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Last October, the UGC funded a team of reviewers, consisting of 2 overseas experts and a local academician, to conduct a thorough review of the 
environmental, health and safety (EHS) management system at HKUST. They spent a total of 6 days at HKUST to review documents, interview 
colleagues including the deans and department heads; and conduct site inspections. They also visited all the other UGC funded institutions.

How did it come about?

The international community was caught by surprise when sporadic cases of SARS infections reappeared in late 2003, subsequent to the curbing 
of the spread of this disease in communities world-wide. These latter cases, which occurred in Singapore, Taipei and Beijing, were all caused by 
mishandling of the SARS Corona virus in laboratories. Around the same time when the last one of these cases surfaced, one of our sister tertiary 
education institutions conducted an in-house comprehensive EHS management review. Their effort yielded an extensive list of deficiencies and 
necessary corrective actions. Some of them were critical issues which demanded attention and action from top management. These situations, 
together with other considerations, prompted the UGC to undertake the project. It is evident that UGC considers EHS an important priority for 
universities and wants to ensure that we have in place an effective EHS management system. 

The review and findings

The review centered around evaluation of performance in the following areas: EHS policy, safety unit resources, structure and staffing; 
responsibilities and accountabilities, consultation and communication, safety training, safety procedures, contractor management, safety 
performance targets, risk management processes, inspection, testing and corrective action, incident reporting, emergency response, injury 
management, document control, audit program, reporting of safety performance and continuous improvement. The reviewers assessed each area 
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by studying program documentation, discussing implementation details with concerned personnel and evaluating level of compliance during site 
inspections. Performance was assessed in accordance with international best practice in addition to local requirements.

Overall, the report for HKUST is very favorable; thanks to our sustained collective effort. Many of the required program elements are already in 
place and are operating effectively. Moreover, a number of improvement areas have been identified. These include:

●     including excellence in safety management performance in Strategic Plan 2020, 
●     initiating at school level effort to ensure consistency in practice across departments, 
●     setting of departmental performance targets, 
●     establishing a centralized system for all health and safety records, 
●     including in pre-employment physical examinations assessment of physical conditions and specific job duty requirements, 
●     documenting self-inspections in laboratories, 
●     establishing safety performance assessment system for academic staff, 
●     conducting drills and exercises as a part of the University's emergency management effort, and
●     continuing development of systematic, web-based risk assessment for all research projects and high risk operations.

In the weeks ahead, SEPO staff will meet with concerned colleagues to discuss these issues and to work out plans for implementing these 
improvement measures.

Comments

Through initiating this review, the UGC sends a strong message that universities are expected to have in place an effective environmental health 
and safety management system to ensure all operations are conducted in compliance with applicable EHS standards. The appointment of the 
team with international experts reflects that we are expected not only to meet local regulatory requirements but also to satisfy applicable best 
international practice.

Since the inception, HKUST management has always recognized environmental health and safety as an important element of the university's 
operation. Much collective effort has been dedicated in this area. A comprehensive university-wide EHS program has been established for quite 
some time and many units have already incorporated EHS issues as integral parts of their operations. In a way, the idea of this review serves to 
endorse HKUST's on-going EHS vision and the outcome confirms that our sustained effort has enabled us to operate in accordance with 
international EHS standards. The suggested improvement areas will help us remain at par with international best practices.

Our on-going challenge is to maintain and further enhance our EHS culture. As an academic institution, we have new students and scholars 
coming to us regularly, many of whom may have little awareness on EHS concerns and requirements. We must rely on each of us to fulfill our 
roles to implement EHS programs and execute protocols and procedures to comply with EHS requirements. Our efforts will not only help to ensure 
we all have a safe, healthy and environmentally sound work and study environment, but will also enable our students and visiting scholars to 
experience our EHS culture as a part of their educational/ work experience. It is our hope that upon their departure, they will bring with them this 
experience, along with their academic knowledge and skills, to help further spread this EHS culture and make an impact elsewhere. Your 
continued support and contribution in this regard are highly appreciated!
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Recently a radio talk show mentioned that it was risky to reuse convenience-sized plastic water bottle because of the possible migration of the 
packaging material, plastic in this case, into the content. The same question was raised at the dinner table by my mother as she has been refilling 
convenience-sized plastic water bottle for outdoor use for quite some time. As a safety and hygiene professional, I suddenly realized I needed to 
come up with a good answer for someone who is taking care of me. 

