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Abstract : In university laboratories, areas of studies are becoming diverse and complicated according to the development of the industry. New
forms of potential risk factors are increasing and they are unlike existing ones. In addition, many students are conducting various experiments
in the laboratory. Therefore, they could be exposed to risk more often. Despite these risks, people do not recognize university lab safety
activities properly and observe safety precautions. They are exposed to various laboratory accidents continually. In this study, we do not apply
the present diagnosis method, checklist, but the safety assessment that is widely used in industry. Then we can find lots of hazard that
checklist method could miss. This study will use the 4M and Hazard & Operability to design a new Laboratory safety assessments method.
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Fig. 1. Fire & explosion laboratory.,
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Table 1. Major experiment & experimentation,

Test Title

Test Details

Black Gunpowder Production Test

Shape and time measured after mixing chemicals according to their ratios and igniting

Ignition Point Measuring Test

Measured with ignition point measuring tester after putting in particular substance

Water-reactive Substance Reaction Test Test examining the reaction after floating water-reactive substance on water

Dust Explosion Test

Test finding explosion lower limit concentration while lowering the concentration little by little

Semester T Test v il Fire Test

Measuring shape and length of fire where wind is flowing with surroundings blocked

45° Combustion Test

Using 45 degree combustion tester, measuring combustion and carbonization area of
fireproofed ones and non-fireproofed ones

Oxygen Index Measuring Test

Measuring combustion time and minimum oxygen concentration by adjusting nitrogen and
oxygen concentration

Precipitation Test

Powder Chemical Apparent Specific Gravity and Measuring specific gravity an precipitation by mixing in chemicals and shaking, and putting in

water

Powder Fire Extinguishing Agent Angle of Repose Measuring radius and height of powder sedimented in cone shape by dropping the chemicals
Measuring and Osmosis Test

at a certain condition

Semester 2 Tes Test

Powder Fire Extinguishing Agent Filling and Emission |Measuring emission time after filling fire extinguisher until weight of fire extinguishing agent

becomes over 90%

Measurement

Foam Extinguisher Firing Rate and 25% Recovery Time| Measuring recovery time after firing chemicals to foam gathering container using air

compressor

Foam Extinguisher Specific Gravity Measuring Test Making foam solution and measuring specific gravity with gravimeter

Fire Extinguisher Capability Unit Test

Measuring capability of fire extinguisher by piling according to capability unit test of fire
extinguisher, and combusting with fire extinguisher
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3.2. 4M

Table 2. Check list sheet sample,

Research Laboratory Safety Maintenance Check list

"Research Institution Name: Building (Lab) Name: Inspection date:__2013

Inspector and Assessor. Research Director:

Research Participant: ( people)

Inspection area: (] Mechanic/fire extinguishing, 1 Electric/Electronic, [ Chemical/Fire attacking, [ Bio/Medical,
[1Gas/High pressure, W Research Environment/Hygiene [1Human Error

A Assessor or investigator shall enter the information in the above, and for inspection area please select and check the main area of
the research laboratory. Moreover, in case of other main area specify in Other.

B. For each assessment item, decide by applying the following criteria, and where no related item is applicable, check “not applicable”.
C. Separately attach photographs and documentary evidence of each assessment item

[Decision Criteria]
5. Very well managed and systemized. | 4. Quite well managed. | 3. Nommal
"2 Somewhat poor.| 1. Very poor

Managed status

Classification and iters
5 4 3 2

Detailed
opinion

Not
applicable

1. Research environment in research laboratory

“Temperature/moistureillumination/dust/other
factors (Measurement record #1)

2. Research laboratory ventilation facility

~Fume hood installation and operation status (Measurement record #2)

“FAN installation and operation status (Measurement record #2)

3. Personal protection gear of research partcipant

Suitable personal protection hear equipping and usage status [ [ [ [ [ [ [

4 Emergency treatment and actions to be taken in case of disaster/accident

Installation and operation status of emergency equipment

“Full understanding of emergency treatment method and evacuation method in
case of accident

~Research laboratory Lay Out and various hazard sign installation status

5. Individual safety management

“Hygiene and health management status of research participant

Suitablity of restited zone of research environment (including whether
food/accommodation provided

6. General safety management

“Distibution and operation status of fire extinguishing chemicals and equipment|

“Insurance application/education provision related

Table 3. Check list defect.

