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SAFETY AND ENVIRONMENTAL PROTECTION OF FI CE 

T he 20th Century has brought with it tremendous gains in 
science and technology as well as gains in the quality of human 

life and longevity. However, these gains have been accompanied by 
certain hazards, many associated with the 100,000 chemicals which 
are now commonly in use. Reproductive hazards are one such 
hazard which has accompanied the "chemical revolution". 

Substances which can cause mutations, birth defects, abortions, 
and infertility or sterility are called reproductive toxins. Lead, 
certain polynuclear aromatic hydrocarbons, cadmium, ethylene 
oxide and ethylene glycol are examples of reproductive toxins. 
Sexually transmitted diseases can also affect fertility and offspring 
so that even reproduction itself can be a reproductive hazard. 

For many years the control of exposure to hazardous chemicals in 
the workplace was limited to substances which affected the 
workers themselves, but today we are concerned with controlling 
exposures to chemicals which can affect future generations. 
According to a recent article in the journal of the American 
Industrial Hygiene Association, "disorders ofreproduction, infertility, 
spontaneous abortion, teratogenesis" are among the top 10 work
related diseases and injuries in the United States. 
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An awareness of the reproductive hazards of chemicals dates 
back to Roman times when lead used in pottery contributed to the 
incidence of stillbirths. More recently, regulations and guidelines 
for identifying reproductive hazards, as well as corporate policies 
and laws for controlling workplace exposures have been established 
as a result of the tragedy of thalidomide babies during the 1960s. 
Babies with short, "fin-like" arms and legs were born to pregnant 
women who were prescribed thalidomide for nausea. 

Today lead is known to be an abortifacient (something which 
causes an artificial abortion) and can produce teratospermias 
(abnormal sperm). In the late 1970s a widely used soil fumigant 
(DBCP - dibromochloropropane) was found to cause sterility in 
male factory workers who produced it. Furthermore, it was found 
that farm workers who applied DBCP had significantly reduced 
sperm counts. Low sperm counts, abnormal sperm, and infertility 
have been associated with work places such as battery plants, 
lead mines, and industries using large amounts of organic solvents 
such as toluene, benzene, and xylene. 
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Mutagens are agents which can cause mutations and do so by 
affecting the germ lines (egg and sperm); this means that exposure 
to either parent can affect the offspring. This type of agent causes 
damage before conception and can result in infertility, unsuccessful 
fertilization or implantation or fetal abnormality. An example of a 
mutagen is a chemical called 2-acetylaminofluorine. 

Teratogens are agents which usually require 
maternal exposure after conception and 
which can cause damage to the 
developing fetus resulting in death 
or abnormality. Fetal alcohol 
syndrome (FAS) where the 
offspring can be mildly or 
severely deformed or 

· developmentallyretarded, 
is caused by high maternal 
consumption of alcohol 
during pregnancy. Some 
suggest that the male 
semen can contain 
substances absorbed from his 
body which become absorbed by 
the vaginal mucosa and subsequently have a 
teratogenic affect on the developing fetus. It has 
been suggested that th is might also be the case 
with FAS. Teratogens should be particularly 
avoided during the first trimester of pregnancy 
when the developing fetus is at greatest risk 
from this type of agent. 

Carbon disulphide, various pesticides and rodenticides, 2-
acetylaminofluorine (2-AAF), some amides, benzene, toluene and 
xylene are among the types of compounds which can act as 
reproductive toxins and which may be found at restricted locations 
on campus. 

The workplace is not the only place where exposure to mutagens 
and teratogens can take place. Cigarette smoke, carbon monoxide 
(also contained in cigarette smoke), alcohol, and even vitamin A 
have been implicated as teratogenic agents. 

1. Avoid direct or second-hand smoke, alcohol and 
other recreational drugs and consult a physician 
before taking any medicines. 

2. Female laboratory workers are advised to inform 
SEPO as soon as a pregnancy is known so that a 
workplace evaluation can be performed to ensure no 
exposure to teratogens. 