At first glance, the idea is hard to believe. Just imagine how a convenience-sized plastic water bottle, containing lemon juice which is highly acidic 
food and normally very harsh to the packaging material, can suddenly become unsafe upon repeatedly refilling it with water or other beverages. 
Convenience-sized plastic water bottles sold in U.S. and many other countries are made from polyethylene terephthalate (PET). The use of PET 
for making plastic bottle has long been approved by the United States Food and Drug Administration (FDA), which regulates indirect food 
additives in U.S. There haven't been many documented complaints on the use of PET plastic bottle over the years. Does it mean the use of PET 
for making bottles is perfectly trouble free? Frankly no! FDA does have concerns over recycling of PET plastic bottles. The recycling process 
addressed by FDA includes both direct reusing and reprocessing of the plastic bottles. The term "direct reusing" carries a broader sense than just 
referring to the refilling of the bottle with other beverages at homes. It includes due consideration of refilling the bottles at the production plant if 
plastic bottles are reused in the same way as the glass bottles used for milk and soft drinks. Glass bottles have a long history of being reused. 
Well established cleaning and sterilizing procedures are in placed to ensure the glass bottles are free of contaminants once they are returned to 
the factory for refill. Different from glass bottles, plastic bottles are more likely to absorb contaminants that could be released back to the food 
when the bottles are refilled. The contaminants do not necessarily come from the plastic materials that make up the bottles. They can be anything 
that have been stored in the bottles prior to their return to factory for refill. It is not too appealing to know that the milk bottle at your breakfast table 
has been used for storing chemicals like solvent or pesticides even if you are well aware of the fact that the cleaning and the sterilizing processes 
at the plant should have already taken care of the contaminants. It is more so with the plastic bottles. 
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The FDA went even further on the issue and had asked for studies to be conducted to find out the possibility of identifying contaminants in the new 
packaging materials that came from the reprocessing or the reworking of the contaminated plastic bottles. The FDA concluded that safety 
concerns with reusing plastic bottles can be minimized by implementing a variety of preventive measures. Surely if the FDA does not object to the 
idea of reusing plastic bottles repeatedly at the manufacturing level, the repeated use of plastic bottles at homes should present much less of a 
problem as many factors that could jeopardize the safe use of the bottles can be effectively controlled at homes. 

After so much has been said about FDA's concerns over recycling and reusing of plastic bottles, the use of convenience-sized plastic bottles 
should not present too serious of a problem to the majority of us who use them regularly as drinking bottles. Perhaps, the most relevant concern 
lies with the fact that these bottles are very difficult to clean as they are normally designed with a narrow mouth. The design does not facilitate 
easy cleaning and thus, can be a breeding ground for microorganisms. The University of Calgary had done a study to assess the water quality in 
the personal water bottles of elementary students and found that significant bacterial contamination could occur in water bottles. Thorough 
cleaning is needed if the bottles are used repeatedly. 

If you are still uncomfortable with the PET bottles, glass and stainless steel bottles could be the options but they are definitely not as convenient 
as the plastic. Reusing the PET convenience-sized plastic bottles may not be a perfect solution to everyone. Replacing them or not seems more a 
question of preference rather than a health threat, provided that they are thoroughly cleaned to prevent microbial infestation. 
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HKUST Accident/Incident 
Statistics For 2005 

The 2005 accident/incident statistics are summarized below. Unit heads and DSOs are urged to review these figures and utilize the information in their 
planning and goal setting of their unit safety management effort for 2006. SEPO is available to assist if needed, please contact T.S. Li at ext 6511 for 
further information.