Field Check list details Improvement strategy

Waste processing procedure
Fire attacking|adherence and document control status|Smooth waste processing
safety  |Confirmation and supervision of within school required
director regarding waste processing
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Table 4. Criteria of criticality for 4M,

Condition of Laboratory Lay out and

Research . . .
. various hazard sign etc. poor Smooth waste processing
environment/ . s .
hygiene Waste storage and processing within school required
Ve management policy poor
Label indication adherence and
attgchmg condition poor Label attaching and entering
Suitable storage container and .
Gas required

management status poor
Storage period and processing after
storage period poor

Substituting old LPG

Hazard level Details
4 Serious bodily/physical damage
(Admission to hospital or destruction of instrument)
3 Light bodily/physical damage
(in-patient treatment or repairing instrument)
5 Damage not affecting activity
(Self-treatment or repair possible)
1 No effect

Earth, increasing moisture

Electric  |Danger of static electricity occurring N .
and air ionization required

Table 5. Criteria of frequency for 4M,

Using heater under Frequency level Details
Safety . e . ..
Retention of fire such as individual |supervision of administrator - N
management . . - 5 Occurring once or more in one semester
heater and electric heater Systematic operation of
/ human error| . e - -
heating facility within school 4 Occurring once~twice per year
Systematic operation of 3 Occurring once or more in 3 years
Flreﬁghur}g Retention of ﬁre. such as individual hee}tmg facility within school B Oceurring once or more in 5 years
/ mechanical|heater and electric heater Using heater under - -
supervision of administrator 1 Occurring once or more in 10 years
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Table 6, Risk index of 4M,

Hazard level|No effect S“g}?t opened Sligk}t closed Accident
disaster disaster
Frequency. level leve 1 2 3 4
Few 1 1 2 3 4
Low 2 2 4 6 8
Middle 3 3 6 9 12
High 4 4 8 12 16
Fruquent 5 5 10 15 20
Table 7. Risk level of 4M,
Hazard level Control criteria Notes

1~3 Ignorable Maintaining current safety
danger strategy
. . Conditional hazardous
Danger requiring provision of fest activity permitted
4~6 | Slight danger | safety information and periodic

(continue test if there

standard work safety education ks 10 danger but must

carry out hazard
reduction activities)

Danger requiring management
strategy such as attaching hazard|
sign and indicating work
procedure

8 Light danger

Danger requiring safety strategy
within planned maintenance and
repair period

Considerable

9~12 danger

Conditional hazardous

- test activity permitted
Danger for which emergency (continue test if there
ftemporary safety strategy must bejis no danger but must
established and work be done butl  carry out hazard
safety strategy must be reduction activities)
established within planned repair|
and maintenance period

