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Abstract

The objectives of the work are to identify the odour problem caused by the
large offensive smell facilities such as sewage treatment plants, refuse transfer
stations, refuse collection points, abattoirs, composing plants and pumping stations;

and to review the development of deodourization measures and legislation in the

overseas countries. This is also to compare with the ones in Hong Kong.

The approach to the problem is by conducting a survey to collect the data.
Questionnaires have been sent to 59 relevant organisations and authorities of overseas
countries, and the relevant departments in Hong Kong to gather information on odour
control and legislation b’ them. The main themes of the questionnaire were to: (i)
identify the odour problem and the seriousness in different facilities; (i) find out what
kind of measures are being used for odour control; and (iii) obtain information on the

legislation related to the control of odour.

In summary of the study, it was learnt that there are various kind of air
pollution control equipment (e.g. activated carbon, scrubber, biofilter, and ozone etc.)
used for the treatment of odorous gases generated from the offensive smell facilities.
The most commonly used equipment in Hong Kong are activated carbon and
scrubbers. However, biofilter and ozone are increasingly accepted by many overseas
countries. Although biofilter has many advantages such as the low running cost and
high odour removal efficiency, more work is still required to reduce the large surface

of the biofilter especially for accommodation in the plants of Hong Kong.




1. Introduction

There are many large offensive smell facilities, such as sewage treatment
plants, refuse transfer stations, refuse collection points, abattoirs, composing plants
and pumping stations in Hong Kong, which generate odorous gases and cause
nuisance to the public. It was shown in t' > Environmental Hong Kong 1991 that
complaining about odour problems constituted over 28% of the total air pollution
co.mplaint cases in Hong Kong in 1991. Although not all of these complaints were
raised from thc large offensive smell facilities, they will highly affect the

neighbouring residents as they are proximate to each others.

These facilities are usually located in the densely populated areas. For
instance the Kennedy Town Abattoir and the Kwai Chung Abattoir are only a few
hundred meters apart from the residential areas. It is not an adequate separation,
therefore many complaints against odour nuisance were lodged by the public. The
odour problem has been long existing and some measures had been adopted to abate
the odour nuisance. Scrubber had been fixed to the Kennedy Town Abattoir. Another
odour control equipment such as ozonator has been proposed to install in the new

abattoir in Sheung Shui.

Although there are deodourization techniques in literature such as ozonation
and biofilter, it is not widely used in Hong Kong. There are many kinds of odour
control equipment which are claimed to have high odour removal efficiency, however

there has not a complete solution to get rid of the annoyance to the public. Once the




offensive facility is there and the odorous nuisance is established, it is not easy to
solve the problem by simply retrofit the facilities with the air pollution control
equipment. It is because the short distance between the offensive smell facility and
the residential area and the increasing environmental awareness of the community. In
addition, the complexity of odours’ constituents makes it difficult to be treated by air
pollu..on control equipment. Therefore a well planned land uses and proper designed
odour control system is recommended. And in the following -hapters, a probe into the

nature of the odour is needed.

The odour problem can be solved in the planning stage. However, many
existing problems can only be solved by retrospective measures. The method for
determining or establishing odour nuisance is very controversial. It is because the
scent of odour by human beings is subjective. This study shows that the odour
problems can be tackled by either qualitative approach or quantitative approach. The
qualitative one requires less manpower and straight forward method and without any
limitation set by the authority but it is very subjective in performing the assessment of
nuisance. Hence in the European countries, it is trying to adopt the quantitative
approach policy in abating the odour nuisance. Although it requires sophisticated
instrument, accredited laboratory to give reliable measurement of odorous gas, it is
still worth for giving a clear picture for the authority and the industries to follow
when designing the air pollution standard . This study will also examine the
advantages and disavantages of these two approaches and its feasibility of applying in

Hong Kong.




2. Background:

2.1 Qdour and its Measurement

In order to have a general idea of the odorous gases, it is to investigate the
most commonly known and prevalent odorous gas hydrogen sulfide, H,S. This gas
normally associated “vith domestic wastewater collection, treatment systems and other

offensive smell facilities. It has a characteristic rotten egg odour, and toxic.

The conditior. teading to H,S formation generally favour the production of
other malodours organic compounds. Investigations of the conditions favouring H,S
formation can also help to quantify the potential for odour generation from other
compounds. Thus, solving H,S odour problems can often solve other odour problems

as well.

Many of the substances result from the anaerobic decomposition of organic
matter containing sulfur and nitrogen(USEPA, 1985). Inorganic gases produced from
decomposition of domestic wastewater commonly include hydrogen sulfide,
ammonia, carbon dioxide and methane, of which only hydrogen sulfide and ammonia
are malodours. Odour-producing substances include organic vapours such as indoles,
skatoles, mercaptans and nitrogen-bearing organics, can also be found in other

offensive smell facilities.
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Many of the odours detected in wastewater collection and treatment systems
result from the presence of sulfur-bearing compounds. A list of common malodours
sulfur-bearing compounds is shown in Table 2-1. The lower the molecular weight of a
compound, the higher the volatility and potential for emission to the atmosphere.
Substances of large molecular weight are usually not perceptible and are neither
volatile nor soluble. Mercaptans are commonly found in wastewater and are
analogous to alcohol with a substitution of sulfur for oxygen in the OH radical.
Mercaptans are a reduce .orm of organic sulfur compounds. They are malodorous
and can contribute to odour problems due to their extremely low threshold odour

concentration as shown 1n the table.

Characteristic Odor Molecular
Substance Formula Odor Threshold Weignt
ppm
Allyl Mercaptan CH=CH-CHz-SH Strong garlic-coffee 0 00005 7415
Amyi Mercaptan CH3-(CH2}a-CH2-SH Unpieasant-putrid 00003 104 22
Benzy! Mercaptar CeHsCH2-SH Unpleasant-strong 000018 124 2°
Crotyl Mercaptan CH3-CH=CH-CH,-SH Skunk-like 0 000028 8018
Dimethy! Sulfide CH3-5-CH;, Decayed vegetabies 0 0001 5213
Ethyl Mercaptan CHJCH2-SH Decsyed cabbage 0.00018 6210
Hydrogen Sulfide H2S Rotten eggs 0.00047 34 10
Metnyl Mercaptan CH,SH Decayed cabbage 0.0011 4810
Propyl Mercaptan CH;3-CH2-CH2-SH Unpleasant 0 000075 7816
Sulfur Dioxide SO: Pungent, irritating 0 008 64 07
Tart-putyl Marcaptan {CH3HC-SH Skunk, unpileasant 0 00008 3C 10
Thiocresol CH3-CaH4-SH Skunk, rancié 0 000062 124 2
Thiophenol CeHsSH Putnd, garhe-like 00000862 11018

d
L=

| =
Table 2.1 Odorous Sulfur Compounds in Wastewater o2l e
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Toxicity and Odorous of Hydrogen Sulfide

Besides the characteristic of rotten egg smell even at low concentration, H,S is
an acutely toxic gas which is heavier than air. But as the levels of H;S increase,
workers are generally unaware of its presence. The plivsiological effects of H,S are
summarized in Fig 2.1. Very low concentrations of this gas can cause serious health

hazards and concentrations of 300 ppm (by volume in air) can cause death.

ppm
— 01
Odor Tnreshold —Q2
— 3
Rottan Egg n Offensive Odor
Odor Alarm
-—10
Hsadacne
Nausea
Threshold of Throat and Eve Irritation
— -— 50
Serious Eye
injury Eyeinjury
Loss of ————sm — 100
Sense of Smel! Conjunctivitss
Respiratory Tract Irritation
Olfactory Paralvsis
— 300
Immunent
—_— imonary Edema
Life Threat Pulmonary
- 500
Strong Nervous Svstem Sumulanon
Apnea
Immediate —1.000
Coliapse
with —_— Death
Respiratory
Paraiys:s —2.000

Fig. 2.1 Hydrogen sulfide toxicity spectrum
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There are several ways to express the concentration limits of toxic gases that a

person can be exposed (USEPA,1985):

1. Eight-Hour Time Weighted Average (TWWA): The maximum average
concentration to which a worker can be exposed for 8 hours a day, 40 hours a
week. This is normally called the threshold limit value (TLV).

2. Ceiling Value: A limit generally not to be exceeded.

3. Acceptable Maximum Peak ° concentration limit which is not acceptable for

specified maximum duration.

2.11 Human Olfactory System

The odour reception system of human is more sensitive in detecting odours
than any known instrumental technique (Punter, 1986), and is capable of
discriminating among many thousands of odorous substances. The response to an
odour is instantaneous, disappearing immediately when the odorant is removed.

The mechanism of the odour reception occurs when air carrying the odorous
material travels through the nostrils, along the air passages up into the olfactory cleft
(Fig 2.2) where the odour receptors are situated. The olfactory cells, are long and
narrow with their length perpendicular to the plane of the nasal cavity and attached to
each with olfactory hairs, or flagella, which are believed to be affected by odorous
materials, setting off a chain of events which results in the odour being perceived..

The flagella are kept moist normally but when we have a cold or catarrh or due to




changes in humidity or temperature, they are incapacitated and our sense of smell

impaired.

OMactory lobe in bramn

Sinuses
Area of Olfactory cleft
Olfactory tract

Extent of
Nasal

Cavities Sinuser

Nostris

Fig. 2.2 The Human Olfactory System
The olfactory nerves will become fatigue if a person continually inhales
odorous air, this is due to the adaptation of the nervous responses to the stimuli. The
more concentration the odour, the more quickly fatigue becomes complete, resulting

in temporary amnosia.

Mongcrieff identified some pre-requisites necessary for the perception of an
odour. Firstly, the substance to be odorous must have a measure of volatility, so that it
constantly looses molecule. The substance which are non-volatile in room
temperature, such as metal, glass are non-odorous. Secondly, it must be capable of
being adsorbed, that is the molecules be attached to the surface of the olfactory
receptors. Mercaptans and amines are readily adsorbed hence tend to odorous
however, the gases methane, carbon monoxide are not therefore they are non-odorous.
Incapable of detecting odour can be detrimental, as the human nose is unable to

provide a warning of the present of the toxic gas.




2.12 Odour Threshold

The threshold of odour is the minimum quantity of energy required to cause
stimulation in a receptor system (Summer, 1971). Each quality of odour has its own
specific threshold. The odour threshold is the level at which the odour panel response
of 50% is obtained. Odour is measured in odour unit. Odour unit is not expressed as
concentrations (ppm, or mg/m3) but as having an odour intensity level which is
defined in ASTM method of test D1292. For example the odour unit is the value
representing the number of times the odour needed to be diluted to 1/32 nd of its
concentration (32 =2 °) to reach its threshold, then the odour int-neity index OIL

equals to 5.

There is no direct relationship between the odour concentration and the odour
annoyance. Also, there is a great difference between the detection and recognition
thresholds (Hesketh, 1989). For example in low concentration of hydrogen sulfide,
say at threshold level of 0.00047 ppm, a sensitive nose can detect the presence of an
odour but does not recognize it. It may be described as smelling like chocolate.
Appendix 1 lists typical odour recognition thresholds and odour descriptions at the

recognition levels.




2.13 Measurement of Odour

The human sense of smell, cannot be matched by any presently known
instruments as far as sensitivity to most malodours is concerned. Nor can instruments
measure the degree of unpleasantness of an individual compound. The refore people
describe the degree of unpleasantness in a very subjective way and is difficult to
compare. The measurement of odour is by olfactometer anc' ~dour panel. (EPA

Victoria)

The odour panel

The basic principle of this method of odour assessment is that a sample of
odorous gas is diluted with odour-free air in various concentrations until the number
of dilutions required for the odour to be just perceptible by half the members of an
odour panel is determined. The sample is diluted by either the static or dynamic
dilution method. The odour assessment by an individual is a purely subjective matter.
In order to achieve the necessary objective it is usual to employ an odour panel of

four to six persons.

10




Static Dilution

In static dilution, the panel enter a room with introduction of odour and

dilution of concentration. This method is the least subject to error but is very slow,

because purging is needed every time prior to introduce a diluted odour into the room.

Dynamic Dilution

Controlled flows of sample gas and odour-free air are combined to achieve
dynamic dilution of the odour. Numerous types of apparatus have been developed and
tested and vary from those which introduce the diluted malodorant to an individual, to
that which introduces it to several members of a panel simultaneously. Several
olfactometers have been found to give inaccurate and inconsistent results due to
factors such as low flow rate allowing dilution at the panelist’s nose and the use of

materials that allow adsorption losses.

In order to overcome the various shortcomings of olfactometers on the
market, some portable olfactometer has been developed, which is known as Dynamic
Dilution Apparatus. The instrument, developed by Warren Spring Laboratory

(Bedborough, 1979), is capable of measuring dilutions from 25-250,000.

11
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In the process of samples collection a large Tedlar bag, made of polyvinyl
chloride film and having a low adsorption tendency, is used. It is then placed in a
rigid container in which vacuum is created and causing the inner bag to inflate and
the sample is collected through a sample line of PTEE materials. Hot wet samples
may cause condensation in the bag, therefore pre-filling the bag with clean dry air is

sometimes necessary.

The odour level is defined as the ratio of the volume which the sample would
occupy when diluted to the odour threshold to the volume of the sample. The odour
level is expressed in odour unit and is analogous to concentration (EPA, Victoria).
Sampling apparatus, dilution system and the testing panel are shown in the Appendix

2.

2.14 Problem of Odour Nuisance

Nuisance is a word used casually in many ways, but in the legal sense it has a
definite meanings i.e. infringement of the right to use and enjoy land by a party
against another party (Punter, 1986). However, nuisance by odour or annoyance

cannot be easily quantified.

In the section of the Technical Memorandum of Air Pollution Control
Ordinance, nuisance can be assessed under some criteria or guidelines. When

determining whether the emission of any air pollutant from the source has cause a

12




nuisance, the authority is based on the duration, frequency of emission, the relative
location etc. The details on the policy of the odour nuisance will be discussed in later

chapter.

Experiment has been done (Punter, 1986) on the relationship between the
odour concentration and odour annoyance. The results indicated that there was no
direct relationship between concentration of an odour and the amount of odour
annoyance it caused. However, the human nose responding to the perceived odour

intensity can be expressed by Weber-Fechner Law (Bedborought, 1979).

Odour Complaints

Complaints against odour nuisance seems increased steadily (Environment
Hong Kong, 1992). There are many reasons for this, for instance, housing is being
built much nearer to the plant’s boundary than ever before. And above all, public
expectations of the environment of the people in Hong Kong have changed when

comparing with the one in a decade or even a few years before.

In handling odour nuisance the authority tends to be in an inactive way. They
are seldomly controlled in a preventive aspects. The odour problems tend to follow a
common pattern: (1) complaints begin, increase in frequency and the local authority
becomes involved; (2) environmental officer makes a first inspection; (3) initial
measures make the problem go underground for a while; (4) complaints start again;

(5) resident association is formed, and complains to the director of the company or

13




the authority; (6) an abatement notice is issued and (7) remedial works are undertaken

in a great hurry and under pressure.

A decade before, the deodourization works seemed to be done retrospectively.
They are the results of the odour complaints or the pressure of the community.
Nowadays the assessment on the large offensive smell facilities are all involved odour
assessments in the Environmental Impact Assessments, EIAs (HKG, DSD, 1992 &

HKG EPD, 1994).

2.15 The effect of odour on health

Odours produce a wide variety of emotional and physical effects, unpleasant
odours give rise to unfavourable reactions which can, at the very least, cause much

unhappiness for the receptors.

There is no doubt that odours do pose a problem for environmental health but

to what extent they affect the health of an individual exposed to an odour is difficult

to say with precision.

Odours are very subjective in nature and affect people in different ways.
Various common reactions which are associated with exposure to odours include
physiological, toxic, psychological, annoyance and social reactions, many people

experiencing more than one reaction at the same time (Artis, 1984).

14




The World Health Organisation’s viewpoint is that health is more than tﬁe
absence of disease or infirmity. It is “a state of complete, physical, mental and social
well-being’ (WHO, 1968), If this is accepted then odours destroy the enjoyment of
food and home, are prejudicial to health thus adequate legal measures have to be

made to ensure their control.

2.2 Principle of Deodourization

QOdour Control measures

The successful resolution of ocdour elimination and complaints requires a

careful analysis of the problem. A suggested strategy to control the odour is as follow:

1. Identification of the sources of odour

2. Identification of the chemical composition of the odour

3. Quantification of the intensity and determination of the degree of control that
must be achieve to eliminate or reduce complaints

4. Selection of a method of controlling the odours.

Identification of the odour source may be simple in a small plant. A large
treatment complex such as the waste water treatment plant may have numerous odour
sources. General sources of odours from the odour causing industry are listed in Table

3.1 (Hesketh, 1989).

15
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Table 3.1 General Sources of Odours from the Odour Causing Industries

(Source: Hesketh 1989)

The large offensive plants discussed are abattoirs, sewage treatment plants,
screening plants, refuse transfer stations, refuse collection points. The type of
odorous materials are hydrogen sulfide, mercaptans, ammonia, urea, hydrocarbons
and amines as listed in the table. However, only a careful odour survey combined
with dispersion modeling will provide sufficient information to determine the

required control strategy since the odour components varies from time to time.

16




Numerous analysis of odorous gases from a variety of municipal sources have
shown the presence of one hundred to two hundred organic molecules. Virtually every
family of organic compounds has been found including organic acids, aldehydes,

ketones, ethers along with mercaptans, amines and halogenated hydrocarbons.

Control of odour may include oxidation, absorpiion, adsorption, biological
reaction and chemical addition to the sources or process modifications in an effort to
prevent anaerobic conditions in the system itself. More commonly, the odour sources
should be covered and a ventilation system delivers these off-gases to an odour

removal system.

There are numerous odour control systems available, including adsorption,
incineration, biofiltrations, and wet scrubbers. Each system has advantages and
disadvantages, and only a careful analysis of the problem will help to select an

effective odour control equipment.
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2.21 Adsorption: Activated Carbon

Activated carbons can be produced from a variety of carbonaceous, raw
materials such as wood, coal, peat, nut shells, lignite, bone and petroleum residues.
The manufacturing process involves heating slowly in the absence of air to 400-
600°C, sometimes with the addition of a dehydrating agent such as zinc chloride or
phos “oric acid. Activation is by steam treatment at 750-1000°C, it is a combination
of combustion and oxidation resulting in the creation of a fine pore structure and
large internal surface area. The non-polar surface of activated carbon making it
particularly effective for the adsorption of organic vapours from humid air streams.
Some carbons are further treated by impregnation with metals or salts to produce
“catalytic” carbons for the adsorption of specific adsorbates. Granular activated

carbons typically have surface areas in the range 500-1400 m*> g™ (Dorling, 1978)

Adsorption is the attraction and accumulation of molecules on the surface of a
solid, involves weak forces (physical adsorption) and is usually reversible. Hence,
activated carbon is only a storage system for the odorous vapours or gases which it
removes, i.¢. if regeneration procedures are employed the intensely odorous emission
produced must be subjected to thermal or catalytic incineration to destroy the odorous
constituents. If the filter are discarded they must be disposed of by dumping or

incineration.

18




The adsorption capacity of activated carbon depends upon -

. the concentration of adsorption of adsorbate in the space around the adsorbent

» the total surface area of the adsorbent

. the total volume of pores in the adsorbent with diameters small enough to
facilitate the condensation of the adsorbed gases

+ the temperature

. the presence of other gases which may compete for a place on a adsorbent

. the characteristics of the molecules to be adsorbed, weight, electrical polarity and
shape

« the electrical polarity of the adsorbent surface

. the contact time between adsorbate and adsorbent in a dynamic system

The dynamic adsorption can be expressed in graphical terms and a simplified
picture of what happens in a static bed of activated carbon 1s shown in Fig 3.1. For an
activated carbon bed of face area A cm” and length d cm, subjected to air flowrate of
V, cm’s™, containing an odorant at a concentration of C,, g cm™, the equilibrium
concentration of adsorbate in the vapour phase (XY) progresses through the bed with
time. The distance occupied by the wave (XY) is termed the Mass Transfer Zone

(MTZ).

