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Abstract

This project established recommendations for a comprehensive, universty
chemical safety program at Chulalongkorn University in Bangkok, Thailand, and a
strategy for the implementation of the safety program. Improving chemical safety will
help to create a safer environment for stude
campus. Recommendations were based upon research into chemical safety at American
universities, interviews with faculty at Chulalongkorn University and King Mongkut
University of Technology at Thonburi, Thailand, and surveys of both students and
laboratories at Chulalongkorn University.
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Executive Summary

Chulalongkorn University desires a chemical safety program for the protection of
its students, faculty and staff. This Worcester Polytechnic Institute Interdisciplinary
Qualifying Project (IQP) addresses the ahéar a universitywide chemical safety
program by a) evalwuating the universityds cu
requirements for an effective chemical safety program at Chulalongkorn University, and
c) providing recommendations for implementatadra universitywide chemical safety
program. If followed, the recommendations will facilitate the implementation of a
comprehensive, universiyide chemical safety program to mitigate the risks of
performing experiments and research using hazardous cdlemiithin the campus
community.

For the purposes of this research, a model of an ideal university chemical safety
program was established based upon United States Occupational Safety and Health
Administration (OSHA) standards and the chemical safetyranog at prestigious
American universities: Massachusetts Institute of Technology, Worcester Polytechnic
Institute, and the University of California at Berkeley. An ideal chemical safety program
consists of four fundamental elements:

1. a chemical kigieneplan which outlines general procedures, necessary

equipment and training, and positions of authority;

2. a hazardcommunicatiorplan which outlines labeling and listing of

materials, and information about each chemical,

3. achemical wasteisposal plan which outlies procedures for the

determination, storage, recordkeeping, and disposal of chemicals; and

4. a dhemicalwasteminimization program which outlines methods for

reusing and reducing the amount of chemicals in the laboratories
(U.S. Department of Labor, Occupmmnal Safety and Health

Administration, Occupational Exposure to Hazardous Chemicals in
Laboratories, 2006



In addition, we conducted background research to better understand how to bring about
organizational change to establish the components of a chlesaiety program. This
background research provided ways to aid implementation of the new program through
encouragement of participation, enforcement of new policies, and modeling of best
practices. Building upon this background research, we useddsdarch to gather both
gualitative and quantitative data for the purposes of developing an understanding of the
current practices at Chulalongkorn University.
Qualitative data were gathered through semictured interviews with members
of the Faculty oScience, other administrative personnel from Chulalongkorn University,
and the Chemical Safety Officer at King Mongkut University of Technology at Thonburi
(KMUTT). These data were analyzed usgrgunded theoryin which understandings
are grounded in olsvation and developed from the data collected through field research.
The data were then coded to identify reoccurring thoughts, ideas, and themes. As codes
were developed;onstant comparisowas utilized to continue the coding of the
interviews and sueys.Constant comparisas the practice of comparing the data
obtained from each new interview with all previous interviews to identify any additional
persistent thoughts, ideas, or themes that might lead research in a new direction.
Quantitative data wergathered through two structured surveys: the first of
seventyone laboratoriewithin the Faculty of Science and the second of fsixyfirst-
year students from the Department of Chemistry. The survey of laboratories within the
Faculty of Science asseskthe chemical safety practices of each of the seveargy

laboratories. Its results were analyzed to determine the strengths and weaknesses in

| aboratoriesd saf et yyeaq staentsiraandhe Depdrtmentos ur v ey
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Chemistry evaluated #ir knowledge of chemical safety. Its results were analyzed to
establish areas in which chemical safety tr a
knowledge of chemical safety practices. The quantitative data reinforced the qualitative
dataobtained though the interviews.

During our research, the Faculty of Science, which has already begun to
implement a chemical safety program, was used as a case study to better understand
issues relevant to broadening a chemical safety program to be univadstyl he
chemical safety program of the Faculty of Science currently consists of three basic
components: laboratory safety and chemical safety training, chemical inventory
management, and chemical waste disposal. On the basis of our empirical research we
have dentified the strengths and areas for improvement of each of these three
components. The strengths of the current program include:

1. training of students,

2. implementation and utilization of a chemical inventory management

system,

3. disposal of chemical wasteing a thirdparty removal company,

4. recycling of solvents, and

5. utilization of scalereduction principles.

Each of these areas represents one part of an ideal chemical safety program. However, for
the formation of a comprehensive, universitige chemical afety program additional

chemical safety practices must also be implemented at Chulalongkorn University. What
follows are recommendations for the design and implementation of a uniweicéy

chemical safety program based upon the elements of the idwaiczt safety program

that have not been addressed so far by the t

current chemical safety program.



First, we recommend that Chulalongkorn University appoint a Chemical Safety

Officer to provide enforcement oféelmew chemical hygiene plahhis individual should

have a bachel or6s degree in chemistry, one
knowledge of the regulation for good laboratory practices, and adosnmgcommitment

to the chemical safety programGiiulalongkornWithout some sort of enforcement

structure, there is no way that a chemical safety program can be guaranteidnong

success.

Second, we recommend that the @il Safety Officer establish formal

chemical safety progranthis program Bould include all elements of the four parts of an

ideal chemical safety program: the chemical hygiene plan, the hazard communication
plan, the chemical waste disposal plan, and the waste minimization plan.

The chemical hygiene plan should contain ursitgtwide standards and
procedures. KMUTT has already begun to implement some of these procedures, which
can be used as a guide for the creation of the plan at Chulalongkorn. The chemical
hygiene plan should address the following issues:

9 standard operatingrocedures,

1 engineering controls,

1 personal protective equipment, and

1 strengthening the current training program.

The hazard communication plan should contain practices for maintaining a list of
the hazardous materials, standards for labeling chemicalseguirements for the
presence of Material Safety Data Sheets (MSDS).

The chemical waste disposal plan should determine an area for centralized storage

of chemical wastes, seek to assess the waste disposal techniques of the waste disposal

Vi



company usedjevelop a contingency plan for proper accident response, and educate
professors on categorizing hazardous waste.

The final part of the chemical safety plan, chemical waste minimization, should
focus on utilizing ChemTrack (the chemical inventory managéepragram at
Chulalongkorn), encouraging chemical exchange, controlling purchase of chemicals,
recycling chemicals whenever possible, and applying scale reduction more frequently to
minimize the chemicals present on campus.

Third, we recommend the creatioha pilot program within the Faculty of

ScienceThe pilot program should be implemented within the laboratories in each
department of the Faculty of Sciengdter initial implementation, the laboratories
should be inspected frequently, and revisionkéochemical safety program should be
made to strengthen the prograhfiter the pilot program has been successfully
implemented, the program should be expanded throughout the entire faculty.

Fourth, we recommend implementing the program throughout thie en

university.Within the other faculties of the university, chemical safety officers should be
trained for each faculty by the universityde Chemical Safety Office.he chemical

safety officer trained for each faculty should be responsible for ingpligng the

chemical safety program within laboratories in their facifyer the chemical safety
program is strengthened in a few laboratories in each faculty the program can be
expanded to include all of the laboratories within the faculty.

Finally, werecommend for continual evaluation of chemical safety at

Chulalongkorn UniversityChemical safety is an ongoing process, needing continual

support of the faculty and students at Chulalongkorn University for success. Reevaluation
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of the chemical safety pgram should occur on a regular basis and, if possible, be
performed by an outside party.

The recommendations of this report help to provide a foundation for the
improvement of chemical safety first within the Faculty of Science, and ultimately
throughoutcampus. However, there are some areas that we did not have sufficient time to
explore which warrant additional investigation. For example, we were only able to
investigate the Faculty of Science, and had no contact with individuals from other
faculties. Athough the recommendations made are for a comprehensive chemical safety
program, many of the safety elements included are not necessary for other faculties that
do not utilize as many harmful chemicals and substances. A mathematics laboratory, for
example has no use for a fume hood because no chemicals are needed to demonstrate
mathematical principles. On the other hand, it is important that they are integrated into a
comprehensive program because all members of the university community should be
informedabout chemical safetfhus, there are several additional areas of research that
should be explored to expand upon the findings presented in this report, including:

1 effectiveness of chemical safety training because education is an

evolving process, andidits should be taken to ensure that the training
is effective, with changes made as necessary;

1 chemical safety practices within other Faculties because different

faculties encounter different hazards, and possess different priorities;

1 proper disposal offemicals by an outside company, because this

component is vital for the protection of the environment; and

1 opportunities for the treatment of waste from other universities, which

can serve as a resource for the perpetuation of good practices and as an
ecaomic opportunity.

As the recommendations provided within this report are utilized, first by the

Faculty of Science and then by the entire university, chemical safety will be made a

viii



priority at Chulalongkorn, in turn creating a safer campus communiwgitiddally, the

creation and utilization of the universiyide chemical safety plan will correspond with

Thail anddés national goal to increase chemica
established by the second National Master Plan on Chemiedy $8DA of the Thai

Royal Government, 2005). By increasing the standards for chemical safety programming

at the university level, the graduates of Chulalongkorn will be trained and prepared to aid

in the practice and development of higher standardsafetyswithin industrial settings.

This becomes of significant i mportance as Th
more industrialized and a gr e a-beengdependmber of

upon safety practices within the industrial sector.
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1. Introduction

During the patscouple decades in Thailand, there has been a shift in the focus of its
economic development from agricultural to industrial production. Along with increased
industrial activity have come increased risks to work&ssa result, in 1995 there were 216,525
people involved in industrial accidents, with 966 fatalities (SafeWork, 2000). This represents an
increase of 200% over the course of only 5 years. Many of these accidents involved individual
workers and were not covered by the media. However, a significenber of major accidents
also occurred in this period, such as a fire in a Thai factory in 1993 that killed 188 people
(SafeWork, 2000). Chemicals serve as a significant cause of accidents in industry. In 2000, the
number of occupational injuries duetbxic chemicals was 4,245 (Kogi, 2005). The danger of
these industrial accidents, evident in the atrocious number of injuries and fatalities, necessitates
an increase in the safety associated with the industrial workplace.

Because of this economic motmvards industry and the resulting risks to worker health
and safety, the Thai government established its first National Master Plan on Chemical Safety in
1997, which has been followed by a second plan in 2001 that is effective until 2006 (FDA of the
Royd Thai Government, 2005). One of the main goals of the second National Master Plan on
Chemical Safety is to encourage research and development concerning chemicals and chemical
safety (FDA of the Royal Thai Government, 2005). The plan focuses on redueihgzards of
chemicals through the improvement of chemical safety at the industrial level.

Chemical safety is also a concern at the university level in Thaildady universities
work with chemicals within the laboratory setting because of their ube imdvancement of
industrial products such as plastics, paints, medicines, detergents, and the majority of modern

day materials (Royal Society of Chemistry, 2004). However, when chemicals are used within



laboratory settings, the degree of the hazard teentdal poses must always be considered in
relation to the benefit of using the chemical. For example, some chemicals may be carcinogenic,
toxic, irritants or corrosives (OSHA, 2002), but nevertheless may be beneficial to use under
carefully controlled ciramstances. In order to reduce the potential hazards of using chemicals,
manufacturers specify safety procedures to be followed in their use. Despite the hazards that
many chemicals may present, it is often possible to minimize the risks associated mitathe

by creating safety procedures that protect the people using chemicals.

In the United States, federal and state law requires that organizations, such as universities
using hazardous chemicals, employ a hazard communication plan to ensure thaigegple
hazardous chemicals understand associated risks (Occupational Safety and Health
Administration, 1996). Chemical safety programs within the United States typically consist of:

1 achemical hygiene plan, which outlines general procedures, necessary

egupment and training, and position of authority;

1 ahazard communication plan, which outlines labeling and listing of materials,

and information stored about each chemical;

1 a chemical waste disposal plan, which outlines procedures for the

determination, st@ge, recordkeeping, and disposal of chemicals; and

9 a chemical waste minimization program, which outlines methods for reusing

and reducing the amount of chemicals in the laboratories

(U.S. Department of Labor, Occupational Safety and Health Administration,

Occupational Exposure to Hazardous Chemicals in Laboratories). 2006
These four elements comprehensively address all the aspects of working with hazardous
chemicals, including proper handling procedures, safe usage, suitable warning signs and labels,
coningency plans in the event of an accident, and correct storage and disposal methods.

Chemical safety at universities has not yet been mandated by legislation in Thailand,
because institutions of higher learning have not been forced to adopt officiataheafiety

programs (WPongsapichpersonal communication, January 19, 2007). Chulalongkorn

University in Bangkok, Thailand has expressed interest in the design of a chemical safety



program for the entire university to better protect its students, faamitlystaff. Beyond helping

to make the research and teaching environment safer, an additional benefit of a chemical safety
program at Chulalongkorn will be training future professioraigie many students go on to

work in the industrial sector after ghaation. Thus, chemical safety programs in universities can
be an important tool to train students for the professional realm.