15  |Serious danger
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16~20

Non-permittable
danger

(danger requiring immediate
improvement if test is to be

Immediately stop test

Hazardous test activity
non-permitted
(test must be stopped
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3.3. HAZOP(Hazard & Operability)
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Table 8. 4M sample sheet,
A Target " " | . Assessor Sun-Jung Kim and 5
Test W reaction test 4M-Risk Assessment (Team Manager and Members) people
Assessment date 2011.06.07~09 Mean risk factor 10.5
. Current risk level
Test details Assessment Risk factors and disaster type Current safety strategy Improvement strategy
category Frequency | Strength Risk level
Risk of leak due to damage of water-reactive Inspection before test 2 4 8 When using storage container, take caution for safety and take
storage container P (Light danger) thorough caution against falling or damage
Risk of reaction running wild outside the filter| Inspection before test 4 4 16 Decide filter paper substitution period and regularly substitute
paper P ((Unpermittable danger)| Immediately stop test on discovery of fault in filter paper
Risk of leaking due to beaker cracking Inspection before test 3 3 (Considerall))]e danger) Check beaker and test tools before and after test
Risk of reaction running wild of Inspection before test N 4 12 Regularly check shaking of table and take action to prevent
sodium/potassium due to table shaking P ? (Considerable danger) shaking such as installing supporter underneath
Risk of burn_ cm/ skin or eyes from Safety education carried out 2 4 _ 8 Using personal safety gear and retraining of researchers for
sodium/potassium (Slight danger) safety
Cut sodium and Environmental . . N . Carry out pre-test training in order that when using
potassium to be 0.5g RISkt ot_react(;_on _tr;'om soﬁmm/ Safety education carried out 2 4 S ht8 4 ) isodium/potassium, moisture in laboratory is lowered and they are
each, fill beaker with potassium dioxide reaction (Slight danger not left exposed to the air for long period of time
water, float filter - —
paper, and float them N . Cautions indicated on black .
on the filter paper to May be cut with metal cutter board 4 3 (Considerable danger) Using tray and gloves
observe reaction.. . R .
Human Risk of reaction running wild due to not Lecture on details of test 4 4 16 Immediately stop tei;(;;g::gz l‘sesl;e?::ﬁgzr who has ot fully
understanding test method fully before commencing test (Unpermittable danger) Carry out training of test method before every test
Protection gear not worn Lecture on details of test 5 3 Rendering wearing of personal protective gear compulsory and
c before commencing test (Serious danger) ordering those not wearing to leave the area
. . . . 6 Thorough management of test tools used and directing
Risk of corrosion on metal cutter Regular maintenance 2 3 (Slight danger) researchers to wash them after testing
Managemental Risk of reaction due to faulty storage of Regular maintenance ) 4 8 (Checking locking status of sample container after using sample,
& sodium/potassium g (Light danger) and using storage container fitting regulation
Oxidation reaction of substance used due to . 8
insufficient protection fluid Regular maintenance 2 4 (Light danger) Thorough storage and management

o
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Table 9. Summary of 4M risk level,
Experiment The total number The average risk Risk Risk Risk Risk Risk
P of issues g 1~3 4~6 8 9~12 15 or more
Black powder manufacturing test 12 7.5 0 6 2 3 1
Flash point measurement experiment 12 7.5 0 6 2 3 1
Water-Prohibiting reactor materials 12 10.5 0 3 3 3 3
Experiment Dust explosion experiments 12 8 0 5 2 4 1
1 semester
Whirl Fire experiment 8 8 0 4 1 2 1
45° combustion experiment 9 7.56 1 2 4 1 1
Experiments measuring oxygen index 10 7.4 0 5 3 1 1
Phar.maceutlca}l powders apparent density and 10 6.1 ) 4 3 1 0
settling experiments
Angle of repose of dry chemical
P . 7 6 2 2 1 2 0
measurements and permeability experiments
Extinguishing powder charge and radiation
Experiment| experiments 15 66 ! 7 4 3 0
2 semester v e T uishing G
our of the fire extinguishing time
measurement scale, and 25% reduction 1 6.36 2 3 1 3 0
Fot}r experiments measured the proportion of 7 5.43 ) 3 ) 0 0
extinguishing agents
Digestive capacity unit test 4 7 0 3 0 1 0
Table 10. Deviation of laboratory of HAZOP,
PARA-METER GUIDE WORD
(Parameter) MORE LESS NONE REVERSE PART OF AS WELL AS OTHER THAN
crowded reasercher /|Officials besides off’ .
researcher more researcher less researcher no researcher ) L Trespassing
researcher's absence limits
chemical more chemical less chemical no chemical Reagent volume Label mismatch
Temp. High temp. Low temp.
humidity High humidity Low & damp
Test time Excess time Shorten the time
STEP(ACTION) Excess action Incomplete action Omission error Exp erlr;]rzr;trs must Unnecessary action Erratic action
RE-ACTION runaway reaction Delay reaction No reaction [Decomposition reatcion| incomplete reaction | Addition reaction Erratic reaction
. . . Addition of Charging the wrong
Chemical charge Over charge Not charging No charging Leakage impurities medications
Excessive wear |protective equipment| wear no protective wear protective wear wrong
protector - . L . . . wear the other . .
protective equipment omission equipment failure equipment protective equipment
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Table 11, Criteria of criticality and frequency,