19
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Fig 3.1 Dynamic Adsorption on Activated Carbon

If the maximum tolerable concentration permitted in the treated effluent is C,
g cm™ (the breakthrough concentration) the point P will eventually be reached when
this concentration is attained. The time interval from the start of the operation to this
occurrence is termed the Penetration Time, and the amount of odorant adsorbed per
unit weight of carbon at this stage is a measure of the Penetration Capacity. In odour
control applications these become the most important parameters as they indicate
when the carbon requires regeneration or replacement, and when the treated air is

likely to cause an odour nuisance.

Performance of thin filters at short contact time was done by Dorling. Odour
from the animal by-products was examined. The odorous constituents from cooking

of animal alcohol, ethanal, hydrogen sulphide, methy! mercaptan and carbonyl

|
-
[ ¥
L2 ol

sulphide. It was shown that although removal efficiencies was in excess of 90% for

1
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some constituents, the analytical and sensory results concluded that at short time of
contact, say 0.5 sec. activated carbon is not efficient for the sustained removal of
malodorous organic compounds. Activated carbon with short contact time are not

suitable as a primary abatement system for the animal by-products rendering plant.

The efficiency of adsorption of activated carbon filters for the removal of
odorant species in air is dependent upon the origin and properties of the carbon, the

chemical nature of the odorant and the operating conditions.

The most important operating variable is the contact time which, for any given
filter thickness, is inversely proportional to the linear velocity and can b equated to
the volume of carbon per unit volume of air to be treated in one second. The value
can be adjusted by varying the flowrate or the quantity of carbon. The higher the
contact time the better the performance. Practical limitations are the cost and size of
the equipment and the increasing air resistance of the filters with increasing thickness.
the odour abatement efficiency was never entirely satisfactory for dealing with

primary odour emission.
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Addition of ozone

The addition of ozone before adsorption can be very beneficial and economic
n prolonging the working life of the carbon filter. It is most effective with sulphur-
containing compounds at long contact time and high ozone/odorant molecular ratio.
Ozone does itself eventually break through the filter and steps should be taken to

guard against any toxic effects.

Some Advantages and Disadvantages of Activated Carbon

ADVANTAGES DISADVANTAGES

. : Removal efficiency decreases, zero
+ High removal efficiency for Low © y 5SS,

concentration malodout removal after breakthrough point

+ Product recovery possible — Relatively high operation cost
+ Easy control —~ Regeneration problem
+ No chemical disposal problem — Disposal problem

— Particulate or humid air will decrease the

removal efficiency

22
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2.22 Absorption: Scrubber

Wet scrubber is a common specified odour control device. There are two
approaches to wet scrubbers, one method disperses a small quantity of finely
atomized droplets into the gas stream and provides a 15 second to 30 second contact

time for exchange of odorous gases to the liquid droplets.

The other method utilizes absorption ~olumns filled with a packing material.
The purpose of the packing is to provide a retention time for the liquid, create a large
liquid surface area and allow thorough contact between the gas and the liquid.

Packing is available in a variety of shapes, sizes and materials.

Packing provides and extends the surface area for the transfer of the gas to the
liquid phase. The route for both the gas and liquid increases the retention time
between them. Good packing has a large void space, has a large exposed surface area,
is lightweight, large exposed surface area. This surface area is required for the

transfer of the contaminant from the gas phase into absorbent solution.

Generally, packed absorption columns consist of a vertical cylindrical tower
with appropriate supports to hold the packing material, a liquid distributor above the
packing to provide even water distribution. Air enters the bottom of the towerand [,

exists at the top after demisting. Water falls counter currently under the influence of

s
!
&l
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gravity, where the flow is impeded and redistributed as it spreads around, across and

through the packing surfaces.

The scrubbing solution falls into a collection tank (sump) where chemical
adjustments are made and the solution is re-circulated to the top of the scrubber. The
major criteria in the design of the absorption column is selecting the correct chemistry
and providing optimum conditions for transfer of the odorous molecules from the air
stream to the liquid for removal. The common odorous gases from the waste water
such as hydrogen sulfide, mercaptans, amines and many other odours are readily
absorbed, and oxidized in a wet scrubber when the re-circulating solution contains the

correct chemicals at sufficient a concentration.

Some Advantages and Disadvantages of scrubber:

ADVANTAGES DISADVANTAGES

+ Constant removal efficiency ~ Need to handle chemicals

+ Relatively small space required — Create waste water disposal problem
(compare with biofilter)

+ Abile to collect particulate as well (No -~ High operating cost (More mechanical
need of prefilters) movement parts and chemicals)

+ Fiberglass construction can resist

corrosive gas, e.g. H,S
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2.23 Incineration

Thermal incineration

Incineration of many gases and vapour can be completely destroyed by rapid
oxidation. For example, the incineration of carbonaceous compounds can be
destroyed to carbon dioxide, and water vapour. Every hydrocarbon material has a
property which we call the auto-ignition temperature. But in practice, a few hundred
degree of temperature should be added to it in order to overcome some heat loss

Table 3.2 (Ross, 1975).

Acetone......... ... ... ...... 1000 Hydrogen................... 1076
Ammonia e e e 1200 Hydrogen cyanide.......... . 1000
Benzene e e 1075 Hydrogen sulfide ... ... ... . 500
Butadiene. . ... ... 840 Kerosene e e . 490
Buty ! alcohol . . e 693 Maleic anhydride. . .. . . 890
Carbon disulfide .. . ....... 257 Methane .. ... ... e 999
Carhan manoxide . 1205 ' Methel aleohnl . . 878 -
Chlorobenzene . . . 1245 Dichloromcthane .. 1185
Cresel ... . . .. ... ..... 1038 Methyl ethy | ketone. . .. . 960
Cyclohexane . ... . ..... .. 514 Mineral spirits, ... .. .. .. 475
Dibutyl phthalate . ...... . 760 Petroleum naphtha ... .. . 475
Ethyl ether. . e . 366 Nitrobenrzene ... . ... . 924
Methyl ether. .. .. e 662 Oleic arid . ..., ..., S 685
Ethane S . Q50 Phenol .. . ... ... ... .. 1319
Ethyl acetute . . 007 Phthalic anhydride .. . . 1N84
Ethi) alcohol . . . 790 Propane . . . 874
Ethyl benzene . oL 570 'ropylene .. . . L. 910
Ethyl chloride. . e e 965 Stvrene . L. L. L. L. 915
Ettiylene dichloride . . 775 Sulfur . .. B 150
Ethylene glveol b TTs Toluene o ‘ 1026
Ethylene oxide . ] 50t 2 Turpentine A . 483
Furfural | o | 739 Vindl acetate . . 800
Furfural alcohol . . 915 Nuvlene Lo Yyt
Glycerin .. . e 739

Table 3.2 Autoignition Temperature of Hydrocarbons, °F
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To achieve complete combustion by the thermal destruction of odours,
generally, gaseous odour is retained at 1200 to 1500 °F, for 0.3 to 0.5 seconds, and it
will be oxidized, providing adequate turbulence and oxygen are present. Some cases,
auxiliary supply of oxygen and fuel is required. Therefore additional fuel cost leads to

the disadvantage of using incineration for odour control.

There exists advantages by using thermal destruction of odours. It is claimed
to be simple, effective, permanent, and will not give rise of secondary effluent
problem, a drawback of wet scrubbing but there are disadvantages. Note that
incomplete combustion of many odorous materials can produce substances that are
even more offensive. Saturated hydrocarbons can burn to aldehydes, alcohols to
organic acids, and aromatics to unsaturated compounds which are pungent and
irritating. Furthermore, some final combustion products e.g. oxides of sulphur and
nitrogen are odorous and will properly require dispersion via a tall chimney.
Moreover, another drawback of using incinerator for deodourization is the fuel cost. It

is comparatively higher than other methods.

Catalvytic Oxidation

A catalyst is a material that causes or accelerates a chemical reaction without

itself being permanently affected by the reaction. Common catalyst materials include
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2.24 Masking

Odour masking is based on the principle that when two odours are mixed, the
stronger one will predominate. Thus, when a sufficient amount of a pleasant odour is
mixed with an unpleasant one, the latter will become un-noticeable. However, the
solution to an odour problem is complicated because the unpredictable reactions of
people to unfamiliar or unusual odours. In controlling odours origin *ing outdoors in
such places the odours cannot be contained, the masking compound must vaporize
rapidly enough to overcome the unpleasant odour and slowly enough to last for a
reasonable length of time. Masking agents are usually organic aromatic compounds,
natural or synthetic, such as heliotropin, vanillin, eugenols, benzyl acetate, and

phenylethyl alcohol (Cheremisinoff, 1988).
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2.25 Ozone

Ozone is a powerful and useful oxidant. It occurs naturally in the upper
atmosphere, at heights of 18,300 m to 27,500 m above sea level, in concentratic s of

10 to 12 ppm by volume. However, ozone can be formed artificially.

The mechanism of pro.uoing ozone is that an oxygen atom O produced by
decomposing oxygen molecule O, joins together with another oxygen molecule O,
and become O; (ozone) under the energy of certain wavelengths, such as electrical
discharging, ultraviolet ray and electrical decomposition of water (Cheremisinoff,

1988), and so on. There are three basic methods of generation ozone:

1. Electrical discharging system
2. Electrical decomposition of water system

3. Plasma resonancing system

Most odours are associated with molecules which have centres of high
electron density, such as amines, sulfides, and unsaturated hydrocarbons. Ozone most
often reacts chemically, as if it were an electron-deficient molecule. Thus a molecule
having a site of excess electrons (i.e., the odours molecule) is attracted to molecule
which is deficient in electrons, ozone. The two molecules interact chemically to

produce compounds, usually oxides and oxygen, which do not possess any odour.
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Cheremisinoff recommended that a time of 3 to 60 seconds must be provided
for the ozone, and the exhaust to mix and react. Ideally, ozone is introduced into a
plug flow ozone contact chamber having the appropriate contact time. After the
oxidation has been completed in the contact chamber, the odourless gas and the

reduced ozone, now in the form of oxygen, are exhaust to the atmosphere.
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2.26 Biofiltration

Biofilter is a relatively new control equipment used in the treatment of
odorous gases contaminated with biologically degradable compounds. In biofiltration,
odorous gas is brought in contact with biologica'' active substrate. The odorous
compounds from the gas are first adsorbed on the surface of the substrate or adsorbed
in the water which is typically present in the substrate. Subsequently, the compound

are biodegraded by a variety of microbiological processes.

The distribution of microbes in the biofilters has been described as being
vertically segregated (Neff, 1991). In the lower portions of the biofilter bed, the total
microbial population density is the highest. It has been assumed that the microbes at
the bottom of the biofilter preferentially metabolize the more readily degradable
influent compounds and utilize less of the nutrients in the filter material. Conversely,
the less degradable compounds are more readily assimilated in the upper portion of

the biofilter.

The typically size of the biofilters are about 100 cm deep and contain packing
material. The size of the biofilter was determined by the partition coefficient and the
bio-degradation rate (Hodge, 1995). The packing material or carrier substance serve a
propose of providing with the microorganisms with sufficient nutrients. Therefore

porous media capable of adsorbing gaseous compounds and supporting biological
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growth substances are used as filter material, such as compost, soil, peat moss

granular activated carbon (GAC).

There is insufficient available data on elimination rates of pollutants for
various filter media. The removal ~f odour by biofiltration or the mass transfer rates
depends on steps similar to: wet scrubbing (gas/liquid contacting such as
absorption)and dry scrubbing (gas/solid contacting such as adsorption). However, the
inter-relationship is quite comp!~x and highly specific only limited number ot
parameter correlation can be found in literature (Allen, 1994). In general, operating

aditions such as moisture content, pH, temperature, and nutrient concentrations are

the critical factors affecting the process rate but it has not been extensively tested.

A mathematical model was developed that describes basic transport and
biological processes for a biofilter (Hodge, 1995). In the modelling, (i) compost, (ii)
GAC granular activated carbon, and (iii) a mixture of compost and diatomaceous
earth as biofilter packing materials to treat ethanol vapours. While the adsorption
capacity of the GAC was substantially reduced by water and microbial growth, it
remained highest for the three media. The compost microbial community had a higher

degradation rate constant. Carbon provided the best treatment overall.

The biological-treatment processes used in wastewater treatment facilities and
contaminated soil treatment plots have proven effective (Hodge, 1995). Most research
and development of the technology has occurred in Europe (Allen, 1991& 1994) &

(Leson, 1991). In the US, there was limited application of biofilter (Neff, 1991). The
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reason was that it was due to the problem of high pressure required for the air
distribution in the old system. But after modification of the air distribution desi gh, it
will become more popular. Successful applications in Europe include abatement of
odours from composting works, wastewater treatment plants, and similar facilities. In
the Federal Republic of Germany , about 30 companies and manufacturers are active

in the design and construction of biofilters (Koenig, 1990).

Relationship between the particles size of the biofilter and the pressure drop
of the filter was examined (Allen, 1994). If the pressure drop increased to 2.5 kPa,
the filter bed needs to be repacked or the compost replaced. When water content of
the filter was increased, coagulation of small viscous particles was enhanced and the
pressure drop increased sharply. However, the rapid built-up in pressure could be
suddenly released by channeling, i.e., a breakdown of the overall flow restriction by
the formation of a channel of much less resistance caused by a separation of packed

materials. It is not desirable because it allows pollutant to exit the system without

treatment.

The following lists the operating conditions for the biofilter to treating the H,S,
(Allen, 1994):

1. Temperature: 25 to 50 °c

2. Compost pH: >3.0

3. Compost water content: 50-+-15 percent

4. Compost sulfate content: <25 mg-S/g

5. Pollutant retention time: > 15 sec
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Recently, biofiltration treatment has expanded to include control of volatile
organic compounds (VOCs) and air-toxics emissions from a variety of contaminant
sources. Typical control efficiencies for removing VOC (Ray, 1995) ranged from 70

to 86 percent. The control efficiency of ammonia ranged from 78 to 96 percent.

A possible advantage of biofiltration over other air pollution control
equipment is in treatment of large volumes of off-gases containing low concentration
of easily biodegradable constituents. Current approaches for treating such waste gas
streams have disadvantages. Chemical methods such as incineration, chlorination,
ozonation, and combustion expensive, requiring elaborate equipment and substantial
amounts of addition fuel. Adsorption on activated carbon is also costly, and the
saturated carbon may be a hazardous waste, requiring either regeneration or
transportation to a hazardous waste landfill. Below lists some advantages and some
disadvantages of biofiltration. It is good for the municipal wastewater treatment plant,
as the odours usually caused by a mixture of low molecular weight reduced sulfur
compounds and various other compounds. The highly odorous reduced sulfur
compounds are relatively easily oxidizable into less odorous forms by wet scrubbing.
However, wet scrubbing with oxidative reactions is sometimes less effective with
other types of odorants (Ostojic, 1989). Therefore activated carbon is sometimes
needed to polish the odours remaining after wet scrubbing. Biofiltration was shown to

be capable of achieving high odour removal efficiency without a need for several

stage of treatment.
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Advantages

Disadvantages

high odour removal possible

low capital and operating cost for in-
soil biofiltc

low maintenance (primarily for in-
soil biofilters)

versatility in performance (e.g. in

comparison with wet scrubbing which

bacteria cultures sensitive to changes
in inlet conditions (temperature,
composting)

may require gas conditioning

space requirements (for in-soil filters)

potential deterioration of the

uniformity of flow distribution

offers limited types of reactions)

Advantages and Disadvantages of Biofiltration

Table 3.3

Cost implication of biofilter & compare with other measures

Biofilter technology in general represents the most cost effective means of
controlling odours. A comparison of cost data was prepared (Neff, 1991) for several
odour control technologies. A comparison basis used air flow rate of 10,000 cfm
(cubic feet per minute) with an inlet H,S concentration of 20 ppm and an outlet

concentration of <Ippm. The cost comparison is presented in TABLE 3.4. As seen in
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the table, the biofilter is the less expensive system to construct and operate 1n an

annually base.
Deutscmark per 1000m3 of air
Incineration DM 9.1
Chlorine 4.2
Ozone 4.2
Activated Carbon, with generation 1.5
Biofiltration 0.6

Cost of odour removal at a waste water treatment
plant in Heidelberg, Germany, by Neff, 1990.

Table 3.4

Tests indicate that the lifetime of the filter media exceeded three months and

may well extend to beyond six months.

Research and development work is required to reduce the costs of
construction and to find materials to which will not deteriorate quickly. Work is also
required to reduce the large surface for the biofilter especially for accommodation in

the plants of Hong Kong.
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3. Objective & Methodology

This dissertation aims to investigate (i) the nature of odour (ii) the odour
problems generated from large offensive smell facilities (iii) the measurement of
odour (iv) the deodourization measures (v) the legislation control of the odour

nuisance.

The methodolegy includes the literature search and questionnaire survey.
A literature search will give some brief explanation on the deodourization measures

and comparison of effectiveness among the odour removal equipment.

Besides, a questionnaire was set and a survey has also been carried out on the
study of the odour problem, it’s measures and regulations adopted by the overseas
countries. Information was also gathered from various departments in Hong Kong
through questionnaire and interviewing of the relevant persons. Many government
departments such as EPD, DSD, USD and RSD have been approached to review the

existing problems and measures.
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4. A Review of Odour Problems

4.1 Odour Problems and its Control in Overseas Countries

One of the objective of this project is to review the development of the
deodourization measures and legislation in the overseas countnies. This is to compare

with the existing one in Hong Kong. The data collection process involved :

e a questionnaire survey on the relevant organisations and authorities of overseas
countries;
e a questionnaire survey on the relevant departments in Hong Kong, and interview

with the relevant engineers and officers

A questionnaire as shown in Appendix 3 was designed to assist in gathering
information on odour control and legislation by overseas countries. The questionnaire
has three main themes, first it aimed to identify the odour problem and the
seriousness in different facilities. Secondly, it is to find out what kind of measures are
being used for odour control. Finally, it is to obtain information on the legislation or

code of practice directly related to the control of odour in the facilities.

A total of 59 organisations or authorities in overseas countries were
approached. The approached overseas countries include U.S.A, Canada, West

Germany, Denmark, Australia, France, Brussel, Singapore, Thailand, Taiwan, etc.
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Many of them are government offices, agencies and research centres, (Appendix 9).
Response were received from 16 of them. However, only 9 of them had completed the
questionnaire, the list of the responders is shown in Appendix 4 and the completed

questionnaires are shown in Appendix 5.

Analysis and summary of the returned gquestionnaires

The summary of the information provided by these 9 responders was tabulated in
Appendix 6. Each responder has adopted various kinds of control measures and there
exists legislation/code of practice for the odour control on the offensive smell

facilities. They are described as follows:

Responder #1

New York State Department of Environmental Conservation, Division of Water

Information from the New York State Department of Environmental
Conservation, Division of Water, was only concerning the sewage treatment plants.
They recorded 592 numbers of sewage treatment plants in their state. In which 585 of
them were in acceptable odour level. And 7 of them were between moderate and
serious odour level. Five plants have adopted the improvement of operation for
reducing the odour. Only one plant has equipped with water scrubber to mitigate the
problem and the other one has changed it’s process to avoid the odour. As seen from
these figures, the problem of odour emitting from the sewage treatment plants in this

state is not substantial.
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As shown in the returned questionnaire that the affected persons were
restricted only to the operators and the passers-by, but not the nearby inhabitants. The
reasons may be due to the low odour emission or the inhabitant are situated farther
away from the plants. The reasons for those plants adopting odour control equipment -
aie: (1) they generated high level of odour, (2) there exists sensitive receivers. As
such, the plants with moderate and serious odour problem have adopted some

measures su h as scrubber and improvement of operation as nc ‘ed.