At Chulalongkorn University, efforts towards developing formal chemical safety
programming started in the Department of Chemisitliin the Faculty of Science. In 2002,
recommendations for the design and implementation of a chemical safety program within the
Department of Chemistry were provided by a group of students from Worcester Polytechnic
Institute. A new program was not fylimplemented according to their recommendations;
however, some action has been taken to improve safety throughout the Faculty of Science since
their project in 2002. Currently, portions of a chemical safety program focusing on an inventory
system, chemidavaste disposal, and laboratory safety and training are being implemented
within the Faculty of Science at Chulalongkorn University.

This WPI Interdisciplinary Qualifying Project (IQP) a) evaluates the initial phases of the
chemical safety program withthe Faculty of Science at Chulalongkorn University, b) provides
recommendations on how to incorporate additional elements of chemical safety used at other
prestigious universities in the US and Thailand into the chemical safety program in the Faculty
of Science, and c) utilizes the chemical safety program within the Faculty of Science at
Chulalongkorn University as a case study for providing recommendations for integrating
chemical safety throughout Chulalongkorn University.

As Thailand begins to make ahical safety a priority, a heightened level of chemical

safety will begin to diffuse into industry and society throughout Thailand. This research provides



Chulalongkorn University with the resources to address their chemical safety needs within their
institution. We have provided recommendations for the design and implementation of a
universitywide chemical safety program for Chulalongkorn University to protect its students,
faculty, and staff from the dangers of using hazardous chemicals. The improoéinent

chemical safety program at Chulalongkorn University will aid in the national efforts to

strengthen chemical safety throughout Thailand.



2. Background

To properly address the improvement of chemical safety at Chulalongkorn University, it
was necessy to gain a deeper understanding of existing chemical safety practices, policies,
procedures and the ways in which such elements of chemical safety may be effectively
implemented within an organization. This chapter first establishes the current cheafecal
practices within the Faculty of Science at Chulalongkorn University, and then defines the
elements of an ideal chemical safety program by presenting examples of those practices at highly
acclaimed universities in the United States, including Weoecéxlytechnic Institute,
Massachusetts Institute of Technology, and University of California, Berkeley. Additionally, this
chapter discusses strategies for implementing change within an organization, which provides
insight into how to effectively integr@a comprehensive chemical safety program at
Chulalongkorn University. A comparison of the existing chemical safety programs at other
universities with the research conducted at Chulalongkorn University has led to
recommendations for the expansion of themical safety program within the Faculty of Science
and the development of a universityde chemical safety program for Chulalongkorn

University.

2.1 Previous Chemical Safety Research at Chulalongkorn University

Since the Faculty of Science at Chulakarn University was established in 1916, it has
grown from just a few small departments to fourteen full departments, which include Chemistry,
Biochemistry, Botany, General Science, Marine Science, Chemical Technology, Food

Technology, Materials Sciendehotographic Science, and Printing Technology. The total



number of students that are now a part of the Faculty of Science has grown to an enormous
2,800, along with an academic and administrative staff of over 700 (Chulalongkorn University,
2001).

Many ofthe departments within the Faculty of Science use hazardous chemicals in the
laboratory for coursework or research. Both undergraduate and graduate students perform
experiments to demonstrate and test many of the concepts learned in classes and through
lectures. One of the chemistry laboratories in the science building used for graduate research, for
example, has nearly eighty liters of hazardous anehaaardous chemicals stored inside it for
frequent use by the two or three graduate students thataisdtratory. Although these
chemicals are quite valuable for education, they are nevertheless dangerous. Thus, it is
imperative to adequately manage the risks associated with their use.

Chemical safety at Chulalongkorn University was recognized as a a&sakn their
campusln 1996, an IQP team from WPI addressed chemical saf#tin the Department of
Chemistry in the Faculty of Scienc®nce then, two other IQP teams have completed projects
concerning chemical safety at Chulalongkorn University.

The frst of these two projects, completed in the year 2000, explored the consequences of
the lack of any formal system for keeping an inventory of chemicals within the Faculty of
Science. According to our sponsor, Dr. Supawantayanonmany professors anduskents
would not trust each other when it came to the purity of shared chemicals, and as a result most
would keep their own stock. Additionally, faculty members would rarely provide a full inventory
of their chemicals to the university; thus, the varietgt guantity of dangerous chemicals present
at Chulalongkorn University was unknown. This would have been particularly dangerous in a

situation that requires a specific response for a particular chemical, such as a fire or a spill. In the



end, the IQP teamndertaking this project focused on the recommendations for the design of a
surplus chemical exchange program and inventory control system for the Faculty of Sdwence.
second IQP, completed in 2002, focused on the design of a comprehensive chentycal safe
program for the Department of Chemistry within the Faculty of Science. Several areas of needed
improvement that were identified by this group included:

1 the lack of formal laboratory safety practices and training programs for
students, faculty, and staff

insufficient communication of hazards within each of the laboratories;
nonexistent waste disposal procedures;

inadequate and unsafe storage of both surplus and waste chemicals;

the absence of any sort of waste minimization or recycling programs; and
the lack of any official documentation procedure for reporting chemical
accidents (Almeida, Fontaine, and Forester, 2002, pp. 57).

= =4 =4 -8 -9

As a result, this team came up with recommendations for a chemical safety program,
implementation strategy, and implemeitattimeline for the Department of Chemistry at
Chulalongkorn University.

These IQPs were essentially the start of chemical sed&tied work at Chulalongkorn
University. Since they have been completed, there have been several attempts at improving
chemcal safety on the universityodos campus. The
ways in which information about the current chemical safety practices at Chulalongkorn will be
gathered. The next section in this chapter details the typical eleroantsih comprehensive

chemical safety programs within the United States.

2.2 Elements of an Ideal Chemical Safety Program

Hazardous chemicals are present at schools and universities around the globe.

Undergraduate students, graduate students, facultgtaffidonduct experiments and perform



research that often requires the use of hazardous chemicals that may be harmful to human beings,
other living organisms, and the environment. Chemical safety programs are designed to protect
people and the environmeindbm these hazardous chemicals. Chulalongkorn University in

Bangkok, Thailand does not yet have a formal chemical safety program that covers all of its
faculties, schools, colleges, and institutes.

Within the United States, the Occupational Safety araltHédministration, or OSHA,
maintains standards of health and safety, including those for addressing chemical hazards at
universities. Since there is not currently a government organization in Thailand that provides
standards for chemical safety at tmversity level, the chemical safety program OSHA
recommends within workplaces that use hazardous chemicals can be used as a model for a
chemical safety program for Chulalongkorn University.

OSHA defines a hazardous chemical as:

€éa chemi cal refsetatistigalyisignticant éviglence based on

at least one study conducted in accordance with established scientific

principles that acute or chronic health effentsy occur in exposed

employeegU.S. Department of Labor, Occupational Safety and Healt

Administration, Occupational Exposure to Hazardous Chemicals in

Laboratories, 2006)
Thus, it is necessary when working with such dangerous substances to have some sort of safety
program to reduce the risks of hazardous chemicals to people usingrhieatbe

Chemical safety programs can provide the protection needed for working with hazardous
chemicals. In order to effectively eliminate much of the risk associated with using hazardous

chemicals, however, a chemical safety plan must include docunoergatil procedures that

address four main areas, as depicted in Figure 2.2.1. These four main areas are the:



Chemical Hygiene Plan,
Hazard Communication Plan,
Chemical Waste Disposal, and
Chemical Waste Minimization.

PwbdPE

The following sections briefly desbe each area in order to provide a better understanding of a

complete chemical safety program.

Chemical Waste
Disposal

| ] Waste
Determination

— Waste Storage

Off Site
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Figure 2.2.1:Elements of a comprehensive chemical safety program
(The University of lllinois at Urbanr@hampaign, 2004)



2.2.1 The Chemical Hygiene Plan

The Chemical Hygiene Plan is the most important part of a chemical safety program. The
United States Department of Laborés Occupatio
has established regulations requiring the use of a Chemical Hygiene Plafabgraltories that
use hazardous chemicals. These regulations mandate that the following elements, depicted in
Figure 2.2.1 must be included in a working Chemical Hygiene Plan:

1 a standard set of operating procedures that protect the health and safety of
those using hazardous chemicals;

1 engineering controls, such as fume hoods (devices used to evacuate harmful
vapors from a lab) and vapor detection equipment that provide a safe working
environment;

1 personal protectivegeiipment, or PPE, such as gogglesygl) lab coats, etc.
that protect an individual from coming into contact with a hazardous
chemical,

1 a proper training program that informs laboratory staff about the properties of
hazardous chemicals, the toxicology of each chemical, the appropriate safety
measures for each chemical, and the appropriate emergency response for each
chemical; and

1 a Chemical Hygiene Officer to oversee the implementation and proper
execution of the Chemical Hygiene Plan, and often times the whole chemical
safety program (U.Department of Labor, Occupational Safety and Health
Administration, Occupational Exposure to Hazardous Chemicals in
Laboratories, 2006

Including each of these elements in a Chemical Hygiene plan promotes a clean, organized, and
safe working environmeriibr laboratories that use hazardous chemicals. Attention should be

paid to each of the elements of the Chemical Hygiene Plan.

2.2.2 The Hazard Communication Plan

The Hazard Communication Plan is another component of a chemical safety program that
is requred by OSHA for any workplace that uses hazardous chesnigalshown in Figure

2.2.1, a hazard communicatiolap, in the United States, must include the following:
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1 acurrent list of all hazardous chemicals on site;

1 Material Safety Data Sheets (writteocdiments describing the chemical,
physical, and hazardous properties of a chemical) for each chemical on the
hazardous chemical list; and

1 appropriately labeled chemical storage containers marked with both the name
of contents and the necessary hazard wgs(U.S. Department of Labor,
Occupational Safety and Health Administration, Hazard Communication,
2006).

A Hazard Communication Plan that incorporates these elements seeks to be effective in alerting
those using hazardous chemicals about the dangemalysbe present. Although a Chemical
Hygiene Plan may be quite effective in reducing the risk of an accident in the lab, the

information conveyed through the Hazard Communication Plan is just as valuable.

2.2.3 Chemical Waste Disposal

After a hazardoushemical is used in the laboratory, it must be disposed of correctly. A
complete chemical safety program should have some sort of protocol for the disposal of chemical
waste. Typically, the waste management and disposal process, as shown in Figurdl@ws1, fo
several steps:

1. The nature of the waste must be determined. If the waste isarmamdous, it
may be discarded without special regulation. However, if the waste is
determined to be hazardous, it must be disposed of at a proper hazardous
waste disposdhcility.

2. While awaiting disposal, hazardous waste should be stored in a designated
area in safe and appropriately labeled containers. Once a certain amount has
accumulated, a hazardous waste disposal company must be called to transport
the material tomapproved ofiite disposal facility.

3. Records should be kept to track all hazardous chemical waste from creation to
disposal.

4. A contingency plan must exist for contacting the proper authorities if an
accident occurs during disposal (Worcester Polytednsitute, Hazardous
Waste Management Plan, 2006).
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If attention is paid to hazardous chemicals after they have been used, hopefully, many
possible accidents will be avoided. It is imperative to keep track of all chemical waste to ensure

that it is not dsposed of in a manner that would harm another individual or the environment.

2.2.4 Chemical Waste Minimization

Chemical safety programs should include strategies for the reduction of chemical waste,
as shown in Figure 2.2.1. The first element of the cbamvaste minimization plan, called a
surplus chemical exchange prograattempts to find uses for surplus chemicals in laboratories
other than the one in which the surplus exists. A second method for the minimization of chemical
waste, calleghurchase cotmol, is to control the purchase of chemicals such that only the
minimum required amount of a chemical can be purchased to prevent the possibility of surplus
and the complications of storage. A third way to minimize chemical waste, calatory
control, is to remove from storage all of the chemicals that are outdated and have remained
unused for a significant period of time. A fourth process to minimize chemical waste, called
recycling takes waste that is ready to be disposed of and finds a new itseédadtacid
batteries, for example, are a form of chemical waste that can be recycled (Battery Council
International, 2006). A final technique is callechle reductionin some experiments, it is
possible to replace hazardous waste producing compamigntsonhazardous waste producing
components. This will reduce the amount of hazardous chemicals produced by the experiment

and therefore lessen the waste in need of disposal.
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2.2.5 Summary of the Elements of an Ideal Chemical Safety Program

The four éements described above should be incorporated into any chemical safety
program. The inclusion of each of these elements into a chemical safety program is the ideal goal
for chemical safety, but even in countries like the United States where laws aradioaegul
regarding chemical safety programs exist, maintaining these standards is a daunting task.
Chulalongkorn will have to work hard to improve its existing chemical safety practices. The next
section of this chapter describes comprehensive chemical pabgrams at various institutions
throughout the United States and highlights the portions of their chemical safety programs that

are outlined in Figure 2.2.1.

2.3 Programs at Other Universities

The Occupational Safety and Health Administration (OSHéarty defines the legal
requirements for chemical safety programs at universities within the United States, as described
in Section 2.2. American colleges and universities take the elements of the chemical safety
program defined by OSHA and implement #netements within the context of their specific
university. The following sections analyze the chemical safety programs at Worcester
Polytechnic Institute, Massachusetts Institute of Technology, and University of California,
Berkeley. Each university orgaes their chemical safety program slightly differently. However,
the chemical safety programs of each organization contain a chemical hygiene plan, a hazard
communication plan, a chemical waste disposal plan, and a chemical waste minimization plan.

