key technical and managerial staff on environmental and health risks. Based
on these visits, discussions and a review of secondary information on bio-tech/bio-pharma sector,
it can be concluded that the activities of the Programme are not expected to cause significant,
irreversible impacts on environment. However, the following low to moderate environmental and
health risks are expected from the program activities and requires attention.







Air emissions
Wastewater
Solid and hazardous wastes
Hazardous materials
Threats to biodiversity
Bioethics

3.4.1 Air Emissions
Volatile organic compounds (VOCs) and particulates may be emitted from development
processes of biotech / biopharma products from point sources and fugitive emissions. While
VoCs are expected from filtration systems, reactor vents, etc. fugitive emissions are expected
from centrifuge, pumps and other equipment, used in the development of vaccines, biosimilars,
devices and diagnostics.

Small combustion source emissions are also expected pumps and other engines for power and
heat generation. Product development activities are also expected to cause odor nuisance both to
the people working within and outside product development area.
3.4.2 Wastewater
I-3 Programme activities such as development of vaccines, bio-similar, medical devices, etc. and
operation of CMC facilities are expected generate wastewater from laboratory processes,
chemical streams, sterilization and strippers and facility wash water, etc. The quantity and
characteristics of wastewater generated from these activities will vary from the actual process
followed by a particular product development agency. The typical pollutants, however include
BOD, COD, TSS, solvents, organic and inorganic acids.
3.4.3 Solid and Hazardous Wastes
The sources of solid and hazardous wastes from the I-3 Programme supported activities include
residual waste and byproducts from the product development processes, solid and slurry wastes,
etc. The other sources of hazardous wastes also include, laboratory waste, sludge from
wastewater treatment plant and other sources.
3.4.4 Hazardous Materials
The product development activities of the I-3 Programme, could also involve handling of
hazardous materials including those of radioactive substances, depending the processes adopted
by the respective agencies. In the event of use of such hazardous substances, the agencies should
conduct Hazard Assessment and implement management plans for prevention and emergency
response to release of hazardous substances.
3.4.5 Threats to Bio-diversity
The process of collection of genetic resources (bioprospecting), which may be part of certain
biotechnology activities, may include access to different types of habitats. In addition to the
potential for negative impacts to the biodiversity of these habitats, which may also depend on the
physical nature of the collection activities and the types of genetic material involved,
bioprospecting may also raise issues about the rights of local communities to consent in the use
or to a share in the benefits of the commercialization of their cultural heritage or the genetic
resources extracted. The proposed I-3 Programme will not involve bio-prospecting and hence
doesn’t impact bio-diversity.
However, the product development activities could involve production, handling, storage,
transport, and use of organisms and could cause threats to biological diversity due to the
controlled or uncontrolled release of the organisms into the environment.

Risk-based approach to identify key control points in the process cycle, including in-plant
handling, off-site transport, and use of modified organisms, shall be developed in line with the
Cartagena Protocol on Biosafety of the Convention on Biological Diversity and also taking into
account risks to human health.
3.4.6 Bio-ethics
Similar to the various other issues, the ethical issues, will vary for each product supported
through the program and depend significantly on the activity. As per Government of India
regulations, the bio-technology institutions in India, comply to,




Well established ethics mechanisms including management commitment; dedicated
internal ethics personnel;
Adhere to internationally accepted ethical principles applicable to genetic research,
clinical trials involving human participants, and any other activities with critical
bioethical issues;
Follow industry good practices in the use of animals for experimental and scientific
purposes, including design and operation of animal breeding, husbandry, and care
facilities.

3.4.7 Occupational Health and Safety
The occupational health and safety issues that may occur during product development and
research stage of biotechnology products are similar to those of other laboratory research
activities. While some of the relevant occupational health and safety hazards that occur during
the development of biotechnology products are highlighted below, the actual hazards however
shall be assessed by the product development agency, specific to the product being supported by
the I-3 Program.







Heat hazards
Chemical hazards including fire and explosions
Pathogenic and biological hazards
Radiological hazards
Noise
Process safety

Heat hazards in bio-technology operations are expected, when large volumes of pressurized

steam and hot water is used for fermentation and / or compounding operations. This could cause
burns due to exposure to steam or direct contact with hot surfaces as well as heat exhaustion.
Measures such as insulation of steam and thermal fluid pipelines, aligning them away from areas
of worker access and screening of high temperature areas, etc. shall be implemented to avoid
heat hazards.
The risk of occupational exposure to chemicals in biotechnology manufacturing activities can
occur due to inhalation of VOCs from recovery, isolation, and extraction activities; and from
fugitive emissions for leaking pumps, valves, and manifold stations (e.g. during extraction and

purification steps). Additional sources of inhalation exposures include extraction operations and
sterilization activities, as well as exposure to synthetic hormones and other endocrine disrupters.
To avoid such hazards, preventive measures such as workers training, use of personal protective
equipment (PPE), and toxic gas detection systems with alarms, etc. shall be implemented.
Fire and explosion hazards may arise during laboratory activities involving inflammable
substances, hazardous materials, etc. and should be controlled through process safety engineering
and controls.
Similarly, exposure to pathogens may occur during isolation and growth of micro-organisms in
laboratory and in fermentation processes and radiological hazards may occur if radiological
materials are used in product development chain. Both these hazards should be managed to
prevent and control worker exposures, according to standard regulatory protocols.
High noise levels may are expected in due to compressed air, vacuum sources, and ventilation
systems, during the biotechnology activities. Specific mitigation and management measures
including use of PPEs, shall be adopted to address the issue of high noise levels.
3.5 Applicable environmental regulations of GoI for I-3 Program
Activities related to development of drugs, biosimilars and vaccines are governed by number of
sectoral regulations and environmental laws. The Department of Biotechnology (DBT)
constituted under the Ministry of Science and Technology is the nodal agency for policy,
promotion of R&D, international cooperation and manufacturing activities in India. A brief
review of some relevant regulations is presented in the following sections.
3.5.1 Rules for Manufacture, Use/Import/ Export & Storage of Hazardous Micro Organisms/
Genetically Engineered Organisms or Cells, 1989
These are umbrella rules notified by the Ministry of Environment, Forest & Climate Change
(MoEFCC), Government of India, with a view to protecting environment, nature and health in
connection with application of gene technology and micro-organisms. Commonly referred as
‘Rules 1989’, these rules cover areas of research as well as large scale applications of GMOs and
their products including experimental field trials and seed production. Rules 1989 are further
supported by the bio-safety guidelines which have been developed through a consultative
approach and following the international norms.
The Rules 1989 also define the following six competent authorities and composition of such
authorities for handling of various aspects of the Rules.