No legislation was directly related to the control of the odour level inside or

outside the sewage treatment plants, but there is only a general nuisance provisions of

local legislation, operation and maintenance conditions of permit to discharge.

Responder #2 & 3

New York State Department of Environmental Conservation,

Division of Solid & Hazardous Materials

This division manages the refuse collection stations and the composting
plants. They listed out the legislation related to these plants and showed that there are

different kinds of control equipment for these processes.

There is legislation directly related to the control of odour level of the refuse
transfer plant. As reported by the Division of Hazardous Materials that “New York

State’s Environmental Conservation Law states that the Department has the power to
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adopt and promulgate, amend and repeal rules and regulations directed at the
prevention and reduction of obnoxious odours”. New York State’s Part 360
regulations which govern the operation of transfer stations include a requirement that
processing, tipping, sorting, storage and compaction areas must be located within an
enclosed building. Furthermore, the regulations state that transfer stations and transfer
vehicles must be cleaned to prevent odours. The regulations also state that odours
must be effectively controlled so they do not constitute nuisances or hazards to health,

safety, or property”.

It is clearly showed that it is a statutory requirement of controlling the odour
generated from the refuse transfer station. Of 481 refuse transfer stations, 194 are
large ones and there are moderate odour emission from these plants. Hence,
mitigation are adopted in the large plants. They employ odour-control utilize

perfumed misting agents inside their tipping floor area.

For the composting plants, there is legislation to follow. In the document
from, entitled 6NYCRR Part 360, Solid Waste Management Facilities, New York
State, there is a requirement of that the facility must be designed and operated to

control and odours. (Page 5-3 Section 360-5-3, h).

Subsequent to this regulation, 34 numbers of composting plants which

generating moderate odour are equipping with atomizer for spraying into the pile of
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Responder # 4

Florida Department of Environmental Protection

According to the data provided by the Florida Department of Environmental
Protection, there are 3475 numbers of sewage treatment plant and 6 numbers of
composting plant respectively in Florida. The odour problems affect the operator, the
passers-by and the nearby inhabitants. Although, in the questionnaire, they do not
indicate which kind of control measures are adopted, it is clear that they should
follow stringent rules for new treatment plants and modifieations to existing plants.
These plants shall be designed and located on t' 2 site so as to minimize adverse
effects resulting from odours, noise, aerosol drift and lighting. In the rule 62-600 of
Florida, they require the plants to avoid causing the above mentioned adverse effect
and reasonable assurance may be based on such means as aeration, landscaping,
treatment of vented gases, setback distances, chemical additions, prechlorination,
ozonation, innovative structure design or other similar techniques and methods. (62-

600.400 of Domestic Wastewater Facilities, chapter 62-600, rule of Florida DEP)

Moreover, terms of conditions are imposed in the rule that if the plants no
longer function as intended, or no longer safe in terms of public health and safety, or
odour adversely affect neighboring developed areas, corrective action shall be taken

by them. (62-600.410 of Domestic Wastewater Facilities, chapter 62-600, rule of

Florida DEP)
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Responder # 5

Perth, Western Australia, Department of Environmental Protection

In the response of the Depaitment of Environmental Protection of Perth,
Western Australia, there exists no odour problems in the pumping station and the
refuse transfer stations. However, the sewage treatment plants and the abattoirs are
facing moderate problems of odours. The effective area of odours affecting is about
500 meters to 1000 meters. It is revealed that 10% of the plants have been equipped
with control measures. They are scrubber and incinerator/after bumer, both in 5%.

And there are about 1% of activated carbons.

Code of Practice exists for the abattoirs. However for the other types of plants

they are only ensure adequate buffer distances around the plant.

Responder # 6

Texas Natural Resource Conservation

It was seen that there are 2430 sewage treatment plant reported and the odour
problem is in moderate but there is serious problem in the composting plant. The
method of treating the odour is by the scrubber and various management method such

as operation and maintenance, design, and collection system.
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It is a need to use odour control equipment if there exist sensitive receptors
and also it is a statutory requirement. Similarly, the buffer zone distance is adopted to

control the odour emitted from the plant.

Responder # 7

State of New Jersey. Department of Environmental Protection

The information provided by the State of New Jersey shows that they are
facing very serious problem in the sewage treatment plants, and composting plants.
Therefore all the composting plants have installed the odour control equipment. But

there are only 10% of the sewage treatment plant have installed such equipment.

Other than the commonly used scrubber as the odour control equipment, they
also adopted the biofilter and the activated carbon. The percentages of these

equipment installed are 60%, 30% and 10% respectively.

Insufficient information was provided on the legislation of the control but it is

known that they are required to set the operation limit of the plants in a level of no

odours scented beyond the property line.
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Responder # 8

State of Illinois, Environmental Protection Agency

In the State of Illinois, there are about 1400 sewage treatment plant, only 10 of
them have moderate odour problem. In which only 4 or 5 sewage treatment plants
have odour control equipment. It is in an extremely low proportion. However nearly
all of the refuse transfer stations and the composting plants have adopted various
kinds of measures, such as the activated carbon, chemicals, and operating control.
Setback requirements from receptors are the means to control the odours in a

legislative manner.

Responder # 9

Republic of Singapore, Ministry of the Environment

There are altogether 6 numbers of sewage treatment plant and 134 numbers of
pumping stations in Singapore. The seriousness of them were classified as moderate.
The only one refuse transfer station is in an acceptable level. The affected persons are
the passers-by and the nearby inhabitants within the 2.8 ha area coverage. They
indicated that all of the sewage treatment plants have only been installed activated
carbon as the control equipment for treating the high level of odour emission. And the
odour control equipment in all those plants will be upgraded in the future. On the
legislation size, 1 km buffer zone imposed around the plants, in which only industrial

development are permitted. Plans underway to reduce buffer zone in the long-term.
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Analysis of the result:

Based on the data provided by the questionnaires from the overseas countries,
the seriousness of odour problem generated by the offensive smell plants can be
analyzed. As classified in the question 1 of the questionnaire, the seriousness of the
malodour can be divided into the following 5 classes for ease of calculation: no
odour, acceptable, moderate, serious and very serious, with grades 0 to 4. It was found
that the overseas authorities or organisations have a serious problem in the
composting plant and moderate to serious problem in the sewage treatment p'~~ts

and little problem for another plants, (Fig. 4.1.)

It was calculated that there are 44% of the offensive smell plant installed air
pollution control equipment for deodourization. Fig 4.2 shows the breakdown of the
kinds of control equipment. The most common one are the scrubber and the activated

carbon with a small number of biofilters and others.

Regarding to the question 6 & 7, the reasons for installing and not installing
odour control system was asked. The summary of the questionnaire survey is shown
in Appendix 6. Fig 4.3 and Fig 4.4 are the graphical representation of results of
question 6 & 7. The main reasons for them to install such equipment is the existence
of sensitive receiver and the odour emission is high, only about 18% is according to
the statutory requirement (Fig 4.3). On the contrary, they did not install odour control
equipment because odour was in low concentration emission, however the economic

factor is increased to 26%. Economic concern plays an important role in considering

the odour control equipment Fig 4.4.
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4.2 Odour Problems and their Control in Hong Kong

The offensive smell plants in Hong Kong, including Sewage treatment plant,
composting plant, abattoir, refuse collection point and refuse collection station, have
also been studied. The details are shown in lie Table 4.1. The information on these

.. 0ts was gathered from:

1. questionnaire to the appropriate departments, see Appendix 7,
2. interview with the officers; and

3. search from EIA reports

The abattoir in the Kennedy Town created environmental problems to the
nearby inhabitants. This was due to the close distance between the plants and the
inhabitants and the inadequate of deodourization measures. Therefore, in the EIA
reports of the abattoir (MacDonald, 1995) & (ECEL, 1995) and the refuse transfer
station (HKG EPD 1992, 1993, 1994), it was found that air pollution nuisance should

be considered and abated in the newly designed plants.

There is no statutory requirements for the composting plants, sewage
treatment plants, and refuse collection points to have any air pollution control
measure. For existing plants the authority is acting in a complaint basis. That is, if
there is no complaint then there is no air pollution problem. However, for some of the

plants such as the composting plant they have installed wet scrubber to treat the
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odorous gas from the bio-degradation of the compost. There are also some scrubbers

in the refuse collection points as reported by the Urban Services Department and

Regional Services Department in their returned questionnaires.

The kinds of air pollution control equipment used in various plants are listed

in the Table 4.1. It is revealed that the most common measures are scrubber and

activated carbon. Only one biofilter is being used in the sewage screening plant in

North Point and also there is a proposal to use the technique of ozonation to abate the

odorous gas from the newly constructed abattoir in Sheung Shui.

Plants

Activated
Carbon

Scrubber

Biofilter

Ozone

Nil

Abattoir
Kennedy Town
Sheung Shui (proposal)
Others (TW,CSW,CC,YL)*

SN

v

Refuse Collection Point (USD)
Quantity; (105)

7 (10)

v (61)

v (34

Refuse Collection Point (RSD)
Quantity: (2537)

v (7)

v (2)

v
(2528)

Refuse Transfer Station
Kln Bay
Island East
Sha Tin

NN

Sewage Screening Plant
Kwai Chung
StoneCutters Island
Wanchai West
North Point

AN

v

v/

Composting Plant

v

*TW: Tsuen Wan, CSW: Cheung Sha Wan, CC: Cheung Chau, YL: Yuen Long

Table 4.1 Hong Kong’s Offensive Smell Plants;
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The odour limit for odorous plants

In general, there is no statutory criterion for maximum levels of odours in
Hong Kong but the Environmental Protection Department recommend a level of 5
odour units predicted over 5 minutes for assessing impacts at any sensitive receiver.
EPD zlso recommend a maximum level of 2 odour units at the site boundary. This is
the common acceptable level in EIA and the criterion set indthe Best Practicable

Means (BPM) of the Specified Processes. This odour unit is recognised as a means of

predicting whether odour nuisance will occur once the proposed use is in operation.

Among the aforesaid offensive smell plants, the abattoir is the only one which
is classified as the Specified Process under the provisions of the Air Pollution Control
Ordinance. The abattoir, by-products plant of the slaughterhouse, is fall within the
category of rendering works and is under licence control and is necessary to
incorporate best practicable means to prevent noxious emissions. Notes on the

requirements of BPM are provided in Appendix 8.

Licence will only be granted to the specified process if the owner of the
premises conducting the works can provide and maintain BPM for the prevention of
the air pollution emissions from it and the air pollution emissions from the premises
will not cause unacceptable air quality so that the Air Quality Objective can be

attained, and the health of the people in the surrounding will not be jeopardized.
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4.2.1 Abattoir

Although in this study the abattoir is the only plant which is classified as
specified process, and under the control of EPD, the notes on Best Practicable Means

(BPM) can still be adopted as a reference for other offensive smell plants.

In BPM, the design of the chimney is governed by the mathematical or
dispersion modelling such that the emission from the exhaust will not cause air
pollution. The chimney height, efflux velocity , exit temperature and the mode of
discharge are the essence design conditions for the chimney. Secondly, the emission
limits of 2 odour units must be complied with. And emission concentrations for air
pollutants such as hydrogen sulphide, mercaptans, chorine and its compounds,
ammonia, amines and amides are limited to certain figures. Thirdly it has
recommended some kinds of odour control equipment such as scrubber, incinerator,
biofilter, or similar suitable control equipment. It has also emphasized on the good
handling of raw material, processing and housekeeping to minimize odour emission.

Lastly, the monitoring of the control equipment to maintain its efficiency is needed.

4.2.2 Sewage Works

The sewage treatment plants in Wan Chai and North Point had been installed
with odour control equipment. Before the retrofit of the odour control equipment,

there existed serious odour problem in the vicinity of the plant as they are located
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closely to the commercial and residential areas therefore measures should be made.
Biofilter was introduced to the sewage treatment plant in North Point and scrubber

was used in Wan Chai.

EIA on the study of the sewage screening plants and pumping station have
been conducted by Drainage Services Department, 1992. East Kowloon
improvements Works of the sewage involved an upgrading of an existing pumping
station in Kwun Tong and installation of a new pumping station at Yau Tong. Odour
emissions from the pumping stations will consist of a range of different odorous
compounds. The sewage to be handled at the two proposed pumping stations will be
of domestic and industrial origin due to the nature of the Kwun Tong and Y-u Tong
surrounding areas and therefore its components are difficult to category in the

planning stage.

It was shown in the EIA of the plant that odour panel tests were undertaken at
the Kwun Tong Screening plant to provide data for the predictions through the use of
an atmospheric dispersion model. It is seen that the condition was carried out base on
the worse case assumption. In summer time the odours scented near the Yau Tong
pumping station is over 25 odour unit and down to 3.4 odour unit by reaching the
sensitive receptors. This modelling results indicate that the levels of odour at the
boundary of Yau Tong pumping station exceeded an odour level of 2. Two odour

units is the normally acceptable threshold therefore odour mitigation measures are

required.
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Unfortunately, there is no statutory requirement by the government to force
the contractor in the proposal stage to install odour abatement equipment in purr;ping
stations or in other sewage works. The only requirements laid down in the contract
was that no exceeding 2 OD should be received at the boundary. Therefore the
proponent might only need to allocate space at the stations for retrofitting odour
treatment works if required later. However, in order to manage the odour problem, the
plant should be totally enclosed and the control system should be properly designed
for the ren wal of particular chemicals. The system may include completely
capturing devices to direct the odorous emissions to the control system. Moreover, as
mentioned before, the odour may consist of various chemical components, it is
therefore essential to examine them in the early stage and hence odour control
equipment can be chosen in the proposal stage. Without having a thorough
assessment on the odour problem in the design stage, the retrospective installation of

control systems may arise accommodation problem and other technical problems.

4.2.3 Refuse Transfer Stations

The refuse transfer stations, Kowloon Bay, Island East and Sha Tin, were
commissioned between 1990 and 1994 (HKG EPD Environment of Hong Kong

1995). Another five numbers of refuse transfer station are targeted to be
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commissioned in 1997 and one will be at 2000. The odour problem of these stations
are well be aware and therefore all existing refuse transfer stations had incorporated

with odour control equipment such as activated carbons and scrubber.

EIA studies on the new refuse transfer stations have been conducted for
stations in North West New Territories and Outlying Islands. They were being
undertaken in the year of, 1993 and 1994 respectively, (HKG EPD, 1993 & 1994).
T.cse two refuse transfer stations are at the rural areas and there exists a very large

buffer zone in between the sources and the nearest sensitive receptors.

As in general practice, the reports first analyzed the nuisance which would be
caused in the construction stage of the works, then in the operation stage. There
would not be any odour problems in the construction stage. Therefore odour would
only be considered in the operating stage. There was no existing data of odour levels
for the various sites in the remote islands, But the numerous complaints relating to
odour of the existing plants should serve for consideration of the interface between

the source and the receptors.

The potential odour emission sources from the refuse transfer stations are the
deposition of refuse and refuse liquors in the transfer facility; surfaces contaminated

by deposited refuse; waste water collection facilities and refuse collection vehicle and

container vehicle.
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The study recommended that leachate treatment process at Mui Wo will result
in the removal of odours compounds. But at the Discovery Bay, the enclosure of: the
operation within a building with appropriate air control systems should ensure
compliance of 2 odour units at the site boundary. For others outlying island station,
the problem would be limited to its minimum as the scale of the refuse transfer

station are small.

4.2 4 Refuse Collection Point

In the Table 4.1, it shows that there are a large numbers of refuse collection
points in Hong Kong managed by the Urban Services Department and Regional
Services Department. In order to facilitate the collection processes , the refuse
collection points are placed very close to the residential areas, therefore odour
problem exists and might get worse in the hot and humid conditions. Therefore a
good housekeeping and a proper operation procedures inside the collection point and
the proper cleansing of vehicles are essence for air pollution abatement. It was found
that scrubbers and activated carbons are the odour control equipment used in the

refuse collection points.
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4.2.5 Composting Plant

The only composting plant is located in Sha Lan, northern part of Hong Kong.

In which ' zrubber is used as air pollution control equipment. Odours will be
generated during the bio-degradation process of the agriculture waste and it is shown
that composting plants in overseas countries might have a serious odour problem.
However, the composting plant in Hong Kong is situated in {* ~ remote rural area,

hence there is no sensitive receptors near the boundary of the plant and nuisance will

be minimized.
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5. Legal Aspects

5.1 The related legislation and regulations in Hong Kong

The related legislation for the control of odour emission is the Air Pollution
Control Ordinance. The main purpose of the ordinance is to control the emission of
¢ '~ pollutants into the atmosphere of Hong Kong from stationary sources. The
Ordinance applies to all premises in which air pollutants are emitted from any
chimney, engine, furnace, oven or industrial plant. In definition, air pollution
nuisance means any emission of air pollutant which either alone or in conjunction

with any other such emission:-

a) is prejudicial to health;

b) is a nuisance to the inhabitants of the neighbourhood

Therefore the plant which generates odour and arising nuisance to the public
can be actionable under the Air Pollution Control Ordinance. Sections 9 and 10 of the
APCO are provisions for controlling the air pollution nuisance: “When in the opinion
the Authority an air pollutant nuisance exists or is imminent, he shall notify the owner
of the premises the existence or imminence of such nuisance, requiring him to reduce
the emission of the air pollutant from the relevant plant. If such air pollutant nuisance
is likely to be prejudicial to health the Authority shall require the owner to eliminate

the emission of such pollutant. If the owner of the premises fails to abate an air
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pollutant nuisance in such a manner as is specified in the abatement notification, he is
liable on conviction to a fine.” The court, however, will not convict the owner unless
the prosecution proves that the air pollutant nuisance mentioned in the notification

existed or was imminent at the time the notification was given to the owner.
In determining whether the air pollution nuisance can be established, the

authority is based on the criteria in the Technical Memorandum of the Air Pollution

control Ordinance.

Criteria in the Technical Memorandum;

1. Objectionable Odour Caused by the Emission
2. The Relative Location of the emission source and the place affected;
3. The Locality of the place affected;

4. The Time, Duration and Frequency of the Emission.

It is noted that there is no quantitative approach to define the level of the
objectionable, how far apart is classified as a relatively close distance between the

source and the receptor and even there is not a limit on the duration or frequency of

the emission.
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5.2 The qualitative approach policy

The provisions of the Air Pollution Control Ordinance is according to the

policy of qualitative approach.

This is a very common approach in overseas countries [31], regulations
generally are phrased as no perceivable odour at the boundary or no justifiable
complaints. The problem is that regulations do not provide a clearly ¢stablished
criterion to determine if and when nuisance occurs. This lack of definition of terms
invites the need to define these terms almost on a case by case basis. Also, it leads the
operator of the source difficult to follow, because the criteria may shift as time
progresses. In turn, this creates the possibility to use odour annoyance complaints as a
means to influence developments, when in reality the complainants may be of a
different nature. This is highly unfavourable for industry, as operators have an interest

in a reasonably stable and clear framework in which they can fit their operations.

The following table shows the advantages and disadvantages of qualitative

approach policy.
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The advantages and disadvantages of qualitative approach policy:

ADVANTAGES

DISADVANTAGES

+ Direct ‘Measure’ o, e
undesirable effect: odour

annoyance

+ Cheap for the regulator

(NO measurements)

+ No Complaints - No Problem

Very subjective criterion; nuisance needs

case-by-case definition

Provides no ‘Continuity of ['egulation’ to
either the community or the operator

(Industry)
Virtually impossible to control
Impossible to enforce well

Annoyance almost by definition Impossible
to measure, due to external factors (press,

community activities etc.)

