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OFFICE AND ENVIRONMENTAL PROTECTION 

Ozone Layer Depletion is 
a Global Environmental 
Concern 

I ndustrialized nations agreed at a meeting in Copenhagen in November, 
1992 to phase out production of certain chlorofluorocarbons (CFC's) 

by 1996. CFC's are considered to be ozone depleting chemicals and were 
originally scheduled to be phased out by the year 2000 based on meetings 

that resulted in the 1986 Montreal Protocol on Substances that Deplete 
the Ozone Layer. The most common CFC compounds that are affected 

are CFC-11 (CCll), CFC-12 (CCllzl, CFC-113 (Cpl J, CFC-114 (CPl J, 
and CFC-115 (CpF J. CFC -11 and 12 account for 50% of imports to 
Hongkong, and CFC-113 makes up 49%. CFC's are commonly called 
Freons after the DuPont tradename, and are implicated in the halogen 

atom catalyzed destruction of atmospheric ozone. Recent evidence from 
atmospheric studies has indicated that the ozone layer is depleting faster 
than expected, and this information has led to the accelerated production 
and usage phaseout schedule. 

In legislation that is pending in Hongkong, the import of pure CFC's would 
be reduced to 25% of present levels by 1994 and banned by 1996. Current 
levels are frozen at 2300 tons per year. This has a particular effect on the 
automobile use of air conditioners that rely on CFC's as refrigerants. 
Proposed rules would make it illegal to intentionally vent CFC's from AC 
and refrigeration systems. Venting is currently allowed and is common, 
particularly among garages servicing car air conditioners. The proposed 
ban is intended to encourage users to recycle their supplies. About 3000 
air-conditioning units in Hongkong use CFC's. Most of these are for 

commercial blocks and the common small, window-type air conditioners 
usually contain CFC substitutes. 

The local branch of the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers (ASH RAE) in Hongkong expects that there will 
be difficulties meeting the new phaseout date due to a shortage of people 
qualified to convert older systems to CFC alternatives, or to install new 
non-CFC systems. 

The electronics and foam blowing industries are significant users of 
these chemicals and they have been urged by the Planning, 

Environment and Lands Branch to use alternatives to CFC's given that 
there will be a shortage of supply and prices are likely to escalate. This 
creates a risk for industry since the investment in alternatives costs from 
$1 to 2 million, and the current technologies may soon become obsolete 

as research on CFC substitutes and alternatives has been accelerated in 
recent years. 

The effects of CFC's on the ozone layer may be the single greatest threat 
to the global atmosphere. In response to this concern, the US Environmental 
Protection Agency (EPA) established regulations in accordance with the 
1986 Montreal Protocol and began curtailing production of CFC's in 1989. 
In August of 1989, AT&T (American Telephone and Telegraph Company) 
which used 3 million pounds of CFC's per year in chip and circuit board 
manufacturing, announced plans to cut consumption to one half by 1991 
and totally by 1994. Other major companies that announced similar 
intentions were Japan's Seiko Epson Company and Canada's Northern 
Telecom. 

The most likely substitutes for the halocarbons are hydrogen-containing 

chlorofluorocarbons (HCFC's) and hydrogen containing fluorocarbons 
(HFC's). The table below shows the most likely substitutes for current 
CFC's and the relative ozone depletion potentials. The depletion potential 
is based on a value relative to 1.0 which is assigned to CFC-11, considered 
to be the most ozone damaging CFC compound. 

CFC compounds are very inert and their nonreactivity, combined with 
worldwide production Qf approximately one-half million metric tons per 
year has resulted in their becoming homogeneous components of the 
global atmosphere. Although quite inert in the lower atmosphere, CFCs 
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Current 
CFC 

11 

12 

Chemical 
Formula 

Ozone 
Depletion 
Potential 

1.0 

undergo photodecomposition by ultraviolet radiation in the stratosphere, 
and Cl atoms are released. These atoms react with ozone present at this 
altitude above the earth and cause its net destruction in a chain reaction 
that was first suggested in 197 4. Overall the effect is to cause the 
destruction of several thousand molecules of ozone for every Cl atom 
produced. This could have a very significant global impact because the 
ozone layer in the stratosphere acts as a shield against biologically 
harmful ultraviolet radiation. The most prominent instance of ozone layer 
destruction is the so-called" Antartic ozone hole" that has been documented 
in recent years. This phenomenon is manifested by the appearance during 

theAntartic's late winter and early spring of severely depleted stratospheric 
ozone (up to 50%) over the polar region. 