Recombinant DNA Advisory Committee (RDAC): The functions are of an advisory
nature and involve review of developments in biotechnology at national and
international levels and recommend suitable and appropriate safety regulations for
India in recombinant research, use and applications from time to time.
Review Committee on Genetic Manipulation (RCGM) established DBT to monitor
the safety related aspects in respect of on-going research projects and activities
(including small scale field trials) and bring out manuals and guidelines specifying







procedure for regulatory process with respect to activities involving genetically
engineered organisms in research, use and applications including industry with a view
to ensure environmental safety.
Genetic Engineering Appraisal Committee (GEAC) established under MoEFCC is the
apex body to accord notified under Rules 1989. For approval of activities involving
large scale use of hazardous microorganisms and recombinants in research and
industrial production from the environmental angle. The GEAC is also responsible for
approval of proposals relating to release of genetically engineered organisms and
products into the environment including experimental field trials (Biosafety Research
Level trial-I and II known as BRL-I and BRL-II).
State Biotechnology Coordination Committee (SBCC’s) have a major role in
monitoring. It also has powers to inspect, investigate and take punitive action in case
or violations of statutory provisions.
District Level Committees (DLCs) have a major role in monitoring the safety
regulations in installations engaged in the use of genetically modified
organisms/hazardous microorganisms and its applications in the environment.
Institutional Biosafety Committee (IBSC) is established under the institution engaged
in GMO research to oversee such research and to interface with the RCGM in
regulating it.

3.5.2 Other applicable environmental regulations
The Biotechnology industry in India is governed by the following enactments depending upon
their relevance/applicability on case to case basis. A summary of relevant regulations along with
their applicability I-3 Program is provided in table 1 below.
No.

1

2

Act/ Rule/
Notification

Brief

It provides for the prevention and
control of water pollution.
All activities that are being
developed, implemented, established,
and/or operational, that would lead to
generation, treatment of sewage or
effluent and further discharge into a
stream or well or sewer or land should
take consent to establish or operate
from the State Pollution Control
Board/Committee.
Air (Prevention & All activities that are being
Control of Pollution) developed,
established,
and/or
Act, 1981
operational, that emit any air pollutant
should
take
consent
to
establish/operate from the State
Pollution Control Board/Committee.
Water (Prevention &
Control of Pollution)
Act, 1974 and Water
(Prevention
&
Control of Pollution)
Rules, 1975

Applicability for I-3
Program
Project grantees shall
obtain consent from
respective PCB for the
discharge of wastewater
from its activities.

Project grantees shall
obtain consent from
respective PCB, for
discharge of air emissions
lab operations, DG Sets,
etc.

No.

3

4

5

Act/ Rule/
Notification

Brief

The
Environment
Protection Act, 1986
and The Environment
Protection
Rules,
1986
The
Hazardous
Wastes
(Management,
Handling
and
Transboundary
Movement)
Rules,
2008
The
Manufacture,
Storage & Import of
Hazardous Chemicals
Rules, 1989

Umbrella Act for the protection and
improvement of environment and the
prevention of hazards to human
beings, other living creatures, plants
and property.
Regulation
and
control
of
indiscriminate disposal of Hazardous
waste; and its sound management to
reduce risks to environmental and
human health

Applicable in general

Authorization shall be
obtained from PCBs, if the
project
grantees
use
hazardous substances for
its activities.

Regulations and controls to reduce
environmental, safety and health risks
while manufacturing, handling and
storage of hazardous chemicals.

Authorization shall be
obtained from PCBs, if the
project
grantees
use
hazardous chemicals for
its activities.
Regulations on procedures to be Solid waste generated by
undertaken for proper management, the project grantees shall
handling, processing and safe disposal comply with these rules.
of municipal solid waste generated in
Urban areas
Regulations to control ambient noise Activities of the project
levels in public places from sources grantees shall comply to
such as industries and other activities. these rules
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Solid
Municipal
Waste (Management
and Handling) Rules,
2016

7

The Noise Pollution
(Regulation
and
Control) Rules, 2000

8.

E-Waste
Regulations and controls to reduce
Management
and environmental, safety and health risks
Handling Rules, 2016 while manufacturing, handling and
storage of hazardous chemicals.
Bio-medical
Waste Regulations and controls to reduce
Management
and environmental, safety and health risks
Handling Rules, 2016 while manufacturing, handling and
storage of hazardous chemicals.

9.