(Harreveld, 1994)

The method of qualitative approach is also adopted in the New Jersey of

United States (Leo, 1994). They are using the similar method as in Hong Kong but

they have classified the annoyance to the public into 6 scales. The air pollution

nuisance is expressed in odour intensity description. This can provide comparative

data to the authority to make decision. However the same problem is that the nuisance

is assessed by the officer and they might have subjective point of view on different

cases.
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Odour Intensity Scale

Scale/ Description Odour Intensity Description
0 Odour not detectable
1 - Very Light Odour present in the air which activates the sense

of smell but the characteristics may not be

distinguishable

2 - Light Odorant present in the air which activates the
sense of smell and is distinguishable and definite
but not objectionable in short duration

(Recognition Threshold)

3 - Moderate Odorant present in the air which easily activates
the sense of smell, is very distinct and clearly
distinguishable and may tend to be
distinguishable and/or irritating.

4 - Strong Odorant present in the air which would be
objectionable and cause a person to attempt to
avoid it completely, could indicate a tendency to
possibly produce physiological effects during

prolonged exposure.

5 - Very Strong Odorant present which is so strong it is
overpowering and intolerable for any length of
time and would tend to easily produce some

physiological effects

(Leo, 1994)
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5.3 The guantitative approach policy:

Besides the qualitative approach, the quantitative approach takes quantitative
angle, based on emission measurements combined with modelling to determine odour

annoyance potential.

In this case the emission from the source is measured, using olfactometry to
determine the odour concentration. Then, the frequency of occurrence of
concentrations that may cause odour annoyance is calculated for the area around the
source, using dispersion modelling. The odour annoyance potential is then determined
using empirical ‘dose-effect’ relations, between exposure and actual occurrence of
odour annoyance in similar situations. Air quality guidelines can be set using this

approach. These can be specified in terms of emission limits for specific sources.

The quantitative approach is adopted in the EIA study in Hong Kong and the
requirements of the best practicable means of the specified processes. The acceptable
limit for the odour emission at the boundary is 2 odour units or 5 odour units for 5
minutes in an air dispersion modelling basis. This kind of approach can give a clear

definition of the requirement for the operators and the authority.

The result of the odour assessment from the qualitatively approach can
provide the authorities, the courts, the community, administrators and enforcers a

clear basis for assessment of the situation and enforcement of regulatory decisions. In
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Netherlands (Harreveld, 1994), this approach has been adopted, and welcomed by the
industry to develop a clear basis for licensing to allow them to involve odour -

management in longer term planning.

This method is not without its problems, however. The dose-effect
relationship between the frequency of exposure to certain odour concentrations and
annoyance potential is not an easy one, influenced by factors such as the very quality
of the odour (the difference between a bread factory and a rendering plant). This
approac.i depends on the availability of a sufficiently reliable, traceable method for
odour concentration measurement (olfactometry). Inter-laboratories in the
Netherlands have demonstrated (Harreveld, 1994) that olfactometry can be improved
to provide the required reproducibility, also using result obtained by more than one

| laboratory. The overall error margin (as a ratio between the upper and lower limit of
the 95%-confidence interval for two single results, each obtained by a separate

laboratory) has been demonstrated to be less than a factor 3 which is acceptable for

regulatory use.
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The advantages and disadvantages of quantitative approach policy:

ADVANTAGES DISADVANTAGES
+ Assessment can be well defined, using —~ Modelling provides no direct measure of
tools familiar to air pollution managers annoyance; a ‘yardstick’ compared with

empirical annoyance

+ Provides clear evidence to law courtsin ~ The dose-effect relationship between calculated
case of conflict exposure and actual annoyance is still

insufficiently documented

+ Allows identification of major sources, -~ Odour concentration measurement
and consequently the basis for (Olfactometry) must be sufficiently accurate
abatement strategy and solidly traceable (QA/QC framework for
certification)

+ Clear license conditions possible

+ Enforcement straightforward and

objective

(Harreveld, 1994)

Odour policy should be a reasonable balance between the interests of
commum'ties, wanting clean air, and industry/public works , wanting to know where
they stand and what it will cost them. Broadly, two types of odour policy can be
distinguished. Firstly the qualitative approach states that annoyance may not be
caused, but generally fails to provide a clear way to assess presence or absence of pe—)

annoyance. The second approach, that takes a quantitative angle, based on emission
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measurements combined with dispersion modelling to determine odour annoyance

potential.

5.4 Requirements to implement' the quantitative approach policy

Odorous emissions shall be adequately controlled to ensure that the operation
of the plant would not cause an odour nuisance or impose unacceptable constraint on
land use. To satisfy this requirements, the authority laid down the limitation of 2
odour units for the plants. As described in previous chapter, one odour unit is the
concentration of the odorant which just induces an odour sensation among half of the
panelist. Two odour units is two fold of this concentration. Hence it is a stringent

requirement. Therefore sophisticated odour control is needed to bring the odour to

this level.

Difficulties may be encountered in the implementation of enforcement by the
authority. The odour samples collected at the site boundary may be mixed with the

background air pollutants. It cannot actually represent the odour concentration.
How to produce a reproducible, traceable method to determine odour

concentration is also important. Analytical methods have so far not been able to

reliably predict the response of the nose to the complex mixtures that are involved in
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environmental odours. Therefore, olfactometry is still the one and only method to
measure odour concentration. However, results of olfactometry in literature have been
generally very wide apart. Such differences, are not acceptable when using

olfactometry as a basis for regulations.
The aim of it was to first improve the consistency of measurements, ‘hat is

expressed as the quality parameter repeatability. Then the second aim is to achieve

comparable results, "r different laboratoiic..

67




6. Recommendation

It is noted that there is an increasing use of biofilter in the western countries
due to its high efficiency and less operation technique. But the main consideration is
the space for accommodation. Hence, it is recommended to look into detail of its
application in Hong Kong since the high temperature and humid condition favour its

working environment.

By sampling the odorous gas at the boundary, the background air pollution
may add to the sample. It is inadequate for the authority to enforce the control of 2
odour units at the boundary. Therefore in order to eliminate the influence of the
background air pollution, the sample should not be taken at the site boundary. The
odour concentration should be measured at the chimney or emission point of the plant
and it can be converted to the value of 2 OU at the boundary by the mathematical
modelling. Hence it is more realistic to set an odour emission limit at the chimney or
emission point at the plant instead of at the site boundary. And odour sample is taken

at those designated positions.

Finally, the qualitative approach to the control of odour nuisance laid down in
the provisions of the Air Pollution Control Ordinance should be changed to
quantitative one. But the pre-requisition is the sophisticated olfactometer and its
reliability. Therefore the quality of the olfactometer should be traceable and be
accredited by recognized authority such as Hong Kong Laboratory Accreditation

Scheme HOKLAS.
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The recommended quantitative approach can only represent an odour unit of
the air pollutant. However, it was found that two different natures of air pollutants
with the same level of odour unit may not equal in intensity of annoyance. Therefore,
even with the adoption of the quantitative approach to the legislation or code of
practices, the control authority may still not easy to judge whether the air pollutant is
acceptable. There are many kinds of air pollutants and they will cause annoyance in
different level. Hence, it is recommended further defining the statutory ‘ts of

every kinds of popular air pollutants in terms of odour unit.
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7. Conclusions

The emission of odours from industrial and waste management sources has
become a major problem for industry and water authorities. A decreasing tolerance by
the community for nuisance odours has necessitated programs aimed at minimizing
odours at the source and reducing emissions using a range of odour control
technologies. A first step towards odour reduction is an accurate determination of the
problem, and recent developments in dynamic olfactometry have seen this sensory
quantification technique take over from chemical analysis methods as the

predominant method used.
Odour problems are likely to get worse due to:

s Industry and public utilities being increasingly enveloped by housing
e Increasing public awareness and political choice for clean environment

e More established mechanisms of community action/legal action

Odour control equipment

Odour control techniques consist of oxidation, adsorption and use of bacteria.
The usage of activated carbons and scrubbers for deodourization are widely used in

overseas countries and in Hong Kong, But the wet scrubber has its advantage of
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constant removal efficiency and its versatile in handling other particulate. Besides, it
was seen that the activated carbon, with its simple principle and easy operation ig
widely accepted by the community for the odour controls. The activated carbon has a
very high odour removal efficiency, but the drawback is that the short breakthrough
period increases its operational cost and the removal efficiency will be decreasing
once the carbon becomes saturated. On the contrary, biofilter has the advantages of
simplest operation procedure and lowest operation cost. Recently, the acceptance of

biofilter to be the odour control equipment is increasing.

However, odour control systems do not give overall success unless the entire
facility 1s properly enclosed and maintained, especially for the densely populated area
like Hong Kong. The air pollution control system includes capturing devices to direct
the odorous emissions to the control systems. It also includes effective housekeeping
and general cleanliness, proper raw material/finished product handling and storage,
good spill protection and waste disposal procedures. In addition with the dispersion

through the chimney, the odour could be reduced to the acceptable level.

Survey on deodourization

Only 44 % of the large offensive plants in overseas countries have been
installed with odour control equipment. The common air pollution control equipment
are the activated carbon and wet scrubber. Although there was no quantitative

requirements on the odour limit set by the overseas countries, the setback distance
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and sufficient buffer zone between the source and the receptors is adopted as one of

the requirement.

Similarly, activated carbon and scrubber are the two common odour control
equipment used in Hong Kong. However, only one biofilter is adopted in the sewage

treatment plant and ozonator is being proposed to be used i:. the abattoir. Thus more

study should be made on using biofiltration or ozone as deodourization in Hong Kong.

Legal aspect

There is no statutory requirements for the odour control but the general limit
for the odour which would be scented at the boundary of the site is not exceeding 2

odour units.

In Hong Kong, the quantitative approach for controlling the air pollution
nuisance is only used in the design stage of the large facilities such as the planning of
locating a refuse transfer station or the slaughter house. Usually, the Government
might lay down limitations on the air pollution impact arising from these plant:s. Two
odour units detected at the boundary of such plants is usually the requirement. The
consultants will conduct air sampling and air dispersion modelling to calculate the
odour concentration at the boundary and hence based on these assessment they will

recommend some kinds of measures to abate the air pollution if necessary.
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Normally, the application of the qualitative approach is on the complaint case
against the objectionable odours. When there is a complaint case on the air pollution
odour the officer will carry out an investigation and their assessment is based on their
opinion or the criteria set in the technical memorandum, then when the case is
warranted or legal action will be carried out. By performing such kind of assessment
procedures it may be very easy to make the case under control but it is not an
efficiency way. Undoubtedly, the quality of the assessment cannot be traced. And the
scale of the ar.noyance for the officer - not the same if subject to a certain kind of
air pollutant. Therefore, it is recommended to set up a quantitative approach to

control odour nuisance
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Decar Sir/Madam,

Questionnaire on the Deodourization of
Sewage Treatment Plant . Composting Plant. Abattoirs. Pumping Station.
and Refuse Transfer Station

Being a student of the University of Hong Kong , I am conducting rese. ~h for
the dissertation of Msc. in Environmental Management. The theme of my project is
the odour control of the sewage treatment plant, composting plant, abattoirs, pumping
station, and refuse transfer station in various countries as well as in Hong Kong.
Specifically, 1t will be very useful for my research in collecting information on:

«the number of the sewage treatment plant in your country
.the seriousness on the odour problem

«the area affected by the plants

.the control equipment

.the control legislation

For the research to be successful, your kind cooperation is important. [ would
be grateful if vou would take a few minutes to complete the questionnaire and return
it to me on the following address or by fax.

- Flat A, 39/F., Hot Fung Mansion,
Riviera Gardens, Tsuen Wan,
Hong Kong

-rax No: (852) 2402 8275

If you have any questions about the questionnaire please do not hesitate 10
contact me.

I appreciate your time and cooperation for participating in this research.

Yours faithfully,

KWAN Yiu-keung




Aq?}w A /Z‘ 3

Questionnaire on the Deodourization of
Sewage Treatment Plant ., Composting Plant, Abattoirs. Pumping Station,
and Refuse Transfer Station

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

From:
Organisation/Department;
Address:

Fax No:

1. Please indicate the number of plants under different categories, and the serjousness
of the odour problem generated by these plants:

Sewage Treatment Plant, number: , seriousness
Composting Plant, number: , seriousness
Abattoirs, number: , seriousness
Pumping Station, number; , seriousness
Refuse Transfer Station, number:; , seriousness

‘(Please classify it into: very serious, serious, moderate, acceptable or nil)
2. What kind of people would be affected by the odour?

_! operators
L passers-by

_ nearby inhabitants

—

_ others, please specify:

5. How large in average is the area (inside and outside of the plant) that would be
affected by the odour?

Approx. Area:

4. What percentage of the plant has been installed with odour control equipment?

Percentage:

5. What kind of odour control equipment was equipped in the concerned plants?

(You can tick more than one) 1,.-...-..........'“:il
Z scrubber, in what number: [ %) =%
= activated carbon, in what number: (%) i"' s |
= other pls specify , in what number: (%) B £ E

, In what number: ( %) | & -1
, in what number: ( %) ¥ 11 EH !
Total 100% ===
l 5

!

|




Appec e 5

6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

J economic

U low odour emission
J no sensitive receiver
no statutory requirement
others, please specify:

13

{

7. The reasons for those plants equipping with odour control equipment are:
(You can tick more than one)

C economic feasible

O high odour emission
0 sensitive recelver exist
U statutory requirement
O others, please specify:

8. How many existing plants (with or without control measures) are planned to lower
their odour emissions by incorporating/upgrading the odour control equipment”

Number: (orin %)

9. How many new plants are planned to lower their odour emissions by incorporating
the odour contro! equipment?

Number: (or in %)

10. Are there any legislation directly related to the control of odour level
inside/outside the concerned plants?

O yes, please give details:

- no,
if no, is there any other
related code of practice
or general guidelines:

11. Any additional information:

End 212
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List of Responders:

1. New York State, Department of Environmental Conservation, Division of Water
New York State, Department of Environmental Conservation, Division of Solid &
Hazardous Materials (Refuse Transfer Stations)

New York State, Department of Environmental Conservation, Division of Solid &
Hazardous Matenals (Composting Plants)

Florida Department of Environmental Protection

Perth, Western Australia, Department of Environmental Protection

Texas Natural Resource Conservation

State of New Jersey, Department of Environmental Protection

llinois Environmental Protection Agency

Republic of Singapore, Ministrv ¢f the Environmen.

Uy Q8]

=

0 00 N OV

(The above organisations have returned the completed questionnaires)

10. State of Washington, Department of Ecology

11. Swedish Environmental Protection Agency

12. Der Rat von Sachverstandigen fur Umweltfragen

13. Republik Osterreich Bundesministerium fur Umwelt
14. Israel Export Institute, Environmental Tech Centre
15. Austrian Ministry for Agriculture & Forestry

16. Umwelt Bundes, Federal Environmental Agency

W
¥
L
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New York Stats Department of Envin
Division of Solid & Hazardous Matarials

50 Wolf Road, Albany, New York 12233-7:
518-457-8934 FAX 518-457-0628

¥ichael D. Z2agat:
Commissioner

NOV 17195,

Mr. John KwaN Yiu-keung

Flat &, 39/F., Lol Fung Mansion
Riviera Gardens, Tsuen Wan

HC NG KONG

Dear Mr. KWAN Yiu-keung:

estionnaire regarding

This is in response to ~our recen
composting plancts,

the deodourization of sewage treatment plancts,
-nd refuse transfer stations.

t
o
b

The following information represents facilities located in
New York State. In addition, I am ferwarding you a January 1954
document entitled, Municipal Sewage Sludge Management Practices
in New York State, produced by the New York State Department of
Environmental Conse*vaulon, nd information on composting
facilities located in New York State by Region. New York State
consists of nine Regional Offices as shown on the enclosed map.

ng the conpleted

Should you have any questions regardin
ncact Mr. Robert Mitrey,

guestionnaires or the reports, please co
Assistant Director, at (518) 457-3691.

Sincerelyv, 3

No chu P.E.
1recto_
Division of Solid & Hazardous -

Materials

Enclesures




Questionnaire on the Deodourization of
Sewage Treatment Plant . Composting Plant. Abattoirs. Pumping Station, .
and Refuse Transfer Station

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

From: New York State Department of Erwironmental Conservation
Organisation/Depaniment: Division of Water

Address: 50 Well Road, Albany, New York 12233

Fax Na: (518) 485-7786

1. Please indicate the number of plants under different catzgories, and the seriousness

of the odour prodlem generated by these plants: 2 - serious
5 - moaerats
Sewage Treatment Plant, number 592 serjousness - 585 — acceptable to nil
Composting Plant, DUImDET: , seriousness
Abattoirs, number: , seriousness
Pumping Station, number: , serousness

Refuse Transfer Station, number: , sericusness :
Please classify it into: very serious, serious, moderate, acceptable or nil
3 b . T
2, What kind of people would be affected by the odour?
O operators
X1 passers-by

p . e e
<} nearby inhabitants
T others, please specify:

3. How largs in average is the area (inside and outside of ioe plant) that would be
affected by the odour?
Varies

Approx. Arsa:

4. What percentage of the plant has been installed with odeur control equipment?

S. What kind of odour control equipment was equipped in t2e concerned plants?
(You can tick mors than one) :

K scrubber, in what number: __;-_____( %)
O acivated carbon, in whatnumber: __ ¢( %)
XX other pis specify ,in what gumper: ______ ( %)
improved operatlon ipwhatnumpern _ 3 (%)
process change inwhatnumber __ - (%)

Totwal 100%

12




6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

R economic

C low odour emission
O no sensitive recaiver
® no statuiory requirement
U others, please specify:

7. The reasors for those plants equipping with odour control squipment are:
(You can uck more than one)

" (0 economic feasible
& high odour emission
& sensitive receiver exist

U stattory requirement
U others, plezse specify:

8. How many existing plants (with or without conirol measures) are planned to lower
their odour emissions by incorporating/upgrading the odour control equipment?

0 .
Numnber: (orin %)

9. How many new plants are planned to Jower their odour emissions by incorporating

the odour contol eguipment?

Number: 0 {orin %)
10. Are there any legislation dirsctly refated to the control of odour level
inside/outside the concerned plants?

U yes, please give details:

 no,
i no, is there any other
related code of pracrice cral muisance orovisions of L 1 legisiaz:
or general gu Gener —

1delines: N =
b oreration and TeiNteranceg COMTTIons of vex

to discharcge.

11, Any additiona! information;




Questionnaire on the Deodourization of
Sewage Treatment Plant . Composting Dlam,

Abattoirs, Pumping Station.

and Refuse Transfar Station

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

FIom:  New York State Deparument of Invironmencal Conservation
Organisation/Department:  Division of Solid & Hazardous Materials

S8

Address: 50 wWolf Road, Albany, New York 12233
Fax No:  {318) 483~7733

1. Please indicate the number of plants under differen: caien
of the odour probiem generated by these plants:

Sewage Treament Plant, number: , serlousness

ories, and the seriousness

Composting Plant, number, seriousness |

Abattolrs, number: , seriousness

Pumping Station, number: seriousness .

Refuse Transfer Station, number 2847 seriousness '; TOISTATE AT large wra
$28 note sta

(Please classify it into: very serjous, serious us, o oaera.-, acceptable or nil)

1

by the odour?

.

2, What kind of people would be affected

& operators
& passers-by
2 nearby inhabitants

U others, please specify:

3. How large in average is the area (inside and ouside o7 the plant) that would be

affected by the odour?