Theseschools were chosen because they represent both small institutions (WPI) and large
institutions (MIT, University of California, Berkeley) that practice strong chemical safety

practices. The first university reviewed, Worcester Polytechnic Institute,hwasit because its
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reputation as one of the best small engineering schools in the country, and because of its size,
which is very similar to that of the Faculty of Science at Chulalongkorn University. This
similarity in population helped to demonstrate hewahemical safety program for the Faculty of
Science might initially be structured. The other two schools, Massachusetts Institute of
Technology and University of California, Berkeley, were chosen by our team alsneelh and
highly acclaimed institutions collaboration with our sponsor, Dr. Supawan. These programs
were used as models to help develop recommendations for the improvement of the existing
chemical safety program within the Faculty of Science at Chulalongkorn University into a

program that wi be suitable for the entire university.

2.3.1 Worcester Polytechnic Institute (WPI)

Worcester Polytechnic Institute (WPI) was established in 1865 in the city of Worcester,
Massachusetts, and was one of the first technological schools in the Unitsd Sfahe three
institutions we have reviewed, WPI is the smallest with a total combined graduate and
undergraduate popuiah of about 4,000 students (Worcester Polytechnic Instiduist the
Facts, 2006). The university is made up of eighteen diffekgmartments and offers more than
fifty undergraduate and graduate degree programs, ranging from engineering to management to
professional writing. Considered by many one of the best small engineering schools in the
country, WPl was ranked hy.S. News & Wrld Reportas 64t h among AAmMer i caq
Col | e gelW.S. Rdéwd ahd Wqrld Repp007).

The use of WPI is important in establishing a contrast between its practices and those of
larger institutions like Massachusetts Institute of Technology and tsitiwef California,

Berkeley. Additionally, the extensive chemical safety program at WPI helps to demonstrate how
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a chemical safety program specifically for the Faculty of Science might be initially structured,
because the population of WPI is similathat of the Faculty of Science, more so than MIT or
University of California, Berkeley.

WPI conducts research that involves the use of hazardous chemicals in many fields,
including biology, physics, chemistry, nuclear physics, and engineering. As aVéBuhas
implemented an extensive chemical safety program that includes all elements of the model
chemical safety program described in Section 2.2 above: the chemical hygiene plan, the hazard
communication plan, the hazardous waste disposal plan, anddahgcal waste minimization
plan.

WPl 6s Chemi cal Hygi ene Plan is comprised
guidelines, requirements for personal protective equipment, and standards for maintenance and
inspections, as shown in Table 2.3.1.1e Deneral rules and guidelines outline general
housekeeping policies and basic response procedures. The section on personal protective
equipment contains ways to reduce exposure to hazardous chemicals through the use of proper
safety equipment. The porti@m maintenance and expectations explains how the constant
upkeep of equipment sustains the proper level of safety, and how inspections discover lapses in

chemical safety.
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Topic Purpose

General Housekeeping, Basic Respons
General Rules and Guidelines
Procedures

Personal Protective Equipment (PPE)
Reduction of exposure through use of
proper dress, use of lab coats, gloves, g

equipment
goggles
Continuous upkeep of equipment helps
Maintenance and Inspections sustain proper level of safety, inspens

discover anomalies and gaps in safety

Table 2.3.1.1:Chemical hygiene plan outline
(Worcester Polytechnic Institut€hemical Hygiene Plan, 2006)

Two very important elements of any successful safety program, as stated in Section 2.2,
arepropertraii ng procedures and knowledgeabl e staff.
extensive and effective. New | aboratory wor ke
protect themselves from these hazards, including specific procedures such as appropriate work
practices, personal protective e Worcgsterent t o b
Polytechnic lstitute, Chemical Hygiene Plan, 20p64aving this knowledge promotes a safer
environment, as preemptive safety measures would be utilized and iretiteofsan accident the
proper course of action will be taken to minimize damages.

As required by the Office of Environmental and Occupational Safety, WPI employs an
enforcement framework for chemical safety practices on its campus. Dave Messier holds the

position of Chemical Hygiene Officer (CHO), an administrative member that is experienced and
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has been trained to provide guidance in developing and implementing the Chemical Hygiene
Plan (CHP) and other elements of the chemical safety program.

The CHO isan extremely important position, as he or she directly affects what steps are
taken to maximize chemical safety at the institution. He or she is responsible for determining
work practices and procedures and any required personal protective equipmeet or oth
equipment needed to protect the health and safety of laboratorywgtatieSter Polytechnic
Institute,Chemical Hygiene Plan, 20pMore importantly, however, the chemical hygiene
officer is responsible for the verification and implementation of ngveets of the program.

Only the CHO has the power to approve any new hazardous material that enters the campus.
Without such a power structure, there is a high likelihood that hazardous substances may be
unknowingly brought on campus without verificatitvat someone is available with the skills

and knowledge to properly use the substance.

Additionally, the CHO is responsible for ensuring that a proper hazard communication
plan, chemical waste disposal plan, and chemical waste minimization plan are gitesent.
officer must ensure that all of the information on these plans is available to the entire student
body and that the appropriate people, such as laboratory staff and faculty members, are aware of
and follow the instit utw®GHOpteleisesseatallyaowdytp r oc e
properly enforce any chemical safety program.

Because the WPI CHO has so much responsibility in terms of chemical safety, it is
necessary to delegate some of the responsibility to laboratory supervisors. ActmtdsgVvPI
Chemi cal Hygi ene Pl an, fAEach | aboratory super
necessary safety instructions to his or her workers prior to the beginning of any laboratory work

i nvol vi ng haz aVodsstar$olytetheianstitatgGhemical Hygiene Plan,
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2006).The supervisor assumes responsibility for the tasks to be carried out instead of the CHO,
creating a hierarchy within the chemical safety plan itself. This structure of responsibilities
provides a very high level sfafety oversight because there are many people working towards
the same goal.

According to Dave Messier, the Hazardous Waste Management Plan at WPI is thorough,
and its design is largely a result of federal and state regulations. Individuals who produce
hazardous waste are required to take annual training on how to manage the waste they create.
The chemical inventory at WPI is fully updated once every couple years, but large purchases are
generally covered through personal communication with the CHO. Dagsi&t noted that
keeping a precise inventory of exactly how much of a chemical remains in each container is
unnecessary. The important elements of an inventory are the chemicals present and the
maximum amount of any given chemical that could be preseiéSsier, personal
communication, January 30, 2007).

The Chemical Hygiene Plan at Worcester Polytechnic Institute is a set of guidelines that
serves as a solid foundation for chemical safety. The CHP charges one to maintain good hygiene
while in the laboatory and reinforces the importance of PPE. Inspections of engineering
controls, such as fume hoods, help to sustain a high level of safety by regularly reducing
potential exposure to harmful chemicals. Knowledgeable staff members help to preventor lesse
the impact of accidents by knowing how to respond. Finally, the organizational structure dictated
by the Chemical Hygiene Plan provides security and enforcement to avoid uncontrollable

situations within the laboratory setting.
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2.3.2 Massachusetts Institte of Technology (MIT)

Massachusetts Institute of Technology (MIT), located in Cambridge, Massachusetts, is a
much larger school than Worcester Polytechnic Institute with over 10,000 undergraduate and
graduate studentdl@ssachusetts Institute of TechrmgpypFrequently Asked Questions, 2007).

MIT consists of six different schools made up of over thirty degree programs ranging from
engineering to political science. The university was ranked.By News and World Repas

the number one undergraduate eeghing school in the country in 2004.6. News and World
Report 2007). Because of its excellent program in engineering, our sp@rs&@upawan
Tantayanonrecommended that we include MIT in our research of chemical safety at institutions
within the Unted States.

The primary organization in charge of safety at MIT is the Institute Council on
Environment, Health, and Safety (EHS), and is another example of-atwellured, organized,
and effective chemical safety program. The structure of EHS vemyycésiablishes the
hierarchy of power within the organization. As shown in Figure 2.3.2.1, the EHS contains an
Institute Council that reports directly to the President, the Provost, the Deans, and the Vice
President of Research. The Institute Council atsttains an EHS Committee comprised of the
Senior Faculty Chair, the EHS Coordinator Chair, the EHS Office Lead Contact, and the
Departments, Laboratories, and Centers (DLC) Senior Faculty/Researchers. Thus, there are
specific individuals throughout theiversity responsible for continually overseeing and

improving the chemical safety program at MIT.
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Figure 2.3.2.1:MIT EHS-MS structure
(Massachusetts Institute 6échnology 2006}

This web of relationships between the different personnel involved in chemical safety
programming stresses the importance of communication, as the relationships are very complex,
not just within a single department, but throughout ttstesn as a whole. This type of structure
also allows for more effective enforcement of practices, because there are several checks and

balances within the system. Inspections, often on a weekly basis, serve as a deterrent to

! Legal Disclaimeii Information contained in this online site is presented for general educational purposes and to promote increased overall
safety awareness by providing an overview of some common regulatory issues concerning envirdreakthtand safety issues. The

information provided is intended to be accurate and helpful, but it should not be considered exhaustive. The sitesdiseasaegeneral terms
because regulatory requirements vary depending upon particular facttiatidrss. In addition, users should realize that states and localities
may have different or additional regulations that are not included in this site. The information is not intended torbedmgdlor other expert
advice or services, and should betused in place of consultation with appropriate regulatory agencies, environmental services professionals or
legal counsel concerning specific facts or situations. All regulated entities are responsible for determining what ¢égutatiods apply to

their operations and facilities and what such regulations require. MIT, ITS TRUSTEES, OFFICERS, EMPLOYEES, CONTRACTORS,
SUCCESSORS AND ASSIGNS MAKE NO WARRANTIES OR GUARANTEES, EXPRESSED OR IMPLIED, ASSUME NO
RESPONSIBILITY OR LIABILITY OF ANY KIND, AND SPECIFICALLY DISCLAIM ALL RESPONSIBILITY FOR ANY LIABILITY,

LOSS, INJURY OR RISK WHICH IS INCURRED AS A DIRECT OR INDIRECT RESULT OF THE USE OF ANY OF THE MATERIAL OR
SERVICES INCLUDED IN OR OMITTED FROM THIS SITE.
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carelessness in the laboratand are performed by safety inspectors with various levels of
authority. It is the responsibility of each individual to abide by the policies set forth by the EHS,
and failure to do so results in appropriate actions taken by the school against theahdividu
according to disciplinary policy. EHS does not enforce policy strictly through punishment, but
provides a system of incentives for the exhibition of good practices ranging from simple thank
you notes to gift certificates and financial rewafdagsachustts Institute of Technology
2006).

Training is one of the most important aspects stressed by EHS. All lab workers must
undergo general chemical hygiene training and must read and understand the chemical hygiene
plan. In addition, workers must take trgg in the areas specific to hazards they intend to

encounter (B. Edwards, personal communication, November 14, 2006), as shown in Table

2.3.2.1.
Regulated Activity Required Training Course Retraining

. . Initial

Working with chemicals in a General Chenual Hygiene Only
laboratory Lab-Specific Chemical Hygien¢ Annual
Managing Hazardous Waste| Annual

Working with Class 3b or 4 lasers Laser Safety Training Ig:}'ﬁ)
Working with radioactive materialg Radioactive '.V'?“e”a's Safety Biennial

Training

Handing human materials Blood Borne Pathogen Trainin|  Annual

Table 2.3.2.1 MIT training outline for lab workers
(Massachusetts Institute of Technolpg8906)

The EHS manual serves as an excellent reference for programs already in place, but also
dictates plicy for the implementation of chemical safety plans for new programs within the
institute. First, it must be established that the new program requires the creation of a chemical

hygiene plan. If one is needed, then the new program only needs to aggrthyariate
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information into the standard chemical hygiene plan template, which the school provides. The
EHS office then reviews the proposed plan, and if it is acceptable to both the EHS and the
Chemical Hygiene Officer, it is approved. The new programilai to all other current
programs, will undergo review on an annual basis. (B. Edwards, personal communication,
November 14, 2006)

Li ke WPI , MI Tés chemical safety program in
hazard communication plan, a chemical wasisposal plan, and a chemical waste reduction
plan. Also like WPI, most of the elements of the a hazard communication plan, a chemical waste
disposal plan, and a chemical waste reduction glarcontained within the chemical hygiene
plan and are the rpsnsibility of the Chemical Hygiene Officer. Some of the major categories
included in MIT6s Chemical Hygiene Plan ar e:
roles and responsibilities,
training,
standard operating procedures,
safety equipment,
waste management,
exposure assessment,
Chemical Hygiene Officer,

security, and
recordkeeping.

= =4 -8 _9_9_9_98_2°_-2

Each program at MIT has its own Chemical Hygiene Plan, so there is great variability in terms of
the specific details. Because each program is based upon the same template, they all cover the
appropriate aread ohemical safety. The power structure that exists within the administration,
faculty, and staff at MIT provides an excellent environment for an effective chemical safety
program. No single person can act alone, and inspections allow for constant sueeaifid

strict enforcement of chemical safety. Required training of laboratory workers, especially in the

hazards of their area of practice, is essential to maximizing safety. Lastly, a sound process exists
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for the creation and implementation of new progsahrough the use of the template. EHS

makes all of this possible and is ultimately responsible for the safety of the campus.