Applicability for I-3
Program

Activities of the project
grantees shall comply to
these rules
Activities of the project
grantees shall comply to
these rules

3.5.3 Environmental safeguard policies of the World Bank
Based on the anticipated impacts summarized in the earlier sections, World Bank’s Operations
Policy 4.01 on Environmental Assessment and Environment, Health and Safety Guidelines of
World Bank Group, will be applicable for I-3 program. The objective of this policy is to ensure
that Bank financed projects are environmentally sound and sustainable and all relevant
environmental safeguard issues are appropriately addressed in advance. Based on this policy, the

project can be categorized as ‘Category B Project’ with it activities having moderate and
temporary impacts on environment. This EMF has been developed primarily to address this
requirement of OP 4.01. The EMF further provides guidance to integrate key environmental
issues related to the I-3 program activities during the implementation by project grantees.
3.6 Environment due diligence for the sub-activities of I-3 Program
As detailed out in program overview section of this EMF, the I-3 Program envisages four main
activities. Of these four, most of the environmental issues identified in the earlier sections are
applicable for Activity 1 on development of specific affordable products and Activity 2 on
establishment and strengthening shared infrastructure. In order address these issues and integrate
Good Environmental Management Practices (GEMPs) in the project activities, the EMF
proposes the following due diligence process.
i.

ii.

iii.

iv.
v.
vi.
vii.
viii.

In addition to complying with Biotechnology, environment and Safety regulations of GoI
and World Bank Group, all activities of I-3 program will follow Good Laboratory
Practices (GLP), Good Industry Practices (GIP) and Good Manufacturing Practices
(GMP). This will be committed by the potential grantees, during the submission of
proposals for availing funds through I-3 Program.
Along with the proposals for various product development and / shared infrastructure
facilities, the potential grantees shall submit an ‘Environmental and Health Risk
Management Plan (EHRMP) specific to the activity, for which grant is being sought. The
EHRMP shall be prepared based on a review of the proposed activity vis-à-vis
environmental issues highlighted in Section 3.4 of the EMF and the guide lines provided
in Annex 1 of the EMF.
The EHRMP shall comprise of (i) a brief description of the proposed activity (ii) an
analysis of environmental and health risks issues that associated with the activity (iii)
various environment related regulatory clearances required for the activity, and (iv) a
management plan to be implemented during the design and implementation phase of the
activity
The EHRMP will be reviewed by the domain experts committee of I-3 Program during
the evaluation of proposals. The review will focus on the adequacy of EHRMP, in
relation to the proposed activity and significant risks (if any).
The EHRMP of the successful grantee, shall be included in the grant agreement for
implementation by the grantee.
EHRMP of the successful grantee shall be disclosed in the website of the grantee and
BIRAC / DBT.
The grantee shall obtain all applicable environmental authorizations, prior to the
commencement of product development activities.
The grantee shall be responsible for overall implementation of EHRMP with the help
qualified environmental / EHS engineer and BIRAC with the help of a qualified
Environmental engineer, shall monitor the implementation.

Annex 1
Environmental, Health, and Safety Guidelines for Pharmaceuticals and Biotechnology
Manufacturing
recommendations should be based on the
Introduction
The Environmental, Health, and Safety (EHS)
professional opinion of qualified and
experienced persons.
Guidelines are technical reference documents
with general and industry specific examples of
Good International Industry Practice (GIIP) 1 .
When host country regulations differ from the
When one or more members of the World Bank
levels and measures presented in the EHS
Group are involved in a project, these EHS
Guidelines, projects are expected to achieve
Guidelines are applied as required by their
whichever is more stringent. If less stringent
respective policies and standards. These
levels or measures than those provided in these
industry sector EHS guidelines are designed to
EHS Guidelines are appropriate, in view of
be used together with the General EHS
specific project circumstances, a full and
Guidelines document,which provides guidance
detailed justification for any proposed
to users on common EHS issues potentially
alternatives is needed as part of the site-specific
applicable to all industry sectors. For complex
environmental assessment. This justification
projects, use of multiple industry-sector
should demonstrate that the choice for any
guidelines may be necessary. A complete list of
alternate performance levels is protective of
industry-sector guidelines can be found at:
human health and the environment.
www.ifc.org/ifcext/enviro.nsf/Content/Environ
mentalGuidelines
Applicability
The EHS Guidelines contain the performance
The EHS Guidelines for Pharmaceuticals and
levels and measures that are generally
Biotechnology
Manufacturing
include
considered to be achievable in new facilities by
information relevant to pharmaceuticals and
existing technology at reasonable costs.
biotechnology manufacturing facilities. They
Application of the EHS Guidelines to existing
cover the production of active pharmaceutical
facilities may involve the establishment of siteingredients and secondary
processing,
specific targets, with an appropriate timetable
including intermediates, formulation, blending,
for achieving them.
and packaging, and related activities research,
The applicability of the EHS Guidelines should
including
biotechnology
research
and
be tailored to the hazards and risks established
production.
for each project on the basis of the results of an
environmental assessment in which
site
This document is organized according to the
specific variables, such as host country context,
assimilative capacity of the environment, and
following sections:
Section 1.0 — Industry-Specific Impacts and
other project factors, are taken into account.
The applicability of specific technical
Management Section 2.0 — Performance
Indicators and Monitoring
1
Section 3.0 — References 2007
Defined as the exercise of professional skill, diligence, prudence
and foresight that would be reasonably expected from skilled and
Annex A — General Description of Industry
experienced professionals engaged in the same type of
Activities
undertaking under the same or similar circumstances globally.
The circumstances that skilled and experienced professionals may
find when evaluating the range of pollution prevention and control
techniques available to a project may include, but are not limited
to, varying levels of environmental degradation and environmental
assimilative capacity as well as varying levels of financial and
technical feasibility.

1.0

Industry-Specific
Impacts
and
Management
The following section provides a summary of
EHS issues associated with pharmaceuticals and
biotechnology manufacturing, along
with
recommendations for their management.
Recommendations for the management of EHS
issues common to most large industrial facilities
during the construction and decommissioning
phase(s) are provided in the General EHS
Guidelines.