3. Anything that might be hazardous to an adult will be even more 
hazardous to the developing fetus. 

SEPO has implemented on
going exposure assessment 

and medical surveillance 
programs to evaluate 
exposures of HKUST 
students and em
ployees to a variety of 
hazardous chemicals. 
SEPO adheres to the As 

Low As Reasonably 
Achievable (ALARA) 

principle in addressing 
occupational exposure to 

hazardous chemicals, including reproductive toxins. 
We make every effort to ensure that there will not be exposures in 
excess of local or internationally accepted limits. 

SEPO is committed to assisting you in ensuring a safe workplace. 
If you are working with substances which have reproductive 
effects, please contact us so that we can evaluate your exposure 
and recommend intervention strategies to control exposures. 
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Occupational radiation exposure are usually measured external to 
human body by monitoring equipment. These measurements, 
however, cannot be directly used to evaluate potential health 
effects because various human tissues and organs have different 
sensitivities to the same amount of radiation. The annual radiation 
exposure limit of 20 mSv (milli-Sievert) for radiation workers is 
based on a whole body dose equivalent amount, which is the sum 
of radiation exposure to individual tissue or organ times the 
corresponding weighting factor (see Table 1). 

Table 1. Tissue Weighting Factors for Assessing 
Radiation Exposure 

Tissue or Organ Tissue Weighting Factor 
Gonads 0.20 
Bone Marrow (Red) 0.12 

Colon 0.12 

Lung 0.12 
Stomach 0.12 
Bladder 0.05 
Breast 0.05 
Liver 0.05 

Oesophagus 0.05 
Thyroid 0.05 
Skin 0.01 
Bone Surface 0.01 
Remainder 0.05 

The reproductive organs (gonads) have the highest sensitivity to 
radiation hazard (represented by the highest weighting factor of 
0.20). In other words, a certain amount of radiation exposure to 
sensitive organs such as the gonads may produce much more 
serious health effects than the same amount of exposure to, say, 
the skin. 

Table 2 summarizes probability of fatal cancer, and aggregated 
detriment (which includes non-fatal cancers, cancer effects on life 
quality of survivors, relative reduction in life-span, and relative 
length of impaired life) in different organs or tissues upon exposure 
to a certain amount of radiation. The numbers represent additional 
cases of fatal cancer or aggregated detriment in 100 individuals 
due to an exposure of 1 Sv in one year's time. 

Table 2. Nominal Probability Coefficients for Individual 
Tissues and Organs to Develop Adverse Health Effects 
upon Exposure to Radiation 

Probability of 
Fatal Cancer 

Tissue or Organ (10-2 Sv-1) 

Bladder 
Bone Marrow 
Bone Surface 
Breast 
Colon 
Liver 
Lung 
Oesophagus 
Ovary 
Skin 
Stomach 
Thyroid 
Remainder 

Total 

Gonads 

0.30 
0.50 
0.05 
0.20 
0.85 
0.15 
0.85 
0.30 
0.10 
0.02 
1.10 
0.08 
0.50 

5.00 

Probability of Severe 
Hereditary Disorders 

1.00 

Aggregated 
Detriment 
(10·2 Sv·1) 

0.29 
1.04 
0.07 
0.36 
1.03 
0.16 
0.80 
0.24 
0.15 
0.04 
1.00 
0.15 
0.59 

5.92 

1.33 
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The main effects of radiation exposure to reproductive organs are 
hereditary disorders, or birth defects. As can been seen from the 
probability, the reproductive organs are among the most sensitive 
tissues. 

Although International Commission on Radiological Protection 
{ICAP) did not specify any special protection for the reproductive 
system for radiation workers, it is good practice to minimize 
radiation exposure whenever possible, not only to high sensitivity 
organs but to any part of the body. Since only low doses and 
relatively low energy radionuclides are currently used for research 
purposes in HKUST, and most of the experiments involving 
radioactive materials are equipped with proper shielding, and/or 
conducted on benches which blocked direct exposure to lower 
part of the body, the potential radiation hazard to the reproductive 

system is relatively small. 