Recent evidence provided by the U.S. National Aeronautics and Space 
Administration (NASA) is that significant depletion of the ozone layer 

is occurring in the northern hemisphere especially over large population 
centers. Ozone may be depleted by as much as 40% as far south as the 
Russia-Chinese border during the late winter and early spring when holes 

are most likely to appear. Less dramatic losses have been detected at 
about the same latitude as Hongkong. 

Ozone absorbs ultraviolet radiation very strongly in the wavelength region 
of 220 to 330 nm. The UV light of 290 to 320 nm that is absorbed is called 

UV-B radiation and this radiation can cause damage to both plants and 
animals if it reaches the earth 's surface. Such radiation could cause the 

destruction of microscopic plants (phytoplankton) that are the basis of the 
ocean's food chain and this could severely reduce the productivity of the 
world's seas. In addition, human exposure to UV-B radiation can result 
in eye cataracts and an increased incidence of skin cancer, particularly 
among people with light complexion. Specifically, an additional 1.6 to 
1. 75 million additional cataract cases are expected by the year 2000 and 
a 26 % increase in non-melanoma skin cancer cases is forecast for the 
same time period. A final concern is expressed by some meteorologists 
who believe that global weather patterns could be altered by the large 
increase in radiation of this frequency reaching the earth's surface. 

Substitute Chemical 
Chemical Formula 

HCFC-22 CHC1F2 
HCFC-123 CHC12CF3 

HCFC-141b CH3CC1 2F 

HFC-134a CH2FCF3 

Radiation Safety 

Ozone 
Depletion 
Potential 

0.053 

0.016 

0.081 
0.0 

H ere at HKUST, various radioactive isotopes and irradiating apparatus 
are used for teaching and research purposes. These materials and 

equipment must be handled appropriately to avoid adverse effects to the 
user, the public, and the environment. 

The use of radioisotopes and irradiating apparatus is regulated by the 
Radiation Board of Hong Kong. The Radiation Board has granted the 
University an exemption licence for the storage and use of radioisotopes 
and irradiating apparatus. Under the terms of this exemption licence, the 
University must appoint a Radiation Protection Officer (RPO) to oversee 

a comprehensive Radiation Safety Program. The HKUST RPO is a part of 
the Safety & Environmental Protection Office (SEPO) team. 

Planning 

Persons using radioactive materials or irradiating apparatus need to 

evaluate their projects so as to determine the associated risk. This 
evaluation must include a consideration of the properties and 

reactivity of any chemicals, or siting and safety features of irradiating 
apparatus. Additionally eventual disposal options and waste 
minimization techniques should be evaluated in the planning stage. 

Responsibilit ies 

Principal investigators/supervisors are ultimately responsible for 
establishing safe procedures, and for providing the protective 
equipment needed for handling radioactive materials or for using 

irradiating apparatus. They must instruct their personnel as to the 
possible hazards, safety precautions, waste handling, consequences 
of an accident, and the actions to take in case of an accident. 

Registration of Users 

Employees and students at HKUST must be registered and authorized 
to handle radioactive materials or irradiating apparatus. Training and 
familiarity with the SEPO radiation protection program are 
prerequisites for registration and authorization 
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Transfer of Radioactive Material 

No radioisotope is to leave campus without authorization from the 
RPO. The user is responsible for notifying the RPO of all shipments 
which must be accompanied by pertinent information. The RPO 
provides detailed information on packaging, labelling and necessary 
paperwork for transferring radioisotopes. 

Inventory of Radioactive Material 

A centralized inventory of radioisotopes will be maintained by the 

RPO. Each user is responsible for keeping individual records to 
account for the arrival, transfer, utilization and disposal of the 
material . A copy of this record must be submitted to the RPO at the 
end of each term to update the central inventory. A standardized 
inventory form may be obtained from the RPO. 