1.1

Environmental

The following environmental issues should be
considered as part of a comprehensive
assessment and management program that
addresses project-specific risks and potential
impacts. Potential environmental
issues
associated
with
pharmaceuticals
and
biotechnology manufacturing projects include
the following:
• Air emissions
• Wastewater
• Solid and hazardous wastes
• Hazardous materials
• Threats to biodiversity
• Bioethics
Air Emissions
Volatile organic compounds, acid gases, and
particulates
may
be
emitted
during
pharmaceuticals
and
biotechnology
manufacturing facilities from both point sources
and fugitive emissions. Greenhouse gas
emissions are also of significance.
Volatile Organic Compounds
Chemical synthesis and extraction are the
manufacturing
phases
responsible
for
significant emissions of volatile organic
compounds
(VOCs).
In
primary
pharmaceutical manufacturing, VOC emissions

are generated from reactor vents, filtering
systems in the separation process, solvent
vapors from purification tanks and dryers
(including loading and unloading operations),
fugitive emissions from valves, tanks, pumps,
and other equipment (e.g., centrifuges),
solvents and other VOCs related to extraction
chemicals in natural product extraction,
prefermentation and fermentation solvents, and
wastewater collection and treatment units.
VOC
emissions
from
secondary
pharmaceutical
manufacturing
may
be
generated from
mixing,
compounding,
granulation, and formulation (e.g. use of
ethanol or isopropyl alcohol), from operations
involving the use of solvents (e.g. granulation)
or alcoholic solutions (e.g. tablet coating), and
from aerosol manufacturing processes.
Solvent and VOC emission prevention and
minimization measures include the following:
•
Reducing or substituting the use of solvents
and other materials which have a high VOC
content, and substitution with products that
have lower volatilities, and switching to
aqueous-based coating films and aqueousbased cleaning solutions2;
•
Implementation of VOC leak prevention
and control strategies from operating
equipment as described in the General EHS
Guidelines (Air Emissions and Ambient Air
Quality: Fugitive Sources);
•
Implementation of VOC loss prevention and
control strategies in open vats and mixing
processes as described in the General EHS
Guidelines, including installation of process
condensers after the process equipment to
support a vapor-to-liquid phase change and
2

Solvent selection is a key consideration in process
development. For instance, ethyl acetate, alcohols and acetone
are preferable to more toxic solvents such as benzene, chloroform
and trichloroethylene. An example of a solvent selection guide is
provided in the EU IPPC BREF on Organic Fine Chemicals
(Section 4.1.3). Solvent substitution may be the subject of strict
regulatory requirements.
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to recover solvents. Process condensers
include distillation and reflux condensers,
condensers before vacuum sources, and
condensers used in stripping and flashing
operations;
Reduction
of
equipment
operating
temperatures, where possible;
For drying operations, adoption of closed
circuits under a nitrogen atmosphere;
Use of closed-loop liquid and gas collection
equipment for cleaning of reactors and other
equipment.

•
•
•

•

•

•

•

VOCs should be collected in local exhaust
ventilation hoods for subsequent control of
point and fugitive emissions. VOC emissions
extraction and controls, especially from
fermentation processes, may also reduce
nuisance odors.
Recommended
VOC
emissions control measures include the
following:
Venting of emissions from sterilization
chambers into control devices such as
carbon adsorption or catalytic converters;
Condensation and distillation of solvents
emitted from reactors or distillation units.
Possible
installation
of
cryogenic
condensers, reducing the gas stream
temperature below dew point to achieve
higher VOC recovery efficiencies;3
Installation of wet scrubbers (or gas
absorbers), which may remove VOCs as
well as other gaseous pollutants from a gas
stream,4 and addition of hypochlorite to the

3

Cryogenic condensers allow higher removal efficiency (up to 99
percent) than traditional condensers, but they have higher energy
requirements. 4 Scrubbers may consist of packed towers, plate or
tray towers, venturi scrubbers and spray towers. These options
are best applied to highly watersoluble VOCs (e.g., alcohols).
Water, caustic, and acidic scrubbers are widely used for organic
and inorganic gas emission abatement. Acid gas emissions are
controlled through water and caustic scrubbing systems (often
several scrubbers in series). Scrubbers create a wastewater
stream requiring further treatment.
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scrubber in order to reduce emissions of
nuisance odors;
Installation of activated carbon adsorption
or destructive control devises such as
thermal oxidation / incineration, catalytic
incinerators, enclosed oxidizing flares, or
other methods described in further detail in
the General EHS Guidelines.
Particulate Matter
Particulates consisting of manufactured or inprocess product can be emitted from bulk (e.g.
fermentation) and secondary manufacturing.
The most common sources of particulates
include
milling,
mixing,
compounding,
formulation,
tableting,
and
packaging.
Recommended particulate matter management
strategies include:
• Collection with air filtration units and
recycling of particulate matter into the
formulation process (e.g. tablet dust),
depending on batch record requirements and
on process characteristics;
• Installation of dedicated filtration systems
(sometimes double stages of filtration) in
granulation equipment. An abatement room
should be also provided where the
particulate is removed from the air,
decreasing flow speed;
• Installation of high efficiency particulate air
(HEPA) filters in the heating, ventilating
and air conditioning (HVAC) systems to
control particulate
matter
emissions
internally and externally as well as to
prevent indoor crosscontamination. Air
ducts should be segregated to prevent air
cross-contamination
from
different
processes and to ease the air stream
treatment;
• Collection of particulates through air
filtration units, typically baghouse / fabric
filters;
• Depending on the volume of emissions and
prevailing size of particulate matter,