Not known. Odor oroblams typically are a oroblem for <

Approx. Arza:

adjacent to the facilizy.

parsons at the facility or those wiho ars immediately

4. W}at percentage of the plant has been installsd with odour control equipment?

&

New YOrx State.

dpproximately 40-30% of the large transfer scations in

5. What kind of odour control equipment was eguipped in the concerned piants? -

(You can dck more than one)
i scruboer, in wnzat oumber ( %)
C activated carbon, imwhaiaumper (%)
& other pls specify ,imwhatoumben (%)
,inwhaioumbez (1 %)
( %)
Total 100%

, in wkat aumbez

*NOTE: OF these 481 facilities, 1894 are largeﬂrefuse
' transfer stations accepting rore zhan 50,000
cubic vards or 12,500 tons annual.'_Ly. The
rema;n}.ng are amall transfer stations which
accept less than 50,000 cubic vards annually.
Cdors are not generally a "mblen at the smll
transfer ztations.

The large transis
stations which =7
odor~control uti

agents inside the
tipping £loor ars

. e
1'“"
':I :.,'.-..
| s, |
i'\. ..I'H.I
B




6. The reasons for those plants without equipping odour control equipment ara:
(You can uck mare than ane) o

{ economic

B low odour ermission
O no sensitve recejver
O no statwtory requirement
C others, please spezify:

7. The reasons for those piants equipping with odour congel sauioment are;
(You can uck morz than one)

0 economic feasibie
! high odour smission

sensitve recaiver exist
STAIUTOTY reguirement
others, please specify:

¥

&
-

Omre

8. How many existing piants (with or without contoi measures) are piznned to lower
their odour emussions by incorporating/upgrading the odour conmol equipment?

Number: UnKNOWD (o in %)

9. How many new plants are planned to lower their odour smissions 0y Incorporating
the odour contro! equipment? T

Numper, U0wm (orin %)

10. Are there any legisiation directly reiated to the conmol of odour level
inside/outside the concerned plants? .
New York Scate's Environmental Conservation Law
E ves, please give details: states that the Cepartment has i.:he power acotr
) N and DrOMiilGats, aneid ard Yersxi Tuiss and
Sgulations GLraCisd at wE DrevermIon and raduc
OF ODNOXIOUS Coors (== attar=t—acve). New Yo
~ State's Parz 350 regulations which govern the
-, operacion oI transfer stations include a reguirs
£ 00, is there any other that process:ng, tipping, sorting, storage and
reiated code of pracdce i PR il located within an encle
or generzl guidelines: %ﬁ%‘é‘?ﬂ ?;::ia:%;e?edne regulations state T
) - transfer scations and transier vehicles must ke
cleaned O orevent odors. 1D regulations also
State o oCss st e sffsrtivery controlled
shey do not constitute nuisances or hazards 0

11. Any addidonal information:

:Bc:.._i.“, SE_TU Wl PRI

within 7 days of receipt, whichever comes first.
very serious odor problems.

: I
i |
! =t E
. F ot 1 | |

vhiob! 1 information: e k2
Additional informatio End 2 r e E
’ T a . o | k. |
3 p 3% —-— 3 1 y. ! .
The Part 360 requlations state that ail g u.eSCLS.Le so‘ld_was»e must: uﬁ o | J1. i
removed from the transfer station whenever transfer containers are tull, JHE _1._?
This aids in preventing t ol
| el |

Attachment



§ 270701

lished by the Public Health Council and
enforced by local pubiic health agendes
have been ineffective because of the dii-
fusion of responsibility and a lack of
uniformity in enforcement policies.

ENVIRONMENTAL CONSERYATIQ

Arc 3
two (L1972, ¢ 638] which will
local governments in ﬁu.anmng zmpm
faciliges.

“It i3 the pu..ose of this acr L
¢ 399] w assure that solid Fagle may’

;L

=

agement is conducted in 2 safe, sanjqary,”
efficient, economic and enmnmen..,_h
sound manper thmugnou» the siEte
D'ov-.mng a xmmeq *egmaaorv Same-
work therefor.’

“In ~ecog*xmon of the need for and the
cost of providing improved solid waste
management facilices, the people of the
state approved the environmental guaii-
ty bond act of nineteen hundred seventy-

.&1

=5
$
<
i

Cross References
Definitions—
Inactive hazardous waste disposal sites, see section 27-1301.
Indusirial hazardous waste management, see section 270901,
Industrial siting hazardous waste facilities, see secton 27-1101.

Litter and solid waste control, see section 27~1003.
Solid waste management and resource recovery facilides, see secton 7‘—0’1’01’-_::;;

State aid for implementation of resource recovery and other Improved souc: ad” *
wasie management sysiems, see secuon 27-0301,
Waste wansporter permits, see secton 27-0303.

New York Codes, Rules and Regulations

Addidonal definidons, see § NYCRR 380.1

Library References

Hezlth and Environment €=25.3(3).
CJ.8. Health and Environment 3§ 91

et seqg., 106 et seq, 131

§ 27~0703. Powers of the department

T
The department shall have the power to:

e

1. Adopt and Dromulgate amend and repeal rules and : eguia
tions governing the operation of solid waste management Jacilities.
Such rules and regulations shall be directed at the prevention o:
reduction of (a) water polludon. (3} air pollution, {¢) noise pollutior.
(d) obnoxious odors, (e} upsighc"" conditions caused by uncontrolieg
release of litter, (f) infestation of flies and vermin, and other
conditions inimical o the pubiic’ health, safery and weifars. Iz
oromulgamng such rules and regmamons the department :,ra" gf';e
due regard w the economic and '=cnnolog‘tcal feasibility of

ance therewith. Any rule or g'u&atlon Dromuigacec oursu
hereto may differ in its terms and provisions as between particu
tvpes of solid waste managemen: facilities and as between particu-

lar areas of the state.

2. Provide technical zssistance to municipalities and other par-
sons engaged in solid waste management and provide Tzining Io:
proper operation of soiid waste management facilities.

-—an

200
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Questionnaire on the Deodourization of
Sewage Treatment Plant . Composting Plant. Abattoirs, Pumping Station.
and Rerfuse Transfer Swzrion

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

r : New York State Department of Invirormentzl Conservation

rom:
Organisation/Degartment: Division of Solid & Hazardous Materials

Address: 0 "olf Road, Albany, lew York 12233
Fax No: - (518) 485-7733

1. Piease indicate the number of plants under diffzrent caisgories, and the seriousness
of the odour prodlem generated by these plants:

—-
L

reatment Plant, number: , seriousness

Sewage

Composting Plant, pumper; 34% , serousness : moderate to problem
Abamours, number: , seriousness -

Dumamc Station, pumber: | seriouspess -

Refuse Transfer Station, number , seriousness

"(Please clessify it into: very serious, serious, moderzie, acceprable or nil)
*Sae attached list of facilities.
2. What kind of people would be affected by the odour?

2

SE YN

OpeTalors
passers-dy

neardy indablianis
others, please specify:

¥,
¥

Wy

. How large in average is the area (inside and outsids of the piant) that would be

cted by the odour? )
Varies

w
0‘

Approx. Arza:

t2g= of the piant has been instalizd with odour conmol equipment?

159
::g
[5]
—
0]
o
-
(]
!D

Parcenrzge:

. . - N o 9
What kind of odour control egquipment was eguipged in the concermed plants

(You can tck more than one)

th

3 scrubber, in what sumber ( %)
Q
M aerivnrad mart what numzer ) .
T activaied carbon, fn awse —-—-———-( °/§ Atomizer - SDOray
E O[hfr pls SpCClIy s m Wﬂat ;..LLIB;.N.. ( °O mtc 'Dl_le.
in what oumber, ( %) s
—————__-_) .
in what numbzexn ( %)
——_
Towual 100%

12




6. The reasons for those piants without equipping odour control equipment are:
(You can uck more than one) )

B economic

0 low odour en. sion
0 no sensitive receiver
O no statutory requirement
C others, please speci

7. The reasons for those plants equipping with odour conma] equipm. it are:
(You can tick more than one)

0 economic fzasible

a} high odour emission

@& sensiuve receiver exist

& statutory requirsment

O others, piease specify: .

8. How many existing plants (with or without conzol t easures) are planzed to Jower
their odour emissions by incorporating/upgrading the odour control equipment?

Number; URnown (orin %)

9. How many new piants are planned to lower their odour emissions Dy incorporating
the odour conwo! equipment?

Numper UNNOWN (orin  ~ %)

10. Are there any le gslation direstly related toz = conroi of odour level

inside/outside the concerned plants?

See page 3-3 /Section 360-5-3(h)/ of the

New York Staces document enctitled BNYCRR Part 3¢
Solla waste -Managemenc rac:rlities |

X ves, please give derails:

d no,
if no, is there any other
reiated code of practice
or generzi guidelines:

11. Any additional i=formation:

End 212




“(Juestionnaire on the Deodounization of
Sewage Treatment Plant . Composting Plant, Abattoirs. Pumping Station,
and Refuse Transfer Station

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

From:/ﬁ\‘u\mro{ AM\'go/\ Dbk :
Organisatio/Department: Florda ’De(nr‘(ne/\{' U@d{(onn‘h\‘b/‘ fotechon
Address: 260 %iz Sont Bosd Tulle Wassee FL 32249-2400

Fax No: 904 -32|- 45

1. Please indicate the number of plants under different categories, and the seriousness
of the odour problem generated by these plant.:

Shite of Fixidn, Ushs '
Sewage Treatment Plant, number: 3459, seriousness : |Juries }73 planT
Composting Plant, number: ___ [p seriousness : Varies be plaat”
Abattoirs, number: ualugdA , seriousness " Uabroun
Pumping Station, number: valwouin _, seriousness \nties b gumyi sitin

Refuse Transfer Station, number: yp¥usa , seriousmess :_yJalaxdn
"(Please classify it into: very serjous, serious, moderats, accepiadle or nil)
2. What kind of people would be affected by the odour?
2. operaltors
& passers-by

X nearby inhabitants
T others, please specify:

3. How large in average is the area (inside and outside of the piaar) that would be
affected by the odour?

Approx. Area: Varies L)c_\ plu\’(’
=
4. What percentage of the plant has been installed with odour control equipment?

Percentage: U'\UW\; W do wot ek His.

n

. What kind of odour control equipment was equipped in the concerned plants?

12

- - ! 5 % - -

(You can tick more than one) Unlmosn, wig do et Tract s fﬂ_____.h:,
- L ot o ; . 3
T scruboer, In what number: ( 0) =EA
= activated carbon, in what number: (%) i,_ i) £ F
_ other pls specify , in what number: (%) |28 =i
Jinwhatnumber: - (%) EbN|
, in what number: ( %) £ i
" Toul 100% | By a ;
l ;

|




6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

W economic

¥ low odour emission

¥ no sensitive recejver

A no statutory requirement
U others, please specify:

7. The reasons for those plants equipping with odour control equipment are:
{You can tick more than one) -

R.economic fzasible

% high odour emission
. sensitive receiver exist
¥ statutory requirement
I others, please specify:

8. How many existing plants (with or without control measures) are planned to lower
their odour emissions by incorporating/upgrading the odour control equipment?

Number: (orin %)

v bﬂov}f\/ W do et Tk Fho

9. How many new plants ars planned to lower their odour emissions by Incorporating
the odour control equipment?

Number: (or in %) UATAOWA WL etk s

10. Are there any legislation directly related to the conrol of odour level
inside/outside the concemned plants?

SQ' yes, please give details: Pl ituched. See pages 22-273 anch 2725

— no,

if no, is thers any other
related code of practice
or general guidelines:

[l. Any additional informanon: A Tescan ﬂ\knvcfi “ 0dsv ind (perosion Gtes!
i Sprbuy Sewtng, Sty ok Gudtrint Pt 3 Xached forvour vne -
- ‘

End 22
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6. The reasons for those plants without equipping odour control e@uipment are:
(You can tck more than one)

/Ze/conomic

_Z Tow odour emission

_ 2 no sensitive receiver
7 1o statutory requirement

C others, please specify:

7. The reasons for those plants equipping with odour control equipment are:
(You can tick more than one)

geconomic feasible

¢ high odour emission
; sensitive receiver exist
L statutory requirement

C others, please specify:

8. How many existing plants (with or without control measures) are planned to lower
their odour emussions by incorporating/upgrading the odour control equipment?
Number:

NI (orin %)

5. How many new plants are planned to lower their odour emissions by incorporating
the odour control equipment?

Number: ‘N!'“.  (orin %)

10. Are there any legislation directly related to the control of odour level
inside/outside the concemed plants?

C ves, please give details:

i no.
if no, is there any other
related code of practice 0 -
or general cudelines: Copas 5 Veacticqg Ex«:

T
ey e Tl ¢

'\/Lo‘rs.'t{fl-\i LNy Qo T 2 fooTeeTias
BaTthol T Y AES  Hud ¢ omlan HEwL VG
1N Falrmnt con)
End 212

I'l. Any additional information:

Ny
¥
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Questionnaire on the Deodourization of

Sewage Treatment Plant  Composting Plant, Abattoirs, Pumping Station,
and Refuse Transfer Station

TEXAS NATURAL RESOURCE

To: KW {u- h
AN Yiu-keung, John CONSERVATICN COMMISSION

Fax No.: (852) 2402 8275 D0, Box 13087
- . ’ Austin, Texas 78711-32087

From: Munaycpa \ Pevmirs .

Organisation/Department: Te x o5 Natora { Qc Source (oaservation

ddress: @ PLo. 8sx (3087
FaxNot gz 239 - 4430

1. Please indicaie the pumber of plants under different categories, and the seriousness
of the odour problem generated by these plants:

Sewage Treatment Plant, number: 2 L{ 5g ), seriousness Z@_@.OJ ero te

Composting Plant, number: __ 3¢ , Seriousness :_ B Sy [oUS
Abattoirs, number: , seriousness :

. . - . ‘.
Pumping Station, number: _2 X [o°_, seriousness .@.cc-op\m&{f

Refuse Transfer Station, number: _ [0,/ TO |, seriousness :_&C(f prable

(Please classify it into: very serious, serious, moderate, accepiable or nil)

188

. What kind of people would be affected by the odour?

— operators

— passers-by

X nearby inhabitants

_ others, please specify:

L)

How large in average is the area (inside and outside of the plant) that would be
affected by the odour? )

Soo Ft

{ (hz plant has been In wstalled v

m

ApDrox. Ars

AR ) —~ae
=. Y 0at perien

vith odour control eguipment?

Percentage; | D O:é

5. What kind of odowr control squipment was equipped in the concemed plants? —_—
(You can nck more than one) | |
X scrubber. in what number: c,( { %e) I “ {
acinated carbon, 1n what number: ) '1' :

(
A othor gls gpeain 080 M i owhatnumber 20 )
(e 51?/\_. tn what number: __J0__( tu
( )

|
L=
-
%,

|
]

collerton . in \\hat number: _ ) @
e T s




6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

{ economic

O low odour emission
% no sensitive receiver
O no statutory requirement
C others, please specify:

7. The reasons for those plants equipping with odour control equipment are:
(You can tick morc *han one)

0 economic feasible

T high odour emission
E sensitive receiver exist
’ﬁ statutory requirement
O others, please specify:

8. How many existing plants (with or without control reasures) are planned to lower
their odour emissions by incorporati..g/upgrading the odour control equipment?

Number: 7) |72 (orin %)

9. How many new piants are planned to lower their odour emissiors by incorporating
the odour control equipment? ’

Number: S S (or in %)

10. Are there any legislation directly related to the control of odour level
inside/outside the concerned plants?

¢

Ry FFer ZTone  Disrance
)i

X yes,-please give details:

= no,

if no, Is there anv other
related code of practice
or general guidelines:

I'l. Any additional information:

End . 272
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5.2.6 Siphons
Siphons, also called inverted siphons or depressed

sewers, are used to convey wastewater under
streams or highways, conduns or other obstructions
to the normal sewer grade line, andtoregain as much
elevation as possible after passing the obstruction.
Siphons are narmally limited (o pipe sizes greater
than 2C-cm (8-in} diameter. Sewage in siphons is
under pressure, since the conduits are below the
nydrauiic gradeline. Because the siphonremains full
even during periods of no flow, it is a potential site of
significant sulfide generation and odor reiease.

Metnocs of controlling sulfide generation that would

= applicable to siphons were discussed in Chaptar 3.
These iechniques inciude improving the oxygen
b=1anc= by air or oxygen injection, or by addition of
chemicals to oxidize or precipitate the sulfide or

prevem its formation. -

Siphon design must consider the potential for odor
release. Positive pressure develops in the atmesphere
upstream of the siphon due to the downstream
movemen: oi air induced by the weastewater flow. Air
ihus tends o exnaustirom the manhole at the siphon
inlet and may escape in large amounts from small
openings, such as pick holes in manhole covers. At
less than maximum flow, wasiewater dropping into
the infet may cause turbulence and odor release.

One technique that has been successiully used to
minimize odor release at siphons is the use of air
jumpers, These are pipes that take the air off the top of
the inlet structure and convey.it (o the end of the
siphon. in mest cases, air jumpers run paraliel to the
siphon, although the pipe can be suspendec above
ihe nydraulic grade line. Provisions should be made to
drain the zir jumper to periodically remove accum-
ulated condensate. Usually, the diameter of the air
jumper pipe is approximately one-haif that of the
siphon {8). Soiids deposition is another potential
problem z2nd siphons should normally be designed for
velocitizs of 0.8 m/s (3.0 it/s) 1o prevent sofids
depcsiticn and subsequent odor generation. In some
cases, multipie siphon lines are insialled to ensure
adequata veiocities during the sarly design lifetime of
the system. [n these instances, the unused sewer fine
may De used as the air jumper line during tne early
dasign period when flow is small and sulfide genera-
licn may be 2 problem.

5.3 Ventilation of Sewers

5.3.7 Objectives of Ventilation

Ventilaiien of sewers is often undertakan for a variety
of reasons. For the most part, only the control ¢f odors
is practically achievabie with ventiiation. Some of the
reasonsventilation has been attemctec are discussed
here.

1o

§.3.1.1 Increasing the Oxygen Content of the
Sewar Atmasphars

The oxvgen content of the sewer atmosphere does
not change significantly as a result of the septicity of
the wasiewater. In partially filled sewers, rise and fall
of the liquid level results in displacement and
replacement of gir, and there is normally a down-
stream flow of air due to a drag effect between the
air-sewage interface. Oxygen concentrations in such
sewers are rarely less than 90 percent of normal. |f
oxygen concentrations are above 20Q percent of
normal, vantiiation is unlikely 10 maka 3 significant
differencea in the ocxygen baiance of the siream.

5.3.1.2 Reducing the Atmospheric

H.S Concentrations

Altho ugn it would ssem isasible to vantilate sewers
toraducethe atmespneric suifide concentrations and
thus control corrosion, this approach has little
practicai vaiue. In order to have measureable results,
compieia raplacement of the sewer atmospheres with
fresh air would beraguired atireguentintarvals. Zven
if this approach were economical, there would be the
problem of dispesai of large volumes of maiodorous

air.

5.3.1.3 Drying the Walls of Sewers and Other
Structures :

The oxication of marogen sulfide gas to sulfuric acid
does not oczur if the surface is dry, since mocsture
must bs presen: for bacterial oxidation of H,S.
Ventilztion hes been used with the objzactive of crvmg
sewer walis. Thistiasthwayte astimated thatwhen the
reiative humidity ¢i the sewer atmoesphere exceeds
80 10 85 narcent, sufficient moisture will be present
on the walls to susoort bacterial activity {3). Thistle-
thwayts aiso propeses s design procedure for ventila-
tion of sewers to control humidity, but indicates that
in most c2ses this spproach is not practicable. This is
due ¢ ihe rapid increase in relative humidity of
ventilation air with flow along the sswer, the large
number o7 ventiiztion siations requirad, and the
significant increass in cperaiion and maintenance
costs. Pameroy aiso indicates that this spproach is
imoracuizal jor ysar-round protection for even typical
sawar distances sztween manholes {1

5.3.1.4 Praventing Lethal Atmcspherss

oriabiz fans or Siowers are often used to ventilate
manholes before workers enter. This is accepiable
oractics for locziized conditions, provided other

normai saisty prozadures are followed. However, it 1'"'"""'"""‘

Quesmnaola as o wnether this practice wol
arovide 2 safe environmeni between manhoies. !‘ [ .
not ieasinia o vantilate large sections of 2 sew L
svstem sumcxenuv 10 assure a safe environment | l_

sawer workears,

|
\
|
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|




5.3.1.5 Preventing Explosive Atmospheres

Explosions 1n sewers generally result from the
presgnceof large amounts of volatile hydrocarbons or
from leaking natural gas mains. Only undar very
unusual conditions do explasions result from accum-
ulation of sewer gases. Because of the unpredictable
causes of explesions and the canditions under which
tney occur, 1t is unlikely that ventilation could assure
protection from explasions in a wastewater collection

system.

