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INTRODUCTION

Since 1972 when the United Nations Conference on Human Environment addressed the
impact of environment on our life, the international has realized that environmental problems
should be of common concern community. Nevertheless, rapid economic growth and the
development of supporting infrastructure has caused a number of problems, including those
associated with port and harbour construction and operation.

Economic growth in the Asia and Pacific region has, during the past decade, exceeded
that of any other region in the world. Much of this growth resulted in the expansion of
international trade. Consequently, seaborne cargo throughput has increased rapidly, in the
major ports of the region served by the Economic and Social Commission for Asia and the
Pacific (ESCAP), to the point where port capacities need to be expanded. At the same time,
larger and more specialized vessels have been introduced to take advantage of economies
of scale and to minimize costs. As a result, deeper channels, new or improved wharves and
modern cargo handling facilities are required.

While expansion of port facilities can make a significant contribution to economic
development and the growth of maritime transport, it may also create adverse impacts on thesurrounding 

environment. Port development and operation should, therefore, be planned withcareful 
consideration of their environmental impacts. To contribute to the global initiatives tosustain 
the environment ESCAP launched this study on the importance of environmentallysound 

port development and the urgency of its achievement.

Checklists for port development and environment protection have already been released
by the World Bank, the Asian Development Bank and the International Association of Ports
and Harbours, these are listed in appendices. Guidelines for Environmental Impact
Assessment (EIA) have also been developed in several countries of the region. To achieve
environmentally sound and sustainable port development and management, efforts should
be placed on familiarizing EIA and recalling the importance of allocating financial and human
resources to environmental protection activities in developing and operating ports.

This guidebook is intended to provide port planners with basic practical information on
EIA of port development. It therefore includes a checklist of potential adverse effects of port
development and operation, mitigating actions, methods of prediction, information on
environmental indicators and regulations on their permissible levels. However, in many cases
the studying of more detailed literature is advised.

The ESCAP secretariat wishes to thank the Government of Japan which kindly fundedthis 
study and furnished information. Appreciation is also expressed to the Overseas CoastalArea 

Development Institute of Japan whose effort made it possible to collect relevant data
compiled in this guidebook.
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1 REQUIREMENTS FOR EIA

Port development may create a wide range of impacts on the environment by dredging,
construction work, landfills, discharges from ships and waterfront industries, cargo operations,
and other port related activities. The potential adverse effects of port development encompass
water pollution, contamination of bottom sediments, loss of bottom habitat, damage to marine
ecology and fisheries, beach erosion, current pattern changes, waste disposal, oil leakage
and spillage, hazardous material emissions, air pollution, noise, vibration, visual pollution, and
other unhealthy socio-cultural impacts.

To minimize these adverse effects th~t may be created by port development projects the
techniques of Environmental Impact Assessment (EIA) become indispensable. Legislation and
administrative regulations on EIA are being adopted in many countries partly due to pressure
from funding agencies which request EIA as part of the appraisal of development project and
partly due to the increasing environmental awareness in the regional member countries.

EIA procedures are designed to identify environmental problems which may be caused
by a development project and determine the magnitude of change in the environment.
Through this process design, location and operational changes can be introduced to minimize
the adverse impacts of the development. EIA usually has preliminary and detailed phases.
The first phase is called an Initial Environmental Examination (lEE) and the second is
Environmental Impact Studies (EIS) or simply detailed EIA.

The lEE is a study on potential impacts which a proposed project might have on the
environment. The lEE contains a brief statement of key environmental issues, based on
readily available information, and is used in the early (pre-feasibility) phase of project
planning. The lEE also suggests whether in-depth studies are needed. An EIA is a more
detailed study of the probable significant effects both beneficial and adverse which a
proposed project will have on the environment.

A 

typical procedure for carrying out EIA is as follows:

(a)

(b)
(c)

(d)
(e)
(f)
(9)

Check legislation and regulations on environmental requirements (If required,

prepare an lEE based on certain terms of reference);

Review the lEE submitted and determine whether an EIA is required;

Review the EIA report to check its completeness, accuracy, compliance with

requirements, appropriateness and adequacy of proposed environmental protection

methods;
Notify the public and request their comments;

Prepare countermeasures to offset or mitigate adverse effects anticipated;

Adopt or reject the proposed project; and

Monitor environmental changes during construction and subsequent operations.

ErA methodologies were originally designed to meet the demand of environmental
lobbies but has now become an essential, integrated part of planning due to the recognition
that environmental issues should be embedded in the decision-making process. Training for
EIA drafters and resource managers is undertaken in several countries of the region and
general guidelines for EIA are shown in table 1.2. These general guidelines are applied to all
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kinds of development projects, however, the potential adverse effects of port development are
so diverse that specific environmental guidelines for this sector are required.

While EIA studies are becoming more common in developing countries, some difficulties
have been encountered in implementing EIA procedures and in the appropriate shaping of
projects. These problems include:

(a)
(b)

(c)
(d)
(e)
(f)

Insufficient awareness of decision makers regarding environmental problems;

Legal and institutional constraints owing to inadequate arrangements for EIA

implementation;
Shortage of expertise and experience, particularly lack of skilled manpower;

Difficulty in accessing the latest technical information on EIA;

Lack of appropriate environmental data and information required for EIA; and

Inadequate awareness of the potential impacts of development project on the

environment within the general public.

It must be accepted that development of a port and its subsequent operation must have
some impact on the environment. The purpose of the EIA is to quantify the impact and ensure
that changes to the environment fall within acceptable pre-defined limits. In an ideal situation,
the whole EIA process will be undertaken in parallel with the conceptualization, design and
operation of port facilities. While the EIA process can be complex and sometimes expensive
the early identification of adverse environmental impacts can provide the opportunity to take
early corrective actions. This action could be as drastic as relocating port facilities and
undertaking a significant redesign to accommodate different soil/water conditions or as simple
as planting additional trees. In either case the purpose is to accommodate the environmental
needs of the country and community so that the port can fulfil its economic function without
adversely effecting its environment.

In the following pages a structural approach has been taken to reviewing the potential
impact of port development on the environment, selected legislation and conventions,
acceptable limits of change created by the development. The report also indicates how the
environmental impact of port development can be mitigated.
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TABLE 1.1 Status of EtA requirements for port and harbour development projects

Country/Area Status of EIA requirements
ABC D

Type of EIA legislation

A: Specific legislation on
EIA

B: Administrative
requirements from a
government agency for
particular projects.

C: No local requirements
for EIA but through the
request of international
funding agencies such
as the World Bank or
Asian Development
Bank.