scrubber blowdowns; equipment and facility
wash water; and clean-in-place wastewater.
The main conventional pollutants of concern
in these wastewater streams from primary
manufacturing (e.g. fermentation, chemical
synthesis, crystallization, purification, and
biological / natural extraction) are parameters
such as biochemical oxygen demand (BOD),
chemical oxygen demand (COD), total
suspended solids (TSS), ammonia, toxicity,
biodegradability, and pH. Other chemical
compounds may also be present including, but
not limited to, solvents (e.g. methanol, ethanol,
acetone, isopropanol, and
methyl-ethyl
ketone), organic acids (e.g. acetic acid, formic
acid), organic halides, inorganic acids,
ammonia, cyanide,
toluene, and active
pharmaceutical ingredients (API).
Recommended source reduction measures
include:
• Material substitution, especially adoption of
biodegradable water-based materials for
organic solvent based materials
(e.g. in tablet coating);
• Condensation and separation processes to
recover used solvents and aqueous ammonia,
including:
o Low-boiling
compounds
from
wastewater
stream
by
fractioned
distillation
o Volatile compounds from wastewater
stream by inert gas stripping and
condensation
o Solvent
extraction
of
organic
compounds (e.g. high or
refractory halogenated compounds and
high COD loads)
• Combination of solvent waste streams to
optimize treatment.
Process Wastewater Treatment
Techniques for treating industrial process
wastewater in this sector include source
segregation and pretreatment of concentrated

additional particulate emissions control
methods should be considered, such as wet
scrubbing and wet electrostatic precipitators,
especially after combustion / thermal
oxidation treatments.
Combustion Source Emissions
Exhaust gas emissions produced by the
combustion of gas or diesel in turbines, boilers,
compressors, pumps and other engines for
power and heat generation, are a significant
source of air emissions from pharmaceuticals
and biotechnology manufacturing facilities.
Guidance for the management of small
combustion source emissions with a capacity of
up to 50 megawatt thermal (MWth), including
air emission standards for exhaust emissions, is
provided in the General EHS Guidelines.
Odors
The main source of odor emissions is typically
associated with fermentation activities.
Recommended odor management strategies
include:
• Considering the location of new facilities,
taking into account proper distances to
neighbors and the propagation of odors;
• Post-combustion of venting gases;
• Use of exhaust stack heights that are
consistent with practices as described in the
General EHS Guidelines;
• Use of wet scrubbers to remove odors with a
high affinity to water;
• Condensation of vapors combined with
scrubbers.
Wastewater
Industrial Process Wastewater
Wastewater streams in pharmaceuticals and
biotechnology manufacturing depend on the
specific process and may include: chemical
reactions streams; product wash water; spent
acid and caustic streams; condensed steam from
sterilization and strippers; air pollution control
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wastewater streams, especially those associated
with active ingredients. Typical wastewater
treatment steps include: grease traps, skimmers,
dissolved air floatation or oil water separators
for separation of oils and floatable solids;
filtration for separation of filterable solids; flow
and load equalization; sedimentation for
suspended solids reduction using clarifiers;
biological treatment, typically aerobic treatment,
for reduction of soluble organic matter (BOD);
biological nutrient removal for reduction in
nitrogen and phosphorus; chlorination
of
effluent when disinfection is required;
dewatering and disposal of residuals in
designated hazardous waste landfills. Additional
engineering controls may be required for (i)
containment and treatment of volatile organics
stripped from various unit operations in the
wastewater treatment system, (ii)advanced
metals removal using membrane filtration or
other physical/chemical treatment technologies,
(iii) removal of recalcitrant organics and active
ingredients using activated carbon or advanced
chemical oxidation, (iii) residual color removal
using adsorption or chemical oxidation, (iv)
reduction in effluent toxicity using appropriate
technology (such as reverse osmosis, ion
exchange, activated carbon, etc.), (v) reduction
in
TDS in the effluent using reverse osmosis or
evaporation, and (vi) containment and
neutralization of nuisance odors.
Management of industrial wastewater and
examples of treatment approaches are discussed
in the General EHS Guidelines. Through use
of these technologies and good practice
techniques for wastewater management,
facilities should meet the Guideline Values for
wastewater discharge as indicated in the
relevant table of Section 2 of this industry
sector document.

Other
Wastewater
Streams
&
Water
Consumption
Guidance on the management of noncontaminated wastewater from utility operations,
non-contaminated stormwater,
and sanitary
sewage is provided in the General EHS
Guidelines. Contaminated streams should be
routed to the treatment system for industrial
process wastewater. Recommendations to
reduce water consumption, especially where it
may be a limited natural resource, are provided
in the General EHS Guidelines.
Solid and Hazardous Wastes
Hazardous Waste
Bulk
manufacturing
processes
in
the
pharmaceutical
industry
are
typically
characterized by a low ratio of finished products
to raw material resulting in significant quantities
of residual waste, especially during fermentation
and natural product extraction. Chemical
synthesis processing
generates
wastes
containing spent solvents, reactants, spent acids,
bases, aqueous or solvent liquors, still bottoms,
cyanides and metal wastes in liquid or slurry
form, as well as filter cakes which may contain
inorganic salts, organic by-products and metal
complexes. Fermentation processes
may
generate spent solids, intermediates, residual
products and filter cakes containing mycelia,
filter media, and small amounts of nutrients.
Other sources of hazardous or potentially
hazardous wastes may include raw materials
packaging waste, used air filter media, offspec
and expired products, laboratory wastes, sludge
from the wastewater treatment process, and
collected particulate from air pollution control
systems.
Recommended pollution prevention and control
measures include:
• Waste reduction by material substitution
(e.g. use of water based solvents, etc.);
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•

•

•

•

Process modifications (e.g.
continuous
rather than batch operations to reduce
spillage and other material losses);
Spent solvent recycling and reuse, through
distillation,
evaporation,
decantation,
centrifugation and filtration;
Other potential recovery options should be
investigated, including inorganic salts
recovery from chemical liquors produced
during organic synthesis operations, high
organic matter materials from biological
extraction,
and
filter
cakes
from
fermentation5;
Potentially
pathogenic
waste
from
biotechnology manufacturing should be
inactivated through sterilization or chemical
treatment before final disposal.