Number of Work/Study Related Injuries

A total of 44 work/study related injury cases were recorded in 2005. Among the cases:

- 35 cases involved staff members
- 7 cases involved students
- 2 cases involved contractors

A comparison of accident numbers and accident rates over the past 10 years is shown in Table 1 below.

Table 1. Comparison of Staff & Student Work /Study Related Accident Numbers & Rates   

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Staff Accident Number   33   32   54   39 28 28 25 23   30 35

Staff Accident Rate per 1000 at Risk 13.9 12.3 19.8 14.2 10.1 10.7 9.5 8.7 11.4 13.3
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Student Accident Number   5   9   4   8 8 10 7 7   6 7

Student Accident Rate per 1000 at Risk   0.8   1.3   0.6   1.1 1.1 1.5 1.0 1.0   0.9 1.0

Lost Workdays

A total of 278 lost workdays were recorded by the end of 2005. The employees injured in 2 of the cases were still on leave by end of the year. These 2 
cases have in fact contributed to about 68% (189 days) of the year's total lost workdays. In one of the cases, the index finger (tip) of an artisan was deeply 
cut by a circular saw when working in a workshop. In the other case, a clerical staff injured her back when removing a box from a shelf inside a pantry. 

Among all the 35 staff injury cases, 8 cases did not incur any lost workdays, 16 cases incurred 3 or less lost workdays and 11 cases incurred more than 3 
lost workdays. 

A comparisons of lost workdays over the past 10 years is shown in Table 2 below. 

Table 2. Comparison of Lost Workdays  

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Total Number of Lost Workday 217 181.5 630 237.5 473 71.5 190 382.5 123.5 278

Average Lost Workday per Accident 6.6 5.7 11.6 6.1 16.8 2.5 7.5 16.6 4.1 7.9

Causes of Work/Study Related Injuries 

Figure 1 summarizes the causes for all work/study related injuries in 2005. 

"Manual handling" had become once again the cause for most of the injuries. Among the 9 cases caused by "manual handling", most of them involved 
handling of heavy or bulky objects. Injuries involved were mostly back injury or other musculo-skeletal injuries. One injured employee was still on leave at 
the end of 2005 after she had been injured in end October 2005. 

"Sharp Objects" cases had been reduced to 7 cases in 2005 (10 cases in 2004). Among the 7 cases, 5 of them involved handling of glassware and 4 of 
these 5 injuries were actually caused by broken pipettes.
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Locations of Accidents

Of the 42 staff and students injury cases: 

●     12 occurred in Laboratories 
●     13 occurred in Staff/Student Quarters
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●     8 occurred in common areas 
●     5 occurred in Workshops/Plant Rooms/Warehouses 
●     1 occurred in office 
●     3 occurred in other areas 

Common Root Causes of Accidents

Besides classifying causes of injuries in terms of physical sources and energies involved, investigation of the injury cases also revealed some common 
underlying root causes. These root causes are summarized in Figure 2 below.
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Non-injury Incidents

A total of 8 non-injury incidents were recorded in 2005. Among them, 4 occurred in laboratories, 2 in office area, 1 inside a classroom and 1 inside a plant 
room. 

For the 4 laboratory incidents: 

●     1 involved spillage of mercury from broken thermometers. 
●     1 involved leakage of chemical vapor from experiment inside a fumehood. 
●     1 involved spillage of chemicals when a flask broke accidentally. 
●     1 involved a small fire caused by some sodium residue. 

The other incidents involved flooding, smell complaints, false-ceiling collapse etc. 

Summary of Significant Findings

1.  The number of staff injury cases in 2005 was higher than that of 2004 by 5 cases (17%). The number of student injury cases also increased by 1 
(total 7 cases). 

2.  The number of lost workdays in 2005 (278 days) was also higher than that in 2004 (123.5 days). However, 189 lost workdays were contributed by 2 
single cases. 