Australia

Bangladesh
Brunei Darussalam

Fiji
Hong Kong
India
Indonesia

Japan
Malaysia
New Caledonia
New Zealand
Pakistan
Papua New Guinea

Philippines
Republic of Korea

Singapore
Solomon Islands
Tahiti
Thailand

Tonga
Viet Nam

D: No particular

requirement for EIA

Source: Summary of "Questionnaire on Environmental Impact Assessment in
your port(s). April 1991" TACD. ESCAP
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TABLE 1.2 EIA guidelines in the countries of the ESCAP region

GuidelinesCountry

China: Management Guidelines on Environmental Protection of Construction
Projects of The People's Republic of China (1986)

India: Guidelines and Questionnaire for Environmental Impact Assessment
of Shipping and Harbour Projects, Ministry of Environment & Forests,

{1981}

Indonesia: Government Regulation No.29, 1986 regarding the Analysis of
Impacts upon the Environment

Malaysia: A Handbook of Environmental Impact Assessment Guidelines 1987,
Department of Environment

Pakistan: Environmental Impact Assessment Guidelines 1986, Ministry of
Housing & Works, Environment & Urban Division in cooperation with
Asian Development Bank

Philippines: Environmental Impact Assessment Handbook 1983, Ministry of
Human Settlements, National Environmental Protection Council

Republic of Guidelines of EIS (EA Notice No.87-13)
Korea:

Sri Lanka: Hand-book on Environmental Impact Assessment 1987, Central
Environmental Authority

Thailand: General Guidelines for Preparation of Environment Impact Statement
Guidelines for Preparation of Initial Environmental
Examination

Source: Study report on Environmental Impact of Port Development in Countries of

the ESCAP Region, K Dohi, April 1992
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2 ENVIRONMENTAL IMPACTS OF PORT DEVELOPMENT

Checklists of adverse effects of port development for EIA have been compiled by several
organizations including the World Bank, the Asian Development Bank and the International
Association of Ports and Harbors. Based on a review of these checklists, the relationship
between factors in port development and their impacts on the environment has been outlined
in table 2.1.

Major sources of these adverse effects can be categorized into three types: (a) location
of port; (b) construction; and (c) port operation, including ship traffic and discharges, cargo
handling and storage, and land transport. Location of port connotes the existence of
structures or landfills, and the position of the development site. Construction implies
construction activities in the sea and on land, dredging, disposal of dredged materials, and
transport of construction materials. Port operation includes ship-related factors such as
vessel traffic, ship discharges and emissions, spills and leakage from ships; and cargo-related
factors such as cargo handling and storage, handling equipment, hazardous materials,
waterfront industry discharges, and land transport to and from the port.

Environmental facets to be considered in relation to port development are categorized
into nine groups: (a) water quality; (b) coastal hydrology; (c) bottom contamination; (d) marine
and coastal ecology; (e) air quality; (f) noise and vibration; (g) waste management; (h) visual
quality; and (i) socio-cultural impacts.

Water quality includes five elements: (a) general features such as temperature, salinity,
pH, colour, transparency, oil and grease, and organic material concentration measured by
total organic carbon (TOG), chemical oxygen demand (GOD) or biochemical oxygen demand
(BOD); (b) turbidity measured by suspended solids (88); (c) eutrophication-related factors
measured by dissolved oxygen (DO), nitrogen (N) and phosphorus (P); (d) harmful or toxic
substances including heavy metals such as mercury, cadmium, lead, and pesticides; and (e)
sanitation-related factors determined by measuring the amount of coliform bacteria.

Coastal hydrology cited here includes factors concerning currents, tidal flow, littoral drifts,
beach erosion, water drainage, sediment deposition, groundwater flow, and other physical
phenomena in the shore zone.

Bottom contamination encompasses many kinds of contamination of bottom sediments
by toxic or harmful substances, oils, oily mixtures and other hazardous materials.
Contamination of bottom sediments are often measured by the size of sediment particles, pH,colour, 

smell, oil and grease, organic materials, and concentration of organic nitrogen,
phosphorus, sulphide, and toxic substances such as heavy metals and pesticides including
toxic components of antifouling paints.

Marine and coastal ecology includes aquatic fauna and flora composed of a large
number of species of bacteria, phytoplankton, zooplankton, benthonic organisms, coral,
seaweed, shellfish, fish and other aquatic biota, terrestrial flora such as mangroves andwetlands. 

Loss of bottom habitat and fishery resources are also significant problems included
in this category.

Air quality consists of two main elements: (a) soot and dust, measured by suspended

particulate matter (SPM), which originate from dry bulk cargo handling and storage,
construction work on land, and road traffic; and (b) concentration of sulfur dioxide (S02)'
nitrogen dioxide (N02), carbon monoxide (CO), and hydrocarbons (HC) emitted from ships,

6



vehicles and various equipment used for port activities. Harmful substances and odour are
also elements to be considered in this category.

Noise and vibration generated by road traffic, cargo operations, ship traffic and other port
activities also cause nuisances to local people.

Waste management relates to all kinds of wastes, both liquid and solid, likely to be
disposed of in the port area. These wastes include dredged materials, garbage and oily
mixtures discharged from ships, wastes from cargo operations, and all types of discharges
from municipal and waterfront industry activities.

Visual quality refers to the aesthetic value of the landscape, the view of port facilities,
the nuisance of bright lights used for night operations in a port, and other visual problems.

Socio-cultural impacts includes all kinds of influence on the local community and people's
life style such as relocation of villages, industrialization, population growth nearby, and the
formation of slums.

The following section reviews the potential impacts of port activities on each facet of the
environment and possible measures against potential adverse effects. Relations between
impact sources and various part of the environment are summarized in table 2.1.
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TABLE 2.1 Major impacts of port development project on the environment

Source Location
of port

Constructio
n

and
dredging

Port operation

Ship traffic
and

discharges
(C)

Cargo
operations

and waterfront
industry

(0)

Facet of the
Environment

(A)
(B)

Water quality (1)

A1

81

C101

Coastal
hydrology

A2

82

(2)

A3 83 03Bottom
contamination (3)

Marine/coastal
ecology

A4 84 C4 04
(4)

Air 

quality (5) 85 C5 05

Noise andvibration 86 06
(6)

B7 C7 07Waste
management (7)

Visual quality A8 D8
(8)

Socia-cultural
impact

A9C9

09
(9)
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2.1 IMPACTS OF LOCATION OF PORT

2.1.1 Potential impacts on water quality (A1 of table 2.1)

Breakwaters and landfills may change current patterns and cause stagnation of water
behind the structures. If municipal or industrial effluent flows into a port, stagnant port water
may deteriorate through a dramatic increase of phytoplankton and a decrease of dissolved
oxygen, resulting from eutrophication of water, caused by effluents containing nutrient salts
(chemical compounds including Nand P). Anaerobic water leads to the generation of
hydrogen sulphide (H2S) and can be identified by its odour. It has serious effects on
organisms. Municipal sewage also brings coliform bacteria into the port and may cause
unacceptable contamination of the harbour.