In establishing the hazardous material
management plan4, facilities should:
• Conduct a Hazard Assessment considering
accident history in the last five years, worst
case scenario, and alternative release
analysis;
• Identify
and implement management
procedures including process safety,
training, management of change, incident
investigation,
employee
participation,
contractor training and oversight;
• Implement prevention measures including
process
hazard
analysis,
operating
procedures, mechanical integrity, prestart
review, work permit, and compliance audits;
• Develop and implement an Emergency
Response Program including emergency
response procedures, emergency equipment,
training, review and updates.

5 Solid wastes from fermentation (e.g., mycelia)
may be added to animal feeds as a nutritional
supplement or as soil conditioners and fertilizers.
Hazardous and non-hazardous industrial
wastes should be stored, transported, and
managed as described in the relevant sections
of the General EHS Guidelines.

Threats to Biodiversity
Bioprospecting
The process of collection of genetic resources
(bioprospecting), which may be part of certain
pharmaceutical or biotechnology projects, may
include access to different types of habitats. In
addition to the potential for negative impacts to
the biodiversity of these habitats, which may
also depend on the physical nature of the
collection activities and the types of genetic
material involved, bioprospecting may also
raise issue about the rights of local communities
to consent in the use or to a share in the benefits
of the commercialization of their cultural
heritage or the genetic resources extracted.
Recommended management practices include:
• Avoiding or minimizing
harm
to
biodiversity in compliance with applicable
legal requirements;
• Development
and
application
of
bioprospecting
procedures
that
are

Hazardous Materials Management
Pharmaceutical
and
biotechnology
manufacturing plants should assess the risks
associated with the use and handling of
hazardous materials and implement practices to
prevent and minimize such risks. As indicated
in the General EHS Guidelines,
the
application of these management practices
should be documented in a written Hazardous
Materials Management Plan. The purpose of
this plan is to establish and implement a
systematic set of preventive actions against
accidental releases of substances that can cause
serious harm to the environment, and to health
and safety or workers and the public from shortterm exposures and to mitigate the severity of
releases that do occur.

4
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See IFC Hazardous Waste Management Manual.

consistent with internationally recognized
standards and guidelines, including aspects
of: 5 , 6 oCoordination with representatives
from the National Focal Point9 prior to the
undertaking of bioprospecting activities to
identify national and local requirements,
Obtaining Prior Informed Consent (PIC)
from the State which is party to the
Convention on Biological Diversity (CBD)
in material screened for genetic use
according to the basic principle of the CBD,
and oDevelopment and implementation of
contracting agreements for the sharing of
benefits arising from the development and
commercialization of genetic resources.
Biosafety
For projects or facilities involved in research,
manufacture, or trading of living modified
organisms, the risks associated with their
production, handling, storage, transport, and
use may include threats to biological diversity
due to the controlled or uncontrolled release
of the organism into the environment.
Recommended biosafety management practices
include:
• Development of a risk-based approach to
the identification of key control points in the
process cycle, including in-plant handling,
off-site transport, and use of modified
organisms.10 The assessment should cover
the processes used and potential releases
(including living modified organisms as
discussed in Annex III of the Cartagena

•

10

11

12
5

Examples of internationally recognized guidelines include the
Bonn Guidelines on Access to Genetic Resources and Fair and
Equitable Sharing of the Benefits Arising out of their Utilization
published by the Secretariat of the Convention on Biological
Diversity (CBD, 2002) and the Akwe: Kon Guidelines applicable
to the conduct of cultural, environmental, and social assessments
(also published by the Secretariat of the CBD, 2004).
6
Examples of procedures developed by the private sector include
the
Guidelines for BIO Members Engaging in Bioprospecting
published by the Biotechnology Industry Organization (BIO),
Washington DC. (2006). 9 As per Convention on Biological
Diversity.
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Protocol on Biosafety to the Convention on
Biological Diversity) on the conservation
and sustainable use of biological diversity,
taking also into account risks to human
health;11
Implementation of in-plant and transport
safety measures including
specialized
training of personnel, primary containment
(e.g. containment barriers) and secondary
containment (e.g. airlocks, differential
pressure, exhaust air filters and treatment of
contaminated material and wastes)12, and
equipment and personnel decontamination
procedures;

Examples of risk assessment methodologies
include Annex III of the
Cartagena Protocol on Biosafety to the
Convention on Biological Diversity; the
UNEP International Technical Guidelines for
Safety in Biotechnology; and the
United States Department of Agriculture,
Animal and Plant Health Inspection Service
(APHIS) and the
related
International
Biosafety
Protocol
website,
available
at :http://www.aphis.usda.gov/brs/international
_biosafety.html as well as the Biotechnology
Regulatory Services website, available at:
http://www.aphis.usda.gov/biotechnology/abou
t.shtml
and
http://www.aphis.usda.gov/brs/biosafety.html
The risk assessment should consider the
controlled or potentially accidental nature of
the environmental release of an organism.
Classification and description of biosafety
containment levels are provided
by
international organizations, such as the World
Health Organization (WHO), and
• Preparation
and
implementation
of
Transportation Safety Plans specific to the
type of organism being handled and
consistent with the objectives of applicable
international conventions and treaties;13,14

•

Implementation
of
risk-management
measures for controlled releases applicable
to the specific organism including, as
appropriate, training of those involved,
monitoring of the activity, controlling access
to the site, and application of isolation
methods.15