3.  "Manual handling" had become once again the cause for most of the injuries (9 cases). The number of "Sharp Objects" injuries had decreased by 3 
cases to 7 cases. Of the 7 injuries, 4 were caused by broken pipettes. 

4.  Locations where most accidents occurred were laboratories and quarters, accounting for 60% of all accidents. 
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The rapidly developing nanoscience and nanotechnology reveal many exciting features of materials at the nanometer scale (10-9 meter), and the 
possibility of manipulation of such features to create novel materials or products that are previously unthinkable. Many believe that nanoscience 
and nanotechnology development will become a new industrial revolution. 

On the other hand, together with the numerous beneficial potentials, scientists also warn against possible adverse health and environmental 
impacts brought by the vastly unknown physicochemical properties of materials at the nanoscale. Among the different EHS issues, nanomaterials, 
in particular, nanoparticles probably cause the highest concern because of their potential of rapid uptake by biological system, unknown 
distribution pathways and potential interactions with various components of the biological system. 

Nanoparticles are previously known in the air pollution field as ultrafine particles, which are defined as particles less than 100 nm in aerodynamic 
equivalent diameter (AED). Some ultrafine particles are generated by natural processes such as volcanic activities and wild fires. Others are 
derived from anthropogenic sources, e.g. engines and incinerators. In general, high energy activities involving organic or inorganic all have the 
potentials of producing ultrafine particles as one of the byproducts. On the other hand, with the development of nanoscience and nanotechnology, 
many nanoparticles are purposely made for certain functions. These are usually called engineered nanoparticles, and are defined as engineered 
particles with at least one dimension smaller than 100 nm. 

Nanoparticles have unique physicochemical properties that are not found in their parent materials. In general, they have much higher reactivity, 
and because of their ultra small size, they can easily penetrate skin or cells, rapidly distribute in human body, and even directly interact with 
organelles within cells. Their huge surface area to mass ratio increases the chemical activities and therefore allows them to become efficient 
catalysts. These increased chemical and biological activities resulted in many engineered nanoparticles being designed for specific purposes, 
including diagnostic or therapeutic medical uses and environmental remediation that required introduction of these novel materials into human 
body or the environment. 

The novel properties of nanomaterials, however, are a two-sided sword. The same properties that allow the wonderful beneficial uses also imply 
potentially devastating adverse health effects. Rapid uptake through skin and epithelial cells, capability to translocate along neurons, plus the 
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known toxicity of some parent materials warrant careful environment, health and safety evaluation side by side with every nanomaterial application 
study. 

Examples are carbon nanomaterials-Fullerenes, which consist of repeating hexagonal and pentagonal rings of carbon atoms. They include 
buckyballs (C60) and other spherical structures, and single wall and multi-wall carbon nanotubes. Buckyballs are extremely stable. They can trap 
other atom or molecule inside the carbon structure. Possible applications include superconducting material, drug delivery system, lubricant and 
catalyst. Carbon nanotubes can be made into mechanically super-strong materials which are 100 times the strength, but one sixth the weight of 
steel, among many other potential applications. 

Carbon has always been considered a non-toxic element, and not very water soluble. However, recent studies found that buckyballs have 
considerable water solubility, and can cause lipid peroxidation in fish brain after 48 hours at a concentration of 500 parts per billion (ppb). This kind 
of oxidative stress is usually a first sign of biological damage. Single-wall nanotube has been found to cause other oxidative stresses such as free 
radical formation and depletion of antioxidants in cells. Metal impurity in synthesis of nanotube may also add to the toxicity. Besides, physical 
dimensions of some nanotubes may cause pulmonary fibrosis and cancer similar to the effect of asbestos. 