Measures against adverse effects
Careful site selection and port design should be carried out, focusing on the possibility

of water stagnation. If the basic pollution level is critically high, a sewage treatment syst~m
should be planned as part of the environment management of the area. Regulations on
discharges of effluents into water and provision of sanitary treatment facilities are
indispensable for reducing pollutants from hinterlands. In a polluted bay or port, it could be
effective to dredge or cover contaminated bottom sediment capping to reduce the flux of
pollutants from the sediment to the water.

2.1.2 Potential impacts on coastal hydrology (A2 of table 2.1)

The location of a port may cause changes in current patterns and littoral drifts due to
alteration of wave refraction, diffraction and reflection. The change of littoral drift may lead to
erosion or accretion in shore zones. Altered currents or reflected waves may endanger small
ships maneuvering near structures. The creation of a port may cause changes in river flow
and waterfront drainage.

Measures against adverse effects
Careful site selection and port design could minimize changes in current patterns and

other coastal hydrology. Model experiments or computer simulations of these changes are
useful in developing an appropriate design. Typical measures against beach erosion are
construction of sea walls, jetties, offshore breakwaters, and periodical beach nourishment.

2.1.3 Potential impacts on bottom contamination (A3 of table 2.1)

The location of a port may accelerate sediment deposition in stagnant water behind
structures and cause contamination of the sea bottom. Sediment deposition covers bottom
biota and physical habitat. Pile structures shade the bottom and affect habitat. Eutrophication
of water induces sedimentation of dead plankton and changes chemical characteristics of
bottom sediments, resulting in an increase of organic matter, hydrogen sulphide, and
mobilization of harmful substances.

Measures against adverse effects
Removal of contaminated sediments, capping, as well as other measures mentioned in

subsection 2.1.1 could be effective measures against adverse effects on water quality.
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2.1.4 Potential impacts on marine/coastal ecology (A4 of table 2.1)

The location of a port affects aquatic fauna and flora through changes of water quality,
coastal hydrology and bottom contamination. Land reclamation from the sea destroys bottom
habitat and displaces fishery resources. Terrestrial fauna and flora may also be altered by the
location of a port.

Diminution of bottom biota is usually linked to a reduction of fishery resources, and
occasionally to an increase of undesirable species. Deterioration of water quality usually gives
rise to changes in aquatic biota: a decrease in the number of species; and an increase in the
quantity of one or two specific species. Further deterioration may lead to the destruction of
all kinds of aquatic biota.

Diminution of plants in a shore zone within enclosed water may degrade its aeration
capability and worsen water pollution. Mangroves in wetlands play an important role in
providing habitat for terrestrial and aquatic biota and indirectly recovering water quality.

Measures against adverse effects
Adverse effects on marine and coastal ecology usually result from: deterioration of water

and air quality; current pattern changes; bottom contamination; physical loss of water area;
and changes in natural land habitat. Measures mentioned in subsections 2.1.1 and 2.1.3 are
effective for mitigating changes in aquatic and terrestrial habitat. Careful survey of the
ecological characteristics of a project area is indispensable if the welfare of endangered and
fragile species is to be considered and disruption of their spawning seasons and areas and
migration is to be minimized. Planting of green plants around a port may be an effective
means to mitigate adverse effects on terrestrial habitat.

2.1.5 Potential impacts on visual quality (A8 of table 2.1)

The visual quality of a project area is affected by the creation of a port, port facilities,lighting, 
and other optical disturbances. The landscape may be changed into an artificial

scene of industrialization. Some port facilities may give an unpleasant impression to people.

Measures against adverse effects
The design of port should cause it to blend with its surroundings. Special attention to the

colors of port facilities and landmarks helps improve port scenery. A green belt zone around
a port may block an unpleasant view of the port and be a more pleasant sight.

2.1.6 Socio-cultural impacts (A9 of table 2.1)

Building or expanding a port often requires relocation of the local community, sometimes
causing ethnic, cultural, tribal, or religious conflicts with local people. Industrialization and
modernization may change the cultural traditions of the local community.

Measures against adverse effects
An appropriate resettlement plan could minimize the disturbance to the local community

and ensure smooth transition to industrialization. Survey of archaeological heritage sites
should be undertaken well in advance and a preservation plan included in any port
development plan. During the evaluation stage of a development project, following informationshould 

be provided:
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(a) Distribution of population around the project area:
Initial population distribution, age composition, households, slums, social
solidarity, public peace and order, infrastructure

(b) Race composition:
Majority and minority groups, cultural gaps, basic resources for life, racial
conflicts

(c) Removal and resettlement of local people:
Removal population, conservation of community, condition of resettlement,
opinions on removal and resettlement

(d) Cultural heritage:
Location of heritage, importance of heritage, legislation on preservation,
possibility of removal

2.2 IMPACTS OF CONSTRUCTION

2.2.1 Potential impacts on water quality (81 of table 2.1)

Pile driving, deposition of rubble, dredging, sand compaction and other construction work
in water cause resuspension of sediments and turbid water. Resuspension of sediments in
water leads to an increase in the level of suspended solids (88) and in the concentration of
organic matter, possibly to toxic or harmful levels. It also reduces sunlight penetration.

Work vessels are a possible cause of oil spills, garbage discharge, and leakage of other
substances into water. Diffusion from concrete work in water and overflows from landfills may
be possible sources of water pollution.

Measures against adverse effects
The adverse effects of construction work could be minimized by appropriate selection

of equipment in pile driving or dredging, proper use of silt curtains, careful planning of settling
ponds and overflow weirs for landfills, and suitable transport of construction materials and
dredged material. Proper disposal of dredged material plays a critical part in preserving theenvironment. 

Deposition in landfills may offset problems being caused by dumping at sea.

2.2.2 Potential impacts on coastal hydrology (82 of table 2.1)

The potential impacts of construction on coastal hydrology are nearly the same as the
potential impacts of the location of a port which are identified in subsection 2.1.2. Dredging
may cause changes in current patterns and flows as well as salt wedge intrusion into a river
mouth or littoral drifts in the shore zone. Changes in littoral drifts lead to beach erosion or
accretion. Disposal of dredged material on land may possibly cause leakage of harmful
substances into ground water or changes in waterfront drainage.