427112] Devia-

270, 253 6749] =4

Fatality
Catastrophic |Death or grave injury of personnel, or damage in system
.. Damage to personnel/system or immediate action required for
Critical .
survival of personnel/system
Marei Can be removed/controlled without damage occurring to
arginal
personnel/system
Negligible |Not resulting in damage to personnel/system

Frequency of occurrence

High Occurring once over 1 year
Middle | Occurring once or more over 5 years
Low Occurring less than once over 10 years
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4M 3 HAZOP 7|4

Table 12, Risk class of HAZOP,
Criticality / frequency High Middle Low
Catastrophic 1 1 3
Critical 2 2 4
Marginal 3 4 5
Negligible 4 5 5
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Table 13, HAZOP sample sheet,
Parameter  |Guide word| Deviation Causes Consequences Action/Comments
Manage nitrogen container and check valve
Over-filling of nitrogen due to breakage | creased pressure within container Researcher training and full
of input gauge Risk of damage or explosion of understanding of filling method
MORE | Over-filling Mistake or inexperienced filling of container ) Check or substitute pressure gauge before
researcher Suffocation due to nitrogen leakage test
Carelessness of researcher Reduction or loss of fire extinguishing | When filling, on discovery of fault in
Breakage of nitrogen container valve | capability of fire extinguisher pressure gauge, immediately stop
(arbitrary or intuitive filling prohibited)
Nitrogen filling insufficient due to
breakage of pressure gauge . Lo . Manage nitrogen container and check
. . . . Wasting of fire extinguishing chemical
Mistake or inexperienced filling of . : . |valve
Suffocation due to nitrogen leakage in . -
researcher . Full understanding of researcher training
case of damage of container or fire .
- Carelessness of researcher S and filling method
Filling fire Insufficient nitrogen in nitrogen extinguisher Check and substitute pressure gauge
extinguishing LESS | Under-filling . s 8 Leakage of fire extinguishing chemical p saug
. container . .o X before test
chemicals . . in case of fire extinguishing pin hole : -
Damage to nitrogen container . S Substitute aged fire extinguisher
A .. |Reduction or loss of fire extinguishing . Lo
ged or faulty nozzle, faulty provision o Lo Check nitrogen quantity in nitrogen
. . capability fo fire extinguisher .
of nitrogen due to contaminants Faulty filling due to nitrogen insufficient container
Loss of filling pressure due to fire ty e s Regular maintenance of researcher
extinguisher pin hole
Damage_ or .blockage of filling valve of Check fire extinguishing before test
fire extinguisher . . . . .
No ni . . Risk of suffocation due to nitrogen Inspect nitrogen container and check
o nitrogen (no nitrogen container) leak . . filli
Damage of nitrogen container eakage o ) nitrogen container filling status
NONE | Not fillable . R . . Leakage of fire extinguishing chemical |Thorough storage and management of
Supplying of nitrogen impossible due to - . SO
L . Loss of fire extinguishing function fire extinguisher
breakage in nitrogen container valve I bl Th b educati d full
I ible t intain filli mpossible to carry out test orough e ucation and fu
mpossible to maintain filling pressure
. © | understanding of filling method
due to damage to fire extinguisher
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