
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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9.0
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9.0
9.0
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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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