UNEP International Technical Guidelines for
Safety in Biotechnology.
16
Mackie, et
al. (2006) 17
Ibid.
• Adherence to internationally accepted
ethical principles applicable to genetic
research, clinical trials involving human
participants, and any other activities with
critical bioethical issues;7
• The use of animals for experimental and
scientific purposes should be conducted
according to industry good practice
which includes reduction of the numbers
of animals used in each study to the
absolute minimum necessary to obtain
valid results and refinement of the use of
research animals to use less painful or the
least invasive procedures whenever
possible.8,9 Animal breeding, husbandry,
and care facilities of the company or its
suppliers should be designed and
operated according to internationally
certifiable methodologies.10

Bioethics
The ethical issues faced by the pharmaceutical
or biotechnology industry are potentially
complex and depend significantly on the
activity of the company. These issues may
include the development
of
genetically
modified foods; gene therapy experiments and
stem cell research; human participant trials;
animal testing; handling of genetic information;
sale of genetic and biological samples; and the
creation of transgenic animals, among others.16
Recommended
bioethics
management
approaches include:
•Well established ethics mechanisms including
management
commitment;
dedicated
internal ethics personnel; access and use of
external expertise (e.g. consultants and
advisory boards); internal training and
accountability
mechanisms;
communications programs to engage with
suppliers and external stakeholders; and
evaluation and reporting mechanisms;17

7

Examples include the Universal Declaration on Bioethics and
Human Rights and more specifically publications by specialized
entities such as the International Bioethics Committee (IBC,
http://portal.unesco.org); US National
Bioethics
Advisory
Commission
(http://www.bioethics.gov/); and the Biotechnology
Industry Organization Statement of Ethical Principles
(http://www.bio.org/).
8
An example of this approach is the United States Department of
Agriculture’s
Three R Concept, which includes “Reduction, Refinement, and
Replacement”
(National Agricultural Library (http://awic.nal.usda.gov)). It should
be noted that “replacement” (consisting of the replacement of
animal experiments with nonanimal
experiments such as
mathematical models, computer simulations, and
in vitro
biological systems) is often considered a long term goal given the
current lack of technological feasibility.
9
See also European Union Directive 86/609/EC on protection of
animals used for experimental and other scientific purposes as
well as the Guide for the Care and Use of Laboratory Animals
(Institute for Laboratory Animal Research, 1996).
10
Animal handling methods should be certifiable according to
requirements of international accreditation bodies such as
Association for Assessment and

national institutes, such as the US Centers for
Disease Control and Prevention (CDC) and US
National Institutes of Health (NIH).
13
Cartagena Protocol on Biosafety to the UN
Convention on Biological Diversity. 14
Examples of biosafety good practices can be
found in the UN Recommendation on the
Transport of Dangerous Goods (Orange Book).
15
Examples of management practices applicable
to controlled releases of plants, animals, and
micro-organisms can be found in Annex 5 of the
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representing potential for burns due to exposure
to steam or direct contact with hot surfaces as
well as heat exhaustion. Recommended
management practices include:
• Steam and thermal fluid pipelines should be
insulated, marked, and regularly inspected;
• Steam vents and pressure release valves
should be directed away from areas where
workers have access;
• High temperature areas of presses should be
screened to prevent ingress of body parts.
Recommended management practices to avoid
heat exhaustion are presented in the General
EHS Guidelines (Occupational Health and
Safety).

1.2
Occupational Health and Safety
Facility-specific occupational health and safety
hazards should be identified based on job safety
analysis or comprehensive hazard or risk
assessment using established methodologies
such as a hazard identification study [HAZID],
hazard and operability study [HAZOP], or a
scenario-based risk assessment [QRA].
As a general approach, health and safety
management planning should include the
adoption of a systematic and structured system
for prevention and control of physical, chemical,
biological, and radiological health and safety
hazards described in the General EHS
Guidelines.

Chemicals
The risk of occupational exposure to chemicals
in
pharmaceutical
and
biotechnology
manufacturing activities are potentially complex.
Among the most common types of chemicals
and exposure routes is the inhalation of volatile
organic compounds (VOCs) from recovery,
isolation, and extraction activities; from
handling of wet cakes in drying operations;
during wet granulation, compounding, and
coating operations; from uncontained filtration
equipment; and from fugitive emissions for
leaking pumps, valves, and manifold stations
(e.g. during extraction and purification steps).
Additional sources of inhalation exposures
include chemical synthesis and extraction
operations and sterilization activities (e.g.
germicides such as formaldehyde and
glutaraldehyde, and sterilization gases such as
ethylene oxide) as well as exposure to synthetic
hormones and other endocrine disrupters. In
secondary pharmaceuticals
manufacturing,
workers may be exposed to airborne dusts
during dispensing, drying, milling, and mixing
operations.

The occupational health and safety issues that
may occur during the construction and
decommissioning
pharmaceutical
and
biotechnology manufacturing facilities are
similar to those of other industrial facilities, and
their management is discussed in the General
EHS Guidelines. The most significant
occupational health and safety hazards occur
during the operational phase of pharmaceutical
and biotechnology facilities and primarily
include the following:
• Heat hazards
• Chemical hazards including fire and
explosions
• Pathogenic and biological hazards
• Radiological hazards
• Noise
• Process safety
Heat
The use of large volumes of pressurized steam
and hot water are typically associated with
fermentation and with compounding operations
Accreditation of Laboratory Animal Care International
(http://www.aaalac.org/).
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Potential inhalation exposures to chemicals
emissions during routine plant operations
should be managed based on the results of a job
safety analysis and industrial hygiene survey
and according to the occupational health and
safety guidance provided in the General EHS
Guidelines. Protection
measures
include
worker training, work permit systems, use of
personal protective equipment (PPE), and toxic
gas detection systems with alarms. Additional
recommended measures include:
• Use of partitioned workplace areas with
good dilution ventilation and / or differential
air pressures;
• When toxic materials are handled, laminar
ventilation hoods or isolation devices should
be installed;
• Manufacturing areas should be equipped
with suitable heating ventilation and air
conditioning (HVAC) 11 systems designed
according to current Good Manufacturing
Practice (cGMP) protocols, including use of
high efficiency particulate air (HEPA)
filters in ventilation systems, particularly in
sterile product manufacturing areas;
• Use of gravity charging from enclosed
containers and vacuum, pressure, and
pumping systems during charging and
discharging operations to minimize fugitive
emissions;
• Use of local exhaust ventilation (LEV) with
flanged inlets to capture fugitive dusts and
vapors released at open transfer points;
• Conducting liquid transfer, liquid separation,
solid and liquid filtration, granulation,
drying, milling, blending, and compression
in work areas with good dilution and LEV;
• Enclosing of granulators, dryers, mills, and
blenders, and venting to air-control devices;