Storage of Radioactive Material 

Radioisotopes must be stored in lockable metal cabinets or 
refrigerators at designated locations within the lab. These controlled 
locations should be protected against unauthorized access. Proper 
storage of radioisotopes in the laboratory includes providing sufficient 
shielding to reduce the radiation to the lowest possible level , and 
preventing the release or spillage of radioactive material. 

Use of Radioactive Material 

Access to facilities used for the handling of radioisotopes shall be 
restricted to authorized personnel only. Eating, drinking, smoking 
and storing food in laboratories is prohibited. Inadvertent ingestion 
of isotopes is a major source of potential exposure in a medical or 
research environment. Work involving the use of radioisotopes must 
be conducted only in designated areas within the lab. 

Personnel Exposure Evaluation 

Dosimeters, biological monitoring such as urinalysis, and various 
real-time survey instruments are used to determine exposure. Survey 
instruments may be obtained through OLS (Office of Laboratory 
Services) or the RPO. The dose limit for radiation workers is 5 rem/ 
year. For the general public, the dose limit is 0.5 rem/year. However, 
it is the policy of HKUST to keep radiation exposure to its staff and 
students to a level as low as reasonably achievable a level which is 
called by it's abbreviation, ALARA. 

Surface Contamination 

Upon completion of experiments, the designated area should be 
checked for contamination. Contact the RPO to arrange for a 
surface contamination survey. Contamination is "removable" when 
it can be detected by wipe test. "Non-removable" contamination is 
detected by survey meters such as GM counter and not by wipe test. 
Areas with removable contamination should be cleaned and those 
with non-removable contamination should be covered with shielding 

. . 

material, if the levels warrant it, to avoid unnecessary personnel 
exposure. 

Radioactive Waste 

All waste contaminated with radioisotopes must be disposed properly 
through OLS. For materials with short half-lives, they may be stored 
until the activities drop below levels acceptable for disposal as 
municipal waste. Other materials hlay be disposed by shipping 
back to the manufacturerorto the Radiation Board. Waste containing 
toxic chemicals and/or biohazards must be treated/inactivated prior 
to disposal as radioactive waste. However, these materials may not 
be autoclaved unless the volatilized radioactivity is trapped in a filter. 
Users must also inventory low level, radioactive liquid wastes which 
are discarded down the drain. Sewage from the university will be 
monitored by the Environmental Protection Department for illegal 
discharge of hazardous materials. 

SEPO assists supervisors, employees and students in maintaining 
safe work areas by providing information on the hazardous properties 
of materials and equipment, recommending methods for controlling 
them, and for monitoring the work environment. In addition, SEPO 
offers training courses on the recognition, evaluation and control of 
various safety hazards. 

Accidents on Campus 
We had the following accidents recently: 

• An employee fell from a ladder while working on a piece of 
overhead equipment. 

• A student suffered chemical burn to the hands due to the 
use of faulty gloves. 

• A student suffered scolding while operating an improperly 

loaded autoclave. 

• An office employee tripped over a telephone cord. 

• A contractor employee fell while walking on slippery surface. 

Comments: These accidents could have been avoided if proper 
caution was exercised. Please be careful! Furthermore, employees 
and students should not be assigned to tasks without proper 
training. Please contact SEPO for Health & Safety training. 
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Safety & Environmental 
Training Courses 

May 7, 1993 2:30-4:00 pm 

This course will cover the selection, use and limitation of various respiratory 
protective equipment and is designed for potential respirator users at 
HKUST. 

May 18, 1993 2:30 - 4:30 pm 

This course will discuss the latest requirements concerning the disposal 
of hazardous waste at the Government Waste Treatment Facility. It will 
also address details of waste management at HKUST including segregation, 
selection of containers, labelling requirements and responsibilities of the 
generator. It is highly recommended for all faculty members, staff and 
students who use and dispose chemicals at HKUST. 