5.3.1.6 Controlling Odor Emissions

Sewer ventilauon can withdraw malodorous air at
ong pointin order to prevent odor emissions at other
locauons. Normally, comamina:ed air must ungergo
ireatment By one or more of the technigues discussad
in Chan-=r 4. Ventilation is often practiced at waste-
watertreatment plants, where airiswithdrawn atthe
downstream terminus of the sewer {plant headworks)
and either treated separately or piped to existing
pioiogical stabilization processes for removal of odors.
Although mast other possible abjectives have not
been achieved by practical levels of ventilation alone,
control of odor emissions can be affectively served by
cantinuous ventiiation.

5.3.2 Methods of Ventilation

Ventilation of 2 sewer can occur through both natural
and mechanical means. Virwally all sewers incor-
porate some method of natural ventila
ical ventilation, on the other hand, ts normally
employed only in response tc complaints of odor
smissions from a portion of the collection system
following the original design. The two methods are
discussed below.

5.3.2.1 Natural Ventiiation

Collection systems in the United Jiates do not
normally incorporate special vents or hardware to
assistin natural sewer ventilation. Rather, manholes
and buildingvents are generally considered adequate
10 keep sewers.-sufficiently ventiiated (8).

Natural ventiiation occurs frem the following forces
{5)8).

Change in barometric prassure glong the sewer
Wind velocities past ven:s

Frictional drag of wastewater on sewer air

Rise and fall of the wastewaier level in the
sewer

Relative density differences of sewer air and
outside air _

The degree of natural ventilation which occurs in 8
sewer is difficult 1o predict, since fluctuations in the
above variables may change both the direction of
movement and velocity of the air contained in the
sewer,

_l>~ {1y -=»

[$1]

Whereas no special provisions are normally made 10

ennance natural ventilation of sewers in the United

tion. Mechan- -

States, spacial ventilatton systems are routinely
incorporatad into sewear designs in the Unitad
Kingdom and Australia (5). The reason for this is that
collection systems designed in the United Kingdom
and Australia have typically incorporated “poundary
traps” or “runningtraps’ at buiiding sewers or house
laterals, which effectively prevent the transfer of air
between the sewer and :Jt.nlcmg vents. Since tne
building vent is no langer a source of ventilation air,
induct and 2quct stacks are placed at various locations
in the \,olaeci-on svstem to allow air movement into
and out of the sewer. Research on nAatural sewer
ventilation systams is discussed in Refsrencas 7 and
8, and detailed design procedures for sucn ventiiation
sysiems ara pressnted in Reierance &,

5.3.2.2 Mechanical Ventiiatico.n

Mechanica! ventilation may be smpioysd wnars &
constani veiocily 2nd direction of air flow is desired.
This may be necessary whare odor emissions from
sewers must be controfled, as in rasidantial neigh-
borhoods, or wheare hydraulig conditions that occurin
siphons or surcharged sewers rasult in stagnant air
pockets with reduced oxygen contents. Mechanical
ventiiation may alsc be empioved at headworks of
wastawater irgaiment plants in order 1o convey
malodorous sewsar gases 10 odor contral sysiems

Figure 3-3 shows two exampies of the uss of
mechanical ventilation for odor conirol in Austn,
Texas (10). AtWilliamson Creek, odors escaping from
septicwastawater entering the wet well necessitated
sealing of the wet well and upsiream mannoie to
allow withdrawal of air from 3,980 m (.-,oOO )
106-cm (42-in) diameter concreies outfall line. A7
m3/min (250-scim) blowsar was used tc remove
odorous gases from ihe sawer and discnarge them 1o
an aerated stabiiization pond. This approach was
successiul in controlling odors from the system.

5 -

A simiiar approach was used for the Wainut Creek
system. This was a toial gravity sysiam which
includad a siphon for convaying wastewaster under
WalnuiCresk. Two 14.2-m>/min{500-scfm) biowers
were used to remove odorous gases from 3,200 m
110,500 #1) of concrete sewer at 2 sealed manhole
upstream of the siohon. The blower discharged the
gases tnrough air fift pumes in the aeration sasin of
the treatment plant to achieve detier mixing of the
tank contents and absorption and oxigation of the
odorous components of tne gas in the geratad liquid.

Ventilation of pumping siations is pan of normal
design orocedures for these structures. A minimum
of 12 air changes per nour is recommended fe
continuously ventilated wet wells and 30 air change |
per hour for (mermxttan*w ventilated we: wells. 4
minimum of § air changes per houris recommende
for continuousiy ventilated dry wells and 30 ai
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Figurs 5-9. Forced dratt ventiiation for odor control, Austn, TX ().
Sealed
Manhole
Air inlat “
or Vent Blower Y 5 —
Manhole Arrin Upper Pant A e =
of P
pe [ Aarauon Tank
T
Flowing Sewage in 1
3otiom of Pipe - ' Sewaga Pump
- ~ 19,600 #t —— Sealed
Wet Wall
3) Ventilation System at Williamson Creek. TX
R Sesied
Mant olg g AfInlet Manhole
| orvent Aur in Upper Part
/ of Pipe Blower
\ ~
- o _yJ

Flowing Sewags in
Bottom of Pipe

fe——s0500%

Aeration Tank

Siphon

b) Ventilation System at Walnut Creex, TX

changes per hour for intermittently ventilated dry
wells and other below grade structures (11).

5.4 Selection of Materials
Materials*seiection is a critical aspect in design of
wastewater collection systems in which sulfide
generation is likely to pese probiems. The additional
expense of using materials with greater degree of
corrosion resistance may be justified by the cost
savings for replacement or rehabilitation of deterior-
ated structures at some later date. The following
discussion describes the various materials used in
collection systems, with particuiar emphasis on the
corrosion-resistant properties of each material.

5.4.1 Pipe Matarials
If sulfide is expected to be present in sufficient
quantities to causae corrosion, consideration must be

172

giventothe usecf pipe matarials with higher degree
of corrosion resisiance. Design considerations in
selecting such matarials are (1}
1. Availability of the materials in the pipe sizes
required
2. Minimum and maximum levels of sulfide ex-
pected in the wastewater
3. Factors other than acid resistance of the pipe
{abrasion rasistance, stress-corrosion resis-
1ance, load-bearing strength, and other durabili-
ity considerations)
4. Hydrauiic characteristics of the materials under
conditions of actual use
5. Other advantages or disadvantages of th
material {e2se of installation, resistance |
infiltration, fiaxibility, etc.)
6. Expected futurs service ragquirements .
7. Relative cosis vs. axpected servics lifetimes ¢
various kinds of pips

“Fi ¥
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Questionnaire on the Deodourization of
Sewage Treatment Plant . Composting Plant. Abattoirs. Pumping Station.
and Refuse Transfer Station

N STATE OF NEW JERSEY
 PWAN Vi £ ENT OF ENVIRONMENTAL PROTECT
To: %\\&. N Yy rcvung,_John DIVISION OF ENVIRONMENTAL GUALITY
Fax No.: (852) 2402 8275 CNC27

TRENTCN, NEW JERSEY 08625-0027

From: MAY  Faiepmas

12

Organisation/Department: NS  “Deoant wiiAdT O I MENT AL ?Q:TE ¢
Address: £-o\  2aAsT STAaveg  STRzeT ToenTen, A 062
N j /
Fax No:
1. Please indicate the number of plants under different categorias, and the seriousness
of the odour problem generated by thesa plants:
Sewage Treatment Plant, number; _ 5 © , seriousness '\jﬂ\f w Sey Lo
Composting Plant, nwmber: 5 ,:,enousnpss .V’M Serien
Abarttoirs, number: , seriousness 4
Pumping Staticn, number: _ 1 S 2 | seriousness : M od 2r X
Refuse Transfer Station, number: 4 , seriousness | Sy lé,
(Please classify it into: very serious, sen’ous, moderate, acccpzab]e or mil)
2. What kind of people would be affected by the odour?
—
X_operators
X passers-by .
% nearby inhabitants
T others, please specify:
3. How large in average is the area (inside and ourside of the plant) that would be
affected by the odour? -
Aporox. Area: DEPENT™ S ON  Siaw OF  Turc
4. What percentage of the plant has been installed with odour control equipment?
) wl ?{. 1 M 20 ".’7;
IS AN
porcantac‘- "OM(,’Jg N , . joo 97 =
- b =\—. Q 5 S‘___— ’&’\ ...L S 47 >
\r‘:vv-..‘.':‘.‘-{ S -:\1\;),,,\0‘- “T/- A
S. What kind of odour control equipment was equipped in the concerned plants? e
(You can tck more than one) =EA
X scrubber, in what number: (G %) i EiE
X activated carbon, in what number: (1o %) r r E
= other pls soe"xf‘ygw,\f by, ,inwhatnumber. (3o %) = 5
, in what number: ( %) LEreii |
, In what number: ( %) | L= E
Total 100% |: |
| |




6. The reasons for those plants without equipping adour control equipment are:
(You can tick more than one) -

U economic

X low odour emission
D<o sensitive receiver
T no statutory requirement
J others, please specify

——y

7. The reasons for those piants equipping with odour contol squipment are:
(You can tick more than ong)

J economic feasible
B high odour emission
B sensitive receiver exist
X statutory requirement
T others, please specify:

3. How many existing plants (with or without contro! measures) are planned to lower
their odour emissions by incorporating/upgrading the odour control equipment?

Number: (orin 10 %)

9. How many new plants are planned to lower their odour emissions by incorporating
the odour control squipment? ”

Number: (orin 10° %)

10. Are there any legisiation directly related to the control of odour level
Inside/outside the concemed plants?

 yes, please give details: NJIAC 77:127-5 )
- N o OPDers YelYonD T

PRrePERTy L g E
o
Z no,
if no, is there any other
related code of practice
or general gwdelines:
1. Any additional information:
End -22
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State of Illinois

ENVIRONMENTAL PROTECTION AGENCY

Mary A. Gade, Director 2200 Chwarchill Road, Springfield, IL 62794-9276
217/782-3387

November 30, 1995

John Yiu-keung Kwan

Flat A, 39/F, Hai Fung Mansion
Riviera Gardens, Tsuen Wan
Hong Kong

Dear Mr. Kwaq :

Your recent questionnaire on odor problems at sewage treatment plants, compost sites,
waste transfer sites and other environmental areas is enclosed. Our staff completed the
questions for only those areas over which we have jurisdiction. We do not keep records
on sewage pumping stations because of the number of them in lllinois.

All of the data provided is for the State of lllinois only. We hope this provides meaningful
input into your research. If you need clarification contact Tom McSwiggin of our siaif.

Sincerely,

%% a0 G
Mary A."Gade

Director

MAG: TGM:med

Enclosure
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Questionnaire on the Deodourization of
Sewage Treatment Plant . Compostingﬂam, Abattoirs, Pumping Station,
and Refuse Transfer Station

To: KWAN Yiu-keung, John

Fax Neo. (852) 2402 8275

From: Thomas G. McSwiggin, Manager, Permit Sertion, DWPC
Organisation/Depariment: [11inois Environmenzal Dfow"mn Ag
Address: 2200 Churchill Road, Sprinjfield, IL 62794-9276

Fax Nc. 217/782-98651

1. Plew.. indicate the numoer of plauc unde- different categonss, and the seriousness
of the odour problem gene-ated by these plants:

Sewage Treatment Plant, number: Aooro;tq'oc seriousness : 1 0 plants - mod
* Composting Plant, number; 80 ,smousness 4

Abattoirs, number: , Seriousness ':

Pumping Station, number: Unknown seriousness : Unknown

Refuse Transfer Station, number: 50, seriousness " 1
*Landscape waste & refuse

"(Please classify it into: very serious, serious, moderaie, acceptable or nil)
2. What kind of people would be affected by the odour?

& operators

fl,f 1

A passers-by

& nearby inhabitants

0 others, pfease specify:

3. How large in average is the area (inside and outside of the plant) that would be
affected by the odour?

1 Sa. Mile

/ -
4. What percentage of the plant has been instailed with odour conol equipment?

Approx. Area:

Percentage:- Onlv 4 or 5 Sewage Plants have odor control equipment
See below for compost and resfuse transfer site
5. What kind of odour control equipment was equipped in the concerned plants?
(You can tick more than one)
7 scrubber,
activated carbon,

in what number: ( %)
in what numbsr: "Q (8 %)

15«

% other pls specify Chemicals in what number: (15 %)
operatmg contraed svhat number: xOO 100 (77 %)

in what number: ______ ( %)

Total 100%

12
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6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

gconomic

low odour emission
no sensitive recsiver
no statutory requirement
others, please specify:

10 R(R

-}

7. The reasons for those plants equipping with odour control equipment are:
(You can tick more than one)

X economic feasible
G high odour emission

3

o sensitive receiver exist

0 statutory requirement

C others, please specify:

8. How many existing plants (with or without control measures) are planned to lower
their odour emissions by incorporating/upgrading the odour.control equipment?

Number: 0 (orin %)

9. How many new plants are planned to lower their odour emissions by incorporating
the odour control equipment?

Number: ?  (orin %)

10. Are there any legislation directly related to the control of odour level
inside/outside the concemed plants?

. - o
¥ yes, please give details: Setback requiremanis jrom receptors

—

Z no,
if no, is there any other
related code of practice
or general guidelnes:

S
7 . 8
=25
. g
|'\. = & E

. . i - S =

I'l. Any additional information: _This questionnaire coxD/ers both sewage treatment E sy

’ - N : : T prool . i
and solid wastes, which have different probiems | 31# l
- 150 LE
' il ] =
End 272 il |
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M

MINISTRY OF THE ENVIRONMENT
SEWERAGE DEPARTMENT _

SEW/32.7

11 Dec 95

Mr Kwan Yiu-Keung

Flat A, 39/F, Hoi Fung Mansion
Rivera Gardens, Tsuen Wan
Hong Kong

Dear Sir

QUESTIONAIRE ON DEODOURISATION
I refer to your letter on the above subject.

2 We are pleased to return the guestionnaire on our Sewagc Ireatment Works and

Pumping Stataion and Refuse Transfer Station.
We hope the information given are sufficient for your research. Should you need

3
further informartion, please free feel to wnte to us.

Yours faithfully

LOO HAK JAN

for HEAD _
SEWERAGE DEPARTMENT

Environment Building 40, Scotts Road, #14-0Q, Singapore 0922 REPUBLIC OF SINGAPORE
Tetephone 7327733 Telepox' GVT083 Fax 7319699

1R amvrinm Dgmpart



Questionnaire on the Deodourization of
Sewage Treatment Plant  Composting Plant, Abattoirs, Pumping Station.
and Refuse Transfer Station

To: KWAN Yiu-keung, John
Fax No.: (852) 2402 8275

From:
Organisation/Department:
Address:

Fax No:

1. Please indicate the number of plants under different categories, and the seriousness
of the odour problem generated by these plants:

Sewage Treatment Plant, number: & , seriousness Mederate
Composting Plant, number: , seriousness - -
Abattoirs, number: - , seriousness - - .
Pumping Station, number: |34 | seriousness : Mederaie
Refuse Transfer Station, number: | , seriousness A-&cag*&@‘

"(Please classify it into: very serious, serious, moderate, acceptable or nil)
2. What kind of peopis would be affected by the odour?

U operators

¥ passers-by

& nearby inhabitants

U others, please specify:

3. How large in average is the area (inside and outside of the plant) that would be
affected by the odour?

2-Qhg .

Approx. Area:

4. What percentage of the plant has been installed with odour control equipment?

Percentage: (et p2f a2 LNelns . Aust Caicentrated sonwces o€ el

5. What kird of odour control equipment was equipped in the concerned plants?
(You can tick more than one)

{! scrubber, in what number: ( %)
& activated carbon, in what number: (100 %)
3 other pls specify , in what number: (%)
, in what number: ( %)

, in what number: ( %)

Total 100%

n




6 The reasons for those plants without equipping odour control equipment are

(You can tick more than ane)

U economic

{low odour CiMIssion
U no sensitive receiver
U no statutory requirement
(I others, please specify

7 The reasons for those plants equipping with odour control equipment are
(You can tick more than one)

U economic feasible
T

'Y high odour emission

O sensitive receiver exist

{1 statutory requirement

[} others, please spectfy

8 How many existing plants (with or without control measures) are planned to lower

their odour emissions by incorporatng/upgrading the odour control equipment?

Number & (orin |80 %)

9 tow many new plants are planned to lower their odour emissions by incorporating
the odour control equipment? Ne heys ?(ﬁ,ﬂ_'}"-‘s kmg PIMA Y\Aéy-;‘—*
”

Number NFA (orn %)

10 Are there any legistation directly related to the control of odour level
instde/outside the concemned plants?

Q’/yes, please give details ! ki !‘JVP‘CUV Zove MBCA aveimd Thae

dandss and wrdade ln 2 wn Ashale] dev

L '}//:W Hed Plave U:V\.’{W—.fo re Am

Y
Ezqafc/ CUC M TAL s — Teninn
R 3 b2}
5 no,
tf no. 1s there any other
r:lated code of practice
or genera) gmdelines

Il Any additional information -

End
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STATE OF WASKHINGTON

DEPARTMENT OF ECOLOGY

P.O. Box 47600 + Olympia, Washington 9850+-7500
1360/ 407-6000 « TDD Only (Hearing Impaired) (360) 307-6006

Octoi -r 30, 1995

Mr. KWAN Yiu-keung
Flat A, 39/F, Hoi Fung Mansion
Ruviera Gardens, Tsuen Wan

Hong Fong
Dear Mr. KWAN Yiu-keung:

This letter 1s in response to your request for information on odor problems and controls from various
factlities in the state of Washington.

As a matter of priority and due to resource limitations, the Department of Ecology does not kesp a data
base on the odor problems and the regulatory actions taken to control them. The state of Washington
has water and air quality standards which require that aesthetic values shall not be impaired by the
presence of materials or their effects which offend the senses of sight, smell, touch, or taste. These

standards apply to the municipal or industrial faciiiues.

Generally, design of such facilities incorporates provisions that will eliminate or reduce odors, or they
are located in areas that present little or no odor problems. Where odors are detected from a sewerage

systen, they are usually reported to the local public utility department or, in the case of an industrial -
operation, to the facility manager. Usually, the utility department or the facility manager will act to

eliminate the source and there is no need for a regulatory action against the party responsible.
However, for a persistent odorous source, removal of which requires major planning and investment, a

regulatory order may be issued to ensure that the public entity or the facility manager responsible will

eliminate the source in a timely manner.

Recently, in response to relatively new air pollution control requirements, a few large wastewater
treatment facilities, which are primarily located in densely populated areas, are taking steps to control
the emission of Volatile Organic Compounds (VOCs). Although these requirements primarily target

VOCs, steps taken to control their emission (e.g., collecting and teating the air from some unit
processes) will also reduce the release of odorous compounds from these facilities.