•

•

•

•

Use of dust and solvent containment
systems in tablet presses, tablet-coating
equipment, and capsule-filling machines.
Tablet-coating equipment should be vented
to VOC emission control devices;
Whenever possible, less hazardous agents
should be selected in all processes (e.g.
alcohols and ammonium compounds in
sterilization processes);
Sterilization vessels should be located in
separate areas with remote instrument and
control systems, nonrecirculated air, and
LEV to extract toxic gas emissions. Gas
sterilization chambers should be evacuated
under vacuum and purged with air to
minimize fugitive workplace emissions
before sterilized goods are removed;
Use vacuuming equipment with HEPA
filters and wet mopping instead of dry
sweeping and blowing of solids with
compressed air.

Fire and Explosions
Fire and explosion hazards may arise during
solvent extractions. Organic synthesis reactions
may also create major process safety risks from
highly hazardous materials, fire, explosion, or
uncontrolled chemical reactions, which should
be controlled through
process
safety
engineering and control.
Secondary pharmaceuticals manufacturing
operations
(e.g.
granulation,
mixing,
compounding and drying) also use flammable
liquids, with the potential to create flammable
or explosive atmospheres. In addition, some
pharmaceutical dusts are highly explosive.
Recommendedmanagement
practices are
presented in the General EHS Guidelines.
Pathogenic and Biological Hazards
Exposure to pathogens may occur during
isolation and growth of micro-organisms in
laboratory and in fermentation processes.

11

HVAC systems should be designed to meet product protection,
occupational health and safety, and environmental protection
needs. Air conditioning systems should be designed to include
filtration of air.
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Recommended management practices are
presented in the General EHS Guidelines.
Radiological Hazards
Research and development operations may
include the use of radiological materials which
should be managed to prevent and control
worker exposures according
to licensing
requirements. Additional guidance on the
management of radiological hazards is proved
in the General EHS Guidelines.

•

•
•

1.3

Examination of preventive maintenance and
mechanical integrity of the process
equipment and utilities;
Worker training; and
Development of operating instructions and
emergency response procedures.

Community Health and Safety

The most significant community health and
safety hazards associated with pharmaceutical
and biotechnology manufacturing facilities
occur during the operation phase and may
include the threat from major accidents related
to the aforementioned fires and explosions at
the facility and potential accidental releases of
finished products during their transport outside
of the processing facility. Guidance for the
management of these issues is presented under
Major Hazards below and in the General EHS
Guidelines including the sections on: Traffic
Safety; Transport of Hazardous Materials; and
Emergency Preparedness and Response.

Noise
High noise levels may be reached in some
pharmaceuticals
and
biotechnology
manufacturing areas (e.g. chemical synthesis
facilities). High sound levels may be generated
by manufacturing equipment and utilities (e.g.
compressed air, vacuum sources, and ventilation
systems). Industry-specific hazards are related
to the typical enclosed design of pharmaceutical
and biotechnology workplace modules, where
personnel are often operating close to equipment
during manufacturing and packaging operations.
Recommended management practices to prevent
and control occupational exposures to noise are
presented in the General EHS Guidelines.

Major Hazards
The most significant safety impacts are related
to the handling and storage of solid, liquid, and
gaseous substances described above. Impacts
may include significant exposures to workers
and, potentially, to surrounding communities,
depending on the quantities and types of
accidentally released
chemicals and the
conditions for reactive or catastrophic events,
such as fire and explosion.
Major hazards should be prevented through the
implementation
of
a
Process
Safety
Management Program that includes all of the
minimum elements outlined in the respective
section of the General EHS Guidelines
including:

Process Safety
Process
safety
programs
should be
implemented, due
to
industry-specific
characteristics, including complex chemical
reactions, use of hazardous materials (e.g.,
toxic and reactive materials, and flammable
or explosive compounds) and multistep
reactions. Process safety
management
includes the following actions:
• Physical hazard testing of materials and
reactions;
• Hazard analysis studies to review the
process chemistry and engineering practices,
including thermodynamics and kinetics;
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•

•
•

•

•
•

Facility-wide risk analysis, including a
detailed consequence analysis for events
with a likelihood above
10-6/year (e.g. HAZOP, HAZID, or QRA);
Employee training on operational hazards;
Procedures for management of change in
operations,
process
hazard
analysis,
maintenance of mechanical integrity, prestart review, hot work permits, and other
essential aspects of process safety included
in the General EHS Guidelines;
Safety Transportation Management System
as noted in the General EHS Guidelines, if
the project includes a transportation
component for raw or processed materials;
Procedures for handling and storage of
hazardous materials;
Emergency planning, which should include,
at a minimum, the preparation and
implementation
of
an
Emergency
Management Plan prepared with the
participation of local authorities and
potentially affected communities.
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