Other examples are quantum dots (Q-Dots), which are nanoparticles of semiconducting materials. Their sizes are so small that they interfere with 
quantum behavior of atoms. One of the results is they display tunable, based on particle size, absorption and emission spectrum over visible 
wavelength. This property gives quantum dots a strong potential in medical imaging. However, the current quantum dots are made of a cadmium-
selenium (CdSe) core with a zinc sulfide (ZnS) shell, and all three metals are known to be toxic to different extents. The high surface area and 
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rapid distribution of the ultra small particles are expected to further escalate the potential adverse health effects. 

Some other nanoparticles have already found their ways into commercial products, such as titanium oxide (TiO2) for photochemical oxidation, self-
cleaning paints, etc.; and zinc oxide (ZnO) in cosmetics and sunscreen products. Other nanoparticles are being used in specialized applications, 
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e.g. iron particles for oxidation of contaminants in groundwater, copper oxide (CuO) for antimicrobial activities; and iron oxide (Fe2O3) as a 
contrast agent for magnetic resonance imaging. Although most of these parent materials are not considered to be significantly toxic, the ultra small 
size of the particles again may create unknown toxicity or environmental impacts. There were already studies that showed the toxicity of nanosize 
TiO2 increases proportionally to the surface area, not the mass as in conventional toxicology. 

The environmental, health and safety concerns of nanomaterials in fact span from research safety, manufacturing (occupational) safety, to 
consumer (product) safety, and include environmental impacts throughout the life cycle until final disposal of the nanomaterial product. Among 
these, research and pilot scale production safety are most relevant to the research and development work at HKUST. 

Due to the rapid development and many uncharted areas in nanoscience and nanotechnology, the practice of occupational health and safety also 
faces many challenges. As for many conventional workplace contaminants, airborne route is considered the most crucial for worker protection. 
The shape and size of airborne nanoparticles, and the conglomeration status are some of the main factors determining the hazard. Nanoparticles 
in liquid phase may present skin hazard when contacted. The hazard of the liquid matrix, its potential interaction with the nanoparticles, e.g. 
serving as a carrier that facilitates skin penetration, and the conglomeration status of the particles will affect the overall hazard. In either the 
airborne or liquid phase, the nanomatierals have the potential to adversely impact the environment if they are not properly contained during usage 
and disposed of afterwards. 

A major challenge in evaluating hazard posed by airborne nanoparticles is to find a set of suitable sampling and analytical methods. It will be 
necessary to consider number concentration and surface area, instead of mass concentration. Quite a few number concentration direct reading 
instruments originally designed for ultrafine particle monitoring are available, but their applicability to monitoring of nanoparticles in a work 
environment remains to be tested. Also the reliability of the detection technology and how "direct" the reading really is are also main concerns to 
be addressed. At least one passive sampling method coupled with enumeration by scanning electron microscope has been developed, its 
precision and accuracy are yet to be determined. 

Another major challenge is control technologies. At this early stage of development, some production technologies, such as a "nanocyclone" that 
can operate at near-vacuum air pressure, which can greatly increase the yield of nanoparticles from around 30% to 60-70%, can also help to 
reduce release of nanoparticles into the workplace or the environment. However, other more refined control measures will be necessary for more 
hazardous products. 

Traditionally, high efficiency particulate air (HEPA) filters are used for removing airborne particulates. However, before the rise of nanomaterial 
research, it has never been proved whether HEPA Filter can capture nano scale particles. Theoretically the filtering efficiency of HEPA increases 
with decreasing size below 0.1-0.3 £gm, which is the most difficult size range to capture according to physics principles of filtration by fibrous 
materials. Previously there were only data pointed down to 0.01 £gm (10 nm) confirming the filtration efficiency, but what about particles smaller 
than 10 nm? 
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According to preliminary data presented in the Second International Symposium on Nanotechnology and Occupational Health (Minneapolis, 
October 2005) by a group of researchers from University of Minnesota, 3M and US National Institute of Occupational Safety and Health (NIOSH), 
HEPA filter is capable of removing more than 99.97% of particles down to the range of 2-4 nm. No significant thermal rebound was observed. So 
at least for now the answer is "yes", which means HEPA filter can be deployed as an effective means to contain and control airborne nanoparticles 
of all sizes. 
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As for skin protection, most of the glove and protective clothing materials currently in use have not been tested against nanosize particles. 
Presumably the materials should be protective against nanoparticle conglomerates. Some suggested treating airborne nanoparticles as toxic gas 
in terms of personnel protection. 