2.3.3 University of California at Berkeley (UCB)

The University of California at Berkeley, located in Berkeley, Californidjeddrgest of
the institutions reviewed in this chapter with almost 34,000 undergraduate and graduate students
(University of California at BerkeleyOffice of Planning and Analysis, 2006). In 2007, 97% of
the University of Caéprdgramsmade theaNatioBatRegearthey 6 s gr
Council 6s |list of the top ten programs in eac
was ranked first among all chemistry programs in the natioivérsity of California at
Berkeley Honors and Awards, 2@). This institution was chosen for review because of its
similarity in population to Chulalongkorn University and its high reputation.

UCB has a chemical safety plan that is broken down into the following sections:

Emergency Procedures,
Responsibilitieand Contacts,

Information on Chemical Hazards,
Standard Operating Procedures,
Controlling Exposures,

Campus Safety Resources, and

Training Documentation

(University of California at Berkelgy2006).

=4 =42 =4 -8 -8 _-9_-9

While this safety plan encompasses all of the elenwdritee model chemical safety plan
described in Section 2.2 above, it has no official structure; thus the plan does not exactly mirror
the programs at the two other institutes that were examined.

The first section of the plan contains emergency procedurtésing each of the actions

that should be taken if different accidents occur, such as a hazardous chemical spill or a fire. This
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section standardizes each of these responses so that the proper actions will be taken to alleviate
the situation. The Respsibilities and Contacts portion of the plan lists who is in charge in
certain instances and gives the phone numbers of people to call to obtain consent for new
projects. In the plan, the institution extends the simple format to the chemical hazards section
which lists in a table the specific classifications of chemicals, the hazard that the chemical poses,
and what protective measure can be taken to either prevent or treat an undesired occurrence
(University of California at Berkeley2006). The Standardp@rating Procedures section details
the procedure that should be used in the lab when conducting experiments and when storing and
disposing hazardous wastes. The Controlling Exposures section outlines the types of protection
that should be used for eactzhedous chemical found in the laboratory, and the Campus Safety
Resources section lists the names and phone numbers of people to contact in case of an
emergency. The only training that the CHP requires is for each student, faculty, and staff
member to readnd understand the Chemical Hygiene Plan. The training section contains extra
documentation on what responsibilities lay with each person, and how each person should go
about properly assuming their responsibility. However, this section is not necegsarily
requirement and is considered an extra accomplishment if undertaken (University of Caldifornia
Berkeley 2006).

When a new program requires the creation of a new chemical hygiene plan, the UCB
chemical safety plan allows for the implementation of safety measures in a fashion that is
very similar to that of MIT. A laboratorgpecific hygiene plan can be developed by checking
boxes on the template that apply to the laboratory. Next to these checkboxes are links to the

appropriate standard operatimgpcedures for that choice (University of CaliforaiaBerkeley
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2006). These operating procedures are designed to reduce exposure to chemicals and are
reinforced by practices suggested in the Controlling Exposures section of the plan.

The University ofCalifornia at Berkeley also utilizes a chemical exchange program
seeking to reduce excess hazardous waste on campus. With this program, unwanted and
unclaimed chemicals are gathered and entered into a database called CHEX. Employees can
search through thidatabase for a chemical that they need and make a request for that chemical.
Credits equal to the amount of the chemical 0s
Recharge Account for the department that donated it (University of CalirBerkeley,
2000). This program is an excellent example of how to recycle unneeded chemicals on a
university campus.

In contrast to the plans of WPI and MIT described above, this plan places less emphasis
on both enforcement and structure. Despite this, theichésafety plan at UCB is simple and
complete. The Office of Environment, Health, and Safety, which oversees all laboratories and all
safety practices on the campus (such as fire protection and matters of disposal), assumes much of
the responsibility of &ypical chemical hygiene officer. At the University of California at
Berkeley, all of the necessary elements of a chemical safety program are presented in an easy to
understand manner, allowing for increased compliance and remembrance of its contengs, mak

it a very effective program.

2.3.4 Relevance of Programs at Other Universities

During our research of chemical safety programs at universities within the United States,
we found that the three examined each had a significantly different structuedroall

included every single one of the elements of the ideal chemical safety plan described in Section
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2.2. Therefore this research accomplishes two things. First, the structure of each program
provided examples of chemical safety practices to follotvideas on chemical safety

programming to include within the recommendations for a univensdg chemical safety

program at Chulalongkorn University. Second, the consistent inclusion of all of the elements of
chemical safety described in Section 2.2f@ices their importance as part of a comprehensive
chemical safety program. The next section details exactly how to bring about changes within an
organization, which will be of help when determining recommendations for a new chemical
safety program at Chalongkorn UniversityMore importantly, it outlines strategies to

successfully implement a new program within an institution.

2.4 Transforming Organizations

After proposing a design for a universityde chemical safety program, there are a
number of m#hods of organizational change that can be used to implement the changes into any
university, such as Chulalongkorn. Strategies of organizational change may also be useful for
refining the chemical safety program within the Faculty of Science. This sectilimes
strategies for organizational change, and then proposes potential methods for the utilization of
these strategies for the continued improvement of the chemical safety program within the Faculty
of Science and for integration of the recommendatfonthe development of a comprehensive

chemical safety program at Chulalongkorn University.
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2.4.1 Strategies for Bringing about Change in an Organization

For a universitywide chemical safety program to be effective, changes within the
organization othe university must be implemented. There are seven strategies for changing an
organization (Nervis, Lancourt, & Vassallo, 1996): participation, coercion, making it difficult to
make mistakes, expectancy, persuasion, modeling and selective reinforcensantya in
Table 2.4.1.1. For continued success of a program within an organization a combination of the
seven steps should be applied; however, one need not address these steps sequentially. The
following subsections explain each of the seven strateg@ganizational change and give
examples of how each strategy could be useful for the successful expansion of the chemical

safety programming at Chulalongkorn University.

Seven Strategies for Bringing About Change in an Institution

1 Participation i Involvement of those affected, allowing for more input

1 Coercioni Establishment of a method of enforcement

1 Make It Difficult to Make Mistakes i Simplification of procedures an
manuals for easy comprehension

1 Expectancyi Setting of high expectations in apprigpe areas

1 Persuasioni Use of visual devices to convey need for caution

1 Modeling i Use of good role models to convey proper practices to othel

1 Selective Reinforcementi Connection of people to the problem

rewarding good behavior

Table 2.4.1.1:SevenStrategies for Bringing About Change
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Participation

Of the seven methods of implementing change within an organization, the most important
aspect of bringing about change in an organization is participation (Nervis, Lancourt, &
Vassallo, 1996). In gendrahe more input individuals have in a new program, the more they are
committed to executing the program. Therefore, the more students and faculty members involved
in developing and implementing the chemical safety program within the university, the more
successful the program should be.

One problem with participation as a strategy for organizational change is that it takes a
significant amount of time to get the members of an organization to accept the program (Nervis,
Lancourt, & Vassallo, 1996). Thuspme form of motivation aroercionis usually necessary to
facilitate as much participation as possilitelividuals should be encouraged to participate by
their superiors while at the same time reassuring that their authority in the matter has remained
unchangedin this respect, participatidlmkes on an important role when expanding the chemical

safety program to the entire university.

Coercionby establishing enforcement

When accidents occur within universities, coercion, the enforcement ofipsnalt
becomes necessary. For every expectation set by a chemical safety program, a penalty for not
meeting that expectation should exist. Additionally, someone must have the power to punish
individuals, if the expected chemical safety practices are noifetl. There should also be
barriers to prevent people from ignoring the punishment. For example, if someone fails to

properly label a chemical, some kind of penalty should exist for that failure.
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Coercion at universities in the United States frequenityiscthrough governmental
laws and regulations, at both the state and federal level. Unforturvaltdly there are some
occupational health and safety | aws set by Th
safety, they are somewhat deficieneda the limited scope of these regulations and the
separation of Occupational Health and Safety (OSH) among several departments within the
government (Kogi, 2001). Therefore, at this time, Thai governmental regulations cannot play a
prominent role in coeron within the Faculty of Science or within the university as a whole
Identification of the positions of power within Chulalongkorn University, with regard to
chemial safety, will be helpful foeffective enforcement of a new chemical safety program.
However, enforcememhay be difficult in Thailand, because of cultural preferences toward

avoiding confrontation.

Make it difficult to make mistakes

An additional step for successfully bringing about change in a program is to make it
difficult to do the wong thing. Procedures and manuals for the univevaie chemical safety
program should be easy to understand and thoroughly address chemical safety in a
comprehensive, but succinct manner. Straightforward manuals should ease the learning of new
practices and procedures leading to easier adoption. It should, therefore, make it more difficult

for workers to make a mistake since the proper safety procedures can be easily understood.

Set clear expectations

Expectancy sets the standards for the chematatysprogram. The expectations of a

comprehensive chemical safety program must be set as high as possible in all areas, because a
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comprehensive program can only improve conditions to the level of expectations that it sets
(Nervis, Lancourt, & Vassallo, P8). If expectations are set too low and are too easy to achieve,
then there will be very little change with respect to the original state. If, however, the
expectations for the chemical safety program are set high, then the univedsitghemical
safetyprogram can achieve great success, but with the condition that expectations are not set so
high that they are unachievable for the participants in the program. Higher expectations may be
more difficult to achieve and require more work from the individugdponsible for carrying out
the chemical safety plan, but in the end they will be beneficial to the chemical safety program.
In one example, there may be a set of standard training expectations for all of the
university as well as variable levels of &duhal expectations for some specific faculties,
schools, colleges, and institutes. Massachusetts Institute of Technology (MIT) utilizes a system
where all laboratory workers are required to undergo general chemical hygiene training, in
addition to readig and understanding the MIT Chemical Hygiene REarEdwards, personal
communication, November 14, 2006). Also, exteaning may be required depending on the
hazards of a given laboratory. Furthermore, any concerns that faculty or students may have
shoud be considered when determiniegpectations. These concerns have been noted in our
research within the Faculty of Science, which is a case study upon which to base
recommendations for a comprehensive chemical safety progsathe universitywide
chemtal safety program is integrated into the univerggpectancy should set the tone of the

uni versityodos response to the progr am.
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Persuasion

Persuasion is also used to facilitate organizational change. Persuasive measures often
utilize signs or warnigs to convey a message, but these measures are limited because people
need to be inspired to follow the warnings and signs (Nervis, Lancourt, & Vassallo, 1996). For
example, signs may be posted within ablitabor at
individuals may still neglect to wash their hands before leaving the laboratory. Additionally,
individuals with credibility within the organization should be the personnel responsible for

implementing persuasive strategies. Persuasion is necessatys lmat sufficient by itself.

Modelingappropriate behaviors

Modeling desired behaviors can have a significant impact on the actions individuals take

( Nervis, Lancourt, & Vassallo, 1996). This st
teamp where the individual I mpl ementing change
ri ght emotional commitment, and the right mix

changes should be modeled by respected faculty menrvherexhibit good chemat safety
practices If other faculty members and students follow the good practices of the model faculty
members, then the safety of the entire facility should increase. Therefore, respected faculty
members must serve as good role models so that thesityweide chemical safety program

will be taken seriously. If someone does not take the chemical safety program seriously, other
members of the community may think that a comprehensive chemical safety program is not

important.
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Positive reinforcement

As a chemical safety program is implemented, selective and positive reinforcement of
proper behavior should occur (Nervis, Lancourt, & Vassallo, 1996). For example, signs saying
ACongratul ations there have beenthepast@cci dent s
days! o would be encouraging, and rewarding to
safety program. Selective reinforcement can allow people to feel more connected to the problem
that iIs being resolveaedhd Prrcgprgamz es Ipo wilgad efs.s. .am
iempower actionso (Chapman, E2006) within the
selective reinforcement, the right behaviors must be rewarded.

To effectively implement a universiyide chemical safety progm, a combination of
all of these methods for organizational change should be used. Additionally, it should be noted
that the strategies listed above are ongoing and must continue until the change is complete. These
strategies should be used when impletingrnthe recommendations for expanding the chemical
safety program within the Faculty of Science, and for developing a univesisiégychemical

safety program for Chulalongkorn University.