Measures against adverse effects
The impact of dredging on current flow is usually not serious and can be assessed by

current flow simulation. Beach erosion could be avoided by carefully planning the steepness
of the dredging slope and the deviation from the shore line.

2.2.3 Potential impacts on bottom contamination (83 of table 2.1)

Construction work and dredging disturb bottom sediments and induce resuspension,
dispersal and settlement of such sediments. Dumping of dredged material directly alters
bottom configuration and biota and may disperse toxic or harmful chemicals around the
disposal site. Dredging removes bottom habitat and may lead to a loss of fishery resources.

Measures against adverse effects
A survey of contamination of bottom sediments should be undertaken before dredging.

In case substances or materials listed in the annexes of the London Dumping Convention are
found during the survey, the dredged material should be treated in accordance with the
respective provisions of the convention (See appendix 4). Selection of disposal site, disposal
methods and requirements for capping are key issues in undertaking disposal at sea. In
shallow water, silt curtains, as well as careful selection of the dredging method, could be
effective in minimizing dispersal of resuspended sediments. Specific Guidelines for the
Disposal of Dredged Material at Sea have been adopted by the Contracting Parties to the
London Dumping Convention.

2.2.4 Potential impacts on marine/coastal ecology (84 of table 2.1)

Disturbance from construction activities may cause displacement of fishery resources
and other mobile bottom biota. Dredging removes bottom biota and dumping of dredged
material covers bottom habitat, both of which may reduce fishery resources. Settlement of
resuspended sediments on fragile marine fauna and flora damages the ecosystem particularly
coral reefs, which are formed by the extracellular product of symbiotic plants. The great
number of coral polyps attached need dissolved oxygen for respiration and the plants need
sunlight for photosynthesis.

Piles, concrete surfaces, rubble mounds and other similar structures in water could form
new habitats, which may introduce undesirable species. If toxic substances and other
contaminants are resuspended through dredging or dumping, they may lead to contamination
of fishery and shellfishery resources.

Measures against adverse effects
Careful survey of a fragile marine and coastal ecology is essential for appropriate

planning of construction work, dredging, and disposal of dredged material. Selection of port
site is the key to minimizing adverse effects (subsection 2.1.4). Since adverse effects usually
result from bottom contamination and deterioration of water quality, measures against those
adverse effects noted in subsections 2.2.1 to 2.2.3 are also effective for mitigating changes
in aquatic and terrestrial habitat.
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2.2.5 Potential impacts on air quality (85 of table 2.1)

Emissions from construction equipment, work vessels, trucks and other vehicles used
in construction work could be a source of air pollution. Dust from construction activities is alsoa 

possible source of air pollution.

Measures against the adverse effects
Methods for controlling dust emission are water scattering in the construction site, use

of proper transport methods, such as a conveyor belt, for excavated material and screens
around the construction site. A green belt zone or open space between the construction site
and the local community could be an effective buffer. Temporary pavement of roads in aconstruction 

site could considerably reduce dust emission.

2.2.6 Noise and vibration (86 of table 2.1)

Construction activities may create a problem of noise and vibration generated by
construction equipment, truck traffic, work vessels and other similar sources.

Measures against adverse effects
Transmission of noise and vibration are limited by the distance from their sources. Noise

could be considerably reduced by adoption of low noise equipment or installation of sound
insulation fences. Green belt of plants can be a good barrier. Limitation of working hours may
be a possible means to mitigate the nuisances of construction activities.

2.2.7 Waste management (87 of table 2.1)

Wastes from construction activities are mainly spoils generated by dredging. Disposal
of dredged material on land may cause destruction of plants, loss of vegetation, leakage of
contaminated materials and salt, odour, an unsightly view and other nuisances to the localcommunity. 

Disposal in water may cause problems identified in subsection 2.2.3.

Measures against adverse effects
The adverse effects of disposal of contaminated dredged material or other wastes from

construction activities could be offset by including them in land reclamation. Appropriatedesign, 
according to the characteristics of the wastes, is a basic requisite for retaining walls,

settling ponds, capping of landfills, and land use after completion.

Dumping of dredged materials should be treated in accordance with the provisions of the
Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter,
1972, and the Amendments Adopted in 1978 and 1980, the so called London DumpingConvention, 

and relevant national regulations (Appendix 4). For some regions specific
Conventions or Protocols have been adopted, e.g. the SPDEP I Convention covering the
South Pacific.
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2.3 

IMPACTS OF SHIP TRAFFIC AND DISCHARGES

2.3.1 Potential impacts on water quality (C1 of table 2.1)

Possible discharges from ships that could be sources of water pollution are bilge water,
ballast water, oily wastes, sewage, garbage and other residues in a ship. Spills of oils,
lubricants, fuels and other oily liquids may be other sources of water pollution. Once an oil
or oily compound is discharged into water, it is spread on the surface by winds and currents,
forming a thin layer. On the surface of seas in tropical or temperate zones, oils can be
polymerized gradually by biodegradation and eventually form dense particles which sink.

Concentration of oily compounds in water is an important indicator of water quality,
particularly in recreational water areas. Repair docks may be a possible source of toxic orharmful 

materials such as antifoulants, paints, or heavy metals.

Measures against adverse effects
Appropriate regulations on ship discharges and provision of reception facilities are

indispensable for proper control of emissions and effluent from ships. Detection of spills is
also important for regulating ship discharges. Since accidental spills are unavoidable,
recovery vessels, oil fences, and treatment chemicals should be prepared with a view to
minimizing dispersal. Proper contingency plans and a prompt reporting system are keys to
prevention of oil dispersal. Periodical clean-up of floating wastes is also necessary for
preservation of port water quality.

2.3.2 Potential impacts on marine and coastal ecology (C4 of table 2.1)

Leakage of oils, oily wastes and mixtures may directly cause damage to fisheryresources, 
aquatic biota and coastal habitat. Biodegradation of oil also generates polymerizedoil 

particles and toxic aromatic fractions using dissolved oxygen in the water, which indirectlycause 
damages to bottom biota and habitat. Both effects may seriously damage marine andcoastal 
ecology.

Fishery resources, including shellfish, may be spoiled by oil and toxic substances
generated by biodegradation. Some oils contain carcinogens and their contamination is
reported in fishery resources.

Measures against adverse effects
See subsection 2.3.1.

2.3.3 Potential impact on air quality (C5 of table 2.1)

Ships are a possible source of airborne emissions such as gasses, smoke, soot andfumes. 
N02 and S02 are typical pollutants generated by ships while both manoeuvering and

berthing and may affect air pollution in the hinterland.