Teratogenic {able to cause birth defects) effects of ionising radiation 
in the period of pregnancy have long been known. There were 
studies which indicated an association between radiation exposure 
to fetus and an increased incidence of childhood cancers, although 
some investigators maintain that no such relationship exists. 
Hence the National Council on Radiation Protection and 
Measurements {NCRP) Report 53 concluded "Although the reported 
epidemiological association of excess risk of childhood cancer 
with prenatal radiation exposure of embryo or foetus is still 
uncertain as to the cause-effect relationship and magnitude of 
possible risk, it is conservative radiation protection philosophy to 
assume that such risk may exist." 

Pregnant women are, therefore, not recommended to receive any 
radiation in excess of the natural background. In situations where 

exposure to ionising radiation cannot be avoided, such as in 
emergency medical diagnosis or life-saving treatment, the ICRP 
principles of justification, and of applying a radiation dose "as low 
as reasonably achievable", shall be strictly adhered to. 

Occupationally, while it is preferable not to receive any radiation 
other than that from the environment, pregnant radiation workers 
can and do receive radiation. ICRP recommends that after 
pregnancy has been diagnosed a woman can continue to work 
only in Radiation Working Condition B which is defined as conditions 
where it is most unlikely that annual exposure will exceed 3/1 Oth 
of the internationally accepted annual exposure limit of 20 mSv 
(whole body dose equivalent) for radiation workers. In other words, 
pregnant women should not be exposed to annual radiation dose 
higher than 6 mSv. 

ICRP believes that any pregnancy of more than two month's 
duration would have been recognised by the woman herself or by 
a physician, and hence, according to the ICRP recommendation, 
the maximum dose a foetus may receive is estimated to be : 

2/12 x 20 mSv + 7/12 x 3/10 x 20 mSv = 6.8 mSv 

The first term is the maximum dose received in the first two months 
in the absence of knowledge of pregnancy. The second term is the 
maximum dose expected in the rest of the gestation period when 
the pregnancy has been known and ICRP recommendation is 
followed. As a reference, a diagnostic X-ray examination can give 
0.5-2 mSv, while two hours of television-watching per day for a 
year is 0.01 mSv. 

The Council of the European Communities has endorsed the ICRP 
recommendation for pregnant radiation workers, and in addition 
said the dose to the foetus should in no case exceed 1 O mSv after 
pregnancy has been diagnosed. The NCRP of the United States 
recommends a monthly limit of 0.5 mSv to the embryo-foetus 
(excluding medical and natural background radiation) once the 
pregnancy is known. 
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NCRP further states that II Under the highly unlikely maximum 
exposure scenario (50 mSv before pregnancy is known), the 
potential impact on intelligence quotient (IQ) would be expected to 
be negligible since the period of enhanced sensitivity is 8 to 15 
weeks and beyond. In addition, the [increase in] lifetime cancer risk 
would be expected to be less than 0.005, i.e., 5 in 1,000. 11 Since 
it is extremely unlikely that any radiation worker would receive 
more than 50 mSv under normal circumstances, especially in an 
academic institution, there is no special recommendation regarding 
the occupational exposure of female radiation workers not known 
to be pregnant. 

The above discussions are limited to reproductive hazards of 
occupational exposure to radiation workers. Reproductive hazard 
due to medical radiation exposure has only been briefly touched 
on. 

A separate article on potential health (including reproductive) 
hazards of medical radiation exposure, especially from X-ray, to 
the general public is planned for a coming issue of Safetywise. 