Sincerely, -
L—-r;&_jh-/

Foroozan Labib, PhD, P.E.
Water Quality Program




ADSCODSA VI XOXT W IO s

Swedish Environmenta]

Protection Agency

Infrastructure Department Datun SNV:3 dianerummer
Water Management Section 1996-01-10 622-7003-95 Sy
Ms Kajsa Sundberg, M Sc

Tel + 46 - 8 698 12 1¢

Fax + 46 - 8 698 14 33
e-mail kas@environ.se

KWAN Yiu-keung

Flat A,39/F. Hol Fung Mansion
Riviera Gardens, Tsuen Wan
Hong kong

Dear Sir/Madame,

As response [o your letter sent to the Minisiry of Environment we can send you the
following information.

In Sweden we have about 8 900 000 inhabitants and just over 1 000 waste water
treatment plants constructed to treat sewage water from more than 200 persons.

It does exist problems with odour in the surroundings of waste water treatment
plants, but it is not very common. When there are problems, the problems are
solved according to the swedish legislation, the Environment Protection Act. That
means that the owner of the plant, which normalily is the municipal, installs for
instance a biological filter or a scrubber, to reduce or eliminate the odour in the

surroundings of the plant.

We have found that the use of activated carbon 0 reduce odour from waste water
treatment plants is not very effective.

The control of odour from waste water treaunent plants is performed according to
the Environment Protection Act and the Health Protection Act.

Yours sincerely,

P g A/ -
g&/.’/?\/ J Cottce” WL)\\

A
Kajsa Sundberg

o ——



mailto:kas@cnviron.se

Der Rat von Sachverstdndigen fir Umweltfragen

Der Rat von Sachversiandigen fOr Umwaeltlragen - 65180 Wiesbaden

Geschiftsstelle

. Postfach
lYiS./Mf. KWAN YlU'keUng 45180 Wiesbaden
FlatA, 39/F., Hoi Fung Mansion
Riviera Gardens, Tsuen War, Telefon-Durchwahl {0611) 754 210 - 12
Hong Kong Telefax (0611) 731249

30. Okiober 1995
NA

Your request for information dated 17.10.1993

Dear Ms./Mr. KWAN Yiu-keung,

unfortunately the Council of EnvironmentalAdvisors has no information about the topic you
are working on. Therefore we sent your reguest to the Federal Environmental Protection

Agency (Umweltbundesamt) from where you will probably get some information.

Yours sincerely

KJECéQQ (’\m&—%

1.A. Nicola Albus
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REPUBLIK OSTERREICH . A-1010 Wien, Stubenbastei S

Bundesministerium fiir Umwelt Telefon: (0222) 515 22-0
Durchwahl: 3422
SEKTION I1I Telefax Nr. (Sektion III):
(0222) 515 22/ 7502
Z1. 43 3803/14-111/7/95 DVR: 0441473

Sachbearberter: Glantschnig

To Wien, am 28.November 1995
Mr. KWAN Yiu-keung )

Flat A, 39/F., Hoi Fung Mansion

Riviera Gardens, Tsuen Wan,.

Hong Kong

Dear Mr. Kwan Yiu-keung!

Referring to your lette ., concerning waste water treatment in Austa, we can tell you, that the
miniscy of environment is not competeat The competent ministry in this case is the ministry of
agriculture and roresiry. We transmirted your letter to ths competent ministy.

The adress of this minisy is:
Ministay of agriculrure and foresay
Stubenring 12

1010 Vienna

Ausuia

With best zegards
on behalf of the federal minister
MR Dipl.-Ing. Doleisch

TINTA
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15-JAN-1996  18:3: r3an Seruizes Dens

Questiormaire on the Deodourization of

Refuse Collection Point & Abattoir

A =il £k
To: KWANY xu—kvung_
Fax No.: 2402-8275

From: Mr. CBAN Chi-kuen
D@W}epmem. Umbar Services Degartment

Address:  45/F, QTueensway Goveramen: OZices 3wilding, Queensway, H.X.
Fax No: 253013653 Tel: 28675290

l D

(The infermation given below anplies to ursan arsa only)
1. How r~any Refuse Collection Point & Abattoir 2re tbere in Hong Kong:

Réfusa Collecuon Point, quantty: _ 195,
Abarttoir, quaotity: 2 .

2. Will thers be any odour problem in such plants?

Refuse Collection Poimt Aratolr
X ves Z_Y=s { only the By-products Plan* (BPD) :
no Xennedy Town Abatioir (XTA) )

o

3. If no, Why? The reason is:

____no odour emisston at all

____large buffer distance between the receptor

____ ventilate the odour 1o high position for dispersion
____ It was toully enclosed

4, If there is odour problem in these plants, have there any odour control equipment in
these plants?

Refuse Collecdon Point Absttoir
X yes X_yes
no ___ 10

5. What kind of odour control method is used-in the RCP? And please indicate the
total quantity used in RCP & Abanoir of dong Xong. (You can dek more than one)

Lype: Quangty: -
3\

@ scrubber, R.CP? _1¢ Abaroir 1 (KTa 32P

@ activated carbon RCP. &1 Abattoir 1 (XT& 372)

Z biofilter RCP Abanotr

O electrostatc preciprtator  R.C.2. Akbartoir

T incineration RCE2 Abattoir

O totally enciosed R.C.P. Abattoir

@ ventto highposiion . R.C.P.__81 Abattoir __ 1" (XTa )pagelQ
. . 37P
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1

large buffer distance RCP Abattolr
C other, pls specify . 1n what quamtity:
n what quantity:

6. The reasons for those olams wathout equipping odour control equipment are:
(You cag tick more than one)

RCP. Abattoir
economic
low odour emission X Z_{Crneung Sha ¥Wan Abattoir)

N0 5¢nSTUVE receiver
no stattory requirement
others, please specify:

|
|

7. The reasons for those pzanb equipping with ooour control equipment are:
(You can tick more than one)

R.CxE Abattoir

ecopomic feasible

high odour emission X X

sensitive recejver exist X -

statutory requirement - -

others, please specify:
8. How many numbers of the existing plants (with or witbout coptrol measures) are
planned to lower their odour emissions by incorporatingfupgrading the odour control

' equipment?-
R.C2 Abattoir .
Qua_u"dt}’: 54. . Quandl}f ( T4 37 ?)

$. How many pew plants are planned to Jower their-odour emissions = incorporating
the odour control equipment?
RCP. Abattoir
Quantity: 2 Quagtty: 2= :

10. Are there any legislation directly related to the comiol of odour level
inside/ourside the concerned plants?

5 yes, piease give details:

Zno,
if no, is there any other related code of practice
or general guidelines: =0
11. Any additional informaton: nil

F.82




Questionnaire on the Deodourization of
Refuse Collection Point & Abattoir

To: KWAN Yiu-keung
Fax No.: 2402 8275

From: ..». 17 Tzz-wmn

OTgamsatlon/Deoanmpnt ¥azicnal Services lsTarimane

Address: /7| Fa-ismal Couneil Zuiliin-~, "= Fa: Tzl Iorzes, Tnz Tin
Fax No: .22 2277 Tel: 2527 z-z:=

=  Refuse Collection Pomt/qua.ntm 2°
Abattorr, quantity:

2. Will there be any odour problem in such plants?

Refuse Collection Point Abattoir
ves / scme wes, ____Yyes
no — 3002 210. no

3. If no, Why? The reason is:

____no odour emission at all

__/ large buffer distance between the receptor
___venulate the odour to high position for dispersion
__/ it was totally enclosed

4. If there is odour problem in these piants, have there any odour control equipment in
these plants?

Refusv Col]ectlon Point Abattoir
/ ves. ‘ _ves -
" no ‘no

5. What kind of odour control method is used in the RCP? And please indicate the
total quantity used in RCP & Abarttoir of Hong Kong. {You can tick more than one)

Tvpe: Quantitv:

7 scrubber, RCP. =& Abatiolr

% activated carbon RCP 7 Abauoir

_ biofilter R.C2. Abanowr __

T elecrrostatic precipiiator - R.C.P Abarttoir

— Incineration R.C.P. Abanoir _

Z totallv enclosed RCP 2 Abattoir

Z vent to high position R.CP. Apattorr pagel/2
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& large buffer distance RCP. 2577 Abattoir
= other, pls spec.fy , In what quantity:
. in what quantity:

6. The reasons for those plants without equipping odour coniro! equipment are:
(You can tick more than one)

R.C;.P. Abattoir
economic g
low odour emis :ion 4 T
no sensitive receiver .._:__ T
RO statutory requirement v -

others, please specify:

7. The reasons for those plants equipping with odour co...c0l equipment are:
(You can tick more than one)

RCP Abarttoir .
economic feasible o L
high odour emission 7 .
ensiuve receiver exist = -
statutory requirement . .

othe -, please specify:

8. How many numbers of the existing plants (with or without control measures) are
planned 1o lower their odour emissions by inCorporating/upgrading the odour control
equipment?

R.CP. Abattoir
Quantity: 3 Quantity:

9. How many new plants are planned to lower their odour emissions by incorporating
¢ odour control equipment?

R.C.P. Abattoir
Quantity: =10 Quantiry:

[S

10. Are there any legislation directly related to the control of odour level
inside/outside the concemed plants?

= ves, please give details:

Tno,
if no, is there any other related code of practice

or general guidelines:

11. Anv additional information: .z reauss 2 covw of somersTiol u
mamiizt Fawm w.: opeaw 2aweecar LMETLoLeI Lnoour YioZoun $trest ATF 6.
is End 22
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Questionnaire on the Deodourization of
Refuse Collection Point & Abattoir

To KWAN Yiu-keung
Fax No.: 2402 8275

From:

Organisation/Department: //c./:_,;(;w/ Jﬁnw
ot Vo

o
i - {f/c’""l' .

Address:  747= /C/v
FaxNo: Z4s0 2099

N

207
[ N
“ P

S Bl g JEL
Tel S46/ F7z,7
d B /

“

!

’

ke T

/

7—-@‘,( SO _ 4‘%/7:\

1. How many Ref se Collection Point & Abatioir are ihere in Hong Kong:

Refuse Collection Point, quantity:
. Abarttotr,

quantity:

- 4

/
S

2. Will there be any odour problem in such plants?

X

Refuse Collection Point
ves

—

3. If no, Why? The reason is:

no

Abatroir
___ves

" 1o

_‘_v: no odour emission at all
" large buffer distance between the receptor

___ ventilate the odour to high position for disparsion
___ 1t was totally enclosed

[N

4. If there s odour probiem in these plants, have thers any odour control equipment in

these plants?

Refuse Collection Point

ves

N

no

Abattotr

yes

v no

5. What kind of odour contol method is used in the RCFT And please indicate the
1otal quantity used in RCP & Abaroir of Hong Kong. {You'can tick more than one)

Tvpe: Quantity:

_ scrubber, R.CP Abatiolr
— acuvated carbon R.C.P. Abattoir
— biofilter R.C.P. Abaroir
Z elecmostatic precipitator  R.C.P. Abattorr
_ incineration RCP Abartoir
— tortally enclosed R.CP. Abattotr
Z vent to high position R.CP. Abanoir

pagel/2

e




large buffer distance R.CP. Abattorr
other, pls specifi . in what quantity
. 1n what quantity”

6 The reasons for those plants without equipping odour control equipment are
(You can tick more than one)

o

R.C. Abarolr
economic v
low odour emission
no sensitive receiver
O statutory requirement
others, please specify-

\/’

I
A

7. The reasons for those plants equipping with odour control equipment are:
(You can uck more than one)

0y

~
$
o

Abatioir
economic feasible
high odour emission

~ sensitive réceiver exist
statutory requirement
others, please specify:

]

]

8. How many numbers of the gxisting plants (Wwith or without control measures) are
planned to lower their odour emissions by incorporating/upgrading the odour control
equipment?

RCP. Abattorr
Quantiry: Quantity:

9. How many new plants are planned to lower their odour emissions by incorporating
the odour conwol equipment?

R.C.P. Abattolr /
Quanury: Quanuty:

10. Are there any legislation directly related to the control of odour level
inside/outside the concemned plants?

— ves, please give details:

z . . £
-ﬁk'(f;}cmw.../dﬁé, '/7/7:5»\%, /;ueini@ 0-; AE L ek ’él-{/ .
g !

~no,
if no, 1s there any other related code of practics R——
! N : .. ] .r.rr“-._'l
or general guidziines: e
i ; | !
| L -
e, gL g - sl
‘s T : Lt e Ceieal A AELL e SR |
1. Any additonal information: ;//é‘/ ’/4/‘_.“( e = — A r -1
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02-29-58

S. What kind of odour control method is used in the STP? And please indicate the

18:40 DRAINmAL:z >erviCeESs UEPL 1D=+£52 2927 BETS
Questionnaire on the Deodounzauon of
Sewage Treatment Plant
To: KWAN Yiu-keung
Fax No - 2402 8275
From: ¢ & Tse | Lo ) Frgurnenr /8 Tealbaedr | PsD

Orgamsanon/Dcpa.rtrr{ent: 7}- 4 Somrcer Bl
Ad-ress, 45/;, Glower mu , HE

FaxNo™ 27419 Tel a4 s

7.

[y

1 How many Sewage Treament Plant are therc 1n Hong Kong

Sewage Treatment Plant, quannty’  swver /60 of oo 1?7,&«
\

2. Will there be any odour problem in such plant?

_Lyes (aona)

noe

3. If no, Why? The reason 1s:

___Lv odour emission at all

___ large buffer distance between the receptor

____ ventilate the odour to high posifion for dispersion
___ it was torally enclosed

yes
no

total quanuty uscd 1n STP of Hong Kong. (You can uck more than onc)

¥ scrubber in what quannty. i

7 scnvated carbon in what quanuty: g dews
Y viofilter in what quantaty [V

= eclecuostatic precipitator in what quantity:

' 1ncineration 1In what quanuty:

(1

totally enclosed
vent 10 high posiuon
large buffer distance
other, pls specify

in what quanury’

1n what quanuty’

1n what quantity’
, in whart quantity
, 1n what quanuty
in what quanuty:

tyert

—

1/2

4. Tf there 1s odour problem 1n these plants, have there any odour control equipment in
these plants?

ﬁ

- P

}

-
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02-29-96 18:41 DRAINAGE SERVICES DEPT. ID=+852 2827 86:8 FLuc

6. The reasons for those plants without equipping odour control equipment are:
(You can tick more than one)

J economic
o low odour emission

M no sensitive rece ver

2 no stamtory requirement

T others, please specify: gl Wﬁm{ " "’”7"/‘4/

7. The reasons for those plants equipping with odour control equipment are:
(You can uck more than one)

S economic feasible

O high odour emission
 sensitive receiver exist
watutory requirement

others, please specify: _ Fyr”mz T p&«fw WM AMM&‘

-

8. Tlow many numbers of the existing plants (W‘lth or without conro! measurns) ar° Ww‘ A
pianned to lower their odour emissions by incorporating/upgrading the odour control el

equiprent?

Aabwwmw’“""’”%

. . ; o2t 2@‘. (,r
Quantity; (ot in %) /‘AX‘{‘-L,m ML/M?DC Tg‘a 5M =77 ’r/
Ygninse , TR <t b mﬂig e T vy
. How many new plants are planned {0 lower their odour emissions by incorporaung '
the odour conto!l equipment?

Quantity: (or in %) zee ey J—WPA, «G’Cw b, 2. T
/’r‘tﬁ 7% gﬁ: wﬂ{ AL Ae =l 'a'ﬂ“:"v m AL
10. Are there any legisiation directly related to the control of odour level rruld dr prrrided -
inside/outside the concemed plants? o < “(‘“
O yes, please give details:
2 no, bormg o Lo mer Ll bl

if no, is there any other Zoch i EFP amd Bor oL TheEls
related code of practice
or general guidelines:

11. Any additional information:

Kar - Karan End
A | B A w%

2
~
.
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WATER SUPPLIZS DSPARTMENT + 852 2824 08578 2.1

Questionnaire on the Deodoutization of
Water Treatment Plant

To: KWAN Yiu-keung
Fax No.: 2402 8275

From: &t Hdoalt”
Organisavon/Department.  ivarn Juphhco Jot.
Address: ‘*f/r J,~~1M~ ‘ZML\, S

Fax No: ?,é’-wa.)/?‘r' Tel: L}_/j Lee 3

1. How many Water Treatment Plant are there in Hors Kong:
Water Treatment Plant, quantity: /&
2. Will there be any odour problem in such plant?
e
no
3.1f no, Why? The reason 1s:
no odour emission at all
large buffer distance betaeen the receptor

ventilate the odour to high position for dispersion ™
____ 1t was totally enclosed

e

4, If there is odour problem in these plants, have there any odowr contro] equipment In
these plants?

e R

S. What kund of odour control method is used in the WIP7? And please mmcate the
total quantity used ;n WIP of Hong Kong. (You ¢an tick more than one)

£ scrubber in what quan /tsr
(. activated carbon m what Q Ty:
Tl biofilter juantity:
(7 elecrostaticprcipitators 1o quantity:
7 incineration A what quanuty:
{1 totally enclosed 1n What quamtity: L s
7 vent to high position in what quantity:
T large buffer disiance in what quannty:
{J other, pls specify , in what quantty:
in what quantity:

PU—— . )
. , in what quagtty:
172




WRTER SUPPLIES DEPARTIENT + 852 2824 2578

6. The reasons for those plants without equipping odour control equipment are;
(You can tick more than one) .

T cconoric
_ low odour lon “
C no sensitivefeceiver LA 2

U no statu%' requirement
U other#?please specify-

7. The reasons for those plants equipping with odour control equipment are:
(You can tick more than one)

O economic fe~<ih

U sepsitive peCeiver exist
U statutopy requirement
{1 others, please specify:

8. How many numbers of the existing plants (with or without control measures) are
psanned to lower their odour emissions by incorporating/upgrading the odour control
equipment?

Quantity: (orin

%)

the odour control cquipment?

(orin %)

Cuanuty:

10. Are there any legislation directly related to the control of odour level

inside/outside the concerned plants?

0 yes, please give details: -

Z
/

.
1o,

if no, 1s there any othér
refated code of praCtice
or general guidélines:

o’

11. Any additional miormabon:

/

/

End 22
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ZOR_FRNDERING WORRS (Y-TROIT T ANT AT STAURTTIR-3CUSE)

™hese nctes List the ninimm requirements for - iy the best
practicable means 1.r Rendering Works as a Dy-producs Tendering
plant at slawghter—necuse, in which:=-

(1) e wrocessing capacity excesds 250 Xy per hour (exoressad as
the maw materials): and
rerdering or reion or &rying through applic.ticn of heat,
Qr cxing by swoking, of animal matter (including flesh,
Blecd, one, horn, hoof, skin, offal, feather etc.) is

rried ous.

—~\
p-
’J.

The slaugiternouse mentioned aove refers to the place where
anizels ot excluwding fish are Dutchered for focd.
Thes: notas &0 ot cover other mreoesses wfich are zlso defined as
Rendering ¥Wrks under the Alr polliuticn Comtoel Crdirancs.

shauid e noted that in granting a licence under the Crdinarce,

e Arthorsity, l.e. the Director of Dvirormmmtal Protecticn, will
alsc consider all other relevant aspects and may imoose more :

Iz
strirgent ard/cr additticral cortTol reguirements v taking imto
account Individal process characteristics, local toroorIpty and atr
qualivy and any other factors.

DESTEY OF COAINEY

Chimmeys inclwde stmuctres ard cpenirgs of any XKird, Including
varnts ard mecess exausts, from o Wrtugh which. alxr polilutants
(icluding odorous cases), generatad ooz combustion, Sookirg,

crying ard/cr cthier processes Of he tlant, may fe emitted.

