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Abstract

In recent years, there has been a rapid increase in safety-related accidents within university research facilities
due to unsafe conditions, insecure behavior, and administrative causes, which requires systematic safety
management. According to current laboratory safety laws, the safety education is limited to only the science
and technology laboratories and its contents fail to incorporate the unique characteristics and risk factors
of each laboratory. In order to solve those problems, we suggest a new education system that can cover
various academic fields and majors. We conducted a risk analysis for identifying high-risk majors and presented
a customized education module for those majors. Additionally, we derived educational modules ensuring
the university-wide EHS (Environment, Health and Safety) rather than conventional safety education limited
to experimental features. Finally, we suggested ways to organize educational contents by safety module,
along with the selection criteria of the curriculum.

Key words: risk analysis, safety education module, safety education program, EHS
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Frequency

Figure 1. Risk matrix by affiliation of major(by field)
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Figure 2. Risk matrix by specialized major in biology
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Figure 3. Risk matrix by specialized majors in department of chemical engineering / fine chemical - energy/ materials
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Table 1. Analysis of accidents’ occurrence pattern by each major (2013~2015)

Fa% HolEE &3
™

i)
oft
i
9

)

=)

flo 12 oft oft

P

25

At 2oz sfef, A
vs(clle), 4%, 714, o

Chemical
Chemistry Biology Medicine Environment Food . Art Architecture Mechanics engineering/
Preparation energy/
materials
Exposure
Impact Impact Impact Impact Impact Impact Impact Impact and
and 24 and 37 and 28 and 21 and 15 and 23 and 7 and 15| contact to | 22
contact contact contact contact contact contact contact contact harmful
substance
Exposure Exposure Exposure Exposure Exposure Exposure Exposure Exposure
and and and and and and and and Impact and
contact to| 7 |contact to| 11 |contact to| 17 |contact to| 4 |contact to| 16 [contact to| 8 |contact to| 2 |contact to| 7 pnt N 20
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substance substance substance substance substance substance substance substance
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Table 2. Examples of analyzing occurrence during chemical experiment (2013~2015) (Education Facility Disaster Association)

* Microwave

* Fume hood

Fquipments * Cart * Reflux condenser
* Laboratory equipment of solvent refining apparatus * Agitator
* Clean bench
* Glass tools (glass bottle, glass waste bottle, beaker, ¢ Rubber hose
sample container, capillary glass tube) * Sharp steel
* Flask (triangular, three—neck round, round, * Pipette
volumetric) * Pipette fillers
Tools * Reactor * Experimental latex gloves
* Syringe * Solid soap plates
* 24G Needle * Knife
* Glassware * Thermometer
* Base bottle * Column tube
* P205 powder * Aniline
* Hydrochloric acid ¢ Acetic anhydride
* Dimethyl sulfate * Strong acid (POCI3)
* Washing liquid * Trifluoroacetic acid
* Basic reagent for cleaning * Acetic acid
. ¢ Solvent at a low temperature * Hydrochloric acid solution
Materials

* Nitric acid

* Waste solvent

* Sulfuric acid

¢ Distilled water

* Azide material

* Boron trifluoride diethyl etherate

* Ethylene glycol

* HF /pyridine reagent
¢ Ar air

* Ethyne

* Argon(gas)

* Polymer synthesis

* Chemical reaction

* Heavy metal analysis — Acid treatment
Experiments | ¢ Separation Experiment

* Making 3M sulfuric acid solution

* Synthesis of amine compounds

* Synthetic experiment

* Demineralization experiment of biotissue sample
* Global environmental chemistry experiment

* Surface treatment

* Material manufacturing experiment

* Fe304 Nanoparticle synthesis

* Organic Chemistry Experiment

* General chemical experiment
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Table 3. Example of ‘organic chemistry experiment’ list and materials (sample)

Organic Chemistry Experiment 1

Experiment

Materials (M)

EX1.1

Basic experiment . . .
1¢ expen Dissolution and polarity

Ethanol
Diethyl ether
Ethyl acetate

Carbon tetrachloride
Methanol

Acetic acid

Acetone Acetonitrile
Toluene Propanol
Pentanol Octanol

Lowry alcohol Ethylene glycol

Butanol Isobutyl alcohol
t—butyl alcohol Tetrahydrofuran
Furan Dioxane
Benzoic acid Hexylamine

Octylamine Aniline

z btk Holld Faste,
T4 A1 2ol wet AR T2 98 a4s YRSk

=2u
7] dieel A Aol ZH2 g A el

Table 4. Sample of chemical resource list (example)

2 Tefelojof gt} The: (Table 92 33 A"e]
TIE 5 Sl SISk o] Astelas u A
M 22 YRS ekl otk

B AT QPHEA AT AL 8-S B
o) A AL WA AN, BT 9 7ol AEA)/A

FAY 34 AR o ARl Eg AR

Classification | Classification

Specific Resource

Gas cabinet

[F] Gas safety

Facility facilities | 02 detector

Neutralizing equipment

Elementary analyzer

HPLC

MALDI-TOF Mass spectrometer

Spectrophotometer

Spectrometers (spectrometers, infrared spectrometers, X-ray fluorescence analyzers, etc.)

Thermal analysis system

Analysis /| vigible spectrometer

(E]

measuring

Eaui
quipment Equipment

Electronic scale (heavy weight, desktop, Analytical, suspension scale etc,)

Magnetic Susceptibility Balance

Viscometer

Voltmeter

Refractometer

pH Meter

Calorimeter

UV lamp

(T]

Light source |Laser (Green, He—Ne laser (Red laser) etc,)

Tool

Mercury ultraviolet lamp
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Table 5. Safety education module by majority field (focused on
majority field with high risk)

Field Module

Cell Biology

Molecular biology

Microbiology

Biology field
Embryology

Immunology

Genetics

Organic chemistry

Inorganic chemistry

Physical chemistry

Chemistry field
Analytical chemistry

Biochemistry

Polymer chemistry

Materials and techniques

Painting

Molding field
Engraving

Sculpture

Materials and techniques

Metal crafts

Crafts field
Ceramic crafts

Textile Crafts

Table 6. EHS education module of higher education institution

(selected 10 modules)
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Hazardous Waste (prior development)
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Composition of educational contents and selection criteria for education courses
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