Choice of 2 sessions, June 1 or 3, 1993 2:30 - 4:00 pm 

This course will discuss safety and health issues associated with the 
modern office environment. There will be particular emphasis on proper 
computer work station set-up and suitable exercises to reduce physical 
strain and ergonomic-type problems. This course is highly recommended 
for those who spend a substantial amount of time at computer work 
stations. 

Various times in May, June and July 

These courses will be conducted by the Red Cross/St. John and will cover 
basic first aid procedures, including bandaging, cadio-pulmonary 
resuscitation. Upon completion of this course, attendees can sit for the 
certification examination. 

For further information or enrolment of the above-stated courses, please 
contact Kans Ho at extension 6512. 

Basic Principles In The Use 

Ladders are used commonly in daily life. If they are not used 
properly, accidents may easily occur. Every year, accidents which 

involve personal injuries or death are caused by the mis-use of ladders. 
To avoid these accidents, the following safety precautions should be 
followed: 

1. A suitable type of ladder should be selected such that its height, 
shape and quality match the working requirement. If there is an 
electric conductor near the working site, never use a metal 
ladder. Depending on the nature of the work, scaffolding should 
be used instead of a ladder whenever possible. 

2. Before each use carefully check the ladder to ensure that it is not 
damaged, e.g. there is no crack on its string or rung. The anti-slip 
device should be firmly fixed to the bottom of the ladder. If an 'A' 
shape ladder is used, one should ensure that its hinge is not 
damaged or is not too loose and the pulling stay should be able 
to be fully extended and not be too long or too short. 

3. The angle between a ladder and its supporting wall/body should 
be appropriately adjusted to avoid setting the angle too wide or 
too narrow since both situations can easily cause accidents. 
(Figure 1) 

4. The ladder should be placed firmly onto the supporting wall/ 
body. Ideally, the top of a ladder should be fastened to the 
supporting body. Otherwise, someone at the bottom of the 
ladder should assist to hold the ladder in a firm position. 
(Figure 1) 
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5. The top of a ladder should be at least 1 metre higher than the height 
of the climbing target so that the worker can get hold of the top part 
of the ladder by his hand while landing or leaving. (Figure 1) 

6. The ladder should be placed on a firm ground surface and never on 
loose or unstable materials such as wooden boxes or oil drums, etc. 
(Figure 2) 

7. Do not put heavy objects on the ladder rungs. 

8. When climbing up or down a ladder, the worker should face the 
ladder and never carry any tool due to the danger caused if it should 
be dropped. 

9. Don't stand at the top of a ladder while working. At least a metre from 
the top of a ladder should be reserved for the worker to hold the 
ladder by his hand. If both hands have to be used, the worl<er should 
pose a leg lock by putting one leg on top of a rung and use the other 
leg to stand on another rung which is two rungs below to balance his 
body on the ladder. He should also wear a safety belt. (Figure 3) 

1 O. While working on a ladder, avoid leaning too far back from the 
ladder. If necessary, move the ladder to a suitable position before 
starting to work again. When moving a ladder, first move the top and 
then the bottom part of a ladder. Don't move it too hastily. (Figure 
4) 

11. When moving a ladder, take care to avoid injury to others, especially 
when approaching corners. The front part of a ladder should be 
raised a little bit higher if the ladder is carried by a single person. 
Longer ladders should be carried by at least 2 people. (Figure 5) 

Figure 4 Figure 5 

12. If a ladder must be used in a doorway or corridor, take precautions 
to avoid the ladder being knocked down. 

13. Don't place too many tools at the top of an 'A' shape ladder. 
Tools should be put inside a tool box or a tray. (Figure 6) 

14. While working, one should stand at least two steps below the 
top of an 'A' shape ladder to maintain correct balance. (Figure 
6) 

15. Ladders should be stored in a cool and dry area without direct 
sun light. Proper storage can lengthen the working life of a 
ladder. Things should not be put on the ladder to avoid damage. 
Ladders should not be painted so that cracks can be easily 
observed. Damaged ladders should be removed from the 
workplace to avoid accidental reuse. 

tools should be 
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Figure 6 
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Portable Fire 
Extinguishers 

Portable fire extinguishers can be found around the workplace or at 
home. They are an effective means of extinguishing accidental fires 

in the early stages and are intended to be used by the normal, relatively 
untrained user. 