2.5 Conclusion

Each of the areas addressed by the backgroundechegs a critical bearing on the
guestions asked as part of the research into Chulalongkorn University. The organization of the
university and the Faculty of Science was important because it helped our team determine who
we should interview in our methodaly. The history of chemical safety at Chulalongkorn
University and the Faculty of Science was important because it is vital in providing a baseline for

comparison to current practices, which was determined in our field research. It was important to
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estabish the components of an ideal chemical safety program so that a comparison could be
made between the program and the expectations of the faculty and staff at the university. The
chemical safety programs of WPI, MIT, and UCB were analyzed to provide esswofdiow an

ideal chemical safety program can be adapted to overcome the specific problems of a particular
institution. The challenges to implementing a chemical safety program at Chulalongkorn
University will be established by our research, as desciibtéee next chapter. Finally, the seven
steps towards changing organizations were established so that with the research into the
motivation of Chulalongkorn University an effective strategy for implementing a chemical safety

program at Chulalongkorn Univaty could be determined.
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3. Research Methods

To make recommendations for an effective and comprehensive chemical safety program
at Chulalongkorn, our team developed a research methodology that would help establish an
understanding of the policies, pexdures, and expectations for chemical safety at
Chulalongkorn. Currently, policies and procedures regarding chemical safety are found mainly
within the Faculty of Science. Thus, the Faculty of Science served as a case study for evaluating
chemical safetpractices that might be extended throughout the university. The expectations of
professors within the Faculty of Science were of particular importance because these individuals
are responsible for promoting chemical safety. Additionally, we assessegduotsas Thai
culture that might affect how well a chemical safety program may function.

To obtain information on these topics and ultimately create recommendations for the
design of a complete chemical safety program, the following questions were mesleatrc
Chulalongkorn University:

1 How extensive is the current knowledge of students, faculty, and staff about

chemical safety?

1 What are the expectations of individual faculty and staff for a chemical safety

program?

1 What organizational structure exists the enforcement of a chemical safety

program?

What are the potential barriers to new chemical safety policies?

1
1 What are the motivations to change current chemical safety practices?

This chapter discusses the aforementioned issues and questionscaibéslése research

methods used to gather and analyze the data needed to make these recommendations.
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3.1 Overview of Research Methods

Field research methods have been used to gather both qualitative and quantitative data on
current chemical safety pr#mes at Chulalongkorn University; these methods are described

within this section.

Qualitative Field Research
Some of the data used to answer research questions came from observations of attitudes
and behaviors of students and faculty at Chulalongkather than from statistically
representative samples. This type of research is defined as qualitative observational field
research. IThe Practice of Social Research Ea r | Babbie writes, fAFi el

yields qualitative data: observateonot easily reduced to numbers. Thus, for example, a field

researcher may note the épaternalistic demean
evasions6 of a public official at a public he
patenal i sm or the defensiveness as numerical qu

Using the qualitative data, we systematically drew conclusions about chemical safety within the
Faculty of Science and Chulalongkorn University as a whole.

We suppleranted qualitative observational field research with survey field research to
add both depth and validity to our findings.
of going where the action is and simply watching and listening. You can léarmarely by
being attentive to whatés going on. At the sa
inquiry. Sometimes itds appropriate to ask pe

1989, p. 269). In the case of this project, simplyesbing chemical safety practices at
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Chulalongkorn did not provide enough data to make sound conclusions and generalizations.
Survey research provided more data and added legitimacy to this project.

This project employed two methods of survey reseantérviews and questionnaires.
The data obtained from the interviews were qualitative, whereas the data from the questionnaires
were guantitative. Questionnaires will be discussed further in the quantitative field research
subsection, but there are some ooon features for the formatting of both interviews and
guestionnaires that need to be discussed first.

There are three different types of interviews and questionnaires: structured, semi
structured, and lightly structured (Knight, 2002, p.63). Structureshiiews and questionnaires
have fixed responses and are quick to do; thus, they usually give straightforward answers and
require a large group of respondents to obtain a complete data set. In contrastrusgoned
and lightlystructured interviews ahquestionnaires elicit more opended responses, thus
taking more time than structured interviews and questionnaires in both research and analysis
because the information gained needs to be coded and interpreted. The main difference between
semistructued and lightlystructured survey methods is that sestnuctured methods have a
combination of fixeeresponse questions and ogesponse questions, whereas ligisiguctured
interviews and questionnaires contain some prompts and questions but hai@eadézjuence.
Neither semsstructured nor lighthstructured interviews nor questionnaires require a large group
of respondents, because fiinterpretive researc
research qualityo (Knight, 2002, p.63).

Becaise of limited time and resources, the interviews we conducted were-lightly

structured. This type of interview allowed us to utilize a relatively small sample of respondents
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and enabled a more-atepth exploration of the topics addressed within each ieter@ee

Appendix Afor a complete list of interview questions.

Quantitative Field Research

In addition to the qualitative field research, quantitative research was conducted using
two questionnaires: one on safety practices within laboratories in théty=af Science and the
other within a class of students from the Department of Chemistry.

The goal of the first questionnaire was to assess the chemical safety practices in seventy
one laboratories within the Faculty of Science. The questionnairdsefe laboratories were
structured, and designed by two graduate students within the Department of Chemistry at
Chulalongkorn University. Using structured questionnaires is ideal when gathering information
from large samples in a limited amount of timegascribed in thQualitative Field Research
section; because data were obtained from sex@mlaboratories within the Faculty of Science,
structured questionnaires were used when surveying these labor&orieach questionnaire,
the graduate studemassessed the state of chemical safety within each laboratory based on the
fixed responses contained within the questionnaBesAppendixB for a list of survey
guestions and possible responses.

The second questionnaire aimed to develop an undeirsgaoicthe knowledge students
have on chemical safety. These questionnaires weressaroiured by design allowing for both
closed and opeanded questions to be asked of the fsikystudents surveyed. Quantitative
analysis of the data was performediaitermine the percentages of students with similar
responses to questions. Examining these percentages allowed for recognition of any trends which

existed in the data. Ség@pendixD for the in class questionnaire and a summary of the results.
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Quantitativestatistical analysis of the data obtained through these two questionnaires
added another dimension to our research, validity to our conclusions and, ultimately, validity to

our recommendations for a universwyde chemical safety program.

3.2 Analysis

This section describes the ways in which both types obdaimlitative and
guantitativéd have been analyzed in order to make valid generalizations and conclusions for the

recommendations for a universityide chemical safety program at Chulalongkorn Ursitg.

3.2.1 Analysis of Qualitative Data Using Grounded Theory

The primary method we used for the analysis of qualitative data relating to chemical
safety isgrounded theoryGrounded theory was developed by Barney Glaser and Anselm
Strauss in the 196@s a means to provide a clear, systematic method for analyzing qualitative
data (Glazer and Strauss, 1967). Fundamentally, grounded theory revolves around the coding of
gualitative daté@ in this case interview transcrigtso that data can be extracted mway that
minimizes its volume while still maintaining the validity of the interpretations.

Coding is done by looking carefully at what was said in an interview to name and

categorize data by searching for fesgposes.de as,

Codes are thoughts, ideas, or themes that are consistently present throughout the obtained results.

To analyze interview transcripts, for example, the researcher scans the document and search for
words, phrases, and key points (codes) thatedegant or important to his or her research. These

codes may then be grouped together by theme, and conclusions may be drawn by observing the
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relationships that exist between the groups of codes (Gibbs and Taylor, 2006). For example, if

individuals who arénterviewed discuss their feelings about the general safety of a laboratory,

some individuals may feel safe and some may feel unsafe, but their responses could all be

grouped in a code for the general feelings about chemical safety at the university.

During the coding process, the researcher should rescan the previously coded data to see

if any of the newly coded data is relevant. This process is aclestant comparisqrand allows

for continuous development of the relationships between groups of €aestant comparison

also provides the opportunity to take research into new directions that may be beneficial to the

outcome of the project through uncovering relationships between groups of new and previously

coded data (Gibbs and Taylor, 2006).

Grounced theory is used to establish a clear understanding of the ideas being expressed

by the individuals who are interviewed. By coding and grouping the codes based on similar

themes or ideas and then examining the relationships between them, it was po$sibiean

accurate understanding of the following:

1.
2.

3.

4.
5.

the existing chemical safety practices at Chulalongkorn University;

t he education and gener al knowl edge of t
staff about chemical safety;
the expectations of theunives i t y6s students, faculty, an
new chemical safety program;
the universityds policies and procedures

the cultural elements of Thai society that affect chemical safety.

The codes that evolved and the conclusibas were drawn from them are covered in the

Findings and Discussion chapter. Once we gained an understanding of current levels of chemical

safety at Chulalongkorn, this knowledge was compared to the information gathered from the

Background chapter detaily the key elements of an-alhcompassing chemical safety program.
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The areas in which Chulalongkorn Universityos

noted and recommendations were made for improvement.

3.2.2 Analysis of Quantitative Data

Quantitdive data from the questionnaires distributed in laboratories by two graduate
students within the Department of Chemistry and the questionnaires givenyedirsthemistry
students were analyzed in a different manner.

For fixed response questions, fhercentages of each response were determined. Then
trends within the results were identified. From these trends, conclusions were drawn. For the
survey conducted within the laboratories, sevdaty of the eightyseven questions in the
survey were multile-choice and had between two and four possible responses. Each possible
response was assigned a numeric value between one and four using a Likert scale, with four
being very good, three being good, two being average, and one being below average. Some
guesions, such as questions that could only be responded with a yes or no, allowed for fewer
than four possible responsésthis instance, yes might be assigned a value of four and no a
value of one. For the survey conducted within the classroom ef/éaststudents, common
responses to questions were grouped together, and the percentages of students with common
responses were calculated. These numerical data were utilized to support the findings determined
through qualitative analysiSeeAppendix Cfor a summery of the results from the laboratory
survey.

The next section describes the research methods used to collect both qualitative and
guantitative data on the current level of chemical safety practiced within the Faculty of Science

at Chulalongkorn Umwersity.
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3.3 Current State of Chemical Safety at Chulalongkorn University

To inform the development of recommendations for a comprehensive chemical safety
program both within the Faculty of Science and at the university level, the current level of safety
practiced at Chulalongkorn University was assessed. Relevant information gathered about the
university included:

Standard operating procedures;

Safety equipment;

Training requirements;

Enforcement structure;

Hazard communication methods;

Waste storage a@ndisposal practices; and
Waste minimization practices.

= =4 =4 -8 -8 -9 -9

By obtaining as much knowledge on each of these subjects as possible, we established the
current status of safety practices and then used qualitative data analysis to compare this with the
model chental safety program developed in the Background chapter. See Section 3.2 for further
information on the analysis of data gathered using the methods described below.

In order to gather a sufficient amount of information to develop recommendations for a
universitywide safety program, we conducted interviews with five individuals at Chulalongkorn
University (Table 3.3.1). Each interview was conducted in a liggttlyctured fashion, meaning
that there was a flexible sequence for responses, and questionseatigs a guide for the
interviews. Each interview was led by one team member, but other team members also asked
additional questions as the interview was occurring. For each interview, all members of the
project team recorded notes, which were compilddviing the interview to obtain a complete

record.
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Name

Chemical Safety Specialty

Dr. Soottiporn Chittmittrapap

Overall Program

Dr. Sarowarux Fuangswasdi

Chemical Safety Training

Dr. Lursuang Mekasut

Chemical Inventory Program

Dr. Prasert Reubroparoen

Chemical Waste Disposal

Dr. WasanfPongsapich Hazardous Waste Management

Table 3.3.1:Individuals Interviewed at Chulalongkorn University

The first interview that we conducted was with Dr. Prasert Reubroycharoen, one of the

assistants forthesh ool 6 s chemi cal waste disposal progra
disposal for the entire university. He has knowledge about hazard communication, waste storage
and disposal, and waste minimization practices at Chulalongkorn. For this intervieggdave u
semistructured questions that were opgrded and allowed for detailed explanation of the inner
workings of the wuniversityodos policies and pro
campus geeAppendix A).

The second interview conducted washaDr. Sarowarux Fuangswasdi, an integral
member of the chemical safety training and management program at Chulalongkorn University.
She has extensive knowledge about chemical safety training and education. Again, we used
semistructured, opeended questins during this interview to understand the education and
training received by students, faculty, and staff &egendix A).

The third interview was with Dr. Lursuang Mekasut, the person in charge of the chemical
inventory management program at Chulakwrg University, to obtain more knowledge on
waste storage and disposal as well as waste minimization. Similar to the first two interviews, we
used semstructured, opeended questions to learn about the cycle of each chemical through the

university andhe steps taken to reduce the amount of chemicals on campégpfszealix A).
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The fourth interview at Chulalongkorn was with Dr. Soottiporn Chittmittrapap, the Vice
President of Research and International Affairs, who is in charge of chemical safety for
maraging chemical safety for entire university. Once again,-sémctured interviews with
openended questions were used to learn about the process for implementing programs within the
university and the Vice Presithentds goals for

The final interview was with Dr. Wasant Pongsapich, who is in charge of Hazardous
Waste Management at Chulalongkorn University. The interview wasstemstured, and open
ended questions were asked to determine the current hazardous waste managetioeist gt
the university as well as his goals for the expansion of the management program.

Although the interviews with faculty members provided us with information on many
chemical safety practices at Chulalongkorn, there were still aspects of thapitbgt needed to
be explored further. Therefore, to supplement the information gained through interviews, we
utilized existing research on chemical safety that had been performed by Jib and Liew, two of
Dr. Supawanods graduat entd Cherdisgryn These studénts condudted e D e
surveys of seventgne laboratories on campus to assess the variety of safety procedures and
equipment used in eachclation (see Appendix CT.hese data were statistically analyzed, as
described in Section 3.2.® evaluate the level of safety practiced within the laboratories.