Measures against adverse effects
Regulation and proper detection of emissions from ships are effective means to reduce

discharges of pollutants. Prohibition of the use of heavy diesel oil as fuel could be a possible
means to reduce pollutants. If the basic level of air pollution is considerably high, measures
against air pollution should be planned on a regional basis, including port activities.
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2.3.4 Waste management (C7 of table 2.1)

Ships generate: (a) oily wastes such as bilge water, ballast water, washing water,
lubricant oil and other residues in machinery space; (b) sewage and garbage; and (c) cargo
residues such as wood bark. Discharges and spills of these wastes cause problems of oil
pollution, floating garbage, unsanitary conditions, odour and other degradation of water

quality.

Measures against adverse effects
Ports are requested to provide sufficient reception facilities to receive residues and oily

mixtures generated from ship operations according to provisions of the International
Convention for the Prevention of Pollution from Ships, 1973 (MARPOL, 19~) as amended
by the 1978 Protocol (MARPOL, 1973/78). Besides oily residues, reception of sewage and
garbage is also required in accordance with the needs of calling ships. Connection to sanitary
treatment facilities or a municipal waste treatment system may be a means for a port to
receive such wastes.

Provision of these facilities, promulgation of regulations on discharge of oily residues,
and proper detection are keys to successful control of ship discharges. Unsanitary discharges
from repair docks should also be connected to appropriate waste treatment systems.

2.3.5 Socio-cultural Impacts (C9 of table 2.1)

Oil and oily wastes discharged from ships may reach nearby beaches and spoil
recreational activities which cause serious damage to tourism. Ship traffic may disturb
pleasure boat cruising and fishery boat operations. The possibility of accidents in the ship
traffic becomes a worry to local people. Ship calls create many related jobs including pilotage,
tug services, stevedoring, bunker and crew services, however, they may bring considerable
changes in the life style of local people.

Measures against adverse effects
See subsection 2.1.6. In addition, appropriate regulations on ship traffic and discharges

and contingency plan for ship accidents could mitigate the problem.

2.4 IMPACTS OF CARGO OPERATIONS AND WATERFRONT INDUSTRY

2.4.1 

Impacts on water quality (01 of table 2.1)

Runoff from raw material storage, spills from bulk cargo handling, and wind-blown dust
are possible sources of contamination of port water. Toxic or harmful substances may be
included in runoff from sulfur, bauxite, phosphates, nitrogenous manure, coal, metal ores and
other raw materials. Organic materials in runoff are decomposed to the inorganic form,
spending dissolved oxygen and increasing the nutrient level in water. Accidental spills of toxic,
harmful materials, oils or oily compounds, and other raw materials are also possible sources
of contamination of water.
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Effluent from waterfront industries may include toxic or harmful materials, unsanitarywastes, 
oily wastes and other hazardous materials. Electricity generation may release heated

water and sewage treatment facilities produce nutrient salts, organic matter and som.e
hazardous materials.

Measures against adverse effects
Countermeasures against runoff are: (a) covering or enclosing raw material storage

areas; (b) sprinkling water on raw material except anti-humid materials like grains or cement;
(c) providing special equipment for cargo handling and transport (e.g., covered conveyor or
pneumatic unloader); and (d) other methods to reduce the influence of wind and rain.

A reversed slope apron is an effective means to avert rainfall from washirJoq away from
the apron and pouring into the sea directly. The drains from the apron are led"to a settling
pond and released into the sea after settlement of suspended materials.

Regulations on effluent from waterfront industries and monitoring of water quality are
essential for port environment protection. Separation of waterfront industry discharges from
the harbour area could be an effective means to offset problems caused by such effluent.

2.4.2 Potential impacts on bottom contamination (03 of table 2.1)

Bottom contamination may result from runoff from quay and storage area, spills from bulk
cargo operations, and wind blown dust. Discharge from waterfront industries is a major source
of contamination of bottom sediments.

Measures against adverse effects
See subsection 2.4.1.

2.4.3 Potential impacts on marine and coastal ecology (04 of table 2.1)

Cargo handling and storage may cause runoff, spills or leakage of ingredients, which
possibly include toxic or harmful materials, organic matter, or oily compounds. Water pollution
and bottom contamination resulting from these effluents lead to deterioration of aquatic biota
and fishery resources. Dust dispersion on land may cover plants and change terrestrialhabitat. 

If toxic or harmful substances are included in dust emissions, the health of portworkers 
and local people are endangered.

Discharge from waterfront industries is a major source of water pollution which induces
deterioration of aquatic biota due to toxic and harmful materials, poor oxygen dissolution and
eutrophication of water. See subsections 2.1.4. and 2.2.4.

Measures against adverse effectsSee 
subsection 2.3.1.
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2.4.4 Potential impacts on air quality (05 of table 2.1)

Emissions of dust from bulk cargo handling and gasses from cargo handling equipment
can be sources of air pollution. Liquid cargo handling may result in the release of vapour
during the cleaning of storage tanks and by the breather system for ambient temperaturechanges. 

Accidental leakage of gasses may cause problems such as toxic material emission,explosions, 
fumes, odours and hazardous airborne emissions. Waterfront industries may

release various kinds of gasses and can be major sources of air pollution and odour.

Measures against adverse effects
Monitortng of air quality is indispensable to ensure acceptable levels of emissions. Dust

emission can be reduced by covers, screens, enclosures, sprinkling water'iJr other similar
methods. Regulations on emissions from waterfront industries should be introduced in
accordance with a regional environment management plan.

2.4.5 Noise and vibration (06 of table 2.1)

Cargo handling equipment and road traffic are two major sources of noise and vibration,
which may cause unacceptable levels of stress among local people.

Measures against adverse effects
See subsection 2.2.6

2.4.6 Waste management (07 of table 2.1)

Cargo operations produce wastes such as the remains of bulk cargo storage, rubbish
from unpacking, wood bark from log handling, floating garbage and other wastes from dailyactivities. 

Waterfront industries generate various kinds of wastes and some of them are
disposed of in the port area or at sea. Landfills in a port area could be deposition sites of
such industrial wastes.

Measures against adverse effects
According to the need of a port, facilities for the incineration of wood bark should be

provided at the port site. Remains of bulk cargo storage or industrial wastes which are not
considered hazardous can be deposited in land reclamation sites where retaining walls are
designed against leakage of toxic or harmful substances. Sewage or garbage from port
activities can be handled by a municipal treatment system or by the port's own treatmentfacilities.

2.4.7 Potential impacts on visual quality (08 of table 2.1)

Lighting for night operations may cause nuisances to the nearby community. Wastesfrom 
port-activities, smoke from ships, bulk cargo piles, and ugly materials stacked in a port

may give an unpleasant impression.