To operate a fire extinguisher is not difficult. There should be detailed 
instructions printed on each fire extinguisher to enable its prompt use. We 
suggest that every one takes time to study the operation instructions. One 
day you may need to use it. However, in order to use it safely and 

effectively, you may need to know a little bit more about extinguishers. 

This article describes the different types of portable fire extinguishers, the 
types of fire they are suitable for, and the suitable fire fighting techniques 

for using the equipment. 

A fire extinguisher is not for all kinds of fire and situations. Therefore, 

before learning to use a fire extinguisher, we have to understand different 
types of fires. 

Fires can be classified according to the kind of fuel involved: 

Class A Fires : Normal combustibles such as wood, paper, cloth and 
other solid carbonaceous materials. 

Class B Fires : Flammable liquids such as petrol, lubricating oil, gas 
oil , naphtha, alcohols etc. 

Class C Fires : Gases emerging as burning jets from an orifice or 
fissure. 

Class D Fires: Flammable metals such as magnesium, titanium, 
sodium, and the radioactive metals. 

Electrical Fires may be another unique class of fire due to the hazard 
of electrocution. However, they have not been given a 
separate classification. 

Fire extinguishers are normally classified by their "extinguishing agents", 
i.e. the contents inside the extinguisher. 

a. 

b. 

Water 

With its high cooling capacity, non-toxicity, cheapness and availability, 
this is the most widely used agent in fire-fighting and is most 
effective when used on 'normal' solid combustibles (Class A Fires). 
It may also be used on the higher flash point flammable liquids (Class 
8- 45°C and above) where it is applied as a spray. It is not effective 
on Class C fires and it is only effective on certain (non-radioactive) 
Class D fires when applied with caution as fine spray e.g. to 
magnesium and titanium fires. 

Foam 

Due to its light weight, foam can be applied as a blanket to the 
surface of a burning liquid, cutting off the oxygen supply and thus 
smothering the fire. Foams are normally made by adding a suitable 
proportion of a foaming agent or concentrate to water to give a 
solution which, when aerated and stirred, forms a stable bubble 
structure. (Alcohols and other water-miscible liquids require special 
types of foam concentrate, which are not generally supplied in 
portable fire extinguishers). 

c. Powder 

There are several different chemicals used to make extinguishing 
powders. Powders suitable for Class A, B (and C) are usually made 
from the phosphates of ammonia, with a suitable flow additive, and 
they are efficient in the extinction of solid fuel fires as well as the other 

two classes. They achieve extinction of solids by forming a flame
retarding layer on the surface of the material. Class D powders are 
also available. 

Powders may also be used safely on electrical fires but are likely to 
present a cleaning (and possibly a corrosion) problem. 

d. Gas 

Gases used are carbon dioxide and two halon agents, i.e.BTM and 
BCF. These gaseous agents are non-conductive and therefore are 
normally used for electrical fires and they do not leave undesirable 
residue. 

These gaseous agents are also suitable for Class B fires and Class 
A fires where these have not become deep-seated. However, they 

are not very effective for Class C fires and are not suitable for 
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So l i d 
Carbonaceo s 
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Pice s 

Table 1: Selection of Fire Extinguishers 

\'/hen used in 
Confined ar e as, 
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a ccumu lation of 
ga s e s . 

Class D fires (especially for Halons). When Halon agents are used for 
"deep-seated" fires or Class D fires, excessive breakdown of the 
gases could occur with the formation of toxic acid halides. 

Carbon dioxide extinguishers are normally discharged simply by 
opening a valve in the pressure vessel, so the gas discharges under 
its own vapour pressure through a discharge tube. The pressure in 
BTM and BCF extinguishers is usually increased with a 'padding 
gas' (nitrogen) in order to bring it up to a total value at which the gas 

will discharge freely in a few seconds. They may or may not be fitted 
with a discharge tube. 

Table One provides a quick reference for selecting the appropriate 
type of fire extinguishers. 