The final method utilized to gather information on the chemical safety practices present
consisted of personal observation of a laboratory. We observed a laboratory in the Faculty of
Sciete by conducting one of the questionnaires
guestionnaire was filled out, photos of the areas the questionnaire posed questions about were
taken. The visual inspections of chemicals, chemical safety equipmenteanital safety

procedures supplemented the information contained in the surveys conducted by the graduate
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students and established the validity of the survey process. The information provided by
observation is qualitative, not quantitative, and was andlggesuch; additional information on

the methods of analysis is found above in Section 3.2.1.

3.4 Chemical Safety Education and Knowledge at Chulalongkorn University

For a chemical safety program at the university level to be successful, all students and
faculty in the university who deal with chemicals should be educated in chemical safety
practices. To develop recommendations on expanding the educational programming on chemical
safety, we researched the current safety training practices through aiewteith Dr.

Sarowarux Fuangswasdi, who is responsible for chemical safety training within the Faculty of
Science.

This interview consisted of questighgcated in Appendix Arelatingto the extent of
formal chemical safety training for students ancufgy of all levels. For example, we asked
guestions like what kind of chemical safety training is required of undergraduate students within
the Faculty of Science and is there any additional chemical safety training required for graduate
students workingvith specific hazardous chemicals. Additionally, we asked what training
existed for students and faculty dealing with chemicals outside the Faculty of Science. In
accordance with groundekdeory, outlined in Section 3.2.1., the information obtained about

knowledge of chemical safety was coded following the interview.
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3.5 Expectations for the Expansion of the Chemical Safety Program

An understanding of the expectations of the individuals who will play a key role in
implementing a universityide chemicabafety program is important when establishing
recommendations for the future.

Interviews with Dr. Soottiporn Chittmittrapap, the Vice President of Chulalongkorn
University, Dr. Prasert Reubroycharoen, chairman of chemical management and hazardous waste
disposal, Dr. Lursuang Mekasut, head of developing a chemical inventory program for
Chulalongkorn University, and Dr. Sarowarux Fuangswasdi, head of chemical safety training
within the Faculty of Science, contained questions to establish the expectatiatweofical
safety program for the university as a whole. The latter three individuals were identified by the
sponsor of this project, Dr. Supawan Tantayanon, as faculty members who currently have a
prominent role in implementing the improved chemical sgiedgram within the Faculty of
Science.

Interview questions on expectations were conducted in a lightly structured manner, which
differs from semustructured in that the questions presented are-epdad, allowing for a wider
variety of responses and hmit to the length of response (Knight, 2002). The questions brought
to the interview were used as a guide, but the individual being interviewed was allowed to
provide information that was not necessarily directly tied to the specific question being asked
These interview questions were asked and recorded in the same manner described in Section 3.3.

By establishing the expectations of faculty for a chemical safety program,
recommendations for the improvement of the program within the Faculty of Sciehtieean
expansion of the program to the university level could be made with the goals of the faculty in

mind.
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3.6 Policy and Structure at Chulalongkorn University

When a formal program is implemented within a university, the policies and procedures
designedo integrate the program into the structure of the university must be followed. An
understanding of the organizational structure at the administrative level of the university is
important to determine who should be responsible for integrating differaseplof a program
into the university.

The Vice President of Chulalongkorn University, Dr. Soottiporn Chittmittrapap, provided
us with an understanding of the policies and procedures for bringing about change and the
current structure that exists withimetinstitution. This interview was conducted in semi
structured format to provide further insight into understanding the policies and administrative
structure of the university.

With knowledge of the methods Chulalongkorn University uses to bring about
institutional change, recommendations for the expansion of the chemical safety program within
the Faculty of Science to the university level were designed specifically to conform to the

uni versityds own policies and procedures.

3.7 Impact of Thai Culture on Chemical Safety Programs

King Mongkut University of Technology at Thonburi (KMUTT) is a university in
Thailand that has a formal chemical safety program. We studied the impact of Thai culture on a
chemical safety program at the university level by eatahg the program at KMUTT, and then
comparing our findings to the ideal chemical safety program outlined within the Background

chapter. This section of our research provided information on any cultural differences that may
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exist when implementing a cheralsafety program in Thailand as opposed to within the United
States.

At KMUTT, we interviewed Assistant Professor Suchada Chaisawadi, who is their
Chemical Safety Officer. This interview was done in a s&muictured format using opemded
guestions tallow for extensive discussion of the chemical safety program at the university. The
interview was conducted in the same manner as interviews with Chulalongkorn faculty. The
analysis of this data is described in Section 3.2.1.

From this interview, we leaad the methods used to implement a chemical safety
program within a Thai university as well as the areas where their program is particularly strong.
The coded data from this interview was compared with the coded data from the interviews at
Chulalongkorn usg constant comparison, as described in Section 3.2, to identify any
similarities or differences between the two programs. This comparative analysis highlighted
elements in the chemical safety program present at King Mongkut University of Technology at

Thonburi that may be successful at Chulalongkorn.

3.8. Motivation for a Safer Working Environment at Chulalongkorn University

A chemical safety program is designed to minimize the risk of an accident when working
with hazardous chemicals, and provide aticency plan for instances when accidents occur.
To be effective, faculty, students, and staff must abide by the rules of the chemical safety
program. Graduate students conducting research with hazardous chemicals, for example, have
the responsibility ttoe aware of the requirements, restrictions, policies, procedures, and other
aspects of the chemical safety program pertaining to the work they are doing. It is also their

responsibility to make sure that their actions reflect what they know about thecahsaiety
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program and that they comply with its every requirement. By doing so, the risk associated with
the hazardous chemicals being used for necessary research will be minimized.

In some situations, those working under the jurisdiction of a chemiedy ggan may
not follow the policies and procedures set forth by the safety program. Students not thoroughly
educated in lab safety, for example, may be unaware of certain hazards and may not use
appropriate safety techniques. More educated graduatentgude another example, may not be
very careful in a laboratory if they feel overly confident in themselves, their knowledge and
abilities, and have never had any sort of accident. In these instances and others, the risks the
chemical safety program airtcs minimize or eliminate can grow and the essential purpose of the
chemical safety program is defeated. Thus, motivation for the adoption of and adherence to a
chemical safety program becomes essential.

In our research, we have utilized a method for n@@gunotivation for a university
wide chemical safety program at Chulalongkorn University. Motivation was measured through
interviews with Dr. Sarowarux Fuangswasdi, head of chemical safety training, Dr. Prasert
Reubroycharoen, head of the developmenhefrtew chemical inventory program, and Dr.
Lursuang Mekasut, the head of the chemical waste minimization program. One additional
interview was conducted through convenience sampling with Jib, a graduate student within the
Department of Chemistry at Chulalgkorn University.

In these lightlystructured interviews, we asked questions about the aspects of a chemical
safety program present within each individual
chemical safety program in the future. Questiasised during these interviews included whether
or not people expressed interest in improving chemical safety and if an improved program were

adopted how people might react. To evaluate the data wegtmautded theoryas outlined in
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Section 3.2.1. Fronhts evaluation, we were able to create recommendations regarding the
overall level of motivation for improving chemical safety. This allowed for identification of the
characteristics of an improved program that would be embraced by the community anda tur

successful throughout the university.

3.9. Relevance of Research Methods

The information that was gathered through the methods outlined above provided the
necessary foundation for determining recommendations for the expansion of the current
chemicalsafety program within the Faculty of Science at Chulalongkorn University to
encompass the entire university. The Faculty of Science was used as a case study to determine
what chemical safety practices had already been instituted and what areas of cadatical
needed to be improved. The expectations and motivation of faculty members and students
towards the improvement of chemical safety provided a better understanding of Chulalongkorn
Universityés vision of a s ucreassfshé achémical baketni c a l
program that have not been addressed at Chulalongkorn. The comparison of the organizational
structure of Chulalongkorn University and King Mongkut University of Technology at Thonburi
allowed for identification of Thai culturand organizational influences on a comprehensive
chemical safety program.-thepth understanding of these key topics led to the development of
recommendations for continued improvement of the chemical safety program within the Faculty
of Science, and a checal safety program specifically for Chulalongkorn University. The next
chapter of this report highlights the findings obtained with these research methods, and a

discussion of these findings.
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4. Findings and Discussion

To make recommendations for tmegrovement of chemical safety at Chulalongkorn
University, it was first important to pull the relevant information from the data that was gathered
through the research methods described above. This chapter discusses our findings pertaining to
chemical safey at both Chulalongkorn University and King Mongkut University of Technology

at Thonburi (KMUTT).

4.1 Chemical Safety at Chulalongkorn University

The Faculty of Science at Chulalongkorn University has recognized the need for a
comprehensive chemical sty program on its campus. In this section we will describe the steps
that the school has taken to address this need. Currently a chemical safety committee has been
set upwithin the Faculty of Science, and there are three projects underway to improveathem
safety. The first project concentrates on laboratory safety and chemical safety training, the
second addresses chemical inventory management, and the third deals with chemical waste

disposal.

4.1.1 Structure of the Current Chemical Safety Program

Chulalongkorn University has implemented a structure for the oversight of its current
chemical safety practices and the future expansion of these practices into a comprehensive
chemical safety program. This structure consists of an upper board and a lamgkrlsshown
in Figure 4.1.11 below. The upper board is managed by the Vice President, who has control over

any formal policy regarding chemical safety. The lower board, managed by Dr. Pongsapich, an
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administrative member of the university, is dividetbisix different branches. Each of these
branches is made up of a work group with a manager and, as shown in Figure 4.1.1.1, focuses on
a particular dimension of chemical safety (S. Chittmittrapap, personal communication, February

1, 2007).

Upper Board
Vice President
Dr. Chittmittrapap

!

Lower Board
Dr.
Pongsapich —

Research and
Development

/ \ Chemical
Sakty Training

Chemical Chemical
Inventory Waste
Management Management

Figure 4.1.1.1:Structure of chemical safety program administration at Chulalongkorn
University

The first of these branches is called the Physical System. What this refers to is the
physical condition of the laboratories and facilities omjgas and the engineering controls
present in each of them, such as fume hoods, ventilation systems, electrical wiring, etc. This
branch is responsible for ensuring that laboratories on campus have the appropriate physical

chemical safety equipment.
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The seond branch, Laboratory Practices, focuses on specific sets of standards and
procedures for those that work in the laboratory, such as guidelines and procedures for handling
and storing chemicals and maintaining a clean work environment.

The third branch isamed Chemical Inventory Management. This group is responsible
for the development and the usage of an online chemical inventory management program to keep
track of the flow of chemicals in and around the Chulalongkorn University Campus.

The fourth branchcalled Chemical Waste Management, concentrates on the storage and
disposal of chemical wastes from Chulalongkorn University, such as hazardous chemicals from
the Department of Chemistry or biological waste from the Department of Biology.

The fifth branch Chemical Safety Training, focuses on training for Chulalongkorn
Universitydéds students, faculty, and staff on

Finally, the sixth branch is called Research and Development. It works to develop new
techngues for both the synthesis of useable chemicals and the disposal and recycling of chemical
wastes on the Chulalongkorn University campus.

Together these six branches make up an administrative structure that appears to be quite
capable of effectively manamg a comprehensive, universityide chemical safety program.

Because chemical safety on the Chulalongkorn University campus is a relatively new
proposition, only four of these brancBesvo working independently and two working in
collaboratio® have had ansuccess at making headway towards effective, sustainable chemical
safety practices. Within these four branches, including Laboratory Practices, Chemical Safety
Training, Chemical Inventory Management, and Chemical Waste Digptisale projects have

beenundertaken to improve chemical safety. The next three sections below describe the three
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projects, titled Laboratory Safety and Training, Chemical Inventory Management, and Chemical

Waste Management, and detail their various successes and weaknesses.

4.1.2L aboratory Safety and Training

The first project begun on Chul alongkorn U
completed, is a result of collaboration between the Laboratory Practices branch and the Chemical
Safety Training br &cadhbn cleemicat safety. Bophwarw | 6 s | ower
Tantayanonthe vice president of the Faculty of Science, has been placed in charge of this
project, which aims to accomplish two things: to ensure that laboratories have a standard set of
operating procedures and amgcessary safety equipment; and to educate students, faculty, and

staff on general chemical safety and chemical safety within the laboratory.

Laboratory Standard Operating Procedures

Standard operating procedures and laboratory safety equipment asgjtwements of a
comprehensive chemical safety program: the effective use of both maximizes efficiency and
safety. Standard operating proceduressaexifically designed to protect the health and safety of
those using chemicals. At Chulalongkorn Univerdibere has been no standard set of operating
procedures developed for its laboratories. In the survey of segratiaboratories within the
Faculty of Science, for example, graduate students and faculty members within the laboratories
were each askedftifiey contacted the appropriate staff members in the event of an accident, such
as a chemical spill. Only 72% contact appropriate staff in every case, while 24% contact them in

only moderate to severe cases and 4% never contact them. Typical standanuigopera
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procedures, however, would generally require that any accident, chemical spills included, be
reported to the appropriate faculty or staff.