Measures against adverse effects
Appropriate selection of the location of port can mitigate these adverse effects on visualquality. 

It may be possible to design storage areas blinded from roads or the nearby
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community. 

A green belt zone around a port may block an unpleasant view and moderate
unpleasant sight. Relocation of busy area is a possible means to reduce excess lighting.

2.4.8 Socio-cultural impacts (09 of table 2.1)

Port activities may result in the hiring of local labour and procurement of various
commodities from a local market. The local economy will be boosted by port-related activities
and be greatly involved in urbanization and industrialization. Labour from outside may be a
possible source of conflict with a local community.

Measures against adverse effects
See subsection 2.1.6

~2.5 

CHECK LISTS OF POTENTIAL ADVERSE EFFECTS

The World Bank released a technical paper entitled Environmental Considerations for
Port and Harbor Developments in 1990, which contains a check list of the potential adverse
effects port development may create (Appendix-1). The Asian Development Bank (ADB) also
has a publication entitled Environmental Guidelines for Selected Infrastructure Projects, which
includes a check list of Environmental Parameters of Port and Harbor Projects (Appendix-2).
The International Association of Ports and Harbours has also released the IAPH Guidelinesfor 

Environmental Planning and Management in Ports and Coastal Area Developments, 1989,which 
includes a check list of potential adverse effects of port development (Appendix-3).

The ADB's check list categorizes environmental resources concerning port development
into the following types: (a) Coastal marine ecology; (b) Recreation/Resort/Beach areas; (c)
Sanitation in harbor area; (d) Hazardous cargo; (e) Materials to and from harbour; (f) Local
socio-economics, etc., and has an indication of feasible protection measures against each
action. The Japanese Transport Ministry also furnishes a check list of environmental impacts
concerning port development, which is classified from a viewpoint of environmental
components, viz. water quality, air quality, living characteristics (noise, odour, vibration, etc.)
topographical features, oceanographical features, hazardous material contamination, natural
habitat (land and marine), landscape, and socio-cultural features.

As indicated in these check lists, the potential adverse effects of port development
embrace a wide range of environmental issues like water pollution, contamination of bottomsediment, 

loss of bottom biota, damage to fisheries, beach erosion, current pattern changes,waste 
discharges, waterfront drainage, oil leakage and spillage, hazardous materials,

emissions of dust and gases, smoke and other air pollution, noise, odour, traffic increases,landfills, 
landscape, socio-cultural impacts, and so forth.

These probable adverse effects of port development are usually assessed by the
magnitude of impacts, however, there is no established criteria to evaluate whether or not
these adverse effects fall within an acceptable range as such criteria will vary by countries
or ports depending on local and regional characteristics. In case the background pollution
levels in a project area exceeded their standards, a development project could be evaluated
from a viewpoint whether the project is included in the environment management plan of theregion. 

Evaluation procedures are the key to successful implementation of EIA.
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3 ENVIRONMENTAL INDICATORS AND CRITERIA

The permissible levels of pollution in port environments vary from port to port, according
to their geographical location and the requirements of the local community. The permissible
levels of one port are not necessarily appropriate for another port because of differences in
the environmental situations. Each port should be have its own environmental objectives and
permissible pollution levels in view of the existing levels of pollution, types of pollution
sources, and future development plans. Permissible limits in this chapter indicate examples
of regulations on typical indicators of the quality of the environment in countries of the ESCAP

region.

~

3.1 WATER QUALITY AT SEA

Typical environmental indicators of water
explanation of their characteristics. Chemical
Demand (BOD), Dissolved Oxygen (DO), the
and oil content are major indicators of the Wi
various countries are as shown in table 3.2. A I

however, limits for heavy metal contents and

While survey on water quality in port and contamination of the seabed are usually
undertaken in the process of EIA for development project, periodical monitoring of port water
quality is not a common practice in developing countries, yet in order to analyze seasonal
changes or errors in data, a series of monitoring data is indispensable. Careful monitoring of
the quality of effluent discharge into river, sea or other water areas is also indispensable for
improving and preserving the quality of port water. Guidelirles for monitoring seawater and
various analytical guidances have been developed by UNESCO/IOC and UNEP.

3.2 BOTTOM CONTAMINATION

Amount of organic matter is an indicator of contamination of bottom sediments and
measured by GOD, BOD or Ignition Loss total organic carbon (TOG) in an unit of sediment.
Harmful substances such as sulphide or heavy metals are another indicator of bottom
contamination (table 3.3). Black sediments are a sign of hydrogen sulphide, which is
produced under anaerobic conditions, and is a signal of the progress of contamination of the
sea bottom. It is also a sign that heavy metals, pesticides. or other harmful substances may
have accumulated in bottom sediments. Dissolution of harmful substances in bottom
sediments and oxygen demands for decomposing organic matter are also necessary factors
for bottom contamination survey.

The London Dumping Convention 1 prohibits the dumping of wastes or other matter listed

in Annex I and requests special permission for the dumping wastes or other matter listed in
Annex II of the Convention. Since the provision of the Annex II is that "the dumping of wastes
containing significant amounts of the matters listed below" requires a prior special permission,
it is necessary to indicate permissible limits for those substances.

See Appendix 4
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quality at sea are listed in table 3.1 with a shortOxygen 

Demand (COD), Biochemical Oxygen
degree of acid/alkaline (pH), coliform bacteriaater 

quality at sea. Their permissible limits in
range of each indicator is comparatively small,
organic matter deviate rather widely.



Canada and United States of America initiate permissible limits for offshore dumping of
dredged material as shown in table 3.4. If dredged material is contaminated beyond the limits,
it should not be dumped in the sea. Japan has also established criteria for harmful bottom
sediments (table 3.5), which must be specially treated before being used for filling in land
reclamation.

In addition to regulations on offshore dumping, Japan has established provisional criteria
for contaminated sediments by mercury and polychlorinated biphenyl (PCB) that should be
dredged and deposited in a special landfill. The criteria for the removal of sediments
contaminated by mercury is 25 ppm in case of rivers and the value given by the equation in
appendix 5 in case of the sea. The criteria for the removal of PCB is 10 ppm in both the sea
and rivers. ~

3.3 AIR QUALITY

Typical indicators of air quality are sulfur dioxide (S02)' nitrogen dioxide (N02), carbo~
monoxide (CO), suspended particulate matter (SPM) and oxidant. Short explanations of these
indicators are listed in table 3.6 and their permissible levels are shown in table 3.7.

Regulations on the emission of air and water pollutants from industrial activities have
been introduced in many countries. Air pollutants from ships, however, are generally not yet
regulated like those from factories except visual smoke and dust emission. To reduce theemission 

of 802 from ships, a few port have prohibited the use of type-C heavy diesel oil.
Efforts are being made by the International Maritime Organization (IMO) to regulate globallyemissions 

from ships.