The next question is how to distinguish the different types of fire 
extinguishers. An experienced person can tell by one glance (the 
shape of the discharge nozzle, the size of the cylinder etc.). A layman 
may need to tell by reading the descriptions on the extinguisher. 
Another means of identification is by its colour. 

Colour Coding There is no specific requirement regarding the 
colour coding of fire extinguishers. However, in accordance with 
British Standard BS 5423, fire extinguishers are coloured according 

to the extinguishing agent they contain, as follows: 

Water 
Foam 
Powders 
Carbon dioxide 
Halon 

General 

Signal Red 

Pale Cream 
French Blue 
Black 
Emerald Green 

Take up a position where access to the fire is unrestricted, but where 
a quick and safe retreat is possible, e.g. on the side of the fire that 
is nearest to an exit or on the windward size of the fire when outside 

a building. 

Crouching will help the operator to avoid smoke and heat and allow 
a closer approach to the fire. 

Always ensure that a fire is completely extinguished and not liable to 
re-ignite or continual smouldering. 

When the fire is out of your control , leave the fire and close doors 

behind you. 

Specific Applications 

Water Type /Dry Powders Extinguishers 

Direct the jet at the base of the flame and keep it moving across the 

area of the fire. 

A fire spreading vertically should be attacked at its lowest point and 

followed upwards. 

Seek out any hot spots after the main fire is extinguished . 

Warning : Do not use in electrical fires 

--, 
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Foam Type Extinguishers 

Where the liquid on fire is in a container, direct the jet at the inside 
edge of the container or at an adjoining vertical surface above the 
level of the burning liquid. This breaks the jet and allows the foam to 
build up and flow across the surface of the liquid. 

Where this is not possible, stand well back, direct the jet with a gentle 
sweeping movement, allow the foam to drop down and lie on the 
surface of the liquid. (The average length of the jet from a foam 
extinguisher is 5 meters) 

Do not aim the jet directly into the liquid because this will drive the 
foam beneath the surface and render it ineffective. It may also splash 
the fire onto the surroundings. 

Warning : Do not use in electrical fires 

Direct jet at near D 
edge of fire 
Keep moving it 

··1 
sideways across 
area of fire 
Gradually work 
towards far end 

WATER/ DRY POWDER 

f"OAM Direct jet at 
inside edge of 
container 
Allow foam to flow 
across surface of 
liquid 

I 
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Carbon Dioxide Extinguishers 

Get as close as possible to the fire (its effective discharge distance 
is one to two meters). 

Direct the jet at near edge of fire and gradually work towards the far 
end. The duration of discharge is extremely short (about 10 seconds 
for a 5 kg C02), and therefore the shooting must be accurate. 

Warning : Carbon dioxide extinguishers should not be used in confined 
spaces where there is a danger that the gas may be inhaled. 

Note: 

Do not hold the surface of the discharge horn, you may suffer 
a cold burn. You should use the proper handle instead. 

There will be a very loud discharge noise and thick white 
fumes will be generated. Do not be scared! 

Halon Extinguishers 

Method and operating instructions as for Carbon Dioxide except that BCF 

can have a longer effective discharge distance. 

Warning: Halon extinguishers should not be used in confined spaces 
where there is a danger that the fumes may be inhaled. 

Halons may be discomposed excessively to form toxic acid 
halides. 

Note: The effectiveness of both C02 and Halon Extinguishers will 
diminish in windy (mostly outdoor) situations. 

Environmental Issue: Halons have been regarded as one of the most 
effective fire-fighting agents. Unfortunately, it 
has also been discovered that when released, 
these agents, because of their halogen content, 

can destroy the ozone layer. 

The Montreal Protocol calls for the gradual 
phasing out of CFC agents including Halon. 
HKUST is in the process of developing a 
comprehensive plan to comply with this Protocol. 

It will include the replacement of portable Halon 
fire extinguishers and other fixed fire extinguishing 
systems used at the dangerous goods stores 
and computer rooms. 

EXTINGUISHING CONTAINED OIL FIRE WI TH FOAM 

ETC-G1663 