The mission of the Radiation Safety Section of SEPO is to protect 
all campus occupants, both genders, pregnant or not, from radiation 
hazards; and to serve HKUST radiation workers. Radiation safety 
equipment, and whole body radiation monitoring dosimeters are 
provided to radiation workers. Facility contamination is monitored 
by swipe tests and/or portable radiation detectors. Appropriate 
medical surveillance for specific radionuclides is also available. 
Please contact us for assistance or further information. 
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Source: EPA Journal Vo/ 19 No. 4 
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In the operation of a state-of-the-art university like HKUST, many 
potential safety hazards may be encountered. On the academic 
side, a variety of dangerous materials are used in connection with 
various teaching and research efforts. These include materials 
which are irritants, sensitizers, flammable, toxic, carcinogenic, 
mutagenic, teratogenic, radioactive or infectious. Furthermore, 
various types of equipment involve the use or generation of high 
electrical power, high pressure, intense laser beams, X-ray beams, 
non-ionizing radiation, etc. 

On the operational side, our facility team works in all kinds of 
environments, ranging from underground confined spaces to 
great heights. Chemicals used for cleaning, pest control, 
maintenance of the swimming pool and deionized water plant, etc, 
can inflict serious injury if not handled properly. In the workshops 
there are potentially dangerous machining equipment and hand 
tools. 
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While there is a number of potentially dangerous operations and 
materials on campus, that is not to say that our campus is an 
unsafe place for study and work. These concerns have been 
identified and addressed as early as in the designing stage of our 

campus. 

As a result, many safety features have been incorporated into 
our facility. Examples include automatic fire detection and 
suppression systems, local exhaust systems for hazardous 
operations, emergency ventilation systems, toxic gases 
monitoring systems, etc. These engineering control systems are 
essentially "automatic", requiring little routine human effort for 
day-to~day operation. 

Providing engineering control systems is only one element of a 
comprehensive safety program. To have a successful program, 
we must all share responsibilities and actively participate in this 
effort. Consequently, an administrative scheme has been 
established to address safety and environmental matters. This 
scheme, together with our safety and environmental protection 
policies and procedures, has been published in the HKUST 
Safety and Environmental Protection Manual. 

The Safety Manual was developed under the guidance of the 
Environmental Health and Safety Committee, which was 
appointed by the VC/P to oversee HKUST's safety and 
environmental effort. Most faculty members have been provided 
copies of this document. It is also available on the CD net of our 
on-line library information system (see the related article in this 
issue). 
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As summarized in the policy chapter of the Safety Manual, safety 
responsibilities have been defined for various categories of 
HKUST personnel: 

Top Management has the major roles of establishing the safety 
policy and assuring proper allocation of resources to implement 
the program . 

Line management is responsible for implementing these policies 
and procedures which include raising and evaluating safety 
concerns during the planning stage of operations. Furthermore, 
line management should make sure that the procurement, 
handling, use, storage and disposal of hazardous materials 
follow protocols specified in the Safety Manual. 
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Front line supervisors should make certain that employees and 
students have sufficient training prior to assigning them to a 
potentially dangerous operation. This training should include not 
only the technical details of the task but also the potential hazards 
involved and the knowledge necessary to perform the job safely 
including appropriate emergency response. Periodic audits by 
management should be conducted to ascertain that proper 
procedures are being followed. 

Employees and students are responsible for learning about the 
potential hazards related to their assignment. Furthermore, they 
must follow established procedures and implement the controls 
required for the safe conduct of their work. When in doubt, they 
should bring the issues to the attention of their supervisors and/or 
to SEPO. 

C nfine 

A s the recent death of a cleaner in a water tank in 
Hong Kong demonstrates, work in confined spaces can 

be hazardous. Whether it is toxic air or physical trauma, 
including heart attacks, confined space work presents 
identifiable risks that can be controlled. 

The Hong Kong Labour Department, Factories and 
Undertakings Confined Spaces Regulations refers to a 
confined space as: 

1) a completely enclosed structure with limited access 
through a manhole e.g. storage tank, tank wagon, boiler, 
pressure receiver and vessel; or 

2) a structure or vessel of such depth as to require special 
means of entry and an emergency exit with its top usually 
open e.g. chamber, tank, vat pit, well, caisson, vault, bin, 

silo and shaft; or 

3) a structure or ducting of sufficient length with inadequate 
cross ventilation e.g. tunnel, pipeline, flue, duct and 

sewer; or 

SEPO works with the campus community to provide guidance, 
support, training and exposure assessment. In addition, SEPO 
conducts periodic audits of all facilities for safety compliance. 