3.4 NOISE

Regulations on noise levels generally vary according to the type of land used and thetime 
of day. Five examples of noise regulations in countries of the region are summarized intable 

3.8. Permissible noise levels in a light industry area, probably port area, appear to be60 
-70 dBA2.

3.5 ODOUR

Cargo handling and storage could be a source of offensive odours. Typical odour
generating substances are listed in table 3.9 with a short description of the characteristics.
Few countries have established permissible levels for such substances and Japanese
regulations are shown in the table as an example.

2
Degree of measurement of noise, which is calculated by measuring the sound pressure The scale is further refined according to an

A, B, C system, the dBA being the most used because it is the hearing level of humans (Reference 15)
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TABLE 3.1 Water-related indicators

Transparency:
The ability of water to transmit sunlight.
Measured with a Secchi disc, which is a
white disc with a diameter of 25 -30 cm,
that is placed in the water to record the
maximum depth (m) at which the disc can
be seen.

Chemical oxygen demand (COD):
Non-biological uptake of molecular oxygen
by organic and inorganic compounds iri
water. A principal indicator of

eutrophication.

Biological oxygen demand (BOD):
The rate of oxygen consumption by
organisms during the decomposition
(respiration) of organic matter, expressed
as grams oxygen per cubic metre of water.
BOD during five days under 20oC is
called BODs" A principal indicator of

eutrophication.

Chlorinity:
A measure of the chloride and other
halogen content, by m~s, of sea water,
expressed as milligrams per liter.

Nitrogen (N) and phosphorus (P):
Major indicators of nutrient salts for growth
of aquatic plants. They play an important
role to increase the biomass of plankton
and lead to eutrophication. Existing in both
organic and inorganic forms, and
converted to the other form through the
nitrogen cycle and the phosphorus cycle.

pH:
A measure of the concentration of
hydrogen ions of a substance, which
ranges from very acid (pH = 1) to very
alkaline (pH = 14). pH 7 is neutral and

most waters range between 6 and 9. It
varies with photosynthetic activity and
generation of organic acid and hydrogen
sulphide, as well as man-made impacts.

Chlorophyll-a:
A type of chlorophyll present in all type of

algae, sometimes in direct proportion to

the biomass of algae. Essential for the

conversion of sunlight, carbon dioxide, and

water to sugar and oxygen. Sugar is then

converted to starch, proteins, fats and

other organic molecules.

Suspended solid (55):
An amount of particles with long setting
rates of any solid in water including
inorganic particles, plankton and organic
debris (= detritus), expressed as
milligrams per liter (= ppm).

Algal growth potential (AGP):
An indicator of eutrophication obtained
with a bioassay test which investigate the
primary productivity of phytoplankton using
water sampled from the study area.

Dissolved oxygen (DO):
The concentration of oxygen dissolved in
water. An indicator of critical importance to
survival of aquatic organisms. This
decreases with decomposition of organic
matter and increases with photosynthesis. Phenol:

Used principally in manufacturing synthetic
resins and weed killers. Regarded as an
odorizing material to drinking water and

tainting aquatic products.

Numbers of coliform group:
Numbers of Escherichia in water,
expressed as most probable number per
100 mi. Escherichia is a group of bacteria
commonly found in faeces, and its
occurrence in water indicates the pollution
by sewage, although Escherichia itself
may not cause any illness.

Total organic carbon (TOG):
The amount of carbon contained in
organic matter (dissolved organic matter,
organic debris and plankton) in water.

Total oxygen demand (TOO):
An indicator of consumption of oxygen in
water, which can detect the oxygen
consumption by nitrogen compounds that
are ignored in measurements of BOD or
COD.

Oil content:
An indicator of oil pollution, commonly
expressed as milligrams of normal-hexane
extracts per liter. Usually caused by a
damaged oil tanker, oil spill from ships
(bilge water, oily ballast water, etc.) and
other facilities on land.

Water temperature:
A basic indicator influencing the activity of
enzyme and consequently the metabolic
rate of organisms.
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TABLE 3.2 Permissible levels of water quality indicator

Indicator
Country Purpose/place

pH DO COD BOD Oil Coliform
bacteria

(MPN/100ml)(mg/l) (mg/l) (mg/l) (mg/l)

India
6.5 -9.5
6.5 -9.0

~3
~4

~5
~5

:sO.1
:s10

~1,OOO
~2,500

-~

~5~4 ~3~6 ~500
~500

Polluted area
Recreation
Harbour

Non-polluted area

Bathing
Aquatic biota

Indonesia Coastal water

Bathing
Aquaculture
Marine park

Industry

6.0 -
6.0 -
6.0 -
6.0 -

~5~4~4 s40
s80s80

S40

~20

~45
~45
~20

~3
~5
~5
~2

~1,OOO
~1,OOO
~1,OOO
~1,OOO

Japan

Sea

Bathing
Industry (B)
Industry (C)

7.8 -8.3
7.8 -8.3
7.0 -8.3

~7.5
~5
~2

~2
~3~8

~O.5
~O.5

~1,OOOMalaysia

Sea
Natural
Aquatic biota
Recreation
Common

6.5 -
6.0 .
6.0 -
5.0 .

C!':7

5-7
5-7
3-5

:s10
:S25
:S25
:s50

~1

~3
~3~6

NO

:s100
:s 5,000

:S5,000
:S50,000

Philippines Sea
Recreation
Aquatic biota

Industry
Navigation

6.5 -8.5
6.5 -8.5
6.5 -8.5
5.0 -9.0

~5
~5
~3
~2

~2
~5
~5
~10

~ 

1 ,000
~ 5,000

Thailand Bay
Swimming
Conservation

6.5 -8.3
7.5 -8.9

~4
~5

NO
NO

~1,OOO

NO: Not detectable

Source References 1 -11
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TABLE 3.3 Substances of Bottom Contamination

Alkylmercury (R-Hg):
Organic compound of alkyl and
mercury. Virulently toxic. Used
principally in manufacturing

pesticides.

Cadmium (Cd):
A metallic element, often used in the
plating of iron, steel and other
metals. It also used in industries of
ceramics, cosmetics, etc. Principal
discharge sources of cadmium are
industries of plating of iron and steel,
alloys, ceramics, cosmetics and
camera films, mines and refineries of
zinc and lead. Its contamination to
rice once caused a serious disease
in Japan.