In another example, the same group of laboratories was asked if volatile and hazardous
chemicals are always pad in the fume hood for proper ventilation. Only 78% actually do this
on a regular basis, while 22% do not use a fume hood for pouring volatile and hazardous
chemicals at all. This relatively simple practice of using a fume hood for hazardous chemicals is
usually something that a standard set of operating procedures addresses and requires. When
combined with laboratory safety equipment, standard operating procedures help to minimize the

risk for those working in the laboratory.

Laboratory Safety Equipment

Laboratory safety equipment can be split into two different types: engineering controls
and personal protective equipment. There are many engineering controls located within
laboratories at Chulalongkorn University; however, a great deal of this equimaither
maintained nor used properly. In the survey of seventylaboratories within the Faculty of
Science, for example, 90% of laboratories do not have fume hoods with working ventilation
systems. A fume hood is designed specifically to createrkspace for using hazardous and
volatile chemicals by venting harmful gasses and vapors to the outside. This protects those using
the fume hood by allowing them to continue their work without breathing any of these harmful
chemicals. The fact that 90% thie fume hoods within these seventye laboratories do not
function properly essentially renders them useless. In laboratories within universities in the
United States, not only must fume hoods be functioning properly, but they must be inspected on

a reguar basis according to government regulations.
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In a second example, 67% of the laboratories surveyed have no sprinkler system for fire
suppression. This has already proven to be a problem. According to Dr. Supawan, one of the
chemistry laboratories on cg@us has had a fire within the past few years (personal
communication, November 6, 2006). In laboratories where chemicals are used, a sprinkler
system is generally considered vital. The United States, for example, requires all laboratories that
use chemicalto have some sort of sprinkler system or automatic fire suppression system.

Personal protective equipment is also a problem and is used inconsistently throughout the
uni versityods campus. I n the same supfthey, a qu
seventyone laboratories if there were respirators available for those working in the lab.
Respirators allow people to breathe in the event that some chemical or vapor makes the air in the
laboratory unsafe to breathe. Of the fiftix laboratoriesrom which personnel responded, 45%
of them (that is twentfive) do not have respirators available for students or staff working there.

In the United States, having respirators in all laboratories is regulated by the government and is
mandatory. This ldcof PPE is a major risk to students, faculty, and staff on the Chulalongkorn
University campus.

In another example, the same laboratories were asked if safety goggles were available for
use by those working in the laboratories. We found that 23% ofdtds@s have either broken
goggles or no goggles at all. In the United States, goggles are required in the laboratory at all
times. This is necessary as part of the Occup
chemical hygiene plan requirements doiiversities. The fact that eighteen laboratories within
the Faculty of Science do not wear safety goggles because they are broken or they do not have

them is another major risk to the people working in them.
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Chemical Safety Training

According to the Vicd’resident of Chulalongkorn University, education is one of the
most essential ways to improve chemical safety on campus. People will not follow rules,
regulations, and standard operating procedures or use and maintain laboratory safety equipment
properlyunless they understand their purpose (S. Chittmittrapap, personal communication,
February 1, 2007). Current students, faculty, and staff at the university are not very well trained
on chemical safety practices, procedures, and equipment. In the suresgmfone
laboratories within the Faculty of Science alone, we found that many of the respondents, who
were graduate students or faculty members working in the laboratory, do not understand many
basic concepts that could prevent an accident or savdiviesiin the event of a serious incident.
51% of those surveyed, for example, do not know what to do in the event of a fire drill.

In another example, only 42 % of gesurveyed know what types of personal protective
equipment (goggles, laboratory coat¢.) should be used in the laboratory. Without the
knowledge of what protective equipment should be used in the laboratory; students, faculty, and
staff are putting themselves in extreme danger.

Currently there is a five year plan within the Faculty ae8ce at Chulalongkorn
University to educate students on general chemical safety. Starting in June, freshmen will be
required to take an online tutorial and quiz on laboratory safety and basic chemical safety
procedures before working in a laboratory. &nitd must pass this quiz without answering
incorrectly and are allowed to repeat the quiz if they do not pass. Each passing student earns a
safety card that permits them to work in the laboratory (S. Chittmittrapap, personal
communication, February 1, 200During each subsequent year, incoming freshmen will

continue to be trained until all four grade levels and those at the graduate level have received the

56



training. The online tutorial is expected to take about two hours. A chemical safety manual has
alsobeen written and is available to students, faculty, and staff. It is hoped that this chemical
safety training will be successful. If it is a success, an additional training program will be
developed for faculty and staff within the Faculty of Sciencemakely, it is hoped that both
training programs will serve as models for the entire university (S. Fuangswasdi, personal
communication, January 19, 2007).

Although Chulalongkorn University lacks a great deal of the safety policy and equipment
necessaryd protect its students, faculty, and staff, it plans to implement a new training program
for students and eventually faculty and staff. It is hoped by several administrators at the
universityd including Dr. Supawai that this education will help people reaithe importance
of and need for standard operating procedures, engineering controls, and personal protective
equipment. The next section discusses the second project that has been started within the Faculty

of Science to improve chemical safety.

4.1.3Chemical Inventory Management

The second project under way within the Faculty of Science at Chulalongkorn University
focuses on the management of the inventory of chemicals on campus. It is the product of the
Chemical Inventory Management branch of thedoboard of chemical safety at the university,
which hascreated a chemical inventory management computer program called ChemTrack. This
program was recently completed in January of 2007.

According to Dr. Lur suang Me ktlasppogramisone o f
accessible from any computer connected to the internet and records certain information about a

chemical when it is purchased for use at the university. The information recorded includes the
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name of the chemical, its concentration, its sieppthe quantity of the chemical, its invoice
number, the person who purchased it, and its location on campus. One feature that it lacks,
however, is the ability to track the exact quantity of each chemical at a given time. Thus, it is
impossible to knovihow much of any chemical in the program still remains until the chemical is
compl etely gone and is removed from the progr
communication, January 19, 2007).

One of the major weaknesses in this chemical inventory managenogram lies in the
absence of another program for purchase control. Both purchase control and inventory control
are two related elements as they seek to manage the flow of chemicals on campus.
Chulalongkorn University, however, has no uniform systepuothase controMany purchase
chemicals through the schoolwited e par t ment 6 s money, whil e ot he
Supawan, choose to use theérsonamoneyto purchag chemicals on their own for special
experiments and choeto remain independewnf the department

In the laboratory survey, only 44% of the laboratories always purchased chemicals from
the central chemical store. While this creates an unnecessary surplus of chemicals on campus, it
also impacts the adoption of the new chemicalmtmg management system, ChemTrack 2007.
Those who purchase chemicals independently may choose not to enter the chemicals they have

purchased into the chemical inventory system, effectively defeating the purpose of the program.

4.1.4Chemical WasteManagement

The third and final project started at Chulalongkorn University concentrates on chemical
waste management. This project is split into three different parts. The first is a uniwadsity

cleanup of chemical wastes that have been stored on camples fast 5A.00 years. The
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second is the development of a program to regularly dispose of any future waste in the most
efficient and coseffective way possible. The third is to reduce the demand for chemicals, and
ultimately reduce the amount of chemiealste produced through waste minimization

techniques.

Cleanup of Chemical Waste

The first phase of the project, the disposal of chemical wasiaspast years, has
already been completed. Over a recent school break, students, who were better trametbon h
properly categorize chemical waste than current staff members, were paid to organize chemical
wastes and to relocate waste for proper disposal. Over the course of six months more than five
metric tons of waste was removed from the university (Sti@titapap, personal

communication, February 1, 2007).

Chemical Waste Disposal Program

The second phase of the project, the development of a waste disposal program, has begun
and is currently in the process of being tested in several different fachibegh pilot
programs. A procedure for the disposal of chemical wastes has already been developed for the
Faculty of Science at Chulalongkorn University. First, waste is classified and stored in
appropriate containers as depictedrigure 41.4.1, which $iows the nine different groups that
chemical waste must be separated into for proper disposal. Each category of waste requires
specific treatment procedures and therefore it is imperative to properly separate them. Then,
approximately once a year, a compashired to pick up this waste, treat it, and dispose of it at

their facilities.
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Figure 4.1.4.1 System of classification of waste at Chulalongkorn University
(P. Reubroycharoen, personal communication, January 19, 2007)

This company is called the GeaEEnvironmental Conservation Public Company, or
Genco for short. Established in 1994, Genco
Industry, the Industrial Estate Authority of Thailand, and the private sector to manage the wastes
created by idustrial development in Thailand. The company has two plants; the first is located
in Map Ta Phut, which is part of the Rayong province. This plant has the capacity to both treat
and stabilize waste, then dispose of it in arsive landfill. Map Ta Phutlso has a fuels
blending system, which combines combustible wastes for burning rather than disposal in the
ground where they have the potential to leak into groundwater supplies. The second plant is split
between two locations: one in Bangkok and the athdre Ratchaburi province. The facility

located in Bangkok is equipped to separate solid wastes from industrial wastewater, treat and
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stabilize the solid wastes, and treat the wastewater, which is then discharged back into the public
drainage system. THacility located in Ratchaburi consists of a landfill in which the treated and
stabilized solid wastes from the Bangkok facility are st¢@eheral Environmental
Conservation Public Company, 2007)

Although Genco is an effective means for Chulalonghkdmiversity to dispose of any
chemical wastes, one lostgrm goal of the waste management project started by Dr. Supawan is
to eventually have the facilities, staff, and equipment to dispose of chemical wastes internally.
This would allow the university tstore fewer wastes within each laboratory, creating a safer
environment for students, faculty, and staff; this would also be cost effective for the university.
Ultimately, it may be possible for the university to dispose of both their own waste and the
chemical wastes from other universities and industries in the greater Bangkok area, which would
provide additional revenue for the school (P. Reubroycharoen, personal communication, January
19, 2007)

Pilot programs have been initiated within certain facsiteecombine wastes to reduce
the overall cost of disposal. Rather than pay a disposal company once a year to go to each
individual laboratory to collect chemical waste, these pilot programs will collect waste from
various laboratories into centralizedrstge areas, where it is easy for a disposal company to
come and pick up the waste. This costs less because larger quantities of chemical waste are being
disposed of at one time. According to Bhittmittrapap, Associate Professor and Vice President
at Chdalongkorn University, this waste combination program could cut disposal costs up to 90%

if done effectively throughout the entire university (personal communication, February 1, 2007).
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Waste Minimization Techniques

The third phase of this program, wastaimization, has also been developed and
various techniques are being used throughout the Faculty of Science at Chulalongkorn
University. The first is through recycling of chemicals, which takes place in a limited fashion on
campus. The chemicals thaeawurrently being recycled are solvents, which are mainly used to
clean glass after being recycled. Additional techniques, however, are being developed to increase
the amount of recycling that the university actually does (P. Reubroycharoen, personal
communication, January 19, 2007).

The second way waste is minimized is with scale reduction. Scale reduction is the
process by which experiments reduce the amount of chemicals used in a reaction by performing
that reaction on the smallest scale possible. fHulaces the demand for chemicals while
mai ntaining the experimentoés educational wvaluwu
Chulalongkorn University campus, it is done so only in a few laboratories; no formal policy
exists to guide its practice (Reubroycharoen, personal communication, January 19, 2007).
Consistent use of scale reduction techniques will reduce the quantity of chemicals purchased and

reduce the need for disposal, in turn saving money.

4.2 Chemical Safety at King Mongkut Universityof Technology at Thonburi

King Mongkut University of Technology at Thonburi began the implementation of a
chemical safety program in 1999. Since then, the program has become quite successful.
Although it has not completely reached the universiige leve, there are many pilot programs
set up across campus that aim to spread knowledge of proper chemical safety practices, policies,

and procedures. In this section we will describe our findings pertaining to the chemical safety
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program at KMUTT, specificallits organizational structure, its safety training program, its pilot
laboratory program, its chemical inventory management program, its chemical waste

management program, and its yearly evaluation program.

4.2.1 Structure of the Current Chemical Safety Fogram

King Mongkut University of Technology at Thonburi has formed the Commission on
Energy, Environment, Safety, and Health to manage the budget, make any important decisions,
and constantly evaluate the success of the program to make any improveatahtadly think
are worthwhile. In 1999 the university received funding from the government for a span of two
years. The funding helped to begin a new chemical safety system, addressing both chemical
management and chemical waste management, and the Giomas Environment, Health,
and Safety was formed. After two years, the university was given more money to begin a two to
five year long energy conservation project. In 2005, it resulted in the formation of the
Commission on Energy, Environment, Safetyd &lealth.

This school has also appointed Assistant Professor Suchada Chaisawadi to be the
Chemical Hygiene Officer, and as such she is responsible for overseeing the program as a whole.
It is her job to ensure that the decisions made by the Commiss@Bnengy, Environment,

Safety, and Health are reflected by the actions of students, faculty, and staff on the King
Mongkut University of Technology at Thonburi campus@8aisawadipersonal

communication, February 6, 2007).
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4.2.2 Chemical Safety Training

Four years ago, a student chemical safety education program was put into place. With this
program, people who work in a laboratory more than four weeks per semester must participate in
a six and ondalf hour long chemical training session. This sessiogists of a lecture, a
demonstration, and a quiz. The student must earn 75% or higher on the quiz in order to receive
an official safety card that will permit them to work in the laboratory. Each card expires after two
years, and thus the student mustipgrate in the session again if he or she wishes to continue
using the card. When a student passes the training and receives a card, he or she also receives
safety goggles and a laboratory coat. Also, both a chemical management manual and a chemical
safetymanual have been written and are available to students, faculty, and staff. (S. Chaisawadi,
personal communication, February 1, 2007).