The desicn of chizneys s o e detarzined oy mathemmtical o

hysical dispersicn 11y teciicues acceptables o the

Actocricy., The alls ara W ensie -

(a) The relevars Alr Quality Ctective (AQD) will nob e
Threatened:

the exissicn of N0 pellutants, in particular, nesvy
DeEtals and carcircoenic orsanic ompauardds, will ot cause any
adverse effect <0 Dumean heallth or envircrmant: ad ,

" oundue consTraint will De incoted o the exdsting am
ot e develoment ar lad use. '




—2-

2.3 In any case, the design of chimevs shall at least satisty the
following conditicns -

3.

(a)

()

(c)

()

Quirmev reicht

For comustion process, the final chimey neight shculd re
agreed With the AUnority DUt as a general guideline, the
ey neight, in a flat terrain sitwaticn, should as far ag
Fracticable e at least Building Height + 1.5 x Building wicen
or ilding Height, whichever s the lesser. Suitanle | -
adjustoent s. xuld be made to take imto acoount local
metacroleogical data, local topography and backgroad air
pollutant concameations. In any case, the minimmm chirg
height shall De at least 8 metTes alcve crourd level or 3~‘
Tetres apove the roof top of the bwilding to which i- is
attached, whichever is the greater,

For nen-conbustion ocess, the same guideline should re
cserved as far as mracticable and in any case, the chirmes
height shall be at least 3 meters above The roof uop of the
mitding ©o which it is athached, )

TEET g (P e s
The 2ffluxX velocity of the chimmevs shall not be less than i5s

3
1o,

/s at 2ull lcad

P\ -
TCT CCRUSTACR Frocess, the exit temperatize of flue gas S—om
the Cimneys shall not D= less Than e acid dew moint.

Releases to alr from chlmmeys shall te directed vertically
Twards and not restricted or deflected Dy the use of, for
exarple, plates, caps cr CCwis.

whera rracticacle, het exissicons should fake place Srom tThe
ninimmm munder of chimnevs and multiplicity of discharge Doir
sqoeld e aveided, In ader o ortain mexdimom thersal bucyark
Criizmey for release of ot emissions shruld, whersver fossis!

e insulated. The insulation materials shall e free of
asrastss.

3.1 All emissicrs o air, cther than stesn or water vapowr, shall e
wlazxless ard foee frTwm persistent mist, Dume ard Sroclets.




3.2 Cdorous emissicrs shall e adeguatelv contzolled to ensures That the
cperaticon of the by—product plant would not cause an od&owr rmiisarce or

. impcse unaccertable constTalnt on land use. o satisfy the above
mu:aments, all ckrous emissicns have o meet apxrorriate emission
limits (in cf cdowr units) to e approved by the Authorivy.

(Note :  An cdowr anit ls the measwring unit of odour level ard
aralcgous to polliuvtant corcentreicon. In this context, the
our level is defined as the r2i10 of the volume which the

. sample would ocoupy when dilured with alr o the odour

' Whresheld, w the volume of the sample In cthar oris, one
odevr it is the ancentraticon of “‘:e charant Whicn —ush
dices an odour sensaticon. i

An odour mulsance exists 1P sampling result establishesd ov
an odoux panel indicates that o ambient odolr level =t Tn.
affectad areas exceeds 2 oo units.)

3.3 Bmissicns from coombustian process shall e less than ?.::gal:& T Shade
oS, Ties (b._/._’;', .’.9\ O)'ﬁ 7[// L A ref 7L L7470 - "e Y, B

’._1

3.4 In addition o the abcve re::&ire—merts he amissicn lixits stipalated
telcw shall be appiicable to all emissicns duxring ncrmal operatiors
including load charge. The imtroduction of dilutien aixr o achieve
the enissicn limits is not pexmite

v a )
(All figimes are exgressed as at O C Tenmperature, 101.325
Llccascz;.s messure c:rxi. ons without correcticon £Cr walar Ve

carreant)
Alx Dolirmante COmCartazsians
. - 3
Particulates (including emissicns 30 m
from matarials and TTORCTS

nardling operaticns)

i
il

Total of Rydrogen sulphide, suipnicdes -
ard mercartans (exzgressed as
ad“&\qal S‘s.ll?".id&)

Chlcrine ad its coopeands 80 =z

(exzressed as nycrogen Cnicrice)

Armenia 40 =z,
. ; " 3

Anines am@ ax des (exyressad as 4 T
Encnaobky)

4, COOROLS DMISSTON COVISCL

3.1 Al.ccss*n?eodcrv.ssaxcessm.pbe“@ydmtu ed ard
zm/est..f'aved Xageate comrol DeasiTes shall be irplemented O




4.2

4.3

erswre that the creraticn of e ry-mroduct plant wculd nct cause an
S muisance or LIpgse unaccertanle constTalint on lard use.

gt rppn <l
for ouildings in which Were are possidle odorous sowrTes, They should
re designed to mrevent the uncontzolled escape of odorous air foom e
building. Double doors forming an air lock should be used where
apyrepriate. The odorcus alr shall e effectively collected arnd
ventad 0 a suitable cdour oootrol egulmmets.
e plant swrifaces, J1oor, vards ard eguipment 1lable %2 come iqto
corRAct with the raw materials, semi-mrocess or processed rmeterialg
shall e of lEpErvicus ConsTRucTicn, caparble < Deing readily clesrsed
ard shall e kept clean.
A gocd house Reeping shall e maint-imed. Suitabls methods shall e
provided for the effective Cleaning of amy area cf spillage ard for
the effective cleaning ¢f the plant. Spillages shall e cleaned o as
scen as possinle. i
Without meindics o tha aoove general requiremertts, the Sollowing
centrol messimes shall e lxplemented:-

() MUa+t g B 73—
(L) Raw matexials shxuldd e {ransported from the point of
roduezion o e mrecessing plant as quickly as

mracticaclia. The design ard use of vehicles coxr
containers shall e such as o minimize the emissicn of
any cffersive oo or spillage of anmy liquid or soiid
=aTier.

N L s . : Y = . s
(1) ooy venicles ana CcontEiners snall 2 XerT C.oean.

Raw materials shail DR processed not later than s
hors.  Having recard to the ace and Type of 3w
materials inwvelved, mefrigeration for the storzce and
transoort of materials may e reguired 1T necessary.

Raw raterials shall e xert &y and oool, aut of direct
sarlicht and ina 2ully enxclicsed container or maildirgs.

Sl
All venhicles, corntainers, Tallers ard squipment used Zor
e collecticn, wanster and nardling of 3w S@Tersals

ard waste shall e readily clsanapla, ixpervious and XertT
i clean.

3 Raw matersals shall De received, transfervad, sTomed Cr
Tcessad insida enclcsed areas with double doors WS
Sorm an alr 1K Thrtach Wnich vehlicles enter. IXXTS
shall e Xert closed cther than for the moverent cf




(vii) High air extwacticn ratss in the raw matarial recertion
arsa snall e maintained to vert the odorous air o 3
suitarle <daxr control egqulmertt.

(viiiy wWithin the maw material handling ard processing areas,
adequate necative pressire shall e maintained o rrever
the escape Of CXCW'S. Tanks. ar recertacles for holding
liquid wastes or usable prtwescible products shall eithe
Ze in an area uder adequate negative eSsurs Or sSealec
ard vented. All such extracTtion shall be dGcted 45 3
suitanle odoxr cortrol ecuimmmestt.

(») I=xsssing Area

(1) Areas where any processing of animal matters (including
tlesh, bleed, beme, horn, foof, skin, offal, feather
etc.) is carried out snall e totally emclosed. Tha
ventllaticon of whe areas snzll e vented t© a suitaple
odour contrel equipmmert.  Thesa aresas shall e full
weATheroroof. Doors shall be close-fitting and shall be
Xept closed when acticatle, other than for The novemer
cf materials.

L

(il) The conwveyirg syscem for the waterials being processed
ard/cr products peing orocuced shall e leak-oroos axd

S_Ul.l.l":u. wf .

(c) Proesssing eguinpment

(1) Tor catcsh precesses, cookers shall e charced adsr a
sufficiettly —=diced Tessure o prsvent the escape of

-

cdorous air, or the charcisg arsa shall e nooded and o
exacted alr ventad o 2 stitable odour cortosl

(ii) The cderwsus emissions gererzted Srom the mrocess snall =

ventad oo a suitable oo ool ecuimment.  SouoTes of
dorous emissicns WY st De aorsider=d include
oxokers, tress, driers, cantxiifuges, tanks, fers,
Srainers, maverials Tansfer oolints, leaking ducts ax
glards.,

(d) Meal Pracessing

(1) Al grinding and sieving clant snall be constTucted arnd
1imked in a marmer Wflich aveids spillace.
(e) il Xy 2
(1) All =zanks for talliow Tosssing ard/cr storing shall o=
P ecurmel

1idded, sealed or verted to a suitable odour ool
orovisicns shall be provided to cortain spillage X any.




(9]

us

b ad

(iii) Bulk tallow storage tanks shall be fitted with a
high-level alam or veiure :dicator o warn of ad
therery mrevernt overZiilis

(1) The efficlercy cf odaur contol equirment shall 2e at

least able te satisfy e muquirement as stipulated in

. * R
saczica 4.4 of these xXtss.

(i) where emissicns of diifering cdowxr imtensity are mrodh
within the frecass, the & streams should e Kept
seca.zaba ard tTeated v an aogrogxiate odour conTr0l
ecuiment wnersver racticabia.

(iii) As a generzl guideline, high ntensity odours showld =
treated v multl pess ar ot :‘I.‘C.MC&..SCI‘IM‘S@
these containing certain incondensible cases should b=
treated oy incineraticon. Lesser intensity odowrs oavy
ventad. o chemical scrukxiers, hioclogical filters or
sizmilar suitable cortzol squimments.

(iv) Cloom-rasking agents and coumteractants shall ot e
zs a means of T coTIol.

(v) In the evernt cf odour ool exuipment zakdown the
system shall allcow diversion of odour strears Yo othe
suitarle comtoel equipment or cause interrosticn of &
DITCESS .

(g) g;mﬁ :\..,‘ss.'—.,. D T A pmen 04 A :\t:‘-.gm
(1} Licquid effluent which 25 moduced oY The procass

Ineluding cdowr ool soulimment shall e ;::*oc&’“
handied and weated so as o revent- the eussion of
offars:ve cdowxrs Srom the ef<ivent,

(ii) ‘Where corderser Is used for the purpese of minimisinc
TS, Lt must ensuys At e Tyre of cordensers
used or rroposed 1s actertable oth In relation o T
quanticy ard qual Ty of liquid discharges.

Tha cortrel of tha Sugitive eaissicns of air pollutants other
cdour shall e agreed with the AuTherty. As a general guideiln
leading, wmlcading, nRandling ard s"""'age of fuel, raw mater:a’s,

TroACTS, Wastes o Sy-mrodlens shculd e carried out in a marmer

I .

acceprtahle ©o The AUTNOrITY ST AS IO mrevent e release ol

S o
[

(a) visixle cust emissicns: ard/ox
(b) emssicns of crganic vapowrs: ard/or
(c) crher eXicus or offensive smissicns.




5.2 In parzicular, the storage, ‘Tarsportation ard hardling of custy
materials sxh as ploxd powder ard groud meal shall be car—ed out
Dethods »huch o et glve rIise o visidla Aust emissicns.

6.1 Gasecus Iiel 1s ithe recommercded fual o De used bt the Aurhority s
-~

also accept the use of liquid fuel with the followirg specificasionm

a o

’

O -
.

SulpneT content: Not greater than C.35 (oy weight)
Viscosity: NCT crmater than 6 cemtistok:
(at 407C)

7.1 Parameters and sampling frequency will De determined oy the
AutherZty. In general, visual ard olfachory assessoents of emissic
shall e made Lrequently and at least axe a day.

3. CIHISSIANDRG

8.1 Coumissicning trials (&0 pe withesses oy the Authority whenever
agoropriata) shall e conductad o dexnsizate perfcrmance Capabill
cf the air polluticn comtrol measures ard a rerort of comissicainc
trial shall ke summittad to the autheriYy within 1 memth after
coopletion of the Tial.

-

S. OFERATIQN and MATNTTIGNCE

9.1 Regquirements inclde not anly the mrovision of the grpeliances, ut
wroter creraticn and maintenance of squipmenrs, its siupervisicn wher
use ard the Trining ard supsrvisicn of oroterly cualiflied staff.

cecific cperaticn and maintenarca rsquirements may De specifiad It

Idivicual equipment.

§.2 Malfoxcmioning and mreakdown of the mwoeess or air pelluticon comsT
equipment which would cause exceedanca of the emissicn limits of

P~

mreaches of other air pollution conttol requirements shall be Iepce
TS tThe AuthoriTy within 3 warksng davs.
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Environmental Technologies Center
[srael Export Institute

29 Hamered Street

P.0.Box 50084

Tel Aviv 61500,

[srael

Mr [tzhak Rozen, Director

BUNDESMINISTERIUM FUER UMWELT, IUGEND UND FAMILIE
SEKTION 1

Ra ‘zkystrasse 2
A-11 Wien/Austna

Ministerio del Medio Ambiente
Bogots,

Colombia,

South America

INDERENA
Carrer 10, #20-30,
Bogots,
Colombia,

South America




Kathy Prosser

Commussioner

Department of Environmental Management
P O. Box 6015

Indianapolis, IN 46225

Indiana,

U.S.A.

Allan Stokes

Director

Environmental Protection Division
Department of Natural Resources
Wallace State Off. Bldg,,

Des Moines, 1A 50319,

Towa,

US.A

Roland Harmes

Director

Department of Natural Resources
P.O. Box 30028

Lansing, MI 48509,

Michigan,

U.S.A

Michael Sullivan

Executive Director

Environmental Quality Board

Office of Strategic & Long Range Planning
638 Cedar Street, Ste.300

St. Paul, MN 55155,

Minnesota,

U.S.A.

Environmental Protection Agency
401 M Street, S'W.

Washington, DC 20460,

U.S.A.
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Tom Looby

Director

Office of Environment
Department of Health
4300 Cherry Creek Dr., S.
Denver, CO 80220
Colorado,

U.S.A.

Christophe A.G. Tulou

Secretary

Department of Natural Resources &
Environmental Control

P.O. Box 1401

Dover, D.E. 19903,

Delaware,

US.A

Virginia Wetherell

Secretary

Department of Environmental Protection
2600 Blairstone Road,

Twin Towers,

Tallahassee, FL 32399 .

Flonida,

US.A

Mary Gade

Director

Environmental Protection Agency
2200 Churchill Road,

Springfield, II. 62708

[llinots,

U.S.A




L. Don Thurman

Associate Commissioner

Environment & Conservation Health Protection
Dept. of Health

1100 W. 46th St.,

Austin, TX 78756

Texas

US A

Dianne R. Nielson

Director

Div. of Environmental Health
P.O. Box 144810

Sait Lake City, UT 84114
Utah

U.S.A.

Richard N. Burton

Director

Dept. of Environmental Quality
629 E. Main <t.

Richmond, VA 23219

Virginia

U.S.A.

Macy Riveland
Director

Dept. of Ecology
P.O. Box 47600
Olympia, WA 98503
Washington

U.S.A

Edward Z. Fox

Director

Dept. of Environmental Quality
3033 N. Central Ave.

Phoenix, AZ 85012

Arizona,

U.S.A.




Jeanne Fox

Commissioner

Dept. of Environmental Protection
401 E. State St., CN402

Trenton, NJ 08625

New Jersey

U.S.A.

Judith Espinosa
Secretary

Dept. of Environment
P.O. Box 26110
Santa Fe, NM 87502
New Mexico

USA

Thomas C. Jorling

Comumissioner

Dept. of Environmental Conservation
50 Wolf Road,

Albany, NY 12233

New Yorl:

US.A

Donald R. Schregardus

Director

Environmental Protection Agency
P.O. Box 1049

Columbus, OH 43266

Ohio

U.S. A

Gregg Robertson

Field Operations Deputy

Dept. of Envirommental Resources
P.0O. Box 2063

Harmisburg, PA 17105
Pennsylvania

U.S.A




Environmental Protection Department
P.0O.Box 8013 DEP,

0030 Oslo

Norway

Environment Ministry for The Head Office
The Grand Annex Building,

84 Boulcott Street,

P.0O.Box 10-362 THTCE

Directorate-General Environment Managemert

Ministry of Housing, Spatial Planning and the Environment
P.O.Box 30945

2500 G¥’s - Gravenhage

Department for Social Integration, Public Health and Environment
General Secretary

Rijkasadministratief Centrum

Esplanadegebouw

1010 Brussel

Ympé&ristéministerid
Ratakatn 3

00 120 Helsinki
Finland

Milje-och Naturresursdepartementet
Tegelbacken 2

Stockholm

Sweden

Ministry of the Environment

2 Kaplan Street

Kiryat Ben-Gurion P.O. Box 6158
Jerusalem 91061,

Israel
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Lake Michigan Air Directors Consortium,
2350 East Devon Avenue, Suite 242, Des Plaines,
lllinios, U.S.A.

National Institute of Environmental Studies
Tsukuba, Ibaraki 305, Japan

Republic of China’s Environment Protection Administration
41 Sec. 1 Chung-Hwa Road, Taipei,
Taiwan

Environmental Impact Evaluation Division
Office of Environmental Policy and Planning,
60/1 Soi Pibulwatana 7, Rama VI Road,
Bangkok 10400,

Thailand

Alr Pollution Contro! / Environmental Impact Assessment Department,
Ministry of the Environment,

Environment Building 40, Scotts Road, #11-00,

Singapore 0922,

Republic of Singapore

Agence de Environment et de la
Maitrise de | Energie

27, Rue Louis Vicat

75737 Paris CEDEX 15,

France

Direction de I’Eau de la Prévention des Risques

14, Boulevard du Général Leclerc,
92524 Neully Sur Seine,
France

Institut National de [’Environment Industriel
9, rue de Rocray,

75010 Paris,

France
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Ministry of Urban Development & Environment
Av Constituyentes No.947, Edificio B,

Plenta Alta,

Col. Belen de Las Flores 01116,

Mexico, D.F.

National ..gencyv of Environmental Protection
Air Pollution Laboratory,

Ris National Laboratory,

D" 1000 Roskilde,

Denmark

Federal Environemntal Agency
Umweltbundesamt,
Bismarckplatz |

D-1000 Berlin 33

Germany

Council of Experts in Environmental Matters

Der Rat von Sachversténdigen flir Umweltfragen
Gustav Stresemann Ring 11

D-6200 Wiesbaden

Germany

Federal Ministry for Research and Technology
Bundesministerium fir Forschung und Technologie
HeinemannstraBe 2

D-5300 Bonn 2

Germany

Ontario Ministry of the Environmental and Energy
125 Resources Road, East Wing, Toronto, Ontario,

Canada

Atmospheric Environment Service,
4905 Dufferin Street, Toronto, Ontario,

Canada

Massachusett Department of Enviornmental Protection, —
10/F., The Corner, Downtown Boston, f"""'""'"‘~
U.S.A THE
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California Environmental Protection Agency
Alr Resources Board

Box 2815

Sacramento

CA 95812

Assistant Secretary for Conservation & Renewable Energy
Washington DC 20585

J. Michael Davis, Assistant Secretary

Executive Office of the President
Council on Environmental Quality
Washington, DC 20500

Energy Information Administration

Office of Coal, Nuclear, Electric, and Alternate Fuels
Electric Power Division

Mail Stop EI-34

1000 Independence Avenue, S.W.

Washington, DC 20583

Mary J. Hutzler, Director

Ministry of Science Technology & Environment
14/F., Wifma Sime Barby, Jalan Raja Laud 50662
Kualalumbur,

Malaysia

Philippines Couﬁcil for Agricultural, Forestry and
Natural Resources Research & Development

Los Banof, Laguna,
Philippines

Environmental Protection Authority
Westralia Square Building, 38 Mountsbay Road

Perth City WA 6000
Australia
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