Polychlorinated biphenyl (PCB):
Stable compound. Extensively used
in electrical fittings and paints.
Although they are no~nger
manufactured, they are extremely
persistent and remain in huge
quantities in the atmosphere and in
landfill sites. They are eaten by
aquatic animals and enter the food
chain. Toxic.

Cyanogen compounds (CN):
Including highly toxic substances
which cause death of aquatic
animals and stoppage of uptake of
drinking water. Copper (Cu):

A metallic trace element, essential to
biological life and used mainly in
making alloys and in electric wiring.
In large amounts toxic to marine life.

Organophosphorus:
Included in pesticides and posing a
serious threat to human health.

Organophosphorus pesticide
together with organochlorine
pesticide is a major component of
agricultural chemicals.

Zinc (Zn):
A metallic trace element, essential to
biological life, principally used in
alloys and as a protective coating for
steel.Lead (Pb):

Very heavy soft metallic element.
Used principally in alloys in pipes,
cable sheaths, batteries type metal
and shields against radioactivity.

Iron (Fe):
A metallic element, essential to
biological life and an essential part of
human diet.

Chromium (VI) (Cr6+):
Used principally in chrome plating, in
chromizing, and in many alloys.
Toxic.

Manganese (Mn):
A metallic element, essential to
biological life, used mainly in making
steel.

Arsenic (As):
Used mainly in manufacturing
insecticides, rodenticide and
medicines. Toxic.

Fluorine (F):
A chemical element, highly toxic,
used as a strong oxidizing agent.

Total mercury (T -Hg):
Including R-Hg and inorganic
mercury. Toxic.
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TABLE 3.4 Permissible limits for offshore dumping of dredged material
-(unit: ppm or ppb)

Substance Canada USA

PCB (ppb)

(ppm)

(ppm)

(ppm)

100 380

Hg

Cd

0.75

0.15

0.60 0.7

Zn 169 105

Cu (ppm)

(ppm)

(ppm)

45 68

~

As

(5 -25)

45

12.5

Pb 33

Organochlorine
pesticide

10
for any compound

5.0
Sum of DOT, DOE and ODD

(ppb)

Polyaromatic
hydrocarbon

(ppb)

(1,000)
Sum of 16 compounds

680Sum 
of six low mol. wt. compounds

2,690Sum 
of 10 high mol. wt. compounds

Note:
Source:

Figures in parentheses are proposed limits

Macknight, S. et al (1989) The Environmentally Sound Disposal of Dredged Materials. Technical paper,

Infrastructure and Urban Development Department, The World Bank

TABLE 3.5 Criteria for harmful bottom sediments (Japan)

(unit: mg/l)

Contaminated material Dumping in landfills

mg/l

Dumping at sea

mg/l

Alkylmercuric compounds not detectable not detectable

Mercury and its
compounds-

0.005 0.005

Cadmium and its

compounds

0.10.1

Lead and its compounds

11

Organophosphorus
compounds

11

Chromium (VI) compounds 0.5 0.5

Arsenic and its

compounds
0.5 0.5

Cyanogen 

compounds

11

PCB 0.003 0.003

Copper and its compounds 3

Zinc and its compounds 5

Fluoride 15

Note:
Source:

Criteria are based on the examination of dissolution of contaminated materials

Kankyo Roppou, 1990, Environmental Agency, Japan
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TABLE 3.6 Air-related indicators

Sulphur oxides (SOx):
An oxide of sulphur. such as sulphur
dioxide (SO2) and sulphur trioxide (SO3).
Generated principally with combustion of
heavy oil. Usually coexisting with
suspended particulate matter and
causing a lesion of respiratory organ or
mucosae.

Lead and its compounds:
Principal emission sources of lead are
furnaces of copper, lead and zinc
refinery, and of factories manufacturing
lead products, glass, lead batteries, and
exhaust gas of motor vehicles. Causing
arthralgia, muscular pain, motor
disturbance, headaches, giddiness and a
lesion of a nerve center.

Fluorine and its compounds: ~

The biggest emission source is a
aluminum electrolysis factory. Factories
manufacturing phosphatic fertilizer and
glass are also responsible.

Carbon monoxide (CO):
Formed with incomplete combustion,
causing a lesion of oxygen supply
capacity of man.

Suspended particulate matter (SPM):
Including soot and dust with a diameter
of 10 pm or less generated mainly with
combustion and suspended in ambient
atmosphere. Causing a lesion of

respiratory organ.

Dust:
Fine powder made of par1icles of dry dir1
or sand of any size. Originated from
open deposit of ore and other dry bulk
cargoes, construction works and road
traffic. Effects on human health may be
similar to those of SPM.

Photochemical oxidant (Ox):
Any of the chemicals which enter into
oxidation reactions between nitrogen
oxides and hydrocarbon in the presence
of light or other radiant energy. Causing
a lesion of mucosae of the respiratory

organ.

Hydrocarbon (HC):
Principal emission source are leakage
from oil storage/handling facilities and
volatilization from oily products and
organic solvent.

Nitrogen oxides (NOx):
Oxides formed through direct
combination of nitrogen and oxygen in
air during combustion, such as nitrous
oxide (NO) or nitrogen dioxides (NOJ.
Causing a lesion of respiratory organ or
mucosae.

Other harmful air pollutants:
The following substances generated with
industrial activities may have adverse
effects on life and the living environment:
ammonia (NHJ, hydrogen fluoride (HF),
hydrogen cyanide (HCN), carbon
monoxide (CO), formaldehyde (HCHO),
methanol (CH3OH), hydrogen sulphide

(HzS), hydrogen phosphide (PH3),
hydrogen chloride (HCI), nitrogen dioxide
(NOz), acrolein (CHzCHCHO), sulphur
dioxide (SOz), chlorine (Clz), carbon
disulphide (CSz), benzene (CeHe),

pyridine (CsHsN), phenol (CeHsOH),
sulphuric acid (HZS04) including sulphur
trioxide (S03)' silicon fluoride (SiF4),
phosgene (COClz), selenium dioxide
(SeOz), Chlorosulphonic acid (HS03CI),

yellow phosphorus (P 4)' phosphorus
trichloride (PCIJ, Bromine (Brz), nickel

carbonyl (Ni(CO) 4)' phosphorus
pentachloride (PCls) and mercaptan

(CnHmSH)

Cadmium and its compounds:
Principal emission sources of cadmium
are furnaces of copper, lead and zinc
refinery, cosmetic manufacturing.
Causing a stimulation to nose and throat,
headaches, giddiness, nausea and more
serious disease.

Chlorine and its compounds:
Principal emission source is leakage
from factories using or making chlorine
or hydrogen chloride. Causing a
stimulation to nose and throat, a lesion
of respiratory organ, amblyopia and
deterioration of dentine.
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