Faculty and staff are always invited to this training so that more than just students are
educat ed on blibhies and procedaressvithtregdrdsto gnemical safety. Oftentimes,
however, these faculty and staff do not show up for the training. It is hoped that within the near
future the training program is expanded to include faculty and staff (S. Chaisawadiaperso

communication, February 1, 2007).

4.2.3 Pilot Laboratory Program

King Mongkut University has received a great deal of funding from the government to set
up pilot laboratories throughout its campus. In these pilot laboratories, of which there aye twen
across campus, a proper chemical hygiene plan is followed at all times (S. Chaisawadi, personal
communication, February 1, 2007). This chemical hygiene plan ensures that each pilot laboratory

utilizes the following:
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a standard set of operating proceduire

proper engineering controls, such as fume hoods, ventilation systems, and

chemical showers;

1 proper personal protective equipment, such as laboratory coats, goggles, and
gloves; and

1 Material Data Safety Sheets for each chemical in the laboratory.

E |

By usirg a proper chemical hygiene plan, the pilot laboratories ensure the maximum amount of
protection for the students, faculty, and staff working inside of them.

Faculty and staff from other laboratories on campus are brought around to observe the
practices aithese pilot laboratories on a regular basis. If they like what the pilot laboratories are
doing, they may sign up their own laboratories for the pilot program (S. Chaisawadi, personal
communication, February 1, 2007).

Because a great deal of the fundiagthese laboratories comes from the Thai
government, people from the government sector visit the pilot laboratories at King Mongkut
University often. Not only does this provide motivation for the continuance of good chemical
safety practices, but it agives the entire program more credibility. With the formal support of
the government, the Commission on the Energy, the Environment, Safety, and Health has been
able to persuade many laboratories around campus to follow the model set by the pilot
laborabries and use proper chemical safety practices and techniques (S. Chaisawadi, personal

communication, February 1, 2007).

4.2.4Chemical Inventory Management

The chemical inventory management system used at King Mongkut University of

Technology consists @ivo parts: a color coding system for the easy identification of chemicals
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within the physical inventory and a database to keep track of the usage of chemicals on the

uni versityodos campus.

Color Coding System

According to Asst. Prof. Suchada, King Mongkie Ch e mi c al Safety Offi
uses a modified version of the J.T. Baker system to color code chemicals. With this system,
chemicals are separated into 8 categories according to the types of hazards that they present.
Each category is assigned dacaode, which allows students, faculty, and staff on campus to
know by the color of the label what type of hazard a specific bottle of a chemical might present.
Table 4.2.4.1 shows the specific colors that correspond with each category of chemicals. The
students, faculty, and staff at King Mongkut University must all know this color coding system

in order to safely handle and store the chemicals that they use in the laboratory.

JT Baker Color Classification System
Blue | Health Hazard
Red| Flammability Haard
White | Corrosive Hazard
Yellow | Reactivity Hazard
Red Striped| Extreme Flammability Hazar
White-Striped| Extreme Corrosive Hazard
Yellow-Striped| Extreme Reactivity Hazard
Green| Non-Hazardous
Table 4.2.4.1:Color coding system for chemicals usedlom King Mongkut University campus
(S. Chaisawadi, personal communication, February 1, 2007)

Chemical Database

The chemical database at KMUTT keeps track of two different sets of information, the
first of which is the purchase of chemicals by the unityer€hemicals can be purchased in one
of two ways: either through the central chemical purchasing system, in which purchases are

recorded in the database, or by individual members of the faculty, who are then responsible for
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entering the information abotlte purchased chemical into the database themselves (S.
Chaisawadi, personal communication, February 1, 2007).
Both of these methods for recording the purchase of chemicals on the KMUTT campus
seem to be rather ineffective. Most faculty neglect to useehtral purchasing system and
choose to buy their own chemicals. However, those that do buy their own chemicals, which are
the majority of the teachers on campus that use chemicals, do not enter the information into the
chemical database as they shoilldis essentially renders the portion of the database that keeps
track of the flow of chemicals onto the unive
The second set of information recorded by the database is the daily usage of chemicals on
the KMUTT campus. Each laboratoosyn campus that is currently pa
safety program has one person with the ability to edit information within the database. This
person is responsible for recordingn a daily basi$ the types of chemicals used in the
laboratory and wat amounts of each chemical were used (S. Chaisawadi, personal
communication, February 1, 2007). If utilized correctly, this system would be effective in

ensuring that an excess amount of chemicals were not used in any given laboratory.

4.2.5 Chemical Wate Management

Chemical waste management, much like at Chulalongkorn University, is a top priority of
the administration at King Mongkut University. Programs have been set up to remove waste
from campus using a certified disposal company, treat and dispaseste on site, and

minimize waste production through recycling and scale reduction techniques.
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Waste Disposal

King Mongkut University generates about fourteen metric tons of waste per year, on
average. This waste is separated into twéimtge categries, thirteen of which are removed
from the universitydés campus by a certified d
the disposal companyé6s facilities to verify t
and that the waste ing disposed of in a manner that is environmentally safe (S. Chaisawadi,
personal communication, February 1, 2007).

The Thai governmentodds environmental sector
King Mongkut Univer sit ydpal wase mpnagemeatasystem. Shisi ng o
waste management system acts as a treatment facility for both the city surrounding the school
and for the wastes generated by the universit

The remaining ten categories of waste that are not reirfmye disposal company are
treated on site with this municipal waste management system. Once laboratory waste has been
properly treated and neutralized, it i1s disch

drainage system (S. Chaisawadi, personal conication, February 1, 2007).

Waste Minimization
Waste minimization on the King Mongkut University campus, much like at
Chulalongkorn, can be split into two different categories: recycling and scale reduction.
Recycling is done in many ways at KMUTT. Agntioned above, ten different categories of
waste are treated at the school s waste manag
are discharged back into the universityods and

recycling.
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In additon, KMUTT has a recycling waste bank set up on campus. Biodegradable
wastes, such as food, are put into this waste bank and the result is fertilizer that can be sold to the
community to draw additional profits for the school (S. Chaisawadi, personal cooation,
February 1, 2007).

Technology wastes are also recycled at KMUTT. Things such as old computers,
monitors, printers, spare parts from the electrical and computer engineering departments, and
more are brought to a single area and are sold to amylomés willing to buy, including
surrounding community members, students, faculty, and staff (S. Chaisawadi, personal
communication, February 1, 2007).

Finally, as with the recycling program at Chulalongkorn University, solvents are widely
recycled on capus. Experiments are conducted to remove impurities from the solvents, which
can then be reused for a number of purposes, including cleaning and sterilizing (S. Chaisawadi,
personal communication, February 1, 2007).

Scale reduction is performed at King Mykut in many laboratories. Analytical processes
are used to determine exactly what chemicals can be reduced in a given experiment to reduce the
demand for chemicals and the overall production of wastes (S. Chaisawadi, personal

communication, February 10@7).

4.2.6 Yearly Evaluation of the Chemical Safety Program

According to Asst. Prof. Suchada, one of the many keys to the success of King Mongkut
Universityés chemical safety program thus far
was initiallyset up in 1999, the university received help from a woman by the name of Chulee

Grove from the University of Honolulu, Hawaii. She is a Thai person who has lived in the
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United States for about twenty years, and as such has familiarized herself with théco y 6 s
Occupational Safety and Health Administration standards for chemical safety within laboratories
at institutions (S. Chaisawadi, personal communication, February 1, 2007). She has been
instrumental in the development, implementation, improvemedt,ae x pansi on of KMU
chemical safety program.

Since her initial visit, she has returned each year to audit the chemical safety at KMUTT.
As part of her visit, she performs a risk ass
andworksclosgl wi t h the universityodos Commi ssion on [
Health to make changes in policy and procedure on chemical safety in order to minimize the
risks of the students, faculty, and staff using hazardous chemicals (S. Chaisawadi, personal

communication, February 1, 2007).

4.3 Summary of Findings

While many chemical safety practices exist at both Chulalongkorn University and King
Mongkut University of Technology, it is obvious that because KMUTT began the
implementation of their chemicahfety program nearly eight years ago, many of their chemical
safety practices have been expanded to cover all or many laboratories on campus rather than just
a few. Table 4.3.1 compares the chemical safety practices at both Chulalongkorn University and
King Mongkut University to the elements of an ideal chemical safety program as established in
the Background chapter. This comparison accomplishes two things. First, it shows the areas in
which Chulalongkorn University should improve its chemical safetgnar, and second it
shows the areas in which Chulalongkorn University may benefit from understanding and

applying the methods that King Mongkut University utilized to implement their own chemical
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safety program. The next section presents a synthesis efrquirical research and our findings
in order to provide recommendations for the improvement and expansion of Chulalongkorn

Universityods current chemical safety program.

Elements of an Ideal Faculty of Science at

Chemical Safety Program Chulalongkorn University  King Mongkut University

Presence Frequency of Presence Frequency of
(Yes/No) Application (Yes/No) Application

Chemical Hygiene Plan

Pilot Laboratories

Standard Operation Procedures No - Yes Only

. ) Inconsistent among Pilot Laboratories
Engineering Controls Yes 3 N Yes

Labaatories Only
. . Inconsistent among Pilot Laboratories

Personal Protective Equipment Yes P [ Yes Only
. - Inconsistent among Consistent among

et i TE &) VI V& Laboratories V& All Laboratories

Chemical Safety Officer No - Yes Al L2 TS

Only

Hazard Communication Plan

. . Inconsistent among Pilot Laboratories

Hazardous Materials List Yes ST - Yes Only
Material Safety Data Sheets No - Yes FIE Lg?“c;ratones
Labelin Yes Inconsistent among Yes Pilot Laboratories

9 Laboratores Only

Chemical Waste Disposal Plan

Inconsistent among Consistent among

Bl DEEMIE e R Laboratories b All Laboratories
Inconsistent among Consistent among

s S VES Laboratories = All Laboratories
- Consistent among Consistent among

Off-Site Oisposal VES All Laboratories == All Laboratories
Record Keeping No ) Yes Pilot Laboratories

Only
Contingency Plan No - Yes Al Lg?“c;ratorles

Chemical Waste Minimization

Chemical Exchange No - No
Purchase Contol No - No
Inventory Control Yes Inconsistent amond Yes Pilot Laboratories
Y Laboratories Only
Recvelin Yes Inconsistent amond Yes Consistent among
yelng Laboratories All Laboratories
. Inconsistent among Pilot Laboratoris
Scale Reduction Yes P T e Yes only

Table 4.3.1:Comparison of chemical safety practices within the Faculty of Science at
Chulalongkorn University and at King Mongkut University to an ideal chemical safety program



5. Recommendations

The three areas of chemical safety currentlggicad at Chulalongkorn University,
described above in the Findings and Discussion chapter, were compared to the ideal chemical
safety program, established in the Background chapter, to determine a series of recommendations
for a comprehensive, universityide chemical safety prografhe recommendations in this
chapter provide suggestions for:
1 a series of phases to design and implement a univevigt/chemical safety
program,

1 strategies for the success and longevity of the program, and
1 areas of futureesearch.
Providing recommendations on these topics should aid in the development and continued success

of a chemical safety program at Chulalongkorn University.

5.1 Phases of Design and Implementation of a Chemical Safety Program

A universitywide chemical safety program cannot be created and implemented all at
once. The success of a program can be enhanced by implementing it in phases and continually
reevaluating it for effectiveness. This section contains our recommendations for four phases to
implement a universityvide chemical safety program at Chulalongkorn University:

1. appoint a Chemical Safety Officer;

2. establish a formal Chemical Safety Program based on the four elements of an

ideal program, including a chemical hygiene plan, a hazard coroatiom
plan, a chemical waste disposal plan, and a chemical waste minimization plan;

3. create a pilot program within the Faculty of Science; and
4. implement the program throughout the university.
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Implementation of the chemical safety program throughoutrhetsity should be possible in
approximately three years, as diagramed in Figure 5.1.1. The following subsections contain our

recommendations for each phase of implementation for this extensive chemical safety program.

Figure 5.1.1:Timeline for the Phses of Implementation of a Chemical Safety Program at
Chulalongkorn University

Phase 1 Appoint a Chemical Safety Officer

Appoint a Chemical Safety Officer who is responsible for chemical safety
throughout the university. The chemical safety programseaich university researched: WPI,
MIT, University of California, Berkeley, and KMUTT all have chemical safety officers who
oversee the verification and implementation of their chemical safety programs. Thus, the Vice
President and the members of the chairsafety committee at Chulalongkorn should make

finding a chemical safety officer their first priority.
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