To end this article, we would like to quote Professor Thomas 
Stelson, the recently retired PVC/RD, who stated in a directive to 
personnel in the R&D Branch:" ... Safety is everyone's responsibility ... 
SEPO is organized to help us. The leadership to achieve a safe and 
healthy environment must come from each of you and can never 
be delegated to SEPO or anyone else. We must each become 
experts in our own areas and set a good example for students, co
workers, visitors and regulatory experts ... Your continued 
cooperation on this important matter is appreciated." 

Space Entry 

4) a room or enclosed area in which dangerous fumes 
such as toxic, flammable, explosive, or corrosive fumes 
are present. 

SEPO has a confined space entry permit system in place 
which requires pre-entry screening of the confined space 
air as well as the requirement to post attendants with 
emergency rescue equipment at hand at the entry to the 
confined space. In addition, the work procedures, 
chemicals, and work equipment to be used are evaluated 
to provide adequate safeguards to reduce risk to a 
manageable level. 

SEPO is currently undertaking to identify all confined spaces 
on campus so that they can be properly posted to prevent 
unsafe entry. If you know of a suspected confined space, 
please contact SEPO and give us the necessary details, 
and ALWAYS SECURE THE PROPER CLEARANCES 
BEFORE ENTRY INTO A CONFINED SPACE. 

Contact SEPO for Confined Space Entry Permit applications. 
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The HKUST Safety and Environmental Protection Manual 
contains important information on a variety of safety and 

environmental protection issues such as regulatory requirements, 
administrative policies as well as operational procedures and 
practical guidelines. Adherence to the contents of this manual will 
help to minimize the risk of accidents on campus. 

To make the manual more accessible and with the help of the 
University Library, the manual has been incorporated into an 
electronic database which can be accessed through the CD-Net 
of the Library on-line system by the networked PCs on campus. To 
run the database, your PC must have at least 2MB of memory (4MB 
recommended), a mouse and capable of running Windows. Just 
enter the Library On-line system from the Main Menu, Select B) 
CD-NET, and then E) Multi-Disciplines and the Safety Manual 
should be listed as one of the options. 

This software is quite powerful (in other words complicated) and 
might seem daunting at first. You can perform searches on 
keywords, download and print selected text or graphs. But one 
does not really need to know all the details to navigate through the 
Safety Manual. If you have a few minutes, the following exercise 
might help you get started. 

When the program is loaded, you should land automatically onto 
the standard search mode. The search window can be toggled on 
and off with [Ctl-S]. Type in a word or two in the search window 
(say "laser") and press the Search button with the mouse, the main 
window will now show the first record or chapter which contained 
the searched word. At this point, you might want to press [Ctl-L] 

to bring up the Hit-List which will show you all the chapters which 
contained your searched word. Press[+] or[-] to go to the next 
or previous chapters. [End] will move you to the next hit-word in 
the current chapter and [Home] will let you go back to the 
beginning of the current chapter. These movements can also be 
done by selecting the appropriate commands in the Display menu 
on the top of your screen. 

From the Access menu on the top of your screen, select Table of 
Contents. When you are in the "Table of Contents" screen, just 
double-click on the chapter you want to read (remember to double
click, nothing else will work here). If there are charts or graphic 
information in any of these chapters, just double click the title of the 
graph or figure and the program will bring up a graphic window 
along with the text. 

From the File menu, you can use the Print command to print 
selected chapters on your local or network printer but be careful 
not to print the entire manual if you don't mean to. It is quite long. 
The Export command will let you download a selected chapter 
onto your local PC in TEXT format. For this, remember to select 
you local drive and give a file name. 

SEPO will also gladly provide a bound hard-copy of the Safety 
Manual if you prefer a more tangible format. Please contact Ms 
Kans Ho at Ext 6512 for further information. 