Either in air or liquid phase, nanoparticles tend to agglomerate instead of existing in single particle form. This is helpful from a hazard control point 
of view. However, certain future applications or manufacturing processes may rely on dispersed nanoparticles. Therefore it is prudent to plan 
safety measures assuming the worst case scenario. 

Some basic precautionary measures have been suggested by organizations such as Health and Safety Executive (HSE) of UK and National 
Institute for Occupational Safety and Health (NIOSH). These include treating all nanomaterials that may possess unique physical chemical 
properties as "new chemicals" for regulatory purpose. Material and safety information raw material can only be viewed, at best, as a starting point 
or reference for assessing the risk of the nanomaterial product. A good example is carbon, which is practically non-toxic as a parent material; but a 
group of scientists have already established a toxicity level of oral lethal dose 50 (LD50) of 300 mg/kg for C60 buckyballs, which is considered 
moderately toxic. 

An important concept that worth mentioning is "Responsible Nanotechnology", which basically says, there are many promising applications for 
nanoscience and nanotechnology, however, there are also uncertainties in potential health and environmental effects. Therefore let us not repeat 
the errors we made before in cases like DDT and chlorofluorocarbons, where we focused on the beneficial use of the new chemicals so much that 
we did not carefully check for potential health and environmental impacts until damages were done. Concurrent development of technology and 
EHS assessment and controls must go hand in hand in this potentially revolutionary field of research. 

The UK Royal Society and Royal Academy of Engineering published a report titled "Nanoscience and nanotechnologies: opportunities and 
uncertainties" in July 2004. They proposed the following general guidelines: 

●     Treat nanomaterials as if they are hazardous

●     Seek to remove them from waste stream 

●     Don't apply free nanomaterials to environment unless benefit clearly outweigh risk 

file:///E¦/_Queenie/200602/page4.htm (6 / 7) [2006/2/6 ､U､ﾈ 04:27:10]



Environmental Health and Safety Concerns of Nanomaterials

●     Assess potential impact throughout lifecycle of nanomaterial (This report can be accessed at http://www.nanotec.org.uk/finalReport.htm) 

Nanotechnology is one of the focus areas of research at HKUST. SEPO has been involved in the planning of laboratory facility for our Institute of 
Nanomaterials and Nanotechnology (INMT). A nanosafety section has been added to the research proposal safety review form under the 
Committee of Research Practices, where principal investigators are requested to declare whether any nanomaterial will be used, and if so, the 
physical and chemical properties of the nanomaterial, known toxicity, use conditions, proposed control measures, and final disposal arrangement. 
Based on the information provided, the safety panel will suggest necessary precautionary measures. 

Looking ahead, SEPO will follow up on all funded projects related to nanoscience and nanotechnology. In view of the rapid development of the 
field and the significant information gap in EHS of nanomaterials, we propose to establish a register of nanomaterials and processes; add 
nanomaterials to chemical safety training; monitor EHS development; maintain interactions with researchers; and to update control measures as 
needed. 

Recently the Government supported the establishment of a company under the direction of HKUST to facilitate nanoresearch in Hong Kong and 
transfer of nanotechnology to local industries. This undoubtedly elevates HKUST to a leading position in nanotechnology development in Hong 
Kong. It also brings into focus the need to integrate EHS assessment into nanotechnology development all the way from research, pilot 
production, manufacturing, consumer use and final disposal. We are on the verge of a major technological breakthrough that may have far-
reaching impacts to all aspects of our lives. Let us not only take advantage of the benefits that nanotechnology brings us, but also ensure that we 
do not enjoy these benefits in the expense of health, safety or the environment.
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